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General Physics I: Homework (week )

Deadline: July 15th (Wed 10:00)
TA hour: July 15th(Wed 12:00)

1 Antarctica is roughly semicircular, with a radius of 2000 km
(Fig. 1-5). The average thickness of its ice cover is 3000 m. How
many cubic centimeters of ice does Antarctica contain? (Ignore
the curvature of Earth.)
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Figure 1-5 Problem 9.

2 For about 10 years after the French Revolution, the French
government attempted to base measures of time on multiples of
ten: One week consisted of 10 days, one day consisted of 10 hours,
one hour consisted of 100 minutes, and one minute consisted of 100
seconds. What are the ratios of (a) the French decimal week to the
standard week and (b) the French decimal second to the standard
second?

3 Time standards are now based on atomic clocks. A promis-
ing second standard is based on pulsars, which are rotating neu-
tron stars (highly compact stars consisting only of neutrons).
Some rotate at a rate that is highly stable, sending out a radio
beacon that sweeps briefly across Earth once with each rotation,
like a lighthouse beacon. Pulsar PSR 1937 + 21 is an example; it
rotates once every 1.557 806 448 872 75 = 3 ms, where the trailing
*+3 indicates the uncertainty in the last decimal place (it does not
mean *3 ms). (a) How many rotations does PSR 1937 + 21 make
in 7.00 days? (b) How much time does the pulsar take to rotate ex-
actly one million times and (c) what is the associated uncertainty?

4 Suppose that, while lying on a beach near the equator
watching the Sun set over a calm ocean, you start a stopwatch just
as the top of the Sun disappears. You then stand, elevating your
eyes by a height H = 1.70 m, and stop the watch when the top of

1 the Sun again disappears. If the elapsed time is t = 11.1 s, what is
the radius r of Earth?
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9 Two trains, each having a speed of 30 km/h, are headed at
each other on the same straight track. A bird that can fly 60 km/h
flies off the front of one train when they are 60 km apart and heads
directly for the other train. On reaching the other train, the (crazy)
bird flies directly back to the first train, and so forth. What is the to-
tal distance the bird travels before the trains collide?

6 % Traffic shock wave. An abrupt slowdown in concen-
trated traffic can travel as a pulse, termed a shock wave, along the
line of cars, either downstream (in the traffic direction) or up-
stream, or it can be stationary. Figure 2-25 shows a uniformly
spaced line of cars moving at speed v = 25.0 m/s toward a uni-
formly spaced line of slow cars moving at speed v, = 5.00 m/s.
Assume that each faster car adds length L = 12.0 m (car length
plus buffer zone) to the line of slow cars when it joins the line, and as-
sume it slows abruptly at the last instant. (a) For what separation dis-
tance d between the faster cars does the shock wave remain
stationary? If the separation is twice that amount, what are the (b)
speed and (c) direction (upstream or downstream) of the shock wave?
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Figure 2-25

7 @ An electron moving along the x axis has a position given
by x = 16te™* m, where ¢ is in seconds. How far is the electron from
the origin when it momentarily stops?

8 @ (a) If a particle’s position is given by x = 4 — 12¢ + 3¢2
(Where ¢ is in seconds and x is in meters), what is its velocity at
t = 1s? (b) Is it moving in the positive or negative direction of x
just then? (c) What is its speed just then? (d) Is the speed
increasing or decreasing just then? (Try answering the next two
questions without further calculation.) (e) Is there ever an instant
when the velocity is zero? If so, give the time ¢; if not, answer no.
(f) Is there a time after ¢ = 3 s when the particle is moving in the
negative direction of x? If so. give the time #:if not. answer no.
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9 ssm An electron with an initial velocity v, = 1.50 X 10° m/s
enters a region of length L = 1.00

cm where it is electrically acceler- Nonaccelerating Accelerating
ated (Fig. 2-26). It emerges with region region

v = 5.70 X 10° m/s. What is its ac-

celeration, assumed constant? I‘_ L _’I

electron

Figure 2-26

10 A muon (an elementary particle) enters a region with a speed
of 5.00 X 10° m/s and then is slowed at the rate of 1.25 X 10" m/s.
(a) How far does the muon take to stop? (b) Graph x versus ¢ and v
versus ¢ for the muon.

An electron has a constant acceleration of +3.2 m/s?. At a
certain instant its velocity is +9.6 m/s. What is its velocity (a) 2.5 s
earlier and (b) 2.5 s later?

11 %= In a forward punch in karate, the fist begins at rest at
the waist and is brought rapidly forward until the arm is fully ex-
tended. The speed v(¢) of the fist is given in Fig. 2-37 for someone
skilled in karate. The vertical scaling is set by v; = 8.0 m/s. How far
has the fist moved at (a) time ¢ = 50 ms and (b) when the speed of
the fist is maximum?

v (m/s)

0 50 100 140
t (ms)

Figure 2-37
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12 fF= q(v X B) and ¥ is perpendicular to B, then what is the
direction of B in the three situations shown in Fig. 3-24 when con-
stant g is (a) positive and (b) negative?
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Figure 3-24
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13 Figure 3-25 shows vector A and
four other vectors that have the same
magnitude but differ in orientation.
(a) Which of those other four vectors
have the same dot product with A? (b)
Which have a negative dot product
with A? .

14 In a game held within a three-

dimensional maze, you must move Figure 3-25

your game piece from start, at xyz co-

ordinates (0, 0, 0), to finish, at coordinates (—2 cm, 4 cm, —4 cm).
The game piece can undergo only the displacements (in centime-
ters) given below. If, along the way, the game piece lands at coordi-
nates (—5 cm, —1 cm, —1 cm) or (5 cm, 2 cm, —1 cm), you lose the
game. Which displacements and in what sequence will get your
game piece to finish?

C

A

p=-T1+2] -3k F=21-3j+2k
a=21—1+4k ¥ =31+5 —3k.
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15 ssm What are (a) the x component and (b) the y component of a
vector ¢ in the xy plane if its direction is 250°
counterclockwise from the positive direction

of the x axis and its magnitude is 7.3 m? T

16 A displacement vector 7 in the xy plane 0 X
is 15 m long and directed at angle # = 30° in
Fig. 3-26. Determine (a) the x component Figure 3-26

and (b) the y component of the vector.

N

17 In Fig. 3-38, the magnitude of @ is 4.3, the magnitude of b is
5.4, and ¢ = 46°. Find the area of the triangle contained between
the two vectors and the thin diagonal line.

18 m Fig. 3-30, a vector @ with a magnitude of 17.0 m is
directed at angle 6 = 56.0° counterclockwise from the +x axis.
What are the components (a) a, and (b) a, of the vector? A sec-
ond coordinate system is inclined by angle ' = 18.0° with respect
to the first. What are the components (c) a, and (d) a, in this
primed coordinate system?

0 N a

Figure 3-30



