
PHYSICS 1050: Assignment #4

DUE: Tuesday February 2, 2016

Readings:

• Chapter 1 of Franklin et al.

• Chapter 2 of Franklin et al.

Problems:

• include name or PIN;

• staple your assignment;

• show all your work;

• all answers are to have three significant figures unless stated otherwise.

1. Problem 1.3 on page 13

2. Problem 1.8 on page 13

3. Men are from Mars and Women are from Venus.

It has been suggested, and not facetiously, that life might have originated on Mars and been carried to
Earth when a meteor hit Mars and blasted pieces of rock (perhaps containing primitive life) free of the
surface. Astronomers know that many Martian rocks have come to Earth that way. (For information
on one of these, search the Internet for ”ALH 84001”. One objection to this idea is that microbes
would have to undergo an enormous, lethal acceleration during the impact. Let us investigate how
large such an acceleration might be. To escape Mars, rock fragments would have to reach its escape
velocity of 5.0 kilometers per second, and this would most likely happen over a distance of about 4.0
meters during the impact.

(a) What would be the acceleration, in meters per second squared and g’s, of such a rock fragment?

(b) How long would this acceleration last?

(c) In tests, scientists have found over 40% of Bacillus subtilis bacteria survived after an acceleration
of 450, 000g. In light of your answer to part (a), can we rule out the hypothesis that life might
have been blasted from Mars to Earth?

4. Blackout - drinking too much or...

A jet fighter pilot wishes to accelerate from rest at 5g to reach Mach 3 (three times the speed of sound)
as quickly as possible. Experimental tests reveal that he will black out if this acceleration lasts for
more than 5.0 seconds. Use 331 meters per second for the speed of sound.
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(a) Will the period of acceleration last long enough to cause him to black out?

(b) What is the greatest speed he can reach with an acceleration of 5g before blacking out?

5. Falling without style...

Falls resulting in hip fractures (or head injuries) are a major cause of injury and even death to the
elderly. Typically, the hip’s speed at impact is about 2.0 meters per second. If this can be reduced
to 1.3 meters per second or less, the hip will usually not fracture. One way to do this is by wearing
elastic hip pads.

(a) If a typical pad is 5.0 centimeters thick and compresses by 2.0 centimeters during the impact of
a fall, what acceleration (in meter per second squared and in g’s) does the hip undergo to reduce
its speed to 1.3 meters per second?

(b) The acceleration you found in part (a) may seem like a rather large acceleration, but to fully
assess its effects on the hip, calculate how long it lasts.

6. Canadian geese and Canadian snowbirds.

Canadian snowbirds usually follow the I-15 at a speed of about 120 kilometers per hour. Canadian
geese, on the other hand, migrate essentially along a north-south direction for well over a thousand
kilometers in some cases, traveling at speeds up to about 100 kilometers per hour. If one such bird
(Candian goose) is flying at 100 kilometers per hour relative to the air, but there is a 40 kilometer per
hour wind blowing from west to east,

(a) at what angle relative to the north-south direction should the bird head so that it will be traveling
directly southward relative to the ground?

(b) How long will it take the bird to cover a ground distance of 500 kilometers from north to south?
Note: Even on cloudy nights, many birds can navigate using the Earth’s magnetic field to fix the
north-south direction.
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