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Welcome
to the CONCEPTUAL PHYSICS PRACTICE BOOK

These practice pages supplement Conceptual Physics, Tenth Edition. Their
purpose is as the name implies-practice-not testing. You'll find it is easier to
learn physics by doing it-by practicing. AFTER you've worked through a page,
check your responses with the reduced pages with answers beginning on page 131.

Pages 193 to 290 show answers to the odd-numbered exercises and solutions to
the problems in the textbook.

Enjoy your physics!
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Name Date

CONCEPTUAL Wt.y.;,
Chapter 1 About Science
Making Hypotheses

PRACTICE PAGE

The word science comes from Latin, meaning "to know."
The word hypothesis comes from Greek, "under an idea."
A hypothesis (an educated guess) often leads to new
knowledge and may help to establish a theory.

Examples:
1. It is well known that objects generally expand when

heated. An iron plate gets slightly bigger, for example,
when placed in an oven. But what of a hole in the middle
of the plate? One friend may say the size of the hole will
increase, and another may say it will decrease.

a. What is your hypothesis about hole size, and if you
are wrong, is there a test for finding out?

I CUT A DISK FROM nns
IRON PLATE. WHEN I HEAT
THE PLATE, W1Ll THE HOLE
Gt:T BIGGER, OR SMALLER '?

~ '.:-'\
• 'v ,.

b. There are often several ways to test a hypothesis. For example, you can perform
a physical experiment and witness the results yourself, or you can use the library
or internet to find the reported results of other investigators. Which of these two
methods do you favor, and why?

2. Before the time of the printing press, books were hand-copied by scribes,
many of whom were monks in monasteries. There is the story otthe scribe
who was frustrated to find a smudge on an important page he was copying.
The smudge blotted out part of the sentence that reported the number of
teeth in the head of a donkey. The scribe was very upset and didn't know
what to do. He consulted with other scribes to see if any of their books
stated the number of teeth in the head of a donkey. After many hours of
fruitless searching through the library, it was agreed that the best thing to
do was to send a messenger by donkey to the next monastery and continue
the search there. What would be your advice?

Making Distinctions
Many people don't seem to see the difference between a thing and
the abuse of the thing. For example, a city council that bans skate-
boarding may not distinguish between skateboarding and reckless
skateboarding. A person who advocates that a particular technology
be banned may not distinguish between that technology and the
abuses of that technology. There's a difference between a thing and
the abuse of the thing.

On a separate sheet of paper, list other examples where use and abuse are often not distinguished.
Compare your list with others in your class.

1



Chapter 1 About Science
Pinhole Formation
Look carefully on the round spots of light on the shady ground beneath trees. These are sunballs,
which are images of the sun. They are cast by openings between leaves in the trees that act as
pinholes. (Did you make a pinhole "camera" back in middle school?) Large sunballs, several
centimeters in diameter or so, are cast by openings that are relatively high above the ground,

.L "" t:" while sm.all ones are p~oduce~ by
·...~.L ~ . ••••--...... 'vN. -...I. v' ." ..J closer "pinholes." The Interesting

- (;Iv " fl,f.; " v point is that the ratio of the
't1~ \1'J ~~ diameter of the sunball to its

? -e b \ distance from the pinhole is the
'/, I same ratio of the Sun's diameter

to its distance from the pinhole.
We know the Sun is approximately
150,000,000 km from the pin-
hole, so careful measurements of
of the ratio of diameter/distance
for a sun ball leads you to the
diameter of the Sun. That's what
this page is about. Instead of lS0,OOOiO(jO~
measuring sunballs under the
shade of trees on a sunny day,
make your own easier-to-
measure sunball.

CONCEPTUAL ftys;, PRACTICE PAGE

1. Poke a small hole in a piece of card. Perhaps an index card will do, and
poke the hole with a sharp pencil or pen. Hold the card in the sunlight
and note the circular image that is cast. This is an image of the Sun.
Note that its size doesn't depend on the size of the hole in the card, but
only on its distance. The image is a circle when cast on a surface
perpendicular to the rays-otherwise it's "stretched out" as an ellipse.

2. Try holes of various shapes; say a square hole, or a triangular hole. What is the shape of the
image when its distance from the card is large compared with the size of the hole? Does the
shape of the pinhole make a difference?

3. Measure the diameter of a small coin. Then place the coin on a viewing area that is perpendicular
to the Sun's rays. Position the card so the image of the sunball exactly covers the coin. Carefully
measure the distance between the coin and the small hole in the card. Complete the following:

Diameter of sunball

Distance of pinhole

With this ratio, estimate the diameter of the Sun Show your work on
a separate piece of paper.

4. If you did this on a day when the Sun is partially eclipsed, what shape
of image would you expect to see?

2
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Chapter 2 Newton's First Law of Motion-Inertia
Static Equilibrium

1. Little Nellie Newton
wishes to be a
gymnast and hangs
from a variety of
positions as shown.
Since she is not
accelerating, the net
force on her is zero,
That is, :EF = O. This
means the upward
pull of the rope(s)
equals the down-
ward pull of gravity.
She weighs 300 N.
Show the scale
reading(s) for each
case,

bOO N..•

400 N

ON ••
(r
"

.••...

N

N

3

__ N

__ N

2. When Burl the painter stands in the
exact middle of his staging, the left
scale reads 600 N. Fill in the reading
on the right scale. The total weight
of Burl and staging must be

____ N.

3. Burl stands farther from the left. Fill
in the reading on the right scale.

4. In a silly mood, Burl dangles from
the right end. Fill in the reading on
right scale.



CONCEPTUAL ftysic PRACTICE PAGE

Chapter 2 Newton's First Law of Motion-Inertia
The Equilibrium Rule: IF = 0

1. Manuel weighs 1000 N and stands in the
middle of a board that weighs 200 N. The
ends of the board rest on bathroom scales.
(We can assume the weight of the board
acts at its center.) Fill in the correct weight
reading on each scale.

r 350 N

lOON

N

1000 N

2. When Manuel moves to the left as shown,
the scale closest to him reads 850 N. Fill
in the weight for the far scale.

.+. TONS

t 1000 N

3. A 12-ton truck is one-quarter
the way across a bridge that
weighs 20 tons. A 13-ton force
supports the right side of the
bridge as shown. How much
support force is on the left side?

4. A 1000-N crate resting on a
surface is connected to a
500-N block through a frictionless
pulley as shown. Friction between
the crate and surface is enough
to keep the system at rest. The
arrows show the forces that act
on the crate and the block. Fill in
the magnitude of each force.

13 TONS'"

I
Cl

1'2 TONS I').

20 TONS

Normal = N

crate Tension = .• - - ~ - _ N

~
friction = N

W= N
Iron
block

W'::: • _ N
5. If the crate and block in the preceding question move at constant speed, the tension in the rope

[is the same] [increases] [decreases].

The sliding system is then in [static equilibrium] [dynamic equilibrium].

4
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CONCEPTUALl.y,;t. PRACTlCEPAGE . .. . .

Chapter 2· New.~~n~sFirst Law of Motion -In.~ rtt~~. ..>.J.L S.k.,r
Vectors and EqUllibflum ~,,~-1.. V\.),~~

. 'P1. . ~

2. Nellie is supported
by two vertical ropes.
Draw tension vectors
to scale along the
direction of each rope.

Circle the correct answer.
5. We see that tension in a rope is [dependent on] [independent of] the

length of the rope. So the length of a vector representing rope tension is
[dependent on] [independent of] the length of the rope.

~ ..):2

1. Nellie Newton dangles from a
vertical rope in equilibrium:
2:F::: o. The tension in the rope
(upward vector) has the same
magnitude as the downward

..pull of gravity (downward vector).

3. This time the vertical ropes have
different lengths. Draw tension
vectors to scale for each of the
two ropes.

4. Nellie is supported by three
vertical ropes that are equally
taut but have different lengths.
Again, draw tension vectors to
scale for each of the three ropes.

Rope tension does depend on the angle the rope makes with
the vertical, as Practice Pages for Chapter 6 will show!

5
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CONCEPTUAL 7rysiCJ
Chapter 3 Linear Motion
Free Fall Speed

PRACTICE PAGE

1. Aunt Minnie gives you $10 per second for 4 seconds.
How much money do you have after 4 seconds?

2. A ball dropped from rest picks up speed at 10 m/s per second.
After it falls for 4 seconds, how fast is it going?

3. You have $20, and Uncle Harry gives you $10 each second for 3 seconds.
How much money do you have after 3 seconds?

4. A ball is thrown straight down with an initial speed of 20 m/so
After 3 seconds, how fast is it going?

5. You have $50, and you pay Aunt Minnie $1 a/second.
When will your money run out?

6. You shoot an arrow straight up at 50 m/so
When will it run out of speed?

,'., .
• t
, I

7. So what will be the arrow's speed 5 seconds after you shoot it? \ 1
8 What will its speed be 6 seconds after you shoot it?

Speed after 7 seconds?

Free Fall Distance

1. Speed is one thing; distance is another. How high is the arrow

when you shoot up at 50 m/s when it runs out of speed?

2. How high will the arrow be 7 seconds after being shot up at 50 m/s? _

b. What is the penny's average speed during its
3-second drop?

c. How far down is the water surface?

Distinguish between ,. how fast,"
U he f "ord " he . ·1··· "Iw or, .. W ong .

7
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Chapter 3 Linear Motion
Acceleration of Free Fall

A rock dropped from the top of a cliff
picks up speed as it falls. Pretend
that a speedometer and odometer
are attached to the rock to indicate
readings of speed and distance at
1-second intervals. Both speed and
distance are zero at time = zero (see
sketch) Note that after falling 1 second,
the speed reading is 10 m/s and the
distance fallen is 5 m. The readings
of succeeding seconds of fall are not
shown and are left for you to complete.
So draw the position of the speedometer
pointer and write in the correct odometer
reading for each time. Use 9 = 10 rn/s"
and neglect air resistance.

"

yOU NEEDTO KNOW: 0
Instantaneous speed of fa\1
from rest: I

V :: gt "I
Distonce foUen from rest: I

d :: VO'leroge t

fOf
d : '/2 t2

1. The speedometer reading increases the same
j

amount, m/s, each second. I

This increase in speed per second is called ~

0
2. The distance fallen increases as the square of I

I
the I

I

3. If it takes 7 seconds to reach the ground, { I

then its speed at impact is m/s, 1/
the total distance fallen is m, t
and its acceleration of fall just before impact is

Vm/s2. I

8



Name Date

CONCEPTUAL "JlS;C
Chapter 3 Linear Motion
Hang Time

PRACTICE PAGE

Some athletes and dancers have great jumping ability. When leaping, they seem to momentarily
"hang in the air" and defy gravity. The time that a jumper is airborne with feet off the ground is
called hang time. Ask your friends to estimate the hang time of the great jumpers. They may say
two or three seconds. But surprisingly, the hang time of the greatest jumpers is most always less
than 1 second! A longer time is one of many illusions we have about nature.

To better understand this, find the answers to the following questions:

1. If you step off a table and it takes Seed of free fall :::acceleration x time
one-half second to reach the floor, P . 2 . .. cl
what will be the speed when you .:: 10 m/s x number of secon s
meet the floor? •••• . :::10t m.......;..

A cl initial soeed ;0 final speedvero.gespee:: ... ..I< 2

2. What will be your average speed of fall?

3. What will be the distance of fall?

4. So how high is the surface of the table above the floor?

Jumping ability is best measured by a standing vertical jump. Stand facing a wall
with feet flat on the floor and arms extended upward. Make a mark on the wall at
the top of your reach. Then make your jump and at the peak make another mark.
The distance between these two marks measures your vertical leap. If it's more
than 0.6 meters (2 feet), you're exceptional.

5. What is your vertical jumping distance?

6. Calculate your personal hang time using the formula d = 1/2 gt'. (Remember that
hang time is the time that you move upward + the time you return downward.)

Almost anybody can safely step offe L25-m (4~feet) high table.

Can aoybady;n y'"' school jump {""" the {I,,, up onre..t. h...e..."me. table? r;;;..~..~.
. A~0 ~

. There'S Cl big difference in how high you can reach and how hignyou raise

~

•• . . your "cenrer of gravity" when you jump. Even basketball star Michael
.•..J.";. Jordan in his prime couldn't quite raise his body l'2sm...erer-s high,although

,.;rt he couldeasily reach higher than the more~than-3-meter high basket.

Here we're talking about vertical motion. How about running jumps? We'll see in Chapter 10 that the
height of a jump depends only on the jumper's vertical speed at launch. While airborne, the jumper's
horizontal speed remains constant while the vertical speed undergoes acceleration due to gravity.
While airborne, no amount of leg or arm pumping or other bodily motions can change ~!~~;ang time.

~-;uif'!
9



CONCEPTUAL tAy5;C PRACTICE PAGE

Chapter 3 Linear Motion
Non-Accelerated Motion

1. The sketch shows a ball rolling at constant velocity along a level floor. The ball rolls from the
first position shown to the second in 1 second. The two positions are 1 meter apart Sketch
the ball at successive 1-second intervals all the way to the wall (neglect resistance).

- = :=:' ..=- ::::: ~:·;1
a. Did you draw successive ball positions evenly spaced, farther apart, or closer together? Why?

b. The ball reaches the wall with a speed of m/s and takes a time of seconds.

2. Table I shows data of sprinting
speeds of some animals.
Make whatever computations
necessary to complete the table.

TABLE I

ANIMAL
CHEETAH

GREYHOUND
GAZELLE
TURtLE

DISTANCE
75m

160 m
1 km

TtME
35
105

SPEED
25 m/s

305
100 km/h

1 cm/s

Accelerated Motion

3. An object starting from rest gains a speed v = at when it undergoes uniform acceleration. The
distance it covers is d = 1/2 af. Uniform acceleration occurs for a ball rolling down an inclined
plane. The plane below is tilted so a ball picks up a speed of 2 m/s each second; then its
acceleration a = 2 m/s". The positions of the ball are shown at 1-second intervals. Complete
the six blank spaces for distance covered and the four blank spaces for speeds.

a. Do you see that the total distance from the starting point increases as the square of the time?
This was discovered by Galileo. If the incline were to continue, predict the ball's distance from
the starting point for the next 3 seconds.

b. Note the increase of distance between ball positions with time. Do you see an odd-integer
pattern (also discovered by Galileo) for this increase? If the incline were to continue, predict
the successive distances between ball positions for the next 3 seconds.

10
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Chapter 4 Newton's Second Law of Motion
Mass and Weight

·..k

Learning physics is learning the connections among concepts in nature, and
also learning to distinguish between closely-related concepts. Velocity and
acceleration, previously treated, are often confused. Similarly in this chapter,
we find that mass and weight are often confused. They aren't the same!
Please review the distinction between mass and weight in your textbook. . .);1.:.
To reinforce your understanding of this distinction, circle the correct answers below:

Comparing the concepts of mass and weight, one is basic-fundamental-depending only on the
internal makeup of an object and the number and kind of atoms that compose it. The concept that
is fundamental is [mass] [weight].

The concept that additionally depends on location in a gravitational field is [mass] [weight].

[Mass] [Weight] is a measure of the amount of matter in an object and only depends on the
number and kind of atoms that compose it.

It can correctly be said that [mass] [weight] is a measure of "laziness" of an object.

[Mass] [Weight] is related to the gravitational force acting on the object.

[Mass] [Weight] depends on an object's location, whereas [mass] [weight] does not.

In other words, a stone would have the same [mass] [weight] whether it is on the surface of
Earth or on the surface of the Moon. However, its [mass] [weight] depends on its location.

On the Moon's surface, where gravity is only about 1/6th Earth gravity [mass] [weight]
[both the mass and the weight] of the stone would be the same as on Earth.

While mass and weight are not the same, they are [directly proportional] [inversely proportional]
to each other. In the same location, twice the mass has [twice] [half] the weight.

The Standard International (SI) unit of mass is the [kilogram] [newton], and the SI unit of force
is the [kilogram] [newton].

In the United States, it is common to measure the mass of something by measuring its gravitational
pull to Earth, its weight. The common unit of weight in the U.S. is the [pound] [kilogram] [newton].

When I step on a weighing scale, two forces act on it; a downward
pull of gravity, and an upward support force. These equal and
opposite forces effectively compress a spring inside the scale that
is calibrated to show weight. When in equilibrium, my weight = mg.

Support
Force

thanx to Daniela Taylor
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Chapter 4 Newton's Second Law of Motion
Converting Mass to Weight

Objects with mass also have weight (although they can be weightless under special conditions). If
you know the mass of something in kilograms and want its weight in newtons, at Earth's surface,
you can take advantage of the formula that relates weight and mass.

Weight = mass x acceleration due to gravity
W=mg

This is in accord with Newton's 2nd law, written as F = ma. When the force of gravity is the only
force, the acceleration of any object of mass m will be g, the acceleration of free fall. Importantly,
9 acts as a proportionality constant, 9.8 Nlkg, which is equivalent to 9.8 m/s2.

Sample Question: from F = ma, we see that the unit of
How much does a 1-kg bag of nails weigh on Earth? force equals the units [kg x m/52]. Can

@yousee the units [m/s21:: [N/kg]?
W = mg = (1 kg)(9.8 rn/s") = 9.8 m/s" = 9.8 N... .~
or simply, W = mg = (1 kg)(9.8 Nlkg) = 9.8 N. ",::;r
Answer the following questions:
Felicia the ballet dancer has a mass of 45.0 kg.

1. What is Felicia's weight in newtons at Earth's surface?

2. Given that 1 kilogram of mass corresponds to 2.2 pounds at Earth's surface,
what is Felicia's weight in pounds on Earth?

3. What would be Felicia's mass on the surface of Jupiter?

4. What would be Felicia's weight on Jupiter's surface,
where the acceleration due to gravity is 25.0 m/s2?

i.r9.8NDifferent masses are hung on a spring scale calibrated in newtons.
The force exerted by gravity on 1 kg = 9.8 N.

5. The force exerted by gravity on 5 kg = ______ N.

6. The force exerted by gravity on ______ kg=98N.

By whatever means (spring scales,
measuring balances, etc.), find the
mass of your physics book. Then
complete the table.

OBJECT

Make up your own mass and show the corresponding weight:
The force exerted by gravity on kg = N.

MELON

APPLE

BOOK

A FRIEND

MASS
t kg

WEIGHT

1 N

60 k9

12
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Chapter 4 Newton's Second Law of Motion
A Day at the Races with a = F/m

In each situation below, Cart A has a mass of 1 kg. Circle the correct answer (A, B, or Same for both).

1. Cart A is pulled with a force of 1 N.
Cart B also has a mass of 1 kg and is
pulled with a force of 2 N.
Which undergoes the greater acceleration?

[A) [B) [Same for both)

A~ (;J~Jt!~[)!+-

3. Cart A is pulled with a force of 1 N.
Cart B has a mass of 2 kg and is pulled
with a force of 2 N.
Which undergoes the greater acceleration?

[A) [B) [Same for both)

Aq~ (;J~ 3Uj~

B~l~:t»-
5. This time Cart A is pulled with a force of 4 N.

Cart B has a mass of 4 kg and is pulled with
a force of 4 N.

.Which undergoes the greater acceleration?

[A) [B) [Same for both)

Aq~__.(;J2::: == S ~ ; ~j t~

~~3t::t)g

2. Cart A is pulled with a force of 1 N.
Cart B has a mass of 2 kg and is also
pulled with a force of 1 N.
Which undergoes the greater acceleration?

[A) [B] [Same for both]

Age e~Jt~~t~

B~:rm~
4. Cart A is pulled with a force of 1 N.

Cart B has a mass of 3 kg and is pulled
with a force of 3 N.
Which undergoes the greater acceleration?

[A] [B] [Same for both]

6. Cart A is pulled with a force of 2 N.
Cart B has a mass of 4 kg and is pulled
with a force of 3 N.
Which undergoes the greater acceleration?

[A) [B) [Same for both)

A~ (;J~;}r~;t~

B~J~332J
thanx to Dean Baird

13
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Chapter 4 Newton's Second law of Motion
Dropping Masses and Accelerating Cart

1. Consider a 1-kg cart being pulled by a 10-N applied force.
According to Newton's 2nd law, acceleration of the cart is

a = F = 10 N = 10 m/s2.
m 1 kg

This is thescmees the.cccelerctlon of free fa1t/g-becausea
fcOrceeq:ual to thecarfsweighf accelerates it.

2. Consider the acceleration of the cart when the applied force
is due to a 10-N iron weight attached to a string draped over
a pulley. Will the cart accelerate as before, at 10 m/s2?
The answer is no, because the mass being accelerated is
the mass of the cart plus the mass of the piece of iron that
pulls it. Both masses accelerate. The mass of the 10-N
iron weight is 1 kg-so the total mass being accelerated
(cart + iron) is 2 kg. Then,

The puH~ changes only
thedireetion of the force.

a =
F
m =

10 N
2 kg

= 5m/s2
.

Don't forget; the total mass of a system
includes the. mass of the h~ing iron.

Note this is half the acceleration due to gravity alone,g. So
the acceleration of 2 kg produced by the weight of 1 kg is 9/2.

a Find the acceleration of the 1-kg cart when two
identical 1O-N weights are attached to the string.

F applied force
total massa = =m

Here we simplify and say
9 = 10 m/s2

.

14
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Chapter 4 Newton's Second Law of Motion
Dropping Masses and Accelerating Cart-continued

b. Find the acceleration of the 1-kg cart when the
three identical 10-N weights are attach to the
string.

F applied force
total mass

______ = m/s2.a = =m

c. Find the acceleration of the 1-kg cart when four identical 10-N weights (not shown)
are attached to the string.

F applied force
total mass

a =
m

d. This time 1 kg of iron is added to the cart, and
only one iron piece dangles from the pulley.
Find the acceleration of the cart.

F applied force
total mass

_______ = m/s2.a = m

The force due to gravity on Q IT\QSS m is mg.
So gravitatioMI forc.e on lkgis (1 kg)(10 m/s2

) = 10 N.

e. Find the acceleration of the cart when it carries
two pieces of iron and only one iron piece dangles
from the pulley.

F applied force
total mass

= = m/s".a = =m
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Chapter 4 Newton's Second Law of Motion
Dropping Masses and Accelerating Calt-continued

1. Find the acceleration of the cart when it carries
3 pieces of iron and only one iron piece dangles
from the pulley.

a = F
m =

applied force
total mass

= = m/s2.

g. Find the acceleration of the cart when it carries
3 pieces of iron and 4 pieces of iron dangle from
the pulley.

F applied force
total mass

_______ = m/s2.a= =m

.:il MOSS. of ccrt 15 ll<g. - of 10-N Iron is else 1 kg.

h. Draw your own combination of masses and
find the acceleration.

a =
F
m =

applied force
total mass

= = m/52.

16
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Chapter 4 Newton's Second Law of Motion
Force and Acceleration

!=ORCE ACCELERATION

100 N
200 N

10 m/s1

1. Skelly the skater, total mass 25 kg, is propelled by rocket power.

a. Complete Table I (neglect resistance).
TABLE I

b. Complete Table 11 for a constant 50-N resistance.
TABLE 11

I FORCE ACCELERATION

50 N o m/S2

WON
200N

2. Block A on a horizontal friction-free table is accelerated by a force from a string attached
to Block B of the same mass. Block B falls vertically and drags Block A horizontally.
(Neglect the string's mass). ( (

A
Circle the correct answers:
a. The mass of the system (A + B) is [m] [2 m].

b. The force that accelerates (A + B) is the weight of [A] [B] [A + B].

c. The weight of B is [mg/2] [mg] [2 mg]. @J~- .•.

Bd. Acceleration of (A + B) is [less than g] [g] [more than g].

e. Use a = f..- to show the acceleration of (A + B) as a fraction of g.m

bl~t< To better U'"'derstond this.
consider 3 ord 4 00 the
other side!

If B were allowed to foil by itself, not dragging A,
then wOJldn't its occeleroilon be g?

Yes, because the force tret accelerates
it woukl only be oding on its own
mass - not twice t~ moss!

17
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Chapter 4 Newton's Second Law of Motion
Force and Acceleration-continued

A

3. Suppose Block A is still a 1-kg block, but B is a low-mass feather (or a coin).

a. Compared to the acceleration of the system of 2 equal-mass blocks B
the acceleration of (A + B) here is [less] [more]

and is [close to zero] [close to g].

b. In this case, the acceleration of B is

A
[practically that of free fall] [nearly zero].

4. Suppose A is the feather or coin, and Block B has a mass of 1 kg.

a. The acceleration of (A + B) here is [close to zero] [close to g].

b. In this case, the acceleration of Block B is B
[practically that of free fall] [nearly zero].

5. Summarizing we see that when the weight of one object causes the acceleration
of two objects, the range of possible accelerations is between
[zero and g] [zero and infinity] [g and infinity].

6. For a change of pace, consider a ball that rolls down a uniform-slope ramp.

a. Speed of the ball is [decreasing] [constant] [increasing].

b. Acceleration is [decreasing] [constant] [increasing].

c. If the ramp were steeper, acceleration would be [more] [the same] [less].

d. When the ball reaches the bottom and rolls along the smooth level surface, it
[continues to accelerate] [does not accelerate].

~,--\
.~ r
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Chapter 4 Newton's Second Law of Motion
Friction

<' p~f-~ .

f w
N

11

~- ._~
f w

N
<1\/

~

1. A crate filled with delicious junk food rests on a horizontal floor.
Only gravity and the support force of the floor act on it, as shown
by the vectors for weight Wand normal force N.

a. The net force on the crate is [zero] [greater than zero].

b. Evidence for this is

2. A slight pull P is exerted onthe crate, not enough to move it.
A force of friction f now acts,

a. which is [less than] [equal to] [greater than] P

b. Net force on the crate is [zero] [greater than zero].

3. Pull P is increased until the crate beqins to move. It is pulled so
that it moves with constant velocity across the floor.

a. Friction fis [;Iess than] [equal to] [greater than] P

b. Constant velocity means acceleration is [zero] [more than zero] .

c. Net force on the crate is [less than] [equal to] [more than] zero.

4. Pull P is further increased and is now greater than friction f

a. Net force on the crate is [less than] [equal to] [greater than]
zero:

b. The net force acts toward the right, so acceleration acts
toward the [left] [right].

5. If the pullinq force P is 150 N and the crate doesn't move,
what is the magnitude of f?

6. If the pulling force Pis 200 N and the crate doesn't move, what is the magnitude of f? _

7. If the force of sliding friction is 250 N, what force is necessary to keep the crate sliding

at constant velocity?

8. If the mass of the crate is 50 kg and sliding friction is 250 N, what is the acceleration of the crate

when the pUlling force is 250 N? 300 N? 500 N?

19
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Chapter 4 Newton's Second Law of Motion ~:::s:;~~r:~;:::sfromastationary Q ~ •• R e 0
helicopter. Various stages of fall are shown in
positions a through f. Using Newton's 2nd law, W '" 1000 N

f;ndBro::::,e:tj:::hPO~jOn b1·••·.~::NN
(answer in the blanks to the right). You need to know
that Bronco's mass m is 100 kg so his weight is a
constant 1000 N. Air resistance R varies with speed
and cross-sectional area as shown.

Circle the correct answers:
1. When Bronco's speed is least, his acceleration is

[least] [most].

2. In which position(s) does Bronco experience a
downward acceleration?

[a] [d] [f]le][b] [cl

3. In which position(s) does Bronco experience an
upward acceleration?

[a] [cl [d] [f][e][b]

4. When Bronco experiences an upward acceleration,

his velocity is [still downward] [upward also].

5. In which position(s) is Bronco's velocity constant?

[a] [b] [cl [d] [e] [f]

6. In which position(s) does Bronco experience terminal
velocity?

[a] [b] [cl [d] [e]

7. In which position(s) is terminal velocity greatest?

[a] [b] [cl [d] [e]

8. If Bronco were heavier, his terminal velocity would be

[greater] [less] [the same].

20
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R'" 1200N

d

R'" 2000N

R"'1000N

a= _

a= _

a= _

a= _

a= _

a= _
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Chapter 5 Newton's Third Law of Motion
Action and Reaction Pairs

1. In the example below, the action-reaction pair is shown by the arrows (vectors), and the action-
reaction described in words. In a through g, draw the other arrow (vector) and state the reaction
to the given action. Then make up your own example inh..

Example:

~.

~ .. /'~
- r.h

Fist hits wall.

Wall hits fist.

Bat hits ball.

c. _

Athlete pushes bar upward.

f. _

Head bumps ball.

a. _

Hand touches nose.

d. ~_

g. ---------

Windshield hits bug.

Hand pulls flower.

e.

h.

2. Draw arrows to show the chain of at least six parts of action-reaction forces below.

YaJ CAN'T TOUCH
WlTHOOT 6€IHG TOl/O(~tl-

N!WTON'S THfRD LAW 0

~...
.. G'?

~ . S'

.J.,
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Chapter 5 Newton's Third Law of Motion
Interactions

1. Nellie Newton holds an apple weighing 1 newton at rest on the palm of her hand. The force
vectors shown are the forces that act on the apple. N

a. To say the weight of the apple is 1 N is to say that a
downward gravitational force of 1 N is exerted on the

apple by [Earth] [her hand].

b. Nellie's hand supports the apple with normal force N,
which acts in a direction opposite to W. We can say N

[equals W] [has the same magnitude as Wj.

c. Since the apple is at rest, the net force on the apple is [zero] Lnzero]

d. Since N is equal and opposite to W, we [can] [cannot] say that Nand W

comprise an action-reaction pair. The reason is because action and reaction always

[act on the same object] [act on different objects], and here we see Nand W

[both acting on the apple] [acting on different objects].

e. In accord with the rule, "If ACTION is A acting on B, then REACTION is B acting on A,"
if we say action is Earth pulling down on the apple, then reaction is

[the apple pulling up on Earth] [N, Nellie's hand pushing up on the apple].

f. To repeat for emphasis, we see that Nand Ware equal and opposite to each other

[and comprise an action-reaction pair] [but do not comprise an action-reaction pair].

To identify a poir of ac.lion-reac.lion forces in any siluation, fil'St identify
the poir of interoding cbjeds imolved. Sanething isinteroding with
some1hirraelse. In this cose the whole Earth is intet'adirra (9ra'litaliorolly)
with the apple. So Earth pulls downword on the opple (coli it action).
while the opple pulls upword on Eorth (reaction).

Sirrply put, Eorih lXJUs on ~le (oc.lion}.

,

OWle lXJlls on Eorth(reaction).' .

,t.~ l1;'.:~~8e.·.lletPU"~'ordEOrlh.PllII on eoch.Olh.c.·..r
wllh ~1lQ1ord OWOSi1e fOl'tcs lhat c.arpriseo
single inlerocliOn; . ... .. 1

g. Another pair of forces is N as shown, and the downward force of the apple against .:~

Nellie's hand, not shown. This force pair [is] [isn't] an action-reaction pair.

h. Suppose Nellie now pushes upward on the apple with a force of 2 N. The apple

[is still in equilibrium] [accelerates upward], and compared to W, the magnitude of N is

[the same] [twice] [not the same, and not twice].

i. Once the apple leaves Nellie's hand, N is [zero] [still twice the magnitude of W], and

the net force on the apple is [zero] [only W] [still W - N, a negative force]. ..tLwilt
~'!w;j.'
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Chapter 5 Newton's Third Law of Motion
Vectors and the Parallelogram Rule

1. When two vectors A and B are at an angle to each other, they add to produce the resultant C
by the parallelogram rule. Note that C is the diagonal of a parallelogram where A and Bare
adjacent sides. Resultant C is shown in the first two diagrams, a and b. Construct resultant C in
diagrams c and d. Note that in diagram d you form a rectangle (a special case of a parallelogram) .

Q b

......., A
I
I
I
I
I
I
I 8

2. Below we see a top view of an airplane being blown off course by wind in various directions.
Use the parallelogram rule to show the resulting speed and direction of travel for each case.
In which case does the airplane travel fastest across the ground? Slowest? _

3. To the right we see the top views of 3 motorboats crossing
a river. All have the same speed relative to the water, and
all experience the same water flow.

Construct resultant vectors showing the speed and
direction of the boats.

a. Which boat takes the shortest path to the opposite shore?

b. Which boat reaches the opposite shore first?

c. Which boat provides the fastest ride?

23
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Chapter 5 Newton's Third Law of Motion
Velocity Vectors and Components

1. Draw the resultants of the four sets of vectors below.

t__
2. Draw the horizontal and vertical components of the four vectors below.

I

1
1
I
I
I

I

: : ~.

1 ;..1 . .. __ ~ _

3. She tosses the ball along the dashed path. The velocity vector, complete with its
horizontal and vertical components, is shown at position A. Carefully sketch the appropriate· ...•..
components for positions Band C.

a. Since there is no acceleration in the horizontal direction, how does the horizontal component

of velocity compare for positions A, B, and C?

b. What is the value of the vertical component of velocity at position B?

c. How does the vertical component of velocity at position C compare with that of position A?

Vertiecl
component of
stones velocity .•....••.

--.-//~ B - ....,
/ ,, ,

~ ,
/ ,

l~locitv of sione ,
- ,1 ,

~ ~I> ,
'/ '

i : ", I, \
I \

I \

~.~ CnOOZOOlQl component
of stone's velocity
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Chapter 5 Newton's Third Law of Motion
Force and Velocity Vectors

1. Draw sample vectors to represent the force
of gravity on the ball in the positions shown
below after it leaves the thrower's hand.
(Neglect air resistance.)

""Go.,,, ,, ,
& e, \

( \
t \

I

I '
I \

I \, \

t» 6>
\
\
\

\
\
\
\
\

o

I
I
I

2. Draw sample bold vectors to represent the
velocity of the ball in the positions shown below.
With lighter vectors, show the horizontal and
vertical components of velocity for each position.

'" ""-«9 .• ,,,, ,, ,

" G; ,
I \

I

t
I

I

t
I

e
I
I,

1
\

•
~

\,

\

I

e

3.a. Which velocity component in the previous question remains constant? Why?

b. Which velocity component changes along the path? Why?

4. It is important to distinguish between force and velocity vectors. Force vectors combine with
other force vectors, and velocity vectors combine with other velocity vectors. Do velocity
vectors combine with force vectors?

5. All forces on the bowling ball, weight (down) and support of alley (up), are shown by vectors
at its center before it strikes the pin a.
Draw vectors of all the forces that act on the ball b when it strikes the pin, and c after it strikes
the pin.

c

thanx to Howie Brand
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Chapter 5 Newton's Third law of Motion
Force Vectors and the Parallelogram Rule

1. The heavy ball is supported in each case by two strands of rope. The tension in each strand
is shown by the vectors. Use the parallelogram rule to find the resultant of each vector pair.

Note it's the angte,not the ~
of the rope. that affects tensIon!

a. Is your resultant
vector the same for
each case?

b. How do you think the resultant vector compares
with the weight of the ball?

2. Now let's do the opposite of what we've done above. More often, we know the weight of the suspend-
ed object, but we don't know the rope tensions. In each case below, the weight of the ball is shown
by the vector W. Each dashed vector represents the resultant of the pair of rope tensions. Note that
each is equal and opposite to vectors W (they must be; otherwise the ball wouldn't be at rest).

a. Construct parallelograms where the ropes define adjacent sides
and the dashed vectors are the diagonals.

b. How do the relative lengths of the sides of
each parallelogram compare to rope tension?

c. Draw rope-tension vectors, clearly showing
their relative magnitudes.

w w w w

3. A lantern is suspended as shown. Draw vectors to show the relative
tensions in ropes A, B, and C. Do you see a relationship between your
vectors A + 8 and vector C? Between vectors A + C and vector B?

26
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Chapter 5 Newton's Third Law of Motion
Force-Vector Diagrams

In each case, a rock is acted on by one or more forces. Using a pencil and a ruler, draw an accurate
vector diagram showing all forces acting on the rock, and no other forces. The first two cases are
done as examples. The parallelogram rule in case 2 shows that the vector sum of A + B is equal and
opposite to W (that is, A + B = -W). Do the same for cases 3 and 4. Draw and label vectors for the
weight and normal support forces in cases 5 to 10, and for the appropriate forces in cases 11 and 12.

1. Static

4. Static

7. Decelerating due to friction

10. Static

B 3. Static

6. Sliding at constant speed
without friction

8. Static
(Friction prevents sliding)

9. Rock slides
(No friction)

11. Rock in freejall 12. Falling at ten~inal velocity

1I ~tlG).

thanx to Jim Court
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Chapter 5 Newton's Third Law of Motion
More on Vectors

A .
'•... ~:..-

.
.»

T

-~ ~w
c

1. Each of the vertically-suspended blocks has the same weight W. The two
forces acting on Block C (Wand rope tension T) are shown. Draw vectors
to a reasonable scale for rope tensions acting on Blocks A and B.

2. The cart is pulled with force F at angle () F,t ........ F
as shown. r, and Fy are components of F. le:___ ..-F.

If you're into +rig,

FSine, -.!.. .so F,» Fsine.
F
Fcos e ~ .2.. ; so Ft' Fcos 9.
F

[more than f] [zero] [no change] ~

. ~1~3. Force Fpulls three blocks of equal mass across a friction-free table.
Draw vectors of appropriate lengths for the rope tensions on each block. .. •.. .J

-LJ~ _J >J :_~F

a. How will the magnitude of F, change if
the angle () is increased by a few degrees?

[more] [less] [no change]

b. How will the magnitude of Fy change if
the angle () is increased by a few degrees?

[more] [less] [no change]

c. What will be the value of Fx if angle () is 90°?

4. Consider the boom supported by hinge A and by a cable B. Vectors
are shown for the weight Wof the boom at its center, and VW2 for
vertical component of upward force supplied by the hinge.

A

a. Draw a vector representing the cable tension Tat B. Why is it
correct to draw its length so that the vertical component of
T= W/2?

B
b. Draw component T, at B Then draw the horizontal component of

the force at A. How do these horizontal components compare,
and why?

w

5. The block rests on the inclined plane. The vector for its weight
W is shown. How many other forces act on the block, inclUding
static friction? . Draw them to a reasonable scale.

a. How does the component of W parallel to the plane compare

with the force of friction?

b. How does the component of W perpendicular to the plane compare with the normal force?

4wt+,-:ii!W11.
28
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Appendix 0 More About Vectors
Vectors and Saifboats

(Please do not attempt this until you have studied Appendix Of)
1. The sketch shows a top view of a small railroad car pulled by a rope. The force Fthat the rope

exerts on the car has one component along the track, and another component perpendicular to
the track.

a. Draw these components on the sketch.
Which component is larger?

b. Which component produces acceleration?

c. What would be the effect of pulling on the
rope if it were perpendicular to the track?

F
2. The sketches below represent simplified top views of sailboats in a cross-wind direction.

The impact of the wind produces a FORCE vector on each as shown.
(We do NOT consider velocity vectors here!)

a.

F
a. Why is the position of the sail above

useless for propelling the boat along
its forward direction? (Relate this to
Question 1.c above where the train
is constrained by tracks to move in
one direction, and the boat is similarly
constrained to move along one direction
by its deep vertical fin-the keel.)

b. Sketch the component of force parallel to the
to the direction of the boat's motion (along its
keel), and the component perpendicular
to its motion. Will the boat move in a forward
direction? (Relate this to Question 1.b above.)
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Appendix 0 More About Vectors
Vectors and Sailboats-continued

a. Will the boat move in a forward direction and tack into
the wind? Why or why not?

3. The boat to the right is oriented at an angle into the wind.
Draw the force vector and its forward and perpendicular
components.

4. The sketch below is a top view of five identical sail boats. Where they exist, draw force vectors
to represent wind impact on the sails. Then draw components parallel and perpendicular to the
keels of each boat.

a. Which boat will sail the fastest in a forward
direction?

b. Which will respond least to the wind?

c. Which will move in a backward direction?

d. Which will experience decreasing wind
impact with increasing speed?
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1. A moving car has momentum. If it moves twice as fast, its momentum is

__ ~ as much.

2. Two cars, one twice as heavy as the other, move down a hill at the same speed. Compared

3. The recoil momentum of a cannon that kicks is

with the lighter car, the momentum of the heavier car is as much.

[more than] [less than] [the same as]

the momentum of the cannonball it fires.
(Here we neglect friction and the momentum
of the gases.)

4. Suppose you are traveling in a bus at highway speed on a nice summer day and the momentum
of an unlucky bug is suddenly changed as it splatters onto the front window.

a. Compared to the force that acts on the bug,
how much force acts on the bus?

[more] [less] [the same]

b. The time of impact is the same for both the
bug and the bus. Compared to the impulse
on the bug, this means the impulse on the
bus is

[more] [less] [the same].

c. Although the momentum of the bus is very
large compared to the momentum of the
bug, the change in momentum of the bus,
compared to the change of momentum of
the bug is

[more] [less] [the same].

d. Which undergoes the greater acceleration?

[bus] [both the same] [bug]

e. Which therefore, suffers the greater damage?

[bUS] [both the same] [bug of course!]

Isn't it amazing; that in a collision
between two very different entities
- a bug and a bus, that three
opposite quantities remain equal:

impact forces, impulses.and changes
in momentum!
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Chapter 6 Momentum
Changing Momentum-continued

5. Granny whizzes around the rink and is suddenly confronted with Ambrose at rest directly in
her path. Rather than knock him over, she picks him up and continues in motion without "braking."

Consider both Granny and Ambrose as two parts of one system. Since no outside forces act
on the system, the momentum of the system before collision equals the momentum of the
system after collision.

a. Complete the before-collision data in the table below.

BEFORE COLLISION

Granny's moss

Granny's speed

80 kg

3 m1s

Grannv's momentum

Ambrose's mass 40 kg

o m1sAmbrose's speed

Ambrose's momentum

Total momentum

b. After collision, Granny's speed [increases] [decreases].

c. After collision, Ambrose's speed [increases] [decreases].

d. After collision, the total mass of Granny + Ambrose is

e. After collision, the total momentum of Granny + Ambrose is

f. Use the conservation of momentum law to find the speed of
Granny and Ambrose together after collision.
(Show your work in the space below.)

New speed _

32
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1~When the compressed spring is released, Blocks A and B will ~. ... ·.A.... .B JI
slide apart. There are 3 systems to consider, indicated by the .
closed dashed lines below-A, B, and A + B~Ignore the
vertical forces of gravity and the support force of the table. _... •..

[Y] [N] SvstemA,' A
"""""'

Will the momentum of System A change? [Y] [N]
'\

I Svstem B
'of"

a. Does an external force act on System A?

b. Does an external force act on System B? [Y] [N]

Will the momentum of System B change? [Y] [N]

c. Does an external force act on System A + B?
[Y] [N]

Will the momentum of System A + B change?
[V] [N]

2. Billiard ball A collides with billiard ball B at rest. Isolate each system with a closed
dashed line. Draw only the external force vectors that act on each system.

_.._ . \1/ __ \1/ _ \1/

~ ~ ~0@)
/h /h -r«.

SvstemA Svstem B SvstemA + B
a. Upon collision, the momentum of System A [increases] [decreases] [remains unchanged].

t{ote \tlo.t extemo \
fot'ces on System A
<md System 8 or&
intemdl to
System MB;$o
they cancel!

b. Upon collision, the momentum of System B [increases] [decreases] [remains unchanged].

c. Upon collision, the momentum of System A + B [increases] [decreases] [remains unchanged].

3.a. A girl jumps upward. In the left sketch, draw a closed
dashed line to indicate the system of the girl.
Is there an external force acting on her? [Y] [N]

Does her momentum change? [Y] [N]

Is the girl's momentum conserved? [Y] [N]

b. In the right sketch, draw a closed dashed line to indicate
the system (girl + Earth). Is there an external force acting
on the system due to the interaction between the girl and Earth?

[V] [N]

I~~. Tt )'

5. A truck crashes into a wall. Isolate 3 systems with
a closed dashed line and show the external force
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1. How much work (energy) is needed to lift an object that weighs 200 N to a height of 4 meters?

2. How much power is needed to lift the 200-N object to a height of 4 m in 4 seconds?

3. What is the power output of an engine that does 60,000 J of work in 10 seconds?

4. The block of ice weighs 500 newtons. (Neglect friction.)

a. How much force parallel to the incline is needed to push it to the top?

b. How much work is required to push it to the top of the incline?

c. What is the potential energy of the block relative to ground level?

d. What would be the potential energy if the block were simply lifted vertically 3 m?

5. All the ramps below are 5 meters high. We know that the KE of the block at the bottom of each
ramp will be equal to the loss of PE (conservation of energy).
Find the speed of the block at ground level in each case. (Hint: Do you recall from earlier chapters
how much time it takes something to fall a vertical distance of 5 m from a position of rest assuming
9 = 10 rn/s" and how much speed a falling object acquires in this time?) This gives you the answer
to Case 1.
Discuss with your classmates how energy conservation provides the answers to Cases 2 and 3.

,
r:

511\

J1:
Case 1 Case 2 Case 3

Speed m/s Speed m/s Speed m/s

~j,Jift"+
-ThtIoJ11.'
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Chapter 7 Energy
Work and Energy-continued

6. Which block reaches the bottom of the incline first?
Assume no friction. (Be careful!) Explain your answer.

7. Both the KE and PE of a block freely sliding down a ramp are shown below only at the bottom
position in the sketch. Fill in the missing values for the other positions.

8. A big metal bead slides due to gravity along an
upright friction-free wire. It starts from rest at the
top of the wire as shown in the sketch.

How fast is it traveling as it passes

Point B?

Point D?

Point E?

Maximum speed at Point(..•..•.•

~~

PE=-O
Ke.=75:J

E

9. Rows of wind-powered generators are used in various
windy locations to generate electric power. Does the
power generated affect the speed of the wind? Would
locations behind the "windmills" be windier if they
weren't there. Discuss this in terms of energy
conservation with your classmates.
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1_Fill in the blanks for the six systems.

v=30!<tI'I/h
KE= lOb J

PE=30J3;,:-

I
~f

pt=oC)1

{j::: 60kl"<14-
I<E: _

u=90f{%
KE= _

~
WORK DOME= _

*
Z

'·,
PE=!OJ- - -. - - - - - --
KE =-0

PE= 25.r
KE= -....••..•

----~CBd{~':_2
-------

PE.=o
-:M KE = _

37

PE: 15000 J
KE= 0

PE:: 117.50 J
KE=

PE: 7500 J
KE=

PE: 3150 J
KE::

PE: 0 J
KE=

PE=O
KE=50J

--~--KE:: _
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Chapter 7 Energy
Conservation of Energy-continued

2. The woman supports a 100-N load with the friction-free pulley systems shown below. Fill in the
spring-scale readings that show how much force she must exert.

3. A 600-N block is lifted by the friction-free pulley system shown.

a. How many strands of rope support the 600-N weight?

b. What is the tension in each strand?

c. What is the tension in the end held by the man?

d. If the man pulls his end down 60 cm, how many cm will the
weight rise?

e. If the man does 60 joules of work, what will be the increase
of PE of the 600-N weight?

\

4. Why don't balls bounce as high during the second bounce as they do in the first bounce?

"

,
I

\

, Q,
, I

, I

I I'
I . .-;:::;::==_ ..-~-:-:-:: .... -~

\ ,
Can VOJ see how -the CQ'1Sel'\'otion of
energy owIies to an ci'£naes in roiuie?
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t=05 v=---
momentum =

t=15 v=---
momentum = _

t=25 v=-----
momentum = _

t=35 v=----
momentum = _

t=55 v=----
momentum =

Bronco Brown wants to put Ft = !'J. mv to
the test and try bungee jumping Bronco
leaps from a high cliff and experiences 3 s
of free fall. Then the bungee cord begins
to stretch, reducing his speed to zero in 2 s.
Fortunately, the cord stretches to its maximum

length just short of the ground below.

FiJI in the blanks:

Bronco's mass is 100 kg.
Acceleration of free fall is 10 m/s2.

Express values in SI units (distance in m,
velocity in m/s, momentum in kgom/s,
impulse in Nos, and deceleration in m/s").

The 3-s free-fall distance of Bronco just
before the bungee cord begins to stretch

=
!'J. mv during the 3 to 5-s interval of free fall

=

/1 mv during the 3 to 5-s of slowing down

=
Impulse during the 3 t05-s of slowing down

=-------

A verage force exerted by the cord during the
3 to 5-s interval of slowing down

How about work and energy? How much KE
does Bronco have 3 s after he first jumps?

How much does gravitational PE decrease
during this 3 s?

What two kinds of PE are changing during the 3 to 5-s slowing-down interval?
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Chapter 7 Energy
Energy and Momentum

A MiniCooper and a Lincoln Town Car are initially at rest on a horizontal parking lot at the edge of a
steep cliff. For simplicity, we assume that the Town Car has twice as much mass as the MiniCooper.
Equal constant forces are applied to each car and they accelerate across equal distances (we ignore
the effects of friction). When they reach the far end of the lot, the force Is suddenly removed, where-
upon they sail through the air and crash to the ground below. (The cars are wrecks to begin with, and
this is a scientific experiment!) (Let equcatlonl,uldc yourthl~

_ _ _ 11--:.- - - -----.: ----------- - --. - - ~~.1.·<,~
1. Which vehicle has the greater acceleration? (Think a = Flm) V.

~I ~\~l~
r t. (~! \{\ .~~

).tL-

I

2. Which vehicle spends more time along the surface of the lot?
(The faster or slower one?)

3. Which vehicle has the larger impulse imparted to it by the applied force?
(Think Impulse = Ft.) Defend your answer.

4. Which vehicle has the greater momentum at the cliff's edge?
(Think Ft= 11 mv.) Defend your answer. tmpuls~= Amom~ntum

FteAmv

Work. Fd= AKe =t\mv to

5. Which vehicle has the greater work done on it by the applied force?
(Think W = Fd.) Defend your answer in terms of the distance traveled.

6. Which vehicle has the greater kinetic energy at the edge of the cliff? (Think W = 11 KE)
Does your answer follow from your explanation of Question 5?
Does it contradict your answer to Question 3? Why or why not? Making the dlstil1Ction between

IllOlTlClltlJfl\and kiMtic energy
is hign--level phy:sies.

7. Which vehicle spends more time in the air, from the edge of the cliff to the ground below?

r$J."~
~t

8. Which vehicle lands farther horizontally from the edge of the cliff onto the ground below?

Challenge: Suppose the slower vehicle crashes a horizontal distance of 10 m from the ledge.
Then at what horizontal distance does the faster car hit?
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Chapter 8 Rotational Motion
Torques

1. Apply what you know about torques by making a mobile. Shown below are five horizontal arms
with fixed 1- and 2-kg masses attached, and four hangers with ends that fit in the loops of the
arms, lettered A through R. You are to determine where the loops should be attached so that
when the whole system is suspended from the spring scale at the top, it will hang as a proper
mobile, with its arms suspended horizontally. This is best done by working from the bottom
upward. Circle the loops where the hangers should be attached. When the mobile is complete,
how many kilograms will be indicated on the scale? (Assume the horizontal struts and connecting
hooks are practically massless compared with the 1- and 2-kg masses.) On a separate sheet of
paper, make a sketch of your completed mobile.
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Chapter 8 Rotational Motion
Torquee-econtinued

2. Complete the data for the three seesaws in equilibrium.

W= N, If

W=400N

W=600N W OF BOARD :. N

3. The broom balances at its CG. If you cut the broom in half at the CG and weigh each part of
the broom, which end would weigh more?

Explain why each end has or does not have the same weight?
(Hint: Compare this to one of the seesaw systems above.)

42



Name Date- ..0-. ..0-- -'- __

CONCEPTUAL 'ltys;e; PRACTICE PAGE

Chapter 8 Rotational Motion
Torques and Rotation

1. Pull the string gently and the spool rolls. The direction
of roll depends on the way the torque is applied.

In (1) and (2) below, the force and lever arm are shown for the torque about the point where surface
contact is made (shown by the triangular "fulcrum"). The lever arm is the heavy dashed line, which
is different for each different pullinq position.

a. Construct the lever arm for the other positions.

b. Lever arm is longer when the string of the spool spindle is on the [top] [bottom].

c. For a given pull, the torque is greater when the string is on the [top] [bottom].

d. For the same pull, rotational acceleration is greater when the string is on the

[top] [bottom] [makes no difference].

e. At which position(s) does the spool roll to the left?

f. At which position(s) does the spool roll to the right?

g. At which position(s) does the spool not roll at all?

h. Why does the spool slide rather than roll at this position?

Be sure '{OUr right ongle is
between the fords line £!
action and me lever arm.

2. Relatively few people know that the reason
a ball picks up rotational speed rolling
down an incline is because of a
torque. In sketch A, we see the
ingredients of the torque acting on the ball-
the force due to gravity and the lever arm to
the point where surface contact is made.

a. Construct the lever arms for positions Band C.
b. As the incline becomes steeper, the torque [increases] [decreases].
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Chapter 8 Rotational Motion
Acceleration and Circular Motion

Newton's 2nd law, a = Flm, tells us that net force and its corresponding acceleration are always in
the same direction. But force and acceleration vectors are not always in the direction of velocity
(another vector).

1. You're in a car at a traffic light. The light turns green and the driver "steps on the gas."
The sketch shows the top view of the car. Note the direction of the velocity and acceleration
vectors.

b. The car accelerates [forward] [not at all] [backward].

a. Your body tends to lurch [forward] [not at all] [backward].

c. The force on the car acts [forward] [not at all] [backward].

2. You're driving along and approach a stop sign. The driver steps on the brakes.
The sketch shows the top view of the car. Draw vectors for velocity and acceleration.

a. Your body tends to lurch [forward] [not at all] [backward].

b. The car accelerates [forward] [not at all] [backward].

3. You continue driving, and round a sharp curve to the left at

constant speed.

a. Your body tends to lean [inward] [not at all] [outward].

b. The direction of the car's acceleration is [inward] [not at all] [outward].

c. The force on the car acts [inward] [not at all] [outward].

Draw vectors for velocity and acceleration of the car.- - a:rr:: / /
4. In general, the directions of lurch and acceleration, and therefore

the directions of lurch and force are [the same] [not relate] [opposite].

- - -. - 5. The whirling stone's direction of motion keeps changing.

a. If it moves faster, its direction changes [faster] [slower].

b. This indicates that as speed increases, acceleration

[increases] [decreases] [stays the same].

5. Like Question 4, consider whirling the stone on a shorter string-that is, of smaller radius.

a. For a given speed, the rate that the stone changes direction is [less] [more] [the same].

b. This indicates that as the radius decreases, acceleration

[increases] [decreases] [stays the same].
thanx to Jim Harper
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Chapter 8 Rotational Motion
The Flying Pig

Circle the correct answers:
1. If Twere somehow replaced with T,and Ty the pig

~----- : .....•.-'" r '\. • "-1-- .~ Tx. _ •...•
"'- -------

The toy pig flies in a circle at constant speed. This arrangement is
called a conical pendulum because the supporting string sweeps
out a cone. Neglecting the action of its flapping wings, only two
forces act on the pig-gravitational mg, and string tension T

VecrorComponentAnaly&s:
Note that vector T can be resolved into two
components-horizontal T«. and vertical Ty.

These vector components are dashed to
distinguish them from the tension vector T

[would] [would not] behave identically to being supported by T

2. Since the pig doesn't accelerate vertically, compared with the magnitude of mg, component Ty,

must be [greater] [less] [equal and opposite].

3. The velocity of the pig at any instant is [along the radius of] [tangent to] its circular path.

4. Since the pig continues in circular motion, component T, must be a

[centripetal] [centrifugal] [nonexistent] force, which equals [zero] [mlllr].

Furthermore, T; is [along the radius] [tangent to] the circle swept out.

center of the circular path. The resultant of mg r

---

Vector Resultant Analysis:
5. Rather than resolving Tinto horizontal and vertical

components, use your pencil to sketch the resultant
of mg and T using the parallelogram rule.

6. The resultant lies in a [horizontal] [vertical]

direction, and [toward] [away from] the

•
and Tis a [centripetal] [centrifugal] force. .•.. --

For straight-line motion with no acceleration,LF :: O.
But for uniform circular motion, LF :: mvlr. j)~:"),.~0i.•.~.

.<\.0- ..

~

thanx to Pablo Robinson and Miss Pi

mg
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Chapter 8 Rotational Motion
Banked Airplanes

An airplane banks as it turns along a horizontal circular path in the air. Except for the thrust of its
engines and air resistance, the two significant forces on the plane are gravitational mg (vertical),
and lift L (perpendicular to the wings).

Vector Component Analysis:
With a ruler and a pencil, resolve vector L
into two perpendicular components,
horizontal Lx, and vertical L; Make these
vectors dashed to distinguish them from L.

Circle the correct answers:
1. The velocity of the airplane at any instant is

[along the radius of] [tangent to] its circular path.

2. If L were somehow replaced with t.; and Ly,

the airplane [would] [WOUldnot] behave the

same as being supported by L.

3. Since the airplane doesn't accelerate vertically, component Ly must be

[greater than] [less than] [equal and opposite to] mg.

4. Since the plane continues in circular motion, component L, must equal [zero] [mlllr] ,and be a

[along the radius of] [tangent to] the circular path.

[centripetal] [centrifugal] [nonexistent] force. Furthermore, Lx is

Vector Resultant Analysis:
5. Rather than resolving L into horizontal and

vertical components, use your pencil to
sketch the resultant of mg and L using the
parallelogram rule.

6. The resultant lies in a [horizontal] [vertical]

direction, and [toward] [away from] the canter

of the circular path. The resultant of mg and L is a

[centripetal] [centrifugal] force.

7. The resultant of mg and L is the same as [L,j [Ly].

Challenge: Explain in your own words why the resultant of two vectors can be the same as a single
component of one of them.
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Chapter 8 Rotational Motion
Banked Track

A car rounds a banked curve with just the right speed so
that it has no tendency to slide down or up the banked
road surface. Shown below are two main forces that act
on the car perpendicular to its motion-gravitational mg
and the normal force N (the support force of the surface).

Vector Component Analysis:
Note that vector N is resolved into two
perpendicular components, horizontal N;
and vertical Ny. As usual, these vectors
are dashed to distinguish them from N.

Circle the correct answers:
1. If N were somehow replaced with

N xand Ny, the car [would] [would not]

behave identically to being supported by N.

2. Since the car doesn't accelerate vertically, component N; must be

[greater than] [equal and opposite to] [less than] mg.

3. The velocity of the car at any instant is [along the radius of] [tangent to] its circular path.

4. Since the car continues in uniform circular motion, component N x must equal [zero] [mll/r]

and be a [centripetal] [centrifugal] [nonexistent] force. Furthermore, N,

[lies along the radius of] [is tangent to] the circular path.

Vector Resultant Analysis:
5. Rather than resolving N into horizontal

and vertical components, use your pencil
to sketch the resultant of mg and N using
the parallelogram rule.

6. The resultant lies in a [horizontal] [vertical]

direction, and [toward] [away from] the

center of the circular path. The resultant of

mg and N is a [centripetal] [centrifugal] force.

7. The resultant of mg and N is the same as

[NJ [Ny], and provides the

[centripetal] [centrifugal] force.

mo

Notice that when a component
of N makes up a centripetal
force, ,. :> "'9.

thanx to Pablo Robinson
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Chapter 8 Circular and Rotational Motion
Leaning On

When turning a corner on a bicycle, everyone knows that you've got to lean "into the curve."
What is the physics of this leaning? It involves torque, friction, and centripetal force (mlllr).

N

mg

First, consider the simple case of riding a bicycle along a straight-line path. Except
for the force that propels the bike forward (friction of the road in the direction of
motion) and air resistance (friction of air against the direction of motion), only two
significant forces act: weight mg and the normal force N. (The vectors are drawn
side-by-side, but actually lie along a single vertical line.)

Circle the correct answers:
1. Since there is no vertical acceleration, we can say that the magnitude of

[N> mg] [N < mg] [N = mg], which means that in the vertical direction,

[LFy> 0] [LFy < 0] [LFy = 0].

2. Since the bike doesn't rotate or change in its rotational state, then the total

torque is [zero] [not zero].

Now consider the same bike rounding a corner. In order to safely make the turn, the bicyclist leans
in the direction of the turn. A force of friction pushes sideways on the tire toward the center of the curve.

~

.: ""- ...

.. ,' ..
·A

H 3. The friction force, t, provides the centripetal force that produces a

curved path. Then [t = mlllr] [t •• mlllr].

4. Consider the net torque about the center of mass (CM) of the
bike-rider system. Gravity produces no torque about this point,
but Nand tdo. The torque involving Ntends to produce

[clockwise] [counterclockwise] rotation, and the one involving t

tends to produce [clockwise] [counterclockwise] rotation.

f
These torques cancel each other when the resultant of vectors
Nand tpass through the CM.

5. With your pencil, use the parallelogram rule and sketch in the
resultant of vectors Nand f Label your resultant R. Note the R
passes through the center of mass of the bike-rider system. That

mg means that R produces [a clockwise] [a counterclockwise] [no]

torque about the CM. Therefore the bike-rider system

[topples clockwise] [topples counterclockwise] [doesn't topple].

When learning how to turn on a bike, you lean So that the
sum of the torques about your CM is zero. You may not be
calculating torques, but your body learns to feel them.

thanx to Pablo Robinson
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Chapter 8 Rotational Motion
Simulated Gravity and Frames of Reference

Suzie Spacewalker and Bob Biker are in outer space. Bob
experiences Earth-normal gravity in a rotating habitat, where
centripetal force on his feet provides a normal support force
that feels like weight. Suzie hovers outside in a weightless
condition, motionless relative to the stars and the center of
the habitat.

1. Suzie sees Bob rotating clockwise in a circular path at
a linear speed of 30 kmlh. Suzie and Bob are facing
each other, and from Bob's point of view, he is at rest

and he sees Suzie moving [clockwise] [counterclockwise].

,
" ~.,

1 ,. ,

\
\

Bob

CW@@@)@J~CW
&----\ 8. {\. & & tl. ;:r Bob ot rest On the floor

Suzie hovering in space
-~

2. The rotating habitat seems like home to Bob-until he rides his bicycle. When he rides in the

opposite direction as the habitat rotates, Suzie sees him moving [faster] [slower].

CW@@@~~@)...- .•....•
5 8, f!, 6, 5. tl. &,

Bob rides counter-clockwise

3. As Bob's bicycle speedometer reading increases, his rotational speed

[decreases] [remains unchanged] [increases] and the normal force that feels like weight

[decreases] [remains unchanged] [increases].

[decreases] [remains unchanged] [increases]. So friction between the tires and the floor

4. When Bob nevertheless gets his speed up to 30 km/h,

as indicated on his bicycle speedometer, Suzie sees him

[moving at 30 km/h] [motionless] [moving at 60 km/h].

49

thanx to Bob Becker
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Chapter 8 Rotational Motion
Simulated Gravity and Frames of Reference-continued

5. Bounding off the floor a bit while riding at 30 kmlh, and neglecting wind effects, Bob

[drifts toward the ceiling in mid space as the floor whizzes by him at 30 kmlh]

[falls as he would on Earth]

[slams onto the floor with increased force]

and finds himself

-';:i ", ,, .
[in the same frame of reference as Suzie]

[as if he rode at 30 kmlh on Earth's surface]
,
1. ", • -s.r, ,, .

[pressed harder against the bicyclist seat].

~@@cwC®@~
& II •• ~ .•.••..

<l> <;. U. 8; a &.
Bob rides at 30 km/h with respect to the floor

6. Bob maneuvers back to his initial condition, whirling at rest with the habitat, standing beside his
bicycle. But not for long. Urged by Suzie, he rides in the opposite direction, clockwise with the
rotation of the habitat.
Now Suzie sees him moving [faster] [slower].

W@)~~~(~)~..-- ...-
~ 8. & &; l3, a e.
Bob rides clOckwise

7. As Bob gains speed, the normal support force that feels like weight

[decreases] [remains unchanged] [increases].

8. When Bob's speedometer reading gets up to 30 kmlh, Suzie sees him moving

[30 kmlh] [not at all] [60 kmlh] and Bob finds himself

[weightless like Suzie]

Dust as if he rode at 30 kmlh on Earth's surface]

[pressed harder against the bicyclist seat].

Next, Bob goes bowling. You decide whether the game depends on which direction thtball is rolled!
- ;wilt -+- I

!W'f ~
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1. Paint spray travels radially away from the nozzle of the can in straight lines. Like gravity, the
strength (intensity) of the spray obeys an inverse-square law. Complete the diagram by filling
in the blank spaces.

) 4m \
1 AREA UNlT4 AREA UNITS ( AREA UNITS ) AREA UNITS

PAINT SPRAY 1 mm THICK V4 mm THICK ( ) mmTHICK { )mm THICK

2. A small light source located 1 m in front of an opening of area 1 m2 illuminates a wall behind.
If the wall is 1 m behind the opening (2 m from the light source), the illuminated area covers 4 m2.

How many square meters will be illuminated if the wall is

5 m from the source?
4m' OF
ILLUMINATION

~
10 m from the source?

3. If you stand at rest on a weighing scale and find that you are pulled toward Earth with a

force of 500 N, then the normal force on the scale is also N and you weigh

N. How much does Earth weigh? If you tip the scale upside down and repeat

the weighing process, you and Earth are still pulled together with a force of N,
and therefore, relative to you, the whole 6,000,000,000,000,000,000,000,000-kg Earth weighs

N! Weight, unlike mass, is a relative quantity.

DO YOU SEE WHY IT MAKES
SENSE TO DISCUSS THE EARTH'S
MASS, aUT NOT ITS W£IGHT?

You are pulled to Earth with a force
of 500 N, so you weigh 500 N.

Earth is pulled toward you with a force
of 500 N, so it weighs 500 N.

-d.wilt
-:lil..J;t !
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/nverse-5quare Law-continued

4. The spaceship is attracted
to both the planet and the
planet's moon. The planet
has four times the mass of
its moon. The force of
attraction of the spaceship
to the planet is shown by
the vector.

PRACTICE PAGE

a. Carefully sketch another
vector to show the space-
ship's attraction to the
moon. Then apply the parallelogram method
of Chapter 3 and sketch the resultant force.

b. Determine the location between the planet and its moon (along the dotted line) where
gravitational forces cancel. Make a sketch of the spaceship there.

5. Consider a planet of uniform density that has a straight tunnel from the North Pole through
the center to the South Pole. At the surface of the planet, an object weighs 1 ton.

a. Fill in the gravitational force on the object when it is halfway to the center, then at the center.

1 ToN

b. Describe the motion you would experience if you fell into the tunnel.

6. Consider an object that weighs 1 ton at the surface of a planet, just before the planet
gravitationally collapses.

a. Fill in the weights of the object on the planet's shrinking surface at the radial values shown.

b. When the planet has collapsed to 1/10 of its initial radius, a ladder is erected that puts the
object as far from its center as the object was originally. Fill in its weight at this position.

1 ToN -- - - - - - - - - - - - - - - - - - - - - - . - -1+-- .. - TON
.too ToN

v ToN

....:> => ~O , 1$(0 ,.
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1. Consider two equal-mass blobs of water,
A and B, initially at rest in the Moon's
gravitational field. The vector shows the
gravitational force of the Moon on A.

a. Draw a force vector on B due to the Moon's gravity.

b. Is the force on B more or less than the force on A?

c. Why?

d. The blobs accelerate toward the Moon. Which has the greater acceleration? [A) [B)

e. Because of the different accelerations, with time

[A gets farther ahead of B) [A and B gain identical speeds) and the distance between A and B

[increases) [stays the same) [decreases).

f. If A and B were connected by a rubber band, with time the rubber band would

[stretch) [not stretch).

g. This [stretching) [nonstretching) is due to the [difference) [nondifference)
in the Moon's gravitational pulls.

h. The two blobs will eventually crash into the Moon. To orbit around the Moon instead of
crashing into it, the blobs should move

[away from the Moon) [tangentially). Then their accelerations will consist of changes in

[speed) [direction).

2. Now consider the same two blobs
located on opposite sides of Earth. o\;;;))I

a. Because of difference in the Moon's pull on the blobs,

they tend to [spread away from each other) [approach each other).

b. Does this spreading produce ocean tides? [Yes) [No)

c. If Earth and Moon were closer, gravitational force between them would be

[more) [the same) [less), and the difference in gravitational forces on the near and far parts

of the ocean would be [more) [the same) [less).

d. Because Earth's orbit about the Sun is slightly elliptical, Earth and Sun are closer in December
than in June. Taking the Sun's tidal force into account, on a world average, ocean tides are

greater in [December) [June) [no difference).
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Chapter 10 Projectile and Satellite Motion
Independence of Horizontal and Vertical Components of Motion
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1. Above left: Use the scale 1 cm: 5 m and draw the positions of the dropped ball at 1-second
intervals. Neglect air resistance andassume g= 10 rn/s".
Estimate the number of seconds the ball is in the air. seconds

J

I
)

2. Above right: The four positions of the thrown ball with no gravity are at 1-second intervals.
At 1 cm: 5 m, carefully draw the positions of the ball with gravity. Connect your positions
with a smooth curve to show the path of the ball.
How is the motion in the vertical direction affected by motion in the horizontal direction?



Chapter 10 Projectile and Satellite Motion
Independence of Horizontal and Vertical Components of Motion-continued
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3. This time the ball is thrown below the horizontal. Use the same scale 1 cm: 5m and carefully
draw the positions of the ball as it falls beneath the dashed line. Connect your positions with
a smooth curve. Estimate the number of seconds the ball remains in the air.

4. Suppose that you are an accident investigator on site to determine whether or not a car was
speeding before it crashed through the rail of the bridge and into the mud bank The speed limit
on the bridge is 55 mph = 24 m/so What is your conclusion?
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Chapter 10 Projectile and Satellite Motion
Tossed Ball

A ball tossed upward has initial velocity components 30 m/s vertical, and 5 m/s horizontal. The
location of the ball is shown at 1-second intervals. Air resistance is negligible, and 9 = 10 m/s2.

Write the values in the boxes for ascending velocity components, and your calculated resultant

" \

q/ b
/

/
I

\

Use the geanetry thecx-em
c2 • 02 + b2

to find the resultant
velocities.

5 m/s
I

I
30 m/s J

I

I

I

I

\

\

5 m/s

-~~----_ .....
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Chapter 10 Projectile and Satellite Motion
Satellite in Circular Orbit

1. Figure A shows "Newton's Mountain," so high that its top is above the
drag of the atmosphere. The cannonball is fired and hits the ground.

a. Draw a likely path that the cannonball might take if it were fired
a little bit faster.

b. Repeat for a still greater speed, but less than 8 km/so

c. Then draw its orbital path for a speed of 8 km/so

d. What is the shape of the 8-km/s curve?

e. What would be the shape of the orbital path if the cannonball were fired at a speed of 9 km/s?

2. Figure B shows a satellite in circular orbit.

a. At each of the four positions, draw a vector that
represents the gravitational force exerted on the satellite.

b. Label the force vectors F

c. Then draw a vector at each location to represent
the velocity of the satellite, and label it V.

d. Are all four Fvectors the same length? Why or why not?

e. Are all four Vvectorsthe same length? Why or why not?

f. What is the angle between your Fand Vvectors?

g. Is there any component of Fparallel to V?

h. What does this indicate about the work the force of gravity can do on the satellite?

j. Does the PE of the satellite remain constant or does it vary?

i Does the KE of the satellite in Figure B remain constant or does it vary?
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Chapter 10 Projectile and Satellite Motion
Satellite in Elliptical Orbit

3. Repeat the procedure you used for the circular orbit, drawing vectors F and Vfor each position
in Figure C, including proper labeling. Show greater magnitudes with greater lengths. Don't
bother making the scale accurate.

a. Are your vectors F all the same magnitude?
Why or why not?

b. Are your vectors Vall the same magnitude?
Why or why not?

c. Is the angle between vectors F and Veverywhere
the same, or does it vary?

d. Are there places where there is a component of F
parallel to V?

e. Is work done on the satellite where there is a component of Fparallel to V? If so, does this
change the KE of the satellite?

f. Where there is a component of Fparallel to or in
the direction of V, does this increase or decrease
the KE of the satellite?

g. What can you say about the sum of KE + PE
along the orbit?

Beverv verv careful when plClcingboth
velocity and force vectors on the so.me
diagram. Not Cl good practice, for one mav
construct the resultoot of the vectors-
ouch!
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Mechanics Overview-Chapters 1 to 10

1. The sketch shows the elliptical path described by a satellite about Earth. In which of the labeled
positions, A - D, (place an "S" for "same everywhere") does the satellite experience the maximum

a. gravitational force?

b.speed?

c. momentum?

d. kinetic energy?

e. gravitational potential energy? _

f. total energy (KE + PE)?

g. acceleration?

h. angular momentum?

2. Answer the above questions for a satellite in
circular orbit.

a. b. c. d. _

e. f. g.. h. _

3. In which position(s) is there momentarily no work being done on the satellite by the force of
gravity? Why?

4. Work changes energy. Let the equation for work, W = Fd, guide your thinking on the following:
Defend your answers in terms of W = Fd.

a. In which position will a several-minutes thrust of rocket engines pushing the satellite forward
do the most work on the satellite and give it the greatest change in kinetic energy?
(Hint: Think about where the most distance will be traveled during the application of a several-
minutes thrust?)

b. In which position will a several-minutes thrust of rocket engines pushing the satellite forward
do the least work on the satellite and give it the least boost in kinetic energy?

c. In which position will a several-minutes thrust of a retro-rocket (pushing opposite to the
satellite's direction of motion) do the most work on the satellite and change its kinetic energy
the most?
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Chapter 11 The Atomic Nature of Matter
Atoms and Atomic Nuclei

A10MS ARE CLASSll=I€D 8)' THEIR
ATOMIC NUM8E~. WHICH 1$ THE
SAME AS THE NUM8€R OF _

IN THE NUCl.EUS.

TO CHANGE THE ATOMS OF ONE
ELEMENT IN10 THOse Of ANOTHER,______ HVJ.ST 6E ADDED

OR SU6TRACTtC>! ,;.~

Use the periodic table in your text to help you answer the following questions.

1. When the atomic nuclei of hydrogen and lithium are squashed together (nuclear fusion) the
element that is produced is

2. When the atomic nuclei of a pair of lithium nuclei are fused, the element produced is

3. When the atomic nuclei of a pair of aluminum nuclei are fused, the element produced is

4. When the nucleus of a nitrogen atom absorbs a proton, the resulting element is

5. What element is produced when a gold nucleus gains a proton?

6. What element is produced when a gold nucleus loses a proton?

7. What element is produced when a uranium nucleus ejects an elementary particle composed
of two protons and two neutrons?

8. If a uranium nucleus breaks into two pieces (nuclear fission) and one of the pieces is zirconium
(atomic number 40), the other piece is the element

I LIKE THE WAY '<OOR ATOMS
/Ji£ PUTT06EfHE~!

8'00
;:516H::
,,; •... .. ..•:.J

9. Which has more mass, a nitrogen molecule (N2) or an oxygen
molecule (02)?

10. Which has the greater number of atoms, a gram of helium or
a gram of neon?
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Chapter 11 The Atomic Nature of Matter
Subatomic Particles

Three fundamental particles of the atom are the , and

At the center of each atom lies the atomic which

consists of and _______ . The atomic number refers to

the number of in the nucleus. All atoms of the same element have the same

number of hence, the same atomic number.

Isotopes are atoms that have the same number of but a different number of

An isotope is identified by its atomic mass number, which is the total number

of and in the nucleus. A carbon isotope that has

6 and is identified as carbon-12, where 12 is the atomic

mass number. A carbon isotope having 6
other hand is carbon-14.

and 8 , on the

1. Complete the following table:

ISOTOPE
HVdrogen-1

Chlorine-36

Nitrogen-14

Potassium-40
Arsenic-75
Gold-197

ELECTRONS

1

NUMBER OF
PROTONS NEUTRONS

17
7

19
33

118

2. Which results in a more valuable product-
adding or sUbtracting protons from gold nuclei? Of every 200 atoms in our bodies, 126 are hydrogen,

51 are oxygen, and just 19 are carbon. In addition to
carbon we need iron to manufaCture hemoglobin,
cobalt for the creation of vitamin B-12, potassium
arid a littie sodium for our nerves, and molybdenum,
manganese, and vanadium to keep our enzymes
purring. Ah, we'd be nothing without atoms!

3. Which has more mass, a lead atom or
a uranium atom?

4. Which has a greater number of atoms,
a gram of lead or a gram of uranium?
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1. Consider a cube 1 cm x 1 cm x 1 cm (a very small sugar cube). Its volume is 1 ern". The surface
area of one of its faces is 1 ern". The total surface area of the cube is 6 ern" because it has
6 sides. Now consider a second cube, scaled up by a factor of 2 so it is 2 cm x 2 cm x 2 cm.

1st cube

a. What is the total surface area of each cube?

b. What is the volume of each cube?

1st cube

c. Compare the ratio of surface area to volume for each cube.

st surface area
1 cube of -----

volume
2nd b f surface areacu eo -----=

volume

2. Now consider a third cube, scaled up by a factor of 3 so it is 3 cm x 3 cm x 3 cm.

a. What is its total surface area?

b. What is its volume?

c. What is its ratio of surface area to volume?

surface area
-----=

volume

3. When the size of a cube is scaled up by a certain factor
(2 and then 3 for the above examples), the area increases as the of the factor,

and the volume increases as the of the factor.

4. Does the ratio of surface area to volume increase or decrease as things are scaled up?

5. Does the rule for the scaling up of cubes also apply to other shapes?
Would your answers have been different if we started with a sphere of diameter 1 cm and
scaled it up to a sphere of diameter 2 cm, and then 3 cm?

6. The effects of scaling are beneficial to some creatures and detrimental to others. Check either
(B) for beneficial or (D) for detrimental for each of the following:

a. an insect falling from a tree ____ d. a big fish chasing a small fish

b. an elephant falling from the same tree ____ e. a hungry mouse

c. a small fish trying to flee from a big fish ____ f. an insect that falls in the water
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Chapter 12 Solids
Scaling Circles

1. Complete the table below.

CiRCLES
~ADIUS CIRCUMFERENCe

1 cm 2i1'(1 cm) = 2'it' cm
2cm

a cm

10 cm

AREA
1i(1cmt=1torl"

FOR THE Cl RCUMFERENC.e. OF
A ClR.C.LC, C= 2.V'"

AND ..R.iR THE AR.EA ot=.
A CIRCLE, A =1T\"":Z-

2. From your completed table, when the radius of a circle
is doubled, its area increases by
When the radius is increased by a factor of 10,
the area increases by

3. Consider a small pizza that costs $5.00. Another pizza
of the same thickness has twice the diameter.
How much should the larger pizza cost?

Circle one:
4. [True] [False] If the radius of a circle is increased by a certain factor, say 5, then the area

increases by the square of the factor, in this case 52 or 25.

Fill in the blank:
So if you scale up the radius of a circle by a factor of 10, its area will increase by

Application:
5. Suppose you raise chickens and purchase $50.00 worth of wire for a chicken pen. The shape

of the pen that will accommodate the most number of chickens will be

[square] [circular] [either, for both provide the same area].
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1. Consider a balloon filled with 1 liter of water (1000 ern") in equilibrium in a container of water,
as shown in Figure 1.

a. What is the mass of the 1 Iiter of water?

b. What is the weight of the 1 liter of water?

c. What is the weight of water displaced by the balloon?

Figure 1

WATER DOES NOT
SINK IN WATER!

d. What is the buoyant force on the balloon?

e. Sketch a pair of vectors in Figure 1: one for
the weight of the balloon and the other for
the buoyant force that acts on it. How do the
size and directions of your vectors compare?

2. As a thought experiment, pretend we could remove the water from the balloon but still retain
the same size of 1 liter. Then inside the balloon is a vacuum.

d. What is the buoyant force on the
nearly massless balloon?

CUZ U= YOU PUSH 9.8 N OF WATER ASlOE
THE WATER PUSHES BACK ON YOU WiTH 9.8 N!

a. What is the mass of the liter of nothing?

b. What is the weight of the liter of nothing?

c. What is the weight of water displaced by
the nearly massless 1-liter balloon?

e. In which direction would the nearly massless balloon accelerate?
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Chapter 13 Liquids
Archimedes' Principle I-continued

a. What volume of water is displaced by the wood?

I .

1000an3 --c..,..// (;.
- i·ll/;

3. Assume the balloon is replaced by a 0.5-kilogram
piece of wood that has exactly the same volume
(1000 ern"), as shown in Figure 2. The wood is
held in the same submerged position beneath
the surface of the water.

b. What is the mass of the water displaced by the wood?

Figure 2

c. What is the weight of the water displaced by the wood?

d. How much buoyant force does the surrounding water exert on the wood?

e. When the hand is removed, what is the net force on the wood?

f. In which direction does the wood accelerate when released?

THE BUOYANT FORCE ON A SU8MERGED
08JECTEQUALS THEWEIGHT OF WATER

tJIS9LACEO
••. NOT THE WEt6HT OF THE

OBJ€C1 ITSELF!

••• fj~LES$ IT IS
FLOATlN6?

:.,
I

/
J

4. Repeat parts a through f in the previous question for a 5-kg rock that has the same volume
(1000 ern"), as shown in Figure 3. Assume the rock is suspended in the container of water by a string.-L a

b.

c.

~

.
....•. ~4.:.•..•.....:.··· .. ~ .

'y"

d.

e.

f.
Fi9ure 3
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Chapter 13 Liquids
Archimedes' Principle 11
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1. The water lines for the first three cases are shown. Sketch in the appropriate water lines for
cases d and e, and make up your own for case f.

. ~ ....
Cl DENSER THAN WATER

d. 1/4 AS DENSE AS WA TEt<

b. SAME DENSITY AS WATER

e. 3/4 AS DENSE AS WA lER

c. 1/2 AS DENSEAS WATEt<

f. _._ AS DENSE AS WATER

2. If the weight of a ship is 100 million N, then the water it displaces weighs

If a cargo weighing 1000 N is put on board, then the ship will sink down until an extra

of water is displaced.

3. The first two sketches below show the water line for an empty and a loaded ship. Draw the
appropriate water line for the third sketch.

Q. SHI P EMPTY b. SHI P lOADED WITH
50 TONS Of IRON

67

c. SHI P lOADED WITH 50
TONS OF STYROFOAM
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Chapter 13 Liquids
Archimedes' Principles /I-continued

4. Here is an ice cube floating in a glass of ice
water. Draw the water line after the ice cube
melts. (Will the water line rise, fall, or remain
the same?)

5. The air-filled balloon is weighted so it sinks in
water. Near the surface, the balloon has a certain
volume. Draw the balloon at the bottom (inside
the dashed square) and show whether it is bigger,
smaller, or the same size.

a. Since the weighted balloon sinks, how does its
overall density compare to the density of water?

b. As the weighted balloon sinks, does its density
increase, decease, or remain the same?

c. Since the weighted balloon sinks, how does
the buoyant force on it compare to its weight?

d. As the weighted balloon sinks deeper, does
the buoyant force on it increase, decrease, or
remain the same?

6. What would your answers be to the above questions
(5.a to d) for a rock instead of an air-filled balloon?

a.

b.

c.

d.
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Chapter 14 Gases and Plasm as
Gas Pressure

1. A principle difference between a liquid and a gas is that when a liquid is under pressure,
its volume

[increases] [decreases] [doesn't change noticeably]

and its density
[increases] [decrease] [doesn't change noticeably].

When a gas is under pressure, its volume
[increases] [decreases] [doesn't change noticeably]

and its density
[increases] [decreases] [doesn't change noticeably].

2. The sketch above shows the launching of a weather
balloon at sea level. Make a sketch of the same weather
balloon when it is high in the atmosphere. In words,
what is different about its size and why?

3. A hydrogen-filled balloon that weighs 10 N must displace

____ N of air in order to float in air. If it displaces

less than N it will be buoyed up with

N and sink. If it displaces

N of air it will move upward.

less than

more than

4. Why is the cartoon more humorous to physics types
than non physics types? What physics concept has
occurred?
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Chapter 15 Temperature, Heat, and Expansion
Measuring Temperatures

1. Complete the table:

tEMPE.RATURE OF MELilNG ICE

1E.MPERATURE OF BOIL1N6 WATER

2. Suppose you apply a flame and warm one liter
of water, raising its temperature 10°C. If you
transfer the same heat energy to twoiiters, how
much will the temperature rise? For three liters?
Record your answers on the blanks in-the drawing
at the rig ht.

3. A thermometer is in a container half-filled with 20°C water,

a. When an equal volume of 20°C water is added,
the temperature of the mixture will be

b. When instead an equal volume of 40°C water is
added, the temperature of the mixture will be

c. When instead a small amount of 40°C water is added,
the temperature of the mixture will be

GC 32. OF

°C 2rz.°F
K

K

[20°C] [between 20°C and 30°C] [30°C] [more than 30°C].

Circle one:
4. A small red-hot piece of iron is placed into a large bucket of cool water.

(Ignore the heat transfer to the bucket.)

a. [True] [False] The decrease in iron temperature equals the
increase in the water temperature.

b. [True] [False] The quantity of heat lost by the iron equals the
quantity of heat gained by the water.

c. [True] [False] The iron and water both will eventually reach the
same temperature.

I.~•..•...IfJI~.!!. ·20·C
~

d. [True] [False] The final temperature of the iron and water
is halfway between the initial temperatures
of each.
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Chapter 15 Temperature, Heat, and Expansion
Thermal Expansion

1. The weight hangs above the floor from the copper wire. When a candle is moved along the wire
and warms it, what happens to the height of the weight above the floor? Why?

2. The levels of water at acc and 1"C are shown below in the first two flasks. At these temperatures
there is microscopic slush in the water. There is slightly more slush at acc than at 1"C. As the
water is warmed, some of the slush collapses as it melts, and the level of the water falls in the
tube. That's why the level of water is slightly lower in the 1CC-tube. Make rough estimates and
sketch in the appropriate levels of water at the other temperatures shown. What is important
about the level when the water reaches 4CC?

3°C

_"C

3. The diagram to the left shows an ice-
covered pond. Fill in the blanks for likely
temperatures of the water at the top and
bottom of the pond.

ICE

I CAt4'T 6ET THlS METAL
LlD OFF" THE JAR •.• SHOULD
1 HEAT THE LID OR COOL IT?

WHY?
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Chapter 16 Heat Transfer
Transmission of Heat

Circle one:
1. The tips of both brass rods are held in the gas flame.

a. [True] [False] Heat is conducted only
along Rod A.

b. [True] [False] Heat is conducted only
along Rod B.

c. [True] [False] Heat is conducted equally along
both Rod A and Rod B.

d. [True] [False] The idea that "heat rises" applies to heat transfer by convection, not by conduction.

2. Why does a bird fluff its feathers to keep warm on a cold day?

3. Why does a down-filled sleeping bag keep you warm on a cold night?
Why is it useless if the down is wet?

4. What does convection have to do with the holes in the shade of the
desk lamp?

5 The warmth of equatorial regions and coldness of polar regions
on Earth can be understood by considering light from a flashlight
striking a surface. If it strikes perpendicularly, light energy is more
concentrated as it covers a smaller area; if it strikes at an angle,
the energy spreads over a larger area. So the energy per unit
area is less.

.. The arrows represent rays of light from
the distant Sun incident upon Earth. Two
areas of equal size are shown, Area A
near the North Pole and Area B near the
equator. Count the rays that reach each
area, and explain why B is warmer than A.

A •....
••

B
.•....•.•.

.•
."
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Chapter 16 Heat Transfer
Transmission of Heat

6. The Earth's seasons arise from the 23.5-degree tilt of Earth's daily spin axis as it orbits the Sun.
When Earth is at the position shown on the right in the sketch below (not to scale), the Northern
Hemisphere tilts toward the Sun, and sunlight striking it is strong (more rays per area). Sunlight
striking Southern Hemisphere is weak (fewer rays per area). Days in the north are warmer, and
daylight is longer. You can see this by imagining Earth making its complete daily 24-hour spin.

Do two things on the sketch:
(i) Shade the part of Earth in nighttime darkness for all positions, as is already done in the left position.
(ii) Label each position with the proper month-March, June, September, or December.

- - -

eE SURE TO. 00 THE 5HAClHG
B€~ORE YOU ANSwER tHE

QUESn01'lS 8ElOW .v )

a. When Earth is in any of the four positions shown, during one 24-hour spin, a location at the
equator receives sunlight half the time and is in darkness the other half the time. This means

that regions at the equator always receive about

hours of darkness.

hours of sunlight and

b. Can you see that in the June position regions farther north have longer daylight hours and
shorter nights? Locations north of the Arctic Circle (dotted line in Northern Hemisphere) are

continually in view of the Sun as Earth spins, so they get daylight hours a day.

c. How many hours of light and darkness are there in June at regions south of the Antarctic Circle
(dotted line in Southern Hemisphere)?

d. Six months later, when Earth is at the December position, is the situation
in the Antarctic Circle the same or is it the reverse?
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e. Why do South America and Australia enjoy warm weather in December
instead of June?



Name Date---------------------------
CONCEPTUAL flysie PRACTICE PAGE

Chapter 17 Change of Phase
Ice, Water, and Steam

All matter can exist in the solid, liquid, or gaseous phases. The solid phase normally exists at relatively
low temperatures, the liquid phase at higher temperatures, and the gaseous phase at still higher
temperatures. Water is the most common example, not only because of its abundance but also
because the temperatures for all three phases are common. Study "Energy and Changes of Phase"
in your textbook and then answer the following:

1. How many calories are needed to change 1 gram of OOG
ice to water?

2. How many calories are needed to change the temperature
of 1 gram of water by 1°G? GJ . ~E+;:g

4. A 50-gram sample of ice at OOGis placed in a glass beaker
that contains 200 g of water at 2ooG.

a. How much heat is needed to melt the ice?

b. By how much would the temperature of the water change
if it released this much heat to the ice?

c. What will be the final temperature of the mixture? (Disregard any heat absorbed by the glass
or given off by the surrounding air.)

5. How many calories are needed to change 1 gram
of 1000G boiling water to 1000G steam? Eoo;cJ .~

6. Fill in the number of calories at each step below for changing the phase of 1 gram of o°C ice to
1000G steam.

TEMP.
R.ISE

----=)

___ CAL +
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Chapter 17 Change of Phase
Ice, Water, and Steam-continued e ~Goo'~)ti!'~1

a. How much heat is released when the steam condenses?

7. One gram of steam at 1000e condenses, and the water
cools to 22°e.

b. How much heat is released when the water cools from 1oooe to 22°e?

c. How much heat is released altogether?

8. In a household radiator 1000 g of steam at 1000e condenses, and the water cools to 90oe.

-, ~ f

~.a. How much heat is released when the steam condenses?

b. How much heat is released when the water cools from 1oooe to 900e?

c. How much heat is released altogether?

9 Why is it difficult to brew tea on the top of a high mountain?

10. How many calories are given up by 1 gram of 1000e steam that condenses to 1000e water?

11. How many calories are given up by 1 gram of 1000e steam that condenses and drops in
temperature to 22°e water?

12. How many calories are given to a household radiator when 1000 grams of 1oooe steam
condenses, and drops in temperature to 900e water?

13. To get water from the ground, even in the hot desert, dig a hole about a half meter wide and
a half meter deep. Place a cup at the bottom. Spread a sheet of plastic wrap over the hole and
place stones along the edge to hold it secure. Weight the center of the plastic with a stone so it
forms a cone shape. Why will water collect in the cup? (Physics can save your life if you're ever
stranded in a desert!)
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Chapter 17 Change of Phase
Evaporation

1. Why do you feel colder when you swim in a pool on a windy day?

2. Why does your skin feel cold when a little rubbing alcohol is applied
to it?

3. Briefly explain from a molecular point of view why evaporation is a cooling process.

4. When hot water rapidly evaporates, the result can be dramatic. Consider 4 g of boiling water
spread over a large surface so that 1 g rapidly evaporates. Suppose further that the surface
and surroundings are very cold so that all 54a calories for evaporation come from the remaining
3 g of water.

a. How many calories are taken from each gram
of water that remains?

b. How many calories are released when 1 9 of
1aaoc water cools to aOc?

c. How many calories are released when 1 g of
aoc water changes to aoc ice?

d. What happens in this case to the remaining 3 g
of boiling water when 1 g rapidly evaporates?
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Chapter 17 Change of Phase
Our Earth's Hot Interior

A major puzzle faced scientists in the 19th century. Volcanoes
showed that Earth is molten beneath its crust. Penetration into "--)
the crust by bore holes and mines showed that Earth's
temperature increases with depth. Scientists found that heat ./'""'
flows from the interior to the surface. They assumed that the
source of Earth's internal heat was primordial, the afterglow of
its fiery birth. Measurements of cooling rates indicated a
relatively young Earth-some 25 to 30 millions years in age.
But geological evidence indicated an older Earth. This puzzle
wasn't solved until the discovery of radioactivity. Then it was
learned that the interior is kept hot by the energy of radioactive
decay. We now know the age of Earth is some 4.5 billions years-
a much older Earth.

\ j j
J

All rock contains trace amounts of radioactive minerals. Those in common granite release energy
at the rate 0.03 .Joule/ktloqram-year. Granite at Earth's surface transfers this energy to the
surroundings as fast as it is generated, so we don't find granite warm to the touch. But what if a
sample of granite were thermally insulated? That is, suppose the increase of internal energy due
to radioactivity were contained. Then it would get hotter. How much? Let's figure it out, using
790 joulelkilogram kelvin as the specific heat of granite.

Calculations to make:
1. How many joules are required to increase the temperature of 1 kg

of granite by 1000 K?

2. How many years would it take radioactive decay in a kilogram of
granite to produce this many joules?

Questions to answer:
1. How many years would it take a thermally insulated 1-kg chunk

of granite to undergo a 1000 K increase in temperature?

2 How many years would it take a thermally insulated one-
million-kilogram chunk of granite to undergo a 1000 K
'increase in temperature?

3. Why are your answers to the above the same (or different)?

Circle one:
4. [True] [False] The energy produced by Earth radioactivity

ultimately becomes terrestrial radiation.
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An electric toaster stays hot
while electric energy is supplied,
and doesn't cool until switthed
off. Similarly, do you think the
~ner9Y source now keeping the
eorth hot will one day suddenly
switch off like Q disconnected
toaster - or grodually decrease
over Q long time?
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Chapter 18 Thermodynamics
Absolute Zero

T
A mass of air is contained so that the volume can change but the pressure
remains constant. Table I shows air volumes at various temperatures when
the air is warmed slowly.

1. Plot the data in Table I on the graph and connect the points.

TABLE I
TEMP. (Oc) VOLUME (1nL)

0 50
25 55
50 60
75 65

100 70

VOLUME (IrIl)
cO
se
50
40
30

20
10

-200 -lOO 0 SO tOo
TEMPERATURE··· ("C )

2. The graph shows how the volume of air varies with temperature at constant pressure. The
straightness of the line means that the air expands uniformly with temperature. From your
graph, you can predict what will happen to the volume of air when it is cooled.

Extrapolate (extend) the straight line of your graph to find the temperature at which the volume
of the air would become zero. Mark this point on your graph. Estimate this temperature:

3. Although air would liquefy before cooling to this temperature, the procedure suggests that there
is a lower limit to how cold something can be. This is the absolute zero of temperature.

Careful experiments show that absolute zero is

4. Scientists measure temperature in kelvins instead of degrees Celsius, where the absolute
zero of temperature is 0 kelvins. If you relabeled the temperature axis on the graph in
Question 1 so that it shows temperature in kelvins, would your graph look like the one below?

.:::::r 70·

..&60

~ 50
3 40
~30

2.0

10

o
TEMPERAiURt (K)

273
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Chapter 19 Vibrations and Waves
Vibration and Wave Fundamentals

1. A sine curve that represents a transverse wave is drawn below. With a ruler, measure the
wavelength and amplitude of the wave.

a. Wavelength =
b. Amplitude =

2. A kid on a playground swing makes a complete to-and-fro
swing each 2 seconds. The frequency of swing is

[0.5 hertz] [1 hertz] [2 hertz]

and the period is

[0.5 seconds] [1 second] [2 seconds].

3. Complete the statements:

i"HE. PERiOD OF A
440 - HERTZ SOUND
WAVE IS SECOND.

A MARtNE WEATHER STATION RE?ortrs
WAVES ALONG THE SH~E THAT ARE
8 SECQHClS APART. 'HE FREQueNCY
()(: THE WAVES IS THEREFORe;________ H€RTZ.

4. The annoying sound from a mosquito is produced when it beats its wings at the average rate
of 600 wing beats per second.

a. What is the frequency of the sound waves?
;f"

t(

b. What is the wavelength?
(Assume the speed of sound is 340 m/s.)
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Chapter 19 Vibrations and Waves
Vibration and Wave Fundamentals-continued

5 A machine gun fires 10 rounds per second.
The speed of the bullets is 300 m/so

-=-

a. What is the distance in the air between the flying bullets?

b. What happens to the distance between the bullets if the rate of fire is increased?

6. Consider a wave generator that produces 10 pulses per second. The speed of the waves is
300 cm/so

a. What is the wavelength of the waves?

b. What happens to the wavelength if the frequency of pulses is increased?

7. The bird at the right watches the waves. If the portion of a wave between 2 crests passes the
pole each second,

a. what is the speed of the waves?

b. what is the period of wave motion?

c. If the distance between crests were 1.5 meters
apart; and 2 crests pass the pole each second,
what would be the speed of the wave?

d. What would the period of wave motion be for 7.c ?

8. When an automobile moves toward a
listener, the sound of its horn seems
relatively

[Iow pitched] [high pitched] [normal]

and when moving away from the listener,
its horn seems

[Iow pitched] [high pitched] [normal].

9. The changed pitch of the Doppler effect
is due to changes in wave

[speed] [frequency] [both].
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Chapter 19 Vibrations and Waves
Shock Waves

The cone-shaped shock wave produced by a supersonic aircraft is actually the result of overlapping
spherical waves of sound, as indicated by the overlapping circles in Figure 19.19 in your textbook.
Sketches a through e below show the "animated" growth of only one of the many spherical
sound waves (shown as an expanding circle in the two-dimensional drawing).

The circle originates when the aircraft is in the position
shown in a.

Sketch b shows both the growth of the circle and position
of the aircraft at a later time.

b
Still later times are shown in c, d, and e. Note that the
circle grows and the aircraft moves farther to the right
Note also that the aircraft is moving farther than the
sound wave. This is because the aircraft is moving faster
than sound.

c
Careful examination will reveal how fast the aircraft is
moving compared to the speed of sound. Sketch e shows
that in the same time the sound travels from 0 to A, the
aircraft has traveled from 0 to B-twice as far. You can
check with a ruler.

Circle the answer:
1. Inspect sketches band d. Has the aircraft traveled twice

as far as sound in the same time in these positions also?

[Yes] [No]

2. For greater speeds, the angle of the shock wave would be

[wider] [the same] [narrower].

e
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Chapter 19 Vibrations and Waves
Shock Waves-continued

3. Use a ruler to estimate the speeds of the aircraft that produce the shock waves in the two
sketches below.

a

Aircraft a is traveling about times the speed of sound.

Aircraft b is traveling about times the speed of sound.

4. Draw your own circle (anywhere) and estimate the speed of the aircraft to produce the shock
wave shown below:

The speed is about times the speed of sound.

5. In the space below, draw the shock wave made by a supersonic missile that travels at four
times the speed of sound.
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Wave Superposition
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A pair of pulses travel toward each at equal speeds. The composite waveforms, as they pass through
each other and interfere, are shown at 1-second intervals. In the left column note how the pulses
interfere to produce the composite waveform (solid line). Make a similar construction for the two wave
pulses in the right column. Like the pulses in the first column, they each travel at 1space per second.

t= 15

t-z S

t=4S

t=3S

t=55

t=G5
•

t=7S

thanx to Marshall Ellenstein
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Chapter 20 Sound
Wave Superposition-continued

Construct the composite waveforms at 1-second intervals for the two waves traveling toward
each other at equal speed.

t=os

t= \ S

t-z S

t=3S

t=4S

t=5 S _u,

t=GS

t=75
•

t=8S
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Chapter 22 Electrostatics
Static Charge

1. Considerthe diagram below.
a. A pair of insulated metal spheres, A and B, touch each other, so in effect they form a single

uncharged conductor.
b. A positively charged rod is brought near A, but not touching, and electrons in the metal sphere

are attracted toward the rod. Charges in the spheres have redistributed, and the negative
charge is labeled. Draw the appropriate + signs that are repelled to the far side of B.

c. Draw the signs of charge when the spheres are separated while the rod is still present, and
d. after the rod has been removed. Your completed work should be similar to Figure 22.7

in the textbook. The spheres have been charged by induction.

2. Consider below a single metal insulated sphere, (a) initially uncharged. When a negatively charged
rod is nearby, (b), charges in the metal are separated. Electrons are repelled to the far side. When
the sphere is touched with your finger, (c), electrons flow out of the sphere to Earth through your
hand. The sphere is "grounded." Note the positive charge remaining (d) while the rod is still present
and your finger removed, and (e) when the rod is removed. This is an example of charge induction
by grounding. In this procedure the negative rod "gives" a positive charge to the sphere.

~ ~

~
Q b c d

d

e
The diagrams below show a similar procedure with a positive rod. Draw the correct charges for
a through e.

Q b c d e
~'~

~iIt it1.;.) t !
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1. Just as PE (potential energy)
transforms to KE (kinetic energy)
for a mass lifted against the
gravitational field (left), the electric
PE of an electric charge transforms.
to other forms of energy when it
changes location in an electric /
field (right). When released, how
does the KE acquired by each
compare to the decrease in PE? G

Complete the statements:
2. A force compresses the spring. The work done in compression

is the product of the average force and the distance moved.
W = Fd. This work increases the PE of the spring.

Similarly, a force pushes the charge (call it a test charge) closer
to the charged sphere. The work done in moving the test charge

is the product of the average

moved. W=
the test charge.

and the

. This work the PE of

At any point, a greater quantity of test charge means a greater amount of PE, but not a greater
amount of PE per quantity of charge. The quantities PE (measured in joules) and PE/charge
(measured in volts) are different concepts.

PE
By definition: Electric Potential = --- . 1 volt = 1 joule/coulomb.

charge

3. Complete the statements:
ELECTR1CPE;CHARGE HAS THE SPECIAL NAME ELECTf{/C

SINCE rr IS MEASURED IN VOLTS
IT IS COMMONLY CALLED _

4. If a conductor connected to the terminal of a battery has a potential of 12 volts, then each coulomb

of charge on the conductor has a PE of J.

5. Some people are confused between force and pressure. Recall that pressure is force per area.
Similarly, some people get mixed up between electric PE and voltage. According to this chapter,

voltage is electric PE per
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Chapter 23 Electric Current
Flow of Charge

a. The unit of electric potential difference is

[volt] [ampere] [ohm] [watt].

b. It is common to call electric potential difference

[voltage] [amperage] [wattage].

c. The flow of electric charge is called electric

[voltage] [current] [power]

and is measured in

[volts] [amperes] [ohms] [watts].

Complete the statements:
2. a. A current of 1 ampere is a flow of charge at the rate of

1. Water doesn't flow in the pipe when
both ends (a) are at the same level.
Another way of saying this is that
water will not flow in the pipe when
both ends have the same potential
energy (PE). Similarly, charge will
not flow in a conductor if both ends
of the conductor are the same electric
potential. But tip the water pipe, as
in (b), and water will flow. Similarly,
charge will flow when you increase
the electric potential of an electric
conductor so there is a potential
difference across the ends.

b. When a charge of 15 C flows through any area in a circuit each second, the current is A.

coulomb per second.

coulomb of charge between the two points.

c. One volt is the potential difference between two points if 1 joule of energy is needed to move

d. When a lamp is plugged into a 120-V socket, each coulomb of charge that flows in the circuit
is raised to a potential .energy of joules.

e. Which offers more resistance to water flow, a wide pipe or a narrow pipe?

Similarly, which offers more resistance to the flow of charge, a thick wire or a thin wire?
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Chapter 23 Electric Current
Ohm's Law

USE OHM'S LAW
IN THE TRIANGLE
TOFINO THE

QUANTITY
YOOWANT,

COVER THE
LETTER. WtTH YOUR
HNGER AND THE
REMAINING TWO
SI-lOWYOUTHE

FORMUlAp·

1. How much current flows in a 1000-ohm resistor
when 1.5 volts are impressed across it?

2. If the filament resistance in an automobile
headlamp is 3 ohms, how many amps does it
draw when connected to a 12-volt battery?

3. The resistance of the side lights on an automobile
are 10 ohms. How much current flows in them
when connected to 12 volts?

CONDUCTO~S AND i<:€5ISTClRS
HAVE RESISTANCE TO THE
CURRENT IN THEM.

4. What is the current in the 30-ohm heating coil of
a coffee maker that operates on a 120-volt circuit?

5. During a lie detector test, a voltage of 6 V is impressed across two fingers. When a certain
question is asked, the resistance between the fingers drops from 400,000 ohms to 200,000 ohms.

a. What is the current initially through the fingers?

b. What is the current through the fingers when the resistance between them drops?

6. How much resistance allows an impressed voltage of 6 V to produce a current of 0.006 A?

7. What is the resistance of a clothes iron that draws a current of 12 A at 120 V?

8. What is the voltage across a 1OO-ohm circuit element that draws a current of 1 A?

9. What voltage will produce 3 A through a 15-ohm resistor?

10. The current In an incandescent lamp is 0.5 A when connected to a 120-V circuit, and ~
0.2 A when connected to a 10-V source. Does the resistance of the lamp change in these
cases? Explain your answer and defend it with numerical values.
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Chapter 23 Electric Current
Electric Power

Recall that the rate at which energy is converted from one form to another is power.

energy converted voltage x charge charge
Power = ------ = ------ = voltage x -- = voltage x current

time time time

The unit of power is the watt (or kilowatt), so in units form,

Electric power (watts) = current (amperes) x voltage (volts), where 1 watt = 1 ampere x1 volt.

r-« THAT'SRIGHT···VOLTA.GE:ENE~Y • SO ENERGY" VOLTAGE "CHARG€ _••

~

.r<tP. 00"--/ CHARGE CHARGE. •. •... ,
s, ~ AND TIME· - CURRENT :; NEAT ~

A 100-WATl BULB CONVERTS
ELECTRIC ENER6YlNTO HEAT

1. What is the power when a voltage of 120 V drives AKD LIGHT N\O~ QUiCKLY THAN
a 2-A current through a device? A 2S-WATT8UlB. THAT'S WHY

FOR TKESAN\tVbi.1AGE Al00-WAn-
8UL86LOW$ ~RI6KTER THAN A

25 -WATT BULe r.•
2. What is the current when a 60-W lamp is connected

to 120 V?
~ "'....................•...m

3. How much current does a 100-W lamp draw when
connected to 120 V?

4. If part of an electric circuit dissipates energy at 6 W when it
draws a current of 3 A, what voltage is impressed across it?

5. The equation
energy converted

power =
time

WAiT'S HAPPENING ?

rearranged gives energy converted =

6. Explain the difference between a kilowatt and a kilowatt-hour.

7 One deterrent to burglary is to leave your front porch light constantly on. If your fixture contains a
60-W bulb at 120 V, and your local power utility sells energy at 10 cents per kilowatt-hour, how much
will it cost to leave the light on for the entire month? Show your work on the other side of this page.
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Chapter 23 Electric Current
Series Circuits 211..

1. In the circuit shown at the right, a voltage of 6 V
pushes charge through a single resistor of 2 Q.

According to Ohm's law, the current in the resistor
(and therefore in the whole circuit) is

A. j 6\1

2.Two 3-Q resistors and a 6-V battery comprise the circuit on 3Jl.

The current in the circuit is then

the right. The total resistance of the circuit is Q

A.

3. The equivalent resistance of three 4-Q resistors in series would be

Q.

4. Does current flow through a resistor, or across a resistor?

Is voltage established through a resistor, or across a resistor?

5. Does current in the lamps of a circuit occur simultaneously, or does charge flow first through
one lamp, then the other, and finally the last in turn?

6 Circuits a and b below are identical with all bulbs rated at equal wattage (therefore equal resistance).
The only difference between the circuits is that Bulb 5 has a short circuit, as shown.

2 3

a 4.5 V
a In which circuit is the current greater?

b. In which circuit are all three bulbs equally bright?

c. Which bulbs are the brightest?

d. Which bulb is the dimmest?

b 4.5 V

e. Which bulbs have the largest voltage drops across them?

f. Which circuit dissipates more power?

g. Which circuit produces more light?
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Chapter 23 Electric Current
Parallel Circuits

PRACTICE PAGE
'tHE SUM Of' THE CVAAEms IN THE
TWO ~ANCH PATHSECiUAl.5 THe
Cu~"eNT6e'O"e ITOlVIDES.

2.tl

1. In the circuit shown below, there is a voltage drop of 6 V across
each 2 Q resistors.

bV

a. By Ohm's law, the current in
each resistor is A.

b. The current through the battery is the sum of the currents in the resistors,

c. Fill in the current in the eight blank spaces in the diagram above of the same circuit

2. Cross out the circuit below that is not equivalent to the circuit above.

b

3. Consider the parallel circuit at the right
a. The voltage drop across each resistor is

v.

b The current in each branch is:

2-Q resistor

2-Q resistor

1-Q resistor

c. The current through the battery equals the sum of the currents which

equals

d. The equivalent resistance of the circuit equals Q.

c

1.0..

Ibv
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Chapter 23 Electric Current
Circuit Resistance

Figure what the resistcnces are, then show their
values in the blanks to the left of each lamp.

All circuits below have the same lamp A with resistance of 6 n, and the same 12-volt
battery with negligible resistance. The unknown resistances of lamps B through L are
such that the current in lamp A remains 1 ampere. FiJI in the blanks:

a.

1'2. V

A6.n.
!~V- ____p B

c. tA-....
6.n. A

I'l.V

____ .:fl..

Circuit a: How much current flows through

the battery? A.

e.

Circuit b. Assume lamps C and 0 are
identical. Current through lamp 0 is

A.

\?.V

Circuit c: Identical lamps E and F replace
replace lamp D. Current through lamp C is

A.

Circuit d: Lamps G and H replace lamps E
and F, and the resistance of lamp G is
twice that of lamp H. Current through
lamp H is A.

b.

d.

lA--+

____ J1.

Handy rule: For a pair of resistors in parallel:

product of r-esistcnces
Equivalent resistance. = sum of resistanceS

Circuit e: Identical lamps K and L replace lamp H. Current through lamp L is A.

The equivalent resistance of a circuit is the value of a single resistor that will replace all
the resistors of the circuit to produce the same load on the battery. How do the equivalent
resistances of the circuits a through e compare?
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Chapter 23 Electric Current
Electric Power in Circuits

The table beside circuit a below shows the current through each resistor, the voltage across each
resistor, and the power dissipated as heat in each resistor. Find the similar correct values for circuits
b through d. and write your answers in the tables shown.

2A 4.n
RESISTANCE CURRENT x VOlTAGE ::: POwER

--2.n 2A 4V &w
6.0. 4Jl 2A BV f6W

6.t1. 2A 12. " 2Aw

c nv
to. 2.n.

RESISTANCE CURRENTx VOLTAGE: POWER
1..0-
2J1.

-"
b 6v

6.n.
RESISTANCE CURRENT x VOlTAGE:: POWER

6J1.
3A 311

c 6'1

2.Jl

21L

RESISTANCE CURRENTx VOlTAGE ::: POWE~
2ft
2..0.
1J1.

d ~v
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Magnetic Fundamentals
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Fi/lin the blanks:
1. Attraction or repulsion of charges depends on their signs, positives or negatives. Attraction or

repulsion of magnets depends on their magnetic
or

2. Opposite poles attract; like poles
YOU HAVE A. MAGNETIC

PERSONALITY! .

3. A magnetic field is produced by the of electric charge.

4. Clusters of magnetically aligned atoms are magnetic

5. A magnetic surrounds a current-carrying wire.

6. When a current-carrying wire is made to form a coil around a piece of iron, the result is an

7. A charged particle moving in a magnetic field experiences a deflecting

that is maximum when the charge moves to the field.

8. A current-carrying wire experiences a deflecting that is maximum when the wire

and magnetic field are to one another.

9. A simple instrument designed to detect electric current is the ; when

calibrated to measure current, it is an ; when calibrated to measure voltage,

it is a

10. The largest size magnet in the world is the itself.

THEN TO REAllY MAKE
THINGS 'SIMPlE; THERE"S
THE RIGHT -HAND RUlE !

-I
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Chapter 24 Magnetism
Magnetic Fundamentals-continued

11. The ilfustration below is similar to Figure 24.2 in your textbook. Iron filings trace out patterns
of magnetic field lines about a bar magnet. In the field are some magnetic compasses. The
compass needle in only one compass is shown. Draw in the needles with proper orientation
in the other compasses.

12. The ilfustration below is similar to Figure 24.1 Ob in your textbook. Iron filings trace out
magnetic field pattern aboutthe loop of current-carrying wire. Draw in the compass needle
orientations for alf the compasses.

-.;:-.... " ,
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Chapter 25 Electromagnetic Induction
Faraday's Law

[related] [independent of each other].

Circle the correct answers:
1. Hans Christian Oersted discovered that magnetism and

and electricity are

Magnetism is produced by

[batteries] [motion of electric charges].

Faraday and Henry discovered that electric current can be
produced by

[batteries] [motion of a magnet].

More specifically, voltage is induced in a loop of wire
if there is a change in

[batteries] [magnetic field in the loop].

This phenomenon is called

[electromagnetism] [electromagnetic induction].

2. When a magnet is plunged in and out of a coil of wire, voltage is induced in the coil. If the rate of
the in-and-out motion of the magnet is doubled, the induced voltage

[doubles] [halves] [remains the same].

If instead the number of loops in the coil is doubled, the induced voltage

[doubles] [halves] [remains the same].

3. A rapidly changing magnetic field in any region of space induces a rapidly changing

[electric field] [magnetic field] [graVitational field]

which in turn induces a rapidly changing

[magnetic field] [electric field] [baseball field].

This generation and regeneration of electric and magnetic fields make up

[electromagnetic waves] [sound waves] [both of these].
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Chapter 25 Electromagnet Induction
Transformers

Consider a simple transformer that has a 1oo-turn primary coil and a 1ODD-turn secondary coil. The
primary is connected to a 120-V AC source and the secondary is connected to an electrical device
with a resistance of 1000 ohms.

1. What will be the voltage output of the secondary?

V.

2. What current flows in the secondary circuit?

A.

3. Now that you know the voltage and the current,
what is the power in the secondary coil?

W.

4. Neglecting small heating losses, and knowing that energy
is conserved, what is the power in the primary coil?

W.

5. Now that you know the power and the voltage across the
primary coil, what is the current drawn by the primary coil?

A.

Circle the answers:
6. The results show voltage is stepped [up] [down] from primary to secondary, and that

current is correspondingly stepped [up] [down].

7. For a step-up transformer, there are [more] [fewer] turns in the secondary coil than in the primary.

For such a transformer, there is [more] [less] current in the secondary than in the primary,

[voltage] [energy and power].

8. A transformer can step up [voltage] [energy and power] ,but in no way can it step up

9. If 120 V is used to power a toy electric train that operates on 6 V,then a [step up] [step down]

10. A transformer operates on [de] lac]

transformer should be used that has a primary to secondary turns ratio of [1/20] [20/1].

because the magnetic field within the iron core

must [continually change] [remain steady].
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Chapter 26 Properties of Light
Speed, Wavelength, and Frequency

1. The first investigation that led to a determination of the speed of light was performed in about
1675 by the Danish astronomer Olaus Roemer. He made careful measurements of the period
of 10, a moon about the planet Jupiter, and was surprised to find an irregularity in lo's observed
period. While Earth was moving away from Jupiter, the measured periods were slightly longer
than average. While Earth approached Jupiter, they were shorter than average. Roemer
estimated that the cumulative discrepancy amounted to about 16.5 minutes. Later interpretations
showed that what occurs is that light takes about 16.5 minutes to travel the extra 300,OOO,OOO-km
distance across Earth's orbit. Aha! We have enough information to calculate the speed of light!

MOON IDe
JUPITER

a. Write a formula for speed in terms of the distance traveled
and the time spent traveling that distance.

b. Using Roemer's data, and changing 16.5 minutes to seconds,
calculate the speed of light.

EARTHSIX
MONTHS

LATER
~

Study Figure 26.3 in your textbook and answer the following:
2. a. Which has the longer wavelengths? [radio waves] [light waves].

b. Which has the longer wavelengths? [light waves] [gamma waves].

c. Which has the higher frequencies? [ultraviolet waves] [infrared waves].

d. Which has the higher frequencies? [ultraviolet waves] [gamma rays].

Carefully studv the section "Transparent Materials" in your textbook and answer the follOWing:
3. a. Exactly what do vibrating electrons emit?

b. When ultraviolet light shines on glass, what does it do to electrons in the glass structure?

c. When energetic electrons in the glass structure vibrate against
neighboring atoms, what happens to the energy of vibration?

d. What happens to the energy of a Vibrating electron that does
not collide with neighboring atoms?
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Chapter 26 Properties of Light
Speed, Wavelength, and Frequency-continued

e. Light in which range of frequencies is absorbed in glass? [visible] [ultraviolet].

f. Light in which range of frequencies is transmitted through glass? [visible] [ultraviolet].

g. How is the speed of light in glass affected by the succession of time delays that accompany
the absorption and re-emission of light from atom to atom in the glass?

h. How does the speed of light compare in water, glass, and diamond?

4. The Sun normally shines on both Earth and Moon. Both cast shadows. Sometimes the Moon's
shadow falls on Earth, and at other times Earth's shadow falls on the Moon

a. The sketch shows the Sun and Earth. Draw the Moon at a position for a solar eclipse .

.....(J..~
:::-

EARtH
f

b. This sketch also shows the Sun and Earth. Draw the Moon at a position for a lunar eclipse.

G
)·I!

..J .r'
•••• J

J ~
SuN.r. .'-

f \

Cl
EARTH

5. The diagram shows the limits of light rays when a large lamp makes a shadow of a small object
on a screen. Make a sketch of the shadow on the screen, shading the umbra darker than the
penumbra. In what part of the shadow could an ant on the screen see part of the lamp?

DRAW
.CON-.PLETE
SRAOOW OF

~ APPtEON
SCREEN
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Chapter 27 Calor
Calor Addition

PRACTICE PAGE

The sketch to the right shows the shadow
of an instructor in front of a white screen
in a dark room. The light source is red,
so the screen looks red and the shadow
looks black. Color the sketch, or label
the colors with pen or pencil.

A green lamp is added and makes a
second shadow. The shadow cast by
the red lamp is no longer black, but is
illuminated by green light. So it is green.
Color or mark it green. The shadow
cast by the green lamp is not black
because it is illuminated by the red lamp.
Indicate its color. Do the same for the
background, which receives a mixture
of red and green light.

A blue lamp is added and three shadows
appear. Indicate the appropriate colors
of the shadows and the background.

The lamps are placed closer together
so the shadows overlap. Indicate the
colors of all screen areas.

-~. -.-/. .

./ .'. GREEN

1/
I <J../
r> ..' ...........Q. ---'. . GREEN- -.i-: BLUE
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Chapter 27 Color
Color Addition-continued

If you have colored markers or pencils, have a try at these.
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Chapter 28 Reflection and Refraction
Pool Room Optics

The law of reflection for optics is useful in playing pool. A ball bouncing off the bank of a pool table
behaves like a photon reflecting off a mirror. As the sketch shows, angles become straight lines
with the help of mirrors. The diagram shows a top view
of this, with a flattened "mirrored" region. Note that the angled
path on the table appears as a straight line (dashed) in the
mirrored region. Mirror

~

1. Consider a one-bank shot (one reflection) from the ball
to the north bank and then into side pocket E.

\
\
\
\
\

----'"

Wes!'---i--

a. Use the mirror method to construct a straight line path to mirrored E'. Then construct the actual
path to E.

b. Without using off-center strokes or other tricks, can a one-bank shot off the north bank put the

ball in corner pocket F? Show why or why not using the diagram.t. "ttJ-. _lli+i
'1W11,
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Chapter 28 Reflection and Refraction
Pool Room Optics-continued

A 2. Consider the left
diagram, a two-bank
shot (2 reflections)
into corner pocket
F. Here we use 2
mirrored regions. D'
Note the straight
line of sight to F",
and how the north-
bank impact point
matches the inter- A' B' C'
section between 8,,0 C\ B' and C'. A"

A' B' I C
8,,0 "A"

,
C" a. On the same

\
diagram to the left,

\ construct a similar

\ path for a two-bank DU E" r
shot to get the ball E"P F'it\. in the side pocket E.

D" E" F"
~,

3. Consider above right, a three bank-shot into corner
pocket C, first bouncing against the south bank, then
to the north, again to the south, and into pocket C. Am Bin C'"

a. Construct the path. (First construct the single dashed line to CH'.)

b Construct the path to make a three-bank shot into side pocket B.

4. Let's try banking from adjacent banks of the table. Consider a two-bank shot to corner pocket F
(first off the west bank, then to and off the north bank, then into F). Note how our two mirrored
regions permit a straight-line path from the ball to F".

F" E" D"

c
c

B"
B'

F'

A"
A'

D'
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R,eflection and Refraction

Abe and Bev both look in a plane mirror directly in front of Abe (left view). Abe can see himself
while Bev cannot see herself-but can Abe see Bev, and can Bev see Abe?

...-MiRROR-------

(f)
ABE.

~

~BEV

To find the answer, we construct their artificial locations "through" the mirror, the same distance
behind as Abe and Bev are in front (right view). If straight-line connections intersect the mirror,
as at point C, then each sees the other. The mouse, for example, cannot see or be seen by Abe
and Bev (because there's no mirror in its line of sight).

Here we have eight students in front
of a small plane mirror. Their positions
are shown in the diagram below. Make
appropriate straight-line constructions
to answer the following:

+MtRROR

• •
BE.V CISAeE

Abe can see
Bevcan see
Cis can see
Don can see
Evacan see
Flo can see
Guy can see
Han can see

• •EVA •FLO
• ••

GUY HANDON
Abe cannot see
Bell cannot see
Cis cannot see
Don cannot see
Eva cannot see
Flo cannot see
Guy cannot see
Han cannot see

thanx to Marshall Ellenstein .l....:_MJ". itt+
1i1..J!I.'
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Chapter 28 Reflections and Refractions
Reflection-continued

Six of our group are now arranged differently in front of the same plane mirror. Their positions
are shown below. Make appropriate constructions for this interesting arrangement, and answer
the questions provided below:

• •EVA
•

BE.V
•FLO

•
CIS '.DON

Who can Abe see?
Who can Bev see?
Who can Cis see?
Who can Don see?
Who can Eva see?
Who can Flo see?

Who can Abe not see?
Who can Bev not see?
Who can Cis not see?
Who can Don not see?
Who can Eva not see?
Who can Flo not see?

Harry Hostshot views himself
in a full-length mirror (right).
Construct straight lines from
Harry's eyes to the image of
his feet, and to the top of his
head. Mark the mirror to
indicate the minimum area
Harry uses to see a full view
of himself.

.-.., ,
J .~ f

-:
••: c- :, .

~:. '\

r, J \

I l'"
• t I .'

; [I.

1 t!.>;
\
\
\ -!

"-~~
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Does this region of the mirror depend on Harry's distance from the mirror?
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Chapter 28 Reflection and Refraction
Reflected Views

1.The ray diagram below shows the extension of one of the reflected rays from the plane mirror.

MIRROR '..::J

Complete the above diagram:
a. Carefully draw the three other reflected rays.
b. Extend your drawn rays behind the mirror to locate the image of the flame.

(Assume the candle and image are viewed by an observer on the left.)

2. A girl takes a photograph of the bridge
as shown. Which of the two sketches
below correctly shows the reflected
view of the bridge? Defend your
answer.

...-»:~.> »>:.: , .._. >,.

.

.' ..... ,........... ----........••.-
--".:- ~-

. ... •..
. •..
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Chapter 28 Reflection and Refraction
More Reflection

1. Light from a flashlight shines on
a mirror and illuminates one of
the cards. Draw the reflected
beam to indicate the illuminated
card.

MIRRO~

';0

?'"iVP

OBJECT 0

MIRROR

~ ,,_.•. ·._.t:"_11RROC

2. A periscope has a pair of mirrors in it.
Draw the light path from the object "0"
to the eye of the observer.

3. The ray diagram below shows the reflection of one of the rays that strikes the parabolic mirror.
Notice that the law of reflection is obeyed, and the angle of incidence (from the normal, the
dashed line) equals the angle of reflection (from the normal). Complete the diagram by drawing
the reflected rays of the other three rays that are shown. (Do you see why parabolic mirrors are
used in automobile headlights?)

n(

Be the first to invent a surface
that is 100';lQ reflecting!
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Reflection and Refraction

1. A pair of toy cart wheels are rolled obliquely from a smooth surface onto two plots of grass-a
rectangular plot on the left, and a triangular plot on the right. The ground is on a slight incline
so that after slowing down in the grass, the wheels speed up again when emerging on the
smooth surface. Finish each sketch and show some positions of the wheels inside the plots
and on the other side. Clearly indicate their paths and directions of travel.

.-.---:,o'" •• ---..•• '"•... ,.... , .

. GRASS. ' •.... •.~.. .." .... •.......
. ..... : ..' .. -,' .•.•. . ~ ..

.. - •.
'" .

.... .• .• ..
.. •. ......... ': : :1 ........ " , .. ' ;, ." '".. "

2. Red, green, and blue rays of light are incident upon a glass prism as shown below. The average
speed of red light in the glass is less than in air, so the red ray is refracted. When it emerges into
the air it regains its original speed and travels in the direction shown. Green light takes longer to
get through the glass. Because of its slower speed it is refracted as shown. Blue light travels
even slower in glass. Complete the diagram by estimating the path of the blue ray.

3. Below we consider a prism-shaped hole in a piece of glass-that is, an "air prism." Complete the
diagram, showing likely paths of the beams of red, green, and blue light as they pass through this
"prism" and then into glass.
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Chapter 28 Reflection and Refraction
Refraction-continued

4. Light of different colors diverges when emerging from a prism. Newton showed that with a
second prism he could make the diverging beams become parallel again. Which placement
of the second prism will do this?

a. Draw a ray beginning at the fish's eye to show the line of sight of the fish when it looks upward
at 50° to the normal at the water surface. Draw the direction of the ray after it meets the surface
of water.

b. At the 50° angle, does the fish see the man, or does it see the reflected view of the starfish at
the bottom of the pond? Explain.

c. To see the man, should the fish look higher or lower than the 50° path?

d. If the fish's eye were barely above the water surface, it would see the world above in a 180°
view, horizon to horizon. The fisheye view of the world above as seen beneath the water,
however, is very different. Due to the 48° critical angle of water, the fish sees a normally 180°

horizon-to-horizon view compressed within an angle of
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Chapter 28 Reflection and Refraction
More Refraction

1. The sketch to the right shows a light ray moving from
air into water, at 45° to the normal. Which of the three
rays indicated with capital letters is most likely the light
ray that continues inside the water?

c

3. To the right, a light ray is shown moving from
air into a glass block, at 40° to the normal. Which
of the three rays is most likely the light ray that
travels in the air after emerging from the
opposite side of the block? (Sketch the path the
light would take inside the glass.)

A 8 C
113

2. The sketch on the left shows a light ray
moving from glass into air, at 30° to the
normal. Which of the three is most likely
the light ray that continues in the air?

4. To the left, a light ray
is shown moving from
water into a rectangular
block of air (inside a thin- A 8 C
walled plastic box), at 40°
to the normal. Which of the
rays is most likely the light ray
that continues into the water on
the opposite side of the block?

Sketch the path the light would take
inside the air.

thonx to Clarence Bakken
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Chapter 28 Reflection and Refraction
More Refraction-continued

5. The two transparent blocks (right) are
made of different materials. The speed
of light in the left block is greater than
the speed of light in the right block.
Draw an appropriate light path through
and beyond the right block. Is the light
that emerges displaced more or less
than light emerging from the left block?

----.....

6. Light from the air passes through plates of glass and plastic below. The speeds of light in the
different materials are shown to the right (these different speeds are often implied by the "index
of refraction" of the material). Construct a rough sketch showing an appropriate path through
the system of four plates.

Compared to the 50° incident
ray at the top, what can you
say about the angles of the
ray in the air between and
below the block pairs?

If= c

f!= O.be

1J=0.7c

1r=0

if= 0.7 c

tr:: 0.6 c

(f:: C
7. Parallel rays of light are refracted as they change speed in passing from air

into the eye (left below). Construct a rough sketch showing appropriate light
paths when parallel light under water meets the same eye (right below).

air

8. Why do we need to wear a face mask or goggles to see clearly
when under water?
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Reflection and Refraction

1. Show how light rays bend when they pass through the arrangement of glass blocks below.

-.~
-------~--------

-$J
2. Show how light rays bend when they pass through the lens below. Is the lens a converging or

a diverging lens? What is your evidence?

3. Show how light rays bend when they pass through the arrangement of glass blocks below.

-SJ-------.----~·G--------
1\

4. Show how light rays bend when they pass through the lens shown below. Is the lens a converging
or diverging lens? What is your evidence?
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Chapter 28 Reflection and Refraction
Lenses-continued

5. Which type of lens is used to corrected farsightedness?
Nearsightedness?

6. Construct rays to find the location and relative size of the arrow's image for each of the lenses.
Rays that pass through the middle of a lens continue undeviated. In a converging lens, rays
from the tip of the arrow that are parallel to the optic axis extend through the far focal point
after going through the lens. Rays that go through the near focal point travel parallel to the axis
after going through the lens. In a diverging lens, rays parallel to the axis diverge and appear to
originate from the near focal point after passing through the lens. Have fun!

f f

f f

f f

f
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Diffraction and Interference

PRACTICE PAGE

1. Shown are concentric solid and dashed circles, each different in radius by 1 cm. Consider the
circular pattern a top view of water waves, where the solid circles are crests and the dashed
circles are troughs.

a. Draw another set of the same concentric circles with a compass. Choose any part of the paper
for your center (except the present central point). Let the circles run off the edge of the paper.

b. Find where a dashed line crosses a solid line and draw a large dot at the intersection. Do this
for ALL places where a solid and dashed line intersect.

c. With a wide felt marker, connect the dots with the solid lines. These nodal lines lie in regions
where the waves have cancelled-where the crest of one wave overlaps the trough of another
(see Figures 29.15 and 29.16 in yourtextbook).

<, -, \I / / -,
/ \

/ / - .......
./ <,

\I / /
<,

/ \
-~ --- ..•..••••

I ./ .......
./ <, \

I / " \
I I -- -./ <, \ \

I f i / "-
\

I I 0 \ \ \
I \ \

I I I I I
\ I

\ , \
I i I

\ -, I i
\ •.••... /" I\ - ...•.• I

\ / I
/ I\

..••.. /...... -- - .-- /

\ \ /
<, ./ I<,

./ /
\ <; .- I- - - --. '<,

/ /<,
./'

<; --- /...•.•..•. ..-
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Chapter 29 Light Waves
Diffraction and Interference-continued

2. Look at the construction of overlapping circles on your classmates' papers. Some will have
more nodal lines than others, due to different starting points. How does the number of nodal
lines in a pattern relate to the distance between centers of circles, (or sources of waves)?

3. Figure 29.19 from your textbook is repeated below. Carefully count the number of wavelengths
(same as the number of wave crests) along the following paths between the slits and the screen.

o LIGHT

b DARK

c LIGHT

DARK

LIGHT
a. Number of wavelengths between slit A and point a is

b. Number of wavelengths between slit B and point a is

c. Number of wavelengths between slit A and point b is

d. Number of wavelengths between slit B and point b is

e. Number of wavelengths between slit A and point c is

f. Number of wave crests between slit B and point c is

4. When the number of wavelengths along each path is the same or differs by one or more whole
wavelengths, interference is

[constructive] [destructive]

and when the number of wavelengths differ by a half-wavelength (or odd multiples of a half-wave-
length), interference is

118
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The amplitude of a light wave has magnitude and direction, and
can be represented by a vector. Polarized light that vibrates in a
single direction is represented by a single vector. To the left the
single vector represents vertically polarized light. The pair of
perpendicular vectors tothe right represents nonpolarized light.
The vibrations of nonpolarized light are equal in all directions,
with as many vertical components as horizontal components.

1. In the sketch below, nonpolarized light from a flashlight strikes a pair of Polaroid filters.

NON-POLARIZeD UGHl VIBRATES IN ALL DIRECTIONS

(

H~IZ.ONT.AL.. AND Vt;R."TICAt. COMPONENTS

(
V5.RTICAL COMPONENT PASSES

~ . ( THROUGH FIRST POLARIZER

""""'U "*" + r" ...AND THE SECOND

VERTICAl. COMPONENT
006 NOT PASSTHROUGH
THIS SECOND f'OLARIZER

a. Light is transmitted by a pair of Polaroids when their axes are [aligned] [crossed at right angles]

and light is blocked when their axes are [aligned] [crossed at right angles].

b. Transmitted light is polarized in a direction [the same as] [different than] the polarization
axis of the filter.

2. Consider the transmission of light through a pair of Polaroids with polarization axes at 45° to
each other. Although in practice the Polaroids are one atop the other, we show them spread
out side by side below. From left to right:
(a) Nonpolarized light is represented by its horizontal and vertical components.
(b) These components strike filter A.
(c) The vertical component is transmitted, and
(d) falls upon filter B. This vertical component is not aligned with the polarization axis of filter B,

but it has a component that is aligned-component t,
(e) which is transmitted.

=)

(e)(0) (b) Cc)
a. The amount of light that gets through Filter B, compared to the amount that gets through

Filter A is [more] [less] [the same].

b. The component perpendicular to tthat falls on Filter B is [also transmitted] [absorbed].

~;!i/"!
119



CONCEPTUAL ,.,,;(
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Polarization -continued
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\

a. The amount of light that gets through the Polaroids at 30°, compared to the amount that gets

through the 45° Polaroids is [less) [more) [the same).

4. Figure 29.35 in your textbook shows the smile of Ludmila Hewitt emerging through three
Polaroids Use vector diagrams to complete steps b through 9 below to show how light gets
through the three-Polaroid system.

(0) (b)

+ ~.·II·.·.··.·.··.· .. ··•· .. ·•·..···.. ··.··=>t .
A·.·· .

9

(Cl (e) (f) (9)

5. A novel use of polarization is shown below. How do the polarized side windows in these next-
to-each-other houses provide privacy for the occupants? (Who can see what?)

• ~ - - SlOE WINDOWS PoLARI,EP Gl.ASS
• J
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Chapters 31 and 32 Light Quanta and The Atom and The Quantum
Light Quanta

[elemental units] [waves].

1. To say that light is quantized means that light is made up of

2. Compared to photons of Iow-frequency light, photons of
higher-frequency light have more

[energy] [speed] [quanta].

3. The photoelectric effect supports the

[wave model of light] [particle model of light].

4. The photoelectric effect is evident when light shone on certain

photosensitive materials ejects [photon] [electrons].

5. The photoelectric effect is more effective with violet light than with
red light because the photons

[resonate with the atoms in the material]

[deliver more energy to the material]

[are more numerous].

6. According to De Broglie's wave model of matter, a beam of light

and a beam of electrons [are fundamentally different] [are similar].

7. According to De Broglie, the greater the speed of an electron beam, the

[longer is its wavelength] [shorter is its wavelength].

8. The discreteness of the energy levels of electrons about the atomic nucleus is best understood

by considering the electron to be a [wave] [particle].

9. Heavier atoms are not appreciably larger in size than lighter atoms. The main reason for this
is that the greater nuclear charge

[pulls surrounding electrons into tighter orbits]

[holds more electrons about the atomic nucleus]

[produces a denser atomic structure].

10. Whereas in the everyday macroworld the study of motion is
called mechanics in themicroworld the study of quanta is called

A QUANTUM MECHANIC!
[Newtonian mechanics] [quantum mechanics].

...d.. ":-.1" ift+-Thl...lll.'
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Chapter 33 Atomic Nucleus and Radioactivity
Radioactivity

COmplete the following statements:
1.a. A lone neutron spontaneously decays into a proton plus an

b. Alpha and beta rays are made of streams of particles, whereas gamma rays are streams of

c. An electrically charged atom is called an

d. Different of an element are chemically
identical but differ in the number of neutrons in the nucleus.

e. Transuranic elements are those beyond atomic number

f. If the amount of a certain radioactive sample decreases by half in four weeks,

in four more weeks the amount remaining should be
the original amount.

g. Water from a natural hot spring is warmed by inside Earth.

2. The gas in the little girl's balloon is made up of former alpha and beta particles produced by
radioactive decay.

a. If the mixture is electrically neutral, how many more
beta particles than alpha particles are in the balloon?

b. Why is your answer to the above not the "same"?

c. Why are the alpha and beta particles no longer harmful
to the child?

d. What element does this mixture make?
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Chapter 33 Atomic Nucleus and Radioactivity
Nuclear Reactions

Complete these nuclear reactions:

1.2.38 U -? 234 Th + 4-
92 90 2.

234 Th2. . --JI"
90

2~4 Pa + o
91 -1------

234
3. ~1 Po ~

4
+ Me7-

2..10
4. RYl .......,..

86

216 ()
5. 84 •....0 ~

o+ e
-1

21.6 P6. 84.0-+ + 4H2: e

2.10 B"7. l ~
8?>

NUCLEAR PHYSICS --. IT'S THE SAME TO ME
WITH THE I=IRST TWO LETTERS INTERCHANGED~

c:1~.~ .

~!
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Chapter 33 Atomic Nucleus and Radioactivity
Natural Transmutation

Fill in the decay-scheme diagram below, similar to that shown in Figure 33.14 in your textbook,
but beginning with U-235 and ending with an isotope of lead. Use the table at the left, and identify
each element in the series with its chemical symbol.

Particle
Step emitted

1 Alpha
2 Beta
3 Alpha
4 Alpha
5 Beta
6 Alpha
7 Alpha
8 Alpha
9 Beta

10 Alpha
11 Beta
12 Stable

235

I

207

203

81 82. 83 M 8S 86818889 90 9192
ATOMIC NUM8ER

What is the final-product isotope?
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Chapter 34 Nuclear Fission and Fusion
Nuclear Reactions

1. Complete the table for a chain reaction
in which two neutrons from each step •
individually cause a new reaction. I

/-..-'...-'"\..

EVENT
NO. OF 1

REACTIONS

2

2

3

4

4 5 6 7

2. Complete the table for a chain reaction EVENT
where three neutrons from each reaction

t· "'HOOFcause a new reac Ion. I . ~CTl()NS

)5: .-"',.,.'\...-.
\<,.

2 3 4 5 6 7

?> 9

3. Complete these beta reactions, which occur in a breeder reactor.

2.39 U ~
92-

2~9 N + °e93 p ~ -t

o
+ _te

4. Complete the following fission reactions.

152
Nd60·· +

1~:Xe+ :~Sy-+_(~n)

__ + 4{;n)

i 235 U
On + 92.

5. Complete the following fusion reactions.

2H1

;
2. He .•

---
4 He .•
2.

'2H + 3H1 1
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Chapter 35 Special Theory of Relativity
Time Dilation

Chapter 35 in your textbook discusses The Twin Trip, in which a traveling twin takes a 2-hour
journey while a stay-at-home brother records the passage of 2 112 hours. Quite remarkable! Times
in both frames of reference are indicated by flashes of light, sent each 6 minutes from the
spaceship, and received on Earth at 12-minute intervals for the spaceship leaving, and 3-minute
intervals for the spaceship returning. Read this section in the book carefully, and fill in the clock
readings aboard the spaceship when each flash is emitted, and on Earth when each flash is received.

...~ ... /
", JJ

. ," ,fJ>

SHIP LEAVING EARTH .

FLASK TlMEOtfSlItP TIME ON EARTH
WlttN FlASIfSE«T WHEN flASH SEEN

0 (~~, (m~
1 (nID~P (rnm·p

I' ;" '''' ;\1 ••••• ).' lO ••••• ·

2 Iwr;Qp (fJJ:U:JP
... • .. 2.···

3 [CDill) (OJrn)
!,t; , .. di'\'" ISh•• il, .Si

4 (corn~(mm,
., ..•.. j hi Pt "liS;; nh;',.

S [t:QhTjp (rn:rn)
v " ........ 9..

6 t.gJcq]} nrn"""ll ••.

7 [~QJ (mm)
8 (~Q)~ rrn:OJ}

Q , •.. ".,,\'..

9 (mm, (~mp
.~!l _ " .••!".

10 Icorn (rnrnp
't.•-\.•_

129

SHIP APPROACHING EARTH

FLASH TIME ONSMIP TIME ON EARTH
WHEt-l~lASHSEal WREN HASH S€.EN

11 (Q;1Q;J' (~,QJ'
12 (~~ [mm'
13 Wl;Q} (CO~W}
14 (QJW' r.CQ:wP
is (wQ1) (QJmp
16 (W~p [W:4J?
11 (mm, [~m'.0) • m.P

18 [WqJP (~Q~lP
19 [QJmp [r;q:~p
20 (Wg)p [rn:OJ~.. ."<

THIS CHeCKS: F.,l\,lf~O.'c.
t.~" . 'Z.H" = 2.5H"

~ \ - ('f)" .j I_{4t~t



ANSWERS TO THE PRACTICE PAGES

Compare your responses to the previous pages with my responses in
the reduced ones that follow. You have the choice of taking a shortcut
and looking at my responses first-or you can be nice to yourself and
first work out your own-before looking. In working through the practice
pages on your own or with friends, check your answers only after you've
given them a good college try. Then you may experience the
exhilaration that comes with doing a good thing well.

Learning con be enjoyable!
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CONCEPTUAL PRACTICE PAGE

Chapter 1 About Science
Making Hypotheses

The word science comes from Latin. meaning "to know."
The word hypothesis comes from Greek, "under an idea.'
A hypothesis (an educated guess) often leads to new
knowledge and may help to establish a theory. ~

GG !f}' .. '.'~ tb'
, I r

I CUT A OISKFROM rIU~.
IRONPLATE. WHEN' HEAT
THE PLATE, WILL THE HOl,
GET BIGGER, OR SMAllER ?

Examples:
1 lt is well known that objects generally expand when

heated. An iron plate gets slightly bigger, for example,
when placed in an oven. But what of a hole in the middle
01the plate? One friend may say the size of the hole will
increase, and another may say it will decrease.

~
!"IY? 1: HOLE GETS BIGGER. HYP 2; SMALLER. HYPO3: NO CHANGE.

a What is your hypothesis about hole size, and if you
are wrong, is there a testlor finding out?

b. There are often several ways 10test a hypothesis. For example. you can perform
a physicat experiment and witness the results yoursslt, or you can use the library
or internet to find the reported results of other investigators, Which of these two
methods do you favor, and why?

Q.I..I2f1"£~E :S1IIJAnQN-MOST RESEARCH INVQl,.~QI.tlJ

2. Before the time of the printing press, books were hand-copied by scribes,
many of whom were monks in monasteries. There is the story of the scribe
who was frustrated to find a srnuoqe on an important page he was copying.
The smudge blotted out part of the sentence that reported the number of
teeth in the head of a donkey The scribe was very upset and didn't know
what to do. He consulted with other scribes to see if any of their books
stated the number of teeth in the head of a donkey. After many hours of
fruitless searching through the library, It was agreed that the best thongto
do was 10 send a messenger by donkey to Ihe next monastery and continue
the search there. What would be your advice?

Many people don't seem to see the difference between a thing and
the abuse of the thing. For example, a city council that bansskate-
boarding may not distinguish between skateboarding and reckless
skateboarding, A person Who advocates that a particular technofogy
be banned may not distinguish between that technology and the
abuses of tha! technology. There's a difference between a thing and

V the abuse of the thIng.
l-

On a separate sheet of paper, list other examples where use and abuse are often not distinguished
Compare your list Wjth others in YOllr class. -->1.,

.!J:h';!<i;

)

CO/llCEPTUAL

)

Chapter 1 AboutSCtence
Pinhole Formation
Look carefully on the round spots of light on the shady ground beneath trees. These are sunballs,
which are images of the SUh. They are cast by openings between leaves in the trees that act as
pinholes. (Did you make a pinhole "camera" back in middle school?) Large sunbaus. several
centlmeters in diameter or so, are cast by openings that are relatively high above the grOUnd,

Lt.-v"" while small ones are produced byt:.i/ J './1 ' "" ~ .v • -: closer "Pin.h.ales: The interesting
. "f....A/ 'V ~v I, Il'Iv ~ point is that the ratio ot the

:.,.vf , J ~. ~ diameter of the sunball to its
? b i I distance from the pinhole is the
• /. , same ratio of the Sun's diameter

to its distance from the pinhole,
We know the Sun Is approximately
150,000,000 km from the pin-
hole, so caretul measurements of
of the ratio of diameter/dlstMce
for a sunbatl leads you to the
diameter of the Sun. That's what
this page is about. instead of
measuring sunballs under the
shade of trees on a sunny day,
make your own easier-to-
measure sunbalt

1. Poke a small hole in a piece of card. Perhaps an index card will do, and
poke the hole with a sharp pencil or pen. Hold the card in the sunlight
and note the ciccular image that is cast. This is an image of the Sun.
Note that its size doesn't depend on thl'Jsize of the hole In the card, but
only on Its distance. The image is a circle when cast on a surface
perpendicular to the rays-otherwise It's "stretched out" as an ellipse.

2. Try holes of various shapes; say a square hole, or a triangular hole. What is the shape of the
image when its distance from the card is large compared with the size of the hole? Does the
shape of the pinhole make a difference?

IMAGE is ALWAYS A CIRCLE, SHAPE OF PINHOLE IS1lQIII:IE SHAPE OF TI:IE

I~E CA$ll!:lR®l>H IT(EXCEPT WHEN VERY CLOm:.L-~ _

3. Measure the diameter of a small coin. Then ptace the coin on a vi."wing area that is perpendicular
to the Sun's rays. Position the card eo the image of the sunball exactly covers the coin. carefully
measure the distance between the coin and the small hole in the card. Complete the following;

Diarneterolsunbafl,~ ~ ~ ..!...(SOSUWSDlAMETER=.2- x 150,000,000 km}.
Distance of pinhole h 110 110

With this ratio, estimate the diameter of the Sun. Show your work on
a separate piece of paper

4. If you did th.is o.n a day when the Sun is partially eclipsed, what shape ~.
of ima.ge would you, expect to see? ," I

\'- .
UPSIDE·DOWN CRESCENT, IMAGE Of THE PARTIALLY-ECLlPSEO,S,I.lli."'" 1 '4.,,$-:u.,,,,t.'

2



CONCEPTUAL rrgs/C
Name Date

PRACTICE PAGE

Chapter 2 Newton's First Law of Motion-Inertia
Static Equilibrium

1. Little Nellie Newton
wishes to be a
gymnast and hangs
from a variety of
positions as shown.
Since she is not
accelerating. the net
lorce on her is zero.
That is, '£F = O. This
means the upward
puu 01 the rope(s)
equals the down-
ward pUll of gravity.
She weighs 300 N.
Show the scale
readlng(s) for each
case.

bOON .••

400 N

2. When Burl the painter stands In the
exact middle 01 his staging. the left
scale reads 600 N. Fill in the reading
on the right scale. The total weight
of Burl and staging must be

12!lll N.•. N
3. Burl stands larther from the left. Fill

In the reading on the right scale.

•• 1200 N
<I In !\ smYImood. BUllIclanglli<' In,,,, I;

the rigl!ll end. Fill inth!! rQadlng onJ'
right scale. '

..sl... ;tt
~..Jt!

3

•
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Chapter 2 Newton's First Law of Motion-Inertia
The Equilibrium Rule: IF = 0

1. Manuel weighs 1000 N and stands In the
middle of a board that weighs 200 N. The
ends 01the board rest on bathroom scales.
(We can assume the weight of the board
acts at its center.) Fill in the correct weight
reading on each scale.

850 N '<.00 N

1000 N
2. When Manuel moves 10 the left as shown.

the scale closest to him reads 850 N. Fill
in the weight for the far scale.

200N

/000 N
13 TONS

3. A tz-ton truck is one-quarter
the way across a bridge that
weighs 20 tans. A 13-ton lorce
supports the right side of the
bridge as shown. How much
support force is on the left side?

20 TONS

NQI'!OOI: _ .1~ •• N
4. A 1OOQ-N crate resting on a

surface is connected to a
500-N block through a frictionless
pulley as shown. Friction between
the crate and surface is enough
to keep the system at rest. The
arrows show the forces that act
on the crate aM th" biecl<.Fin Il'l

the magnitude ot each lorce.

Tension '. _ ~l!O__ Ncrate

w= __ tOOILN
ll'OO

1!U~bk .~ L¥S
W·" _~~~_N

5 il the crate and block In the preceding question move at constant speed. the tension In the rope

Gthe saRiiD Uncreases) [decreases] .

The sliding system ISthen m [StatICeqUilibrium) amic equilibnu J..••llt I
~ ••if'.

4

I
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Chapter 2 Newton's First Law of Motlon-lnt.rt~~..M.,5r'
VlICton and Equilibrium (...., ~~ ~_~1(.c.

n ~
1, Nellie Newton dangles from a

vertical rope in equilibrium:
:l:F = 0, The tension In the rope
(upward vector) has the same
magnitude as the downward
pull of gravity (downward vector).

2, Nellie is supported
by two vertical ropes.
Draw tension vectors
to scale along the
direction of each rope.

3, This time the vertical ropes have
different lengths, Draw tension
vectors to scale for each of the
two ropes,

4. Nellle is supported by three
vertical ropes that are equally
taut but have different lengths.
Again, draw tension vectors to
scale for each of the three ropes.

Rope te:ItS'on does depend on the: angle the: rope m<lk~ WIth
the vertical, 0$ Practice Pages far Chapter <> Willshow!

)' )

Name Date-------------------------
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Chapter 3 Linear Motion
Free Fall Speed

1. Aunt Minnie gives you $10 per second for 4 seconds.
How much money do you have after 4 seconds?

2, A bali dropped from rest picks up speed at 10 m/s per second.
After It falls for 4 seconds, how fast is it going?

3, You have $20, and Uncie Harry gives you $10 each second for 3 seconds,
How much money do you have after 3 seconds?

4, A ball is thrown straight down with an Initial speed of 20 m/s,
After 3 seconds, how fast is il going?

5. You have $50, and you pay Aunt Minnie $10/second.
When will your money nun out?

6, You shoot an arrow straight up at 50 rn/s.
When will it run out of speed?

,',
, '

1

7, So what will be Ihe arrow's speed 5 seconds after you shoot it?

8. What will its speed be 6 seconds after you shoot it?

Speed after 7 seconds?

Free Fall Distance

1. Speed is one thing; distance is another, How high is the arrow

when you Shoot up at 50 mts when rt runs out of speed?

2. How high will the arrow be 7 seconds after being shol up at 50 m/s?

b. What is the penny's average speed during its
3-second drop?

c. How far down is the water surface?

7
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Chapter 3 Linear Motion
Accefetation of Free Fait

•
PRACTICE PAGE

A rock dropped from th!!>top of a cliff
picks up speed as iltal/s. Pretend
that a speedomoter and odometer
are attached to the rock to indicate
readings of speed and distance at
t-ssconc intervals. Both speed and
distance are zero at lime; zero (see

. sketch). Note that after faUltlg 1 second,
the speed reading is 10 'm/s and the
distance fallen is 5 m. The reedings
of succeeding seconds of faU are not
shown and are left for you 10 complete.
So draw the position of the speedometer
pointer and write in the correct ocometer
reading for eacn time. Use g = 10 m/s'
and neglect air resistance.

YOU NUO TO KNOW:
IMtaotoMOllS 'fle.~d of foil
h'Qrt'l re.t:

v » gt
[)is~ont~ failefl from rest:

a » V,"<09< t
or

o> '12 f

1. The speedometer reading increases the same

amount, --1.1L- mls, each second.

This increase in speed per second is called

Z. The distance lallen increases SI' thE; square of

tne ~.

3 It ,I takes 7 seconds te reach the gf~\und,

then ns spet1d atlirlpact is -.-ZL_ m/s,

the total distance fallen is ~_.. m,

and rtsaccllleration of fall just beJor"" impact is

-1!L_ m/s".

I

)

{

t 0
I

I

I

t.
// ,

f
r

cl>
I.

<)
I
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Cllapt~r 3 Linear Motion
Hang17me

I'\'tACTIC!: PAGE

Some athtetlilS and dancers have great jumping abWty. When leaping. they seem to
momenlanly "hang in the air" and defy gravity. The lime that a jumper is airborne with feet off the
grO\lnd is called hang time. Ask your friends ID estimate tne hang time of the great jumpers. They
may say two or three seconds. But surprisingly, the hang time of the greatest jumpers is most
always less than 1 second! A longer time is one of many illusions we have about nature.

To better understand this, find the answers to the following questions:

1. H YO~alSlfepoff ,:tt"ble anhd ~ tak
l
es Spud of free fall e ~c«kraticn x time

one·" secnn" f) reac th~foor, '. J. . f. d.
what Will be the speed when you ' 10 ",Is x n~mb e r 0, seccn as
meet the floor? , lOt m.

v = gt ee 10 mJs' x t " 5 mJs

2. What Will be your averag~ sp~ed of fall?

v ~ 2._+5 mJ~ " 2.5 mls
2

---_.,-
Distance' average speed x time.

3 What will be. the distance of fall?
1

d '" vI~' 2.5 mls < 2s " 1.25 1Il

4. So how high. is th~ surtace of the ta,bl" above th" floor?

Jumping ability is best measured by a standing' vertical jump. Stand facing a watt
with j"et flat on th" floor and- arms extended:·upward. M<l.l<ea m"rt< on Ihe wall at
the top of your re<lch. Then make your jump and at the peak make another mark.
The distance between thes~ IWO m"r.ks measures your verticallEiap. If It's more
than 0.$ meters (2 feet), you're exceptional

5. What is your vertical jumping distance? _111A!'!:.!~..§1

e. Caiculate your personal hang time using the formula d ~ 1f.? gl' (Remember that
hang time is the time that you move upward + the time you return downwar.d.)

Aim~sta.ybodycah sof.ly step eff Q 1,2~'1l\(4-filet) hi~htcble,
Con. a"ybody In YQurs,chQolJtll'\'\P from the floor up ".toth" $Q"". t.o..bl.? ~'. .' ••'

~ '. '. ~ "{~S~,,)
There'$ a big difterence in.ho" high you conre4ch Md ho"", high yo" rcise '\

~

tour' c<:nf",rof lWGi'fity' \'Inen you Ju",p. cwn. bCi$.k~liJ<)!1srer Michad
-;:;, JordCin in h,s 1'1'1",. couldn't qUl'e ro,se hIS body 1.25 metE;rs hIgh, olthough

'it he could eoslly reoth higher than fhe l1tore-lhon.3-meter high bcsker.

Here we're talking about vertical motlOh HOW abo u!fUl1l11nglumps? We'l/ see In. Chapter 10 that the
height 01 ajump depends oniy on Ille IOhlpsr's vmtlcal $p$ed allaunCh While arrborne the lumper s
honzonlal speed remains eonstanr while lhe vertical speed undergoes acceleration due to gravity.
While airbome, no amount of Jeg or afm pumping or other bodily motions can cflange lI,?ur flang time.

~!<t:

)
I

9
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Chapter 3 Linear Motion
Non-Accelerated Motton

1. The sketch shows a ball rolling at constant velocity along a level floor. The ball rolls from the
first position shown to the second in 1 second. The two positions are 1 meter apart. Sketch
the ball at successive 1-second intervals all the way to the wall (neglect resistance).

o
a. Did you draw successive ball positions evenly spaced, farther apart, or closer together? Why?

EVENLY SPACED-EQUAL DISTANCE IN EQUAL TIME -> CONSTANT y

b. The ball reaches the wall with a speed of _1_ mls and takes a time of .....L seconds.

2. Table I shows data of sprinting TABLE I
speeds of some animals.
Make whatever computations
necessary to complete the table.

ANIMAL OISTANCE 'TIME SPEED
CHEETAH 751'l'1 3s 2S M/s

GREYHOUND 160 m 10 s " IIVs
6AZElLE I I<m 0.01 h IOOkmA>
'TURTLE 3o,,,, 305 1 em/s

Accelerated Motion

3. An object starting from rest gains a speed v = at when it undergoes uniforrn acceleration.The
distance it covers is cl = 1/2 af. Uniform acceleration occurs for a ball rolling down an inclined

.plane. The plane below is tilted so a ball picks up a speed of 2 mis each second: then its
acceleration a = 2 m/s'. The positions of the ball are shown at t-seoond intervals. Complete
the six blank spaces for distance covered and the four blank spaces for speeds.

a. Do you see thatlhe total distance from the starting point increases as the square of the time?
This was discovered by Galileo. If the incline were to continue, predict the bali's distance from
the starting point for the next 3 seconds.

YES; DISTANCE INCREASES AS SQUARE OF TIME' 36 rn 49 rn. 64 m.

b. Note the increase of distance between ball positions with time. Do you see an odd-integer
pattern (also discovered by Galileo) for this increase? If the incline were la continue, predict
the successive distances between ball positions for the next 3 seconds.

YES; 11 m, 13 rn, 15 m.

10
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Chapter 4 Newton's second Law of Motion

~~~t ~~.
Learning physics is learning the connections amo[1Qconcepts in nature, and ~f~
also learning la distinguish between closely-related concepts. Velocity and~· ..
acceleration, previously treated, are often confused. Similarly in this chapter, ..
we find that mass and weight are often confused. They aren't the same!.(':
Please review the distinction between mass and weight in your textbook, .. "': ..
To reinforce your understanding of this distinction, circle the correct answers below:

Comparing the concepts of mass and weight, one is basiC-fundamental-depending only on the
internal makeup of an object and the number and kind of atoms that compose ~.The concept that
is fundamental ise [weight].

The concept that add~ionaflydepends on localion in a gravitational field is [mass] ~e [Weight] is a measure of the amount of matter in an object and only depends on the
n er and kind of atoms thet compose it.

It can correctly be said that ~ [weight] is a measure of "laziness' of an object.

[Mass] ~ is related to the gravitational force acting on the object.

[Mass] ~ depends on an object's location, whereas ~ [weight] does not

In other words, a stone would have the sameW [We~ether it is on the surface of
Earth or on the surface of the Moon. However, ~s mass] ~ depends on its tocanon

On the Moon's surface, where gravity is only about 116" Earth gravity ~ [weight]
[both the mass and the weight] 01the stone would be Ihe same as on .

While mass and weight are not the same, they are directly proportlona [inversely proportional]
to each other. In the same location, twice the mass has the weight.

The Standard Internation I (SI) unit of mass is the @~'3> [newton), and the SI unit ot torce
is the (kilogram] newton

In the Un~ed Stales, It is common to measure the mass of something C;uring its gravitational
pUli to Earth, ~sweight. The common unit of weight in the U.S. Is the pound [kilogram] [neWlon].

Support
Force

When I step on a weighing scale. two forces act on it; a downward
pull of gravity, and an upward support force. These equal and
opposite forces effectively compress a spring inside the scale that
is calibroted to show weight, When in equilibrium. my weight" mg.

thorlx to Daniela Taylor

11
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Chapter 4 Newton's Second law of Motion
Converting Mass to Weight

Objects w~h mass also have weight (although they can be weightless under special conditions). If
you know the mass of something in kilograms and want ~s weight in newtons, at Earth's surface,
you can take advantage 01 the formula that relates weight and mass.

Weight = mass x acceleration due to gravity
W=mg

This is in accord with Newton's 2nd law, written as F = ms. When the force of gravity is the only
force, the acceleration of any object of mass m will be g, the acceleration of free fall. Importantly,
9 acts as a proportionalily constant, 9.8 Nl1<g, which is equivalent to 9.8 mls'

Sample Question: from F = ma, we see tMt the unit of
How much does a I-kg bag of nails weigh on Earth? force equols the units [k9 x m/s']. Can

~

YOu see the units (m/s'] 0 (N/kg]?
W = mg = (1 kg}(9.8 m/s') = 9.8 m/s' = 9.8 N. J

or simply. W = mg = (1 kg)(9.8 Nlkg) = 9.8 N. ':.:;r
Answer the following questions:
Felicia the ballet dancer has a mass of 45.0 kg.

441 N
2. Given that 1 kilogram of mass corresponds to 2.2 pounds at Earth's surface, ", LB

what is Fellcia's weight in pounds on Earth? ...

--~.~~
111..5 N

1. What is Felicia's weight in newtons at Earth's surface?

3. What would be Felicia's mass on the surface of Jupiter?

4. What would be Falicia's weight on Juplier's surface,
where the acceleration due to gravity is 25.0 m/s2?

Different masses are hung on a spring scale calibrated in newtons.
The force exerted by gravily on 1 kg = 9.8 N.

5. The force exerted by gravity on 5 kg = ~ N.

6. The force exerted by gravity on ........1.lL- kg = 98 N.

Make up your own mass and show the corresponding weight:
The force exerted bygravilyon _,,-- kg = _._ N.
'ANY VALUE FOR kg AS LONG AS THE SAME VALUE IS MULTIPUED
8Y9.8FOR N.

By whatever means (spring scales,
measuring balances, etc.), find the
mass of your physics book. Then
complete the table.

OBJECT MASS WEIGHT
MELON I kg 'loa to!
APPLE 0.1 ~. iN

BOOK
A FRIEND 60 k9 518 N

...L·t"'I
~Wll.

12
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Chapter 4 Newton's Second Law of Motion
A Day at the Races with a = Fhn

PRACTICE PAGE

In each situation below, Cart A has a mass of 1 kg. Circle the correct answer (A, B, or Same for both).

1. Cart A is puned with a force of 1 N.
Cart B also has a mass of 1 kg and is
pulled with a force of 2 N
Which undergoes the greater acceleration?

lA] ® [Same tor both]

A~~~

3. Cart A is pulled w~h a force of 1 N.
Cart B has a mass of 2 kg and is pulled
with a force of 2 N.
Which undergoes the greater acceleration?

[AJ [BI <i&ame for bolD

A~~~

B~i1t:;-
5. This time Cart A is pulled with a force of 4 N.

Cart 8 has a mass of 4 kg and is pulled with
a force 014 N
Which undergoes the grealer acceleration?

@ {8] (Same tor both]

/-'

2, Cart A is pulled With a torce of 1 N
Cart B has a mass of 2 kg and is also
pulled with a force of 1 N,
Which undergoes the greater acceleration?

@ [B] [Same for both]

A~~~

B~Ul~t~
4. Cart A is pulled with a force of 1 N.

Cart B has a mass of 3 kg and is puued
with a force of 3 N.
Which undergoes the greater acceleration?

[A] [B] €me for~

A~ :!~I~t)@+

~~l!::t~
6. Cart A is pulled with a force of 2 N.

Cart B has a mass of 4 kg and is pulled
with a force of 3 N.
Which undergoes the greater acceleration?

® [B] [Same for both]

A~3!~2Lx:--
B~~;>o--

'tbcnx to ()earl Boird

)
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Chapter 4 Newton's Second Law of Motion
Dropping Muses and AccelerBting Cart

1. Consider a 1-kg cart being pulled by a 10-N applied lorce
According to Newton's 2nd law. acceleration 01 the cart is

El=
F
m ~lit -

tON 2Tkg" = 10m/s .

Thi&is the Same as the ncceleretlen of free fall, rbecouse a
force cqU41to the C4rt'.s weight accelerates it.

2. Consider the acceleration 01 the cart when the applied lorce
is due to a 1D-N iron weight attached to a string draped over
a pulley. Will the cart accelerate as before, al1 0 m/s'?
The answer Is no, because the mass being accelerated is
the mass of the cart plus the mass of the piece of iron that
pulls it. Both masses accelerate. The mass of the 1D-N
iron weight is 1 kg-so the total mass being accelerated
(cart + iron) is 2 kg. Then,

The pulley changes only
the direc:tion of the force.

a=
F
m

10N 2
2kg = Sm/s .

Don't forget; the tota!lJIQSS' of a system
includes the mass of the hanging irol\.

Note this is half the ecceleretten due to gravity alone. g. So
the. acceler<ltlon of 2 kg produe&d by the weight of 1 kg ill g/2.

a. Find the acceleration of the 1-kg cart When two
identical 1D-N weights are attached to the string

a"
F
m

.sa.:».applied force

total mElSS

'2.0N

'3 I<j

Here we simplify and say
g: 10 m/s2.

14
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Chapter 4 Newton's Second Law of Motion
Dropping Masses and Accelerating Cart-continued

b. Find the acceleration of the 1-kg cart when the
three identical 1D-N weights are attach to the
string.

a"
F
m

30N
4 Kt

applied force

total mass

c. Find the acceleration of the 1-kg cart when four identical10-N weights (not shown)
are attached to the string.

a"
F
m

applied force

total mass

d. This lime 1 kg of iron is added to the cart, and
only one iron piece dangles from tne pulley.
Find the acceleration of the cart.

F ION------_._-
'3 ~I

a"
applied force

total massm

_a __.__ mis'.

~,.:3__ m/s'.

The force due to gravity on Q mass m is mg_
So grovltotloncil force on 1 kg Is (1 kgXl0 m/SZ) " 10 N.

e. Find the acceleration of the cart when it carries
two pieces of iron and only one iron piece dangles
from the pulley.

a=
F
m

ION
4 1<,.

applied force

total mass

15
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Chapter 4 Newton's second Law of Motion
Dropping Masses and Accelerating Cart-continued

f. Find the acceleration Of the cart when it carries
3 pieces of iron and only one iron piece dangles
from the pulley.

F applied force
lolal mass

a= m

g. Find the acceleration of lhe cart when it carries
3 pieces of iron and 4 pieces of iron dangle from
the pulley.

a=
F
m

applied 10rce
total mass

______ m/s".

___ 5 m/sa

h. Draw your own combination of masses and
find the acceleration.

a=
F
m

applied force
total mass

1(,

/

______ m/s'.

J.••ilt••.
1~~4'.

Name Date __ ----
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Chaptar 4 Newton's second Law of Motion
Force and Aceslsmtlon

1. Skelly the skater, total mass 25 kg, is propelled by rocket power.

a. Complete Table I (neglect resistance).
TABLE I

r:ORCE I>.CCELERATION

100 N 4m1s

200N am/a2.50N 10 m/sa

Fa =
26mg

b. Complete Table 1I10r a constant 5O-N resistance.
TABLE 11

r:ORCE ACCELERATION

50 N o m/so
100 N ?m/ ••

200N 6m's

F·50N
a =

26 kg

2. Block A on a horizontal friction-free lable is accelerated by a force from IIstring attached
to Block B of the same mass. Block B falls vertically and 'I
drags Block A horizontally. (Negiecllhe string's mass). A
CIrcle the correct anSWets: ~
a. The mass at the system (A + B) is [ml ~

b. The force that accelerates (A + B) is the weight of lA) ® lA + B].

c. The weight of B is Img~2 mg].

d. Acceleration of (A + B) i ~ ~l (more than g].

e. Use a = ~ to show the acceleration of (A + B) as a fraction of g. a = ;:

If 8 WE\'e allowed to foil by itself, not dro99in9 A,
then WOJk:tl't its QCl;elErotionbe q?

2

Yes, beceese the force ~l oc.c.elerotes
i1 would only be QC.ting on its own
moss - 1101 twice the moss!

17
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Chapter 4 Newton's second Law of Motion
Force and Accelartition-continued

3. Suppose Block A is still a 1-kg block, but B is a low-mass feather (or a coin).

a. Compared to the acceieration of the system of 2 equal-mass biocks

the acceleration of (A + B) is ~ [more]

and is~se to z~ [close to g).

b. In this case. the acceleration of B is

[practically that of freefallJ ~

A

4. Suppose A Is the feather or coin. and Block B has a mass of 1 kg.

a. The acceleration of (A + B) here is [close to zero] ~

b. In this case, the acceleration of Block B is

[practically that of free fall [nearly zero].

5. Summarizing We see that when the weight of one object causes the acceleration
~the range of possible accelerations is between

zero and g zero and infinity] [g and infinity).

6. For a change of pace, consider a ball that rolls down a uniform-slope ramp.

a. Speed of the ball is [decreasing] [constant] Eeas",

b. Acceleration is [decreasing] ~[increaSing].

c. If the ramp were steeper, acceleration would be<;;;;j)[the same] (less].

d. When the ball reaches the bottom and rolls along the smooth level surface, it

'-"r:;:::
18
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Chapter 4 Newton's second Law of Motion
Friction

N

w

~
f ~W

N
11 ~ P
l

f
W

"1/

1. A crate filled with delicious Junk food rests on a horizontal floor.
Only gravity and the support force of the floor act on it, as shown
by the vectors tor weight W and normal force N.

a. The net force on the crate is ~ [greater than zero].

b. Evidence for this is NO ACCELERATION

2. A slight pull P is exerted on the crate, not enough to move i!
A force of friction f now acts,

a. which is [less than)~ [greater than] P.

b. Net force on the crate is ~ [greater than zero].

3. Pull P is increased until the crate begins to move. It is pulled SO
that tt moves With constant velocity across the floor.

a. Friction fis [less than] ~ [greater than) P.

b. Constant velocity means acceleration is ~more than zero].

c. Net force on the crate is [less than] <l.§Ual toDmore than] zero,

4. Pull P is further increased and Is now greater than friction t.

a. Nef force on the crate is [less than] [equal to] ~
zero.

b. The net force acts ~he right, so acceleration acts
toward the [left] ~

5. 11the pulling force P is 150 N and the crate doesn't move,
what is the magnitude of f? -l§lt!!!

6. If the pulling force P is 200 N and the crate doesn't move, what is the magnitude of f? .........200...

7. 11the force of sliding friction is 250 N. what force is necessary to keep the crate sliding

at constant velocity? ~

when the pulling force is 250 N?

6. lithe mass of the crate is 50 kg and sliding friction is 250 N, what is the acceleration of the crate

300 N?o mls' 1 mls' 500 N? . .--Ulls'

.19
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Chapter 4 Newton's second Law of Motion~
Failing and Air Resistance '

R'O
Bronco skydives and parachutes from a stationary Q.

helicopter. Various stages of fall are shown in
positions a through t. Using Newton's 2"" law. W ' 1000 N

b ~'4ooN

-lW'1QOON

~'I000N

c -,w'I000N

F W. Ra=.....!J!!L=---
m m

find Bronco's acceleration at each position
(answer in the blanks to the right). You need to know
that Bronco's mass m is 100 kg so his weight is a
constant 1000 N. Air resistance R varies with speed
and cross-sectional area as shown.

Circle the correct answers:
1 When Bronco's speed is least, his acceleration is

[least] ~

2. In which position(s) does Bronco experience a
downward acceleration?

~ICl [d] [e] If]

3. In which posltlon(s) does Bronco experience a
upward acceleration?

raj [C]~[f][b]

4. When Bronco experiences an upward acceleration,

his velocity is ~ [upward also].

5. In Which posrtlon(s) is Bronco's velocity constant?

[a] [b]Gi) [d] [e] G1i)
6. In which position(s) does Bronoo experience terminal

velocity?

[a] rb] (ii) [d] [e}G)
7. In which position(s) is terminal velocity greatest?

[a] [bl <.;:> [dl le} [f]

8. If Bronco were heavier, his terminal velocity would be

<!iir~teD['eSSJ (the same].

20
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R'I000N

W'1000N

a = =:1Jl..D:!lE

a = ..!!JIJl£
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Chapter 5 Newton's Third Law of Motion
Act/on and Reaction Pairs

1. In the example below, the actlon-reaotlon pair is shown by the arrows (vectors), and the action-
reaction described in words. In a through g, draw the other arrow (vector) and state the reaction

~"-" ;M"·~"-II'~"~'J~'"f~,j~
~ ~-+ " - .'):) "'-J_

-r;/I.

Fist hits wall. Head bumps ball. Windshield hits bug.

b. BUG HITS WINDSHIELD.

~

Wall hits fist. a. BALL BUMPS HEAD.

4;f/:
- -7/1

Bat hits ball.

c. BALL HITS BAL

Hand touches nose. Hand pulls flower.

e. FLOWER PULLS ON
HAt&.

STUDENT DRAWING
(OPEN)

Athlete pushes bar upward. h. THING A ACTS ON
I!i!J'iG.B.

ATHLETE DOWNWARD

g. BALLOON SURFACE ~

COMPRESSED AIR UPWARD.

IHING B ACTS ON

2. Draw arrows to show the chain of at least six parts of action-reaction forces below.

21
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Chapter 5 Newton's Third law of Motion
Interactions

1. Nellie Newton holds an apple weighing 1 newton at rest on Ihe palm of her hand. The force

vectors shown are the forces that act on the apple. ~ __. N.
a. To say the weight of the apple is 1 N is to say that a

downw~onal force of 1 N is exerted on the

apple b [her hand).

b. Nellie's hand supports the apple.Withnormal force N,
Whichacts in a direction 0 osite to W. We can say N

[equals W] Sthe same magnitude as Wj. . ,

c. Since the apple is at rest, the net force on the apple I~nonzeroJ.

d. Since N is equal and opposite to W. we [can] ~saY that Nand W

comprise an action-reaction pair. The r:son is because action and reaction always

[act on the s:me Ob=-~ ~jffeLt o~ie~nd here we see Nand W

q;;;ctjnoc@ the ~ [acting on different Objects].

e. In accord with the rule, "If ACTION is A acting on S, then REACTION Is B acting on A,"
if We sa acti is Earth pulling down on the apple, then reaction;s
[the apple pulling up on Earth [N, Nellie's hand pushing up on the apple].

f. To repeat for emphasis. we see that Nand Ware equal and opposite to each other

[and comprise an action-reaction pair] 1Iitdo not comprise an action-reaction paid:>
To identify a pair of o.ction-mlclion Ioeces in OI>{ Siluoli"'l first identify
the poir of inleroct i"9 cbjects irnoNed. Something is interocting wi1h
something ,Ise: In this CQSethe vmole E<lrlh is inlerocling (~i\atiorollv)
wi1h the llpple. So Enrlh pt;lIs OOwllWord 0I11hc apple (mUll ocfun).
-..I\il< the apple pulls upward on Earih ("""fun)

[slilllwice the magnitude of W]. and

[still W· N, a negative force}.

22
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Chapter 5 Newton's Third law of Motion
vectors and the Parallelogram Rule

1. When two vectors A and B are at an angle to each other, they add to produce the resultant C
by the parallelogram rule. Note tnat C is the diagonal of a parallelogram where A <lnd Bare
adjacent sides. Resultant C is shown In the· first two diagrams, q and b. Construct resultant C in
diagrams c and d. Note that in diagram dyou form a rectangle (a special case of a parallelogram).

r--/i
~

Q d B

2. Below we see a top view 01an auplane being blown oft course by wind in variou irections.
Use the parallelogram rule to show the re. g speed and direction of travelloi ~ case.
In which case does the airpiane tr';V$lIraste fcross the ground: ,,'_...9 ... (jlo esn y

3. To the right we see the top views of 3 motorboats crossing
a river. All have the same speed relative to the water, and
ail experience the same water flow.

Construct resultant vectors showing the speed and
direction of the boats.

a. Which boat takes.me shortest path to the opposite shore"

b. Which boat reaches the opposite shore lirst?
__ b

c. Which boat provides the fastest ride?
_..-J;.

2'\
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Chapter 5 Newton's Third Law of Motion
Velocity Vectors and Components

Draw the resultants 01 the lour sets of vectors below.

\
\

2. Draw the horizontal and vertical components 01 the lour vectors below.

3 She tosses the ball along the dashed path. The velocity vector, completa with its
horizontal and vertical components, is shown at position A. Carefully sketch the
components for positions Band C,

a, Since there is no acceleration in the horizontal direction, how does the horizontal component

01 velocity compare tor positions A, B, and C?

b. What Is the value 01 the vertical component 01 velocity at position B?

c. How does the vertical component of velocity at position C compare with that 01 position A?

_ EQUAL AND OPPOSITE

)

Name Date

CONCEPTUAL WIJ· PRACTICE PAGE
Chapter 5 Newton's Third Law of Motion
Force and Velocity Vectors

1. Draw sample vectors to represent the terce
of gravity on the ball in the posinons shown
below after it leaves the thrower's hand.
(Neglect air resistance.)

2. Draw sample bold vectors to represent the
velocity 01 the ball in the positions shown below.
With lighter vectors, show the horizontal and
vertical components 01 velocity lor each position.

"
,/1';" 1""1\\, t:"~,

.: \ ~: ~\

.:1 f\:, KL~_-i..~ ,
3 a Which velOCity component m the prev+us queston remains constant? Why?

HORIZONTAL COMPONENT CONSTANT -NO HORIZONTAL FORCE ON BALL

b. Which velocity component changes along the path? Why?

T

4. It is important to distinguish between force and velocity vectors. Force vectors combine with
other force vectors, and velocity vectors combine with other veiocity vectors. Do velocity
vectors combine with force vectors?

5. All forces on the bowling ball, weight (down) and support of alley (up), are shown by vectors
at its center before it strikes the pin a.

~~;i~ectors 01 all the lorces that act~on the ball b when it strikes the pin, and c after itr!strike~,

a b ~-== I\} =-
I,. . ': .:. ,

~.: ." ~

thanx to HOwle 9rorId

2.<;

!
/ )
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Chapter 5 Newton's Third Law of Motion
Force Vectors and the Paralfelogram Rule

1. The heavy ball is supported in each case by two strands of rope. The tension in each stral'd
is shown by the vectors. Use the paralielogram rule to find the resultant of each vector pair.

Name Date-------------------------
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Chapter 5 Newton's Third Law of Motion
Force-Vector Diagrams

CONCEPTUAL PRACTICE PAGE

~--
a. is yourresuitant

vector the same for
each case?
--.Y§

b. How do you think the resultant vector compares
with the weight of the ball?

SAME (BUT OPPOSITE DIRECTION)

2. Now let's do the opposite of what we've done above. More often, we know the weight of the suspend-
ed object, but we don't know the rope tensions. In each case below, the weight of the ball is shown
by the vector W. Each dashed vector represents the resu~ant of the pair of rope tensions. Note that
each is equal and opposite to vectors W (they must be; otherwise the bell wouldnl be at rest).

a. Construct parallelograms where the ropes define adjacent sides
end the dashed vectors are the diagonais.

b. How do the relative lengths of the sides of
each parallelogram compare to rope tension?

c. Draw rope-tension vectors, clearly showing
their relative magnitudes.

- - .- • A'
I
I
I

w ww w

3. A lantern is suspended as shown. Draw vectors to show the relative
tensions in ropes A, B, and C. Do you see a relationship between your
vectors A + B and vector C? Between vectors A + C and vector 87

YES:A+B= -C A+B= -13

?fi

In each case, a rock is acted on by one or more forces. Using a pencil and a ruier, draw an accurate
vector diagram showing all forces acting on the rock, and no other forces. The first two cases are
done as examples. The parallelogram rule in case 2 shows that the vector sum of A + B Is equal and
opposite to W (that is, A + B = oWl. Do the same for cases 3 and 4, Draw and label vectors for the
weight and normal support forces in cases 5 to f 0, and lor the appropriate forces in cases f 1 and 12.

B

7. Decelerating due to friction

N

10. Static 11. Rock in lrea.fall

w

27

3. Static

w
6. Sliding at constant speed

without friction

N

g. Rock slides
(No friction)

w

w

to imCoUM -JI..,i1t.,./'1ilI,J1t.
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Chapter 5 Newton's Third Law ot Motion
More on Vectors

3T

1. Each of the vertically-suspended blocks has the same weight W. The two
forces acting on Block C (Wand rope tension 1) are shown. Draw vectors

to a reasonable scale for rope tensions acting on Biocks A and ~'. ' ••• , " • F

2. The cart is pulled with lorce F at angle e I

as shown. F, and Fy are components of F. I

a. How will the magnrtude of F, change if
the angle IJ is increased by a few degrees?

[more] e [no change]

b. How will the magnrtude of Fy change if
the angle 8 is increased by a few degrees?e [Iessl (no change]

c. What will be the value of F, it angle 11is OO"?

3T

4. Consider the boom supported by hinge A and by a cable B. Vectors
are shown for the weight Wof the boom at its center. and WI2 for
vertical component of upward force supplied by the hinge

a. Draw a vector representing the cable tension Tat B. Why is it
correct to draw its length so that the vertical component of
T= W/2?

SAME LENGTH AS W/2 GIVES zs; = 0,

b. Draw component T,at B. Then draw the horizontal component of
the force at A. How do these horizontal comoonents comoare,

and why EQUAL AND OPPOSITE SO ~Fx :;:O.
...... _- ..... -..... /'l

5. The block rests on the inclined plane. The vector for its weight
W is shown. How many Dther forces act on the block, including
static friction? _~ . Draw them to a reasonable scale.

a. How does the component of W parallel to the plane compare

wrth the force of friction? _~ME SO 1:F< ::.0..: • __ . w
b. How does the component of W perpendicular to the plane compare with the normal force?

SAMESO IFy = O. ..J..•• ;Jt
-$;,,,,,!

2H

)
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AppendiX D More About Vectors
Vecrors and sal/boats

(Please do not attempt this until you have studied AppendiX 01)
1. The sketch shows a top view of a small railroad car pulled by a rope. The force Fthat the rope

exens on the car has one component along the track. and another component perpendicular to
the track.

a. Draw these components on the sketch.
Which component Is larger?

PERPENDICULAR COMPONENT

b. Which component produces acceleration?

COMPONENT PARALLEL TO TRACK

c. What would be the effect of pulling on the
rope if rt were perpendicular to the track?

NO ACCELERATION

2. The sketches below represent simplified top views of sailboats in a cress-wind direction.
The impact of Ihe wind produces a FORCE vector on each as shown.
(We do NOT consider velocity vectors here!)

F
a. Why is the position of the sail above

useless for propelling the boat along
its forward direction? (Relate this to
Question l.c above where the train
is constrained by tracks to move in
one direction, and the boat is similarly
constrained to move along one direction
by ne deep vertical fin-the keel.)

AS IN 1.0 ABOVE, THERE'S NO
COMPONENT PABALLEL ra
DIRECTION OF MOTION.

)

b. Sketch the component of force parallel to the
to the direction of the boat's motion (along Its
keel), and the component perpendicular
to its motion. Will the boat move in a forward
direction? (Relate this to Question l.b above.)

2Q

YES, AS IN l,b ABOVE, THERE IS
A COMPONENT PARALLEL TO
DIRECTION TO MOTION.

-il...,ilt .•.t--J:it~l!.

)
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Appendix 0 More About Vectors
VectOI'$ and saffboats- continued

3. The boat to the right Is oriented at an angle into the wind.
Draw the force vector and lis forward and perpendicular
components.

a. Will the boat move in a forward direction and tack into
the wind? Why or why not?

YES. BECAUSE THERE IS A COMPONENT

OF FORCE PARAllEL TO mE DIRECTION

OEMOTION

4. The sketch below is a top view 01 tive identical sailboats. Where they exist. draw force vectors
to represent wind Impact on the sails. Then draw components parallel and perpendicular to the
keels of each boat.

a. Which boat will sail the fastest in a forward
direction?

BOAT 4 (WilL USUALLY EXCEED
fK!AI..1l

b. Which will respond least to the wind?

BOAT 2 (OR BOAT 3)"

c. Which will move in a bad<ward direction?

BOATS

d. Which will experience decreasing wind
Impact With increasing speed?

'THE WIND MISSES THE SAIL OF BOAT 2,
AND THERE'S NO COMPONENT PARAllEL
TO ntEKEEl EOR BOAT 3.

'In

CONCEPTUAL 'hysk
Chapter 6 Momentum
Changing Momentum

PRACTICE PAGE

Name Date

TWICE as much.

1. A moving car has momentum. If it moves twice as fast. its momentum is

2. Two cars, one twice as heavy as the other, move down a hill at the same speed. Compared

with the lighter car, the momentum of the heavier car Is

3. The recoil momentum of a cannon that kicks is

[more than) [less than] il'iii:same aV

the momentum of the cannonball it fires.
(Here we neglect friction and the momentum
ofthe gases.)

IWICE as much,

ALTHOUGH SPEED AND ACCELERATioN OF BULLET GREATER

4, SuPPOse you are lraveling In a bus at highway speed on a nice summer day and the momentum
01 an unlUcky bug is sUddenly changed as it splatters onto the front window.

a. Compared to the force that acts on the bug.
how much force acts on the bus?

[more] [leSS1~

b. The time 01impact is the same tor both the
bug and the bus. Compared to the Impulse
on the bug, this means the impulse on the
bus is

[more] lle55J~

c. Although the momentum 01the bus is very
large compared to the momentum Of the
bug. the change in momentum of the bus,
compared to the change of momentum 01
the bug is

(more] [lesGhe AAI;j>
d. Which undergoes the greater acceleration?

[bus] [both the same] €)
e. Which therefore, suffers the greater damage?

[bus] [both the same] ~ of courseD

31
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Chapter 6 Momentum
Changing Momentum-continued

5, Granny whizzes around the rink and IS suddenly confronted with Arnbrcse at rest directly In
her path. Rather than knock him over, she picks him up and continues in motion without "brakinq."

Consider both Granny and Arnbrose as two parts. of one system, Since no outside forces act
on the system, the momentum of the system betore collision equals the momentum 01 the
system alter collision,

BEfORE COLlISION

a. Complete tne before-collision data in the table 'below,

GroflllV'Smass 80 kg

GronnV', spe<d 3 m1s

Gronny'S momentum ~s

Ambrose's moss 40 kg

Ambrosis speed 0 m1s

Ambrose"s rnomefiium ~ _

Total momenlllm "2:40 ~~$

b..After collision, Granny's speed [increases] erea~

c. After collision, Ambrose's speed ~j.~aSf':3!> [decreases]

d. After collision, the total mass of Granny + Ambrose is ~,

e. After collision, the total momentum of Granny + Arnbrcse Is

f Use the conservation of momentum law 10 find the speed of
Granny and Ambrose together after collision.
(Show your work in the space below.)

Mv+mv''0 (1Ill'+m)V
.(SOkg)(~mf$} + 0 =(IlOkg+ 40 kg,v

240kg·m/si= (120kgjV
V.,,2mfs

New speed ---2.J!l{§

CONCEP'fUAL ft..",
Chapter 6 Momentum
Systems

PRACTICE pAGE

1. When the compressed. spring is released, Blocks A and B will
slide apart, There are asystsrns to consider, indicated by the
closed dashed lines belqw-A, B, and A .•. B. ignore the.
vertical forces of gravity ·and the support force of the table,

.:,~:=:::::-:.:~:"'.m*..l
b. Does an external force act on System B?GYi)INJ . • r.~.-.~ystern 6

Will the momentum of System 8 Change?<:!2) IN) . ~ '.' ...•.... __ ~ 1«-'

c. Does an external force act. on system.A + B? [V] ® ~V::~1.'.~.'.-~:1..,.~.
Will the momentum 01 System A + B change?· ,.... '. '. . . ;

[YJ@''--~- ~ .
2, Billiard ball A collides with biUiard ball B at rest, Isolate each system With a closed

·b. Upon collision, the momentum of SyStem B

c. U!'on collision. the momentum of System A + B [increases) {decreases)~.... ...,

o
3.a. A girl Jumps upward, In the left sketch, draw a closed

da.Shed.. lioe. 1. 0. Ino. ic.a.le.theSYstemofthe.gci.~.r .....•".....••.......'.•..•........Is there an external force actinqen her? •..Yl, NI
Does her momeotumchange? ... '. Ill}

·Is the girl'S momentum·conserved?

) )
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Chapter 7 Energy
Work and Energy

1. How much work (energy) is needed to lilt an object that weighs 200 N to a height of 4 meters?

PRACTICE PAGE

2. How much power is needed to lift the 200-N objeet to a height of 4 m in 4 seconds? ---2IHl..W

3. What Is the power output 01 an engine that does 60,000 J 01 work in 10 seconds? ---6...!lYl

4. The block of ice weighs 500 newtons. (Neglect friction.)

a. How much force parallel to the incline is needed to push it to the top? ~

b. How much work is required to push it to the top of the inciine? --l.liDlL.!

c. What is the potential energy of the block relative to ground level? ~

d. What would be the potential energy ilthe block were simply lifted vertically 3 m? ~

5. All the ramps below are 5 meters high. We know thalthe KE of the block at the bottom of each
ramp will be equal to the loss of PE (conservation of energy).
Find the speed of the block at ground level in each case. (Hint: Do you recalllrom earlier chaplers
how much time tt lakes something 10 fall a vertical distance of 5 m from a position 01 rest assuming
9 = 10 mts' and how much speed a falling object acquires in this time?) This gives you the answer
10 Case 1.
Discuss with your classmates how energy conservation provides the answers to Cases 2 and 3.

Case 2 Case 3

Speed --1ll mts Speed --12 mts Speed --1ll mts

SPEED SAME BECAUSE AKE SAME; BUT IIMf IS DIFFERENTl

35
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Chapter 7 Energy
Work and Energy-continued

PRACTICE PAGE

BLOCK A BECAUSE GREATER
ACCELEBADON AND LESS RAMP
DISTANCE SO A HAS SHORTER
SLIDING TIME-BUT SAME SPEEP

7. Both Ihe KE and PE 01 a block Ireely sliding down a ramp are shown below only at the bottom
position In the sketch. Fill in the missing values lor the other positions.

6. Which block reaches the bottom 01 the incline lirsl?
Assume no Irlction. (Be carelul!) Explain your answer.

8. A big metal bead slides due 10 gravity along an
upright Irietion-free wire. it starts from test at the
top Of the wire as shown in the sketch.

How last Is it traveling as it passes

Point 6?

Point D?

Point E?

Maximum speed al p~ -C.
(,{ ~

'. ~

pe~o
Ke ~75 J

?

C
9. Rows 01 wind-powered generatore are used in various

windy locations to generale electric power. Does the
power generated affect the speed of the wind? Would
locations behind Ihe 'windmills" be windier if lhey
weren't there. Discuss this in terms of energy
conservation wilh your classmates.

YES BY CONSERVATION OF ENERGY. ENERGY
GAINEP By WlNPMllLS'S TAKEN FROM WIND
KE. SO WIND MUST SLOW DOWN. LOCATlONS
BEHIND WOULP BE WINDIER WITHOUT THE
WINDMILLS! X .ott'

~ ••• ;f'.'
36
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Chapter 7 Energy
Conservation of EntJrgy

1. Fill in the blanks for the six systems.

l.T= 30 1<"'/1-,
KE= 10' J

lJ": lOO km/;,

I<E:: _4_)(_1.9~J_
lJ"= 90 """,4,

KE=I1.>c.:!!!."L

~
WORK OOI-lE= 10' J

~ -----

37

PE' 15000 J
KE' 0

PE- 11"2.50J
KE -}]_~~_.1

PE- 7500J
KE' :-".J!!:!

PE: 3750 J
KE'jt';~~_~

PE.- 0 J
KE '.!~.Q.~~:I

-~~KE .

CONCEPTUAL
•

PRACTICE PAGE

Chapter 7 Energy
Conservation of Energy-continued

2. The woman supports a 1OQ-N load w~h the friction-free pulley systems shown below. Fill In the
spring-scale readings that show how much force she must exert.

lOON
50N

3. A 600-N block is lifted by the friction-free pUlley system shown.

a. How many strands of rope support the 600·N weight?

b. What is the tension in eacn strand?

c. What is the tension In the end held by the man?

d. If the man pulls his end down 60 cm, how many cm will the
weight rise?

8. If the man does 60 joules of work, what will be the increase
of PE of the 60D-N weight?

THE SAME; 60 J

4. Why don't balls bounce as high during the second bounce as they
do in the first bounce?

I ,

I I ',0, ,
" ,, I'

-;:;:po_.~,.,.

SON

PURING EACH BOUNCE SOME Of THE BAll'S
MECHANICAL ENERGY IS TRANSFORMED INTO
HEAT lAND EVEN SOUND.), SO POTENTIAL ENERGY
DECREASES WITH EACH BOUNCE. .

Ctrl 'jCAl see tow ihe ~tion Of
~ opplies 10 all ~ in nalure?

3!l

)
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Chapter 7 Energy
Momentum and Energy

r

t, 0 s
momentum'

PRACTICE PAGE

t, 1$ U ; 10 mls
momentum' 1!L~!>

'IJ' __ 0
._-2

+"'2$ U' ~
momentum' 2000 kgomls

t'3$ 'IJ'30mls
momentum' ;W.!)j!~

Bronco Brown wants to put Ft = A m" to
the test and try bungee jumping. Bronco
leaps from a high cliff and experiences 3 s
of free fall. Then the bungee cord begins
to stretch, reducing' h~ speed to zero in 2 s.
Fortunately, the cord stretches to its maximum

length just short of the ground below .

Fill in the blanks:

Broncos mass is 100 kg.
Acceleration of free fall is 10 m/s'.

Express values in SI units (distance in m.
vefocityin m/s, momentum in kg-m/s,

impulse in Nos, and deceleration in rnls")

The s-s free-fall distance of Bronco just
before the bungee cord begins to stretch

45m

/l m" during the 3 to s-s interval of free fall

= ,_,_<lll..Q!L~

IImt! during the 3 to s-s of slowing down

Impulse during the:> to s-s of slowing down= -------l.Q.Q,O Nos

Average force exerted by the cord during the
3 to 5-s interval of slowing down

= __ .__ j§_OO N

How about work and energy? How much KE
does Bronco have 3 s after he tirst jumps?

How much does gravitabonal PE decrease

during this 3 s?

What two KindS of PE are changing during the 3 to s-s slOWing-down interval?

39
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Chapter 7 Energy
Energy and Momentum

PRACTICE P~GE

A Mini Cooper and a Lincoln Town Car are initially at rest on a horizontal parking tot at the edge of a
steep cliff. For simplicity, we assume that the Town Car has twice as much mass as the Mini Cooper.
Equal constant forces are applied to each car and they accelerate across equal distances (we ignore
the effects of friction). When they reach the far end of the lot, the force is suddenly removed, where,
upon they sail through the air and crash to the ground below. (The cars are wrecks to begin with, and
this is a scientific experiment') . (~~ ••••• _~

~<r1-~ - - . ~~~.--¥' --- - -- - - -- -- - - -.- - - - - -.j1ft" -,----------- . ',I ~
1. Which vehicle has the greater acceleration? (Think a ~ Rm-:) - . - - - -~l' ;...:.

MINICOOPl;a (LESS MASfi 8QIS!L01i.~$AME FORCElJ>...•.l f \ t I ~
2. Which vehicle spends more time along the surtace ot the lot?' {I\, r\ \ ~

(The faster or slower one?) V:=:::::::::::·
.._IQ~t,QWER DUET..Q..LI;.$.$..A.~~.r~ ),t-L:=-

I3. Which vehicle has the larger impulse imparted to it by the applied force?
(Thlnk Impulse ~ Ft.) Defend your answer.

-.IIDY1'IJ<A.a..~CE IS APPLIED oYERA LO~..I!M!L

4. Which vehicle has the greater momentum at the cliff's edge?
(Think Ft = /l mu.) Defend your answer.

LOWNC.AB...M.Q.B;gjMPUI.&.~OUC~~E MOMEMIJ,lj/!
CHAOOE,

5. Which vehicle has the greater work done on it by the applied force?
(Think W = Fd.) Defend your answer in terms of the distance traveled.

6. Which vehicle has the greater kinetic energy at the edge of the cliff? (Think W ~ !l KE.)
Does your answer follow from your explanation of Question 57
Does it contradict your answer to Question 37 Why or why not?

SAME, BECAUSE OF SAME WORK.~,~ _
YES

_...li.Q CONTRADICTION §!=CAUSE gREATER IMP!.!1SJ;
......MJ:..MI..QREA"rER WQBI.{,~, _

Making th.e. dls:tlnc1J'Qn bt:tween
mal"l\erit\,ll"A r,md",1<,il',dic 'tl'l(..~'t

1$hign.¥!evcl ~y~C!,

7. Which vehicle spends more time in the air, from the edge of the cliff to the ground below?

_JmLl-Lt~,,,,,E!c- . _
8. Which vehicle lands farther horizontally from the edge of the cliff onto the ground beloW?

THE MINI COOPER, WHIQ.t!.J§JJti.Q.1LIWLfM1J;!L __ .

Challenge: Suppose the slower vehicle crashes a horizontal distance of 10 m from the ledge.
Then at what horizontal distance does the faster car hit? :!.4...m.{M1NI,CQQ.e,E..ILMOVI;,*>
12 TIMES FASTER DUE TO EQUAL KE AT CUFF EDGE, 1/2(2 mb" = 112MIf', __
WHEREY = ~ $012 EAHlfRMEAI'IS 12 FARTHEtllN ~M§ T1Mlfl..J...~.:tt'

.-$""if'.'
40
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Chapler 8 Rolallonal Molion
Torques

1. Apply what you know about torques by making a mobile. Shown below are five horizontal arms
with fixed 1- and 2-kg masses attached, and four hangers with ends that fit in the loops 01 the
arms, lettered A through R. You are to determine where the loops should be attached so that
when the whole system is suspended from the spring scale at the top, it will hang as a proper
mobile, with Its arms suspended horizontally. This is best dons by working from the bottom
upward. Circle the loops where the hangers should be attached. When the mobile is complete,
how many kilograms will be indicated on the scale? (Assume the horizontal struts and connecting
hooks are practically massless compared with the 1- and 2-kg masses.) On a separate sheet of
paper, make a sketch of your completed mobile.

ii
HAA!:J "

\\ ~

J

)

WORK FROM BOTTOM TO TOPI

41
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Chapter 8 Rotational Motion
Torques-continued

2. Complete the data for the three seesaws in equilibrium.

I~

W=600N

3. The broom balances at its eG. If you cut the broom in half at the CG and weigh each part of
the broom, which end would weigh more?

PIECE WITJ1 BRUSH WEIGHS MORE

Explain why each end has or does not have the same weight?
(Hint: Compare this to one of the seesaw systems above.)

WEIGHT ON EITHER SIDE ISN'T THE SAME BUT TORQUE ISI UKE SEESAWS
ABOVE SHORTER LEVER ARM HAS MORE WEIGHT.

42
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Chapter 8 Rotational Motion
Torques and Rotation

Pull the string gently and the spool rolls. The direction
of roll depends on the way the torque is applied.

In (1) and (2) below, the force and lever ann are shown for the torque about the point where surface
contact is made (shown by the triangular "fulcrum"). The lever arm is the heavy dashed line, which
is different for each different pulling position.

iP2@ . ,
~A~@-@--

a. Construct the lever arm for the other positions.

b. Lever ~rm is longer when .thestring of the spool spindle is on th~ [bottom].

c. For a govenpull, lhe torque IS greater when the stnng is on theG;i)[bottom!.

d. For the same pUli, rotational acceleration is greater when the string is on the

@[bottomJ [makes no difference].

e. At which position(s) does the spool roll to the left? ---1,2,3,4

f. At which position(s) does the spool roll to the right? ---'l.:l&
g. At which position(s) does the spool not roll at all? -----5.

h. Why does the spool slide rather than roll at this position?

UNE OF ACTION EXTENDS TO FULCRUM: NO LEVER ARM, NO TORQUE

2. Relatively few people know Ihat the reason ~
a ball picks up rotational speed rolling ~'q(down an incline is because of a
torque. In sketch A, we see the A ·c-' J;j
ingredients ot the torque acting on Ihe ball- _ ,I.. }.
the force due to gravity and the lever ann to
the point where surface contact is made.

A
a. Construct the lever arms for positions Band C.
b. As Ihe incline becomes steeper, the torque ~reases].

..u..w;lt

.Jfj;1~~!
4~

)
/
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Chapter 8 Rotational Motion
Acceleration and Clrculsr Motion

Newton's 2nd law, a = Flm, tells us that net force and its corresponding acceleration are always in
the same direction. But force and acceleration vectors are not always in the direction of velocity
(another vector).

1. You're in a car at a traffic light. The light turns green and the driver "steps on the gas."
The sketch shows the top view of the car. Note the direction of the velocity and acceleration
vectors.

a. Your body tends to lurch [forward] [not at ail~

b. The car acceler

ot at all] [baCkWard].

2. You're driving along and approach a stop sign. The driver steps on the brakes.
The sketch shows the top view of the car. Draw vectors for velocity and acceferation.

a. Your body tends to I~[not at all] [backward].

b. The car accelerates [forward] [not at aliI ~

3. You continue driVing,and round a sharp curve to the ieft at
constant speed.

b. The direction of the car's acceleratio . t at all] [outward).

c The force on the car a~t at all] [outward] at'mG
l

~""'I"..- - ..- ~~...,
4. In general, the directions of lurch and acceleration, and ther~ -

the directions of lurch and force are [the same] [nol rela~

Draw vectors for velocity and acceleration of the car.
'-

5. The whirling stone's direction of motion keeps changing.

a. If it moves faster, its direction cha~lower].

b. This indicates that as speed increases, acceleration

C[inCrea, [decreases] [stays the same].

6. Like Question 5, consider Whirlingthe stone on a shorter string-that is, of smaller radius.

a. For a given speed, the rate that the stone changes direction is [less] ~the same].

b. This indicates that as the radius decreases, acceleration

~ [decreases] [stays the same].
tha:rix 'to Ji In Harper

44



Name Date-------------------------
CONCEPTUAL 'lays;

Chapter 8 Rotational MotIon
The Flying Pig

PRACTICE PAGE

The toy pig flies in a circle at constant speed. This arrangement is
called a conical pendulum because the supporting string sweeps
out a cone. Neglecting the action of its flapping Wings,only two
forces act on the pig -gravitational mg, and string tension T

Vector Component Analysis'
Note that vector T can be resolved into two
components-horizontal T" and vertical Tv.
These vector components are dashed to
distinguish them from the tension vector T.

-------:-
"..- r l

~, ~-T;,--------Circle /he correct answers:
,. If Twere somehow replaced with T, and Tv the pig

E§.J> [would not] behave identically to being supported by T

2. Since the pig doesn't accelerate vertically, compared with the magnitude of mg, component Tv,

must be [greater) [less] Eal and oppo~

3. The velocity of the pig at any instant is (along the radius of] €ngent;> its circular path.

4. Since the pig continues in circuiar motion, component T, must be a

~ [centrifugal] [nonexistent) force, which equals [zero] ~

Furthermore, T, is along the radius [tangent la] the circle swept out.

Vector Resultant Analysis:
5. Rather than resolving T Into horizontal and vertical

components, use your pencil la sketch the resultant
of mg and rusing the parallelogram rule.

6. The resultanllies in a Ezon§!> [vertical)

direction, and ~ [away from] the

center of the circular path. The resultant of mg

and Tis a <I§:ntriP~ [centrifugal] force.
r

for straight-line motion with no acceleration, !F = O.
But for unifonm circular motion, !F = mv- / r.

,-_\- -',
\ ,

thc.u1xto Peble Roblnson and I

4'1
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Chapter 8 Circular and Rotational Motion
Banked Airplanes

An airplane banks as it turns along a horizontat circular path in the air. Except for the thrust of its
engines and air resistance, the two significant forces on the plane are gravitational mg (vertical),
and lift I. (perpendicular to the Wings).

Vector Component Analysis:
With a ruler and a pencil, resolve vector I.
into two perpendicular components,
horizontal L" and vertical Lv. Make these
vectors dashed 10distinguish them from L.

Circle the correct answers:
1.The velocity of the alfplane at any instant is

[along the radius o~ts circular path.

2 If L were somehow replaced with L, and 1.,.,

the airPlane~ (would not) behave the

same as being supported by I..

3. Since the airplane doesn't accelerate vertically, component I.,. must be

[greater than] [less than] ~al and oppos~ mg.

4. Since the plane continues in circular motion, component L, must equal [zero] ~nd be a

~centrifugal) [nOnexistent] force. Furthermore. I.., is

~g the radius ~angent to) the circular path.

Vector Resultant Analysis:
5. Rather than resolving L into horizontal and

veltical components, use your penellto
sketch the resultant 0.1mg and L using the
parallelogram rule.

6. The resultant lies in ~[Vertical]

direction, and ~ [away from] the center

of the circular path. The resultant 01mg and L is a

~triPet~centrdugal] force.

1. The resultant of mg and L is the same a~].

Challenge: Explain in your own words why the resultant of two vectors can be the same as a single
component of one of them. For any pair of vectors to be added, if

1:Vy = 0, and 1:V lI: ~ 0, the resultant will be 1:Vx.

46

i
)



•
CONCEPTUAL PRACTICE PAGE

Chapter 8 Rotational Motion
Banked Track

A car rounds a banked curve with just the right speed so
that rt has no tendency to slide down or up the banked
road surface. Shown below are two main forces that act
on the car perpendicular to its motion-gravitational mg
and the normal force N(the support force of the surface).

2 Since the car doesn't accelerate vertically" component N, must be

[greafer than] <I29Ual and OPPOSil~ [less than] mg.

3. The VelOCity of the car at any instant is [along the radius ofl €~!])its circular path.

4. Since the car continues in uniform circular motion, component N, must equal [zero] @
and be a ~ [centr~ugal] (nonexistent] force. Furthermore, N,

E along the radiU~ (is tangent tol the circular path.

Vector Resultant Analysis:
5. Rather than resolving N into horizontal

and vertical components, use your pencil
to sketch the resultant of mg and N using
the parallelogram rule.

6. The resultant lies in a €rizon"9 [vefticalj

direction, and <@'3 [away trom) the

center of the circular path. The resultant of

mg and N is a €OtriPei;j) [centrifugal] force.

7. Tha resultant of mg and N is the same as

G) [N,J, and provides the

~ntripe§jl [centrifugal} force.

Vector Component Analysis:
Note that vector N is resolved into two
perpendicular components, horizontal N"
and vertical N,. As usual, these vectors
are dashed to distinguish them from N.

Circle the correct answers:
1. It N were somehow replaced with

N ,and N" the car EJa) [would not}

behave identically to being supported by N.
rng

Notice thGt when a camp""""t
af IIl\'14kes "p a centripetal
force, ~ > rng.

47
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Chapter 8 Rotational Motion
LeanIng On

When turning a corner on a bicycle, everyone knows that you've got to lean "into the curve."
What is the physics of this leaning? It involves torque, friction, and centtip«al force (mV'1I1.

N
First, consider the simple case of riding a bicycle along a straight-line path. Except
for the force that propels the bike forward (frletlon of the road in the direction of
motion) and air resistance (friction of air against the directicn of motion), only two
significant forces act: weight mg and the normal force N. (The vectors are drawn
side-by-side, but actually lie along a single vertical line.)

Circle the correct answers:
1. Since there is no vertical acceleration, we can say that the magnitude of

[N> mgj [N< mgj ~ which means that in the vertical direction,

[IF, > Oj [IF, < 0] ~

2. Since the bike doesn't rotate or change in its rotational state, then the total

mg torque is 8 [not Z810).

Now consider the same bike rounding a corner. In order to safely make the turn, the bicyclist leans
in the direction of the turn. A force of friction pushes sideways on the tire toward the center of the curve.

}f •• __ R 3. The friction force, I, provides the centripetal force that produces a

curved path. Then <It= mV'lC) [f •• mV"rj.

4. Consider the net torque about the center of mass (CM) of the
bike-rider system. Gravity produces no torque about this point,
but Nand Ido. The torque involving Ntendsto produce

€ckWi~ [Counterclockwise} rotenon, and the one involving I

tends to produce [clockwise} €terclock., rotation.

These torques cancel each other when the resultant of vectors
Nand I pass through the CM.

~

'_ .."
.e

'"

5. With your pencil, use the parallelogram rule and sketch in Ihe
resultant of vectors Nand f Label your resultant R. Note the R
passes through the center of mass of the bike-rider system. That

means that R produces [a clockwise] [a counterclockwisej @
torque about the CM. Therefore the bike-rider system

[topples clockwise] [topples oounterclockwise]

When learning how to turn on (l bike, you lean SO that the

sum of the torques about your CM is zero. You may not be

calculating torques. but your body learns to feel them.

rTIg

tha to Po 10Robinson J...,iIt ••./::I);lw11.
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Chapter 8 Rotational Motion
Simulated Gravity and Frames of R9ference

Suzie Spacewalker and Bob Biker are in outer space. Bob
experiences Earth-normal gravity in a rotabng habitat, where
centripetal force on his feet provides a normal support force
that feels like weight Suzle hovers outside in a weightless
condition, motionless relative to the stars and the center of
the habitat.

t. Suzie sees Bob rotating clockwise in a circular path at
a linear speed of 30 km"'. Suzie and Bob are facing
each other, and from Bob's point of view, he is al rest

1-'.. \

\

•
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Chapter 8 Rotational Motion
Simulated Gravity and Frames of Reference-continued

5. Boundingoff the floor a brt while riding at 30 kmlh, and neglecting wind effects, Bob

ills toward the ceiling in midspace as the floor whizzes by him at 30 km'"

[falls as he would on Earth) [slams onto the floor with increased force)

and finds hirnseff

In the same frame of re1erenceas Suziel

Bob [as d he rode at 30 kmlh on Earth's surface] . _ 1."

cj~(®(ii~~'~~:@-CwC®®(W
71'5 "\ So eo 11. s. a G: 5 S. llo a .•...
{ Bob at rest On the floor Bob rides ot 30 km/ll with respeet to the floor 8. l\ &.

Suzie hovering in space
6. Bob maneuvers back to his initial condition, Whirlingat rest wilh the habitat, standing beside his

bicycle, But not for long, Urged by Suzle, he rides in the opposite direction, clockwise with the
rotation of the habitat.

opposite direction as the habitat rotates, Suzie sees him moving [faste~ Now Suzie sees him mOving~ {slower],

~@])@~~~@) ~@)~~@)w)(®J
5 S. & fi, ll. A ;- 0 a & f.I ll. 6. G,

Bob 'des t I Bob rides clOCkwIse 'rl eoun er-e ockwise

2. The rOlatinghabitat seems like home to Bob-until he rides his bicycle, When he rides in the

3, As Bob's bicycle speedometer reading increases, his rotational speed

~remains unchanged] [increases] and the normal force that feels like weight

~remalns unchanged) [increases]. So friction between the tires and the floor

~remains unchanged) [Increases].

4, When Bcb nevertheless gets his speed up to 30 kmlh,

as Indicatedon his bicycle speedometer, Suzle sees him

(moving at 30 kmlh) C:;;;;ionle~mOVing at 60 kmlh].

49

thanx to Bob SeekAlr

7, As Bob gains speed, the normal support forCethat feels like weight

[decreases] [remains unchangedl~creasess>

8. When Bob's speedometer reading gets up to 30 kmil1. SUlle sees him moving

[30 km"') [not at all] ~ and Bob finds himsetl

(weightless like Suzie]

Gustas if he rode at 30 kmlh on Earth's surface]

ressed harder against the bicyclist seat,

Next, Bob goes bowling, You decide whether the game depends on which direction the ball is rolled!
l...•t...,
~'WII.

50
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Chapter 9 Gravity
inverse-Square Law

PRACTICE PAGE

1. Paint spray travels radially away from the nozzle ot the can in straight lines. Like gravily, the
strength (intensity) of the spray obeys an inverse-square law. Cornptste the diagram by filling
in the blank spaces.

2. A sma/llight source located! m in front of an opening of area 1 m' illuminates a wall behind.
If the wall IS 1 m behind the opening (2 m from the light source), the illuminated area covers 4m'.
How many square meters will be illuminated if the wall is

5 m from the source? _~m~

10 m from the source? .._.l(ljl.J!f
4 rn' OF
ILLUMINATION..-'

3. If you stand at rest on a weighing scale and find that you are putted toward Earth with a

terce of 500 N, then the normal force on the scale is also ~__ N and you weigh

__:ilID.- N. How much does E.arth weigh? Ifyou tip the scale upside down and repeat

the weighing process, you and Earth are still pulled togeU1er with a force of .•..1iC!.\l__ . N,
and therefore, relative to you, the whole 6,000,OOO,OOO,000,000,000.000,000-kg Earth weighs

__$..2!L- N! Weight. unlike mass, is a relative quantity.

f. ~Ewni~~-~'~<
You are pulled to Earth With a force
of 500 N. SO you weigh 500 N.

Earth is pulled toward you with a force
01500 N, so it weighs 500 N.

51
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Chapter 9 GravIty
inverse-Square Law-conti(!tjed

4. The spaceship is attracted
to both the planet and the
planet's moon. The planet
has tour times the mass of
its moon. The force of
attraction of the spaceship
to the planet is shown by
the vector.

a. Care1ully sketch another
vector to show the space-
ship's attraction to the
moon. Then apply U1e parallelogram method
of Chapter 3 and sketch the resultant force.

b. Determine the location between the planet and its moon (along the dotted line) where
gravitational forces cancel. Make a sketch of the spaceship there.

5. Consider a planet of uniform density that has a straight tunnel from the North Pole through
the center to the South Pole. At the surface of the planet. an object weighs 1 ton.

a. Fill in the gravitational force on the object When it is halfway to the center, then at the center.
1, TO

b. Describe the motion you would experience if you fell into the tunnel.

6. Consider an object U1at weighs 1 ton at the surface of a planet, just before the planet
gravitatiohally collapses.

a Fill in the weights 01 the object on the planet's shrinking surtace at the radial values sh.own.

b. When the planet has collapsed to 1110 of its initial radius, a ladder is. erected that pots the
object as far from its center as the object was origiflally. FiU,in its .••."Ight at this position

52
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1. Consider two equal-mass blobs of waler.
A and B, initially at rest in the Moon's
gravitational field. The vector shows the
gravitational force 01the Moon on A.

B•••••

. a. Draw a force vector on B due to the Moon's gravity.

b. Is the force on B more or less than the force on A? ~

c. Why? FARTHER AWAY

d. The blobs accelerate toward the Moon. Which has the greater acceleration? ~]

e. Becauseof the different aceelerations, wrth time

A and B gain identical speeds] and the distance between A and B

f. If A and B were connected by a rubber band. with time the rubber band would

~notstretch].

g. Thi stretching] onstretching] is due to t~ffere~nOndifferenceJ
in the I atlonal pulls-.

h. The two blobs will eventually crash into the Moon. To orbit around the Moon instead of
crashing Into it. the blobs should move

(away ITomthe Moon] egentlali~hen the" acceieranons Will consist of changes ,n

Ispe~

Soon
#/

2. Now consider the same two blobs
iocated on opposite sides of Earth.

a. Because of difference In the Moon's pull on the blobs,

they tend ~$4d away from each ~ [approach each other].

b. Does this spreading produce ocean tides? ~Nol

c. If Earth and Moon were closer, gravitational force between them would be

<9 [the same] [less], and the difference in gravitational forces on the near and far parts

of the ocean would be ~ [the same] [less].

d. Because Earth's orbit about the Sun is slightly elliptical, Earth and Sun are closer in December
than in June. Taking the Sun's tidal force fnto account, on a world average, ocean tides are

greater (]Decemb!I>IJuneJ [no difference].
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Chapter 10 Projectile and satellite Motion
Independence of Horizontal and Vertical Components of Motion

--0-- 0- -
_ 0-_ 0..,..

is••• i-- .'" 0

I I ' I\:..~

t I I• 0
I

~ l :iO-

',j
1/ { Il

I ,

~.

••• > ;:::»

1. Above left: Use the scale 1 cm: 5 m and draw the positions of the dropped ball at 1-second
intervals. Neglect air resistance and assume g = to mis'.
Estimate the number of seconds the ball is in the air. -.-i- seconds

2. Above right: The four positions of the thrown ball wrth no gravtty are at t-second intervals.
At 1 cm: 5 m, carefully draw the positions of the ball with gravity. Connect your posttions
with a smooth curve to show the path of the ball.
How is the motion in the vertical direction affected by motion in the horizontal direction?
ONLY VERTICAL MOTION AFFECTED BY GRAVITY· HORIZONTAL MOTION IS INDEPENDENT.

-t:~il'!

)
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Chapter 10 Projectile and Satellite Motion
Independence of Horizontal and Vertical Components of Motion-continued

PRACTICE PAGE

3. This time the ball is thrown below the horizontal. Use the same scale 1 cm: srn and carefully
draw the positions of the ball as it falls beneath the dashed line. Connect your positions with
a smooth curve. Estimate the number of seconds the ball remains in the air. -tl s

4. Suppose that you are an accident invesligalor on site to determine \m~ther or not a car was
speeding before it crashed through the rail of the bridge and into the mudbank. The speed limit
on the bridge is 55 mph '" 24 m/so What is your conclusion? \ :

v= 24m =18
TIME TO FALL 4.9 mo

GOING 24 mts AFTER CRASH THRU
BAIL SO MUST HAVE BEEN GOING

,....------;0.4'" FASTER BEFORE HlTTlNG RAIL
DRIVER WAS SPEEDING! :t:

;It
."tl
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Chapter 10 Projectile and Satellite Motion
Tossed Ball

A ball tossed upward has initial velocity oomponents 30 m/s vertical, and 5 m/s horizontaL The
location oflhe ball is shown at 1-second intervals. Air resistance Is negligible. and g= 10 m/s'.
Write the values In the boxes for ascending velocity components. and your calculated resultant

-" ,","", [iOit~:5~ I

,[~
/

/

I
30 m/s f

f

I

I

I

5 m/s
,~~

~~~----

/

I
(

I

5 m/s

Use the Cjeanelrv lllfQ'€m

c'=o'+b'
to find lhe resultant
vekx:ilies.

I
0- -
1\
1\
I
I
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Chapter 10 Projectile and satellite Motion
Sate/liteln Circular Orbit

1. Figure A shows "Newton's Mountaln," so high that its top is abOvethe
drag of the atmosphere. The cannonball IS fired and hits the ground.

a. Draw a Iikeiy path that the cannonball might take if it were fired
a little bit faster.

b. Repeat for a still greater speed, but less than 8 km/so

c. Then draw its orbital path for a speed of 8 km/so

d. What is the shape of the 8-km/s curve?

CIRCLE

ELLIPSE

e. What would be the shape of the orb~al path ilthe cannonball were fired at a speed of 9 km/s?

2. Figure B shows a satellite in circular orbit.

a. At each of the four positions, draw a vector that
represents the gravitational force exerted on the satellite.

b. Label the force vectors·F

C. Then draw a vector at each location to represent
the ve/oc/tyof the satellite, and lebel it V.

d. Are all four F vectors the same length? Why or why not?

YES' SATELLITE IS AT SAME DISTANCE. SAME FORCE.
tr

e. Are all four V vectors the same length? Why or why not?

YES; IN CIRCULAR ORBIT E 1. y SO THERE'S NO COMPONENT OF FORCE ALONG
yTOCHANGESPEEDy.

f. What is the angle between your F and Vvectors? ~

g. Is there any component of Fparallel to V? NO IF 1.y)

h. What does Ihis indicate about the work the force of gravity can do on the salell~e?

NQ WORK BECAUSE THERE'S NO COMPONENT OF FORCE ALONG PATH.

j. Does the PE of the satellite remain conetant or does it vary?

i. Does the KEofthe satell~e in Figure B remain constant or does it vary? CONSTANT

REMAINS CONSTANT

I

)

•
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Chapter 10 Projectile and satellite Motion
satellite in Elliptical Orbit

3. Repeat the procedure you used for the circular orbit, drawing vectors Fand Vfor each position
in Figure C, inclllding proper labeling. Show greater magnltudes with greater lengths. Dont
bother making the scale accurate.

a. Are your vectors F all the same magnitude?
Why or why not?

NO. FORCE DECREASES WHEN
PISTANCE FROM EARTH INCREASES.

b. Are your vectors Vall the same magnitude?
Why or why not?

NO WHEN KE DECREASES IAS SATELLITE
MOVES FARTHER FROM EARTID SPEEP
PECREASES. WHEN KE INCREASES

(CLOSER TO EARTH) SPEED INCREASES.

c. Is the angle between vectors F and V everywhere
the same. or does it vary?

ITVABIES

d. Are there places where there IS a component of F
parallel to V?

YES (EVERYWHERE EXCEPT AT THE
APOGEE AND PERIGEE).

e. Is work done on the satellite where there is a component of Fparallel to V? If se, does this
change the KE of the satell~e?

YES. THIS INCREASES KINETIC ENERGY OF SATELLITE,

f. Where there is a component Of F parallel to or in
the direction of If, does this increase or decrease
the KE of the satellite?

THIS PECREASES KE OF SATELLITE.

g. What can you say about the sum of KE + PE
along the orbtt?

CONSTANT UN ACCORD WJTH
CONseRVATION OF ENERGY)

.'W
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Mechanics Overview-Chapters 1 to 10

1. The skelch shows the elliplicaJ path described by a salell~e about Earth. In which of the !abated
positions, A • 0, (place an 'S" for "same everywhere") does the satellite experience the maximum

a. gravitational force? c
b. speed?

c. momentum?

d. kinetic energy?

e. gravitational potential energy?

f. lotal energy (KE + PE)?

g. acceleration?

h. angular momentum?

2. Answer the above questions'for a satellite in
ciroular orbit.

a. S S

5 g

b. c. S

S

d. __ S__

h.~

3. In which position( s) is there momentarily no work being done on the satellite by the force of
gravity? Why?

A AND C BECAUSE OF NO FORCE COMPONENTS IN PIRECTlON OF MOTION.

4. Work changes energy. Let the equation for work. W = Fd, guide your thinking on the following:
Defend your answers in terms of W = Fd.

a. In which position will a several-minutes thrust of rocket engines pushing the satellite forward
do the most work on Ihe satellile and give it the greatest change In kinetic energy?
(Hint: Think about where the most distance will be traveled during the application of a several-
minutes thrust?)

A WHERE FORCE ACTS OVER LONGEST DISTANCE,

b. In which position will a Several-minutes thrust of rocket engines pushing the satellite forward
do the least work on the satellite and give it the least boost in kinetic energy?

C WHERE FORCE ACTS OYER SHORTEST PISTANCE,

c. In which position will a several-minuteS thrust of a retro-rocket (pushing opposite to the
satellite's direction of motion) do the most work on the satellite and change its kinetic energy
the most?

A, MOST "NEGATIYE WORK" PECREASES AND MOST AKE OCCURS WHERE
FORCE ACTS OVER THE LONGEST DISTANCE

60
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Chapter 11 The Atomic Nature of Matter
Atoms and Atomic Nuclei

TO CHMGE me ••.tCMS Of ONE
~f'j.NW.~me::'",~~'

OR sutt-..c1El> t
'ioo-

Use the periodic table in your text to help you answer the folloWing questions.

BEBYl.UUM

1. When lhe atomic nuclei of hydrogen and IIlhlum are squashed together (nuclear fusion) the
slemenlthat is produced is

CARBON

2. When the atomic nuclei of a pair of lithium nuclei ere fused, the element produced is

IBOfll

3. When the atomic nucle. of a pair of aluminum nuclei are fused, the element produced is

4. When the nucleus of a n~rogen atom absorbs a proton, the resulting element Is

OXYGEN

5. What element is produced when a gold nucleus gains a proton?

6. What element is produced When a gold nucleus loses a prolan?

MERCURY

THORIUM

7. What element is produced when a uranium nucleus ejects an elementary particle composed
01 two protons and two neutrons?

PLATINUM

8. if a uranium nucleus breaks into two pieces (nuclear fission) and one of the pieces is zirconium
(atomic number 40). the other piece is the element

TELLURIUM !ATOMIC NUMBER 52)

9. Which has more mass, a nitrogen molecule (N.) or an oxygen
molecule (O,)?

AN OXYGEN MOLECULE

10. Which has the greater number of atoms, a gram of helium or
a gram of neon?

A GRAM OE HELIUM

61



•
CONCEPTUAL PRACTICE PAGE

Chapler 11 The Atomic Nature of Matter
Subatomic Particles

Three fundamental particles of the atom 'are the NEUTRON • andPROTON

ELECTRON NUCLEUS whichAt the center of each atom lies the atomic

consists of PROTONS The atomic number refers toand NEUTRONS

the number of PROTONS in the nucleus. All atoms of the same element have the same

number of PROTONS hence, the same atomic number.

Isotopes are atoms that have the same number of PROTONS but a different number of

NEUTRONS An isotope is identified by ~s atomic mass number, which Is the total number

of PROTONS NEUTRONS in the nucleus. A carbon isotope that hasand

6 PROTONS is identified as carbon--12, where 12 is the atomicand NEUTRONS

mass number. A carbon isotope haVing 6
other hand is carbon-ta.

PROTONS _ and 8 NEUTRONS ,on the

1. Complete the following table:

NUMBER Of
ISOTOPE ELECTRONS PROTONS NEUTRONS

HV~rrl 1 I I ! 0
Chl~-3Q l'"1 i 17 i 1"1

I

Nitrogm-14 , I
.,

i '7

Polossium-40 19 I "
I '1.\

Arseri<:-75 "!l3 I 33 ! 41.
Gold-191 l' I 1<t I ttB

ich results in a more valuable product- Of every 200 atoms in our bodies. 126 art hydrogen,

ing or subtracting protons from gold nuclei? 51 are oxygen, and just 19 are ccrbcn, In 4dditlon to

BTRACT FROM PLATINUM carbon we need iron to manufoc.ture hemoglobH'I,
cobalt for the creation of vitamin B~12. pot(l$$ium.

RE VALUABLE) dAd Q little sodium f~r QUI'" nerves, and molybdenum,

leh has more mass, a lead atom or
mongaMSe, and YMadiurn to keep our enzymes

aniumatom?
purr-ing. An_ we'd be: I'\Ot~ng without o.toms!

2. Wh
add
SU
(MO

3. Wh
aur

NEON

4. Which has a greater number of atoms,
a gram of lead or a gram of uranium?

HELIUM!

62
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Chapter 12 Solids
Scaling

1. Consider a cube' cm x 1 cm x 1 cm (a very small sugar cube). Its volume is 1 cm'. The surface
area of one of ils laces Is 1 cm'. The total surface area of the cube is 6 cm' because it has
6 sides. Now consider a second cube, scaled up by a factor of 2 so it Is 2 cm x 2 cm x 2 cm.

PRACTICE PAGE

a. What is the total surface area of each cube?

t st cube ---i...- cm'; 2nd cube ~ cm'

b. What is the volume of each cube?

1st cube ---1-- cm'; 2nd cube --11.- cm'

c. Compare the ratio 01surface area to volume lor each cube.

surface area
tst cube 01 ---- =

volume

6
1

3
1

surface area
,2nd cube of ---- =

volume

2. Now consider a third cube, scaled up by a factor 01 3 so it is 3 cm x 3 cm x 3 cm.

a. What is ns total surface area? ~ cm'

b. What is lis volume? -'l:L- cm'

c. What is its ratio of surface area to volume?

~®surface area

volume

3. When the size 01 a cube is scaled up by a certain factor
(2 and then 3 for the above examples), the area increases as the SQUARE of the factor,

and the volume increases as the CUBE of the factor.

4. Does the ratio of surface area to volume increase or decrease as things are scaled up?

RADO DECREASES

5. Does the rule for the scaling up of cubes atso apply to other shapes? --Y.E.S
Would your answers have been different if we started with a sphere of diameter 1 cm and
scaled ilup to a sphere of diameter 2 cm, and then 3 cm? NO; SAME RADOS

6. The effects of scaling are beneficial to some creatures and detrimental to others. Check either
(B) for beneficial or (D) for detrimental for each ot the following:

a. an Insect falling from a tree ---'i- d. a big lish chasing a small fish -..iL-

b. an elephant failing from the same tree ~ e. a hungry mouse

c. a small fish trying to flee Irom a big fish ~ f. an insect that falls in the wa;r~. -'!..-
JJ;';!it:
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Chapter 12 Solids
Scaling Circles

PRACTICE PAGE

t. Complete the table below.

RADIUS

lc.m
2Cm

3cm

10 em

FoR THECIRCUMfERfN<:e.OF
A ORC.LE., C= 21ft'

AND FOR THe AA.EA OF
A CIRCLE, A"1T r'-

2. From your completed table, when the radius 01 a circle
is doubled, its area increases by __ 4__ .
When the radius is increased by a factor of , 0,
the area increases by .....1DlL-.

3. Consider a small pizza mat costs $5.00. Another pizza
of the same thickness has twice the diameter.
How much shoula the larger pizza cost?

Ci~.
4. ~FalseJ If the radius 01 a circle is increased by a certain factor, say 5, then the erea

increases by the square of the factor, in this case S' or 25.

Fill in the blank:
So it you scale up the radius of a circle by a lactor 0110, its area will increase by

Application:
5. Suppose you raise chickens and purchase $50.00 worth of wire for a chicken pen. The shape

01 the pen that will accommodate the most number of chickens will be

(square) ~ (either, for both provide the same area].

l.,,:rt .•.,
~!WII.
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CONCEPTUAL

Chapter 13 Liquids
Archlmedes' Principle I

PRACTICE PAGE

a. What is the mass of the 1 liter of water?

1. Consider a balloon fillea with 1 itler of water (1000 cm') in equilibrium in a container of water,
as shown in Figure 1.

1 kg

b. What is the weight 01 the 1 Iiter of water?

9.8 N tOR 10 NI

c. What is the weight of water displaced by the balloon?

9.8N

d. What is the buoyant lorce cn the balloon?

9.8N

e. Sketch a pair 01 vectors in Figure 1: one lor
the weight of the balloon and the other lor
the buoyant force that acts on It. How do the
size and directions 01 your vectors compare?

figure 1

VECTORS EQUAL IN MAGNlTUpE OPPOSITE IN DIRECTION

a. What is the mass of the liter of nothing?

2. As a thought experiment, pretend we could remove the water !rom the balloon but still retain
the same size 011 Itler. Then inside the balloon is a vacuum.

Okg

b. What is the weight 01 the IIter 01 nothing?

ON
c. What is the weight of water displaced by

the nearly massless l-liter balloon?

d. Whet is the buoyant lorce on the
nearly massless balloon?

9.8N

SF

coz U= YOU PUSH 9.8 tot or WATER ASIOE
THE WATER PuSHES BACK ON YOU WITH 9.8 N I

e. In Which direction would the nearly massless balloon accelerate?

UPWARD
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Chapter 13 liquids
Archimees' Principle I-continued

3 Assume the balloon is replaced by a 0.5-kilogram
piace of wood that has exactly the same volume
(1000 ern"). as shown in Figure 2. The wood is
held In the same submerged position baneath
the surface of the water. 1000 cm 3

. a. What volume of water is displaced by the wood?

1000000': 1 L

b. What is the mass of the water displaced by the wood?

1 kg

c. What is the weight of the water displaced by the wood? ~

d. How much buoyant force does the surrounding water exert on the wood? __...llJU'l

e. When the hand is removed, what is the net force on the wood?

NET FORCE" BUOYANT FORCE - WEIGHT OF WOOp = 9.8 N - 4 9 N " 4.9 N
(!H!WABID

f. In which direction does the wood accelerate when released? UPWARD

HIE 8UOYANT FORCE ON A SUBMERGED
OBJEcT EQUALS THE WEIGHT OF WATER

OISPLACED
• " NOT THE WEIGHT OF THe

OBJECT ITSELF!

••. tJt04LESS IT IS
HOATING.'

4. Repeat parts a through fin the previous question for a 5-kg rock that has the same volume
(1000 cm'), as shown in Figure 3. Assume the rock is suspended in the container of water by a string.

WHEN THE WEIGHT OF AM
OBJECT IS 6REAT€R TI-IAN
THE BUOYANT FORCE Ell.ERiED

ON IT, IT SINKS!

a. 1000 cm' (SAME)

b. 1 kg (SAME)

c. 9.8 N(SAMI;)

d. 9.8 N(SAME)

e. 39 N POWNWARD'

DOWNWARDf'tglI't 3
• N T FORCE" BUOYANT FORCE - WT ROCK = 9.8 N - 49 N = -39 N .J....;jt

~ ••;t!
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Chapter 13 Liquids
Archlmedes' Principle "

PRACTICE PAGE

1. The waler lines for the first three cases are shown. Skelch in the appropriate water lines for
cases d and e. and make up your own for case f.

Q D(NSER THAN WATER

d. 114 AS DENSEAS WATER

b. SAME DENSITY AS WATER

e. 314 AS DENSEAS WA TEll

c. 1/2 AS DENSE AS WATER

f "__AS D(NSE AS WATEll

2 If the weight of a ship is 100 million N, then the water ~ displaces weighs 100 MILLION N

lQOON of waler is displaced.

If a cargo weighing 1000 N is put on board, then the ship will sink down until an extra

3. The first two sketches below show the water line for an empty and a loaded ship. Draw the
appropriale wafer line for the third sketch.

Q SHIP EMPTY b. SHIP LOADED WITH
50 TONS OF IRON

67

c. SHIP LOADED WITH 50
TONS OF STYROFOAM

SAMEI
.u..,;ft
-'.Ji',,,,;f':

)
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Chapter 14 Gases and Plasmas
Gas Pressure

•
CONCEPTUAL PRACTICE PAGE

Chapter 13 Liquids
Arehlmedes' Principles II-continued

=>4. Here Is an ice cube floating in a glass of Ice
water. Draw the water line after the ice cube
melts. (Will the water line rise. fall. or remain
ttle same?)

1. A principle difference between a liquid and a gas is that when a liquid is under pressure.
its volume

[increases) !decrease~esn't change notlcea~

and its density
(increases) [decrease] ~t change notlcea9

When a gas is~ ~ume
[increases)~doesn·t change noticeably)

~decreases) (doesn't change noticeably).

. REMAINS THE SAME VOLUME OF
WATER WITH SAME WEIGHT OF ICE
CUBE EQUALS VOLUME OF SUBMERGED
paRDON OF ICE CUBE. THIS IS ALSO
VOLUME OF WATER FROM MEUEO ICE.

5. The air-filled balloon is weighted so if sinks in
water. Near the surface. the balloon has a certain
volume. Draw the balloon at the bottom (inside
the dashed square) and show whether it is bigger.
smaller. or the same size. GR.OUNO-LEVEL Slz.£....-'

.a. Since the weighted balloon sinks. how does its
overall density compare to the density of water?

THE DENSITY OF BALLOON IS GREATER. -----..,
I
I
I
I
I
I,L ..•

1..HI6H·ALTITUOE SIZE

r
I,
I
I
I
I
I

b. As the weighted balloon sinks, does its density
increase. decease, or remain the same?

2. The sketch above shows the launching of a weattler
balloon at sea level. Make a sketch of the same weal her
balloon when it is high In the atmosphere. In words.
what is different about Its size and why?DENSITV INCREASES (BECAUSE VOL DECREASES).- BALLOON GROWS AS IT RISES ATMOSPHERIC
PRESSURE TENDS TO COMPRESS THINGS-EVEN
BALLOONS. MORE PRESSURE AT GROUND LEVEL
DECREASES ANp MORE COMPRESSION LESS
COMPRESSION AT HIGH ALTITUDES. AND BIGGER
BALLOONS

3. A hydrogen-filled balloon that weighs 10 N must displace

~ N of air in order to float in air. If ~ displaces

less than -.:tlL.... N it will be buoyed up with

less than -.:tlL.... N and sink, If it displaces

more than ----1lL- N of air it will move upward.

c. Since the weighted balloon sinks, how does
the buoyant force on it compare to its weight? ------- --

BUOYANT FORCE IS LE~ THAN ITS WEIGHT.

d. As the weighted balloon sinks deeper. does
the buoyant force on it increase, decrease, or
remain the same?

~
,.' --'''''0 ---- - ----,

BUOYANT FORCE DECREASES (BECAUSE I I
VOLUME DECREASES). I • I-, ,

T •
t :
I -,-
I I
I # ,-

I -...!-1..-------_ ....•

RAT!> TO VOV TOO, f
O""ltEL BERNOULU •

.P'~/

~

6. What would your answers be to the above questions
(5.B to d) for a rock instead of an air-filled balloon?

a PENSITY OF ROCK IS GREATER ~......-: 't.

~<7---IN ACCORD WITH BERNOULLI'S PRINCIPLE. MOVEMENT
OF AIR OYER CURVED TOP OF UMBRELLA CAUSES A
REDUCTION OF AIR PRESSURE /L1KE AIRPLANE WlNGl.
TI1lS LIKELY PRODUCED AN UPWARD FORCE THAT TURNED THE UMBRE~'DE OUT

.~it_f
69

4. Why is the cartoon more humorous to physics types
than nonphysics types? What physics concept has
occurred?

b. DENSITY REMAINS mE SAME (SAME YOLUM!;)

c BUOYANT FORC!; IS LESS THAN ITS W!;IGHT.

d, BUOYANT FORe!; STAYS rn!; SAM!;
(VOLUM!; STAys THE SAM!;l
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Chapter 15 Temperature, Heat, and expansion
Measuring Tempet'atures

1. Complete th table:

lEMPE.RIX1UR!: OF MEL'TING IC£,

lEMPERATURE OF BOILING W,A.TER

o

2. Suppose you apply a tlame and warm one liter
of water, raising as temperature IO'C. If you
tranSfer the same heat energy to two ltters. how
much will the temperature rise? For three laers?
Reoord your answers on the blanks In the drawing
at the right.

3. A thermometer is in a container half-filled with 2O'C water.

a. When an equal volume of 20'C water is added,
the temperature of the mixture will be

[IO'C] ~ [40'C].

b. When instead an equal volume of 40'C water is
added, the temperature of the mixture will be

[20'C] €9) [40'C].

c. When instead a small amount of 40'C water is added,
the temperature of the mixture will be

[20'C] @een 20'C and 3~ [30'C] [more than 30'C].

eire/eone:
4. A small red-hot piece of iron is placed into a large bucket of cool water.

(Ignore the heat transfer to the bueket.)

a. [True)~ The decrease in iron temperature equals the
increase in the waler temperature.

~ [False] The quantity of heat lost by the iron equals the
quantity of heat gained by the water.

~ [False) Ths iron and watsr both will eventually reach the
same temperature.

d. [True) ~The final temperature of the iron and water
is halfway between the initial temperatures
Of each.

71
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Chapter 15 Temperature, Heat, and expansion
Thermal Expansion

1. The weight hangs above the floor from the copper wire. When a candle is moved along the wire
and warms tt, what happens to the height of the weight above the floor? Why?

HEIGHT DECREASES AS WIRE LENGTHENS

2. The levels of water at O'C and 1'C are shown below in the first two flasks. Al these temperatures
there is microscopic slush in the water. There is slightly more slush at O"C than at 1 'C. As the
water is warmed, some of the slush collapses as it melts, and the level of the water falls in the
tube. That's why the level of water is slightly lower in the 1°C-tube. Make rough estimates and
sketch In the appropriate levels of water at the other temperatures shown. What Is important
about the level when the waler reaches 4 'C?

1 _ .. __ . _------ ;,""------ ._------ ------- ---_.--

o°c tc. ZoC 3°C 4°C 5°C 6°C

SINCE WATER IS MOST DENSE AT 4°C, WATER LEVt;L IS LOWEST AT 4°C,
3. The diagram to the left shows an ice-

covered pond. Fill in the blanks for likely
temperatures of the water at the top and
bottom of the pond.

I CAN'T GET THIS METAL
L10 OFF nE JAR-·· SHOUlD
t HEAT TllE UD OR COOL IT?

WHY,? HE••T .1'$0 IT
WIU. e">C'tA,..lP•

72
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Chapter 16 Heat Transfer
Transmission of Heat

Cude one.
1. The tips of both brass rods are held in the gas flame.

a [Truel~ Heat is conducted only
"'-..-/ along Rod A.

b. [TrueJ~ Heat is conducted only
"'-..-/ along Rod B.

9"'!'ffilllII. [False] Heat is conducted equally along
~ both Rod A and Rod B.

~ (False] The idea that "heat rises" applies to heat transfer by convection, not by conduction

~

2. Why does a bird fluff its feathers to keep warm on a cold day?

fLUFFED FEATHERS TRAP AIR THAT ACTS AS AN INSULATOR.

3. Why does a down-tilled sleeping bag keep you warm on a cold night?
Why is it useless if the down is wet?
AS IN #2 WHEN WATER TAKES PLACE OF WAPPED AIR,
INSUlAnON IS REDUCED.

4. What does convection have to do with the holes in the shade of the
desk lamp?
WARMED AIR RISES THROUGH HOLES INSTEAD OF BEING
TRApPED.

5. The warmth of equatorial regions and coldness of polar regions
on Earth can be understood by considering light from a flashlight
striking a surface. 11it strikes perpendicularly, light energy is more
concentrated as It covers a smaller area; if it strikes at an angle.
the energy spreads Over a larger area. So the energy per unit
area is less.

B

The arrows represent rays of light from
the distant Sun incidenl upon Earth. Two
areas of equal size are shown, Area A
near the North Pole and Area B near the
equator. Count the rays that reach each
area, and explain why B is warmer than A.

30NA'60NB

AREA B GETS TWICE THE SOLAR

ENERGY AS AREA A SO IT IS WARMER.

\
)
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Chapter 16 Heat Transfer
Transmission of Hsst

6. The Earth's seasons arise from the 23.5-<1egr88 tilt of Earth's daily spin axis as ~ orbits the Sun.
When Earth is at the position shown on the right In the sketch below (not to scale), the Northern
Hemisphere tills toward the Sun, and sunlight striking ~ is strong (more rays per area). Sunlight
striking Southern Hemisphere is weak (fewer rays per area). Days in the north are warmer, and
daylight is longer. You can see this by Imagining Earth making its complete daily 24·hour spin.

Do two things on the sketch:
(i) Shade the part of Earth in nightlime darkness for ell positions, as is already done in the left position.
(ii) Label each position with the proper month-March, June, September, or December.

e~~ -
( pEe.) -- --

- - -

,
(IMP-CH)

a. When Earth is In any of the four positions shown, during one 24·hour spin, a location at the
equator receives sunlight han the time and is in darkness the other han the time. This means

that regions at the equator always receive about __ 1_2_ hours of sunlight and

~ hours of darkness.

b. Can you see that In the June position regions farther north have longer daylight hours and
shorter nights? Locations north of the Arctic Circle (dotted line in Northern Hemisphere) are

continually in view of the Sun as Earth spins, so they get daylight ....-l4- hours a day.

c. How many hours of light and darkness are there in June at regions south of the Antarctic Circle
(dotted line in Southern Hemisphere)?

ZERO HOURS OF L1GHL OR 24 HOURS OF PARKNESS PER DAY

d. Six months later, When Earth is at the December position, is the situation
in the Antarctic Circle the same or is ~ the reverse?
REVERSE; MORE SUNLIGHT PER AREA IN DECEMBER IN
SOUTHERN HEMISPHERE

e. Why do South America and Australia enjoy warm weather in December
instead of June?
IN DECEMBER lHE SOUTHERN HEMISPHERE IS DUEp TOWARD
THE SUN ANp GETS MORE SUNLIGHT pER AREA THAN IN JUNE,

.L':ft'".r:.s-;":l t •

74



Name Date

COIVCEPTUAL 'lQlsjc. PRACTICE PAGE
Chapter 17 Change of Phase
ICI!1, Water, and Steam

All matter can exist in the solid, liquid, or gaseous phases. The solid phase normally exists at relatively
low temperatures, the liquid phase at higher temperatures, and the gaseous phase at still higher
temperatures. Water is the most common example, not only because of its abundance bllt WOO

because the temperatures for all three phases are common. Study 'Energy and Changes ot Phase"
in your textbook and then answer the following:

t. How many calories are needed to change 1 gram of O"C
ice to water? rm.~ ~t~TE~Jac / 0'<:;
_.JIll

2. How many calories are needed to change the temperature
of 1 gram of water by 1 'C? GJ ) G+~·~J

3. How many calories are needed to melt 1 gram of O'G ice
and turn it to water at a room temperature of 23'C? B }t?~ )l~·cl
_~ 23 GAL = 103 CAI.QBffi.S

4. A 5.0-.gram sample of ice at O."C.is. placed in. a.glass beaker. .~ ..
that contains 200 9 of water at 20'C. g'

a. How much heat is needed to melt the iCe? _!U!!lfl..cAl-..9J31ES
SINCE THERE'S 50 9 OF ICE, AND SO CAL IS REQUIRED
PER GRAM, HEAT REQUIRED IS 50 9 x (80 CALlg) '" 4000 CAL

b. By how much would the temperature of the water change
if it released this much heat to the ice?--BY,2Q~.c

c. What will be the final temperature of the mixture? (Disregard any heat absorbed by the glass
or giv,m oft by the surrounding air.)

-~
5. How many calories are needed to change 1 gram

of 100'C boiling water to 100'0 steam?

6. Fill in the number of calories at each step below for changing the phase of 1 gram of O'G ice to
100'C steam.

'lWIf'.
/uSE

~
100 CAt.. +

75

)
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Chapter 17 Chang.e of Phase
Ice, Water; and Steam-oontinued

7. One gram 01 steam at 100'C condenses. and the water ~ =\§j=> r;;:c!
cools to 22'C. ~ '/ t.:::J
a. How much heat is released when the steam condenses? ~A.~I1ll~S

b. How much heat is released when the water cools from 1OO'C to 22'C? --Z!!..C.A.I".QBlES
(SINCE WATER COOLS BY ree-c - 22'C ,,7a'C)

c. How much heat is released altogether? .--.918 CALORIES

8. In a household radiator 10009 of steam at 1OO'C condenses, and the water cools to 90·C.

a, How much heat Is released when the steam condenses? 540,000.cAL ,0\.., ~ r\() ~a
b. How much heat is released when the water cools from 100'C to oo'C? """'" m

./"
10,000 CALORIES

c. How much heat is released altogether?

9. Why is it difficult to brew tea on the top of a high mountain?

WATEB BOIl,SAT A LOWER TEMP AND GETS NOJiOmTJ:lANTHIs..:n:J>8f.

10. How many calories are given up by 1 gram ofl00'C steam that condenses to 100'C water?

_ 540 CALORIES

11. How many calories are given up by 1 gram of 100'C steam that condenses and drops in
temperature to 22'G water?

H:. How many calories, are given to a household radiator when lOOOgrams of 100'C steam
condenses, and drops in temperature to 90'C water?

1000 C;A!.ORIES (540 CA~+ floo.·C - woel '" 55Q,OOO QALOfll~~

l3. To get water from the ground, everl in the hotdesert, dig a hole abollt a half meter Wide and
a half meter deep. Pla~e a cup at the bottom. Spread a sheet of plastic: wrap over the hole .and
place stones along the edge to hold ft secure. Welghttheceliter of the plasfic with a stone so it
forms a Cane shape. Why will water collect in the cup? (i'>hY~i<;$ ca" save your life if you're ever

stranded in a desertl) EV,PORATED WATER ffiOI!llGBPJ!tlI£!!S TRAfPEP,ANP
P9JIJIJENSESQN UNDER$l.1J£
~
IlWCUP. IAIWGtIT,
GQMPEI\iSATION FROM Alf-L.
CQI.t.ECts ON TOP OF THf2_
PLASTIC.) ii'.' ".~'-;ff•.,ot!

~

••• ~ v•.••.. -. -.:..~. -"" ..~f/I-__-...•.•.-' ..••
-r "'-, ' .. ~- ,. .."~", ....' .." .... .;,

Y •• -. __ ': .••.••••• _ ..•• -
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Chaple.r 17 Change of Phase
Evaporation

'1. Why do you fool cold.,r wl",m you swim in a pool on a windy day?

YJlAIfflE.VAe.o:BAI~(l.1lMXQ!!llJM)j;ty F~rea_;,\JjQ
c.QQ_I.S_.1Q.!J.,. .. .__.... _ .. •

2. Why does your skin feel cold when a little rut1bing alcohol is applied
. to it?

Al&Q.t1QLfiAPJPJ.Y.l;Yj\j>Q8AIE!2.ANO QOOLS YOU. IN
fBQC=ES~S~ _

3. Briefly explain from a molecular point of view why evaporation is a cooling process

D1~E-EJ:i~Fl.G-n!G.AJ'J.l2£A.$.:taLM.Ql.,.e.Q.ut.~::u;Ji.Gt!ef.INI!UI:lfAl&

~.IAKE.!LWU!:i..n~f;.M.~Q.J)gs J\Y.l;RA~~QfJ'!fM.A!WNaM.Q!,eQ!.l.bt:s.

4 Whe~ hot water repidly evaporates. the result can be dramatic. Consider 4 9 of boiling water
spread over a la'ge surface so that 1 9 evaporates, Suppose further that th•• surface
and surroundings are very cold $0 that evaporation come from the remaining
3 gol water.

8. How many calories are taken. from each gram
of water that remains?

540 CALORIES
------- '" 180 CALORIES
---------~_._--------._ .._ ......•. _------

b. How many calories are released When 1 g 01
lOIJ'C water coots to O'(;?

c. How many caklries are reie>ls!>Qwhen 1 9 af
O'G water Ch.-.nges to O"C iCe'!

d. What happens in this case 10 the remaining 3 9
of boiling wate.r When 1 g rapidly evaporates?

It!t::..m;.~_~.L....-.-_

££AC!:iGBAM..QE.WAJMJ3t;l.E~_Sf.$_. _

:1J~IE$.!N.C.QQlJ.uM.ANtl.fll~!ll~
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Chapler 17 Change of Phase
Our Earth's HOt Jnt?J(ior

A major puzzle laced scientists onthe 1gm veicaooes
showed that FaIth is mollen b"n~ath rts crust. Pm,stl'ati<ln into
the crust by bore holes and mines showed that Earth's
temperature increases with Scientists found th",t heat
110W5 from the interior to the They assumed that the
source of Earth's internal heat was primordial. the afterglow of
Its fiery birth MeaSllremenls of cooling ral"'$ indicated a
relatIvely young E<lrth-some 25 to 30 miUions yews in age
But geological evidence indicat"d an older Earth. This puZzle
wasn't solved until the discovery of radiOactivity. Then it was
ieamoo that the iot"riat is kept hat by the energy of radioactive
decay. We now know ttle age 01 Earth is some 45 billions years-
a rnucn oider Earth.

)

All rock contains trace amounts of radioactive minerals. Those ineornmon granite ieleaSeel1etgY
at the rate IJ.G3 Jouleikilogram-year. Grantte at Earth's surface transfers this enerllY to the
surrowndingsas fast as it is generated, so we don·t riM granite wa'm to the !DUet1. BUI what if ".
sample of glan~e were thermaliy IMulated? That IS, Sllppose. the increase olintemal energy ''iue
10 I'adioactivity wer"conMinOO. Then it would How much? L.et's ligure It out using
700 jOulelkilogram kelvin as the soecinc heat granlt"

~~

c~:;;;,)
o~7,"'~- )

_ 79QQQQJlQ.03J1k.9~~$ °0, . . .

Questions to answer _ ~. . ~. : :..
1. How many years would it take a the-rmaJly insulated I-kg chunk V'

01 granite to uf'detgo a 1000 K increase in temperature? "r VV''-''

r;:;;I~·~Qster$:YS'~;;\
1 while electric ~rw.rg,y.$ $~pplied; i

and <loesn't <:001 until swHthed I
ofl .. Similarly, do yo~ think th~ I
errer\lY SQurce no", keeping the
6:ltfu hot will cne dc¥ suddenly
switch off like Q disc.aOlletted
rooster - Of gr-oduolly dec"t'Ose
wer Q long time?

Calculations to tnske:
1 How many Joules are required to Increase the temperature of 1 kg

of granite by 1000 K?

2. How many years would rt take radioactive decay in a kilogram 01
granite to produce this many Joules?

2 How many 'yea,rs rt II)Ke a thel maUy insutated Me-
undergo at 000 I<mil!iion-kik~n~m(..11Uf'lk

increase

SAME
LW£..ELCQRR£SPONDlMgly,mR'AruAnQN1-

3. Why are yOU! answers to the above the same (0' different)?
Itm.&NEBQ;Y R!ilJj:ASeP PER KG IS lHESAME EOC!:l.-
M!~~!i!im!~§J\IE~.MQBltAWL~alJ'§;
Ilif. ..MM~~<U:tA~l'lMlUfj.I.li'MP.~_

(Falre) pJoduee4 by E.Mh rliKHoaclivily
be-:;Q"i"sWm"sl,Jalri!:d.iation.
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Chapter 18 Thermodynamics
Absolute Zero

'TABLE I
TEMP. ('c)

o
25
50
75

lOO

~
(:J

=- ~:AT~~..--'_.-
..••50

.•••• 40

30
20
10

A mass of air is contained so that the volume can change but the pressure
remains constant Table I shows air volumes at various temperatures when
the air is warmed slowly.

1. Plotthe data in Table I on the graph and connect the points.

VOLUME ( •• l)

50
55
60
6S
10

VOlUME ( ••l)
10
so

- ,.." -200 - 100 0 SO 100
TEMPERATURE (Oc)

2. The graph shows how the volume of air varies with temperature at constant pressure. The
straightness of the line means that the air expands uniformly with temperature, From your
graph, you can predict what will happen to the volume of air when it is cooled.

Extrapolate (extend) the straight line of your graph to find the temperature at which the volume
of the air WOUld become zero. Mark this point on your graph. Estimate this temperature: ~

3. Mhough air would liquefy before ooollng to this temperature, the procedure suggests that there
is a lower limit to how cold something can be. This is the absolute zero of temperature.

Careful experiments show that absolute zero is -273 "C.

4. Scientists measure temperature in kelvins instead of degrees Celsius, where the absolute
zero of temperature is 0 keMns. If you relabeled the temperature axis on the graph in
Question 1 so that it shows temperature in kelVIns, would your graph look like the one below?

...--.ro

:::: llIt
-4-60

~ 50~:
ZO

10

o 273 373
TEMPfAAiURE (K)
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Chapter 19 Vibrations and Waves
Vibration and Wave Fundamentals

A sine curve that represents a transverse wave is drawn below. With a ruler, measura the
wavelength and amplitude of the wave.

a. Wavelength = ~ '.5 IF r"',' ?.o.6oEI~ '",,'"'" ti 1111'''GIliS

J. 'I "
b. Amplitude = ..--1..3....!<m

2. A kid on a playground swing makes a complete to-and-fro
swing each 2 seconds. The frequency of swing is

~1 hertz) [2 hertz]

and the period is

[0.5 seconds] [1 secondlQ seconID

3. Complete the statements,

"{HE PERiOD OF A
440· HERTZ SOUND(~f~·~~n

A MARINE WEATHEII. STATION REPO/tfS
WAVES ALONG THE SHORE THAT MI.£
8 ~CONOS APART. "11€ fREGlUENCY
(lI: THEvaAVE:S IS THEREFORE

• HERTZ.

4. The Mn0l',ng sound from a mosquito is procuced when it beats its wings at the average rat"
of 600 wing beats per second.

a. What is the frequency of the sound waves?
»r )\\(y. ~))

b. What is the wavelength?

(Assume the speed of sound is 340 m/s) @
--.ll5Lm A.= 340mfs

600Hz

RI

)
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Chapter 19 Vibrations and Waves
Vibration and Wave Fundamentals-continued

5. A machine gun fires 10 rounds per second
The speed of the bullets is 300 m/so

a. What is the distance in the air between the flying bullets? --3llJn

PISTANCE BETWEEN BULLETS PECREASES

b. What happens 10 the distance between the bullets if the rate of fire is increased?

6. Consider a wave generator that produces 10 pulses per second. The speed of the waves is
300cmls.

a. What Is the wavelength of the waves? ~

b. What happens to the wavelength if the frequency of pulses is increased?

),.PECREASES, JUST AS DISTANCE BETWEEN BULLETS IN #5 DECREASES.

a. what is the speed of the waves?

7. The bird at the right watches the waves If the portion of a wave between 2 crests passes the
pole each second,

b. what is the period of wave motion?

c. If the distance between crests were 1.5 meters
apart. and 2 crests pass the pole each second.
what would be the speed of the wave?

y =f},,=2x 1.5 =3 mls

d. What would the period of wave motion be for 7.c ?

SAME/O,5l1)

8. When an automobile moves toward a
listener. the sound of its horn seems
relatively

[IOW PitChed~ [normal]

and When moving away from the listener.
its horn seems

~ [high pitched] [normaij.

9. The changed pitch of the Doppler effect
is due to changes In wave

82

[spee<!frequen~ [both] .
..J....,f
1i;•••;tl

)
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Chapter 19 Vibrations and Waves
Shock Waves

The cone-shaped shock wave produced by a supersonic aircraft is actually the result of overlapping
spherical waves of sound, as indicated by the overlapping circles in Figure 19.19 in your textbook.
Sketches a through e belOW show the "animated" growth of only one of the many spherical
sound waves (shown as an expanding circle in the two-dimensional drawing).

c

The circle originates when the aircraft is in the position
shown in a.

Sketch b shows both the growth of the circle and position
of the aircraft at a later time.

Still later times are shown in c. d. and e. Note that the
circle grows and the aircraft moves farther to the right.
Note also that the aircraft is moving farther than the
sound wave. This is because the aircraft is moving faster
than sound.

Careful examination will reveal how fast the aircraft is
moving compared to the speed of sound. Sketch e shows
that in the same time the sound travels. from 0 to A, the
aircraft has lraveled from 0 to B-twice as far. You can
check with a ruler.

Circle the answer:
1. Inspect sketcnss band d. Has the aircraft traveled twice

as far as sound in the same lime in these posltions also?

~[NO]

2. For greater speeds. the angle of the shock wave would be

83
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Chapter 19 Vibrations and Waves
Shock Waves -conlinued

3. Use a ruler to estimate the speeds of the aircraft that produce the shock waves in the two
sketches below.

Q

Aircraft a Is traveling about ~ times the speed of sound.

Aircraft b is traveling about----3..!l.- times the speed of sound.

4. Draw your own circle (anywhere) and estimate the speed of the aircraft to produce the shock
wave shown below:

The speed Is about --L.. limes the speed of sound.

5. In the space below, draw the shock wave made by a supersonic missile that travels at four
times the speed of sound.

I
I

)
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Chapter 20 Sound
Wave Super position

A pair of pulses travel toward each at equal speeds. The composite waveforms, as they pass through
each other and interfere, are shown at 1-second intervals. In the left column note how the pulses
interfere to produce the composite waveform (solid line). Make a similar construction for the two wave
pulses in the right column. Like the pulses in the first column, they each travel at1 space per second.

PRACTICE PAGE

toas

t=IS

t-z s

t=4's

t·s"S .

thonx t. Marshall Ellenstein

)
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Chapter 20 Sound
Wave Superposition-ronllnued

PRACTICE PAGE

Construct the composite waveforms at 1-second intervals for the two waves traveling toward
each other at equal speed.

.r-os

t=IS

t'25

t'45

6· ..·····;(\·" .. ~ ~.,.
~~ :\7..,. .. .. . .. ... .. ,.. ..~· ..··A ., . . . . .

\7~.• • • • •• • f ••••• • ••. . . . .. . ..

'6~'· .. ,. .

V V· . .. .• .. ..· . . .. .
A~. .. .. ",'" ..

~' 2.• .• .• .•.• .• I .• .•.• .• .•=.' .
-,

"

t·ss-----_~..__.~_:...,..>.~.-'-._~__ ~ _

'.

.'

) )
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Chapter 22 Electrostatics
StBtlc Charge

1. Consider the diagram below.
a. A pair of insulated metal spheres. A and B, touch each other, so in effect they form a single

uncharged conductor.
b. A pos~ively charged rod is brought near A, but not touching, and electrons in the metal sphere

are attracted toward the rod. Charges in the spheres have redistributed, and the negative
charge is labeled. Draw the appropriate + signs that are repelled to the far side of B.

c. Draw the signs of charge when the spheres are separated While the rod is still present, and
d. alterthe rod has been removed. Your completed work should be similar to Figure 22..7

in the textbook. The spheres have been charged by induction.

2R~~UU
a bed

2. Consider below a single metal insulated sphere, (a) Initlally uncharged, When a negatively charged
rod is nearby, (b), charges in the metal are separated. Electrons are repelled to the far side. When
the sphere is touched with your finger, (c), electrons flow out of the sphere to Earth through your
hand, The sphere is "grounded: Note the positive charge remaining (d) while the rod is still present
and your finger removed, and (e) when the rod is removed. This is an example of charge induction
by grounding. In this procedure the negative rod "gives" a positive charge to the sphere.

S( ~2:C~~.. ~£..+ 2++- + ~ + ++

'='
a b c d

The diagrams below show a similar procedure with a positive rod. Draw the correct charges tor
a through e

2~Si~~~£2
a b d
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Chapter 22 Electrostatics
Electric Potentllll

!1=

PRACTICE PAGE

Just as PE (potential energy) fi
transforms to KE (kinetic energy)
for a mass lifted against the
gravttatlonal field (left). the electnc PE + •
PE of an electnc charge transforms

to other forms of energy when It 1 ~
changes location In an electric
field (right) When released, how
does the KE acquired by each
compare to the decrease ,n PE? G

KE = PECREASE IN PE

Complete the statements:
2. A force compresses the spring. The work done in compression

is the product of the average force and the distance moved.
W = Fd. This work increases the PE of the spring.

Similarly, a force pushes the charge (eau it a test charge) closer
to the charged sphere. The work done in moving the test charge

is the product of the average ~f...- and the DISTANCE ~

moved. W = B!. . This work INCREASES the PE of
the test charge.

At any point, a greater quantily of test charge means a greater amount of PE, but not a greater
amount of PE per quantity of charge. The quantities PE (measured In joules) and PE/charge
(measured in vottsl are different concepts.

By definition: Electric Potential = ~ . 1 volt = 1 joule/coulomb.
charge

3. Complete the statements:

4. If a conductor connected to the terminal of a battery has a potential of 12 volts, then each couiomb

of charge on the conductor has a PE of ~ J,

5. Some peeple are confused between force and pressure, Recall that pressure is force per area,
Similarly, some people get mixed up between electric PE and voltage, According to this chapter,

voltage is electric PE per

.\

j

CHARGE
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Chapter 23 Electric Current
Flow of Charge

a, The unit of electric potential difference is

Q [ampere) [ohm] [watt]

b. It is common to call electric potential difference

<Eoltag~ [amperage] [wattage],

c. The flow of electric charge is called electric

[Voltage~[power]

1. Water doesn't flow in the pipe when
both ends (a) are at the same level
Another way of saying this is that
water will not flow in the pipe when
both ends have the same potential
energy (PE). Similarly, charge will
not flow in a conductor if both ends
of the conductor are the same eiectric
potential. But tip the water pipe, as
in (b), and water will flow. Similarly,
charge will flow when you increase
the electric potential of an electric
conductor so there is a potenbal
difference across the ends.

and is measured in

[VOIIS]~ [ohms] [watts].

VOLTAGE (THE CAUSE) PRODUCES CURRENT (THE EFFECl).

Comp/ete the statements:
2, a. A current of 1 ampere is a flow of charge at the rate of ONE coulomb per second,

b. When a charge of 15 C flows through any area in a circuit each second, the current is -1L A.

c. One volt is the potential difference between two points if 1 joule of energy is needed to move

ONE coulomb of charge between the two points.

d. When a lamp is plugged into a 120-V socket, each coulomb of charge that flows in the circua
is raised to a potential energy of ---1.2lL- joules,

e, Which offers more resistance to water flow, a wide pipe or a narrow pipe? NARROW PIP!;

THIN WIRE

Similarly, which offers more resistance to the flow of charge, a thick wire or a thin wire?

\

/ )
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Chapter 23 Electric Current
Ohm's Law

1 How much current flows in a tuoo-onm resistor
when 1.5 volts are impressed across it?

0.0015 A

2. If the filament resistance in an automobile
headlamp is 3 ohms, how many amps does it
draw when connected to a tz-voft battery?

4A

3. The resistance of the side iighte on an automobile
are 10 ohms. How much current flows in them
when connected to 12 volts?

124

4. What is the current in the 30-ohm heating coil of
a coffee maker that operates on a 120-vott circuit?

5. During a lie detector test, a voltage of 6 V is impressed across two fingers. When a certain
question is asked. the resistance between the fingers drops from 400,000 ohms to 200,000 ohms.

a. Whatis the current initially through the fingers? __ 0 000015 A (15 pAl

b. What is the current through the fingers when the resistance between them drops?
0.000030 A (30 pAl

6. How much resistance allows an impressed voltage of 6 V to produce a current of 0.006 A?

7. What isthe resistance of a clothes iron that draws a current of 12 A al120 V?

8. What is the voltage across a 100-ohm circuit element that draws a current of 1 A?

9. What voltage Will produce 3 A through a ts-onm resistor?

10. The current in an incandescent lamp is 0.5 A when connected to a 120-V circuit. and
0.2 A when connected to a lo-V source. Does the resistance of the lamp change in these
cases? Explain your answer and defend it with numerical values.

YES, RESISTANCE INCREASES WITH HIGHER TEMP OR GREATER CURRENT.
AT 02 A. R = 10 YIll2 A = 50 Q; AT o.s A R •• 120 YIll.5A = 240 Q
(APPRECIABLY GREATER)

<)()

)
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Chapter 23 Electric Current
Electric Power

Recall that the rate at which energy is converted kom one form to another is power.

Power = anergy converted = voltage x charge = vanege x charge = voltage x current
time time time

The unit of power is the wett (or kilowatt). so in units form.

Electric power (wetts) = current (amp9fes) x vonage (volts), where 1 watt = 1 ampere x 1 volt.

,...." TIIIIT'S RiGHT-·· VOLTAGE' ENERGY SO ENERGY' VOl,lA6E • CHARGE ,.,

~

• 0 <;» CAAR6E • CIIARG£ _,o AND ~: CURREHT ; NEAT ~~
A lOO·WATT llUlB CONVWS

ElECTlIC EHERGY IHTC HEAT
1. What is the power When a voltage of 120 V drives AND LlGIlT MOIlI: QUICKlY THAN

a 2-A current through a device? A 25'WATI 8UL6. THAT'S WHY
fOR THE SAME IIOt.TAGEA tOO-WAIl'

SULB 6J..OWS BRiGHTER THAN A
25 - WATT BULB!

2. What is the current when a 60-W lamp is connected
to 120 V?

3. How much current does a 1OO-W lamp draw when
connected to 120 V?

4. If part of an electric circuit dissipates energy at 6 W when it
draws a current of 3 A. what voltage is impressed across it?

5. The equation

power = energy converted

time

WAll'S HAPPENING?

rearranged gives energy converted = POWER x TIME

6. Explain the difference between a kilowatt and a kilowatt-hour.

A KILOWATT is A UN!T OF POWER' Kw-HOUR IS UNIT Of ENERGY (POWER x TIME)

7. One deterrent to burglary is to leave your front porch light constantly on. If your fixture contains a
60-W bulb at 120 V, and your local power utility sells energy at 10 cents per kilowatt-hour. how much
will it cost to leave the light on for the entire month? Show your work on the other side of this page.

E", P x 1=6QWx 1 roo x 30 dUN roOx 24 hl1 day x 1 kW/lOOOW =43.2 kWh
MULTIPLY BY $Q.101kWh '" $4.32
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Chapter 23 Electric Current
Series Circuits

•
CONCEPTUAL PRACTICE PAGE

--L- A.

Chapter 23 Electric Current
Psrsllel Circuits

1. In the circuit shown at the right, a voltage of 6 V
pushes charge through a single resistor of 2 Q.
According 10Ohm's law, the current in the resistor
(and therefore in the whole circuit) is

2Jl.

o 1. In the circuij shown below, there is a voltage drop of 6 V across
each 2 Q resistors.

2.n
2. Two 3-~,resistors and a &-V battery comprise the circuit on

the right. The total resistance of the circulI is _.ll..- 'l.

The current in the circuk is then --.1...- A.

3. The equivalent resistance of three 4-'l resistors in series would be

a By Ohm's law, the current In
each resistor IS ~ A

4. Does current Now through a resistor, or across a resistor? THROUGH

Is Voltage established through a resistor, or across a resistor? ACROSS
b, The current through the battery is the sum of the currents in the resistors, --.-6...- A.

c Fill in the current in the eight blank spaces in the diagram above of the same circuit.
5. Does current in the lamps of a circuit occur simultaneously, or does charge flow first through

one lamp, then the other, and finally the last in turn? 2. Cross out the circuit below that is not equivalent to the circuit above.

SIMULTANEOUSLY (SPEED OF LlwtD

6, Circuits a and b below are identical with all bulbs rated at equal wattage (therelore equal resistance).
The only difference between the circulis is that Bulb 5 has a short circuij, as shown.

2A
3. Consider the parallel circuit at the right.
a The voltage drop across each resistor is

Q 4.5 V --A.- v.
a. In which circuit is the current greater? b b. The current in each branch is: 1.0.

2-1, resistor ~ A.

2-(l resistor ~ A.

I1-0 resistor --A.- A. bV

b. In which circuit are alllhree bulbs equally bright?

c. Which bulbs are the brightest? _ 4AND6

d. Which bUlb is the dimmest? 5 (NOT LID

4 AND 6 /2,25 V EACH)

b (GREATER CURRENL
SAME VOLTAGE)

b (MORE POWER)..&L~tt'
-:!ii.,;f': d. The equivalent resistance of the circuit equals ~ O.

e. Which bulbs have the largest voltilge drops across them?
c. The current through the battery equals the sum 01 the currents which

f. Which circuit dissipates more power?
equals --l2..-.... A.

g. Which circuit produces more light?

93 94
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Chapter 23 Electric Current
Circuit Resistance

Fig~.Irewhat t~ r-esistences. are, thw show th~ir
';(1lues in-the bkmk5 to the left (Jf fXlch. klmp.

All circuits below have the same lamp A wrth resistance 01 6 !~,and the same 12-volt
battery with neglIgible resistance. The unknown resistanees 01 lamps B through L are
such that the current in lamp A remains 1 ampere. Fill in the bl&nks'

Circuil a: How much current flows through

the battery? _L- A

Circuit b. Assume lamps C and Dare
identical. Current through lamp D is
~A.

Circuit c: Identical lamps E and F replace
lamp D. Current thro\l9h lamp C is

~A.

Circuit d. Lamps G and H replace lamps E
and F, and the resistance of 'amp G is
twice Illat 01 lamp H Current through
lampHis ~ A

Hondy rste: F(wc pair- ef t'e;:l~s:tJ)(:S if'! pcrellel:

pr-cdcct of f'tSJ$~Ol"(:$

fqt,li\IQttl\t' 1"~i$to,rl(:I::;o SUl1\ of f'e:;i~tClfl'l(:es-

Circuit e: Identical lamps K and L replace lamp H. Current through lamp L is ~ A.

The equivalent resistance of a circuit is the value 01 a single resistor that will replace all
the resistors of lhe clrcurt 10' produce the same load on the battery. How do the eqpivalent
rsslstancss of the circuits a through e compare?

ALL SAME, 12 sa (TIiE'LM!.!.SlilE fOR SAME l-A.mlRRENI IN BATIfJID
-!Lilt .•.
-J);!W11,f

95
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Chapter 23 Electric Current
Electric Power in Circuits

The table beside Circuit a below shows the current through each resistor, the voltage across each
resistor, and the, power dissipated as heat in eaCh resistor. Find the similar correct values for Circuits
b through a, and write your answers in the tables shown.

CURRENT IN EACH BRANCH '" VOLTAGE DROP ACROSS 6RAN~
eQUIVALENT RESISTANCE OF BRANCH

RESISTAACf CURRENT" VOtTAGE e POWER
'2..0. "2 A 4V ew
4.11 2.A 8v 16W
6.0. 2A 12V 'lAw

6.0.

u .. ._~Lu'l ...,__.".._. ..,.
tu

RESISTANCE CURRENT" VOlTAGE" powER
1ft "'LA I 7..V \4w
2ft 1..A I 4V I -a V'1

b 6 V

E>J1.
RESISTANCf CURRE&r" VOLTAGE: POWER

6J1 lA I bl/ I {,W
3.n. 7-A I bV 11'2..'1-/

RESISTANCE
'2..Q

2J1.
1 J1.

" VOlTAGE: POWER
"5\' 4.5 W
"SV 4.5w
3\1 '1 W

d 6v

NOTE THAT TOTAL POWER DISSIPATED BY ALL RESISTORS IN A CIRCUIT EQUALS
THE POWE.R SUPPl..IEO.BY THE BA ITERY (VOLTAGE>< CURRENT THRU ~;m:rERY)

~ •.•~!
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Chapter 24 Magnetism
Magnetic Fundamentals

repulsion of magnets depends on their magnetic POLES

Fill in the blanks:
t. Attraction or repulsion of charges depends on their signs, positives or negatives. Attraction or

NORTH or~.

2. Opposite poles attract; like poles REPEL

MOTION of electric charge.3. A magnetic field is produced by the

4. Clusters of magnetically aligned atoms are magnetic POMAINS.

5. A magnetic FIELD surrounds a current-carrying wire.

6. When a current-carrying wire is made to form a coil around a piece of iron, the result is an

ELECTROMAGNET.

7. A charged particle moving in a magnetic field experiences a deflecting

that is maximum When the charge moves PERPENDICULAR

FORCE _.~ that is maximum when the wire

to the field.

8. A current-carrying wire experiences a deflecting

and magnetic field are ~ to one another.

9. A simple instrument designed to detect electric current is the

calibrated to measure current, it is an AMMETER , when calibrated to measure voltage,

GALVANOMETER

it is a VOLTMETER.

10. The largest size magnet in the world is the WORLP (OR EARTH)

-r

/

FORCE

i1sell.

; when
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Chapter 24 Magnetism
Magnetic Fundamentals-continued

11. The illustration below is similar to Figure 24.2 in your textbook. Iron filings trace out patterns
of magnetic field lines about a bar magnet In the field are some magnetic compasses. The
compass needle in only one compass is shown. Draw In the needles WIth proper cnentanon
in the other compasses.

12. The illustration below is similar to Rgure 24.10b in your textbook. Iron filings trace out
magnetic field pattern about Ihe loop of current-carrying wire. Draw in the compass needle
orientations for all the compasses.

.L"t•.,
~1W11.

)
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Chapter 25 Electromagnetic Induction
Faraday'S Law

Circle me correct answers:
1. Hans Christian Oersted discovered that magnetism and

and electricity are

~ (Independent of each other].

, Magnetism is produced by

[batteries] ~n of electric charge0

Faraday and Henry discovered that electric current can be
produced by

(batteries] <IiiiQtlon of a ma9;ii::>

[batterie

More specifically, voltage is induced in a loop of wire
~ there is a change in

magnetic field in the loop].

This phenomenon is called

[electromagnetism electromagnetic induction].

2, When a magnet is plunged in and ol,ltof a coil of wire, vo~age is induced in the coil, If the rate at
the in-and-out motion of the magnet is doubled, the induced voltage

~ (halVes] [remains the same].

If instead the number of loops In the coil is doubled, the induced voltage

<@o~le]) [halves) [remains the same],

3, A rapidly changing magnetic field in any region of space induces a rapidly changing

~ [magnetic field] (graVitationalfield]

which in turn induces a rapidly changing , Q() ~l..a.
~ [electric field) [baseball field]. .c:

This generati<)nand regeneration of electric and magnetic fields make up

@?magnetic w, [sound waves! (both of these],

99
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Chapter 25 Electromagnetic Induction
Transformers

Consider a simple transformer that has a lOO-turnprimary coli and a 1aaO-turnsecondary coil, The
primary is connected to a 120-V AC source and the secondary is connected to an electrical device
with a resistance of 1000 ohms,

1. What will be the voltage output of the secondary?

2. What current flows in the secondary circuil?

--1.2 A.

3. Now that you know the voltage and the current,
what is the power in the secondary coli?

-lli.Q w,

4. Negiecting small heating losses, and knowing that energy
is conserved, what is the power in the primary coil?

5, Now that you know the power and the vo~age across the
primary coil, What is the current drawn by the primary coil?

Circle the answers:
6, The resuns show voltage is steppeG£j) [down] from primary to secondary, and that

current is correspondingly stepped [up)

because the magnetic field within the iron core

mu~ntlnuallY cha~[remain steady).
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Chapter 26 Properties 01 Light
SPHd. Wavelength, and Frequency

The first investigation that led to a determination 01the speed of light was performed in about
1675 by the Danish astronomer Olaus Roemer. He made careful measurements of the period
of 10,a moon about the planet Jup~er, and was surprised la find an Irregularity In le's observed
period. While Earth was moving away from Jupiter, the measured periods were slightly longer
than average. While Earth approached JUpiter, they were shorter than average. Roemer
estimated that the cumulative discrepancy amounted to about 16.5 minutes. Later interpretations
showed that what occurs ;s that light takes about 16.5 minutes to travel the extra 300,OOO,OOO·km
distance across Earth's orbh. Aha! We have enough information to calculate the speed of light!

e MllON 10

JUPITER
a. Wr~e a formula for speed in terms of the distance traveled

and the time spent traveling that distance.

dv = - :;::
t

300.000.000 km
16.5 mln

EARTH

bUsing Roemer's data, and changing 16.5 minutes to seconds,
calculate the speed of light.

16,5 mln x 60 s = 990 s
1 mln

EARTH
SIX

MONTHS
LATER

'-' 300,000,000 km = 3 x 106 km = 3 x 108 .!!!.
990 S 8 S

Study Figure 26.3 in your textbook and ~ing:
2. a. Which has the longer wevelength~ Plght waves].

b. Which has the longer wavelengths?

c. Which has the higher trequencie nfrared waves].

d. Which has the higher frequencies? [u~ravlolet waves] ~ma ra;i>

Carefully study the $6Clion 'Transparent Materials" in your textbook and answer the following:
3. a. Exactly what do vlbratlng electrons emit?

ELECTROMAGNEDC WAVES

b. When uttravlolet light shines on glass, what does It do to electrons in the glass structure?

c. When energetic electrons in the glass structure vibrate against
neighborlng atoms, what happens to the energy of vibration?

BECOMES THERMAL ENERGY (HEAD

d. What happens to the energy of a vlbrating electron that does
not collide with neighboring atoms?

EMlmp AS LIGHT

101
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Chapter 26 Properties 01 Light
Speed, Wavelength. and Frequency-continued

e. Light in which range of trequencies is absorbed in glass? lvisibleJ~

f. Light in which range 01frequencies is transmitted through glaSS~u~ravlolet).

g. How is the speed 01light in glass affected by the succession of time delays that accompany
the absorption and re-emission of light tram atom to atom In the glass?

THE AVERAGE SPEED OF LIGHT IS LESS IN GLASS THAN IN AIR

h. How does the speed of light compare in water, glass, and diamond?

SPEED OF LIGHT IS 0 75c IN WATER' 0 41c IN A DIAMOND

4. The Sun normally shines on both Earth and Moon. Both cast Shadows. Sometimes the Moon's
shadow falls on Earth, and at other times Earth's shadow fells on the Moon.

a. The sketch shows the Sun and Earth. Draw the Moon at a position for a solar eclipse.

b. This sketch also shows the Sun and Earth. Draw the Moon at a position for a lunar eclipse.

5. The diagram shows the limits 01 light rays when a large lamp mekes a shadow of a small object
on a screen. Make a sketch of the shadow on the screen, shading the umbra darker than the
penumbra. In what part of the shadow could an ant on the screen see part olthe lamp?

PENUMBRA

'()RAW
COMPLETE
$HAOOWOFI'L. APPlE OH

SC~N

102
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Chapter 27 Color
Color Addition

PRACTICE PAGE

The sketch to the right shows the shadow
of an instructor in front of a white screen
in a dark room. The light source is red,
so the screen looks red and the shadow
looks black. Color the sketch, or label
the oolors With pen 01 pencil.

A green lamp is added and makes a
second shadow. The shadow cast by
the red lamp is no longer black, but is
illuminated by green light. So it is green.
Color or mark it green. The shadow
cast by the green lamp is not black
because it is illuminated by the red lamp.
Indicate its color. Do the same Ior the
background, which receives a mixture
of red and green light.

A blue lamp is added and three shadows
appear. Indicate the appropriate colors
of the shadows and the background.

The lamps are placed closer together
so the shadows overlap. Indicate the
colors of all screen areas.

)
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Chapter 27 Color
Color Addition-continued

If you have calored markers or pencils, have a try at these.
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Chapter 28 Reflection and Refraction
Pool Room Optics

The law of reflection for optics is useful in playing pool. A ball bouncing off the bank of a pool table
behaves like a photon reflecting off a mirror. As the sketch shows, angles become straight lines
with the help of mirrors. The diagram shows a top view
of this, with a flattened "mirrored" region. Note that the angled
path on the table appears as a straight line (dashed) in the
mirrored region. Mimr

Consider a one-bank shot (one reflection) from the ball
to the north bank and then into side pocket E

rJ F'
jf

'"'"'"
'"'"/

'"
'"'"

"

l-
f

I

D E:
a. Use the mirror method to construct a straight line path to mirrored E'. Then construetthe actual

path to E.
b. Without using oft-oenter strokes or other tricks, can a one-bank shot off the north bank put the

ball in corner pocket F? NO; IT WOULP GO INTO 81 Show why or Why not using the diagram.

~!;f'!
10.<;

J

CONCEPTUAL WJ/c PRACTICE PAGE

Chapter 28 Reflection and Refraction
Pool Room OptIcs-continued

A

A'
A'

2. Consider the left
diagram, a two-bank
shot (2 reflections)
into corner pocket
F. Here we use 2
mirrored regions. D' \
Note the straight

\ \{
line of sight to F",
and how the north-, \ bank impact point\1 matches the inter- A\ section between

, B B' andC'. p(
I C,

\6,,0 ,
C" a. On the same

\
diagram to the left,

\ \ construct a similar
0"

\ path for a two-bank

\ shot to get the ball
D'"\. in the side pocket E.

E"

1="

F'"

£:,
\ t

\'
'i
~O

3 \

\ I

\,
\

\

c'

c"

D

3. Consider above right, a three bank-shot into corner
pocket C, first bouncing against the south bank, then
to the north, again to the south, and into pocket C. e: c"

a. Construct the path. (First construct the single dashed line to C'''.)

b. Construct the path to make a three-bank shot into side pocket B.

4. Let's try banking from adjacent banks of the table. Consider a two-bank shot to corner pocket F
(first off the west bank, then to and oft the north bank, then into F). Note how our two mirrored
regions permit a straight-line path from the ball to F"

F" E" D"

c"
C'

r
IOr,

\
/ )
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Chapter 28 Reflection and Refraction
Reflection

Abe and Bev both look in a plane mirror directly In front of Abe (ieft view). Abe can see himself
while Bev cannot see herself-but can Abe see Bev, and can Bev see Abe?

_____ ......-MIRROR

~
gBEV

To find the answer, we construct their artificial locations "through" the mirror, the same distance
behind as Abe and Bev are in front (right view). If straight·line connections intersect the mirror,
as at point C, then each sees the other. The mouse, for example, cannot SBe or be seen by Abe
and Bev (because there's no mirror In its line of sight).

Here we have eight students in front
of a small plane mirror. Their positions
are shown in the diagram below. Make
appropriate straight·line constructions
to answer the following:

Abecan see
Bey can see
Ciscan see
Oon can see
Evacan see
Flo can see
Guy can see
Han can see

EVA.ELO.GUY,HAN
DON->HAN
CIS -'" HAN .__ .•_

BEY -'" GUY •..
ASE -",FLO
ASE->EVA
ABE->DON
ABE BEY CIS

Abe cannot see
Bev cannot see
Cis cannot see
Don cannot see
Eva cannot see
Flo cannot see
Guy cannot see
Han cannot see

107
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Chapter 28 Reflection and Refraction
Reflection-continued

Six of our group are now arranged differently in front of the same plane mirror. Their positions
are shown below. Make appropriate constructions for this interesting arrangement, and answer
the questions provided below:

Who can Abe see?
Who can Bey see?
Who can Cis see?
Who can Don see?
Who can Eva see?
Who can Flo see?

t> .

B

A

ABE

DON

EYA ._ .._ ... _.
EVA,FLO
CIS DON,EVA ELO
CIS DON EYJL.. . __

ABE.BEV.CIS,DON.EVA
BEV CIS

Who can Abe not see?
Who can Bev not see?
Who can Cis not see?
Who can Don not see?
Who can Eya not see?
Who can Flo not see?

EVERYONE ELSE
EYERYONE ELSE
APE. BEY
APE BEY.FLO
ELO

A.BE DON. EVA, EI.Q

Harry Hostshot views himseif
in a full·length mirror (right).
Construct straighlllnes from
Harry's eyes to the image of
his feet, and to the top of hi.
head. Mark the mirror to
Indicate the minimum area
Harry uses to see a lull yiew
of himself.

Does this region of the mirror depend on Harry's distance from the mirror? ---ro2
108
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Chapter 28 Reflection and Refraction
Reflected Views

1.The ray diagram below shows the extension 01 one of the reflected rays from the plane mirror

,/
./

Comp/ele the above diagram:
a. Carefully draw the three other rellected rays.
b. Extend your drawn rays behind the mirror to locate the image of the flame.

(Assume the candle and image are viewed by an observer on the left.) ~ ~
o

2. A girl takes a photograph of the bridge
as shown. Which of the two sketches
below correctly shows the reflected
view otthe bridge? Defend your
answer.

Tttfi: RIGHT=SIDE YIEW IS CORRECT SHOWING THE UNDERSlpe OF BRIDGE, OR
WHAT YOUR EYE WOULD SEe IFAS EAR BELOW THE REFLECDNG SURFACE AS
IT IS ABOVE, (PLACE A MIRROR ON THE FLOOR IN FRONT OF A TABLE STUPENTS
WILL SEe THAT THE ~~ELEC~D VIEW Of THE TABLE SHOWS ITS ~';;W'I

,wit!
109
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Chapter 28 Reflection and Refraction
More Reflectloll

1. light from a flashlight shines on
a mirror and illuminates one of
the cards. Draw the reflected
beam to indicate the illuminated
card.

MII(ROR ~\

OBJECT 0

MIRROR

2. A periscope has a pair of mirrors in it.
Draw the light path from the object "0"
to the eye of the observer.

3. The ray diagram below shows the reflection of one of the rays that strikes the parabolic mirror.
Notice that the law of reflection is obeyed, and the angle of incidence (from the normal, the
dashed line) equals the angle of reflection (from the normal). Complete the diagram by drawing
the reflected rays of the other three rays that are shown. (Do you see why parabolic mirrors are
used in automobile headlightS?)

Be the first to invent 0 surface
that is 100% reflectIng!

110
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Chapter 28 Reflection and Refraction
Refraction

1. A pair of toy cart wheels are rolled obliquely from a smooth surface onto two plots of grass-a
rectangular piot on the left, and a triangular plot on the right The ground is on a slight inciine
so that after slowing down in the grass, the wheels speed up again when emerging on the
smooth surface. Finish each sketch and show some posmons of the wheels inside Ihe plots
and on Ihe other side. Clearly lndlcate their paths and directions of travel.

~:.:.:.:.'. -: ."

:. '. ".' .

2. Red, green. and blue rays of light are incident upon a glass prism as shown beiow. The average
speed of red light In the glass Is less than In air, so the red ray is refracted. When it emerges into
the air it regains its original speed and travels in the direction shown. Green light takes longer to
get through the glass. Because of its slower speed it is refracted as shown. Blue light travels
even siower in glass. Complete the diagram by estimating the path of the blue ray.

3. Below we consider a prism-shaped hole in a piece of glass-that is, an "air prism." Complete Ihe
diagram, showing likely paths of the beams of red. green, and blue light as they pass Ihrough this
"prism" and then Into glass.

CONCEI'WAl PRACTICE PAGE

Chapter 28 Reflection and Refraction
Refraction-continued

4. Light of different colors diverges when emerging from a prism. Newton showed that with a
second prism he could make the diverging beams become parallel again. Which placement
of the second prism will do this?

~~
5. The sketch shows that due to refraction, the man sees the fish closer 10 Ihe water surface than

it ael ally is.

a. Draw a ray beginning allhe fish's eye to show the line of sight of the fish when It looks upward
at 50' to the normal at the water surface. Draw the direction of the ray after it meets the surface
of water.

b. At the 50· angle, does the fish see the man, or does It see the reflected view of the starfish at
the bottom of the pond? Explain.
FISH SEES REFLECTED VIEW OF STARFISH (50' ;. 48" CRITICAL ANGLE. SO
THERE IS TOTAL INTERNAL REFLECDON).

c. To see the man, shouk!the fish look higher or lower than the 50· path? HIGHER. SO UNE OF
SIGHT TO THE WATER IS LESS THAN 48' WITH NORMAL

d. If the fish's eye were bareiy above the water surface, it would see the wortd above in a 180·
view. horizon to horizon. The fisheye view of the world above as seen beneath the water,
however, is very different Due to the 48' critical angle of water, the fish sees a normally 160'
horizon·to·horizon view corn ressed within an angle of ......,B:. ...L,'ft

~if'!
1I2
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Chapter 28 Reflection and Refraction
More Refraction

1. The sketch to the right shows a light ray moving from
air into water, at 45' to the normal. Which of the three
rays indicated with capital letters is most likely the light
ray that continues inside the water?

A

B

c

3. To the right, a light ray Is shown moving from
air into a glass block, at 40' to the normal. Which
of the three rays is most likely the light ray that
travels in the air alter emerging from the
opposite side of the block? (Sketch the path the
light would take Inside the glass)

A B C

2. The sketch on the left shows a light ray
moving from gless into air, at 30' 10 the
normal. Which of the three is most likely
lhe light ray that continues in the air?

4 To the left, a light ray
Is shown moving from
water into a rectangular
block of air (inside a trun- A B C
walled plastic box). at 40'
to the normal. Which of the
rays is most likely the light ray
that continues Into the water on
the opposite side of lhe block?

Skelch the path the light would lake
inside the SIr.

thanx to Cia•••• ce Bakk
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Chapter 28 Reflection and Refraction
More Refraction-continued

5. The two transparent blocks (right) are
made of different materials. The speed
of light in the left block is greater than
the speed ot light In the right block.
Draw an appropriate light path through
and beyond the right block. Is the light
that emerges displaced more or less
than light emerging from the left block?

6. Light from the air passes through plates of glass and plastic below. The speeds of light In the
different materials are shown to the right (these different speeds are often implied by the "index
of refraction" of the material). Construct a rougn SKetch shOWing an appropriate patn through
the system of four plates. •

Compared to the 50' incident
ray at the top, what can you
say about the angles of the
ray in the air between and
below the block pairs?

SAME5Q'

11
7. Parallel rays of light are refracted as they change speed in passing trom air 501'"

into the eye (Iell below). Construct a rough sketch showing appropriate light
paths when paraJlellight under water meets the same eye (right below).

114
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Chapter 28
Lenses

rr".J PRACTICE PAGE
Reflection and Refraction

1. Show how light rays bend when they pass through the arrangement of glass blocks below.

2. Show how light rays bend when they pass through the lens below. Is the lens a converging or.,-~~"~.~"'~:~~':~~
CONVERGING AS EVIDENT IN THE CONVERGING RAYS

3 Show how light rays bend when they pass through the arrangement of glass blocks below.

- - - - ------ •.. --------_.....:~-

4. Show how light rays bend When they pass through the lens shown below. Is the lens a converging
or diverging lens? What is your evidence?

-~tt==:
DIVERGING AS EVIDENT IN THE DIVERGING BAYS

)
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Chapter 28 Reflection and Refraction
Lenses-continued

5 Which type of lens is used to corrected farsightedness? CONVERGING
Nearsightedness? DIVERGING

6. Construct rays to find the location and relative size of the arrow's image for each of the lenses.
Rays that pass through the middle of a lens oontinue undeviated. In a converging lens, rays
from the tip of the arrow that are parallel to the optic axis extend through the far focal point
after going through the lens. Rays that go through the near focal point travel parallel to the axis
after going through the lens. In a diverging lens. rays parallel to the axis diverge and appear to
originate from the near focal point after passing through the lens. Have fun!

f

f
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Chapter 29 Light Waves
Diffraction and Interference

PflACTICE PAGE

1. Shown are concentric solid and dashed circles, each different in radius by 1 cm. Consider the
circular pattern a top view of water waves, where the solid circles are crests and the dashed
circles are troughs,

a. Draw another set 01 the same concentric circles with a compass. Choose any part of the paper
. for your center (except the present central point). Let the circles run off the edge of the paper,

b. Find where a dashed line crosses a solid line and draw a large dot at the intersection. Do this
for ALL places where a solid and dashed line intersect

c. W~h a wide fell marker, connect the dots with the solid lines. These noda/linealie in regions
where the waves have canCelled-where the crest of one wave overlaps the trough of another
(see FljJures 29. 15 and 29.16 in your textbook).

117

CONCEPTUAL PRACTICE PAGE

Chapter 29 Light Waves
Diffraction and Interference-continued

2. Look at the construction of overlapping circles on your classmates' papers. Some will have
more nodal lines than others, due to different starting points. How does the number of nodal
lines In a pattern relate to the distance between centers of circles, (or sources of waves)?

THE FARTHER APART THE CENTERS (OR WAVE SOURCES! THE MQAE NOPAL
LINES (NOTE IN AGURE 29,15 IN YOUR TEXT MORE NODAL LINES IN DiE RIGHT
PAmRN COMPAREP WITH CLOSER SOURCES IN THE CENTRAL !>AmeN I

3. Figure 29.19 from your textbook Is repeated below. Carefully count the number of wavelengths
(same as the number of wave crests) along the following paths between the slits and the screen,

o LIGHT

a. Number of wavelengths between slit A and point a is ~.

b. Number of wavelengths between slit B and point a Is ----11J!..

c. Number of wavelengths between slit A and point b Is ---1M.

d. Number of wavelengths between slit B and point b is -----111&.

e. Number of wavelengths between slit A and point c Is ---1M.

f. Number of wave crests between slit B and point c is ----tl!Jl,

b DARK

c LIGHT

OARK

LIGHT

4. When the number of wavelengths along each path is the same or differs by one or more whole
wavelengths. Interference is

~ [destructive]

and when the number of wavelengths differ by a half-wavelength (or odd multiples of a hail-wave-
length), interference Is

[constructive) ~ructiv;L::>
It's niCf how kroNirg 9:lre (b(.iics

00Iy c!o"g!s the WOfwe see 1hi~

JlS

)
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CONCEPTUAl. .JlSk
Chapter 29 Light Waves
Polarization

PRACTICE PAGE

I The amplitude of a light wave has magnitude and direction, and
can be represented by a vector. Polarized light that vibrates in a
single direction is represented by a single vector. To the leII the
single vector represents vertically polarized ii9hl. The pair of
perpendicular vectors to the ri9ht represents nonpolarized light.
The Vibrations of nonpolarized light are equal in all directions,
with as many vertical components as horizontal components.

1. In the sketch below, nonpolarlzed light from a flashlight strikes a pair of Polaroid fiiters.

+
a. light Is transmitted by a pair of Polaroids When their axes are ~rossed at right angles]

and light is blocked when their axes are [aligned} l@d at right an~

b. Transmitted light is polarized in a direction <[;: wme ;;;>rdifferent than] the polarization
axis of the filter.

2. Consider the transmission of light through a pair of Polaroids with polarization axes at 45' to
each other. Aithough in practice the Poiaroids are one atop the other, we show them spread
out side by side below. From lell to right:
(a) NonpolariZed light is represented by its horizontal and vertical components.
(b) These components strike filter A.
(c) The vertical component Is transmitted, and
(d) falls upon IiIter a. This vertical component is not aligned with the polarization axis ollmer a,

but it has a component that is aligned-component t,
(e) which is transmitted.

(0)

+~
A

(b) (c) (e)

a. The amount of light that gets through Filter a, compared to the amount that gets through

Filter A is [more} <19 [the same].

b. The component perpendlcular to t that falls on Fiiter 8 is [also transmitted] ~

-i:':!it1-
IJ9

•
CONCEPTUAl.

Chapter 29 Light Waves
Po/arizstion-continued

PRACTICE PAGE

3. Below are a pair 01 Polaroids with polarization axes at 30' to each other. Carefully draw vectors

~-~ij:T:lt~~
a. The amount of light that gets through the Polaroids at 30', compared to the amount that gets

through the 45' Polaroids is [less) ~[the same].

4. Figure 29.35 in your textbook shows the smile of ludmila Hewitt emerging through three
Polaroids. Use vector diagrams to complete steps b through g below to show how hght gels
through the three-Polaroid system.

(el (f) (g)

5. A novel use of polarization is shown below. How do the polarized side Windows In these next-
to-each-other houses provide privacy Ior the occupants? (Who can see What?)

• •

"
. - - • SlOE WIHI)()WS POLAIlJZE:P GLASS

.-
OCCUPANTS CAN SEE OUTSIDE VIEWS NORMALLY, BUT IF SIDE WINDOWS ARE
POLARIZED WITH AXES AT OOD TO EACH OTHER, THEN FROM INSIDE THEIR HOMES
I~EY CANNOT SEE THROUGH THE SIDE WINDOWS OF THEIR NEIGHB~

,.,it!
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Chapters 31 and 32 Light Quanta and The Atom and the Quantum
Light Quanta

1. To say that light is quantized means that light is made up of

m [waves].

2. Compared to photons of Iow-frequency light. photons of
. higher-frequency light have more

~(speedl [quanta].

3. The photoelectric effect supports the

[wave model of light) @lcle model of I~

4. The photoelectric effect Is evident when light shone on certain

photosensitive materials ejects [photon) €:"ectron~

5. The photoelectric effect is more effective with violet light than with
red light because the photons

[resonate wrth the atoms In the material]

eliver more energy to the mate

[are more numerous).

6. According to De Broglie's wave model of malter, a beam of light

and a beam of electrons [are fundamentaliy different] ~im~.

7. According to De Broglie. the greater the speed of an electron beam. the

[longer Is its wavelength] [~ is rts wavel~

8. The discreteness of the energy levels of electrons about the atomic nucleus is best understood

by considering the electron to be a ~ [particle].

9. Heavier atoms are nol appreciably larger in size than lighter atoms. The main reason for this
is that the greater nuclear charge

<J6jj[s surrounding electrons into tighter orbilSI:>

[holds more electrons about the atomic nucleus]

[produces a denser atomic structure].

10. Whereas in the everyday macrowerld the study of motion is
called mechanics in the microworld the study of quanta is called

[Newtonian mechanics] ~tum mechan~

12\

)

A QUAIoI'TUM MECHANIC!

Name Date

CONCEPTUAL sic PRACTICE PAGE

Chapter 33 Atomic Nucleus and Radioactivity
Radioactivity

Complete the follOWing statements:
1.a. A lone neutron spontaneously decays into a proton plus an

PHOTONS.

b. Alpha and beta rays are made of streams of particles. whereas gamma rays are streams of

ELECTRON

c. An electrically charged atom is called an .._..!M..

d Different ISOTOPES of an element are chemically
identical but differ in the number of neutrons in the nucleus.

e. Transuranic elements are those beyond atomic number ~

in four more weeks the amount remaining should be
the original amount.

f. If the amount of a certain radioactive sample decreases by half in four weeks.

ONE·FOURTH

RAPIOACTlVITYg. Water from a natural hot spring is warmed by inside Earth.

a. If the mixture is electrically neutral. how many more
beta particles than alpha particles are In the balloon?

2. The gas in the little girl's balloon is made up of former alpha and beta particles prOduced by
radioactive decay.

THERE ARE TWICE AS MANY BETA
PARl1CLES AS ALPHA PARl1CLES.

b. Why is your answer to the above not the "same"?

AN ALPHA HAS DOUBLE CHARGE' THE
CHARGE OF 2 BETAS = MAGNITUPE OF
CHARGE OF 1 ALPHA PARTICLE

c. Why are the alpha and beta particles no longer harmfui
to the child?

THEY HAVE LONG LOST DiElR HIGH KE

WHICH BECOMES THE THERMAL ENERGY

ENERGY OF RANpOM MOLECULAR MOTION

d. What element does this mixture make?

HELIUM

123
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Chapter 33 Atomic Nucleus and Radioactivity
Nue/Mr RSBCt/ons

Complete tnese nUC/9ar reecnone:

1. 2.38 U -+ 2.~4Th + ~ ,",0
92 C}() •• ~

2M 1~A 4
3. Pa - t, c. + He9\ 2.

2.7.0 "I." R 4
4. 86 Rn - ~ .•. ZHe

5. 2\6 n '2.'~At + 084 t"O ~..fi-- . .1 e

6. 216P _ 'tl'l Pb + 4H84- 0 .t!- 2. e

NUCLEAR PHYSICS ". IT'S THE SAME TO ME
WITH THE I=IRST TWO LETTERS INTE~HANGED~

8.

124
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CONCEPTUAL '/arsk: PRACTICE PAGE

Chapter 33 Atomic Nucleus and Radioactivity
Natural Transmutation

Fill in the decay-scheme diagram below. similar to that shown in Figure 33.141n your textbook,
but beginning wtth U-235 and ending wtth an isotope of lead. Use the lable at the lett, and identify
each element in the series with its chemicai symbol.

Particle
Step emitted

1 Alpha
2 Bela
3 Alpha
4 Alpha
5 Beta
6 Alpha
7 Alpha
8 Alpha
9 Beta

10 Alpha
11 Bela
12 Stable

u
,/

r" Ps
/

Ac
/

Ft- Ra
~

R"
~

Po
c'

fib Bi
~

Tt Pb

US

2~t

2.2.7

~
22.3

~
§ 1.19

~
V)
V) 2t5
~
~

2.11

207

2.03

81 82 ea ~ 85 8(, 87 88 89 90 91 92
ATOMIC NtlM8£R

20~Pb (LEAD _ 207)

What is the final-product isotope?
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CONCEPTUAL f>RACTICE PAGE

Chapter 34 Nuclear Fission and Fusion
Nuclear Reactiorts

CONCEPTUAL PAACTlCE PAGE

Chapter 35 Speciat Theory of Relativity
Time Dilation

t. COmplete the table for a chain ieacUol1
in whichtwo neutrcnstrcmeach st,"'" /"
individuany cause a tleW reaction

/"-.-'v--
\

Chaptet 35 in your textbook discusses The Twin Trip, in which a traveling twin takes a z-nour
j<lurney while a stay-,at-home brother records Il1e passage oi 2 '120,0\)I'S. Quite rema'kab1el Times
In both trarnes 01 ral",,,oce are indicated by na$hes 01 light, sent each 6 minutes trorn the
spaceship, aod r\!Calved on Earth at 12 ..minute intervals. for the' spaceship leaving. and 3.minute
intervals for the spaceshIp returning Read this section in.the book carefully. and lilt in the clock
readings aboard the spaceship when each !lash ts emilted, and on Earth when each flash is received.

2. COmplete the table tor a chain re,,~1ion
whe,e three neutrons from Mch reaction
cause a new reaction. )j.~

~.'\.:;:.:
\<,

3. CQmplt.lte·lhese beta reactions. whiel, occur in a breeder reactor.

2.39. "l.1..'..N 091. U ............j:3 r + -I e

2.39 .. . 't?>'p'.. . e
93Np""'" '4 U + _le

E-:h.~".".. ~..' .
r~

4 Complete the lollowing iission reaction s.

j 135U 143 X 90 3 (~Yl)(/'1 + -- 54 e + *Sr- -+'n.

~ 'Z35
U

152 ~~Ge 4Gn)On •• .....••.. boNd + ••9'1. _._--

5 C-Omple\<lthel<>lIowing fusion reactions.

~H" -I I lA
1. '" 0"

~He + ~n

129l27
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ANSWERS TO THE ODD-NUMBERED EXERCISESAND PROBLEMS
TO CONCEPTUAL PHYSICS-TENTH EDITION

ANSWERS TO CHAPTER 1 EXERCISES (About Science)

1. The penalty for fraud is professional excommunication.

3. Aristotle's hypotheses was partially correct, for material that makes up the plant comes partly
from the soil, but mainly from the air and water. An experiment would be to weigh a pot of soil
with a small seedling, then weigh the potted plant later after it has grown. The fact that the
grown plant will weigh more is evidence that the plant is composed of more material than the
soil offers. By keeping a record of the weight of water used to water the plant, and covering
the soil with plastic wrap to minimize evaporation losses, the weight of the grown plant can be
compared with the weight of water it absorbs. How can the weight of air taken in by the plant
be estimated?

5. The examples are endless. Knowledge of electricity, for example, has proven to be extremely
useful. The number of people who have been harmed by electricity who understood it is far
fewer than the number of people who are harmed by it who don't understand it. A fear of
electricity is much more harmful than useful to one's general health and attitude.

7. Yes, there is a geometric connection between the two ratios. As the sketch shows, they are
approximately equal.

Pole shadow Alexandria - Syene distance

Pole height Earth radius
From this pair of ratios, given the distance between
Alexandria and Syene, the radius of the Earth can be
calculated!

8
9. What is likely being misunderstood is the distinction between theory and hypothesis. In common

usage, "theory" may mean a guess or hypothesis, something that is tentative or speculative.
But in science a theory is a synthesis of a large body of validated information (e.g., cell theory
or quantum theory). The value of a theory is its usefulness (not its "truth").
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ANSWERS TO CHAPTER 2 EXERCISES (Newton's First Law of Motion-Inertia)

1. The tendency of a rolling ball is to continue rolling-in the absence of a force. The fact that it
slows down is due to the force of friction.

3. He discredited Aristotle's idea that the rate at which bodies fall is proportional to their weight.

5. Galileo came up with the concept of inertia before Newton was born.

7. Nothing keeps the probe moving. In the absence of a propelling force it would continue moving
in a straight line.

9. You should disagree with your friend. In the absence of external forces, a body at rest tends to
remain at rest; if moving, it tends to remain moving. Inertia is a property of matter to behave
this way, not some kind of force.

11. The tendency of the ball is to remain at rest. From a point of view outside the wagon, the ball
stays in place as the back of the wagon moves toward it. (Because of friction, the ball may roll
along the cart surface-without friction the surface would slide beneath the ball.)

13. Your body tends to remain at rest, in accord with Newton's first law. The back of the seat
pushes you forward. If there is no support at the back of your head, your head is not pushed
forward with your body, likely injuring your neck. Hence, headrests are recommended!

15. The law of inertia applies in both cases. When the bus slows, you tend to keep moving at the
previous speed and lurch forward. When the bus picks up speed, you tend to keep moving at
the previous (lower) speed and you lurch backward.

17. An object in motion tends to stay in motion, hence the discs tend to compress upon each other
just as the hammer head is compressed onto the handle in Figure 2.4. This compression results
in people being slightly shorter at the end of the day than in the morning. The discs tend to
separate while sleeping in a prone position, so you regain your full height by morning. This is
easily noticed if you find a point you can almost reach up to in the evening, and then find it is
easily reached in the morning. Try it and see!

19. If there were no force acting on the ball it would continue in motion without slowing. But air
drag does act, along with slight friction with the lane, and the ball slows. This doesn't violate
the law of inertia because external forces indeed act.

21. In mechanical equilibrium, the vector sum of all forces, the net force, necessarilyequalszero: 2:.F = O.

23. If only a single nonzero force acts on an object, it will not be in mechanical equilibrium. There
would have to be another or other forces to result in a zero net force for equilibrium.

25. If the puck moves in a straight line with unchanging speed, the forces of friction are negligible.
Then the net force is practically zero, and the puck can be considered to be in dynamic
equilibrium.

27. From the equilibrium rule, 2:.F = 0, the upward forces are 400 N + tension in the right scale. This
sum must equal the downward forces 250 N + 300 N + 300 N. Arithmetic shows the reading on
the right scale is 450 N.

29. In the left figure, Harry is supported by two strands of rope that share his weight (like the little
girl in Exercise 28). So each strand supports only 250 N, below the breaking point. Total force
up supplied by ropes equals weight acting downward, giving a net force of zero and no
acceleration. In the right figure, Harry is now supported by one strand, which for Harry's well-
being requires that the tension be 500 N. Since this is above the breaking point of the rope, it
breaks. The net force on Harry is then only his weight, giving him a downward acceleration of g.
The sudden return to zero velocity changes his vacation plans.

31. The upper limit he can lift is a load equal to his weight. Beyond that he leaves the ground!
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33. The force that prevents downward acceleration is the normal force-the table pushing up on
the book.

35. Normal force is greatest when the table surface is horizontal, and progressively decreases as
the angle of tilt increases. As the angle of tilt approaches 90°, the normal force approaches
zero. When the table surface is vertical, it no longer presses on the book, which then freely
falls.

37. When standing on a floor, the floor pushes upward against your feet with a force equal to that
of your weight. This upward force (called the normal force) and your weight are oppositely
directed, and since they both act on the same body, you, they cancel to produce a net force on
you of zero-hence, you are not accelerated.

39. Without water, the support force is W. With water, the support force is W + w.

41. The friction force is 600 N for constant speed. Only then will IF = O.

43. The net force on the rope is zero, provided by each person pulling with 300 N in opposite
directions.

45. A stone will fall vertically if released from rest. If the stone is dropped from the top of the mast
of a moving ship, the horizontal motion is not changed when the stone is dropped-providing air
drag on the stone is negligible and the ship's motion is steady and straight. From the frame of
reference of the moving ship, the stone falls in a vertical straight-line path, landing at the base
of the mast.

47. We aren't swept off because we are traveling just as fast as the Earth, just as in a fast-moving
vehicle you move along with the vehicle. Also, there is no atmosphere through which the Earth
moves, which would do more than blow our hats off!

49. This is similar to Exercise 45. If the ball is shot while the train is moving at constant velocity
(constant speed in a straight line), its horizontal motion before, during, and after being fired is
the same as that of the train; so the ball falls back into the chimney as it would have if the train
were at rest. If the train changes speed, the ball will miss because the ball's horizontal speed
will match the train speed as the ball is fired, but not when the ball lands. Similarly, on a circular
track the ball will also miss the chimney because the ball will move along a tangent to the track
while the train turns away from this tangent. So the ball returns to the chimney in the first
case, and misses in the second and third cases because of the change in motion.
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ANSWERS TO CHAPTER 3 EXERCISES (Linear Motion)

1. The impact speed will be the relative speed, 2 krn/h (100 krrrh - 98 krn/h = 2 km/h).

3. Your fine for speeding is based on your instantaneous speed; the speed registered on a
speedometer or a radar gun.

5. Constant velocity means no acceleration, so the acceleration of light is zero.

7. Although the car moves at the speed limit relative to the ground, it approaches you at twice
the speed limit.

9. Yes, again, velocity and acceleration need not be in the same direction. A ball tossed upward,
for example, reverses its direction of travel at its highest point while its acceleration g, directed
downward, remains constant (this idea will be explained further in Chapter 4). Note that if a ball
had zero acceleration at a point where its speed is zero, its speed would remain zero. It would
sit still at the top of its trajectory!

11. "The dragster rounded the curve at a constant speed of 100 km/h." Constant velocity means
not only constant speed but constant direction. A car rounding a curve changes its direction of
motion.

13. You cannot say which car underwent the greater acceleration unless you know the times
involved.

15. Any object moving in a circle or along a curve is changing velocity (accelerating) even if its
speed is constant because direction is changing. Something with constant velocity has both
constant direction and constant speed, so there is no example of motion with constant velocity
and varying speed.

17. (a) Yes. For example, an object sliding or rolling horizontally on a frictionless plane.
(b) Yes. For example, a vertically thrown ball at the top of its trajectory.

19. Only on the middle hill does the acceleration along the path decrease with time, for the hill
becomes less steep as motion progresses. When the hill levels off, acceleration will be zero. On
the left hill, acceleration is constant. On the right hill, acceleration increases as the hill becomes
steeper. In all three cases, speed increases.

21. The acceleration is zero, for no change in velocity occurs. Whenever the change in velocity is
zero, the acceleration is zero. If the velocity is "steady," "constant," or "uniform," the change
in velocity is zero. Remember the definition of acceleration!

23. At 90" the acceleration is that of free fall, g. At 0" the acceleration is zero. So the range of
accelerations is 0 to g, or 0 to 9.8 m/s:',

25. Speed readings would increase by 10 m/s each second.

27. The acceleration of free fall at the end of the 5th, 'l O'", or any number of seconds will be g. Its
velocity has different values at different times, but since it is free from the effects of air
resistance, its acceleration remains a constant g.

29. Whether up or down, the rate of change of speed with respect to time is 10 mls2 (or 9.8 rn/s") ,
so each second while going up the speed decreases by 10 rn/s (or 9.8 rn/s). Coming down, the
speed increases 10 rrrs (or 9.8 m/s) each second. So when air resistance can be neglected, the
time going up equals the time coming down.

31. When air drag affects motion, the ball thrown upward returns to its starting level with less
speed than its initial speed; and also less speed than the ball tossed downward. So the
downward thrown ball hits the ground below with a greater speed.

33. Its acceleration would actually be less if the air resistance it encounters at high speed retards
its motion. (We will treat this concept in detail in Chapter 4.)
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35. The acceleration due to gravity remains a constant 9 at all points along its path as long as no
other forces like air drag act on the projectile.

37. Time (in seconds)
o
1
2
3
4
5
6
7
8
9

10

Velocity (in meters/second)
o

10
20
30
40
50
60
70
80
90

100

Distance (in meters)
o
5

20
45
80

125
180
245
320
405
500

39. Air resistance decreases speed. So a tossed ball will return with less speed than it possessed
initially.

41. (a) Average speed is greater for the ball on track B.
(b) The instantaneous speed at the ends of the tracks is the same because the speed gained on
the down-ramp for B is equal to the speed lost on the up-ramp side. (Many people get the
wrong answer for Exercise 40 because they assume that because the balls end up with the
same speed that they roll for the same time. Not so.)

43. As water falls it picks up speed. Since the same amount of water issues from the faucet each
second, it stretches out as distance increases. It becomes thinner just as tatty that is stretched
gets thinner the more it is stretched. When the water is stretched too far, it breaks up into
droplets.

45. Open exercise.

SOLUTIONS TO CHAPTER 3 PROBLEMS

d d 3000 nm
1. From v = -, t = -. We convert 3 m to 3000 mm, and t = ----- = 2000 years.

t v 1.5 rnnj/year

3. Since it starts going up at 30 rnzsand loses 10 m/s each second, its time going up is 3 seconds.
Its time returning is also 3 seconds, so it's in the air for a total of 6 seconds. Distance up (or
down) is '/zgt2 = 5 x 32 = 45 m. Or from d = vt, where average velocity is (30 + 0)/2 = 15 m/s,
and time is 3 seconds, we also get d = 15 rn/s x 3 s = 45 m.

5. Using 9 = 10 m/ S2, we see that V= gt = (10 m/s2)(1 0 s) = 100 rns:
(Vbeginning + Vfinal)· (0 + 100)

vav= 2 = 2 = 50 m/s, downward.

We can get "how far" from either d = vavt = (50 m/s)(l 0 s) = 500 m,
or equivalently, d = '/zgt2 = 5(10)2 = 500 m.
(Physics is nice...we get the same distance using either formula!)

7. Average speed = total distance traveled/time taken = 1200 km/total time. Time for the first leg
of trip = 600 km/ZOO krn/h = 3 h. Time for last leg of trip = 600 km/300 knvh = 2 h. So total
time is 5 h. Then average speed = 1200 krn/S h = 240 kmrh. (Note you can't use the formula
average speed = beginning speed + end speed divided by two-which applies for constant
acceleration only.)

9. Drops would be in free fall and accelerate at g. Gain in speed = gt, so we need to find the time
of fall. From d = '/zgt2, t = {Zd/g = {ZOOO mll 0 m/s" = 14.1 s. So gain in speed =
(10 m/s2)(14.1 s) = 141 m/s (more than 300 miles per hour)!
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ANSWERS TO CHAPTER 4 EXERCISES (Newton's Second Law of Motion)

1. Yes, as illustrated by a ball thrown vertically into the air. Its velocity is initially up, and finally
down, all the while accelerating at a constant g.

3. No. An object can move in a curve only when a force acts. With no force its path would be a
straight line.

S. No, inertia involves mass, not weight.

7. Sliding down at constant velocity means acceleration is zero and the net force is zero. This can
occur if friction equals the bear's weight, which is 4000 N. Friction = bear's weight = mg =
(400 kg)( 10 m/ S2) = 4000 N.

9. Shake the boxes. The box that offers the greater resistance to acceleration is the more massive
box, the one containing the sand.

11. A massive cleaver is more effective in chopping vegetables because its greater mass
contributes to greater tendency to keep moving as the cleaver chops.

13. Neither the mass nor the weight of a junked car changes when it is crushed. What does change
is its volume, not to be confused with mass and weight.

1S. A dieting person loses mass. Interestingly, a person can lose weight by simply being farther
from the center of the Earth, at the top of a mountain, for example.

17. One kg of mass corresponds to 2.2 pounds of weight at the Earth's surface. As an example for
your weight, if you weigh 100 pounds, your mass is 100 Ib/2.2 kg/lb= 4S kg. Your weight in
newtons, using the relationship weight = mg, is then 4S kg x 9.8 N/kg= 441 N.

19. Friction is the force that keeps the crate picking up the same amount of speed as the truck.
With no friction, the accelerating truck would leave the crate behind.

21. To see why the acceleration gains as a rocket burns its fuel, look at the equation a = F/m. As
fuel is burned, the mass of the rocket becomes less. As m decreases, a increases! There is
simply less mass to be accelerated as fuel is consumed.

23. Rate of gain in speed (acceleration), is the ratio force/mass (Newton's second law), which in
free fall is just weight/mass. Since weight is proportional to mass, the ratio weight/mass is the
same whatever the weight of a body. So all freely falling bodies undergo the same gain in
speed-g (illustrated in Figures 4.12 and 4.13). Although weight doesn't affect speed in free
fall, weight does affect falling speed when air resistance is present (nonfree fall).

2S. The forces acting horizontally are the driving force provided by friction between the tires and
the road, and resistive forces-mainly air drag. These forces cancel and the car is in dynamic
equilibrium with a net force of zero.

27. Note that 30 N pulls 3 blocks. To pull 2 blocks then requires a 20-N pull, which is the tension in
the rope between the second and third block. Tension in the rope that pulls only the third block
is therefore 10 N. (Note that the net force on the first block, 30 N - 20 N = 10 N, is the force
needed to accelerate that block, having one-third of the total mass.)

29. The velocity of the ascending coin decreases while its acceleration remains constant (in the
absence of air resistance).
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31. The force vector mg is the same at all locations. Acceleration 9 is
therefore the same at all locations also.



33. At the top of your jump your acceleration is g. Let the equation for acceleration via Newton's
second law guide your thinking: a = F/m = mg/m = g. If you said zero, you're implying the force
of gravity ceases to act at the top of your jump-not so.

35. When you stop suddenly, your velocity changes rapidly, which means a large acceleration of
stopping. By Newton's second law, this means the force that acts on you is also large.
Experiencing a large force is what hurts you.

37. When you drive at constant velocity, the zero net force on the car is the resultant of the
driving force that your engine supplies against the friction drag force. You continue to apply a
driving force to offset the drag force that otherwise would slow the car.

39. When held at rest the upward support force equals the gravitational force on the apple and the
net force is zero. When released, the upward support force is no longer there and the net force
is the gravitational force, 1 N. (If the apple falls fast enough for air resistance to be important,
then the net force will be less than 1 N, and eventually can reach zero if air resistance builds up
to 1 N.)

41. Both forces have the same magnitude. This is easier to understand if you visualize the
parachutist at rest in a strong updraft-static equilibrium. Whether equilibrium is static or
dynamic, the net force is zero.

43. The net force is mg, 10 N (or more precisely, 9.8 N).

45. Agree with your friend. Although acceleration decreases, the ball is nevertheless gaining speed.
It will do so until it reaches terminal speed. Only then will it not continue gaining speed.

47. In each case the paper reaches terminal speed, which means air drag equals the weight of the
paper. So air resistance will be the same on each! Of course the wadded paper falls faster for air
resistance to equal the weight of the paper.

49. When anything falls at constant velocity, air drag and gravitational force are equal in magnitude.
Raindrops are merely one example.

51. When a parachutist opens her chute she slows down. That means she accelerates upward.

53. Just before a falling body attains terminal velocity, there is still a downward acceleration
because gravitational force is still greater than air resistance. When the air resistance builds up
to equal the gravitational force, terminal velocity is reached. Then air resistance is equal and
opposite to gravitational force.

55. The sphere will be in equilibrium when it reaches terminal speed-which occurs when the
gravitational force on it is balanced by an equal and opposite force of fluid drag.

57. The heavier tennis ball will strike the ground first for the same reason the heavier parachutist in
Figure 4.15 strikes the ground first. Note that although the air resistance on the heavier ball is
smaller relative to the weight of the ball, it is actually greater than the air resistance that acts
on the other ball. Why? Because the heavier ball falls faster, and air resistance is greater for
greater speed.

59. The ball rises in less time than it falls. By exaggerating the circumstance and considering the
feather example in the answer to Exercise 58, the time for the feather to flutter from its
maximum altitude is clearly longer than the time it took to attain that altitude. The same is true
for the not-so-obvious case of the ball.
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SOLUTIONS TO CHAPTER 4 PROBLEMS

1. Acceleration = F/m = 0.9 mg/m = 0.9 g.

3. Weight of the pail is mg = 20 kg x 10 m/s2= 200 N.
So a = F/m = (300 N - 200 N)/(20 kg) = 5 m/52•

5. For the jumbo jet: a = F/ m = 4(30,000 N)/30,000 kg = 4 m/52•

7. Net force (downward) = ma = (80 kg)(4 m/52) = 320 N. Gravity is pulling him downward with
a force of (80 kg)( 10 m/52) = 800 N, so the upward force of friction is 800 N - 320 N =
480 N.

9. (a) a = (change of v)/t = (1 m/s)/(2 5) = 0.5 m/52.

(b) F = ma = (60 kg)(0.5 rn/sr) = 30 N.
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ANSWERS TO CHAPTER 5 EXERCISES (Newton's Third Law of Motion)

1. When pushing backward on the floor your foot tends to move backward. Friction opposes this
motion and acts in the opposite direction-forward. Hence friction against your foot moves you
forward.

3. No, for each hand pushes equally on the other in accord with Newton's third law-you cannot
push harder on one hand than the other.

5. (a) Two force pairs act; Earth's pull on the apple (action), and the apple's pull on the Earth
(reaction). Hand pushes apple upward (action), and apple pushes hand downward (reaction).
(b) If air drag can be neglected, one force pair acts; Earth's pull on apple, and apple's pull on
Earth. If air drag counts, then air pushes upward on apple (action) and apple pushes downward
on air (reaction).

7. (a) Action; bat hits ball. Reaction; ball hits bat. (b) While in flight there are two interactions, one
with the Earth's gravity and the other with the air. Action; Earth pulls down on ball (weight).
Reaction; ball pulls up on Earth. And, action; air pushes ball, and reaction; ball pushes air.

9. When the ball exerts a force on the floor, the floor exerts an equal and opposite force on the
ball-hence bouncing. The force of the floor on the ball provides the bounce.

11. Yes, it's true. The Earth can't pull you downward without you simultaneously pulling Earth
upward. The acceleration of Earth is negligibly small, and not noticed, due to its enormous
mass.

13. The scale will read 100 N, the same it would read if one of the ends were tied to a wall instead
of tied to the 100-N hanging weight. Although the net force on the system is zero, the tension
in the rope within the system is 100 N, as shown on the scale reading.

15. The forces must be equal and opposite because they are the only forces acting on the person,
who obviously is not accelerating. Note that the pair of forces do not comprise an action-
reaction pair, however, for they act on the same body. The downward force, the man's weight,
Earth pulls down on man; has the reaction man pulls up on Earth, not the floor pushing up on
him. And the upward force of the floor on the man has the reaction of man against the floor,
not the interaction between the man and Earth. (If you find this confusing, you may take solace
in the fact that Newton himself had trouble applying his 3'd law to certain situations. Apply the
rule, A on B reacts to B on A, as in Figure 5.7.)

17. Yes, a baseball exerts an external force on the bat, opposite to the bat's motion. This external
force decelerates the oncoming bat.

19. When you push the car, you exert a force on the car. When the car simultaneously pushes back
on you, that force is on you-not the car. You don't cancel a force on the car with a force on
you. For cancellation, the forces have to be equal and opposite and act on the same object.

21. The strong man can exert only equal forces on both cars, just as your push against a wall equals
the push of the wall on you. Likewise for two walls, or two freight cars. Since their masses are
equal, they will undergo equal accelerations and move equally.

23. The friction on the crate is 200 N, which cancels your 200-N push on the crate to yield the zero
net force that accounts for the constant velocity (zero acceleration). Although the friction
force is equal and oppositely directed to the applied force, the two do not make an action-
reaction pair of forces. That's because both forces do act on the same object-the crate. The
reaction to your push on the crate is the crate's push back on you. The reaction to the
frictional force of the floor on the crate is the opposite friction force of the crate on the floor.

25. Both will move. Ken's pull on the rope is transmitted to Joanne, causing her to accelerate
toward him. By Newton's third law, the rope pulls back on Ken, causing him to accelerate
toward .loanne.
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27. The tension in the rope is 250 N. Since they aren't accelerating, each must experience a Z50-N
force of friction via the ground. This is provided by pushing against the ground with 250 N.

29. The forces on each are the same in magnitude, and their masses are the same, so their
accelerations will be the same. They will slide equal distances of 6 meters to meet at the
midpoint.

31. Vector quantities are velocity and acceleration. All others are scalars.

33. A pair of vectors can cancel only if they are equal in magnitude and opposite in direction. But
three unequal vectors can combine to equal zero-the vectors comprising the tensions in the
ropes that support Nellie in Figure 5.26, for example.

35. No, no, no. A vector quantity and scalar quantity can never be added.

37. Tension will be greater for a small sag. That's because large vectors in each side of the rope
supporting the bird are needed for a resultant that is equal and opposite to the bird's weight.

39. By the parallelogram rule, the tension is greater than 50 N.

41. To climb upward means pulling the rope downward, which moves the balloon downward as the
person climbs.

43. (a) The other vector is upward as shown.

(b) It is called the normal force.

45. (a) As shown.

(b) Upward tension force is greater resulting in an upward net force.

47. The acceleration of the stone at the top of its path, or anywhere where the net force on the
stone is mg, is g.

49. (a) As shown.

(b) Note the resultant of the normals is equal and opposite to the stone's weight.
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SOLUTIONS TO CHAPTER 5 PROBLEMS

1. F = ma = m.1v/L1t = (0.003 kg)(Z5 m/s)/(0.05 s) = 1.5 N, which is about '/3 pound.

3. They hit your face with the resultant of the horizontal and vertical components:
R = \/[(3.0 rn/s)? + (4.0 rn/s)"] = 5 m/so

5. Ground velocity V= \/[(100 km/h)2 + (100 km/h)2] = 141 km/h, 45° northeast
(45' from the direction of the wind). The velocity relative to the ground makes the
diagonal of a 45'-45'-90' triangle.
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ANSWERS TO CHAPTER 6 EXERCISES (Momentum)

1. Supertankers are so massive, that even at modest speeds their motional inertia, or momenta,
are enormous. This means enormous impulses are needed for changing motion. How can large
impulses be produced with modest forces? By applying modest forces over long periods of
time. Hence the force of the water resistance over the time it takes to coast 25 kilometers
sufficiently reduces the momentum.

3. Air bags lengthen the time of impact thereby reducing the force of impact.

5. This illustrates the same point as Exercise 4. The time during which momentum decreases is
lengthened, thereby decreasing the jolting force of the rope. Note that in this and other
examples that bringing a person to a stop more gently does not reduce the impulse. It only
reduces the force.

7. Bent knees will allow more time for momentum to decrease, therefore reducing the force of
landing.

9. Extended hands allow more time for reducing the momentum of the ball to zero, resulting in a
smaller force of impact on your hands.

11. The blades impart a downward impulse to the air and produce a downward change in the
momentum of the air. The air at the same time exerts an upward impulse on the blades,
providing lift. (Newton's third law applies to impulses as well as forces.)

13. The impulse required to stop the heavy truck is considerably more than the impulse required to
stop a skateboard moving with the same speed. The force required to stop either, however,
depends on the time during which it is applied. Stopping the skateboard in a split second results
in a certain force. Apply less than this amount of force on the moving truck and given enough
time, the truck will come to a halt.

15. The large momentum of the spurting water is met by a recoil that makes the hose difficult to
hold, just as a shotgun is difficult to hold when it fires birdshot.

17. Impulse is force x time. The forces are equal and opposite, by Newton's third law, and the times
are the same, so the impulses are equal and opposite.

19. The momentum of the falling apple is transferred to the Earth. Interestingly enough, when the
apple is released, the Earth and the apple move toward each other with equal and oppositely
directed momenta. Because of the Earth's enormous mass, its motion is imperceptible. When
the apple and Earth hit each other, their momenta are brought to a halt-zero, the same value
as before.

21. The lighter gloves have less padding, and less ability to extend the time of impact, and
therefore result in greater forces of impact for a given punch.

23. Without this slack, a locomotive might simply sit still and spin its wheels. The loose coupling
enables a longer time for the entire train to gain momentum, requiring less force of the
locomotive wheels against the track. In this way, the overall required impulse is broken into a
series of smaller impulses. (This loose coupling can be very important for braking as well.)

25. In jumping, you impart the same momentum to both you and the canoe. This means you jump
from a canoe that is moving away from the dock, reducing your speed relative to the dock, so
you don't jump as far as you expected to.

27. To get to shore, the person may throw keys, coins or an item of clothing. The momentum of
what is thrown will be accompanied by the thrower's oppositely-directed momentum. In this
way, one can recoil towards shore. (One can also inhale facing the shore and exhale facing away
from the shore.)

29. Regarding Exercise 27; If one throws clothing, the force that accelerates the clothes will be
paired with an equal and opposite force on the thrower. This force can provide recoil toward
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shore. Regarding Exercise 28; According to Newton's third law, whatever forces you exert on
the ball, first in one direction, then in the other, are balanced by equal forces that the ball
exerts on you. Since the forces on the ball give it no final momentum, the forces it exerts on
you also give no final momentum.

31. When two objects interact, the forces they exert on each other are equal and opposite and
these forces act for the same time, so the impulses are equal and opposite. Therefore their
changes of momenta are equal and opposite, and the total change of momentum of the two
objects is zero.

33. Momentum is not conserved for the ball itself because an impulse is exerted on it (gravitational
force x time). So the ball gains momentum. It is in the absence of an external force that
momentum doesn't change. If the whole Earth and the rolling ball are taken together as a
system, then the gravitational interaction between the Earth and the ball are internal forces and
no external impulse acts. Then the momentum of the ball is accompanied by an equal and
opposite momentum. of the Earth, which results in no change in momentum.

35. A system is any object or collection of objects. Whatever momentum such a system has, in the
absence of external forces, that momentum remains unchanged-what the conservation of
momentum is about.

37. For the system comprised of ball + Earth, momentum is conserved for the impulses acting are
internal impulses. The momentum of the falling apple is equal in magnitude to the momentum of
the Earth toward the apple.

39. Let the system be the car and the Earth together. As the car gains downward momentum
during its fall, the Earth gains equal upward momentum. When the car crashes and its
momentum is reduced to zero, the Earth stops its upward motion, also reducing its momentum
to zero.

The craft moves to the right. This is because there are two impulses that act on the craft: One
is that of the wind against the sail, and the other is that of the fan recoiling from the wind it
produces. These impulses are oppositely directed, but are they equal in magnitude? No,
because of bouncing. The wind bounces from the sail and produces a greater impulse than if it
merely stopped. This greater impulse on the sail
produces a net impulse in the forward direction,
toward the right. We can see this in terms of
forces as well. Note in the sketch there are two
force pairs to consider: (1) the fan-air force
pair, and (2) the air-sail force pair. Because of
bouncing, the air-sail pair is greater. Solid
vectors show forces exerted on the craft;
dashed vectors show forces exerted on the air.
The net force on the craft is forward, to the
right. The principle described here is applied in
thrust reversers used to slow jet planes after
they land. Also, you can see that after the fan
is turned on, there is a net motion of air to the
left, so the boat, to conserve momentum, will
move to the right.

41.

43.

••

Removing the sail and turning the fan around is the best means of propelling the. boat! Then
maximum impulse is exerted on the craft. If the fan is not turned around, the boat is propelled
backward, to the left. (Such propeller-driven boats are used where the water is very shallow, as
in the Florida Everglades.)

45. Yes, because you push upward on the ball you toss, which means the ball pushes downward on
you, which is transmitted to the ground. So normal force increases as the ball is thrown (and
goes back to equal mg after the ball is released).
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47. In accord with Newton's third law, the forces on each are equal in magnitude, which means the
impulses are likewise equal in magnitude, which means both undergo equal changes in
momentum.

49. Cars brought to a rapid halt experience a change in momentum, and a corresponding impulse.
But greater momentum change occurs if the cars bounce, with correspondingly greater impulse
and therefore greater damage. Less damage results if the cars stick upon impact than if they
bounce apart.

51. In terms of force: When the sand lands on the cart it is brought up to the cart's speed. This
means a horizontal force provided by the cart acts on the sand. By action-reaction, the sand
exerts a force on the cart in the opposite direction-which slows the cart. In terms of
momentum conservation: Since no external forces act in the horizontal direction, the
momentum after the cart catches sand equals the momentum before. Since mass is added,
velocity must decrease.

53. We assume the equal strengths of the astronauts means that each throws with the same
speed. Since the masses are equal, when the first throws the second, both the first and second
move away from each other at equal speeds. Say the thrown astronaut moves to the right with
velocity V, and the first recoils with velocity - V. When the third makes the catch, both she and
the second move to the right at velocity VIZ (twice the mass moving at half the speed, like the
freight cars in Figure 6.11). When the third makes her throw, she recoils at velocity V (the
same speed she imparts to
the thrown astronaut)
which is added to the VIZ
she acquired in the catch.
So her velocity is V + VIZ =
3 VIZ, to the right-too
fast to stay in the game.
Why? Because the velocity
of the second astrona ut is
VIZ - V = -VIZ, to the
left-too slow to catch up
with the first astronaut
who is still moving at -V.
The game is over. Both the
first and the third got to
t h row the second
astronaut only once!

•
(!)

55. The impulse will be greater if the hand is made to bounce because there is a greater change in
the momentum of hand and arm, accompanied by a greater impulse. The force exerted on the
bricks is equal and opposite to the force of the bricks on the hand. Fortunately, the hand is
resilient and toughened by long practice.

57. Their masses are the same; half speed for the coupled particles means equal masses for the
colliding and the target particles. This is like the freight cars of equal mass shown in Figure 6.14.

59. If a ball does not hit straight on, then the target ball flies off at an angle (to the left, say) and
has a component of momentum sideways to the initial momentum of the moving ball. To offset
this, the striking ball cannot be simply brought to rest, but must fly off in the other direction
(say, the right). It will do this in such a way that its sideways component of momentum is equal
and opposite to that of the target ball. This means the total sideways momentum is zero-what
it was before collision. (See how the sideways components of momentum cancel to zero in
Figure 6.19.)
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SOLUTIONS TO CHAPTER 6 PROBLEMS

1. Ft= llmv; F= tsmv/t;» (50 kg)(4 m/s)/3 s = 66.7 N.

3. From Ft = tsmv, F = ll;V = [(75 kg)(Z5 m/s)]/O.l s = 18,750 N.

S. Momentum of the caught ball is (0.1 S kg)(40 m/s) = 6.0 kg·m/s.

(a) The impulse to produce this change of momentum has the same magnitude, 6.0 N·s.

(b) From Ft = tsmv, F = tsmv/': = [(0.1 S kg)(40 m/s)]/O.03 s = 200 N.

7. The answer is 4 km/h. Let m be the mass of the freight car, and 4m the mass of the diesel
engine, and v the speed after both have coupled together. Before collision, the total momentum
is due only to the diesel engine, 4m(5 km/h), because the momentum of the freight car is O.
After collision, the combined mass is (4m + m), and combined momentum is (4m + m)v. By the
conservation of momentum equation:

Momentumbefore = momentumafter
4m(S km/h) + 0 = (4m + m)v

(ZOm-km/h) = 4 km/h
V= Sm
(Note that you don't have to know m to solve the problem.)

9. By momentum conservation,
asteroid mass x 800 m/s = Superman's mass x If.

Since asteroid's mass is 1000 times Superman's,
(1 OOOm)(800 m/s) = mv
v = 800,000 m/s. This is nearly Z million miles per hour!
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ANSWERS TO CHAPTER 7 EXERCISES (Energy)

1. It is easier to stop a lightly loaded truck than a heavier one moving at the same speed because
it has less KE and will therefore require less work to stop. (An answer in terms of impulse and
momentum is also acceptable.)

3. Zero work, for negligible horizontal force acts on the backpack.

5. Although no work is done on the wall, work is nevertheless done on internal parts of your body
(which generate heat).

7. Work done by each is the same, for they reach the same height. The one who climbs in 30 s
uses more power because work is done in a shorter time.

9. The PE of the drawn bow as calculated would be an overestimate, (in fact, about twice its
actual value) because the force applied in drawing the bow begins at zero and increases to its
maximum value when fully drawn. It's easy to see that less force and therefore less work is
required to draw the bow halfway than to draw it the second half of the way to its fully-drawn
position. So the work done is not maximum force x distance drawn, but average force
x distance drawn. In this case where force varies almost directly with distance (and not as the
square or some other complicated factor) the average force is simply equal to the initial force +
final force, divided by 2. So the PE is equal to the average force applied (which would be
approximately half the force at its full-drawn position) multiplied by the distance through which
the arrow is drawn.

11. When a rifle with a long barrel is fired, more work is done as the bullet is pushed through the
longer distance. A greater KE is the result of the greater work, so of course, the bullet emerges
with a greater velocity. (It might be mentioned that the force acting on the bullet is not
constant, but decreases with increasing distance inside the barrel.)

13. The KE of the tossed ball relative to occupants in the airplane does not depend on the speed of
the airplane. The KE of the ball relative to observers on the ground below, however, is a
different matter. KE, like velocity, is relative. See the answer to the Check Yourself question 2
in the textbook following Figure 7.11.

15. The energies go into frictional heating of the tires, the runway, and the air.

17. For the same KE, the baseball is traveling very fast compared with the bowling ball, whose KE
has more to do with its mass. The bowling ball is therefore safer to catch. Exaggerate: Which is
safer, being hit with a bullet or being bumped by a car with the same KE?

19. The KE of a pendulum bob is maximum where it moves fastest, at the lowest point; PE is
maximum at the uppermost points. When the pendulum bob swings by the point that marks half
its maximum height, it has half its maximum KE, and its PE is halfway between its minimum and
maximum values. If we define PE = 0 at the bottom of the swing, the place where KE is half its
maximum value is also the place where PE is half its maximum value, and KE = PE at this point.
(In accordance with energy conservation: Total energy = KE + PE.)

21. Yes to both, relative to Earth, because work was done to lift it in Earth's gravitational field and
to impart speed to it.

23. According to the work-energy theorem, twice the speed corresponds to 4 times the energy,
and therefore 4 times the driving distance. At 3 times the speed, driving distance is 9 times as
much.

25. On the hill there is a component of gravitational force in the direction of the car's motion. This
component of force does work on the car. But on the level, there is no component of
gravitational force along the direction of the car's motion, so the force of gravity does no work
in this case.

27. The fact that the crate pulls back on the rope in action-reaction fashion is irrelevant. The work
done on the crate by the rope is the horizontal component of rope force that acts on the crate
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multiplied by the distance the crate is moved by that force-period. How much of this work
produces KE or thermal energy depends on the amount of friction acting.

29. A Superball will bounce higher than its original height if thrown downward, but if simply dropped,
no way. Such would violate the conservation of energy.

31. Kinetic energy is a maximum as soon as the ball leaves the hand. Potential energy is a maximum
when the ball has reached its zenith.

33. You agree with your second classmate. The coaster could just as well encounter a low summit
before or after a higher one, so long as the higher one is enough lower than the initial summit
to compensate for energy dissipation by friction.

35. Except for the very center of the plane, the force of gravity acts at an angle to the plane, with
a component of gravitational force along the plane-along the block's path. Hence the block
goes somewhat against gravity when moving away from the central position, and moves
somewhat with gravity when coming back. As the object slides farther out on the plane, it is
effectively traveling "upward" against Earth's gravity, and slows down. It finally comes to rest
and then slides back and the process repeats itself. The block slides back and forth along the
plane. From a flat-Earth point of view the situation is equivalent to that shown in the sketch.

37. Yes, a car burns more gasoline when its lights are on. The overall consumption of gasoline does
not depend on whether or not the engine is running. Lights and other devices run off the
battery, which "run down" the battery. The energy used to recharge the battery ultimately
comes from the gasoline.

39. Sufficient work occurs because with each pump of the jack handle, the force she exerts acts
over a much greater distance than the car is. A small force acting over a long distance can do
significant work.

41. Your friend may not realize that mass itself is congealed energy, so you tell your friend that
much more energy in its congealed form is put into the reactor than is taken out from the
reactor. Almost 1% of the mass of fission fuel is converted to energy of other forms.

43. The work that the rock does on the ground is equal to its PE before being dropped, mgh =
100 joules. The force of impact, however, depends on the distance that the rock penetrates
into the ground. If we do not know this distance we cannot calculate the force. (If we knew the
time during which the impulse occurs we could calculate the force from the impulse-momentum
relationship-but not knowing the distance or time of the rock's penetration into the ground,
we cannot calculate the force.)

45. When air resistance is a factor, the ball will return with less speed (discussed in Exercise 49 in
Chapter 4). It therefore will have less KE. You can see this directly from the fact that the ball
loses mechanical energy to the air molecules it encounters, so when it returns to its starting
point and to its original PE, it will have less KE. This does not contradict energy conservation,
for energy is dissipated, not destroyed.

47. The other 15 horsepower is supplied by electric energy from the batteries.

49. The question can be restated; Is (302 - 202) greater or less than (202 - 102)? We see that
(302 - 202) = (900 - 400) = 500, which is considerably greater than (202 - 102) = (400 - 100) =
300. So KE changes more for a given Av at the higher speed.

51. When the mass is doubled with no change in speed, both momentum and KE are doubled.

53. Both have the same momentum, but the l-kg one, the faster one, has the greater KE.
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SS. Zero KE means zero speed, so momentum is also zero.

57. Not at all. A low-mass object moving at high speed can have the same KE as a high-mass object
moving at low speed.

59. The two skateboarders have equal momenta, but the lighter one has twice the KE and can do
twice as much work on you. So choose the collision with the heavier, slower-moving kid and
you'll endure less damage.

61. Exaggeration makes the fate of teacher Paul Robinson easier to assess: Paul would not be so
calm if the cement block were replaced with the inertia of a small stone, for inertia plays a role
in this demonstration. If the block were unbreakable, the energy that busts it up would instead
be transferred to the beds of nails. So it is desirable to use a block that will break upon impact.
If the bed consisted of a single nail, finding a successor to Paul would be very difficult, so it is
important that the bed have plenty of nails!

63. Energy is dissipated into nonuseful forms in an inefficient machine, and is "lost" only in the
loose sense of the word. In the strict sense, it can be accounted for and is therefore not lost.

65. In the popular sense, conserving energy means not wasting energy. In the physics sense energy
conservation refers to a law of nature that underlies natural processes. Although energy can be
wasted (which really means transforming it from a more useful to a less useful form), it cannot
be destroyed. Nor can it be created. Energy is transferred or transformed, without gain or loss.
That's what a physicist means in saying energy is conserved.

67. Your friend is correct, for changing KE requires work, which means more fuel consumption and
decreased air quality.

69. Once used, energy cannot be regenerated, for it dissipates in the environment-inconsistent
with the term "renewable energy." Renewable energy refers to energy derived from renewable
resources-trees, for example.

SOLUTIONS TO CHAPTER 7 PROBLEMS

1. W = liE = lImgh = 300 kg x 10 N/k x 6 m = 18,000 J.

3. The work done by 10 N over a distance of 5 m = SOJ. That by 20 N over 2 m = 40 J. So the
10-N force over 5 m does more work and could produce a greater change in KE.

5. (F x d);n=(F x d)out.
SO N x 1.2 m = W x 0.2 m.
W = [(50 N)(1.2 m)]l0.2 m = 300 N.

7. (Fd)input = (Fd)output.
(100 N x 10 cm)input = (7 X 1 cm)output.
So we see that the output force is 1000 N (or less if the efficiency is less than 100%).

9. The freight cars have only half the KE possessed by the single car before collision. Here's
how to figure it:
KEbefore = '12 m v2.

KEafter = '/2 (2m)(v/2)2 = '12 (2m) v2/4 = '/4 m v2.

What becomes of this energy? Most of it goes into nature's graveyard-thermal energy.

11. At 25% efficiency, only '/4 of the 40 megajoules in one liter, or 10 MJ, will go into work. This
work is
Fxd=500Nxd= 10MJ.
Solve this for d and convert MJ to J, to get
d = 10 MJ/500 N = 10,000,000 J/500 N = 20,000 m = 20 km.
So under these conditions, the car gets 20 kilometers per liter (Which is 47 miles per gallon).
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ANSWERS TO CHAPTER 8 EXERCISES (Rotational Motion)

1. Tape moves faster when r is greater, in accord with v = rw. So the reel with the most-filled reel
corresponds to the tape with the greatest linear speed v.

3. Large diameter tires mean you travel farther with each revolution of the tire. So you'll be
moving faster than your speedometer indicates. (A speedometer actually measures the RPMof
the wheels and displays this as mi/h or km/h. The conversion from RPMto the mi/h or km/h
reading assumes the wheels are a certain size.) Oversize wheels give too Iowa reading because
they really travel farther per revolution than the speedometer indicates, and undersize wheels
give too high a reading because the wheels do not go as far per revolution.

5. The amount of taper is related to the amount of curve the railroad tracks take. On a curve
where the outermost track is say 10% longer than the inner track, the wide part of the wheel
will also have to be at least 10% wider than the narrow part. If it's less than this, the outer
wheel will rely on the rim to stay on the track, and scraping will occur as the train makes the
curve. The "sharper" the curve, the more the taper needs to be on the wheels.

7. The CMis directly above the bird's foot.

9. Rotational inertia and torque are most predominantly illustrated here, and the conservation of
angular momentum also plays a role. The long distance to the front wheels increases the
rotational inertia of the vehicle relative to the back wheels and also increases the lever arm of
the front wheels without appreciably adding to the vehicle's weight. As the back wheels are
driven clockwise, the chassis tends to rotate counterclockwise (conservation of angular
momentum) and thereby lift the front wheels off the ground. The greater rotational inertia and
the increased clockwise torque of the more distant front wheels counter this effect.

11. Friction by the road on the tires produces a
torque about the car's CM. When the car
accelerates forward, the friction force points
forward and rotates the car upward. When
braking, the direction of friction is rearward, and
the torque rotates the car in the opposite
direction so the rear end rotates upward (and
the nose downward).

-.-

13. The ball to reach the bottom first is the one with the least rotational inertia compared with its
mass-that's the hollow basketball.

15. Don't say the same, for the water slides inside the can while the ice is made to roll along with
the can. When the water inside slides, it contributes weight rather than rotational inertia to the
can. So the can of water will roll faster. (It will even beat a hollow can.)

17. Advise the youngster to use wheels with the least rotational inertia-lightweight solid ones
without spokes.

19. In the horizontal position the lever arm equals the length of the sprocket arm, but in the vertical
position, the lever arm is zero because the line of action of forces passes right through the axis
of rotation. (With cycling cleats, a cyclist pedals in a circle, which means they push their feet
over the top of the spoke and pull around the bottom and even pull up on the recovery, This
allows torque to be applied over a greater portion of the revolution.)

21. No, because there is zero lever arm about the CM. Zero lever arm means zero torque.

23. Friction between the ball and the lane provides a torque, which rotates the ball.

25. With your legs straight out, your CG is farther away and you exert more torque sitting up. So
sit-ups are more difficult with legs straight out.

27. The wobbly motion of a star is an indication that it is revolving about a center of mass that is
not at its geometric center, implying that there is some other mass nearby to pull the center of
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mass away from the star's center. This is the way in which astronomers have discovered that
planets exist around stars other than our own.

29. Two buckets are easier because you may stand upright while carrying a bucket in each hand.
With two buckets, the CG will be in the center of the support base provided by your feet, so
there is no need to lean. (The same can be accomplished by carrying a single bucket on your
head.)

31. The CG of a ball is not above a point of support when the ball is on an incline. The weight of the
ball therefore acts at some distance from the point of support which behaves like a fulcrum.
A torque is produced and the ball rotates. This is why a ball rolls down a hill.

33. The Earth's atmosphere is a nearly spherical shell, which like a basketball, has its center of mass
at its center, Le., at the center of the Earth.

35. An object is stable when its PE must be raised in order to tip it over, or equivalently, when its
PE must be increased before it can topple. By inspection, the first cylinder undergoes the least
change in PE compared to its weight in tipping. This is because of its narrow base.

37. The track will remain in equilibrium as the balls roll outward. This is because the CG of the
system remains over the fulcrum. For example, suppose the billiard ball has twice the mass of
the golf ball. By conservation of momentum, the twice-as-massive ball will roll outward at half
the speed of the lighter ball, and at any time be half as far from the starting point as the lighter
ball. So there is no CG change in the system of the two balls. We can see also that the torques
produced by the weights of the balls multiplied by their relative distances from the fulcrum are
equal at all points-because at any time the less massive ball has a correspondingly larger lever arm.

39. In accord with the equation for centripetal force, twice the speed corresponds to four times the
force.

41. Newton's first and third laws provide a straight-forward explanation. You tend to move in a
straight line (Newton's first law) but are intercepted by the door. You press against the door
because the door is pressing against you (Newton's third law). The push by the door provides
the centripetal force that keeps you moving in a curved path. Without the door's push, you
wouldn't turn with the car-you'd move along a straight line and be "thrown out." No need to
invoke centrifugal force.

43. Yes, in accord with Fe = mv'/r. Force is directly proportional to the square of speed.

45. Centripetal force will be adequate when only the radial component of the normal force equals
the mass of the car times the square of its speed divided by an appropriate radial distance from
the center of the curve.

47. •~ . N

w
49. (a) Except for the vertical force of friction, no other vertical force except the weight of the

motorcycle + rider exists. Since there is no change of motion in the vertical direction, the force
of friction must be equal and opposite to the weight of motorcycle + rider.
(b) The horizontal vector indeed represents the normal force. Since it is the only force acting in
the radial direction, horizontally, it is also the centripetal force. So it's both.

51. The rotational inertia of you and the rotating turntable is least when you are at the rotational
axis. As you crawl outward, the rotational inertia of the system increases (like the masses held
outward in Figure 8.53). In accord with the conservation of angular momentum, as you crawl
toward the outer rim, you increase the rotational inertia of the spinning system and decrease
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the angular speed. You can also see that if you don't slip as you crawl out, you exert a friction
force on the turntable opposite to its direction of rotation, thereby slowing it down.

53. In accord with the conservation of angular rnornentum, as the radial distance of mass increases,
the angular speed decreases. The mass of material used to construct skyscrapers is lifted,
slightly increasing the radial distance from the Earth's spin axis. This would tend to slightly
decrease the Earth's rate of rotation, which in turn tends to make the days a bit longer. The
opposite effect occurs for falling leaves, as their radial distance from the Earth's axis decreases.
As a practical matter, these effects are entirely negligible!

55. In accord with the conservation of angular momentum, if mass moves closer to the axis of
rotation, rotational speed increases. So the day would be ever so slightly shorter.

57. The angular momentum of the wheel-train system will not change in the absence of an external
torque. So when the train moves clockwise, the wheel moves counterclockwise with an equal
and opposite angular momentum. When the train stops, the wheel stops. When the train backs
up, the wheel moves clockwise. If masses of the train and wheel are equal, they will move with
equal speeds (since the mass of the wheel is as far from the axis as the mass of the
train-equal masses at equal radial distances having equal rotational inertias). If the train is
more massive than the wheel, the wheel will "recoil" with more speed than the train, and vice
versa. (This is a favorite demonstration of Paul Robinson, whose children David and Kristen are
shown in the photo.)

59. Gravitational force acting on every particle by every other particle causes the cloud to
condense. The decreased radius of the cloud is then accompanied by an increased angular
speed because of angular momentum conservation. The increased speed results in many stars
being thrown out into a dish-like shape.

SOLUTIONS TO CHAPTER 8 PROBLEMS

1. Since the bicycle moves 2 m with each turn of the wheel, and the wheel turns once each
second, the linear speed of the bicycle is 2 m/so

3. The center of mass of the two weights is where a fulcrum would balance both-where the
torques about the fulcrum would balance to zero. Call the distance (lever arm) from the 1-kg
weight to the fulcrum X. Then the distance (lever arm) from the fulcrum to the 3-kg weight is
(100 - x). Equating torques:

1x = (100 - x)3
x = 300 - 3x
x = 75.

So the cent er of mass of the system is just below the 7S-cm mark. Then the three-times-as-
massive weight is one-third as far from the fulcrum.

5. The mass of the stick is 1 kg. (This is a "freebie"; see the Check Yourself question and answer
that follows Figure 8.28.)

7. Centripetal force (and "weight" and "g" in the rotating habitat) is directly proportional to radial
distance from the hub. At half the radial distance, the 9 force will be half that at his feet. The
man will literally be "light-headed." (Gravitational variations of greater than 10% head-to-toe
are uncomfortable for most people.)

9. The artist will rotate 3 times per second. By the conservation of angular momentum,
the artist will increase rotation rate by 3. That is
1Wbefore :; IWafter

1Wbefoce = [('I3)J(3w)]afte,
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ANSWERS TO CHAPTER 9 EXERCISES (Gravity)

1. Nothing to be concerned about on this consumer label. It simply states the universal law of
gravitation, which applies to all products. It looks like the manufacturer knows some physics and
has a sense of humor.

3. In accord with the law of inertia, the Moon would move in a straight-line path instead of circling
both the Sun and Earth.

5. The force of gravity is the same on each because the masses are the same, as Newton's
equation for gravitational force verifies. When dropped the crumpled paper falls faster only
because it encounters less air drag than the sheet.

7. Newton didn't know the mass of the Earth, so he couldn't find G from the weights of objects,
and he didn't have any equipment sensitive enough to measure the tiny forces of gravity
between two objects of known mass. This measurement eventually occurred more than a
century after Newton with the experiments of Cavendish and Philipp Von Jolly.

9. If gravity between the Moon and its rocks vanished, the rocks, like the Moon, would continue in
their orbital path around the Earth. The assumption ignores the law of inertia.

11. Nearer the Moon.

13. In accord with Newton's 3'd law, the weight of the Earth in the gravitational field of the apple is
1 N; the same as the weight of the apple in the Earth's gravitational field.

15. Although the forces are equal, the accelerations are not. The much more massive Earth has
much less acceleration than the Moon. Actually Earth and Moon do rotate around a common
point, but it's not midway between them (which would require both Earth and Moon to have the
same mass). The point around which Earth and Moon rotate (called the barycenter) is within the
Earth about 4600 km from the Earth's center.

17. Letting the equation for gravitation gUide your thinking, twice the diameter is twice the radius,
which corresponds to '/4 the astronaut's weight at the planet's surface.

19. Your weight would decrease if the Earth expanded with no change in its mass and would
increase if the Earth contracted with no change in its mass. Your mass and the Earth's mass
don't change, but the distance between you and the Earth's center does change. Force is
proportional to the inverse square of this distance.

21. By the geometry of Figure 9.5, tripling the distance from the small source spreads the light
over 9 times the area, or 9 m2. Five times the distance spreads the light over 25 times the area
or 25 m2, and for 10 times as far, 100 m2.

23. The high-flying jet plane is not in free fall. It moves at approximately constant velocity so a
passenger experiences no net force. The upward support force of the seat matches the
downward pull of gravity, providing the sensation of weight. The orbiting space vehicle, on the
other hand, is in a state of free fall. No support force is offered by a seat, for it falls at the
same rate as the passenger. With no support force, the force of gravity on the passenger is not
sensed as weight.

25. In a car that drives off a cliff you "float" because the car no longer offers a support force. Both
you and the car are in the same state of free fall. But gravity is still acting on you, as evidenced
by your acceleration toward the ground. So, by definition, you would be weightless (until air
resistance becomes important).

27. The two forces are the normal force and mg, which are equal when the elevator doesn't
accelerate, and unequal when the elevator accelerates.

29. The jumper is weightless due to the absence of a support force.
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31. You disagree, for the force of gravity on orbiting astronauts is almost as strong as at Earth's
surface. They feel weightless because of the absence of a support force.

33. The gravitational force varies with distance. At noon you are closer to the Sun. At midnight you
are an extra Earth diameter farther away. Therefore the gravitational force of the Sun on you is
greater at noon.

35. The gravitational pull of the Sun on the Earth is greater than the gravitational pull of the Moon.
The tides, however, are caused by the differences in gravitational forces by the Moon on
opposite sides of the Earth. The difference in gravitational forces by the Moon on opposite
sides of the Earth is greater than the corresponding difference in forces by the stronger pulling
but much more distant Sun.

37. No. Tides are caused by differences in gravitational pulls. If there are no differences in pulls,
there are no tides.

39. Lowest tides occur along with highest tides-spring tides. So the spring tide cycle consists of
higher-than-average high tides followed by lower-than-average low tides (best for digging
clams). .

41. Because of its relatively small size, different parts of the Mediterranean Sea are essentially
equidistant from the Moon (or from the Sun). As a result, one part is not pulled with any
appreciably different force than any other part. This results in extremely tiny tides. The same
argument applies, with even more force, to smaller bodies of water, such as lakes, ponds, and
puddles. In a glass of water under a full Moon you'll detect no tides because no part of the
water surface is closer to the Moon than any other part of the surface. Tides are caused by
appreciable differences in pulls.

43. Yes, the Earth's tides would be due only to the Sun. They would occur twice per day (every
12 hours instead of every 12.5 hours) due to the Earth's daily rotation.

45. From the nearest body, the Earth.

47. In accord with the inverse-square law, twice as far from the Earth's center diminishes the value
of g to ' /4 its value at the surface or 2.45 rn/s-.

49. Your weight would be less in the mine shaft. One way to explain this is to consider the mass of
the Earth above you which pulls upward on you. This effect reduces your weight, just as your
weight is reduced if someone pulls upward on you while you're weighing yourself. Or more
accurately, we see that you are effectively within a spherical shell in which the gravitational field
contribution is zero; and that you are being pulled only by the spherical portion below you. You
are lighter the deeper you go, and if the mine shaft were to theoretically continue to the Earth's
center, your weight moves closer to zero.

51. More fuel is required for a rocket that leaves the Earth to go to the Moon than the other way
around. This is because a rocket must move ;lgainst the greater gravitational field of the Earth
most of the way. (If launched from the Moon to the Earth, then it would be traveling with the
Earth's field most of the way.)

53. F _ m, m/cF, where m2 is the mass of the Sun (which doesn't change when forming a black
hole), m, is the mass of the orbiting Earth, and d is the distance between the center of mass of
the Earth and the Sun. None of these terms change, so the force F that holds the Earth in orbit
does not change. (There may in fact be black holes in the galaxy around which stars or planets
orbit.)

SS. The misunderstanding here is not distinguishing between a theory and a hypothesis or
conjecture. A theory, such as the theory of universal gravitation, is a synthesis of a large body
of information that encompasses well-tested and verified hypothesis about nature. Any doubts
about the theory have to do with its applications to yet untested situations, not with the
theory itself. One of the features of scientific theories is that they undergo refinement with new
knowledge. (Einstein's general theory of relativity has taught us that in fact there are limits to
the validity of Newton's theory of universal gravitation.)
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57. You weigh a tiny bit less in the lower part of a massive building because the mass of the
building above pulls upward on you.

59. There is no gravitational field change at the spaceship's location as evidenced by no changes in
the terms of the gravitational equation. The mass of the black hole is the same before and after
collapse.

SOLUTIONS TO CHAPTER 9 PROBLEMS

1. From F = GmM/ cf2, '/5 of d squared is l/zsth d2, which means the force is 2S times greater.

F
3. a = -

m

mMid2 M
G-- =G-

m d2

GM
5. s r r";

d2
= 0.94 or 94%.

(6.67 x 10-11)(6.0 x 1024)

[(6380 + 200) X103]2
= 9.24 N/kg or 9.24 m/s2; 9.24/9.8
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ANSWERS TO CHAPTER 10 EXERCISES (Projectile and Satellite Motion)

1. The divers are in near-free-fall, and as Figure 4.15 back in Chapter 4 shows, falling speed is
independent of mass (or weight).

3. Yes, it will hit with a higher speed in the same time because the horizontal (not the vertical)
component of motion is greater.

5. The crate will not hit the Porsche, but will crash a distance beyond it determined by the height
and speed of the plane.

7. (a) The paths are parabolas. (b) The paths would be straight lines.

9. Minimum speed occurs at the top, which is the same as the horizontal component of velocity
anywhere along the path.

11. Kicking the ball at angles greater than 45° sacrifices some distance to gain extra time. A kick
greater than 45° doesn't go as far, but stays in the air longer, giving players on the kicker's
team a chance to run down field and be close to the player on the other team who catches the ball.

13. The bullet falls beneath the projected line of the barrel. To compensate for the bullet's fall, the
barrel is elevated. How much elevation depends on the velocity and distance to the target.
Correspondingly, the gunsight is raised so the line of sight from the gunsight to the end of the
barrel extends to the target. If a scope is used, it is tilted downward to accomplish the same
line of sight

15. Any vertically projected object has zero speed at the top of its trajectory. But if it is fired at an
angle, only its vertical component of velocity is zero and the velocity of the projectile at the
top is equal to its horizontal component of velocity. This would be 100 m/s when the 141-m/s
projectile is fired at 45°.

17. The hang time will be the same, in accord with the answer to Exercise 16. Hang time is related
to the vertical height attained in a jump, not on horizontal distance moved across a level floor.

19. Yes, the shuttle is accelerating, as evidenced by its continual change of direction. It accelerates
due to the gravitational force between it and the Earth. The acceleration is toward the Earth's
center.

21. Neither the speed of a falling object (without air resistance) nor the speed of a satellite in orbit
depends on its mass. In both cases, a greater mass (greater inertia) is balanced by a
correspondingly greater gravitational force, so the acceleration remains the same (a = Flm,
Newton's 2nd law).

23. Gravitation supplies the centripetal force on satellites.

25. The initial vertical climb lets the rocket get through the denser, retarding part of the
atmosphere most quickly, and is also the best direction at low initial speed, when a large part of
the rocket's thrust is needed just to support the rocket's weight. But eventually the rocket
must acquire enough tangential speed to remain in orbit without thrust, so it must tilt until
finally its path is horizontal.

27. The Moon has no atmosphere (because escape velocity at the Moon's surface is less than the
speeds of any atmospheric gases). A satellite 5 km above the Earth's surface is still in
considerable atmosphere, as well as in range of some mountain peaks. Atmospheric drag is the
factor that most determines orbiting altitude.

29. Consider "Newton's cannon" fired from a tall mountain on Jupiter. To match the wider curvature
of much larger Jupiter, and to contend with Jupiter's greater gravitational pull, the cannonball
would have to be fired significantly faster. (Orbital speed about Jupiter is about 5 times that for
Earth.)
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31. Upon slowing it spirals in toward the Earth and in so doing has a component of gravitational
force in its direction of motion which causes it to gain speed. Or put another way, in circular
orbit the perpendicular component of force does no work on the satellite and it maintains
constant speed. But when it slows and spirals toward Earth there is a component of
gravitational force that does work to increase the KE of the satellite.

33. A satellite travels faster when closest to the body it orbits. Therefore Earth travels faster about
the Sun in December than in June.

35. When descending, a satellite meets the atmosphere at almost orbital speed. When ascending,
its speed through the air is considerably less and it attains orbital speed well above air drag.

37. The component along the direction of motion does work on the satellite to
change its speed. The component perpendicular to the direction of motion
changes its direction of motion.

39. When the velocity of a satellite is everywhere perpendicular to the force of gravity, the orbital
path is a circle (see Figure 10.18).

41. No way, for the Earth's center is a focus of the elliptical path (including the special case of a
circle), so an Earth satellite orbits the center of the Earth. The plane of a satellite coasting in
orbit always intersects the Earth's center.

43. The plane of a satellite coasting in orbit intersects the Earth's center. If its orbit were tilted
relative to the equator, it would be sometimes over the Northern Hemisphere, sometimes over
the Southern Hemisphere. To stay over a fixed point off the equator, it would have to be
following a circle whose center is not at the center of the Earth.

,,

45. Period is greater for satellites farthest from Earth.

47. It could be dropped by firing it straight backward at the same speed of the satellite. Then its
speed relative to Earth would be zero, and it would fall straight downward.

49. If the speed of the probe relative to the satellite is the same as the speed of the satellite
relative to the Moon, then, like the projected capsule that fell to Earth in Exercise 48, it will
drop vertically to the Moon. If fired at twice the speed, it and the satellite would have the same
speed relative to the Moon, but in the opposite direction, and might collide with the satellite
after half an orbit.

51. Communication satellites only appear motionless because their orbital period coincides with the
daily rotation of the Earth. If they were at rest and not orbiting, they would crash to Earth.

53. The design is a good one. Rotation would provide a centripetal force on the occupants. Watch
for this design in future space faring.

SS. The escape speeds from various planets refer to "ballistic speeds"-to the speeds attained
after the application of an applied force at low altitude. If the force is sustained, then a space
vehicle could escape the Earth at any speed, so long as the force is applied sufficiently long.

57. This is similar to Exercise 56. In this case, Pluto's maximum speed of impact on the Sun, by
virtue of only the Sun's gravity, would be the same as the escape speed from the surface of the
Sun, which according to Table 10.1 in the text is 620 km/so

59. The satellite experiences the greatest gravitational force at A, where it is closest to the Earth;
and the greatest speed and the greatest velocity at A, and by the same token the greatest
momentum and greatest kinetic energy at A, and the greatest gravitational potential energy at
the farthest point C. It would have the same total energy (KE + PE) at all parts of its orbit,
likewise the same angular momentum because it's conserved. It would have the greatest
acceleration at A, where F/ m is greatest.
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SOLUTIONS TO CHAPTER 10 PROBLEMS

1. One second after being thrown, its horizontal component of velocity is 10 m/s, and its vertical
component is also 10 m/so By the Pythagorean theorem, V = v(1 02 + 102) = 14.1 m/so (It is
moving at a 45° angle.)

3. 100 m/so At the top of its trajectory, the vertical component of velocity is zero, leaving only
the horizontal component. The horizontal component at the top or anywhere along the path is
the same as the initial horizontal component, 100 m/s (the side of a square where the diagonal
is 141).

5. John and Tracy's horizontal jumping velocity will be the horizontal distance traveled divided by
the time of the jump. The horizontal distance will be a minimum of 20 m, but what will be the
time? Aha, the same time it would take John and Tracy to fall straight down! From Table 3.3 we
see such a fall would take 4 seconds. Or we can find the time from

h . d 80
d = 5 t2, were rearrangement gives t = V"5 = Vs = 4 s.

So to travel 20 m horizontally in this time means John and Tracy should jump horizontally with
a velocity of 20 m/4 s = 5 m/so But this would put them at the edge of the pool, so they
should jump a little faster. If we knew the length of the pool, we could calculate how much
faster without hitting the far end of the pool. (John and Tracy would be better advised to take
the elevator.) So the answer is slightly faster than 5 m/so

7. Hang time depends only on the vertical component of initial velocity and the corresponding
vertical distance attained. From d = 5t2 a vertical 1.25 m drop corresponds to 0.5 s (t = V2d/g =
V2(1.25)/10 = 0.5 s). Double this (time up and time down) for a hang time of 1 S. Hang time
is the same whatever the horizontal distance traveled.

9. v= vG: J6.67 x 10-11)(6 x 1024)

3.8 x 108
= 1026 m/so
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ANSWERS TO CHAPTER 11 EXERCISES (The Atomic Nature of Matter)

1. One.

3. The average speed of molecules increases.

5. The cat leaves a trail of molecules and atoms on the grass. These in turn leave the grass and
mix with the air, where they enter the dog's nose, activating its sense of smell.

7. The atoms that make up a newborn baby or anything else in this world originated in the
explosions of ancient stars. (See Figure 11.8, my daughter Leslie.) The molecules that make up
the baby, however, were formed from atoms ingested by the mother and transferred to her
womb.

9. Agree partially. It's better to say an element is defined by the number of protons in the
nucleus. The number of protons and electrons are equal only when the element is not ionized.

11. Brownian motion is the result of more atoms or molecules bumping against one side of a tiny
particle than the other. This produces a net force on the particle, which it is set in motion. Such
doesn't occur for larger particles because the numbers of bumps on opposite sides is more
likely equal, producing no net force. The number of bumps on a baseball is practically the same
on all sides, with no net force and no change in the baseball's motion.

13. Individual Ping-Pong balls are less massive than individual golf balls, so equal masses of each
means more Ping-Pong balls than golf balls.

15. Since aluminum atoms are less massive than lead atoms, more aluminum atoms than lead atoms
compose a 1-kg sample.

17. Nine.

19. The element is copper, atomic number 29. Any atom having 29 protons is by definition copper.

21. Carbon in trees is extracted from carbon dioxide in the air. In a loose sense, we can view a tree
as solidified air!

23. Check the periodic table and see that gold is atomic number 79. Taking a proton from the
nucleus leaves the atomic number 78, platinum-much more valuable than adding a proton to
get mercury, atomic number 80.

25. Lead.

27. In an electrically neutral atom the number of protons in the nucleus equals the number of
orbiting electrons. In an ion, the number of electrons differs from the number of nuclear
protons.

29. An atom loses an electron to become a positive ion. Then it has more protons than electrons.

31. The capsule would be arsenic.

33. Sodium and chlorine atoms combine to form a molecule with completely different
characteristics-the molecules of common table salt.

35. Neon, argon, krypton, xenon, and radon (the noble gases).

37. Germanium has properties most like silicon, as it is in the same column, Group XIV, as silicon in
the periodic table.

39. Protons contribute more to an atom's mass, and electrons more to an atom's size.

41. The hydrogen molecules, having less mass, move faster than the heavier oxygen molecules.
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43. The water and alcohol molecules actually fit into one another and occupy less space when
combined than they do individually. Hence, when water and alcohol are mixed, their combined
volume is less than the sum of their volumes separately.

45. You really are a part of every person around you in the sense that you are composed of atoms
not only from every person around you, but from every person who ever lived on Earth! The
child's statement in the Part 2 photo opener is indisputable. And the atoms that now compose
you will make up the atomic pool that others will draw upon.

47. They assumed hydrogen and oxygen were single-atom molecules with water's formula being
H80.

49. The amount of matter that a given amount of antimatter would annihilate is the same as the
amount of antimatter, a pair of particles at a time. The whole world could not be annihilated by
antimatter unless the mass of antimatter were at least equal to the mass of the world.

SOLUTIONS TO CHAPTER 11 PROBLEMS

1. There are 16 grams of oxygen in 18 grams of water. We can see from the formula for
water, H20, there are twice as many hydrogen atoms (each of atomic mass 1) as oxygen atoms
(each of atomic mass 16). So the molecular mass of H20 is 18, with 16 parts oxygen by mass.

3. The atomic mass of element A is 3/2 the mass of element B. Why? Gas A has three times
the mass of Gas B. If the equal number of molecules in A and B had equal numbers of atoms,
then the atoms in Gas A would simply be three times as massive. But there are twice as many
atoms in A, so the mass of each atom must be half of three times as rnuch-e-Va.

5. (a) 104 atoms (length 10-6 m divided by size 10-10 m).

(b) 108 atoms (104 x 104).

(c) 1012 atoms (104 x 104 X 104).

(d) $10,000 buys a good used car, for instance. $100 million buys a few jet aircraft and an
airport on which to store them, for instance. $1 trillion buys a medium-sized country, for
instance. (Answers limited only by the imagination of the student.)

7. There are 10
22

breaths of air in the world's atmosphere, which is the same number of
atoms in a single breath. So for anyone breath evenly mixed in the atmosphere, we sample
one of Julius Caesar's atoms at any place or any time in the atmosphere.
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ANSWERS TO CHAPTER 12 EXERCISES (Solids)

1. Both the same, for 1000 mg = 1 g.

3. The carbon that comprises most of the mass of a tree originates from CO2 extracted from the air.

5. Evidence for crystalline structure include the symmetric diffraction patterns given off by various
materials, micrographs such as the one shown by Professor Hubisz in the chapter-opener photo,
and even brass doorknobs that have been etched by the perspiration of hands.

7. Iron is denser than cork, but not necessarily heavier. A common cork from a wine bottle, for
example, is heavier than an iron thumbtack-but it wouldn't be heavier if the volumes of each
were the same.

9. Ice is less dense than water.

11. Density has not only to do with the mass of the atoms that make up a material, but with the
spacing between the atoms as well. The atoms of the metal osmium, for example, are not as
massive as uranium atoms, but due to their close spacing they make up the densest of the
metals. Uranium atoms are not as closely spaced as osmium atoms.

13. Water is denser, so a liter of water weighs more than a Iiter of ice. (Once a liter of water
freezes, its volume is greater than 1 liter.)

15. The top part of the spring supports the entire weight of the spring and stretches more than,
say the middle, which only supports half the weight and stretches half as far. Parts of the spring
toward the bottom support very little of the spring's weight and hardly stretch at all.

17. A twice-as-thick rope has four times the cross-section and is therefore four times as strong.
The length of the rope does not contribute to its strength. (Remember the old adage, a chain is
only as strong as its weakest link-the strength of the chain has to do with the thickness of the
links, not the length of the chain.)

19. Case 1: Tension at the top
and compression at the bottom.

Case 2: Compression at the top
and tension at the bottom.

21. A horizontal I-beam is stronger when the web is vertical because most of the material is where
it is needed for the most strength, in the top and bottom flanges. When supporting a load, one
flange will be under tension and the other flange under compression. But when the web is
horizontal, only the edges of the flanges, much smaller than the flanges themselves, play these
important roles.

23. Like the dams in Exercise 22, the ends should be concave as on the left. Then the pressure due
to the wine inside produces compression on the ends that strengthens rather than weakens the
barrel. If the ends are convex as on the right, the pressure due to the wine inside produces
tension, which tends to separate the boards that make up the ends.

25. Scale a beam up to twice its linear dimensions, I-beam or otherwise, and it will be four times as
thick. Along its cross-section then, it will be four times as strong. But it will be eight times as
heavy. Four times the strength supporting eight times the weight results in a beam only half as
strong as the original beam. The same holds true for a bridge that is scaled up by two. The
larger bridge will be only half as strong as the smaller one. (Larger bridges have different
designs than smaller bridges. How they differ is what architects and engineers get paid for!)
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Interestingly, how strength depends on size was one of Galileo's "two new sciences," published
in 1683.

27. Since each link in a chain is pulled by its neighboring links, tension in the hanging chain is exactly
along the chain-parallel to the chain at every point. If the arch takes the same shape, then
compression all along the arch will similarly be exactly along the arch-parallel to the arch at
every point. There will be no internal forces tending to bend the arch. This shape is a catenary,
and is the shape of modern-day arches such as the one that graces the city of St. Louis.

29. The candymaker needs less taffy for the larger apples because the surface area is less per
kilogram. (This is easily noticed by comparing the peelings of the same number of kilograms of
small and large apples.)

31. The answer to this question uses the same principle as the answer to Exercise 30. The greater
surface area of the coal in the form of dust insures an enormously greater proportion of carbon
atoms in the coal having exposure to the oxygen in the air. The result is very rapid combustion.

33. An apartment building has less area per dwelling unit exposed to the weather than a single-
family unit of the same volume. The smaller area means less heat loss per unit. (It is interesting
to see the nearly cubical shapes of apartment buildings in northern c1imates-a cube has the
least surface area for a solid with rectangular sides.)

35. The surface area of crushed ice is greater which provides more melting surface to the
surroundings.

37. Rusting is a surface phenomenon. For a given mass, iron rods present more surface area to the
air than thicker piles.

39. The wider, thinner burger has more surface area for the same volume. The greater the surface
area, the greater will be the heat transfer from the stove to the meat.

41. Mittens have less surface than gloves. Anyone who has made mittens and gloves will tell you
that much more material is required to make gloves. Hands in gloves will cool faster than hands
in mittens. Fingers, toes, and ears have a disproportionately large surface area relative to other
parts of the body and are therefore more prone to frostbite.

43. Small animals radiate more energy per bodyweight, so the flow of blood is correspondingly
greater, and the heartbeat faster.

45. The inner surface of the lungs is not smooth, but is sponge-like. As a result, there is an
enormous surface exposed to the air that is breathed. This is nature's way of compensating for
the proportional decrease in surface area for large bodies. In this way, the adequate amount of
oxygen vital to life is taken in.

47. Large raindrops fall faster than smaller raindrops for the same reason that heavier parachutists
fall faster than lighter parachutists. Both larger things have less surface area and therefore less
air resistance relative to their weights.

49. Scaling plays a significant role in the design of the hummingbird and the eagle. The wings of a
hummingbird are smaller than those of the eagle relative to the size of the bird, but are larger
relative to the mass of the bird. The hummingbird's swift maneuvers are possible because the
small rotational inertia of the short wings permits rapid flapping that would be impossible for
wings as large as those of an eagle. If a hummingbird were scaled up to the size of an eagle, its
wings would be much shorter than those of an eagle, so it couldn't soar. Its customary rate of
flapping would be insufficient to provide lift for its disproportionately greater weight. Such a
giant hummingbird couldn't fly, and unless its legs were disproportionately thicker, it would have
great difficulty walking. The great difference in the design of hummingbirds and eagles is a
natural consequence of the area to volume ratio of scaling. Interesting?
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SOLUTIONS TO CHAPTER 12 PROBLEMS

. mass
1. Density = volume

(rrr2h).

So density = 5 ~g
rrrh

-~
- V . Now the volume of a cylinder is its (round area) x (its height)

5000 g

(3.14)(32)(10)cm3
= 17.7 g/cm3•

3. 45 N is 2.25 times 20 N, so the spring will stretch 2.25 times as far, 9 cm. Or from Hooke's
law; F = kx, x = F/k = 45 N/(20 N/4 cm) = 9 cm. (The spring constant k = 5 N/cm.)

5. If the spring is cut in half, it will stretch as far as half the spring stretched before it was
cut-half as much. This is because the tension in the uncut spring is the same everywhere,
equal to the full load at the middle as well as the end. So the 10 N load will stretch it 2 cm.
(Cutting the spring in half doubles the spring constant k. Initially k = 10 N/4 cm = 2.5 N/cm;
when cut in half, k = 10 N/2 cm = 5 N/cm.)

7. (a) Eight smaller cubes (see Figure 12.16).

(b) Each face of the original cube has an area of 4 ern- and there are 6 faces, so the total area
is 24 cm", Each of the smaller cubes has an area of 6 ern- and there are eight of them, so
their total surface area is 48 ems, twice as great.

(c) The surface-to-volume ratio for the original cube is (24 cm2)/(8 crn-) = 3 cm-1• For the set
of smaller cubes, it is (48 cm2)/(8 ern") = 6 cm-t, twice as great. (Notice that the surface-to-
volume ratio has the unit inverse cm.)

9. The big cube will have the same combined volume of the eight little cubes, but half their
combined area. The area of each side of the little cubes is 1 cm2, and for its six sides the
total area of each little cube is 6 crn-, So all eight individual cubes have a total surface area
48 crn-. The area of each side of the big cube, on the other hand, is 22 or 4 ern"; for all six sides
its total surface area is 24 cm2, half as much as the separate small cubes.
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ANSWERS TO CHAPTER 13 EXERCISES (Liquids)

1. Water.

3. A woman with spike heels exerts considerably more pressure on the ground than an elephant!
Example: A 500-N woman with t-erns spike heels puts half her weight on each foot, distributed
(let's say) half on her heel and half on her sole. So the pressure exerted by each heel will be
(125 Nil cm'') = 125 N/cm2. A 20,000-N elephant with 1000 ern- feet exerting 1/4 its weight
on each foot produces (5000N/l000 crn-) = 5N/cm2; about 25 times less pressure. (So a
woman with spike heels will make greater dents in a new linoleum floor than an elephant will.)

5. There is less pressure with a waterbed due to the greater contact area.

7. More water will flow from the downstairs faucet due to greater water pressure there.

9. Your body gets more rest when lying than when sitting or standing because when lying, the
heart does not have to pump blood to the heights that correspond to standing or sitting. Blood
pressure is normally greater in the lower parts of your body simply because the blood is
"deeper" there. Since your upper arms are at the same level as your heart, the blood pressure
in your upper arms will be the same as the blood pressure in your heart.

11. Both are the same, for pressure depends on depth.

13. (a) The reservoir is elevated so as to produce suitable water pressure in the faucets that it
serves. (b) The hoops are closer together at the bottom because the water pressure is greater
at the bottom. Closer to the top, the water pressure is not as great, so less reinforcement is
needed there.

15. A one-kilogram block of aluminum is larger than a one-kilogram block of lead. The aluminum
therefore displaces more water.

17. The smaller the window area, the smaller the crushing force of water on it.

19. From a physics point of view, the event was quite reasonable, for the force of the ocean on his
finger would have been quite small. This is because the pressure on his finger has only to do
with the depth of the water, specifically the distance of the leak below the sea level-not the
weight of the ocean. For a numerical example, see Problem 4.

21. Water seeking its own level is a consequence of pressure depending on depth. In a bent U-tube
full of water, for example, the water in one side of the tube tends to push water up the other
side until the pressures at the same depth in each tube are equal. If the water levels were not
the same, there would be more pressure at a given level in the fuller tube, which would move
the water until the levels were equal.

23. In deep water, you are buoyed up by the water displaced and as a result, you don't exert as
much pressure against the stones on the bottom. When you are up to your neck in water, you
hardly feel the bottom at all.

25. The diet drink is less dense than water, whereas the regular drink is denser than water. (Water
with dissolved sugar is denser than pure water.) Also, the weight of the can is less than the
buoyant force that would act on it if totally submerged. So it floats, where buoyant force
equals the weight of the can.

27. Mountain ranges are very similar to icebergs: both float in a denser medium, and extend farther
down into that medium than they extend above it. Mountains, like icebergs, are bigger than
they appear to be. The concept of floating mountains is isostacy-Archimedes' principle for
rocks.

29. The force needed will be the weight of 1 L of water, which is 9.8 N. If the weight of the carton
is not negligible, then the force needed would be 9.8 N minus the carton's weight, for then the
carton would be "helping" to push itself down.
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31. The buoyant force on the ball beneath the surface is much greater than the force of gravity on
the ball, producing a large net force and large acceleration.

33. While floating, SF equals the weight of the submarine. When submerged, BF equals the
submarine's weight plus the weight of water taken into its ballast tanks. Looked at another
way, the submerged submarine displaces a greater weight of water than the same submarine
floating.

35. When a ship is empty its weight is least and it displaces the least water and floats highest.
Carrying a load of anything increases its weight and makes it float lower. It will float as low
carrying a few tons of Styrofoam as it will carrying the same number of tons of iron ore. So the
ship floats lower in the water when loaded with Styrofoam than when empty. If the Styrofoam
were outside the ship, below water line, then the ship would float higher as a person would with
a life preserver.

37. The water level will fall. This is because the iron will displace a greater amount of water while
being supported than when submerged. A floating object displaces its weight of water, which is
more than its own volume, while a submerged object displaces only its volume. (This may be
illustrated in the kitchen sink with a dish floating in a dishpan full of water. Silverware in the dish
takes the place of the scrap iron. Note the level of water at the side of the dishpan, and then
throw the silverware overboard. The floating dish will float higher and the water level at the side
of the dishpan will fall. Will the volume of the silverware displace enough water to bring the level
to its starting point? NO,not as long as it is denser than water.)

39. Buoyant force will remain unchanged on the sinking rock because it displaces the same weight
of water at any depth.

41. The balloon will sink to the bottom because its density increases with depth. The balloon is
compressible, so the increase in water pressure beneath the surface compresses it and reduces
its volume, thereby increasing its density. Density is further increased as it sinks to regions of
greater pressure and compression. This sinking is understood also from a buoyant force point of
view. As its volume is reduced by increasing pressure as it descends, the amount of water it
displaces becomes less. The result is a decrease in the buoyant force that initially was sufficient
to barely keep it afloat.

43. A body floats higher in denser fluid because it does not have to sink as far to displace a weight
of fluid equal to its own weight. A smaller volume of the displaced denser fluid is able to match
the weight of the floating body.

45. Since both preservers are the same size, they will displace the same amount of water when
submerged and be buoyed up with equal forces. Effectiveness is another story. The amount of
buoyant force exerted on the heavy gravel-filled preserver is much less than its weight. If you
wear it, you'll sink. The same amount of buoyant force exerted on the lighter Styrofoam
preserver is greater than its weight and it will keep you afloat. The amount of the force and the
effectiveness of the force are two different things.

47. Ice cubes will float lower in a mixed drink because the mixture of alcohol and water is less dense
than water. In a less dense liquid a greater volume of liquid must be displaced to equal the
weight of the floating ice. In pure alcohol, the volume of alcohol equal to that of the ice cubes
weighs less than the ice cubes, and buoyancy is less than weight and ice cubes will sink.
Submerged ice cubes in a cocktail indicate that it is predominantly alcohol.

49. The total weight on the scale is the same either way, so the scale reading will be the same
whether or not the wooden block is outside or floating in the beaker. Likewise for an iron block,
where the scale reading shows the total weight of the system.

51. When the ball is submerged (but not touching the bottom of the container), it is supported
partly by the buoyant force on the left and partly by the string connected to the right side. So
the left pan must increase its upward force to provide the buoyant force in addition to
whatever force it provided before, and the right pan's upward force decreases by the same
amount, since it now supports a ball lighter by the amount of the buoyant force. To bring the
scale back to balance, the additional weight that must be put on the right side will equal twice

- ",
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the weight of water displaced by the submerged ball. Why twice? Half of the added weight
makes up for the loss of upward force on the right, and the other half for the equal gain in
upward force on the left. (If each side initially weighs 10 N and the left side gains 2 N to
become 12 N, the right side loses 2 N to become 8 N. So an additional weight of 4 N, not 2 N,
is required on the right side to restore balance.) Because the density of water is less than half
the density of the iron ball, the restoring weight, equal to twice the buoyant force, will still be
less than the weight of the ball.

53. Both you and the water would have half the weight density as on Earth, and you would float
with the same proportion of your body above the water as on Earth. Water splashed upward
with a certain initial speed would rise twice as high, since it would be experiencing only half the
"gravity force." Waves on the water surface would move more slowly than on Earth (at about 70%
as fast since vwave _ ";g).

55. A Ping-Pong ball in water in a zero-g environment would experience no buoyant force. This is
because buoyancy depends on a pressure difference on different sides of a submerged body. In
this weightless state, no pressure difference would exist because no water pressure exists. (See
the answer to Exercise 24, and Home Project 2.)

57. The strong man will be unsuccessful. He will have to push with 50 times the weight of the
10 kilograms. The hydraulic arrangement is arranged to his disadvantage. Ordinarily, the input
force is applied against the smaller piston and the output force is exerted by the large
piston-this arrangement is just the opposite.

59. When water is hot, the molecules are moving more rapidly and do not cling to one another as
well as when they are slower moving, so the surface tension is less. The lesser surface tension
of hot water allows it to pass more readily through small openings.
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SOLUTIONS TO CHAPTER 13 PROBLEMS

1. Pressure = weight density x depth = 10,000 N/m3 x 220 m = 2,200,000 N/m2 = 2200 kPa
(or using density of 9800 N/m3, pressure = 2160 kPa).

3. (a) The volume of the extra water displaced will weigh as much as the 400-kg horse. And the
volume of extra water displaced will also equal the area of the barge times the extra depth.
That is,

V = Ah, where A is the horizontal area of the barge; Then h =*
Now A = 5m x 2m = 10m2

; to find the volume V of barge pushed into the water by the horse's
weight, which equals the volume of water displaced, we know that

d . - !!!. 0 f hi V - _m__ 400kg = 0.4 m3.ensrty - V . r rom t IS, - d . 3
ensrty 1000kg/m

So h =~ 004 m
3

A 10 m2

(b) If each horse will push the barge 4 cm deeper, the question becomes: How many 4-cm
increments will make 15 cm? 15/4 = 3.75, so 3 horses can be carried without sinking.
4 horses will sink the barge.

= 0.04 m, which is 4 cm deeper.

5. From Table 12.1 the density of gold is 19.3 g/cm3• Your gold has a mass of 1000 grams, so
1000 g

V
= 19.3 g/cm3• Solving for V,

V= 1000 g

19.3 g/cm3
= 51.8 cm3.

7. 10% of ice extends above water. So 10% of the 9-cm thick ice would float above the water
line; 0.9 cm. So the ice pops up. Interestingly, when mountains erode they become lighter and
similarly pop up! Hence it takes a long time for mountains to wear away.

9. The displaced water, with a volume 90 percent of the vacationer's volume, weighs the same as
the vacationer (to provide a buoyant force equal to his weight). Therefore his density is
90 percent of the water's density. Vacationer's density = (0.90)( 1,025 kg/m3) =
923 kg/m3.
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ANSWERS TO CHAPTER 14 EXERCISES (Gases and Plasmas)

1. Some of the molecules in the Earth's atmosphere do go off into outer space-those like helium
with speeds greater than escape speed. But the average speeds of most molecules in the
atmosphere are well below escape speed, so the atmosphere is held to Earth by Earth gravity.

3. The weight of a truck is distributed over the part of the tires that make contact with the road.
Weight/surface area = pressure, so the greater the surface area, or equivalently, the greater
the number of tires, the greater the weight of the truck can be for a given pressure. What
pressure? The pressure exerted by the tires on the road, which is determined by (but is
somewhat greater than) the air pressure in its tires. Can you see how this relates to Home
Project 1?

5. The tires heat, giving additional motion to the gas molecules within.

7. The ridges near the base of the funnel allow air to escape from a container it is inserted into.
Without the ridges, air in the container would be compressed and would tend to prevent filling
as the level of liquid rises.

9. The bubble's mass does not change. Its volume increases because its pressure decreases
(Boyle's law), and its density decreases (same mass, more volume).

11. If the item is sealed in an airtight package at sea level, then the pressure in the package is
about 1 atmosphere. Cabin pressure is reduced somewhat for high altitude flying, so the
pressure in the package is greater than the surrounding pressure and the package therefore
puffs outwards.

13. The can collapses under the weight of the atmosphere. When water was boiling in the can,
much of the air inside was driven out and replaced by steam. Then, with the cap tightly
fastened, the steam inside cooled and condensed back to the liquid state, creating a partial
vacuum in the can which could not withstand the crushing force of the atmosphere outside.

15. A vacuum cleaner wouldn't work on the Moon. A vacuum cleaner operates on Earth because the
atmospheric pressure pushes dust into the machine's region of reduced pressure. On the Moon
there is no atmospheric pressure to push the dust anywhere.

17. If barometer liquid were half as dense as mercury, then to weigh as much, a column twice as
high would be required. A barometer using such liquid would therefore have to be twice the
height of a standard mercury barometer, or about 152 cm instead of 76 cm.

19. Mercury can be drawn a maximum of 76 cm with a siphon. This is because 76 vertical cm of
mercury exert the same pressure as a column of air that extends to the top of the atmosphere.
Or looked at another way; water can be lifted 10.3 m by atmospheric pressure. Mercury is
13.6 times denser than water, so it can only be lifted only '/13.6 times as high as water.

21. Drinking through a straw is slightly more difficult atop a mountain. This is because the reduced
atmospheric pressure is less effective in pushing soda up into the straw.

23. You agree with your friend, for the elephant displaces far more air than a small helium-filled
balloon, or small anything. The effects of the buoyant forces, however, is a different story. The
large buoyant force on the elephant is insignificant relative to its enormous weight. The tiny
buoyant force acting on the balloon of tiny weight, however, is significant.

25. No, assuming the air is not compressed. The air filled bag is heavier, but buoyancy negates the
extra weight and the reading is the same. The buoyant force equals the weight of the displaced
air, which is the same as the weight of the air inside the bag (if the pressures are the same).

27. Weight is the force with which something presses on a supporting surface. When the buoyancy
of air plays a role, the net force against the supporting surface is less, indicating a smaller
weight. Buoyant force is more appreciable for larger volumes, like feathers. So the mass of
feathers that weigh 1 pound is more than the mass of iron that weighs 1 pound.

229



29. The air tends to pitch toward the rear (law of inertia), becoming momentarily denser at the rear
of the car, less dense in the front. Because the air is a gas obeying Boyle's law, its pressure is
greater where its density is greater. Then the air has both a vertical and a horizontal "pressure
gradient." The vertical gradient, arising from the weight of the atmosphere, buoys the balloon
up. The horizontal gradient, arising from the acceleration, buoys the balloon forward. So the
string of the balloon makes an angle. The pitch of the balloon will always be in the direction of
the acceleration. Step on the brakes and the balloon pitches backwards. Round a corner and the
balloon noticeably leans radially towards the center of the curve. Nice! (Another way to look at
this involves the effect of two accelerations, 9 and the acceleration of the car. The string of the
balloon will be parallel to the resultant of these two accelerations. Nice again!)

31. The buoyant force does not change, because the volume of the balloon does not change. The
buoyant force is the weight of air displaced, and doesn't depend on what is doing the
displacing.

33. A moving molecule encountering a surface imparts force to the surface. The greater the
number of impacts, the greater the pressure.

35. The pressure increases, in accord with Boyle's law.

37. The shape would be a catenary. It would be akin to Gateway Arch in St. Louis and the hanging
chain discussed in Chapter 12.

39. The end supporting the punctured balloon tips upwards as it is lightened by the amount of air
that escapes. There is also a loss of buoyant force on the punctured balloon, but that loss of
upward force is less than the loss of downward force, since the density of air in the balloon
before puncturing was greater than the density of surrounding air.

41. The force of the atmosphere is on both sides of the window; the net force is zero, so windows
don't normally break under the weight of the atmosphere. In a strong wind, however, pressure
will be reduced on the windward side (Bernoulli's Principle) and the forces no longer cancel to
zero. Many windows are blown outward in strong winds.

43. As speed of water increases, internal pressure of the water decreases.

45. Air moves faster over the spinning top of the Frisbee and pressure against the top is reduced. A
Frisbee, like a wing, needs an "angle of attack" to ensure that the air flowing over it follows a
longer path than the air flowing under it. So as with the beach ball in Exercise 44, there is a
difference in pressures against the top and bottom of the Frisbee that produces an upward lift.

47. The helium-filled balloon will be buoyed from regions of greater pressure to regions of lesser
pressure, and will "rise" in a rotating air-filled habitat.

49. Spacing of airstreams on opposite sides of a non-spinning ball is the same. For a spinning ball,
airstream spacings are less on the side where airspeed is increased by spin action.

51. Greater wing area produces greater lift, important for low speeds where lift is less. Flaps are
pulled in to reduce area at cruising speed, reducing lift to equal the weight of the aircraft.

53. The thinner air at high-altitude airports produces less lift for aircraft. This means aircraft need
longer runways to achieve correspondingly greater speed for takeoff.

55. Bernoulli's Principle. For the moving car the pressure will be less on the side of the car where
the air is moving fastest-the side nearest the truck, resulting in the car's being pushed by the
atmosphere towards the truck. Inside the convertible, atmospheric pressure is greater than
outside, and the canvas rooftop is pushed upward toward the region of lesser pressure. Similarly
for the train windows, where the interior air is at rest relative to the window and the air outside
is in motion. Air pressure against the inner surface of the window is greater than the
atmospheric pressure outside. When the difference in pressures is significant enough, the
window is blown out.
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57. The troughs are partially shielded from the wind, so the air moves faster over the crests than in
the troughs. Pressure is therefore lower at the top of the crests than down below in the
troughs. The greater pressure in the troughs pushes the water into even higher crests.

59. According to Bernoulli's principle, when a fluid gains speed in flowing through a narrow region,
the pressure of the fluid is reduced. The gain in speed, the cause, produces reduced pressure,
the effect. But one can argue that a reduced pressure in a fluid, the cause, will produce a flow
in the direction of the reduced pressure, the effect. For example, if you decrease the air
pressure in a pipe by a pump or by any means, neighboring air will rush into the region of
reduced pressure. In this case the increase in air speed is the result, not the cause of, reduced
pressure. Cause and effect are open to interpretation. Bernoulli's principle is a controversial
topic with many physics types!

SOLUTIONS TO CHAPTER 14 PROBLEMS

1. According to Boyle's law, the pressure will increase to three times its original pressure.

3. To decrease the pressure ten-fold, back to its original value, in a fixed volume, 90% of the
molecules must escape, leavinq one-tenth of the original number.

5. If the atmosphere were composed of pure water vapor, the atmosphere would condense to a
depth of 10.3 m. Since the atmosphere is composed of gases that have less density in the
liquid state, their liquid depths would be more than 10.3 m, about 12 m. (A nice reminder of
how thin and fragile our atmosphere really is.)

7. (a) The weight of the displaced air must be the same as the weight supported, since the total
force (gravity plus buoyancy) is zero. The displaced air weighs 20,000 N.

(b) Since weight = mg, the mass of the displaced air is m = Wig = (20,000 N)/(10 rn/s-) =
2,000 kg. Since density is mass/volume, the volume of the displaced air is volume =

mass/density = (2,000 kg)/(1.2 kg/ m3) = 1,700 m3 (same answer to two figures if g =
9.8 rn/s- is used).
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ANSWERS TO CHAPTER 15 EXERCISES (Temperature, Heat, and Expansion)

1. Inanimate things such as tables, chairs, furniture, and so on, have the same temperature as the
surrounding air (assuming they are in thermal equilibrium with the air-i.e., no sudden gush of
different-temperature air or such). People and other mammals, however, generate their own
heat and have body temperatures that are normally higher than air temperature.

3. Yes, the same average speed, but not the same instantaneous speed. At any moment
molecules with the same average speed can have enormously different instantaneous speeds.

5. You cannot establish by your own touch whether or not you are running a fever because there
would be no temperature difference between your hand and forehead. If your forehead is a
couple of degrees higher in temperature than normal, your hand is also a couple of degrees
higher.

7. The hot coffee has a higher temperature, but not a greater internal energy. Although the
iceberg has less internal energy per mass, its enormously greater mass gives it a greater total
energy than that in the small cup of coffee. (For a smaller volume of ice, the fewer number of
more energetic molecules in the hot cup of coffee may constitute a greater total amount of
internal energy-but not compared to an iceberg.)

9. Calorie, which is 1000 calories.

11. The average speed of molecules in both containers is the same. There is greater internal energy
in the full glass (twice the matter at the same temperature). More heat will be required to
increase the temperature of the full glass, twice as much, in fact.

13. Gaseous pressure changes with changes in temperature.

15. Different substances have different thermal properties due to differences in the way energy is
stored internally in the substances. When the same amount of heat produces different changes
in temperatures in two substances of the same mass, we say they have different specific heat
capacities. Each substance has its own characteristic specific heat capacity. Temperature
measures the average kinetic energy of random motion, but not other kinds of energy.

17. The slowly cooling object has the greater specific heat.

19. A high specific heat. The more ways a molecule can move internally, the more energy it can
absorb to excite these internal motions. This greater capacity for absorbing energy makes a
higher specific heat.

21. Alcohol, for less specific heat means less thermal inertia and a greater change in temperature.

23. The climate of Bermuda, like that of all islands, is moderated by the high specific heat of water.
What moderates the climates are the large amounts of energy given off and absorbed by water
for small changes in temperature. When the air is cooler than the water, the water warms the
air; when the air is warmer than the water, the water cools the air.

25. In winter months when the water is warmer than the air, the air is warmed by the water to
produce a seacoast climate warmer than inland. In summer months when the air is warmer than
the water, the air is cooled by the water to produce a seacoast climate cooler than inland. This
is why seacoast communities and especially islands do not experience the high and low
temperature extremes that characterize inland locations.

27. The brick will cool off too fast and you'll be cold in the middle of the night. Bring a jug of hot
water with its higher specific heat to bed and you'll make it through the night.

29. Water is an exception.

31. When the rivets cool they contract. This tightens the plates being attached.
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33. The tires heat up, which heats the air within. The molecules in the heated air move faster, which
increases air pressure in the tires.

35. Cool the inner glass and heat the outer glass. If it's done the other way around, the glasses will
stick even tighter (if not break).

37. If both expanded differently, as for different materials, the key and lock wouldn't match.

39. The photo was likely taken on a warm day. If it were taken on a cold day there would be more
space between the segments.

41. Overflow is the result of liquid gasoline expanding more than the solid tank.

43. The heated balls would have the same diameter.

45. The gap in the ring will become wider when the ring is heated. Try this: draw a couple of lines on
a ring where you pretend a gap to be. When you heat the ring, the lines will be farther
apart-the same amount as if a real gap were there. Every part of the ring expands
proportionally when heated uniformly-thickness, length, gap and all.

47. The U shape takes up the slack of expansion or contraction, without changing the positions at
end points.

49. In the construction of a light bulb, it is important that the metal leads and the glass have the
same rate of heat expansion. If the metal leads expand more than glass, the glass may crack. If
the metal expands less than glass upon being heated, air will leak in through the resulting gaps.

51. 4'C.

53. The atoms and molecules of most substances are more closely packed in solids than in liquids.
So most substances are denser in the solid phase than in the liquid phase. Such is the case for
iron and aluminum and most all other metals. But water is different. In the solid phase the
structure is open-spaced and ice is less dense than water. Hence ice floats in water.

55. The curve for density versus temperature is:

57. At O'C it will contract when warmed a little; at 4'C it will expand, and at 6'C it will expand.

59. If cooling occurred at the bottom of a pond instead of at the surface, ice would still form at the
surface, but it would take much longer for ponds to freeze. This is because all the water in the
pond would have to be reduced to a temperature of D'C rather than 4'C before the first ice
would form. Ice that forms at the bottom where the cooling process is occurring would be less
dense and would float to the surface (except for ice that may form about and cling to material
anchored to the bottom of the pond).
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SOLUTIONS TO CHAPTER 15 PROBLEMS

1. Heat gained by the cooler water = heat lost by the warmer water. Since the masses of water
are the same, the final temperature is midway, 30°C. So you'll end up with 100 g of 30°C
water.

3. Raising the temperature of 10 gm of copper by one degree takes 10 x 0.092 = 0.92 calories,
and raising it through 100 degrees takes 100 times as much, or 92 calories.

By formula, Q = cma T = (0.092 cal/gOC)(10 g)(100°C) = 92 ca!.
Heating 10 grams of water through the same temperature difference takes 1,000 calories,
more than ten times the amount for the copper-another reminder that water has a large
specific heat capacity.

S. Heat gained by water = heat lost by nails
(cm ~nwater = (cm ~nnails
(1)(100) (T- 20) = (0.12)(100)(40 - n, giving T= 22.1·C.

7. By formula: ~L = Loa~ T = (1300 m)(11 x 10-6/oC)(1 5°C) = 0.21 m.

9. A1uminum expands more as evidenced by its greater coefficient of linear expansion. The
ratio of the increases is equal to the ratios of the coefficients of expansion, i,e., 24 x 10"6/11 x 10-6 =

2.2. So the same increase in temperature, the change in length of aluminum will be 2.2 times
greater than the change in length of steel.
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ANSWERS TO CHAPTER 16 EXERCISES (Heat Transfer)

1. The metal doorknob conducts heat better than wood.

3. No, the coat is not a source of heat, but merely keeps the thermal energy of the wearer from
leaving rapidly.

5. When the temperatures of the blocks are the same as the temperature of your hand, then no
heat transfer occurs. Heat will flow between your hand and something being touched only if
there is a temperature difference between them.

7. Copper and aluminum are better conductors than stainless steel, and therefore more quickly
transfer heat to the cookware's interior.

9. In touching the tongue to very cold metal, enough heat can be quickly conducted away from
the tongue to bring the saliva to sub-zero temperature where it freezes, locking the tongue to
the metal. In the case of relatively nonconducting wood, much less heat is conducted from the
tongue and freezing does not take place fast enough for sudden sticking to occur.

11. Heat from the relatively warm ground is conducted by the gravestone to melt the snow in
contact with the gravestone. Likewise for trees or any materials that are better conductors of
heat than snow, and that extend into the ground.

13. The snow and ice of the igloo is a better insulator than wood. You would be warmer in the igloo
than the wooden shack.

15. The high conductivity of metal means a lot of heat transfer, hence the ouch. But the low
conductivity of air results in less heat transfer and less pain.

17. The conductivity of wood is relatively low whatever the temperature-even in the stage of red
hot coals. You can safely walk barefoot across red hot wooden coals if you step quickly (like
removing the wooden-handled pan with bare hands quickly from the hot oven in Exercise 16)
because very little heat is conducted to your feet. Because of the poor conductivity of the
coals, energy from within the coals does not readily replace the energy that transfers to your
feet. This is evident in the diminished redness of the coal after your foot has left it. Stepping on
red-hot iron coals, however, is a different story. Because of the excellent conductivity of iron,
very damaging amounts of heat would transfer to your feet. More than simply ouch!

19. The temperature will be midway because one decreases in temperature and the other increases
in temperature.

21. It is correct to say that the increase in thermal energy of one object equals the decrease in
thermal energy of the other-not temperature. The statement is correct when the hot and
warm objects are the same material and same mass.

23. Disagree, for although the mixture has the same temperature, which is to say, the same KE per
molecule, the lighter hydrogen molecules have more speed than heavier nitrogen for the same
KE.

25. Hydrogen molecules will be the faster moving when mixed with oxygen molecules. They will
have the same temperature, which means they will have the same average kinetic energy. Recall
that KE = '/2 mv". Since the mass of hydrogen is considerably less than oxyqen, the speed
must correspondingly be greater.

27. Molecules of gas with greater mass have a smaller average speed. So molecules containing
heavier U-238 are slower on the average. This favors the diffusion of the faster gas containing
U-235 through a porous membrane (which is how U-235 was separated from U-238 by
scientists in the 1940s).

29. More molecules are in the cooler room. The greater number of slower-moving molecules there
produce air pressure at the door equal to the fewer number of faster-moving molecules in the
warmer room.
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31. The smoke, like hot air, is less dense than the surroundings and is buoyed upward. It cools with
contact with the surrounding air and becomes more dense. When its density matches that of
the surrounding air, its buoyancy and weight balance and rising ceases.

33. If ice cubes were at the bottom they wouldn't be in contact with the warmest part of the tea at
the surface, so cooling would be less. Ice cubes are preferable at the surface to decrease the
temperature of the warmer part of the tea.

35. Both the molecule and the baseball are under the influence of gravity, and both will accelerate
downward at g. When other molecules impede downward fall, then the free-fall acceleration 9
isn't maintained.

37. Because of the high specific heat of water, sunshine warms water much less than it warms land.
As a result, air is warmed over the land and rises. Cooler air from above the cool water takes its
place and convection currents are formed. If land and water were heated equally by the Sun,
such convection currents (and the winds they produce) wouldn't be.

39.

41. Black is the most efficient calor for steam radiators. Much of the heat a steam radiator
produces, however, is a result of the convection it produces, which has to do with its
temperature rather than its radiating ability.

43. The heat you received was from radiation.

45. If good absorbers were not also good emitters, then thermal equilibrium would not be possible.
If a good absorber only absorbed, then its temperature would climb above that of poorer
absorbers in the vicinity. And if poor absorbers were good emitters, their temperatures would
fall below that of better absorbers.

47. Human eyes are insensitive to the infrared radiated by objects at average temperatures.

49. Put the cream in right away for at least three reasons. Since black coffee radiates more heat
than white coffee, make it whiter right away so it won't radiate and cool so quickly while you
are waiting. Also, by Newton's law of cooling, the higher the temperature of the coffee above
the surroundings, the greater will be the rate of cooling-so again add cream right away and
lower the temperature to that of a reduced cooling rate, rather than allowing it to cool fast and
then bring the temperature down still further by adding the cream later. Also-by adding the
cream, you increase the total amount of liquid, which for the same surface area, cools more
slowly.

51. Under open skies, the ground radiates upward but the sky radiates almost nothing back down.
Under the benches, downward radiation of the benches decreases the net radiation from the
ground, resulting in warmer ground and, likely, no frost.

53. For maximum warmth, wear the plastic coat on the outside and utilize the greenhouse effect.

55. Kelvins and Celsius degrees are the same size, and although ratios of these two scales will
produce very different results, differences in kelvins and differences in Celsius degrees will be
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the same. Since Newton's law of cooling involves temperature differences, either scale may be
used.

57. Turn the air conditioner off altogether to keep t:.Tsmall, as in the answer to Exercise 56. Heat
leaks at a greater rate into a cold house than into a not-so-cold house. The greater the rate at
which heat leaks into kthe house, the greater the amount of fuel consumed by the air
conditioner.

59. If the Earth's temperature increases, its rate of radiating will increase. And if much of this extra
terrestrial radiation is blocked, and the temperature of the Earth increases more, then its rate
of radiating simply increases further. A new and higher equilibrium temperature is established.

SOLUTIONS TO CHAPTER 16 PROBLEMS

1. (a) The amount of heat absorbed by the water is Q = cmar = (1.0 cal/g C)(50.0 g)(50°C - 22°C) =
1400 cal. At 40% efficiency only 0.4 of the energy from the peanut raises the water
temperature, so the calorie content of the peanut is 1400/0.4 = 3500 cal.
(b) The food value of a peanut is 3500 cal/0.6 g = 5.8 kilocalories per gram.

3. Work the hammer does on the nail is given by F x d, and the temperature change of the nail can
be found from using Q = ctrus T. First, we get everything into more convenient units for
calculating: 5 grams = 0.005 kg; 6 cm = 0.06 m. Then F x d = 500 N x 0.06 m = 30 J, and 30 J
= (0.005 kg)( 450 J/kgOC)(t:.n which we can solve to get t:.T = 30/(0.005 x 450) = 13.3·C.
(You will notice a similar effect when you remove a nail from a piece of wood. The nail that you
pull out is noticeably warm.)

5. According to Newton's law of cooling, its rate of cooling is proportional to the temperature
difference, so when the temperature difference is half as great, the rate of cooling will be half
as great. After another eight hours, the coffee will lose 12.5 degrees, half as much as in the
first eight hours, cooling from 50·C to 37.s·C. (Newton's law of cooling leads to exponential
behavior, in which the fractional change is the same in each equal increment of time.)
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ANSWERS TO CHAPTER 17 EXERCISES (Change of Phase)

1. Alcohol produces more cooling because of its higher rate of evaporation.

3. The water evaporates rapidly in the dry air, gaining its energy from your skin, which is cooled.

5. When you blow over the top of a bowl of hot soup, you increase net evaporation and its cooling
effect by removing the warm vapor that tends to condense and reduce net evaporation.

7. From our macroscopic point of view, it appears that nothing is happening in a covered glass of
water, but at the atomic level there is chaotic motion as molecules are continually bumbling
about. Molecules are leaving the water surface to the air above while vapor molecules in the air
are leaving the air and plunging into the liquid. Evaporation and condensation are taking place
continually, even though the net evaporation or net condensation is zero. Here we distinguish
between the processes and the net effect of the processes.

9. In this hypothetical case evaporation would not cool the remaining liquid because the energy of
exiting molecules would be no different than the energy of molecules left behind. Although
internal energy of the liquid would decrease with evaporation, energy per molecule would not
change. No temperature change of the liquid would occur. (The surrounding air, on the other
hand, would be cooled in this hypothetical case. Molecules flying away from the liquid surface
would be slowed by the attractive force of the liquid acting on them.)

11. A fan does not cool the room, but instead promotes evaporation of perspiration, which cools
the body.

13. Water leaks through the porous canvas bag, evaporating from its outer surface and cooling the
bag. The motion of the car increases the rate of evaporation and therefore the rate of cooling,
just as blowing over a hot bowl of soup increases the rate at which soup cools (see Exercise 5).

1S. The body keeps its temperature a normal 37'C by the process of evaporation. When the body
tends to overheat, perspiration occurs, which cools the body if the perspiration is allowed to
evaporate. (Interestingly enough, if you're immersed in hot water, perspiration occurs profusely,
but evaporation and cooling do not follow-that's why it is inadvisable to stay too long in a hot
bath.)

17. Air above the freezing temperature is chilled in the vicinity of an iceberg and condensation of
the water vapor in the air results in fog.

19. On a day where the outside of the windows is warmer than the inside, condensation will occur
on the outside of the windows. You can also see this on the windshield of your car when you
direct the air conditioner against the inside of the glass.

21. Air swept upward expands in regions of less atmospheric pressure. The expansion is
accompanied by cooling, which means molecules are moving at speeds low enough for
coalescing upon collisions; hence the moisture that is the cloud.

23. Enormous thermal energy is released as molecular potential energy is transformed to molecular
kinetic energy in condensation. (Freezing of the droplets to form ice adds even more thermal
energy.)

25. You can withdraw heat without changing temperature when the substance is undergoing a
change of phase.

27. As the bubbles rise, less pressure is exerted on them.

29. Decreased pressure lessens the squeezing of molecules, which favors their tendency to
separate and form vapor.

31. The hot water is below the boiling point for the very high pressure there, somewhat like the
higher boiling point of water in a pressure cooker.
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33. You could not cook food in low-temperature water that is boiling by virtue of reduced pressure.
Food is cooked by the high temperature it is subjected to, not by the bubbling of the
surrounding water. For example, put room-temperature water in a vacuum and it will boil. But
this doesn't mean the water will transfer more internal energy to an egg than before boiling-an
egg in this boiling water won't cook at alii

35. The ice is indeed cold. Why cold? Because rapid evaporation of the water cooled the water to
the freezing point.

37. The air in the flask is very low in pressure, so that the heat from your hand will produce boiling
at this reduced pressure. (Your instructor will want to be sure that the flask is strong enough to
resist implosion before handing it to you!)

39. The lid on the pot traps heat which quickens boiling; the lid also slightly increases pressure on
the boiling water which raises its boiling temperature. The hotter water correspondingly cooks
food in a shorter time, although the effect is not significant unless the lid is held down as on a
pressure cooker.

41. After a geyser has erupted, it must refill and then undergo the same heating cycle. If the rates
of filling and heating don't change, then the time to boil to the eruption stage will be the same.

43. Yes, ice can be much colder than O°C,which is the temperature at which ice will melt when it
absorbs energy. The temperature of an ice-water mixture in equilibrium is OT. Iced tea, for
example, is O'C,

45. Regelation would not occur if ice crystals weren't open structured. The pressure of the wire on
the open network of crystals caves them in and the wire follows. With the pressure immediately
above the wire relieved, the molecules again settle to their low energy crystalline state.
Interestingly, the energy score balances for these changes of state: The energy given up by the
water that refreezes above the wire is conducted through the wire thickness to melt the ice
being crushed beneath. The more conductive the wire, the faster regelation occurs. For an
insulator like string, regelation won't occur at all. Try it and see!

47. The wood, because its greater specific heat capacity means it will release more energy in
cooling.

49. This is an example that illustrates Figure 17.7. Water vapor in the warm air condenses on the
relatively low-temperature surface of the can. When the can is at room temperature, the speeds
of the molecules encountering it are unaffected, and condensation doesn't occur.

51. Sugar doesn't freeze with the water in the punch, so half-frozen punch has the sugar of the
original mixture-twice the original concentration.

53. Condensation occurs on the cold coils, which is why the coils drip water.

SS. The temperature of nearby air increases due to energy released by the melting ice.

57. The answer is similar to the answer of Exercise 56, and also the fact that the coating of ice acts
as an insulating blanket. Every gram of water that freezes releases 80 calories, much of it to
the fruit; the thin layer of ice then acts as an insulating blanket against further loss of heat.

59. Yes, for the device is a heat pump, with the characteristic of being able to operate both
ways-heater when the change of phase is from gas to liquid, and cooler when the change of
phase is from liquid to gas.
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SOLUTIONS TO CHAPTER 17 PROBLEMS

1. (a) 1 kg O'C ice to O'C water requires 80 kilocalories.

(b) 1 kg O'C water to 100'e water requires 100 kilocalories.

(c) 1 kg 100'C water to 100'C steam requires 540 kilocalories.

(d) 1 kg O'C ice to 1OO'Csteam requires (80 + 100 + 540) = 720 kilocalories
or 720,000 calories.

3. First, find the number of calories that 109 of 100'C steam will give in changing to 109 of O°C
water.
109 of steam changing to 109 of boiling water at 100'C releases 5400 calories.
109 of 100'C water cooling to O'C releases 1000 calories.
So 6400 calories are available for melting ice.

6400 cal
80 cal/g

= 80 grams of ice.

5. The quantity of heat lost by the: iron is Q = cma T = (0.11 cal/g'C)(50 g)(80'C) = 440 cal. The
iron will lose a quantity of heat to the ice Q = mL. The mass of ice melted will therefore be m =
Q/L = (440 cal)/(80 cal/g) = S.S grams. (The lower specific of heat of iron shows itself
compared with the result of Problem 4.)

7. 0.5mgh = cmar
b.T = 0.5mgh/cm = 0.5gh/c = (0.5)(9.8 m/s2)(100 m)/450 J/kg'C = 1.1·C.

Again, note that the mass cancels, so the same temperature would hold for any mass ball,
assuming half the heat generated goes into warming the ball. As in Problem 6, the units check
because 1 J/kg = 1 m2/s2•
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ANSWERS TO CHAPTER 18 EXERCISES (Thermodynamics)

1. In the case of the 500-degree oven it makes a lot of difference. 500 kelvins is 22rC, quite a
bit different than SOOT. But in the case of the 50,000-degree star, the 273 increments either
way makes practically no difference. Give or take 273, the star is still 50,000 K or 50,000°C
when rounded off.

3. Not ordinarily. They undergo the same change in internal energy, which translates to the same
temperature change when both objects are the same mass and composed of the same material.

5. Its absolute temperature is 273 +10 = 283 K. Double this and you have 566 K. Expressed in
Celsius; 566 - 273 = 293°C.

7. You do work in compressing the air, which increases its internal energy. This is evidenced by an
increase in temperature.

9. The pump becomes hot for two reasons: First, the work done in compressing the air increases
its internal energy which is conducted to and shared with the pump. The second reason for the
increase in temperature involves friction, for the piston rubs against the inner Wall of the pump
cylinder.

11. A given amount of mechanical energy can be easily and commonly converted to thermal energy;
any body moving with kinetic energy that is brought to rest by friction transforms all its kinetic
energy into thermal energy (for example, a car skidding to rest on a horizontal road). The
converse is not true, however. In accord with the 2nd law of thermodynamics, only a fraction of
a given amount of thermal energy can be converted to mechanical energy. For example, even
under ideal conditions, less than half of the heat energy provided by burning fuel in a power
plant can go into mechanical energy of electric generators.

13. When a blob of air rises in the atmosphere it does work on the surrounding lower-pressure air as
it expands. This work output is at the expense of its internal energy, which is diminished, which
in turn is evidenced by a lower temperature. Hence the temperature of air at the elevation of
mountain tops is usually less than down below.

15. Solar energy.

17. The term pollution refers to an undesirable by-product of some process. The desirability or
undesirability of a particular by-product is relative, and depends on the circumstances. For
example, using waste heat from a power plant to heat a swimming pool could be desirable
whereas using the same heat to warm a trout stream could be undesirable.

19. It is advantageous to use steam as hot as possible in a steam-driven turbine because the
efficiency is higher if there is a greater difference in temperature between the source and the
sink (see Sadi Carnot's equation in the chapter).

21. As in Exercise 20, efficiency is higher with greater difference in temperature between the heat
source (combustion chamber in the engine) and sink (air surrounding the exhaust). All other
things being equal, and strictly speaking, a car is more efficient on a cold day.

23. When the temperature is lowered in the reservoir into which thermal energy is rejected,
efficiency increases; substitution of a smaller value of Tcold into (Thot - Tcold)lThot will
confirm this. (Re-express the equation as 1 - Tcold/Thot to better see this.)

25. Only when the sink is at absolute zero (0 K) will a heat engine have an ideal efficiency of 100%.

27. Most certainly! Unlike the cooling wished for in Exercise 26, the energy given to the room by
the open oven raises room temperature.

29. Work must be done to establish a temperature difference between the inside of the refrigerator
and the surrounding air. The greater the temperature difference to be established, the more
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work and hence more energy is consumed. So the refrigerator uses more energy when the room
is warm rather than cold.

31. The gas is more compact-density increases.

33. Most people know that electric lights are inefficient when it comes to converting electrical
energy into light energy, so they are surprised to learn there is a 100% conversion of electrical
energy to thermal energy. If the building is being heated electrically, the lights do a fine job of
heating, and it is not at all wasteful to keep them on when heating is needed. It is a wasteful
practice if the air conditioners are on and cooling is desired, for the energy input to the air
conditioners must be increased to remove the extra thermal energy given off by the lights.

35. Some of the electric energy that goes into lighting a lamp is transferred by conduction and
convection to the air, some is radiated at invisible wavelengths ("heat radiation") and converted
to internal energy when it is absorbed, and some appears as light. In an incandescent lamp, only
about 5% goes into light, and in a fluorescent lamp, about 20% goes to light. But all of the
energy that takes the form of light is converted to internal energy when the light is absorbed
by materials upon which it is incident. So by the 1st law, all the electrical energy is ultimately
converted to internal energy. By the second law, organized electrical energy degenerates to the
more disorganized form, internal energy.

37. Energy in the universe is tending toward unavailability with time. Hotter things are cooling as
cooler things are warming. If this is true, the universe is tending toward a common temperature,
the so-called "heat death," when energy can no longer do work. (But we don't know for sure
that the laws of thermodynamics apply to the universe as a whole, since we don't understand
the ultimate source of the vast churning energy that is now apparent throughout the universe.
Nature may have some surprises for us!)

39. It is fundamental because it governs the general tendency throughout nature to move from
order to disorder, yet it is inexact in the sense that it is based on probability, not certainty.

41. There are more ways for molecules in the liquid phase to move, resulting in more chaotic
motion.

43. No, the freezing of water is not an exception to the entropy principle because work has been
put into the refrigeration system to prompt this change of state. There is actually a greater net
disorder when the environment surrounding the freezer is considered.

45. Such machines violate at least the second law of thermodynamics, and perhaps the first law as
well. These laws are so richly supported by so many experiments over so long a time that the
Patent Office wisely assumes that there is a flaw in the claimed invention.

47. Remind your friend that perpetual motion is the normal state of the universe, that all
substances are composed of perpetually-moving particles. What is impossible is not perpetual
motion, but a perpetual motion machine that multiplies energy input.

49. As in Exercise 48, the smaller the number of random particles, the more the likelihood of them
becoming "spontaneously" ordered. But the number of molecules in even the smallest room?
Sleep comfortably!
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SOLUTIONS TO CHAPTER 18 PROBLEMS

1. Heat added to system = change in system's internal energy + work done by the system,
Q = fjE + Wso W = Q -fjE = OJ -(-3000 J) = 3000 J.

3. Converting to kelvins; 25'C = 298 K; 4'C = 277 K. So Carnot efficiency = Th;h Tc

298 - 277
298

(which there are) must be processed for sufficient power generation.

= 0.07, or 7%. This is very low, which means that large volumes of water

5. Adiabatic compression would heat the confined air by about 1O'C for each kilometer decrease in
elevation. The -35'e air would be heated 100'e and have a ground temperature of about (-
35 + 100) = 65·C. (This is 149'F, roasting hotl)

7. (a) For the room, W = 0.044 J.

(b) For the freezer, W = 0.69 J.

(c) For the helium refrigerator, W = 74 J. The bigger the temperature "hill" relative to the
lower temperature, the more work is needed to move the energy.
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ANSWERS TO CHAPTER 19 EXERCISES (Vibrations and Waves)

1. The period of a pendulum does not depend on the mass of the bob, but does depend on the
length of the string.

3. The period of a pendulum depends on the acceleration due to gravity. Just as in a stronger
gravitational field a ball will fall faster, a pendulum will swing to-and-fro faster. (The exact
relationship, T = 2TT.,jllg, is shown in Footnote 1 in the chapter). So at mountain altitudes
where the gravitational field of the Earth is slightly less, a pendulum will oscillate with a slightly
longer period, and a clock will run just a bit slower and will "lose" time.

5. Assuming the center of gravity of the suitcase doesn't change when loaded with books, the
pendulum rate of the empty case and loaded case will be the same. This is because the period
of a pendulum is independent of mass. Since the length of the pendulum doesn't change, the
frequency and hence the period is unchanged.

7. The frequency of a pendulum depends on the restoring force, which is gravity. Double the mass
and you double the gravitational force that contributes to the torque acting on the pendulum.
More mass means more torque, but also more inertia-so has no net effect. Similarly, mass
doesn't affect free fall acceleration (see Figure 19.1).

9. Lower frequency produces waves farther apart, so wavelength increases. Wavelength and
frequency are inverse to each other.

11. Letting v = fA guide thinking, twice the speed means twice the frequency.

13. The periods are equal. Interestingly, an edge-on view of a body moving in uniform circular
motion is seen to vibrate in a straight line. How? Exactly in simple harmonic motion. So the up
and down motion of pistons in a car engine are simple harmonic, and have the same period as
the circularly rotating shaft that they drive.

15. Shake the garden hose to-and-fro in a direction perpendicular to the hose to produce a sine-like
curve.

17. (a) Transverse. (b) Longitudinal. (c) Transverse.

19. Frequency and period are reciprocals of one another; f = 1IT. and T = 1If. Double one and the
other is half as much. So doubling the frequency of a Vibrating object halves the period.

21. Violet light has the greater frequency.

23. The frequency of the second hand of a clock is one cycle per minute; the frequency of the
minute hand is one cycle per hour; for the hour hand the frequency is one cycle per 12 hours.
To express these values in hertz, we need to convert the times to seconds. Then we find for
the second hand the frequency = '/60 hertz: for the minute hand the frequency = '/3600 hertz;
for the hour hand the frequency = 1/(12 x 3600) = 1/(43,200) hertz.

25. As you dip your fingers more frequently into still water, the waves you produce will be of a
higher frequency (we see the relationship between "how frequently" and "frequency"). The
crests of the higher-frequency waves will be closer together-their wavelengths will be shorter.

27. Think of a period as one cycle in time, and a wavelength as one cycle in space, and a little
though will show that in a time of one period, a wave travels a full wavelength. Formally, we can
see this as follows:
distance = speed x time
where speed = frequency x wavelength, which when substituted for speed above, gives
distance = frequency x wavelength x time
distance = 1/period x wavelength x period = wavelength.

29. The energy of a water wave spreads along the increasing circumference of the wave until its
magnitude diminishes to a value that cannot be distinguished from thermal motions in the
water. The energy of the waves adds to the internal energy of the water.

244

<,



31. The speed of light is 300,000 krn/s, about a million times faster than sound. Because of this
difference in speeds, lightning is seen a million times sooner than it is heard.

33. The frequency is doubled.

35. The Doppler effect is a change in frequency as a result of the motion of source, receiver, or
both. So if you move toward a stationary sound source, yes, you encounter wave crests more
frequently and the frequency of the received sound is higher. Or if you move away from the
source, the wave crests encounter you less frequently, and you hear sound of a lower
frequency.

37. No, the effects of shortened waves and stretched waves would cancel one another.

39. Police use radar waves which are reflected from moving cars. From the shift in the returned
frequencies, the speed of the reflectors (car bodies) is determined.

41. Oops, careful. The Doppler effect is about changes in frequency, not speed.

43. A boat that makes a bow wave is traveling faster than the waves of water it generates.

45. The fact that you hear an airplane in a direction that differs from where you see it simply means
the airplane is moving, and not necessarily faster than sound (a sonic boom would be evidence
of supersonic flight). If the speed of sound and the speed of light were the same, then you'd
hear a plane where it appears in the sky. But because the two speeds are so different, the plane
you see appears ahead of the plane you hear.

47. The speed of the sound source rather than the loudness of the sound is crucial to the
production of a shock wave. At subsonic speeds, no overlapping of the waves will occur to
produce a shock wave. Hence no sonic boom is produced.

49. Open-ended.

SOLUTIONS TO CHAPTER 19 PROBLEMS

1. (a) f = l/T = 1/0.10 s = 10Hz;

(b) f = 1/5 = 0.2 Hz:

(c)f=1/(1/60)s=60 Hz.

3. The skipper notes that 15 meters of wave pass each 5 seconds, or equivalently, that 3 meters
pass each 1 second, so the speed of the wave must be

Seed = dis~ance = 15 m = 3 m/so
p time 5 s

Or in wave terminology:
Speed = frequency x wavelength = (1/5 HZ)(15 m) = 3 m/so

5. To say that the frequency of radio waves is 100 MHz and that they travel at 300,000 km/s, is
to say that there are 100 million wavelengths packed into 300,000 kilometers of space. Or
expressed in meters, 300 million m of space. Now 300 million m divided by 100 million waves
gives a wavelength of 3 meters per wave. Or

speed
Wavelength = f

requency
(300 megameters/s)

(100 megahertz)
= 3 m.

7. (a) Period = l/frequency = 1/(256 HZ) = 0.00391 s, or 3.91 ms.
(b) Speed = wavelength x frequency, so wavelength = speed/frequency = (340 m/s)/(256 Hz)
= 1.33 m.

9. Below. Speed = frequency x wavelength, so frequency = speed/wavelength
(3 x 108 m/s)/(3.42 m) = 8.77 x 107 Hz = 87.7 MHz, just below the FM band.
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ANSWERS TO CHAPTER 20 EXERCISES (Sound)

1. Light travels about a million times faster than sound, hence the delay between what you see
and what you hear.

3. Between us and other planets is a vacuum. Sound does not travel in a vacuum.

5. Bees buzz when in flight because they flap their wings at audio frequencies.

7. The carrier frequency of electromagnetic waves emitted by the radio station is 101.1 MHz.

9. The wavelength of the electromagnetic wave will be much longer because of its greater speed.
You can see this from the equation speed = wavelength x frequency, so for the same frequency
greater speed means greater wavelength. Or you can think of the fact that in the time of one
period-the same for both waves-each wave moves a distance equal to one wavelength, which
will be greater for the faster wave.

11. Light travels about a million times faster than sound in air, so you see a distant event a million
times sooner than you hear it.

13. When sound passes a particular point in the air, the air is first compressed and then rarefied as
the sound passes. So its density is increased and then decreased as the wave passes.

15. Because snow is a good absorber of sound, it reflects little sound-hence quietness.

17. The Moon is described as a silent planet because it has no atmosphere to transmit sounds.

19. If the speed of sound were different for different frequencies, say, faster for higher frequencies,
then the farther a, listener is from the music source, the more jumbled the sound would be. In
that case, higher-frequency notes would reach the ear of the listener first. The fact that this
jumbling doesn't occur is evidence that sound of all frequencies travel at the same speed. (Be
glad this is so, particularly if you sit far from the stage, or if you like outdoor concerts.)

Z1. Sound travels faster in warm air because the air molecules that compose warm air themselves
travel faster and therefore don't take as long before they bump into each other. This lesser
time for molecules to bump against one another results in faster sound.

23. Refraction is the result of changing wave speeds, where part of a wave travels at a different
speed than other parts. This occurs in nonuniform winds and nonuniform temperatures.
Interestingly, if winds, temperatures, or other factors could not change the speed of sound,
then refraction would not occur. (The fact that refraction does indeed occur is evidence for the
changing speeds of sound.)

25. Sound is more easily heard when the wind traveling toward the listener at elevations above
ground level travels faster than wind near the ground. Then the waves are bent downward as is
the case of the refraction of sound shown in Figure 20.8.

27. An echo is weaker than the original sound because sound spreads and is therefore less intense
with distance. If you are at the source, the echo will sound as if it originated on the other side
of the wall from which it reflects (just as your image in a mirror appears to come from behind
the glass). Also, the wall is likely not a perfect reflector.

29. First, in outer space there is no air or other material to carry sound. Second, if there were, the
faster-moving light would reach you before the sound.

31. If a single disturbance at some unknown distance sends longitudinal waves at one known speed,
and transverse waves at a lesser known speed, and you measure the difference in time of the
waves as they arrive, you can calculate the distance. The wider the gap in time, the greater the
distance-which could be in any direction. If you use this distance as the radius of a circle on a
map, you know the disturbance occurred somewhere on that circle. If you telephone two friends
who have made similar measurements of the same event from different locations, you can
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transfer their circles to your map, and the point where the three circles intersect is the location
of the disturbance.

33. Soldiers break step when crossing a bridge so they will not set the bridge into forced vibration
or resonance.

35. There are two principal reasons why bass notes are more distinctly heard through walls than
higher-frequency notes. One is that waves that vibrate more often per second transfer sound
energy into heat more rapidly than waves of lower frequency. The higher-frequency waves are
thermally "eaten up" by the material in the walls, while the lower-frequency vibrations pass with
less loss through the material. Another reason is that the natural frequency of large walls,
floors, and ceilings, is lower than the natural frequency of smaller surfaces. The large surfaces
are more easily set into forced vibrations and resonance.

37. The lower strings are resonating with the upper strings.

39. When you are equally distant from the speakers, their tones interfere constructively. When you
step to one side, the distance to one speaker is greater than the distance to the other speaker
and the two waves are no longer in phase. They interfere destructively. (If you step far enough
to one side, they will interfere constructively again.)

41. Long waves are most canceled, which makes the resulting sound so tinny. For example, when
the speaker cones are, say, 4 centimeters apart, waves more than a meter long are nearly 1800

out of phase, whereas 2-centimeter waves will be in phase. The higher frequencies are least
canceled by this procedure. This must be tried to be appreciated.

43. Think of pushing a child on a swing: If you pushed twice as often as the child's period, you
would push against the child's motion with every other push, and similarly with increased
multiples of frequency. Pushing more often than once each period disrupts the motion. On the
other hand, if you pushed the child every other swing, your pushes would match the child's
motion and amplitude would increase. So sub-multiple pushes will not disrupt motion. Similarly
with sound.

45. No, for the same word refers to different aspects of music. The beat of music involves rhythm,
and the beats of sound involve throbbing due to interference.

47. The "beat frequency" is 2 per minute, so you and your friend will be in step twice per minute, or
every 30 seconds. You can see this also from the fact that your friend's stride length is a little
shorter than yours, 24/25 as long to be exact, so when you have taken exactly 24
strides-which is after half a minute-your friend will have taken exactly 25 and you will be back
in step.

49. The possible frequencies are 264 + 4 = 268 Hz, or 264 - 4 = 260 Hz.
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SOLUTIONS TO CHAPTER 20 PROBLEMS

340 m/s
1. Wavelength = speed/frequency = 340 Hz = 1 m.

Similarly for a 34,000 hertz wave; wavelength = 3~4g0~/~z = 0.01 m = 1 cm.

3. The ocean floor is 4590 meters down. The 6-second time delay means that the sound reached
the bottom in 3 seconds. Distance = speed x time = 1530 m/s x 3 s = 4590 m.

5. The woman is about 340 meters away. The clue is the single blow you hear after you see her
stop hammering. That blow originated with the next-to-Iast blow you saw. The very first blow
would have appeared as silent, and succeeding blows synchronous with successive strikes. In
one second sound travels 340 meters in air.

7. (a) Constructively.

(b) Constructively. (Even though each wave travels 1.5 wavelengths, they travel the same
distance and are therefore in phase and interfere constructively.)

(c) Destructively. The crest of one coincides with the trough of the other.

9. Wavelength = speed/frequency = (1,500 m/s)/(57 HZ) = 26 m.
Alternate method: For sounds of the same frequency in different media, wavelengths are
proportional to wave speed. So (wavelength in water)/(wavelength in air) =
(speed in water)/(speed in air) = (1,500 m/s)/(340 m/s) = 4.4. Multiply 6 m by 4.4 to get 26 m.
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ANSWERS TO CHAPTER 21 EXERCISES (Musical Sounds)

1. Agree, for pitch is the subjective form of frequency.

3. The sound of commercials is concentrated at frequencies to which the ear is most sensitive.
Whereas the overall sound meets regulations, our ears perceive the sound as distinctly louder.

5. A low pitch will be produced when a guitar string is (a) lengthened, (b) loosened so that tension
is reduced, and (c) made more massive, usually by windings of wire around the string. That's
why bass strings are thick-more inertia.

7. Amplitude.

9. The length of a flute is crucial to the notes it plays. Expansion or contraction of the flute with
temperature can change its pitch, and therefore change the tuning between the instruments.

11. Less tension means less frequency and lower-pitched sound.

13. If the wavelength of a vibrating string is reduced, such as by pressing it with your finger against
the neck of a guitar, the frequency of the vibration increases. This is heard as an increased
pitch.

15. The longer tines have greater rotational inertia, which means they'll be more resistant to
vibrating, and will do so at lower frequency. Similarly, a long pendulum has greater rotational
inertia and swings to-and-fro at a slower pace.

17. The thicker string has more mass and more inertia, and therefore a lower frequency.

19. A plucked guitar string would vibrate for a longer time without a sounding board because less
air is set into motion per unit of time, which means the energy of the vibrating string decreases
more slowly.

21. In addition to pieces of paper at the supporting ends of the string, when a string vibrates in two
segments a piece may be placed at the node in its cent er. For three segments, two pieces can
be supported, each one-third the total distance from each end.

23. Period = 1If = 1/264 second (0.004 second or 4 ms).

25. The amplitude in a sound wave corresponds to the overpressure of the compression or
equivalently the under pressure of the rarefaction.

27. The pattern on the right has the greater amplitude and is therefore louder.

29. The range of human hearing is so wide that no single mechanical audio speaker can faithfully
reproduce all the frequencies we can hear. So hi-f speakers divide the range into two (and
three) parts. A speaker with a relatively large surface has more inertia and is not as responsive
to higher frequencies as a speaker with a smaller surface. So the larger speaker pushes the
longer wavelengths, or lower frequencies, and the smaller speaker pushes the shorter
wavelengths, or higher frequencies. (Ideally, the diameter of the speaker should be '12 the
wavelength of a given sound-so a 12-inch speaker corresponds to about 550 hertz-and even
larger speakers are best for bass notes).

31. The person with the more acute hearing is the one who can hear the faintest sounds-the one
who can hear 5 dB.

33. Sound at 110 dB is a million times more intense than sound at 50 dB. The difference, 60 dB,
corresponds to 106, a million.

35. Helium molecules and oxygen molecules at the same temperature have the same kinetic
energies. Kinetic energy equals l/z mll!. The smaller mass of helium is compensated for by a
greater speed (Chapter 7).
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37. The limited range of frequencies transmitted by a telephone can't match the full range in music.
Especially, it cuts off the higher-frequency overtones of music that contribute to its quality.

39. The second harmonic has twice the frequency, 524 Hz.

41. The first harmonic is the fundamental, which is the same 440 Hz. The second harmonic is twice
this, 880 Hz. The third harmonic is three times the first, 3 x 440 = 1320 Hz.

43. When the piano string is struck it will oscillate not only in its fundamental mode of 220 Hz when
tuned, but also in its second harmonic at 440 Hz. If the string is out of tune, this second
harmonic will beat against the 440 Hz tuning fork. You tune the string by listening for those
beats and then either tightening or loosening the string until the beating disappears.

45. By controlling how hard he blows and how he holds his mouth, the bugler can stimulate different
harmonics. The notes you hear from a bugle are actually harmonics; you don't hear the
fundamental.

47. Blue light is higher-frequency light, with shorter waves that allow closer spacing of the pits.

49. The likelihood is high that you subject yourself to louder sounds than your grandparents
experienced-particularly via earphones.

SOLUTIONS TO CHAPTER 21 PROBLEMS

1. The decibel scale is based upon powers of 10. The ear responds to sound intensity in
logarithmic fashion. Each time the intensity of sound is made 10 times larger, the intensity level
in decibels increases by 10 units. So a sound of
(a) 10 dB is ten times more intense than the threshold of hearing

(b) 30 dB is one thousand times more intense than the threshold of hearing.

(c) 60 dB is one million times more intense than the threshold of hearing.

3. One octave above 1000 Hz is 2000 Hz, and two octaves above 1000 Hz is 4000 Hz. One
octave below 1000 Hz is 500 Hz, and two octaves below 100 Hz is 250 Hz.

5. The wavelength of the fundamental is twice the length of the string, or 1.5 m. Then the speed
of the wave is
v = f}" = 220 Hz x 1.5 m = 330 m/so (Note that this is for a transverse vibration of the string.
A longitudinal sound-wave within the string could have a much greater speed.)

250



ANSWERS TO CHAPTER 22 EXERCISES (Electrostatics)

1. There are no positives and negatives in gravitation-the interactions between masses are only
attractive, whereas electrical interactions may be attractive as well as repulsive. The mass of
one particle cannot "cancel" the mass of another, whereas the charge of one particle can cancel
the effect of the opposite charge of another particle.

3. Electrons are loosely bound on the outside of atoms, whereas protons are very tightly bound
within the atomic nuclei.

5. Clothes become charged when electrons from a garment of one material are rubbed onto
another material. If the materials were good conductors, discharge between materials would
soon occur. But the clothes are nonconducting and the charge remains long enough for
oppositely charged garments to be electrically attracted and stick to one another.

7. When the wool and plastic rub against each other, electrons are rubbed from the plastic onto
the wool. The deficiency of electrons on the plastic bag results in its positive charge.

9. Excess electrons rubbed from your hair leave it with a positive charge; excess electrons on the
comb give it a negative charge.

11. More than two decades ago, before truck tires were made electrically conducting, chains or
wires were commonly dragged along the road surface from the bodies of trucks. Their purpose
was to discharge any charge that would otherwise build up because of friction with the air and
the road. Electrically-conducting tires now in use prevent the buildup of static charge that could
produce a spark-especially dangerous for trucks carrying flammable cargoes.

13. Cosmic rays produce ions in air, which offer a conducting path for the discharge of charged
objects. Cosmic-ray particles streaming downward through the atmosphere are attenuated by
radioactive decay and by absorption, so the radiation and the ionization are stronger at high
altitude than at low altitude. Charged objects more quickly lose their charge at higher altitudes.

15. When an object acquires a positive charge, it loses electrons and its mass decreases. How
much? By an amount equal to the mass of the electrons that have left. When an object acquires
a negative charge, it gains electrons, and the mass of the electrons as well. (The masses
involved are incredibly tiny compared to the masses of the objects. For a balloon rubbed against
your hair, for example, the extra electrons on the balloon comprise less than a billionth of a
billionth of a billionth the mass of the balloon.)

17. The crystal as a whole has a zero net charge, so any negative charge in one part is countered
with as much positive charge in another part. So the net charge of the negative electrons has
the same magnitude as the net charge of the ions. (This balancing of positive and negative
charges within the crystal is almost, but not precisely, perfect because the crystal can gain or
lose a few extra electrons.)

19. For the outer electrons, the attractive force of the nucleus is largely canceled by the repulsive
force of the inner electrons, leaving a force on the outer electrons little different from the force
on the single electron in a hydrogen atom. For the inner electrons, on the other hand, all of the
electrons farther from the nucleus exert no net force (it is similar to the situation within the
Earth, where only the Earth below, not the Earth above, exerts a gravitational force on a deeply
buried piece of matter). So the inner electrons feel the full force of the nucleus, and a large
amount of energy is required to remove them. Stripping all of the electrons from a heavy atom
is especially difficult. Only in recent years have researchers at the University of California,
Berkeley succeeded in removing all of the electrons from the atoms of heavy elements like
uranium.

21. The law would be written no differently.

23. The electrons don't fly out of the penny because they are attracted to the five thousand billion
billion positively charged protons in the atomic nuclei of atoms in the penny.
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25. The inverse-square law is at play here. At half the distance the electric force field is four times
as strong; at '/4 the distance, 16 times stronger. At four times the distance, one-sixteenth as
strong.

27. Doubling one charge doubles the force. The magnitude of the force does not depend on the
sign of charge.

29. The huge value of the constant k for electrical force indicates a relatively huge force between
charges, compared with the small gravitational force between masses and the small value of the
gravitational constant G.

31. By convention, the direction goes from positive to negative.

33. As the name implies, a semiconductor both conducts and insulates depending on certain
conditions, whereas a conductor always conducts under all normal conditions and an insulator
always insulates under all normal conditions.

35. Planet Earth is negatively charged. If it were positive, the field would point outward.

37. The metal spikes penetrating into the ground reduce electrical resistance between the golfer
and the ground, providing an effective electrical path from cloud to ground. Not a good idea!

39. A neutral atom in an electric field is electrically distorted (see Figure 22.11). If the field is
strong enough, the distortion results in ionization, where the charges are torn from each other.
The ions then provide a conducting path for an electric current.

41. The mechanism of sticking is charge induction. If it's a metal door, the charged balloon will
induce an opposite charge on the door. It will accomplish this by attracting opposite charges to
it and repelling like charges to parts of the door farther away. The balloon and the oppositely-
charged part of the door are attracted and the balloon sticks. If the door is an insulator, the
balloon induces polarization of the molecules in the door material. Oppositely-charged sides of
the molecules in the surface of the door face the balloon and attraction results. So whether you
consider the door to be an insulator or a conductor, the balloon sticks by induction.

43. The paint particles in the mist are polarized and are therefore attracted to the charged chassis.

45. The half ring has the greater electric field at its center because the electric field at the center
of the whole ring cancels to zero. The electric field at the center of the half ring is due to a
multitude of electric vectors, vertical components canceling, with horizontal components adding
to produce a resultant field acting horizontally to the right.

47. The electron will have the greater speed on impact. The force on both will be the same, but the
electron experiences more acceleration and therefore gains more speed because of its smaller
mass.

49. The bits of thread become polarized in the electric field, one end positive and the other
negative, and become the electric counterparts of the north and south poles of the magnetic
compass. Opposite forces on the end of the fibers (or compass needle) produce torques that
orient the fibers along the field direction (look ahead to Figure 24.3 in the next chapter).

51. 10 joules per coulomb is 10 volts. When released, its 10 joules of potential energy will become
10 joules of kinetic energy as it passes its starting point.

53. Voltage = (0.5 J)/O.OOOl C = 5000 V.

55. Because charge is taken off one plate and put on the other.

57. It is dangerous because the capacitor may be charged.

59. You would feel no electrical effects inside any statically charged conducting body. The
distribution of mutually-repelling charges is such that the electric field inside the body is
zero-true for solids as well as hollow conductors. (If the electric field were not zero, then
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conduction electrons would move in response to the field until electrical equilibrium was
established-which is a zero electric field.)

SOLUTIONS TO CHAPTER 22 PROBLEMS

1. By the inverse-square law, twice as far is 114 the force; 5 N.
The solution involves relative distance only, so the magnitude of charges is irrelevant.

qlqz
3. From Coulomb's law, F = '7

the weight of a 1-kg mass.

= 10 N. This is the same as

•? x 10-11)(9.1 x 10-31)(167 x 10-27
)

5. F(grav) = Gm1m2/cr- = (6.67 ----------
(1.0 x 10-1°)2

= 1.0 x 1 0-47 N.

2 9(16xlO-19)2 8
F(elec) = kq1q21d = (9 x 10) . 102 = 2.3 x 10- N.

(1.0 x 10- )
The electrical force between an electron and a proton is more than
1,000,000,000,000,000,000,000,000,000,000,000,000,000 times greater than the
gravitational force between them! (Note that this ratio of forces is the same for any separation
of the particles.)

7. Energy is charge x potential: PE= qV = (2 C)(lOO x 106 V) = 2 x 108 J.

F F _!!Jfl9. (a) From E =-q we see that q ="E - E

= 6.4 x 10-19 C.

6.4 x 1O-19C
(b) Number of electrons = ---------

1.6 x 10-1 9CJ electron

(1.1 x 10-14)(9.8)

1.68 x 105

= 4 electrons.
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ANSWERS TO CHAPTER 23 EXERCISES (Electric Current)

1. Make the pipe of low-resistant material and wider. Make the conducting wire of low electrical
resistance and wider.

3. Six amperes (10 - 4 = 6).

S. Brightness increases when current increases.

7. No, for the number of electrons are normally balanced by an equal number of protons in the
nuclei.

9. Only circuit number 5 is complete and will light the bulb. (Circuits 1 and 2 are "short circuits"
and will quickly drain the cell of its energy. In circuit 3 both ends of the lamp filament are
connected to the same terminal and are therefore at the same potential. Only one end of the
lamp filament is connected to the cell in circuit 4.)

11. Agree with the friend who says energy, not current, is consumed.

13. Agree, for then the same appropriate voltage will power the circuit.

15. You have warmed it, and increased its resistance slightly. (Have you ever noticed that when
bulbs burn out, it is usually a moment after they have been turned on? If the filament is weak,
the initial pulse of higher current resulting from the lower resistance of the still-cool filament
causes it to fail.)

17. A lie detector circuit relies on the likelihood that the resistivity of your body changes when you
tell a lie. Nervousness promotes perspiration, which lowers the body's electrical resistance, and
increases whatever current flows. If a person is able to lie with no emotional change and no
change in perspiration, then such a lie detector will not be effective. (Better lying indicators
focus on the eyes.)

19. Thick wires have less resistance and will more effectively carry currents without excessive
heating.

21. The thick filament has less resistance and will draw (carry) more current than a thin wire
connected across the same potential difference. (Important point: It is common to say that a
certain resistor "draws" a certain current, but this may be misleading. A resistor doesn't
"attract" or "draw" current, just as a pipe in a plumbing circuit doesn't "draw" water; it instead
"allows" or "provides for" the passage of current when an electrical pressure is established
across it.)

23. If both voltage and resistance are doubled, current remains unchanged. Likewise if both voltage
and resistance are halved.

25. Damage generally occurs by excess heating when too much current is driven through an
appliance. For an appliance that converts electrical energy directly to thermal energy this
happens when excess voltage is applied. So don't connect a 11O-volt iron, toaster, or electric
stove to a 220-volt circuit. Interestingly enough, if the appliance is an electric motor, then
applying too little voltage can result in overheating and burn up the motor windings. (This is
because the motor will spin at a low speed and the reverse "generator effect" will be small and
allow too great a current to flow in the motor.) So don't hook up a 220-volt power saw or any
220-volt motor-driven appliance to 110 volts. To be safe use the recommended voltages with
appliances of any kind.

27. Electric power in your home is likely supplied at 60 hertz and 110-120 volts via electrical
outlets. This is ac (and delivered to your home via transformers between the power source and
your home. We will see in Chapter 25 that transformers require ac power for operation.) Electric
power in your car must be able to be supplied by the battery. Since the + and - terminals of the
battery do not alternate, the current they produce does not alternate either. It flows in one
direction and is dc.
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29. There is less resistance in the higher wattage lamp. Since power = current x voltage, more
power for the same voltage means more current. And by Ohm's law, more current for the same
voltage means less resistance. (Algebraic manipulation of the equations P = IV and I = V/R leads
to P = V2/R.)

31. The equivalent resistance of resistors in series is their sum, so connect a pair of resistors in
series for more resistance.

33. Current remains the same in all the resistors in a series circuit.

35. The amount of current any device puts through any conductor depends upon the voltage of the
device and the resistance of the conductor. Also important is the amount of charge the device
can deliver; a relatively large amount of charge at high voltage represents high energy (like that
from a power line) while a small amount of charge at high voltage represents low energy (like
discharging a balloon rubbed on your hair). The device being warned about is likely highly
energized to a high voltage, and should be respected. It possesses no current to be warned
about, but because of its high energy and high voltage, may produce a lethal current in anyone
offering a conducting path from it to the ground.

37. No cause for concern. The label is intended as humor. It describes electrons, which are in all
matter.

39. Zero. Power companies do not sell electrons; they sell energy. Whatever number of electrons
flow into a home, the same number flows out.

41. Electric energy is propagated through a circuit by electric fields moving at close to the speed of
light, not by electron collisions. Sound, on the other hand, travels by molecular or atomic
collisions-a much slower process.

43. Bulbs will glow brighter when connected in parallel, for the voltage of the battery is impressed
across each bulb. When two identical bulbs are connected in series, half the voltage of the
battery is impressed across each bulb. The battery will run down faster when the bulbs are in
parallel.

45. Most of the electric energy in a lamp filament is transformed to heat. For low currents in the
bulb, the heat that is produced may be enough to feel but not enough to make the filament
glow red or white hot.

47. As more bulbs are connected in series, more resistance is added to the single circuit path and
the resulting current produced by the battery is diminished. This is evident in the dimmer light
from the bulbs. On the other hand, when more bulbs are connected to the battery in parallel,
the brightness of the bulbs is practically unchanged. This is because each bulb in effect is
connected directly to the battery with no other bulbs in its electrical path to add to its
resistance. Each bulb has its own current path.

49. What affects the other branches is the voltage impressed across them, and their own
resistance-period. Opening or closing a branch doesn't alter either of these.

51. Agree, because even for the smallest resistor, current has an alternative path(s), making for an
overall smaller resistance.

53. Connect four 40-ohm resistors in parallel.

55. All are the same for identical resistors in parallel. If the resistors are not the same, the one of
greater resistance will have less current through it and less power dissipation in it. Regardless of
the resistances, the voltage across both will be identical.

57. All three are equivalent parallel circuits. Each branch is individually connected to the battery.

59. More current flows in the 1aa-watt bulb. We see this from the relationship "power = current x

voltage." More current for the same voltage means less resistance. So a 1Oo-watt bulb has less
resistance than a 60-watt bulb. Less resistance for the same length of the same material means
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a thicker filament. The filaments of high wattage bulbs are thicker than those of lower-wattage
bulbs. (It is important to note that both watts and volts are printed on a light bulb. A bulb that
is labeled 100 W, 120 V, is 100 W only if there are 120 volts across it. If there are only
110 volts across it, and the resistance remains unchanged, then the power output would be
only 84 watts!)

SOLUTIONS TO CHAPTER 23 PROBLEMS

60W
1. From "Power = current x voltage," 60 watts = current x 120 volts, current = 120V

= 0.5 A.

3. From power = current x voltage, current = polwer
votage

h d . db' voltageFrom t e formula enve a ove, resistance = current

1200W
120V
_ 120V
- lOA = 12 W.

= 10 A.

5. $2.52. First, 100 watts = 0.1 kilowatt. Second, there are 168 hours in one week (7 days x

24 hours/day = 168 hours). So 168 hours x 0.1 kilowatt = 16.8 kilowatt-hours, which at
15 cents per kWh comes to $2.52.

7. The iron's power is P = IV = (110 V)(9 A) = 990 W = 990 J/s. The heat energy generated in
1 minute is E = power x time = (990 J/s)(60 s) = 59,400 J.

9. It was designed for use in a 12o-V circuit. With an applied voltage of 120 V, the current in
the bulb is I = V/R = (1 20 V)/ (95 W) = 1.26 A. The power dissipated by the bulb is then P = IV
= (1.26 A)(120 V) = 151 W, close to the rated value. If this bulb is connected to 240 V, it
would carry twice as much current and would dissipate four times as much power (twice the
current twice the voltage), more than 600 W. It would likely burn out. (This problem can also be
solved by first carrying out some algebraic manipulation. Since current = voltage/resistance, we
can write the formula for power as P = IV = (V/R) V = V2/R. Solving for V gives V = -JPR.
Substituting for the power and the resistance gives V = -J(150)(95) = 119 V.)
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ANSWERS TO CHAPTER 24 EXERCISES (Magnetism)

1. Separation is easy with a magnet (try it and see!)

3. How the charge moves dictates the direction of its magnetic field. (A magnetic field is a vector
quantity.) Magnetic fields cancel, more in some materials than others.

5. Attraction will occur because the magnet induces opposite polarity in a nearby piece of iron.
North will induce south, and south will induce north. This is similar to charge induction, where a
balloon will stick to a wall whether the balloon is negative or positive.

7. The poles of the magnet attract each other and will cause the magnet to bend, even enough for
the poles to touch if the material is flexible enough.

9. An electron always experiences a force in an electric field because that force depends on
nothing more than the field strength and the charge. But the force an electron experiences in a
magnetic field depends on an added factor: velocity. If there is no motion of the electron
through the magnetic field in which it is located, no magnetic force acts. Furthermore, if motion
is along the magnetic field direction, and not at some angle to it, then no magnetic force acts
also. Magnetic force, unlike electric force, depends on the velocity of the charge relative to the
magnetic field.

11. Apply a small magnet to the door. If it sticks, your friend is wrong because aluminum is not
magnetic. If it doesn't stick, your friend might be right (but not necessarily-there are lots of
nonmagnetic materials).

13. Domains in the paper clip are induced into alignment in a manner similar to the electrical charge
polarization in an insulator when a charged object is brought nearby. Either pole of a magnet will
induce alignment of domains in the paper clip: attraction results because the pole of the aligned
domains closest to the magnet's pole is always the opposite pole, resulting in attraction.

15. The needle is not pulled toward the north side of the bowl because the south pole of the
magnet is equally attracted southward. The net force on the needle is zero. (The net torque, on
the other hand, will be zero only when the needle is aligned with the Earth's magnetic field.)

17. Vertically downward.

19. The mechanism of alignment involves two factors: First, each filing is turned into a tiny magnet
by the magnetic field of the bar magnet, which induces domain alignment in the filing. Second, a
pair of equal torques act on the filing whenever it is not parallel to the magnetic field lines.
These torques rotate the filings into alignment with the field lines like little compass needles.

21. Yes, for the compass aligns with the Earth's magnetic field, which extends from the magnetic
pole in the Southern Hemisphere to the magnetic pole in the Northern Hemisphere.

23. Rotation is not produced when the loop is everywhere parallel to the field.

25. Yes, it does. Since the magnet exerts a force on the wire, the wire, according to Newton's third
law, must exert a force on the magnet.

27. The needle points perpendicular to the wire. (See Figure 24.8.)

29. Less power because of reduced electrical resistance.

31. An electron has to be moving across lines of magnetic field in order to feel a magnetic force. So
an electron at rest in a stationary magnetic field will feel no force to set it in motion. In an
electric field, however, an electron will be accelerated whether or not it is already moving. (A
combination of magnetic and electric fields is used in particle accelerators such as cyclotrons.
The electric field accelerates the charged particle in its direction, and the magnetic field
accelerates it perpendicular to its direction, causing it to follow a nearly circular path.)
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33. The electric field in a cyclotron or any charged particle accelerator forces the particles to higher
speeds, while the magnetic field forces the particles into curved paths. A magnetic force can
only change the direction (not the speed) of a charged particle because the force is always
perpendicular to the particle's instantaneous velocity. [Interestingly enough, in an accelerator
called a betatron, the electric field is produced by a changing magnetic field.]

35. Associated with every moving charged particle, electrons, protons, or whatever, is a magnetic
field. Since a magnetic field is not unique to moving electrons, there is a magnetic field about
moving protons as well. However, it differs in direction. The field lines about the proton beam
circle in one way, the field lines about an electron beam in the opposite way. (Physicists use a
"right-hand rule." If the right thumb points in the direction of motion of a positive particle, the
curved fingers of that hand show the direction of the magnetic field. For negative particles, the
left hand can be used.)

37. When we write work = force x distance, we really mean the component of force in the direction
of motion multiplied by the distance moved (Chapter 7). Since the magnetic force that acts on
a beam of electrons is always perpendicular to the beam, there is no component of magnetic
force along the instantaneous direction of motion. Therefore a magnetic field can do no work on
a charged particle. (Indirectly, however, a time-varying magnetic field can induce an electric
field that can do work on a charged particle.)

39. If the field interacts with a stationary bar magnet it is magnetic; if with a stationary charge, it is
electric. If an electric current is generated in a rotating loop of wire, the field is magnetic. If a
force acts only on a moving charge, the field is magnetic. So any of the classes of experiments
that deal with electric charge at rest and electric charge in motion could be used to determine
the nature of the field in the room.

41. Charged particles moving through a magnetic field are deflected most when they move at right
angles to the field lines, and least when they move parallel to the field lines. If we consider
cosmic rays heading toward the Earth from all directions and from great distance, those
descending toward northern Canada will be moving nearly parallel to the magnetic field lines of
the Earth. They will not be deflected very much, and secondary particles they create high in the
atmosphere will also stream downward with little deflection. Over regions closer to the equator
like Mexico, the incoming cosmic rays move more nearly at right angles to the Earth's magnetic
field, and many of them are deflected back out into space before they reach the atmosphere.
The secondary particles they create are less intense at the Earth's surface. (This "latitude
effect" provided the first evidence that cosmic rays from outer space consist of charged
particles-mostly protons, as we now know.)

43. Singly-charged ions traveling with the same speed through the same magnetic field will
experience the same magnetic force. The extent of their deflections will then depend on their
accelerations, which in turn depend on their respective masses. The least massive ions will be
deflected the most and the most massive ions will be deflected least. (See Figure 34.14,
further in the book, for a diagram of a mass spectrograph.)

45. To determine only by their interactions with each other which of two bars is a magnet, place
the end of the bar #1 at the midpoint of bar #2 (like making a "T"). If there is an attraction,
then bar #1 is the magnet. If there isn't, then bar #2 is the magnet.

47. Yes, each will experience a force because each is in the magnetic field generated by the other.
Interestingly, currents in the same direction attract, and currents in opposite directions repel.

49. Each coil is magnetically attracted to its electromagnetic neighbor.
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ANSWERS TO CHAPTER 25 EXERCISES (Electromagnetic Induction)

1. E & M induction requires change, of the intensity of a magnetic field or of motion in a magnetic
field.

3. The magnetic domains that become aligned in the iron core contribute to the overall magnetic
field of the coil and therefore increase its magnetic induction.

S. Work must be done to move a current-carrying conductor in a magnetic field. This is true
whether or not the current is externally produced or produced as a result of the induction that
accompanies the motion of the wire in the field. It's also a matter of energy conservation. There
has to be more energy input if there is more energy output.

7. A cyclist will coast farther if the lamp is disconnected from the generator. The energy that goes
into lighting the lamp is taken from the bike's kinetic energy, so the bike slows down. The work
saved by not lighting the lamp will be the extra "force x distance" that lets the bike coast
farther.

9. As in answer to Exercise 8, eddy currents induced in the metal change the magnetic field, which
in turn changes the ac current in the coils and sets off an alarm.

11. Copper wires were not insulated in Henry's time. A coil of non-insulated wires touching one
another would comprise a short circuit. Silk was used to insulate the wires so current would flow
along the wires in the coil rather than across the loops touching one another.

13. In both cases the direction of the magnetic force is perpendicular to the magnetic field and the
motion of charges-but with different results. In the motor effect, the magnetic force pushes
the wire upward. In the generator effect, the wire is pushed downward and the magnetic force
pushes electrons in a direction along the wire to produce a current.

1S. Agree with your friend. Any coil of wire spinning in a magnetic field that cuts through magnetic
field lines is a generator.

17. Two things occur in the windings of the electric motor driving a saw. Current input causes them
to turn and you have a motor. But their motion in the magnetic field of the motor make them a
generator as well. The net current in the motor is the input current minus the generated output
current, which is opposite in direction to the input current. You pay the power company for the
net current. When the motor jams, the net current is increased because of the absence of
generated current. This can burn the windings of the saw!

19. The changing magnetic field produced when the current starts to flow induces a current in the
aluminum ring. This current, in turn, generates a magnetic field that opposes the field produced
by the magnet under the table. The aluminum ring becomes, momentarily, a magnet that is
repelled by the hidden magnet. Why repelled? Lenz's law. The induced field opposes the change
of the inducing field.

21. If the light bulb is connected to a wire loop that intercepts changing magnetic field lines from
an electromagnet, voltage will be induced which can illuminate the bulb. Change is the key, so
the electromagnet should be powered with ac.

23. Induction occurs only for a change in the intercepted magnetic field. The galvanometer will
display a pulse when the switch in the first circuit is closed and current in the coil increases
from zero. When the current in the first coil is steady, no current is induced in the secondary
and the galvanometer reads zero. The galvanometer needle will swing in the opposite direction
when the switch is opened and current falls to zero.

25. A transformer requires alternating voltage because the magnetic field in the primary winding
must change if it is to induce voltage in the secondary. No change, no induction.

27. A transformer is analogous to a mechanical lever in that work is transferred from one part to
another. What is m1ultiplied in a mechanical lever is force, and in an electrical lever, voltage. In
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both cases, energy and power are conserved, so what is not multiplied is energy, a conservation
of energy no-no!

29. The hum heard when a transformer is operating on a 60 hertz ac line is a 60 hertz forced
vibration of the iron slabs in the transformer core as their magnetic polarities alternate. The
hum is greater if any other mechanical parts are set into vibration.

31. High efficiency requires that the maximum number of magnetic field lines produced in the
primary are intercepted by the secondary. The core guides the lines from the primary through
the secondary. Otherwise some of the magnetic field generated by the primary would go into
heating metal parts of the transformer instead of powering the secondary circuit.

33. The voltage impressed across the lamp is 120 V and the current through it is 0.1 A. We see
that the first transformer steps the voltage down to 12 V and the second one steps it back up
to 120 V. The current in the secondary of the second transformer, which is the same as the
current in the bulb, is one-tenth of the current in the primary, or 0.1 A.

35. By symmetry, the voltage and current for both primary and secondary are the same. So 12 V is
impressed on the meter, with a current of 1 A ac.

37. In a power line, the high voltage is between one wire and another, not from one end of a given
wire to the other end. The voltage difference between one end of the wire and the other is
actually small, corresponding to the small current in the wire. The voltage difference between
the wires multiplied by the current gives the power transmitted to the load. The voltage
difference between one end of a wire and the other multiplied by the current gives the (much
smaller) power dissipated in the wire. So, in applying Ohm's law, it's important that the voltage
and current are applied to the same part of the circuit.

39. As the magnet falls, it induces current that circles in the conducting pipe and is accompanied by
its own magnetic field. The moving magnet is slowed by interaction with this induced field.

41. Motion of conducting sheets through a magnetic field induces swirling currents (eddy currents)
with fields that interact with the magnet and slow motion. Such doesn't occur in non-
conducting cardboard.

43. A voltage difference is induced across the wings of a moving airplane. This produces a
momentary current and charge builds up on the wing tips to create a voltage difference that
counteracts the induced voltage difference. So charge is pulled equally in both directions and
doesn't move.

45. Waving it changes the "flux" of the Earth's magnetic field in the coil, which induces voltage and
hence current. You can think of the flux as the number of field lines that thread through the
coil. This depends on the orientation of the coil, even in a constant field.

47. The incident radio wave causes conduction electrons in the antenna to oscillate. This oscillating
charge (an oscillating current) provides the signal that feeds the radio.

49. Agree with your friend, for light is electromagnetic radiation having a frequency that matches
the frequency to which our eyes are sensitive.
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SOLUTIONS TO CHAPTER 25 PROBLEMS

1. If power losses can be ignored, in accord with energy conservation, the power provided by the
secondary is also 100 W.

3. From the transformer relationship,

primary voltage
primary turns

secondary voltage
secondary turns

120V
240 turns

=-.2.L
x turns

Solve for x: x = (6 V)(240 turns)/(120 V) = 12 turns.

5. (a) Since power is voltage x current, the current supplied to the users is
power 100000 W

current = voltage 12000 V = 8.3 A.

(b) Voltage in each wire = current x resistance of the wire = (8.3 A)(l 0 W) = 83 V.

(c) In each line, power = current x voltage = (8.3 A)(83 V) = 689 W. The total power wasted
as heat is twice this, 1.38 kW.
This is a small and tolerable loss. If the transmission voltage were ten times less, the losses to
heat in the wires would be 100 times more! Then more energy would go into heat in the wires
than into useful applications for the customers. That would not be tolerable. That's why high-
voltage transmission is so important.
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ANSWERS TO CHAPTER 26 EXERCISES (Properties of Light)

1. Your friend is correct. Also in a profound voice, your friend could say that sound is the only
thing we hear!

3. The fundamental source of electromagnetic radiation is oscillating electric charges, which emit
oscillating electric and magnetic fields.

5. Ultraviolet has shorter wavelengths than infrared. Correspondingly, ultraviolet also has the
higher frequencies.

7. What waves in a light wave are the electric and magnetic fields. Their oscillation frequency is
the frequency of the wave.

9. We can see the Sun and stars.

11. Speed is c, the speed of light.

13. Agree.

15. Agree.

17. The slower wave has the longer wavelength-sound.

19. Radio waves most certainly travel at the speed of every other electromagnetic wave-the
speed of light.

21. Radio waves and light are both electromagnetic, transverse, move at the speed of light, and are
created and absorbed by oscillating charge. They differ in their frequency and wavelength and in
the type of oscillating charge that creates and absorbs them.

23. The average speed of light will be less where it interacts with absorbing and re-emitting
particles of matter, such as in the atmosphere. The greater the number of interactions along
the light's path, the less the average speed.

25. The person walking across the room and pausing to greet others is analogous to the
transmission-of-light model in that there is a pause with each interaction. However, the same
person that begins the walk ends the walk, whereas in light transmission there is a "death-birth"
sequence of events as light is absorbed and "new light" is emitted in its place. The light to first
strike the glass is not the same light that finally emerges. (Another analogy is a relay race,
where the runner to begin the race is not the runner to cross the finish line.)

27. The greater number of interactions per distance tends to slow the light and result is a smaller
average speed.

29. Clouds are transparent to ultraviolet light, which is why clouds offer no protection from
sunburn. Glass, however, is opaque to ultraviolet light, and will therefore shield you from
sunburn.

31. Any shadow cast by a faraway object such as a high-flying plane is filled in mainly by light
tapering in from the Sun, which is not a point source. This tapering is responsible for the umbra
and penumbra of solar eclipses (Figure 26.12). If the plane is low to the ground, however, the
tapering of light around the airplane may be insufficient to fill in the shadow, part of which can
be seen. This idea is shown in Figure 26.10.

33. A lunar eclipse occurs when the Earth, Sun, and Moon all fall on a straight line, with the Earth
between the Sun and the Moon. During perfect alignment the Earth's shadow falls on the Moon.
Not-quite-perfect alignment gives Earth observers.a full view of the Moon. Moonlight is
brightest and the Moon is always fullest when the alignment is closest to perfect-on the night
of a lunar eclipse. At the time of a half moon, however, lines from Earth to Moon and from Earth
to Sun are at right angles to each other. This is as non-aligned as the Earth, Moon, and Sun can
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be, with the Moon nowhere near the Earth's shadow-no eclipse is possible. Similarly for the
non-aligned times of a crescent Moon.

35. No eclipse occurred because no shadow was cast on any other body.

37. Rods, not cones, will respond to weak light, so you want to focus low-intensity light on a part of
the retina that is composed of rods. That would be off to the side of the fovea. If you're looking
at a weak star, look a bit off to the side of where you expect to see it. Then its image will fall
on a part of your eye where rods may pick it up.

39. We see no color at the periphery of our vision simply because there are no cones located on the
outermost regions of the retina.

41. Unless light reaching her eyes has increased in intensity, her contracting pupils imply that she is
displeased with what she sees, hears, tastes, smells, or how she feels. In short, she may be
displeased with you!

43. Energy is spread out and diluted, but not "lost." We distinguish between something being
diluted and something being annihilated. In accord with the inverse-square law, light intensity
gets weaker with distance, but the total amount of light over a spherical surface is the same at
all distances from the source.

45. Some airliners bounce electromagnetic waves from the ground below, measuring the round trip
time in order to find the distance to the ground, much as a ship bounces sonic waves from the
ocean floor to measure water depth. Far above the ground an altimeter is fine for determining
the airplane's height above sea level, but close to the ground the pilot wants to know the
airplane's distance from local ground.

47. No, for the brightest star may simply be the closest star.

49. You see your hand in the past! How much? To find out, simply divide the distance between your
hands and your eyes by the speed of light. (At 30 cm, this is about a billionth of a second.)

263



SOLUTIONS TO CHAPTER 26 PROBLEMS

'l , In seconds, this time is '6.5 min x 60 s = 990 s.

S d
distance

pee =-.--
time

300,000,000 km

9905
= 303,030 km/so

3 From v=1-. t
d 1.5 X lO"m

3 x 108m/s
= 500 s (which equals 8.3 min).c

The time to cross the diameter of the Earth's orbit is twice this, or 1000 s, slightly more than
990 s in Problem 1.

5. As in Problem 4, t = 1-
v

4.2 x 1016 m
3 x 108 m/s

= 1.4 x 108 s.

Converting to years by dimensional analysis,

8 1 h
1.4 x 10 s x 3600 s ~

x 24 h
x ' yr

365 day
= 4.4 yr.

c 3 x 108m/s 7
7. From c - fA A - - ----- = 5 x 10- m, or 500 nanometers. This is 5000

- r - f 6 x 1014Hz
times larger than the size of an atom, which is 0.1 nanometer. (The nanometer is a common
unit of length in atomic and optical physics.)

9. (a) Frequency = speed/wavelength = (3 x 108 m/s)/(0.03 m) = 1.0 x , 0'0 Hz = 10 GHz.

(b) Distance = speed x time, so time = distance/speed = (10,000 m)/(3 x 108 m/s) =
3.3 x 10-5 s. (Note the importance of consistent SI units to get the right numerical
answers.)
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ANSWERS TO CHAPTER 27 EXERCISES (Color)

1. Red has the longest wavelength; violet has the shortest wavelength.

3. The customer is being reasonable in requesting to see the colors in the daylight. Under
fluorescent lighting, with its predominant higher frequencies, the bluer colors rather than the
redder colors will be accented. Colors will appear quite different in sunlight.

5. Either a white or green garment will reflect incident green light and be cooler. The
complementary color, magenta, will absorb green light and be the best garment color to wear
when the absorption of energy is desired.

7. The interior coating absorbs rather than reflects light, and therefore appears black. A black
interior in an optical instrument will absorb any stray light rather than reflecting it and passing it
around the interior of the instrument to interfere with the optical image.

9. Tennis balls are yellow green so that they match the color to which we are most sensitive.

11. Red cloth appears red in sunlight, and red by the illumination of the red light from a neon tube.
But because the red cloth absorbs cyan light, it appears black when illuminated by cyan light.

13. The color that will emerge from a lamp coated to absorb yellow is blue, the complementary
color. (White - yellow = blue.)

15. The overlapping blue and yellow beams will produce white light. When the two panes of glass
are overlapped and placed in front of a single flashlight, however, little or no light will be
transmitted.

17. Red and green produce yellow; red and blue produce magenta; red, blue, and green produce
white.

19. The red shirt in the photo is seen as cyan in the negative, and the green shirt appears
magenta-the complementary colors, When white light shines through the negative, red is
transmitted where cyan is absorbed. Likewise, green is transmitted where magenta is absorbed.

21. The orange-yellow is complementary to blue, which combine to black. Cars would be difficult to
see under such light.

23. Deep in water red is no longer present in light, so blood looks black. But there is plenty of red in
a camera flash, so the blood looks red when so illuminated.

25. White; Magenta; White.

27. Agree, for the "light mathematics" is correct.

29. The reflected color is white minus red, or cyan.

31. We cannot see stars in the daytime because their dim light is overwhelmed by the brighter
skylight, which is sunlight scattered by the atmosphere.

33. The daytime sky is black, as it is on the nighttime sky there.

35. The color of the Sun is yellow-white at all times on the Moon.

37. Such glasses eliminate the distraction provided by the more strongly scattered blue and violet
light yet let the pilot see in a frequency range where the eye is sensitive. (Glasses that transmit
predominantly red would also get rid of the scattered blue and violet light but would provide
light to which the eye is not very sensitive.)

39. Particles in the smoke scatter predominantly blue light, so against a dark background you see
the smoke as blue. What you see is predominantly light scattered by the smoke. But against the
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bright sky what you see is predominantly the sky minus the light that the smoke scatters from
it. You see yellow.

41. The statement is true. A more positive tone would omit the word "just," for the sunset is not
just the leftover colors, but is those colors that weren't scattered in other directions.

43. Through the volcanic emissions, the Moon appears cyan, the complementary color of red.

45. The foam is composed of tiny bits of liquid that scatter light as a cloud does.

47. If the atmosphere were several times thicker, the sunlight reaching the Earth would be
predominantly low frequencies because most of the blue light would be scattered away. Snow
would likely appear orange at noon, and a deep red when the Sun is not directly overhead.

49. Sunset follows the activities of humans and other life that put dust and other particles in the
air. So the composition of the sky is more varied at sunset.

------
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ANSWERS TO CHAPTER 28 EXERCISES (Reflection and Refraction)

1. Fermat's principle for refraction is of least time, but for reflection it could be of least distance
as well. This is because light does not go from one medium to another for reflection, so no
change in speed occurs and least-time paths and least-distance paths are equivalent. But for
refraction, light goes from a medium where it has a certain speed to another medium where its
speed is different. When this happens the least-distance straight-line paths take a longer time
to travel than the nonstraight-line least-time paths. See, for example, the difference in the
least-distance and least-time paths in Figure 28.13.

3. Only light from card number 2 reaches her eye.

5. Light that takes a path from point A to point B will take the same reverse path in going from
point B to point A, even if reflection or refraction is involved. So if you can't see the driver, the
driver can't see you. (This independence of direction along light's path is the "principle of
reciprocity. ")

7. When you wave your right hand, image of the waving hand is still on your right, just as your
head is still up and your feet still down. Neither left and right nor up and down are inverted by
the mirror-but front and back are, as the author's sister Marjorie illustrates in Figure 28.8.
(Consider three axes at right angles to each other, the standard coordinate system; horizontal
x, vertical y, and perpendicular-to-the-mirror z. The only axis to be inverted is z, where the
image is -z.)

9. When the source of glare is somewhat above the horizon, a vertical window will reflect it to
people in front of the window. By tipping the window inward at the bottom, glare is reflected
downward rather than into the eyes of passersby. (Note the similarity of this exercise and the
previous one.)

11. Rough pages provide diffuse reflection, which can be viewed from any angle. If the page were
smooth it could only be viewed well at certain angles.

13. There are two mirrors facing each other.

15. The half-height mirror works at any distance, as shown in the sketch above. This is because if
you move closer, your image moves closer as well. If you move farther away, your image does
the same. Many people must actually try this before they believe it. The confusion arises
because people know that they can see whole distant buildings or even mountain ranges in a
hand-held pocket mirror. Even then, the distance the object is from the mirror is the same as
the distance of the virtual image on the other side of the mirror. You can see all of a distant
person in your mirror, but the distant person cannot see all of herself in your mirror.

17. The wiped area will be half as tall as your face.

19. Farsighted.
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21. If the water were perfectly smooth, you would see a mirror image of the round Sun or Moon, an
ellipse on the surface of the water. If the water were slightly rough, the image would be wavy. If
the water were a bit more rough, little glimmers of portions of the Sun or Moon would be seen
above and below the main image. This is because the water waves act like tiny parallel mirrors.
For small waves only light near the main image reaches you. But as the water becomes
choppier, there is a greater variety of mirror facets that are oriented to reflect sunlight or
moonlight into your eye. The facets do not radically depart from an average flatness with the
otherwise smooth water surface, so the reflected Sun or Moon is smeared into a long vertical
streak. For still rougher water there are facets off to the side of the vertical streak that are
tilted enough for Sun or moonlight to be reflected to you, and the vertical streak is wider.

o o o

23.

25. Red light travels faster through glass and will exit first.

27. The speeds in both glass and soybean oil are the same, so there is no refraction between the
glass and oil.

29. You would throw the spear below the apparent position of the fish because the effect of
refraction is to make the fish appear closer to the surface than it really is. But in zapping a fish
with a laser, make no corrections and simply aim directly at the fish. This is because the light
from the fish you see has been refracted in getting to you, and the laser light will refract along
the same path in getting to the fish. A slight correction may be necessary, depending on the
colors of the laser beam and the fish-see the next exercise.

31. A fish sees the sky (as well as some reflection from the bottom) when it looks upward at 45°,
for the critical angle is 48° for water. If it looks at and beyond 48° it sees only a reflection of
the bottom.

33. In sending a laser beam to a space station, make no corrections and simply aim at the station
you see. This is like zapping the fish in Exercise 29. The path of refraction is the same in either
direction.
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35. The "nonwettable" leg of the water strider depresses and curves the surface of the water. This
effectively produces a lens that directs light away from its course to form the extended shadow
region. (Close observation will show a bright ring around the darker region. Interestingly, the
overall brightness of the shadow and bright ring averaged together is the same whether or not
the water is depressed-"conservation of light.")

37. The fact that two observers standing apart from one another do not see the same rainbow can
be understood by exaggerating the circumstance: Suppose the two observers are several
kilometers apart. Obviously they are looking at different drops in the sky. Although they may
both see a rainbow, they are looking at different rainbows. Likewise if they are closer together.
Only if their eyes are at the very same location will they see exactly the same rainbow.

39. Moon halos and rainbows are similar in that both are produced by light refracting from water.
Ice crystals can disperse moonlight into two halos, much as water droplets disperse light into
two rainbows. For both, the outer bow is much fainter than the inner one. Halos and rainbows
are different in that a halo and Moon are seen in the same part of the sky, with the Moon in the
middle of the halo-whereas a rainbow is seen in the part of the sky opposite to the Sun (your
shadow, if it can be seen, is in the middle of the rainbow). Another difference is that for
rainbows reflection as well as refraction is important, whereas for halos only refraction is
important. Yet another difference is that whereas a rainbow involves liquid water droplets, a
halo involves frozen water crystals.

41. The average intensity of sunlight at the bottom is the same whether the water is moving or is
still. Light that misses one part of the bottom of the pool reaches another part. Every dark
region is balanced by a bright region-"conservation of light."

43. Normal sight depends on the amount of refraction that occurs for light traveling from air to the
eye. The speed change ensures normal vision. But if the speed change is from water to eye,
then light will be refracted less and an unclear image will result. A swimmer uses goggles to
make sure that the light travels from air to eye, even if underwater.

45. The diamond sparkles less because there are smaller angles of refraction between the water and
the diamond. Light is already slowed when it meets the diamond so the amount of further
slowing, and refraction, is reduced.

47. The image will be dimmer, but otherwise unaffected.

49. If light had the same average speed in glass lenses that it has in air, no refraction of light would
occur in lenses, and no magnification would occur. Magnification depends on refraction, which in
turn depends on speed changes.

51. Sharpness.

53. The image produced by a pinhole is sharp, but very dim-a serious liability for a spy camera. A
spy camera needs all the light it can get, particularly for dimly lit areas, which is why a large
aperture is advantageous.

55. For very distant objects, effectively at "infinity," light comes to focus at the focal plane of the
lens. So your film is one focal length in back of the lens for very distant shots. For shorter
distances, the film is farther from the lens.

57. Yes, the images are indeed upside down! The brain re-inverts them.

59. Moon maps are upside-down views of the Moon to coincide with the upside-down image that
Moon watchers see in a telescope.
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SOLUTIONS TO CHAPTER 28 PROBLEMS

1. When a mirror is rotated, its normal rotates also. Since the angle
that the incident ray makes with the normal is the same angle that
the reflected ray makes, the total deviation is twice. In the sample
diagram, if the mirror is rotated by 10°, then the normal is rotated
by 10° also, which results in a 20° total deviation of the reflected
ray. This is one reason that mirrors are used to detect delicate
movements in instruments such as galvanometers. The more
important reason is the amplification of displacement by having the
beam arrive at a scale some distance away.

3. Set your focus for 4 m, for your image will be as far in back of the mirror as you are in front.

5. If 96% is transmitted through the first face, and 96% of 96% is transmitted through the
second face, 92% is transmitted through both faces of the glass.

7. Use ratios: (1440 min)/(360 deg) = (unknown time)/(0.53 deg). So the unknown time is
0.53 x 1440/360 = 2.1 minutes. So the Sun moves a solar diameter across the sky
every 2.1 minutes. At sunset, time is somewhat extended, depending on the extent of
refraction. Then the disk of the setting Sun disappears over the horizon in a little longer than
2.1 minutes.
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ANSWERS TO CHAPTER 29 EXERCISES (Light Waves)

1. The Earth intercepts such a tiny fraction of the expanding spherical wave from the Sun that it
can be approximated as a plane wave Gust as a small portion of the spherical surface of the
Earth can be approximated as flat). The spherical waves from a nearby lamp have noticeable
curvature. (See Figures 29.3 and 29.4).

3. The wavelengths of AM radio waves are hundreds of meters, much larger than the size of
buildings, so they are easily diffracted around buildings. FM wavelengths are a few meters,
borderline for diffraction around buildings. Light, with wavelengths a tiny fraction of a
centimeter, show no appreciable diffraction around buildings.

5. The signals of lower channel numbers are broadcast at lower frequencies and longer
wavelengths, which are more diffracted into regions of poor reception than are higher-
frequency signals.

7. The alternation of sound from loud to soft is evidence of interference. Where the sound is loud,
the waves from each loudspeaker are interfering constructively; where it is soft, destructive
interference from the speakers is taking place.

9. Both interference fringes of light and the varying intensities of sound are the result of the
superposition of waves that interfere constructively and destructively.

11. The fringes will be spaced farther apart if the pattern is made of longer-wavelength yellow light.
The shorter wavelength green light will produce closer fringes. (Investigation of Figure 29.19
should make this clear-note that if the wavelength were longer, the light and dark regions on
the screen would be farther apart.)

13. Larger wavelengths diffract more (since the ratio of wavelength to slit size is greater), so red
diffracts the most and blue the least.

15. Wider fringes in air, for in water the wavelengths would be compressed (see Figure 28.24), with
closer-together fringes.

17. Longer wavelength red light.

19. Destructive interference.

21. Multiple slits of identical spacings produce an interference pattern in which the light is
concentrated in fewer, brighter, narrower lines. Such an arrangement makes up a diffraction
grating (Figure 29.21), which is a popular alternative to a prism for studying the spectral
composition of light.

23. Fringes become closer together as the slits are moved farther apart. (Note this in the photos of
Figure 29.15.)

25. Rainbow. Flower petals. Soap bubbles.

27. Interference colors result from double reflections from the upper and lower surfaces of the thin
transparent coating on the butterfly wings. Some other butterfly wings produce colors by
diffraction, where ridges in the surface act as diffraction gratings.

29. Interference of light from the upper and lower surfaces of the soap or detergent film is taking
place.

31. Light from a pair of stars will not produce an interference pattern because the waves of light
from the two separate sources are incoherent; when combined they smudge. Interference
occurs when light from a single source divides and recombines.

33. Blue, the complementary color. The blue is white minus the yellow light that is seen above.
(Note this exercise goes back to information in Chapter 27.)
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35. Polarization is a property of transverse waves. Unlike light, sound is a longitudinal wave and
can't be polarized. Whether a wave can be polarized or not, in fact, is one of the tests to
distinguish transverse waves from longitudinal waves.

37. To say that a Polaroid is ideal is to say that it will transmit 100% of the components of light
that are parallel to its polarization axis, and absorb 100% of all components perpendicular to its
polarization axis. Nonpolarized light has as many components along the polarization axis as it
has perpendicular to that axis. That's 50% along the axis, and 50% perpendicular to the axis. A
perfect Polaroid transmits the 50% that is parallel to its polarization axis.

39. With polarization axes aligned, a pair of Polaroids will transmit all components of light along the
axes. That's 50%, as explained in the answer to Exercise 38. Half of the light gets through the
first Polaroid, and all of that gets through the second. With axes at right angles, no light will be
transmitted.

41. Glare is composed largely of polarized light in the plane of the reflecting surface. Most glaring
surfaces are horizontal (roadways, water, etc.), so sunglasses with vertical polarization axes
filter the glare of horizontally polarized light. Conventional nonpolarizing sunglasses simply cut
down on overall light transmission either by reflecting or absorbing incident light.

43. Since most glare is due to reflection from horizontal surfaces, the polarization axes of common
Polaroid sunglasses are vertical.

45. Call the three Polaroids 1, 2, and 3. The first one acts as a polarizer of the unpolarized light,
ideally letting half of it through with a specific polarization direction that is perpendicular to the
axis of Number 3. So when only 1 and 3 are present, no light gets through. But Number 2, when
placed between 1 and 3, is illuminated by light aligned at 45° to its axis, so it lets half of the
light through. The light striking Number 3 is now aligned at 45° to the axis of Number 3. So
Number 3 transmits half of the light that strikes it. (The amount that gets through is one-
eighth of the original intensity.)

47. Making holograms requires coherent light, exactly what a laser provides. Hence practical
holography followed the advent of the laser. (Interestingly enough, the first holograms were
made before the advent of the laser, and were crude by today's standards. They were made
with monochromatic light from a sodium vapor lamp, through a tiny pinhole to provide a close
approximation of coherent light, and required very long exposures.)

49. Interference is central to holography.
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ANSWERS TO CHAPTER 30 EXERCISES (light Emission)

1. In accord with E = ht, a gamma ray photon has a higher energy because it has a higher
frequency.

3. Higher-frequency higher-energy blue light corresponds to a greater change of energy in the
atom.

5. Doubling the wavelength of light halves its frequency. Light of half frequency has half the
energy per photon. Think in terms of the equation c = fA Since the speed of light c is constant,
A. is inversely proportional to f.

7. Spectral lines are images of the slit in a spectroscope. If the slit were crescent shaped, the
"lines" would also be crescent shaped.

9. Diffracted light from a neon tube produces a band of colors, most of which are various shades
of red. Light from a helium-neon laser is of one color-monochromatic-from only one of the
"spectral lines" of neon.

11. By comparing the absorption spectra of various nonsolar sources through the Earth's
atmosphere, the lines due to the Earth's atmosphere can be established. Then when viewing
solar spectra, extra lines and extra line intensities can be attributed to the atmosphere of the
Sun.

13. The moving star will show a Doppler shift. Since the star is receding, it will be a red shift (to
lower frequency and longer wavelength).

15. In accord with E - f, the higher frequency ultraviolet photon has more energy than a photon in
the visible part of the spectrum, which in turn has more energy than a photon in the infrared
part of the spectrum.

17. Atoms excited in high-pressure gas interfere with one another in a way similar to the way
closely-packed atoms in a solid do, resulting in overlapping waves and smearing of light.

19 The many spectral lines from the element hydrogen are the result of the many energy states
the single electron can occupy when excited.

21. The "missing" energy may appear as light of other colors or as invisible infrared light. If the
atoms are closely packed, as in a solid, some of the "missing" energy may appear as heat. In
that case, the illuminated substance warms.

23. Fluorescence is the process in which high-frequency (high energy) ultraviolet radiation converts
to low-frequency (lower energy) visible radiation with some energy left over, possibly appearing
as heat. If your friend is suggesting that low-energy infrared radiation can be converted to
higher-energy visible light, that is clearly a violation of the conservation of energy-a no-no!
Now if your friend is suggesting that infrared radiation can cause the fluorescence of still lower-
frequency infrared radiation, which is not seen as light, then your friend's reasoning is well
founded.

25. Fabrics and other fluorescent materials produce bright colors in sunlight because they both
reflect visible light and transform some of the Sun's ultraviolet light into visible light. They
literally glow when exposed to the combined visible and ultraviolet light of the Sun. (Certain
fluorescent dyes added to inks are sometimes called "Day-Glo" colors.)

27. Just as a time delay occurs with the opening and closing of a spring door, a similar time delay
occurs between excitation and de-excitation in a phosphorescent material.

29. The acronym says it: microwave amplification by stimulated emission of radiation.

31. Its energy is very concentrated in comparison with that of a lamp.
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33. If it weren't relatively long-lived, there wouldn't be enough accumulation of atoms in this
excited state to produce the "population inversion" that is necessary for laser action.

35. Your friend's assertion violates the law of energy conservation. A laser or any device cannot put
out more energy than is put into it. Power, on the other hand, is another story, as is treated in
the following exercise.

37. f bar is the peak frequency of incandescent radiation-that is, the frequency at which the
radiation is most intense. T is the temperature of the emitter. (Scientists also describe the
radiation as having a temperature. Incandescent radiation emitted by a body at a certain
temperature is said to have that same temperature. Thus we can use radiation to measure
temperature, whether it be the radiation emitted by a blast furnace or by the Sun or by frigid
outer space.)

39. Both radiate energy in accord with f ~ T (peak frequency proportional to absolute temperature).
Since the Sun's temperature is so much greater than the Earth's, the frequency of radiation
emitted by the Sun is correspondingly greater than the frequency of radiation emitted by the
Earth. Earth's radiation is called terrestrial radiation, treated back in Chapter 16. The amount of
energy radiated by the Sun is also much greater than the amount radiated by the Earth. (The
amount varies in proportion to the fourth power of the absolute temperature, so the Sun with
surface temperature 20 times the Earth's surface temperature radiates (20)4, or 160,000
times as much energy as the Earth.)

41. The metal is glowing at all temperatures, whether we can see the glow or not. As its
temperature is increased, the glow reaches the visible part of the spectrum and is visible to
human eyes. Light of the lowest energy per photon is red. So the heated metal passes from
infra-red (which we can't see) to visible red. It is red hot.

43. Star's relative temperatures-lowish for reddish; midish for whitish; and hotish for bluish.

45. An incandescent source that peaks in the green part of the visible spectrum will also emit reds
and blues, which would overlap to appear white. Our Sun is a good example. For green light and
only green light to be emitted, we would have some other kind of a source, such as a laser, not
an incandescent source. So "green-hot" stars are white.

47. Six transitions are possible, as shown. The highest-frequency transition is from quantum level 4
to level 1. The lowest-frequency transition is from quantum level 4 to level 3.

49. Yes, there is a relationship among the wavelengths, but it is not as simple as the relationship
among frequencies. Because energies are additive, so are the frequencies. But since wavelength
is inversely proportional to frequency, it is the inverses of the wavelengths that are additive.

1 1 1
Thus, ---- + ---- ~ ----

A(4-d) A(3-> 1) A(4->1)
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SOLUTIONS TO CHAPTER 30 PROBLEMS

(a) The B-to-A transition has twice the energy and twice the frequency of the C-to-8 transition.
Therefore it will have half the wavelength, or 300 nm. Reasoning: Since c = o; A = c/f.
Wavelength is inversely proportional to frequency. Twice the frequency means half the
wavelength.

(b) The C-to-A transition has three times the energy and three times the frequency of the C-t0-8
transition. Therefore it will have one-third the wavelength, or 200 nm.
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ANSWERS TO CHAPTER 31 EXERCISES (light Quanta)

1. Classical physics is primarily the physics known before 1900 that includes the study of motion
in accord with Newton's laws and the study of electromagnetism in accord with the laws of
Maxwell. Classical mechanics, often called Newtonian mechanics, is characterized by absolute
predictability. After 1900 scientists discovered that Newtonian rules simply don't apply in the
domain of the very small-the submicroscopic. This is the domain of quantum physics, where
things are "grainy" and where values of energy and momentum (as well as mass and charge)
occur in lumps, or quanta. In this domain, particles and waves merge and the basic rules are
rules of probability, not certainty. Quantum physics is different and not easy to visualize like
classical physics. We nevertheless tend to impress our classical wave and particle models on our
findings in an effort to visualize this subatomic world.

3. E - f is a proportion. When E is divided by t we have the constant h. With h the proportion
becomes the exact equation E = ht. So we see h is the proportionality constant for the energy
and frequency of a photon of light.

S. Higher-frequency ultraviolet light has more energy per photon.

7. Higher-frequency green light has more energy per photon.

9. Finding materials that would respond photoelectrically to red light was difficult because photons
of red light have less energy than photons of green or blue light.

11. The energy of red light is too low per photon to trigger the chemical reaction in the
photographic crystals. Very bright light simply means more photons that are unable to trigger a
reaction. Blue light, on the other hand, has sufficient energy per photon to trigger a reaction.
Very dim blue light triggers fewer reactions only because there are fewer photons involved. It is
safer to have bright red light than dim blue light.

13. The kinetic energy of ejected electrons depends on the frequency of the illuminating light. With
sufficiently high frequency, the number of electrons ejected in the photoelectric effect is
determined by the number of photons incident upon the metal. So whether or not ejection
occurs depends on frequency, and how many electrons are ejected depends on the brightness
of the sufficiently high-frequency light.

1S. Ultraviolet photons are more energetic.

17. Particle nature.

19. Electric eye: A beam of light is directed to a photosensitive surface that completes the path of
an electric circuit. When the beam is interrupted, the circuit is broken. The entire photoelectric
circuit may be used as a switch for another circuit.
Light meter: The variation of photoelectric current with variations in light intensity activates a
galvanometer, or its equivalent, that is calibrated to show light intensity.
Sound track: An optical sound track on motion picture film is a strip of emulsion of variable
density that transmits light of variable intensity onto a photosensitive surface, which in turn
produces an electric current of the desired variations. This current is amplified and then
activates the loudspeaker.

21. There will be colors toward the red end of the spectrum where the meter will show no reading,
since no electrons are ejected. As the calor is changed toward the blue and violet, a point will
be reached where the meter starts to give a reading. If a color for which the meter reads zero is
made more intense, the meter will continue to read zero. If a color for which the meter shows a
reading is made more intense, the current recorded by the meter will increase as more electrons
are ejected.

23. Young's explanation of the double-slit experiment is based on the wave model of light;
Einstein's explanation of the photoelectric effect uses a model in which light is composed of
particles. The effectiveness of one model or another doesn't invalidate the other model,
particularly in this instance where the models are used to describe completely different
phenomena. Models are not to be judged as being "true" or "false" but as being useful or not
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useful. The particle model of light is useful in making sense of the details of the photoelectric
effect, whereas the wave model of light is not useful in understanding these details. On the
other hand, the wave model of light is useful for understanding the details of interference,
whereas the particle model is not. The effectiveness of one model over another means simply
that: One model is more effective than another. This effectiveness doesn't mean that one
model is correct and the other invalid. As we gather more data and gain new insights, we refine
our models. The fact that two quite different models are needed to describe light lead to what
is called the "wave-particle duality," a central part of quantum physics.

25. Diffraction, polarization, and interference are evidence of the wave nature of light; the
photoelectric effect is evidence of the particle nature of light.

27. No. Complementarity isn't a compromise, but suggests that what you see depends on your
point of view. What you see when you look at a box, for example, depends on whether you see
it from one side, the top, and so on. All measurements of energy and matter show quanta in
some experiments and waves in others. For light, we see particle behavior in emission and
absorption, and wave behavior in propagation between emission and absorption.

29. By absorbing energy from the impact of a particle or photon.

31. Uranium possesses more momentum. Hydrogen has the longer wavelength, which is inversely-
proportional to momentum.

33. The more massive proton has more momentum, while the electron with its smaller momentum
has the longer wavelength.

35. By de Broglie's formula, as velocity increases, momentum increases, so wavelength decreases.

37. The principal advantage of an electron microscope over an optical microscope is its ability to
see things that are too small for viewing with an optical microscope. This is because an object
cannot be discerned if it is smaller than the wavelength of the illuminating beam. An electron
beam has a wavelength that is typically a thousand times shorter than the wavelength of visible
light, which means it can discern particles a thousand times smaller than those barely seen with
an optical microscope.

39. Planck's constant would be zero.

41. In the best spirit of science, from our observations we develop a theory that gives meaning to
those observations. However, it is often the case that belief in a theory precedes observations
and influences our perception of those observations and the meaning we give them. We should
be aware of this "human factor." Sometimes it is very beneficial and sometimes it is not.

43. If somebody looks at an electron on the tip of your nose with an electron beam or a light beam,
then its motion as well as that of surrounding electrons will be altered. We take the view here
that passively looking at light after it has reflected from an object does not alter the electrons
in the object. We distinguish between passive observation and probing. The uncertainty
principle applies to probing, not to passive observation. (This view, however, is not held by
some physicists who assert any measure, passive or probing, alters that being measured at the
quantum level. These physicists argue that passive observation provides knowledge, and that
without this knowledge, the electron might be doing something else or might be doing a
mixture, a superposition, of other things.)

45. Heisenberg's uncertainty principle applies only to quantum phenomena. However, it serves as a
popular metaphor for the macro domain. Just as the way we measure affects what's being
measured, the way we phrase a question often influences the answer we get. So to various
extents we alter that which we wish to measure in a public opinion survey. Although there are
countless examples of altering circumstances by measuring them, the uncertainty principle has
meaning only in the sub-microscopic world.

47. The uncertainty principle refers only to the quantum realm, and not the macroworld. Air
escaping from a tire is a macro-world event.
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49. Unless the term is meant to leap into a completely different realm, no, for a quantum leap is the
smallest transition something can undergo.

SOLUTIONS TO CHAPTER 31 PROBLEMS

1. Frequency is speed/wavelength: f = (3 x 108 m/s)/(2.5 x 10-5 m) = 1.2 x 10'3 Hz. Photon
energy is P1anck'sconstant x frequency: E = hf= (6.6 x 10-34 J s)(1.2 x 1013 Hz) = 7.9 x 10-21 J. (In
the electron-volt unit common in atomic and optical physics, this is 0.05 eV, about
one-twentieth the energy acquired by an electron in being accelerated through a potential
difference of 1 V. 1 eV is equal to 1.6 x 10-'9 J.)

3. The ball's momentum is mv = (0.1 kg) (0.001 m/s) = 1 x 10-4 kg m/s, so its de Broglie
wavelength is hip = (6.6 x 10-34 J s)/(1 X 10-4 kg m/s) = 6.6 x 10-30 m, incredibly small
relative even to the tiny wavelength of the electron. There is no hope of rolling a ball slowly
enough to make its wavelength appreciable.

-"""--
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ANSWERS TO CHAPTER 32 EXERCISES (The Atom and the Quantum)

1. Photons from the ultraviolet lamp have greater frequency, energy, and momentum. Only
wavelength is greater for photons emitted by the TV transmitter.

3. The vast majority of alpha particles passed through the foil undeflected.

5. Rutherford's experiments showed that the positive charge must be concentrated in a small
core, the atomic nucleus.

7. The answer is given in the legend to Figure 32.4, namely that an electron accelerating around
its orbit should emit radiation. This loss of energy should be accompanied by a spiraling of the
electron into the atomic nucleus (akin to the fate of satellites that encounter the atmosphere in
low Earth orbit).

9. Spectral lines are as characteristic of the elements as fingerprints are of people. Both aid
identification.

11. If the energy spacings of the levels were equal, there would be only two spectral lines. Note
that a transition between the 3rd and 2nd level would have the same difference in energy as a
transition between the 2nd and first level. So both transitions would produce the same
frequency of light and produce one line. The other line would be due to the transition from the
3'd to the first level.

13. The smallest orbit would be one with a circumference equal to one wavelength.

15. If we think of electrons as orbiting the nucleus in standing waves, then the circumference of
these wave patterns must be a whole number of wavelengths. In this way the circumferences
are discrete. This means that the radii of orbits are therefore discrete. Since energy depends
upon this radial distance, the energy values are also discrete. (In a more refined wave model,
there are standing waves in the radial as well as the orbital direction.)

17. The electron shells are pulled in more tightly because of the greater number of protons in the
nucleus. Hence atoms get smaller from left to right along a row in the periodic table.

19. Atoms with many electrons reside with nuclei with greater numbers of protons, and
subsequently, greater attraction to the nucleus.

21. The frequency of every photon is related to its energy by E = ht, so if two frequencies add up
to equal a third frequency, two energies add up to equal a third energy. In a leapfrog transition
such as from the third to the first energy level in Figure 32.10, energy conservation requires
that the emitted energy be the same as the sum of the emitted energies for the cascade of
two transitions. Therefore the frequency for the leapfrog transition will be the sum of the
frequencies for the two transitions in the cascade.

23. Constructive interference to form a standing wave requires an integral number of wavelengths
around one circumference. Any number of de Broglie wavelengths not a whole number would
lead to destructive interference, preventing the formation of a standing wave.

25. The answer to both questions is yes. Since a particle has wave properties and a wavelength
related to its momentum, it can exhibit the same properties as other waves, including
diffraction and interference.

27. Atoms would be larger if Planck's constant were larger. We can see this from de Broglie's
equation (wavelength = h/momentum), where for a given momentum if h were larger, the
wavelengths of the standing waves that comprise electron shells would be larger, and hence
atoms would be larger.

29. The laws of probability applied to one or a few atoms give poor predictability, but for hordes of
atoms, the situation is entirely different. Although it is impossible to predict which electron will
absorb a photon in the photoelectric effect, it is possible to predict accurately the current
produced by a beam of light on photosensitive material. We can't say where a given photon will
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hit a screen in double-slit diffraction, but we can predict with great accuracy the relative
intensities of a wave-interference pattern for a bright beam of light. Predicting the kinetic
energy of a particular atom as it bumbles about in an atomic lattice is highly inaccurate, but
predicting the average kinetic energy of hordes of atoms in the same atomic lattice, which
measures the temperature of the substance, is possible with high precision. The indeterminacy
at the quantum level can be discounted when large aggregates of atoms so well lend
themselves to extremely accurate macroscopic prediction.

31. Electrons have a definite mass and a definite charge, and can sometimes be detected at
specific points-so we say they have particle properties; electrons also produce diffraction and
interference effects, so we say they have wave properties. There is a contradiction only if we
insist the electron may have only particle OR only wave properties. Investigators find that
electrons display both particle and wave properties.

33. Both are consistent. The correspondence principle requires agreement of quantum and classical
results when the "graininess" of the quantum world is not important, but permits disagreement
when the graininess is dominant.

35. Bohr's correspondence principle says that quantum mechanics must overlap and agree with
classical mechanics in the domain where classical mechanics has been shown to be valid.

37. The philosopher was speaking of classical physics, the physics of the macroscopic world, where
to a high degree of accuracy the same physical conditions do produce the same results.
Feynman must have been speaking of the quantum domain where for small numbers of particles
and events, the same conditions are not expected to produce the same results.

39. The speed of light is large compared with the ordinary speeds with which we deal in everyday
life. Planck's constant is small in that it gives wavelengths of ordinary matter far too small to
detect and energies of individual photons too small to detect singly with our eyes.

SOLUTION TO CHAPTER 32 PROBLEM

1. When n = 50, the atom is (50)2, or 2500, times larger than when n = 1, so its radius is
(2500)(1 x 10-10 m) = 2.5 xl0-7 m. The volume of this enlarged atom is (2500)3, or 1.6 x 1010,

times larger than the volume of the atom in its lowest state. Sixteen billion unexcited atoms
would fit within this one excited atom! (Atoms this large and larger have been made in recent
years by trapping single atoms in an evacuated region. These giant atoms with their barely
tethered distant electrons are known as Rydberg atoms.)
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ANSWERS TO CHAPTER 33 EXERCISES (The Atomic Nucleus and Radioactivity)

1. Kelvin was not aware of radioactive decay, a source of energy to keep Earth warm for billions of
years.

3. Gamma radiation is in the form of electromagnetic waves, while alpha and beta are particles.

5. It is impossible for a hydrogen atom to eject an alpha particle, for an alpha particle is composed
of four nucleons-two protons and two neutrons. It is equally impossible for a 1-kg melon to
disintegrate into four 1-kg melons.

7. The alpha particle has twice the charge, but almost 8000 times the inertia (since each of the
four nucleons has nearly 2000 times the mass of an electron). Even though the alpha particle is
slower than the electron, it has more momentum due to its great mass, and hence deflects less
than an electron in a given magnetic field.

9. Alpha radiation decreases the atomic number of the emitting element by 2 and the atomic mass
number by 4. Beta radiation increases the atomic number of an element by 1 and does not
affect the atomic mass number. Gamma radiation does not affect the atomic number or the
atomic mass number. So alpha radiation results in the greatest change in both atomic number
and mass number.

11. Gamma predominates inside the enclosed elevator because the structure of the elevator shields
against alpha and beta particles better than against gamma-ray photons.

13. An alpha particle undergoes an acceleration due to mutual electric repulsion as soon as it is out
of the nucleus and away from the attracting nuclear force. This is because it has the same sign
of charge as the nucleus. Like charges repel.

15. Because it has twice as much charge as a beta particle, an alpha particle interacts more
strongly with atomic electrons and loses energy more rapidly by ionizing the atoms. (The slower
speed of the alpha particle also contributes to its ability to ionize atoms more effectively.)

17. Within the atomic nucleus, it is the strong nuclear force that holds the nucleons together, and
the electric force that mutually repels protons and pushes them apart.

19. Yes, indeed!

21. Chemical properties have to do with electron structure, which is determined by the number of
protons in the nucleus, not the number of neutrons.

23. In accord with the inverse-square law, at 2 meters, double the distance, the count rate will be
one-fourth of 360 or 90 counts/minute; at 3 meters, the count rate will be one-ninth of 360,
or 40 counts/minute.

25. Number of nucleons and electric charge.

27. The mass of the element is 157 + 104 = 261. Its atomic number is 104, a transuranic element
recently named rutherfordium.

29. After the polonium nucleus emits a beta particle, the atomic number increases by 1 to become
85, and the atomic mass is unchanged at 218.

31. Both have 92 protons, but U-238 has more neutrons than U-235.

33. An element can decay to an element of greater atomic number by emitting electrons (beta
rays). When this happens, a neutron in the nucleus becomes a proton and the atomic number
increases by one.

35. When a phosphorus nucleus (atomic number 15) emits a positron (a "positively-charged
electron") the charge of the atomic nucleus decreases by 1, converting it to the nucleus of the
element silicon (atomic number 14).
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37. If nuclei were composed of equal numbers of protons and electrons, nuclei would have no net
charge. They wouldn't hold electrons in orbit. The fact that atoms do have a positive nucleus
and orbiting electrons contradicts your friend's assertion.

39. The elements below uranium in atomic number with short half-lives exist as the product of the
radioactive decay of uranium or another very long-lived element, thorium. For the billions of
years that the uranium and thorium last, the lighter elements will be steadily replenished.

41. Your friend will encounter more radioactivity from the granite outcroppings than he or she will
living near a nuclear power plant. Furthermore, at high altitude your friend will be treated to
increased cosmic radiation. But the radiations encountered in the vicinity of the plant, on the
granite outcropping, or at high altitude are not appreciably different than the radiation one
encounters in the "safest" of situations. Advise your friend to enjoy life anyway!

43. Although there is significantly more radioactivity in a nuclear power plant than in a coal-fired
power plant, almost none of it escapes from the nuclear plant, whereas most of what
radioactivity there is in a coal-fired plant does escape, through the stacks. As a result, a typical
coal plant injects more radioactivity into the environment than does a typical nuclear plant.
(Unfortunately, if you mention this to people you meet at a normal social gathering, you'll be
seen as some sort of ally of Darth Vader!)

45. The irradiated food does not become radioactive as a result of being zapped with gamma rays.
This is because the gamma rays lack the energy to initiate the nuclear reactions in atoms in the
food that could make them radioactive.

47. Dinosaur bones are simply much too old for carbon dating.

49. Stone tablets cannot be dated by the carbon dating technique. Nonliving stone does not ingest
carbon and transform that carbon by radioactive decay. Carbon dating works for organic
materials.

SOLUTIONS TO CHAPTER 33 PROBLEMS

1. At the end of the second year 1/4 of the original sample will be left; at the end of the third
year, 1/8 will be left; and at the end of the fourth year, 1/16 will be left.

3. 1h 6 will remain after 4 half-lives, so 4 x 30 = 120 years.

5. The intensity is down by a factor of 16.7 (from 100% to 6%). How many factors of two is this?
About 4, since 24 = 16. So the age of the artifact is about 4 x 5730 years or about 23,000 years.

282



ANSWERS TO CHAPTER 34 EXERCISES (Nuclear Fission and Fusion)

1. Unenriched uranium-which contains more than 99% of the non-fissionable isotope
U-238-undergoes a chain reaction only if it is mixed with a moderator to slow down the
neutrons. Uranium in ore is mixed with other substances that impede the reaction and has no
moderator to slow down the neutrons, so no chain reaction occurs. (There is evidence,
however, that several billion years ago, when the percentage of U-235 in uranium ore was
greater, a natural reactor existed in Gabon, West Africa.)

3. The electric repulsion between protons reaches across the whole nucleus, affecting all protons,
whereas the attractive nuclear force reaches only from one nucleon to its immediate neighbors,
so the more protons in a nucleus, the more likely is it that their mutual repulsion will overcome
the attractive forces and lead to fission.

5. A neutron makes a better "bullet" for penetrating atomic nuclei because it has no electric
charge and is therefore not repelled by an atomic nucleus.

7. Critical mass is the amount of fissionable mass that will just sustain a chain reaction without
exploding. This occurs when the production of neutrons in the material is balanced by neutrons
escaping through the surface. The greater the escape of neutrons, the greater the critical mass.
We know that a spherical shape has the least surface area for any given volume, so for a given
volume, a cube shape would have more area, and therefore more "leakage" of the neutron flux.
So a critical-mass cube is more massive than a critical-mass sphere. (Look at it this way:
A sphere of fissionable material that is critical will be subcritical if flattened into a pancake
shape-or molded into any other shape-because of increased neutron leakage.)

9. The average distance increases. (It's easier to see the opposite process where big pieces
broken up into little pieces decreases the distance a neutron can travel and still be within the
material. Proportional surface area increases with decreasing size, which is why you break a
sugar cube into little pieces to increase the surface area exposed to tea for quick dissolving.) In
the case of uranium fuel, the process of assembling small pieces into a single big piece
increases average traveling distance, decreases surface area, reduces neutron leakage, and
increases the probability of a chain reaction and an explosion. .

11. Only trace amounts of plutonium can occur naturally in U-238 concentrations. When U-238
captures a stray neutron it becomes U-239 and after beta emission becomes Np-239, which
further transforms by beta emission to Pu-239. Because of its short half-life (24,360 years) it
doesn't last long. Any plutonium initially in Earth's crust has long since decayed. (There are
elements in the Earth's crust with half-lives even shorter than plutonium's, but these are the
products of uranium decay; between uranium and lead in the periodic table of elements.)

13. The resulting nucleus is 92UZ33.The mass number is increased by 1 and the atomic number by
2. U-233, like U-235, is fissionable with slow neutrons. (Notice the similarity to the production
of 94PUZ39from 9ZUZ38.)

15. When a neutron bounces from a carbon nucleus, the nucleus rebounds, taking some energy
away from the neutron and slowing it down so it will be more effective in stimulating fission
events. A lead nucleus is so massive that it scarcely rebounds at all. The neutron bounces with
practically no loss of energy and practically no change of speed (like a marble from a bowling
ball).

17. If the difference in mass for changes in the atomic nucleus increased tenfold (from 0.1 % to
1.0%), the energy release from such reactions would increase tenfold as well.

19. Both chemical burning and nuclear fusion require a minimum ignition temperature to start and in
both the reaction is spread by heat from one region to neighboring regions. There is no critical
mass. Any amount of thermonuclear fuel or of combustible fuel can be stored.

21. Each fragment would contain 46 protons (half of 92) and 72 neutrons (half of 144), making it
the nucleus of Pd-118, an isotope of palladium, element number 46.
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23. No. U-235 (with its shorter half-life) undergoes radioactive decay six times faster than U-Z38
(half-life 4.5 billion years), so natural uranium in an older Earth would contain a much smaller
percentage of U-235, not enough for a critical reaction without enrichment. (Conversely, in a
younger Earth, natural uranium would contain a greater percentage of U-235 and would more
easily sustain a chain reaction.)

25. In 1 billion years U-Z35 would be in short supply, and fission power a thing of history.

27. Splitting light nuclei (which happens in particle accelerators) costs energy. As the curve in
Figure 34.16 shows, the total mass of the products is greater than the total mass of the initial
nucleus.

29. If uranium were split into three parts, the segments would be nuclei of smaller atomic numbers,
more toward iron on the graph of Figure 34.16. The resulting mass per nucleon would be less,
and there would be more mass converted to energy in such a fissioning.

31. The fusion of Z hydrogens with an oxygen would produce neon, atomic number 10.

33. If the masses of nucleons varied in accord with the shape of the curve of Figure 34.15 instead
of the curve of Figure 34.16, then the fissioning of all elements would liberate energy and all
fusion processes would absorb rather than liberate energy. This is because all fission reactions
(decreasing atomic number) would result in nuclei with less mass per nucleon, and all fusion
reactions (increasing atomic number) would result in the opposite; nuclei of more mass per
nucleon.

35. The initial uranium has more mass than the fission products.

37. Although more energy is released in the fissioning of a single uranium nucleus than in the fusing
of a pair of deuterium nuclei, the much greater number of lighter deuterium atoms in a gram of
matter compared to the fewer heavier uranium atoms in a gram of matter, results in more
energy liberated per gram for the fusion of deuterium.

39. A hydrogen bomb produces a lot of fission energy as well as fusion energy. Some of the fission
is in the fission bomb "trigger" used to ignite the thermonuclear reaction and some is in
fissionable material that surrounds the thermonuclear fuel. Neutrons produced in fusion cause
more fission in this blanket. Fallout results mainly from the fission.

41. Energy from the Sun is our chief source of energy, which itself is the energy of fusion.
Harnessing that energy on Earth has proven to be a formidable challenge.

43. Minerals which are now being mined can be recycled over and over again with the advent of a
fusion-torch operation. This recycling would tend to reduce (but not eliminate) the role of
mining in providing raw materials.

45. The lists can be very large. Foremost considerations are these: Conventional fossil-fuel power
plants consume our natural resources and convert them into greenhouse gases and poisonous
contaminants that are discharged into the atmosphere, producing among other things, global
climate change and acid rain. A lesser environmental problem exists with nuclear power plants,
which do not pollute the atmosphere. Pollution from nukes is concentrated in the radioactive
waste products from the reactor core. Any rational discussion about the drawbacks of either of
these power sources must acknowledge that both are polluters-so the argument is about
which form of pollution we are more willing to accept in return for electrical power. (Before you
say "No Nukes!," rational thinking suggests that you first be able to say that you "Know
Nukesl.")

47. The nuclei will be positively charged and will move toward the negative plate (and away from
the positive one). The negative electrons will move in the opposite direction, toward the
positive plate (and away from the negative one.)

49. The lighter nuclei with less mass deflect the most, while the more massive one are less
deflected due to greater inertia. The mass spectrometer deflects ions in the same way, with
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less massive ions sweeping into circular paths of small radii and more massive ions sweeping in
wider circular paths. In this way ions are separated according to their mass.

SOLUTIONS TO CHAPTER 34 PROBLEMS

1. The energy released by the explosion in kilocaloriesis (20 kilotons)(4.2 x 10'2 J/kiloton)/( 4,184 J/kilocalorie)
= 2.0 x 10'0 kilocalories. This is enough energy to heat 2.0 x 10'0 kg of water by 1 "C. Dividing
by 50, we conclude that this energy could heat 4.0 x 108 kilograms of water by 50°C.
This is nearly half a million tons.

3. The neutron and the alpha particle fly apart with equal and opposite momentum. But since the
neutron has one-fourth the mass of the alpha particle, it has four times the speed. Then
consider the kinetic-energy equation, KE = (112) mV'. For the neutron, KE = ('12) m(4v)2 = 8 mv2,

and for the alpha particle, KE = (1/2) (4m)vZ = 2 mv'. The KEs are in the ratio of 8/2, or 80120.
So we see that the neutron gets 80% of the energy, and the alpha particle 20%.
(Alternative method: The formulas for momentum and KE can be combined to give KE = pZ/Zm.
This equation tells us that for particles with the same momentum, KE is inversely proportional
to mass.)
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ANSWERS TO CHAPTER 35 EXERCISES (Special Theory of Relativity)

1. The effects of relativity become pronounced only at speeds near the speed of light or when
energies change by amounts comparable to mcs. In our "non-relativistic" world, we don't
directly perceive such things, whereas we do perceive events governed by classical mechanics.
So the mechanics of Newton is consistent with our common sense, based on everyday
experience, but the relativity of Einstein is not consistent with common sense. Its effects are
outside our everyday experience.

3. (a) The bullet is moving faster relative to the ground when the train is moving (forward).
(b) The bullet moves at the same speed relative to the freight car whether the train is moving
or not.

5. Michelson and Morley considered their experiment a failure in the sense that it did not confirm
the result that was expected. What was expected, that differences in the velocity of light would
be encountered and measured, turned out not to be true. The experiment was successful in
that it widened the doors to new insights in physics.

7. The average speed of light in a transparent medium is less than c, but in the model of light
discussed in Chapter 26, the photons that make up the beam travel at c in the void that lies
between the atoms of the material. Hence the speed of individual photons is always c. In any
event, Einstein's postulate is that the speed of light in free space is invariant.

9. Yes, for example, a distant part of a beam sweeping the sky. What it doesn't allow is energy or
particles to exceed c.

11. No energy or information is carried perpendicular to the swept beam.

13. As explained in the answer to Exercise 12, the moving points are not material things. No mass
or no information can travel faster than c, and the points so described are neither mass nor
information. Hence, their faster motion doesn't contradict special relativity.

15. It's all a matter of relative velocity. If two frames of reference are in relative motion, events can
occur in the order AB in one frame and in the order BA in the other frame. (See Exercise 16.)

17. Experimental evidence has again and again shown that more and more energy must be put into
an object that is accelerated to higher and higher speeds. This energy is evidenced by increased
momentum. As the speed of light is approached, the momentum of the object approaches
infinity. In this view there is infinite resistance to any further increase in momentum, and hence
speed. Hence c is the speed limit for material particles. (Kinetic energy likewise approaches
infinity as the speed of light is approached.)

19. When we say that light travels a certain distance in 20,000 years we are talking about distance
in our frame of reference. From the frame of reference of a traveling astronaut, this distance
may well be far shorter, perhaps even short enough that she could cover it in 20 years of her
time (traveling, to be sure, at a speed close to the speed of light). Someday, astronauts may
travel to destinations many light years away in a matter of months in their frame of reference.

21. A twin who makes a long trip at relativistic speeds returns younger than his stay-at-home twin
sister, but both of them are older than when they separated. If they could watch each other
during the trip, there would be no time where either would see a reversal of aging, only a
slowing or speeding of aging. A hypothetical reversal would result only for speeds greater than
the speed of light.

23. If you were in a high-speed (or no speed!) rocket ship, you would note no changes in your pulse
or in your volume. This is because the velocity between the observer, that is, yourself, and the
observed is zero. No relativistic effect occurs for the observer and the observed when both are
in the same reference frame.

25. Narrower as well.
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27. Yes, although only high speeds are significant. Changes at low speeds, although there, are
imperceptible.

29. The density of a moving body is measured to increase because of a decrease in volume for the
same mass.

31. For the speed of light equation, v is c. Before relativity, c might have one value in one frame of
reference and a different value in another frame. It depended on the motion of the observer.
According to relativity, c is a constant, the same for all observers.

33. The stick must be oriented in a direction perpendicular to its motion, unlike that of a properly-
thrown spear. This is because it is traveling at relativistic speed (actually 0.87 c) as evidenced
by its increase in momentum. The fact that its length is unaltered means that its long direction
is not in the direction of motion. The thickness of the stick, not the length of the stick, will
appear shrunken to half size.

35. As with the stick in the preceding exercise, the momentum of the rocket ship will be twice the
classical value if its measured length is half its normal length.

37. For the moving electron, length contraction reduces the apparent length of the 2-mile long
tube. Because its speed is nearly the speed of light, the contraction is great.

39. The acid bath that dissolved the latched pin will be a little warmer, and a little more massive (in
principle). The extra potential energy of the latched pin is transformed into a bit more mass.

41. To make the electrons hit the screen with a certain speed, they have to be given more
momentum and more energy than if they were nonrelativistic particles. The extra energy is
supplied by your power utility. You pay the bill!

43. The correspondence principle just makes good sense. If a new idea is valid, then it ought to be
in harmony with the areas it overlaps. If it doesn't, then either the areas themselves are
suspect, or the new idea is suspect. If a new theory is valid, it must account for the verified
results of the older theory, whether the theory is or isn't in the field of science.

45. Both the feathers and the iron have the same mass, and hence, the same energy.

47. Just as time is required for knowledge of distant events to reach our eyes, a lesser yet finite
time is required for information on nearby things to reach our eyes. So the answer is yes, there
is always a finite interval between an event and our perception of that event. If the back of
your hand is 30 cm from your eyes, you are seeing it as it was one-billionth of a second ago.

49. Kierkegaard's statement, "Life can only be understood backwards; but it must be lived
forwards," is consistent with special relativity. No matter how much time might be dilated as a
result of high speeds, a space traveler can only effectively slow the passage of time relative to
various frames of reference, but can never reverse it-the theory does not provide for traveling
backward in time. Time, at whatever rate, flows only forward.
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SOLUTIONS TO CHAPTER 35 PROBLEMS

1. Frequency and period are reciprocals of one another (Chapter 19). If the frequency is doubled,
the period is halved. For uniform motion, one senses only half as much time between flashes
that are doubled in frequency. For accelerated motion, the situation is different. If the source
gains speed in approaching, then each successive flash has even less distance to travel and the
frequency increases more, and the period decreases more as well with time.

3. V = c + ~

1+cJ.

2c
1 + 1

=c

5. In Problem 4 we see that for V= 0.99 c, g is 7.1. The momentum of the bus is more than seven
times greater than would be calculated if classical mechanics were valid. The same is true of
electrons, or anything traveling at this speed.

7. Gamma at V= 0.10 c is 1/v(l - (v2Ic2)] = 1/v(l - (0.10)2] = l!V(l - 0.01] = 1/vO.99 =

1.005. You would measure the passenger's catnap to last 1.005 (5 m) = 5.03 min.

9. Gamma at V= 0.5 c is 1/(v1 + (v2Ic2)] = 1/(v1 - 0.52] = 1/(v1 - 0.25] = 1/v0.75 = 1.15.
Multiplying 1 h of taxi time by g gives 1.15 h of Earth time. The drivers' new pay will be
(10 hours)( 1.15) = 11.5 stellars for this trip.
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ANSWERS TO CHAPTER 36 EXERCISES (General Relativity)

1. The reference frames of special relativity are of uniform motion-constant velocity. The
reference frames of general relativity include accelerated frames.

3. The train could have stopped on a banked section of track, or worse, derailed and ended up
leaning against an embankment. Or perhaps some now fashionable aliens with a chunk of
superdense matter have landed next to the train, attracting its occupants to one side. By the
principle of equivalence, gravity can duplicate the effects of acceleration.

5. For the linear acceleration of a spaceship, a net force must be provided, which requires the use
of fuel. But if the spaceship is set into rotation, it will spin of its own rotational inertia like a top,
once it is set spinning. An astronaut in the spaceship experiences a centrifugal force that
provides a simulated "gravity." No fuel is consumed to sustain this effect because the
centrifugal (or centripetal) force is perpendicular to rotational motion and does no work on the
astronaut.

7. Ole Jules called his shot wrong on this one. In a spaceship that drifts through space, whether
under the influence of Moon, Earth, or whatever gravitational field, the ship and its occupants
are in a state of free fall-hence there is no sensation of up or down. Occupants of a spaceship
would feel weight, or sense an up or down, only if the spaceship were made to accelerate-say,
against their feet. Then they could stand and sense that down is toward their feet, and up away
from their feet.

9. We don't notice the bending of light by gravity in our everyday environment because the
gravity we experience is too weak for a noticeable effect. If there were stellar black holes in our
vicinity, the bending of light near them would be quite noticeable.

11. We say that a tightened chalk line forms a straight line. It doesn't. We say the surface of a still
lake is flat and that a line laid across it is straight. It isn't. But these approximate the straight
lines in our practical world. A much better approximation, however, is a beam of light. For
distances used by surveyors, a beam of light is the best approximation of a straight line known.
Yet we know that a laser beam is ever-so-slightly deflected by gravity. In actual practice,
however, we say that a laser beam of light defines a straight line.

13. Mercury's mass is much too small for observation of this effect.

1S. The change in energy for light is not evidenced by a change in speed, but by a change in
frequency. If the energy of light is lowered, as in traveling against a strong gravitational field, its
frequency is lowered, and the light is said to be gravitation ally red shifted. If the energy of the
light is increased, as when falling in a gravitational field, for example, then the frequency is
increased and the light is blue shifted.

17. Events on the Moon, as monitored from the Earth, run a bit faster and are slightly blue shifted.
And even though signals escaping the Moon are red shifted in ascending the Moon's
gravitational field, they are blue shifted even more in descending to the Earth's stronger 9 field,
resulting in a net blue shift.

19. The gravitational field intensity will increase on the surface of a shrinking star because the
matter that produces the field is becoming more compact and more localized. This is easiest to
see by considering the force on a body of mass m at the surface of the star of mass M via
Newton's equation, F = GmM/ cF, where the only term that changes is d, which diminishes and
therefore results in an increasing F.

21. At the top of the mountain you age slower (See Figure 36.10).

23. Yes, but due to the time dilation of special relativity, which is consistent with the same slowing
of general relativity.

25. The photons of light are climbing against the gravitational field and losing energy. Less energy
means less frequency. Your friend sees the light red shifted. The frequency she receives is less
than the frequency you sent.
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27. We would need a telescope sensitive to very long wavelength radiation such as radio waves.
The light from the astronauts would be red shifted to very long wavelength, eventually infinitely
long wavelength.

29. There are various ways to "see" black holes. If it is the partner of a visible star, we can see its
gravitational effect on the visible star's orbit. We could see its effect on light that passes close
enough to be deflected but not close enough to be captured. We can see radiation emitted by
matter as it is being sucked into a black hole (before it crosses the horizon to oblivion). In the
future, perhaps, we will detect gravitational radiation emitted by black holes as they are being
formed.

31. Mercury follows an elliptical path in its orbit about the Sun, with its perihelion in a stronger part
of the Sun's gravitational field than its aphelion. If Mercury followed a circular orbit, then there
would be no variation of the Sun's gravitational field in its orbit.

33. Yes. For example, place the Sun just outside one of the legs in Figure 36.14.

35. Gravitational waves are difficult to detect because of their long waves.

37. Yes, for Einstein's theory of gravitation predicts the same results as Newton's theory of
gravitation in weak gravitational fields such as those of the solar system. In weak fields,
Einstein's theory overlaps, corresponds, and gives the same results as Newton's theory, and
therefore obeys the correspondence principle.

39. Open-ended.
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ANSWERS TO APPENDIX E (Exponential Growth and Doubling Time)

1. A dollar loses half its value in one doubling time of the inflationary economy; this is 70/7% = 10 years.

3. For a 5% growth rate, 42 years is three doubling times (70/5% = 14 years; 42/14 = 3). Three
doubling times is an eightfold increase. So in 42 years the city would have to have 8 sewage
treatment plants to remain as presently overloaded; more than 8 if overloading is to be reduced
while serving 8 times as many people.

5. Doubling one penny for 30 days yields a total of $10,737,418.23.

7. It is generally acknowledged that if the human race is to survive, even from an overheating of
the world standpoint, while alleviating even part of the misery that afflicts so much of
humankind, the present rates of energy consumption and population growth must be reduced.
The chances of achieving reduced growth rates are better in a climate of scarce energy than in
a climate of abundant energy. We must hope that by the time we have fusion under control, we
will have learned to optimize our numbers and to use energy more wisely.
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