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THIS 1S A WICE
STORAGE BOY. YOU
MADE, BILL,
HOW MUCH
WHLL 1T
\ HOLD?

T DONT KROW:
HOW CAN T FIND
ouT ?

Tn a rvecent nation-wide testing, fewer than 30% of the 13 year olds knew
that two eighth-notes equal a quarter-note. (NAEP Newsletter, 1974)

"Transfer" refers to the influence of learning upon later performance or learn-—
ing. A good case can be made for the position that one of our most important aims in
education is transfer, since what goes on in the classroom may be worthless if it
has no effect in subsequent classroom work, outside the.Ciassroom or in later 1ife.
Yet, from a conversation Wi;h an industrial arts or home economics teacher, it might
seem that students must regard circles and fractions encountered outside of the
mathematics class as novel and mysterious ideas. This section reviews the principles

of teaching for transfer (ef. Ellis, 1965).

GENERAL GUIDELINES IN TEACHING FOR TRANSFER

Learniﬁg and practice should resemble the situations to be encountered later as

much as possible. For example, Biehler [1971] points to the importance of dress

rehearsals or scrimmages in team sports in preparing for the actual events. 1If we
expect our students to be able to find volumes of rectangular solids, then we likely

should do more than give them length, width and height measurements and a formula.

We should also have them identify rect-

angular solids for which they must mea-

sure the lengtrhs, widths and heights,
perhaps even using carpenters' rulers

or "real” tape measures. Dealing with,

say, a real faucet (see Fix That Leak
in the MATHEMATICS AND THE ENVIRONMENT

unit is likely to have more carry-over
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realistic, we should have some which require sifting through extraneous information

than always working with supplied data. If we want our word problems to be more

or which involve insufficient data. Preparing a batch of cookies may lead to more
learning (by doing) than reading about making a batch. It may be worthwhile to base

exercises on newspaper advertisements, mail order catalogues, record club brochures,

“bank statements or credit card bills.

Work for sufficient learning of the material which is to be transferred. But

what does "sufficient" mean? That's the toughie.

It 18 difficult, of course, in a given learning situation to specify pre-
eisely how much practice is desirable on a specific task; nevertheless, o
good rule of thumb would be to have students receive as mich practice as
i8 feasible considering the restraints imposed by the various activities
in the classroom. TIn addition, the teacher is somewhat free to be selec~
tive in the degree of emphasis placed on various topics. Perhaps greater
emphasis could be placed on those topics that are knowm to be necessary
for the mastery of subsequent course work. [Ellls, 1965, p. 71]

Hence, 1t seems to come down to iden-

tifyving those skills, processes, con-

HISTORY OF METRIC SYSTEM
WIORK WITH ARBITRARY UNITS
APPLICATIONS
COMVERSIONS

FORMULAS

cepts and principles which are the most
transferable to the later study of math-
ematics and its applications, and then

being certain to give them "sufficient"

attention in class. For example, we
HMM, WHICK OF
THESE SHOULD'T
EMPHASIZE 7

might deemphasize volume formulas in

favor of some determination of volumes

by direct £illing of containers with

cubes or by pouring water or corn meal or puffed rice from standard containers. These
types of activities involve a measuring of volume and also put into practice the gen-
eral principle of measuring by direct comparison with a wunit. Or, we might present dis-
covery lessons for some topics in order to focus on problem-solving processes as well as
the particular topic. Shulman summarizes the research by noting, "Discovery-learning
approaches appear to be superior when the criterion of tyransfer of principles to new
situations is employed." [1970, p. 58] See Goals Through Discovery Lessons in the

Mathematics Resource Project's Geometry and Visualization.

Use a variety of examples when teaching concepts and principles. The Teaching

of Concepts in the Mathematics Resource Project's Geometry and Visualization gives

some of the reasons and techniques for using a variety of examples (and non-examples).

The understanding of a concept or principle can be strengthened, enriched and
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student to the fact that the concept or principle can arise in many different con-

clarified by a diversity of examples and settings, and such a variety alerts the

texts. For example, over a period of yvears the work with fractions should include
exposure to the several models for fractions (see the commentary to FRACTIONS:

Concepts, in the resource Number Sense and Arithmetic Skills)., The learner's back-

ground must be kept in mind, of course;

introducing all possible settings on a G T e e L T
HOW WOULD YOQu FIND

student's first encounter with a new
THE AREA OF THIS 7

concept or principle would be 111~
advised. For the concept of area, stu-

dents should work with areas of plane

regions having curved boundaries and

with surface areas of space figures, as

BUT THAT DOESMT
HAVE AREA — OMLY
STRAIGHT THINGS DO.

well as the usual polygonal regions.

Such a variety of examples not only

gives them additional experience with

the concept but also enables thewm to
gsee many situations where the idea can

be used. Gagné advises:

The more varied these (situations) can be made, the more useful will the
tearned capability become. At lower educational levels, this variety may
be achieved by deliberate use of a whole range of natural objects and even
events 1n the classroom or on field trips. At higher (collegiate) levels,
the function of providing contextual variety con be largely performed by
verbal communication, of the sort that may take place in a "discussion
group," for example. [1970, p. 3391

Bring out the important features in a learning situation. Peint out, for exam-—

ple, that the class' work with arbitrary units is to show that the unit of measure-
ment can be arbitrary--not because anyone really cares how many paper clips wide a
desk-top is. Although language is occasionally over—used and its role in learning is
not well understood, it can be utilized in verbalizing the learned rules and the
special features that are likely to transfer. Just using the word for an idea seems
to he an aid: '"Labeling helps us to distinguish important features of a task,
although we are not entirely sure whether this is due merely to increased attention
given to these features or whether it is due to the label itself.'" [Ellis, 1965,

p. 72]

Do not expect much transfer unless the students understand the genéral princi-

ples. This caution is much like the references to "sufficient" learning above.

15
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the figure to the right). Bruner des-

DIDACTICS TEACHING FOR TRANSFER

Emphasis on underlying key ideas (

should be productive for transfer. !

The principle that a plane or a space

region can be measured by "cutting”
it into pieces and then finding the

sum of the measures of the pieces

can be used in different ways (as in

cribes the importance of general prin-

ciples in this excerpt:

. o« o (the handling) of a subdect should be determined by the most funda-
mental understanding that can be achieved of the underlying principles
that give structure to that subject. Teaching specific topics or skills
without making clear theivr context in the broader fundamental structure
of a field of knowledge is uneconomical in several deep senses. In the
First place, such teaching makes it exceedingly difficult for the stu-
dent to generalize from what te has learned to what he will encounter
later. In the second place, learning that has fallen short of a grasp
of general principles has little weward in terms of intellectual excite-
ment. The best way to create interest in a subject is to render it worth
knowing, which means to make the knowledge gdained usable in one's think-

ing beyond the situation in which the leawiing has ocourred . . . [1960,
p. 31, emphasis added]

SN

Emphasize applications. !Teachers set the stage for transfer partly by point-

ing out that the students should expect their new learming to transfer.” [Cronbach,

1963, p. 322] Measurement topics are perhaps among the easiest to find applications

for; notice how many of the Mathematics in Science and Society activities involve

meagurements of some sort, Besides using the wealth of material in these units,
looking at textbooks in other subject fields and talking to teachers in these fields
can give ideas for other applications. Students can be encouraged to bring in
examples of applications of mathematics (and should be reinforced for doing so).
Bulletin boards, special preojects, guest speakers, field trips——all can focus on
applications. Since students tend to attach importance to what they are tested omn,
it might be productive to include application items on quizzes,

Applications within mathematics are also important; not only do they review
and reinforce other mathematics, but they also show the Interrelatedness of mathe-

matical ideas. Commutativity is an idea that can appear in geometry (combinations
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of some motions) as well as with some

arithmetic operations. There often is

COULD WE use §
SCIENTIFIC NOTATION
P TO MELP GET An

B CSTIMATE? 4l

a geometric way to represent a numeri-
cal or algebraic topic, and vice versq.
Many problems allow different sorts of
gsolutions (""Did anvone solve this one
by proportions?' or "Did anyome use a
graph?"). Again, call these solutions

to the students' attention to maximize

transfer of the mathematical ideas and

problem-solving techniques.

Be careful in situvarions where mnegative transfer might occur. Negative trans—

fer, in which one learning interferes with another learning, is most common when
gimilar situations call for different responses, For example, the length and the
width of a rectangle are used in finding both the perimeter of the rectangle and

the area of its region. Hence, one could predict that students might get perimeter
and area calculations mixed up. Some of the difficulty with percent word problems
likely stems from the similarity of the word descriptions. "'Of' means multiply"
may be taken too literally. Hidden impressions like "dividing always gives a smaller
number" or "squaring always gives a larger number" may be misleading when dividing

or squaring fractions. Similar vocabulary words with different meanings (e.g.,
polygon and polyhedron) are often misused. Paying special attention to these gimi-

larities by pointing them out and contrasting the appropriate responses may give a

hetter performance.

SUMMARY

Transfer does not seem to take place automatically. Research suggests that we
should
® use settings as ''real" as we can make them,
® identify and emphasize the key concepts and principles,
® work in as many different examples of applications as we can,

@ lay stress on the notion that students should expect mathematics to pop up in
lots of places, and

® be alert to places where negative transfer may occur.

17
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What are some appllcatlons (within or outside mathematics) of each of the
following?
d. commutativity

" b. the problem—solving process, draw a diagram

¢. the volume of a prism
d. exponents

"Wo matter where you turn in modern life, vou will find mathematical problems.
Cften the best assignment is to have the student . . . find . . . applicatiomns
in his environment. Then he can decide what data to collect and what relation-
ships to explore." [Johnson and Rising, 1972, p. 279] Such assignments would
seem to foster a transfer attitude. Give five examples that vyou feel your stu-
dents could come up with.

What are some examples of questions which might induce an attitude of "how can
this be used?" or "where else in math have we used this idea?"?

{Discussion) Since time is so vestricted, we must choose which topics to cover

and which to omlt, Suppose you have time for only one of each in the following

pairs. Which one would you choose {on the basis of transfer-—not whether "they'll

get the other one next year')? Why?

a. the avea of a regular hexagon, or the area of a vegion like this:

b. distributivity of multiplication over addition, or more drill on
multiplication facts

c. more work on whole number division, or work with prime numbers

d. percents over L00%, or percents less than 1%

e, perimeter and area, or more work with fraction addition and multiplication

(Discussion) Two views of transfer are described below. Psychologists, either
because of research or because of impracticality, have rejected them as profit-
able approaches. [Cf. Biehler, 1971, pp. 265-267.] What are your feelings about
them?

a. The way to increase the powers of the mind--accuracy, quickness, memory,
observation, concentration, judgment, reasoning, etc.—is to exercise these
powers. The particular content is not important; the important thing is
using the mind.

b. We should teach only those things needed in '"real-life" situations.

Discuss each of the following in terms of mathematics to be studied later.
a, '"You can't subtract 7 from 5."
b. "The longer the numeral, the bigger the number" (based on whole number

experxencea) 1 6 5
c. "The common denominator algorithm for division of fractions (g “'E = 16" 10T
6+ 5= gﬁ is better than the invert—and-multiply one Gg % % = g-x-I m-g M

Give some applications (in or out of school) of each of the following.

a. some principle of the decimal numeration system (yvou identify the principle)
b. associativity of addition

c. surface area

d. a number has many "names"”
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10.

i1,

12.

13.

©

Discuss each of the following in terms of negative transfer. How might these
confusions be aveided? _
a. “% is greater than-% since 7 is greater than 2." 2
&
b. "I measured 6 cm and 10 cm, so the area is 60 cmz." Aii:::::;7
,o2_3 4_12_1,
273 676 36 3
d. The two exercises: Write 2.25 as a percent . . . Express 2,25% without the
percent sign.

C.

(Discussion) There are many models for fractions: part-of-a-~whole, number line,
set model, quotient model (see the commentary to FRACTIONS: Concepts in Number
Sense and Arlthmetic Skills, Mathematics Resotrce Project). Which of these
medels are covered in your text series?

"Knowledge acquired largely by memorization, by the 'pouring-in' process, and
without many relationships being established with the individual's existing
knowledge has low transferability."” [Henderson and Pingry, 1953, p. 245] It is
likely that vou agree with the quote. Review one of your students' most trouble-
some topics to see how "relationships with the individual's existing knowledge"
can be established.

If we are to teach two related tasks, one easy and one difficult, most of us
would probably feel that we should teach the easy one first. It may be that
teaching the difficult one first would give greater transfer to the easier task.
Ellis [1965] notes that the existing research on this easy-difficult vs. diffi-
cult—easy question does not give much direction, partly because "difficulty" is
not well-defined and methods of teaching a topic can vary. In each of the
following pairs, which would you choose to teach first? Explain.

a, the volume of a rectangular solid or the volume of a c¢ylinder

b. the area of a trapezoidal region or the area of a parallelogram region

¢, fraetion addition or fraction multipliecation

d. decimal arithmetic or fraction arithmetic

Ellis [1965] reports this surprising finding: For tasks not depending on speci-
fics from the original learning, " . . . transfer of training remains roughly
constant with varying intervals of time elapsing between the original and the
transfer task" [p. 39], in contrast with the usual decrease in retention! That
is, although as time passes we tend to forget a specific learning like the formu-
la for the area of a trapezoid, whatever ability we have to use the technique of
deriving such a formula does not deteriorate so much with time, What implication
might this have for whether we should pay attention te transfer?

"One seventh-grade teacher tells the class what lies ahead in mathematics by
describing algebra as mysterious and difficult. ‘'Instead of working with numbers,
you do problems 1like this'-— . . ., an equation (is written) on the board without
explaining it. A second teacher does not mention algebra by name, but casually
uses various formulas such as A = lw and i = Prt when the class is doing numeri-
cal problems on area or investment. Each formula is treated as a shorthand
summary of what the group has been expressing in words. What effect would each
of these methods have upon readiness for algebra?' [Cronbach, 1963, vp. 322-323]
How might individual students react in different ways?

19
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14. It might be worthwhile to skim the units in Mathematics in Science and Society{
with an eyve to bringing in certain activities as applications of particular
mathematical topics.
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ROBLE

Because of the different uses of the word '"problem," it is necessary to clarify

what the word means as it is used in this section and in the references at the end.

A student has a probiem'whenever {a) the
student seeks a solution but (b) there PROBLEM““

is no obvious way to reach the solution.

A. STUDENT WANTS SOLUTION,

In particular, a problem situation is dif-

ferent from those encountered and solved BUT
before and l.S not obviously amenable to B, HAS NO CLEAR ROUTE TO-
~any algorithm the student has at hand. SOLUTION.

Hence, whether a situation}is a problem
depends on the student's background. Solving 14 x 8 = n is not a problem for most
seventh graders, whereas it would have been when they were second graders. TFor a
seventh grader, solving 14 x 8 = n involves a routine application of a much-practiced

algorithm; the term "exercise' is usually

used to distinguish such types from prob-

EXERCISE--

lems, For most middle schoolers, these

are exercises rather than problems:

YIELDS TO

1. 723 - 537 =n 2. A frog ate 23 flies. AVAILABLE ALGORITHM
Then it ate 156 more.
How many flies did it
eéat all together?

The following could be problems for widdle schoolers (and other people). In each
problem different letters stand for different digits. (Answers are given at the end

of this section after the references.)

Problem 1 Problem 2 Problem 3 Problem 4 (each digit
must be used)
PQ MM NP LAB
+47 -8 =NQ x_ C
73 3N PQ to get .DE
NP then +.FG
220 to get H.IJ
What is Q7 What is N? What is Q7 Find each letter's value.

Since problems by definition are not sclved immediately by tried-and-—true methods,

we should not expect students to solve them quickly or even to solve all of them.,

21
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Accordingly, 1t may be better not to assign several problems to be solved within one
class period. Also, in recognitidn-of individual differences we could include options

at different levels of difficulty (e.g., "By next Wednesday see whether vou can solve

one of Problems 1, 2 or 3. These take some real thinking, so don't give up too socon').

PROBLEM SOLVING CAN BE THE STAR OF THE CURRICULUM
Driil through problem solving. Exer-

. _ ; - . PROBLEM-SOLVING
cises (in the sense above) are routinely PROCESSES

used to provide practice on skills, but \\\\
problem~solving situations can also \\\\ <//i;/

provide lots of practice—~plus other

DRILIL MOTIVATION

sorts of thinking. If you just skimmed PROBLEM

; SOLVING
Problems 3 and 4 above, you might try o \\\:::?
one of them. Problem 4 will likely w”:;»”/ ~——
involve as ﬁuch‘computation as vou would 1 h
ordinarily assign. As another example, NEW IDEAS OR \ ! k TRANSFER
the solution of Problem 5 to the right PROBLEM TYPES !
involves work with exponents and divi-
sion (it is not as formidable as it Problem 3
locks and is discussed further on pages 5999 + 7 gives

4 and 5). Word problems also supply what remainder?

practice in solving mathematical sen—

tences and in computing.

New ideas/problem types through problem solving. Suppose the students have

dealt only with positive whole number exponents and have just finished a discovery

lesson in which the problem was to find a shortcut for simplifying expressions like
57 712 10* 7971
.  They would then be primed for exercises like —% = n, = = n, —=5+ = n and
4 12 4 71
5 7 10 79 0

the question, "What seems to be a reasonable meaning to give to 7, 10, 790?” and
thereby be introduced to zero exponents. Trimble has commented that a "problem is
.« « . ameans to an end; the end is student involvement in the creation or re-creation

of the key ideas and techniques of mathematics." [1966, p. 8] Quite a challenge!

[ 4

A
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If vyou do, Problem 5 may be only an exercise for you. Imitating solutions to simi-
lar problems is one of our most valuable methods of devising a plan, since it can
turn a problem into an exercise. '"Can you solve a gsimpler prohlem?" The size of
the exponent causes the difficulty here; 5998 or 5lO or 52 or even 5l (or 50) would

be simpler. But what good would looking at those do? "lLook for a pattern!"

5;L = 53 5 ¢ 7 gives remainder 5

52 = 253 25 3 7 gives remainder 4 (Is a clear pattern forming alreadv?)
53 = 125; 125 + 7 gives remainder 6 (I guess not.)

54 = 6253 625 + 7 gives remainder 2

55 = 3125; 3125 # 7 gives remainder 3 {(No one promised there would be a

pattern! The processes do not
guarantee success.)

But one valuable lesson ig to learn to

persevere, Students often give up very Exponent Remainder
quickly if the answer, or how to get
the answer, is not apparent at once. 1 5
If we do persist, we would obtaln the P 4
table to the right, in which the pattern 3 6
of remaindevrs 5, 4, 6, 2, 3, 1 appears 4 2
to be repeating. We now have a new 5 3
problem: wusing the pattern to predict 6 1
the remainder when the exponent is 999, 7 5
We'll leave the rest to you {(the answet 8 4
is at the end of this section). 9 6
The devise-a-plan hint, "Solve part 10 7
of the problem," for middle schoolers . .
applies most easily to multi-step prob- . .
lems, but is also applicable in many . .
others. The "Guess and check" technique 999 7
will be mentioned below in connection

with writing mathematical sentences.

Carrying out the plan is usually a pleasure if the plan has been well chosen.

Students will, of course, have to keep the plan in mind: remembering what calculations
and what table, deciding what organization, checking patterns, checking computations
for reasonableness (in particular, if a calculator is used!), and especially keeping

the original problem in mind.

25
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Looking back is often neglected. Certainly students should ask themselves,
"Is this answer reasonable?," and apply some combination of common sense (the girl
rode her bike 200 km/h!?) and/or number sense and mental arithmetic. Perhaps most

important in the looking back phase is recognizing the problem~solving process we

used; for example, in Problem 5 we looked at several simpler ''problems" to generate
a pattern which enabled us to predict the solution., We could also try to think of
similayr problems which we think we could now solve, This requires some care (does
it matter that all of 5, 7 and 999 were odd? that 5 and 7 are primes?). Many prob-—
lems will not suggest very imaginative ideas to middle schoolers, but asking the
quastion does remind the students that PERHAPS THINGS OTHER THAN ANSWERS ARE ALSO
IMPORTANT. Finally, looking for another solution will emphasize to the students
that quite often there is more than one way to solve a problem.

Another example. Several illustrations of problem solving processes with geom-

etry problems are given in the teaching emphasis Problem Solving, in GEOMETRY &

VISUALIZATION, Mathematics Resource Project. Let us look at one more numerical

problem here.

Problem 6 Bach different letter represents a diffevent digit.

SCTAP PAOS
X P and X s
AARON AARON Find each letter's value.

Understanding the problem. We want to multiply a four-digit number (SCAP) by its

last digit (P) to get a 5~digit number (AARON), which is the same number we would
get if we reversed the digits of the original number (PAUS) and multiplied it by the
new final digit (8). Different letters stand for different digits, and we want to
find their wvalues. (That was a mouthful, but it illustrates the power of symbolism

in mathematics!)

Devising and carrying out a plan. With so many letters in the problem, perhaps we

might first try "Solve part of the problem." Which part? Since the multiplication
algorithm starts with the units' digits, we might look there. Aha!(?) The last
digit of P x P is the same as the last digit of § x S~—the digit N. Nuwber skills

now help to narrow the pogsibilities. Looking at the last digits . . .

Ilx1=1 4 x 4 =16 7x7 =49
2x2=4 5x 5= 25 8 x 8 =64
3x3=9 6 x6= 36 9x 9 =381

gives the following possibilities for P and §:

1 and 9 or 2 and 8 or 3 and 7 oY 4 and 6.

s
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Now what? Since we have some information about P and S,

. : SOAP PAGS
we might pursue them, X P AND X S
The given data tell us that when we multiply S = P AARON AARGN

and possibly add it to any digit carried from P x O or

S x A, we get AA, a double digit number different from

either PP or $5. Substituting the possibilities generated for P and S:

(x9) + = AA: (L x 9) +2 =11, which can be truled out since
Por 8 =1, so A cannot = 1 also.
(2 x 8) + = AA: (2 x 8) + 6 =22 (Why can this be ruled out?)
Similarly,
3x7)+1=22 and (4 x 6) + 9 = 33,

Tﬁis last possibility can be eliminated (in a one-~digit~times-one~digit calculation,
what is the greatest number that might be carried?)., So, we have

P=7,8=23, A=2 or P=3,8=7,A=2,
The former does mot work (try it, keeping in mind that each different letter repre—

sents a different digit). Therefore,

SgAP

7 _ 23 32 _ 7
X 3 and pe 7
22 9 22 9
AARON

Since in the first case 3 x 2 = 6, O must = 6. The rest is easy . . .

7623 3267
X 3 and X 7
22869 22869

Looking back. We should be sure to check that our result does indeed give correct
caleulations and assign different digits to different letters. We might review how
we proceeded in this problem: We tried to solve part of the problem and were able to
build on the possibilities generated to get a solution; we obtained information by
considering units digits of products and the possible “carries" in the multiplication

aigorithm; we ruled out some possibllities by the conditions of the problem and others

by trial and error. Any one of these

might come in handy in a similar prob- BATH 5428 SOAP
LV § X T P

lem, As another form of looking back, FLIMY 37996 AAROM

we might try to make up a similar prob-

lem. Or we might ask ourselves, Is

there another method of solution? N /
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SUMMARY (

Even when we distinguish between exereises and problems, problem solving could

serve as the heart of teaching. Problems can pump life into
— PROBLEM

SOLVIMNG

drill, serve as a vehicle for introducing new ideas and types
of problems, give a basis for transfer, motivate at least some
students, and above all, put the teaching of problem solving processes into its pro-

per setting--the solving of problems.

ODDS AND ENDS ABOUT PROBLEM SOLVING | PROBLEM:

This subsection contains a variety STUDENT WANTS SOLUTION
BUT DOES MOT REALIZE HOW
of suggestions and research findings TO REACH TT.

oriented to the two aspects of a prob-
lem: (a) the student must want a
gsolution, but (b) the student must over-

come some block to the solution.

The student wants a solution. Let's

acknowledge that many students work prob-

lems only because that is what is expect—

DESIRED o
SCLUTICN

ed in mathematics classes. Perhaps some

of the following will create an interest

in the problems themselves.

® Ve might poll the class to see what their interests are ("Give 5 things you
like to do,” "What are your favorite pastimes--foods, hobbies, TV shows, sing-
ing groups, possessions?”) and then try to build problem situations on these

interests., Listen to the students' topicse of conversation in the hallways or
before class.

® Ask each student to submit one mathematics "problem" each week, based on in-
class topics or out-of-school events, and use some of these.

® Some teachers find that having the students guess an answer leads to greater
interest since they then have made a definite "commitment."

® On occasion, a problem can be dramatized by class members (e.g., two "inter—
viewers' questioning a factory owner about pollution control, or two coaches
trying to chooge the "best" team from given statistics).

® Using students' names in problems usually gains some interest if not ovexr—done.
Basing problems on things unique to each student (e.g., Muscle
Fatigue in MATHEMATICS AND BIOLOGY) also 'personalizes" the topic.

® Problems taken from foreign textbooks or old U.S. textbooks, if you have access
to any, may provoke interest. i
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® Problems based on things close to the students' world can be interesting,
although Johnson and Rising offer this opinion: '"For most students it is not
necessary to take problems from their immediate environment. Often, students
are less interested in grocery bills than in cannibals and missionaries, less
interested in the volumes of oil tanks than in walks through K&nigsberg."
[1972, p. 240]

® TFamiliarity may improve the chances of success for some students. For example,
Lyda and Church [1964] found that lower ability students in particular were more
successful on word problems dealing with situations they were familiar with.

Help to overcome the block: general remarks. The major reason for giving

attention to the problem—solving processes is that these may make us more self-
sufficient. Students need to become more independent and more confident of their
ability to do things for themselves. Cther people won't always be around! Recent
research has been investigating systematic instruction in problem-solving processes
(e.g., Vos, 1973). Nelson's work [1975] indicated that teaching the use of diagrams
improves problem-solving performance (he also advocates presenting some problems in
diagram form). Students with some background in problem-solving processes can be
encouraged to review their own use of the processes (''What approach have I tried?
What haven't I tried?"). In any case, attention to processes may help to change the
usual student's view that the only concern is The Answer.

Middle schoolers may not be confident problem solvers. Having hints in mind
is a good idea, although knowing when the students are claiming frustration for the
sake of getting a hint and when they are genuinely stuck is a bit of an art. One
study with ninth graders [Akers, 1975] indicated that having answers accessible
tended to increase the time students spent on problems (exercises?); thus, in situ-
ations where the answer does not reveal how the problems are solved, having answers
available may lead to greater persistence on the part of the students. Having small
groups attack problems offers a chance for the students to learn others' approaches
and may build up some degree of confidence. Groups usually are more successful on
problems, although there does not seem to be a great carry-over to later, individual
work. [Hudgins, 1960] Blomstedt [1974] found that having middle schoolers agree on
approaches to word problems by consensus did seem to enhance their performance on
word problems, perhaps because of the immediate feedback and reinforcement from
classmates.

"Real" problems will not be solved gquickly. This is perhaps the hardest lesson
for some middle schoolers to accept. Be sure to point this out, and allow plenty of

time for attempted solutions. A phenomenon you may have noticed in your own problem
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solving is that after concentrated but unsuccessful work, leaving a problem for a

period of time often resuits in a spontaneous or a fairly rapid solution when you

return to the problem. Hence, you might
mention a:problem on Monday, let the
students work a while, bring up the
problem on Tuesday, perhaps adding a
hint or allowing students to look at
"hint" cards on your desk {checking
privately with students who think they
have solved the problem), bring it up
again on Thursday to check progress
(and to remind students of it), and
finally have students show solutions on
Friday. (There is no magic in the days

nentioned; however, at some time the

unsuccessful students should at least see

someone's scolution, if for no other reason than to study how the problem was attacked.)
If a student has worked several minutes and is stumped, suggest that he "sleep on it" (
and do somethingrelse right now.

Some work with college students has suggested that females may do more poorly
than males on problems—-particularly problems dealing with "masculine" situations--
because girls feel that they are not supposed to do well in mathematics. It is not
clear when this particular attitude develops or whether it is prevalent among middle
gchool girls, but you might be watching for students who seem to have adopted such
an attitude. (Be certain that nothing in your teaching is promoting this attitudel)

If there are no female mathematics teachers in your school, you might arrange a guest
presentation by a female teacher from another school or a university, or by some
mathematically successful high school girls., Similar success-models could be sought
for any other identifiable group who seem convinced that they cannot do well in
mathematics,

Help to overcome the block: word problems. Or are they word exércises?

Probably both. We can help to retain their problem character by at least making

sure the students have tc read the problem to get a solution. Assignments should
contain problems which have extraneous or insufficient data and which requivre a dif-
ferent operation for at least some problem(s) in the list. Otherwise, we may be in (

the situation that the Luchinses described more than 25 years ago.
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(The students) were accustomed to being taught a method and then prac-
ticing it; to have to discover procedures wag not only quite foreign
to them in arithmetic but also in most school subjects. It seems to
us that the methods of teaching to which they had been subjected tend-
ed to develop, not adaptive responses, but fixations, so that a child
might know methods and formulas and yet not know where to apply them
or how to determine what method best suited o particular problem.

Our schools may be coneentrgting so much on having the child master
the habits, that the habits ave masterivg the c¢hild. JLuchins and
Luchins, 1950, p. 286, emphasis added]

The Luchinses' research has indicated that it is very easy to get a "mental set'" in a
series of problems, with the result that one almost blindly proceeds with each new
problem just as he did with the previous problem (see number 10 on page 17). Using

only one "type" of word problem in an assignment can foster this uncritical approach,
of course, and makes it easy for students to ignore any work with problem-solving stra=-
tegies. A key question is, how "mized up" should the lists be? Sumagaysay [1972] has
shed some first light; a sequence of assignménts in which the humber of types of prob-
lems gradually increased from one type in the first assignment to three types in the
later assignments was superior to sequences in which either only one type was used
throughout or three types were used throughout (caution: these results cannot be
regarded as definitive since the students were likely accustomed to only single-type
lists). Here is one final note on mental sets: tension apparently increases the
likelihood of adopting a mental set. Hence, whatever we can do to lesSen tension—-less
emphasis on time, partial credit, reduced emphasis on grades—-may enable students to

resist the tendency to fix on one approach.

A technique endorsed by many teachers

for word problems is to give lots of TRANSLATING

attention to translating from the word WORDS —P EQUATION

form to the equation {or inequation) form
EQUATION —— WORDS
and viece versa. This might fnclude oral

dictation of phrases or statements to be

expressed more symbolically (""six more than eight" or "after Don found the five dol-
lars and twenty~-eight cents, he had eight dollars and nineteen cents"). The reverse,
giving an equation and asking the students to make up a word problem which fits the
equation, can be a wvaluable diagnostic tool. For example, a student may write a
problem that does not fit a given sentence at all ("I had $11 in the bank at 5%.

How much did I get?" for the equation .05 x n = 11). Another diagnostic tool is to
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have students paraphrase a word problem (as mentioned before, paraphrasing also helps /[

5
1

to force an "active" reading as opposed to a recitation of words). Nelson's work
cited above suggests that having students write mathematical sentences for given dia-
grams, pictures or graphs might also be worthwhile. Robertson [1975] has described
some translation work with balance set-ups, as in the diagrams below.

£z (2xm) +3

TRAMNSLATION :
TED NAN
. [IREIIN]
4 2
o) s
i i Z]
TRANSLATION : t =a +2 TRANSLATION: n > 1+d A

There does seem to be évidence that writing equations for word problems is a

productive approach (e.g., see Lerch and Hamilton, 1966). What is not so elear is

how to teach students to write these

WAYS TO CHOOSE EQUATIONS:

equations. There are at least three
approaches to teaching the writing of TELL-THE-ACTION
equations for word problems: (a) the WANTED-GIVEN

sentence-that—-tells—the~action approach,

GUESS—AND—-CHECK (
(b} the wanted-given method, and (c) the 5

guess—and-check technique. Let's use the following word problem to illustrate the

approaches.

Jan bought a ball glove. Then she decided to buy a ball
for $2.98. In all she spent $16.93. How much did the
glove cost?

A student who 1is using the sentence-that—-tells—the-action approach is to imagine the
story (bought glove, then bought ball for $2.98, paid $16.93) and write the mathe-
matical sentence that reflects the action of the story (n + 2.98 = 16.93). Although

the resulting equation may not itself indicate what calculation to perform {(as in
this example), the method does give an eqﬁation which is an accurate.”poptrayal" of
what happened in the problem. [Hartung, 1959] Under the wanted-given approach, the
student is to determine what is wanted (the cost of the glove) and what is given (the
cost of the ball and the total cost) and then to decide how to get the "wanted" from
the "given' (16.93 - 2,98 = n). Here the calculation necessary to solve the problem
is indicated, but the equation does not "describe' what went on in the problem (the

equation 16.93 ~ 2.98 = n implies that something was removed)., With the guess—and-

check technique, the student guesses the answer (e.g., $15) and then checks it ('

l?
(15 + 2,98 = 16.93). 1If the guess checks, fine; if not, the student substitutes a

variable for the guess and solves the resulting equation (n + 2.98 = 16.93).
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Which way is best? The research to date does not dictate a particular approach.
Wilson [1967] found that his wanted-given approach was superior to the tell-the—
action approach with fourth graders. Zweng [1968], however, seriously questioned
Wilson's study, by pointing out the likely nature of the prior problem-solving exper-
ience of the students. She also emphasized that the tell~the-action approach best
fits the desirable goal of having the mathematics accurately refleet the real-world
setting. Moreoﬁer, another major point she made is that the tell~the-action fourth
graders would have been required to spend some time on the (peripheral) learning of
how to solve sentences like n + 15 = 93, in which the indicated operation is not the
operation which solves the sentence. Thus, it would be unfair to compare their per~
formance to that of students who spent all their time on word problems. Crowe [1975],
with ninth—grade algebra students, found no difference between the guess—and-check
method and an “initial variable" approach (choose a letter for the unknown, then’
write an equation relating it to the other numbers).

Wh&tever_approach you choose to emphasige, watch for students who cue themselves
on particular words or phrases like "in all"” in the word problem above. While key
words and phrases can tell much about what went on in a problem, they are not reli-
able indicators of what operation to use. "In all" usually does describe a joining-
together or accumulating situation, but (as abuve) addition may not be the appropriate
operation to perform. Nesher and Teubal [1975] found that even primary school stu-
dents have begun to rely unguestioningly on cue words and phrases!

Students apparently are very
uncriticél when processing data in
problems. Sherrill [1973] found

MISLEADING SKETCH

that inaccurately drawn pictures or
diagrams greatly influenced tenth~
grade strudents, even when accompanied

by the word statement. On the other

hand, presentation of problems through XN

BiLL

gave performances superior to word pre- WHO 1S TALLER ? 1.28m
BY HOW MUCH ?

accurately drawn pictures or diagrams

sentation alone. Ammon [1973] found

that fourth- and fifth-graders responded

with more ideas when given a picture,.
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presentation rather than only a word

presentation. Trueblood [1969] recom~

e,

quab
Vil

D \g

&

mends, and some text series occcasionally

use, a nonverbal or minimally-verbal

How many feet of string?

presentation for some problems (as

shown to the right in part of Picture 5 rﬁ@ﬁﬁ?ﬂlﬁ 7
6O EACH

[, g

= .

Ly — ( -
NS
Sy

3. How much will these cost?

Problems 1 from the Addition and Sub—
traction subsection of WHOLE NUMBERS in

Number Sense and Arithmetic Skills,

Mathematics Resource Project). Keil ALTOGETHER
(1965] produced superior performance §
e 4 . On a J-day trip,s salesman drove
on standardized tests by having sixth- 24% the firet day, 319 the second
" . day,and 186 the third day. How far
graders write and solve word problems total: |

about a given situation instead of

using the textbook problems (see num-— . .
ber 5 on page 16). j

To by-pass the reading problem of some students, some teachers present word

problems orally. MeGill and Wiles [1975], however, found that for at least some
fifrh~-grade Studénts, a more important thing is the vocabulary level. Whether prob-
lems with a high level of vocabulary were or were not read aloud did not make a dif-
ference, whereas having problems with a low level of vocabulary read orally (with
the printed statement available) did give a better performance than having oﬁly the
printed statement ‘available.

Finally, freguént exposure to word problems, combihed with some success, should
build confidence. BSome easy problems could be given along with more difficult ones.
Having at least one word problem a day may be more fruitful thau a biweekly or one-

chapter ordeal.

SUMMARY

® To seek problem materials and presentations that students will find interesting,
we fight . . . '
~=-pell the students and eavesdrop on them,
~-a8k them to submit problems,
-—get them to guess answers and thus commlt themselves,
~-act out selected problem situations, and

——use students’ names and student situations in problemns.

(.
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® To help students to attack problems, we might . . .
~-gmphasize and practice problem-solving processes,

—;provide encouragement, hints, peer support, and adequate time,
-~work on defeatist attitudes,

-~do what we can to guard against students' developing mind sets,

~—give attention to translations among mathematical and English sentences and pic—
torial and concrete representations,

——-uge an approach which fosters the writing of mathematical sentences, and

-—nourish our students' abilities to process and present word statements of problems.

PYYYY

1. Here is a method of combining drill
with problem solving, [Wirtz, 1975]

The object is to start at a ringed @ 7 £ a T i
number and find a path through all

the other nuwbers, ending at the + =
other ringed number. The path must 3 5 11 ‘ 3 5+t
go through adjacent squares. For

example, starting at 6 we can add 101 2 0| 2
5 (adjacent diagonal squares are all :

right) to get to the 11, Subtyac~
tion is also allowed.

Continud . G oot Il 7
ontinuing, we can get a complete |~ C\-
path as te the right. ¥ 7 ]
3 Y5 k1
[
\= |
10-2_lE8
Try these after the students have the
ideas you do not have to indicate the
starting and stopping points. Each
number is to be used once and only once.
d. b. ¢. Make up one of these by penciling in
21N the path first, putting in suitable
numbers and then erasing the path.
Use whole numbers, fractions or
21.3 @ 8 |10 ].6 decimals,
d. Modify the idea to use multiplica-
8 11 A 2 1.3 1.8 tion and division.
e, Modify the idea to allow any com-—
T 13 9 1.2 .7 hination of operations. .
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Look at the word problems in one of your textbooks.

a. How many types are in a typical list of word problems?

b. Do the settings for the word problems seem interesting? What are the char-
acteristics of "interesting" settings?

~ _i‘\,

Students may bring in problems that you can't solve. Plan how you can handle
such episodes for maximal teaching value.

Brainstorm with students and other teachers for ways to help students become
better’ prOblem solvers. — —————— rr—

Wonrdless Problems

WRITE ANE QR MORE PLOSLENR PLR EACH FLUTLPE BELM

e
iy

Since the Keil [1965] results were
so favorable (see p. 14), yvou may

wish to try the Same approach with
your students.

a. Make up a page like the one to
the right from FRACTIONS:
Mixed Operations in Number
Sense and Arithmetic Skills, |
Mathematics Resource Project.

b. Select several pages from
MATHEMATICS AND ENVIRORMENT to
use as bases for the students
to make up their own problems.
(Recall that thevy are also to
solve the problems.)

DGR FIGA: St
B

Can

As was indicated agbove, you can find at least verbal support for both these
positions: 4i. choose familiar situations as sources of problems.

'y

ii. choose "exciting" situations as sources of problems.

“a. What is your position? (Fence-straddling is all right.)

b. What are some "familiar situations" to students in your school community?

¢. What are some problem settings that would be "exciting" to your students?
You may be able to get some ideas by asking your most advanced class to
write some exciting word problems for younger students.

(Discussion) Students with an attitude of inferiority about mathematics problems

may tend to work more slowly because 0f lack of confidence and to give up too

soon because of a certainty they can't solve the problem. What might you do for

such students . . .

a. during problem-solving seat work?

b. during tesits? (Do you base the problem~solving portions of your tests on
speed or on power?)
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10.

1l.

1z.

The size or type of the numbersg in some story problems sometimes seems to over-
whelin students' thinking. Accordingly, some teachers suggest that the students
substitute small whole numbers (or “easy" fractions or decimalsy, see how to
solve this new problem, and then proceed in the same way with the original prob—
lem. Try this technique on some word problems from your textbook to see hiow you
like it.

Where can the following contribute to problem—-centered instruction?

a. questioning (See the Questioning section in the resource Geometry and
Visualization,)

b. discovery lessons (See the section Goale through Discovery Lessons in the
resource Geomet¥y and Visualization.)

c. laboratory lessons (See the section Teaching Via Lab Approaches in the
resource Mathematics in Science and Soeiety.)

Suppose you have only containers (unmarked) with the capacities given in each row
and you want the quantities given in the last column. How would you get those
guantities?

Have Want
a. 29 wnit, 3 unit 20 units
b, 21 wnit, 127 vnit, 3 unit ~ 100 units
c. 14, 163, 25 99
d. 18, 43, 10 5
e. 9, 42, 6 21
£. 20, 59, 4 31
g. 23, 49, 3 20
k., 15, 39, 3 18
i. 28, 76, 3 25
j. 18, 48, 4 22
k., 14, 36, 8 6
£. 5, 25, 10 0
m., 3, 65, 29 3

These items were used by Luchins and Luchins [195Q] in their work on mental set.
It would not be unusual if you used an unnecessarily complicated procedure on
parts g, h, j and k. And even college students approached £ and m in a remarkably
"set" way. You may wish to give your students a-i, say, from the list {(the
stereotyped procedure does not work on 1). Tell the students not to erase any

of their work.

How do you teach students to write an equation for the usual word problem?

Under the tell-the-action approach, it is not the order of appearance of the data

in the word presentation but the action and its order in the actual problem set-

ting that are to be reflected in the equation. TFor the problem, "Joe got $3.75

for his birthday. Then he had $5.25. How much money did he have before his birth-

day?" one would write n + 3.75 = 5.25 to parallel the actual situation exactly.

Write the equations which best parallel these word problems.

a. Kay had $6 when she went shopping. When she got home she had $4.15. How
much did she spend?

b. Dick spent $2.25 at the camporee. He had $1.45 when he got back. How much
money did he take to the camporee?
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13.

14,

15.

16.

17.

What sort of "action'" is involved in a percent problem? Look through a textbook
for other topics for which the "action" is somewhat abstract.

Mr. Denson: "I've tried assignments with more than one type of word problem in
them, The kids just couldn't do them. So now I use assignments
with only one type."

You:

Teacher: "Whether you call problem solving the star of the curriculum or the
heart of teaching, fancy (and mixed) metaphors don't make problem
solving any easier. I've found that my students can't do word prob-
lems at all, so I just skip them. The kids can learn how to do word
problems in high school."

You:

Talton [1973] suggests stressing these reading skills to improve performance on
word problems: selecting main ideas, making inferences, constructing sequences,
following directions for simple and complex choices, and reading maps and graphs.
Plan how vou might stress some of those skills. (See also Reading in Mathematics
in the resource Ratio, Proportion and Scaling, Mathematics Resource Project.)

Schwieger [1974] has listed eight components which he believes to be basic in
solving mathematics problems. Examine some problems to see whether his com—
ponents would yield a solution. Here Is his list:

a. Classify: to recognize pertinent characteristics and attributes of mathe-
matical problems or expressions and to specify the class or classes to which
they belong.

b. Deduce: to relate a set of statements so that acceptance of the statements
and their interrelationships dictates a particular conclusion.

c. Estimate: to use available mathematical information to make a judgement of
measurement or of a result of caleulation.

d. Generate Pattern: to put known or available mathematical data into a sys—
tematic arrangement.

e. Hypothesize: to recognize or to generate conditional relationships between
mathematical statements.

£. Translate: to substitute for one mathematical form, an equivalent repre-
sentation.

g. Trial and Brror: to apply knowledge to a mathematical problem in an unorga-
nized manner.

h. Verify: to apply data to a hypothesis in testing its walidity. Ipp. 38-59]

References and Further Readings

Akers, Betiy. '"The relationship of given answers to persistence and achievement when

attempting solutions to mathematical problems." (Memphis State University,
1975), Dissertation Abstracts International, Vol. 36A (November, 1975), p. 2688.

Ammon, Richard. VAn analysis of oral and written responses in developing mathemati-

38

cal problems through pictorial and written stimuli." (The Pennsylvania State
University, 1972), Dissertation Abstracts International, Vol. 34A (September,
1973}, pp. 1056-1057.

(

(




DEDACTICS TEACHING VIA PROBLEM SOLVING

(=1

Blomstedt, Robert. "The effects of consensus on verbal problem solving in middle

school mathematics.”" (The University of Texas at Austin, 1974), Disseértation
Abstracts International, Veol. 35A (November, 1974), pp. 2523-2524,

Brownell, William., "Problem solving." The Psychology of Learning. Part II of the
Forty~first Yearbook of the National Society for the Study of Education.
Chicago: The National Society for the Study of Education, 1942, pp. 415-443.

Cooney, Thomas; Davis, Edward; and Henderson, Kenneth. Dynamics of Teaching
Secondary School Mathematics. Boston: Houghton Mifflin, 1975.

Chapter 10 is entitled "Teaching Problem Solving.!

Crowe, Kenneth. 'The relative effectiveness of two methods for translating worded
problems in algebra into open sentences.' (University of Illinois, 1975),
Dissertation Abstracts International, Vol. 36A (November, 1975), p. 2732.

Davis, Gary. Psychology of Problem Solving., New York: Basic Books, 1973.

Hartung, Maurice. '"Distinguishing between basic and superficial ideas in arithmetic
instruction."” The Arithmetic Teacher, Vol. 6 (March, 1959), pp. 65~70.

Henderson, Kenneth and Pingry, Robert. '"Problem-solving in mathematics.' The
Learning of Mathematics: Tts Theory and Praectice. Twenty-first Yearbook of
The National Council of Teachers of Mathematiecs. Washington, D.C.: The
National Council of Teachers of Mathematics, 1933, pp. 228-270.

Hudgins, Bryce. "Effects of group experience on individual problem solving."
Journal of Educational Psychology, Vol. 51 (February, 1960}, pp. 37-42.

Jacobson, Ruth. "A structured method for arithmetic problem solving in special
education.”" The Arithmetic Teacher, Vol. 16 (January, 1969), pp. 25-27.

Johnson, Donovan and Rising, Gerald. Guidelines for Teaching Mathematics. 2nd ed.
Belmont, Californiat Wadsworth, 1972.

Keil, Gloria. '"Writing and solving original problems as a means of improving verbal
arithmetic problem solving ability." (Indiana University, 1964), Dissertation
Abstracts International, Vol. 25, Part I (June, 1963), pp. 7109-7110.

Kinsella, John. "Problem Solving." The Teaching of Seécondary School Mathematics.
Thirty-third Yearbook of the National Council of Teachers of Mathematics.,
Washington, D.C.: The National Council of Teachers of Mathematics, 1970,
pp. 241~266.

Knifong, J. Dan and Holtaa, Boyd. '"An analysis of children's written solutions to

word problems.'" Journal for Research in Mathematics Education, Vol. 7 (March,
1976), pp. 106-112.

The author analyzed one sixth-grade class' errors on word problems from a
standardized test. With this class, nearly half the incorvect solutions could
be traced to computational errors.

39



riny,
’

Leder, Gilah. "Sex differences in mathematics problem appeal as a function of
problem context." Journal of Educational Research, Vol. 67 (April, 1974),
pp. 351-353.

et

Lerch, Harold and Hamilton, Helen. "A comparison of a structured-equation approach
to problem solving with a traditional appreoach.' School Science and Mathema-
tics, Vol. 66 {(March, 1966), pp. 241-246.

Tuchins, Abraham and Luchins, Edith. "New experimental attempts at preventing mech-
anization in problem solving.'" The Journal of General Psychology, Vol. 42
(April, 1950), pp. 279-297.

Lyda, Wesley and Church, Ruby. '"Direct, practical arithmetic experience and success
in solving realistic verbal 'reasoning' problems in arithmetic." Journal of
Bducational Research, Vol. 57 (July-August, 1964), pp. 530-533.

McGill, Melvin and Wiles, Clyde. 'Oral reading and vocabulary level as factors in
arithmetic word problem achievement." Paper presented at the annual meeting
of The WNational Council of Teachers of Mathematics, April 26, 1975, at Denver,
Colorado.

Nelson, Glenn. "The effects of diagram drawing and translation on pupils' mathema-
tics problem—solving performance." (The University of Towa, 1974), Dissertation
Abstracts International, Vol. 35A (January, 1975), p. 4149.

Nesher, Perla and Teubal, Eva. '"Verbal cues as an interfering factor in wverbal (
problem solving." FEducational Studies in Mdatlematics, Vol. 6, No. 1 (March,
1975), pp. 41-51.

Polya, G. How to Solve It., Znd ed. Princeton, New Jersey: Princeton University
Press, 1971.

Practice in Problem Solving Skills. Books A, B, C, Dansville, New York: The
Instructor Publications, Inc., ¢, 1974.

These books contain spirit masters for aspects of solving word problems
(e.g., identifying missing information).

Riedesel, C. Alan. 'Verbal problem solving: suggestions for improving instruction."
The Arithmetic Teacher, Vol., 11 (May, 1964}, pp. 312-316.

Robertson, Jack. 'Preparing kids to solve story problems." Paper presented at the
Northwest Mathematics Conference, October 10, 1975, at Bugene, Oregon.

Schwieger, Ruben. "A Component Analysis of Mathematical Problem Solving." Unpub-
lished Ph.D. dissertation, Purdue University, 1974,

Sherrill, James. "The effects of different presentations of mathematical word prob-
lems upon the achievement of tenth grade students.' School Science and Mathe~
maties, Vol. 73 (April, 1973), pp. 277-282.

Sims, Jacqueline. ''Improving problem—solving skills." The Arithmetic Teacher, Vol. -
16 (January, 1969), »p. 17-20. (
Sumagaysay, Lourdes. "The effects of varving practice exercises and relating methods
40 of golution in mathematics problem solving.” (University of Toronto, 1970),
Dissertation Abstracts Intermational, Vol. 32A (June, 1972), p. 6751.




DIDACTICS TEACHING VIA PROBLEM SOLVING

Sutherland, John., "An investigation into some aspects of problem solving in arith-
metic." British Journal of Educational Psychology, Vol. 12 (February, 1942),
pp. 35-46.

Talton, Carolyn. "An investigation of selected mental, mathematical, reading, and
personality assessments as predictors of high achievers in sixth grade mathe-

matical verbal problem solving." (Northwestern State University of Louisiana,
1973), Dissertdtion Abstracts Interpational, Vol. 34A (September, 1973), pp.
1008-9.

t

Trimble, Harold. '"Problems as means." The Mathematics Teacher, Vol. 59 (January,

1966) s PP. 6-8.

Trueblood, Cecil. '"Promoting problem—-solving skills through nonverbal problems."
The Arithmetic Teacher, Vol. 16 {(January, 1969), pp. 7-9.

Unified Science and Mathematics For Elementary Schools (USMES)

USMES is a major project devoted to interdisciplinary problem solving (sam—
ple problems--designing lunch lines for best service, imventing a soft drinkl}.
For information, write USMES, FEducation Development Center, &5 Chapel Street,
Newton, Massachusetts 02180.

Van Engen, Henry. "Twentieth century mathematics for the elementary school." The
Arithmetic Teacher, Vol. 6 (March, 1959), pp. 71-76.

Vos, Kenneth. "A comparison study of the effects of three instructional strategies
on problem solving behaviors.”" (University of Minnesota, 1973), Dissertation
Abstracts International, Vol. 34A (November, 1973), p. 2283.

Wickelgren, Wayne. MHow to Solve Problems. San Franeisco: W.H, Freeman, 1974.

Wilson, John. '"The role of structure in verbal problem solving.'" The Arithmetic
Teacher, Vol. 14 (October, 1967), pp. 486-497.

Wirtz, Robert. "An individualized diagnostic/prescriptive approach to learning--at
the problem solving level." Presentation at the Northwest Mathematics Confer-
ence, October 11, 1975, at Fugene, Oregon.

Zweng, Marilyn. "A reaction to the role of structure in verbal problem solving."
The Arithmetic Teacher, Vol. 15 (March, 1968), pp. 251-253.

Answers to Problems on Pages 1-2

i. Q=6 & .09 5. 6
- x b
20 N“6 .54
3. Q=4¢% + .78
1.32

41




N




DIDACTICS TEACHING VIA PROBLEM SOLVING

i

Some types of problems are so important that often we deliberately provide much
practice so that they become exercises. For example, we do want our students to be
able to calculate checkbook balances, gasoline mileage, interest, areas of floors,
averages, . . . . What we may wish to avoid, however, is making these situations

exercises from the start ("Here's how to do this kind"). Initial work could well

retain the problem nature of the situations ("How do you think we might try to
figure this ocut?").

Transfer through problem solving. Based on his studies, Brownell [1942] has

noted that concepts and techniques are likely to be most useful in problem solving
when they themselves are learned through the solving of problems. As is noted in

the section Teaching for Transfer, working problems in many areas is one of the
techniques for maximizing transfer., Dealing with the various topics from Mathematics

in Science and Sceciety should enhance a student's view of the applicability and

importance of mathematics.

Motivation through problem solving.

Many students are stimulated by chal-

lenges like Problems 1~5 above, par-

WUAT GOOD 1S

ticularly if the teacher seems to be .
THIS STUFF ?

enthusiastic and interested in the
problem, But many students are not

"turned on" by such problems, unless

by chance they get caught up in the
enthusiasm of other students, the

group competition that might be used,

or some other feature which may not

be entirely credited to the problem. Since the apathetic student is often the un-—
successful student, it is perhaps of first importance to work for an optimistic
attitude: (a) at first choose problems that look like they can be solved (Problems

1 and 2, for example) or that have shown a great deal of appeal to former students,
(b) present the problems so that the student's ego is not threatened (see the section

Student Self-Concept in Number Sense and Arithmetic¢ Skills, Mathematics Resource

Project) and (c) be optimistic yourself, [Jobhnson and Rising, 1972, p. 265]
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stars and certain planets. Another

day, he might have different groups

working in different loecations ("sta-
tions") with Mirror, Mirror on the
Wall, A4 Swinging Time, Hang Ten and
The Meeting of North and South (all
from MATHEMATICS AND PHYSICS).

4. The station approach may also invelve different lessons for the same topic,

with a planned change from station to station either during the same class period or

on a different day. For example, stu-

dents might all be working with equiva-

ALL RIGHT GROUPS,
AT STATION 1, MEASURE
AND FIMD THE GROUPS
AVERAGE HEIGHT. AT
STATION 2., THE AVERAGE
MASS. AT STATION 3
THE AVERAGE LUNG

lent fractions, but one or two groups

might be comparing models at "circle

fractions stations," another group

exploring at a "Cuisenaire rod station,"

and another two groups reviewing at

"rope stations,'" using a number-line

model. (
The name Cuisenaire and the color sequence of the rods are
The Teacher Role trademarks of the Cuisenaire Company of America, Inc.

Laboratory lessons change the teacher's in-class role from disseminator to facil-
itator. The plamning is, 1if possible, even more important than in conventional
instruction. For example, it may be harder during a four-station lab session to
adjust when you find out that too many students are lost. The teacher must have a

clear idea of what the lesson is intended to accomplish. There may be egquipment to

track down, arrange for, and monitor. 1If small groups are to be involyed, student

placement into groups must be considered.

WHAT- ARE WE
SUPPOSED TO DO7?

If the students are not experienced
with laboratory approaches, perhaps the
most important task after careful planning

is to prepare the students.

.« . most difficulties in the labora-
tory result from studewnte not knowing
what to do. This happens when ‘the
duties and responsibilities have not
been clearly delineated, when gtudents :
have not been instructed in the use of equipment, when they don't know
how to attack problems, when several people want to use the same equip-
ment at the same time, and when materials arve disorganized.! ([Kidd,
Myers and Cilley, 1970, p. 32]

T
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roi 3

roand

Sy

Tt is possible that in early laboratory lessons you will give much direction and exer-
cise considerable control, perhaps starting with a whole-group, teacher-led activity
(e.g., fractions with paper-folding). Later you might have several small groups
working on the same lesson (e.g., fraction activities on geoboards with a whole-group
follow-up.) Eventually, if all has gone well and it fits the unit's objectives, dif-
ferent lessons could be used at different stations. The usual guideline is, "Start

slow." See the teaching emphasis Laboratory Approaches in Geometry and Visualization,

Mathematics Resource Project, for more examples and suggestions for labovatory
approaches,

Once the students become accustomed to laboratory lessons, the teacher will be
doing these things:

~~Visiting groups to see whether they are working or are confused.

~—Asking questions and clarifying procedures, but not serving as an “answer
Book."

~-Observing students as they work.

-—Encouraging group interaction.

~-Allowing students to attack the lessons in their own ways. (Some errors will
ocecur but may be Caught by'the'Students or exposed by.the equipment or the
data. Besides, some "errors' may actually be good but unconventional, ideas!]

—--Helping students connect the manlpulatlve to the mathematics being illustrated.
(Sometimes students seem to "leain'" only the concrete device and not the
concept, )

-~Talking with other teachers (including 1lbrar1ans) about how to organize
materials.

—-Being patient.

-—Praising students for initiative, independence, cooperation, imagination, . . .

~=-Providing follow-up to emphasize an idea, to have groups share thelr findings
or methods of attack, or perhaps to have the students comment on what they
iave learned about working in groups.

Truly a new role is necessary for the teacher. In assuming such a role
it should also be clearly undervstood that the activity oriented mathe-
maties program places more, not less, responsibility on the teacher.
In traditional(ly) oriented programs, most curricular decisions are dic-
tated by the textbook. To a far greater extent, in the activity orient-
ed program it 18 the teacher who must know how and what children need to
learn, and when they need to learn it. ‘
‘ [Reys and Post, 1973, p. 230]

IN PRAISE OF LAB LESSONS

Research support_for laboratory lessons with middle schoolers has not been
clear-cut. Studies can be found which are highly supportive of laboratory approaches
(e.g., Silbaugh, 1972; Schippert, 1965; McClure, 1972), but studies in which labora-
tory methods fare no better (or worse) than conventional instruction can also be
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found (e.g., Smith, 1974), These results are puzzling since many teachers are con- (
vinced that lab lessons are effective, having found that their students have been
"turned on" by such lessons. The lack of uniformity for the meaning of "laboratory
approach” 1s no doubt part of the reasoa for the mixed results. Perhaps a more im—
portant point is that the major outcomes from laboratory approaches may not be mea-
sured by the usual paper-pencil methods that research studies are almost necessarily

confined to.

What are some of these other con— LAB LESSONS GIVE OPPORTUNITIES FOR
siderations? (No claim is made that ~~PROCESS-ORIENTED LEARNING
these outcomes are unique to labora- -~ EARNER INDEPENDENCE
tory approaches.) A first area is ~~GROUP MEMBERSHIP SKILLS
that of process—oriented learning. In -~GROWTH OF SELF-CONCEPT
laboratory lessons it is often natural --CONCRETE BASES FOR CONCEPTS

to focus on how one goes about learning

since the students may be faced with the problem of collecting relevant data, orga-
nizing them and drawing some conclusion (e.g., see Litter Watch in MATHEMATICS AND
ENVIROMMENT). A laboratory lesson may also be a discovery lesson in which stu-

dents practice problem—solving skills such as looking at simpler‘cases or locking (
for a pattern. Exploration and pursuit of open-ended questions can also be

incorporated into laboratory. approaches—-some say they must be.

Related to this process~of—-learning area is the deveélopment of learner indepen~—

That is, the students can take responsi- HOW COULD
NOU CHECK
bility for their own learning rather ) - AT WHTH

than wait for the teacher to tell them
how to do the problem. No doubt you
have had students who have learned too
well to pretend they are confused or

who seem e spend mare time asking you

whether their work is correct than they do working. Some teachers establish a ground
rule that no questions will be answered for the first 10 minutes of a laboratory les-
son or that only questions with yes/no answers are allowed. In any case, perhaps
the "helpiess" student would be helped by laboratory lessons in which there is some

available method of checking results other than appealing to the teacher. (
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S
w.i
. : LAB
8ince many laboratory lessons involve small groups o, CONCRETE
] APPROACHES MATERIALS

they provide excellent opportunities for the development

of group membership skills and, in many cases,.the growth

of a student's self-concept. With the aid of concrete

. SMALL
materials and group support, some students may be able GROUPS

to experience more success than is usually the case. Errors may be recognized from
the data or the apparatus and be changed before handing in a report. Every teacher

knows the importance of peer group reinforcement to most middle schoolers. Small

groups can be used to increase cooperation and decrease competition in some classes.

. . the laboratory approach builds on success rather than punish
failure, and it uses current theories of learning rather than ignore
them.

[Kidd, Myers and Cilley, 1970, p. 128, emphasis added]

Most teachers feel that more meaningful learning

can result when students are actively involved and

working with lots of concrete examples. The use of

concrete representations for ideas has been promoted
in these resources. Let us review some of the major

talking-points for concrete materials.

LAR
CONCRETE MATERIALS A‘PPRO;&EI:EES CONCRETE
1. Foundations for abstraction., Piaget, although ;o MATERIALS
not a learning theorist, feels that natural mental &JI
development is best fostered by an environment rich in ﬁ::”‘/jsMAu.GROUPs
experiences with concrete objects (see Plaget and
Proportions in Ratio, Proportion and Scaling, Mathematies
Resource Project). Similarly, Bruner's idea that the
basic level of representation lies in physical action
has been touched on in The Teaching of Concepts in
Geometry and Visualization, Mathematics Resource Project. goo

Experience suggests that only the top students can ox® + X + 3

easily handle purely wverbal and symbolic explanations.
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&

2. Multiple embodiments. The Dienes blocks for

numeration are an example of an embodiment of g mathe-

matical idea. An embodiment of an idea is a (less

DIENES MULTI- BASE
ARITHMETIC BLOCKS
(BASE 10)

ahstract) model for the idea. For middle schoel pur~

poses, embodiments usually are concrete materials or

pictures. FEmbodiments of fractions could be circular

or rectangular regions, number lines, or collections of

blocks. Zoltan Dienes, a mathematician-psychologist

who has given extensive attention to concrete materials

in his work with school children, feels that as many diffeyent embodiments as pos-
sible should be spread throughout students' work with &n idea so that they see the
essence of the idea. (All the embodiments should not be presented at one time, of
course.) Working only with circular regions as models for fractions, say, might
hinder a young child's ability to "see'" one-half of a collection of gumdrops. Hence,
Dienes would endorse our usual practice of using many embodiments for fractions:
number lines, oranges, cakes, set models, other regions in addition to circular ones,
ete, Note that multiple embodiments should also help students transfer their learn-
ing to other situations (see Teaching for T'vansfer in this resource). Finally, dif-
ferent students may be able to "see" a concept best with different embodiments;

hence, multiple embodiments may help with individual differences.

3. Concept clarification. Dienes also calls for as many variations as possible

within each type of embodiment. For

2 i
example, in using circular regions forx DOES THIS SHOW 5 7
fractions, a teacher would use regions
of different sizes, cuts with different

orientations, a variety of numerators

and denominators, and fractions greater

than one. Looked at another way, the

principle suggests varying irrelevant characteristics as much as possible. Activities

from Mathematics in Science and Society can be used for topies like proportions, per-

cent, etc,, with these ideas of multiple embodiments and maximum variability in mind.

4. Concreteée materials = realities. Perhaps one of the strongest arguments for

concrete materials is that they link mathematics to real things. It is very easy for
mathematics classes to deal only with abstract symbols. Students who have generated,
gathered, organized and studied their own data in a variety of real contexts should

gain some appreciation of the relevance of mathematics.
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5. Some middle schoolers are engineers? In commenting on the problem of choos-

ing appropriate experiences for students, Davis gave this opinion based on the

Madison Project's work:

.« « fifth graders . . . ave "matural intellectuals" . . . . By con-
trast, seventh and eighth graders are not "intellectuals;" it might
come closer to say they are "engineers" at heart. For 7th and 8th
graders, the usual school regime of sitting at desks, reading, writing,
and reeiting seems to ignore the basic nature of the child at this age;
he wants to move around physically to do things, to explore, to take
chances, to build things, and go on. At this age we prefer to get the
children out of their seats and, where possible to get them out of the
elassroom and even to get them out of the school. [1964, pp. 149-150]

Pertiaps this is why many teachers have such success with laboratory lessons which

incorporate concrete materials.

SMALL GROUPS

. LAB
Small groups can be used in a variety of ways— APPROACHES __ crete
. . . - N \\(I}M
games, review, drill, . . . . Many times laboratory f/ \rﬂﬂTEQNAuB
lessons are organized around small groups of students. Y /
~ ra

rd

The reason is not necessarily a lack of equipment for SMALL GROUPS

each student! There are several potential benefits.

Perhaps the most desirable feature of small groups is that tﬁey maximize the
opportunities for students to interact. "The teacher who discourages peer interaction
is neglecting one of the main sources of classroom learning.” {Schmuck and Schmuck,

1975, p. 8] Piaget has. indicated that.

interaction with others is an important
key to mental development since students
need to get the views of others and to

clarify their own. Learning to be a

contributing member of a group, improv-

ing listening and communication skills,

and even taking the responsibility for

careful treatment of materials are all

worthwhile achievements,

Small groups may help a class become more cohegive. Schmuck and Schmuck say,
"Frequent interactions among students allow for possibilities of more cohesiveness
to emerge}; infrequent interaction generally keeps students from getting highly in-

volved with one another.” [1975, p. 159] In particular, small groups may be a tool
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oy

st
that a teacher can use to integrate an isolate (e.g., a new or an unpopular student)
into the class. The Schmucks point out, "Acceptance by the peer group . . . increases
a student's self-esteem and facilitates working up to potential." [1975, p. 93] To
foster a more accepting attitude toward an isclate and to focus on the positive, they
offer these ideas among others [1975, p. 108]:

--Have students interview each other and prepare a bilography for the person they
interview. These could be collected as a "class biography,” and used in the
language arts class,

-—~Form small groups for classwork., Change these every month.

Forming Groups

Exactly what is the best way to form groups for laboratory lessons is not clear.
Homogeneous—ability groups seem reasonable but are difficult to establish and may
limit the richness of the group's findings. Reys and Post review some of the pros

and cons for friendship and heterogeneous-ability grouping schemes:

. . . Friendship grouping can result in an excel- HOMOGENEOUS 7
lent learning experience, as the group attacks the )
activity with enthusiasm and candidly discusses the HETEROGENEOUS 7
results. On the other hand, grouping by friendship FRIENDSHIS 7
can be unproductive and characterized by idle chat-

ter when the group's attention ig diverted or in- RANMDOM 7
terest wanes.

Hetérogeneous grouping can also be used effectively in the laboratory
setting., The brighter children often assume a leadership role answer-
tng activity-related questions raised within the group. Such children
often learn move from the activity when they are asked to explain the
"why" to others. The child of lesser ability will also benefit from
an explanation provided by a peer, rather than from the teacher. Per-
haps the greatest fear of the mixed ability grouping is that brighter
chitldren will dominate the activity, theveby intimidating other group
members . . . .

The discussion suggests that each grouping scheme has its own advantages
and disadvantages. Above all else, one should not become dependent upon
a single method. It is often advisable to change the group structure as
new activities ave undertaken. The frequent formation of new and dif-
ferent groups can vesult in student growth im both the academic and
goctal domains. [1973, p. 224]

Because of the greater chance for a puzzled student to get an explanation from
another student, Pienes and Golding favor heterogeneous groups formed voluntarily,
with teacher "suggestions" restoring heterogeneity if necessary. [1971, pp. 139-140]
And Smith says, ". . . groups based on a friendship basis often work very well and

produce more outstanding work than groups formed on other bases." [1959, p. 8]

(
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In some classes voluntarily formed groups can easily result in one group (or
more) consisting of only the class "rowdies," in a group much more interested in
talking about something besides mathematics, in a group consisting of "I ain't gonna
do nothing" students, or in a few friendless students without a group. To minimize
the chances of these occurring, you might make the group assignments, using a socio-
gram for some guidance. To make a soclogram, explain that the class will be doing
some group work soon and ask the students to write their names and to list two or
three students they would like to work with. (Point out that you cannot promise

to make "perfect™ assignments to groups but that you will do vour best.) It may

take a couple of tries to sort out the
mass of arrows, but the diagram to the
right shows a common way of organizing
the choices. Or you might prefer the
sociomatrix form (see the figure). A
sociomatrix doesn't "organize' the
students as clearly but it is easier SOCIOGRAM
to make if many students are involved. 7
With either form, you can pick cut CHOSEA}}
isolates (e.g., Sid} and watch for Z e H é’ H % ;’ b
1 h he Lik O o o 0 < W O

‘ ight like to

clusters that you mig r DN a;
e S i.d ike the rowdies).
accept or avoid (like ) s | 7
Just as there seem to be no
BILL |V v
"official” recommendations for forming v v,
groups, there are zlso none describing CHOOSER
; _ BETTY v iV

the Best group size. The hature of

' —_ AN v Vv

on, the amount of eguipment
the lesson, t quip ELLY ¥ v/
available and the number of stations

OEE v v
lanned all have some bearing on the

plann 8 3 02 3 2 3 2 1
group siZe. Sometimes pairs of stu-— SOCTOMATRIX

dents fit an activity very well. Many teachers prefer that students work in pairs
since work can be shared and each member of the pair can "keep busy." Groups of

three often seem to result in someone's being left out but would fit laboratory les-
sons which take two students to handle the apparatus and one to record the data.

Some teachers like to have four students work at the same location, but in pairs; this
plan maximizes involvement yet makes varying viewpoints readily available., A rule of

thumb is to have groups of fewer than 6 students. Larger groups tend to fragment.
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IN CLOSING (
Each of these tools——-laboratory approaches, concrete

=

N

materials and small groups—-seems to have much to offer. ‘
Lessons which use all three can work toward higher level
content objectives, socialization concerns or firm bases

for concepts.

?PYYY

1. Take the objective of one of your recent (non~laboratory) lessons and think of
possible laboratory approaches for it.

2. (Discussion) Think of possihle laboratory approaches for these objectives.
Compare ideas.
a. The student will be able to set up a proportion for a rate sgituation.
b. The student will be able to solve a proportion.
¢, Some objective that is of interest to several teachers.

3. Plan how you would (a) organize the class for, (b) prepare the students for,
and {(c¢) follow up each of thesée laboratory lessons.
a. Watts Up? in MATHEMATICS AND ASTRONOMY
b. Muscle Fatigue in MATHEMATICS AND BIOLOGY
c. People-Counting Rates in MATHEMATICS AND THE ENVIRONMENT
d. I Believe in Music in MATHEMATICS AND MUSIC
a. Decay and Half-Life in MATHEMATICS AND PHYSICS
f. Dropping the Ball in MATHEMATICS AND SPORTS

4. (Discussion)} Compare notes with other teachers about . . .
a, how best to make up groups for small-group work.
B. the best group size for a mathematics laboratory lesson.
c. classroom furniture arrangements for laboratory lessons.
d. whether an in-class lab is preferable to a lab in a separate room.
e. using more than one laboratory lesson at a time, with different groups work-
ing on different lessons.
f. how frequently laboratory lessons can and should be used.

5. (Discussion) Ms. Doe: "I tried a lab lesson once and just didn't feel comfort-
able with it. The students worked at different rates, so
I couldn't explain anything to everyone at once. There
was a little more noise, but I could live with that. What
bothered me was that I didn't feel in control of the
instruction."
What would you say to Ms. Doe to encourage her to try laboratory lessons again?

6. (Discussion) Mr. Denson: "I know what Ms. Doe means, but you can get used to
not being 'center-stage.' I use lab lessons often but
am bothered by one thing: some of the students just
let the others do the work and the thinking and then
ecopy down the final results.™

Do you have any ideas for Mr. Denson?
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1Q.

1L,

12.

&7

Make a sociogram for ome of your classes (see p. 9). Often there are surprises,
even for a class a teacher "knows" pretty well,

(Piscussion) List as many embodiments {(models} as you can for each of the
following.

a. decimals

b. percents

c. rectangles

d. integers

‘Dienes has also proposed a "deep~end theory" as a result of some of his work with

students. "It has been found that, at least in some cases, it is far better to
introduce the new structure at a more difficult level, relying upon the child to
discover the less complex sections within the whole structure." [Dienes and
Golding, 1971, p. 57} 'Structure' has a precise meaning in the quote, but it

is interesting to consider the 'deep-end" idea with respect to some of the usual
topics in the curriculum., Can you think of plausible ways to start at the "deep-
end" for these cases? Would you start there?

a. addition of fractions: deep-end~-start with unequal denominators

b. division of decimals: deep—end—-start with decimal divisors

¢. coordinate Systems: deep-end-—start with 3 dimensions

Resutlts in a couple of research studles [Bisio, A;;SEACHES

1971; Vance and Kieren, 1972] indicated that in

general teacher—demonstrations with concrete mater- CONCRETE
jals were at least as effective as "hands-on" exper— MATERIALS
ience for the students (but both are superior to

no manipulatives at all). If you have two compara- SMALL GROUPS
ble sections of the same class, you may wish to try
your own experiment along these lines.

Tentative research results about groups can be interesting! What are some pos—

sible implications of the following (reported in Hudgins and Smith, 1966, p.

287)?7 Have you noticed any of them?

a. "Group solutions to problems are not better than the independent solutions by
the most able member of the group if he is perceived to be most able."

b, "In arithmetic, when the.able group member is not perceived as most able, the
group will do better than the high-ability member."

¢. '"There will be a shift in the group's perception of a low-status high-ability
member if the group's scores are not better than the individual's."

d. ". . . subjects who had worked in groups did not solve problems more effec-
tively in a subsequent individual setting although the groups had consistently
produced more correct solutions than comparable individuals working alone."

Prielipp [1975] examined different ways of assigning students to "partner'-pairs
to work with each other during the first part of the period, seatwork and study
time, T. Some pairs contained a student from the first quartile and 'a student
from the third gquartile, with other pairs made up of second and fourth quartile
students. II. Other pairs contained first-fourth quartile or second-third
quartile pairs. The results were statistically inconclusive, but the following
"directions" were suggested, Pairing I seemed to have more (positive) effect on
attitude gains, and Pairing II seemed more beneficial for gains in content, Boys
gained more in attitude, whereas girls gained more in content. Overall, partners
{continued)
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12. (continued)

paerformed better than students without partners. Students and teachers found the (

experience worthwhile, with major "pluses' being the sharing of skills and the
cooperation. Major concerns were Social and personality conflicts in the peers
and one partner merely copying the other's work. How would vou form pairs of stu~
dents in one of your classes?

13, Would vou group students on the basis of their body builds?! Yerkovich [1968]
found that, for students grouped by body type (non-technically, skinny, well-
built, and fat), the average group gains in grade-level scores ranged from 1.7
to 2.0. On the other hand, grouping by IQ, interest or socio-economic status
gave an average group gain-score of at most 1.3.

14, When a lesson calls for small groups and the unrestricted generation of many
ideas ("divergent" thinking), you might consider forming groups which are homo=
geneous with respect to divergent thinking. Torrance [1961] found that with
students in grades 4~6, groups homogeneous with respect to such thinking led to
les& social stress (bickering, sarcasm, disorder, . . .J and to greater enjoyment
of the task than heterogeneoiis groups. On the other hand, some liomogeneous
groups are hot very productive, and in some cases creative thinking is stimulated
by a moderate amount of social stress., How is divergent thinking measured?
(Visit the school counselors.) TIs divergent thinking important in mathematics?
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DIDACTICS TEACHING VIA PROBLEM SOLVING

Problem solving proeegsges through

problem solving. (How else?) Developing STEPS IN PROBLEM SOLVING

one of the lists of problem-solving
approaches (as to the right) through sev- 1. UNDERSTAND THE PROBLEM,
eral well-chosen problems over a period 2‘ DEVISE A PLAN.

of time is one way to start. However,

~--DO YOU KNOW HOW TO SOLVE
A SIMILAR PROBLEM?

--SOLVE A SIMPLER PROBLEM

--MAKE A DIAGRAM, TABLE,
NUMBER LINE, GRAPH

~-SOLVE PART OF THE PROBLEM

-~GUESS AND CHECK

--LOOK FOR PATTERNS

--WRITE AN EQUATION

the processes must be emphasized and
practiced frequently, just as computa-
tional skills must be, if they are to be-
come matters of habit, Getting the stu-
dents to try the approaches may require a
"sell-job." Many middle schoolers want
to know specifically what-calculation—to~-
do rather than what-kind-of-thinking-to-

do. Unfortunately, problem—-solving pro-

cesses like those in the list do not 3. CARRY OUT THE PLAN.

assure a solution. They do, however, 4, LOOK BACK,

give students some things to try when—— T /
. " 1 ==CHECK "

as is the case for "true” problems— ( )

there is no obvious way to proceed. Let M—WHAT) METHODAS/ DID YOU

us briefly look at the steps listed to USE!

the right. -=CAN YOU DO SIMILAR

PROBLEMS?

Understand the problem. At minimum

--18 THERE ANOTHER SOLUTION?

this step includes knowing what is sought

and what information is given, and helps

to "'get started" on the problem. Some (Adapted from Polya, 1971.)

students will have difficulty reading

word problems (see Reading in Mathematics in the resource Ratio, Proportion and

Scaling); attention to wocabulary and emphasis on multiple, slow-paced readings may
help some students. Many teachers like to have their students paraphrase Word prob—
lems. Paraphrasings at least assure that the students hdve read them and may help
some break their "I can't understand word problems" block.

Devise a plan. Most often this step is the bottleneck, so more detail is given
999
is

in the list above. Let's look at Problem 5: What is the remainder when 5

divided by 7?7 (Some students will learn that the usual algorithm does not apply /

999

ditectly to expressions like 5 Y} "Do you know how to solve a similar problem?"




INTRODUCTION

to MATHEMATICS AND ASTRONOMY

Just like our ancestors who searched the heavens for clues to good and evil
omens, we cannot escape noticing the sky. As we look .upward, we see the ever—
changing moon moving across the sky night after night. ZEach day the sun rises and
sets. The stars reappear each night, but the winter sky does not look the same as
the summer sky,

Do you ever wonder why the sun and moon follow these paths over and over? Why
the star constellations are different each season? Why the lighted portion of the
moon changes throughout the month? Why Venus is sometimes a morning star and at
other times an evening star? Why winters and summers come and go?

Since the beginning of history,
people have watched the heavens and
tried to explain what they have seen.

Mathematics has helped them organize
and interpret their observations.

Many important discoveries based
solely on observation were made even
before the invention of the telescope.
Copernicug demonstrated that the sun
was the center of the solar system and
that the earth revolved around the sun;j
Repler concluded that the orbits of
the planets were ellipses, not circles;
early astronomers accurately described the sun's apparent path among the stars.

Like the early astronomers, students can discover much about the universe with=
out the use of sophisticated equipment. The activities in this section ask students
to make observations, record data and use mathematics to interpret their results.

A wide variety of astronomy topics are included. Students can determine the
number of stars wvisible in the sky at one time without a telescope; make and read a
sundial; measure the heating effect of the sun; make a scale drawing of the solar
systemy measure the diameter of the moon; discover Kepler's third law of planetary
motion; examine the orbits of comets; bulld a solar oven; and measure the distance
to the sun, Since distances in the universe are so great, measurements must be made
indirectly. Several methods are presented in the activities. Scale drawings,

charts and graphs are used to help students discover relationships.
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INTRODUCTION MATHEMATICS AND ASTROWOMY

The Table of Contents gives both the astronomy and mathematics topics as well
as a suggested use for each activity. Since it is assumed that all readers may not
be familiar with astronomy, many lessons contain readiness exercises and background
information. These activities are classified as teacher idea, teacher page, teacher-
directed activity or activity card. Although those pages labeled as activity cards
are intended as student activities, you may wish to direct a portion of them,
Answers to the exercises are provided, and a method for solution is suggested for
some problems. Some lessons contain additional information for the teacher in blue.
A glossary of terms, an annotated bibliography of sources and a sheet which lists
aumerical data for the solar system are also included;

This gection could be used to supplement a science unit on astronomy or by
individual students expressing an interest in the subject. It is hoped that students
will become more interested in both astronomy and mathematics as a result of seeing

some astronomy-related applications of mathematics.

AN




MATHEMATICS AND ASTRONOMY

TITLE

Counting the Stars

Watts Up?

Track Records in

Space?

Phases of the Moon

Measuring by
Triangulation

It's a Long Shot

Only the Shadow
Knows

Is the Sun Within
Range?

It's a Parallax
to Me

It's a Great System

PAGE

75

76

78

79

80

82

By

8B

89

9k

TOPIC

Counting the number of
gtars visible in the sky
at one time to the un-
aided eye

Measuring the heating
effect of the sun

Investigating the gravi-

tational pull of the moon

and planets

Understanding the phases
of the moon

Using triangulation to
measure distances
indirectly.

Measuring the distance
to man-made satellites
and the moon

Using Fratosthenes
method to measure the
civcumference of the
Barth

Using a homemade range-
Finder to measure the
distance to the sun

Using parallax to mea-
sure the distances to
stars

Making a scale drawing
of the solar system

MATH
Using sampling to detep-
mine an approximate
count

Gathering and analyzing
data

Computing with fractions
or decimals

Visualizing and sketching
views of a sphere

Using similar triangles,
scale drawings, and pro-
portions to determine
distances

Using similar triangles,
scale drawings, and pro-
portions to determine
distances

Using similar triangles
scale drawings, and pro-
portions to determine
distances

Using a homemade range-
finder to determine
distances

Gathering and analyzing data

Using Angles and proporiicns
to determine distance

Interpreting diagrams

Using circles and angles to
make a scale drawing

TYPE

Activity capd
Manipulative

Activity cavd
Manipulative

Worksheet

Teacher idea

Worksheet
Manipulative

Worksheet
Manipulative.

Activity card
Manipulative

Activity card
Manipulative

Activity card
Worksheet
Manipulative

Activity card
Manipulative
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TITLE

Making Waves

A Huge Chunk of

Cheese

Apparently So

That's a Model I
Can Relate To

Size Up the
Situation

"Hep" Kepler Didn't

Go Around in
Cipcles

Kepler's Second Law

Number Three

On Being Speedy

Comets and the

Conic Sections

The Zodiac

A Star Chart for

Your Room

74
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102
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105
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108

110

112

1in

117
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TORIC

Using radar to measure
distances in the solar
system

Using the apparent size
of the moon to measure
its diameter

Finding the sun's
apparent width from
each planet

Describing a scale model
of the solar system

Interpreting the size of
the solar system and the
universe

Using Kepler's first law
to find a planet's average
distance from the sun

Using Kepler's second
law to study planstary
motion

Using Xepler's third law
to find the orbital
period of a planet

Finding the average
orbital speed of the
planets

Examining the orbits
of comets

Describing the constel-
lations of the zodiac

Reading star locations
and plotting stars on
a pelar star chart

MATH

Reading a chart and using
propovtions to solve
distance problems

Using similar triangles and
proporticns to measure the
width of obiects

Using a relationship to
complete a chart
Graphing a relaticonship

Interpreting scale drawings
Comparing and computing with
large numbers and decimals

Understanding large numbers
Comparing succesglive powers
of ten

Drawing ellipses
Computing averages

Estimating and measuring area

Interpreting a graph
Using a relationship to
complete a chart

tsing a chart to discover a
relationship

Using a relationship to
complete a chart

Prawing ellipses, pava-
bolas, and hyperbolas

Reading a diagram

Graphing and lohating points
on polar grid paper

TYPE

Worksheet

Activity card

Manipulative

Worksheet

Teacher idea

Teacher idea

Activity capd
Worksheet
Manipulative
Activity card
Worksheet

Worksheet

Worksheet

Teacher idea
Activity card

Activity card
Worksheet

Worksheet
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How many stars are visible to the unaided eye on a moonless night? Hundreds,
thousands, millions? Make a guess. Surprising as it may seem
it is not too difficult to determine their number by direct count.

Materials: On heavy cardboard (10 cm x 20 cm) draw a 30°
angle, L A, as shown in the figure. Place
nalls or straight pins at points A, B and C
so that AR = AC. Be sure the nails are
upright.

In order to count the visible stars vou need
to select a location where the horizon is not
hidden, Hold angle CAB in front of one eye
so that arc BC lines up with the horizon.

The night sky should appear like the

inside of a hemisphere, Imagine an

arc extending upward from the
projected point B on the horizon
to vour genith (the point
directly overhead) and a
second arc extended upward
from the projected point €
on the horizon to the
zenith. The part of

the sky enclosed by

the imaginary arcs is
one~twelfth of the
hemisphere.

Hold the cardboard very
still and count the stars within
the imaginary arcs. The count
is easier to make if you observe
stars in a portion of the sky
that does not contain the Milky
Way. Also, you may wish to hold the
cardboard so that arc BC is raised a little
above the horizon to avoid counting stars in the horizon haze,

Repeat the count two more times and average your three results. The total number
of stars vigible in the entire sky at one time is about .
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We all know that the Sun gives off a lot of energy. We
receive this energy in the form of light and heat. Think of
the Sun as a giant light bulb 149,600,000 km away. How many
50-watt light bulbs would we need at the Sun's distance to

produce the same heating effect as the Sun?

I Measure the heating effect of the Sun on an object.

Materials: A strip of copper, 6 cm x 3 cmj 1 Celsius thermometer; 1 pencil or
dowel rod the same diameter as the thermometer bulb; 1 candle and

matches. r

a) Lightly pinch the copper around
the pencil or dowel rod as shown.

b} Bend the ends of the copper back b)
flat.

¢} Hold the copper over a lighted
candle until the flat surface is
evenly coated with soot.

L)
DOWEL ROD

BLACK CARBON 1S
A GOOD ABSORBER

OF WEAT ENERGY.
d) When the strip cools,

slide it from the rod
and under the buldb of
the thermometer.

e) Hold the instrument in the shade
for a couple of minutes. Record
the temperature. Hold the
instrument in direct sunlight for
a few minutes {(until maximum
temperature is reached). How
much was the temperature change?

IT Measure the heating effect of a light bulb on the object.

Materials: 50, 60, 100, 150 watt light bulbs and

brackets, pegboard stand, instrument
from previous investigation.

Use a paper clip to attach the thermometer to
bap P MUCH ENERGY

the pegboard so that the copper strip is on 1S PRODUCED

the same horizontal level as the center of the (EACH SECOND.
light bulb.
1) First establish the total temperature change (from room temperature to new <

equilibrium temperature) for each light bulb. Be sure each bulb is placed 20 cm

IDEA FROM:  In Orbit, Probing the Natural World, Level 111, Intermediate Science Curriculum Study

Permission to use granted by Silver Burdett General Learning Corporation




2)

3)

&)

(conTmveD)
from the strip. You should observe that as the wattage (light energy)

increases so does the temperature change., Alsc the time needed for the strip to

reach maximum temperature decreases as the wattage increases.

Now investigate the relationship between

o~ WATT BULB
distance of a light source and temperature St
change. Start by placing a 50-watt bulb §£4'
5 cm from the strip. Take seven more %ew
readings by increasing the distance from U‘G'
the bulb to the strip by 3 cm for each %‘Q
reading. Be sure the strip reaches the § 8r
maximum temperature and then returns to 24
room temperature before attempting the o 5 ¢ 2 %5 80 95

next reading. Graph the results. DISTANCE OF LIGHT SOURCE

Use the graph to help you decide at what distance the 50-watt light bulb should

‘be placed so that the temperature change will be the same as the change caused

by direct sunlight. See answer from I (e).

Investigate the relationship between distance and power (wattage) if the same
temperature change is desired. Place a 50-watt bulb 20 em from the strip and
record the highest temperature. Double the distance and‘determine the wattage
needed to produce the same temperature reading. Double the distance again.

(80 cm). How many 50-watt bulbs are needed at this distance to produce the same

reading as one 50-watt bulb at 20 em?

14 960,000,000,000 cm

Use the relationship in #3, distance measured in
2% and the distance to the Sun (14, 960,000,000,000 -
cm) to measure the wattage of the Sun. ' | H |

IDEA FROM: /n Orbit, Probing the Natural World, Level |11, Intermediate Science Curricuium Study

Permission to use granted by Silver Burdett General Learning Corporation 77
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TRACK RECORDS IN SPACE??

=2
I
I
1

YOU WILL NEED A 1973 (or newer) EDITION
OF AN ALMANAC.

Each planet in our solar system pulls
objects toward it with a different
amount of force. In most cases, the
smaller the planet, the smaller this
force and the easier it would be to
jump away from the surface. The idea
of this activity is to find out what
would happen if you tried 2 sports
events while standing on other planets.

USE THE INDEX OF THE ALMANAC TO LOCATE
THE OLYMPIC GAMES.

i

Wﬁétwié éﬁéﬂalympic Running High Jump
record: B PV

What is the Olympic Pole Vault record:

1. If you were on the Moon, vou could jump 6 times higher.

a, Is the Moon's gravity stronger or weaker than Earth's?

b. How high would the Olympic record Running High Jump be on the Moon?

2. If you were on Mars, you could jump 2§~times higher.

Is Mars' gravity stronger or weaker than Earth's?

b. How high would the Olympic record Pole Vault be on Mars?

3., 1If you were on Venus, you could jump l% times higher.

a. Is Venus' gravity stronger or weaker than Farth's?

b. How high would the Olympic record Running High Jump be on Venus?

4, 1If you were on Neptune, you could jump only %'times as high.

a., Is Neptune's gravity stronger or weaker than Earth's?

How high would the Olympic record Pole Vault be on Neptune?

5. 1If you were on Jupiter, you could jump only Eg-times ag high,

a. Is Jupiter's gravity stronger or weaker than Earth's?

b. Hdw high would the Olympic record Running High Jump be on Jupiter?

S

SOURCE: Project R-3

Permission to use granted by E. L. Hodges




The moon, our largest satellite and the second brightest object in our sky, has
had much influence on our lives. As we watch it throughout the vear, the shape of the
lighted portion seen from earth changes nightly, but each lighted shape seems to re-
occur periodically. This periodic change in appearance was used by our ancestors to
measure intervals of time and is the natural unit on which our calendar month is
based. You are probably familiar with the use of the lunar month by American Indians.
They measured the duration of trips and other lengthy events by counting the number
of moons that passed--by which they meant complete lunar cycles--before the event was
completed.

Why does the moon's appearance change? For each time of day is it possible to
predict the moon's approximate location in the sky if you know its shape (phase)?
FIRST
QUARTER,

WAYING GIBBOUS

N
)
- - JEd
- - LR
- hal s
-~ ~ ol
. N

Figure 1 shows the moon in

eight positions in its 29%-day . ~ WO
orbit around the earth. The sun ,‘) ., CRESCENT b —
is off to the right of the fig- 7 "\ <
! )
A

ure and lights half of the earth

. - !
' L :
and the moon at each position as 0 e v\ 0 P —
h o F : h itd 3 -:' _. . : - ,
shown or each position of FoLL \\;;*J' ;QNEMJ NS
- . A i
the moon, predict its phase \ ; RAYS

(how it appears to vou on earth)
..and sketch your predictions in

the small boxes just outside

the moon's orbit. The waxing

crescent has been done for you.

To check your predictions stand about six
feet from a bright flashlight (the sun) in an
Hold a tennis ball at
arms length and turn your body very slowly
The shapes of
lighted portions of the ball that you can see
will correspond to the phases of the moon.

otherwise darkened room.

while holding your arm steady.

O

GIBBOUS

FIGURE. 1

WARING g ®

/

O -

WAMING

THIRD
QUARTER

FIGURE 2

CRESCENT

BALL SLIGHTLY
ABOVE YOUR HWEAD 80
YOUR BODY DOES NOT
BLOCK THE LIGHT.
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MEASURING BY
TRIANGULATION

How can we determine the distance to the Sun or to other heavenly bodies?

This may

seem like an impossible task since using a metre stick or pacing off the distance won't

work. Actually the problem isn't toec difficult.

a method of measuring distances indirectly.

angles, similar triangles and proportions.

80

To measure the distance across a wide river
a surveyor sets up a base line along the
bank and marks the ends with stakes A and B.
A transit (an instrument equipped with a
telescope and protractor) is placed over A
and stake B is sighted., By rotating the
telescope to sight some object (a tree or
rock) across the river, the size of angle A
can be read on the transit. The transit is
then placed over B and in a like manner

angle B is measured.

Next the surveyor draws a triangle similar to

Note: The distance
from a point to a
line means the length
of the perpendicular
segment from the
point to the line,

T
I THIS DRAWING
lem REPRESEMTS

tOm

45° &5°
R

10 m"\

The length of
segment TR

corresponds to
the distance
across the
river.

Surveyors and camera manufacturers use

Their method, called triangulation, involves

., RIVER

_ DISTANCE
—\ ACROSS THE —~

[ ——

the pne above.

The surveyor measures segment

measurement in the original t

6 cm

TR on

the scale drawing and uses a propor-

tion to find the corresponding

riangle.

10 cm

distance across the river 1

The distance across the river

metres.

IDEA FROM: Charting the Universe, Book 1, The University of lilinois Astronomy Program

00 metres

is 60




MEASURING BY
TRIANGULATION

(contmauen)
Use the surveyors' method, triangulation, to solve these problems.
1. Two lookout towers, tower A and tower 3B,
are 25 km apart. Forest rangers in both
towers spot a fire.
The ranger in tower A uses a transit to
sight tower B and then rotates it to
sight the f{ire. He reads an angle size
of 50° on the transit. Similarly the

ranger in tower B uses a transit to

sight tower A and then rotates it to
sight the fire. He reads an angle size
of 55° on the transit. How far is the fire from tower A? from
tower B? (Hint: Select an appropriate scale, make a scale drawing

and use proportions to find the distances.

2. A transit is used to sight a flagpele.

ACCURATE SCALE
DRAWINGS AND

MEASUREMENTS
ARE

The base line is 10 metres long. The

angles formed at the base line in sight-
ing the flagpole are 90° and 73°. How

far is the flagpole from the baseline?

3. Suppose the base line in the above prob—
lem is increased to 20 m. If one angle
of sight is 90°, what would the other
angle of sight be for the same flagpole?

(Hint: Modify the scale

drawing and use a protractor.)

Challenge: 4. Mountain climber Mary wishes to

know the height of Thunder Moun-

tain. At some distance from the
base of the mountain, she

measures the angles of elevation¥®
and she finds it to be 40°. She

THE ANMGLE OF ELEVATION
then walks 300 m closer to the OF A TREE

mountain and finds the angle of

elevation to be 45°. How high is %

GEOUND
Thunder Mountain? The angle of elevation of a tree.
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Angle measurements and scale drawings
can be used to determine the distance to
the moon or man-made earth satellites.

For example, an observatory in Minne-
apolis observes the satellite Echo at 10:30
in the evening. It is 36° from the zenith
in a southerly direction. (Zenith refers
to the position in the sky directly above
the observer's head.)

At the same time astronomers in New
Orleans observe that Echo appears to be 30°
from the zenith in a northerly direction.

These two observations and a scale
drawing can be used to find the height of
Echo above the surface of the Earth. (The
method described below works only for
cities along the same north-south line.)

To make the scale drawing:

1. Draw a circle with radius 5 cm to
represent the Earth.

2. Mark the equator and draw line
segments to represent the parallels
of latitude for 15°N, 30°N, 453°N,
60°N as shown in figure 1.

3. Locate New Orleans (30°N latitude)
and Minneapolis (45°N latitude) on
your circle.

4. Lines drawn from New Orleans and
Minneapolis to the center of the
earth meet at an angle of 15°—-
the difference in latitude between
the two cities. Draw in this 15°
angle. Extend the lines outward
to indicate the zenith for each
city,

NEW ORLEANS 77~ 5° v,
LATITUDE 30° L 2

o \
/GO N LATITUDE \

45° N LATITUDE \
30° N LATITUDE

/15“ N LATITUDE R3O0 \

- _
-
Lty

EQUATOR

15°

FIGURE 4

N MINNEAPOLIS~ <0 ./

5. Draw the angle for the direction
of Echo from each of the citles as
shown in figure 2. The rays cross
at one point--the location of Xcho.

82

FIGURE 2
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Since the radius of the Earth is approximately 6400 km, the scale of your drawing
is 1 em represents 1280 km,

How far is Echo from New Orleans?

How high is Echo aboveée the surface of the Earth?

{(Hint: Measure the distances on the scale drawing and use a proportion to find
the actual distance.)

You could use a hand calculator to help you to solve the proportion.

Exercises:

1.

Syncom II, a communications satellite, was placed into orbit in 1963. It was
sighted from Panama €ity, Panama at 10° north of the zenith. At the same time,
it was sighted at 30° south of the zemith at Toronto, Canada. Both Panama City
and Toronto lie on the same north-south line. Panama City is located at 8°N
latitude; Toronto is located at 44°N latitude. How far is Syncom II above the
surface of the Earth?

To find the distance to the Moon, we need observations obtained from places thou-
sands of miles apart.

In 1752 a French astronomer, de Lacaille, observed the Moon from Capetown, South
Africa. At the same time his student, J. de Lalande, observed the Moon from
Berlin. Both Capetown and Berlin lie on the same north~south line. The angle
at the center of the Earth separating these two observation points is about 85°.
As seen from South Africa the Moon appeared 45° north of the zenith, while from
Berlin it was 41° south. Make a scale drawing and try to find out how far away
the Moon is.

Caution: Because the Moon is so
far away, the lines of sight are
almost parallel. Care should be
taken in selecting an appropriate
scale for the drawing. If a scale
of I em to 5100 km is used, the
drawing will fit diagonally on

paper the size of a double page
from a newspaper. Place the

Earth in one corner and use a
radius of 1.3 cm.

SOUTH
AFRICA

The scale drawing requires precise
measurement. Even a small error
may cause the lines of sight to
diverge,
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Over 2,000 years ago a Greek scientist, Eratosthenes (er—o-tas'~the—- n&z), measured

the circumference of the earth. His method involved: 1) measuring the angle between

the Sun's rays and the zenith and 2) wusing parallel lines to find the circumference of
a circle.

1.

To find the angle between the Sun's rays and the zenith:

a. Mount a drinking straw in clay and
place it straight up on a piece of
cardboard. (The straw makes a 90°
angle with the board.)

b. Place this straw on a level surface
in sunlight and measure the length
of the shadow cast by the straw.

¢, TFind the length of the straw and
make a scale drawing of the triangle.
The drawing could be done on graph

paper.

d. Use your scale drawing to find the SCALE DRAMAMG
angle between the Sun's rays and the
zenith.

e. Does the time of day affect the size of the angle? Measure the shadow and find <lm
the angle between the Sun's rays and zenith at one hour intervals. At what hour
is the shadow the shortest? As the shadow increases, does the angle change? In
what way?

To find the circumference of a circle using parallel lines:

a. EBxamine the dlagram to
the left. The two
horizontal lines ave
parallel. Mark all
the angles that

measure 36°. You

T X
CEMT%fi} could use a protractor
oF to help you.
CIRCLE
b. If the length of arc

84

\(
A,///Z:j XY is 10 metres what

£

aa is the circumference
of the circle?

Hint: £ XTY is a central angle of the circle
and since the measure of L XTY equals
one-tenth of the total angle measure of -
a circle (360°), it cuts off an arc of (
length one-tenth of the circumference.
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3. In the city of Aswan, Eratosthenes observed that al noon on the longest day of the
yvear the Sun was directly overhead. It illuminated the bottom of a deep well. At
exactly the same time In Alexandria, the Sun was not directly overhead and caused a
tall pillar to cast a shadow. By
measuring the pillar and shadow,

Eratosthenes found the angle ! SUN

between, the Sun and the zenith SHADOW - OVERHEAD

to be 7¢°. Pacers had found the SUN NOT LOCATE. ASWAN
distance from Alexandria to Aswan OVERHEAD

to be 790 km. Knowing that
light rays from the Sun striking “
the Earth seem to be parallel,

Eratosthenes was able to calcu—
late the size of the Earth.

y

Examine the diagram to the right. 8 T

Like Eratosthenes, find the & 3935”””4P ;
circumference of the Farth. ALEXAMDRIA rookm 7O SUN

.
TOZENITH TO SUN

4. I1f the circumference of the Earth is 40,000 km, what is the diameter?
(Hint: First find the circumference from the information given.)

5. Eratosthenes' method is still used today by surveyors who measure the Earth. They
have discovered that you must travel about 110 km on the Earth to make an angle of
one degree at the center of the Earth. Try to find the diameter of the Earth from

these measurements. (Hint: First find the circumference from the
information given.)

TO ZENITH
Challenge: 6. On a certain March day at ///)W

noon the Sun is directly
overhead on the equator.
On this same day a 40 m
tower in Philadelphia
casts a 34 m shadow at
noon. What is the lati-
tude of Philadelphia?

2 TO SUN

PHILADELPHIA

___________ B TO SUN
EQUATOR

THE MEASURE OF
THIS ANGLE 1S THE
LAT(TUDE OF

PHILADELPHIA.

(Hint: Make a scale
drawing.)
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1S THE SUN
WITHIN RANGE?

Can a homemade range finder be used to help measure the distance to the Sun?

To construct the range finder:

1.

2.

Place a large sturdy cardboard box T
upside down on a table. The box

SIGHTING
should be at least 50 cm long. LINE
Cover the upper surface with clean BASE LINE
paper.

Draw a straight line segment along

one of the long sides and label it
the base line.

At one endpoint draw a line segment
perpendicular to the base line and
label it the sighting line.

WIDTH OF

Place straight pins upright at both BOR

endpoints of the sighting line.

Construct a sighting bar from a
piece of heavy cardboard. Draw a
line segment in the center and

place straight pins upright at both
endpoints.

3 cx:D

*

0% oBrECT

hY

:

i

Pick out an object on the opposite !
gside of the classvoom, Position : h
the rénge flnde? S0 that'tha ! . FIGURE 1
sighting line lines wup with the : .
object. Place the sighting bar at ! i
the other end of the base line so .

that it lines up with the object.
See Figure 1.

Move the range finder
sighting line so that it is closer \
to the object. Since the sighting

bar no longer lines up with the

along the

Before trying to measure the distance to the Sun with the range finder practice using
it,

! )
object it must also be moved. See ] \
Figure 2. Do v

FIGURE 2 i.LTj’
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IS THE SUN
WITHIN RANGE?

(Pace 2) DISTANT
OBTECY
CLOSER
OBTECT
Place the range finder along the sight-
ing line at varying distances from the CLOSEST
object and align the sighting bar. You OBTECT

will notice that as the range finder is
moved closer to the object, the angle
formed by the sighting bar decreases.
Similarly as the distance increases the
angle increases., See Figure 3.

~

FIGURE 3

THE SMALLEST ANGLE 1S FORMED
BY THE CLOSEST OBJECT.

3. The range.finder ca? be calibrated SICHTING *__ | RADIUS OF ARC
to read distances directly. Draw LINE IS THE LENGTH
an arc of a circle on the range OF THE SIGHTING
finder as shown in Figure 4. BAR

BASE ! LiINE AN FIGURE &4

Set a sighting range by marking
distances of 1, 2, 3, 4, 5, 10 and \
15 metres from some object to be N

OBTECT BEING
sighted. 4 0 _NsieHTeD

1
3

Place the range finder at each of RN
the distances, align the sighting 2w:! < FIGURE 5
bar and mark the distance on the
arc. (Be sure to place the range
finder so that each distance from
the object is measured from the
rear pin on the sighting line.)
See Figures 5 and 6.

”

Dot in a line parallel to the sight~
ing line (see Figure 6). Practice
using the calibrated range finder

to measure the distance to objects
not more than 15 m away.

A COMPLETED SCALE,
THE MARKS AND
LABELING FOR 5,10,
AND 158 METRES WiLL
BE CLOSE
TOGETHER.

FIGURE &
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IS THE SUN
WITHIN RANGE? - :

(Pace 2)

In sighting an object, the angle N

formed by the sighting bar and the ANGLES ARE THE
dotted line is the same size as SAME SIZE.

the angle formed at the object
(alternate interior angles formed
by two parallel lines and a
transversal). See Figure 7.

As the distance to objects increases,
the angle between the sighting bar
and the dotted line becomes smaller.

FIGURE 7

Use the range finder to try to measure the distance to the Sun. (CAUTION: DO NOT
LOOK DIRECTLY AT THE SUN.)

1.

Because of the danger of looking at the Sun directly, you must change your method
of sighting. Instead of lining up the pins, line up the shadows cast by the pins.

After you have properly aligned the range finder try to read the distance to the (
Sun from the scale. You will notice that the sighting bar appears parallel to the
sighting line. The angle between the sighting bar and the dotted line is too

small to measure. See Figure 8,

Since this range finder cannot
accurately measure.-the distance

to the-Sun tty altering the S

device., Investigate the effect

of lengthening the base line ' ANGLE 15
(use two boxes side by side). TOO SMALL
How does this affect the great-~ TO MEASURE
est distance you can accurately -

measure with the range finder?
: FFIGURE B

How long a base line do you
think is needed to measure the
distance to the Sun?

Disappointing as it may seem the Earth is not large enough to provide a long )
enough base line. Astronomers have had to find another way to measure the dis- (

tance to the Sun. In the activities It’s 4 Great System and Making Waves you
will discover a method.
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We can use a base line on the Barth to determine the distance to the Moon. However,
the Earth is too small to provide a long enough base line to accurately find the distance
to the Sun. How then do we measure the distances to stars?

EARTH 1IN MAY
™

To obtain an adequate base line, astronomers
use the motion of the Earth. The Earth travels in
an orbit around the Sun that is almost circular.
The diameter of the orbit provides a base line of
about 300,000,000 km or 2 astronomical units.

300,000,000 km
— DIAMETER OF
CARTHS ORBIT

Astronomers sight the same star from EARTH 1N WMOVEMBER
opposite sides of the Earth's orbit, Instead

of using the angles at both ends of the base
line, astronomers measure only the angle e
whose vertex is at the star. From the angle
size and the length of the base line the

star's distance can be found.

ASTRONOMERS
MEASURE THIS
ANGLE.

2 AU

At first it may seem impossible to measure the angle whose vertex is at the star.
Astronomers have devised a method called parallax to help them.

I. Understanding parallax shift,

G —— B

A. Hold a pencil at arm's length. Look *l | |

at the pencil first with one eye and

then the other (close or cover the

other eye). The pencil should appear

to shift back and forth against the

background. Hold the pencil close,

then far away. The apparent shift is

greater when the pencil is close and

smaller when it is more distant.

B. Use the range finder from
"How Far Is the Sun.” On
the range finder, draw an

arc of a circle with cen- SIGHT LINE ﬁ
ter at the vertex pin and FWDM‘ngiD////ﬂﬂﬁﬁt //VQGHTIJME
with radius equal to the EYE FROM LEFT EYE
length of the sighting
line. Hold your head
about 30 cm from the ver-
tex pin. Close your 30 Fe
. . o A
right eyve and sight with v

your left across the bEETEX PN
range finder. Have a

classmate place a pin on

the arc so that it lines -

up with the vertex pin.
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Using the parallax angles to find distance, ¥ *

A.

TS & CRRALLAY,
Y0 ME <;

(PAcE 2)

Repeat with your left eye,
being careful not to move your

head. o ,
DISTAMCE FROM| DEGREESD (o Look for

The difference between the two VERTEX PIN | OF SHIFT a pattern,

arc readings tells the number 20 cm

of degrees of shift the vertex

pin moves as seen first with HO om,

one eye and then the other. 8O e

The degree of shift is also

the angular separation of your 16O om

eyes as seen from the vertex
pin. Repeat the previous
activity for different dis-
tances and record the shift
for each distance in the table.

Some stars show an apparent
shift also. When astronomers
take photographs of the sky
from opposite sides of the
Earth's orbit, the nearer

stars appear to change posi~
tion in relation to the back-
ground of more distant stars.
These background stars do not
appear teo shift since they are
so far away. Since the astron-
omer knows the position of the
background stars very accurate-
ly, they serve as the degree
marks for measuring the shift.
From this measure the astron-
omer can determine the distance
to the star.

The parallax shift is
the same as the angular
size of the Farth's orbit
as seen from the star.

To the right are pictures ) 3 .
of the bright star Regulus

as observed six months apart. *rw_ 4r__

The space between each
line represents a very
small angle, only 36“%56
of a degree. 2

Two stars
have not moved
noticeably.
Regulus has
shifted 1 unit.
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PAGE'. 3)

mmmmmmmm The larger angle at Regulus measures
£ d . p .
gecuws  bor 2 egree, The base line is the

' diameter of the Earth's orbit and measures
. parallax 2 astronomical units.
EARTH angle

For convenience astronomers call half of the angle at Regulus the parallax angle.

The base line.becomes one astronomical unit. The parallax angle (or parallax) of
Regulus is 165:665 of a degree.

Parallax angles are very small. The RETRES
angular size of a.penny 4 kilometres ;d_,jifﬁgmdpf”Tﬁ
away is about of a degree. No .

parallax so large” has ever been 358 OF A DEGRES
measured for a star,

For smaller units of measure, each degree is
divided into 60 equal parts called minutes, so |

1 degree = 60 minutes

© (The parallax of
Regulus 1s about .04
or TE of 1 second.

Minutes are also divided into 60 equal parts
called seconds, so

d = =k
1 second = 3600 of a degree

C. To compute the dlstance of Regulus
from ite parallax { of 1 second), AN EXAG?EEAIED
imagine a large c1rcie, center at ANGLE OFW§§ OF
Regulus, that passes through the SECOMD.
Earth and Sun. First find the
circumference of this large circle.

REGULUS

The angle Ei-of 1 second cuts off
an arc of length 1 a.u., so 25 a.u. EARTH

along the circle must make an angle
of 1 second at Regulus.

An angle of 1 minute would cut off
an arc of length 1500 a.u. (60 x%

25 a.u.); an angle of 1 degree would
cut off an arc of length 90,000 a.u. (60 x 1500 g.u.). The total circumference

of the circle is 32,400,000 a.u. (360 x 1500 a.u.) or 3.24 x 107 a.u. To find

the distance from Regulus to Earth, find the radius of the circle: divide
32,400,000 a.u. by 2 times pi. The radius is 5,200,000 (5.2 x 106) a.tl, Onela

a.u. *150,000,000 km, so the distance is about 780,000,000,000,000 (7.8 x 1077) km.
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(Pace 4)

4, Because distances to the stars are s0o large, astronomers have created a
unit of distance called a light year. A light year is the distance light
travels in one vear.

The speed of light is 300,000 km per second.

How far does light travel in one year?

Find the distance to Regulus in light vears.

Exercises:

1. a. Complete the table
at the right.

: PARALLAY N | APPROXIMATE DISTANCE aTAR
Remember: —(from | |arconps (P) | IN UGHT- VEARS (d)
I.B) as the dis-
tance doubles the 0.8 4.5 ALPHA CENTUAR!
paraliax angle is .4 . o SIRIUS '
halved. . (
0.2 o ALTAIR.
Your ansm.ar for o e ARCTURUS, VEGA
Regulus will not :
agree with the 0.085 ~. ALDEBARAN
result above. e°° O4 o REGULUS
Both answers are .
only approximations. .02 e ANTARED

b. Do you see a relationship between P and d?

Note: Distances beyond 500 light vears cannot be determined using the parallax
system. The parallax shift is so small it cannot be measured accurately.
For these distances the diameter of the earth's orbit is too short of a
base line.

¢c. The closest star, Proxima Centauri, is about 4i'1ight years away or 4 x 1013 km,

If it were added to the scale model of the scolar system described in the activity
That's a Model I Can E@Zafe To, it would lie 1,800,000 metres away from the Sun—-—

a distance greater than §§~the circumference of the Earth.

-
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The diagrams below represent two photographs of the same part of the sky taken
through a telescope six months apart. FEach photograph represents only one second

of arc.
a. Which is the MAY
nearest stax? *ﬁ + A
e N NOUEMBER *
L i NN C
b. Which are the ’F
most distant ¥ &
stars? [ L. B
ot H = #
o % *
¢. What is the
apparent shift }@—l SECOND OF ARC—] I SECOND OF ARC —)
of star B? F$—
d. What is the parallax angle of star B?
e. What is the parallax angle of star D?
£. Star D is 18 light years away. How far is star E?
g. How far is star A?

IDEA FROM:  Charting the Universe, Book 1, The University of tHlinois Astronomy Program
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Astronomers are able to construct a scale model of the solar system without knowing a
single actual distance in the system. The construction is based upon accurate observa-
tions of the positions of the Sun and planets. One of the first men to gather such
observations was Tycho Brahe (TIE-koe BRAH). He lived from 1546 to 1601. Tycho's

assistant, Johannes Kepler (yoe-HAHN-es KEP-ler) used the information to make a solar
svstem model.

Why is a model of this type useful? Tf one actual distance is measured, the scale
of the model can be established and other distances can be determined. For example, by
measuring the distance from Earth to Venus, and using the model, the distance from the
BEarth to the Sun can be learned.

Kepler's method is described below so you can make a scale model of the solar system.
You will need a protractor, compass and two partners.

I, The orbits of the inner planets, Mercury and Venus, can be positioned in the scale
model by finding what is called their maximum angular separation from the Sun. (In
positioning the inner planets we assume that the Sun is the center of the Solar
system; that Mercury, Venus and Earth revolve around the Sun in roughly circular
orbits; and that Mercury and Venus are closer to the Sun than the Earth.)

1. To help vou visualize Venus' motion “sun’
around the Sun as seen from Earth, (
choose one partner to represent Venus . "
and the other to represent the Sun. - T :thNJS
You represent Earth. Have "Venus" -~ T
walk slowly around the "Sun' as shown ; >
in the sketch. % :

You point with ome hand at '"Venus" e .2

and with the other at the "Sun." -

As "Venus" moves, notice how the ’ .
angle formed by your arms changes. / \
When is the angle very small? When !

1

1

does it get very large? Does it ever S . :
get as large as 90°7? ti::;::§;§:b a '
- i

ha RARS

From his observations, Tycho Brahe

concluded that the maximum angular
segaration of Venusg from the Sun is —""&ﬁbig?ﬁf‘d. (
47°. SEPERATION
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2. To construct a scale model of the orbits of Earth and Venus:

a. Draw a circle, radius 5 cm to
represent the orbit of the Earth.
Mark the Sun by placing a dot at
the center of the cirele., At any
point on the circle place a dot
to represent the Earth. Since we
do not know the distance in kilo-
metres from the Sun to the Earth,
call the distance one astronomical
unit (1 a.u.) as Kepler did.

IN YOUR DRAWING
5 cvn REPRESENTS
‘1 ASTRONOMICAL

b. Draw a line segment from the Earth
to the Sun. Use yvour protractor
to draw in the Earth-Venus line (EV line)
for the largest angle of separation (47°).

To draw the orbit of Venus, place

the compass point at the Sun and,

by trial and error, adjust the EARTH

compass opening so that the circle \

just touches the EV line. Make a

small dot at the point of contact

and label it Venus. {Geometrically,

the location of Venus is on the

perpendicular from the Sun to the £V LINE
EV line.)

¢, Measure the distance from the Sun to Venus in centimetres.
How many astronomical units is Venus from the Sun?

3. The greatest angular separation of Mercury from the Sun is about 23°. Draw the
orbit of Mercury in your scale model. Measure the distance from the Sun to

Mercury in centimetres, How many astronomical unite is Mercury
from the Sun?

As seen from Earth the positions of the outer planets (Mars, Jupiter, Saturn, Uranus,
Neptune and Pluto) in relation to the Sun are much different than those of Mercury
and Venus. To observe this repeat the activity in I{(a). Choose one partner to be
Mars and the other to be the Sun. Again you represent Earth. Arrange vourselves as
shown in the figure. As Mars orbits the Sun, observe how the angle between your arms
increases up to 180° and then starts decreasing.

1. Since the outer planets can appear any-
where in relation to the Sun, Kepler had
to devise a new method to place Mars and
the other outer planets in the scale
model.

a. Draw a circle, radius 5 cm as before,
place a dot at the center to repre~
sent the Sun, and a dot on the circle
to represent the Earth. EARTH

85
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b. Mars orbits the Sun in 687 days, so it returns to the same position every
687 days. The Earth orbits the Sun in 365 days. On the circle where will
Earth's position be in 687 days? (Since the Earth makes one revolution——
360°--in 365 days, it travels about 1° a day. In 687 days the Earth makes
1 revolution and travels 322 days of
the next trip, or about 322°. How
many degrees are left to complete a

circle? ) Mark a dot on
the circle to represent Earth's new
position.

EARTH

c. By observing the angular separation AT DAY

of Mars from the Sun on day #1, and

®)
on day #687, Mars' position in the CARTH AT
model can be marked. DAY * Q&7

ONCE
AROUND

On day #1 the angular separation is
+ 322°

110°; on day #687 the angular sepa-
ration is 150° as shown in the
figure. Draw these angles in your
diagram. The point of intersection
is the location of Mars.

d. Use vour compass to draw Mars'
orbit. Measure the distance from
the Sun to Mars in centimetres.

How many astronom—

ical units is Mars from the Sun?
5 : Remember: the

Earth is 1 a.u. from the Sun.

2. Jupiter orbits the Sun in 11 years 316 days.
At one time the angular separation of Jupiter
from the Sun is 180°. Eleven years and 316 < ° 5
days later the angular separation is 122°.
Use this information to position Jupiter in
the model. How many astronomical units is
Jupiter from the Sun? '

To include the orbits of
Jupiter and Saturp in the
scale model, you will need
paper approximately 1 m
aquare if the scale of 5 cm
represents 1 a.u. is used.
Your results may differ
greatly from the true value,

3. Saturn orbits the Sun in 29 years 165 days.
At one time the angular separation of Saturn o
from the Sun is 94°. Twenty-nine years and -
165 days later the angular separation is 89°.
How many astyonomical units is Saturn from
the Sun? ,

4, The existence of any planets beyond Saturn was unknown to Kepler. We now know of
three more. Uranus is 19 a.u. from the Sun; Neptune is 30 a.u.; and Pluto is
39.5 a.u.

If 5 em represents 1 a.u., what size paper would you need to draw a scale model (
of the solar system i1f the entire orbit of Pluto is to be included? (Assume ‘
Pluto travels in a circle whose center is the Sun.)
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Permission to use granted by Silver Burdett General L.earning Corporation

In It's A Long Shot triangulation is used to measure the distance to the Moon.
Radar, coined from the words RAdio Detection And Ranging, has alsco been used to measure
the distance to the Moon. What is radar and how does it work? A radar set sends out a
radio signal which will bounce off an object and return to the station a bit weaker.
Radio signals travel through space at the speed of light, 300,000 km each second. By
measuring the time it takes a radio signal to travel to a target and back, it is pos-
gible to determine the distance a target is from the radar set.

Exercises:

1) The U.S. Army Signal Corps first sent a radio signal to the Moom in 1946. It took
2.5 seconds for the signal to travel out, bounce off the Moon and return.

Find the distance to the Moon.
2) In 1961 radar waves were first bounced from the surface of Venus., When Venus is

closest to the Earth the round trip time for the signal is about 280 seconds. How
close is Venus to Earth?

Distance from the

3) In the activity It’s A Great System Planets sun in a.u.
the distances in astronomical units
of the planets from the Sun were Mercury .39
established. These distances are -
given in the table to the right. Venus .72
Use the result from problem #2 and
the information in the table to Earth 1

help you answer these questions.
Mars 1.52

a) 1In astronomical units how far
is Venus from Farth when it is Jupiter 5.20
closest to Earth?

Saturn 9.54
b) How far is the Earth from the
sun in,astronomical anits? In Cranus 19.18
kilometres?
Neptune 30.06
¢) Find the distance in kilometres ;
from each planet to the Sun. Pluto . 39.52

Can radar be used to accurately measure the distance to the $un? So far scientists
have been unsuccessful, Since the Sun is composed mainly of hot gases, it is a soft
target and does not reflect the radio waves. However, by using radar te measure the
distance to Venus and applying this to the solar system model in It's 4 Great System we

can determine the distance to the Sun. -\Rl O&
o '
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To Peter the Moon appears to be l%-inches wide, TIs his measurement
correct?

Readiness Exercises:

1.

98

Close one eve and hold a penny near the
other eye so that it just covers the (- & . e .
classroom clock., Hold the penny closer, S (2)
then farther away. How does the
apparent size of the penny change as its
distance from the observer changes?

To tell someone the apparent size of an object, we give its angular size. The
angular size of an object is the measure of the angle formed at the observers eye by

the object. The range finder in Te the Sun Within Range? can be read to measure
gangular size,

a, Draw a large circle on the chalkbeard.

Draw in a diameter and label the end- -

points ¥ and Y. X Y
b. Set the range finder halfway across the / v

room and line up the sighting line with /

point X, — i

c. Use the length of the sighting line to
draw an arc of a circle (center at T)
as shown in the diagram.

d. Sight point ¥ from T and place a pin on
the arc to mark the line of sight.

MEASURE
TO FiND THE
ANGULAR SIZE

e. Measure the angle at T with a protractor.

IDEA FROM: Charting the Universe, Book 1, The University of lllinois Astronomy Program
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Repeat steps b through d to measure the angular size of the circle at various

distances from the chalkboard.

How is the angular size of an object affected by its distance from the

observer?
round objects in the room.

Similar triangles are used to determine
the actual size of an object when its

angular size is known.

To help vou

identify the similar triangles:

Draw and cut out a 2 em and a 4 ecm
disk. Mark the center of each disk.

Draw a 10° angle.

Place both disks in the 10° angle so
that the disks just touch the sides
of the angle. Measure the distance
from the center of each disk to the
vertex of the angle, The ratio of
the distances is about 2:1-~the same
ag the ratio of the diameters.

Repeat c for a 20° angle.

For additional practice measure the angular sizes of several

10°

THE SAME APPARENT
OR ANGULAR SIZE.

CsmMLAR TO TRIANGLE RUV.

TRIANGLE RST i3

RB: RA =ULUV:ST

IDEA FROM: Charting the Universe, Book 1, The University of lilinois Astronomy Program
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The following investigations use the apparent size of an object to find its actual size.

1. Students work in pairs. Place a globe
at the front of the voom, One student
closes an eye and holds a pencil up-
right in front of the second eye so
that the eraser just covers the globe.
The other student measures the distance
from the eye to the pencil, the
distance to the globe and the width of
the eraser. Estimate and then try to

find the diameter of the globe from the THE PENCIL AND
measurements. THE GLOBE HAVE

THE SAME ANGULAR
Hint: Make a sketch inveolving similar
triangles. A proportion can be used to
find the diameter of the globe.

diameter of pencil _ diameter of globe
distance to pencil  distance to globe

2. To measure the diameter of the Moon, pick
a night when the Moon is full. Each stu-
dent will need the help of a friend. As-~ {(NDEX CARD
semble the equipment pictured to the right.

Point the metre stick toward the Moon and
sight the Moon through the pin hole. Slide
the pencil along the mettre stick until the
thickness of the pencil just covers the
Moon. Read the distance from the pin hole
to the pencil., Make several measurements
and average the distances. Measure the
thickness of the pencil. The distance to
the Moon is about 380,000 km, Use these FLASHLIGHT TO HELP
measurements to find the diameter of the prcopp bDiyTANCE
Moon.

IDEA FROM: Charting the Universe, Book 1, The University of Hlinois Astronomy Program
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3. The Moon~measuring device can also be used to measure diamters of round objects in
the classroom. In sighting be sure to just cover the object with the diameter of
the pencil. Use ratios or a scale drawing to find the diameter.

4, The Earth, the Sun and the Moon have the
same angular size, one-half degree. 1In MOOM SUN_Y
Making Waves the average distance was = L x
measured to the Sun. Use 150,000,000 km
for the distance. Use the information
in #2 to help find the diameter of the
Sun.

[
7

5. What is the angular size of the Earth if viewed from the Moon? Hint: Compare the
actual diameters of the Earth and the Moon.

6. Challenge: On a space flight to the Moon at some place the Farth and the Moon appear
to be the same size. How far from the Moon would a space traveler be
whenr this happens?

IDEA FROM: Charting the Universe, Book 1, The University of tilinois Astronomy Program
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In A Huge Chunk of Cheese students
observe that the apparent size of an
object depends on the distance from which
it is seen. From the Earth the Sun appears
to be the same sgize as the Moon. In fact,
during a total solar eclipse the Moon
completely covers the Sun.

THE MOON APPEARS TO
COMPLETELY COVER
THE SUN.

How wide would the Sun appear if the
Earth were half as far from the Sun?
Since the distances are so great the Sun
would appear twice as wide. Similarly if
the Earth were one-~third the distance
from the Sun it would appear three times
as wide,

The Sun's apparent width (w) is
defined by the relationship d xw = 1
where d represents the observer's
distance from the Sum.

How wide would the Sun appear if
viewed from each of the other planets?
From which planet would the Sun appear
the largest? the smallest?

Use the relationship above (d x w = 1)
to find the apparent width of the Sun from
each planet. Complete the table. Each
distance from the Sun is measured in
astronomical units (a.u.).

=X
CALCULATORS c})@ NPT
COULD BE USED. S S &
Co, W& x Q&‘

DISTAMCE OF PLANET 4
FROM SUN N AU )

APPARENT WIOTH |
OF THE SUN

T ) | LS

a) How many times as wide does the Sun appear
from Mercury than from Rarth?

b) How many times as wide does the Sun appear
from Venus than from Saturn?

n

If the Sun appeared to be this
size from Earth, its apparent
size as seen from Pluto would
be smaller than the period at
the end of this sentence.

-—

APPARENT \WIDTH

dy,
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THATS A MODEL
T CAN RELATE TO

JUPITER
HATURK LP

VENUS

NEPTUME  URRMUS ‘
pLUTO MARS
OO °2
EART
Q)

O nans
" MERCORY S,

[

1 SUN

The relative sizes of the planets are shown above, AVERAGE DISTANCE

The distances between planets is not accurate. FROM SUN DIAMETER
N

Can a suitable scale be chosen SV 1,892,000 km
to use in making a scale drawing that MERCURY | £7900000 km 4,878 kwm
accurately represents both the
distances and sizes of the planets? VENUS 08,200,000k 12,112 km

EARTH | 149,600,000 km 12,756 km
The table to the right lists both MARS | 227,900000km &, 800 kwm
dist d di t .

the distances and diameters TUPITER | T78,000000 km 143,000 km

A scale drawing that uses the SATURN | |, 427,000,000 km 121,000 km
same scale to represent both the URANUS | 2, 870, 000,000km 47,000 kwm 1.
distances and diameters would not be
practical since the distance numbers NEFPTUNE| 4 467,000,000 km 45,000 km
are so much larger than the diameters. PLUTO | 5,912,000000 km <.G,000 km

The following description helps give a total picture of the planets and their places

in the solar system. The scale is about 1 m:2,300,000 km

If the Sun is scaled down to the size of a big pumpkin,
Mercury is the size of a small pinhead 25 metres away
Venus is the size of a pea 43 metres away

Earth is the size of a pea 65 metres away

Mars is the gize of a plump pinhead 99 metres away
Jupitexr is the size of an orange 402 metres away
Saturn is the size of a peach 644 metres away

Uranus is the size of a small plum 1207 metres away

Neptune is the sige of a slightly smaller plum 2000
metres away

Pluto is the size of a medium pinhead 2414 metres away

[

<

The model can be
modified by
 placing the Sun
at the school.
Position the
planets at
buildings er
streets at the
appropriate
distance from
the school.

This model should help students see how uncrowded our solar system is.

IDEA FROM: ""Ask Andy . .. Planets’ Orbits immense,” Eugene Regfster-Guard, December 30, 1875
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THATS A MODEL
T CAN RELATE TO .

(covTinuen)

In addition, when they see sketches of our solar system, they should realize that
two scales are used in the picture: one that gives the relative sizes of the planets;
one that gives their relative distances from the Sun.

Extensions:

1) The data in the table on the previous page could be used for rounding exercises.
Round the Earth's diameter to the (a) nearest hundred km (b) nearest thousand km.

2) Each distance in the table could be written in scientific notation.

3) Questions that compare distances could be asked.

{a) #How much farther from the Sun is Mars than Earth?

(b) Which planet is about 100 times as far from the Sun as Mercury?

(¢) 1Is the distance of Neptune from the Sun more or less than four times the
distance of Jupiter from the Sun?

How much more or less?

4) Informatvion in the table below could be used for drill and practice exercises in
decimal computation. A gimilar table could be developed using the planets'

average distances from the Sun.

PLANET DIAMETER

Find the EARTH 12,756 km

gia‘:‘zgr MERCURY | .38 x CARTHS DIAMETER

planet. VENUS 95 > EAEWHS DIAMETER
MARS .53 x EARTHS DIAMETER
JOPITER | 1121 » EARTHS DIAMETER
SATURN | 9.49 x EARTHS DIAMETER
URANUS | 3.68 x CARTHS DIAMETER
NEPTUNE | 3.53 = EARTHS DIAMETER
PLUTO 4T % EARTHS DIAMETER

IDEA FROM: “Ask Andy ... Planets’ Orbits Immense,” Eugene Register-Guard, December 30, 1975

104




One of two movies, Powers of Ten

or Cosmic Zoom, or the book, Cosmic View

by Kees Boeke, can be used to emphasigze
the immense size of the solar system and
the universe. If the book is used, the
concept can be made more relevant by
having students construct on paper a
square 1.5 metres on a side. In one
corner draw a series of squares 15 cm,
1.5 cm and .15 cm on a side. The ratio
of these sides will show four successive
powers of ten. The measurement of 15 cm
is being used because it corresponds to
measures used in the book.

Outside, have students mark a square
15 metres on a side and place the paper
square in one corner., If the school
ground is large enough, mark a square
150 metres on a side.

Use the legend of the map to make a
scale drawing that represents a square
1500 metres on a side. Position the

drawing on the map so the school is iIn

one corner. By relating the series of squares to the pictures in the book Cosmic View

numbered -2 through 4, students might get a ''sense of scale." The square .15 cm on a

gide will be similar to the picture numbered -2, and the city map square will be similar

to the picture numbered 4,

The films are available from:

POWERS OF TEN (8 min. color)

1968 Producer: Charles Eames

The University of Southern California
Divigion of Cinema

Film Distribution Section

University Park

Los Angeles, CA 90007

Rental $10.00

COSMIC Z00M (8 min. color)

1970 Producer: National Film Board of Canada
Contemporary/McGraw Hill Films

Western Regional Ofe,

1714 Stockton Street

San Francisco, CA 94133

Rental $12.50
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"HEP" KEPLER. DIDNT
GO AROUND
IN CIRCLES

In studying Tycho Brahe's observations of the
planets, Kepler discovered that the orbits of the DeLaneT
planets were not circles, but ellipses.

You can draw ellipses of different sizes and
ghapes,

Materials: A piece of heavy cardboard (20 cm x 30 cm),
2 thumbtacks, a piece of string (40 cm)

1. Place the thumbtacks in the cardboard
about 5 cm apart. Knot the ends of
the string and loop it around the
tacks,

2. Put the point of your pencil inside Focos
the loop and pull the string taut.

Draw a figure by moving your pencil
in a clockwise direction, keeping

the string taut at all times. The F€§US
figure you just drewy is an ellipse.

3. Draw several other ellipses using
the same loop, but with the tacks

different distancesg apart.

4., What figure do you get when the tacks are as far apart as they can be?
What figure do you get when the tacks are as close together as they can be?

In any ellipse you draw, each tack is located at a focus. An ellipse has two foci
(FOE~-sigh). The center of an ellipse is the point halfway between the two foci.

Kepler discovered that the Sun is located
at one of the two foci of each planet's
elliptical orbit. There is nothing at the
center of the ellipse or at the other focus,

-~
-

e " NoTHING
CENTER

When a planet is closest to the Sun
{once every orbital period), it is at
perihelion (pair-eh~HEE-lee-un). When it is
farthest from the Sun, it is at aphelion ELLIPTICAL ORBIT OF A PLANET
(eh~FEE~lee-un).

By "average distance of a planet from ; 5
the Sun" astronomers mean the average of the ’r ‘ +3 2[%;
greatest and the gmallest distances. As ry
shown in the diagrams the average distance
is the length from the center of the orbit AVERAGE.
DISTANCE = 4

to either the perihelion or aphelion.

106 IDEA FROM: The Universe in Motion, Book 2, The University of lllinois Astronomy Program

PN

SN




"HEP" KEPLER DIDNT
GO AROUND
IN CIRCLES

(conTinvued)

The actual orbits of most of the planets are almost cireular. The Earth passes peri-
helion each yvear about January 4 at a distance of 147,100,000 km from the Sun. About
July 5 the Earth is at aphelion: 152,100,000 km from the Sun.

Exercises:

1. Complete the table by finding the average distance of the Sun from each planet. Use
a calculator to help you.

AVERAGE DISTAMCE

PLAMNET | DISTAMCE AT APHELON | DISTANCE AT PERIRELION FROM THE SUN

o |MeERCURY G2, 800, 000 km 46,000, 000 km

VENUS 109, 000, 000 ¥m 107, 400, 000 ¥m

TRE ORBATS\ | EARTH i52,100, 000 km 47, 100, 000 km
i;ﬁgi%’f; MARS 249,100,000 km | 206, 700,000 Km
ARE THE JURITER 815,000,000 km 41,000, 000 km
LEAST SATURN | 1, 507,000,000 km | 1,347, 000, 000 km

CIRCULAR

URANUS | 3,005, 000,000 kwm | 2,736, 000, 000 km
NEPTUNE | 4, 537,000,000 km | 4,457,000,000 km
=1 pPLUTO 7, 384,000,000 km | 4440000,000 km

2, The diameter of the Sun is 1,392,000 km. How many Sun diameters away from the
center of the Sun is the empty focus of the Earth's orbit? Make a dia-
gram to help you.

3. How many kilometres from the center of the Sun is the empty focus of Mercury's
orbit? About how many Sun diameters?

4, T1f a comet has a perihelion distance of 0.05 of an astronomical unit and an aphelion
distance of 87.41 astronomical units, what will be the average distance of this
comet from the Sun?

5. Any satellite orbiting a planet alsc has an
elliptical orbit. The planet is located at
one foci of the ellipse. When the satellite
ig closest to the planet it is at perigee;
when it is farthest from the planet it is at

apogee.

a) 1If the Moon's perigee distance is 363,262 km and its apogee distance is 405,546
km, what is the Moon's average distance from Farth?

¥ reriCEE Oenmu apoceed

b) Tind the average distance that the satellites listed below were from Earth when
they were launched into orbit.

SATELLITE | DISTANCE AT PCRIGEE | DISTANCE OF APOGEE | AVERAGE DISTANCE FROM EARTH

ECHO T 1521.5 km 1688.9 km

EXPLORER XIV 280.5 km. 08,515.9 km

IYNCOM IT 35,790.5 km 35, 805.9 km 107
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Keplers second
Jaws

Tycho's data on the orbit of Mars allowed Kepler
to figure Mars' speed, regardless of where Mars was in

its orbit. Looking over the speeds of Mars
at different parts of the orbit, Kepler
found something quite unexpected: The
speed of Mars is not always the same!
What's more, Kepler noted that the speed
changes in a regular pattern. When Mars
passes perihelion, it is moving faster
than at any other point in its orbit.
Then the speed decreases until it is
slowest at the aphelion, Mars picks

up speed untll it returns to perihelion
again,

Kepler found the same behavior to
be true of all the planets he studied.
A planet's greatest speed occurs at
perihelion and its least speed at
aphelion.

Kepler decided to draw an imaginary
line from Mars to the Sun. As the planet
moves, the line sweeps out an area of
apace. Kepler discovered that Mars
moves so that it always sweeps out the
same amount of area every day. He
found that other plapnets also sweep
out areas in a similar way: that is,
each planet moves along its orbit so
that an imaginary line joining the
planet and the Sun sweeps out equal
areas in equal times. This is Kepler's
second law.

Exercises:

1.

a. Use cardboard, thumbtacks and string
to draw several ellipses,

b. Label one focus the Sun.

¢. Choose a portion of the ellipse to
represent the distance traveled by
a planet in one unit of time. Draw
line segments to join the endpoints
of the chosen arc to the Sun. Shade
in the arvea.

IDEA FROM:
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SINCE A PLANET TRAVELS FASTER
MEAR PERIHELION, IT TRAVELS A
GREATER DISTANCE 1N ONE MONTH
THAN T DDES NEAR APHELION iN
ONE  MOMNTH.

1 MONTH
MONTH

AREAS OF BOTH
SHADED REGIONS ARE THE

SAME,

1 OMIT
OF
TIME

The Universe in Motion, Book 2, The University of lllinois Astronomy Program




Kepfers second
faws

(conmivvep )

d. Mark another point P on the ellipse. 1 UNIT

e. How far would the planet travel oF
(counterclockwise) from P in 1 TIME
unit of time? Mark its new loca-
tion on the ellipse.

Hint: Students should draw a line segment from the Sun to P.
Using Kepler's second law,
this line should sweep out
an area equal to the shaded
portion when the planet
reaches its new location.
Use counters or transparent
grid paper, Measure the
shaded area, or trace it
and cut up the drawing.
Construct the same area from P.

The Jones family bakes pizza in an . _";f:ﬂ;\
elliptical pan., Mom slices the pizza PSS,

from one focus. She has just cut e qf;o,

Ron's slice and made the first cut :

X
for Bill's piece. Where should she >
make the second cut if both boys are

to get the same amount of pizza?

IDEA FROM: The Universe in Mation, Book 2, The University of tlinois Astronomy Program
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Kepler was not content with his first PLANET  IPERIOD (YEARS) DISTAMNCE (AU,)
two discoveries. He looked for a rule
that would relate the average distance MERCURY 0. 241 0. 387
of a planet from the Sun to the time the
planet takes to complete one orbit. VENUS 0.615 0. 723
From Tycho Brahe's observations, CARTH .00 {.00
Kepler was able to find the time for a
complete orbit (orbital period) of each MARS .88 1.52
planet. TFrom a scale model {(It's A Great
System) he was able to determine the JUPITER .o 5.20
average distances of the planets from the
Sun in astronomical units. The table to SATURN | 29.5 S.55

the right shows the orbital periocds and
average distances of the planets that were
known in the 1600's.

Do you see any patterns in the table? Is there a relationship between the distances
of the planets from the Sun and their orbital periods?

The facts in the table were used to plot a
point on the graph for each planet.

¥

Notice the regularity about them. They seem
to lie on a smooth curve. It appears that if a
planet has an orbit of a certain size, then its
period will be a certain definite number of vears.

B

-

Suppose a planet has an average distance from
the Sun of 4 a.u. Use the graph to make a guess
about its orbital period.

It took Kepler seventeen vears before he dis-
covered the relationship between the orbital
period of a planet and its distance from the Sun.
Cube the average distance (4 a.u.) of the imagi-
nary planet above. Now square its orbital period.
The two numbers are the same!

n oW e a4 & W

Pick another point on the curve. Suppose a
planet has an average distance of 5 a.u. The
graph suggests that its period is between 11 and

EARHH

ORBITAL PERIOD ARCUMD SUN IV YEARS

[+

' ' e L %2 3 % 5 g 18
12 years. Let's try Kepler's discovery on these AVERAGE DISTANCE FROM
numbers:
SUN TN AL
Cube the average distance: 5 x5 x 5 = 125
Square 11: 11 x 11 = 121 Square 12: 12 x 12 = 144

A number a little larger than 11 will give us 125 when squared. Does this agree
with the graph?

Kepler's third discovery--the square of the period in years equals the cube of the
average distance in a.u.--seems to work! Unlike "Bode's Law," Kepler's discovery does
work in all cases; Isaac Newton proved this.

IDEA FROM: The Universe in Motion, Book 2, The University of iliinois Astronomy Program
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" (conTInuED)

Exercises:

1. An object is in an orbit at an average distance of 3 a.u. from the Sun. Read its

approximate period from the graph. Next try cubing the distance and squaring the
period. Do your results roughly agree?

2. A spacecraft orbiting around the Sun has an orbital period of three years. Find its
average distance from the Sun in two different ways. Hint: 1) Kepler's law and
2) the graph.

3, TFill in the chart using Kepler's discovery. Check your results with the graph.

IMAGINARY PLANET [ORBITAL PERIOD (EAE) Ave:sa ms :eom SN (AL)
v 2
w 44
X 3
Y o
A 5

4. A far-out object moves around the Sun., The straight~line distance from the perhelion

point of its orbit to the aphelion is 200 a.u. How long does it take for the object
to go around the Sun once?

IDEA FROM: The Universe in Motion, Book 2, The University of Iliinois Astronomy Program
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25
How fast is each planet traveling in its orbit? Does EQUAL TIMES,
; . EQUAL AREAS
a distant planet move more quickly or more slowly along o -

its orbit than a planet closer to the Sun?

You already know that a planet travels slower when it
is at aphelion than when it 1s at perihelion. As shown
it the diagram it moves along its orbit so that an imag-
inary line joining the planet and the Sun sweeps out
equal areas in equal times. The diagram is exaggerated
since the orbits of the planets are nearly circular.

GREATER HERE TOR OML

Pretend that each planet does move on a MOMTH, THE SPEED OF
circular orbit that is centered on the Sun. THE PLANET 1S GREATER.
Because of the law of equal areas, the
planet would move at a constant speed.

ONE MONTH

1 A CIRCLE THE EQLAL
AREAS MAKE THE ARCS
(DISTAMCE)} EQUAL, SO THE
SPEED 1S CONSTAMT.

By assuming that the orbits of the MOMNTH &
planets are circular, we can use Kepler's X
third law to find the average speed of
each planet in orbit.

DISTANCE TRAVELED
TIME TAKEM

Remember: SPEED =

I. Find the average orbital speed of the Earth.

a. The average distance of the Earth from I
the Sun is 1 a.u. or 149,600,000 km. ° o

b. If we assume that the Earth's orbit is
a circle, 149,600,000 km is the radius
of the circle. What is the circumference
of the orbit? It is about 940,000,000 km.

CIRCUMFEREMCE =
RADIUS TIMES 2 77

¢, The orbital period of the Earth is 1 year.

So 940,000,000 kn
speed =
1 year
d. 1 year = 365 days = 8760 hours = 525,600 minutes = 31,536,000 seconds. So
speed = 940,000,000 km 940,000 km _ 30 km

A COMMERCIAL JET HAS
A CRUISING SPEED OF
ABOUT .2km

1 SECOMD

31,536,000 seconds - 31,536 seconds " 1 second

II, Suppose planet Alpha orbits the Sun at a distance of 4 a.u.
Find Alpha's average orbital speed.

a. As shown in the diagram the length ALPHA
of Alpha's orbit is four times as
long as the Earth's.

b. From Kepler's Third Law (see the EARTH
graph in activity Number Three),
Alpha's orbital period is 8 years.
C=221T x4
112 = 2XT Q..

IDEA FROM: The Universe in Motion, Book 2, The University of lilinois Astronomy Program
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(conrinuep)
.. 8 xma.u. _ 1l x7 a.u, . .
c. The average speed of Alpha is 8 years 1 year ° By comparing this to the
2 X T aells - 30 an » ]
average speed of the Earth, 1 year = I second® "€ find that Alpha's average
orbital speed is —~lé~§§w, only half that of the Earth's.
1 second

IIT. Do the outer or inner planets move faster than the Earth along their orbits? The
following exercises will help you find the answer.

1 2. 3
1. Study the table to the -
right. Compare the first PLANET DISTANCE  [FRACTION OF EARTHS | AVERAGE ORBITAL
and third columns. How FROM SUN | ORBITAL SPEED SPEED (km fsec.)
is a planet's distance to [gaamA : _ - oo,
the Sun related to its
orbital speed? EARTH BRI ! 30
2. Compare the first and ALPHA 4 au. *% \3
second coclumns. Can you 1
BETA 9 au. % )
find a relationship be~ + 3
tween the numbers in the DELTA 18 a.u.

two colums?

3. What is the average orbital speed of a planet 16 a.u. from the Sun?
4, How far from the Sun is a planet if its average speed is twice that of the Earth?

5. What is the orbital period of a planet whose speed is half that of the Earth's?
Hint: Find the planet's distance from the Sun and use Kepler's Third Law.

6. What would you predict
about the orbital speed DISTANCE
of an object around the PLANET FROM SUN
Sun if it is infinitely

FRACTION OF EARTHS| AVERAGE ORBITAL
ORBITAL SPEED SPEED (km [sec.)

far from the Sun? MERCURY .39 a.u.
7. How fast do the other VENUS T2 .
planets in our solar EARTH 1.00 oLl 30
system travel along their
orbital paths? Use the MARS .52 a.u.

calculators and use the JupITer| 5.20 aw.
relationship in #2 to
help you complete the SATURN | 8.54au.

table. URANUS {19.18 a.u.
NEPTUME| 30.06 a.u.
PLUTO |39.52 aw

IDEA FROM: The Universe in Motion, Book 2, The University of 1linois Astronomy Program
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COMETS AND
CONIC
SECTIONS

From Kepler's discovery (see "Hep" Kepler Didn't Go Around In Cirveles) we know
that each planet's orbit is an ellipse. Ellipses belong to a special group of curves

known as the conic sections. These curves have interested mathematicians and astron-
omers for years.

A conic section is the curve of intersection
between a hollow cone and a plane that cuts through
it. The pictures show some conic sections,

HYPERBOLA

N

ELLIPSE

HYPERBOLA

Why do the planets have ellaptical orbits? Newton
discovered that :he gravitational pull of the sun on
the planets causes thelr orbits to be elliptical. He
then wondered whether comets were affected by the
gravitational pull of the sun.-and if so he predicted {oeo
that their orbits would be conic sections. In par- 198
ticular if the comets had nearly circular orbits thev THE OR i??gp_u Lszzé COMET
would be visible at regular and somewhat frequent B A
intervals. Edmund Halley supported Newton's belief
by discovering that the comet he was observing was
the same one that was seen 75 yeaks earlier.
Halley's comet last appeared in 1910 and is due
again about the spring of 1986.

We now know that the orbit of a comet will be an
ellipse, a parabola or one branch of a hyperbola as

PARABOLA
shown iIn the bottom figure. It is believed that most
comets travel on elliptical orbits but that the orbits
are so stretched out that the portion we can see
appears like a parabola.
HYPERBOLA

The following two pages describe methods that can
be used to draw ellipses, parabolas and hyperbolas.
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COMETS AND
CONIC
SECTIONS

(PAGE 2)

1) A Method for Drawing Ellipses

a} Make or obtain a b) Draw a large circle on a piece of

page of concentric paper and pick a point P inside

circles {circles

the circle {not the center),

having the same

center).

¢) Using the page of concentric
circles, arrange a circle so

that it passes through P and

is tangent to (just touches)
the large circle you drew.
See the dotted circle in the
figure to the right., Mark
the center of the dotted

circle.

d) Repeat (c¢) with several different
sizes of circles. Connect the
centers to form a smooth curve as
shown in the figure to the left.

The curve is an ellipse.

115



| COMETS AND
CONIC
SECTIONS

(PAGE 3)

2) A Method for Drawing Parabolas

a)

Draw a line £

at the bottom
of the sheet
of paper.
Choose a point P

P about 4 cm

above the line.

¢e)

Repeat (b) with several different
gsizes of circles. Connect the
centers with a smooth curve.

curve is a parabola.

3) A Method for Drawing Hyperbolas

a) -F

Draw a circle with

a radius about 2 cm,
Label its center C.
Pick a point P out=-

side circle C.

h} TUsing the page of
concentric circles,
mark the centers of
several circles which
are tangent to circle

C and pass through -

point P, Connect the .
centers in a smooth

curve.,
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The

b)

Using the page of
concentric circles,
(see 1(a) arrange a
circle so it is
tangent to line £

and passes through

point P. Mark its

center on the paper.

e)

Trace circle C
and point P on
another sheet of
paper. Now mark the ,
centers of circles
which pass through ;
P, are tangent to \
circle C and have
circle € "inside"
them. Connect the

centers in a smooth curve.

Put the two

curves together .
on the same

sheet of paper

as shown. This

is a hyperbola.




THE

ZIDIAC,

Qur ancestors spent much time studying the motions

CELESTIAL
SPHERE

of the sun, moon and stars. They divided the stars of
the night sky into groups called constellations. One
group of constellations, the zodiac, received special

attention.

In figure 1 the solar system is placed at the center
of the celestial sphere (an imaginary large hollow
sphere which appears to have the stars placed on its ZODIAC
surface). The twelve constellations of the zodiac lie FIGURE 1

in a ring around the solar system. ("Zodiac' means Constellations of the Zodiac

"ring of animals.") The constellations of the Zodiac

Aries (the ram)
are listed to the right with their symbols.
Taurus (the bull)

Gemini (the twins)
Although we know that the earth revolves around the

Cancer (the crab)

Leo (the lion)

sun, from earth the sun appears to move against the

background of the stars. To help you understand the
Virgo (the virgin)

Libra (the scales)

apparent motion of the sun, have a friend who represents

the sun stand in the middle of a room. As you walk

Scorpius (the scorpion)
slowly around the person, observe how the person appears

. A Sagittarius (the archer)
to move around against the background of the room.

Capricornus (the goat)

Similarly the sun appears to wander among the con- Aquarius (the water

X EENID I SRS

stellations of the zodiac. The apparent path of the sun bearer)
among the stars is called the ecliptic. Thus at dif- Pigces (the fish)

ferent times of the vear the sun will appear to be in

different constellations of the zodiac.

.,’
ECLIPTIC !

CAPRICORNUS

LSAGITTARIUS

FIGURE 2

SCORPIVS

GRAPHIC FROM: Modern Space Science, by F, E, Trinklein and C. M. Huffer,
Copyright © 1861, Holt, Rinehart and Winston, Publishers.

Permission to use granted by Hoit, Rinehart and Winston, Publishers 117




THE

ZODIAC.

{conTivuED) (
Study figure 3. 1In what constellations

does the sun appear between April and July?
ApTil Qemanimn, June
May July

Astrologers are interested TAURUS

in each person's sign of the

zodiac., Your zodiac sign is CEMIN
the constellation in which the
sun appeared* when you were
born.

The chart below can be
used to find your sign of the
zodiac,

Mark your birth date on

the inner circle. Estimate

the correct point for the
day o-f the month. Y FIGURE 3
Draw a ray from the mark
through the sun to the outer
circle., The ray points to

vour sign of the zodiac.

*Due to the spin of the
earth on its axis, the
position of the sun in
the constellations of
the zodiac for any
particular month is
glowly shifting., The
positions that astrolo-
gers use in determining
a person's sign of the
zodiac are no longer
accurate.  Since
figure 4 gives a per-
son's astrologleal
sign, it does not
give the actual posi-
tion of the sun in our
skys. Check a current
star chart to find the
sun's actual position
\ in the zodiac,

FIGURE 4
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used to plot the north circumpelar stars
(stars near the north celestial pole that
are visible throughout the year). This
chart describes the view of the celestial
sphere that wvou would see by standing at
the north pole and looking directly up to
the north celestial pole. The hour cir-
cles appear as straight lines coming from
the pole. The parallels of latitude ap-
pear as concentric circles (circles each

having the same center).

1)

A STIR CUERE
FOR_YOUR ReOj

The polar chart to the right can be

14 on  23h

Each star of the Big Dipper in the constellation Ursa Major has been placed on

the star chart in its proper position according to its right ascension and decli-

nation. The loecation of S (delta) is about 12 hours 15 minutes right ascension

[+ s -
58°N declination. ® ©
= <

C:D )
CZD & is about %-of the way from

the 12 hour to the 13 hour circle,

Write the locations of the other stars in the Big Dipper.

right ascension | declination

(. (alpha)
p? (beta)
7y (gamma)
€ (epsilon)
J (zeta)

7} (eta)
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B SR CHERE
TOR YOUIR Rl

(conTiveD)

2) Plot the stars of Ursa Minor and Cassiopea on the star chart.

right aécension declination
Ursa Minor oX 2 hr 89°N Fach star in a constellation
A4 | 14 nr 50 min 74°N is named by a lower case
- Greek letter.
T 15 hr 30 min 72°N
CS‘ 18 hr 87°N Greek Alphabet
€ 17 hr 82°N ol alpha 1) nu
J |15 hr 50 min 78°N ﬂ beta ¢ xi
7) | 16 hr 20 min 76°N 7Y gamma o omicron
& delta v pi
Cassiopea o {0 hr 40 min 56°N € epsilon 2 rho
[9 0 hr 59°N T zeta G~ sigma
Y |1 hr 60°N 7 eta T tau
§ |1 hr 20 min 60°N & theta 'V upsilon
€ |1 hr 50 min 63°N { iota ¢ phi
| K kappa *X chi
A lambda Vf psi
M nu i) omega
Usually the brightest star in
A a constellation 1s named ol
A CIRCUMPOLAR STAR CHART MAKES (alpha), the next brightest
QBTA\I\I A COMMERCIAL CIRCUMPOLAR
STAR CHART TO USE AS A GLIDE, CARE- This is not always true. The
CIRCLES, AMND PARALLELS OF DECLA- lettered in order starting
NATION OM THE CEILING AND THEN with the star nearest the
PLOT THE MATOR COMSTELLATIONS, north celestial pole.
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alternate interior angles. When two
lines are crossed by a third line,
many angles are formed. Angles 1 and
4 are alternate interior angles. So
are angles 2 and 3.

173

4 3 /% »

angle of elevation,  The angle formed
at your eye by looking up from the
horizontal.

The angle of
elevation of
the flag pole.

angular separation.  The angular sepa-
ration of A and B as viewed from €
is the measure of /. ACB,

angular size, The angular size of an
cbject is the measure of the angle
formed at the observer's eye by the
diameter of an object.

The angular size
of the sphere.

aphelion.,  The place in its orbit
where a planet is farthest from the
sun.

apogee. The place in its orbit where
an earth satellite is farthest from
the earth.

apparent size.
an object.

The angular size of

astrology.  The belief that configura-
tiong and locations of the sun, moon
and planets in the sky affect human
behavior,

astronomy. The science of the position,
motion, constitution, history, and
destiny of the universe,

astronomical unit., The average dis-
tance between the earth and the sun.
One astronomical unit is approximately
150,000,000 kilometres. abbr. a.u.

base line. In surveying: the side of

a triangle whose length is known,
celestial axis. The extension of the
earth's axis,

celestial equator.  An imaginary circle
on the celestial sphere halfway between
the celestial poles,

celestial pole. One of two points where
the celestial axis meets the celestial
sphere. The point is directly above
the earth's noxrth or south pole.

celestial sphere.  An imaginary sphere
surrounding the earth on whose surface
all other objects in space appear to
be located.

central angle of o cirele: An angle
whose wertex is the center of the
cirele.

a central
angle

cireumference.  The length or distance
around a clrcle.

121
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ASTRONOMY GLOSSARY

clreuwnpolar star. A star near a
celestial pole which is visible from
one position on earth throughout the
year. The star is always above the
hotrizon as viewed from that position.

coneentric clrales. Circles in a plane
all having the same center.

contic section., The curve of inter—
section of a hollow cone and a plane.
Circles, ellipses, parabolas, hyper-
bolas are conic sections.

congtellation. A group of stars to
which a name has been assigned.

crescent Moo, A phase of the moon in
which the lighted portion is less than
half of a full moon.

declination. The angular distance,
measured in degrees, of an object
north or south of the celestial
eguator.

diameter. A line segment passing
through the center of a circle whose
endpoints are on the circle.

ecleptie,  The apparent path of the
sun among the stars.

ellipse, The curve of intersection
formed when a plane, not parallel to
the base, cuts completely through a
hollow cone.
an
ellipse

equation of time.  The difference be~
tween time read on a sundial and time
read on a clock.

equatorial system. A method for locat-
ing objects on the celestial sphere,

cir-~mer

equinox.  One of the intersections of
the ecliptic and the celestial equator.

gibbous moow., A phase of the moon in
which the lighted portion is more than
half but not completely all of a full
moon.

gnomon. The upright portion of a sun-
dial that casts a shadow.

hemigphere.  Half of a sphere.

hour circle. A circle on the celestial

sphere that passes through both celes-
tial poles.

hyperbola. The curves of intersection
formed when a plane cuts through both
nappes of a hqliow cone,

\\-

P hyperbola

latitude.
gives a point's angular distance north
or south from the equator. Latitude
is used in giving locations on the
earth.

light year.  The distance light travels
in one yearj about 9.5 x 10 2 kilo-
netres.

longitude. A number in degrees that
gives a point's angular distance east
or west from the prime meridian (a
meyidian passing through Greenwich,
England). Longitude is used in giv-
ing locations on the earth.

magnetic declination. The angular dif-
ference between true north and magnet-
ic north.

meridian (celestial). A circle in the
sky that passes directly overhead and

through the north and south celestial (

poles.

.




ASTRONOMY GLOSSARY

meridian (on the earth). A circle on
the surface of the earth that passes
through the north and south poles of
the earth.

orbit. The path of a body that is re~
volving around another body or point.

parabola.  The curve of intersection
formed when a plane cuts a hollow cone
paraliel to a line in the cone.

a _
parabola & ‘

parallax angle, An angle formed at a
star by two rays, one going toward the
earth, the other going toward the sun.

sun %ZE}—

parallax
angle

earth

parallax shift. The apparent angular
shift of an object on the celestial
sphere when viewed from two differ—
ent points.

parallel lines. Lines in a plane that
do not intevsect,

parallels of Llatitude. Imaginary
circles on the earth's surface that
are "parallel" to the equator. They
are used in telling any point's angu-
lar distance, in degrees, from the
equator.

4— equatoyr

parallels of latitude

mer-sur

parallels of declination.  Imaginary
circles on the celestial sphere that
are parallel to the celestial egquator,
They are used in telling any point's
angular distance in degrees from the
celestial equator.

perihelion.  The place in a planet's
orbit when it is closest to the sun.

perigee.  The place in an earth satel~
lite's orbit when it is closest to
the earth,

period. A time interval between
repetitions; the time required for
one complete revolution.

perpendicular. Two lines are perpen-
dicular 1f they meet at right angles.

pvhases of the moon. The lighted por-
tion of the moon seen from earth; full
moon, half moon, crescent moon, etc.

prime hour cirele,  The hour circle on
the celestial sphere that passes
through the vernal equinox.

range finder. An instrument which is
calibrated to give the distance to
distant objects.,

right ascension.  The angular distance
of an object measured eastward from
the prime hour circle.

stdereal day. The time required for
the earth to make a complete rotation
with respect to the stars.

stmilar triangles.  Triangles that have
the same shape, but not necessarily
the same size,

solar day.  The time required for the
earth to make a complete rotation with
respect to the sun,

surveyor, A person who measures dis-

tances and angles on the earth to
establish boundaries.
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ASTRONOMY GLOSSARY

tangent, Two circles in the same
plane are tangent if they touch in
exactly one point.

transit. An instrument used by survey-
ors to measure the angular separation
between two distant objects.

transversal.
other lines,

A line that crosses two

triangulation. A method of measuring
distances dindirectly that is based
upon similar triangles.

vernal equinox. One of the two inter-
sections of the celestial equator
and the ecliptic. The sun is at this
point on the first day of spring.

north celestial pole

ecliptic

vernal equinox

vertical angles. When two lines meet
angles are formed. Angles 1 and 3 are

vertical angles; so are angles 2 and 4.

waning.  The moon is waning when the
lighted portion that we see is becom—
ing smaller; when the moon is changing
from a full moon to a new moon.

watt. A unit of power,

waxing.  The moon is waxing when the
lighted portion that we see is becom-
ing largery when the moon is changing
from a new moon to a full moon.
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tan-zod

zenith, The point on the celestial s
sphere directly above the observer.

sodiae., A band on the celestial sphere,
centered on the ecliptic, that contains
twelve constellations.

celestial equator

s




NUMERICAL OATA

I. Constants

m 23,1416

speed of light = 300,000 kn/s or 3 x 10° km/s

astronomical wmit (a,u.) & 150,000,000 km or 1.5 x 108 km

light year = 9,500,000,000,000 km or 9.5 x lOl2 km

1 circle contains 360 degrees (360°)

1° contains 60 minutes of arec (60')

1' contains 60 seconds of arc (60')

1 mile &2 1.61 kilometres

I¥. Data for the Planets
| Average distance from | Average distance from
Planet Symbol the stm in a.u. the sun in km Diameter in km
Mercury é . 39 57,900,000 4,878
Venus Q 72 108,200,000 12,112
Earth D 1.00 149,600,000 12,756
Mats o 1.52 227,900,000 6,800
Jupiter ’)_4_ 5.20 778,000,000 143,000
Saturn 19, 9.54 1,427,006,000 121,000
Uranus - é 19.18 2, 870,000,000 47,000
Neptune ‘ky 30.06 4,497,000, 000 45,000
Pluto P 39.5_2 5,912,000,000 6,000
IIT. Diameter of the sun 1,392,000 km

Diameter of the moon 35476 km

Average distance from the earth to the moon 384,400 km

Data from Exploration of the Universe, 3rd ed.

125







to MATHEMATICS AND BIOLOGY

Biology—~a l1ife science——included in a mathematics resource book? Biology-—the
study of plants and animals-~included in a mathematics resource book? Biologyw—tﬁe
study of organisms and the systems which allow the organisms to function—included
in a mathematics resource book? Yes, biologists and mathematicians are in agreement
that mathematics can be unsed as a powerful tool to explain many of the concepts of
biology. Why do the inherited characteristics of plants and animals follow such a
predictable pattern? Why isn't there a glant amoeba or earthworm? Why does a per-
son get tired after many repetitions of the same task? Why are the surfaces of a
sponge, the lungs, the lining of the intestine, and the
surface of the brain so irregular instead of smooth?
Mathematics can help to explain the answers to these
questions.

In this section, MATHEMATICS AND BIOLOGY, it is
not necessary for teachers or students to have a large
knowledge of biological concepts to be able to do the

activities. Most are simple ideas that allow students

to investigate properties that relate to themselves and

to their surroundings.

The first part includes

activities which allow stu-
dents to investigate their
reaction time, lung capacity,

muscle fatigue, pulse rate,

body temperature and the ef-

fect of exercise, peripheral

vision, ete., Also included
is an interesting theory of
biorhyvthms which attempts to
explain the ups and downs of
everyday life in terms of

one's birth date,
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INTRODUCTLON

Another part includes elementary
work on genetics. The observation of
physical traits in themselves, parents
and clagsmates allows students to de-
velop an intuitive feeling about the
traits passed down from parents te off-
gpring. Using Mendel's experiments
with the garden pea, the basic ratios
of inherited traits are identified.
Blood typing and a simulation using
colored squares are also used to provide
students with an elementary knowledge of

the complicated science of genetics.

MATHEMATICS AND BIOLOGY

UNATTACHED

ATTACHED

Some interesting and thought“prov?k—
ing activities on the concept of size
comprise another part of this section.
Students compare properties of smooth or
bumpy surfaces. They also investigate
the relationships of linear, area, and
volume measurements as they apply to the .
proper size of animals. A recommended
reading for teachers (and students) is an
essay by J. B. S, Haldane entitled "On
Being the Right Size."

found in Volume 2 of The World of Mathe~

The essay can be

matics, edited by James R. Newman or in

Volume 2 of Readings in Mathematices,

edited by ILrving Adler.

Throughout this section the intent was to provide activities that would be inter-

esting; would not require an extensive, previous knowledge of biology; would not re-

quire elaborate materials; would allow students to learn more about themselves; and

most of all, would show how mathematics can be useful in the study of biology:

Triltium

Bloodroot

What do you notice about the number of petals in these flowers?




MATHEMATICS AND BIQLOGY

TITLE PAGE

The Human Body 132

Hand 'N' Hand, Arm
"N' Arm 134

What's Your Reach? 138

How's Youpr ESP? 137
Amazing 138
Lung Capacity 139

Your Heart Is A
Bloody Good
Machine 140

Your Heartbeats iul

My Heart Throbs

for You 12
Step Right Up 143
Muscle Fatigue 145
Body Temperature 146
Spy on the Eye N7

TOPIC

Using measurements of the
body

Comparing hand sizes
Determining degree of
hand dominance

Comparing height and
reach

Exploring extrasensory
perception

Exploring learning
ability

Determining lung
capacity

Using facts about the
heart and blood

Using facts about the
heart

Using pulse to determine
physical fitness

Using pulse to determine
physical fitness

Determining muscle
fatigue

Determining the effect of
exercise or smoking on
body temperature

Determining the rate
of eye blinks

MATH
Practicing computation
skills

Finding ratics
Comparing measurements
of the body

Collecting and analyzing
data

Collecting data
Introducing probability

Collecting and analyzing
data

Taking measurements
Finding ratios

Practicing computation
skills

Practicing computation
skills with large numbers

Collecting and analyzing
data

Collecting and analyzing
data

Interpreting data from a
chart

Collecting data
Graphing

Collecting and analyzing
data

Collecting and analyzing
data

TYPE

Worksheet

Teacher idea
Activity card

Teacher direct-
ed activity
Activity card

Activity card

Teacher ideas

Worksheet

Worksheet

Activity card

Teacher ldeas

Teacher idea
Activity card

Activity card

Activity card
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TITLE

I See It

Gaining or Losing

Mass

What's Your Type?

Body Counting
Systems

Let's 8plit Hairs

Surface Area or
Volume?

Sink or Swim?

Bumpy or Smcoth?

Monster RBarthworm

Inherited Traits

Analyzing Traits

A Model for
Inheritance

What Type Are You?

Just Like Peas in
a Pod

130

PAGE

148

148

156

157

158

159

1g0

181

182

1863

165

168

169

171

TOPLC

Determining anglie of
peripheral vision and
depth perception

Determining calorie needs
Determining body type
Determining mass of body
parts

Determining body type

Using symmetry of the
body

Investigating micro-
scopic organisms

Investigating surface
area and volume

Investigating surface
area and volume

Investigating surface
ares

Determining the effect

on body surface area and
body volume caused by
multiplying body dimensions

Introducing concepts of
genetics

Analyzing physical traits

Developing a model for
the inheritance of
physical traits

Determining blood type
Using Mendel's concepts

to determine physical
traits

MATH

Measuring angles
Measuring distances

Collecting and analyzing
data

Interpreting data from a
chart

Interpreting data from a

chart

Introducing different

numeration systems

Making a scale drawing

Interpreting small numbers

Determining mass is dependent

upon volume

Determining mass is dependent
upon volume

Determining bumpiness is
dependent upon surface area

Comparing measurements

Using fractions, percents,
ratios, and/or probability
to analiyze data

Collecting and analyzing data

Collecting and analyzing data

Collecting and analyzing data

Collecting and analyzing data
Intevpreting data from a chart

TYPE

Activity card

Teacher ideas

Worksheet

Activity card

Teacher page

Activity card

Worksheet

Workshesat

Worksheet

Worksheet

Teacher page

Teachey ideas

Activity card

Teacher idea

Teacher idea
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THE HUMAN
BODY

X 6. A man's brain is between .02
Em m w and .03 of his body weight.

L. Your body contains 206 bones.

Between what

1 two numbers
About = of these bones are in
7 is the brain
your head. About how many .
weight of a

bones are there in your head? .
68 kilogram man.

2. Muscles make up about .4 of a

. : N
man's body weight. What do 7. The brain of a baby is about 0

the muscles of a 82 kilogram its body weight. About how

man weigh? many grams does the brain of a

3. 1In one day, a man breathes in

about 12 m3 of air. About

4 kilogram baby weigh?

8. Your heart beats

.05 of this 1s oxygen that is about 80 times a
absorbed into the blood stream. minute. About how
How many m of oxygen is this? : many times does it

beat in a day?
4, An eye blinks

about 25 times 9. The body of an adult contains

each minute. about 5 litres of blood. A blood

About how many times does it donor usually gives %-litre of
blink in a day (24 hours)? e blood. What fraction of his

blood does the donor give?
3. Your intestines (large and

small) are about 7.5 metres 10. Your body contains about 165,000
long., Your kilometres of blood wvessels.
small integ— - Write this number in scientific

tine is about notation.
.8 of this

length. How

long is your
small intestine?
SOURCE: /nvestigating School Mathematics, Second Edition, by Robert E, Eicholz, Phares G. O'Daffer, k _
Charles R. Fleenor, Copyright ® 1976 by Addison-Wesley Publishing Company, Inc.

. Schoof Mathematics /, by Robert E. Eicholz, Phares G. O'Daffer, Charles R. Fleenor,
132 Copyright © 1876 by Addison-Wesiey Publishing Company, Inc.

All rights reserved. Reprinted by permission.




THE AUMAN
BODY

(conTiINUED)

PROBLEMS—ESTIMATING BODY HEIGHTS
Height {centimetres)

Male
(2.894 x length of humerus) + 70.640
(3.271 % length of radius) + 85.925
(1.880 x length of femur) + 81.305
(2.376 x length of tibia) + 78.663

Female
(2.754 x length of humerus) + 71.476
Anthropologists, using a single bone (3.343 x length of radius) -+ 81.224
from a human skeleton, can estimate quite (1.945 x length of femur) + 72.8453
accurately the height of a man or woman (2.352 x length of tibia) + 74.775

who lived many centuries ago. For

example, if an anthropologist finds a
4, A man is 181 cm tall, Using the
27.94 cm radius from a caveman, he can

table, accurately estimate the length
estimate the height of the caveman as

of the bone from the knee joint to
follows:

the ankle joint.

(3.271 x 27.94) + 85.925
5. Measure, as accurately as you can,

or 177.316 cm. Thus, the man was about
180 cm tall.

the length of the radius and humerus
7 of an adult and check the accuracy
1. A 48 cm femur was found. About how of the table.

7
tall was the man! 6. A student's height was found to be

2. The length of a humerus bone from a the same as the distance from
woman who lived 20,000 years ago is fingertip to fingertip when his arms
32.25 cm. What would be a good were outstretched. How much does
estimate of the woman's height (to your height differ from this distance?

the nearest centimetre)? ' , L.
) 7. One student's height in inches was

3. The skeleton of a Neanderthal man 8.7 times the length of his middle
who lived about 50,000 years ago finger measured to the nearest
contained a tibia 38.1 cm long. tenth centimetre. How much does
Give an estimate of the man's height. - your height differ from this distance?

SOURCE: [nvestigating School Mathematics, Second Edition, by Robert E. Eicholz, Phares G. O'Daffer,
Charles R. Fleenor, Copyright © 1976 by Addison-Wesley Publishing Company, inc.

Schoo! Mathematics [, by Robert E. Eicholz, Phares G. O'Daffer, Charles R. Flesnor, 133
Copyright © 1976 by Addison-Wesley Publishing Company, Inc.

All rights reserved. Reprinted by permission.



1)

2)

3)

4)

5)

6)

7)

8)

N

II.
1)

2)

3)

4)

IDEA FROM: Maodern Life Science, by F. L. Fitzpatrick and J. W. Hole.
Copyright © 1970 by Holt, Rinehart and Winston, Publishers

EANOLUEIANG,
ARMIVEARM

Keep your fingers together and
trace around one of your hands.

Draw line segment 1 across the F2

knuckles. F3 \ o4
Draw line segment 2 where the

wrist begins.

Draw line segment 3 from the top i

of the longest finger to the
wrist line segment.

Measure line segments 1 and 3 to T
the nearest centimetre,

’ \
Find the ratio of the length of SEGMENT \
line segment 3 to the length of 1 <:>//ﬂ\//ﬁ\\<::>
line segment 1. \E//\\//
Compare your ratio to your

classmates. Are the ratios SECMENT
about the same? . 3

Label the thumb T, the index
finger ¥l, middle finger F¥2,
ring finger F3 and little finger
¥4,

Is Fl longer, the same as or
shorter than F3? Compare with
your classmates,

SEGMENT 2

Place one end of a metre stick snugly against your armpit and measure the length
vour outstretched right arm.

Repeat measuring the left arm.

Right arm cm Left arm cm

How do the lengths compare?

What results did your classmates get?

.\

Probing the Natural World, Volume 1, and fnvestigating Variation, Intermeadiate Science
134 Curriculum Study
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I1I.

ERANDINIEIAND
ARMIVIARM

(CONTINUED)

Between the ages of 2 and 4 a child usually begins to establish a preference for
using either the right or left hand for performing tasks. The following activity
can be used to establish handedness and also the degree (or dominance) of handedness.
Type a page of zeros and furnish a dittoed copy for each student.

1) As one student acts as a timer another student crosses off zeros on the

sheet for 30 seconds. An X is the preferred method for crossing off the
zZeros.

2) Repeat, this time using the other hand. Record both results in a table.

3) Change roles and have the
i other student get and record
his scores.

4) Which is the dominant hand? PARTNER

RIGHT

5) Divide the smaller number LEFT
into the larger number to
determine the degree of
handedness (dominance).

For Example: RIGHT 50 2 The right hand is twice as
LEFT 25 2550 dominant as the left hand.

6) Does anyone in the class have a degree of dominance that is almost 17

7) What could this mean?

IDEA FROM: WModern Life Science, by F. L, Fitzpatrick and J. W. Hole,
Copyright © 1970 by Hoit, Rinehart and Winston, Publishers.

Probing the Natural World, Volume 1, and fnvestigating Variation, Intermediate Science
Curriculum Study.

Permission to use granted by Holt, Rinehart and Winston, Publishers, and Silver Burdett General Learning
Corporation
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MHETS POUER
REFRLCRH Z

Tape a strip of butcher paper to the wall to mark the heights and reaches of the
students in yvour class. Label each mark with the student's name. Mark and label each
student's foot length. Measure, to the nearest centimetre, each student's data and
record in a table.

HEIGHT REACH FOOT LENGTH

1If the table is drawn on the board or on a poster, have students examine the data
‘for patterns. The data should show that the heights and reaches are approximately the
same for each student. In the two extra columns have each student compute, to the
nearest hundredth, the ratio of helght to reach and the ratio of height to foot length.
The former should be about 1.00 and the latter will probably show no pattern. Taking
the average of all the ratios of height to reach will probably be very close to 1.00.

The data in the table can be
used to make a bar graph. Provide
each student with a small square
and let him glue the square in the
appropriate column on a graph like
the one shown here., The graph
could be used to develop the con-
cepts of range, mean, median and
mode.

ei-ies | [T ]

i131-135
136-140

120-125
126-130
156-160 [j

146-180
151-185
166-170
-178
176-180
1Bi-185

18G-190
et
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HOLI3 YOUR, _

For this activity you need five cards of each of the four suits from a regular deck

of cards. Shuffle the twenty cards and place them face down in a pile. Without look-

ing at the top card guess what suit it is, and record your guess on a tally sheet.

o TEST 1]

ACTUAL

Used by permission of Allyn and Bacon, Inc.

Don't look at the card. Place it face
down to start another pile. Continue
guessing and placing the cards on top
of the previous card. When all twenty
cards have been guessed check your
guesses by turning over each card.
Remember: The first card you turn
over will be the 20th card you guessed.
Shuffle the cards and repeat the
activity four more times until you
have guessed 100 cards.
Write this ratio.

CORRECT GUESDSES: TOTAL GUESSES

Chances are you guessed correctly about
25 out of 100, If you guessed correct-

ly more than 35 times you might have

ADAPTED FROM: Doing Their Thing in Action. Biology Series by Stanley L, Weinberg and Herbert J. Stoltz 137

Copyright © 1974 by Allyn and Bacon, Inc.
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This activity will see how quickly you can learn the correct path through a maze,
Place the hoie over the start position and count each dot you see until you get to the
end. Do six trials and record the results for each trial. Repeat the activity tomorrow

to see if you can recall what vou learned.

kg ’

START

END

NUMBER OF DOTS SEEN
FIRST TIME] 24 HOURS LATER

IDEA FROM: Modern Life Science, by F. L. Fitzpatrick and J. W. Hole,
138 Copyright © 1970 by Holt, Rinehart and Winston, Publishers.
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Two activities are outlined below to determine a person's lung capacity. The data
collected from either can be plotted to find the distribution, the range and the average
of the volumes. The data could also be used to look at the relationship between weight
and volume, height and volume, age and volume, athlete~nonathlete and volume, smoker-

nonsmoker and volume, etc.

Standard lung capacity for boys and girls is found using the following relationship:

. . q s _ . . 23 20
standard capacity in millilitres = height in centimetres x (goys> or (gir1;>
This is just an average and young boys and girls, especially in the growing years,
should not be too concerned if they do not meet the standard. A fairly good indicator
of physical fitness is the ratio of maximum lung capacity to standard lung capacity.

In general, the higher the ratio is, the better the physical fitness is.

Maximum lung capacitys

I  Using one deep breath blow up a
balloon as much as possible. Force
the balloon into a container filled
to the top with water. €atch the
amount of overflow in another con-
tainer. Measure this overflow amount
in millilitres to find maximum lung

capacity.

I1 Breathe deeply several times and then
exhale into the jar. Your air will

force water out the other tube.

Measure this overflow amount in milli-

metres to find maximulm lung capacity.

ADAPTED FROM: Keeping Afive in Action Biology Series by Stanley L. Weinberg and Herbert J. Stoltze,

Copyright © 1974 by Allyn and Bacon, Inc. 139

Used by permission of Allyn and Bacon, inc.



I.

II.

140

The human heart pumps about 60 millilitres of blood for each beat.

1

2)

3)

4)

If an average of 80 heartbeats per minute is used, how many millilitres of blood
does the heart pump per minute?

How many litres of blood is this?

Get two large containers and £i1l one with water. Use a 50 ml measuring cup
to see how much water you can scoop into the empty container in one minute.
Measure this amount and compare it to the amount the heart can pump in one
minute.

Try a garden hose or a faucet. Can either put out as much in one minute as your

heart?

It is estimated that a human has about 25,000,000,000,000 (25 tyillion) red blood
cells. The average diameter of a red blood cell is gbout ,008 millimetres.

1

2)

If placed end to end, how long of a line would these blood cells make?

I1f placed in the shape of a square, how long would each edge of the square be?

3) If placed in the shape of a cube, how long would each edge of the cube be?

ADAPTED FROM: Keeping Alive in Action Bivlogy Series by Stanley L. Weinberg and Herbert J. Stoltze,

Copyright © 1974 by Allyn and Bacon, inc.

Permission to use granted by Allyn and Bacon, Inc.
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By yourself or with a friend count the number of times your heart
beats in a minute.

HOW MANY
TIMES DOES
YOUR HEART
e BEAT BY

R THE AGE OF

HOW MANY TIMES DOES
YOUR HEART BEAT

in 1 minute?

in 1 math period? 1 year?
in 1 day? -3
million
APPROXIMATE THE | ]
NUMBER OF DAYS 16: years?
= million

FOR 1 MILLION

HEARTREATS,
You'll reach 1

billion heartbesats

[ron)
T

in w years.
= billion
heartbeats in 100§
years. f
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7 Z
MY HEART THRO

Materials Needed: 2 students
Stopwatch or ciock with a second hand

S

Activity: On your paper draw a chart like the one below.
| TInactive Active Recovery
Name - DPulse Pulse Pulse

Selp par+new SelF

Rudner | Self  [Pavtner

&4,

2. a) Guess how many times your heart beats in
one minute.

bpm (beats per minute)

b) Have your partner take your pulse and
record it in the inactive column as
bpm.

¢) Take and record your partner's pulse,

3. a) BRun in place for two minutes,

b) Record your pulse rate in the active

colomn.

¢) Have your partner run in place for two

minutes.

d) Record your partner's pulse rate.

REST 5 MINUTES

a) Record both of your pulse rates in the recovery column.

b) Have your pulses returned to normal?

c¢) Is your recovery rate faster than your partner's?




Numerous ads to eat wisely and exercise regularly encourage students to think
about their physical condition which, in turn, affects the pulse and recovery time
following exercise. In general, conditioned persons have a slower resting pulse and
a slower pulse during exercise. Their pulse will recover to the resting rate quicker
following strenuous exercise than persons who are in poor condition. Because of
heredity some persons inherit efficient hearts with slower rates, while others are
born with relatively inefficient hearts. However, both types can be improved.

Since the physical condition of an individual affects his heargbeat, pulse
tests can be used to measure physical fitness., Four pulse tests are described
below, and tables to interpret the results are provided. Better results can be
obtained from the first two tests if they are done atr home with parental help.

I. Pulse Lying:

The pulse lying is the slowest, resting pulse of a person. The student can
find this rate by taking her pulse for 30 seconds before she gets out of bed in
the morning. I1f done in class, have the student lie down and attempt to completely
relax for ten minutes. In the lyving position count her heartbeats for 30 seconds.
The student should continue to rest in the lying pesition for 2 more minutes and
repeat the count, If it is the same, double the count to get the pulse lying, and
record the number. If less the student should rest longer and repeat the count.

Ii., Pulse Standing: 4

To obtain the slowest, resting, standing pulse have the student rise slowly
after finishing the pulse lying test and remain standing for two minutes. Count
the heartbeats for 30 seconds and double the number to get the pulse standing.

Have the student subtract the pulse lying from the pulse standing. This
number is the pulse difference. By checking Table A the student can find her physi-
cal fitness rating.

TasLe A

Phusical X v & & &
Fi+ﬁess ¥ c>°b w&@efo'% @(OQ» e}g&éo?) & 0? y
Rating Q,*Q' N O TR ‘?:x ) ‘%zé R A"’\l

Pulse Luing l40]54l57]58l60]s3lesleal7t [73(75|77]78|70]80!|82i84]86 105

Pulse S‘i‘ancllinq 46\63]67(68[70 (74|77 |80|83|85|87190|21 |92|04/96/98101]123

Pulse Difference]e |9 11010 [iot [ i h2 i2[I2 13 13113 [14 14] 1415 18

IDEA FROM: Physical Fitness Workbook, by Thomas Cureton,
Copyright @ 1944 by Stipes Publishing Company.

Permission to use granted by Stipes Pubiishing Company
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ITT. Simplified Pulse Ratio Test:

(a)

{conminueD)

While sitting, have the student count and record her heartbeats for

one minute,

(b) Have the student face a chair (approximately 45 cm high) and step up
with the left foot, up with the right, down with the left, and down
with the right. The student should do 30 of these steps in one minute.
In order to set the cadence the teacher or another student can call
out "up, up, down, down'" at the required speed or play a taped record-

ing of the cadence.

(c) Immediately after completing the 30 steps, the student should sit,
count and record her heartheats for two minutes.
{(d) Have the student write her pulse ratio. Pulse Ratio = Heartbeats for

2 minutes following the exercise

exercise. Simplify the
ratio by dividing the first
number by the second, cor-
rect to one decimal place.
Check Table B to find the
physical fitness rating.

IV. Three Minute Step Test:

This test is administered like
the previous test, except the
student steps for three minutes,
and the cadence is 24 steps per
minute. In addition wait one
minute after the student com-
pletes the exercise and count
the heartbeats for only 30
seconds. The efficiency score
is the ratio of

number of seconds stepping x 100
pulse for 30 seconds x 5.6

Bivide and check Table C to find
the physical fitness rating.

*This table is accurate for junior
high girls, The efficiency scores
may ne~d to be raised for junior
high boys. At the grade school
level there is not much differ-
ence between boys and girls.

Heartbeats for 1 minute before

TasLE B

Pulae Ph\;sic,cd
Ratio Fitness Rating
Below 2.3 Above A\:eraqe
2.3 - 2.7 Avero.ge
Above 2.7 Below_ Average

TagLe C*

———

—

Phtjsical
Score | Fitness Rating
72 - 100 Excellent
62-7 Very Good
5i- 6! Good
4|-50 Fair
3i-40 | Poor

0-30 | Very Poor

E£L41 Qienchl

L

IDEA FROM: Physical Fitness Workbook, by Thomas Cureton,

Copyright © 1944 by Stipes Publishing Company.

Permission to use granted by Stipes Publishing Company




MUSLCLE

REATGUIR?

The information gained from this activity involving muscle fatigue can be used
for graphing, finding mean and range, and finding percent of decrease and increase.

Three students are needed per group; one as the "muscle'" person, one as the
timer, and one as the counter.

The "muscle®” person places the right forearm flat on a table so the back of
the fingertips are flat on the tabletop. He/she closes and opens the right hand
as fast as possible until the timer says stop, being sure the fingertips touch the
palm when closed and the fingertips touch the table when open.

The timer times each trial for 30 seconds and records the tally on the chart.

Between the 3rd and 4th trials the "muscle'" person is given a 30-second rest period.

The counter counts the number of times the fingertips touch the table, relays
the count teo the timer, and begins the count over at 1 for each trial.

After the activity has been completed for the right hand, repeat the steps for
the left hand.

A chart with sample data and a graph of that data are shown below.

IDEA FROM: Mathematics and Living Things

80
70 RIGHT ‘\
T A T LEFT 4
30 SECOND | RIGHT | LEFT
PERIODS HAND | HAND GO
1 T2 e8 Ry
50 \
2 GO co \':i"’ \
3 47 45 40 N
REST REST | REST \
30
20
10
REST
o | 2 3 4 <Y G
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1. Does a person's body temperature remain constant all day long?
y

a)

b)

c)

d)

BOLY
VEMPERRVURE

For a period of two days take and record vour temperature at four-hour inter-
vals. This can be done at 7:00 a.,m.,, 11:00 a,m., 3:00 p.m., 7:00 p.m., 11:00
p.m., and 3:00 a.m, or any other set of times that is convenient.

For the 7:00 a.m. reading take your temperature before you get up and start
being active.

Record the temperatures in a table.

What results do vou see?

7:00 {{1:00| 3:00] 7:00]{1:00 | 3:00
AMAM I P.M ] PM.| BM. JA.M.

DAY 1
DAY 2

II. What is the effect of exercise on body temperature?

a)
.
¢)
d)

e)

Take and record your temperature. °

Exercise for 5 minutes.

Take and record your temperature.

Rest for 5 minutes.

Take and record your temperature.

I1I. Does smoking affect fingertip temperature?

a)

b)

146

Have several smokers and nonsmokers
hold a thermometer in their finger- SMOKERS NON SMOKERS
tips. Record the temperature. ! e &
Iz there a difference between the 2 7 2 7
fingertip temperatures of smokers
3 8 3 8
and nonsmokers? _
& 3 [y g
£ 0 8 )
AVERAGE AVERAGE (

IDEA FROM: Physiological Adaptation, Inquiry into Biological Science, and Well-Being, Probing the
Natural World, Level |1, Intermediate Science Curricutum Study

Permission to use granted by D. C. Health and Company, American Book Coempany, and Silver Burdett
General Learning Corporation




SPY ON THE EYE

Materials Needed: C(Clock with a second hand

Activity:

(L)

(2)

(3)

(4)

(5)
(6)

2 secretive, spying students

For 1 minute count the number of
blinks your partner makes and record
blinks per minute in the table. Ask
your partner to blink in a natural
way.

Have your partner find your rate of
blinking.

Move to a bright area-—mnear the
window, near a lamp, in the sun-
shine-—and find out if the blinking
rates increase.

Secretly find the blinking rate of

4 other students, 2 girls and 2 boys.

Record.
Do the same for your teacher.

Find and record the blinking rate
of someone wearing contact lenses.

f ‘;5
RS YA SNV
e £
& “5? ‘FS: \\% . \<£2/

bpm

bom |bpm|bom tbpm [opm [bom |bpm |opm

(7
(8)

(9)

(10)

1s there any difference in the blinking rate of boys and girls?

Is the blinking rate of the student wearing the contact lenses

faster than the other rates? Why?

Use your blinking rate to find the number of blinks you will make

in a day? a vear?

If your eyelids move 2 cm in a blink (1 cm in closing and 1 em in
opening), how far will your eyelids move in a day?
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I. To measure vour angle of peripheral wvision:

1)

2)

3)

4)

5)

II. %Yo

1)

2)

3)

4}

5)

RODS SHOULD BE SEEN
LIKE THIS.

Tape one end of a l-metre piece of string to the flioor.

Use a piece of chalk and the string and draw part of a circle.

Stand on the tape and have one partner stand at the other end of the string
holding card 1. Another partner, holding card 2, moves around the circle.

You must face person 1, stare at card 1 and tell the second partner to stop when

you no leonger can see card 2.

Measure your angle of peripheral vision with a protractor.

test depth perception:

Arrange two dowel rods as shown
50 they can be seen against the -
background card. -

Have a partner move rod B until

it appears even with rod A.
Measure the distance between the
rods as shown and record.

Test first with the right eye
only, then the left eye only,
then both eyes.

Position the card close to your
face so only the middle of the

CLOTHESPIN
rods can be seen (see below).

DISTANCE BETWEEN
A AND B (IN om)

TesT ) | Test 2|averace IR

IDEA FROM: [Investigating Variation, Intermediate Science Curriculum Study

Parmission to use granted by Silver Burdett General Learning Corporation
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LOSING GORSS

Students have surely been exposed to the term calorie. Since many students are
experiencing a growth period in grades 5-8, the study of calories and diet seems very
appropriate. Scientifically, a calorie is a unit used to measure the amount of heat
needed to raise 1 gram of water 1 Celsius degree. The relationship is described by
calories = grams of water x change in temperature (Celsius degrees). Most science books

can provide exercises involving the above relationship. Probing the Natural World,

volume 2, gives an experiment that students can do to approximate the number of calories
in five mini-marshmallows.

The unit of measure used when dealing with the calories in food is called a large
Calorie. It is equivalent to 1000 calories (kilocalorie) or the amount of heat needed
to raise the temperature of 1000 grams (1 kilogram) of water 1 C°. These kilocalories
are indicated by using a capital C (Calorie). The following chart shows a sample of the

average daily Calorie needs.

CHRILD GIRL. BOY WORMAN NMAN
MODERATELY | VERY MODERATELY |VERM
Ace 0-12 1R-14 11518 [H2-14 1518 INACTIVE ACTIVE ACTIVE INACTIVE ACTIVE ACTIVE

CALORIES |2000 {2200 [2600 |2600 3000 | 2000 2400 3000 | 2400 3000 L4500

Have students keep a diary of their meals for one week. Record Calories per meal
and per day to determine if they are getting too many, too few or the appropriate number
of Calories., The charts below give the Caleries for various foods., For unlisted foods
students may have to consult a diet book. It is important for students to realize that

proper eating does not mean just counting Calories. Such things as vitamins and minerals

are also important.

IDEA FROM: Modern Science Earth, Life, and Man, by S. S, Blane, A. S, Fischer, and O, Gardner,
Copyright® 1971, by Holt, Rinehart and Winston, Publishers.
Well-Being, Probing the Natural World, Levet 111, Intermediate Science Curriculum Study.
Permission to use granted by Holt, Ringhart and Winston, Publishers, and Silver Burdett General Learning
Corporation 149
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GCAINING -

LOSING GRG%38s

(PAGE 2)

Food Measure Calories Food Measure Calories
Beverages Raisin 1 slice 65
Apple juice I cup 120 Rolls, sweet 1'med. 135
Coffee, black 1 cup 0 Rye 1 slice 57
Cocoa 1 cup 234 Walffle (no syrup) 1 (4 sq.) 120
Cola drinks I plass 105 White 1 slice 64
Cream (heavy) 1 thsp 50 Whole wheat 1 slice 55
Milk, choc, 1 cup 185
Milk, skim I glass 90 Cereals
Milk, whole 1 glass 165 Bran flakes 1 cup 117
Milk shake 1 glﬂ.SS 340 Cooked cereals 1 cup 165
Orange juice 1 cup 105 Corn Flakes Icup 96
Tea I cup 0 Grape N}:ts I thsp. 28
Tomato juice P eup 50 P\Fﬂ‘eé Rm‘? Peup 33

Rice Krispies 1 cup 133
Cakes, Pies, ete. ——
Angel-food cake 2" wedge 110 Fruits and Nuts
Brownies 1 piece 100 Almonds toup 850
Chocolate layer Apple b med. 73
cake, fudge frost. | 1 slice 350 Applesauce Feup 14
Cookies I large 120 Apncot! I large 18
Cupeake, iced I med. 185 Avocado I med. 360
Doughnut, cake 1 med, 135 Banana 1 arge 119
Doughnut, jelly I med. 185 Berries I eup 73
Pie, apple 4 wedge 135 Cantaloupe 4 med, 60
Pie, pecan 3 wedge 370 ,Crar;berr}" Sauce 4 cup 225
' Dates, dried 3-4 dates 115
Main Dishes Fruit cocktail 1 cup 60
Baked beans-pork % cup 240 Grapefruit 3 60
Chicken pie 4) diam. 535 Grapes sm. bunch 55
Hamburger & bun I med. 315 Orange 3 60
Hot dog & bun I med. 270 Peach f med. 35
Macaroni & cheese 4 cup 350 Peanuts {roasted) 1 cup 805
Pizza, serving 1 med. 185 Pear 1 med. 50
Rice, boiled 4 cup 100 Pecans 1 cup 750
Soup, creamed 1 cap 133 Plum 1 med. 35
Soup, navy bean 1 cup 176 Pranes, dried 4 large 115
Spaghett } cup - 260 Raisins feup 15
Stew (meat-veg.} 1 cup 252 Strawberries 1 eup 55
Breads, ote Walnuts i cup 655
Biscuit 1 60-85 Watermelon 1 slice 45
Cornbread 1 slice 100 Dairy Foods
Crackers, saltine 2 med, 35 Butter 1 thsp 100
French toast Cheese 1 cube 1o
(no syrup) 1 slice 140 Cheese, cotlage 2 thsp 30
Melba toast I slice 20 Ice cream, vanilla 1 cup 145
Muffin 121 100145 Sherhert 4 cup f30
Pancake (no syrup) 14 60 ‘

TABLE FROM: Well-Being, Probing the Natural World, Level 111, published by Silver Burdett Company.

TABLE (CONTIMUED)

Permission to use granted by Silver Burdett General Learning Corporation
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GAINING -
LOSING

(PacE 3)
Food Measure Cailorics Food Measure Calories
Meat, Fish, Poultry Vegetables
Bacon 2 slices 100 Asparagus 6 spears 22
Beel, roast I slice 75 Carrots, cooked § cup 20
Eggs i med. 80 Carrot, raw I sm. te med. 25
Fish 3oz 135 Carrot-raisin sal. 3 thsp 150
Fishsticks 3oz 170 Celery 2 sm. stalks 3
Frankfurter I med. 155 Coleslaw 4 cup 60
Ham (lean) 2oz 125 Corn 4 cup 85
Hash 3oz 120 Corn on the cob i ear 84
Lamb [ chop 140 Green beans 3 cup 15
Liver 3oz 195 Green leafy veg. jcup 20
Luncheon meat 2 slices 165 Lettuce (head) 4 med. 15
Pork I chop 250 Lima beans Leup 90
Sausage i link 90 Peas 3 eup 60
Steak oz 250 Pickle, dill 1 large 15
Tuna, canned 1 cup 115 Pickie, sweet 1 22
: Potatoes,

Candy French fried 6 pleces 90
Candy bar, avg. I sm. 130 Mashed 3 cup 65
Candy, hard I 36 Salad i cup i85
Cararel ' i 50 Sweet gcup 85
Fudge, plain I sq. ts White, baked t med. 80
Marshmaliows t 25 Radish i 1
Mints or patties I 40 Squash 1 cup 55
Miscellaneous Tomato I sm. to med. 25
Catsup [ tosp 20 Salad Dressihgs
Gravy 2 thsp 33 French I thsp &0
Jam, syrup, honey I thsp 60 talian I thsp 85
Jello 4 cup 50 Mayonnaise I thsp 10
Peanut bi}tier 2 thsp 190 Russian 1 tbsp 100
Potato chips 10 med. 115 Roquefort i thsp 100
Popcorn, Thousand Island | 1 tbsp 50

lightly buttered $cup 35
Sugar I tsp e
Vinegar 1 tsp 0

TABLE FROM: Well-Being, Probing the Natural World, Level HI, published by Siiver Burdett Company.
Permission 1o use granted by Silver Burdett General Learning Corporation

151



GAINING
LOSING (

(Pace 4)

Calories that aren't used up as heat in the body cause a gain in mass. Many dif-
ferent types of diets try to cut down on the number of Calories eaten while trying to
increase the amount of activity to use up extra Calories. Having a mass that is above
average is becoming a serious health problem for Americans. Medical authorities clas~-
sify anyone whose mass is 10 to 19% above the average as "overweight" and anyone whose

mass is 20% or more above the average as obese. These authorities estimate that about
s

A

50% of all Americans are "overweight' and 33% are obese. You may want your students to
determine whether they are under average, average, or over average. Certainly some stu-
dents may be sensitive about this subject.

Growth charts for boys and girls with ages from 10 to 17 are shown on the next page.
The average is indicated by the solid line with the band between the two dashed lines
indicating the average range, The bands above and below the dashed lines indicate the
tall, short, heavy and light ranges,

The following chart shows the death rate for men according to their age and mass.
The rates for women are slightly lower than those shown for men. For example, the index 1\
for a short, under 40, 27 kg over average man is 1.90. This means he is almost twice as
likely to die as a short, under 40, average man. The statistics show that it is probably

better to be a Little under average.

" AGES UNDER 40 AGES 40 AND OVER

MASS SHORT [MEDILM | TALL |SHORT [MEDIUM [TALL
18 kg UNDER AveragE | 1.15 1.5 —— 1.20 .00 1,00
9 kg UNDER AVERAGE| ©.95 | 0.90 | 090 | 100 | 0.95 | 0.95
Okg AVERAGE .00 .00 | 1.OO | 1.00 oo | 1L.OO
okg OVER AVERAGE 3'.15 110 t1o | 120 i.20 s}
i8kg OVER AVERAGE | (.35 1.25 | 1.25 | 1.35 L3O | )1.25
27 kg OVER AVERAGE | |.90 1.45 LAS 1.8O 1.50 i, 45

152 Permission to use granted by Silver Burdett General Learning Corporation
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Different activities require different numbers of Calories; in general the more
strenuous the activity, the more calories needed. The following chart gives the average
Calories needed for kilogram of body mass per hour. Students can chart the activities
they go through on a typical day and determine the number of Calories needed for those
activities. Some unlisted activities will need to be compared with a similar one on the
chart. They can also compare the number of Calories needed to the number of Calories

actually eaten.

Calories Used
Rounded Time | (per kilogram of Body Mass
Activity (in hours) | body mass per h) | (in kilograms) | Calories Used
Bicycling (fast) 7.5
Bicycling (slow) 2.4
Dishwashing 1.1
Dressing and undressing o7 :
Eating o | <
Playing Ping-Pong 4.4
Running 7.3
Sitting quietly A
Sleeping A
Standing A
Studying or writing LA
Swimming 7.9
Tennis 6.6
Typewriting rapidly 1.1
Vielin playing o7
Volleyball 5.5
Walking 2.0
Work, heavy 5.7
Work, 1dight 2.2
Total Calories Used per Day

TABLE FROM: Well-Being, Probing the Natural World, Level 11, published by Sifver Burdett Company. ( |
Permission to use granted by Silver Burdett Generai Learning Corporation ‘
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Various parts of the

The figure shows a person that has a mass of 60 kilograms.
Determine the percent of the whole body

body are labeled with the mass of that part.
Then use these percents to find the mass of the same parts

that each part represents.

of your body.

B .

o

M e =T

Permission to use granted by Silver Burdett General Learning Corporation
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1. Weigh yourself and measure your height.

v () TYPE

2. <Change your weight to kilograms.
1 pound = .45 kilograms.

3. Change your height to centimetres.

(l inch ==

4, Use the chart to determine your body type.

— ___ pounds

2.5 centimetresv

inches

45 kilograms _

| pound

-

— Mass in kilograms —EEEEEENL NN BN EUNEN NN

H e'acjhi' in Centimetres

Height in centimetres GROWTH CHART FOR GIRLS
1O VYrs. i1 Yrs. 12 Yrs. 13 VYrs 14 Yrs. 15 Vys.
Ta li 143-155 | 153-163 | I57-168 | 162-170 | 162- 173 | 184-173
¢ Average | 134-142 | 140-152 | 147~156 | |B2-16l | 154~(6) |156~-183
Short 125-133 1 (30-139 [ 135-146 | 140-151 | 146-153 | 147 -155 |
Heavy A40-52 45-59 49-63 55-68 57-7 60-72
41 Averoge | 29-39 33-44 36-48 4\~ 54 45-56 | 477- 59
Light 23-28 25-32 | 28-35 -40 36-44 39-46 ||
 Mass  in Kilograms

GROWTH CHART FOR BOYS

5. Sue is 15 years old, weighs 127 pounds, and is 5 feet, 7 inches tall.
a) Find hér mass in kilograms. :

b} Find her height in centlmetres

¢) What is her body type?

(Hint.

12 inches =

1 foot)

6. John is 11 yeaxs 0ld, weighs 65 pounds, and 15 53 inches tall.
a) Find John's mass in kilograms. e ih
b) Find John's height in centimetres. Elﬁ"i
e¢) What is his body type? FrTin L EETT

7. TFred is 14 vears old, welghs 120 pounds, and is 65 inches tall,
Guess his body type. e
Check your guess by changing Fred s measurements to metric,

156

10 Yrs. I Yrs. 12 Yrs. 13 Yrs. 14 Vs, {5 Yrs.

(1 Tall (49- 155 |149-163 |I57-168 | 162-178 | 169-183 | 169- 185
{|Average [ 134-148 | 139-148 | 142-156 |149-1Gl | 154-168 | 159-168
Shovt [[125-133 | 130-138 [133-14] |138-148 | 143-153 | 148-158

[ Heavy 38-52 | 43-57 | 48-63 | 50-70 6\-75 G7-78
“|Average | 30-37 | 33-42 | 38-47 39-49 | 45-60 | 49-66
Light 23-29 27-32 | 29-37 31-38 34-44 | 40-48

/,-«\_




BODY COUNTING SYSTEMS

BODY COUNTING SYSTEMS OF NUMERATION ARE USED BY A LARGE NUMBER
OF PAPUAN AND NEW GUINEAN GROUPS., EACH NUMBER IS INDICATED BY THE
COUNTER POINTING TO, TOUCHING, OR CALLING THE NAME OF A BODY PART,
MOST SEEM TO HAVE AN ODD NUMBER AS THEIR BASE WITH THE SAME BODY
PARTS ON EITHER SIDE GF THE NOSE OR FOREHEAD BEING INDICATED (IN
REVERSE ORDER) ON THE WAY UP AND THE WAY DOWN., -

THE EAST AND WEST KEWA SYSTEM WHICH USES BASE !/ 1S GIVEN BELOW:

1 little finger
2 ring finger
3 middle finger
4 index finger
5 thumb

6 heel of thumb
7 palm

8 wrist

9 forearm
10 large arm bone
1l small arm bone
12 above elbow
13 lower upper arm
14 upper upper arm
15 shoulder

16 shoulder bone
17 neck muscle
18 neck

19 jaw
20 ear
21 cheek
22 eye
23 inside corner of eye

between eyes

24

IN THIS SYSTEM YOU SHOW NUMBERS GREATER THAN 47 IN THIS WAY:
50 wouLD BE ONCE AROUND THE BODY {(47) AND 3 MORE, OR IN KEWAN THEY
WOULD SAY, "ONE PAAPYU AND MIDDLE FINGER."

IDEA FROM: "The Original Counting Systems of Papua and New Guinea,”” The Arithmetic Teacher,
February, 1971 157

Permission to use granted by the Nationa! Council of Teachers of Mathematics
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THIS 1S A THICKNESS OF HAIR MAGNIFIED 600 TIMES,
. THE OTHER ITEMS ON THE HAIR ARE DRAWN TC SCALE.

DANDELION SPORE OF Conmprop
FIELD  MUSHRoeM

BACTERIA

WATER DROPLET
N FOG

GET A SCIENCE BOOK OR ENCYCLOPEDIA TO FIND THE SIZE AND
SHAPE OF OTHER THINGS: DRAW PICTURES MAGNIFYING YOUR THINGS
IN PROPORTION TO THIS HAIR,

HERE ARE SOME SUGGESTIONS:

1) RED cORPUSCLES

2) VARIOUS SMALL INSECTS (LOUSE, FLEA, =TC.)

3) GRAIN OF SAND (OR ANY OTHER CRYSTALS)

4) ALGAE (VARIOUS TYPES)

5) FUNGI (MUSHROOMS, SMALLER FUNGI)

6) DIATOMS

/)  CELLS (COMPARE HUMAN OR ANIMAL CELLS TO PLANT CELLS)
8) MOLECULES

9) PROTOZOA
13)  viRruses

QUESTIONS COULD COMPARE SMALL THINGS, E.G., HOW MANY
CORPUSCLES WOULD FIT ACROSS THE DIAMETER OF A HAIR?

MAKE A BULLETIN BOARD OF SMALL THINGS,

IDEA FROM:  Arithmetical Excursions: An Enrichment of Elementary Mathematics

Permission to use granted by Daver Publications, Inc.




Materials Needed: Centimetre cubes

Activity:
1) Arvange 4 cubes in each of the ways shown below.

a) b)

c)

2) Use your models or the diagrams above to £ill in the table.

_ SURFACE AREAIVOLUME | 3} If the mass of 1 cube is
MODEL | IN om? N om® e 1 gram, what is the mass
@ of each model?
b .
P a) Lo b)
d c) L d)

4) TDoes the mass of each model depend upon its surface area or volume?

5} Does the amount of paint needed to cover each model depend upon its surface area

or volume?

IDEA FROM: Geometry in Modules, Book B, by Muriel Lange,
Copyright © 1975 by Addison-Wesley Publishing Company, Inc. 159
All rights reserved. Reprinted by permission.



A fly can sit 6:1 the surface of.watef.' A fly covered by water is helpless. (

A person will usually sink. A person covered by water hardly notices it.

a)

b)

c)

d)

£)

160

Does the mass of a fly or a person depend on volume or surface area?

Does the amount of water covering a f£ly or a person depend on volume or surface area?l

The water covering the fly or person is about .05 cm thick., TUse the table to deter—.

(

mine the number of cubic centimetres of water on the fly and on the person,

MASS VOLUME {em?) | SURFACE AREA (em?) fly
FLY | ©g 04 G5
PERSON o 'Kg 80,000 .9675 person

One cubic centimetre of water weighs about 1 gram. How many grams of water are

covering the fly? Ve the person?

The mass of the water covering the fly is about how many times as heavy as the
mass of the fly? s Would the water feel heavy to the fly?
The mass of the person is about how many times as heavy as the mass of the water (

covering him? e Would the water feel heavy to the person?

IDEA FROM: Geometry in Modules, Book B, by Muriel Lange,
Copyright @ 1875 by Addison-Wesley Publishing Company, inc.
Ali rights reserved. Reprinted by permission.”
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SHOOTRH?

Materials Needed: Centimetre cubes

Activity:
1} Build each of the models shown below.

a) b) c) a)

2} a) Which model is the "smoothest?"

b) Which model is the "bumpiest?"

3) Use your models or the diagrams above to fill in the table.

4) Does the "bumpiness" of a

SURFACE | VOLUME
MODEL. | AREA (C?) [(am3)

model affect the surface

area or volume of the

o model?

b

e 5) If each of the models above

o wag an animal, which one would

need the most oxygen?

6) If each of the models was an animal that breathed oxygen through its skin, which

has the most skin to take in the most oxygen?

IDEA FROM: Geometry in Modules, Book B, by Muriel Lange,
Copyright © 1975 by Addison-Wesley Publishing Company, Inc.
All rights reserved. Reprinted by permission, 161



FRGNSTE L.

An earthworm absorbs oxygen for its cells through its skin. If a large earthworm

and a small earthworm have the same shape, which one do you think will be able to

more easily absorb the oxygen it needs?

Suppose the earthworms shown have the dimensions given.

Length = 6 cm Length = 12 cm
e Surface _ 1y o2 I bl dbagad bl bl L LG Surface 00 2
Area Area
Volume = 2 cm3 Volume = 16 cm3
1Y a) The length of the large earthworm is 5 times as long as the small
earthworm.
b) The surface area of the large earthworm is ' times that of the small
earthworm.
¢) The volume of the large earthworm is ; times that of the small earthworm.
2) How many square centimetres of skin provide oxygen for each cubic centimetre of (
volume
a) for the small earthworm? . b) for the large earthworm?

3) Give the surface area and volume of an earthworm, similar in shape to the ones
above, that has a length of 18 centimetres.

a) Surface area PR e b)Y Volume

¢) How many square centimetres of skin provide oxygen for each cubic centimetre

of volume?

4) Which of the three earthworms would have the hardest time absorbing enough oxygen?

3) Supprose there was a monster earthworm that was 100 times as long as the small
earthworm.
a) 1Its surface area would be
b) Its volume would be

¢) How many square centimetres of skin would provide oxyvgen for each cubic unit
of volume? '

6) Is it likely such a monster earthworm could exist?

IDEA FROM: Geometry in Modules, Book B, by Murie! Lange,
162 Copyright @ 1975 by Addison-Wesley Pubtishing Company, Inc.
All rights reserved. Reprinted by permission.




The physical traits that an individual has are inherited from his parents. Traits
are determined by a combination of gene groups-—one gene group coming from each parent.
Eye color can be used as an example. Each parent possesses a gene group with two parts
called alleles that are related to eve color. Biologists use an upper case B to indi-
cate the allele for brown eyes and a lower case b for the allele for blue eyes. For eye
color the B allele is dominant over the b allele, so a combination of Bb will produce
brown eyes. The following shows the possible allele combinations and the color of eyes

that will be produced.

BB - brown eyes bb - blue eyes
Bb - brown eyes bB - browneyes

These last two (Bb and bB) indicate the same combination. Biologists usually write
the upper case letter first. BB and bb are called pure combinations because both alleles

! of the combination are the same. Bb is called a hybrid combination.

The combinations that are possible are often shown by using a grid. For this first

example one parent has pure brown eyes and the other has pure blue eyes.

PURE BROWN
B B

b|Bb | Bb ALL OFFSPRING WILL HAVE Bb COMBINATION WHICH
PURE BLUE PRODUCES BROWN EYES.

Lb{Bb | Bb

Now consider two parents with hybrid brown eyes.
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(conTIvLED)
HYBRID BROWM

B b
ales |ab THE CHANCE OF AN OFFSPRING HAUG
HYBRID BROWN PROWN EYES 1S 3 OUT OF 4 OR 75 %.
TUE CHANCE OF GETTING BLUE EYES (S
b|8b | bb | OUT OF 4 OR 25%.

The second example will help to explain two terms, genotype and phenotype. Genotype
refers to the combination of the allele pair so BB and Bb have different genotypes.
Phenotype refers to the visible trait; BB and Bb both produce brown eyes so the pheno-
type is the same. The genotype ratio for the second example is 1:2:1 (1 pure brown to

2 hybrid brown to 1 pure blue). The phenotype ratioc is 3:1 (3 brown eves to 1 blue eye)

The inheritance of physical traits and the use of grids as a model can be used to
study ratios, probability, percents and fractions. The observations of how many students
have a particular trait, say brown eyes, can be used to collect and analyze data. Sta-
tistics among various classes could be used to compare data or could be combined to make (
a larger sampling group. Conjectures like "most people of Scandanavian descent have blue

eyes" can be tested and verified or discarded.

Tree diagrams illustrating the "passing down" of traits from parents to offspring can
be used as a problem-solving situation. As a very simple example, what genotype could
this father have?’ ~° ~ What genotype could the mother have? ~* The number of blue

and brown eyes among the offspring indicates what probable genotypes?

MALE

O FEMALE

The pages that follow are some ideas and activities that can be used with students.
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ANALYZING
- TRAITS

The following are some physical traits that can be observed. The first example
illustrates some of the activities that can be done. Similar types of activities
could be done with the remainder of the traits.

Are you a taster or a nontaster? A harmless chemical called PTC* (phenylthio~
carbimide) can be used to test this trait. A small strip of paper soaked in PTC can
be given to each student. Tasters will probably experience a bitter taste, while
nontasters will experdence nothing. (It might be wise to have some candy available
to counteract the bitter taste. Let the nontasters have some, also.) Have students
tabulate the results and find the percent of the class that are tasters. About 70%
of Caucasians are tasters, while about 90% of Blacks are tasters.

Tasting is dominant (a Tt combination will be a taster) over nontasting, so the
three possible genotypes would be TT, Tt and tt, while the phenotypes would be tasters
(IT or Tt) and nontasters (tt). Grids could be drawn to show some possibilities.

Percents, ratios or fractions could be emphasized.

T T T + T 4

TT
Tt
X 1
100% tasters 3:1 ratio of 5 tasters
FAVAVAAN tasters to 1
50% genotype TT nontasters E'nontasters
/\N\/\ /\A/\/\
50% genotype Tt 1:2:1 ratio of i
genotypes TIT, E—genotype Tt
Tt, tt

'% genotype tt

*Add 650 mg of phenylthiocarbamide to 1 litre of water., Boil to dissolve the
chemical. Allow the solution to cool. The chemical or prepared PIC strips can be

purchased from most suppliers of biological or chemical materials.

The following is a tree diagram of several families. For each,mark in the
possible genotypes TT, Tt or tt.

ADAPTED FROM: Children and Ancestors in Action Biology Series by Stanley L. Weinberg
and Herbert [, Stoltz, Copyright © 1974 by Aliyn and Bacon, Inc
Used by permission of Allyn and Bacon, Inc,

Genetic Continuity, and Why You're You, intermadiate Science Curricuium Study, 165
Permission to use granted by D. C. Heath and Company, and Silver Burdett General
Learning Corporation.



ANALYZING
TRAITS

{
\_._
(Pace 2)
[]-mate
- LR
(O-Fem TASTER NON
[ ] ] !
TASTER TASTER y TASTER NOM NON NON
i i
TASTER TASTER
PERCENT PERCENT
CROUP TASTERS NON TASTERS
U.S. WHITE ~0 30
U.S. BLACK al o
AFRICAN BLACK. o6 4 p
ENGLISH 70 a0 (
CHINESE o4 @ )
AMERICAN INDIAN G4 [

ESKIMO 51 49

Other traits which could he studied include:

a) attached earlobes——unattached earlobes.

b} tongue rollers——nontongue rollers.

ATTACHED

UNATTACHED

ADAPTED FROM: Children and Ancestors in Action Biology Series by Staniey L. Weinberg
and Herbart J. Stoltz, Copyright © 1974 by Atlyn and Bacon, Inc.

Used by permission of Allyn and Bacon, Inc.

Genetic Continuity, and Why You're You, Intermediate Science Curriculum Study.
Permission to use granted by D. C. Heath and Company, and Silver Burdett General

166 Learning Corporation.




ANALYZING
TRAITS

(Pace 3)

¢) hitchhiker's thumb--ability to bend
top part of thumb back to almost a
vight angle with rest of thumb,

d) widow's peak-—hair grows from a
point in the middle of the fore-
head.

e} clockwise~~counterclockwise
direction of hair whorl on
the back of the head.

£) wupper teeth gap~-a small gap
between the two front teeth.

Other examples can be found in most biology or genetics books,

g
¥

For each example

students could try to discover the dominant trait by investigating tree diagrams of

their families.

ADAPTED FROM. Children and Ancestors in Action Biology Series by Stanley L, Weinberg
and Herbert J, Stoltz, Copyright © 1974 by Allyn and Bacon, Inc.
Used by permission of Allyn and Bacon, inc.

Genetic Continurty, and Why You're You, Intermediate Science Curriculum Study.
Permission to use granted by D. C. Heath and Company, and Silver Burdett General
l.earning Corporation.
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3, modaf for /
mheritance

For this activity students will need at least 20 centimetre squares from colored

plastic and 20 centimetre squares from clear plastic. Put each set into an envelope or

small bag.

The colored squares (let's use red) can represent the dominant color (R) of an
imaginary animal and the clear squares represent the recessive color (r). To perform
a cross have a student draw a square from each bag. Record the allele combination.
Put the two squares together and look towards a light source. Record the color seen.
Repeat the drawing several times. The results should always be a Rr genotype and a

red phenotype. = R

The grid loocks 1like this. Students should

realize that this cross between a pure dominant Y| Ry | Rr

trait and a pure recessive trait yields 100%

YiRr | Rr

hybrid domimant traits.

_ - To continuezplace.an equal number of red and clear squares in each bag. This (
. simulates the allele combination for hybrid red color. Have students draw a square
from each bag and record the combination and color. By repeating the procedure many

. times the results should approximate those shown in the following grid.

R v

R|RR |RYr PHENOTYPE RATIO OF 3 REDDS TO | WHITE.
GENOTYPE RATIO OF t PURE RED TO 2 UYBRID
RED TO | PURE CLEAR.

A similar type of simulation can be done using two coins and letting heads (H)
represent the dominant color and tails (h) represent the recessive color. The
probable outcomes of tossing two coins is~% HH,"% Hh and~% hh which agrees with the

allele combination for a trait.

IDEA FROM: Modern Life Science, by F. L. Fitzpatrick and J. W. Hole,
168 Copyright ® 1970 by Holt, Rinehart and Winston, Pubiishers

Permission to use granted by Holt, Rinehart and Winston, Publishers




WHAT TYPE
ARE YOU ?

Blood type falls into four categories AB, B, A and 0. These letters refer to certain
antigens that are attached to the cell walls of red blood cells. Two of these are
antigen A and antigen B. A person with blood type AB has both antigen A and antigen B.
Type B blood has antigen B; type A blood has antigen A; and type O blood has neither
antigen A nor antigen B. Antibodies are substances in blood plasma which react with the
antigens to cause clotting. A method for determining blood type involves adding antibody
A and antibody B to two blood samples and then observing the clottlng reactions that take
place. The figures below illustrate the process.

ANTIBODY A ANTIBODY B} JANTIBODY A ANTIBODY B| JANTIBCDY A ANTIBODY B| [AMTIBODY A ANTIRODY B

ANTIBODY A CAUSES ANTIBODY B CAUSES BOTH ANTIBODIED CAUSE  MEITHER ANTIRODY CAUSES
CLOTTING SO BLOCOD CLOTTING 30 BLOOD CLOTTING 80O BLOOD CLOTTING 30 BLOOD 1%
1S TYPE A, 15 TYPE 6. TYPE 15 AB. TYPE O.

It may be possible to get the necessary equipment for determining the blood type of
the students in your class from the school nurse, a high school biology teacher or the
local Red Cross Bloodmobile office. Parental permission should be obtained before doing
this activity. If your students find their blood types, determine the percent of the
class that is in each blood group. If possible, combine the data from several classes.
The percents below show the percents for Caucasians in the United States. (Statistics

from Lane Memorial Blood Bank, Eugene, Oregon.) Students could research how the percents
vary in other races

AB - 4% B-10% A- 42% O-44%

For transfusions it is important to know blood type. Type AB contains no anti-
bodies; tvpe B contains antibody A; type A contains antibody B; and type O contains
both antibody A and antibody B. If a person received a transfusion of the wrong type of
blood, the antibodies would react with the antigen to cause clotting which would clog
the capillaries and circulatory failure would occur. The following chart shows which
types of Llood can be used for transfusions. Students may be able to determine the
results from their knowledge of antigens and antibodies.

TYPE | CAN RECEWE

THUS  TYPE AB IS CALLED THE

A; QBAB UNIVERSAL DONMOR  AND TYPE O
? 19 CALLED THE UNIVERSAL

A A; AB RECIPIENT.

Q A, B, AB,O

ADAPTED FROM: Children and Ancestors in Action Biology Series by Stanley L. Weinberg and
Herbert J. Stoltze, Copyright © 1974 by Aliyn and Bacon, [nc.

Used by permission of Allyn and Bacon, Inc.
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WHAT TYPE
ARE YOU ? |

(conTINvED) .

Since blood type is an inherited trait, grids can be drawn to show the process.
The genotypes ate shown below with two examples of combinations that could occcur.
Notice that both antigen A and antigen B are dominant over the lack of antigens (type 0).

TYPE | GENOTVPE @b&%ﬁmk\) A O B O
AB AB
Al AA |AO Al AB | AO
B | BB OR B8O
A | AAoR Ao
Q| AO | OO G| BO | OO
S oa
EXAMPLE 1 EXAMPLE 2

In Example 1 a child would have 3 chances out of 4 (75%) of getting type A blood and
1 chance out of 4 (25%) of getting type O blood. In Example 2 a child would have 1
chance out of 4 of getting any one of the four blood types.

Think about questions such as these:

What blood type could a child have if both parents arxe type 07 (
What blood type could a child have if both parents are type A?

What blood type could a child have if one parent is type A and the other is
type 07

What blood type are the parents if the chances of a child having type B is 75% and
having type 0 is 25%7 L

What blood type are the parents if th@ chances of a child having type AB is 100%?

Students may find it interesting to make a tree diagrém shoWing the blood‘ﬁyPes'bf
brothers, sisters, parents, grandparents, etc.
As an extension students could investigate the number of blood groups that would

be possible if there were an additional antigen, say antigen C., Graphics representing
the eight possibilities could be drawn.

Q0 0% ﬁﬁ OD 9% NI pP aoo“ ﬁb oog“ p @Q
ogo) (eny) (o< > X 0) (o .
YY) @) DY)
TYPE ABC TVYPE AB TYPE AC TYPE BC
@Q °° by °a°° i é"{) °° ° aaq °a & @ N oo o c’u )
C)Q o b aﬂapc Cﬂ oooue. S :00 ] o°¢ “a e O‘:;C’ ooc: o
-
TYPE A TYPE B TYPE C TYRPE O {

ADAPTED FROM: Children and Ancestors in Action Biology Series by Stanley L, Weinberg and
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JUST LIKE PEAS
IN A RLID

The science of genetics or inherited traits was first systematically studied
by a monk named Gregor Mendel in the 1850's and 1860's. He did his studies using the
common garden pea. Mendel studied seven traits which are listed below.

DOMINANT RECESSIVE Mendel first crossed a pure
dominant trait with a pure reces-—
1} SEED SHAPE ROLND (R) WRINKLED (¥ )| sive trait. As the grid shows,
2) SEED COLOR VELLOW (¥) |erEEN (4) all offspring would be hybrid.
3)SEEDCOAT COLOR | COLORED (€) |WHITE (o) R R
L4YPOD SHAPE INFLATED (T) JWRINKLED (i) AL SEEDSD el e | v
5) POD COLOR GREEN (8) YELLOW (9) WOLLD SHOW
A ROUND SHAPE.
G) FLOWER POSITION |ARKIAL (A) TERMINAL () A e o
" r Y
T) STEM LENGTH LONG (L) SHORT (1) R \s
Mendel then crossed two plants grown from these RR | Rr
hybrid seeds. The offspring occurred in a ratio
of 3 round seeds for every 1 wrinkled seed as is R
shown in the grid. s Yy

The table below shows the results of Mendel's experiments. Students could be given
the first four columns of the table and asked to determine the actual ratioc to see how
cloge the data comes to the expected 3:1 ratio.

Mendel's Results With Garden Peas
Actual
Ratio

2.96:1

Purebred Cross Of fepring Hybrid Cross Offspring

5474 round
1850 wrinkled
7324 total

6022 yellow
2001 green
8023 total

705 colored
224 white
929 rotal

882 inflated
229 wrinkled
1111 total

1. round x wrinkled seeds all round round x round

2., vyellow x green seeds all yellow yellow x yvellow 3.01:1

3. colored x white seed coats all colored colored x colored 3. 15:1

4. inflated x wrinkled pods all inflated inflated x inflated 2.95:1

3. green x yellow pods all green green x green 428 green 2.82:1
152 yellow

380 total

651 axial
207 terminal
858 total

787 long 2.84:1
277 short
1064 total

6. axial x terminal flowers all axial axial x axial 3.14:1

7. long x short stems all long long x long

IDEA FROM: Why You're You, Intermediate Science Curriculum Study, and /nquiry Into Biological Science
Permission to use granted by Silver Burdett General Learning Corporation and American Book Company
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JUST LIKE PEAS
IN A ROD (

( CONTINUED )

Mendel extended his work to experimenting with crossings involving two traits. The
following grid shows a cross between pure round seeds and hybrid green pod color (RRGg)
with pure wrinkled seeds and pure yellow pod color (rrgg). Using one allele from each
trait, the pairings from the first parent would be RG, Rg, RG and Rg. From the second

parent the pairings would all be rg.

EQ(; gzca F2(5 EZC} _ The cross involving the seed shape will
yield all hybrid round seeds. The cross

‘,.9 Qi"Gg qug l?rGg quq involving the pod color will yield "32'“

hybrid green and %-pure vellow. So,

the cross will vield %—round seeds with

rg QY’Gq QY‘qg QYGq quq green pods and %‘- round seeds with yellow

pods. Thinking in terms of probability,

the chance of getting round seeds is 1.

g Q.Y’Gq quq QYGQ quq The chance of getting green pods is ;—.

2
So the chance of getting round seeds and .
' . 1 1 (
green pods is 1 x E-or-f.

ryg |RrGqg |Rvqgq Rqu Ergg

RA Ra. YA ‘e’

A cross between two plants each having

hybrid round seeds and hybrid axial RA | RRAA RRAG [RrAA |RBrAa

flowers should yield 9 chances out of

16 or-% x-% for round seeds and axial SRR T I
% ~ P ~\
flowers, 3 chanceg out of 16 or —2 x—i—'— Ro. | RRAG (\QQCLQ) RrAa ‘\@‘faﬂ;)

for round seeds and terminal flowers,

3 chances out of 16 or l*x-é for

4 4 Yy A |RrAA |RrAc. ﬁ’rAA rrAa)

wrinkled seeds and axial flowers, and

1 chance out of 16 or‘% x-% for wrin- f
: - i

kled seeds and terminal flowers. 2T

. ' Ya. |Rr Ryaao., Q

Examination of the grid confirms these A(l E\H,x’ YYA

figures.

The examples above show how crossings and the assiciated grids can be used for work with
fractions and probability. Ratios and percents could also be used. In the first example (
the ratio of round seeds, green pods to round seeds, yellow pods is 1:1. Or 50% of the ‘
combinations are yround seeds, green pods and 50% are round seeds, yellow pods.

IDEA FROM: Why You're You, Intermediate Science Curricuium Study, and Inquiry Into Biological Science
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CLOSSARY

alleles. Parts of genes., One allele
from each parent combines to deter-
mine a particular physical trait.
The alleles that determine eye color
are usually designated as B for
brown and b for blue.

alveold. Tiny air sacs in the lungs.

antibody.  Substances in the blood
that react with antigens to cause

the blood to clot and to prevent
infections.

antigen. Bits of protein attached to
blood cells.

biorhythm.  Theory that says a person's
life is explained in terms of three
cyclest 1. physical (23 days) 2.
emotional (28 days) and 3. intellec~
tual (33 days).

blood type.  The kind of blood a per-
son has. Can be O, A, B or AB.

calorie. 1. One calorie is the
amount of heat needed to raise the
temperature of 1 gram of water by
one Celsius degree (also called
emall calorie). Symbol: cal
2. (usually spelled with a capital
C) 1000 calories. (also called
large calorie). Symbol: keal; Cal

capillaries.  Smallest part of the
ecirculatory system where the trans-
fer of oxygen from the blood to the
body and the transfer of waste pro-
ducts from the body to the blood
takes place,

cubit. The length from the elbow to
the fingertip. About .5 metres.

depth perception,  Ability to judge
the distance between two objects.

digit. As a measure the width of a
middle finger. Usually a little more
than 1 centimetre.

dominant trait., When paired with a
recessive trait, this is the trait
that will be seen in an offspring,.
In eye color brown (B) is dominant
over blue (b). The combination Bb
will produce brown eyves.

ESP, Extrasensory perception: trans-
mission or reception of stimuli that
occurs without the use of the five
normal senses of sight, hearing, smell,
taste or touch.

Fathom. The distance from fingertip to
fingertip when the arms are stretched
out in opposite directions. About 2
metres,

femun, A bone in the upper leg.

Fibongecti numbars. A sequence of num-
bers where the next number is obtained

by adding the previous two numbers:
i, 1, 2, 3, 5, 8, 13, 21, . . .

genetics.,  The science of studying the
inherited traits and wvariations of
organisms.

genctype. Refers to the allele combi-
nation. In eye color BB, Bb and bb
all have different genotypes.

handedness. A person that uses his
right hand most of the time has right
handedness.

humerus, A bone in the upper arm.
Often called the funny bone.

hybrid trait. A trait where the alleles
are different, such as Bb,

inherited traits. The characteristics
received from parents.

intestines,  Tubes in the abdomen for
digesting food and eliminating waste
products.

Lilliputians.  Tiny people written about
by Jonathan Swift in Gulliver's Travels.
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radius.

BIOLOGY GLOSSARY

lung capacity.  Amount of air the

lungs can hold.

muscle fatigue.  When muscles get
tired from doing work.
navel, A belly button,

offespring.  Children of humans (also
of animals and plants).

palm. The width across a hand, not
including the thumb.

peripheral vision.  Ability to be
aware of objects off to the side
while staring straight ahead.

phenotype.  Refers to the visible
trait. BB and Bb both produce
brown eyes, so thev have the sanme
phenotype.

P, Phenylthiocarbimide. A harmless
chemical used to distinguish tasters
from nontasters, a trait inherited
from parents.

pulse.
minute.

Number of heavtbeats per

pure trait., A trait where the alleles
are the same, such as BB or bb..

A bone in the lower arm,

reaction time,  Amount of time needed
to respond to a stimulus,

recessive tratt. Will be seen only
when a recessive allele is paired
with another recessive allele. 1In
eye color blue (b) is recessive, so
the combination bb will produce blue
eyes.

span. The distance from the tip of
the thumb to the tip of the little
finger when a hand is spread out as
far as possible,

tibia. A bone in the lower leg.

lun-vil

trans fusion. Getting blood from
another person.

tree diagram. A sketch that can be

used to show how physical traits are
passed on to offspring.

Han®

O 0O

ultimate height.
will grow.

How tall a person

universal donor, Persons with blood
type AB.. Their blood can be given
to persons with all cther blood types.

universal recipient.  Persons with
blood type O, They can receive all
other blood types.

vilid. Tiny projections in the small
intestine that aid in digestion.

A




INTRODUCTION

to MATHEMATICS AND ENVIRONMENT

Environmental problems have received much publicity in the past few years.
The population increase and indifference to the dwindling of natural resources have
created many environmental problems. Our students must become aware of the chai-
lenges and changes necessary to give all people adequate food, clean air and water;
appealing places to live and visit; and enough materials and energy to maintain a

meaningful existence,

Nirwdr pas 3 .
.
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How is mathematics used in environmental studies? In many ways. Indeed, it is
difficult to imagine a factual discussion about the environment that does not use
mathematics in some way. Measurement techniques are used to determine the type and
extent of water pollution; percents are used to contrast population densities; infor-
mation ahout population sizes are reported with large numbers; order properties are
used to compare populations; and word problems occur in studying the effects of
pests or contrasting the effects of pesticides, Statistical skills are essential
in environmental studies: it is necessary to read and interpret graphs and tables
of information; polling and other sampling techniques are used to obtain data; the
data obtained must be organized and displayed with diagrams and various graphs,
Arithmetic skills, calculators and computers are often used in analyzing environ—
mental information. Problem-solving skills and critical thinking are needed to
identify warious factors of an environmental problem; to decide on techniques to
analyze and solve the problem; and to critically interpret the data and claims of

people, organizations and governmental agencies.
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INTRCDUCTION ENVIRONMENT

The pages in this unit can be chosen for use in a variety of ways: to review
particular mathematical skills, to tie mathematics into an environmental concern,
to permit students some choice in the material studied, to support a short mathema-
tics-gceience "mini-course” or simply to provide additional practice on some topic.
You might prefer to substitute local or more recent data whenever they are availsable.
The '"Mathematics Topics' column in the Table of Contents for the student pages lists

the mathematics involved, This is usually the most advanced work on the page and is

not a description of the only topic used there,

After some "getting started" activities, the first section deals with Populatiom.
Here you will find worksheets and suggested ideas that develop a sense of population
sizes, contrast in population distributions, and relationships between populations
and pellution. The next section on Food deals with interrelationships between living
things; between food supplies and population growth; and with the effects of pests
and pesticides. The section on Air examines sources of air pollution; data relating
to air pollution; and alternate metﬁods of transportation to reduce pollution from
automobiles. In the section on Water ydu will £ind computational and graphing acti-
vities that develop an awareness of water consumption and the necessity of water to

support human life. The section on Land and Resources uses percents and rates to

study.the uses of land and to develop an awareness of the magnitude of litter and of
the limited resources we have abailable to us. The fipal section on Energy uses a
variety of arithmetical skills to study different forms of energy expenditures.

It is likely that the current generations of students will during their 1ife-
times be involved in decisions which determine the ultimate quality and quantity of
life on earth, It seems appropriate that we should show our students how mathematics

can be utilized to help people make those decisions.

P




Students will often be more interested in a topic like pollution when it con-
cerns their immediate environment. The population of foreign countries will not be
as meaningful to them as the population of their own city or town. If a nearby
river ig polluted or is becoming polluted, water pollution is a real concern,

~Start by gathering statistics about the immediate area. Have students help

you find information from the following sources.

Look in the Telephone Book

in the governmental listings under city, county, state and U.S.:

Air Pollution Authority Parks and Recreation Department
Sanitation Department Traffic Engineering

Water Pollution Board Environmental Quality Department
U.S. Forest Service Motor Vehicles Department

Soil Conservation Service Bureau of Land Management

Fish and Wildlife Commissions

in the yellow pages:

Recycling Centers Water Pollution Céntrol
Garbage Collection Air Pollution Control
Engineers: Environmental and Acoustical

Associations (environmental clubs in the area)

Call or write and ask for free brochures, pamphlets or publications that include

statistics in any form, particularly numerical data, tables or charts.

Read Newspapers and Magazines

Collect articles or advertisements that relate to pollution, to the energy
crisis or to other environmental concerns. The information in these materials can
easily be used to make up mathematics questions on a student sheet. A sample of

such an advertisement is shown on the next page.
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MILLIONS OF TONS

ORIGIN RESQURCE RECOVERY DIVISION EPA

225
200
175
150

125

{pAce 2)

What America is doing to reciaim energy and materials from municipal solid waste.

(REVISED 12/74)

GROSS BISCARDRS

\

NET WASTE DISPOSAL

1970 1975 1980 1985 1990

To date, more than 50 U.S. cammunities are planning or actually
operating resource recovery facilities. These facilities are de-
signed o recover some of the $2 billion worth of reusabie mate-
rials in the estimated 150 million tons of refuse Americans wit
discard this year alone. Significant trends are emerging. The chart
at left is based on a recent study by the Environmenial Protection
Agency. It plots the expected growth of municipal solid waste (top

ling) . .. and the projected increase in resource recovery (shaded

area). it shows that in 1871, we recovered only 8% (eight million
tons) of our solid wastes. By 1990, we should be recovering 26%
(58 million tons). And, as the chart also shows, net waste disposa!
could tevel off by 1885 as the increase in recovery equals the
increase in gross discards.

Here is an example of a student question: On the average how much refuse will

each American discard this year, given a population of 215 million people in the

U.5.7

Send for Govermmental and Organizational Publications

Use the list of sources of information at the end of this unit, and write (or

have students write) for documents with statistics or numerical data.

For example, fuel economy information like the following excerpt is available

from the U.S. Environmental Protection Agency,

Fuel Costs
Vehicle Test | Range of | Average 10,000 mi. The table shows miles-per-gallon
Weight (1bs) MPG MPG and 60¢/gal. (MPG) performance and fuel costs for
T : ; vehicles in different weight cate-
2,000 22-29 24 5250 gories. These figures are not indi-
2,250 19-25 21.5 $280 cative of performance during highway
2,500 "17-22.5 | 18.5 $325 driving.
2,750 10,5-24,51 17.5 $340
3,000 9-20 15 $400 The actual fuel economy of ve-
3,500 10.5-20 13.5 8445 hicles will depend on factors such
4,000 6.5-19 10.5 5570 as individual driving habits, the
4,500 7.5-14 9.5 $630 maintenance condition of the ve-
5,000 7-11 9 $665 hicle, the optional equipment
5,500 7-10.5 8 $750 chosen, brand of vehicle and
engine size,

Many student problems can be derived from such a chart and used in a discussion

about the gas mileages of their family cars. The chart could be written with the

fuel costs adjusted for increases in fuel costs or with the units in the metric

system {later government data may use metric units).

C




(PacE 3)
Use Student Pages and Project Ideas

Some specific student pages or projects have been written to show how the
environment can serve as a theme in a mathematics classroom. Start with community
concerns and information and adapt the resource ideas to the local enviromment., A
broader environmental picture will emerge as the projects get more involved, but
start with simple projects.

One activity is to have students look for information in the sources already
discussed. Doing this can be too time consuming for only one person so you might
want to have small groups search together or to narrow the area to be explored.
Statistics will differ, sometimes even with the same source at different times
(many are based on estimates). Good information retrieval and processing skills
will be needed to obtain the most accurate information available and to interpret

the information correctly.

If you plan to draw heavily on an environmental theme, you might wish to make
a transparency of the People Need page or prepare a chalkboard outline. Students
should be asked to contribute their ideas. The major sub-~themes of this unit—
Population (people), Food, Air, Water, Land and Resources, and Energy--should all

Iron

be listed. Suggestions like "houses," "recreation" or "sleep" should be retained

but can be related to Land and Resources, Water or Alr (noise pollution).

If you compose a People Need list, you might invite students (beforehand?) to
write a description of things that could threaten the human race. Many ideas will
strike at items on a People Need list-—and may come appallingly close to describing
events that are already taking place in at least a few locations on earth: starva-
tion, disease spread through water supplies, poisoned air, eroded or sterile land,

lakes and oceans threatened by sewage, oil spills and pesticides, ...

Students could also contribute to a People Don't Need list. No doubt several
suggestions will deal with aspects of the environment--excessive noise, litter,
vermin, excessive packaging, polluted air or water, deteriorating buildings. These
could be categorized under air, water, etc., for our People Need list. You might
wish to tabulate the most common "don't needs" and use them as focal points for
lessons.

You might hand out Word Hunt for a homework assignment and use the environmental

words found (and not found) by the students as a taking-off point.
Or, you might use Envivommental Scorecard early in the year, work with environ-
mental problems during the year and then give the scorecard toward the end of the
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Encircle all mathematical and environmental symbols or words.
horizontal, vertical, or diagonal.
vou can identify 50 words or more,

S E Vv
G N I
D 0 Y
E b I
T b D
E P 0
R L A
G I N
E A ¥
N L R
T I I
5 T 0
0 T T
A E R
P R D
U K E
M A P
R S L
0 R E
T A T
c Y I
A C o
F 1 N

E

L

G

N

Words may be

Some words may be in reverse order.
other than those marked as examples.

P E R E N T I M E

5

A

E

R

T

c

0

Uu M A 13 B A N U N

J I P T E R M S 5

E A& R 1 R C L E E

R Q A J 0 L A I R

@ R ¢ u cC T) uy T V

E E P N K U N I A

DA E K & E I ¢ T

N G E T M T 0 L I

v T I N N 3 N E 0

A G F X0 M U D N

G Y R T i 0 N 0 A

M I N o N G u M R

Y L E R U 0O S E R

0 I T A R F E N U
A Y @ I L D L I EJ)

See if

SQURCE: Pollution: Problems, Projects and Mathematics Exercises, B ~ 8, Wisconsin Department of Public

Permission to use granted by Wisconsin State Department of Publie Instruction

fnstruction
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ENVIPONMENT
CLORE CARD |

Put a check in the appropriate box,

Alwavs Sometimes | Never

1)

2)

3)

4)

5)

6)

7)

8)

E)

10)

11)

12)

13)

14)

15)

i6)

If ¥ don't need to go too far, I walk or ride my
bicycle. I don't ask to be taken in a car.

I never throw trash on the ground. I put it in the
nearest trash can.

I don't make loud noise where it can bother other
people.

I am careful not to waste water.
T don't throw trash in lakes or streams.

I help sort things from the trash that can be
recycled,

I am careful not to waste paper.
I help keep our yard neat and clean.
I pick up litter on my school yard. (

I let my mother know in advance when I need something
washed (like my gym suit).

I don't waste electricity.
I always clean up trash after a picnic or campout.

I don't bother wild animals. 1 leave fhem and their
homes alone.

I take my own plate and silverware to picnics so I
don't waste paper and plastic products.

I remind other people to protect the environment.

I love this earth. I want it to be left nice for
other people.

Scoring: For each "Always" check--3 points,
for each "Sometimes" check--2 points,
for each "Never" check--1 point.

My environment score =

Where can you improve your scotre?

182
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LUMBUTELL HND
THE ENVIEONMENT

Computers can be used in different ways in the classroom, depending on student
background and access to the equipment. The study of enviromment can lead to two
different kinds of student activities on the computer: using simulations and writing
progranms.

Programming requires some understanding of a computer language while simulations
require none. They both enrich a student's learning experience.

Simulation Packages

If a computer terminal is availahle,
find out what programs are already stored
for your use, An example of a simulation
is one from the Huntington II project
called POLUT, The student controls the
type of water, water temperature, type of
waste (industrial or sewage), waste dump=-
ing rate and type of treatment., The out-
put is a graph or table showing the con-
ditions created.

Other Huntington II simulations concerning ecology deal with population growth,
animal extinction and animal and insect control. The programs are written in a com—
puter language called BASIC and are short enough to be used in most school terminals.
Each program can be purchased on paper tape and is accompanied by a student manual,
teacher's manual and resource information. The entire package for each simulation
costs less than $3 and is excellent for anyone, even with no computer background.

The Huntington IT Computer Project materials are available from these two com-~
panies:

Pigital FEquipment Corporation Hewlett Packard Company
Software Distribution Center 11000 Wolfe Road
146 Main Street Cupertino, CA 95014

Maynard, MA 01754

Writing Programs

There are many activities on the
environment that lend themselves to com~
puter usage because of the complex calcu-
lations involved. In some cases, hand
calculators can also be used as a time-
saving device and may be less expensive
than a computer. Some activities may be
done by the entire class, where each stu-
dent finds different statistics but will
use the same formulas and program. The
computer would be quite useful then.
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CUMBUTELL HND
THE ENVIDONMENT

(conTINUED)

One example of a student activity is about automobiles and air pollution. The
student is asked to find the amount of carbon monoxide in his residential district
at various times of the day. The student must find information on the number of
cars and the pollution production rate of each, then write the program, using given
formulas, to find the total amount of carbon monoxide . Additions to the original
program could be made to print out the concentration in parts per million, determine
the number of cars needed for the concentration to become lethal, change the site of
the problem to two intersecting freeways, determine the effect wind has on the amount
of pollution. The first activities do not require a sophisticated level of program-
ming skills and can be done by students with a brief introduction to a computer lan-
guage.

Many similar activities arve explained in detail in the Student Lab Booklet Air

Pollution and its companion Teacher's Advisor Book. FEach book is available for ap~

proximately $1 from:

Hewlett-Packard Computer Curriculum Project
333 Logue Avenue
Mountain View, CA 94043

Even if you do not have access to a computer, the booklets are an excellent
source for statistics, formulas, tables and charts. With the work divided among
group members, many of the activities can be done in the classroom.

listed below is a computer magazine that contains ideas for the mathematics
teacher, Suggest it to the school librariam.

Peoples Computer Company
P, 0. Box 310
Menlo Park, CA 94025

$5.00 a school year
Computer companies may also be able to furnish information about their role in

environment or with environmental agencies. Write to the large companies to obtain
moye Information. (Students could also do this.)




TITLE

MATHEMATICS AND ENVIRONMENT:

PAGE

TOPIC

POPULATION

Population
Estimation

People-Counting
Rates

Picture These
Proportions

Your Own Square
Metre

Picture These
Percents

Doubling 2, 4,
8, 16

Graphing the World's
Population

How Many Children?

Counting Every Body

Sizming Up The States

If People Were
Littler

Population Proiects

MATHEMATICS AND ENVIRONMENT;

189

1380

181

182

193

194

1856

196

187

199

201

202

Developing sense of
relative population sizes

Developing sense of size
of Farth's population

Contrasing distribution
of population and natural
resources

Finding pepulation
densities

Contrasting population
densities

Beconing aware of the
population growth

Becoming aware of the
population growth
Studying family size as
a factor in population

growth

Studying population
growth in U.S.A.

Relating population
and pollution

Seeing answers o
populaticn increases

FOOD

Let's Go Counting 1

205

Finding population size

MATH

Finding percents with

large numbers

Calculating with large
whole numbers

Modeling percents

Using area, whole number

division

FPinding, graphing percents

Appreciating growth
through doubling

Graphing

Studying different
growth rates

Finding percents

Graphing and working
with percents

Using fractions in easy

word problems

Estimating population by
sampling

TYPE

Worksheet

Worksheet

Teacher direct-
ed activity

Activity card

Worksheet

Teacher ideas

Worksheet

Worksheet

Teacher page
Worksheet

Worksheet

Worksheet
Teacher ideas

Manipulative
Worksheet
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Let's Go Counting 2

Let's Go Counting 3

Oh, Rats!

Friend and Foe?

Feod for Thought

MATHEMATICS AND ENVIRONMENT:

PAGE

206

207

208

209

210

TOPIC

Finding population size

Finding population size

Studying the effects of
pests

Contrasting the effects of

a pesticide

Relating Ffood conswmp-
tion to population growth

AIR

Papticulap
Pollutants

Air Pollution

Calling All Cars

Up in Smoke

Who Needs a Bike
Path?

Information: Air
Pollution

Clty Circumstances

Nolse

Pardon Me?

A MNoisy Project

Alr Projects
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211

212

213

214

215

216

217

218

219

220

221

Examining sources, kinds
of air pollution

Seeking local data on
air pollution

Studying cars as a source
of pollution

Considering the health

effects of smoking

Encouraging alternate
transportation forms

Studying facets of air
pollution

Studying cities with air
pollution problems

Background on decibels

Studying the effect of
noise eon hearing

Studying the financial
tolerance for pollution

MATH

Estimating pepulation
by sampling

Estimating population
by sampling

Solving word problems with

large numbers

Solving word problems,
decimals, and percents

Solving word problems with

percents

Using decimals, peprcents,
making circle graphs

Polling, graphing, using
percents

Using large numbers, reading

bar graphs

Collecting data, using ratios

Using percents

Reading a table

Collecting, graphing data

Collecting data, using
percent

TYPE

Manipulative
Activity card

Manipulative
Activity card
Worksheet

Worksheaet

Worksheet

Worksheet

Teacher page

Project

Worksheet

Project

Worksheet

Worksheet

Teacher page

Activity

Project

Teacher idea

T




TITLE

MATHEMATICS AND ENVIRONMENT:

PAGE

TOPIC

WATER

Do You Use Much
Water?

Drinking, Washing,
and . . . 7

Fix That Leak

The Water Cycle

Water Wastes

Water Projects

MATHEMATICS AND ENVIRONMENT:

223

224

225

226

227

228

Developing awareness for
water consumption

Developing awareness Ffor
necessity of water

Studying waste from even
a small leak

Examining the water
cycle

Studying the extent of
stream pollution in U.S.A.

LAND AND RESOURCES

815,000,000 Ha!
Litter Counts
Litter Watch
Garbage Grows
Recyeling Cans
Running Out?
Four Recycling
Activities
A Grand Canyon
Everywhere
Did You Know?

Land and Resources
Projects

231

232

233

234

235

2386

237

238

239

240

Studying the uses of
land

Comparing sources of
highway litter

Developing an awarenss
for litter

Developing an awareness
of size of solid waste

Encouraging recycling as
a means of conservation

Developing awareness of
limited resources

Encouraging recycling

Developing awareness of
effects of erosion

MATH

Calculating with whole
numbers

Caleulating with whole
numbers

Determining rates

Using simple percents from
a diagram

Reading a table, calculating
percents

Using percents, large numbers,
and circle graphs

Finding percent-fraction
equivalents

Using whole numbers, tables
and graphs
Using decimals

Reading graphs, percents

Using percent

Using large whole numbers

TYPE

Worksheet

Worksheet

Manipulative

Worksheet

Worksheet

Teacher idea

Worksheet
Worksheet
Activity
Worksheet
Activity
Worksheet

Worksheet

Worksheet

Teacher ideas

Worksheet

Teacher page

Teacher idea
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TITLE

MATHEMATICS AND ENVIRONMENT:

PAGE

TOPIC

ENERGY

Got Any Energy?

How Many Horses I/I1

Sun Power

Pull for Pooling

Get a Horse?

Fuel Facts

Bikes are Beautiful

Energy Proijects

188

201

242

243

244

245

2486

247

248

Studying energy sources

Developing awareness for
size of human power

Developing awareness of
petential sun power

Studying car pooling
potential

Comparing fuel efficiency
of modes of travel

Studying factors that
affect gas mileage

Considering bicycles as a
trangportation mode

MATH
Using percents
Using a formula
Solving a mixture of word
problems
Taking a poll
Using decimals

Using percents

Using D=RT, percent

TYPE
Worksheet
Activity cards
Worksheet
Activity
Worksheet
Worksheet
Worksheet

Teacher idea (
N
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EEZN

DOPULHT DN
LCTIMAETION

Estimate the population of ...

YOUR

SCHOOL

2)

3)

4)
5)

6)

Find recent population figures (look in an almanac or encyclopedia) for your

school (yvour teacher should know) s your city ,

your state s the U.S. , and the world

.

Round the populations.

your school (to the nearest 100)

nearest large city (to the nearest 10,000)

your state (to the nearest 100,000)

the U.S. (to the nearest million)

the world (to the nearest 100 million)

What percent of the city's population is your scheool enrollment?
What percent of the state's population live in your city?

What percent of the U.S. population live in your state? What percent

does not?

7) What percent of the U.S. population lives

in your city?

8) What percent of the world population lives

in the U.S.7

9) How can one person help the environment?
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Needed: Watch or clock with second hand

1) Keep track of how many seconds it takes you to count
all the people in the room. Calculate your

number of people counted
time in seconds

people counting rate =

How long do you think yvou could count people at that

rate?

2) Was your rate faster than one person per second? Even if it was faster, suppose
you counted one person every second. How many people would you count in omne

minute? In one hour? In one day, without any rests?

3) Suppose you could keep counting for a whole vear. How many people could you count?

4) How many yvears would it take yvou to count all the people now in the world:

4,000,000,0007

5} Even if you lived that long, you would still be behind. Every day, 328,700 babies
are born and 131,500 people die. What is the daily increase in world population?

At that rate how much would the population increase each year?

At one person every second, could you count that many in a

vear?

6) In the U.S., 8800 babies are born and 5540 people die every day on the average. In
addition, every year 395,000 people immigrate to (move into) the U.S. From these

figures, what is the yearly increase in the U.S. population? Could

you count that many in a vear?

7) What are some of the dangers of over—population? What can be done to avoid over-

population?

190 IDEA FROM: Environmental Science, Probing the Natural Worid, Level 111, Intermediate Science
Curriculum Study

Permission to use granted by Silver Burdett General Learning Corporation
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e

The students build a model which shows the distribution of land, population and food

among the continents.

Let the classroom be the world.

Land area Fach desk could represent-—L

20
(or E%—or 5%) of the world's land area. Move \\\

desks so that they are grouped by continent

sizes. For example, North America has about

%-of the world's land, so it would be repre-

sented by 4 desks grouped together. Data can

be obtained from Picture These FPercents.

Population Students stand or sit by %é%%

desks in proportion to that continent's pop-

1 1 By

1 ,
: 20° 25 °F 30 agi*”
(= is about 150 million people). With —=
25 25

ulation. Each student is

being used as the fraction, North America

(280 million people) would get 2 students.

Food Have 25 penny candies, empty food containers or pictures of food and divide
them according to the part of the world's food supply that each continent produces:

Latin America and Africa (1 each), Asia and Europe (8 each), North America (7).

Use representations of other limited resources (e.g., 0il) and try trading or bor-

rowing to survive.

BRY  \JELL TRADE
8 GOLD FOR SOME
g OIL :

Ask the students where they would like

to live or dislike to live, based on what
the model shows. Discuss the implications
of things like amount of land vs. popula-

tion, population vs., amount of food, etc.

IDEA FROM: Teaching Population Concepts
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o~ JUARE
METRE

Materials Needed: Metric measuring tape or metre stick, almanac, masking tape

Activity: Y
1) a) Find the area of your classroom floor in square metres.

b} If the floor space is. divided evenly, how many square metres are there

for each person in your class (include your teacher)?

¢) Use chalk or tape snd show on the floor the amount of floor space for

each person.

2) Population density is the average dumber of people per square mile of land area.
a) Find the population and area of your city and find the population density. :

b) Find the number of square feet for each person.

3) a) Use the almanac to find the population density of your state.

b} (hoose a state that you think has a very low population density. Is the -

population density higher or lower than your state? 3

c¢) Find the population density of the United States, not including Hawaii and -
Alaska.

d) If Hawaii and Alaska are included, what do you think will happen to the

population .density of the United States? Find the popﬁlation density to

check your guess.

4) a) Find the population density of China and India.

b) Choose five other countries and find their population densities. Are the

population densities higher or lower than those of the United States, China

and India?
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Percent of

Population toral Land area in | Percent of
s 2
Region in millions | population | million km total area
United States 210 9.4
Canada 20 : 10.0
Mexico 50 2.0
Sout? & Central 260 _ 18.5
America
U.8.8.R, 250 o 22.4
China 810 . 9.6
Indis 570 Co 3.3
Japan 110 : 0.4
Rest of Asia 710 NI 14.3
Burope 470 ' 4.9
Africa 370 30.3
Australia + 20 8.5
Totals
Data from Statistical Abstract of the United States 1975

1) Find the total population and the total land area. Record in the table,

2) Find the percent of the total population each region has. Record.

3) Tind the percent of the total land area each country has. Record.

4) Get or make a 10 by 10 grid. Show each region's percent of the total population
on the grid. Use different colors or shadings. Put the vegions' names on their
parts.

5) Get another 10 by 10 grid of the same size. Show each region's percent of the
total land area on the grid. TUse the same code as vou did in exercise 4,

6) Compare the two grids. Which regions have more than their share of the people?
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JOUBLING .8

When numbers keep doubling, they get very large after a few doubles.

The population

"bomb" is doubling faster and faster (see chart).

But resources are dwindling, food

production is falling behind and technology is unable to provide "answers" like edible
algae and solar power at a fast enough rate. Unfortunately, the doubling time is even
shorter in some of the poorest countries, leading te the likelihood of mass starvation.

(It is estimated that 10,000 people die of

starvation every day even now.) One group World _ Doubling

has calculated that earth can support only Date population (est.) time

3.5 billion people at a reasonable standard 1650 500 million

of living! Although you may choose not to

deliver such gruesome information to your 1830 1 billion 180 years

students, you can perhaps impress on them 1930 2 billion 100 years

the size to which doubling nuwbers can

reach in a small number of doublings, and 1975 4 billion 45 years

the necessity for slowing population growth. 2010 8 biilion 35 years
(proj.)

1) Clear the desks from about %-of the room. Have 1 student stand in the cleared

space, then 2, then 4, then 8, etc. As students are added, have the class notice
how quickly each person has uncomfortably little room. (Adjust the amount of
cleared space 1f you have a small class or an unusually large room.) Since we
have only so much livable space on earth, the same overcrowding will eventually

happen if our population keeps doubling.

2) (¥rom The Limits to Growth, Meadows and others.
The following is also shown in a movie of the
game title.) "Suppose vou own a pond on which a
water 1lily is growing. The lily plant doubles
in size each day. If the lily were allowed to
grow unchecked, it would completely cover the
pond in 30 days, choking off the other forms of
life in the water. For é long time the 1ily
plant seems small, and so you decide not to worry
about cutting it back untii it covers half the
pond. On what day will that be? On the twenty-ninth day, of course. You have one
day to gave your pond." Many students will think the 15th day. If vour students are
not familiar with a lily plant, you might want to substitute something like weeds in
a flower patch, junk on a playground or flies ("Kill a fly in May-you'll kill a
million a day. Kill a fly in June-not a day too soon. Kill a fly in July and vou
just kill a fly"). A sequence of transparencies with dots for the 1lily plants (or
weeds, junk or flies) can make an effective demonstration.

194 Permission to use granted by Universe Books




PoPlaion

This table gives the

population of the world World population (estimated)
from 4000 B.C. Date Population (millions)
1) How many vears did it take the 4000 B.C. 75
population to double, from 2000 B.C. 150
250 million to 500 million? '
' 0 250
500 million to 1 billiom?
1 billion to 2 billion? N 1650 A.D. 500
2 billdion to 4 billion? o 1830 A.D. 1000
Estimate when the population will be 1930 A.D. 2000
double the 1960 population.
popuiation 1960 A.D. 3000
1970 A.D. 3600
1975 A.D. 4000
2} Use a whole piece of graph paper and

graph the ordered pairs in the table.
Draw a smooth curve through the

points.

3) From the graph and exercise 1, what would be a reasonable estimate of the world

population in the year 20007

4} Why did the population increase so slowly for so many years?

IDEA FROM: Environmental Science, Probing the Natural World, Level 11, Intermediate Science
Curricutum Study

Permission to use granted by Siiver Burdett General Learning Corporation

195



OBy
M@i@

1) Some people don't have children. Some have 1 or 2 or 3 or more. How many children

do vou think you will have when yvou grow up?

2) Suppose that on the average each

YOu O
family has 3 children, each child
has 3 children when grown, and so 1ar
on. How many children will be in CHILDREN GENERATION
the 2nd generation?
If the average keeps up, how many THEIR 2n0
CHILDREN GENERATION

children will be in the 4th

generation?

3) Suppose that on the average each family has 2 children in each generation. How
many children will be in the 4th generation? (Hint: Make a diagram like the one
above.)

4) How many children will be in the 4th generation using your number from exercise 17

U.S. Population: 2- vs. 3-Child Family

5) Would a 4-child average give Mittions
1000
twice as many children in - PP
each generation as a 2-child 300 i i i ii i ..
average?
860
6) According to the graph, about
. 700
when was the population
200 milliou? 800
100 million?
50 million? 500

400 mitlion 2013 .

P ’

7) What could decide whether the 300 million 1995"

population is greater or less 300
than 300 million by the year 200 mitlion 1968

200
20007

100 million 1915
100 gt

1870 80 90 1900 10 20 30 40 S0 60 70 B0 90 2000 10 20 30 48 50 60 70

196 SOURCE: Commission on Population Growth and the American Future {1972), p. 23. Graph from Options,;
A Study Guide to Population and the American Future

Permission to use granted by the Population Reference Bureau, Inc.




The table could be completed

then graphed to display the

o e [7s]
é . 5 2 information. Students can
. ] = il
- 159 = 0 = discuss
| census 25 o ¥
NEAR  [PoPUlATION| 8 § Eza 1) what type of graph is

790 13,929,214 14,000,000 |___.____
{»iBOO 5,308,483 (5000000 | 1,000,000 2507

appropriate (line, bhar,

;
}
i
|

circle, picture).

2) what information is

appropriate to graph:

actual; increase of; or

the percent of increase

of population.

If columns b, ¢, d were each

graphed separately, how do

they compare?

Use the table and the same

graphing procedures for pop-

ulation figures for your

state and city. Each state

census is available din an

almanac. The city census is

available in each state's

1970 governmental handbook at the

!
1
i
g
ll

public library or from the

Chamber of Commerce.

Compare the graphs of the actual population for the U.S., your state and city.

The population of foreign countries could also be used and compared in a similar way.
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COUNTING

EYERY

pevmo

4

S

—
CENSUS

YEAR

©

PORULATION

DODULATION
ROUNDED TO
NEAREST
MILLION

PERCENT
CHANGE F
PRIOR CENS

1790

3,929,214

S

]

o
S
O
0
S
o

v —— — 1

1800

5,308,483

5,000,000

25.0%

You will need a 1971
or newer almanac. Use
the index to find the
page location for United
States population.

The national census
was first taken in 1790.

o O

COMPUTE TO

THE NEAREST

S8ince then a census has
been taken every 10
VeHATrs.,

a) From the almanac copy
the population for each
ten-year period from
1790 to 1970,

b) Round each figure to
the nearest million.

¢) Find the change in
population for each
period-—use the numbers
in Column_@) to get your
answer,

d) Find the percent
change for each period
by dividing the change--
Column(Syr-by the rounded
population of the
previous census year—-

970

198

Column (D).

Which column gives
you more information--
Column (C)or Cclumn@?

Why?

What major trend do
you see?

PN




STz
UP THE

STATER

1) These population figures have been rounded

to the nearest .

2) Shade each state on the map on the foliow-
ing page according to its population.

Choose your own colors. Color used

0~ 1million
1~ 2 million
2 - 5 million
5~ 10 million
10 - 25 million

If vou do not have a calculator, round the
population figures to the nearest half million

for the percent problems that follow.

3} The state with the largest population is
. Its pop~

ulation is what percent of the U.S. total

population?

4) The next 2 most populated states in order

are and

-

5) These three states have what simple frac-

tional part of the total U.S. population?

6) Find the fewest number of states required
to get %-or 33% of the total U.S. popula~
tion. List them.

7) What is the fewest number of states that
contain %-or 50% of the U.S. populatiom.
List them.

8) Study the map you shaded., Why are some so

much more populated than others?

9) Which states probably have the most pol-

lution problems? The least? Why?

ATLABAMA
ALASKA
ARTZONA
ARKANSAS
CALIFORNTA
COLORADC
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWATTI

IDAHO
TLLINOIS
INDIANA

1OWA

KANSAS
KENTUGCKY
LOUISTANA
MATINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINRESQOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBRASKA
NEVADA

NEW HAMSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTE DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCORSIN
WYOMING

TOTAL

July 1, 1974

Population
Estimates®

3,577,000
337,000
2,153,000
2,062,000
20,907,000
2,496,000
3,088,000
573,000
8,090,000
4,882,000
847,000
799,000
11,131,000
5,330,000
2,855,000
2,270,000
3,357,000
3,764,000
1,047,000
4,094,000
5,800,000
9,098,000
3,917,000
2,324,000
4,777,000
735,000
1,543,000
573,000
808,000
7,330,000
1,122,000
18,111,000
5,363,000
637,000
10,737,000
2,709,000
2,266,000
11,835,000
937,000
2,784,000
682,000
4,129,000
12,050,000
1,173,000
470,000
4,908,000
3,476,000
1,791,000
4,566,000
359,000

210,669,000

#Statistical Abstract of the United States 1975
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IF PEOPLE
VERE LITTLER

br. Igorovichsky has a solution to the
population explosion. He has invented a
machine which shrinks people to half their
height. Then people don't need as much
room, they don't need as much food and
energy, and they don't pollute as much.
Dr. Igorovichsky found these formulas:

Surface area of new body = 1

Volume of new body =

Mass of new body =

1

2)

3)

4)

5)

7 x surface area of old body

3 ¥ volume of old body
x mass of old body

<o+

Dr. Igorovichsky had a mass of 72 kg before he shrunk himself. What was his mass

after shrinking?

What would your height be after shrinking? Your mass?

Dr. lgorovichsky ate 640 kilocalories each day after shrinking. How many kilocal-

ories a day did he need before shrinking? Be ready

to explain your thinking.

Before shrinking, Dr. I. had enough food on
hand for %i weeks.

2
the shrunken Dr. 1.7

How long will the food last

Dr. I's old car had a mass of 2000 kg. Now he needs a scaled~down model,

will its mass be? Be ready to explain your thinking.

6) Dr. T's pet dog was so excited at seeing his shrunken
master that he ran through the shrinking machine five
times. How does the dog's new height compare to his

old height?

How do the dog's new and old volumes compare?

7) Space scientists were very interested in Dr. I's machine. If a space lab could
hold 16 ordinary-sized people, how many shrunken people could it hold?
Be ready to explain your thinking.

8) What changes in the world would be necessary if there actually was a shrinking
machine and everyone went through it? Would you go if everyone else did?

9) What would be some other ways to cut down our consumption of food and goods?
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POPULRT IR
FRONELCTS

Find which city has the fastest growth rate in your county. The office which
has this information will vary from state to state, Try the records office or
the county information number. The local Chamber of Commerce might have figures
for a few years. List some cities and their population changes in the past few
vears. Which city had the greatest increase in numbers? What is the growth
rate of the closest large city? The greatest percent of increase? Look in an
almanac and find the state that is growing at the greatest percent of increase.

Find out how many classmates have pets. How would you estimate the number of
dogs or cats in your city?

Look at a map of your state. Is one county of the state more populous than
another? Figure the population density (ratio of number of pecple to number of
square kilometres) of each county. Which is the most dense? Make up a color
code and color the counties of the state on a map according to their population
densities.

Look in an almanac to find which state's population is most dense. Which country
is most dense?

Use an almanac to find the country from which the greatest number of immigrants
came to the U.S. in a recent year (not im all almanacs). Or, graph the number of

immigrants to the U.S. for a large number of years and try to explain any changes.

Graph yvour school district's enrollment for the vears that information is avail-
able. (Call the superintendent's office.) Is the enrcllment growth proportional
to the city's population growth?

Find information from state tourist bureaus or yvour local Chamber of Commerce
about the number of tourists visiting your state or your city. What are the ad-
vantages and disadvantages of tourism?

Contact the motor vehicles department and ask for the out of state registrations
turned in last yvear. These figures will give you an approximate number of fami~
lies moving into your state. Compare them by state of origin. Are the majority
coming from one state? Graph the results.

following are two examples of mathematics questions based on environmental data.

In 1975 a whale was killed every 15 minutes on the average. How many were killed
that year?

Japan has the largest whaling boats and killed about 210,000 out of the 550,000
whales killed from 1960 to 1970 (figures rounded to the nearest 10,000). What
percent did they kill?

Russia killed about 180,000 in the same period of time. What percent did Japan
and Russia kill together? Why do they kill so many whales?

The U.S. killed about 2,000. What percent is this?

(Data from Project Jonah)

Permission to use granted by Project Jonah
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PESTICIDE USAGE AND AGRICULTURAL YIELDS

Area or Nation

Pesticide Use

Yield

Grams per
hectare

Kilograms per

Rank hectare Rank
Japan 10,790 1 3,480 1
Europe 1,870 2 3,430 2
United States 1,490 3 2,600 3
Latin America 220 4 1,970 4
Australia and 198 5 1,570 5
Pacific islands
India 149 6 820 7
Africa 127 7 1,210 6

Table from Patterns and Perspectives in Environmeéental Science, National Science
Board . A hectare is 10,000 square metres.

a} Does a higher pesticide usage give a higher agricultural yield?

b) Japan produces twice as much food per hectare as the U.S5. but uses how many times
more pesticide per hectare?

¢) The U.S. produces twice the agricultural yield per hectare as Africa but uses how
. many times as much pesticide per hectare?

d) What else besides the use of pesticides is related to the food yield?

Students might be interested in writing poems about the environment.
poem is below.

One student's

Population

There once was a planet called earth
It was overpopulated by birth

One day it exploded

And the people were corroded

And that was the end of the earth.
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"City Has A Million Rats" "2,500,000 Pines in Willumlaw Forest"

How are those facts useful? Are the numbers in these headlines exact or estimates?

How do they make such estimates? This page gives one possible way.

1} Cut out a square région 1l em on a side.

2) Without looking, drop the square on the "city" (or "forest' or "lake') below and

trace around it. One example is already drawn. Count how many "rats'" (oxr

r "fish'") are inside the square (4 in the example). This gives a sample.

"trees"

1f the

square does not land completely inside, drop it again. If a dot is right on the

line, flip a coin to see whether to count it,

3) Record in the table and tind 7 more samples. Number in
4) Find the average number (arithmetic mean) for Sample Sample
the 8 samples. This gives the average number A
for 1 square centimetre. B
5) Now find the area of the entire "city" above c
in square centimetres. D
E
6) Multiply your answers in exercises 4 and 5 r
to get an estimate of the total population. G
H

7) Count the dots to see how close your estimate

is. How could you improve your estimate?

IDEA FROM: Junior Biology : Populations

Permission to use granted by the Board of Education of the City of Hamilton, Ontario
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Sometimes wildlife specialists want to
know what percent of the fish in a body
of water are game fish. Here is one way
to estimate the percents.

Goal: To estimate the percent of each
type in a mixture.

Needed: Bag with 3 kinds of items

I Without looking, mix up the contents
of the bag.

IT Without looking reach in the bag and
get a handful. Count the number of

Type

L 40

each type and record in a table like A
that to the right. Put the handful
back in the bag. Sample 1
Sample 2
Sample 3
III In the same way, repeat I and II to Totals
gel fwo more samples. Each time % of grand
record and put the sample back, total

Grand
total

IV PFind the totals for each type and the
grand total.

V¥  Find the percent each type is of the grand total.

VI Count the items in the bag--each type and all together.
were your estimated percents in V?

206

Find percents. How close










Some chemicals do a good job of killing

mosquitoes, flies and insects that eat crops.

Chemicals that do not lose their strength very
fast can wash into streams and collect in
bodies of water. There the chemicals are

passed along to plants, to fish that eat the

plants and then to animals that eat those .| I I-II l

fish.

D D o >

o D D e B >
DDT in parts
per million (ppm)

Water 0.000002 & % % %/ y
Bottom mud 0.014
Fairy shrimp 0.410 *’ V \&’/ W V

Coho salmon, 3-6
lake trout

CONCENTRATION OF DDT
IN ONE FOOD CHAIN

Herring gulls 99

Data from Patterns and Perspectives in Environmental Science, National Science Board

1) Why do the gulls have such a high concentration of DDT?

2) Fish with the concentration of DDT given in the chart cannot reproduce. If a coho
salmon has a mass of 4.2 kilograms, how many grams of DDT does it have? (Assume a

concentration of 3 ppm.)

3) Even penguins in the Antaractic have DDT in their bodies. The concentration is about
0.18 parts per million. ¥No one sprays DDT in the Antarctic. Where do the penguins

get it? If a penguin weighs 35 kilograms,

how manﬁ grams of DDT does it have?

4) Some bald eagle eggs have been found to have DDT concentrations from 1.1 to 5.6 ppm.
Some osprey eggs have concentrations of 6.5 ppm. Why might osprey eggs have more

DDT? (Hint: What do ospreys eat?)

5) Mosquitoes can carry malaria, At one time 3.5 million people. died each year from
malaria. In 1966 there were 32%Z as many deaths from malaria as that. How many

people died from malaria in 19667 Why had the number of deaths

decreased?
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TROUGIAT '
1) Farmers in the U.S. have been doing an outstanding job. In 1930 each farmer pro-
duced enough food for 10 others., 1In 1970, each farmer produced enocugh for 47 others.
What percent of the 1930 figure was the 1970 figure? '

The average consunmption of meats and

2) Pounds % of total fish 4in the U.S. is given to the
Beef and mutton 120 left. Change each amount into a
Poultry 50 percent of the total. Is the average
Pork 67 about like your eating habits?
Fish 13 '
Total

3) The average lower-budget 4-pevson family spent $2440 for food in 1973. 1In 1974,
they spent $2730. What percent increase was that over the 1973 cost?
4) To the right are given the average Ltem Z of total Average cost
amounts spent on some (not all) of Moat 755
the items bought in grocery stores, Produce 11.0 (
.
If the total bill was $20.00, what Dairy poal 7.1
amount, to the nearest cent, was (incl. eggs)
spent on each of the items? Canned goods Lol 5.8
Frozen foods {44 5.2
5) Add up your family's food bills for Bakery e 3.8
a week for each item in the list. s
Candy, gum, 50 2.5
See if your family spends about the cookies
same percents as the average family Soft drinks 2.2
on the items on the chart. Cereal 1.2
Sugar e 0.8

6) It is estimated that to keep up with the world population, foeod preduction will

have to increase by 20%Z to 35% each

MILLIONS OF METRIC TONNES

vear., To the right are the figures

for 1972 and 1973 for four important 1972 1973 % increase

food items. 1Is the food production Wheat 347 376

keeping up with the population? Rice 294 322

it viii phvmt S e b picesddo Corn 304 311 0o -
Meat 88.1 88.2 \.

Pata from Statistical Abstract of
the United States 1975
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PACTICULAR
FOLLUTANIS

SOURCES OF U.S. AIR POLLUTION (1974, est.)

{(millions of metric tonnes)

Kind of Pollutant

Carbon Sulfur Hydro-— Nitrogen Particu- Total
Source monoxide oxides carbons oxides lates for source
Trangsportation 73.5 .8 12.8 10.7 1.3
Heating .6 5.6 1.6 4.0 2.6
Power plants .3 18.7 0.1 7.0 3.3
Industry 12.7 6.2 3.1 0.6 11,0
Burning waste 2.4 0 D.6 0.1 0.5
Uncontrolled 5.1 0.1 12.2 0.1 0.8
Totals

Data from Statistical Abstract of the United States 1975

1

A

3)

4)

5)

Find the totals for each source and for each kind of pollutant.

What was the grand total of air pollution in 19747

About what percent of the total pollution does transportation put in the aix?

Make a circle graph for either the sources (use the totals column) or the kinds
of pollutants (use the bottom row). (Round the grand total to 200 million and

each of the other totals to the nearest million.)

Transportation puts in lots more hydrocarbons than sulfur oxides. Power plants do

the reverse. Why is this?
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QL TRE

Write or call the nearest air pollution authority,

graph form that relates to air pollution in your area.

This is an example of a typical chart:

SUMMARY

You should be able to find a

number in the governmental section of the telephone book,

Ask for data in table or

Poliution Tndex

SUSPENDED PARTICUTATE 0 - 60 Light
61 ~ 100 Moderate
1972 101 - 260 Heavy
261 - Vary Heavy
City Station Location | Field Station Suspended Particulate (pg/mB)* Monthiy Average Yearly
Number Average
Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec
Eugene City Hall 20-18-32 88 1108 72| 781103 | 92 | 164 | 1351591107 64| 96 106
Commerce Bldg. 20-18-35 - 79 58 77 84 91 75 97 92 98 50 88 81
Springfield City Library 20-33-37 114 {138 92 89 93 59 88 1071 109 142 75 95 100
City Shops 20-33-35 801 99 88| 75111 |119 122 | 138| 114} 131| 80} 92 104
Junction City | City CGffices 20-24-04 68 75 58 49 68 60 68 75 21 84 54 44 66
Cottage Grove | City Hall 20-09-01 - - 47 1 391 46 | 38 45 s1i &7 591 45 53 47
Oakridge Fire Station 20-30-01 - - 851 561 89!l 78 79§ 105| 83§ 106] 73| 69 82
Rural LRAPA, Airpert 20-00~33 251 364 25| 23 38| 48 42 s0. 531 727 30f 32 40

*micrograms per cubic metre

The amounts for each city could be graphed and compared.

What statements can be made about the graphs?

What are the sources of the particulates?

What other pollutants are important locally?

(Answers available from vour air pollution authority,)
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CALLING
iLL CARS

Too many cars can cause air pollution.

1) Take a poll among the students in your class. Tind out how many families have

a) no cars or trucks c)y 2

b) 1 d) 3 or more

2} Make some kind of graph for the information. Here are some samples.

HOW MAMNY VEKICLES

ALL [CARSY IN THE FAMILY
3t

CARS W FAMILY

PICTOGRAPH BAR GRAPH CIRCLE GRAPH

NO. OF FAMILIES

Q:, = 5 FAMILIES

3) What percent of the families have one car? Two or more?

4} How do these percents compare with the percents for 1970 in this table?

AUTOMOB1LE OWNERSHIP

1950 1955 1960 1965 1970
Millione of families 45,2 49.1 53.4 58.5 63.7
Z of families owning autos 59 70 77 79 80
a) omne auto (%) 52 60 62 55 50
b) two or more (%) 7 10 15 24 30

5) How many millions of families owned automobiles for each of the years in the table?

6) Which is growing at a faster rate: The number of families, or the number of families

owning automobiles?

7) Predict figures for 1875 and 1980.

TABLE FROM: Environmental Science, Probing the Natural World, Leve!l I, Intermediate Science
Curriculum Study 213

Permission to use granted by Silver Burdett General Learning Corporation



Suppose you, or someone you know, is one of the more than 70 wmillion cigarette
Have you ever considered the following questions?

smokers in the country today.

L.

To answer these questions you will need the following information:

a.

How many cigarettes will you (or a person you know) smoke during the remainder

of your lifetime?
What will the total cost of these cigarettes be?

If all these cigarettes were placed end to end in a line, how

long would the line be?

The

number of cigarettes on the average you (or the person

you know) smoke a day.

The
The

The

number of years you can expect to live.

cost of a pack of cigarettes.

length (in millimetres) of one cigarette

Y

50—

40

AGE-ADJUSTED RATE PER 100 PERSONS

RATES OF CHRONIC BRONCHITIS AND EMPHYSEMA
FOR SMOKERS AND NON-SMOKERS

ity el

“NEVER
SMOKERS”

light smokers)

FORMER
SMOKERS

{heavy and

UNDER 11

[ i
11-20 21 AND OVER
PRESENT SMOKERS BY NUMBER OF

CIGARETTES SMOKED PER DAY
--HEAVIEST AMOUNT

Graph from Patterns and Perspectives in Envicvonmental

Science, National Science Board
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Do your chances of
bronchitis or emphysema
increage significantly
if you started smoking
but smoked less than 11
cigarettes per day?

Who has the greatest
chance of either illness?
What is the rate?

Who has the least?

Find data about these
conditions in citdies that
are very polluted. Can
a non-smoker have the
same high risk from pol-
luted air?




‘“‘L&Q.% ‘*‘e\ Loy
o) oa PV

Do a lot of cars and bikes travel near
your school each day? Many cities are

L) Q@i () ™2 establishing bike paths so that both
— types of vehicles won't have to travel

:EI:E%i¥f;ﬂ_k lLJ:ﬁumzch/ in the same lanes.
Y 7S I eSO B SORRE S L/ L0 P S

< i
N / , SOt 3 Nl

ety 3

Wi

Find several locations to take bike and car

counts, and collect the following information.

Bike approximate

Street Time Bikes/hour Cars/hour to car ratio
34 Alpep 8-S AM C4 252 V8L

v

*a

Do you think a separate bike path is needed? If so, who should have the informa-

tion so that a path could be established?

Do you think the number of bicycles would increase if a path were established?

Why should bicycles be encouraged?

Compare the motor vehicle registration and bicycle registration for your city.

Lock at each for the last 5 years to see if there are any general patterns.
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WEFORMAYON:
AlR PIILUTION

1) Every year, about 180 million metric tonnes of pollution goes into the air. What
part of a metric tonmne is this for every person in the United States? {Assume that
there are 215,000,000 people in the U.S5.)

Al

2) About 85% of the air pollution is invisible.
How many tonnes a year are invisible?

3) It is estimated that air pollution costs $65
per year for each person because of property
damage, upkeep, repair and cleaning. What
is the total U.S. air pollution expense per
vear from these causes?

About half the alr pollution is caused by motor vehicles. (ﬂﬂm {ﬁgg
AUTOMOBILE POLLUTANT EMISSIONS
(grams/km traveled) NEWER KIND -
CAR FUMEDS + SUN =
1967 1971 1974 standards

Pollutant average |figures |standards [U.S. Calif.

Carbon monoxide 54 21 17 9.3 5.6 (
Hydrocarbons 5.4 2.5 1.8 0.93 0.56

Nitrogen oxides | n.a.* 2.4 1.9 ("73)]11.9 1.24

#not available Data from Statistical Abstract of the

United States 1975

4) Why does California allow less pollutants than the U.S. standards?

5) The 1975 legal standards were 10% of the 1970 figures. How did the 1975 temporary
standards compare with the 1975 legal standards?

6) Find out how many kilometres your family car is driven each week. With the chart

above, calculate how many grams of air pollution it probably puts out each week.
Fach year.

7) There are two kinds of smog.

ower Kip: SMoke +FOG_ = smos

Is either kind a problem where you live?
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LITY
[ IRCUMSTHNLES

SvsPENDED PartiovLate Marrer Levers, Seurcerep Cimies: 1972
{In micrograms per cubic meter.
STATION Min, | Max. | Geom. STATION Min. | Max. | Geom.
mean mean
Arizona. ... ... PhoeniX ....... 601 283! 144 | New
Caltfornia.._.._. Cakland.__.....1 211 100, 57 Hampshire.... Congord....... 20 93 38
San Diego,.....; 261 140 59 | New York...... Rochester. a9 177 88
San Francisco..; 29| I 60 | North Dakota... Bismarck. 241 N3 87
Colorado.. . Denver. . 381 33 127 § Ohle............ Cincipnati W88 Y 87
Connecticu . Hartford.. 25 v 60 Columbus..... 281 135 78
New Haven....; 23| 13t 60
Oklahoma, .. Cklohoma
Plorida..uwaanu. Miamiocweeuna 321 13 62 L 5 28 | 194 67
Ceorgia. Atlanta.. ..., 391 103 42
Hewaii_. « Honoludu. ... 20 b 40 | Oregon.......... Portland....... B 28 86
fdaho..... Boise. ... 201 234 60 | Penusylvania . Pittsburgh..... 69 | 259 135
Hlinols. ... . Chicago........ 39 ] 336 97  Rhode Island. .. Providenee.._.. 81 1n [
TowWa. . rwen. . Des Moines. ...t 3% ] 202 835 | South Carolina.. Columbia.._ ...} 23| 157 ]
TenIessee, ... Memphis, ... 42| 395 2
Kansts.......... Kansas City. ..} 201 237 116 Nashville._.. 54 244 108
Loulslana. 43 119 73 | Texas. ... . 20 346 86
Maryland. 44 186 90 43 137 80
Michigon._. 41§ 236 111 w141 54
Minnesota. . 311 130 64
Missouri,....... - Loui LS LE:Y D, Salt Lake City.] 31| 211 ]
321 398 120 1 Virginia......... Norfolk........ g1 16 5
Nebraska. ... 431 33 1t3 | Washington,. ... Seattle...oovu.n 241 108 47
Nevada......... R 38 ] 218 03 | West Virginia.... Charleston..__. 35| 151 98
Wisconsin......_ Milwaukee_ ... 4k | 107 2
Wyoming....... Cheyenne.....- T 48 30
- Represents zero,
t At Continuous Air Monitoring Project (CAMP) Station.
Source; U.B, Envirenmental Protection Agency, Moritoring and Air Quality Trends Report, 1972,

Table from Statistical Abstract ¢f the United States 1974

(Suspended Particulate Matter: Particles of smoke, dust, fumes and droplets in the air.)

1) Using a standard of 75 microgram/m3 (annual geometric mean), what cities had too much

suspended particulate matter?

2) VWhich city had the highest geometric mean? the lowest?

3) What city had the highest maximum amount of suspended particulate matter?

4) These are selected cities, not the only cities with air problems. How many states

are not represented?

5) What are some cities with obvious air pollution problems that are not mentioned

here?

6) Suspended particulate matter does not include carbon monoxide, ozone, sulfur oxides
or nitrogen oxides. What information do you need before you decide whether the

cities in the table have polluted afir?
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e ol
s
Sound Levels and Human Response

Hearing Conversational
Response Effects Relationships

Carrier Deck

Jet Operation An dintroduction to decibels

could follow work with noise,
particularly if vou can borrow a
noise level meter. Students
could then experience sounds
with their associated decibel
levels. Have students find the
levels of noise around school;
classroom, hallway, cafeteria,

Jet Takeoft

{208 feet)
Discothegue

Auto Horn (3 feel)

Riveting Machine

Jet Fakeott

(2,000 fest) bandroom, library.

Garbage Trugk

N.Y. Subway P

Station Several activities on sound

:;?ZEWk may be found in the MATHEMATICS
=] " .

Preumatic Ol AND MUSIC unit in the resource

{50 feet) Mathematics in Science and

Alarm Clock Societ

Freight Train 20cletry.

(50 feet}

gﬁwﬁTmmC The decibel unit is named
agl

after Alexander Bell: a decibel

is 0.1 of a bel. The definition
of the unit is toc advanced for (
most middle schoolers, but one
point should be made: A decibel

Air Conditioning
Unit (20 feel)

Light Auto Tralfic Quiet Conversation, 12 #1,

{100 fevt)
Living Hoom level of 40, say, is not twice
Badroom as intense as a level of 20
_ decibels; it 1s 100 times as
Library 4 +

, intense. Since loud sounds are
Scft Whisper Very Quist . . .
(15 fegth often quite intense, it is per-

haps not too nisleading to say
that the decibel level measures
the loudness of sounds.

Broadoasting
Studio

Just Audible
Here are some other notes on

Threshotd of i
sound and decibel levels:

riearing

Quiet{!) classroom—20; city
traffic-~753 Air Force recom-
mended maximum--82; inside a

city bus--85; sports car--863 screaming child--92; pushing a lawn mower—-96; outboard
motor--102; motorcycle——-11l; kills mice——160; rocket engine-~-180Q., Eardrums can break at
from 120-130 decibels.

Chart from Noise Pollution, Envirommental Protection
Agency

Noise can make it hard to think. Some schools near airports have had to close be-
cause of this, Some office buildings in large cities use sound-proof glass to reduce
noise. Besides causing hearing loss, noise can increase the stress on people, make them
short-tempered and even lead to high blood pressure. It is estimated that some workers
spend 157 of their energy "fighting' noise; some jobs require ear plugs. Students may <
know that loud rock music has damaged many young people's ears. Students could be asked
to suggest ways to reduce noise pollution.
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PREDON g
e 2

Needed: Watch, radio, metre stick

Can listening to loud noise affect your hearing?

1) Have somecone hold a metre stick next

to your ear (not touching the ear).
Move the watch closer to your ear
until you can hear it tick. Record

the distance from your ear.

2) 8it close to a radio and turn it up

very loud. Do not turn it up so

loud that it hurts your ear. {(Get

permission from your teacher or
parents.} Listen to the radio for
10 minutes. Turn the radio off and

repeat step 1.

3) Repeat step 2 the next day but listen to

DAY 2

4) Repeat step 2 the third day but listen
for only 1 minute. DAy 3

5) Graph your results.

the radio for only 5 minutes.

6) What do you think might happen if you listened to loud noise for am hour? A day?
A month?
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Make plans to take a poll of 50 people

(or if more convenient two homes per pupil
and plan so that there will not be duplica~-
tion of households). Use these questions
or develop a set of vour own that might be

more relevant to your community.

Would you be willing to pay 8% more for an air conditiomer if it made less noise? Moxe

specifically would you pay $310 as compared to $288?

Would you be willing to pay $99 for a less noilsy vacuum cleaner if the same model but

noigier was available for $907

Would you be willing to pay $1.25 more for a less noisy hair dryer?

Would you be willing to pay $5.00 more for a less noisy lawn mower?

Tabulate your results on a chart similar to the one shown here.

"YES'" PNQ!" YUNDECIDEDY
ITEM NG, % NO. % NO, %

Aldr
Conditioner
Vacuum
Cleaner
ITair

Dryer
Lawn
Mower

If you can come to any conclusions that might influence a manufacturer of one of
these items, why not write teo such a manufacturer explaining what you have done and
offer some concrete suggestions to him for future production plans. Wouldn't it be

interesting to find out if the company would respond to your suggestions?

SOURCE: Poliution Problems, Projects and Mathematics Exercises, Wisconsin Department of Pubtic Instruction

2920 Permissian to use granted by Wisconsin State Department of Public Instruction




10.

11.

i2.

13,

14,

HIE

There has been a concern by environmentalists about aerosol products (hairx
sprays, insecticides) containing fluorocarbons. Find information about the
possible health hazards and about any proven side effects.

What is an air inversion? Why is it a health hazard?
Is air pollution likely to be greater im winter or summer? Why?
Why are unseen pollutants likely to be worse than the ones we see?

How have the laws changed regarding air emission standards for automobiles
during the past 20 years?

Take polls in your class to figure out the following.
a) How many vide bikes to school, ride a bus, are driven by parents or walk?

b) What effect does the weather have on bike riding? (Count bikes on rainy
days, cold days and nice days.)

What methods of transpertation do the teachers use to get to school?

Keep track of the sounds you hear for a morning or evening or weekend day.
Tabulate them as pleasant, unpleasant, loud, soft. Which ones can be turned
off or avoided-~loud TV versus train or traffic noise, for example?

How many cars are there in your city? (Contact the motor vehicles department
for gn estimate.)

How much pollution would these cars give off if all were driven at the same
time as close as possible on streets for an hour? Use the information below.

The formula P = R x n tells us the rate of pollutants emitted (P) with a given
rate (R) (33 £/km or 76.6 cu. ft./mi. or 2710 g/h or 2.7 kg/h per car) times
the number of cars (n), at 40 m.p.h. Find the total produced for an hour (or
a kilometre or mile).

Find the ratio of cars to people in your city. Find the ratio of cars to people
in your state. Compare the two ratios.

Take a survey by looking to see how many people are walking, biking, busing or
riding in automobiles. Is mass transit needed in your city?

The average person breathes about 16 kg of air each day (6 times the Ffood and
drink he consumes). When you breathe polluted air, the chances for emphysema
rise as well as bronchitis, lung cancer and colds. Find research to correlate
air pollution with deaths or disease.

Find statistics about production and effects of pesticides in the U.S.

Graph daily pollution data from the local newspapers (usually in “he weather
report section). Such data may not be available in small communities.
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1)

2)

3)

4)

3)

On the average, how many
litres of water do you
think vou use each day?
Think of a typical day,
or keep track for a day,
and use the chart to the
right to help you esti-

mate.

On the average, each persen
uses more than 200 litres

of water at home every day.
How does that compare with

vour estimate?

MY WATER USE (one day)

Average How many
Use amount (litres) times Total
, bath 110
Taking shower 75
Flushing toilet 22
Washing hands, 7
face
Getting a drink 1
Brushing teeth 1
Doing dishes
30
(one meal)
Washing car 40
Cooking a meal 18
Using clothes
90
washer
Total

If everyone in the U.S. (215,000,000 people) took a bath every day, we would use a

certain amount of water.

took a shower instead?

What would be some ways of saving water at home?

How much water would the U.S. save each day if everyone

If you add in the water used in industry and agriculture, the average amount used by

each person is about 600 litres of water a day.

and 3, how many litres of water are used in homes every day?

By industry and agriculture every day?

From the information in numbers 2

IDEA FROM: McDonald’s Ecology Action Pack

Permission to use granted by McDonald’s Corporation
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DIRINKING
WASHING AND...2

Water is needed to grow food and to make almost everything we use.

items and their average water "prices."

1)

2)

3)

4)

5)

6)

7)

8)

224
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Here are some

How much water would be used ...

if everyone in math class has a bicycle?

for a year's supply of the "Sunday News"? (How many Sundays?)

ST

for the wheat in 10 loaves of bread?

for the tires for all the family cars (remember the spares!)?

for 3 cans of peas and 5 cans of beans?

for 40 £ of gas?

for a dozen ears of corn?

Why is so much water needed to make a bicycle?

s




FIX THAT LEAK
b ) b é A

Materials Needed: Graduated beaker
Watch with a second hand
Calculator, if available

Activity: (1) (a) Turn on a faucet so it drips at a
steady rate,
(b) Count the number of drops falling
from the faucet in 30 seconds.
Repeat the count for accuracy.
The water is dripping at a rate of drops per minute,

drops per hour.

drops per day.

drops per year,

(2) (a) Measure the volume of 100 drops of water in millilitres.
(b) Use the data above. The faucet is dripping at a rate

of millilitres per minute.

millilitres per hour.
millilitres per day.

millilitres per vear.

) The last rate is equivalent to a rate of
litres per vyear.

(3) Call your local water board to find the rate charged for
residential water use., (The rate will probably be dollars
per 1000 gallons of water. 1 litre =~ .2624 gallons.) How
muchH money is wasted by this dripping faucet in one year?
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EVARPORATION

QCEANS AND SEAS

“B%

EVAPORKTION] e

RAIN AMND SNOW 52%

10036

STREAMS

Adapted from Patterns and Perspectives in
Environmental Science, National Science

CLOUDS
Board /' \

The diagram shows the water cycle. The diagram STREAMS

RAIL, SNOW

does not show the water that is being stored or BQDIES OF
. . R P TIOMN
that is in animals and plants. WATER, v (PRECIPITATION)

1)

2)

3)

Qut

4)

5)

6)

7)

226

Evaporation turns water from a liquid to a vapor which then goes up to form clouds. (

What percent of the evaporation happens over oceans and seas?

Why don't the oceans and seas dry up?

What percent of the rvain and snow end up in the oceans and seas?

of every 500 litres of water from rain and snow ...

how many litres end up in the oceans and seas?

how many litres are evaporated on land?

how many litres are evaporated from the oceans and seas?

How much water (rain and snow) falls each year where yvou live? Look under '"Precipi-
tation" in an almanac for a place close to you.

7 ‘\.




WATER POLLUTION, MAJOR DRAINAGE AREAS

Egtzirizzgt?n Polluted km 1971 duration-
Name of area the area (km) 1970 1971 intensity factor*

Ohio 46,400 15,800 38,500 42
Southeast 18,800 5,000 7,200 T4
Great Lakes 34,200 10,500 14,000 45
Northeast 51,900 19,000 9,300 .61
Middle Atlantic 51,100 7,400 9,000 47
California 45,200 8,600 13,500 - 27
Gulf 103,600 26,600 18,600 .35
Missouri 16,700 6,800 2,900 .31
Columbia ' 48,700 11,900 9,100 .12

United States 416,600 111,600 | 122,100 41

#This indicates how badly the stream was polluted and for how long during the year. The
higher the factor, the worse the pollution,

Table adapted from Statistical Abstract of the United Stateg 1975

1) Which area within the U.S. has the

greatest number of kilometres of

stream length?

2) Which areas had fewer polluted kilo-
metres in 1971 than in 19707

3) Which area had the highest duration- f [:i][::][ji]

intensity factor in 19717 [;S][::]
. - -' T | _:n:./ .'-'-—'—_':
The lowest? : e - 5 m D D;] %  ——

4} For each area, find what percent of the , [::][;ﬂ
total stream length was polluted in ,',:'. [2{][::][;i] -~
. . . . | e
1971. Arrange them in order, highest T~ oo

R ™

down T e

5) What are some streams in your drainage

area? Are they polluted?
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Is there water pollution in your neighborhood or school area? Look for information
in Consumer Reports for charts about detergents and their amount of phosphates.
Select a group of private homes and interview people for the following information:
brands and amount of detergents used per month. Figure the amount of phosphate from
charts and estimate the amount of phosphate pollution for your city. Is it enough
to affect the water?
Call the local water board to get the monthly use rates by the total city population.
Use an appropriate graph to display the 12 months of information. It may be possible
to do a double graph, where both this year's and last vear's use can be compared.
WATER CONSUMPTION N SOMETOWN
If there is a water tower familiar to
the students, it is interesting to know
its capacity. Call the city engineer
or the industry involved to find out 16
its volume. How much water would each g}
student get if the water in the tower E
were divided up? How many swimming v
» * ? 0-
pools would the water in the tower flll.ES‘ 1977
A short activity like the following 0
might lead to an exploration of local g ]
streams, fish population data, water 5 5 .
sources and sewage, methods of cleaning = <
up polluted streams, ... z '
FEB
POLLUTION-CAUSED FISH KILLS, 1973
Fish killed — ﬁlii&ﬁk—wﬂ-i/xﬁgiynf9 i
| T e A
Source of pollution {thousands) [ SNV /) B
Insecticides, poisons, 2500
manure drainage ? a. How many fish were killed by pollution
inn 19737
Industry . 1,800
Sewage, refuse disposal 10,400 b. Were any fish in your area killed by
. pollution?
Transportation 600
Unknown 22,600 ¢. Many fish are killed by unknown pol-
lution. Why is it so hard to track
Data from Statistical Abstract of down the sources?

the United States 1975
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Figure V|14 — COMMERGIAL FISH CATCH: LAKE MICHIGAN

100 1} The increase of the

- LAKE TROUT total fish catch in

80 b 1965~-66 was due to an

increase catch of what

60~ LAKE HERRING . .
kinds of fish?

SUCKERS
WHITEFISH

YELLOW PERCH

20

CATCH
SPECIES COMPOSITION (percentage)

ALEWIFE 2) TFish catches were all

decreasing during what

72

g years?

o

a.

&30

1

z P

&

por | . .

2w 3) Find out what kinds of

1 | | | | | l i | | I f I i

1898 1910- 1920- 1930- 1935 1940- 1945 1950- 1955- 1960 1961 1962 1963 1964 1965 1965
1909 1919 1926 1934 1939 1944 1949 1954 1959

fish are caught near

vou and how it has
The diagram shows statistics of the commercial fish catch on Lake Michigan
from 1898 to 1966, The degradation of the fish population is clearly evident; changed in recent years.
although the total catch returned to turn-of-the-ceniury levels in 1986, almost ail
of it consisted of alewives and other low-value species.

Graph from Patterns and Perspectives in Environmental
Science, National Science Board
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Here is how land in the United States is used.

AR

Millions Percent
Use of hectares of total
Crops 155 1) Tind the percent of the
: total for each use.
Cities, . . o
transportation 22 Ea 2} Make a cirele graph for
the information.
Parks 25
Pasture 244
Gr?z1ng land not 116
in farms
Forests 213
.Other (desert,
swamps, 140
mountaing)
Total 915

Data from Statistical Abstract of the United States 1975
A hectare is 10,000 m?.

3} Which kinds of land de vyou use?
4) Suppose everyone had the same amount of land. How many hectares would you have to
the nearest .1 ha? (Assume there are 215 million Americans.) What

kind of land would vou pick?

5) U.S. land is worth $715 billion dollars (in 1968 dollars). On the average, how
much is a hectare of land worth? On the average how much would

your share in exercise 4 be worth?

6) Interstate highways use about 10 ha of land per km of highway. There are. about
68,500 km of interstate highway. About how much land does the interstate highway

system take? Using the average value per hectare from exercise 5,
g g

find the wvalue of this land.

7) It takes about .5 ha to grow the crops to feed the average American. How many

people can be fed from the U.S. cropland? What happens to

the surplus?
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Recent surveys continue te show that highway litter is composed of ...

MISCELLANEDUS

NIy psns 4

\\l/\w} wees
.
.

. Jsr;"jig‘l. ’ B

True or false.

1) About %-of the litter is cans.

?2) Paper gives about 10 times the amount of litter as bottles do.

3) Paper is about %-of the total amount of litter.

4) %'of the litter comes from paper and cans.

Take a litter count along the streets beside your school. Tally each piece into one

of the above types and change to percentages. How do they compare?

If possible, find out information about litter along vour state's highways. Has it
been increasing or decreasing in recent vears? How does it compare to this national

survey?

What can you do about litter?

Does your state require a deposit on every soft drink orxr beer bottle or can? Try to get
information from a state that has such a law and a state that doesn't. Which state has\ '

more bottles and cans in the litter along the highways?
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Students in one class at Washington School picked up and counted the litter at their

school. Here are their findings.

Pieces® of litter WASHINGTON  SCHOOL

1

2)

3)

4)

5)

6)

7)

8)

Week

Location M T W Th F totals GROUNDS N
East wing 81 8112 | 1110 W E
Central wing 25 115} 14 ) 15 | 23 S
West wing 12410 6 11}t 8
School grounds | 48 | 28 24 | 25 ¢ 27

Totals
%A torn-up note or broken bottle was counted SYREET

as one plece,

Find the totals for each day and the weekly totals for each location. Record in
the table. Find the total number of pieces of litter for the week. Record.

Find the daily totals for inside the school only.
M T W Th F

N I I N

Graph the total number of pieces of litter day by day.

Do you agree with this headline?
Be ready to explain.

There was a school assembly on
Friday., In which wing do you
think the assewmbly hall is
probably located? Why?

On what day did the school grounds have the most litter? Why do you think this
happened?

The Student Council decided to buy some litter cans. How many should they buy?
Where should they put them?

Plan a Litter Watch for your school for one week.

a) Who will be on watch-teams?

b) Where will each team count the litter?

¢} When will they count? (Find out when the custodian cleans.)

d) What will count as 1 piece of litter? (Is an ice cream wrapper and stick one
or two pieces of litter?) o

e) How will you keep other students from knowing that you are keeping count?

f) How will you report your results to the school? 233



How much garbage, rubbish and junk do you throw away each day?

How could you find out? Try weilghing the total amount thrown

away by your family for one week.

1) Each American produces about 2.5 kg of solid waste

(garbage, rubbish and junk) a day, on the average. At that
rate how much solid waste will be produced ...

a) by you in a year?

b) by vou since you've been born?

¢} by your family in a year?

d)} by your city in a day?

2) If i cuﬁic mefre of soliduﬁéétérﬁéé.a'ﬁass of 90 kg, how many cubic metres of waste

is produced in your city each day?

3) Measure your mathematics classroom and figure its volume in cubic metres. How many
classrooms full of solid waste do the people in vour city throw away each day?

How many days would it take you to fill the classroom at the 2.5 kg

per day rate?

3 .
4) Many cities pick up solid waste in compactor trucks that compress 3 m of waste into

1 m3. If this were dome in your city, what would be the compressed volume of a

day's waste? Would this change the total mass? - Why do
they compress the waste?
5) The "junk" bill in the U.S. is $17.50 per person per year. How much would this be

for all the people in your city?

6) What is the most common method of DISPOSAL METHODS - SOLID WASTE
solid waste disposal? Why is it

OFEN DUMPING TERARASRARNERIERII 7 7 7
TRCINERATION . 8%
SAMITARY LANDEILL B (355
COMPOSTING OR SALVAGED & 2%

used more than the others? Which
way is used in your community?
Which way is best for the environ-

ment?

SOURCE - HEW. BUREAL OF S0UILD WASTE MANAGEMENT

7) If 3.5 billion metric tonnes of solid waste were discarded in 1 year, how many

tonnes were left in open dumps?

The local sanitation department should be able to give you figures for local daily or

monthly waste. Are there seasonal differences in waste amounts?
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RECYCLING
CANG

Major efforts to recycle materials

ALUMIMUM CANS RECYCLED

cans in 1974 than we did in

1970.

LG
like aluminum cans have begun in BILLION
the United States. Use the graph
to help you with these questions. "{r
L2 5
1)} The number of aluminum cans BILLION . f
J
recycled has (increased- _ %
decreased) in the past years. 0 <
- MILLIOM (<
=
p
2) True-false: We probably re- %
eyeled 10 times the amount of
% -
E
1

3) The increase in recycling from
1972 to 1973 was what percent
of the 1972 amount?

4y 1If recyclers were paid $7 million dollars for their cans in 1973, what is the

average price paid per can?

5) If there were 48 billion aluminum cans made in 1973, what percent was recycled?

Is it possible to figure out from the graph if a larger percent of the

cans made were recycled in 1973 than in 19707

6) In early 1970 there were 100 collection points for recyclers, in 1971--285, in
1972--675, in 1973-~1100, Predict the number for 1974 by drawing a graph or using

percents of increase.

7) How many students in your class do any recycling at home?

Permission to use granted by The Aluminum Association, Inc.
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tnless more is found, the known amounts of some resources will last this long:

1)

To avoid shortages, we can use less of the
resources and recycle them. Here are the
amounts used and the percent recycled now

for some resources.

iron - 72 years copper - 38 years

zine - 28 years lead - 27 years

If you live to be 75 years old, which of those resources are likely to be mined

out? (Use the figures above.)

c:?mse:saugweﬁ BN

.

Resource Amount used/yeaxr % recycled Amount recycled
Copper 1,450,000 t 60%
Aluminum 4,450,000 t 487%
Lead 610,000 ¢t 42%
Iron 89,250,000 t 267%
Paper 61,100,000 t 21%

2}

3)

4)

3)

236

Find the amounts of the resources that are recycled, in metric tonnes.

Nine million cars are junked every year. If there are about 90 million cars in

use, about what percent are junked?

Can all these resources be recycled: coal, oil, natural gas, geold, silver, wood?

What can the students in your class do to help conserve resources.
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RECYCL INLG
RCTIVITIES

1. Find out how materials other than paper are re-
eyeled. Youmight assign small groups of students fo
find out what steps are involved in the recycling of
glass, aluminum, steel, and rubber. Have the groups
make bulletin board displays, using a pie-shaped
design, showing the steps involved.
2. Recycle your own paper. Recycling paper com-
mercially requires huge machines and elaborate
production lines. You can, however, demonstrate the
basic steps of paper recycling in your classroom-—
or students can perform the same project at home.
The materials you wiil need are: an old newspaper,
mixing bowl, egg beater, a wood block, a square of
window screen {about 8-4 inches on each side), a
plastic sandwich bag, wallpaper paste or corn
starch, water and a tablespoon.
1. Fill the bowt about one-quarter
full of water, Tear a half page of
newspaper into tiny pieces. Place
the pieces in a bow! and let them
soak for onhe hour.
2. After the paper has become
thoroughly soaked, beat it with
the egg beater. The action will
break up the paper into fibers.
When the mixture has been thor-
oughly beaten, it should have the
creamy texture of paper pulp.
3. Dissolve two heaping table-
spoons of wallpaper paste or
corn starch in a pint of water,
Pour inte the pulp. Stir. {The
paste or starch acts as a binder
between the wood fibers sus-
pended in the mixture.)
4. Hold the piece of window
.. screen flat and lower it into the
pulp. Do this repeatedly untif you
accumulate a layer of pulp about
1/16th inch thick,
5. Set the pulp-covered screen
on anewspaper and place a
plastic sandwich bag over it.
. Press down with the wood block
~—gently at first, then with more
pressure. The water will filter
through the screen onto the
‘ newspaper,
8. Allow the fibers to dry for about 24 hours. Peel the
fibers—now paper-—from the screen. Congratula-
tions! You have just completed the process of recy-
cling paper.

3. Demonstrate nature’s way of recycling. Nature has
its own way of disposing of some trash. You can
demonstrate this process in your classroom. The
process takes two or three weeks to complete, so
you should allow for this lengih of time,

You will need a farge clay flower pot, top soil, a
few small stones, and a collection of typical litter—
pieces of newspaper, plastic, a strip of tincan {or a
small piece of steel wool without soap), broken glass,
a few potato peels or pieces of bread.

1, Cover the hole in the bottom of the pot with the
stones. Fill about one-third full with topsoil.

2, Add a layer of the litter you have collected.

3. Cover the litter with a layer of top soil until the pot
is two-thirds full. Sprinkle with water, but don't soak.
4. Cover the pot with a piece of plastic. Setitina
warm, dark place. Keep the soil moist.

5. After two or three weeks, dump the contents of the
pot on a newspaper and with a trowel spread it out.
What trash has decomposed? What buried litter
didn’t decompose? What does this tell about the
problem of litter and trash? You might want to refurn
the material to the pot and examine again in three
weeks to see what further decomposition has taken
place.

4. Collect recyclable materials. On their own—or as
a school project—-students may warit to coflect trash
that can be recycled, such as paper, cans, bottles, or
scrap metal. Before beginning a project like this,
however, be sure you have a buyer—or recycling
center—to take the materials. Depending on the
area, aluminum cans sell for about $200 per ton,
paper for $13 per ton, and glass bottles $13 to $20
per ton.

SOURCE: McPonald's Ecology Action Pack
Permission to use granted by McDonald's Corporation 237



H GRAND CANYON

Erosion is natural. Humans increase erosion by plowing up land, removing plant cover

and trees and allowing land to be overgrazed.

3 BILLICK METRIC TOMMNED OF 30IL ARE ERODED
EACH YEAR. THIS COULD COVER GQOO,000 HECTARES
WIiTH 30 CENTIMETREDS OF 30IL..

3'-‘-&1’;‘@

1) By the scientist's figures, how many tonnes of soil would there be for each hectare

covered?

2) Each year the Mississippi River washes 450,000,000 metric tonnes of soil into the
Gulf of Mexico. According to your answer in exercise 1, how much land could this

cover with 30 cm of so0il?

3) Up to 4500 metric tonnes of erosion can result from stripping 2.3 kmz of land of
plants, Lately about 1600 ka of land have been exposed each year., How much soil

could erode from this exposed land?

I

X

R i b

GRASSLAND " " CORN FIELD .
VERY LITTLE EROSION  90kg/ho. EROSION 153,000 kg /ho. EROSION

4) Erosion in cornfields is how many times as much as erosion in grassland?

53) How do farmers try to prevent erosion? Is there anything you can do?

238




Here is

1)
2)

3)

7)
8)

DID ¥Ou
KNDMW ?

What America is doing to reclaim energy and materials from municipal solid waste.

Encouraging news in the war on waste

ORIGIN: RESOUACE RECOVERY MVISION, EPA
{REVISED 12/74}

GROSS DISCARDS

MILLIONS OF TONS

NETI WASTE DISPC

125

To date, more than 50 U.8. communities are planning or actually
operating resource recovery facilities, These facilities are de-
signed to recover some of the $2 billion worth of reusable mate-
rials in the estimated 150 million tons of refuse Americans will
discard this year alone, Significant trends are emerging. The chart
at teft is based on a recent study by the Environmental Protection
Agency. it plots the expected growth of municipal solid waste (top
line} . . . and the projected increase in resource recovery (shaded
area}. !t shows that in 1971, we recovered only 6% (eight million
tons) of our solid wastes. By 1890, we should be recovering 26%
(58 millior: tons). And, as the chart also shows, net waste disposal
could level off by 1985 as the increase in recovery equals the

a sample page you can make up from newspaper, magazine or brochure clippings.

1675 975 T84 785 B increase in gross discards.

Given a population of 210 million people--how much refuse on the average will each
American throw away this year? each day of this year?

We will discard how much more in 1980 than we did in 19747 What is the percent of

increase?
What was the percent of recovery in 19757

Did you know that . .

The "“garbage’ Americans throw away each year contains: enough
ferrous metal to bulid 4 million cars . . . encugh paper to print
every major newspaper in the country for a year . . . enough com-
bustibie materiat to generate the energy of over 200 million bar-
rels of oil. [ A recent study forecasts that 10% of America's
garbage will be used for energy by 1980. Projections from another
study indicate that more than 300 communities with populations
over 10,000 will taunch major resource recovery projects in the
next five years. ] Connecticut pians a network of nine regional
resource recovery plants. Contracts have been signed for the first
plant; it will provide the electrical energy needs for approximately
10% of the Bridgeport region’s population.

4y In 1980, how many tons of garbage
will be produced total that year
by each American if the estimated
population will be 220 million
for that year? for each day?

5) 1Is it more or less than the
average per day for 19757 By how
much?

6) In 1980 will you throw away more
or lesgs than this year?

In 1976, what percent of waste will be reclaimed in Milwaukee?

How many tons will be reclaimed?

Resource recovery, big city style: Milwaukee, Wisc., (pOp 717,099)

The lights of Mitwaukee's skyline: next year some of them will be
lit with eieotncity generated by burning the city's garbage. Mil-
waukee has become the first city of its size in the U.S._ with a long-
term contract for systematic solid waste recycling. in mid-19786,
an $18 million facility designed, constructed, financed and oper-
ated by American Can Company's Americology unit is scheduted
to come on stream. When it does, about 20% of Milwaukee's
annual 270,000 fons of municipal waste will be reclaimed for its
usable steel, tin, aluminum, paper and giass. Another 60% wilt be
converted into combustible material with the annual energy eguiv-
alent of 75,000 tons of coal. Wisconsin Electric Power Company
will buy this fuel 1o help light the city’s homes and offices.

ADVERTISEMENT FROM: Saturday Review, July 12, 1975

Permission to use granted by American Can Company

American Can Company
A American Lane
S Greenwich, CT 06830 239
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1)

2)

3)

4)
5)

6)

7)

8)

N

10)

11)

12)

13)

14)

LAND AND
RESOURCES
PROTECTS

What method(s) does your city use to dispose of solid waste? What are the advan-—
tages and disadvantages of each method?

Are there recycling centers nearby? Find out what objects and how many are being
recycled each month, each year,

Paper is a big part of solid waste and litter~—both by count and mass. Figure
out how much your local newspaper contributes. What is the total mass of your
family's newspapers for 1 week, 1 month, 1 vear? Find the circulation of the

newspaper and total production for a year (1000 kg = 1 metric tonne). Is the

paper printed on recycled paper?

How much paper does your school district use each year? Is it recycled paper?
In what ways are our forests and national parks polluted?

Find out how people feel about littering. Take a survey and see if anyone caught
littering should pay a fine and/or spend at least one day picking up litter along
your state's highways.

Look up Garbage Collection or Services in the vellow pages of the phone book.
Count the number that exist. Call some of them to find out what they think the
average amount of solid waste is that's disposed of weekly by a family in your
city. What amount do they handle in a week's time; in a year's time? Using
their figures and the number of families they collect from--~estimate by propor-
tion the amount of solid waste collected in a week in the entire city.

Find out from school cooks how much uneaten food is disposed of daily as an
average, Compute this amount for the school year. Find out the total food

waste discarded daily or weekly per student, yearly per student. How can this be
reduced?

Pick out 20 items in a grocery or drug store. See what percent has unnécessary
packaging. See what percents of the packaging are paper, plastic, glass and
metal. Which could be recycled?

Make a school beautification plan. Figure out how much the paint, plants, flowers,
etc., would cost.

Poll students to see what their favorite outdoor recreations are. Graph the in-
formation. How would each kind of recreation affect the environment?

Is there a land-use committee in your county or state? What do they do?

Investigate the state parks—-how many, how big, number of visitors, problems with
litter, overcrowding or vandalism.

InVestigate.the.cost of raising your own vegetables versus buying them at the
store. - Consider such things'as the cost for rototilling or plowing the soil,
fertilizer; seeds, tools, etc. Would you save money by raising a tomato plant in
a tub on-a patio, balcony or porch?

T
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SOURCES OF ENERGY FOR THE U.S.

In 1850 In 1970 Iin 2000
(estimated)
Source Percent | Source Percent | Source Percent
Sun Fossil fuel Fossil fuel
Wood 64 Coal 20 Coal 16
Food for work Petroleum 41 Petroleum 37
animals 22 Natural gas 33 Natural gas 18
Wind, water 7 Sun Sun
Fossil fuel Hydroelectricity 4 Bydroelectricity 3
Coal 7 Misc. Nuclear 26
Nuclear, wood 2
FROM: Energy Crises in Perspective and Statistical Abstract of the United States 1975
1) In 1850, what total pervcent of the energy came from the sun?
2) How does the total percent of the energy from fossil fuel in 1970 compare with the
percent in 20007
3) Does that mean we will use less fossil fuel in 2000 than in 19707
(Hint: Total U.S. energy used in 1970, 67.1 quadrillion units; in 2000, 191.9
quadrillion umits.)
4) What percent of the 1970 total energy used is the 2000 total energy used? {See
information in exercise 3.)
5) What environmental problems does each of the sources involve: coal, petroleum,
natural gas, hydroelectricity, nuclear?
6) Which sources can't be replaced?

241
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HOW MANY

Needed: Watch with second band, metre stick, bathroom scales, flight of stairs
1) Find your mass. kg

2) On the stairs, measure to see how high the top is HEIGHT
from the bottom. m

3) Walk from the bottom to the top at your normal speed.
Record the time in seconds. 8

4) Calculate your horsepower., )
mass (in kg) x height of stairs (in m) .

Number of horsepower =

76 x time (in s)

5) Repeat steps 3 and 4, going up the stairs as fast as you can.
This gives. your maximum horsepower.

Needed: Watch with second hand, bathroom scales,
gentle slope of known height

1) Find the total mass of you and a bicycle.
(Lift the bike while you stand on the scale.)

2) Record the height of the slope
from the starting point.
m

HEIGHT

3) From a standing position, ride the
bicycle as fast as you can to the
top of the slope. 8

4) Calculate your horsepower with this formula.

mass (in kg) x height of slope (in m)

Numb £ h =
umber of horsepower 76 x time (in s)

SN
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1, On the map find the greatest _average amount of energy from the sun. cal/cm2
The least: cal/cm

2. Find a place near you on the map. Suppose you had a perfect 1000 cm2 energy collecting
surface. How many calories (cal) could you collect a day in that place?

3. You need to eat 2200 to 2500 kileocalories of food every day. Would your surface
in #2 collect this much energy?

4. A calorie is the amount of heat needed to raise the temperature of 1 gram of water by 1
celsius degree. If the calories for one day in #2 could all be used, how many celsius
degrees would the temperature of 1 kilogram of water be raised? —_

5. All the energy used from coal, gas and so forth amounts to that given off by burning
7,800,000,000 metric tonnes of coal, This amount is only .004% of the energy we
receive from the sun., We receive the equivalent of how many metric tonnes of coal in
sun—energy every vear?

DATA FROM: Energy Primer, Copyright © 1974 Portola Institute
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Make plans to take a count of cars traveling
certain routes, at certain hours, on
various days in your community.

Suggestions:
Go to the location you have chosen,
Count the cars traveling in one direction
and the number of passengers in each
car, Do this for 4 hour during a2 morn-
ing rush hour, % hour during an evening
rush hour, and % hour during a midday

hour.

Determine how many days yvou will do
this and vary your days so that some
are weekdays and some on weekends.

When vou arrive at what vou feel is a
fair sampling determine how many fewer
cars would have been needed if each

car would have carried 3 passengers.

Determine what per cent of the cars
carried only 1 person; 2 persons;
3 persons; more than 3 persons.

What conclusions can you form as an
individual or as a group carrying out
this project? Can you use these con-
clusions to make some recommendations
to your own family (families)? To the
staff of yvour school? To the members
of your community? To your traffic
department?

SOURCE: Pollution Problems, Projects and Mathematics Exercises, 6 ~ 8, Wisconsin Department of Public
Instruction ’

244 Permission 1o use granted by Wisconsin State Department of Public Instruction -
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You know that it is more efficient on a trip for a car to have 4 pecople in it than

just 1. That way you get more people moved many miles for about the same amount of
gasoline. When two people go 10 miles each, you can say that they have traveled 20

people-~miles.

The number of people-miles per gallon gives one way to compare different

kinds of wvehicles.

1)
2)
3)
4)
5
6)

7

8)

Average number of | People in | People-miles
Vehicle miles per gallon vehicle per gallon
Car 13.3 1 13.3
1,.3% 17.3
2 26.6
5 66.5
Bus 5.9 5 29.5
50 295.0
Jet aircraft 0.24 73 17.5
Electric train” 1.88 600 1130 (level
ground)
*Estimated average aElectricity used is expressed in terms of fuel.

According to the table, what type of vebicle gives the most people-~miles per
gallon? The least?

Since jets do not give a very high people-miles per gallon figure, why do people
going on long trips like to fly?

Since cars have a low people-miles per gallon figure, why do so many people who
could take a bus drive instead?

What does the 1.3 in the "people in vehicle" column mean?

How was the last column figured out?

Some cars get 35 miles per gallon. With 2 people, what would the people-~miles per
gallon be for such a car?

Suppose a jet had 150 people (including the crew) in it and got the same number of
miles per galion as in the table. How many people~miles per gallon would that

give? Would this be more efficient than 3
buses?

Besides fuel efficiency, why would one bus with 50 people be better than 10 cars,
each with 5 people?

DATA UPDATED FROM: Principles of Environmental Science, by Kenneth Watt,
Copyright © 1973 by M¢Graw-Hill Book Company

Used with permission of MeGraw-Hill Book Company 245



Both the car and the driver contribute to the amount of gasoline used.

o]

%
a) An air conditioner reduces gas mileage by 9-20%.

b) An automatic transmission reduces it by 2-15%,

c) Vehicle weight is the single most important item,
A 2200 kg car takes twice as much gas to rum as an
1100 kg car.

d) FEmission controls lower fuel economy by 3-18%,

e) Unnecessary acceleration can use up to 15% more fuel. ’\

f) A tuned car averages up to 107 better gas mileage.

g) Cruising at 95 kam/h instead of 110 km/h saves 15%,
at 80 km/h instead of 110 km/h saves 25%.

Questions

1) A driver getting 8 km/f at 110 km/h would be getting if the

car were driven at 80 km/h.

2) <Choosing a car with alr conditioning and an automatic transmission could lower

gas mileage by a maximum of about ',

3) A person owns 2 cars-—one 2000 kg and the other 1000 kg. TIf the 1000 kg car is
getting 12 km/£, the 2000 kg car is probably getting only km/Z,

4) Why are emission controls used if they lower fuel economy?

5) How far might a tuned-up car go on the gas it takes to go 1000 km when untuned?

%
What is a good word for "mileage” in the metric system?

Data from Clean Air and Your Car, Eanvirommental Protection Agency
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2)

3)

4)

5)

6)

7)

8)

BIKES RRE
ERUTEFUL

A biecycle can go 18 km/h. How long will it take to go 3 km? minutes
A car in traffic averages 21 km/h. How long will it take a car in traffic to go

3 km? minutes

About 60% of the car trips are less than 4 lm. How long would it take a bicycle
to go 4 km at a speed of 18 km/h?

Almost half of the trips to work are less than 6.5 km. How long would it take to
bike 6.5 km at a speed of 18 km/h?

How far do people in your family go to get to work?

How long would it take to bike?

If bikes were used for short trips to work, the U.S. would save 6% of the 660 bil-
lion litres of petroleum used. How many billion litres of petroleum would this

bea?

In 1971 there were 24.5% more bicycles sold than cars. There were 11 million cars

gold that year. How many bicycles were sold?

One million people get hurt on bicycles every year. What do you think ate some of

the causes of bicyecle accidents?

Why don't more people ride bicycles? Take a poll of adults in your neighborhood.
See how many do ride bicycles to work or to shop. See why the others do not—-

distance, weather, hills, safety, too old, afraid bicycle would get stolen,

Data from The Bicycle va. The Energy Crisis, Environmental Protection Agency
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(This includes several ideas from Today's Education, Jan.~Feb., 1975, pp. 90-94.)

1. Our energy needs are increasing by how much? (See an almanac.)
2. VWhat effects will increased oil prices have on the U.S.?
3. Who or what are causing an energy crisis?

4. What effects will an energy crisis have on the environment? Will desire for
energy lower air and water pollution standards? Problems with getting fuel:
oil spills, strxip mining, nuclear plant safety, pipeline digging, emission con-
trols, thermal water pollution, ...

5. What are alternative sources of energy-~and their problems?
6. Look at ways students can conserve energy at home and at school.
7. Write about an imaginary day without oil, gas or electricity.

8. Pretend school or family's heat allocation has been reduced 25%. Decide how
best to deal with the problem.

9. Make a bulletin board--use graphs, pictures, charts, maps——about fossil fuels,
(sources, uses, pollution and reserves). Find in newspapers or magazines—-—
graphs and articles and advertisements concerning energy. Discuss sources of
their information and its display.

10. Have students list energy-using appliances or objects used in their home. Ask
each member of the family to rate the appliances in order of importance to him
or her. Display or share the results. Figure the kilowatt-hours used in a year.

11. Compare car ads of today and 5-10 years ago. (See old magazines or newspapers in
the public library.) How are they different in what they stress?

12, $Study the growth in demand for energy in the last 50 years and causes (popula-
tion, wealth, cars, advertising, development in technology and cheap sources.

13. Poll or question adults in the community about causes or cures of the energy
crisis., Publish the results.

14. 1In some areas, snowmobiles have become a popular vehicle to own in the past few

years. How much epergy do they consume compared to automobiles or motorcycles?
What impact will they have on areas where they are used?

IDEA FROM: “Teacher’s Guide to the Energy Crisis,”” Today’s Education

Permission to use granted by J. G. Sartwell, R. P, Abell, and National Education Association
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CLOSSARY

aerosol, A mixture of tiny particles
in a gas. Smoke, fog, mist are
aerosols. Many aerosols are stored

in pressurized cans (for example,
insect repellent).
arable. Land that can be farmed.
birth rate, Number of births per so
many people (or animals); can be
given In percent or in number per
1000 people.

bronchitis. A disease of the tubes
that go to the lungs.

calorie. 1. One calorie is the
amount of heat needed to raise the
temperature of 1 gram of water by
one Celsius degree (also called
small ealorie). Symbol: cal
2. (usually spelled with a capital C)
1000 Caloxies. (also called large
calorie) Symbol: keal; Cal

carbon monoxide., A gas produced by
incomplete combustion that can't be
seen, smelled or tasted. Too much
of it can kill animals that need
oxygen,

caryying capacity.  The number of ani-
mals for which a region can provide
food, air, water, and room,

census, A count of the population.
compost, A mixture of decaying
vegetation. Compost can be added

to soll to enrich the soil.

DbT, A kind of chemical that kills
insects. It is usually hard to
notice on food and vegetation.

death rate. Number of deaths per so
many people (or animals); can be given
in percent or in number per 1000,

decibel. A unit for comparing the
intensity of sounds. Symbol: dB

density (population).  The number of
people (or animals) for each unit of
area,

doubling time.  The time it takes for
something to double in size or number,

ecology. The study of how living things
are related to each other and to their
environments.

emit., - To give off, such as a car emits
air pollution.

environment. Evenything that people are
exposed to; can also be used for other
living things (for example, the fish's
environment).

erode, To wash, blow or wear away.

erosion.,
away.

Washing, blowing or wearing

eutrophication.  What happens when
things get in water and help plants
grow, decreasing the amount of oxygen
in the water.

evaporation. A way liguids are changed
to wvapors.
food web.  The relationships among

things and their food sources.

fossil fuel. A fuel formed over long
periods of time from dead animals and
plants. Coal, petroleum and natural
gas are fossil fuels.

generation. In talking about popula-
tions, all the people that have about
the same age.

geometric mean. A tzpe of average.
Technically, the nth yoot of a product
of n numbers,

graduated beaker. A container from a
science labhoratory that has markings
to show the amount in the container,

aer—gra

249



250

ENVIRONMENT GLOSSARY

gram. A unit of mass. A raisin has
a mass of about 1 gram, a teanis
ball, about 50 grams. Symbol: g

hectare. A unit of area equal to
10,000 square metres. Symbol: ha

hydrocarbons.  Usually, unburned
petroleum products in the air., Not
harmful in small amounts, but react
with sunlight to form one kind of
smog.

hydroelectricity, Electricity pro-
duced by water power.

immigration,
oy region.

Movement into a country

ineinerate, To bhurn.

insecticide.
. that kills

Any chemical substance
insects.

inpersion.  What happens when a layer
of cool alr is trapped by a layer of
warm air above it, Air pollution
can't escape when an inversion occurs.

kilocalorie. 1000 calories.
Symbol: keal
iitter. 1. Trash or garbage

scattered around. 2. The offspring
at one birth (the dog had a litter
of 5 puppies).

litre, A cubic decimetre, or 1000
cubic centimetres. Symbol: £

matric tonne, 1000 kilograms.

Symbol: ¢
microgram.  One millionth of a gram,
Symbol: mu

nitrogen oxides.  Gases from cars
or burning that help form smog.

noise, Unwanted sound.

gra-wat

particulates. In the air, very small
pleces of matter, They reduce visi-
bility and contribute to some lung
diseases.

pesticides.  Any chemical substance
that kills plant or animal pests.

pollutant.  Something that causes
pollution.
pollution.  Whatever makes the environ-

ment unfit or undesirable for living.

population, The total number of people
in a region; can also apply to animals
or plants (the rat population was out
of control).

produce. (In groceries) fresh fruits
and vegetables.

recycle., To use over again after it is
throwyn away.

salvage, To save from rubbish.
Secohi disk. A black and white disk
used to measure how cloudy water is.

amog . 1. A mixture of smoke and fog.
2. 7The haze caused by sunlight react-
ing with air pollutants.

soll eompaction.
soil is,

How packed-~down the

solid waste.
liquid form.

All waste not in a gas or

species., A category in a classifica-
tion system of living things. Humans
all belong to the Homosapiens species.

sulfur oxides. A kind of gas in some
air poliution. It reagcts with water
in the air to make an acid.

thermal,  Caused by heat.

water cycle. The constant change of

ground water to vapor to clouds to rain
and back to ground water.

e

2T
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ENVIRONMENT GLOSSARY

Symbols
am centimetre
ha hectare
kg kilogram
£ litre
m metre
ms cubic metre
ppm parts per million
b/ metric tonne

symbols
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SOURCES OF INFORMARTION

(Materials are available without charge unless noted otherwise.)

SOURCE

The Aluminum Association, Inc.
818 Connecticut Avenue, N.W.
Washington, D.C. 20006

American Can Company
American Lane
Greenwich, CT 06830

Bicycle Institute of America
1923 E. Park Street
Arlington Heights, IL 60004

Center for Secience in Public Interest
1779 Church Street, N.W,.
Washington, D.C. 20036

The Conservation Foundation
1717 Massachusetts Avenue, N.W.
Waghington, D.C. 20036

Dolphin Enterprises
1207 N.E. 103rd Street
Seattle, WA 98125

Environmental Protection Agency:

Fuel Economy

Office of Public Affairs

U.S. Environmental Protection Agency
Washington, D.C. 20460

The President's Environmental Merit
Awards Progranm

Environmental Protection Agency

401 M Street, S.W.

Washington, D.C. 20460

Publie Affairs Director
EPA Regional Office

Boston, MA 02203

New York, NY 10007

MATERIALS

Information on recycling cans (data and
charts.

Information on recycling solid waste.

Iifestyle Index ($1.50)

A Citizen's Guide to Clean Air

ECO--An Island Simulation Game ($1.40;
upper elementary)

Population Education Task Cards ($4.65/
set; accessible to middle/junior high
school)

Cammon. Envivonmental Terms: A Glossary
(many other publications are for sale.)

Miles Per Gaollon (test results for auto-
mobiles)

If one of your classes wishes to get in~-
volved in restoring the environment,
vou may be able to get certificates
from the President recognizing their
contributions., Write for enrvollment
materials and a brochure containing
some ideas for projects.

States Covered:
Connecticut, Maine, Massachusetts, New
Hampshire, Rhode Island, Vermont

New Jersev, New York, Puerto Rice, Virgin
Islands

¢




SOURCES

Philadelphia, PA 19106

Atlanta, GA 30309

Chicago, IL 60606

Dallas, TX 75201

¥ansas City, MO 64108

Denver, CO 80203

San Pranciseo, CA 94111

Seattle, WA 98101

United States Environmental Protec~
tion Agency

Office of Public Affairs

Washington, D.C. 20460

Georgia-Pacific Educational Library
Dept. 4

900 S.W. Fifth Avenue

Portland, OR 97204

The Instructor Publications, Inc.
P.0. Box 6108
Duluth, MN 55806

Keep America Beautiful, Inc.
99 Park Avenue
New York, NY 10016

National Tuberculosis and Respiratory
Disease Association
Kew York, NY

National Water Commission
800 N. Quincy Street
Arlington, VA 22203

The National Wildlife Federation
1412 16th Street, N.W.
Washington, D.C.

ENVIRONMENT

Delaware, Maryland, Pennsylvania, Virginia,
West Virginia, District of Columbia

Alabama, Florida, Georgla, Kentucky,
Mississippi, North Carolina, South
Carolina, Tennessee

Illinois, Indiana, Michigan, Minnesota,
Ohio, Wisconsin

Arkansas, Louisiana, New Mexico, Oklahoma,
Texas

Iowa, Kansas, Missouri, Nebraska

Colorade, Montana, North Dakota, South
Dakota, Utah, Wyoming

Arizona, California, Hawaii, Nevada,
American Samoa, Guam, Trust Territories
of the Pacific, Wake Island

Alaska, Idaho, Oregon, Washington

Tour booklets:
Veeded: Clean Water
Man and His Endangered World
Needed: Clean Air
Noise and You

The Forest and You poster kit (1 kit
free, others 50¢ each)
Articles about earth's oxygen supply

Eco-Problems posters ($3.50 for a set of
12)
Feology posters ($3.50 for a set of 12)

71 Things You Can Do to Stop Pollution
{(write for cost information)

Ranger Rick (10 issues/year, $7.00)

National Wildlife (adult reading level,
bimonthly, $7.50/year, annual Environ-
mental Quality report) 253
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SOURCES

The Population Council
245 Park Avenue
New York, NY 10017

The Population Institute
100 Maryland Avenue, N.E,.
Washington, D.C. 20002

Population Reference Bureau
1755 Massachusetts Avenue, N.W.
Washington, D.C. 20036

Sierra Club
1050 Millis Tower
San Francisco, CA 94104

U.S. Department of Health, Hducation
and Welfare

Health Resources Administration

53600 Fisheis Lane

Rockville, MD 20852

United States Energy Research and
Development Administration

Technical Information Center

P.0. Box 62

Oak Ridge, TN 37830

ENVIRONMENT

Studies in family planning
Reports on population
Country Profiles

Interchange (teacher's newsletter)
World Population Data Sheet (35¢)

Population Report (monthly newsletter)
Population education teacher packets
Information on speakers and films

Monthly Vital Statistics Report

Wall Chart:
1776-1978

Many pamphlets and booklets: Energy
Storage; Geo-thermal Energy; Energy
Technology; . . .

One can request information on a specifie
subject (e.g., solar energy).

Energy History of the U.S.,

///—\\
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fo MATHEMATICS

It is sald that music is a univer-
sal language——understood and enjoyed by
all, This is certainly true for most

middle school students. Even those who

do not participate in an orchestra or
band will dance, sing or keep their
ears glued to a transistor radio or set
of headphones. This interest in music
can provide the motivation for individ-

ual activities or for an entire unit in

mathematics and music,

Where does the mathematics come Iin? Today students learn music and learn mathe-
matics as different courses without associating music with mathematies, but the two
subjects were not always separated. For centuries the Greeks viewed mathematics and
music as part of the same subject. Modern students can repeat some of the experiments
of the Greeks by investigating the ratios of the lengths of strings and of the tones
these vibrating strings produce. They can also study the graphs of the pitch, loud-
ness and quality of tones.

The activities in this collection are organized into four sets. The first set
requires no knowledge of musical notation or expertise in playing an instrument. In
this first set, students can research the financial aspects of a musical concert;
determine the meaning of the different speed settings on a record player; determine
the pressure exerted by a phonograph needle; use logical reasoning to classify instru-
ments; and solve mathematical word problems about music and musicians.

The next set of activities (beginning with Notes, Rests and Fractions) involves
learning and practicing musical notation. The activities stress the relations between
fractions and notes, rest, and time signatures. Students are asked to use the ratio
idea~-1f a quarter note is assigned one beat, a half note is assigned two beats~-in
a variety of activities., Most of the activities in this set can be used with stu-
dents provided that the musical notation is explained. Musically inclined students

can be an information source for the rest of the class. The Britannica Junior

Encyeclopedia has an easy-to-read article on music notation, and the school music

teacher could also provide some background. The glossary at the end of this
gection will help in many cases. You will probably want to work through the acti-

vities yourself to be sure they are appropriate for your class.
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INTRODUCTION MATHEMATICS AND MUSILC

Motions and Music is the first page of the third set. It describes how a
series of notes can be reflected (played backwards), translated (repeated or slid
up or down on the scale) and rotated (turned about a point) to compose a piece of
music, Students who do not read music can do the activities by applying the motions
of geometry to the notes. Someone else in the class' can play the compositions on
the piano, Other activities in the set also involve analyzing and composing music.
Some of these are guite simple; others would make good projects for an individual
student or for a group of students who are very interested in music.

The fourth set concerns the subject of sound as related to music. Shapes of
Sounds describes graphs for sounds., Students are asked to compare the loudness and
piteh of two sounds based on their graphs. (An oscilloscope would make this acti-
vity more meaningful, but it is not necessary.) Some activities in this set use
graphs or charts giving the range in pitch or loudness of voices and instruments.
Students are asked to use these charts and graphs to compare the instruments. Other
activities ask students to order sounds according to their loudness, discover rela-

tionships between frequencies of notes, and investigate various sound phenomena., The

Britannica Junior Encyclopedia has an excellent overview of sound.

Mathematics has plajed an important part in modern music. It has been used to
analyze musicy to help create buildings with good acoustics; and to develop radios,
phonographs and amplification systems which reproduce music as accurately as possi-
hle. On the other hand, there are many people who have seen music in mathematics.
Pythagoras thought music followed the rules of whole numbers, and Kepler looked for
music in the spheres. The page of quotes following this introduction gives some
additional thoughts of mathematicians and musicians about the relationships between
mathematics and music. Though not all of the possibilities in mathematics and
music are presented here, perhaps these activities will provide new, interesting

and useful information for teachers and students alike.

256




INTROPUCTION MATHEMATICS AND MUSIC

Mathematics is music for the mind; music is mathematics for the soul.
—-Anonymous

Music is the pleasure that the human soul experiences from counting without being
aware that it is counting.

~=Leibniz
Mathematics and music! The'most glaring possible opposites of human thought!
Yet connected, mutually sustained!
-—Hermann von Helmholtz

Mathematics is the music of Reason. The musician feels Mathematics, the mathe-
matictan thinks Music.
-=J, J. Sylvester

Musie is number made audible, avchitecture is number made visible.
-—Claude Bragdon

The sctence of Pure Mathematics, in its modern developments, may claim to be the
most original cereation of the human spivit. Another claimant for the position is
music.

—--A, N. Whitehead

Success in music and mathematics also depend upon very much the same thinge--fine
technical equipment, unerring precision, an abundant imagination, a keen sense of
values, and, above all, a love for truth and beauty.

~-Elmer B, Mede

For three bars T listen to it; thereafter I distinguish nothing, but give myself
up to my thoughts. In this way I have solved many a difficult problem.
--Lagrange

Mathematics ©s the inspired ordering of an infinite world of numbers. That's
Oswald Spengler’s definition. Music is the inspired ordering of an infinite world
of sound. That's my variation on Spengler's theme.

--Howard P. Lyon

It is the same with music. You have to make them practice. My father did, and
I'm glad he did . . . Musical training helps their arithmetic.
~~Arthur Fiedler
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Listen to the Students LISTEM TO STUDENT INTERESTS:

Let the students start the process

DID VOU HEAR THE
TOHN DENVER S
SPECIAL LAST

C( (met-rr?

for you. All you need to do is listen
to their conversations and questioms.

You probably already know that some of 3/

'S

| i

their discussions involve recording
stars, records or albums and, perhaps,
concerts, If they play a musical
instrument, that is alsc a special
interest,

Ask them questions about the

instruments they play, the concerts

‘they attend, or musicians or composers they like, If a concert is being held in the

area, there might be a discussion about it. Students might talk about plans te go,
or that they would like to go, and afterwards, about the performance, When vou hear
these types of conversations in your classroom, take advantage of it. An activity

like I Concert can be used at this time. (

Use the Students as a Resource

YOU TWO PROBABLY WNOW MORE
ABOUT MUSIC THAN T DO - WOULD
YOU BE WILLIMG TO HELP OTHERS 1IN

Student background in mathematics

and music can be helpful to a teacher
wanting to emphasize relationships be—
tween the two disciplines. Knowledge
of their experiences will help deter-
mine whether some activities are in-
deed appropriate and can also jead to

new ideas for material.

This information could be filed for future reference by both you and your stu~
dents., Here are some questions you might want to ask.

What kind of music do you like to listen to or play?

. How often do you listen to the radio? records or tapes?
What instrument do you play?

. In what group(s) have you sung?

wmoE W N
-

.« Are vou taking music lessons? music classes?




Tﬁis information is particularly
helpful-during individual and group pro-
jects, Students may save time by con-
sulting the file for a specific resource
person instead of asking around the
classroom and bothering other working
groups. Students are also answering for
themselves an often asked question:
"Where can I find out?" Pupils gain from
the experience by utilizing a problem-
golving approach and from the sharing of
information-—a good start toward helping

students learn from each other.

Read Newspapers and Magazipes

(PAGE 2.}

T FIGURED QUT HOW TO
WRITE SOME NOTES,BUT I
SYILL CANT PLAY THEM, T
GUESS I NEED A PIAND

Start by reading your own magazines and newspapers and saving items related to

music.

BLANK
CASSETTE TAPE

£0 Min. Piay 90 M, Play

Reg. 1.49

111

Reg. 1.99

449

Which tape has the higher money
discount?

What is the percent of discount
for each tape?

Which sale price is the better
bargain?

Student sheets can easily be made with these articles and advertisements.

An example is shown to the left. The
teacher can make up questions related to
the article or the students can write
them. Student questions can then be
collected, sorted and used on a later
lesson sheelt. Advertising in newspapers
and catalogs for equipment or perfor-
mances can be used for ratio and propor-
tion, percent, money and consumer prob-
lems., Statistical graphs can be used

for interpretation questions, or students
can gather information and display it in
a graph.

Articles and advertising make good
transparencies for use on the overhead
projector. While the information is om
the screen, the teacher can ask related
questions. Clippings can also be dis-

played on the bulletin board.

259



(PAGE )

Ask students to look for informa- LOOK AT THIS ARTICLE

Survey vour school library for information in books and magazines. Time, News~

tion for vou, perhaps as a special pro-

ject. Their magazines at home are

probably different from yours and will

increase your source of materials.

week, Saturday Review and Popular Science each have separate music sections in each

issue. Scilentific American, Consumer Reports and Rolling Stone are also good

sources. The librarian, music teacher and local disec jockeys could have good, valu-

able material,
An annotated bibliography that lists printed and audio wvisual sources is pro=-

vided at the end of this section.

Try Some Projects

Students often enjoy working on proiects, particularly with a topic they already
find interesting., Their conversations about musical instruments, current hits and
favorite performances can be adapted to individual or group projects.

If you or your students have had little experience with projects, start with
slimple, short-term ideas. Some examples are!

1) Find articles or advertisements with information related to music., Make up

some mathematics questions and turn them in with the article.

2) Conduct a poll at school to

W0 DO YOU LIKE

gather responses to a ques-
tion of interest (examples
are on a student page The
Muste Market).

The first few projects you assign will need the most structure and teacher

help. Students will have to learn how to use a problem—solving approach, to gather
their statistics, to compile them and to convey this information.
After some common experiences with simple problems, gradually try longer~ternm
projects, The student sheet The Music Market is designed for ideas on this level.
Regardless of the length or nature of a project, students will have questions
concerning procedure. Providing an example or making a poster that outlines the
steps for a particular project are very helpful to students. As projects get more

involved the students can work more independently.
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MATHEMATICS AND MUSIC

TITLE

In Concert

As the Record Turns

The Pressure's On.

I Believe in Music

Puzzling Prefixes

Mugical Time Lines

The Music Market

Instruments with
Class

Attribute Games

Notes, Rests, and
Fractions

Bicentennial Beat

And the Beat Goes On

PAGE

264

266

268

269

270

271

272

274

279

283

285

287

CONTENTS

TOPIC

Researching musical
events

Finding a meaning for the
speed settings on record
players

Understanding why a heavy
phonograph arm can harm
records

Experimenting with the
tempos of music using a
metroncme

Determining words related
to music

Studying the life spans
of composers and
musical styles

Examining cost of musical
instruments and equip-
ment

Determining people's pre-
ferences in music

Comparing and classifying
musical instruments

Comparing and classifying
instruments

Learning the symbols and
time values for notes
and rests

Determining appropriate
time values for notes

Determining beats in a
measure

Checking accuracy of time
values in written music

MATH

Investigating financial
aspects of public events

Using rates and ratios

Computing pressure

Using rates and ratios

Using numeraical prefixes
Recognizing names of
geometric figures

Using number lines

Collecting data
Computing costs and best
buys

Classifying objects
Thinking logically

Playing logic games

Using fractions
Uzing ratio ideas

Using fraction concepts
Using ratio ideas

Using fraction concepts
Using vratio ideas

TYPE

Worksheet
Activity card

Activity card

Horksheet

Activity card

Worksheet
Pazzle

Teacher ideas
Bulletin board

Open-ended
projects

Teacher-direct-
ed activity

Game

Teacher page

Worksheet
Transparency

Worksheet
Transparency
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TITLE

You'd Better Count

On It

A Symbolic Story

Mations and Music

Reflections
Firat Movement:
Reflections

Translations
Second Movement:

Tranglations

Rotations

Third Movement:
Rotations

Variations

Finale:
Variations

Simple Musical
Instruments

It Has Been
Frequently Noted

Beethoven Bar-
graphed

262

PAGE

288

289

231

292

293

28k

295

296

297

298

299

300

301

302

TOPIC

Examining baton patterns
for music conductors

Counting measures of notes
and rests

Recognizing musical
symbols

Seeing patterns in music
Composing music

Seeing reflections
in musie

Finding reflections in
music

Reflecting a series of
notes

Seeing repetitions

in music

Repeating phrases in
music

Introducing transpo-
sition

Writing notes

Composing music

Composing music

Making simple musical
instruments

Determining the key of
a pilece of music

Analyzing music to
determine the composer

MATH

Counting

‘Recognizing mathematical

symbols

Applying the reflections,
translations, and rota-~
tions of geometpry

Applying reflecticns

Applying reflections

Applying translations

Applying translations

Applying rotations

Applying rotations

Combining motions of
geometry

Combining motions of
geometry

Using volume and ratio
relaticnships

Gathering data
Making tables and graphs

Collecting data
Making and interpreting
bar graphs

TYPE

Worksheet
Activity card

Story
Puzzle

Teacher page
Teacher page

Worksheet

Teacher page (
Worksheet

Teacher page

Worksheet

Teacher page
Worksheet
Activity card
Activity card

Teacher idea (




TITLE

Mod Composition

A Chancy Compeosition

An Orderly

Arrangement

The Twelve-Tone

Method

Shapes of Sound

Can You Hit High C?

Are We on the Same
Frequency?

Numbers for Sounds

The Sound of Music

Using a Decibel
Reader

Sound Proijects

PAGE

305

306

307

308

311

313

314

315

319

320

322

TOPIC

Composing music

Composing music and
evaluating the result-
ing composition

Realizing that there are
many possible melodies

Composing music with the
twelve-tone technique

Examining pitch, loudness,
and guality of sound
graphically

Comparing the range in
pitch of voices and
instruments

Studying freguency
relationships in tones
of differing pitch

Understanding sound
Comparing loudness of
sounds

Learning symbols for
levels of loudness in
music

Comparing loudness of
different types of
instruments and music

Exploring sound

MATH

Using number sequences and
modular systems

Producing random results by
roiling dice

Determining the number of
permutations

Using geometric motions
Applying permutations

Reading graphs of sounds

Reading a graph

Discovering number

relationships

Ordering
Comparing measurments

Computing differences

Reading a guage

Comparing readings on
a guage

TYPE

Teacher idea

Activity card

Worksheet

Teacher page

Worksheets
Activity cards

Worksheet
Activity card

Activity card
Worksheet

Activity card
Worksheet

Worksheet
Activity card

Open-ended
projects

Open~ended
activities
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APPEARED
WwWHO
N
CiTY
AT THE BUILDING
DATE ¢ TV 2

TICUET PRICES

1) Estimate: The number of people there. The capacity of the building.

2) Find out: The actual attendance. The capacity.

!
3) What percent of the seating space was filled? {

\

4) Think about the number of people attending and different prices for seats. How much

money do you think was received in ticket sales?

5) List some expenses the promoter may have had.

'6) Guess how much the performer was paid,.

7) How long was the performance?

8) If you were that performer, would you want a straight fee or a percentage of the

ticket sales as payment? Why?
9) What expenses does a performer have for this type of concert?

10) 1If possible find out from the promoter the amount received in ticket sales and the

expenses involved. Approximate the total amount made by the promoter.

T
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Use of Student Page: (co&n1MU€D)

The general questions asked on the student page are one way that a teacher could
bring information about musical performances into the mathematics classrocom. The page
is, of course, most appropriate when students have recently attended a concert. You may

want to add specific questions to the page for a particular concert.

Some questions require access to specific information. Newspaper articles, posters
and the promoter are good sources. If the information is not easily obtained, then re-

word or omit those questions.

1f concerts are not held nearby so that students can attend, discuss one that they
would be interested in attending. A student page could be developed using an advertise-

ment and an article with information about a performance.

The questions could be adjusted to ask about a television special in which a favorite
singer hosts or performs. Athletic events or plays are topics that can be similarly
brought into the classroom. Writing the questions could be a student's project. School
productions provide much interest and data. Information about attendance capacities,

ticket sales and expenses is readily available and of concern to many of the students.

Extensions of the Student Page:

Some students may finish the questions feeling that the promoters make a lot of
money. If this interests them, they may want to investigate the business of promotion.
Suggest that they write or call agencies to find information. A common question is: How

much do various performers earn? (The Guinness Book of World Records has interesting

facts about musical performances,)

Project Idea:

Plan a money-raising project that brings in a star performer, Much computation will

be involved in determining the expenses and estimating the possible profits.

Sugpestion:
Keep the data about musicians, fees and performances. It can be used in other units

of study such as statistics.
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Materials Needed: Record player with variable speeds

Several popular 33% albums, 45 singles and a 78 record (if available)

Stopwatch or clock with a second hand

Questions: How fast does a record turn?

What do the speeds on a record player mean?

PQAHQ;;;;;>

I. Place a small marker on the outer edge of a 33% record album, Set
the record player to 33% and carefully count the number of revolu-
tions the marker makes in 1 minute. Make a table 1ike the one

below and record the number. Repeat the count two more times for

accuracy.
ﬁduynbey-cf Find the sum of the revolutions.
Vevo[uhmns Find the average by dividing the sum by 3.

II. Repeat the activity again using a 45 record. Make a
table.

III. If you have a 78 record, repeat the activity again.

MARKER

IV. Place a small marker on the label of a 33% album. Repeat the activity. Find the

average for the marker on the label. How does this average compare to the average
found in part I?
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The following are additional activities and questions that can be used as

a follow-up to the 4s the Record Turms student page.

(a) Play a 33% album at 45 rpm. How is the sound distorted? How
much faster is the recora revolving compared to its normal ormal
speed?

(b) Play a 45 single at 33%‘rpm. How is the sound distorted? How
much slower is the record revolving compared to its normaliormal

speed?

Note: Most record players have a different needle setting for 78 rpm
records, so you should not try to play one of these records at a different

speed.

(¢c) Measure the time a song plays at its normal speed. (This figure
can also be found on the label.) Compute the time of the same
song played at a slower or faster speed.

(d) If a song takes 3:30 minutes (3.5 minutes) to play at 45 rpm,
how many revolutions does the record make?
" (e) If it takes 21 minutes to play one side of an album at 33l rpm,

3
how many revolutions does the turntable make?

(£} How much farther does the needle go in one revolution when it is
at the outer edge of the record than it does at the inner edge!?
Why doesn't the pitch of the music change as the needle gets
closer to the center of the record?
Did you know that . . .

—-— the first needle used to play records was a cactus needle?

~~ 78 rpm was the first speed used for records because it seemed like
a convenient speed?

-- RCA tried to corner the market on records when they patented the
45 rpm single record with the large center hole?

- with the invention of more refined and sharper needles, records
could be made with finer grooves which plaved best at 33%'rpm?

~~ some commercials played on radio stationg run at 16 rpm and start

from the center and play to the outside?
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PRESSURE 1S GIVEN 1N FORCE (POUNDS) WHICH EXERTS MORE PRESSURE 7
PER SQUARE UNIT.

It makes sense that an
elephant exerts a lot of
pressure on the ground, but
what about the needle of a
phonograph?

THE ELEPHANT OR THE PHONOGRAPH MNEEOLE?

1) The oval point of a phonograph needle fits into a .0002-inch by .0007-
inch rectangle. The force of the needle on the record is .0033 pounds(i
If .0033 pounds of force would be on every .0002-inch by .0007-inch

rectangle, how many pounds of force would be on one square inch?

2) A large elephant weighs about 10,000 pounds. Suppose an elephant
that weighs 10,000 pounds stood on one of his legs. Suppose the foot
he is standing on covers one square foot. How many pounds of force
would be on one sguare inch?

3) Which exerts more pressure (force per square inch), an elephant or a

phonograph needle?

4) The information given in problem 1 was for a high quality needle
(stylus) and turntable. Do you see why some heavy arms on phono- _
graphs could ruin records after several plays? (
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Materials Needed:
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Records and record player, clock with second hand,

metronome, piano, drums, guitar, flute or other
instruments, sheet music.

1. (a) Select several records so you have musical pieces with
different tempos (beats per minute), for ewample, a
slow country western song, a Sousa march, a rock and
roll piece, and a classical arrangement.
(b) Determine the tempo of the song by counting the number
of beats in 10 seconds. You count the beats by tap~
ping or setting a metronome,
(c) Repeat the count to check for aseuracy and record the
results in the table as a rate; number of beats : 10
seconds.
(d) Rewrite the rate and express it in the table as number of beats : 60 seconds
{e) Look at the record to find the total time of the song and record the time in
the table.
{f) ZEstimate and record the total number of beats in the song.
Musical Number of |Number of | Total time [Estimde of Yofal
Selection |beats: 10ser.|beats: 60seci of song humbeyof begts
I : 10sec. : GOsec.
2 : :
3 : :
4 : :
5 -
& : _
1I. Have a classmate or the music teacher play a selection at various tempos, Use a
metronome to set the tempo and keep it even.
A classmate could keep the beat on a drum or by tapping a pencil. Time a song at
a specified tempo and record the time in the table. Select a new tempe and esti-
mate the new time for the song. Check the estimate by having the musician play
the song at the new tempo.
[ l
Musical Tempo = | Tofa!l time | New tempo=| Estimated
Seleclion beats: Iminde] of song  |beats : Iminute| time of song
4 -
. : :
2. : :
3 . .
4 : :
ITI. Select some sheet music. Read the tempo suggested on the music, Have a classmate

estimate the tempo by tapping a pencil.

Have the musician play the selection.

Check the estimate with the metronome.

269



PiYLi NG/
mP}ZEﬂ)(Esu

Many musical terms have prefixes which have a numerical meaning. Septa means seven
and a septet Is a piece of music for seven performers. Octa means eight and an octad is
an eight-note chord. Knowing the prefixes which have numerical meanings will help

with this crossword puzzle. A dictionary might also be necessary.
Across

2. Music for two performers,

4. Music for four performers.

6. A group of three notes of
equal value to be per-
formed in the place of two

3N notes of the same value.

- - B 7. Music for three performers.

9. A chord consisting of three

o notes: the root note, a
L third and a fifth.
- ‘
b ; 11. An interval consisting of 8
{7y } ‘ tones from a major scale
> i (12 half tones). An inter-
(@ val from one € to the next
higher C, from one G to the
next higher G, etc.

12. A single unvaried tone; A
person who stays on one
note while singing.

Down
* 1. Music for six performers.
3. Music for five performers.
5. A six-note chord.
8. Music for eight performers.

10. Music for one performer.

The mathematical terms listed below have prefixes similar to those in the musical
terms in the crossword puzzle. Write the letter of the term next to the correct meaning.
a. Hexagon A unit of liquid measure. Four of these make one gallon.
b. Trisect A polyhedron with six faces.
¢. Octagon A polygon with three sides.

d. Hexahedron A polygon with four sides.

e, Quart To divide into three parts of equal measure.
f. COctahedron A polyhedron with eight faces,

g. Quadrilateral A polygon with six sides,

h. Triangle A polygon with eight sides.
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Time lines can help students secz whlch composers lived at the same time and which

composers could have influenced later composers. Students could look up the life span

of their favorite composers and place them on a time line. A large time line could be

made on a bulletin board for discussions. A short list of composers i1s given below with

a time line made from the list,

J.8. Bach 1685-1750 Tchaikovsky 1862~1918
Handel 16851759 Schoenberg 1874-1951
Haydn 1732-1809 Gershwin 1898~1937
Mozart 1756-1791 Vaughn Williams 1872-1958
Beethoven 1770-1827 Copland 1900~
Chopin 1810~1849 Barber 1910~

Liszt 1811-1886

FMOZART F-VADGHN WILLIAMS—

Pt A DN} Fomssnnms A BT T ]+ GERSHWINA

——HANDEL ——  +-BEETHOVEN— FTCHALKOVEKN
b TS, BACH =i FCHOPIN — F—SCHOEMBERG —
1BOO 700 1800 1900 2000
k. 1 L I L 3 1 1 l 3 1 L L [ 1 ] 3 i l i L I 1 ] 1 1 3 L E 1 i 1 L ' L 1 i L I
T ¥ 1 ¥ l ¥ T T ] ‘ T T ] 1 l T ] L] 1 i 1 L] ] 1 I ¥ T ¥ T E ] ‘ L] L 1 ‘ ¥ T L) ) I
——COPLAND ——
- BARBER ——§

Here are more ideas for musical time lines.

LY

2)

3)

Music with American origins. The vears when bluegrass, ragtime jazz, Black spivi-
tuals, blues, rock and roll, dixieland jazz, modern jazz, ... originated can be placed

on a time line. Students can see which type of jarz developed first.

Styles of dancing, The years when the jitterbug, charleston, twist, bop, monkey,

mashed potatoe, ... were favorites can be placed on a time line.
Periods of classical music. The Baroque period 1600-1750, the Viennese classic period

1750-1825, the Romantic age 1825-1900, Natlonalism and Impressionism 1850- » and

modern music can be placed on a time line.
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Select a project on which you would like to work. It can be one of

these or your own idea., Think of ways to share the information vou find.

1} Where is the best place to buy record
albums? +to buy tapes?

XX I I I N T Y I N I T I Y Y I Y X I I XIIN NN

JIMPLEC DECORD BA

FE e PRI ARt el isstses s s asesprissvgugansgagisenpnsensnse’ RUECORD ¢ TAPES OMSALE!

LATEST HITS 43.99, 4$4.93

285888

GUESS HOW
MANY GOLD

RECORDS
IVE HAD ?

2} What is a gold record?
Make a list of people who
have them. What single
record is the all-time
best seller? What album
has sold the most copies?
What musical has won the

most Academy Awards?

(Hint: Try the Music, Phonograph, Radic and Television sections of the
Guinness Book of World Records.}

3) What is the most expensive instrument
in your band or orchestra? The least
expensive? The total cost of all
instruments being used? The average
cost per player in the band or
orchestra?
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4)

6)

8)

(COnTINUED
What are the price ranges of

individual instruments? How
do the new and used prices
compare on instruments of the
same gquality? Are there any
instruments that increase in
value as they get older?

5) Compare the cost of pur-

I RENTED A VIOLA
FOR MY ORCHESTRA

T LEASED A GUITAR
FOR PRIVATE

chasing a new instrument,
with renting monthly or
leasing with an option to
buy. Which is the best
arrangement and under what

circumstances?

Compare the prices of different

brands of radios, tape recorders

or stereo components. What new

features are offered at each

jump in price?

L ﬁ 7) What percent of your class-
P ' ./A mates play a musical instru-

\\\ ment? Have their own stereo
(§ set? Play in the school

band or orchestra?

MR LONGHAIR, WHAT
1s YOUR FAVORITE
e { RECORDING

THE NEW YORK
. PHILHARMONIC, OF
Take a survey to determine the
school's or class's favorite
singer, recording group or

kind of music.
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Clagsification is important in mathemat-

MATHEMATICALLY,
YOU HAVE MORE
CLASS THAN T DO

BUT YOUL PLAY
SUCH BEAUTIFUL
MUSIC.

ics, biology, chemistry, music and many other

fields of study. In mathematics numbers are

classified as whole numbers, rational numbers, TL?
irrational numbers, ... and geometric figures T/
are classified as polygons, polyhedra, curves, ] SQUARE
T
i i i RHOMBUS
squares, ... biologists classify plants and RECTANGLE
animals and chemists classify the elements and \\\ ]
. . PARALLELOGRAM
compound substances, Music and instruments |
each have their classifications. Although | TREBLE VIOLIM QUADRILATERAL
. s . . H I
classification is used in many subject areas, SMALL. // STRINGS| BOLGON

the study of classes, often called sets, is a

branch of mathematics and logic.

Attributes such as number, size, color or shape can be used to classify objects.
Students can decide how to classify a large group of objects, determine relationships
between the sets (the class of whole numbers is a subset of the class of rational num- <
bers) and operate on the sets (what numbers belong to both the set of prime numbers and

the set of odd numbers?).

Focussing on properties or attributes allows for more flexible or creative problem
golving. If an object is unfamiliar to someone, its name alone does not help describe
the object. A list of its properties will help someone visualize the object. Also,
if vou need an object that 1s not availablie, a list of its properties could suggest a
suitable replacement. (Trombones can play some cello parts and have been used as "sub-

stitutes" in small orchestras.)

A collection of musical instruments can become that large group that needs to be
classified by students. Most people tend to think about only the hames of the instru-
ments, but their use is really a function of thelr many attributes. The activity on
the next page suggests that students explore the classification of instruments and how

these classes relate to each other,

Further Sources: Learning Logiec, Logical Games, Vol. I (First Years in Mathematics)
by Z.P, Dienes and E.W. Golding, New York: Herder and Herder, 1971

Describing & Classifying, Unit 3 (Minnemast) by Minnesota Mathe- -
matics and Science Teaching Project, Minneapolis, Minnesota: Uni- (
versity of Minnesota, 1967
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(pacE 2)

Have the students give the names of familiar musical instruments while one student
lists them on the board, Other instruments can be added to the list as students think
of them, Have band or orchestra students bring their ipstruments so the instruments
can be compared, The pictures on the following pages could be used as a substitute for
the actual instruments. Pick two of the instruments and have students describe how they
are alike and different, You might want to list these similarities and differences on
the board. Tor example, a trumpet and a trombone both start with "tr", are (probably)
gold colored and are called "brass instruments." A trumpet is smaller than a trombone
and a trumpet can play higher notes than a trombone. A violin and a trumpet are both

small, but one is a stringed instrument while the other is brass.

Discussions continue until students realize that certain instruments--based on their
attributes--can or cannot be members of select groups, For example, a trombone cannot
be in a woodwind trio, but it can be in a brass quartet. If recognition of the instru-
ments is a problem, pictures could be put on the bulletin board, along with the three
main classification lists. Cassette recordings of each instrument could also be played
to he” famillarize students with their sounds. See if they can recognize 2 different

instruments playing at the same time.

At some point suggest that the students decide on a listing of several ways to clas-

gify all instruments. Common but simple classification could be this:

SIZE: large, medium, small
SOUND: treble, bass, full range, non~tonal
TYPE: woodwind, brass, string, percussion,

electronic

Size will be the most commonly argued. A trombone may seem large or medium sized,
depending on what other instrument they are compared to. "Sound” is usually agreed as
the pitch of the majority of its notes, not the clef from which the students read music.
Ask for methods to arrive at a standard by which size can be judged. One suggestion is

to start with a listing that they do agree on:

small medium large

flute saxophone bass drum

piccolo piano
tuba
organ
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INSTRUMENTS
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(PAcE 3)

(

After listing the large instruments, students will find it easier to add to the list

of medium ones.

small instruments are held up,

Use that list to see that:

Discuss how determining the two outer limits (having examples of large
and small) helped set the middle limit.

{usually)

medium instruments are held down or to the side,

large instruments rest on the floor or a stand

and the player sits next to it.

Some common results of the attribute lists:

SIZE: Small

pilccolo
flute
clarinet
viola
tambourine
violin
triangle
trumpet

SOUND: Treble

clarinet
flute
picecolo
saxophone
trumpet
French horn
viola
violin
banijo

TYPE: Woodwind

clarinet
flute
saxophone
piccolo

Ask students if they see relationships between some of these attributes.

Medium Large
cymbals cello
snare drum bass (double)
guitar organ
banjo piano
trombone bass drum
saxophone tuba
baritone horn harp
french horn timpani
synthesizer (
Bass Full Range Non~pitched
trombone piano snare drum
baritone horn organ cymbals
tuba synthesizer triangle
timpani guitar tambourine
cellio harp
bass (double)
Brass Percussion String Electronic
trumpet cymbals guitar organ (most)
trombone triangle viola synthesizer
baritone horn snare drum violin
tuba bass drum cello
French horn timpani bass (double)
tambourine banjo
piano
harp

They will

probably notice that small instruments are often treble, that the large ones are usuall

bass or both ranges, and that brass are either medium or large.
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777 = 0es ~o
SYNTHESIZER OREAN
e g
TUBA
TAMBOURINE
i //t\
BASES DRULUM
SAXOPHONE
VIOLIN TRIANGLE
BARITONE HORN
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INGTRUMENT
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PAGE 5)

GUITAR

PICCOLO

SNARE DRUM

CLARINET

TIMPANL

TRUMPET

DOLBLE
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ATTRIBUTE

Teacher Introduction to Game: Use attribute lists compiled in the
activity Instrumente with Class. Ask students to name the instruments,
given any three attributes.

Examples: Possible Answers:
a) large - bass -~ brass tuba
b) small - treble - woodwind clarinet, flute
c} medium - bass - brass trombone
d) large - non-tonal — percussion bass drum

Players Needed: 1 to 4

36 attribute cards--cach with
one word. Use these words:
small, medium, large, bass,
treble, full range, non-
tonal, brass, string, wood-
wind, percussion, electronic.
Make 5 cards for each word.
Stack cards by attribute
face down in center.

instrument cards {see previous
pages) spread face up in view
of all players

size sound type
Play

First player draws a card from each attribute pile, He then selects
an instrument card that fits the attributes., The other plavers agree
or disagree and the following points are given:

3 points: instrument does have all three attributes

2 points: instrument has two of the attributes

1 points: instrument has only one of the attributes

0 points: instrument has none of the attributes
Points are recorded. First player puts back attribute cards either

on the bottom of each stack or in each stack somewhere, slightly re-
shuffling them.

Play continues as each player draws atributes and selects the ap-
propriate instrument. If there is no instrument to fit a certain
description, player can indicate that and still receive the 3 points.

Winner

The winner can be the first person to reach an agreed on score or the
person with the highest score after a given time limit,
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A GAME

IN RECOGNIZING ATTRIBUTES OF INSTRUMENTS

Materials Needed: Instrument cards

Object:

Play:

280

Make a path with the instrument cards so that adjacent instru-

ments vary by only one attribute.

Divide instrument cards among players.

Player 1 picks one of his instrument
cards and places it in the center.

FRENCH HOR

Player 2 places cone of the instrument o
cards adjacent to the first card. ©
This instrument can vary by only one

attribute.

ncw Horw| | TROMBONE

MEDIUM
BASS
BRASS

Player 3 can place a card at either
end of the path.

Play continues until a person (winner)

ats rid of all his cards or nobod
gan make a play. Y FREMCH Hoeu | | TROMEONE

TUBA

A player gives up a turn if one of his instruments can't be added
to one of the ends. A player who places an instrument card incoxr=-

rectly must take the card back and give up that turn,
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Materials Needed:

r] (&

ooty @

B B2 E

Playing board with square grid
Instrument cards
Attributes 1list

All instrument cards are face up in
the center of the table, around the
%gﬂ playing board.

Play: Players take turns placing instruments in squares on the playing
board. Any card which is placed so it touches another card must
have the following attribute relations to the original card.

Points are given as follows:

o Examples:

horizontal -~ 1 point
1 attribute change

small - treble = brass

A~

mall - treble - woodwind

vertical - 2 points
2 attribute changes

small - treble - woodwind

medium - bass - woodwind

<

diagonal - 3 points
3 attribute changes

<

4

“ofemall - treble - brass

Combinations:

medium - bass -~ woodwind

‘

Bassoon placed third:

2 points vertically

Trombone placed fourth:

1 point horizontally

3 points diagonally
5 points for card

%

2 points vertically
3 points diagonally
6 points for card

Sy o) [y

Play continues for a specified time limit, or until a given total
is reached, or until no more plays can be made.
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Materials: Playing board with 2 large intersecting circles

Set of ingtrument cards
Attribute cards
Attribute list

Object: To guess what attribute the circles represent

Play: Leader selects 2 attributes from the cards and imagines the 2

Extensions: 1. Add more instrument cards

282

circles as the corresponding attributes.

Each of the players in turn picks up an instrument card and hands
it to the leader who places it in the appropriate area on the play-
ing board. There are 4 areas that an instrument can be placed: in
the space shared by both cixcles, in the part of each circle not
shared by the other, or outside the circles.

Example of play if A is "large" and B is "string"

Player 1 selects guitar so Player 2 selects tuba, and
it is placed within "string” it's placed in "large™

Player 3 picks clarinet, Player 4 picks cello with
which is neither attribute, both attributes, so it's
so it's placed outside. placed in their intersection,.

Play continues until there are enough instruments in place for one
of the players to guess at the two attributes, One can guess only
after his instrument card has been put down and he must give both
circles correctly. If the guess is correct, he receives as many
points as there are instrument cards left on the table. If the
guess is not correct, he subtracts 5 points from his score. A time
limit or point limit can end the play. The winner after that limit
can be the next leader.

2. Add another circle (and
therefore another attribute)

3. Add negation of attributes
to deck of attribute cards,
ex: not brass, not large




NOTES, RESTS
a% CRACTIONS

Fractions play a vital part in music. Music cannot be composed and musical scores
cannot be read without some understanding of the fractional values represented by
musical notes and key signatures. Before using the followlng student pages, a brief

introduction to musical notation will be necessary. Some suggestions are given below.

I. MUSICAL NOTES AND RESTS ARE GIVEN FRACTIONAL NAMES.

A whole note may be played for different lengths of time in different pieces of

music. If it is played for 1 second, then a quarter note would be played for-%

second. If a whole note is played for 2 seconds, then a quarter note would be

played for %-second and so forth. The same relationship holds for rests. (In fact,

the rest remains to be seen and not heard.)

NOTE NAME NAME

0

whole note whole rvest

Q

half note half rest

guarter note quarter rest

eighth note eighth rest

w« « B0 E

e e

gsixteenth note sixteenth rest

IT. TIME SIGNATURES LOOK LIKE ACTUAL FRACTIONS.

The top number refers to the number of beats in each measure. The bottom numbher

designates the kind of note that receives one beat.

)
3

Z | = = N \
(N /¢ - P -
NI/ ¥ o |

J \ S rJ

TIME SIGNATURE O”E:‘a ;\ge;aiuae - ‘BARS
~ 3 BEATS PER MEASURE ATS SEPARATE THE
- QUARTLR NOTE GETS OMNE BREAT MEASURED
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NOTES, RESTS
a0 CRACTIONS

(conTivueD)

EROM A MUSIC,

Suggestion:

P

SCO ARE G '
A "pick up" note.
In the score to the right, a \eﬂ“ ¥ 3 i 1
~ 1 )]
quarter note is given one beat. I j&:;i -
A dot adds half the value of
the note.
Y
l‘ﬁ & 'an ) P s
NOTES BEATS s it | -
BEALS B Py . -
<  wvhole # 4 beats This note plus the "pick up"
J \ note gives 4 beats.,
. dotted half —————p 3 beats /’ i i N 1 i : i
(o ® ™o :
CJ S - ll ==
half s 2 beats '
I z 2 1
. dotted quarter ———ip ]_"é- beats eighth mw«mw—b*z" beat
J quarter —————9 1 beat .F dotted sixteenth—--b% beat (
.I\. dotted eighth mp-zi beat -h sixteenth ————————-bi’- beat
A
In the score to the right, a —3 i
half note is given one beat. 2 T T B
/ =< e = %
NOTES BEATS \
|
<+ dotted whole ——P 3 heats T \‘{2 Fain é [ — )l
NI y \\____CS it = = CV/
whole ~———————p 2 heats G\h.../
1 [\
, dotted half — 1= beats y4 i i g
2 < o f (o> 8 [ — e, i
< [ - = (1|

@ e Q0 Q¢ 0

half —————p 1 beat

dotted quarter «-b—?: beat

quarter -—-————-———b—;’— beat

chart like those given above.
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J‘. dotted eighth —-——)% beat

J eighth ---~—--————b‘“i“ beat

Give students a few bars from a musical score and have them complete a




HICENTENNIHL
BeHT

One or two notes are missing in each measure.

Replace each X with a

note of the correct time value. Can you name this familiar song?
"oick up' note
AN ¥
/) Dy ]
VAN ) -
(D), ; & : - X &
[/~ VA X N
AW
0 L X -
J4 N \
T7INYD 1, @- ) X X a2 X
¥ 15
\j/ @ = a o
\ b v -
b - e od R ¥
hlv GGX Xm A
NP ‘ =
7
This note plus the "pick
up" note gives 4 beats.
N ¥
2 - X——»- — B e
H
(YD) X @& @& | @
N 7
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whole

<SS note

Draw a circle around the number below each incorrect measure.

Be careful!

-

The time signatures are different for each line.

half
note

o

Juarter
note

J

eighth
note

o

sixteenth
note

A=) s T 5
/| J ® \’e J ® O e
\ L_m‘ O
! 2 3 L 5
\ P, N L
AL et B
@
L+ @ @ O
’ 6 7 g q /6

2 J‘ - ®
mn_° @ e | 9] T ®
L ~ J !
/ /" 12 13 14 /5
Al

~ @

O, s Tel) Ped ales
(NQ o' ® J\ | @ 7 O A
v P ‘N
/ /& 17 13 19 20
)6 l\\ !\\ O :\\

\ ~ O & ®
[N/, O JGJ\ Jdld ™ RIS o e
\ L‘_" O
J 21 22 23 24/ 25
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Counting is basic to number and mathematics, but it is also very
important in music. Not only do musicians have to count out the number
of beats per measure, they alsc have to be able to count a large number
of measures of rests to be sure they rejoin the band or orchestra at
the correct moment. It can be very embarrassing to count incorrectly
during a concert and come in at the wrong time.

i
H
.

T

“ Y
3
PR

’
X
€

i
LY

I. Here are some common conducting patterns. Hach pattern represents
the beats in a measure. Determine the number of beats in each
pattern and label each arrow with its corresponding beat. The first
one is done as an example.._._____ 4 indicates a beat, ...
indicates preparation of beat. (In college, music majors usually
take a class in conducting. They learn to move a hand or baton in
patterns like these.)

4

! 2 2
a. Four Beats b. d.
C’ (
Q‘r\x‘l' Y, %5
e. £. g. h.

II. The following piece of music is in 2 time (C means é) 80 each measure

gets 4 beats. You be the conductor and have someone else play the
music. Count silently as you direct. Does the musician start to
play at the right time? Did you both count the same? Hint: when
counting measures of rest in C time, count ]-8-3-4, 2-2-3-4, 3-2-3-4,

4-2-3-4, . . . Overture
“LEONORE No. 37

L. VAN BEETHOVEN, Op. 72a

Allegro (1770-1827)
Tromb %9 * = — " T
e e e S S R 4
!) f| = I = T s | ﬁ e gy
~ Tempol st
un poco sostenuto
Q ” 8 P j =t 3 pr—ry ! t i } m
o ety S R = (
SQ—)V f, 1 gt & :‘*;‘_‘_ _
FROM: Orchestral Excerpts from the Symphonic Repertoire for Trumpet, Volume 1, published by
{nternational Music Company, page 13.
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EACH SYMBOL GIVES A HINT FOR A MISSING WORD, WRITE IN AS MANY MISSING

WORDS AS YOU CAN, THEN SHARE YOUR WORK WITH A CLASSMATE.

L

It's the last inning in a game between the Sixth Street

s and the Lynwood @% -makers. The score

is CZJC::l . The [} s best hitter M S
S

to the plate and giveg the pitcher a @ %ok,

candy —

But he suddenly falls b on his face as the ball sails

into field for ;cE}Q .
3

"N it," says th€ coach, and asks the pitcher, "How
about a = "

"No, don't ¢ me., I'm = to it," says the
pitcher, "I'll Af—x another 3 o

Meanwhile in the stands a 4:!7 -looking man with a
strange A asks ag member, "Who is that
girl on third ¢): ? She's a q ' Will you give
her *this J after the game?"

And < four hours later, Susie Creamcheese,

- the ? of her team is on a plane over the

Continental -+ on her way to a great career in
{], ball.

"She can't hit!" yvells the first (): man, unwrapping a

—

o "My dOg is > she jg'™"

i,
Y

~~gtory by Jean Murphy, Eugene, Oregon

OPTIONAL: MAKE UP YOUR OWN STORY USING MATH AND MUSIC SYMBOLS, YOU MIGHT
THINK OF MORE SYMBOLS TO USE. YOUR TEACHER AND CLASSMATES MIGHT ALSO HAVE
NEW IDEAS,

PSS,

WHAT DID THE MUSICIAN SAY TO HIS FRIEND WHEN HE SAW THE BANANA
LYING ON THE STREET? ("vou'np BETTER C# OR YOU'RE
GOING TO B [y 289




Writing "symbol stories" can provide an opportunity for creative writing.
of symbols and possible corresponding words.
Some can be interpreted in different ways.
list.

dolre‘.... do

ﬁ@')airw#

i [ go oe > o

#s O

A S5 E
S TDRY

LJ[C

(CoONTINUED)

(

Besgsides being fun to figure out, symbol stories give practice in recognizing symbols.

sharp
flat
natural
triplet
hold
step
scale
bar

cut

base

.

treble (trouble)

solo (so low)
staff

megsure

rest or eighth
note or eighth
note or quarter
rest or quarter
rest or whole
note or whole

accidentals

r

290

grand staff

E? (::-,h¢_HMﬁz S

accent
ledger

time

tie or tied

B flat (be flat)

C# C sharp (see sharp)

T pie

{} set

°degree
-
AB ray
AB line
N intersection

U uynion

¢

approximately

F-ODKJ\*\//\U}%-PX‘%LH

Here is a list

Some of them are more obscure than others.
You and vour students can probably add to the

equal

unegual

multiply, times
divide

plus, add
subtract, minus
square

less than
greater than
angle, acute
angle, obtuse
try....angle
circle

right

metre (meter)
paralilel

graph

percent (present)
rate

prime
parenthesis (parents see)
sphere (severe) ('
gimilar o

congruent




NIDNEROINGS
AiD ST

Motions in geometry can be illustrated in music.

BACKGROUND

REFLECTIONS

An object is reflected along an axis so that a mirror image is produced. Students
sometimes refer to reflections as "flips."

The axis seems to bisect the picture created by the two objects. The total picture
possesses line symmetry.

TRANSLATTIONS

An object moves along an axis to a new position. These are sometimes called
n x "
glides.

— @ ® @ @
e

ROTATIONS

An object revolves about a point a given number of degrees, Students remember them
as "turns."
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Reflections do occur in musie, both accidentally and by the design of the composer.

In a reflection a shape iz reflected across an axis so that a mirror image

is produced.

Students sometimes refer to reflections as "flips." The axis seems to bisect the pic-
ture created by the two figures. The total picture possesses line gymmetry.

t H

i [ TN I )

H [an) H [}

H c ! [anw)

H

i 3

| e s o vy o "

1

1

i

! 411::i§x S5 i€ =
fan)

(
<

]
- " 1
i 1_‘%"‘--..
j//’fﬂﬁ7 ™
Have students reflect shapes about an axis:  , - T 3o
i
rs

They could also draw in all lines of
symmetry or reflection for shapes on a
handout page and pick out letters that are
line symmetric. Words like CHOICE and MOM
possess horizontal or vertical line symmetry.

Many sets of notes are not reflected within a single measure, but over

g e - —

s

Extension:

Ask students to look at or listen to music and pick out reflections.
or guitar sheet music of current pop tunes.
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many measures.

Suggest piano
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LTHCT MOVEMENT
LR

!

Each side of this dotted line is a "mirror image"” of

the other.

reflections of the first two notes.

Finish reflecting

these notes:

The last two notes in the measure are

@ <
L) [ ]
U B p—
) - [
o

Reflect the following sets of notes
line as the line of reflection,

in the next measure.

Use the dotted

e o ™ C —
m i
- o
Draw the line of
reflection for
each mirror image i I
seen in a measure. .EiiE§Ezi§“ — s

(Disregard the

stems on notes.)

Study each measure of this march.

reflection if one exists.

h ] |

For each measure,

draw the line of

]

|
=

& =

{

e

h
l"’%h'

-0

<
ot e

J

Reflect these notes across the dotted line.

Y

Ji
~
y ¥

<

-

{
AM

i
[,

[

'
i
|
H
| )
T
V]
1
i

®. -

]

-

This music can be played starting at the beginning--or astarting at

the end,

starting at the beginning--or the end.

You might like to write a melody that can be played
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PANSLATONS

Background for Student Page:

Students should experience translating various shapes. Have them slide geometric
shapes along an axis to see that the shape remains the same in the process.

N AN

®—~—-®
<><————©

They could also perform
a series of translations:

()

()

)

)
0

0

¢

0

- Fe

LR e R

Again, have students bring inm music that shows repetition of various phrases, O0f
all the motions, repetitions (sideways tramslations) are the easiest to pick out by
listening.

Sometimes it is necessary or desirable to move all the musical notes up or down on
the staff so the music will fit the pitch range of a singer or instrument.
music keep the same melody, flats or sharps must be added.
A good discussion could evolve if students share their knowledge about how music is
written for different instruments. Tor example, these notes will all have the same
pitch when played on the respective instruments.

&
F
L ] ,c.
(N e et 7
rd
PLANO CLARINET SAKLOPHONE TROMBONE

ALTO
Usge: ( )

I1f possible, the notes on the following student page sShould be played on tape or
instrument.
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To make the
This is called transposing.

(




1
10O
M=
ZUJ
uﬂ4

|
I
—
—
]
=
I

SE
MOV

THNG

This set of notes has been
translated or repeated in e T ® [ & &
the second measure,. o 3

Each space and line is
calied a "place." These
have been translated or
transposed up two places
in the second measure.

1. Finish translating or 3 &
"s1iding" these notes
down one place. -

2. Translate each measure into the next using the given direction and
number of places

Q_—“ E ) Q. -« [

- o L

Up 2 places Down 3 places

3. Finish translating (transposing) this tune up three places.

4 i .
- : mm‘¢mmjdiﬁl —4al~ —19 =

4, Notice that ab (flat) was placed on the B line. Play or have some-
one play the translation using a B? and then using a Bf. Why is the
flat necessary?

Sometimes entire gongs need to be translated because of the pitch range
of a certain instrument or the voice range of a singer. If you play an
instrument in band or the guitar, vou could explain to the class how you
transpose music for your instrument.
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ROIATI0AS

Background for Student Page:

The notes on the student page have been rotated 180° or a half turn about a given
peoint on the staff. This may be the most difficult metion for students to "see." It
probably occcurs in written music only by coineidence.

Students should experience rotating many geometric shapes in a variety of ways.
The simplest for them to visualize is a rotation of a figure about a center point.
While they are doing these, discuss the amount of turn taking place.

Examples:

90°

The center of rotation can also be a2 point on the figure. Interesting designs can
be produced by students.

o % @ <

Polar graph paper can be used to create
some nice designs., Shade some regions in
{or another fractional part) of the graph
paper. Repeat the design in all parts by
turning the design about the center peoint.

Extension

Ask students to find pictures of flowers or plants where an illustration of rotation
is apparent. Sunflowers or other spiral designs in nature are good for this purpose.
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THIND MOVEMENT:
S

. Notes could be rotated about a point. {(In music this
.ZI:ZjﬁZZKﬂ is called "inversion.") This note has rotated around
the point marked X one-half turn. The new note is the

same number of places below the X as the original note
was above the X.

’’’’’

Fach of these

PRlaial N ’('-“_"-& — P il N
measures have . ¢ f b ez - s
more examples VI -0 W R— 7 g & Te®® Ty
of half-turns, -2 1 i = AT AN

-
lﬂ

5.

Rotate these notes one~half turn {or 180 °) around the given point in
each measure:

-
il >

x|
<
3

U

|

“‘fs"ﬂ

% - %

Put in the point of rotation in each measure (the turns are all 180°):

-

E “ S —8h Q

N

What would happen if you rotated a note 360° about a given point?

Put an X above each
letter to show the
place on the staff )
for a note with that 3

letter name. The @& [
chart below will - A G C
help you. s

’
peted
-
-
-

>y
s

e

S
VL M
F G

C -]
A

In each measure above, rotate the note 180° around the point you
marked with an X,
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Background for Student Page:

Combinations of motions to compose music or designs is an interesting and challeng-
ing activity.

Here iz a chance to discuss the "glide reflection" in geometry. This is a combina-
tion of a translation and a reflection. Have students try this with a variety of shapes.
First translate the figure, then reflect the image you get from the translatiom.

Example:

Experiment with the combining of other motions. Select a geometric shape. Reflect
it along a vertical axis. Rotate it 90° and reflect it again. Compare the result to the
original shape. If it is not identical, what motion or motions would make it so?

Try various combinations with different shapes to find a specific set of combinations
that will always give you your original figure back in the same spot.

Extensions:

Those students interested in writing music could do so in several ways: Start with a
series of melodic notes, add measures by translating, reflecting, rotating, or combining
the motions in a set pattern. One pattern could be established by throwing dice.

The Twelve Tone Method gives

an introduction to Schoenberg's method of composition that uses ideas similar to geo-
metyic motions,

Another extension of motions is to /f /5 /5
look at the art work of M. C. Escher. é <:
If any of his books or poster prints §< N
are available, show them to students as '
examples of the different motions, See
if they can pick out the motion.

Students might also be able to “
identify different usage of these mo- N
tions in a marching band.

N\
N7

Vi
&

208




FINALE:
VHUIHTTONCG

It would be interesting to write music by using the motions.

- Here are 3 measures
e B o | o e L written, each showing
@b r a__® one of the motions.

Given Reflection Translation Rotation of
of given of 2nd 3rd measure
measure

(180° about
(up 2 places) the note B)

1. Identify the motion used from each previous measure:
&5 ' ; e )
P v - ap—FF ® e | e
) & ] [
2.

Finish the tune with these motions and axes using each previous
measure:

B B X
@ | & —%
Given Reflect Translate Rotate Translate Rotate
{(down 2 (180° (up 5 (180° about
places) about G) places) upper C)
3. Finish this tune by using the given measure and the given motions
and axes:
¥ "
T e @ | @
Given Reflect Translate Rotate Reflect Rotate
(up 2 places) (180° (180° -
about C) about B) © ¢
4.

Find examples of motions in music that you or your classmates have.
Look for reflections, translations and rotations.
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TNGTRLUMENTE (
Water Music
Materials: 8 tall identical glasses,
graduated cylinder, piano

Activity:
1. Tap one of the empty glasses. Now put water in the glass until it
is half full. Tap the half-full glass. How is the sound different?

2. Play the C scale on the piano. Fill the glasses until the 8 glasses
make the same pitch sounds as the C scale. (With some size glasses

you won't be able to get all the pitches.)

3. Measure the water in each glass and record the number of millilitres

of water for each pitch.

C D E E G A =]

il T —ml T T ? " ;

S (| i — i ol

4. Try the same experiment with another size of cylindrical glasses.
Do you see any patterns in the number of millilitres of water?

S e————

Material: One dimestore "sliding whistle"

S$liding Music

Activity:
1, Choose a low, good gquality tone on the whistle. Mark where the end
of the slide is located inside the whistle.

2. Using the low note as the first note in a major scale, mark all
the tones of the major scale on the side of the whistle. You'll
have to use your ear to help vou determine where the tones are
on the whisle, (

3. <Can you see the notes which are separated by a half step and those
that are separated by a whole step?




T BpS BEEN
FREQURLY D0

Materials: Written music with a definite melody line--chosen by student

Squared grid paper

Activity:

I. Pick out the melody notes of a favorite piece of music and record the
number of times an A occurs, the number of times a B occurs, etc.
Record your information in a table like this: Make a bar graph of your
results,

aterlealcin?]iolele | ] e¥| | ab
A¥ fond D¥ c? 4

NOTE

NO. OF TIMED

IT. Which note occurs the greatest number of times?

Which notes occur the second and third greatest times? and

Which notes do not occur at all?

Try to explain why some notes occur more often than others.

ITL. A table is given below. See if you can guess in which key the cor-~

responding piece of music is written. Key of

Aletleflcliobloier|le | F|r¥je |ar
D#-
wortTves [3 (o fales]ofrlul2oflolali]o

NOTE

IV. The table above was made from the first part of Scott Joplin's "The
Entertainer” (excluding the first 4 measures of introduction) which
is the theme song for the movie "The Sting." If you can find a copy
of the sheet music for "The Entertainer" make a table for each of the
parts of this piece of music. How do the tables differ? Can you tell
the part that is in a different key by looking at the tables? (You
could try this same method on a piece of music of your choice. Be

sure it has several parts—--at least one of which is in a different key.)
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EETHOVEN

OARCRAPHED e ¢

Many people recognize a composer or singer when
they hear the music playved or sung. There's something
familiar about the melody or its rhythm that makes it
identifiable. Can composers be identified by some

mathematical structure in their music?

Some components of music that are easy to represent with numbers or number sequences

are the placement of notes in the scale and interval jumps.

Most students could easily amalyze a plece of music by studying the frequency of

Interval jumps. Bar graphs can be used to display the information obtained.

Activity for Students:

Assign the numbers 1 to 88 in ascending order to the 88 notes on the piano. Each

half-~tone interval is given a new number ip this manner:

2 &7

113|146 8]9|11[13{1516]18]20(21123|25127128/30(32133135[37130 | 40244 4 SITI49] 51) 521541 5657|59|G LG |4 e

The melody line of some piece of music is then changed tc a sequence of numbers.

Beethoven's "Minuet in G" is numbered here as an example:

56 5 52 54 45 g
T -

RSN T
oy T

3 .A[ ] v =
p '
1 — .
i "

i,

)

e

i
:
)
.
i

13
5
{tj
I
i
%

)
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SEETHOVEN

SAR-CEAPHED

(PaGE 2)

The next step in the process is mégf;éﬁicﬁiyudone by two people. The first person
looks at the numbers representing two consecutive notes, and reads the difference to a
second person who records the difference. The interval jump is considered positive when
the second note goes up and negative when the second note goes down in pitch. The first
interval of the "Minuet,”" 51 to 52, would read as a positive 1. The next interval read
is 52 to 54 or positive 2, Students could record the gumber of each kind of interval

jump in a frequency table like this:

INTERVAL
DIFFERENCE 2 8 1-7 e t-5 [~-4 (-3 2 |-1 O] 1 2‘ 34 Si1e|7T}|8]9

FREQUENCY

The data is much more interesting when put into a bar graph. This frequency occurs

after 64 measures of tabulation:

18—

25 ..

or— |

9 g 7 G 5 4 3 2 1 O 1 2 3 4 5 e T a8 9
NEGATIVE POSITIVE

Questions about the bar graph could be asked: Are there any patterns in the graph?

Do the patterns occur in another piece by Beethoven?

Other graphs could show the number of occurances of each given note on the scale.

Extension of Activity:

More graphs could be done showing the same data agbout another piece by the same
composer and compared. Other comparisons could be done on different composers, dif-
ferent styles of music, or different times in history.

Question: Can we get a computer to help in the process? See the advertisement on

the next page.
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EETHOVEN

ORR-CEOPHED

(PAGE 3) (
Solving Musical Mysteries by Computer

Advertisement

Plagiarism didn’t concern sixteenth-
century Italian song writers. Theyv didn't
think twice about borrowing each
other’s best tunes. And nobody minded.

That’s the way it was back then,
But today, musicologists want to trace
precisely who hormowed what from
whom. And the computer is helping
them do this, just as it is helping them
in many other kinds of musical research.

The two scores below show how an
obscure musician, Nicola Broca, bor-
rowed a melody from a better-known
composer, Josquin des Prés. Nicola
even went so far as to twist Josquin's
words, and turn a sacred song into a
ditty of disappointed love. Out of some
40,000 different tunes, the IBM
Svstemn "370 Model 158 at the State
University of New York in Binghamton
selected these two, because thev had
such similar melodic form. Dr. Hanry
Lincoln, Chairman of the Department
of Music, was then able to compare the
printouts of the opening themes, scru-
tinize publication dates and trace the
borrowing,.

Musicologists Jike Dr. Lincoln have
to cope with such a vast repertory they
just couldn’t tackle much research of
this kind without computer help. Of
course, they must have a way to put a
musical score into computer-readable
form. And that’s why so many musicol-
ogists today are using a coding svstem
called DARMS.

DARMS, Digital Alternate Repre-
sentation of Musical Scores, was devel-
oped by Stefan Bauer-Mengelberg. a
visiting professor ut Binghamton who

ribrilandaad teda

Two songs. Two composers. Similar melodies. The computer

is also a staff member at the IBM $ys-
tems Research Institute. He says, “Now
a musicologist can take any piece of
music in standard notation and tran-
scribe it into a code for entry into a
computer.”

Since musicologists have a way to
tell the computer precisely what a
composer has scored, they can now
process a formidable volume of data.
I fact, in many wniversities today mu-
sic departments are among the biggest
computer users.

With DARMS as their tool, musi-
cologists can develop programs to ana-
lvze a composer’s use of harmony,
rhythm and counterpoint. With this
knowledge they can develop a theory
about his stvle, and study how it
evolved. They can even attempt to de-
termine when Bach, for example, com-
posed a particular work,

“Once vou know enough about
composers’ stylistic techniques,” says
Bauer-Mengelberg, “much music that
was once dubbed ‘anonymous’, or was
wrengly attributed, can be ascribed to
the right composer, This is especially
nnportant in early music, where title
pages from folios are often lost.”

Looking to the future, Bauer-Men-
gelberg speaks of how the computer
could be used to print musical scores:
“Now that a wav has been found to
make music machine-readable, we

hope the dayv is not far off when we
will be able to use the computer in the
preparation of master plates for mu-
sic printing.”

helps solve the mystery: who borrowed from whom.

Information in advertise~
ments can be used as resource
matexrial and as ideas for

projects.

This advertisement would
be interesting after students
have analyzed some music.
Their work was probably time-
consuming and they will see
the advantages of using the

computer.,

Ask students to look for (
advertisements or articles
relating rthe computer and

music.

If there #s a computer
terminal available, check on
programs or simulations
involving music. Students
do not need to know a com-
puter language to use the

prepared programs.

ADVERTISEMENT FROM:

Scientific American, June 1975, p. 46.
Copyright ® 1975 by International Business
Machines Corporation, 1133 Westchester Ave.,
White Plains, N.Y. 10604

Reprinted by permission from Scientific American




Tunes can be composed using familiar number sequences for themes, Possibilities
are Fibonacci numbers, Lucas numbers, square numbers, triangular numbers, primes, evens,

mulitiples and factors. (The booklet Fibongcc¢l and Taucgs Numbers in the Houghton Mifflin
Enrichment Series gives interesting properties of Fibonaccl and Lucas numbers.)

The process involves writing down the sequence of numbers and converting it to notes
on a scale. Let's use the Fibonacci numbers as an example:

i, 1, 2, 3, 5, 8 13, 21, 34, 55, 89, . ..

Each number is found by adding the previous two numbers. (1 + 1 =2, 1 +2 =3, 2+ 3 =
5 3+5=28, .. .

The first five numbers of the Fibonacci sequence could easily represent positions
on a given scale, but what should be done about the numbers 8, 13, . . .7 Most notes
used in songs belong to one of Seven places on a major melodic scale. ¥or example, if
we wanted to write a song in the key of C, most of the hotes would be included in the
set of CDE F G A B. The symbols or letters could also be assigned numbers according
to thelr position:

¢ b E F G A B
6 7

Since most number patterns use more than the first seven numbers, we need to find a
system that will convert any given number to a number less than 8. Starting on C in the
key of C, the first and eighth notes are both C, the second and ninth are both D, and so
on because of the octave arrangement of seales. We can substitute 7 for any number that
is a multiple of 7. ¥or any other number, substitute the remainder when the number is
divided by 7. The Fibonacci sequence is then converted to the following sequence of
numbers.

i, 1, 2, 3, 5, 8 13, 21, 34, 55, 89, . ..
1, 1, 2, 3, 5, 1, 6, 7, 6, 6, 5, . ..

Here is one possible theme from Fibonacci:

ANY OF THESE NOTES
COULD BE WRITTEN AN OCTAVE

o P <  HIGHER OR LOWER.

\ o

/ 2

) ®

{ / h £ ® L ey

“~ ! —~

7 : ® ®
-~ -

More measures can be written by extending the number sequence, by repeating a part
of the sequence, by reversing the order of the sequence and so on. Motions and Music
gives more ideas that can be used to create additional related measures of music.

Extension: Try composing music with, the digits of the decimal representation of a
repeating decimal like <= or an irrational number like %.
" ks3.141592653589793238262643383279502488409716939937510.........
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. MUSIC, SUBRSTITUTE AN EIGHTH FOR TuE
Three dice marked as shown below. EXTRA HALF AMD ADOTTED QUARTER FOR
REST C haif
dotted
A B C D E F G REST whole haif half q.uav‘*l'er
C C q.uarﬁ‘.r

Procedure:

~~Place the treble clef sign and the ﬂ time signature on the top staff of
the music paper.

—~Mark off the number of measures you want to compose or spin a spinner to
determine the number of measures.

~~Roll one of the lettered die (your choice) and the time die to determine

the pitch and length of the first note. Record this on your staff,

-~Continue this process until the measures are full,

(.

[

Special Rules:
~-TIf a C is rolled,

the note can be placed in either C position: or

-

The same is true for other notes.
--If a time is rolled that will not fit into a measure, roll a new tine,
If a guarter note or rest is necessary to fill the measure, the time die
need not be rolled.

—-—A composér may decide to begin and end each composition with a C.

s ) (o oy
EXAMPLE: 5 g A QUARTER ] (ROLL AGAIN) (A QUARTER) {AGAIN SJHOICE
< Py < < < < 2

a < < © - b
¢h, ohlah, m, EI ¢h, ckh | Fdh, D lrest yiq,ch,¢
£y g —
2} - s = -
N TR = I - ] M-
ANE WS i = ii_.ﬂ o P ia L4 i

It looks like music but what does it sound like? Play your composition
or have a musically inclined friend play it for you. How do vou like your
"composition by chance?"
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HN JRUERLY
HRRANGEMENT

{??Question: Suppose you want to write a melody using exactly 5 quarter
notes and choosing from 7 different pitches: A, B, C, D,
E, ¥, G. How many different melodies could you write?
(Hints are given below.)
I. Let's simplify the problem:
a) What if you wanted to use 2 gquarter notes and choose from 2 pitches,

A and B? There are 4 possible "melodies." Can you write them below?

A A, r ;, and

e r—— wnr———r t—————— [NV P—

b) Write the melody arrangements for 2 guarter notes and 3 pitches,
A, B and C. ,

s ———— mm——— at— . —

How many are there? or X

¢} How many melody arrangements for

2 quarter notes and 4 pitches? _ _ or b4

2 gquarter notes and 5 pitches? ___ox X

QJ 2 quarter notes and 6 pitches? or b4

‘J 2 guarter notes and 7 pitches? or b4
2 gquarter notes and 12 pitches? or X

IT. Try the same reasoning for 3 quarter notes.

a) 3 guarter notes and 2 pitches. The melody arrangements are

r r r I

r r r

There are or X X arrangements.

b) How many melcdy arrangements for

3 quarter notes and 3 pitches? ___ or X X
3 quarter notes and 4 pitches?  or b4 X
3 quarter notes and 5 pitches?  or X X
3 guarter notes and 6 pitches?  or X X
3 quarter notes and 7 pitches? __ or X ®
3 guarter notes and 12 pitches? or X X

IITI. Try to answer the guestion at the top of the page. Write your answer
here:
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THE

TWELVE-TUNE

ME THOD :

A

o
IR ss -
j L Sy

. N [y 3 Lo
I. All twelve tones of the chromatic CHROMATIC SCALE = O
scale are used in the twelve-tone oF g? ¥ A gY

method of composition. Each of the
twelve tones must be used before

CIDIEIFIG|IA|B

any of the tones can be repeated.
The sequence of twelve tones is then varied in ways somewhat like

motions in geometry. Suppose the following ordered row of twelve

tones 1s chosen. The same ordering of tones is indicated on piano
keys and in written music.

N

iy
B S o e CDV»fhﬁ*ﬁﬁy“
s b T — 21 |8 5| {3} |10
8 | 7| ¥ 94 121
NOTE NOTE
¥ .
MIDDLE ‘
c (

II. The next twelve tones can be determined by reflecting the original
twelve as shown below. This gives the original twelve tones read
backwards. (In music this is called the retrograde series.)

h -

Yy gy Yo e Pl P
) [ M SO bl et e e e I
P | by o o . oy
il e L =N o S v
ORIGINAL
2 [ 5 3 10
8 7 157 S 4 1279 11
NOTE NOTE
MIDDLE T
¢ THE TWELFTH NOTE BECOMES THE FIRST NOTE OF
THE SECOND MEASURE (

THE FIRST NOTE BECOMES THE TWELFTH NOTE OF THE SECOND
MEASURE
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I1I.

THE

TWELVE-TUNE

ME THOD

(Pace 2)
The original twelve tones can be transpogsed {translated) up or down
any number of half steps or piano keys. The number of half steps or
keys between each pair of tones remains the same. The example below
has been raised a whole step (two consecutive pilanoc keys).

-

b fo—= g8 |l7|laelo| 4z

MIDDLE
c
IV. An "inversion" of the original twelve tones can also be used. In an
inversion the same number of half-steps are maintained between each
pair of notes, but the direction of pitch change is different. The
inversion of the first two notes of the original sequence is given
below.
ORIGINAL IRVERSION
O\RlGl NAL II;UVERS&DM
/ 2
a LAY o
H——tes— \;’/G, 1 | 1 2
— MIODLE 4 - 4
An interval of 3 half-steps. ¢ The first note 1s

Here is the whole inversion of the original twelve tones.

the same.

The second note is 2 half-steps
higher in pitch

{Inversions

should not be confused with inverted intervals in which one tone changes
by an octave.)

\
A gy > i~ HJ {Tj 1) &
= R s Tt Py
/ PO O b‘é‘gq‘cﬁ Ujris|5[116|%
B A B MIDDLE
C
V.

There are 39,916,800 different ways of ordering the original twelve
tones (12! = 12 « 11 - 10 « 9 « 8 + 7 + 6 « 5 « 4 « 3 « 2 . 1 =
479,001,600, but if transpositions are disregarded at this point,
there are only 11! or 39,916,800 ways.) After an ordering is chosen,
any combination of the above variations can be used.
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THE

TWELVE-TUNE

ME THOD (

(PAcE 3)

VI. The twelve-tone technique of
composition was devised by

Arnold Schoenberg about 1910~
1920.
of musical composition which

disregards all of the tonal

It represents a method

principles of 19th century
music. The music written by
this method is not "in a key"
with a root tone dominating the
construction of chords and

The method

seems to be more mathematically

thelir succession,

based and might appeal more to
the mathematical sides of some people than to their musical ears. An C
interesting chapter on Schoenberg, Alban Berg and Anton von Webern, all
of whom used variations of the twelve-tone method, is contained in The

Lives of the Great Composers by Harold C. Schonberg.

VII. A part of Schoenberg's Piano Suite op. 25 is given below. Can you deter-

mine how the original twelve tones have been varied?

Schoenberyg, Suite op., 25

n (0) ORIGINAL SEQUENCE (b)
. r ar;;;#anh" - 4 - gpb o — =—
N (© (d)
b a» } — \ k;_‘
b‘.‘*é““‘g““.““"““L.P.
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II.

IiI.

Iv.

Musical tones sound different when
there is a change in pitch or loud-
ness. Graphs can be made to repre-
sent the pitch, loudness and quality
of a musical tone.

The pitch is how high or low the sound is. It is determined by the
number of vibrations a string, vocal chord, drum head or reed makes in
a unit of time. The graphs below represent tones with different pitches.

one vibration or 2 cycles per second cycles per second
cycle per second

AN Y

0 1 SECOND O 1 o 1
The more cycles per second (c/s} the higher the pitch.

Circle cne:
a) 5 c/s has a (higher, lower) pitch than 2 c¢/s.
b) 10 ¢/s has a (higher, lower) pitch than 100 c¢/s.

The loudness depends on the distance that the string, vocal chord or
reed 1s vibrating. A gentle pluck on a guitar string moves the string

a short distance and produces a soft sound.
The louder the souna, the more \
the graph of the sound is y\
"stretched" up and down. ﬂ\\ \
Y \
o] 1 o] 1
S0OFT SOUND LOUDER  SOUND

Compare graphs b-e to graph a. Is each pitch higher, the same or
lower? Is each sound softer, the same loudness or louder?

a b c d e
VA {1\
\ /N
YAV, \ 1/ u
0 1 ¢ i 0 1 0 i o i
pitch compared to a: b o d e

loudness compared to a: b c d e

311



HR% LY AR
IR RN g s
<Y L
= U L g P
Ly i et
o X 4 .
o 3 A
|+ R *
Lol --' u

(CONTINUED)

V. Most people can tell a difference in the sound of a piano and the
sound of a trombone. A note played on a plano at the same pitch and
loudness as a note played on the trombone sounds different. The
sounds produced by the two instruments are said to have different
guality or timbre.

VI. The shape and design of a musical instrument gives it a characteristic
guality. Graphs of different notes on the same instrument always have
the same general shape. The effect of different instruments can be
seen In the shape of the corresponding graph.

/ /\/\
TUNING /
FORK CLARINET \/ e \/
0 1 2SECONDS e 1 2
LN 3
é{}u!\) N A / ¥ K
FLUTE \ \
VIITI. Match these graphs with one of the (
graphs above. Name the instrument,
\ then give the pitch as higher, low-
er or same and the loudness as
4 softer, louder or the same.
6] 1 2
o 1 2 A ) !
/1 /1 _ i\
a) iy - N d)
! AT
[\ I, / il
J \ 0 i 2
0 1 2
b) c)
VIII,.

312

Joseph Fourier, a Frenchman born in 1768, showed
that all sounds can be described in mathematical
terms. His formulas and graphs have been very

important in the design of the telephone, radio
and stereo equipment.




The chart below gives the range in pitch for voices and instruments.
The freguency cclumn tells how many vibrations per second are necessary
t0 c¢reate a tone with the given pitch. Look at the chart and answer the

guestions below.

-
——————— BRRYgegs &
Negyr2550 8RS HES : 3228888 %
1 B ] I
b AR RARAE
iais|ciie|riclals Flajaisicinle|riclals|c]
< Soprang I
G Alto £
C Tenor A 1
G Boss 3
G Vielin v
1 < Viola v . E
! C Ceilo A
£ Baws "] H
o : Piceolo B
[ Flute C
: g Choo i [¢]
i £ English Hom A
| o Clorinot i W
0 D Boss Clorinet F ;
i e Alte Saxophone &
A Tenor Suxophone £
D+ Baritone Saxophone A
-4 Bassoon e
B Contre Bossoon, Ab
E Trumpet B
g Comet Br
B French Hern ¥
£ Trombone [
c o3 Trombone F
E Tuba D
G _Harp G
G Glockenspiel [
< Celesta [
c Aylophone c
< Tubyler Bolis F
% 1] Timplur;i G l

CHART FROM: Listeners Guide to Musical Understanding, published by Wm. C. Brown Co., page 56,
Fourth Edition

1. Which instrument on the chart above has the greatest range in pitch?
Give the freguency of this instrument's lowest

pitch. The frequency of its highest pitch.

2. Which instrument has the least range in pitch?

Give the frequency of this instrument's lowest pitch.
The frequency of its highest pitch.

3. If you play an instrument see if it is on the chart (if not, pick any
instrument on the chart). How does its range of pitch compare to a
trumpet? (greater, less than) To a clarinet? (greater, less than)

4. Which brass instrument has about the same range of pitch as a cello?

Which string instrument has about the same range

of pitch as a tuba?

5. Which type of voice has the greatest range in pitch?

Permission to use granted by Wm. C. Brown Co,, Publishers 313



ARE WE ON THE CRAME FREQUENLCW 7

W
—
ECN
The chart below gives the frequencies of the tones of a pianoc. The frequency of
the A above middle C is 440 cycles per second. This means any string, reed or vocal
chord would have to vibrate 440 times in one second to produce a tone which would
match the pitch of this A on a (tuned) piano. Use the chart to answer the questions
below.
T | § ©t 1 ¥ ¥ 3 T {1V 71 v 1 1777 4" &t 71 ¥y v 1T 9 1Tt 3777 ¥V 77T T I T 7 1 T T ;M [ S R M froTg—
uwy 0 o O pte Rt} oy O 3 [ el Oy 00 oo o o O T~ " Oy e~ M P~ " O o~ N o Lan JESS o o8
CYC:L&S o o)) e P o o O O 1Ny [TalEs] OO O ~ fo 2N o B o | oy N O o oY a e « = e LI LI
i ] OND OO o3 Oy N ol M~ e LA = s . L # & 8 . = ¢ . . Lo T O ped T ™~ O O o
perseeond - . # 0 e . . = D oy BN s~ N ™~ et [+ )W Ta WV el 2 o oy O o O ~F o0 O W - O OO el
=2 ~<F oo D i SO [ a0 o O e N ey QoM P~ — O W N oo ~ L=l ¢] [aNEE oy~
(o] [salan] ~F oy WY O~ OV e ped pf =] ] O &N o ™ o~ T wy O ~ &0 Ch ped ped L R B '} o] o [ B on B 281
o~ i O IN]O IO IS PN O T~ e | D e OO ST I NO MM OISO IN [ MPO RO O O P N NGV O OO OO (O] O{OH O
OPOIOIOICININSIM OIS MO0 |0 OO IO WO OO0 NI T (OO ~] o] o] of of o] of oI o] of of ol af +] o]
oo r I PGION O T O] o] o] of o] o] of o of o] »f of ol of of #] of of of af of o of WO |[FMPOIO SN NWOIO] O
of of of «f of «f o] #F of o] o] o} o} SOOI OO0~V NIC TN OIS IVICO OO P I P = {OYODO PO OV S e O N e W 20
OB o i i o et i P T e ST RO TS EOY [ O SF OOV INF OV OV [ ONTCC TN [OV O 1O WO O  md F O LN [T [ O8N KO O PO [T e LN OV ]
NN enjenisr s [ (NP O PO P O lon F O i v e r ] e e feed | S O O OO O O o st [LO JLO O IO | P [ OO TEP e | e e Jend femd e fr] JON | O EONJEN O CN ] OO
C c c C c C C

+
MIDDLE
c

1. List the freguencies from smallest to largest of all the C's on the piano. What
pattern do you find in these numbers?

2. List the frequencies of the G's. Does the same pattern occur?

b b

3, Choose a black key (Bb, A", E, etc.}. Do the frequency numbers make the same

pattern?

4. A C major triad consists of a C, an E (4 half-steps above C) and a G {7 half-steps
above C). An F major triad consists of an ¥, an A (4 half-steps above F) and a C
(7 half-steps above F). Fill out the charts below for the € and ¥ triads. Do you
see a pattern in the charts?

YOU MIGHT USE < E G gE+C G+C E A c ALE CrF
A CALCULATOR TO ©5.406 | 82.407 | 97. 999 43.654% | 55.000 | 65.406
HELP FIND PATTERNS
AND DO THE 130.81 87.307
COMPUTATION. 201.67% 17401
523.25 349.23
o~ 1046.5 Ju, GO8.46 /h\_j




Sound is caused by a vibrating object.
The vibrating object starts nearby air mole-
cules moving back and forth. These vibrating
air molecules cause other air molecules to
vibrate until the molecules near an eardrum
are moving back and forth. The molecules
near the eardrum cause the eardrum to vibrate
at the same rate as the original object.
Nerves transmit a message to the brain and
the brain interprets the message as sound.
Air or some other substance is necessary to
the hearing of sound. No sound will be heard
if a tuning fork is wvibrating in a vacuum.
The faster an object vibrates, the higher the
pitch of the sound becomes. The greater the
vibration, the louder the sound. The closer
the vibrating object is to the ear, the louder
the sound.

1. List three of the loudest sounds you can think of.
2. List three of the softest sounds you can think of.

3. Compare your list with those of your classmates'. Of all the sounds
listed, which do you think is the loudest? the softest?

4. There are gquite a few sounds that would fit between the softest and
loudest sounds you just named. Some examples of sounds that pebple
hear are given below. Arrange the 13 sounds in order from softest to
loudest., Does your ordering agree with others in the class?

food blender
conversation {close)
subway

whisper

alarm clock \‘

rock band /ﬁgfiéifﬂ;’ /{iét~ ~

gquiet countryside ”7é§:z€iﬁég%/A§;Lq \
£ ) ) . '

air raid siren
heavy traffic
guiet street
leaves rustling

boiler factory

guiet office
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(PAcE 2) (
The human ear is sensitive enough to hear very soft sounds and vet
strong enough to stand.pain from vexry loud sounds.

No one mechanical instrument can
measure that range. It is like a
balance scale sensitive enough to
weigh a single human hair with rea-
sonable precision and strong enough
to weigh the battleship Missouri!

The decibel scale was designed to handle this wide range. It is used
on decibel readers to measure the intensity of a sound. If one sound is
10 times as intense as another, its decibel reading would be 10 more
decibels. . S S i e e

5;1;Eéﬁﬁaféﬁyéﬁiqdfdefvaé'sounds to this chart. Then finish the 2 columns
using the patterns started. N _ . .

RELATIVE
SOUND INTENSITY DECIBELS
threshhold of hearing 1 0
leaves rustling 10 10 <
quiet countryside 100 20 “
whisper 1000 30
quiet office 10000 40

guiet street

conversation

heavy traffic

alarm clock {danger level)
subway

food blender

rock group

boiler factory (threshhold of pain)

air raid siren

sound that burns skin

lethal level

P

noise weapon
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PAGE 3)

6. The relative intensity column is given in powers of ten. Each sound
is 10 times as intense as the sound before it.

Write some of the relative intensity numbers using exponents.

For example: 10 = 101
100 = 10 x 10 or 102 Make a new column in
t
1000 = 10 x 10 x 10 or the sound char

writing the relative
intensities as
powers of 10.

H

threshhold of pain
lethal level
threshhold of hearing =

7. What sound is one thousand times as intense as the threshhold of

hearing? one million times as intense?
one billion times as intense?

8. Look at each sound and compare its relative intensity to its decibel
rating. Explain how the relative intensity of a sound can help you
figure out the decibel rating.

Dearie, you re something, that loud mouth and all!

) LONDON, England (AP) — Competing Wednesday in the Her husband was. the loudest
. Michael Featherstone and his “Second World Shouting Cham- of the male competitors with 110
wife, who run a pub on the pionships,”” Mrs. Featherstone decibels. But he missed the 11l-
Yorkshire c¢oast, have been let loose a 109.7-decibel yell to decibel mark set.by the winner
judged the world’s Ioudest retain the woman's title she won last year, a fisherman.
mouths. last year,

Compare the Featherstone's records to the decibel reading on the sound
chart. They each yell about as loud as a

10. Read the articles on the next page.
a. In the article "Loud Music May Cause Migraines,"
how many discotheques would each inspector have to
investigate if they were all going to be checked in
one night?
how many young people out of the 7,000 would you guess
have measurable hearing loss?
b. Do you think the "caution" in the stereo article is a warning?
Why?
¢. Do you like to listen to really loud music? If you do, you
might want your hearing checked frequently.

Permission to use granted by The Associated Press
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Loud music
may cause
migraines

CALIFORNIA, Pa. (AP) - Super-
Ioud rock music is o health hazard and
may be illegal under certain condi-
tions, according (o a safety consultant,

Randall Davidson, whe heads a pri-
vite firm here called the International
Safety Institute, says he has measured
the  sound  levels at  hundreds of
nightclubs and discotheques across the
country. .

He says bands often plav at a deci-
bel level between the rumble of & sub-
way train and the roar of a jet piane at
takeoff. ¥

in numbers, that cemes out above
the allowable limit of 115 dectbeis for
15 minutes specified under the federal
Occupational Safety and Health Stan-
dards Act of 1970, he says.

Discotheque patrons are not covered
by the law, but club employes are.

“I've seen kids who would come gut
of those places and not be able t¢ hear
for two or three days.’” said Davidson.
“1t causes high blood pressure, mi-
graine headaches and ail the stomach
problems that go along with being up-
set.”

F. A Van Alta, senior scientist of
the Labor Department division charged
with epforcing the act, said strict en-
forcement of noise standards in
discotheques isn't likely, however. Na-
tionwide, there are 800 inspeciors (o
investigate an estimated 2.4 miliion
places of business for all types of safe-
ty hazards, and ioud music i
nightelubs isn't a high priority, he
said.

Scientists have said for some time
that noise levels attained by foud rock
bands may cause hearing loss. Dr. Da-
vid Lipscomb, director of the noise re-
search laboratory at the University of
Tennessee in Knoxville, says a signifi-
cant number of people with measuc-
able hearing loss were found in testing
more than 7,000 young people since
1967.

CAUTION! |

Sound pressure levels
may exceed 100dB. ..

Dear Dr. Thosteson: I would ap- Some rock performances have been
preciate it if you could give me any measured at levels of 120 decibels.
medical suggestions regarding lis- Hearing loss can occur at such levels,
tening to sound levels of music. I either temporarily or, if listened to on a
have a sound level meter, so [ could regular basis over a long period. of
measure my exposure level in deci- time, permanently,

bels should such information exist. The loss is usually of high frequency
~ J.P. sound. Normal conversation is about 60
Government studies suggest that decibels. The sound of a jet taking off
when noise levels exceed 90 decibels, 100 feet away from the listener has been
ear protection is needed for workers. measured at about 140 decibels.
Noise is noise, and that from your ster- To be on the safe side your listening
€0 would be subject to the same recom- should be limited to sometyhing below %0
mended safe level figure. decibels. About 80 would be ideal.

ADVERTISEMENT FROM: Warehouse Sound Company Catalog, Warehouse Sound Company,

Railroad Square, Box S, San Luis Obispo, CA 93405

Permission 1o use granted by The Associated Press and Warehouse Sound Company

.




1. Here are levels of loudness that musicians use:

symbol word meaning

PP pianissimo very soft
P plano soft

mp mezzo piano moderately soft

mf mezzo forte moderately loud
£ forte loud

EE fortissimo very loud

What would f£ff mean? ppp?

2. Suppose there is an increase of 6 decibels from one level to the next
so that music played at the piano level of sound would have a reading
of 6 decibels more than the music played at the pianissimo level and
so on., How many more decibels would the ff level be than the pp level?

How many more decibels would the f£ff level be than the ppp

level? Can you tell how many times louder the p level is

than the ppp level?

3. Guess the decibel readings for these sounds:

decibels
soft recorded music

loud recorded music

live symphony (very loud)

Compare your numbers to those of a classmate, and check with your
teacher. Add this information to the chart on Numbers for Sounds.

4, Two other musical symbols that control sound are

w:::::::: and :::j:::::m

crescendo decrescendo or diminuendo
(gradually increasing {gradually decreasing or
in loudness) diminishing in loudness)

What two symbols do they remind you of in mathematics?
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OSING A
DECIREL READER.

T. How loud is the music you listen to?

Record the decibel reading of music as it's played on a radio or record
player:

Aﬂ soft (volume at background level)}
medium {turned up for listening)

loud (turned way up for dancing)

II. How loud do you sing or play your instrument?

Record the decibel readings of individual instruments or someone sing-
ing at different dynamic levels.

rrome A ST T A A e m e e M s s e e S e e s e
Einstrument dynamic level decibels
S A ) )
i soft : Which instrument plaved
! ai : the loudest?
; meas | th oftest?
' loud ; € s ’
e e e e e o e v v et e e T T 3 v T At e 4

IIT. Can you stay at one intensity level? i

Have a performer play at one dynamic level and watch the decibel reader.
Try several types, including a brass, woodwind and string instrument.
Record the name of the instrument and its decibel range as it plays up,
then down the scale. Is there a pattern? Does a tone need to be

louder when it is firxst played then when it is held?

IV. How does a tape recording affect sound?

While recording the decibel readings, also tape record someone who plays
or sings a melody at various given dynamic levels. Then play the tape
recording and read the decibel levels of corresponding sections of the
melody. Are the levels the same? (Leave the volume knob at a con-
stand reading.)

V. TIs there a difference between records, TV, radio and "live"?

Record the decibel levels during equal amounts of time of music played on
television, on the radio, on a record player, and live (a group of musi=-
cians). Find the decibel range of each (the difference of its loudest and
softest). Which one of the four ways of listening to music gives you the
widest decibel range?

VI. What are the decibel ratings of sounds around your school?

Guess where certain sounds would f£it on the chart, then use a decibel )
reader to record the sound levels at these areas: classrooms, hallways, (
cafeteria, bandroom, computer terminal. .
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USING B
DECTREL REFDER,

(conTinven)

Decibel readers are small electfénic instruments
with meters that record sound levels. Most are bat-
tery operated for ease in handling. There is usually
a microphone attached to pick up the sound and a dial

or meter that registers the readings in decibels.

To find one, check the science department or audio-visual center of a junior high
or high school. Your district instructional materials center might also have one.
Another source is the Noise Pollution Authority, who may have both the instrument and

a guest speaker for a class. Decibel readers are also available at retail stores.
Students enjoy using the decibel readers,

Use of the instrument attaches some meaning to the numbers. The following student

page provides activities in which a decibel reader can be used.

Extensions of Student Pages:

Have students watch newspapers and magazines for articles related to noise. The
Federal Occupation Safety and Health Standards Act and the recent Noise Control Act are
results of data that show the hazards correlated with excessive noise. Recent evidence
shows not only damaged hearing, but migraine headaches, high blood pressure, stomach

problems and other emotional disorders.
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acctdentals.,  Musical symbols like
sharps, flats, naturals, double sharps
or double flats (#,b ,h ,## ,bb)
which raise, lower or return to nor-
mal the pitch of a note.

allegretto. A tempo; light, cheerful;
like allegro, but a little less fast.

allegro. A tempo; quick, lively,
rapid and cheerful.

barlines. Verticle lines drawn on
muscial staves to separate measures.

AY

({3
z

Barlines

bass. 1. The stringed instrument in
an orchestra with the lowest pitch—-—
the double bass. 2. A low-pitched
sound. 3. The lowest part in 4-part
harmony.

bass clef. The bass clef is often
called the F clef. The sywbol starts
on the F line and the : is centered
on the ¥ line. The F below middle C
is written as follows.

brass instruments. Instruments like
trumpets, cornets, tubas, trombones
and French horns which are made from
metal flaring into a bell, The wvi-
brations of the player's mouth are
amplified by the instrument, Valves
or a slide on the instrument plus
the tenmsion in the plaver's mouth
determine the pitch of the tone.

chord.  Simultaneous sounding of thtree
or more notes.

chromatic scale. A scale consisting of
twelve half tones to the octave (or 13
if the first note is repeated an
octave higher).

eonductor. A person who directs a band
or orchestra. The conductor deter-
mines the tempo, the loudness and in
general how the piece is to be played.

crescendo. A gradual increase in loud-

ness. Symbol: =e=——TT

decibel. A unit for measuring loudness
or intensity of sound. A decibel
scale runs from about 0 decibels for
the average.least perceptible sound to
about 130 decibels for the average
pain level.

decrescendo.
loudness,

A gradual decrease in

Symbol: e

dotted notes and rests. A dotted note
or rest has one and one~half the time -
value of the note or rest. Examples:

c:J has the time value of a half
* note and a quarter note.

qu has the time value of a quarter
- note and an eighth note.

g+ 148 the time value of a whole
rest and a half rest.

duet. Two performers. Music for two

performers.

etghth note. A note which receives one
beat in 3 time, It has one~half the
time wvalue of a quarter note. ‘
Symbol:

eighth reet. A rest with the same time
value as an eighth note. _Symboi:ﬁf

electronic instruments. Instruments
which produce sounds which are elec~
tronically generated. A Moog synthe-
sizer is one example.
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MUSIC GLOSSARY

fifth. A perfect fifth consists of the
first and fifth note in a major
scale (an interval of 7 half tones).

Flat. The symbol (V) which is placed
before a note to show the pitch
should be one-half step lower.

forte, Loud (f).

fortisaimo. Very loud (f£f).

gold record. A record given as a
reward to a performer or group of per-
formers for selling one million
records or a million dollars worth of
records.

half note. A note which receives one
beat in § time. A note with twice
the time-value of a gquarter note.
Symbol:cJ

half rest. A rest with the same time-
value as a half note. Synbol: _sm

half step. TLocated on a pianoc by going
up (or down) from one key to the near-
est black or white key.

half tone. A half step. The interval
between two adjoining keys on a piano
or two adjacent tones on a chromatic
scale. Synonym: semitone.

hexad. A six-note chord-~usually
called a hexachord.

tntensity. 1. Informal--relative
loudness of a sound. TFeeling of
soft to loud. 2. The amount of
power per unit area,

key signature.  Sharps or flats
(#,P) placed after the clef
sign to give the key of the
piece of music.

// BY key signature

A

7]

v

h
AU
i

N
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major scale. A series of 8 notes with
whole steps between consecutive notes
except between the third and fourth
and the seventh and eighth which
differ by half steps

C major scale: C,D,E

1/2 1/2

¥ major scale: F,G,A:ﬁ ,C,D,ﬁ?ﬁ

measure. The space between two bar
1lines.
one measure
melody.  An organized succession of

musical tones.
metronome. An instrument which marks

exact time by a regularly repeated
tick and a regularly swinging arm.

mezgo piano. A level of loudness.
Moderately soft (mp).

mezzo forte. A level of loudness.
Moderately loud (mf).

monctone. A single unvaried tomne.
ing on one tone.

natural.  Indicates that a basic tone
is no longer sharped or flatted.
Symbol:

non-pitched.  Without a definite pitch.

note. A symbol used to give the pitch
and duration of a musical tone.

whole note

half note

gquarter note

L 00

eighth note

Sing-~
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MUSIC GLOSSARY

oatave. An interval consisting of 8
tones from a major scale (12 semi-
tones). An interval from one { to
the next higher C, from one G to the
next higher G, etc.

octet. Music for 8 performers,

opera,  The musical form of drama.

The drama is set to nmusic for voices
and instruments.

overture. kW
for instruments. 2.
opera or oratorio,

A prelude to an

percussion instruments.  An instrument
like a drum, xylophone or triangle
which is struck, shaken or scraped.

piantssime. A level of loudness,
Very soft (pp).

piano. A level of loudness.
Soft (p).
pitch, The relative highness or low-

neas of a tone. Piteh is determined
by the number of vibrations per sec—
ond (frequency).

prestissimo. A tempo.
ag fast as possible,
tempo in music.

Extremely fast;
The fastest

presto. A tempo. Very rapid; faster
than any tempo except prestissimo.

promoter. A person or group who has
the financial responsibility of a
musical or sports event, including
hiring the musician, renting a place
and advertising the event.

A note which receives
Its symbol

quarter note.
one beat in ﬁor 3 time.

is ‘J

quarter rest, A rest with the same
time value as a quarter note.

Symbols }

quartet. A group of 4 performers.
Music for 4 performers.

An introductory composition

pct—-str

quintet. A group of 5 performers.
Music for 5 performers.

rest. A symbol used to indicate
periods of silence.

~mmm- whole rest

_wme_. half rest

k guarter rest

'7 eighth rest

scale. A series of rising pitches
within an octave. See chromatic
and major scales.

sextet. A group of 6 performers.
Music for 6 performers.

sharp. The symbol (#) which is
placed before a note to show the
pitch should be raised one~half step.

gixteenth note. A note with one-
fourth the time-value of a quarter
note. Symbol:

giwteenth rest. A rest with the same
time-value as a sixteenth note.
Symbol: :7

solo. One performer. WMusic for one
performer.
staff.  Five parallel lines on which

musical notes are written.

standard pitch. a' = 440 vibrations
per second is the standard pitch.

string instrument. A musical instru-
ment like a violin, harp or piano
which produces a sound when a string
is plucked or struck or when a bow is
moved over the string.
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MUSIC GLOSSARY

tempa. The rate at which a musical
passage or piece is played. The
tempo may be given by a word such as
allegro or presto, or an exact metro—
nome marking.

third. An interval consisting of the
first and third tones of a major
scale (an interval of 4 half-steps).

timbre. The quality of a tone. Tim-
bre is determined by the prominence
of overtones—other softer pitches
which combine with the main tone.

time signature. A symbol indicating
the number of beats per measure and
the type of note which gets one beat.
The symbol gltells there are 3 beats
per measure and a quarter note Zets
one beat.

tone. A sound of definite pitch,
loudness, timbre (quality) and dur-
ation. It is made by a regular
vibration of an elastic body.

transpose. To write ox play a piece of
music in a different key.

treble. 1. The highest part in har-
monic music: sgoprano. 2. High
pitched.

treble clef. The treble clef is of-
ten called the G clef. The symbol
crosses the G line 4 times, The G
above middle C on the piano is
written on the second line of the
staff as shown:

[\

i =

“ —
TG

triad. A chord consisting of 3 notes:
the root note, a third and a £ifth,.

326
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trio. A group of 3 performers., Music ./
for 3 performers. N
triplet. A group of 3 notes of equal

value to be performed in the place of
two notes of the same value,
The triplet would be
played in the time of
2 eighth notes or 1
g quarter note.
]
)
A

—d .
whole note. A note which has four
times the time value of a quarter
note. Symbol: ¢

whole rest. A rest with the same time
value as a whole note. Symbol: "

woodwind instrument.  An instrument
like a flute, clarinet, saxophone,
oboe, bassoon or English horn which
consists of a wooden or metal tube
with finger holes or keys to vary the
pitch. The sound is created by one or ¢
two reeds vibrating in the mouthpiece )
or by air passing over an open hole as
in a flute.

o




LOPUCTION

to MATHEMATICS AND PHYSICS

Natural interests for students' investigation is their
immediate environment and the physical forces that affect
their lives. Gravity on earth is a force that determines

their weights and restricts their actions; air exerts pressure

on them, and they must use various forces just to move, play
and work. Light and optical phenomena directly influence the
way they perceive their enviromment. These are some of the

topics that are studied in physics, and many of these ideas

can be introduced to students at the middle school level,
The study of physics utilizes mathematics from simple measuring and graphing

techniques to abstract algebra and differential equations., In this section you will

find several data collecting and graphing activities that provide information about

the strength of magnets, the action of a pendulum, and the forces needed to move

objects on an inclined plane. Computational skills are needed in studying the speed

of light and the half-life of radiocactive substances.

Ideas about area and volume are used to calculate air Eovth

pressure and specific gravity. Proportions are used

in studying bicycle gears, levers and inclined planes,

Symmetry and other elementary concepts from geometry
enter the study of optics, in particular, light reflec~
tion and the way mirrors work.

The lessons included here provide many opportunities for student involvement.
A single scientific phenomenon is explored with students using mathematics during
the investigations. Students will be active participants during the lessons rather
than simply doing a worksheet about the activity. For those lessons involving un-
usual or more extensive scientific study, teacher pages are provided to supply
background information. An effort has been made to be Scientifically correct in
the use of all terms having specific scientific meaning, such as mass, weight, pres-
sure and force. Only when it would be confusing to the students is 2 change made.
For example, grams per square centimetre are used for pressure instead of newtons
per square centimetre. All of the material needed to do an activity are easy to
obtain or make, e.g., rubber bands, paper clips, graph paper and weights,

The pages in this unit can be used in a variety of ways: to review particular
mathematical skills, to connect mathematics with a physical phenomenon, to involve

students in actual experiments, and to encourage individual research and discovery.
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INTRODUCTION MATHEMATICS AND PHYSICS

You might prefey to duestion the students sbout their interests related to physical(ﬁ
phenomena and then design or have them design an investigation like those sug- ‘
gested here. Students could work individually or in small groups on different
activities and rhen put on demonstrations for the class,

It was not feasible to cover all the topics of physics or even touch on each

of the areas. Only samples are provided here. You will find activities related to

Force that measure the strength of a magnet, calculate air pressure, uge properties

of levers, and determine the strength of a rubber band. Included are activities
related to Work that deal with inclined planes and the effect of gravity. Notions
about Heat are involved in two activities using a thermometer. There are graphing
and computational activities dealing with the half-1ife of radioactive particles.
The topic of Optics is touched upon in activities that deal with the speed of light,
symmetty, and reflections related to mirrors. Activities on Sound can be found in
the MATHEMATICS AND MUSIC section of this resource, but they could also be used in
a unit on Mathematics and Physics.,

We have a wonderful opportunity to involve students in activity-oriented les-
sons in physics that help them appreciate the physical forces that affect their
lives and, at the same time, use the mathematics they have learned in meaningful (

applications.




MATHEMATICS AND PHYBICS

TITLE PAGE
The Meeting of the
North and South 331
That Heavy Air 332
A Swinging Time 335
Rolling Bodies 338
Hang Ten 337

Proportions With a
Plank 339

Get in Gear 340

Inclined Planes
in Use 341

Up the Ramp 342

Being in the Middle
of Things 34y

Is 32 Degrees Hot

or Cold? 345
A Chilling
bxperience 3us

Possibly So Columbus 347

Volume by
Displacement 3us

TOPIC

Measuring strength of
magnets

Calculating air pressure

Working with a
pendulum

Timing balls rolling
down an inclined plane

Measuring strength of
rubber bands

Working with & lever

Working with bicycle
gears

Examples of Inclined
planes
Working with inclined

planes

Find center of gravity

Working with celsius
thermometer

Working with celsius
thermometer

Caleulating the distance
seen on a curved surface

Showing equal volumes
displace the same amount
of water

MATH
Coliecting data and
averaging

Finding avea

Collecting data and
graphing

Collecting data and
graphing

Collecting data and
graphing

Werking with proportions

Working with proportions

Awareness of how inclined
planes are used

Collecting data and

proportions

Measuring and defining
terms

Colliecting data and
graphing

Collecting data and
graphing

Using a formula

Yolume

TYPE
Activity card
Manipulative
Activity card
Demonstration

Teacher page

Activity card
Manipulative

Activity card

Manipulative
Activity card
Manipulative
Teacher-direct—
ed activity
Teacher-direct-
ed activity
Bulletin bhoard
Transparency
Activity card

Manipulative

Activity card
Manipulative

Activity card
Manipulative

Activity card
Manipulative

Worksheet

Teacher idea
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TITLE

Archimedes Knew

Decay and Half-Life

Half-Life

Faster Than a
Speeding Bullet

Reflections

Mirror, Mirror on
the Wall

Images

Multiple Reflections

Reflect on That
Image

Bending of Light:
Refraction

330

PAGE

349

350

353

354

356

358
359

361

362

365

TOFIC

Calculating specific
gravity

Working with radioactive

decay a&nd half-1ife

Working with half-life
of radicactive substances

Working with the speed
of light

Using mirrers to find
symmetry lines

Working with the law of

reflection of light

Working with images
using a plane mirvor

Using two mirrors to

produce multiple images

Using a concave mirror to
produce images

Working with the re-
fraction of light

MATH
Proporticn

Collecting data and
graphing

Practicing computational
sgkills

Practicing computational
gkills

Symmetry

Measuring and cellecting
data

Measuring and collecting
data

Measuring and collecting

data

Measuring and collecting
data

Measuring and collecting
data

TYPE

Activity card
Manipulative

Activity card
Manipulative
Teacher page

Worksheet

Worksheet

Worksheet

Activity caprd
Manipulative

Activity card
Manipulative

Activity card
Manipulative

Activity card
Manipulative
Teacher page

Activity card
Manipulative
Demonstration
Teacher page
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THE MEETING OF

NORITES
SEES AND
QUTE
Students will measure the strength of
magnetic attraction using a non-
standard scale. They will also
investigate how the force of
attraction is changed when

paper is placed between the
magnets.

Materials:
Metre stick,
2 magnets, rubber band

PULL. UNTIL THE
TWO MAGNETS COME

I Tape a rubber band to one end of a magnet and arrange in the starting position as

shown.

LINE UP THE END OF
THE FIRST MAGNET WITH
HE 0.0CT™ MARK ON

E:iz STCK.!
N

JTARTING POSITION

Cutting the rubber band and using it as a
single strand allows for a longer stretch.

II Place the second magnet in contact with the first and slowly slide the combination
beside the metre stick as shown in the top picture,

Make ten trials. Each time record how far the rubber band stretches before the
magnets separate, Find the average of the ten trials.

Length of b cm 3 om > cm P cm ” GBI  Average stretch
73 5 6) 8) 10) ) .

cm

Stretches

cm cn cm Cm Ccm

T11 Place a piece of paper between the two magnets. Make ancther get of ten trials
with the paper separating them.

PAPER Length of | V) 3) 5) 7) 9)
<:~ﬁ cm cm cm cm cm
/%32;é§ ﬁﬁg Stretches 2) 4 6) 8) 10)
¢ 1 ¢ cm om cm cm cm
Average stretch. cm

IV Instead of paper, try a small piece of metal. Again take ten trials and compute
the average.

Tength of b 3) 5) " %) .
cI cm cm cm cm i Average stretch.

2) 4) 6) 8) 10) _cm
Stretches om cm on cm em

What effect did these materials have on the magnetic attraction of the two magnets?
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Above every person is a tall colummn of air pushing down

with an amazing force. This causes air pressure.

)

\’__,_____,___

A column of air extending through the atmosphere having

1
]
i
]

P

é

a cross sectional area of 1 c:mz has a mass of about 1,034

grams. So the pressure caused by alr is 1;034 g/cm2 at ! !

sea level., (14.7 pounds/inz)

Several simple classroom demonstrations to show this pressure are outlined below.

Put about 2 cm of water in a rather large metal

can that can be sealed with a 1id or rubber stopper.
Place the open can with water on a hot plate until
the water boils for gseveral minutes. This will
T”dcﬁm drive out most of the air leaving only steam in the
can. Remove the can from the heat and quickly seal

it. As the can cools the steam condenses, creating

HOT PLATE

a partial vacuum inside the can. With little air

pressure left inside the can will be collapsed from

the outside pressure.

i AlR PRESSURE Cover a wooden slat (about the size of a ruler)
’ ‘ with a large sheet of paper. A layver or two of

newspaper is sufficient. Let about 5 cm of this

slat stick out from under the paper and over the

B SURE THE PAPER {8
(SMOOTHED DOWN WITH MO
AR DPOCKETS UNDERNEATH

edge of the table, Smooth down the paper. With a

hard sharp blow strike the exposed end of the wooden
slat. Due to the air pressure above the paper the

wooden slat will break without tearing the paper.

Completely fill a glass with water.
‘ GLASS HELD
Carefully place a heavy piece of smooth IN AR WATER INGIDE
GLASS EXERTS
Lo AL DOWMNWARD

cardboard on top the glass of waterx.
Hold the cardboard and invert the glass
of water. Keeping a hold on the glass

stop supporting the cardboard. It will

AR PRESSLRE ON
THE. QUTSIDE
EXERTS A GREATER
UPWARD FORCE.

magically seem .to hold the water in the

inverted glass.

33n By calculating the surface area involved students can

calculate the air pressure in each of these cases.

AT




{conTinueED)

The vast ocean of air above us exerts pressure similar to
the pressure you feel from water when you are swimming.
Scientists have shown that at sea level this air pressure is

1,034 gramé per square centimetre.

§

1) What is the total force (in grams) due to alr

THERE WILL BE
3,034.g EXERTED
ON EACH SQUARE
CENTIMETRE.

exerted or the top of the 2 cm X 2 cm square

to the right? SRS L P AL grams

R sttt

2)
When a can is open there is as much air pressure on each
T g square cm of surface inside the can as outside. If the can
25 g is sealed and the air pumped out, the air pressure inside is
1
l i greatly reduced. Calculate how much force due to air pres~
v Lo ﬁA sure would be on each of these sides.
2.0 —»lt
LENGTH WIDTH AREA FORCE DUE TO AIR PRESSURE
FRONT SR RN FRF et SR I AR MY JE R / 517 \/
SIDE Ch Lo SHELOTNG wrams [2BH kol
TOP
3) Your lungs make up a large air cavity in your bedy.

Think up a method to measure the area of your back
in square centimetres. Calculate the total force on
your back due to air pressure.

area of your back

force due to air pressure

How come air pressure does not crush you?




- ! -
— = _—
~ | SWINGINLG | ~
~ TIME -
Materials Needed: Metre stick, A simple pendulum can be made by
about a metre of string, paper hanging weights on a string.

clip, weights (fishing sinkers

or metal washers), watch with a

second hand.

I Set up a pendulum as shown. A

string length of 50 cm is a good

starting length. C,ED

OME BEAT 5
A COMBLETE SWING, ALL
THE WAY TO OME
SI0E AND BACK
AGAINL

Pull the weight back about 10 cm and release it.
Measure the amount of time for 10 beats. Make

three separate trials and enter the results below.

Length of Time for
:::;:::2::::;:?7// String 10 beats
AVERAGE TiviE
FOR TEN BEATS
Trial #1 50 cm
3
Trial #2 50 cm
Trial #3 50 cm
1T What effect do you think additional weights will

have on the ti require ?
DOLBLE me req d for ten beats

THE NUMBER
OF \WEIGHTS .
HUNG ON Try it.
THE
PENDULUM Length of Time for Time for
String 10 beats 1 beat
Trial #4 50 em

Can you predict the time required for 10 beats if the number of weights were tripled?

Check to see if you are correct.
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IIT Use the same number of weights as in trial #1, but
shorten the pendulum 10 cm,

think this will have on the time for 10 beats?

Try it.

— k -
»

=~ R
= SWINGING
TITME

(continuen)y

Record vour results in the table below.

String
Amount Time for

Changed Length 10 Beats

What effect do vou

/
/

Time for

1 Beat

Trial #5

Shorten by

10 em 40 cm

Trial #6

Shorten by

10 cm more 30 cm

LENGTH
OF THE

Trial #7

Shorten by

10 em more 20 em

A LITTLE

Trial #8

10 cm
longer than| 60 cm
trial #1

Trial #9

Increase

10 cm more 70 cm

Trial #10

Your own
choice

IV Make a graph of trials #4 through #10.

et Lond
polA)
413

TIME FOR ONE BEAT
ey

»

2= ol
o N;n

s
d

F- Bl

o

el

O 20 20 40 50 GO 0 80
LENGTH OF STRING (N o

A seconds pendulum has one beat in
exactly one second. Using your
graph what would be the length of

a seconds pendulum? o CH

How can you be sure this answer is

correct?
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Materials Needed: 2 metre sticks, smooth rubber ball, watch with second hand

I  Assembly IT Set up THREE SECONDS,

Tape two metre sticks together

Braces on
the side of
the track
keep it

from turning.

to form a V-shaped track for

the ball to roll down.

A small
piece of
cardboard
taped to
the top end
gives some

added support.

Raise the top end of the V-shaped track 1 cm.

TIT Working with a partner, find how far down the V-shaped track the ball will roll

in the specified times.

Time the ball
has rolled 0 s 1l s 2 s Is 4 8

Distance the

ball traveled 0 cm

iv On graph paper labeled like the one to the

glx fxtend the vertical left enter your information from the above
2 [.200em N\  axis to show 200 cm ) chart.
o and the horizontal
% axis to 6 s.
8 Make some predictions from your graph.
4
g A) How long would it take a ball to roll
o 100 cm? seconds
2
4
E B) How far will the ball roll in 6 seconds?
o ‘e
TIME 1) SECORDS 6 8 cm  Try setting this up to check it,
C) How far does the ball roll in the time period between 2% seconds and 3% seconds? ( )

cm
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Materials Needed:
bands, about 20 identical weights (such
as fishing sinkers, machine washers or

nuts), metre stick, paper clip and graph

paper

Two identical rubber

Hang a rubber band with a bent paper clip

from a support to act as a spring balance.

SCALE.

SUPPORT A METRE
STICK. NEXT TO
THE SET-UP TO
USE AS A

After the setup ig complete add the identical weights

one at a time and record the total stretch of the

rubber bands each time.

Number of weights hung

2

Nﬂf

L E LA EALMN

Total stretch {(cm)

(

L ISURPORT L

Fen BN,

STRETCH OF RUBBER BANDS

BEMT PAPLR CLIP
ACTS BOTH AS A
POINTER AND A
WEIGHT HANGER.

NUMBER OF \WEIGHTS

A GRAPH OF THIS
INFORMATION
WOLLD LOOK

IT Hang two identical rubber bands over the support with the paper clip suspended
T%:f?g}j;ﬁ from both of them as shown. As in part I add the
weights one by one and record the total stretch of the
Tg rubber bands.
] E Number of weights 0 2 13 |4 316 718 94
: E Total stretch {(cm) | O §
~ - _—
ITI Change the two rubber bands so they are :
tied together, hanging in tandem.
Will this produce a different stretch
than both parts I & I1?
B
Add weights one by one to find out.
Number of weights 0 213 ¢4 516 |7 18 10}

Total stretch (em) 0

T 2 NI 00 S O TN B S B S N A )

e
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STRETCH OF THE
E's RUBBER BAND IN
8
“th
S
5 c-oqoo
5o
o T NUMBER OF
0B WEIGHTS HLNG
2+ <>
<D
TS
o tEE A E Y E S
WE S,

What does it weigh?

Examine several of the objects

provided.

1) Estimate how much each weighs in
terms of your weights. (Record

below.)

2) Hang each object from the spring
balance. Record how far the

rubber bands are stretched.

On a piece of graph paper mark the horizontal

and vertical axis as shown.

Separately enter the results from parts I, 1T

and

I1Y.

A different color for each one makes

them easy to tell apart.

Do you see any similarities between the 3

1D sAY THIS
TON AIRPLANE
WEIGHS ABOUT
t5 SINKERS.

3) Using vour graph, determine what weight would cause

this amount of stretch.

Object

1)

Estimate of

its weight

2)

Stretch

3)

Weight as vead
from the graph
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Materials Needed: Long plank about 3 metres long, concrete building block, bathroom
scale, measuring tape, metre stick

I. Balance the plank by placing the block in the middle. Ask for a volunteer (or
the teacher) to stand on one end of the plank. Have different members of the
class try to balance the plank by standing on the opposite end. For the plank
to balance students should realize the weights of the volunteers should be about
equal. Weigh the volunteers.

IT., 7Pick two members of the class having different weights. Weigh them and record
the weights., Keep the block in the middle and ask them to stand on opposite
halves of the plank and balance each other. Students will probably use their
previous experience with teeter-totters to accomplish the task.

IIT. Again pick two members of the class having different weights. This time their
task is to move the block so the plank will balance with one of them on either
end.

IV, Have the students use the three activities above to formulate a conjecture about
how to make unequal weights balance. Students will probably say that the heavier
waight is closer te the block, and the lighter weight is farther away from the
block.

V. Ask students to examine the relationship between the weights and distances by
completing a table. By using two students whose weights are considerably dif-
ferent, a pattern can be discovered. The results in the last column will be
approximately equal.

, Distance
\,\/eighf of iss-(-‘rom W \/\/+D W"'D WwW+D WXD

person(w)|block (D)

The General Rule is ¢ W xD,=W,xDz, or W, _ Ds,
Wz Di

VI. Students can apply the general rule to solve problems: For example, John has a
mass of 40 kg and stands 1.5 metres from the block. Tim balances the plank by
standing 2 metres from the block. How much does Tim weigh?

E ot "Give me a place to stand, and T will move the Barth,"
o This is what the famous Greek scilentist Archimedes (287-
212 B.C.) was supposed to have boasted after discovering

the law of the lever: wl X Dl = Wz X Dz. Assume that

Archimedes weighs 150 lbs., and the fulcrum of the lever
is 4,000 miles from the Earth. How far from the fulcrum
would he have to stand in order to move the Earth? The
Earth weighs 13,176,000,000,000,000,000,000,000 1lbs.
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Have a student bring a 5 or 10 speed bicycle to class. Turn the bike upside down so (
that the gears can be shifted. Put a piece of tape on the rear wheel of the bicycle.
Have the students count the teeth in E

each gear and record in Table 1. (The
number is not standard. The front gears
vary from 52 to 39 teeth and the rear
gears from 34 to 1l4.)

Write the gear ratios and simplify.
Record in Table 2.

The following activities are suggested

TABLE 2

for student iavestigation: TABLE 1 : i .

1 Select a simple r—-— Gear Ratio of Simphfted
: : P Gear | Number . pumber | .
gear ratio, for example, of teet Ratio of teeth [Teeth Rotio

13 to 4, and set the X ¥ to A

gears to correspond, o

Check the gear ratio by Y Xto B

glowly turning the

pedals. The pedals A Xto C

should turn four times B Y4 D

and the wheel thirteen,

(Hold the rear tire < XTo E

lightly to aid din D Y to A

counting the turns of -
the wheel.) Check E Yto B

some other gear ratios Yito C

by counting pedal and

rear wheel] turns. Yto D
Yto £

2. Select a back gear and use the small front gear. Turn the pedals slowly and
shift to the large front gear. Continue turning the pedals at the same rate. What
change do you notice in the back wheel? Can you explain? What are the corresponding
gear ratios?

3. Move the gearshifts so the chain is on the smallest back and front gears. Turn
the pedals at a constant rate, Shift only the back gear so that the chain travels
from the smallest to the largest gear wheel., What change occurs in the back wheel?
Can you explain? What are the corresponding gear ratios?

4, 1f the pedals were turned at a constant rate, which ratio would cause the back
wheel to turn the fastest? Order the simplified gear ratios from largest to smallest,
Students could use a calculator to change each ratio to a decimal and then order the
decimals.,

5. 1In riding the bicycle, Which gear setting is the easiest to pedal? the most
difficult? Experiment on the playground. Which gear setting allows you to travel
the farthest for one turn of the pedal? Devise a method for checking your prediction.

6. Select a gear setting. Suppose you pedal at a constant rate {one turn per 5(
second, thirty turans per minute, etc.). How far would vou travel in 20 minutes?

7. Select a gear setting. How many turns of the pedal are needed for the bike
to travel a distance of one mile?
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NLL INED

1
LANCE

BOLTS, SCREWS AND THE THREADS
OF JAR LIDS ARE NOTHING
MORE THAN INCLINED PLAMES
WRAPPED AROUND AN (NSIDE

~ CORE.

MUTS  AND

Erams
SWEET, |3
CRAWDADS Fi

SCREWS

MANY TOOLS

WEDGES
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Materials Needed: An inclined plane (a board about two metres long), metre stick,
several blocks to hold up the inclined plane, spring scale, cart

(roller skate or toy truck)

An dinclined plane is a simple machine. It helps to make work easier.

The worker
plcking the box
up exerts a large
effort but through
a short distance,

This worker is sliding the crate up
the inclined plane and is pushing
with a smaller effort but over a

A) Block up one end of the board ﬂ”’_,,~”’* (

to make an inclined plane. Lﬁ}gsfﬂ

Measure and record the hedight \‘,—fﬂ’”””’” HEIGHT

and length of the inclined

plane,

B) Height cm C) Length - cm

D) Express the following as a ratic and its equivalent decimal.

length of inclined plane -
height of inclined plane

E) Hang your cart from the spring scale

and record its mass below.

Mass of cart grams

IDEA FROM: Ratio and Proportion Revisited (

Permission to use granted by Qakland County Mathematics Project
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CONTINUED)

F) As the cart is pulled up the
inclined plane at a steady

speed read the spring scale.

What is the scale reading

when the cart is pulled?

grams

G) Express the following as a ratio and an equivalent decimal.

nass of cart -

pull needed to move cart up the inclined plane

H) How do the ratios in parts D and G compare?

A second trial should be done changing the height and either using a new cart or

the same cart with some additional mass.

IDEA FROM: Ratio and Proportion Revisited

Permission 1o use granted by Qakland County Mathematics Project

343



BEING IN
THE MODOLE
OF TAHINGS

I Cut several differently shaped

1) Let the triangle swing

triangles from heavyweight freely from the pin.
paper. They should be about
20 cm at the widest spot. Mark the point where
the weighted string
crogsses the side of

the triangle. Sketch

the line representing

the hanging thread.

Do the same for the

other two vertices.

Try balancing the figure at the point where

all lines dntersect. Use the blunt end of

your pencil to balance on.

THIS POINT 1S THE BALANCE POINT OR CENTER OF GRAVITY.

7) Find the meaning of the following terms.
a) Angle bisectors of a triangle.
b) Altitudes of a triangle.

¢} Medians of a triangle.
Which of these will help you find a balance point of a triangle?

IT Cut a rectangle and a circle from the heavy paper. Using a plumb line, find the

balance point of the figures. Describe where the center of gravity is.
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Materials Needed: One Celsius thermometer, one Fahrenheit thermometer, ice cubes,

hot water and salt

HOW CAM |T BE SO HOT,
T THOUGHT WATER
FROZE AT 82° 7

Measure and record the temperature
of each item with the Celsius and

Fahrenheit scales.

o N )
&F /& AT EE
& & <o & X7
& 4‘«3 QQ-' & ) o)
CELSIUS
FAURENREIT
Plot these pairs of temperatures on the grid below.
Place the Celsius readings on the horizontal axis
and the Fahrenheit readings on the vertical. Draw
a smooth path through the points.
' T
. . — 210
Using the graph determine ;
the temperatures in Celsius. mmém
A) Normal body temperatures }
°c =150
N
L
B) A warm day °C :12 120
i
C) A cold da °C o
Ve T 90
&2y
D) Water freezes °C i
e GO
30
~30 120 S [o I I s} 20 30 40 50 GO T0 80 20 t00
CELSIUS
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EHiLLARE

EXPERIENLCE

i

Materials Needed: Tce cubes, warm water, Celsius thermometer, stirrer, watch and a

glass or cup

Fill the glass about Add a couple of

;-full of water. ice cubes and

2
gtart stirring.

Read and record the

1 ,
temperature every If the ice cubes

minute. melt too fast add

some more, 5) When the temperature hasn't

In the chart below record the starting changed in four readings-—

temperature and the new temperatures

every %'minute after you begin stirring.

LENGTH OF TIME
STIRRED IN MINUTES

TEMPERATURE 1N
DEGREES CELIMUS

o
o
b
u/‘*\-—ﬁ«
TN

I Make a graph like the one to the left, plotting the information you gathered in

é part I, Let the horizontal axis be time and
% the vertical axis be temperature as shown.
£ 70 DRAW THE STRAIGHT
2 cot LINE WHICH BEST
& :5°~ Fﬂ?;;:;g? How much did the temperature drop
A‘Q.
E. EJI]&] in the first minute? °C
<
¥ Qa0 in two minutes? °C
Q 01w N s . ]
a — in five minutes? C
L1 13 2233544, 5506
-0 %73 * 2T TaT VR in thirty minutes? °C

TIME IN MINUTES

III You be the scientist. Can you explain why the water and ice cube mixture didn't

get colder than 0°C? (
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3

At L3
CoLuMBUS

The distance a person can see on the
earth is limited because of the earth's
curved surface.

The formula D = 3.57 xvh allows us

to determine the distance (D) we can see
in any direction from a height (h). The
distance, D, is in kilometres and the
height, h, is in metres.

T CAN SEE ALL THE

Early sailors climbed into their crows nests
high atop a mast in order to see greater distances.

Using the above formula calculate how far you
could see in any one direction 1f you were on top
of the following.

®

EIFFEL

EMPIRE
STATE
BUILDING

DOME OF
NOTRE
DAME

DIOSER
STEP
PYRAMID

347



The following activities investigate the relationship between volume and displacement.

Materials Needed: Two identical graduated cylinders, several objects having the same
size and shape but different masses (for example: two marbles,

one glass and one steel)

Add water to both cylinders until they

I — 20 are filled to the same mark. Be sure

“?f”s students are familiar with the physical

GLASS

O

IT Place the glass marble in cylinder #1 as shown.

properties of the marbles that is, the

equal volumes but different masses,

A) Have students predict the water level

://Q3 in cylinder #2 when the steel marble
}T:zo P is placed in it. '
e AT A1

SAN® steEL [P T T TP
GLASS - | DN ¥ <

w1 #2 .
It may be more convenient for students

if you provide pilictures of cylinders
s0 the students only have to draw in

the water level,

B) What would be the water level in cylinder #1 if another identical glass marble

were added?

ITT Follow up.

A) To help those students who failed to see the relationship
20 between volume and displacement the following may help.

. _: Objects of known volume, perhaps Cuisenaire rods, can be
ﬁ:€'5 submerged and the resulting increase in water level can

be observed.

B} Objects having irregular shape can be immersed in water to find their volumes.

If the object is too large to fit into the cylindér it can be lowered into any .

container filled to the brim. Just collect and measure the water that overflows. \

See Archimedes Knew for an application of this displacement method.

348 The narne Cuisenaire and the color sequence of the rods are trademarks of the Cuisenaire Company of America, Inc.




In 250 B.C. Archimedes knew that an equal volume of gold and water did not have

. L
ﬁ 03

the same mass. In fact, it was discovered when comparing equal volumes the gold was

always 19.3 times as heavy as water.

This ratio of masses is known as specific gravity (sp. gr.). Every substance

that sinks in water has a specific gravity greater than 1.00. For example.

COMPARING THESE EQULAL VOLUMES OF
WATER AMD BRASS I KNOW THE BRADS
WILL BE &.44 TIMES AS HEAVVY. ,

mass of brass

= 8,44
mass of an equal
volume of water

sp. gr.{brass) =

Materials Needed: Spring scale, container partly filled with water, a variety of

objects to be submerged such as small pieces of iron, brass,

rocks, ete.

Using the spring scale record each of the following.

I I1 11T Loss of mass in water
Mass of Mass of (difference between I
@ the object object in and II). g
in air. water.
g g

‘s . _ mass oi object dn air
IV specific gravity = loss of mass in water P R

Check your values with your teacher to see how accurate you are.

Find the specific gravity of several other objects.
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DELHY ano
HALF-LIFE

Materials Needed: Graph paper, set of 20 cubes with one face of each cube marked with

Each die in the A particle decays, loses its radio-

gset represents activity, when the side marked D

a radioactive turns up. It is removed from the

particle. pile before the next roll.

I Begin by rolling all 20 particles. ROLL PARTICLES | PARTICLES
DECAYED REMAINING
Remove any particles that decay (the
START O 20

side marked D turns up). Record

AFTER THE
FIRST ROLL

ONLY ROLL mosc)
PARTICLES THAT
ARE STILL
RADIOACTIVE.

vour results in the table at the

right.

Continue rolling all active particles

/’_"\

until all of them have decayed.

1T Do you think the results would

be exactly the game if you

rolled the 20 radioactive

violalolalrlelm

particles again?

I1T Make at least five more trials, each time starting with 20 radioactive particles.
As in part I voll all radiocactive particles until'they have all decayed. Record

your results below.

& g ¥ o oL » w £ o o @ g
()0 [ 5E 58 155 N1 Se /ES e JIS )58 /S
/& Q,é? & é} e & X?éS' A o Jali' & T ﬂ-i?
/&G /&8 /ES /S //ES /ES ) EE /ES /RS /ES
/)R )& &Y IS e S ES ) EY S FS ) E g
1
2
3
A
5
a8
: (
8
bl
350 IDEA FROM: Laboratory Activities for Teachers of Secondary Mathematics

Permission to use granted by Prindle, Weber, and Schmidt, Inc.




iv

Vi

AND
HALF-LIFE.

(conTinuED)

g Graph each of the six trials on the same
% graph paper. The graph of each trial
20
515 N FEEJEJi::;GSS;;ﬁSE should look something like the one to
® e, CURVE \WHICH BEST he left
=R AN [FIYS VOUR , the leit.
g 15 \\ % POINTS:
ST O ]
o 3
L. 8 i \\
e | Y From the graph above I can
A" 3
& 2 R see it took about 4 rolls
3 = ]
3 0 ) before half the particles

012345CT82100121B1KkIS

NUMBER OF ROLLS —eree——ips So the half-life

decayed.

of the cube is & rolls.

The half-life of a radiocactive
substance is the time it takes
for half of the particles to

decay.

Using your graph from part IV find the half-life for your radiocactive sample of

cubes.

What would happen to the half-life if your starting pile wag twice as large?

Make a prediction for the half-life. rolls

Perform several trials to check your predictions.

4o

IDEA FROM: Laboratory Activities for Teachers of Secondary Mathematics

Permission to use granted by Prindle, Weber, and Schmidt, Inc.
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AND
HALF-LIFE (

Nuclear reactors are becoming more common because of the energy crises. A by-
product of the reactors is radioactive chemical waste which must be safely disposed

of. This is causing some problems because of the long half-lives of some of the

radioactive isotopes.

T ECAY CU
THE BEGINNING RADIOACTIVE D QVE

SAMPLE HAS

The half-life of a radiocactive

) o 1000 RADIO-/ A1000 |
substance is the time it takes for ACTIVE. T THE TIME REQUIRED
half of the substance to lose its PARTICLES. ) FOR HALF THE
. L. . b PARTICLES TO DECAY IS

radioactivity, that is, to decay. W REFERRED TO AS THE
For example, let's suppose, there are 1000 o 5001 p..

I,-—
ratiocactive particles. In one half-life 500 @

250 [, .. ...

particles (half of the 1000) decay. In the §

RS L.
second half-1life the remaining particles are %

Q S S T T T

again reduced by one half, that is half of 1& ém §m> 4tH

500 or 250. See the graph to the right. HALF - LIFE

TME ~——————p
Decay for any particular particle is completely random and can't be measured, but

the concept of half-life allows scientists to quite accurately predict the decay of an <~ﬂ
entire sample.

The half-lives of nuclear particles vary from a tiny fraction of a second to more
than a billion years. For strontium-90 and cesium-137, waste products in nuclear

reactors, an isolation time of 600 years is required before it is safe to release them

into the environment.
LETS TAKE THIS OLD
DINOSAUR LEG BACK
{ 7O THE LAB AND _
T FIND OUT HOW )~

Carbon~14 dating.

All living material has a certain percent

RerTwew of carbon in its chemical makeup. Most of

NATURAML
H y

this is stable carbon-12, but there is a small

amount of carbon-14 which has a half-life of

slightly more than 5000 vears.

Scientists can analyze artifacts and determine the percent of carbon-14 left to

350 establish its age. This method is effective for organic material 1,000 to 50,000
yvears old.




The half-life of a radiocactive substance is the time it takes for half of the radio-

active particles to decay.

DURING THE
FIRST HaLF-

PR T Y 1 RN 1

$420 .\ I;AETK?SSS S 8GO L
ACTIVE -\ CACTIVE . Y+,
PARTICLES !, L PARTICLES \:

CIILEFT LS

| OF ORIGINAL LEFT

T
I  The half-1life for a pile of cubes

is known to be 7 rolls.

A) If from an original pile of
36 radiocactive cubes 9 are
still sctive, how many rolls

have there been?

B) Suppose of 48 cubes in an
original pile, 18 remain
active, How many rolls have

occured?

11I Radiocactive copper, Cu-6l, has a

half-life of 3.4 hours.

A certain sample was found to
have 50Z active particles and 50%
decayed particles. How old is

the sample?

LT, [ DURING THE
LDV | SECOMD HALF-
LIFE HALF OF

1T

v

Polonium—218 has a half-1ife of 3.1 minutes.

& OF ORIGINAL
LEFT

@ OF ORIGINAL LEFT}:}
T

Radicactive Todine, I-131, is used
in medicine and has a half-life of

8 days.

If the beginning sample
consists of one gram of
active I-131, how much
remaing active at the
end of one month?

grams

Radicactive radium has a half-life
of 1,600 vears. Analysis of an old
sample showed it had 25% of the

original active radium left,.

What percent had decayed?

How old was the sample?

A certain sample is known to start

¢AP with 4.8 grams of active polonium—-218, Later, when it
ﬁ is checked, only .3 grams remain active. How old is
‘ the sample?
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AL A AT
TELIITNG
ZULTET (

Albert A. Michelson (1852 - 1931), America's first Nobel Prize winner in science,

made hundreds of measurements of the speed of light. His efforts to establish its

speed covered a period of 53 years. He's most famous method is shown below.

35,38C METRES '

MIRROR  OM
MT. SAN ANTOMIG
< LT
5

AT

Michelson directed a strong beam of
2
light onto one face of an cctogonal /fi;:>

mirror. The light was reflected to

another mirror more than 35 kilometres distant on top of Mt. San Antonio. A spherical

mirror there reflected it back. At the exact moment the light returned the eight-

sided mirror had completed l-of a revolution. The returning light was reflected into

8

a receiving unit.

1)

What is the total distance in metres the light travels from the time it leaves the

light source until it veturns to the receiving unit? RN metres

K S
LI D B IS G R

Over many hundreds of trials Michelson's average value for the speed of light was

299,796 km/s.

Using this value how far would light travel in the following lengths of time?

GET READY,) 2) | Time 2 sec | 5 sec | 10 gsec | 1 min | 8 min
GET SET, - - - -

Distance

light has %fj_ ke qﬁ. ﬁﬁ, iuﬁ
traveled K ‘- Y i o (/

in

354

START kilometres.




AR 47
BELZTTINYG
25—77 %Z%Z‘/‘ -77— (conTinuen)

3) The distance between the earth and Alpha Centauri, the nearest star outside of

our solar system, is 4.3 light vears.
A light yvear is the distance light can travel in one year.

Using the approzimation of 300,000 km/s for the speed of light find how far
light would travel during the following time intervals.,

1 minute S P T ey 1 day C S : B km

1 hour A R 1 year = = S T,

4)} How long would it take for light to

travel the following distances.

A) TFrom Mexico to Canada? g

B) PFrom New York to San Francisco?

]
C) Around the world? (40,200 kilometres) ]
D) From the earth to the moon? (386,000 km) s
E) From the earth to the sun? (150,000,000 km) s

Estimating the distance from a lightning strike,

Sound travels much slower than 1light. In fact, it takes about 3 seconds for

sound to travel one kilometre. Knowing this a person may calculate how far he is

away from a lightning strike,
Follow these directions.

A) Count the number of seconds between see—

ing the lightning and hearing the thunder.

B) Divide the number of seconds by three.
This will approximate how many kilometres

are between you and the lightning.

5) Complete this table of wvalues.

Seconds between lightning
flash and thunder sound

Distance in
kilometres




REFLECTIONS

MOITHHIA

Two figures can also have a line of symmetry--if one figure exactly fits onto the
other figure when it is "flipped" across the line of symmetry.

A A L S e A W A P e TR Y W e D ikl ek o e v

If the dogs exactly fit when folded

over the line, one is called a
The line

reflection of the other.
of symmetry is also called a line

of reflection.

For each pair of figures decide if one is a reflection of the other.
piece of plastic or a mirror, or fold the paper to help you decide.

356
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e

G O O

Imagine the word "dog” being "flipped”

across the dotted line.

Would it

exactly fit the other "dog"? Try it
by folding the paper, using a piece of
nlastic, or using a mirror.

You may use a

|

IDEA FROM: Mira iMath for Elementary School

Permission to use granted by Creative Publications, tnc.

(




REHEUIDNS MO

(CONT) | (Tv00)

P MAIAYAIAM | MAIAYAIAM

357



MIRKUK

ON THE WALL

Materials Needed: 4 straight pins, mirror, cardboard of soft
wood to fit under paper, protractor, block
of wood for support

1) BLOCK. OF WOOD F"OE 3UPPORT

CARDAOARD OR
SOFTWOOD UNDER-

K// KARROR y / 5 NEATH THE PAPER
140 | PROTECTS THE DESK

Tape the mirror

to the wood and

make an arrange- MMS* i | TOR AND MAKES 1T
b [¥—"42 N | EASIER TO PUSH
ment like in the 1 #1 ‘ 90 ; W THE PINGS
ANGLE) | ;

drawing. Be

sure ¢ 1s per~

pendicular to a, Draw in line segment b ITT Place two ping, #1 and

to represent an incoming #2, upright along line

ray of light.

Any angle gegment b. They should

will work. be about 5 cm apart.

2) % Stick pins #3 and #4 in the paper so that when you look

into the mirror these pins will lie in a straight line (

with the reflection of pin #1 and #2. Moving vour head
back and, forth will help you find this position.

Remove the mirror and draw the line passing through the

twe new pin holes. Angle i is called the angle of

incidence and angle v is the reflected angle. Measure

both of them. wm L | = ° mil v o= o

4) Repeat the experiment with different angles, for the first use a larger incident
angle than the previous trial. For the second, use a smaller angle.

Angle of incidence Angle of reflection

Trial #1

Trial #2

Trial #3

5) You be the scientist. Using the data above make a statement relating the measures (
of the angle of incidence and the reflected angle.
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Materials Needed: 5 straight pins,

small hand mirror, cardboard or soft

wood to fit under paper, ruler, block

of wood for support

IT

II1

BLOCK OF
MiR’RO\Q_" /// / WOOD FOR
; £ up. y SUPPORT
Getting set up A/'/'///
On a piece of paper backed with _ﬁ
cardboard draw line £, set up the ur_\\ \\\
mirror and place the object pin //// OBRTECT < THE SHORTEST

DISTANCE FROM THE
about 5 centimetres in front of PIN 13 OBJECT TOTHE

MIRROR 15 THE
OBJECT DISTANCE.

the mirror as shown in the diagram.

Sight lines.

Anvone who has ever played with a toy gun knows that teo sight in a target the rear
sight, front sight and target must be in a straight line. We will use this same

method to sight in the image of the pin.

~ s Place pin #1 about 2 em in front of the mirror
REFLECTION OF OBJECT PIN

// and to the left of the object pin. With your

eye near the table level place pin #2 so that

= it is in a straight line with pin #1 and the

reflection of the object pin as shown in the

ToBTECT PN diagram. This is a sight line.

Using the same procedure, line up two more

ping along another sight line from the right

hand side.
Finding the image position.

Remove the mirror and its support.

With a straightedge draw the line 2
through pins #1 and #2. The line " | Tesg
must extend behind line £ since T

OBJECT PIN

that is where the image will w2, Tea
appear to be found., Do the same

through pin #3 and f#4. The point of intersection is the image position.
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il B

( cONTINUED)

IV Making some measurements and drawing a conclusion.
Measure the image distance and the object distance to the nearest one~half
centimetxe,
A) Object distance cm
B) Image distance cm
Do two additional trials. For each trial use a new object distance. Enter
your new data into the table below.
Object distance Image distance
Trial #1
Trial #2
What relationship do you see between the object distance and image distance?
MIRROR, , MIRROR If the wicked witch is standing three and
ON THE WALL, |
WHOSE THE Y one~half metres in front of the mirror,
FAIREST OF how far from her does her image appear?
THEM ALL?
V  Mirror image.

360

Trace the line £ and the scalene triangle onto a clean sheet of paper.

L < [ PLACE MIRROR HERE }

A

C

In the same manner as above find the image points of A, B and C. Connect the

image points to form the image of the triangle.

Measure the lengths of the sides of the original triangle ABC and the mirvror

image of the triangle. How do they compare?




MULTIDL E
DEFLEL TIONS

Materials Needed: Two mirrors, two wooden blocks for support, cardboard for

protection, protractor

I On a sheet of paper make

a 90° angle. Arrange the Look into the mirror

equipment as shown. from table level.

How many images do

OBJIECT, SOMEWHAT
OFF CENTER, BETWEEN A
THE TWO MIRRORS £ o T

W\ you count?

II What is the effect of varying the angle between the reflecting surfaces of the mirror?

1) Begin with the mirrors Number of
at a straight angle of Images
180°, Enter the data Number of Plus Angle Multiply
into the table at the Images Object (N) (A) N - A
right. 180°
2) Do the same thing oaly 120°
use the angles in the
. 90°
table. Write your
results in the table. 72°

3) Look for number patterns in the data table. What patterns did you f£ind?

IIT1 Using the patterns in the table and the two mirrors find the angle needed to

produce the number of images indicated in the table.

Number of Images Angle Between Mirrors

5

6

9

16

iIDEA FROM: Laboratory Investigations In Physics 361
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1

Materials Needed: Magnifying mirror, candle, 4 cm x

A concave mirror is needed.

1

RERRM

4 cm pleces of glass and clay

An ordinary magnifying cosmetic or shaving mirror

which can be purchased at most drug stores is of this type.

CROS3 BECTION
OF A SPHERICAL

I Getting the feeling.

\
1) Find the focal length of)

13
3

If the sun BN

the mirror.
is out you can reflect
the sun's rays to a fine
point on a piece of
paper. Use caution! If

you have a good mirror it will have the same

may give a very hot focal point.

a long way off and project its image onto a piece of paper.

is cm,

2) Describe images. Put a candle in front of

a concave mirror as shown. Using a piece
of paper as a screen find the image. De-
scribe the image using general terms (big-
ger, smaller, same shape, etc.)

Move the candle about 2 metres in fromnt of
the mirror. Find the image with the paper.

Again describe the image in general terms.

362

THE POINT WHERE
ALL THE SUNS
RAYS ARE

FOCUSED 1S ‘
THE FOCAL POINT.
THE DISTANCE

BETWEEN THIS
POINT AND THE
MiRROR 1S THE
FOCAL LENGTH.

effect as a magnifying glass and

If the sun is not out use any object that is

The focal length

IMAGE OF CANOLE FLANE

O A PIECE OF PAPER

MIEROR GREATER THAN
THE FOCAL LENGTH,




E"L”T’\”W l :
L UL O L0 e

(PACE 2)

i
VT
il

1T

J

Some exact measurements.

Geometric shapes marked on clear material {(glass or plastic about 4 cm x &4 cm)
make nice shapes to project. A flashlight can act as a light source. The

4 cm x 4 cm glass can be mounted on a piece of clay.

Set up your mirrer and 4 cm x

4 cm glass piece as shown.

AN OBJECT
MARKED ON A
PIECE OF GLASS.
| MOUNTED OM A

% | PIECE OF CLAY.

Measure the sides of your

figure to the nearest half

centimetre and record in a

table like the following.

IMAGE 1S PROTECTED
ON A PIECE OF PAPEE.

12T VDE RATIO 2 ND SIDE RATIO 3 D SDE BATIO
(om) OBJECT 1 1MAGE]  {(ow) OBJECT: IMAGE {crn) OBTECT: IMAGE

OBJECT

IMAGE.

Use another object placed at a different spet. Make a table similar to the one
above that would be suitable for your new object. Measure and compare corre-

spoading parts of the object and image.

363



NEELECT DN TH

111

(PAGE  3)

/ S
object must be a distance from the mirror greater -
than the focal length. Images that can be pro- ]
jected on a screen are called real images. F /,/’//EE?;?5¥\\4;

OBIEC =N
T 2, IMAGE

THE CENTER OF CURVATURE,
C, 15 TWICE AS FAR FROM
THE MIRROR AS THE FOCAL
LENGTH, F.

To project an image using a concave mirror the

I  Placement of the object in the following

regions provides for the best student inves-

tigations.

A) The object placed between the focal

point F and the center of ORJECT ON FiLM 1S

MOVUE
curvature C. The image will PROFECTOR. LOCATED BETWEENM
appear beyond C, inverted, . =

i LS
be reversed right to left % X TR
and be real, \(f ________________
This is used in movie pro- <€ > c

jectors.
B} The object placed at the center of curvature, C.

The image will also appear at the center of curvature. It will be inverted,

reversed right to left, the same size and real.

REFLECTING TELESCOPE
IMAGE

LIGHT FROM
DISTANT STAR,
OBTECT

C) The object placed beyond €. The

image will appear between F and €, be
inverted, smaller, reversed right to left

and real. This is the principle behind a
reflecting telescope. The largest reflecting
telescope in the U.S5., having a diameter of 200 inches,

is the Hale telescope on Mt, Palomar in California,

TI Image distances can be calculated,.

[y

b

§ tﬂ' For any concave mirror the image distance, 1, can be
?K;*j A E calculated if the focal length, f, and the object

'A E distance, o, are known.
}~0"mﬂ ‘d/ Using the formula %-+ %*m %-or the equivalent formula
% i | i= 2 ; § will determine the distance the image is

located from the spherical mirror. Students can check their calculation by actual
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BENDING OF LIGHT
AL (LI

Light travels at different speeds through different materials. When light goes

from air into water at an angle it changes direction, we say, it refracts.

With thig activity you will find a number called the index of refraction that has

to do with the speed of light.

Materials Needed: 4 pins, ruler, compass, thick piece of glass

Step A Make line £

about 10 cm long.

1) 3) Angle i, the incident

angle, should be about

#1

2) Line p is

perpendicular to line £. 4) Place pins #1 & #2 in line I

about 5 cm apart.

D) Lay

ay the glass
plate flat so
the top edge
lies on L.

Trace along the bottom of the

Step B glass plate and label it n.

Looking from the table sight

g ins #

- pins #1 & #2 through the edge
Placi p1?§ #? & #4 / of the glass plate. Move your
so they lie ia a A head until they are in a
straight line with // straight line.

pins #1 & #2 that n

you see through the

1 P Prly Important: Be sure to look through the
glass edge.

glass, not over the top.

3) Connect the points
of intersection on

lines £ & n.

Step C 1) Remove the glass plate.

With a straightedge
draw the line through
the pins #3 & #4 up
to line n.

#2

7
(. This shows how the light vay refracts
4 as it goes through the glass.
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SENDING OF LIGHT

REFL (L

(con uu&:n)
T

Step D

1) With a compass make the
largest circle you can
without crossing line n.

Draw in line segments R and
T so they are perpendicular

Find index of refraction.

Measure R and T to the nearest millimetre. The ratio of R:T will be the index

of refraction. Express to two decimal places.
(Index of

' e Ratio:
Lengths: R . mm refraction)

w2 [
I

T = mm

Try this activity two more times using different incident angles--one about 30°
and the other about 55°.

Determine the index of refraction in each case.

Take an average of the three ratios for your final value.

18t

ABQUT 44° ABOUT 30¢° ABOUT 85°
INCIDENT AMGLE U [(aBoVE) ey y— N

LEMGTH OF &

LENGTH OF 7T

The average of the three ratios is
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BENDING OF LIGHT
EFRHCT IO

1 1S THE INCIDENT ANGLE, MEASURED
When light passes from one transparent BETWEEN THE INCIDENT RAY AND THE

PERPEMDICULAR AT THE POINT WHERE
THE INCIDENT RAY INTERSECTS THE

material into andther its speed changes.
If the light hits obliquely this change of

speed will be seen as a bend in the light

ray at the boundary. This phenomena is

known as refraction.

Several classroom demonstrations of refraction are

suggested below.

I A Put a pencil obliquely into a glass of water. The
GA refraction of light at the boundary of the air and
/) water will give the illusion that the pencil is
broken.
II Place a coin on the bottom

of a metal pan. Have stu-

dents back up so the 1lip

of the pan just hides the

COg

coin. With students stay-
ing exactly the same position slowly add water. As the water level rises the

coin will become visible.

ITT Give students a glass prism or rectangular piece of plastic or glass and have

them place it on a picture. As they tip the prism forward and back the picture

seems to move under the glass,

The ratio of the speed of light in a vacuum to the speed of light in any other
particular transparent material will give a constant value. It is called the index

of refraction (N).

speed of light in a vacuum
speaed of light in water

= 1,33 = ¥ (water)

speed of light in a vacuum
speed of light in diamond

= 2.42 = N (diamond)

The index of refraction of air is 1.00
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BENDING LF LIGHT:

QECRAC T (N

(conTinuen)

A geometrical method of finding the index of refraction is shown on the student

pages. An alternative method will be shown here.

Step A through C
on the student pages
outline the procedute
to set up the equip-
ment and find angles

i and r.

Willebrord Snell, a Dutch mathematician,
studied this phenomenon and stated the fol-

lowing law.

Snell's law:

N{air) x sin i = N(glass) % sin v

1.00 this can be stated
(1.00) sin i
gin r

Since N{air)

N{glass)

_ 1.00 sin i
N(glass) = ein
= (1.00)(.707)
(.456)
N(glass) = 1.55

Students will need a table of sine wvalues to use this method.
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CLOSSARY

barometer. An ipstrument for measur—
ing the pressure of the atmosphere.
a., anerotld barometer. A barometer
made from a partly evacuated, air-
tight metal box which is hooked to a
scale.
b, mercury barometer, A barometer
made from a mercury column supported
above a bowl of mercury.

center of curvature. A spherical
mirror is thought of as part of a
sphere. The center of the sphere is
the center of curvature of the mirror.

/

[ -

¥ C

~

center of gravity.  The points where
all mass or weight of a body seems
to be located. Also called balance
point.

Qonaave mirror, A curved mirror such
that two rays from a light source
will intersect. The reflecting sur-
face of the mirror appears to be
"caved in."

foeal length. One-half the radius of
a spherical mirror,

Focal point.  When parallel light rays
fall on a curved mirror, the point
where the reflected rays intersect is
the focal point, \\\

B

A

P- ///
foree. A push or pull teﬁding to pro=-

duce or prevent motion. In the metric
system the unit is newtons or dynes.

Fulorum. Support for a lever.
fulcrum
gravity. The mutual force of attrac-

tion between bodies., A measure of the

gravity is weight.

half-life.  The length of time required
for half of the radiocactive particles
in a substance to decay.

image length.  The measure of the dis-
tance between a mirror or lens and the
image formed by the mirror or lens,

ineidence, angle of ().  The angle
between the incident ray and the per-
pendicular at the point of incidence.

INCOMING

PERPEMDICULAR
RAY —

index of refraction.  The ratio of the
speed of light in a vacuum to the
speed of light in any transparent
material,

lever, A rigid bar which can rotate
over a fulcrum.

Light year. The distance light can
travel in one year, &= 9.5 x 1012 xm,

mass., A measure of the amount of matter
in a body. In the metric system this
is expressed in grams or kilograms.

object length.  The measure of the dis-
tance between a mirror or lens and the
object in front of the mirror or lens.

pendulum. A suspended mass which is
free to swing back and forth.

pressure, atmospheric. The force per
unit area caused by air. In the metric
system this is measured in newtons/cm2
or dynes/cmz. In the English system
this is measured in pounds/in‘.
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PHYSICS GLOSSARY ref-wei

reflection, angle of. The angle
between rhe reflected ray and the
perpendicular at the point of re—
flection.

PERPENDICULAR

REFLECTED
RAY

i
b
3
i
H
i
%
|
]
l

refraction. The bending of light as
it passes, at an angle, from one
transparent material to another.

specific gravity.  The ratio of the
mass of a given sample to the mass
of an equal volume of water.

weight. A measure of the force of

gravitational attraction between two
bodies.
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RODUCTION

fo MATHEMATICS AND SPORTS

A 22-pound salmon caught on a 16~
pound test line--100 metres in 10.4
seconds—~1st down and 10 yards to go--—
bottom of the Bth inning, score tied
4 to 4, runner on 3rd base, 2 outs, a
3-2 count on the batter--Evert leading
30~love in the lst game after winning
the lst set by a score of 6-3~—-Anthony
needs 2 strikes in the 10th frame to
bowl a score over 230--and the numbers
go on and on., There is hardly a sport,
from a simple game of basketball be-~

tween two friends to the complex oper—

ations of the Olympic Games, that does

not incorporate numbers, arithmetic or
some type of measurement,

Most students are interested in physical activity to some degree-—from riding
bikes to playing competitive sports. This interest can be used to motivate students,
and sports can become a way of showing applications of mathematics in familiar situ-
ations. Being able to relate to your students by knowing who is on the girls'
volleyball team, who participated in the Bike-a-thon against cancer or who owns a
horse and takes riding lessons may create a betier atmosphere in the classroonm.

In this section on MATHEMATICS AND SPORTS it is not necessary for students or
teachers to have an extensive background of terminology and rules relating to sports.
Many activities explore the "common, everyday" uses of mathematies for recording
statistics and scores. Each classroom probably has a student "expert" who can ex-
plain the terminology and rules,

The student pages are roughly grouped into three parts. The first part includes
pages that provide or have students investigate general Information about sports.

In Studying a Soccer Ball students investigate ideas about the vertices, edges and

faces of polyhedra.

The second part includes several activities that students can use to determine
how physically fit they are. The activity Are You Physically Fit? provides the stan-

dards by which a student can become a member of the Presidential Physical Fitness team.
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INTRODUCTION MATHEMATICS AND SPORTS

Individual sports and the mathematics involved provide the ideas for the pageéj{
in the third part. Track and field, bowling, baseball, football, ski jumping,
shuffleboard, boxing, tennis, cycling, and boating are all used to cover such diverse
mathematical topics as computing range, mean, median and mode; interpreting and mak-
ing scale drawings; ordering fractions; and measuring distances and times. Several
simulations of athletic events, e.g., Bowling with Dice, Fraction Bar Football, and
Classroom Decathlon are included among these pages.

Several of the pages make use of records. As these records are broken, vou can
substitute current records, especlally metric ones as the transition to the metric
system in the United States is completed.

Pages in MATHEMATICS AND SPORTS can serve as a springboard for other areas of
study. Sports, especially with the Olympic Games, has an international flavor. The
Little League World Series involves teams from other countries, and high school and
college wrestling and gymnastics teams are involved in exchange programs with teams
from foreign nations. Use of these events can interest students in studying about
these countries. The concept of consumerism could be explored by examining éosts of
equipment, money spent on concessions, salaries of professional athletes, admission
prices to sporting events, attendance at these events, and capacities of the arenaé{\
or stadiums that held these events.

In conclusion, "don't strike out'; "be on the ball'; '"get out of the starting
blocks quickly"; and use some pages from MATHEMATICS AND SPORTS to capture the inter-

est of your students and provide motivation for the study of mathematics.

—
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Use Newspapers and Magazines

Save clippings from the newspapers and magazines that iInclude sports records,
statistics about players, advertisements about egquipment and events, and plctures
for the bulletin board. The sports section of a newspaper is the easiest place to
find facts and figures, but you might also find sports information in magazines and
other periodicals. Showing the relationship of sports teo other problems in society
can be interesting. See the graph below. Questions could be made from the chart for

use by yvou or your students.

80

L0 -

PERCENT OF DECREASED PERFORMAMCE

10 20 30
POLLUTANT LEVELS (PARTS PER HUNDRED MILLION)

This chart shows the effects of certain air pollutants on the performance of cross-—
country track teams as pollution in an area became worse. Pollution levels were
recorded one hour before each meet.
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World swim championships

Men

{PRELIMINARIES)

206-meters Backstroke

FIRST HEAT — 1, Lutz Wanla, East Germony,
2:11.62, 2, Bob Tierney.. United States. 2:12.77. 3,
Reinhoid Becker, West Germany, 2:15.47. 4, Gary
Abrghams, Gread Britain, 2;15.62. 5, lgor Cmel..
cherke, Soviet Unien, 2:16.80. 4, Lorenze de la
Forre, Colombia, 2:29.60.

SECOND HEAT — 1, Paut Hove, United States,
2:08.73, 2. Abdul Keria Ressong, The Netheriands
2:09.97. 3. Steve Pickell, Cangda, 2:11.20. 4; Krasi
mir Petkov, Bulgaria, '2:1L79, 5, Conrade Porta,
Argenting, '2:12.78. 4, Enrique Ledesmq,. Ecyador,
2:22.90

THIRD HEAT ~.1, Rotand Matthes, East Ger-
many, 2:08.7% 2, Solten Rudolf, Hungary, 2:68.92,
3, James Corier, Great Britain, 2:00.77, 4, Fron-
cis?]cu3 Santes, Spain, 2:11.94, 5, Laps Clanchi,
p3b] :

FOURTH HEAT — % Mark Tonglii, Australiq,
2:08.08.. 2, Zoltan Verraszlo, Hungary, '2:0791 3,
Santicge Esteva, Spain, 210894, 4, Bulch Botche-
lor, Canada, 2:13.12. 5, Bode Schiag, West Germa-
ny, 2:16.4B, &, Genar Qtero, Colombia, 211%.02. 7,
Jose Luis Lopez, Ecyador, 2:28.15,

400-meter Freestyle

FIRST HEAT — 1, Gordon Downie, Greal Brik-
qift, 4:05.60. 2, Peter Pelersson, Sweden, 4:06.22.
3, Alexgndr Samsonov, Soviel Unien: 4:11.67. 4,
Michae; Ker, Conada, 4:13.79 5, Juan Alfreds
Uribe, Calombia; 4,31.56.

SECOND HEAT — 1, Frenk Pfulze, Eas? Gu.-
many, 4:04.25. 2, Rainsr Strehback, Eost Germa-
ny, 4:0502. 3, Bengt Gingsie, Sweden, 4:09.72, 4,
Sim Green, Cangde, 4:15.47, 5, Krasimir Enchev,
Bulgaria, 4.20.27. 4, Gullerme’ Pacheco,. Peru.
4:20.%9, .

THIRD HEAT .+ -1, Bruce Furniss, United
Siotes, 4:03.31. 2, Werner Lupe, West Germony,
4:07.37. 3, Max Metzker, Australia, 4:08.53, 4,
Brett Tavior, New Zegland, 4:09.24, 5, Henk Elzer-
rran, The Nethertqnds, 4: 12.52. & Tomgs' decersd,
Colombia, 4:22.00.

FOURTH HEAT — 1, Txm Shuw, United States.
4:04.93, 2, Grghom Windeatt, Australla, 4:04.76. 3.
Andrei Krylov, Sovie? Union, 4:05,62. 4, Morc Laz-
zard, Frenge, 4:07.76. 5, Josy Wilwerl, Luxem-
bourg, 4;28.91.

Women
(PRELIMINARIES)

108-meter Butterfly

FIRST HEAT — 1, JUl Symens, United Stales,
1:03.56. 2, Gunifla Andersson, Sweden, 1.05.28. 3,
Natciia Pepova, Soviet Unlon, 1:0541. 4, Flavia
Nodalutli, Rormanis. 1:0590. 5, Eva Lyadanyi,
%rhén;s:orv, 1:06,50. 6, Moniserral Maje, Spain,

4i.

SECOND MEAT o 1, Camliie Wright, United
States, 1:03.74. 2, Marla de Milagros Parls, Costa
Rica, 7:04.48, 3, Tamaorc Shelotastova, Soviet
Unlon, 1:04.97. 4, Kuniko Banne, Jopan, 1:05,09. 5,

Rosemarle Ribeiro, 1:05.41. 6, Schinvon Donatfelie,

Haiy, 1:06.35. 7, Beate Josch, West Germany,
1:07.09. 8 Maria
1:14.05.

THIRD HEwmi « 1, Rosemaorie Kother, East
Germany, 1:02.83, 2, Gudrun Beman, West Ger-
many, 1:04.42. 3, Lynda Hanei, Austratia, 1:04.62,

4, Wendy Quirk, Cenada, 1:04.73, 5, Eyhne Rowe,

New . Zeaiend, 1:05.23. 6, Joanne AfKinson, Greaf
Britein; 1:06,36, 7, Cinzla Rampozzo, italy, 1:06.47,
8 Maria Matlide Menccal, Sojombia, 1:18.43.°

FOURTH HEAT — 1, Kornello' Ender, Eost
Gearmany, 120286, 2, Sorbars Clerk, Cenata,
1:04,65. 3, Nira Stove, Austrglia, 1:04.85, 4, Mon-
lgue Rodohl, New Zealand,  1:08.37. 5 Yasve
Hathyda, Jopan, 1:05.88, 6, Anpe Adams, Great
Br&mg. 1:05.97. 7, Jose Damen, The Nether(ands,
136,45,

400-meter Individual Medley

FIRST HEAT —~ 1, Kathy Heddy, - United

‘Siotes, 5:04.25. 2, Judy Hudson, Australie, 5:05.47.

3, Liz McKinnen, Conade, 510571, 4, Deborah
Simpson, Gregt Britain, 5:17.25.

. SECOND HEAT -1, Jemnmi Fronks, Usited
smzes, and- Karlg Linke, Eost Germany, tied tor
first, §:04.70. 3,7 Susen Richerdson, Greet Britain,
5:10.54. 4, Marina Malivting, Soviet Uniop, $:14.40,
5 Colette Grabbe, Belgium, 5:21.42, 6, Birglt New-
man, West Germuny, 5:22.0T.

‘!"HIRD HEAT - 1, Ulrike Tauber, East Ger-
many. 5:00,55 2, Cheryl Gibsen, Canade, 5164390
3, Susan Hunter, New Zecland, 5:07.53. 4, Paclo
Morozzl, Haty, 5:32.3%

Teresqd Carrera, Ecuador;

‘FINALS'

200-meter Backstroke

1, Zaiten Verrasito, Hungary, 2:05.05, 2, Mork
‘Tannelll, Australia,” 2:05.78, 3, Payl Hove, USA,
2:06.49, 4, Roland Matthes, E. Germony, 2:07.409.
5, Selten Rudelf, Hungary, 2:07.15. &, Suntlogo
Esteva,. Spain, 2:69.2% 7. Abdul Karin. Ressang,
igolllland, 2:09.78. 8 Jomes Carter, G. Britain,
11167,

4i0-meter Freestyle

1, Tim Shaw. USA, 3:54.88 (Beters meet rec-
ord of 3:58,18, set by Rick Demoni USA, 1973). 2.
Bruce Furniss, USA, 3;57.7% 3, Frank Pfutze] &
Germany, 4:01,.10. 4, Grabom Windedtt, Austrolia,
"4:08.72. 5..Gordon Downie, G, Britain, 4:02.88. 4,
Reiner Strohbach, E. Germany. 4:05.00

(FINALS)

160-meter Butterfly

1, Kornella Ender, E, Gez‘manv, 1:81.24
(Bedters wortd record of 1:01.33, set by . Korenila
Ender, E. Gertnany, 1975}, %, Rosemarie Kother,
£, Germony, 1:01,80. 3, Camllle. Wright, USA,
1:02.7%. 4, Jiit Symons, USA, 1:03. 53, 5, Marla Del
Milegro Péaris, Coste Ricm, 1:03.88, 6, Barbard
Clark, Canodo, 1:04.06. 7, Gudrun Beckmann, W,
?%iﬂggnw 1:04.29. 8, Lynda Hanel, Australia,

400-meter- Indiv:ﬂual Mediey

1. Ulrike Tauber, E. Germany, 450,76 {Befters
meéd record of 4:57.51, set by Gudrun Wegner, E,
Germany, 1973). 2 Karld Linke, E. Germany,
4:57.83, 3, Kothy Heddy, USA, 5:00.46, 4, Jenny
Franke; USA, 5:03.15, 5, Liz- Mackinnon, Canada,
5:03.81, 6, Susan Hunieér, N. Zeajond, 5:03.85, 7,
Cheryi Gibson, Canadas 5:04.04; 8 Judy ' Hudsoen,
Australic, 5:04.99.

The statistics from the preliminaries above could be used to have students deter—

mine who should be in the finals. Some other examples of pages that invelve the use

of statistics are Olympics - 1978, World Track Records--Field Events,

Predicting a Vietory, and Weather ~md Water Conditions,

As much as possible relate any statistics to those of your students and/or

school records,
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going cross country

Skiers turn from downhill

PARK CITY, Utah (AP) — Skiers in increasing num-
bers are attempting to escape the expense and hassle of the
downhill runs by turning to a different version of the sport —
skiing cross country.

Although skiing cross country can be a lot more physi-
cally demanding than skiing downhitl, its participants are
finding it cheaper, less competitive and something the whole
family can enjoy together.

“0Old people go at their own pace; young people become
aware of nature,” says G. Ingval “Dewey” Tofson, who runs
a ski touring shop at Park City. “You get away from the lift
lines and the expenses.”

Tofsor’s shop is among estabiishments across the coun-
try that report booming sales and rentals of equipment for
skiing cross country, also sometimes calied ski touring.

MANY RESORTS full of chair lifts and gondolas for
downhill skiers are now grooming trails and stocking equip-
ment for the ski tour enthusiasts.

A skiing magazine estimates there were 125,000 cross-
country skiers in the United States in 1970, and 500,000 this
year.

Cross-country skiing involves light, thin boots which are
usually fastened to a lightweight wooden or fiberglass ski
only at the toe, Then, with a pair of bamboo poles, and the
right wax on the ski bottoms, a skier can easily make his
way up and down hills and across almost any terrain,

It is very difficult to go uphill with normal downhill skis,

In the Lake Tahoe area on the California-Nevada bor-
der, there are now 13 cross-country schools, most of them

‘Old people go at their own pace;
young people become aware of nature’

set up in the last two years, says Skip Reedy, who runs the
Nordic Ski Center at the Squaw Valley ski resort.

“Cross country has been getting popular in the East and
now California and the West is getting on to it,” he said.

Timberline Sports in Salt Lake City sold about 39 pairs
of cross-country skis in the 1970-71 season, but 787 pairs last
season, said Dave Smith, manager until recently.

The article aboveshows trends, costs, problems, etc,

article can be related to the situation in your town.

“FHERE ARE a lot of people who downhill ski actively,
but also do cross country because it lets you get out into the
mountains alone in winter,” said Smith.

“H's a good family sport,”” he said, “In downhill, Dad
toes off one way and Mom another. But peeple of different
abilities can tour on the same terrain.”

Nonetheless; downhill skiing has not lost its attractions
to its devotee. Skiers who have tried cross country still talk
enthusiastically about the thrills of speeding downhiil, There
are other advantages, such as “the company of lovely wom-
en,” champion Stein Ericksen notes on the siopes and in the
lodges.

“Downhiil skiing is the immediate thrill; it's very spon-
taneous,” says Joe Buys, a certified downhill instructor who
now manages a cross-country ski-shop at Park City.

“Cross-country skiing will never come as far in populari-
ty as alpine (downhill) skiing,” said Ericksen, the winner of
four Olympic skiing Gold Medals who now directs skilng at
the Park City resort. “Americans are not that dedicated to
physical conditioning.”

ERIKSEN SKIED cross country often during his youth
in Norway. Cross-country skiing on a golf course where Park
City offers many lessons is not much work, but touring in
the wilds can be strenous, he said,

There are some suggestions, however, that conditioning-
minded skiers might like ski touring because it is more
strenuous.

“The American people have been quite fitness-conscious
the last few years, and are finding winter weather can be
enjoyed in activities similar to summer hiking,” said Sven
Wiik, a former U.S. Olympic Nordic ski coach who now runs
a ski lodge at Steamboat Springs, Colo.

He agrees that ski touring “has been growing tremen-
dously the last few years.” :

“Some slope skiers are also frying ski touring, and
we're probably going to see more and more people who en-
jov both,” he said.

But for skiers who make a choice based on expense, ski
touring probably would win,

While the boots, skis and peles for downhill skiing may
cost 3200 and ski lift tickets $6 to $12 a day, a cross-country
package usually can be accquired for no more than §100.
Parks, forests and golf courses can be used free in most
cases.

The situation in the

Have students investigate

sales of sports clothing at local stores, possible needs for more tennis courts,

bike paths, etc.
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TENNIS BALLS

Yellow or white

Can of 3 $‘I g9

reg. 299 .......... ...

e,
S

5

2r

ot

X

. 6%’

ULTRA LITE SPINNING ROD
 OPEN FACED

ULTRA LITE SPINNING REEL

Collect ads to use in consumer-related
activities, Have students find amounts and
percents of decrease. They could compare
prices of identical (or nearly the same)
equipment at different stores.

Build wpon student interest to encour—

age projects. What criteria would you use in selecting an item of equipment if money

were not a constraint? Select an item to research (baseball bat, tennis racquet) and

determine what you would buy and why., Tf money were a problem and you could only
spend 75% of the cost of that "best" item, what criteria remains unchanged for you

and what do you glve up to save the money?

our reg $17.99
cart at the pay less
special reduced
priceof ...

9 ey Reg.
our reg $19.97 quahty golf bag at 16.99

the reduced price of .

. FRESH WATER
SPINNING ROD & REEL

&' 2picce hollow gloy rod w'406
rpel spooled 150 yords. § 1h.
waro. 2 veira spook,
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Collect Statistics from School Coaches

Get as much information as possible about individual and school records, about
team standings in your conference, about intramural programs and about student per-
formances at specific games. Borrow the coaches record book after a basketball game
and in 20 minutes you will have enough questions for a mathematics lesson and per-
haps a homework assignment. Students will be more willing to do the problems when

the information is about theiy school. As an example, see Foothall Scores.

Use Books About Sports

The annotated bibliography lists many such books. Ask your librarian for a copy

of the most recent Sports Almanac and Guirnress Book of World Records. Reading through

them will give you ideas. Information can also be obtained from a set of encyclope-
dias. Facts about rules, equipment and records, along with good scale drawings and

measurements are Included under each sport.

Encourage Calculator Use

Using a calculator will save time in changing measurements to metric, figuring
rates and much of the mathematics involved in averages and standings., A calculator (

will be wvery useful on many of the pages in this section.

Don't Forget the Computer

Computers are a connecting link between mathematics and sports. They can be
used to make predictions, compile statistics and simulate games. Find out what
packaged programs are available from your terminal 1if one exists at your school.
Students enjoy playing golf or football games with the computer because their deci-
sions and answers do affect the ocutcome of each game. Articles énd cartoons about

computer usage in sports can make an interesting bulletin board.
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MATHEMATICS AND SPORTS
TITLE

Sports and Numbers

Thinking About
Sports

Now is the Time

Where's It AT?

Dropping the Ball

Study a Soccer Ball

Sports Matches

Volume

Classroom Decathlon

To EBach His Own

Muscle Fatigue

My Heart Throbs
for You

Step Right Up

What's Your Type
Counting Calories

Are You Physically
rit?

PAGE

382

383

38k

385

387

388

3agg

391

382

395

386

397

398

400

4oL

LG2

TOPIC
Recognizing sports
numbers

Classifying sports

Classifying sports

Locating sports facilities

Determining rebound
capacity

Investigating a soccer
ball

Recognizing sizes. of
sports equipment

Recognizing volumes of
sports equipment

Simulating a decathlon
Measuring perscnal data
and performances
Determining physical
fitness

Determining physical
fFitness

Determining physical
fitness

Determining body type
Determining calorie use

Determining physical
fitness

CONTENTS

MATH

Developing number sense

Classifying sports using
a continuum

Classifying sports using
a scale

Using time to estimate
distances

Making and reading a
graph

Investigating a polyhedron
Estimating diameters and
masses

Calculating radii and volumes
Find percents

Collecting and recording data

rind ratio
Drawing graphs

Making and peading a graph

Comparing rates
Comparing rates
Reading tables

Using proportions
Multiplying decimals

Collecting and analyzing
data

TYPE

Worksheet

Teacher idea
Worksheet
Worksheet
Activity card
Activity card
Worksheet
Activity card
Worksheet
Activity card

Activity card

Teacher idea

Activity card

Teacher idea
Activity card
Worksheet
Worksheet

Teacher idea
Activity card
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TITLE

Olympics - 1976

Give Me a Head Start

World Records

World Track Records:
Field Events

World Track Records:
Running Events

Decathlon Decoded

Bowling With Dice

Scorekeeping in
Bowling

Odds and Ends About
Bowling

Take Me Out to the
Ball Game

Statistics: DBase-

ball

Slugger

Baseball Auto
Racing Records

Football Scores

Fraction Bar Foot-
ball
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PAGE

408

o7

4c8

409

410

411

412

413

N

815

Lig

B17

418

©19

L20

TOPIC
Analyzing Clympic results
Using staggered starts
for a track meet
Comparing world vecord

performances

Comparing world record
performances

Comparing world recond
performances

Comparing decathlon
performances

Simulating a bowling

game

Scorekeeping instruction
for bowling

Measurements involved
in bowling

Measurements of a
baseball field

Finding batting averages
and won/loss percents
Finding slugging
percentage

Batting averages and

car speeds

Using league standings

Simulating a football
game

MATH

Multiplying and adding
whole numbers

Finding circumferences

Using proportions

Adding and subtracting
fractions

Adding and multiplying
fractions

Analyzing data

Adding whole numbers

Adding whole pumbers

Multiplying and dividing
decimals

Making a scale drawing

Dividing whole numbers

Multiplying, adding, and
dividing whole numbers

Rounding decimals

Finding range, median,
mode, and mean

Ordering fractions

TYPE

Worksheet

Worksheet

Worksheet

Worksheet

Worksheet

Worksheet

Activity card

Worksheet

Worksheeat

Worksheet

Worksheet

Worksheet

Worksheet

Teacher idea
Worksheet

Game

N

/
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TITLE

Football Injuries

Flight of Ole '98

Shuffleboard

Predicting a Victory

Famous Black
Americans Puzzle

Famous Athletes
Puzzle

Tennis, Anyope?

Get in Gearp

Weather and Water
Conditions

Studying Some Sports

Analyzing Activities

PAGE

L2

L2z

423

42y

425

u26

u2v

Uz

429

430

431

TOPIC

Locating football
injuries

Simulating glider
contest

Scoring shuffleboard

Comparing measurements
between boxers

Identifying famous
athletes

Tdentifying famous
athletes

Measurements of a
tennis court

Finding bicycle
gear ratio
Recognizing favorable

boating conditions

Analyzing attendance
figures

Analyzing participation

MATH

Finding percents

Measuring distance and time
Adding and subtracting
whole numbers

Adding and subtracting

mixed fractions

#Multiplying whole numbers

Adding time

Finding length, width,
perimeter, and area

Solving proporticns

Reading a table
Finding percents

Reading a table

Reading a table

TYPE

Workgheet
Teacher page
Worksheet

Teacher page
Worksheet

Worksheet
Puzzle

Worksheet
Pugzle

Horksheet

Worksheet

Worksheet
Worksheet:

Worksheet
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Each of the following numbers is associated with one or more sports. Place one or

more of the letrers in each blank to identify the associated sports. Beside each num-

ber, briefly explain what the number means to the sport you have chosen.

1) 714 et it e e e ‘Eb

3) : 9.0 SR soriiel ey BTG v dunsi a) auto racing

Z[.) i 500 EREEE B A e o AL P b) baseball
5) v -367 B B2 E ST T EE S R FE S RN L C) baSketball

7y _ o 300 e) football

8) i — 18 PR o g E S T S T A R N f) gOlf

9) L 5 g) soccer (

10 it/ 9 Goosoom beowe Boparlom ol ool h) tennis

11) i 15-30=40 oocniin it iennis i)} track and field
12) G 11

13) B 6

List other numbers that are associated with one or more sports. See if your class-

-

mates can guess the sport and meaning you had in mind for each number.
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THENNG
ABOYY SPORYS

1. The following activity deals with several ways of classifying sports. You can draw
the continuums on the overhead or chalkboard and have students place individual sports

at an appropriate position along the line. Several examples are shown.

a) Amount of activity
LEAST ACTIVE MODERATELY ACTIVE MOST ACTIVE
CHECKERS GOLF SOCCER

.

b) Preparation needed

<

SPONTAEQUS _ PLANMED
JOGBING HOCKEY

¢} Environment needed

NATURAL COMSTRUCTED
FISHING TEMNIS

B

d) Nuwmber of participants

FLEXIBLE LIMITED 8V RULES
BICVCLING BASKETRALL

2. Another way of rating these sports would be to assign each sport a value from 1

through 10 with 1 being at one end of the continuum and 10 being at the other end.

3. Have students place each sport nearest

the group that enjoys it the most, Students YOUNG

can diseuss their choices.

4, Have students investigate the parks and
recreation program and facilities in your
city, How do the activities offered fit

along these continuums? Are there changes

that could be suggested that would improve

the program and/or facilities?
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The time of day, the temperature and the weather all have an effect on the sports or
activities you can participate in. Try to fill in one athletic activity that can be
done in each of the spaces of the clock, the thermometer and the climate zones. Some

will require some thinking.

407 C
(100°F)

12 NOON

11 AM 35°

(32" F)

384 IDEA FROM:  The Nature of Recreation

Permission to use granted by M, 1. T. Press

7




WHERE'S
N7

Check the time distance of each of these places from your home. Use the closest one

to your home., Indicate whether the time is by car (c), by bicycle (b) or walking (w).

more than

10 min 20 min 30 min 1 hr 2 hrs 3 hrs 3 hrs

basketball court

swimming pool

park

ballfield

river

ski slope

skating rink

=‘."'fisb:'um?._, lake

campground

golf course

bicycle path

bowling alley

track

tennis courts

others:

The concentric circles on the next page have been drawn so that each .5 centimetres
represents 10 minutes. Locate each of the places above by putting a dot in the correct

direction and with the correct travel time from your home.

IDEA FROM: The Nature of Recreation
Permission to use granted by M, |, T. Press
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Example:

Point X is

2

(com*rmu:o

-4"1

3 HR

®

Zi houre in a south direction from your home,

IDEA FROM: The Nature of Recreation

Permission to use granted by M, 1. T, Press
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Which ball bounces the highest?

Materials Needed:

metre stick
mashking tape

I, B8elect one of the balls for the
first experiment. Attach the metre
stick to a table or desk, so the
stick stands vertically.

Drop the ball from the 100 cm
mark. Have vour partner measure

how high it bounces. Read the mark
to the nearest cm at the bottom of
the ball. Record on this table.
Drop the ball from the other heights
listed and record the bounces. Re-
peat several times to get accurate
readings.

IT.

BALL

Any of the following:

golf ball,

SJRILIL

soccer ball, table tennis (ping pong) ball,
basketball, tennis ball, volley ball, softball,

|
l

100

80

80

0

G0

50

40

30

20

HEIGHT BALL BOUNCED

10

0

0 10 20 30 40 50 60 70 80 30 100

HEIGHT BALL DROPPED
VL.

VIiIl.
duce similar bounces?

—

HEIGHT

TIE,

METRE
STICK

Sie

|

:

i

T

N
graph,

IV,

AT FIRST
BOUNCE

T

HEIGUT
BALL
DROPPED

HEIGHT
BALL
BOUNCED

100

80

&0

50

~40

20

Plot the points of your table on this

The points probably do not fit in a

perfectly straight line, but they deo fol-

low a pattern.

Draw a BEST-FIT line.

Start at the zero-zero point and try to
keep as many points above the line as
below it.

V.

the pattern?

error?

Are there any points that don't fit

What could have caused an

Use the table to predict the bounce
of a ball dropped from 90 cm, from 200 cm.

Which ball has the highest bounce on most of the heights?

Try the same experiment with other balls, recording, then graphing the bounces.

Do any of the balls pro-
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Find a soccer ball, The Physical Education teacher may have one you can borrow.

A soccer ball 1s a three~dimensional mathematical

model called a polyhedron.

a) The ball is made using two different polygons
for faces.

What are the 2 shapes?

EDGES ==
How many of each shape are on a soccer ball?

How many total faces are on a soccer ball?

b) A vertex is a point where 3 of these faces meet., Look at one wertex of the soccer
ball.
How many 6-sided faces touch that vertex?
How many 5-sided faces?
Look at other wvertices and count the polygons that touch each one. Describe your

findings.

Count the vertices on the soccer ball., How many are there?

How can you figure a way to get the total without counting all of them?

c¢) Edges are formed when any two of the polygons meet. Count the edges to find the
total number on the goccer ball, How can you make sure you don't count

an edge twice?

d) Imagine an insect crawling along the edges of the soccer ball, Could it crawl along
each edge and return to its starting point, without crawling on any edge more than

once?
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Match up the following balls with a size and mass given below.

a mass in the square of the ball that you associate with them,

BILLIARD BALL

SHOT PUT

BALL

BASKETBALL

BOWLING

Diameters:
a) 3.8 em
b) 4.3 cm
¢) 4.8 em
d) 5.7 cm
e} 6.5 cm
) 7.3 em

HAND BALL

g)
h)
i)
3
k)
1)

TABLE TENNIS BALL
(PnG PonG)

G

9.7 cm
11-13 cm
21 cm
21.8 em
22 cm
24,3 cm

SOCCER BALL

Write a diameter and

GOLF BALL

BASEBALL

VOLLEYBALL

TENMS BALL

SOFTBALL

Qy

g = grams
kg = kilograms
Mass:
1) 2.4 g 7Y 177 g
2) 28 ¢ 8y 200 g
3) 46 g 9) 450 g
4) 57 g 10) 595 g
5) 65g 11} 4.5 kg to 7 kg
6) 140 g 12) 4.5 kg or 5.4 kg




HEHWEEE

(conTINUED)
The following questions, based on the information from the previous page, could be
used with your class. Some of the questions are entirely hypothetical and are presented

to promote discussion. Use them according to the interests of your class.

1) Which of the measurements, diameter or mass, shows a greater range?
2) Does the ball with the largest mass also have the largest diameter?
3) Does the ball with the smallest mass also have the gmallegt diameter?

4) Name two factors that influence the mass of a ball?

5) {lassify the balls into three groups according to the mass.

Light Medium Heavy

6) Imagine that all the large balls had proportionally the same mass as a bowling ball,

What would be some problems if such a ball were used to play soccer, volleyball or
basketball?

7)  What would happen if vou played golf with a table tennis ball?

8) Rotation is a game of billiards where a person's score is determined by finding the
sum of the numbers of the balls that person hits into the pockets of the table. -
What is the fewest number of balls that can be hit into the pockets to assure a

person of winning in a two-person game?

9) Examine the polygons that make up the surface of the soccer ball. Name the two

types. How many of each type are there?

10) How many pileces of material are sewn together to make a baseball or softball?
Are the pieces congruent? ok Make a sketch of one of the pieces. How many

lines of symmetry does the piece have? < How many seams atre needed to sew the

pieces together?
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The volume formula for a sphere (ball) is:

V==é§'ﬂ‘r3

ORrR

1.3% x 3,14 xv 2y x¥

OR A18 sy xyxy

Given the diameters of some balls, find their tadius, then their volume.

TABLE TENNIS BALL

Q@

BASEBALL

digmeter = 3.8 cm diameter diameter =
radius I radius radius =
volume = volume = volume = U
HANDBALL GOLF BALL VOLLEY - /] BOWLING
O BALL ; BALL
diameter = 4.8 cm diameter = 4.3 cm diameter = 21 cm diameter = 21.8 cm
radius = radius = radius = radius =
volume = volume = volume = o volume =y
SHOT PUT Lt TE
| BILLIARD BALL NNIS BALL BASKET-
BALL
diameter = 12 cm diameter = 5.7 em diameter = 6.4 cm diameter = 24.4 cm
radius = radius = radius = radius = ’
volume = volume = volume = volume =
Finding the volume of a football is much more difficult. It's shape is called a prolate

spheroid. A football
circumference around the fattest part of the football is

suggestions for finding the volume of a football?

has a long diameter of 53 cm and a short diameter of 28 cm.

about 71 cm.

The

Do you have any

391




iy 8 > ChRy - RN
. s .- 25N . , '
; Lo 53 ¥-ou
v fr . 3 ’ N
o1 % Ao \ -
E . . ) % -
; |
) ) { T
. L
X A AN
T d :
vt .
RN
k3 M b .y
. Sag wF >

This activity consists of ten events for

you to perform, The best performance in each

event will be scored 100 points with the re-

maining scores being the appropriate percent

of the best performance.

1.

10Q.

The ten events of this decathlon are: ]

Cotton ball throw LJ
Throw a ball of cotton as far as you can. Measure
the distance from the starting line to the point
where the cotton ball first touches the floor,

RBasketball put
In the gym or outside throw a basketball as far as
vou can. Use a motion like a shot putter., Measure
the distance from the starting line to the point the
basketball first touches the floor.

Standing long jump
Jump as far as you can from a standing start., Mea-
sure the distance from the starting line to the back
of your heels where you jump,

Tiddley-wink snap

Snap a tiddley-wink as far as possible. Measure the > ‘<ﬂ

distance from the starting line to the point where ////f/W%ﬂ\\\\b -
the tiddley~wink first touches the floor. =

Twenty-metre, one-legged dash

In the gym or outside record the time it takes to hop 20 metres while holding one
leg up off the floor. ‘

Plastic straw throw
Throw a plastic straw as far as possible. Measure the distance from the starting
line to the point where the straw first touches the floor,

Fifty-metre bhackwards run
Qutside record the time it takes to run 50 metres backwards.

Airplane fly
In the gym or outside throw a paper airplane as far as you can. Measure the dis-
tance from the starting line to the point where the plane first touches the floor.

Rubber band snap
Snap a vubber band as far as you can. Measure the distance from the starting line
to the point where the rubber band first touches the floor.

Paper toss score

From a distance of 4 metres record how many wads of paper vou can throw, 1 at a
time, Into a wastepaper basket in 30 seconds.

Pick a partner. For each of the ten events, as one person 1s performing, the partner

will be either timing or measuring distances. (

Each person will receive three separate trials in each event. Label and record the

trials on your individual record sheet,

392




PERSONAL RECORDS OF CLASSROOM DECATHLON

NAME :

N

R S r M
b e .
d . L .
i o
Py T (S N
-] ) ) ’
Aae o .
0 Y N
’ N
e

(pAcE 2)

PARTNER:

Trial 1

Trial 3

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

Circle vour best performance for each event.

393




| PAGE 3) |

PERSONAL RECORD OF CLASSROOM DECATHLON

Final Summary Card

NAME:

PARTNER:

EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:
EVENT: BEST: SCORE:

The best performance in each event is assigned a value of 100 peoints. The remaining
scores are figures on what percent they are o0f the best performance., For example, if the
best distance in the cotton ball throw is 8.0 metres, it would be worth 100 points. The
score of a 6.5 metre throw would be as follows:

G.5 X
*"S“F 1—6_0- =2 R.0X =650 => X= 8.2 OR & POINTS
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Get vour measurements for the following.

foot length height in
in centimetres centimetres

standing long
jump in
centimetres

1. What is the ratio of your

a) arm stretch to height

e

b) foot length to height

c¢) arm reach to height :

d} standing long jump to height

—

flat—~footed

.

arm stretch arm reach
in centimetres 2 standing

in centimetres

0 N

standing high
Jump in ()
centimetres

e) high jump to height :

f) standing long jump to high jump

.
-

2. Write each of the above ratios as a percent.

3. Use the information from your entire
class and make a graph for each of the
percents. Do any of the graphs show a

pattern?

4. Can you predict the approximate high
jump of a person if you kanow the per-

son't height? How about foot length?

120%+

Ho %%}
100% -
Q0% |

80%

%+

GO%r
50%}

50% |

0%

R0% |-
0%+

Put the answers in the blanks above.

COMPARISON OF ARM STRETCH Y0 HEIGHT.

SAM  JUAN  JOE  BETH CAROL SHER!
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MUSELCLE

AT GUR

Most sporting activities involve an extensive use of muscles, Usually those
athletres who have conditioned their muscles through practice perform better and have
less muscle fatigue. In this activity students will measure muscle fatigue,

Three students are needed per group; one as the "muscle" person, one as the timer,
and one as the counter.

The "muscle" person places the right forearm flat on a table so the back of the
fingertips are flat on the tabletop., He/she closes and opens the right hand as fast
as possible until the timer says stop, being sure the fingertips touch the palm when
closed and the fingertips touch the table when open,

The timer times each trial for 30 seconds and records the tally on the chart.
Between the 3rd and 4th trials the "muscle" person is given a 30~-second rest period,

The counter counts the number of times the fingertips touch the table, relays the
count to the timer, and begins the count over at 1 for each trial,

After the activity has been completed for the vight hand, repeat the steps for
the left hand.

80
70 RIGHT &
LEFT 4
30 SECOND | RIGHT | LEFT o
PERIODS | HAND | HAND
1 72 cs AL

50
2 co GO \'73’ \\
3 47 45 40 \\

REST | REST | REST '
30
4 50 52
5 42 45 20
[~ 37 35
10
REST
Sample questions could include: 0 i 2 3 4 ) G

1) What is the amount of decrease from
a) lst period to 2nd pericd
b) 1st period to 3rd period
¢) lst period to 6th period

2} Find the percent of decrease for each of the parts of (1).
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17 Z
MY HEART THROBS

RFOQ You//

Materials Needed: 2 students
Stopwatch or clock with a second hand

Activity: 1. On your paper draw a chart like the one below.

Tnactive Active Recovery
Nome Pulse Pulse Pulse

Self  |Ruvdner | Self  [Butner [ Self  (Paviney |

2. a) Guess how many times your heart beats in
one minute, bpm (beats per minute)

b) Have your partner take your pulse and
record it in the inactive column as
bpm.

c¢) Take and record your partner's pulse.

3, a) BRun in place for two minutes.

b) Record your pulse rate in the active
column.

¢) Have your partner rvun in place for two
minutes.

d) Record your partner’s pulse rate,.

REST 5 MINUTES

4. a) Record both of your pulse rates in the recovery column.
b} Have your pulses returned te normal?

c) Is your recovery rate faster than your partner's?
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Numerous ads to eat wisely and exercise regularly encourage students to think
about their physical condition which, in turn, affects the pulse and recovery time
following exercise. In general, conditioned persons have a slower resting pulse and
a slower pulse during exercise., Thelr pulses will recover to the resting rate
gquicker following strenuous exercise than the pulses of persons who are in poor con-
dition. Because of heredity, some persons inherit efficient heatrts with slower
rates, while others are born with relatively inefficient hearts. However, both
types can be improved.

Since the physical condition of an individual affects his heartbeat, pulse
tests can be used to measure physical fitness. Four pulse tests are described
below, and tables to interpret the results are provided. Better results could be
obtained from the first two tests if they are done at home with parental help.

I. Pulse Lying:

The pulse lying is the slowest, resting pulse of a person. The student can
find this rate by taking her pulse for 30 seconds before she gets out of bed in
the morning. If dome in class, have the student lie down and attempt to completely
relax for ten minutes. In the lying position count her heartbeats for 30 seconds.
The student should continue to rest in the lying position for 2 more minutes and
repeat the count. TIf it is the same double the count toc get the pulse lying, and
record the number. If less the student should rest longer and repeat the count.

II. Pulse Standing:

To obtain the slowest, resting, standing pulse have the student rise slowly
after finishing the pulse lying test and remain standing for two minutes. Count
the heartbeats for 30 seconds and double the number to get the pulse standing.

Have the student subtract the pulse lying from the pulse standing. This
number is the pulse difference. By checking Table A the student can find her physi-
cal fitness rating.

TaeLe A

Ph siCO..‘ X,
Fi ‘Jrr:iess Ob &
Rating .
Pulse Luing |40l54|57[58l60l63|eslea 7t [73]75|77]78179/80!82/84|86 105
Pulse S+ancl'inq 46|63(67|68|70174 (77 80/83]|8587|90{21 |92/104/96|98]101 123
Pulse Difference 6 |9 (10000 [0 ju i2[i21I2[13113 13 14 14]14]15 |18

IDEA FROM: Physical Fitness Workbook, by Thomas Cureton,
Copyright © 1944 by Stipes Publishing Company
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(conTINUED)

III., Simplified Pulse Ratio Test:

(a)

While sitting, have the student count and record her hearthbeats for

one minute.

(b) Have the student face a chair (approximately 45 cm high) and step up
with the left foot, up with the right, down with the left, and down
with the right. The student should do 30 of these steps in one minute.
In order to set the cadence the teacher or another student can call
out "up, up, down, down' at the required speed or play a taped record-

ing of the cadence.

(c) Tmmediately after completing the 30 steps, the student should sit,
count and record her heartbeats for two minutes.

(d) Have the student write her pulse ratio. Pulse Ratic = Heartbeats for
2 minutes following the exercise : Heartbeats for 1 minute before

exercise. Simplify the
ratio by dividing the first
number by the second, cor-
rect to one decimal piace.
Check Table B to find the
physical fitness rating.

IV, Three Minute Step Test:

This test is administered like
the previous test, except the
student steps for three minutes,
and the cadence is 24 steps per
minute. In addition wait one
minute after the student com-
pletes the exercise and count
the heartbeats for only 30
seconds. The efficiency score
is the ratio of

number of seconds stepping x 100
pulse for 30 seconds = 5.6

Divide and check Table C te find
the physical fitness rating.

*This table is accurate for junior
high girls, The efficiency scores
may need to be raised for jumior
high boys. At the grade school
level there is not much differ-
ence between boys and girls.

TapLe B

Puise Physical
Ratio Fitness Rating
Below 2.3 Above Average
2.3 -2.7 A\/er&ge
Above 2.7 Below Avevage
k ﬂ%"———frﬁwmwwwwwwmwwmwﬂJy

Tasre C*

Phtjs'scod
Seore *| Fitness Rating
72 -100 | Excellent
62-7 Very Good
51~ 64 Good
41 -50 Fair
31-40 Poor
0-30 | Very Poor

réﬂ‘ i c:‘senmjl

IDEA FROM: Physical Fitness Workbook, by Thomas Cureton,
Copyright © 1944 by Stipes Publishing Company 399
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wnats || J) TYPE

1. Weigh vourself and measure your height. pounds __ inches (
2. Change vour weight to kilograms.

1 pound == .45 kilograms,

45 kingro.m% -

3. Change your height to centimetres.
(l inch == 2.5 centimetresv

4. TUse the chart to determine your body type.

Sue is 15 vears old, weighs 127 pounds, and is 5 feet, 7 inches tall.
a) Find her mass in kilograms.

b)

Find her height in centimetres.

¢} What is her body type?

(Hint:

12 inches = 1 foot)

~—— Moass in kilograms W
Height in centimetres GROWTH CHART FOR GIRLS
1O VYrs. {1 Yrs. 12 Yrs. 13 Yrs 14 VYrs. 15 VYrs.
Tall (43-155 | 153-163 | I57-(68 | 162-170 | 162~ 173 1 164-173
Averaqe || 134142 | 140-152 | 147~156 | 152~ 161 | 154-16] | i56-1673
| Short 125-133 | (30~-139 | 135-146 | 140-151 | i46-153 | 147155
(| Heavy | 40-52 | 45-59 | 49-63 | 55-88 | 57-71 | 60-72
4| Average | 29-39 33-44 | 36-48 4\ -54 45-56 | 47-59
|| Light 23-28 25-32 | 28-35 31-40 36-44 39-46 |1
— Mass  In kilo‘qrams : - ' . -
Height in centimetres GROWTH CHART FOR BOVYS
10 Yrs. I Yrs. 12 Yrs. 13 Yrs. {4 Yrs. {5 Yes.
Tall (49-155 |149-163 | I157-168 | 162-178 | 169-183 | 169- 185
Average |[134-148 | 138148 | [42-156 | 149-1G} 154168 | 1569-168
Short 125-133 | 130-138 |133-14] 138-148 | 1A43-153 | [4A8-158
Heavy 38- 52 43-857 48-63 50-70 AR G 7-78
Y| Averaqe | 30-37 33-42 38-47 39-A9 45-60 49-66
Light 23-29 27-32 29-37 31-38 34-44 | 40-48

6. John is 11 years old, weighs 65 pounds, and is 53 inches tall,
a) Tind John's mass in kilograms.
b} Find John's height in centimetres.
¢} What is his body type?

7. Which body type would be better for an athlete who participates in:
a) gymnastics e) arvchery e) wrestling (
b) basketball d) horse racing f) shot putting
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Estimate the number of hours (fo the nearest half hour) per day that you do each of the
activities below. Find the number of Calories you should eat to provide the energy to
do these activities.

Calories used per kg Your body Calories

Activity of body mass per hour Time in hours LT used
Bicycling (fast) 7.5

Bicycling (slow) 2.4

Dishwashing 1.1

Dressing/Undressing o7

Eating iy

Playing Ping Pong 4.4

Running 7.3

Sitting Quietly !

Sleeping A

Standing Wb

Studying oh

Swimming 7.9

Tennis 6.6

Typing 1.1

Volleyball 5.5

Walking 2.0

Work, heavy 5.7

Work, light 2.2

Total
How do your total Calorie needs compare CALORIES WEEDED
to the chart to the right which shows the 912 ¥YRS. | 12-15 YRS.
Calories ngeded for boys and girls of BOVS 2400 3000
average height and mass for one day.
GIRLS 2200 2600

Use the information in the large table agbout Calorie use per hour to answer these
gquestions.

a) Which sport uses the most Calories per hour?

b) Which sport uses the least Calories per hour?

¢) How many Calories are needed for a 70 kg person to play
football for 1 hour?
golf for 5 hours?
basketball for 1 hour?
ping pong for 30 minutes?

d) If Chris Evert and Arthur Ashe play tennis against each other, who would use up more
Calories? Why?

IDEA FROM: Well-Baing, Probing the Natural World, Level 111, Intermediate Science Curriculum Study
Permission to use granted by Silver Burdett General Learning Corporation 401
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An interesting and fun activity (perhaps in cooperation with the
physical education teacher) would be to test the physical fitness of your
students. The President's Council on Physical Fitness has suggested the
following seven tests: pullups, situps, standing jump, shuttle run, fifty-
vard dash, softball throw for distance and six hundred-yard run/walk.

Standards of performance for boys and girls, ages 10~17, are shown
below. Notice that the charts also include standards for qualifying for
the Presidential Physical Fitness Award. Official application forms and
complete information can be obtained by writing to Presidential Physical
Fitness Awards, 1201 Sixteenth Street N.W., Washington, D.C. 20036.

The data collected during testing can be used for motivating several
concepts of descriptive statistics such as mean, median, mode, range,
etc. The data can be used to make several kinds of graphs, e.g., a bar
graph comparing performances of students in a class or a line graph to
record progress of an individual student. Students will probably be very (
interested in comparing results from earlier tests to see the progress
that has been made.

PULLUPS pOYS

[Number of pullups]

A boy grasps the bar with

palms forward and hangs from Rating Age
the bar so his feet don't 10 11 12 13 14 15 16 17
EOUCh the floor. A Succeis' Excellent... .. oovnnr. .. sl 8] 9f tol| 12| 131 14| 16
ul pullup is completed when Presidential Award.. .. .. 6| 6| 6| 8| w0, w0 1|
the boy pulls his body up Good..ov o 5 5 5 7 8 10 i1 12
until his chin is over the Satisfactory.............. 3 3 3 4 § 7 9 9
bar and then lowers his body Poor. ... EREIRARTEIREE ! ! L 2 4.5 6 7
until his elbows are fully 4
extended. LIRLS
[In seconds]
FLEXED ARM HANG Age
Rating ‘

Two spotters help a girl to 10 H 12 13 4 14 15 16 17
raise her body so her chin is Bxeellent.............0 a1 ( 35| 3ol 30! s3e| 33| 37 31
above the bar, palms forward, Presidential Award., .. . .. 21t 207 19 18F 18| 18] 19 19
elbows flexed and feet off the Good. oo 18 i7 15 15 16 16 16 16
in seconds, that the girl can Poor. . oo 6 3 5 4 5 6 o 6 (
hold this position.

IDEA FROM: Youth Physical Fitness
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PUHULTCALLY

SITUPS

A pupil lies on his back

and locks his fingers behind
his head while a partner
holds hig ankles to keep his
heels on the Eloor. A situp
is completed when the pupil
(1) sits up, (2) touches
right elbow to left knee,
(3) lies back down, (&) sits
up, (5) touches left elbow
to right knee and (6) lies
back down.

STANDING
LONG JUMP

A pupil stands comfort-
ably with knees flexed and
then jumps forward as far
as possible. The distance
is measured from the start—
ing line to the point where
the heels first touch the
fioor,

FIT?

(pAGE 2)
BOYS
[Number of situps}
Age
Rating
10 11 12 13 14 15 16 17
Excellent. ............... 100 160 100 100 100 100 100 100
Presidential Award. ... .. 100 100 100 100 100 100 100 100
Good,.......oie e 76 8% 100 160 100 100 100 100
Satisfactory.............. 50 30 59 75 a9 99 99 85
Poor....... 34 35 42 50 60 61 63 57
GIRLS
Excellent................ 50 50 56 50 56 56 50 56
Presidential Award. ... .. 50 50 50 50 50 50 50 50
Good......oooi i 30 50 5G 50 4G 42 4] 45
Satisfactory. ..o 39 37 39 38 34 30 30 30
Poor. ... .o, 26 26 26 27 25 24 24 23
BOYS
Age
Rating
10 11 12 13 14 16 17
ftoodno A fr dno | feo odno (ft e [ ftodn (fEL i | fEome | fU i
Excelient.,......| 6 116 36 617 7 91{8 0|8 5!8 6
Presidential
Award...,...(5 815 106 2i6 9|7 317 &|7 118 i
Good........... 5 715 916 116 717 017 67 6|8 90
Sausfactory. ... . 5 2|5 4|5 816 04{6 717 017 417 6
Poor...........14 105 oOo!3 415 7i{6 116 6:6 11{7 0O
GIRLS
Excellent........ 5 8|6 2/6 3|6 3i6 4|6 6|6 716 8
Presidential
Award. ... ... 5 415 8i5 95 10{6 06 t)16 2|6 2
Good........... 5 215 615 815 8|5 0|6 0|6 O|6 O
Satisfactory.... 4 10{5 O0i5 215 35 5:5 65 6]5 7
Poor........... 4 5|4 814 14 1015 O[5 1[5 215 2
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SHUTTLE RUN

Two blocks of wood, 27x
2Y"x4," are placed 30 feet from
a starting line. A pupil runs
to the blocks, picks up one
block, runs back to the start-
ing line and places the block
behind it. This action is
repeated to place the second
block behind the starting
line. The time needed to
accomplish the task is record-
ed to the nearest 10th of a
second,

50-YARD DASH

The time needed for a
pupil to run 50 yards is
recorded to the nearest
10th of a second.

404

FLT?

(pAcE 3)
BOYS
[En seconds to nearest $0th]
Age
Rating ¢
10 1 11 12 13 14 15 16 17
Exceflent,...............[ 10,0 10.0}{ 981 95 43| 9.1 9.0 8.9
Presidential Award.. ... .| 10.4 | 10.3 | 10.0 9.9 9.6 9.4 9.2 9.1
Good................... 1051104 | 102} 100 98] 95, 9.3 9.2
Satisfactory,..... 1L0 7109 10.7 1 10.4 § 10.0 9.8 9.7 9.6
Poor. . ...l LS IL3 LT 110910050101 10,0 10. ¢
GIRLS
Excellent................1 10,0100 10,0 14, ¢ | 10.0 | 100} 10.0 10. ¢
Presidential Award. .. ...} 10.8 | 10.6 { 10.5 1 10.5  10.4 | 10.5 | 10.4 16. 4
Good.........o.oia 1.0 10,9 . 1006 10051 10,7 1 10.6 10. 5
Satisfactory...... 1.5 011,411,311, 1L O 118 ¢ 1L 11.0
Poor.......oovvivinnnn. 12,01 12.0 1.8 1L51 116 11. 5
BOYS
[In seconds to nearest 10th]
Age
Rating
10 11 12 13 14 15 16 17
Excellent...z......000. s, 7.0 7.0 681 65 6.3 6.1 6.0 6.0
Presidential Award...... 7.4 7.4 7.0 6.9 6.6 6.4 6.2 6.1
Good...oovivii e 7.5 7.5 7.2 7.6 6.7} 65| 6.3 6.2
Satisfactory...... 80 7.8 76| .3 0| 67| 6.5 6.5
Poor. . .. oiiiiiiii e 8.5 81 80| 7.6 7.2 7.0 6.8 6.7
GIRLS
Excellent. . ... 7.0 7.0 7.0 7.0 7.0 7.1 7.0 7.1
Presidential Award, ... .. 7.5 7.6 7.51 7.5 7.4 7.5 7.5 7.5
Good...ooviii o 7.7 7.7 7.6 7.6 7.8 7.6 7.5 7.6
Satisfactory. .. .. 8.2 81) &0 807 73] 8¢ 80 8.0
Poor...... .o 8.8 85| 84 84 83| 83! 85 8.5

ST
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SOFTBALL THROY

A softball is thrown as
far as possible with an over-—
hand motion.
three throws is recorded by
measuring the distance from

The best of

the starting Jine to the
point where the softball
first touches the ground.

600-

The
pupil to
recorded
seconds.

YARD RUN/WALK

time needed for a
run 600 yards is
in minutes and
Walking is per-

mitted, but the objective
iz to cover the 600 vards
in the shortest possible

time.

FIT7

(PaceE &)
BOYS
[in feet]
Age
Rating
10 ‘11 i2 13 14 ) 16 17
Lxeellent................1 138 | 151 1651 1951 208 | 221 238 249
Presidential Award. .. ... 122 | 136 150 | 173 187 | 204 § 213 226
Good. v eiine 118 126 1 145 168 181 198 ¢ 207 218
Satisfactory.... .. 102 i13 129 147 1651 180 ] 189 198
Poor............co.. 91 1051 113 i34 146 | 163 172 180
GIRLS
Excellent................ 84 95 103 111 114 | 120 123 120
Presidential Award. ... .. 71 81 90 94 100 105 104 102
Good..vovvii s 69 77 83 80 95 100 98 98
Satisfactory, . ....... ..., 54 64 70 75 80 84 81 82
Poor. . ..... ..ot 46 a5 59 65 70 73 78 71
BOYS
[In minutes and seconds]
Age
Rating
10 i 12 13 14 15 16 17
Exeellent, .,.......o..... 1:58 | 1:59 % 1:52 | 1:46 | 1:37  1:34 | 1:32 1:31
Presidential Award. ... .. 2:12 | 2:8 2:2 153 | 1:46 | 140 | L37 1:36
Good...ovevvnii e 2:15 1 i1t | 2:5 1:35 ) 1:.48 ) 1421 1:39 1:38
Satisfactory..............| 2:26 | 2:21 | 2:15 ] 2:5 1:57 | 149 | 1:47 1:43
Poor....ooovveinieniins 2:40 | 2:33 L 2:26 | 2:15 ] 2:5 1:58 | 1:56 1:54
GIRLS
Excellent................ 2:5 2:13 ] 204 ) 212 | 29 2:9 2:10 2:11
Presidential Award... ... 2:20 | 2:24 | 2:24 | 2:25 1 222 | 2:23 | 2:23 2:27
Good..o.ovvunn e 2:26 | 2:28 [ 2:27 | 2:29 % 2:25 | 2:26 | 2:26 ¢ 2:31]
Satisfactory,...... e 2:41 | 2:45 7 2:42 1 2044 | 241 | 2:40 | 2:42 2:46
Poor........ b 2:55 | 2:58 ¢ 2:38 | 3.0 2:55 | 2:52 ) 2:56 3:0
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M ‘.
The table to the right shows the final medal F]nal medal count
P he 1976 O1 ic G goulm;r{l ot Go‘lg 5"'35 arongg 701';5’
ovies en . . . .
count for the 1976 0 ymplc L-ames. East Germany . . . . 40 2% 25 90
LR I
. Ermany -, . .
1) What was used to place the teams in the e e T 4
gﬂlfundf ..... e g g l; 25
IR ) i L« I 4
order that they appear? e ol ama L & 4 i1
Romania . . . . . . 4 9 4 '
Ly sha v Hungary . . . . . ., 4 5 12 2t
- Flaland. . . . . . . 4 I 4 &
Swedent . . . . . . . 4 ¥ ¢ 5
Britaln . . . . . . . 3 5 & 13
2} TFind the total number of My o2 ¢n
PG guu?uslurla Kia . ... 3 3 H H
BN zechoslovakia . , . .
a) gold medals . Mew Zealond. . . . . 2 1 1 4
- gou':h Kloreda ..... ; } 4 g
3 B R witzertand . ., . . . z
b) silver medals _ < Jamaica . . . . .. 1 1 8 2
e North Korea . . . . . 1 1 14 i
¢) bronze medals __ - = S B S T
Mexkco . . . . . . . B ] 1 2
Erlnlgad ...... é g 2 1}
: i ? enade . . . . L . -
3) Why do you think the totals are different? e "y 3 8 :
. . . . ) Haolland. . . .©. . .. 0 2 3 5
G R st pisol Uil g i iw o O Portugal . , . . . . [ 2 Q- 2
Spoin . . . L ¢ 2 0 2
\ . v i P s ey Agstralle . . . . . . [ i & 5
PO ST onel Sihn naaoae Dinishers frgn . . . . . . | i 1 2
. Mongolla . . . . . . 0 1 1} 1
Venervela. . . . . . 0 3 ¢ ¥
I T
it4 ostrig . . . . . . .
Competitions are often scored by awarding Austria. . .. 8 . ! :
guk!sfa?u ...... g g } ;
verto L« .
points for places. Thamang < : H ! ;

4) If 3 points are awarded for a gold medal, 2 points for a silver and 1 point for a

bronze, would the total points awarded cause the order of the top five teams to (

c:hange? wivg, Lobombven #hwad oL Dost Goowony

5) What happens to East Germany and the United States if the points are 5 for a gold,

3 for a silver and 1 for a bronze?

6) Find a reasonable total point system that places East Germany ahead of the United

States, L O

7) Find the order in total points for Japan, Poland and Bulgaria if these scoring

systems are used.

a) 3, 2, 1 GE
b) 5’ 3’ 1 Dolmanic
C) 7; 4: i e Foting Getn s

8) Will any of the three scoring systems in (4) allow Italy to finish ahead of Britain?

9) Project: Look up the population of each country in an almanac and find a people per

medal ratio. Which country has the lowest people per medal ratio?

Do you know any reasons why this might be so? (




LIVE WE B RERD STRRT

A model of a running track with the start-finish line is shown below. Use a piece of nonstretch string
to find out how much farther a runner in the outside lane runs than a runmner in the inside lane. Use this
distance to mark a new starting line for the ocutside lane so the distances from start o finish are the same,
In a similar way find the new starting lines for the other lanes.

LOY



3:50.1 means 3 minutes
51 and Tl"(i secondsg

WORLD RECORDS "

1Y 1 mile —,3:51.0 Each of these three records is
2 miles - 8:13.8 roughly proportional to running
3 miles - 12:47.8 a mile every minutes.

2) Steve Williams of the U.S. ran the 100-metre dash in 10.1 seconds and
the 200-metre dash in 20.6 seconds. His speed was about metres per second.

3) Tommie Smith of the U.S. ran both the 200-yard dash and the 200-metre dash.
The time for both is 19.5 seconds. Does this mean he ran the same speed for
each race? If one race has a faster speed which race is it?

4} These are world records. Rank them from slowest to fastest based on the time
taken to go 1 kilometre (1000 metres).

a) Canoeing (1000 m) 3:48.06 e) Running (1000 m) 2:16

b) Swimming (1500 m) Men 15:31.85 f) Swimming (1500 m) Women 16:49.9
¢) Running (1500 m) Women 4:01.4 g) Cycling (1000 m) 1:7.51

d) Ice Skating (1500 m) Men 1:58.7 h) Ice Skating (1500 m) Women 2:15.8

5) 1Is the world recora of 9.9 seconds for 100 metres faster or slower than the world
record of 9.1 seconds for 100 yvards?
(1 yd, =~914 mor 1 ma21.1 vd.)

6) The world land speed record for a jet-propelled automobile is about 622 miles per
hour. At this rate how long would it take to drive to the moon (if there was a
road) 240,000 miles away?

408 *As of January 1, 1974 (The Official Associated Press Sports Almanac 1974)
Permission to use granted by The Associated Press
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WORLD TRACK RECORDS
~-FIELD EVENTS-

HIGH JUMP
POLE VAULT
LONG JUMP
TRIPLE JUMP 57122" —
SHOT PUT 717" 600"
DISCus 22415M .
JAVELIN 30878" 213"

’;

AR

I

HOW MUCH HIGHER IS THE MEN’S POLE VAULT RECORD THAN THE MEN'S

HIGH JUMP RECORD?

HOW MUCH FARTHER IS THE MEN'S JAVELIN RECORD THAN THE MEN'S
DISCUS RECORD?

HOW MUCH FARTHER IS THE WOMEN'S DISCUS RECORD THAN THE
WOMEN'S JAVELIN RECORD?

HOW MUCH HIGHER 1S THE WOMEN’S LONG JUMP RECORD THAN THE
WOMEN'S HIGH JUMP RECORD?

A PENTATHLON IS MADE UP OF FIVE EVENTS. SUPPOSE ONE WOMAN
HELD ALL FIVE OF THE ABOVE LISTED WORLD RECORDS. WHAT
WOULD BE THE TOTAL OF THIS "PENTATHLON"?

HOW DO YOU THINK THE WEIGHTS OF THE MEN'S AND WOMEN'S DISCUS
COMPARE? WHICH ONE 1S HEAVIER AND BY HOW MUCH?

WHY AREN'T THERE RECORDS FOR THE WOMEN'S POLE VAULT AND THE
TRIPLE JUMP?

*As of January 1, 1974 (The Official Associated Press Sports Almanac 1974)

Permission to use granted by The Associated Press
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WORLD TRACK RECORDS
-RUNNING EVENTS-

WORLD TRACK RECORDS <
MEN __ WOMEN_
100-vD. DASH 9.1 sEc. 10,0 skec.
220-vyp, pASH | 20,0 (TURN) 22,6
UU0(QUARTER MILE)] uly, 5 52,2
880 (HALF MILE) {1 min, 44,6 sec} 2:02,0
MILE 3:51.1 4:29.5
6-MILE 26:47.0

410

FOR THE MEN, HOW MUCH LONGER IS THE TIME:

FOR THE 440 THAN FOR THE 2207 ;

FOR THE 220 THAN For THE 1007

FOR THE 880 THAN FOR THE 4407 ¢

FOR THE G-MILE THAN FOR THE MILEO 77 sINUTES LOSECORDS

SUPPOSE YOU COULD RUN FOUR QUARTER MILES IN A ROW AT THE RECORD

PACE FOR WOMEN,

A) HOW LONG WOULD IT TAKE YOU TO RUN THE MILE? 7 minuvrs 78, b soo

B) WHAT IS THE DIFFERENCE BETWEEN THIS TIME AND THE WORLD RECORD
FOR THE MILE? | #inuve ./ SECouDs

SUPPOSE A MAN RAN SIX MILES IN THE RECORD TIME AT AN EVEN PACE.

A) HOW LONG WOULD HE TAKE TO RUN ONE MILE? © PHIHUTES 20 GRCOMNE

B) WHAT IS THE DIFFERENCE BETWEEN THIS TIME AND THE WORLD RECORD
FOR THE MILE? 2.4 ceoonns

THE BOSTON MARATHON 1S 26 MILES, 385 YARDS. ESTIMATE THE RECORD

TIME FOR THE RACE, CHECK YOUR ESTIMATE IN AN ALMANAC.

FROM: The Official Associated Press Sports Almanac 16874

Permission to use granted by The Associated Prass




HOW THE WORLD RECORD PROGRESSED

Jim Paavo Bob Rafer Rurt Bill Nikolay
Thorpe Yrjola Mathias Johnson Bendlin Toomey Avilov
USA Finland USA USA W. Germany UsaA Russia
1912 1827 1952 1960 1967 1969 1972
100 Metres 11.2 11.7 10.9 10.6 10.6 10.3 11.00
Long Jump 22—3% 22-1 22*10% 24—9% 24—9% 25-5% 25&2%
1 3 1 1 41
Shot Put 42—35 46“94 50——22 52-0 477 47»24 47 12
, 5 7 7 1k 1 _ ok
High Jump 6«15 8 6 28 5 lOg 6 5 64 6 112
400 Metres 52.2 52.8 50.2 48.6 47.9 £7.1 48,5
High Hurdles  15.6 16,8 14.7 14,5 i4.8 14.3 14,31
Discus 121-4  133-82  153-10  170-65  151-113 152-6%  154-13
1 S _5k L 11k
Pole Vault 10-~8 10-6 13-—12 13 7 13 55 14 7 14 114
Javelin 140-11  188-4 194-3 233-23  245-7 215-8 202-3
1,500 Metres  4:40.1 4154,2 4:50.8 5:09.9 4:19.4 4:39.4 4:22.8
Total 6756 6,768 7,731 8,063 8,319 8,417 8,451

£)

2)
h)

The above represents only 2 sampling of world record decathlons for purposes of illus-
trating advances in the event and should not be taken as a complete list.

How many events take place at a decathlon meet?

They are all part of what general sport?

A player competes against the existing records for each event and a record-tying or
record-beating rerformance is worth 1,000 points. How many points could a decathlete
possibly be awarded? U.UJU o

In general, have the times ﬁor running events increased or decreased? Have the dis-
tances for field events 1ncreased or decreased?

Wﬁqsyan the_fastest 1,500 metres? O I S I ; the fastest 100 metres?

The Olympic records for the 100 metres was 10.8 in 1912, 10.4 in 1952, 10.2 in 1960,

and lO 14 1n 1972 ‘ Whlch decathlete ‘Was closest to the Oiymplc record at that time?

Find out who the current world record holder is. What are his times and distances?

How many events would occur at a pentathlon? What are they?
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Rules for bowling with dice:

1) Roll both dice.
a) Lf the sum is 10 or more, record a strike.
b) If the sum is less than 10, record the sum as the number of pins knocked down on
the first ball.
2) Roll one die.
a) If the number shown plus the number in (b) above is 10 or more, record a spare.

b) If the number shown plus the number in (b) azbove is less than 10, record the
number as the pins knocked down on the second ball.

3) If several people are playing, take turns rolling the dice.
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SLUREREEPING
IN BUWL INbe

In bowling a person throws the ball two times each frame. Three things can happen,

1) Open - some of the pins knocked down with the first ball and some (but not
all) knocked down with the second ball. See frames 1, 2, 4 and 9.

2) Spare - some of the pins knocked down with the first ball and all the rest
knocked down with the second ball. See frames 3, 5 and 8 in the sample game.

3) Strike - all the pins knocked down with the first ball, the second throw is

skipped. See frames 6, 7 and 10 in the sample game below.

Points are earned for each frame as described below. After the points for each frame
are computed, the points for that frame are added to the total score in the previous

frame. The new total score is then recorded,

1) Open - your score for the frame is the total number of pins knocked down.
Example: 5 pins down on first ball and 2 down on second ball--score

of 7 for the frame.

2) Spare - your score for the frame is 10 plus a bonus of what you knock down
on the first ball of the next frame.
Examplet Spare in the frame 1 and 7 pins down on first ball in

frame 2~-gcore of 10 + 7 = 17 for frame 1.

3) Strike - your score for the frame is 10 plus a bonus of what you knock down
on the next two balls vou roll,
Example: Strike in frame 1, strike in frame 2, 8 pins on first ball

in frame 3~-score of 10 + 10 + 8 = 28 for frame 1.

An entire game is shown below., The rows with the names and the score for the individual

frame are not shown on a regular score sheet,.

A FRAME | 4 2 3 4 5 6 7 8 9 10 Total
HE) 9i- 8 z1z2] ‘ | [ @l Bls] Me2
NORMA 8 Tl 3% L 43 | 63 199 119 | 132 o | 158 | 198

3 o EXPLANATION
i ngz PEY TR 3-8 1950 S 10T < 171 7+2 29 [10+10:2015H0:¢-26 110G 4= 2 10+ 3213 TR +5:=-8 [[0+C 72
{ tname OPEN QOPEN EMSPARE 1?:.’!'!2!!!,5 W@@\"J
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2)

3

4)

3)

6)

7

8)

1[0)0) S5m0 [ [\ D) 5] -
QBOOT BowL ] (\)G (

A bowling ball can have a circumference of not more than 68.6 cm. What would be the

diameter? S

A bowling pin dis 38.1 cm high and has a base diameter of 5.7 em. What is the

circumference of the base?

The diameter of the "fattest" part of a bowling pin is twice the base diameter.

What is the circumference of the "fattest' part?

When positioned correctly, two adjacent bowling pins are 30.5 e¢m apart from center
center. Show that if a bowling ball is rolled exactly between the two adjacent
pins, the ball will (a) knock down both pins

or (b) roll between both pins.

From the foul line to the first pin is a distance of 18.3 metres. How many times

will a bowling ball turn over im this distance? (Assume the ball starts rolling

T

at the foul line and does not skid.) o <

A bowling alley from foul line to the end of the alley dis 19.2 metres long. The
width of the alley is 106.8 cm. 1I1f a bowling establishment has 36 alleys, what is

the total surface area of all the alleys?

The bowling pins are numbered

like the diagram to the right.
By moving just 3 pins, make
the pins "point" in the opposite

direction.

Draw an arrow to show where the bowllng ball should go to knock down all the bowling

Z;ls in these diagrams.(b) " @
@ ) O, O @

©) ORI ONN

; <::> ; ? -<




To find a baseball player's slugging percentage divide the “"times at bat" into

the total base the player has.

three bases and a home run is worth four bases.

Here is an example of how to figure total

bases.

16 triples and

85 singles is

44 doubles is

16 triples is

59 home runs 1is 236 bases

59 home runs.

85 bases

88 bases

48 bases

total

457 bases

Calculate the slugging percents for the following basebaill players.

A single is worth one base, a double two bases, a triple

Home Total Slugging
Player At Bats Singles Doubles Triples Runs Bases Percents
McGraw 352 70 23 11 26
Franklin 292 37 16 5 12
Hoffer 470 58 21 13 22
Brannan 468 63 31 18 27
McKenney 204 28 19 6 6

Babe Ruth has the highest lifetime slugging

the major league.

percentage with .690 in 21 vears with

417




BASEBALL AUTO RACING
RECORDS

YOU WILL NEED AN ALMANAC.

USING THE INDEX,

RECORDS, LEADING BATTERS (over 2,000 HITS).

418

Name of batter

batting average

.OOK UP THE PAGE FOR BASEBALL--MAJOR LEAGUE LIFETIME

average rounded off
to hundredths......

Cobb , Ty

Hornsby,Rogers

Delehanty, Ed

Williamg, Ted

Ruth , Babe

Gehrig , Lou

Sigler, George

Musial , Stan

DiMaggio, Joe

Using the

Year

index, look up the page Ffor AUTO RACING (Indy.500)

Winner Car

winning speed
in miles/hour

m.p.h. rounded
off to tenths.

1911

1920

1934

1939

1947

1953

1959

1961

1965

1969

1972

SOURCE: Prgject R-3

Permission to use granted by E. L. Hodges




FEach week during the f&géggii ééason collect the scores involving the
local high school team. You may wish to use professional or college scores,
Put them together at the end of the season (see sample below) and have stu- |
dents do the following.

1. Place the winning scores in order--largest to smallest.
2. Make a HISTOGRAM of the winning scores. Use graph paper,

3. Find the highest winning score.

Find the lowest winning score.

Find how far apart the highest and lowest scores are. (RANGE)

4. Determine the most fregquent winning score. (MODE)
5. Determine the middle winning score. {MEDIAN)
6. Determine the averadge winning score. {MEAN)

7. Arrange the LOSING scores in order-—largest to smallesgt.
8. Answer 3, 4, 5 and 6 for the losing scores.

9. Were there any games where the winning and losing scores were the same

as the median winning and losing scores?

District 5AAA Football Scores

Week 1 Week 2 Week 3
Thurston 28, Sheidon § North Bend 22, Sheldon 20 North Eugene 14, Cottage Grove 7
Marshfield 21, Cottage Grove 12 Churchill 21, South Eugene 20 Sheldon 22, South Eugene 21
North Bend 34, Churchill 18 Willamette 29, North Eugene 8 Thruston 22, Willamette 8
South Eugene 26, Willamette 8 Cottage Grove 40, Springfield 18 Marshfield 26, Churchill 6
Springfield 12, North Eugene 7 Marshfield 59, Thurston 28 North Bend 24, Springfield ¢
Week 4 Week 3 Week 6
Churchill 25, Springfield 0 North Bend 42, North Eugene 20 Willamette 27, Sheldon 22
Marshfield 13, Sheldon 12 South Eugene 36, Marshfield 15 North Eugene 28, Churchill 6
South Eugene 34, Cottage Grove 26  {ottage Grove 7, Thurston 0 South Eugene 28, Thurston 21
Thurston 16, North Fugene 14 Sheldon 12, Springfield 7 Marshfield 20, Springfieid ¢
Nerth Bend 40, Willamette 26 Churchill 35, Willamette 21 North Bend 34, Cottage Grove 21

10. Use the scores to make league standings for each of the weeks of the
season. Include the numbexr of games won, number of games lost and the

percent of games won expressed as a 3-place decimal like ,750.

11. Were the scores of the first-place team all above the mode? median?

mean?
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{subtraction, inequality. FRACTION BAR FOOTBALL

and multiplication)
Players 2 {or 2 teams}

Materials Fraction cards, football field mat, football, and sideline marker

P —
0.8, 1'1get the cards, and you
get the football field mat.

/ Don't foraet the football and
side-line marker,

[, ——

Wi, Greg. Let's nlay FRACTION
BAR FOOTBALL usina the fraciion
cards.

football

o |

sideting marker

You will need to knew & 1ittle about football to play this game.

FRACTION BAR FOOTBALL Rules

Preparation
Spread the fraction cards face down. Fach player takes 1 card, The player with
the greater fraction may kick-off or receive, Cards taken from the pile are not
replaced until a1} cards are used. Playing through all of the cards once allows
for about 25 plays, which is 1 quarter of the game.

Convention

Each one-twelfth corresponds to 1 yard on the football field,

the fraction 2 corresponds to 8 yards, since 2 _ 8
- Kick-offs PP

The bail is placed on 1 of the 40 yardlines. The player kicking-off takeg 1

fraction card and moves the ball the number of yards determined by multiplying

that fraction by 6. If the ball lands o the Goal Line or in the End Zone, it

is brought out to the 20 yardiine.

Play

The player on offense has 4 furns to obtain & First Down, On each Down, he takes 2

cards and the player on defense takes 1 card. The player on offense uses his greater

fraction. If it is greater than the fraction chosen by the Defense, the Offense gains

yards corresponding to the difference. [If the fractions are equal, there is no

advance. If the Defense has the greater fraction, the Offense loses yards

corresponding to the difference.

The sideline marker is placed on the side of the football field to indicate the

number of the Down and the yardline the First Down began on. (fiamnles on next card}

For examole,

FRACTION BAR FOOTBALL Continued)

Example |
Bafense's 1

Gffense's 3
Card 3

Cards aq

The Offense’s greater fraction corresponds to 9 yards, and the Defense's fraction
corresponds {0 4 yards. So, the Offense gains 5§ vards.

If the Offense had said, double, he would have gained 10 vards.

{See Double
Yardage, on back}

Example 2

1 Defense's
Z Card

Offense's
Cards 1

a

5]

¥
[

The Offense's greater fraction corresponds to & vards, and the Defense's fraction
corresponds to 10 yards. So the Offense loses 2 yards.

FRACTION BAR FOOTBALL Rules

Punts

The Offense takes 1 card and moves the ball the number of vards determined by multi-
plying that fraction by 6.

Paints after Touchdown (Play starts from the 3 yardline)

Kicking for 1 point

One card is taken and that fraction is multiplied by 6.
g0 at least 10 yards beyond the Goal Line.

The ball must

Rumning for 2 points

The yardage is determined as on any Down. (Dffense takes 2 cards and the
Defense 1 card} The ball must go to the Goal Lire or beyond for a score.

Field Goals {3 points)

The Offense takes 1 card and multiplies that fraction by 6. The ball must oo
at least 10 yards bevond the Gozl Line for a field goal. )

Double Yardage

Tﬁe Offense may say, double, before taking his 2 bars. The Defense takes 1 card.
If the yardage normelly gained on the play is gregter than 4 yards, the yardage
15 doubled: If it is less than or equal to 4 yards, the (ffense Toses his turn,
As usual, it i35 still possible for the Offense to tose vardzge.

TEIELL 0[]
oHf NOIL JHd
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A. What part of
the body sus-~
tained more
injuries than

any other

o ot f     wwwwwwmh£Ww_“W
;FOOTBALL _i;f// NECK 3.0%
Gl./~ 2

’LEAGUE * ..“* S ?
- | A\ CE/DENTAL 1.4% |
.: 19 74 . N ;..: ‘: M | 0‘\ Sngm[R 8 5% g

B. What percent of

the total was

it?

C. Of the 1,169 - A L OWER BACK 4.3%
injuries how IH“RAX 34%/ ‘\.. ,MLBBWS 15%
A 31 > /a WRIST 1.2% |
injuries? - . 8 ™~ |

S T HANDS. FINGERS 5.0% |
CROIN 3.9% K, LOWER LEGS 4.6%

The leg accounted : % )+ [

for what percent of : THIGHS 16.2 \ ARKLES 10.4%

the total NFL injur- ; KNEES 20.0% :}lw/mnmw%

ies in 19747 | VARIOUS 15%

Ts this more or i Sousce S\aﬂimﬁ Research |nsz:iute

fe thie more o OTAL INJURIES CTICES - 1169

Perrriission 1o use granted by Stanford Research Institute

According to this study, of all injuries counted in 1974, 15.4% were reoccurences

of previous injuries. What Z of the total were first time football injuries?

What percent of all injuries occured above the shoulder?

Of the 1,169 injuries how many does this account for?

The survey showed younger players received more injuries than their older teammates
and the eight teams at the top of the league received fewer injuries than the bottom

eight teams. Can you give some reasons for this outcome?
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FLILHT OF
THE OLETH

BADTER FAUE =

In most classes a number of
students know how to make paper
airplanes. They are usually
ready to test their planes in a

contest,

The CGreat International Paper Alrplane Book by Jerry Mander, George Dipple and

Howard Gossage offers many designs for paper ailrplanes for those students who do not

have favorite designs.

Contests can be held to measure the distance flown or the duration of the flight.

Flights can be scored by assigning one hundred points to the best performance in
any category and the remaining flights scored on what percer+ they are of the best

performance.

For example if the longest flight is 22,0 metres, it would score 100 points. A
flight of 16 metres would be scored as follows:

%% x 100 = 727 x 100 = 72.7 or about 73 points

For an activity simulating a decathlon and using paper airplanes, see (lassroom

Pecathlon,
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To determine the score in shuffleboard find the sum of all pucks \\

completely contained in a region. Any puck that is touching a line

does not score. l_ L

1. A. 1Is it possible to score exactly 40 points with five pucks?

If so, where does each puck lie? g 8 8

B. 1s it possible to score exactly 40 points with four pucks?

If so, where does each puck lie?

C. 1Is it possible to score exactly 40 points with three pucks?

If so, how?

2. What is the greatest total you can score using four pucks?
What is the smallest positive total you can score

with four pucks?

3. What would be the total for each of the following?

SCORE

/@ 00rF |\

4, Indicate for each of the scores 10 through 20 which are possible

to score with four pucks and which are impossible. For those

that are possible give the individual puck placement.

10 - 1 on the 10 14 = ool 18 — ‘ol
11 = Femee L d ) ein 15 - T B S B 19 - foponsihis
12 o Fes 6 eln 16 = oAl 20 -

13 - oS 17 - HELT T e
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VatlGrlo

Vet Moyer in the way

Sullivan slates bi

ke

for boxing’s bigtime

By NEIL CAWOOD
Of the Register-Guard

The curtain goes up on Eu-
gene's biggest fight card in 10
years tonight when Evergreen
Sports Inc. unveils a five-fight
program featuring middie-
weights Denny Moyer and
John 1. Suliivan at the Lane
County Fairgrounds’ indcor
arena.

A crowd of approximately
2,000 is expected to watch Sul-
livan’s break-through into box-
ing’s bigtime.

Sullivan, winner in all of his
2¢ professional bouts, will be
testing his skills against one of
the best and most experienced
in the middleweight division.

Suilivan’s progress has been
observed first-hand in Eugene,
from the time he fought his
second fight on March 17,
1971, through the time he
fought No. 18 this past Febru-
ary.

A VICTORY against the sea-
soned 33-year-old Moyer, win-
ner of 105 out of 137 ring
battles, would put Sullivan in
line for ranking in the top 10
of either the middleweight
(160-pound limit} or junior
middle-weight (154) divisions.

“Sure,” agreed Sullivan, “a
win here should give me a big
jump internationally. I'm un-
known' internationally and ac-
tually it’s just the West Coast
where I'm known,”

“It would be a big boost and
that’s what it’'s »lf about —
just keep climbing those
stairs.”

Sullivan will not only be
giving up 14 years of experi-
ence but he’ll be going into
tonight’s main event about
three pounds lighter than Moy-
er.
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John L. Sullivan
26

157 pounds

5! 8,!

68]/2:’

383/8”

393847

Moyer

Age 33
Weight 160 pounds
Height 5" 8la"
Reach 6914
Chest (Normal) 39"
Chest (Expanded) 4014
Biceps 14
Forearm 1154”
Wrist 7'
Fist 13"
Waist 30L4>
Thigh 2014
Calf 144"
Ankle 874"

(

Newspapers and maga— ‘
zines can provide the
bagis for # mathematics
and sports activity.
Students could collect
articles, write ques-
tions about the arti-
cles and pass them
around the class,

For the article to
the left, comparisons
"sta-

of the two men's

tistics" could be made.

a) Who is heavierx?
b) Whose measurements
are-—on the

average-—greater? (

¢) ow important are
the physical
aspects versus
record of wins, or

age?

d) How many inches
does each man's
chest increase by

when expanded?

A more involved pro-
ject would be to com-

pare two football or

basketball teams. Use
their weights,

heights, ages or :
records to predict a (

winner.
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Famous Dlaclk American

Though only five feet five inches tali, this boxer is the only fighter in the history of
boxing to have held three world titles at the same time - the featherweight, welterweight, and
lightweight titles. In 1954 he was elected to Boxing's Hall of Fame.

5382 7,488 53572 16,037 16,432

22,904 16,037 45,828 28576 32,760 16,037 39,690 53,572 243843

Complete the probiems below. Use the code lettersabove
each probiem to find the name of the famous person.

A B. . E. £ G.
4 09 7 08 30 4 2 0 8 2 0 8 306 5 0 7
x b 6 x 7 8 x 4 9 x 3 7 X 3 6 x 8 7 x 4 0
H. i J. L. M N 0.
207 7 065 6 0 2 9 0 8 6 0 3 g 0 8 4 0 8
X 2 6 x 9 8 X 8 7 x 8 9 x 7 6 x b 9 Xx 9 8
R Y T. U W Y
70 4 2 03 3014 5 0 4 6 0 9 20686 208
x 6 7 x 79 x 9 4 x 6 5 x 3 8 Xx 2 9 x 79

SOURCE: Famous Black Americans Number Puzzles, Book B
Parmission to use granted by Creative Teaching Associates 425



426

FAMOUS HATHLETES PUZILE

Born in 1927 in the town of Silver, South Carolina, this person showed an interest in all sports.
She developed into an outstanding tennis player and in 1957 became the first Black American woman

to win the United States National Singles Championship. She also won the Wimbledon Women's

Singles Championship. She won both titles again in 1958 and then retired from amateur tennis. In

1957 she became the first Black woman to be voted the Athlete of the Year. After retiring from

tennis she became a golf professional and a night club singer.

8:09 11:.01 9:09 11:06 11:00 8:09

A B c D
4:2 7 8:3 6 9:1 7 2:5

+ 3:4 2 + 2:3 7 + 1:4 8 + 6:2 1
F G H |
5:2 4 8:0 5 3:2 7 6:5 5

+ 6:4 7 + 2:5 8 + 7:3 9 v 4:1 7
K L M N
4:4 3 8:3 6 10:2 8 2:2 1

+ 5:3 8 + 2:2 5 + 4 7 + 6:4 9O

P R S T

1 1:3 8 4:4 1 7:4 9 5:5 1
+ :3 6 + 65:4 5 + 3:4 6 + 3:1 8

SOQURCE: Famous Athletes Number Puzzles, Book A

Permission to use granted by Creative Teaching Associates

o

1 b

11:03 11:12 11:13 11:35 12:12 ©:10

W~

-k
ra

o

—

W w
W w

oN

W w

TN




BACK. COURT

IDEA FROM:  Math in Sports, CILAMP

Permission to use granted by Central lowa Low-Achiever Mathematics Project

The diagram to the left

is a scale drawing of a

tennis court using a

scale of 1 cm:l m.

BACK COURT 1)
2)
RIGHT LEFT
SERVICE SERVICE
COURT COURT
A
L
L.
£
Y
O O
A
L 3)
L
£
'
LEFT RIGHT
SERVICE SERVICE
COURT COURT
4)

Find the length,

width, perimeter and
area of a back court.
length
width

perimeter

area

find the length,
width, perimeter and
area of a service
court,

length

width

perimeter

area D, rd o

Find the length,
width, perimeter and
area of an alley,
length

width

petimeter - ¢

area

Use the information
in exercises 1, 2 and
3 to find the length,
width, perimeter and
area of the entire
tennis court.

length
width
perimeter

area
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Have a student bring a 5 or 10 speed bicycle to class. Turn the bike upside down so
that the gears can be shifted. Put a piece of tape on the rear wheel of the bicycle.
Have the students count the teeth in E

each gear and record in Table 1, (The
number is not standard, The f£ront gears
vary from 52 to 39 teeth and the rear
gears from 34 to 14.)

Write the gear ratios and simplify,
Record in Table 2.

The following activities are suggested

2 activities —TABLE 2
for student investigation: TABLE 1 : . =
1. Select a simple Number Gear Qr?a:‘w?bgi Smnphfle.
gear ratio, for example Gear of Teet Ratio of teeth [Teeth Ratio
13 to 4, and set the
gears to correspond. X Xto A
C?ecl; the gear ratio by Y Xtob
slowly turning the
pedals, The pedals A XtoC
should turn four times B Y4to D
and the wheel thirteen.

(Hold the rear tire < Xto E
lightly to aid in D Yt+o A
counting the turns of

the wheel.) Check E Yto B
Eome other geag iatigs Yio C
v counting pedal an

rear wheel turns, Yio D

Yto £ 1

2. B8elect a back gear and use the small front gear. Turn the pedals slowly and
shift to the large front gear. Continue turning the pedals at the same rate. What
.change do you notice in the back wheel? Can you explain? What are the corresponding
gear ratios?

3. Move the gearshifts so the chain is on the smallest back and front gears. Turn
the pedals at a constant rate. Shift only the back gear so that the chain travels
from the smallest to the largest gear wheel. What change occutrs in the back wheel?
Can you explain? What are the corresponding gear ratios?

4. If the pedals were turned at a constant rate, which ratio would cause the back
wheel to turn the fastest? Order the simplified gear ratios from largest to smallest.
Students could use a calculator to change each ratio to a decimal and then order the
decimals,

5. 1In riding the bicycle, which gear setting is the easiest to pedal? the most
difficult? Experiment on the playground. Which gear setting allows you to travel
the farthest for one turn of the pedal? Devise a method for checking your prediction.

6. In a cross—country bicycle race which gear setting would be best for going up a
steep hill?

7. 1In a cross—country bicycle race which gear setting would be best for the sprint to
the finish line?
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in 1973,

.
2)

3

4)

a.
b.
c.

a.,
b.
C.

a)
b)
c)
d)

What
What
What

What
What
What

WEATHER. AVD
WATER @VD)TONS

The table below gives the number of boating aceidents reported to the ¥.S5. Coast Guard
Use the table to answer these (uestions.

percent of
percent of
percent of

percent of
percent of
percent of

the
the
the

the
the
the

the water was calm?
the weather was clear?
the wind was light?
the visibility was good?

accidents occcurred in non-tidal waters?
fatalities occurred in non—-tidal waters?
injuries occurred in non-tidal waters?

accidents occurred when visibility was poor?
fatalities occurred when visibility was poor?
injuries occurred when visibility was poor?

What percent of the accidents occurred when

These statistics seem to imply that the worst time to go boating is when the water
is calm, the weather is clear, the wind is light and the visibility is good. What

do you think?

WEATHER AND WATER CONDITIONS
a i

h 5 i
1973 | =223 | 2 E
pdz = Z
 TOTALS 6738 1754 ] 1599
- Oceans ar Gulf of Mexico 408 142 71
o Great Lakes 306 7% 83
- Tidal waters 1764 249 330
x Non-tidal waters 4260 1280 | 1115
" Calm 3778 6321 1061
«Z Choppy 1375 248 315
= Rough 625 223 114
za Very rough 319 141 39
S Strong current 2772 126 42
Unknown 169 R4 28
Ciear 5183 961 § 1333
N Cloudy 668 236 140
w Fog 92 38 25
E Rain 237 70 38
g Snow 19 8 3
Kazy 146 21 23
Unknown 393 420 37
None 1511 365 375
l.ight 2692 477 810
o Moderate 1342 253 277
T Strong 579 181 78
Storm 180 46 23
Unknown 424 432 36
r Good 5201 990 [ 1290
I Fair 649 207 146
@ Paor 468 132 128
g Unknown 420 425 34

Chart from Boating Statistics 1973, United States Coast Guard
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Use the chart to answer these questions. Note that the attendance figures are
given in units of 1000 people. So, 17,659 means 17,639 x 1000 or 17,659,000.

a) Which year shows the fewest number of professional boxers?

b) Did more people attend college or professional football games?

¢) In 1973 how many people attended major league baseball games?
college football games? Py

d) Did attendance always increase Iin baseball games? S basketball?
football? L
e) Which attendance records more than doubled between 1960 and 19737 Drsastbadl

f) Baseball attendance showed what perceant of 1ncrease/between 1950 and 19737
basketball? <y professional football?

&) Basebail s attendance of about 30 million is what percent of the U.S5. population of
210 million? i

h) Basketball's attendance of about 7 million is what fractional part of the U.S. popu-
lation of 210 million? _} what percent? G i

i) FEstimate basketball's attendance for 1974. . ahiiy desy than 7 ULG

j} Make a graph to show the uise in attendance for baseball, basketball and college
football for the vears 1950 to 1973,

RECREATION
.Selected Recreational Activities: 1950 to 1873

Activity Unit 1950 1966 1965 1870 1971 1972 1973
Baseball, major leagues:
Attendance 1,000 17,658 20,261 22,8086 29,000 29,544 27,330 3G,467
Regular season 1,000 17,463 19,911 22,442 28,747 29,193 26,967 30,109
National league 1,000 8,321 19,685 13,581 16,662 17,324 15,529 16,675
American league 1,006 9,142 9,227 8,861 12,085 11,869 11,438 13,434
World series 1,000 196 350 364 253 351 363 358
Basketball, professional, attendance:
Naticonal Basketball Assoc. 1,000 - 1,986 2,750 5,147 6,195 6,634 6,834
American Basketball Assoc.:
Regular season 1,000 — —— - 1753 2,230 2,437 2,400
Playoffs 1,006 - —— - 213 289 360 _ 364
Poothall:

College, National Collegiate
Athletic Association:

Teams Number 674 620 616 617 618 620 630
Attendance 1,000 18,962 20,403 24,683 29,466 30,455 30,829 31,283
Professional, Nat'l Football League:

Attendance 1,000 2,115 4,153 6,546 9,991 19,3560 145,929 11,257
Regular season 1,000 1,978 4,054 6,416 9,533 10,076 10,446 10,731
Championship games 1,000 137 99 130 458 484 483 526

Boxing, professional matches:
Boxerxs Number 3,940 2,920 2,202 5,071 5,783 6,136 7,384
Receipts, gross $1,000 3,800 5,902 8,264 10,642 16,237 11,847 12,634
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INHLUZ INL
HLTIVITIES

Charts or tables enable a person to find facts rapidly because the information is

well-organized and kept as brief as pogsible. Use the information in these charts to
answer these questions.

PARTICIPATION IN SELECTED OUTDOOR RECEEATION ACTIvITIES: 1972 a) What is the most popular
activity? D e e dpen
Participants
ACTIVITY Participanis | as percentage b ) The second most pop ular?
¢millions) of total
. population 1 Pt ot U nleame
77 & ]
s u ¢) What fraction of the U.S. popu-
%ﬁ 2% lation uses picnicking as an
. o .
Hiking with a pack, mountainfroci: eﬁmbmg, 8.6 1? activity? i fishing
Nature walks.. - wy u as an activity? a
16.7 10
z: 2 d) Do more people camp in camp-
4.1 3 grounds or wilderness areas?
Other bosting,..._..__... - 23.3 15
Qutdoor peet swimming.. . 28.5 18 e e oo
Other swimming outdoors, 53.8 a4
gg}i ...................... e ! 8 a) Do more people hunt or fish?
Playing3{115?6&5&6};1:&_&35?3'65—s'ﬁor_fs' 35.0 22 i snow ski or water
Going to outdoor sports events. ... 18,6 12 ski? . .
Visiiing zoos, falrs, amusement parks. 38.7 2 SR ey mied
%il"hgsiesing ........................... 60 2 fg
Drtving o8 ploneure. e 4 £) What fraction of the population
Snow skilng... 7.2 5 ?
Snowmob%l?ng 7 5 blcycles
Other winter sport, 248 16

g) Do twice as many people bicycle

Data from United States Statistical Abstract, 1974, as play golf?

h) Are golf, tennis and fishing all
equally popular?

No. 344. Fisumne anp HuxTing LicENses—Numser anp Cost: 1950 o 1972

[For years ending June 30. Prior to 1680, fishing and hunting licenses exclude Alaska and Tawell. Seoalso Hintoriet @)  Why would there probably
Statistics, Colonial Times to 1957, series I 523-524)

1 be an increase during
ITEM 1950 1955 1960 1965 i968 1969 1970 o7l 1972 19 6 0 ?

Fishinglicensesy:Salest _milllons_.} 158} 18.¢] 233} 2507 988 20.9| B8L1; 324 33.9 }
Restdent,,.ocomunaee mijlions..] 13.8 18.2 0.2 216 24,9 257 28. 8 7.8 3.2 G RTARCES:
Nonresidenb_ _..___ millions.. 2.0 2.6 3.1 3.4 3.9 4.2 4.3 4.6 4.8

Cost to anglers_..____. mil. dol.. 34 40 52 08 80 88 2] 109 107 b) During all the years 9
HuntingJicenves: Salesl.miillons..| 128 4.2 18,4 19.4 2.9 21,6 22.2 22,9 @22 . .
Resident...ovvunuann millons. . 12,4 13.9 17.8 18.5 18. 8 20.8 3.0 2.6 2.8 N AR ot
o Néngregldent ........ m:l;iczln?‘ . 3% .3 .6 .9 9 1.8 iog iog iog
054 1o hunters. ... mii. dol. 43 61 75 89 96 : I
Federa! duch stamps sold. . L,000..] 1,955 | 2,185 f %620 | 1,566 1,934 1,839 | 2,072 | 2,420 2442 C ) Were more fishing or
11 1d
! Prior fo 1960, paid lcense holders; for definition, see fostnote 1, tablo 346. hunting 1cenS§S S0
Source: 1.8, Fish ang Wildlife Servico, Federal Aid in Fish and Wildlife Restoration, annusal, and unpublished data, over the years:

Data from United States Statistical Abstract, 1974,

d) Sales in 1970 rose what percent over the 1950 sales for fishing?

e) Sales in 1972 rose what percent over 19507

f) Which sport doubled in number of licenses sold using the years 1950 and 19727

g) The sales for both sports from 1950 to 1972 represent what percent of increase?

h) The cost of fishing licenses rose from approximately $2 to 5 . The cost of
hunting rose from $3 to o e
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at bat. In baseball the number of

times a player is up to bat, except
no time at bat is recorded when the
player (1) hits a sacrifice bunt or
sacrifice flv, (2) is awarded first
base on four balls, (3) is hit by a
pitched ball, or (4) is awarded first
base because of interference or ob-
struction,

base hit, 1In baseball when a batter
safely reaches first base on a fair
ball. A base hit is pot recorded
when the batter safely reaches first
base because of a fielding error or
because the other team tried to put
out another base runner.

batting average. In baseball a deci-
mal number for each batter found by
dividing the number of base hits by
the number of times at bat.

bowling ball, Ball that weighs be-
tween 10 and 16 pounds; used to
knoek down pins.

bowling pins.  Ten wooden objects in
a triangular arrangement that you
try to kanock down.

ealorie. 1. One calorie is the
amount of heat needed to raise the
temperature of 1 gram of water by
one Celsius degree {(also called
amall ealorie). Symbol: cal
2. (usually spelled with a capital
C) 1000 calories. {also called
large calorte). Symbol: keal; Cal

dash. In track a short running event,
1. 100-yard dash (tc be replaced by
the 100wmetre dash)., 2. 220-vard
dash: 5 of a mile (to be replaced
by the 200zmetre dash). 3. 440-
vard dash; = of a mile (to be re-

placed by the 400-metre dash).

decathlon. A track competition con~
sisting of 10 events: 100-metre
dash, long jump, shot put, high jump,
400~metre dash, 110-metre hurdles,
discus, pole vault, javelin, and
1500-metre run.

digcus.
mass of 2 kilograms (about 4.4 pounds)
throvn in a track meet. The digcus
for women has a mass of 1 kilogram
{about 2.2 pounds).

A disc~shaped object with a

21ror. In baseball when a player
fumbles a ball or makes a wild throw
that allows a runner to advance one
or more bases.

gear ratio.,  Comparison of the number
of teeth on a front gear to the num-
ber of teeth on a back gear of a
bicycle.

home run distance. The distance from
home plate to the outfield fence.
This varies from stadium to stadium
and waries within a stadium if the
playing field is irregular in shape.

tnfield.  The general area of a baseball
field enclosed by the three bases and
home plate, and within a 95-foot radius
of the pitching rubber.

Javelin. A spear-like object 260
centimetres long with a mass of 800
grams thrown in a track meet. The
javelin for women has a mass of 600
grams.,

mean (arithmetic). The value found by
adding all the numerical items of a
group and dividing by the number of
items in the group. Often called the
average,

median.  In a group of numbers arranged
in order the number that is in the
middle.

mode . The anumber that occurs most
often in a group of numbers,

muscle fatigue,  When muscles get
tired from doing work.

Olympile games.  An international com-
petition held every 4 years.

atb-oly
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SPORTS GLOSSARY

open frame, In bowling a frame where
some pins are still standing after
2 rolls of a bowling ball.

outfield. The part of a baseball
field in fair territory that is not
the infield.

penthalon. An athletic competition con-
sisting of 5 events: 300-metre free-
style swim, 4000-metre cross—country
run, 5000-metre 30-jump equestrian
steeple chase, épée fencing and target
shooting at 25 metres.

pulse.  Number of heartbeats per minute.

rangea. The difference between the

highest and lowest wvalues in a group
of numbers.

rUR. In track a lo g running event,
1. 880 yard rumg “~of a mile (to be
replaced by the aumetre run). 2.
Mile run (to be replaced by the 1500~
metre run)., 3. 3-mile run (to be
replaced by the 5000-metre run).

sacrifice. 1. bunt—-with less than
two outs, the batter advances one or
more base runners with a bunt and is
put out at first base., 2. fly--with
less than two outs, the batter hits
a fly ball that is caught and a base
runner scores afrer the catch.

shot put. In track a heavy metal
ball (7.3 kilograms in college)
thrown in a track meet, The shot
put for women has a mass of 4 kilo-
grams,

slugging percentage. In baseball a
decimal number for each batter
found by dividing the number of
times at bat into the total bases
of all safe hits.

spare. A frame in which all ten pins
are knocked down with 2 rolls of a
bowling ball.

ope-wor

stagger. 1. 1 turn--the headstart
distance given to runners in a track
meet where runners must stay in
their respective lanes for one curve
of the track. 2. 2 turn——the head-
start distance given to runners in a
track meet where runners must stay
in their respective lanes for two
curves of the track.

strike. 1. A frame din which all ten
pins are knocked down with 1 roll of
a bowling ball., 2. When a batter
swings and misses a pitched ball in
baseball or softball. 3. When a
pitched ball is in the strike zone
and a batter does not swing at it.
4. A foul ball when the batter has
less than two strikes.

world record. In track the fastest

time or farthest distance officially

recorded in the world for an event.

2
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ANNOTATED BIBLTOCRAPHY

The following is a ligt of sources used in the develcpment of this resource.
It is not a comprehensive listing of materials available. In some cases, good

sources have not been included simply because the project did not receive permission

to use the publisher's materials or a fee requirement prohibited its use by the
project.

ACTIVITIES IN MATHEMATICS, Second Course. Johngon, Donovan A; Hansen, Viggo P.;
Peterson, Wayne H.; Rudnick, Jesse; Cleveland, Ray; and Bolster, L. Carey.
Glenview, Illinois: 8cott, Foresman and Company, 1973. {(Scott, Foresman
and Company, 1200 East Lake Ave., Chicago, IL 60025)

384 pp; cloth; textbook; b/w

This book is an elementary text in which many of the con-
cepts are developed through use of manipulatives and activities.

ACTIVITIES IN MATHEMATICS, Second Course. Johnson, Donovan A.; Hansen, Viggo P.;
Peterson, Wayne H.; Rudnick, Jesse A.; Cleveland, Ray; and Bolster, L. Carey.
Glenview, Illinois: Scott, Foresman, and Company, 1973. (Scott, Foresman
and Company, 1900 East Lake Ave., Glenview, IL 60025)

432 pp; c¢loth; teachex's guide; color

A collection of 85 student activities covering four topics:
graphs, statistics, proportions and geometry are contained in
this book. Fach of the four sections can be purchased sep-
arately in paperback format for student use.

ALL AROUND YOU. Bureau of Land Management. Washington, D.C.: U.S5. Government
Printing Office, 1971. (U.S. Government Printing Office, Div. of Public
Documents, Washington, D.C. 20402)

126 pp; paper; workbook

This collection of student worksheets and teacher's pages is
oriented toward middle schoel envirommental education and contains
a few activities which could lead to mathematical work.

THE AMBIDEXTROUS UNIVERSE. Gardner, Martin. New ¥York: Basic Books, Inc., 1964.
(Basic Books, Inc., 10 E. 53rd s8t., New York, NY 10022)
cloth; teacher reference; b/w

This book is full of light and humorous stories which rely
heavily upon an understanding of science for explanation.
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BIELIOGRAPHY MATHEMATICS IN SCIENCE AND SOCIETY

ARITHMETICAL EXCURSIONS: AN ENRICHMENT OF ELEMENTARY MATH. Bowers, Henry and
Bowers, Joan E. New York: Dover Publications, Inc., 1961. (Dover Publications,
Inc., 180 Varick St., New York, NY 10014}

320 pp; paper; b/w; teacher reference

This is a book of enrichment topics in mathematics ranging from
counting through the arithmetic operations to figurate, perfect and
amicable numbers and then on to mysteries and feolklore of numbers.
Exercises and answers are provided for each of the 27 topics.

ASK ANDY. Los Angeles: Los Angeles Times Syndicate

ASK ANDY is & syndicated column in newspapers. Children
submit science~related gquestions. Andy then responds in
non~technical language. PBach child he responds to is sent
a 20-volume encyclopedia.

"The basis of music-—-mathematics.Y Lawllis, Frank. THE MATHEMATICS TEACHER, Vol. L%,
No. 6 (Octcober, 1967), pp. 593-596,

This is an easy-to-read discussion of how mathematics has been
applied to rhythm, harmony and melody. This article provided the
ideas for "Cube Compogitions."

BETTER ENVIRONMENT BQOKLETS. Soll Conservation Society of America. (8o0il Conserva-~
tion Society of America, 7515 N.E. Ankeny Rd4., Ankeny, IA 50021) (

16 pp. each; paper; student reference

This series of comic books have environmental themes, with
occasional numerical data which could be the basis for mathema-
tical questions. Titles are "Working Together for a Livable
Land” {(1970); "Making a Home for Wildlife on the Land", "The
Story of Land"; "Plants, How They Improve Our Environment®;
"Help Keep Our Land Beautiful™; "The Wonder of Water" (all
19871): and "Food and the Land" (1972).

THE BICYCLE VS. THE ENERGY CRISIS. 'Washington, D.C.: U.S. Environmental Protection
Agency, 1974. (U.S. Envirommental Protection Agency, 401 M St., S.W., Washington
D.C. 20460)

This pamphlet describes the advantages of bicycling in terms

of its contribution to energy conservation.

BOATING STATISTICS 1973. Washington, D.C.: U.S8. Department of Transportation,
1974, (U.8. Department of Transportation, 400 Seventh St., S.W., Washington
D.C. 20590}

44 pp; papex; teacher reference; b/w

This is a compilation of statistics about beating and boating
accidents for 1973.
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BUTLD-IT-YOQURSELF SCIENCE LABORATORY. BRarrett, Raymond. Garden City, New York:
Doubleday & Company, Inc., 1963. (boubleday and Company, Inc., 245 Park
Ave., New York, NY 10017}

340 pp; cloth; teacher reference; b/w

This book contains a collection of science activities which
can be set up and performed using homemade, Iinexpensive eguipment.

CHARTING THE UNIVERSE, Book 1. {(The University of Illinois Astronomy Program
Series) Elementary-School Science Project. Co-Directed by Atkin, Myron J. and
Wyatt, Stanley P. Jr. New York: Harper and Row, Publishers, 1969. (Harper
and Row Publishers, 10 E. 53rd st., New York, NY 10022)

87 pp: paper; textbhook

The University of I¥llinois Program is a series of six books that
introduces astronomy to upper elementary and junior high students.
The majfor concepts in each book are explored through numerous student
activities as well as through the development of models that
explain astronomical phenomena. The series is an excellent resource
for applications of mathematics to astronomy.

CHARTING THE UNIVERSE, Book 1, Guidebook. (The University of Illinois Astronomy
Program Series) Elementary-School Science Project. Co-Directed by Atkin,
Myron J. and Wyatt, Stanley P. Jr. New York: Harper and Row, Publishers, 1269.
(Harper and Row Publishers, 10 E. 53rd St., New York, NY 10022)

72 pp; paper; teacher's guide

The University of Illinois Program is a series of six books that
introduces astronomy to upper elementary and junior high students.
The major concepts in each book are explored through numerots stu-
dent activities as well as through the development of models that ex-
plain astronomical phenomena. The series is an excellent resource
for applications of mathematics to astronomy.

CHILDREN AND ANCESTORS, Action Biology Series. Weinberg, Stanley L. and Stoltze,
Herbert J. Boston: Allyn and Bacon, Inc., 1974, (Allyn and Bacon, Inc.,
470 Atlantic Ave., Boston, MA 02210)

64 pp; paper; workbook; color; medium reading level
This workbook contains fifteen activity-oriented lessons

dealing with topics on genetics.

CLEAN AJR AND YOUR CAR, Washington, D.C.: U.S. Environmental Protection Agency,
n.d. {(United States Environmental Protection Agency, Office of Public Affairs,
Washington, D.C. 20460)
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FROM HERE, WHERE? A Sourcebook in Space Oriented Mathematics for Secondary Levels.
Washington, D.C.: Superintendent of Documents, U.8. Government Printing Office,

1965, (U.S. Government Printing Office, Div. of Public Documents, Washington,
D.C. 20402)

192 pp; paper; student reference; high reading level

This is a collection of applications of mathematics in space
science that is designed to supplement the material usually studied
in secondary school mathematics.

FUNDAMENTAL ASTRONOMY: SOLAR SYSTEM AND BEYOND. Cole, Franklyn W. New York:

John Wiley and Sons, 1974. (John Wiley and Sons, Inc., %05 Third Ave.,
New York, NY 10016)

476 pp; cloth; texthook

The book is a text for a beginning college level course in
astronomy that will provide adequate information for those desiring
a knowledge of fundamental astronomy.

A GALAXY OF GAMES FOR THE MUSIC CLASS. Athey, Margaret and Hotchkiss, Gwen. West

Nyack, New York: Parker Publishing Company, Inc., 1975. (Prentice-Ball, Inc.,
Englewood Cliffs, NJ 07632)

215 pp; cloth; game book

This book contains a collection of 241 games and teacher aids
for teaching rhythmic response, melody writing, music notation
and ear training. Fach game is rated E-8.

GENETIC CONTINUITY. Glass, Bentley. Biological Sciences Curriculum Study.
Lexington, Massachusetts: D.C. Heath and Company, 1968. (D.C. Heath and
Company, 125 Spring St., Lexington, MA 02173)

154 pp; paper; workbook; b/w; high reading level

This is a workbook designed to allow students to discover various
ideas dealing with genetics and inherited traits.

GEOMETRY IN MODULES, Book B. Lange, Muxiel. Menlo Park, California: Addison-
Wesley Publishing Company, Inc., 1975, pp. 103-110. (Addison-Weslev Publishing
Company, Inc., 2725 Sand Hill Rd., Menloc Park, CA 94025)

124 pp; paper; textbook; b/w; medium reading level

These pages contain ideas on how changes in linear dimensions
affect changes in surface area and volume.
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GIANT GOLDEN BOUOK OF MATHEMATICS-Exploring the World of Numbers and Space. Adler,
Irving. ©New York: Golden Press, Inc., 1958, 1960. (Western Publishing, Inc
1220 Mound Ave., Racine, WI 53404)

56 pp; cloth; student reference; color
Designed to interest young people, this is a book of mathematical

ideas.

THE GOLDEN MEASURE. {Reprint Series) Schaaf, William L., Ed. Palo Alte: School
Mathematics Study Group, 1967. (Distributed by A.C. Vroman, Inc., 2085 E,
Foothill Blwd., Pasadena, CA 91109)

46 pp; paper; teacher reference; b/w
This teacher reference book reprints several articles dealing

with. the golden ratio and itsg occurrence Iin nature, art, and geometry.

GREAT CURRENTS OF MATHEMATICAL THOUGHT, Volume II: MATHEMATICS IN THE ARTS AND
SCIENCES. "Mathematics and music." Edited by LelLionnais, F. New York:
Dover Publications, Inc., 1971, pp. 189~-196. (Dover Publications, Inc.,
180 varick St., New York, NV 10014)

teacher reference

A discussion of the mathematical bagis of musical scales and the
various number relations in music are given here.

*r

GROVE'S DICTIONARY OF MUSIC AND MUSICIANS, Volumes I-X. Blom, Eric, ed. Wew York:

Macmillan and Company, LTD, 1954.
cloth; teacher reference
These ten large volumes copntain an extensive coverage of musical

terms, composers, compositions, style and history.

GUINNESS BCOOK OF WORLD RECORDS. McWhirter, Norris and McWhirter, Ross. New York:
Sterling Publishing Co., Inc., 1975, (Sterling Publishing Company, Inc..
419 Park Ave. South, New York, NY 100Cl6&)

688 pp: cloth; student reference; b/w; medium reading level
HARVARD DICTIONARY OF MUSIC. Apel, Willi., Cambridge, Massachusetts: Harvard

University Press, 1966. (Harvard University Press, 79 Garden St., Cambridge,
Ma 02138)

cloth; teacher reference

This is a one-volume dictionary which includes history, background
and use of musical terms.
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ENERGY CRISES IN PERSPECTIVE. Fisher, John. New York: Jchn Wiley and Sons, Inc'.,
1974. (John Wiley and Scns, Inc., 605 Third Ave., New York, NY 10016)

196 pp; cloth; teacher reference; b/w

This book contains many tables and graphs about energy use and
gsources.

ENERGY PRIMER. Menlo Park, California: Portola Institute, 1974. (The 1967 edition
has been published by Dell Books, Dell Publishing Company, Inc., 1 Dag Hammar-
skjold Plaza, 245 E. 47th St., New York, NY 10017)

200 pp; paper; teacher reference

This book gives a survey of small-scale energy production by solar,
water, wind and biofuels. It also reviews several books.

ENVIRONMENTAL EDUCATION IN THE ELEMENTARY SCHOOL. Sale, Larry and Lee, Ernest.
New York: Holt, Rinehart and Winston, Publishers, 1972. (#Holt, Rinehart
and Winston, Publishers, 383 Madison Ave., New York, NY 10017)

203 pp; paper; teacher reference

This book provides teacher background and some ideas for environ-
mental education in the classroom. The activities are not described
with mathematics in mind, but there are lots of numerical data which
might suggest ideas.

ENVIRONMENTAL SCIENCE, PROBING THE NATURAL WORLD, LEVEL IIT. Intermediate Science
Curriculum Study. Morristown, New Jersey: Silver Burdett General Learning
Corporation, 1972. {8Silver Burdett General Learning Corporation, 2350 James
5t., Morristown, NJ 07960Q)

146 pp; textbook; color
This is an excellent collecticon of environmental activities,

with many mathematics-related guestions built in.

ESSENCE I (revised). Menlo Park, California: Addison-Wesley Publishing Company,
Inc., 1971. (Addison-Wesley Publishing Company, Inc., 2725 Sand Hill Rd.,
Menlo Park, CA 94025)

activity cards; teacher's guide; b/w

This series of "transdisciplinary," "open,” student-centered
activities are designed to build an atmosphere of trust. Some
involve applications of mathematics,
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FAMOUS ATHLETES NUMBER PUZZLES. Silvani, Harold. Fresno, California: Creative
Teaching Associates, 1974. (Creative Teaching Associlates, P.0. Box 7714,
Fresno, CA 93727)

48 pp; paper; puzzle book; b/w; low reading level

This is a book which provides drill in addition, subtraction,
multiplication, and division of whole numbers and fractions, and
also includes addition and subtraction of time and changing frac-
tions to decimals and percents. A format of puzzles with "Famous
Athletes" as answers 1s used.

FAMOUS BLACK AMERICANS NUMBER PUZZLES. FEcklund, Larry. Fresno, California: Creative
Teaching Associates, 1975. (Creative Teaching Associates, P.0O. Box 7714, Fresno,
Ch 23727)
56 pp; paper; puzzle book; b/w

This is the second of two books covering basic skills in addition,
subtraction, multiplication, and division using a format of puzzles
with "Pamous Black Americans" as answers.

FIBONACCI AND LUCAS NUMBERS. Hoggatt, Verner E., Jr. Boston: Houghton Mifflin
Company, 19692. (Houghton Mifflin Company, 1 Beacon $t., Bosten, MA 02108)

92 pp; paper; teacher reference; b/w

The book offers an introduction to some of the properties of
Fibonaccli and Lucas numbers.

FRACTION BARS. Bennett, aAlbert B. Jr. and Davidson, Patricia 8. Fort Collins,
Coloradeo: Scott Resources, Inc., 1973. (Scott Resources, Inc., P,.0. Rox
2121, Fort Collins, CO 80522)

activity kit

This kit contains a program of games, activities, manipulative
materials, objectives, workbooks, and tests for teaching fractions.
A model for fractions with denominators of 2, 3, 4, 6 and 12 is used
throughout this very excellent kit.

FRACTION FACTORY. Minneapolis, Minnesota: The Math Group, Inc., 1973. (The
Math Group, 396 Bast 79th St., Minneapolis, MN 55420}
21 activity cards; b/w

Twenty~one cards presenting situations where fractions are needed for
solution of a problem make up this set.
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"Computer analysis of musie forms." Ladner, Robert Jr. MUSIC JOURNAL, Vol. 26
{Cctober, 1968), pp. 33, 58.

A short discussion of the practicality of analyzing music
via computer in order to determine who the composer was is given
here.

"Computer music." Hiller, Lejarxen A. Jr. SCIENTIFIC AMERICAN, Vol. 201 (December,
1959), pp. 109-120.

The author of this article asks,"Can computers be used to compose
a symphony?" An affirmative answer is given by explaining what can
and has been done. Fxamples are shown from ILLIAC SUITE FOR STRING
QUARTET which was composed by ILLITAC, the high-speed digital computer
of the University of Illincis.

"Computers and Ffuture music.” Mathews, M.J.; Moore, F.R.; and Rissget, J.C;
SCIENCE, Vol. 183, No. 4122 (January 25, 1974), pp. 263-268.

This is a discussion of computers and music. Groove (generated
real-time operations on voltage-controlled equipment) is discussed
in some detail.

"The concept of unity of electronic music." Stockhausen, Karlheinz. ~PERSPECTIVES
OF NEW MUSIC, Vol. 1 (Fall, 1962), pp. 39-48.

This is a technical article on the author's experimentation
with electronic music.

COSMIC VIEW: THE UNIVERSE IN FORTY JUMPS. Boeke, Keezs. New York: John Day
Company, Inc., 1957. (John Day Company, Inc., 666 Fifth Ave., New York, NY
10019)

"Counterpoint as an equivalence relation." Delman, Morton. THE MATHEMATICS TEACHER,
1X, No. 2 (February, 1967), pp. 137-138.

This is a short article explaining that the use of counterpoint
+18 an egquivalence relation. The article references several jazz
records in which students can hear each player improvising, yet it
all blends together because counterpoint is "transitive.”

DEMONSTRATION EXPERIMENTS IN PHYSICS. Sutton, Richard. New York: McoGraw-Hill Book
Company, 1938. (McGraw-Hill Book Company, 1221 Avenue of the Americas, New
York, NY 10020)

545 pp; cloth; teacher reference; b/w

This is a collection of ideas and demonstrations. Although
it was published in 1938, it's an excellent resource. Its contents
are still usable, and many with a minimum of eguipment.
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DIMENSIONS AND MOTIONS OF THE FARTH . . . MEASURING TIME, SPACE AND MATTER, Teacher
Folio-Investigation 5. (Time, Space and Matter . . . Investigating the Physical
World Series) Secondary School Science Projeect. Princeton, New Jersey: Webster
Division, McGraw-Hill Book Company, 1969. (McGraw-Hill Book Company, 1221 Avenue
of the Americas, New York, NY 10020)

75 pp; paper; teacher's guide; b/w

Included in the measurement activities in the booklet are articles
in which the student measures the clrcumference of the earth and uses
the rotational motion of celestial objects as a basis for our units of
time.

THE DIVINE PROPORTION. Huntley, H.E. New York: Dover Publications, Inc., 1970.
{(Dover Publications, Inc., 180 Varick St., New York, NY 10014)
paper; teacher reference
Music 1s referenced freguently in this collection of interesting

ideas related to the "golden section’ of the Greeks.

DOING THEIR THING, Action Bilology Series. Welnberyg, Stanley L. and Stoltze, Herbert
J. RBoston: Allyn and Bacon, Inc., 1974. {Allyn and Bacon, Inc., 470 Atlantic
Ave., Boston, MA 02210)

64 pp; paper; workbook; color; medium reading level
This is a workbook of fifteen activity-oriented lessons

dealing with the senses and how weg learn.

THE EARTH AND HUMAN AFFATRS. National Academy of Scilences. San Francisco: Canfield
Press, 1972. {(Harper and Row Publishers, 10 E. 53rd St., New York, NY 10022)

ECOLOGY, ENVIRONMENT, AND EDUCATION. 'Tanner, R. Thomas. Lincoln, Nebraska: Profes-~
sional Bducators Publications, 1974. (Professional Educators Publishing, P.O.
Box 80728, Lincoln, NB 68501}

106 pp; paper; teacher reference

This book describes some programs and materials and provides back-
ground on issues in environmental education. It would bhe of most use
to the teacher who wishes to explore environmental education exten-
sively.

THE ELECTRICAL PRODUCTION OF MUSIC. bDouglas, Alan. New York: Philosophical Library,
1957. (Philogophical Library, 14 E. 40th St., ¥New York, NY 10016)

"plectronic Music: its composition and performance.” Moog, Robert A. ELECTRONICS
WORLD, Vol. 77, No. 2 (February, 1967).

THE ENCYCLOPEDIA OF SPORTS. Menke, Frank Grant. South Brunswick: A.S. Barnes,
1975, (A.8. Barnes and Company, Inc., P.0O. Box 421, Cranbury, NJ 08512)

1125 pp; cloth; teacher reference; b/w
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. HORNS, STRINGS AND HARMONY. Benade, Arthur H. New York: Anchor Books, Doubleday-
and Company, Inc., 1960. (Doubleday and Company, Inc., 245 Park Ave., New
York, NY 10017}

paper; teacher reference

This is a book giving a clear and comprehensive account of both
the scientific and the aesthetic nature of misic.

IDEAS AND INVESTIGATIONS IN SCIENCE~BIOLOGY. Wong, Harry K. and Dolmatz, Malvin S.
Englewood Cliffs, New Jergey: Prentice-Hall, Inc., 1971. (Prentice~Hall, Inc.,
Englewood Cliffg, WNJ 07632)

280 pp; cloth; textbook; b/w; medium reading level

Five ideas~—inguiry, evolution, genetics, homeostasis, and
ecology-—are explored using activity--oriented lessons.

INFORMATION PLEASE ALMANAC, ATLAS AND YEARBOOK 1975. Golenpaul, Ann. New York:
Dan Golenpaul Associates, 1974. (Dan Golenpaul Associates, 502 Park Ave.,
New York, NY 10022)

992 pp; paper; teacher reference; b/w

This book is a collection of national and world facts and
events.

IN ORBIT, PROBING THE NATURAL WORLD, Level III. Intermediate Science Curriculum
Study. Co-dirxected by David D. Redfield and William R. Sayder. Morristown,
New .Jersey: Silver Burdett General Learning Corporation, 1972. (Silver
Burdett General Learning Corporation, 250 James St., Morristown, NJ 07960)

111 pp; paper; teacher reference

IN ORBIT is a science unit developed for students ages 11
through 16 that uses a hands-on discovery approach to explore
bhenomena in the solar systen.

INQUIRY INTO BIOLOGICAL SCIENCE, Teacher's Annctated Edition. Jacobson, Willard;
Kleinman, Gladys; Hiack, Paul; Carr, Albert; and Sugarbaker, John. New York:
American Book Company, 1969. (American Book Company, 450 W. 33xrd S5t., New
York, NY 10001)

455 pp; cloth; textbook; color; high reading level

This ig.a biology textbook organized around several concepts
of biology--namely science, the cell, plants and animals, the
human organism, ecology, and continuity and change.

INTERACTION OF MAN & THE BIOSPHERE, Teacher's FEdition. Abraham, Norman; Beidleman,
Richard G.; Moore, John A.; Moores, Michael; and Utley, William J. Interaction
Science Curriculum Project. Chicago: Rand McNally & Company, 1970. (Rand
McNally and Company, P.O. Box 7600, Chicago, IL 60680)

378 pp; paper; textbook; color; high reading level

This is a textbook designed for the study and communication of
ecological principles.
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INVESTIGATING SCHOOL MATHEMATICS, Second Edition. Eicholz, Robert E.; O'Daffer,
Phares G.; and Fleenor, Charles R. Menlo Park, California: Addison-Wesley
Publishing Company, Inc., 1976. (Addison-Wesley Publishing Company, Inc.,
2725 Sand Hill Rd4., Menlo Park, C& 94025)

cloth; textbeok series; color

This is a textbook series for grades 1-6. The books are colorfully
illustrated and include the usual topics in mathematics. A spiral
approach is used for most topics and many thought-provoking extensions
are included.

INVESTIGATING VARIATION, Teacher’s Edition. Intermediate Science Curriculum
Study. Morristown, New Jersey: Silver Burdett General Learning Corporation,
1972, (8ilver Burdett General Learing Corporation, 250 James St., Morristown,
NJ 07960)

93 pp; paper; workbook; color; medium reading level
This is a workbook with activity-oriented lessong dealing with

variations that cccur in man.

JUNIOR BIOLOGY: POPULATIONS. Hamilton, Ontario: Board of Education of the City
of Hamilton, n.d. {Board of Education of the City of Hamilton, 100 Main St.,
W.; Hamilton, Ontario, Canada L8N 3L1)

paper; workbook; b/w

Twenty-one activities on the general theme of population are
given here. Some require biology eguipment. Write: 100 Main Street
West, Hamilton, Ontario, Canada.

KEEPING ALIVE, Action Biology Series. Weinberg, Stanley L. and Stolize, Herbert
J. Boston: Allyn and Bacon, Inc., 1974. (Allyn and Bacon, Inc., 470
Atlantic Ave., Boston, MA 02210}

64 pp:; paper; workbook; colox; medium reading level
This workbook gives Ffifteen activity-oriented lessons dealing

with functions of the body.

LABORATORY ACTIVITIES FOR TEACHERS OF SECONDARY MATHEMATICS. Xulm, Gerald. Boston,
Massachusetts: Prindle, Weber & Schmidt, In., 1876. (Prindie, Weber, and
Schmidt, Ing., 20 Newbury St., Boston, MA 02116)

paper; teacher reference; b/w

This 1g a collection of laboratory activities designed for
secondary students. :
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MODERN SCIYENCE EBARTH, LIFE, AND MAN. Blane, Sam S.; Fischler, Abraham S.; and
Gardner, Olcett. New York: Holt, Rinehart and Winston, Publishers, 1971.
(Holt, Rinehart and Winston, Publishers, 383 Madison Ave., New York, NY 10017)

450 pp; cloth; textbook; color; medium reading level

This is a textbook that studies the area of science by emphasizing
how man explores the earth, his environment, living crganisms and the
human hody.

MODERN SPACE SCIENCE. Trinklein, Frederick E. and Huffer, Charles M. New York:
Holt, Rinehart and Winston, Publishers, 196l. (Holt, Rinehart and Winston,
Publishers, 383 Madison Ave., New York, NY 10017)

550 pp; cloth; textbook
this book is a high school text in basic astronomy.
MOVE IN ON MATHS 4. Whittaker, Dora. London: Longman Group Limited, 1974.
{Longman Group Ltd., 5 Bentinch St., ILondon, England W1M 5RN).
63 pp; paper; textbook; color; medium reading level
This book is one of a series of four student reference texts
designed to present many varied topics of mathematics.
"Music and Mathematicians since the seventeenth century.” Brown, J.D. THE
MATHEMATICS TEACHER, LXI, No. 8 (December, 1968), pp- 783-787.

This 1s an account of the interest in music of variots mathe-
maticians. The article assumes the reader is familiar with such
mathematical topics as differential egquations and Fourier series.

"Music and mathematics." Coxeter, H.S.M. THE MATHEMATICS TEACHER, LXI, No. 3
(March, 1968), pp. 312-320.

This article draws an analogy between music and mathematics,
pointing out the need for notation, the use of symmetry, etc. in
both subjects. Several pages are also devoted to ratios of fre-
quencies of tones and the development of scales from these ratios.

MUSIC BY COMPUITERS. Beauchamp, James W. and Foerster, Heinz Von, eds. New York:
John Wiley and Sons, Inc., 1969. (John Wiley and Sons, Inc., 605 Third Ave.,
New York, NY 10016)

cloth; teacher reference

This is a collection of papers on computers in music which were
presented at the 1966 Fall Joint Computer Conference.
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MUSIC, PHYSICS AND ENGINEERING. Olson, Harry F. New York: Dover Publications,
Ing., 1967. (Dover Publications, Inc., 180 Varick St., New York, NY 10014)

cloth; teacher reference

This is a handbook for teachers, musicians, engineers, laymen, and
enthusiasts interested in the subjects of speech, music, musical instru-
ments, acoustics, sound reproduction, and hearing.

"Mugical dynamics."” Patterson, Blake. SCIENTIFIC AMERICAN, Vol. 231 (November,
1974), pp. 78-95.

The author here suggegts that musicians could and should produce
greater variation in loudness of sound to correspond to the levels of
musical dynamics: pp, p, mp, mif, £, £ff. Numerous graphs are displayed
in the article.

"Musimatics or the Nun's Fiddle.” Silver, A.L. Leigh. THE AMERICAN MATHEMATICAL
MONTHLY, Vol. 78, No. 4 {April, 1971), pp. 351-357.

The article discusses the ratios giving rise to the Pythagorean
comma (see the annotation for the Lewis Salter reference above), the
ratiogs in intervals "most pleasing to the ear,” and the ratios in
just tunings.

THE NATURE OF RECREATION. Wurman, Richard Saul; Levy, Alan; and Katz, Joel.
Cambridge, Massachusetts: MIT Press, 1972. (Massachusetts Institute of
Technology Press, 28 Carleton St., Cambridge, MA 02142)

76 pp; paper; student reference; b/w; low reading level

This handbook, which contains many pictures dealing with recre-
ation, is designed to help the reader discover his/her wants and
needs in recreation. Among the pictures is a collection from the
nineteenth century.

NOISE POLLUTION. Environmental Protection Agency, Office of Public Affairs.
Washington, D.C.: U.S8. Government Printing Office, 1972. (U.S8. Government
Printing Office, Div. of Public Documents, Washington, D.C. 20402)

13 pp; paper; student reference; color; high reading lewvel
The pamphlet covers the adverse effects of noise and some ways

to attack noise pollution.

THE OFFICIAL ASSOCIATED PRESS SPORTS ALMANAC 1974. Fuller, Keith. HNew York: Dell
Publishing Company, Inc., 1974. (Associated Press Newsfeatures, 50 Rockefeller
Plaza, New York, NY 10020)

927 pp; paper; student reference; b/w

The book contains an extensive collection of sports records
and facts.
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MATHEMATICS AND MUSIC. (Reprint Series} Schaaf, William L., ed. Palo Alto:
School Mathematics Study Group, 1967. (Distxibuted by A.C. Vroman, Inc.,
2085 E., Feoothill Blvd., Pasadena, CA 921109}

25 pp; paper; teacher reference

Four short articles which discuss the commonalitites of Mathematics
and Music: order, harmony, . . . and refer to the numerical basis of

music.

"Mathematics and music.” Crow, Warren. SCHOOL SCIENCE AND MATHEMATICS, LXXIV,

Na. 8 (December, 1974), pp. 687-691.

This is a short article relating modular arithmetic and trans-
posing music. It has good ideas for classroom use.

MATHEMATICS AND MY CAREER, "Music and mathematics.” Lyon, Howard P. Edited by
Tarner, Nura Dorothea Rains. Washington, D.C.: The National Council of
Teachers of Mathematics, 1971, pp. 34-39. (National Council of Teachers
of Mathematics, 1906 Association Dr., Reston, VA 22091)

collection of essays; teacher reference

Some features common to both mathematics and music are given
here. Editorial notes include information about the asscciation
of mathematics and music by Pythagoras, Schoenberyg and Stravinsky.

MATHEMATICS IN WESTERN CULTURE, "The sine of G major.” Line, Morris. New York:
Oxford University Press, 1972, pp. 287-303. {(Oxford University Press, 200

Madison Ave., New York, NY 10016)
rpaper; teacher reference

A description of the sine curves used to represent musical
sounds is given in this book.

"Mathematics of musical scales.” Malcom, Paul 8. THE MATHEMATICS TEACHER, Vol.
65 (November, 1972), pp. 611-615.

This article discusses the development and mathematical basis
of the Pythagorean scale, the just intonation system, the egqual-
temperament system and some Middle Fastern and Oriental scales,

MCDONALD'S FECOLOGY ACTION PACK. Oak Brook, Illincis: MeDonald's Corporation, 1974.
(Mcbonald's Corxporation, MchDonald's Plaza, Oak Brook, II. 60521)

29 pp; paper; spirit master

Address inquiries to: Public Relations Manager, McDonald's
Corporation, COne McDonald Plaga, Oak Brook, Illincis 60521.
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"A merry time with the Moog." Schonberyg, Harold C. NEW YORK TIMES (February 16,
1969).

A humorous digcription of the music in YSwitched-on Bach" (a
columbia record which has music, including the "Brandenburg: Con-
certo No. 3, played by the Moog Synthesizer) is given here as
well as the possibilities in the future for electronic music.

MICHELSON AND THE SPEED OF LIGHT. (Science Study Series) Jaffe, Bernard. Garden
City, New York: Anchor Books, Doubleday & Company, Inc., 1960. (Doubleday
and Company, Inc., 245 Park Ave., New York, NY 10017}

195 pp; cloth; teacher reference; b/w

This non~technical book is easy reading for middle school
students. It gives the 1life higtory of A.A. Michelson and
important early experiments in l1ight.

MIRA MATH FOR ELEMENTARY SCHOOL. (A Mira Math Co. Publication} Palc Alto,
California: Creative Publications, Inc., 1973. {Creative Publications,
Inc., P.O. Box 10328, Palo Alto, CA 94303)

88 pp: paper; b/w; teacher's guide

Using a reflective plece of plastic called a "Mira",students are
introduced to properties of reflections, congruence, symmetry and con-
struction technigues. The book is designed for grades 4 - 6 and presents
the activities in a very intuitive matter.

MODERN LIFE SCIENCE. Fitgpatrick, Frederick L. and Hole, Jonn W. New York: BHolt,

Rinehart and Winston, Publishers, 1970. ({Holt, Rinehart and Winston, Publishers,
383 Madison Ave., New York, NY 10017}

584 pp; ciecth; textbook; color; high reading level

This is a texthook that approaches the study of living organisms
from a ecological point of view, emphasizing four content areas-—-
the gimple and the complex, the natural community, man and his environ-
ment, and production and control.

MODERN PHYSICS. Williams, John; Trinklein, Frederick; and Metcalfe, Clark. New
York: Holt, Rinehart and Winston, Publishers, 1976. Holt, Rinehart and
Winston, Publishers, 383 Madison Ave., New York, NY 10017}

724 pp; cloth; textbook; b/w

Written as a high school physics text, this book has many
graphics to illustrate each of the scientific phenomenon discussed.
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LABORATORY INVESTIGATIONS IN PHYSICS, Teacher's Edition. Genzer, Irwin, and
Youngner, Philip. Morristown, New Jersey: Silwver Burdett General Learning

Corporation, 1969, (Silver Burdett General Learning Corporation, 250 James
st., Morrigstown, NJ (7960)

235 pp; paper; teacher's guide; b/w

This is a high school phyics laboratory manual. In each
expariment the charts, graphs and tables needed for student
use are shown very explicitly.

LARORATORY MANUAL FOR THE WORLD OF PHYSICS. Gottlieb, Herbert H, Reading, Massa-
chusetts: Addison~Wesley Publishing Company, Inc.,, 1973. (Addison~Wesley
Publisghing Company, Inc., South Street, Reading, MA 01867)

232 pp; paper; teacher's guide; b/w

The book. is a high school physics laboratory manual in which
all the experiments are designed so they can be solved using
simple algebra and arvithmetic.

LIFE SIZE, A MATHEMATICAI APPROACH TO BIOIOGY. Gibbons, Rachael F. and Blofield,
B. Ann. TLondon: Macmillan Administration LTD, 1971. {Macmillan Administration,
{Basingstcke) Ltd., Houndmills, Basingstoke, Hampshire RG21 2%5)

104 pp; paper; teacher's guide; b/w
Activities and exercises that show how biology and mathematics
can be Iinterrelated are given here.
THE LIMITS TO GROWITH. Meadows, Donnella, et al. New York: Universe Books. 1972.
{(Universe Books, 381 Park Ave. S., New York, NY 10016}

205 pp; paper; teacher reference; b/w

One of the recent "classics" in describing the predicament of
the world, this book cutlines the consegquences of continued growth

and the restraints necessary to match population needs and earth's
resources.

LISTENER'S GUIDE TO MUSICAL UNDERSTANDING, Fourth Edition. Dallin, Leon. Dubugue,

Iowa: Wm. C. Brown Co., Publishers, 1972. {Wm. C. Brown, Co., Publishers,
2460 Kexrper Blvd., Dubugue, IA 52001)

THE LIVES OF THE GREAT COMPOSERS. Schonberg, Harold C. New York: W.W. Norton

and Company, Inc., 1970. (W.W. Norton and Company, Inc., 500 Fifth st.,
New York, NY 10036)

600 pp; cloth; student reference; medium-high reading level
This book 1is a series of biographies about the great composers.
MAKE YOUR OWN MUSICAI INSTRUMENTS. Mandell, Muries and Wood, Robert E. New York:

Sterling Publishing Co., Inc., 1957. (Sterling Publishing Company, Inc., 419
Park Ave. 8., New York, NY 10016)
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THE MAKING OF MUSICAL INSTRUMENTS. Young, Thomas Campbell. Freeport, New York:
Libraries Press, 1969, (Libraries Press, Freeport, NY)

MATH IN SPORTS. Des Moines, Iowa: Central lowa low-Achiever Mathematics Project.
(Central Iowa Low-Achlievers Mathematics Project, Board of Education, Des Moines,
IA 50310)

paper; teacher's guide; b/w

This booklet is designed to take advantage of the natural
interest students have in sports. Some mathematical topics
covered include computation with whole number, detcimals, per-
cents, scale drawings, area and perimeters, and finding averages.

"Mathematical Games: the arts as combinatorial mathematics or how to compose
like Mozart with dice." Gardner, Martin. SCIENTIFIC AMERICAN, Vol. 231
(December, 1974), pp. 132-136.

The use of dice and cards for composing music 1g discussed along
with many examples of composers (including Mozart) who used this
method occasionally.

"Mathematical-musical relationships: a bibliography.” O'Keefe, Vincent. THE
MATHEMATICS TEACHER, Vol. 65 (April, 1972), pp. 315-324.

This is an extensive 9-page bibliography of articles and books
relating mathematics and music. Many, but not all, of the referenced
works reguire a good background in mathematics and music.

"Mathematicians and music." Archibald, R.C. AMERICAN MATHEMATICAL MONTHLY, Vol.
31i. (January, 1924), pp. 1-25.

A discussion of musical achievements by mathematicians and
some history of scales are given here. Some of this article
is uged as a source for the Brown reference listed below.

MATHEMATICS A HUMAN ENDEAVOR. Jacobs, Harold R. BSan Francisco: W.H. Freeman and
Company Publishers, 1970. (W.H. Freeman and Company Publishers, 660 Market
St., San Francisco, CA 94104)

529 pp; cloth; textbook; b/w; high reading level

This liberal arts course is an excellent rescurce book.
Many of the ideas are suitable for or could be adapted for
middle school students.

MATHEMATICS AND LIVING THINGS, Student Text and Teacher Commentary. School Mathe-
matics Study Group. Palo Alto: The Board of Trustees of the Leland Stanford
Junior University, 1965. (Distributed by A.C. Vroman, Inc., 2085 E. Foothill
Blvd., Pasadena, CA 91109)

221/170 pp; paper; textbook/teacher's guide; b/w

In this book junior high mathematics is approached through
experiments with biology. Detailed lessons stressing data
gathering, organization and analysis are given.
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OLD OREGON. Eugene, Oregon: University of Oregon Alumni Association, Summer,
1975. (01ld Oregon, Susan Campbell Hall, University of Oregon, BEugene, OR
37403)

"On being the right size."” Haldane, J.B.S. THE WORLD OF MATHEMATICS, Volume 2.
Edited by Newman, James R. New York: Simon and Schuster, 1956, pp. 952~
957, (S8imon and Schuster, Inc., 630 Fifth Ave., New York, NY 10020)

688 pp; cloth; teacher reference; b/w

"On Being the Right Size" is a delightful five-page essay
explaining relationships on surface area and volume caused by
multiplying the linear dimensions of an organism.

ON THE SENSATIONS OF TONE AS A4 PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC,
Helmholtz, Hermann. New York: Dover Publications, Inc., 1954. ({(Dovexr
Publications, Inc., 180 Varick St., New York, NY 10014}

OPTIONS: A STUDY GUIDE TO POPULATION AND THE AMERICAN FUTURE. Horsley, Kathryn,
et al. Washington, D.C.: The Population Reference Bureau, Inc., 1973. (The
Population Reference Bureau, Inc., 1337 Connecticut Ave. N.W., Washington,
D.C. 20036.

'75 pp; paper; teacher reference; b/w and color

ORBITING THE SUN. {Sierra Elementary Astronomy Series) Duke, Robert H. New York:
McGraw-Hill Book Company, 19268. (McaGraw-Hill Book Company, 1221 Avenue of
the Americas, New York, NY 10020)

50 pp; paper; textbook; medium reading level

The text, intended for use in fourth, Fifth and sixth grade
classrooms, Introduces the structure of the solar system as it
is seen from earth.

CRCHESTRAL EXCERPTS FROM THE SYMPHONIC REPERTOIRE FOR TRUMPET, Volume I. Compiled
by Gabriel Bartoeld. New York: International Music Company, 1948-1953. {(Inter-
national Music Company, 511 Fifth Ave., New York, NY 10017)

"The original counting systems of Papua and New Guinea." Wolfers, Edward P. THE

ARTTHMETIC TRACHER, Vol. 18, No. 2 (February, 1971), pp. 77-83. (Naticnal
Council of Teachers of Mathematics, 1906 Association Dr., Reston, VA 22091)
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OUTDOOR ACTIVITIES FOR ENVIRONMENTAL STUDIES, Knapp, Clifford. Dansville, New
York: Instructor Publications, 1971. (Instructor Publications, 18410 Gilmore
St., Van Muys, CA 21046)

cloth; teacher's guide; b/w

This book outlines several measuring activities—-measuring heights,
visibility in water, soil compaction, etc.--which can be related to
environmental concerns.

PATTERNS AND PERSPRECTIVES IN ENVIRONMENTAL SCIENCE. Washington, D.C.: National
Science Board, n.d. {National Science Board, 1800 G. 8t., Washington, D.C.
20550)

PHYSICAL FITNESS WORKBOOK. Cureton, Thomas Kirk. Urbana, Tllinois: Stipes Publish-
ing Company, 1944. (Stipes Publishing Company, 10-12 Chester St., Champaign,
IL 61820)

179 pp: cloth; teacher reference; b/w
This is a workbook for classes in basic physical fitness.
PHYSICS, A BASIC SCIENCE, Fifth Edition. Verwiebe, Frank; Van Hooft, Gordan; and

Saxon, Bryant. New York: American Book Company, 197C. (American Book Company,
450 W. 33rd St., New York, NY 10001)

544 pp; cloth; textbook; b/w
This book is written as a high school physics text.
POYSICS, A LABORATORY CQURSE, Teacher's Edition. Verwiebe, Frank; Van Hooft, Gordon;

and Saxcn, Bryant, New York: American Book Company, 1970. (American Book Com—
pany, 450 w. 33rd St., New York, NY 10001)

118 pp; paper; teacher's guide:; b/w
This is a high school physics laboratory manual.
PHYSICS, A MODERN APPROACH. Elliot, Paul and Wilcox, William. New York: Macmillan

Publishing Company, 1959, (Macmillan Publishing Company, Inc., 866 Third Ave.,
New York, NY 10022)

686 pp; cloth; textbook; b/w
This book is a high school physics text.
PHYSICS DEMONSTRATION EXPERIMENTS, Volumes I and II. Meiners, Harry F. New York:

The Ronald Press Company, 1970. {The Ronald Press Company, 79 Madison Ave.,
New York, NY 10016)

1395 pp; cloth; teacher reference; b/w

This ig a large collection of demonstration and experiments
covering the areas of mechanics and wave motion, heat electricity
and magnetism, optics, and atomic and nuclear physics.

453



458

BIBLIOGRAPHY MATHEMATICS IN SCIENCE AND SOCIETY

THE UNIVERSE IN MOTION, Book 2, Guidebook. {The University of Illinois Astronomy
Program Series) Elementary~School Science Project. Co-directed by Atkin,
Myron J. and Wyatt, Stanley P. Jr. New York: Harper and Row Publishers, 1969.
(Rarper and Row Publishers, 10 E. 53rd St., New York, NY 10022)

96 pp; teacher's guide

The University of Illinois Program is a series of six books
that introduces astronomy +o upper elementary and junior high
students, The major concepts in each book are explored through
numerous student activities as well as through the development
of models that explain astronomical phenomena. The serieg is
an excellent resource for applicationsg of mathematics to astron-~
omy.

WELL~BREING, PROBING THF NATURAL WORLD, Level IIY, Teacher's Edition. Intermediate
Science Curriculum Study. Morristown, New Jersey: Silver Burdett General
Learning Corporation, 1972. (8ilver Burdett General Learning Corporation,
250 James 8t., Morristown, NJ 07960)

143 pp; paper; workbook; color; medium reading lewvel

This is a workbook with activity-oriented lessons dealing
with the senses and functions of the body, and how these are
affected by food, smoking, alcohol, and other drugs.

"We made it and it works! the classroom construction of sundials. Wahl, M.
Stoessel. THE ARITHMETIC TEACHER, Vol. 17, No. 4 {(April, 1970), pp. 301-
304. {National Council of Teachers of Mathematics, 1906 Association Dr.,
Reston, VA 22091)

magazine; teacher reference

This is a publication by the National Council of Teachers of
Mathematics which contains many suggestions for classroom acti-
vities for elementary and junior high school students,

"What is electronic music?” Seay, Albert. MUSIC JOURNAL, Vol. 21 (March, 1963}.
pp. 26, 60~61.
The article gives a brief overview of the development of

electronic music from 1906 to 1963.

WHY YOU'RE YOU, Teacher’'s Editicon. Intermediate Science Curriculum Study. Morris-
town, New Jersey: Silver Burdett General Learning Corporation, 1972, (Silver
Burdett General Learning Corporation, 250 James St., Morristown, NJ 07960)

134 pp; paper; workboock; color; medium reading level

This is a workbook with activity-oriented lessons on the
study of heredity.
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WORDS IN SPACE . . . DIMENSIONS ON A VAST SCALE, Teacher Folio-Investigation 9,
(Time, Space, and Matter . . . Investigating the Physical World Series)
Secondary School Science Project. Princeton, New Jersey: Webster Division,
McGraw-Hill Book Company, 1969, (McGraw-Hill Book Company, 1221 Avenue of
the Americas, New York, NY 10020)

56 pp; paper; teacher's guide; b/w

The booklet contalins background information and suggests activities
for investigating the size, distance and moticon of objects in the solar
system.

THE WORLD ALMANAC & BOOK OF FACTS 19275. New York: Newspaper Enterprise Associates,
Inc., 1974. (Newspaper Enterprise Associates, Inc., 230 Park Avenue, New York,
NY 10017}

976 pp; paper; teacher reference; color
This book contains a collection of world facts and events. It is

published annually.

THE WORLD OF PHYSICS. Hulsizer, Robert and Lagarus, David. Reading, Massachusetts:
Addison~-Wesley Publishing Company, 1972. {(Addison-Wesley Publishing Company,
Iinc., South Street, Reading, MA 01867}

518 pp; cloth; textbook;: b/w
This book, written as a high zchool physics text, is full of

hand~drawn graphics which are easy to understand.

YOUTH PHYSICAL FITNESS: SUGGESTED ELEMENTS OF A SCHOOL~CENTERED PROGRAM. Washington,
D.C.: United States Government Printing Office, 1967. (U.S. Government
Printing Office, Div. of Public Documents, Washington, D.C. 20402)

109 pp; paper; teacher reference; b/w

This book has exercises to evaluate and promote physical fitness
of students.
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"The role of music in Galileo's experiments.” Drake, Stillman. SCIENTIFIC
AMERICAN, Vol., 232, Ne. 6 (June, 1975), pp. 98-104.

An explanation 1s given on how Galileo could have used a simple
marching song to mark egual lengths of time (since no devide could
measure less than a second) and rubber bands on an incliped plane
(much like the adjustable frets on the viola da gamba's of his day)
to measure distance traveled.

SCHOOL MATHEMATICS I. FEicholz, Robert E.; O'Daffer, FPhares G; Brumfiel, Charles
F.; Shanks, Merril E.; and Fleenor, Charles R. Menlo Park, California:
Addison-Wesley Publishing Company, Inc., 1971. (Addison-Wesley Publishing
Conmpany, Inc., 2725 Sand Hill Rd., Menlo Park, CA 94025)

cloth; textbook series; b/wimedium reading level

SCHOOL MATHEMATICS I is the 7th grade text that complements the
ELEMENTARY SCHOOL MATHEMATICS series from the same publishers.

SCIENCE & MUSIC. Jeans, Sixr James. New York: Dover Publications, Inc., 1968.
{Dover Publications, Inc., 180 Varick St., New York, NY 10014)

paper; teacher reference

First published in 1937, this book is written for the amateur
as well as the serious student of music to explain precisely and
in a non-technical way the physical basis of musical sounds.

SCIENTIFIC AMERICAN. New York: Scientific American, Inc. (Wm. H. Freeman and
Company Publishers, 660 Market St., San Francisco, CA 94104)

journal; teacher reference; b/w and color

The September, 1970 issue is devoted to the biosphere; the
September, 1971 issue to energy.

SEASCONAL STAR CHARTS, A COMPLETE GUIDE TO THE STARS., Northbrook, Illinois: Hubbard
Press, a division of Hubbard Scientific Company, 1972. (Hubbard Press, F.O.
Box 442, Northbrock, IL 60052

23 pp; paper; student reference; high reading level

The book includes a polar star map that shows the basic stars
and constellations visible in the northern hemisphere with the unaided

eye as well as elght seasonal star charts and information about the
major constellations.

"Some relationships between music and mathematics.” Cohen, Joel E, MUSIC EDUCA-
TORS JOURNAL, Vol. 48 (September, 1961), pp. 104-109.

A discussion of the kinship of mathematics and music is given
in this article. Included, also, is the use of abstract notation,

the creative process, and the search for beauty, which are common
to both disciplines.
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SOURCEBOOK FOR ENVIRONMENTAL EDUCATION. Vivian, V. EBugene. 8t. Louls, Migsouri:
C.V. Mosby, 1973. (C.V. Mosby Company, 11836 Westline Industrial Dr., St.
Louis, MO 63141)

teacher reference

SRA MATH APPLICATIONS KIT. Friebel, Allen C. and Gingrich, Carolyn Kay. Palo
Alto, California: Science Research Associates, Inc., 1971. ({Science Research
Agsociates, 259 E. Erie St., Chicago, IL 6061l1)

280 activity cards; student reference; b/w; low reading level

The MATH APPLICATIONS KIT is a collection of activity cards
arranged into the following areas: appeteasers, science, sSports
and games, occupations, everyday things, and social sciences.
The cards are open-ended. investigations, and good reference
material and reference cards are also included in the kit.

"Tegcher's Guide to the Fnergy Crisig.” Sartwell, Joyce G. and Abell, Richard P.
TODAY'S EDUCATICON, January-February 1975, pp. 90-94. (MNational Education Asso-
ciation, 1201 16th St., N.W., Washington, D.C. 20036)

TEACHING POPULATION CONCEPTS, Xing, Pat and Landahl, John. Olympia, Washington:
Office of Environmental Education, Superintendent of Public Instruction, 1973.
{Office of Environmental Education, Washington State Dept. of Public Instruction,
0ld Capitol Bldg., Olympia, WA 98504)

60 pp; teacher reference

This booklet is oriented more toward high school. It is now

available from John Landahl, 1207 N.E. 103rd St., Seattle, Washington
98125,

TRACK AND FIELD ATHLETICS. Bresnahass, Geordge T.; Tuttle, W.W.; and Cretzmever,
Francis X. St. Louis: C.V. Mosby Company, 1964. ({C.V. Mosby Company, 11836
Westline Industrial Drive, St. Louis, MO 63141}

424 pp; cloth; teacher reference; b/w
Thig book describes techniques for athletes in track and field.
THE UNITED STATES STATISTICAL ABSTRACT 1975. Washington, D.C.: U.S. Government

Printing Office, 1975. (U.S. Government Printing Cffice, Div. of Public
Documents, Washington, D.C. 20402)

1050 pp; cloth; teacher reference; b/w

The book is a United States Government yearly publication of
statistics on social, political and economic conditions of the
United States.
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THE PHYSICS OF MUSICAL SOUND, Jcosgephs, Jess J. Princeton, New Jersey: D. Van
Nostrand Company, Inc,, 1967. (Van Nostrand Reinhold Company, 450 W. 33rd.
St., New York, NY 10001)

paper; teacher reference

This monograph (published for the Commission of College Physics)
explains what the science of acoustics has been able to contribute to
the understanding of music.

THE PHYSICS TEACHER. BAmerjcan Assocliation. of Physics Teachers, State University
of New York at Stoney Brook. New York: American Institute of Physics.
magazine

THE PHYSICS TEACHER, a publication of the American Association
of Physics Teachers, is published monthly through the academic
year. Every issue has a variety of articles which describe exper-
iments and teaching technigques for physics.

PHYSTOLOGICAL ADAPTATION. Biological Sciences Curriculum Study. Segal, Earl, and
Gross, Warren J. Lexington, Massachusetts: D.C. Heath and Company, 1967,
(D.C. Heath and Company, 125 Spring St., Lexington, MA 02173}

109 pp; paper; workbook; b/w; high reading level

This is a workbook designed to allow students. to discover various
ideas dealing with the physiological adaptations performed by the body.

"pi in the key of .Y Rhoades, Patrick Alan. INDIANA MATH NEWSLETTER {October,
1966), pp. 3-4.

POLLUTION: PROBLEMS, PROJECTS AND MATHEMATICS EXERCISES, 6-~9 (Bulletin No. 1082).
Madison, Wisconsin: Wisconsin Department of Public Instruction, n.d. (Wiscon-
sin State Dept. of Public Instruction, 126 Langdon St., Madison, WI 53702)

84 pp; paper

Thig is a teacher-written collection of prehlems and projects.
Exercises are grouped under whole numbers, rational numbers, real
numbers, percent and proportion, measurement and statistical mea-
sures and graphs.

PRINCIPLES OF ENVIRONMENTAL SCIENCE. Watt, Kenneth. New York: McGraw-Hill Book
Company, 1973. (MoGraw-Hill Book Company, 1221 Avenue of the Americas, New

York, NY 10020

cloth; teacher reference; b/w
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PROBING THE NATURAL WORLD, Volume I. Intermediate Science Curriculum Study.

Morristown, New Jersey: Silver Burdett General Learning Corporation, 19870.
(8ilver Burdett General Learning Corporation, 250 James St., Morristown, NJ
07960)

552 pp; cloth; textbook; b/w

PROBING THE NATURAL WORLD Is cone of two books in a series which
covers the normal junior high science material, but with an extensive
use of hands-on laboratory work using homemade egquipment.

PROJECT JONAH. Box 476, Bolinas, California 24924,

PROJECT R-3. Hodges, E.L., ed. BSan Jose, California: T.M.T.T., 1974. (E.L.

PSSC

Hodges, 990 Asbury, San Jose, CA 95126)
looseleaf; worksheets; b/w

Four packets of student pages and a packet of answer sheets
and suggested forms for grading, record keeping, etc. make up the
materialg. The four packets cover whole numbers, fractions, decimals
and percents.

PHYSICS, Third Edition. Haber-~Schiam, Uri; Crosg, Judson; Dodge, John; and
Walter, James. Lexington, Massachusetts: D.C. Heath and Company, 1971.
(D.C. Heath and Company, 125 Spring St., Lexington, MA 02173)

674 pp; textbook; cloth; b/w

Written as a high school physics text, this bock has many
nice graphics, including some interesting stop-action photos.

"A rage over an extra cent." Salter, Lewlis S, AMERICAN MUSIC TEACHER, Vol. 3

RATTO & FROPORTION REVISITED. Shulte, Albert, et al. Pontiac, Michigan: ©OCakland

{(March~April, 1954), pp. 1, 18-19,

This article presents a somewhat humerous discussion of an
inaccurate number often cited in music. The author explains (by
computing in three different ways) that the Pythagorean comma,
the interval by which the twelfth Ffifth above a given tone fails
to coincide with the seventh octave above the same tone, measures
closer to 23 cents (a unit for measuring intervals) than to 24
cents as generally cited. Extensive use of logarithms is used in
the article. It is helpful if the reader is quite familiar with
the construction of scales.

Schools, 1970. (Oakland County Mathematics Project, Oakland Schools, 2100
Pontiac Lake Rd., Pontiac, MI 48054)

paper; teacher's guide; b/w

One of a series which is very student oriented and which includes
many activities.
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FILMS

"Art from Computers." NBC Educational Enterprises, Canada, 1971L. 10 min.
"Dance Sqguared." National Film Board, Canada, IFB, 1963. 4 min.
"Discovering Blectronic Music." Bailley Film Association, 1970¢. 23 min.
"Donald in Mathemagic Land." Disney Productions, 1959. 20 min.

"New Sounds in Music.® Churchill. Pilms, 1969. 22 min.

"Notes on a Triangle." National Film Board, Canada, IT¥FB, 1967. 5 min.
"Pretty Lady and the Electronic Musicians." ZXerox, 1972. 14 min.

"Txio foxr 3 Angles."” Naticnal Film Board, Canada, IFB, 4 min.

RECORDS

COMPUTER MUSIC from the University of Illinois, Hiller/Isaacson/Baker, Helloda

(H/HS 25053). Metro-Goldyn-Mayer, 1350 Avenue of the Americas, New York, NY
10019

Side 1l: Illiac Suite for String Quartet
Side 2: Computer Cantara

COMPUTER MUSIC from the Computer Center of Columbia and Princeton Universities.
Randall/Vercoe/ Dodge, Nonesuch-Recerds (H-71245), 15 Columbia Circle, New
York, NY 10023.

MUSIC FROM MATHEMATICS played by the IBM 7090 Computer and Digital to Sound Trans-—
ducer, Decca Records (DI, 9103).

AUDIC-TAPES

"Science and the Drama of Music Series,” part 1, STAO, 1954, 18 7-inch reels, 7.5
ips. 30 min. each.




78 (1) noon: suntise or sunset (2) 10:38 a.m. {3) 2:52 p.m.

78 (la) weaker {(1b) 13.44 m (44" 1 1/2™
(2a) weaker (2b) 14,30 m €46 10 9/10")
(3a) weaker (36) 2.56 m (8" 4 &/7™
(4a) weaker (&b) 4.58 m (15' 5/12"™)
(5a) weaker (5b) .93 m (3" 37/48")

79 First Quarter O Waxing Crescent

New @ : Waning Crescent Third Quarter
Waning Gibbous O Full Waxing Gibbous

81 (1) 21 km; 20 km (2) 33 (3) 59° (4) 1560 m

83 {(6) 1900 km; 1700 km (1) 20,000 km {(2) The distance is approxi-
mately 400,000 ke

84 (le) ves; noon; Yes, the angle increases as the shadow increases
(2b) 100 m

85 (3) 39500 km (4) 12700 km {5) 12600 km (6) 40°
Hint: Divide the circumference by pi.

88 (2) Lengthening the base line increases the greatest distance that can be
measured.

95 (2¢) 3.7 cm; 7a.u. (3} 2 ey .4 a.u.

96 (1b) 38° (1d) 7.5 em

97 (1) 375,000 km (2) 42,000,000 (3a) .28 (3b) 1 a.u.;

150,000,000 km (3¢) Mereury - 59,000,000 km; Venug -~ 108,000,000 km;
Earth - 150,000,000 km; Mars -~ 228,000,000 km; Jupiter - 780,000,000 km;
Saturn - 1,431,000,000 km; Uranus - 2,877,000,000 km; Neptune -
4,509,000,000 km; Pluto - 5,928,000,000 km

99 (2f) Angular size decreases as distance increases.
100 (2) The diameter of the moon is about 3600 km,
101 {4} The diameter of the sun is about 1,440,000 km.
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299

300

301

307

466

3 It would be at its original place.

4 [ ] M
& & X‘ - . X'__.
5 &b - -

TS R __TS S A——
translation reflection rotation reflection rotation
down 1 place of pravious

measure
S— - —- B
- - - - X Tée o
- _»
Gt - - -]

3 - 1-wmm!!—¢:—.lfx X
4  Answers vary.
(I1) The half-full glass gives a lower tome. (I2) Note: It might be

difficult to get the entire scale. This will depend on the shape and
size of the glasses., (13) varies (II3) Students should see a
marking pattern like below. It is easy to see where the half-steps are,

(L) answers will vary (IT) If the music is written in the key of C,
probably € will be used frequently. E, F, and G might also occur fre-
quently in music in the key of C because they are perfect thirds, fourths,
and fifths. Any other note in the major scale might also be used. If
the music is written in a minor key, or is more complicated in other

ways, it will be difficult for most students to determine why a partic~—
ular letter occurs more freguently. (I11) C

oot

{Ia) AB, BA, BB (¥b) AA, AB, AC, BB, BA, BC, CC, CA, CB; 9 or 3 x 3
{Ic) 16 or 4 x 43 25 or 5x 5; 36 0or 6 x 63 49 or 7 x 73 144 or 12 x 12
(ITa) AAA, AAB, ABA, BBA, BAA, BAB, ABB, BBB; 8 or 2 x 2 x 2 (1IIb) 33
or 3x3x3; 43 0orbxbxtb;33or5x5x5;630r6x6%6; 73 or
7x7x7; 128 or 12 x 12 x 12 (T1T) 7P or 7x 7T x 7 x 7% 7
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310

311

313

314

315

(VII) B is A read backwards so B is the retrograde of A, C is an inver~
sion of A about G or it can be viewed as a transposition and then an
Inversion about the first note. D is the retrograde of C (A could be
transposed, inverted and read backwards to obtain C).

(1) 4 (IIa) higher (I1b) lower (IVb) lower pitch; softer

(IVe) lower pitch; louder {Ivd) same pitch; softer (ive) higher
pitch; same (VITa) violin; lower pitech; louder (VITh) flute} same
pitch; louder (VIIc) clarinet; same pitch; louder {(VIId) tuning
fork; higher pitch; softer

(1} harp; about 33; about 3300 (2) timpani —~ 73 to 194 or tubular
bells =~ 261 to 698 (Both range over 18 half-tones even though the fre-
quency range of the bells is greater than the timpani.) (3) varies
{(4) french horn; bass (5) soprano

(1) 32.703; 65,4063 130.81; 261.63; 523.25; 1046.5; 2093.0; 4186. The
numbers double with each octave higher in pitch. There is some "round
off" error. (2) 48.999; 97.999; 196.00; 392.00; 793.99: 1568.0;
3136.0; ves (3) ves

4 ¢ B G EsC @G=*¢C

655.406 82.407 97.999 1.26 i.5

130.81 164,81 196.00 1.26 1.5

261.63 329,63 392,00 1.26 1.5

523.25 659.26 783,99 1.26 1.5

1046.5 1318.5 1568.0 1.26 1.5

F A C A+ F C+F

43,654 55.00 65.406 1.26 1.5

87.307 110.00 130.81 1.26 1.5

174.61 220.00 261.63 1.26 1.5

349,23 440.00 523.25 1.26 1.5

698.46 880.00 1046.5 1.26 1.5
(1) possibilities: fire alarm, gun shot, explosion {2) possibilities:
bird twittering, soft breeze, baby breathing, whisper (3) varies

(4) An ovrdering is given on the second page. Students might gquestion
the placement of the food blender or other sounds. Certainly the sound
level of many of the items could vary greatly. {(5) 50, 60, 70...200
(6) 103; threshold of pain: 10}2; lethal level 10'®; threshold of hear-
ing: 10°, The powers of the column will range from 10°, 10l..,10%0,
(7& whisper; conversation; subway (8 If the relative intensity is

107, the decibel reading is N x 10. {(9) rock group (10a) 3000;

319

guesses will vary {10b) No, its an advertisement and they are trying
to impress people (10¢) answers vary

(1) £ff: wvery very loud; ppp: very very soft (2) 20y 423 no

(3) soft recording: 35; loud recording: 85; line symphony: 105 (Of

course readings could vary greatly.) (4) < meaning "less than,"
> meaning ''greater than."
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464

245

246

247

264

266

268

269

270

285

287

288

(1) electric train; car with 1 person (2) planes are very fast

(3) convenience; the cost of driving oneself in the U.S. is still reason-
able (4) this is average number of people observed per car

{(5) column 4 = column 2 x column 3 (6) 70 {(7) 36; no {8) less
alr pollution; safer, less crowded street and highways

(1) 10 km/£ (2) 35 (3) 6 (4) they help control air pollution
(5) 1100 km

(1) 10; 8.6 (2) about 13 minutes (3) about 22 minutes {5) 39.6
{6) 13.7

answers will vary according to performance

(I} The counts will probably vary, but if students count accurately, the
average should be about 33 1/3. (II) about 45 (ITII) about 78

(IV) The marker on the label and the marker on the edge of the record
both make 33 1/3 revolutions per minute. The.inside marker travels
around a smaller circle so it does not travel as far, but its angular
velocity is the same; that is, both markers sweep out the same angle in
any given amount of time. (a) 11 2/3 rpm (b)Y 11 2/3 rpm  (c) an-—
swers vary {d) 157.5 {(e) 700 (f) 1If an outer band has double

the diameter of an inner band, the needle goes twice as far. The record-
ing process takes care of the difference.

(1) 23,571 pounds per 0002 in. x .0007 in. = .00000014 in.?
square inch x_1bs. - 1 in.?
L .0033 1bs. .00000014& in.?
(2) 1OX000 = {7 o7z or about 69 pounds per in.?
3 ©

{3) the phonograph needle (4) the needle wears out the record. It scems
very light, but all of its weight is exerted on a very fine point.

Answers will vary depending on the music chosen.

Crossword puzzle: Across: (2) duet, (4) quartet, (6) triplet, (7) trio
(9) triad, (11) octave, (12) monctone Down: (1) sextet, (3) quintet,
(5) hexad, (8) octet (10) solo Matching puzzle: e, d, h, g, b, £, a3, ¢

JIddddddddddddd

incorrect measures aret: 1, 3, 5, 6, 8, 12, 13, 14, 17, 18, 19, 23, 24

(Ih) two beats (¢) five beats (Id) three beats (Ie) six beats
(If) seven beats (g) nine beats (Th) eight beats

(
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289 square, trouble, tied, square, step, severe, base, bar, greater than,
flat, right, triple, hold, rest, cut, equal, try--angle, sharp, accent,
staff, base, natural, note, less than, minus, rest, divide, base. last
line: see sharp, be flat
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111

113

181

190

196

199

201

208

209

213

214
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(1) Yes ( (2) Using the graph, the distance is 2.1 a.u. Using Kepler's
Law we see that 2.1 cubed iz 9.261, which rounds to 9. (3) 2.8; 2.5;
5.2 4.63 11,2 (4) 1000 years

(1) The greater a planet's distance from the sun, the slower its orbital
speed. (2) The square of the numbers in column 2 are the reciprocals
of the numbers in column 1. (3) 7.5 km/sec. (4) 1/4 a.u.

(5) 8 Years (6) No orbital speed.

Word Hunt: Math: seven, even, percent, divide, sine, line, pi, sum,
terms, circle, square, union, set, tangent, ration, factor, fraction,
minus, map, ray, cone, ten, cube. Ecology: recycling, rats, ecology,
ash, tin, depletion, oilslick, land, Iandfill, man, detergent, socap,
litter, ghetto, air, river, pollution, mud, rot, life, car, resource,
sun, conservation, slum, junk, rock.

(2) 60; 3600; 86400 (3) 31,536,000 (4) almost 127 years
(5) 197,200; 71,978,000; no  (6) 1,584,900; yes

{(z) 9; 81 {3) 16 (5) Only in the first generation. (6) 1968;
1915; about 1880 {7) Number of children people have, wars, epidemics,
mass starvation.

(1) 1000 (3) California; 9, 9 (4) New York; Texas (5) about 1/4
(6) 5; lists will vary {7) 9, lists will vary

(1) 9 kg (2) 1/2 % height before; 1/8 x mass before (3) 5120 keal
(based on mass) or 2560 kcal (based on surface area) (4} 20 weeks
(based on mass) or 10 weeks (based on surface area) (5) 250 kg

(6) 1/32; new:old = 1:32768 (7) 128 (based on mass or volume) or

32 (based on height)

(2) In 1976 -~ 68,800 km, more than 1 1/2 times the distance arcund the
earth. (3) 64,500,000,000; 64,500,000, (4) 154; 16,555,000,000;
high death rate. (5) 21,500,000

(1) They feed mainly on fish, which have a fairly high concentration of
DDT. For many poisons, animals higher in a food chain contain greater
concentrations. {2) .0126 (3) From eating fish from DDT infested
areas: ,0063 (4)Fish are the osprey’'s primary food. {(5) 1,120,000;
Primarily because of a DDT campaign against mosquitos in countries where
malaria was common.

(5) 26.7; 34.4; 41.1: 46.2; 51.0 (6) The number of families

(4) The increase is only slight (5) The heaviest smokers; 657
(6) People who have never smoked (7) In some cities, one breathes the
equivalent of 38 cigarettes per day.




Page Number
216

223

224
226

227

228

229

231

232
234

235

238

241

243

(1) .84 {(2) 153 million (3) 13,975,000,000 (4) Some areas of
California have severe air pollution problems. (5} They were higher
for each kind of pollutant.

(3) 7,525,000,000 £ (4) Not letting water run needlessly, washing
full loads of clothing only, taking quick showers...
(5) 43,000,000,000, £; 86,000,000,000 £

(2) 31200 £ (3) 40000 £ (4) 4000 £/car (5) 80 £ (6) 200 £
(7) 3600 £ (8) Large amounts of water are required to make steel.

(1) 48 (2) Water from rainfall and streams which flow into the oceans
and seas replace the evaporated water.

(1) Gulf {2) Northeast; Gulf; Missouri; Columbia (3) Southeast;
Columbia (4) Ohio (83%); Great lakes (41%); Southeast (38%); Calif-
ornia (30%); Columbia (19%); Gulf (17.95%); Northeast (17.92%), Middle
Atlantie (17.6%); Missouri (17%)

(4a) 37,900,000

(1) alewife, whitefish

(4) 4.3 (5) $781.,42; about $3330 (6) 685,000 ha; $535,272,700
(7) 310,000,000; much of it is exported

(1) true (2) true (3) false {4) true
{la) 912.5 kg (6) open dumping; It is the cheapest and easiest method.

(1) increased (2) true (3) about 33% (4) .44e (5) 3.3;
No, we don't know how many cans were made in 1970,

(1) 5000 (2) 90,000 ha (3) 2,880,000 ton (4) 1700 times as

much per hectare {5) strip farming, contour plowing, keeping plant
cover on the land. Students can stay on trails in parks, fill in erosion~-
caused ditches, avoid wearing out the grass in play areas...

(1) 93 (2) 94% in 1970 to 71% din 2000 (3) no. Energy use is expect—
ed to increase so much that the lower percentage will still mean more
energy. {4) 286 (6) fossil fuels

(1) 549; 269 (5) 195,000,000,000,000
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388

400

409

410

416

468

(a) pentagons and hexagons; 12 pentagons, 20 hexagons; 32 (b) 23 1;
All vertices are surrounded by one pentagon and two hexagons; 50; No
vertices of a pentagon are shared by another pentagon, so there are

5 % 12 = 60 vertices {e) 90 {d) no

(5) 57; 167.5; tall, average (6) 29; 132.5; short, light

(6) Men's by 2.2 pounds (1 kilogram) (7) Women don't compete in these
events.

(3a) about 4 minutes 28 seconds (3b) about 37 seconds
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