Problem Set #4

For the first 2 problems, you may need the following facts:  (1) if an object is denser than water, it sinks to the bottom, displacing a volume of fluid equal to its own volume.  If it is less dense than water (as most people are), it floats and displaces only an amount of water equal to its mass (Archimedes Principle).  (2) The density of an object is its mass divided by its volume.

1.  Archimedes and the Golden Crown.  Quoting from the web site “The Golden Crown” (http://www.mcs.drexel.edu/~crorrer/Archimedes/Crown/CrownIntro.html)

“In the first century B.C., the Roman architect Vitruvius related a story of how Archimedes uncovered a fraud in the manufacture of a golden crown commissioned by Hiero II, the king of Syracuse. … Suspecting that the goldsmith might have replaced some of the gold given to him by an equal weight of silver, Hiero asked Archimedes to determine whether the wreath was pure gold.  And because the wreath was a holy object dedicated to the gods, he could not disturb the wreath in any way. … The solution which occurred when he stepped into his bath and caused it to overflow was to put a weight of gold equal to the crown, and known to be pure, into a bowl which was filled with water to the brim.  Then the gold would be removed and the king’s crown put in, in its place.  An alloy of lighter silver would increase the bulk of the crown and cause the bowl to overflow.  “


We will make the following assumptions:  Assume that Hiero’s crown had a maximum diameter of 18.5 centimeters and a mass of 1000 grams.  We will assume that Archimedes used a cylindrical container with a diameter of 20 centimeters, deep enough to contain the crown.  We will also assume that the goldsmith replaced 30% (300 grams) of the gold wreath by silver.  

Using the fact that gold has a density of 19.3 grams/cm3 and silver has a density of 10.6 grams/cm3, by how much would the water level change when the pure gold was replaced by the alloy?

2. Could a world of swimmers raise sea level? (From: The PUMAS Collection http://pumas.jpl.nasa.gov) In the state of Maryland, a local politician claimed that sea level is rising because there are too many people putting boats in the open ocean!  This is a true story!  Is this or similar claims possible?  Imagine if all the people in the world agree to go float on the ocean at the same time!  Could that result in a significant sea level rise, perhaps even destroy low-lying nations such as Bangladesh? 

Data on Human Vital Statistics:

World population - approx.  6 billion people

Average Human Mass  - 55.3 kg

Earth constants

Density of sea water - 1030 kg/ m3

Surface area of oceans – 361 X 106 km2
3.  Ice Sheets and Sea Level rise (From: The PUMAS Collection http://pumas.jpl.nasa.gov)  The ice sheets of Greenland and Antarctica contain massive amounts of frozen water (i.e., ice) that, if broken off or melted, for instance from extended global warming or from outward ice flow, would go largely into the oceans. In view of the vast size of the oceans, covering over 70% of the Earth’s surface area, many people might at first think that the addition of ice or melted ice from the ice sheets would have little impact on global sea level. The numbers prove otherwise, however, and doing the calculations helps to instill this fact as well as recognition of the vast size of the Earth’s two major ice sheets. The Antarctic ice sheet, for instance, has an area far exceeding the area of the United States, and over sizable regions its ice extends to a depth of greater than 2 miles (3.2 kilometers).

Exercise: Determine the amount that sea level would rise, averaged around the globe, in response to the complete melting of (a) the Greenland ice sheet, (b) the Antarctic ice sheet, and (c) both the Greenland and Antarctic ice sheets.

Needed information: The calculations require the area of the Earth’s oceans and major seas, the volume of the ice sheets overlying land, the densities of ice and water, and knowledge that glacier ice is fresh-water ice rather than sea-water ice. Some of this information is given in the previous problem and the rest below:

Table 1. Ice Sheet Areas and Thicknesses.

Ice Sheet
     Area (in square kilometers)      Average Thickness (in kilometers)
Greenland


  1,736,095 



1.50

Antarctica


11,965,700 



2.45

Table 2. Densities.


Substance

Density (in kilograms per cubic meter)

Fresh water

Approximately 1000


Glacier ice

Approximately 900 (generally between 830 and 917)

4.   How far can you see?  (From: The PUMAS Collection http://pumas.jpl.nasa.gov) Fire towers are built so firefighters in forested regions can scan large areas for potential trouble.  Upper-story and penthouse apartments rent for the highest prices because of the terrific views.  Assuming the atmosphere is clear, and there are no hills or mountains obstructing the view, how far could you see to the horizon from the top of a 100 meter fire tower?  From the top of a 55 story skyscraper, where each floor is 3 meters high?  From the top of the tallest building in the world (the Petronis Tower in Kuala Lumpur, Malaysia, 1,467 ft. high)?  From an airplane flying at 35,000 feet?  From the Space Shuttle flying at 300 km?  (The radius of the earth is approximately 6378km or 3963 miles.)

5. Eratosthenes Finds Diameter of Earth! (http://math.rice.edu/~ddonovan/Lessons/eratos.html)

Eratosthenes made a remarkably precise measurement of the size of the earth. He knew that at the summer solstice the sun shone directly into a well at Syene at noon. He found that at the same time, in Alexandria, Egypt, approximately 787 km due north of Syene (now Aswan), the angle of inclination of the sun’s rays was about 7.2°. With these measurements, how did he compute the diameter and circumference of the earth?
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6. An observer is on the bank of a river at A, opposite a tower TF.  His task is simply to find the height of the tower.  He cannot get to the tower because of the river and so he has to do this from where he is.  He is equipped only with an inclinometer, a marking pole and a measuring tape.  

How can he measure the height of the tower?  Can he still do it if he has only the marking pole and the measuring tape?

7. Determining the Altitude of Iridium Flares  (From: The PUMAS Collection http://pumas.jpl.nasa.gov)

Background: If you have a clear night and you’re somewhat removed from city lights, many satellites are fairly easy objects to see. They look like faint stars (occasionally bright stars) gliding across the night sky. Sometimes satellites look like airplanes, but airplanes have blinking lights that are usually colored. What’s interesting about Iridium satellites, from a star gazing point of view, is that they can suddenly brighten and may easily outshine every star or planet in the sky. Such dramatic “flaring” is a result of the special composition and configuration of the antenna on these satellites. I suspect that a number of future UFO sightings will be attributed to these things

Exercise:  How far overhead are the Iridium satellites?  On a warm spring evening, you witness the predicted brightening of the Iridium satellite known as Iridium 29. The flare has a magnitude of –7, and you’re able to track it over a portion of the sky that’s about the length of your thumb when held at arm’s length, until it dies out.  In the clear, moonless sky, it takes 8.5 seconds (according to the stopwatch you have with you) from when you first notice the flaring until you can no longer see it. The minimum velocity needed for a satellite to orbit the Earth is about 17,500 miles per hour (28,000 km per hour), and the Iridium satellites travel a bit faster than this – approximately 18,000 miles per hour (28,800 km per hour). You know that the flare is 60 degrees above the horizon, in a due east direction. How far away is this satellite?

Needed Information:  Ten degrees of sky is the angular distance of the sky covered by your fist when held at arm’s length, and 5 degrees is the amount of sky covered by your thumb at arm’s length.  From one horizon to the opposite horizon the angular distance is 180 degrees, and thus the angular distance directly overhead (zenith) from the horizon is 90 degrees.  You don’t really know if the satellite is moving toward you, away from you or laterally (neither toward you or away from you), but for the purposes of this exercise, we’ll say that it’s moving laterally to your position.

