Chapter 1 About Science

1-1) In science, facts (@) are absolute (b) may change (c) mean
very little (d) are more important than theories

1-2) The synthesis of alarge collection of information that
contains well tested and verified hypotheses about certain
aspects of the world isknown as ascientific (a) fact (b)
hypothesis (c) law or principle (d) theory (€) none of these

1-3) In science, atheory is (a) an educated guess (b) lessthan a
fact (c) asynthesisof alarge body of well tested knowledge
(d) unchangeable

1-4) A scientific hypothesis may turn out to be right or it may
turn out to be wrong. If itisavalid hypothesis, there must
be atest for proving it (a) right (b) wrong

1-5) Science, art, and religion do not contradict one another
because (a) all three have different domains (b) if you
choose the right one, you can forget the other two (c) if you
choose religion and art you can forget about science (d) if
you choose science you can forget about religion and art

1-6) Science and technology are (@) really one and the same (b)
responsible for al the good in the world (c) responsible for
al thebad intheworld (d) fundamentally different from
each other

1-7) Of the sciences known as physics, chemistry, and biology,
the most basicis (a) physics (b) chemistry (c) biology (d)
nonein particular, as each may be considered fundamental

1-8) A scientific ideathat is so well established that it cannot be
questioned is (@) an hypothesis (b) atheory (c) alaw (d)
an impossibility

1-9) Early Greeks knew (to afair approximation) (@) the size of
the moon (b) the size of the earth (c) the earth-moon
distance (d) all of the above (e) none of the above

Chapter 2 Linear Motion

1-10) Galileo's use of inclined planes allowed him to
effectively (@) slow down the acceleration of freefall (b)
increase the accel eration beyond that of freefall (c)
eliminate the acceleration of freefall (d) all of these ()
none of these

1-11) Asanobject freely fals, its (a) velocity increases (b)
acceleration increases (c) both of these (d) none of these

1-12) If afreely falling object were somehow equipped with a
speedometer, its speed reading would increase each second
by about (a) 5 m/s (b) 10m/s (c) 15 m/s (d) avariable
amount (e) dependsonitsinitial speed

1-13) If afredy falling object were somehow equipped with
an odometer to measure the distance it travels, then the
amount of distance it travels each succeeding second would
be (a) constant (b) lessand less (c) greater than the second
before

1-14) A heavy object and alight object are dropped at the
same time from rest in avacuum. The heavier object
reaches the ground (&) sooner than the lighter object (b) at
the same time as the lighter object (c) later than the lighter
object

1-15) A ball tossed vertically upward rises, reaches its highest
point, and then falls back to its starting point. During this
time the acceleration of the ball isaways (a) in the
direction of motion (b) oppositeitsvelocity (c) directed
upward (d) directed downward

1-16) Whileacar travelsaround acircular track at constant
speed its (a) acceleration iszero (b) velocity iszero ()
both of these (d) none of these

1-17) A ball isthrown upwards and caught when it comes
back down. Neglecting air resistance, its speed when caught
is (a) more than the speed it had when thrown upwards (b)
less than the speed it had when thrown upwards (c) the
same as the speed it had when thrown upwards

1-18) Atoneinstant an object in freefall is moving upward at
50 meters per second. One second later its speed is about
(a) 100 m/s (b) 60 m/s (c) 55 m/s (d) 50 m/s (e) 40 m/s

1-19)  Starting from rest, the distance afreely falling object
will fall in 10 secondsis about (a) 10 m (b) 50 m (c) 100 m
(d) 500 m

1-20)  Starting from rest, the distance afreely falling object
will fall in 0.5 secondsis about (a) 0.5 m (b) 1.0m (c) 1.25
m (d) 5.0 m (e) none of these

1-21)  Anobject fallsfreely from rest on a planet where the
acceleration due to gravity is 20 meters per second squared.
Inthefirst 5 secondsit falls adistance of (a) 100 m (b)
150m (c) 250 m (d) 500 m (e) none of these

1-22) Anapplefalsfrom atree and hits the ground 5 meters
below. It hitsthe ground with a speed of about (a) 5m/s
(b) 10 m/s (c) 15 m/s (d) 20 m/s (e) not enough
information given to estimate

1-23) It takes 6 secondsfor astoneto fall to the bottom of a
mineshaft. How deep isthe shaft? (a) About 60 m (b)
about 120 m (c) about 180 m (d) more than 200 m

1-24) A car accelerates at 2 meters per second per second.
Assuming the car starts from rest, how far will it travel in the
first 10 seconds? (@) 2 meters (b) 10 meters (c) 40 meters
(d) 100 meters (€) 200 meters

1-25) If aprojectileisfired straight up at a speed of 10 m/s,
thetotal timeto return to its starting position isabout (a) 1
second (b) 2 seconds (c) 10 seconds (d) 20 seconds (€) not
enough information to estimate

1-26) If arocket accelerates from rest at arate of 50 m/s/s for

10 seconds, the distance it will cover during thistimeis (a)
250 m (b) 500 m (c) 2500 m (d) 5000 m (€) none of these



1-27) A car accelerates at 2 meters per second per second.
Assuming the car starts from rest, how much time does it
need to accelerate to a speed of 30 m/s? (@) 2 seconds (b)
15 seconds (c) 30 seconds (d) 60 seconds (€) none of these

1-28) When arock thrown straight upwards getsto the exact
top of its path, its (a) velocity iszero and its acceleration is
zero (b) velocity is zero and its acceleration is about 10
meters per second per second (c) velocity is about 10 m/s
and its acceleration is zero (d) velocity is about 10 m/s and
its acceleration is about 10 meters per second per second (€)
none of these

1-29) A bulletisfired straight down from the top of ahigh
cliff. Neglecting air resistance, the acceleration of the bullet
in meters per second per second is (a) lessthan 9.8 (b) 9.8
(c) more than 9.8

1-30) Themuzzle velocity of acertain gunis 100 m/s.
Neglecting air resistance, at the end of one second a bullet
fired straight up into the air will have travel ed a distance of
(& (100 -4.9  m (b) (100+4.9)m (c) 100 m (d) 49 m
(e) none of these

1-31) Someone standing at the edge of acliff throws one ball
straight up and another ball straight down at the same initial
speed. Neglecting air resistance, the ball to hit the ground
below the cliff with the greater speed will be (@) the one
thrown upward (b) the one thrown downward (c) neither -
they will both hit with the same speed

1-32) A ball isthrown upwards. Neglecting air resistance,
what initial upward speed does the ball need to remain in the
air for atotal time of 10 seconds? (@) about 50 m/s (b)
about 60 m/s (c) about 80 m/s (d) about 100 m/s (€) about
110 m/s

1-33) A pot falsfrom aledge and hits the ground 45 m
below. The speed with which it hits the ground is about (a)
30 m/s (b) 60 m/s (c) 120 m/s (d) more than 120 m/s

1-34) Thevertical height attained by a basketball player who
achieves ahang time of afull 1 sisabout (a) 0.8 m (b) 1m
(©)1.2m (d) 25 m (e) morethan 2.5 m

1-35) A manleans over the edge of acliff and throws arock
upward at 4.9 m/s. Neglecting air resistance, one second
later the rock's speed is (@) zero (b) 4.9 m/s (c) 9.8 m/s (d)
14.7 m/s (e) none of the above

1-36) A man leansover the edge of acliff and throws arock
upward at 4.9 m/s. Neglecting air resistance, two seconds
later the rock's speed is (&) zero (b) 4.9 m/s (c) 9.8 m/s (d)
14.7 m/s (e) none of the above

1-37) A manleansover the edge of acliff and throws arock
upward at 4.9 m/s. How far below the level from which it
was thrown isthe rock 2 seconds later? (a) 4.9 m (b) 9.8 m
(c) 14.7m (d) 19.6 m

Chapter 3 Nonlinear Motion

1-38) Anairplanethat fliesat 100 km/h in a 100 km/h
hurricane crosswind has a ground speed of (@) 0 km/h (b)
100 km/h (c) 141 km/h (d) 200 km/h

Figure 3a=1
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1-39) Anairplane (Fig 3A-1) travelsat 141 km/h toward the
northeast. What isits component of velocity due north? (a)
41 km/h (b) 100 km/h () 110 km/h (d) 141 km/h

1-40) A rock isthrown upward at 50 degrees with respect to
the horizontal. Asit rises, its horizontal component of
velocity (a) increases (b) remains unchanged (c) decreases

1-41)  Throw an object at an angle upward. With no gravity it
will follow astraight line path. But because of gravity, at
the end of 1 second, itis (@) about 5 m below the straight
line (b) about 10 m below the straight line (c) about 15 m
below the straight line

1-42) Roll abowling ball off the edge of atable. Asitfalls,
its horizontal component of velocity (&) decreases (b)
remains constant (c) increases

1-43) A bullet fired from arifle beginsto fall (a) assoon asit
leavesthe barrel (b) after air friction reducesits speed (c)
neither of these

1-44)  Earth satellites are typically more than 100 km high so
asto be above the earth's (a) atmosphere (b) gravitational
field (c) both of these

1-45) A projectileisfired horizontally in aregion of no air
resistance. The projectile maintains its horizontal
component of velocity because (a) it is not acted on by any
forces (b) it isnot acted on by any horizontal forces (c) it
has no vertical component of velocity to begin with (d) the
net force acting on it is zero (€) none of these

1-46) A bullet fired horizontally over level ground hitsthe
ground in 0.5 seconds. If it had been fired with twice the
speed in the same direction, it would have hit the ground in
(@) lessthan 0.5s (b) morethan 0.5s (c) 0.5s

1-47) A projectileisthrown into the air at an angle of 50
degrees and lands on atarget that is at the same level at
which the projectile started. It will also land on the target if
itisthrown at an angle of (a) 40 degrees (b) 45 degrees (c)
55 degrees (d) 60 degrees (€) none of these

1-48) A gunwith amuzzle velocity of 100 m/sisfired
horizontally from atower. Neglecting air resistance, where
will the bullet be 1 second later? (a) 50 m down range (b)
98 m down range (c) 100 m down range (d) 490 m down
range (e) none of these



1-49) Two projectiles are fired from ground level at equal
speeds but different angles. Oneisfired at an angle of 30
degrees and the other at 60 degrees. The projectile to hit the
ground first will bethe onefired at (neglect air resistance)
(a) 30 degrees (b) 60 degrees (c) both hit at the same time

1-50) What prevents satellites such as the space shuttle from
falling? (a) Gravity (b) the absence of air drag (c) nothing,
they're falling continuously all around the earth

1-51) A projectileisfired vertically from the surface of the
earth at 8 km/s. The projectile will (a) go into circular orbit
about the earth (b) rise and fall back to the earth's surface
(c) follow an uncertain path

1-52)  Suppose the circumference of abicycle wheel is2
meters. If it rotates at 1 revolution per second when you are
riding the bicycle, then your speed will be (a) 1 m/s (b) 2
m/s (c) 3m/s (d) 3.14 m/s (e) 6.28 m/s

1-53)  Without air resistance, a projectile fired horizontally at
8 km/s from atop amountain will (a) accelerate downward
at g asit moves horizontally (b) trace a curve that matches
the earth's curvature (c) return later to its starting position
and repeat itsfalling behavior (d) all of these (€) none of
these

1-54) Anobject isthrown vertically into the air. Because of
air resistance, the time for its descent will be (a) longer than
the ascent time (b) shorter than the ascent time (c)equal to
the ascent time (d) not enough information given to say

1-55) Anairplanefliesat 40 m/s at an altitude of 50 meters.
The pilot drops a heavy package which falls to the ground.
Where, approximately, does the package land relative to the
plane's new position? (a) Beneath the plane (b) 400 m
behind the plane (c) 500 m behind the plane (d) more than
500 m behind the plane (e) none of these

1-56) A bulletisfired horizontally with an initial velocity of
300 m/s from atower 20 m high. If air resistance is
negligible, the horizontal distance the bullet travels before
hitting the ground is about (a) 200 m (b) 300 m (c) 400 m
(d) 500 m (e) 600 m

1-57) A river 100 m wide flows due south at 1 m/s. A boat
that goes 1 m/srelative to the water is pointed due east as it
crosses from the west bank. The boat reaches the east bank
(@) due east of where it started (b) 141 m farther south than
whereit started (c) 100 m farther south than where it started
(d) 100 m farther north than where it started

1-58) A river 100 m wide flows due south. A boat that goes 1
m/srelative to the water is pointed due east as it crosses
from the west bank. Relative to the earth, the boat travels
(a) nowhere (b) 141 m (c) 100 m (d) 200m (e) 241 m

1-59) A river 100 m wide flows due south. A boat that goes 1
m/s relative to the water is pointed due east as it crosses
from the west bank. The boat crossesin (a) 50s (b) 100 s
(c) 141 s (d) 200 s

1-60) A river 100 m wide flows due south at 1 m/s. A boat
that goes 1 m/srelative to the water |eaves the west bank.
To land at a point due east of its starting point, the boat must
be pointed (&) northeast (b) east (c) southeast (d) nowhere
- it can't be done

Chapter 4 Newton's Laws of Motion
a) Newton's First Law of Motion

1-61)  Whirl arock at the end of astring and it follows a
circular path. If the string breaks, the tendency of therock is
to (a) continueto follow acircular path (b) follow astraight
line path

1-62) Your weightis (@) actually your mass (b) the
gravitational attraction between you and the earth (c) a
property of mechanical equilibrium (d) all of these (e) none
of these

1-63) Compared to the mass of a certain object on earth, the
mass of the same object onthe moonis (a) less (b) more
(c) the same

1-64) Strangeasit may seem, itisjust as hard to accelerate a
car on the moon asit is to accel erate the same car on earth.
Thisis because (a) the mass of the car isindependent of
gravity (b) theweight of the car isindependent of gravity
(c) . Nonsense! A car is much more easily accelerated on
the moon than on the earth

1-65) A packagefalls off atruck that is moving at 30 m/s.
Neglecting air resistance, the horizontal speed of the
package just before it hitsthe ground is (a) zero (b) less
than 30 m/s but larger than zero (c) about 30 m/s (d) more
than 30 m/s (€) more information needed for an estimate

1-66) Thenewtonisaunit of (a) force (b) mass (c) density
(d) inertia

1-67) A hockey puck is set in motion across afrozen pond. If
icefriction and air resistance are neglected the force required
to keep the puck dliding at constant velocity is (a) zero
newtons (b) equal to the weight of the puck (c) the weight
of the puck divided by the mass of the puck (d) the mass of
the puck multiplied by 9.8 meters per second per second (€)
none of these

1-68) A truck ismoving at constant velocity. Insidethe
storage compartment, arock is dropped from the midpoint of
the ceiling and strikes the floor below. Therock hitsthe
floor (@) exactly below the midpoint of the ceiling (b)
ahead of the midpoint of the ceiling (c) behind the midpoint
of the ceiling (d) more information is needed to solve this
problem (e) none of these

1-69) Asabird sitsonthelimb of atree, both the bird and the
tree are moving about 30 km/s with respect to the sun.
About 400 years ago, peopl e philosophized that if the bird
took 1 second to drop from the tree to aworm below, the
worm would be 30 km downrange from the bird when it
reached the ground. Thiswas offered as evidence that the



earth does not revolve around the sun. Thisreasoning is best
countered with Newton's (@) first law (b) second law (c)
third law (d) law of gravitation (€) none of these

1-70)  Inwhich case would you have the largest mass of gold?
If your chunk of gold weighed 1 N onthe (a) moon (b)
earth (c) planet Jupiter

1-71) Anobject weighs 30 N on earth. A second object
weighs 30 N on the moon. Which has the greater mass? (a)
the one on earth (b) the one on the moon (c) they have the
same mass (d) not enough information to say

Chapter 4 Newton's Laws of Motion
b) Newton’s Second Law of Motion

1-72) A forceisavector quantity becauseit has both (a)
magnitude and direction (b) mass and acceleration (c)
action and reaction counterparts

1-73) Anobject ispropelled along astraight line path in space
by aforce. If the mass of the object somehow becomes
twice as much, its acceleration (@) quadruples (b) doubles
(c) staysthe same (d) halves (e) none of these

1-74) Theforce of friction on asliding object is 10 newtons.
The applied force needed to maintain a constant velocity is
(@) morethan 10N (b) lessthan 10N (c) 10N

1-75) A 10N falling object encounters 10 N of air resistance.
The net force on the objectis (a) ON (b) 4N (c) 6N (d) 10
N (e) none of these

1-76) Anappleweighs 1 N. When held at rest above your
head, the net force on the appleis (@) ON (b) 0.1N (c) 1N
(d) 9.8 N (e) none of these

1-77) Anappleweighs1N. The net force on the apple when
itisinfreefalis (@ ON (b) 0.IN (c) 1N (d) 9.8N (e)
none of these

1-78)  Whenever the net force on an object is zero, its
acceleration (@) may be zero (b) iszero

1-79) A heavy block at rest is suspended by avertical rope.
When the block is accel erated upward by the rope, the rope
tension (@) increases (b) decreases (c) remainsthe same

1-80) If anon-rotating object has no acceleration, then we can
say for certainthat it is (a) at rest (b) moving at constant
non-zero velocity (c) in mechanical equilibrium (d) all of
these (e) none of these

1-81) Hangfrom apair of gym rings and the upward support
forces of theringswill always (a) each be half your weight
(b) each be equal to your weight (c) add up to equal your
weight

1-82) A tow truck exertsaforce of 3000 N on acar,
accelerating it at 2 meters per second per second. What is
the mass of the car? (@) 500 kg (b) 1000 kg (c) 1500 kg
(d) 3000 kg (€) none of these

1-83) A girl pullson a 10 kg wagon with a constant horizontal
force of 30 N. If there are no other horizontal forces, what is
the wagon's acceleration in meters per second per second?
(8 0.3 (b) 3.0 (c) 10 (d) 30 (e) 300

1-84) A forceof 1 N accelerates amass of 1 kg at the rate of 1
m/s/s. The acceleration of amass of 2 kg acted upon by a
net forceof 2N is (@) half asmuch (b) twice asmuch (c)
the same (d) none of these

1-85) Themass of apet turtle that weighs 10 N isabout (a) 1
kg (b) 10kg (c) 100 kg (d) 1000 kg (€) none of these

1-86) Theforcerequired to maintain an object at a constant
velocity in free space is equal to (@) zero (b) the mass of the
object (c) the weight of the object (d) the force required to
stop it (e) none of these

1-87)  Neglecting friction, alarge block of ice and a small
block of ice start sliding down an incline together. The
heavier block will get to the bottom (a) before the light
block (b) after thelight block (c) at the same time asthe
light block

1-88) A rock isthrown vertically into theair. At thetop of its
path, its acceleration in meters per second per second is (@)
zero (b) 9.8 (c) between 0 and 9.8 (d) greater than 9.8 (e)
none of these

1-89) A block isdragged without acceleration in a straight
line path across alevel surface by aforce of 6 N. What is
the force of friction between the block and the surface? (a)
lessthan 6 N (b) morethan 6 N (c) 6 N (d) need more
information to say

1-90) Suppose aparticle is being accelerated through space by
al0 N force. Suddenly the particle encounters a second
force of 10 N in the opposite direction from the first force.
The particle with both forces acting on it (a) is brought to a
rapid halt (b) decelerates gradually to ahalt (c) continues at
the speed it had when it encountered the second force (d)
theoretically tends to accel erate toward the speed of light (€)
none of these

1-91) A jumbo jet hasamass of 100 000 kg. Thethrust for
each of itsfour enginesis 50 000 N. What isthejet's
acceleration in meters per second per second when taking
off? (a) 0.25 (b) 1 (c) 2 (d) 4 (e) none of these

1-92) Thebrakes of aspeeding truck are slammed on and it
skidstoastop. If the truck were heavily loaded so that it
had twice the total mass, the skidding distance would be (a)
1/2 asfar (b) 1 /2timesasfar (c) 2timesasfar (d) 4
timesasfar (e) the same

1-93) A skydiver of mass 100 kg experiences air resistance of
500 N. and an acceleration of about (a) 0.2g (b) 0.3g (c)
0.49g (d)0.5g (e) morethan 0.5 g

1-94) A 10 kilogram block with an initial velocity of 10 m/s
slides 10 meters across a horizontal surface and comes to
rest. It takesthe block 2 secondsto stop. The stopping force



acting on the block isabout (8) 5N (b) 10N (c) 25N (d)
50 N (e) none of these

1-95) A 10kilogram block is pushed across a horizontal
surface with a horizontal force of 20 N against afriction
force of 10 N. The acceleration of the block in meters per
second per secondis (@) 1 (b) 2 (¢) 5 (d) 10 (e) none of
these

1-96) If youaredriving at 20 m/s and slam on your brakes and
skid at 0.5 g to afull stop, the skidding time in secondsis
about (@) 3 (b)4 (c)5 (d) 6 (e)morethan 6

1-97) A 2000 kg car experiences a braking force of 10 000 N
and skidsto astop in 6 seconds. The speed of the car just
before the brakes were applied was (@) 1.2 m/s (b) 15 m/s
(c) 30 m/s (d) 45 m/s (€) none of these

1-98) What horizontally applied force will accelerate a 400 kg
crate at 1 m/s/s across afactory floor against afriction force
half itsweight? (a) 600 N (b) 1600 N (c) 2000 N (d) 2400
N (e) none of these

1-99) If an object of constant mass experiences a constant net
force, it will have aconstant (a) velocity (b) speed (c)
acceleration (d) position (€) more than one of the above

1-100) If more horizontal forceis applied to sliding object than
is needed to maintain a constant velocity, (a) the object
acceleratesin the direction of the applied force (b) the
object accelerates opposite the direction of the applied force
(c) thefriction force increases (d) two of the above (€) none
of the above

1-101) If lesshorizontal forceis applied to a sliding object than
is needed to maintain a constant velocity, (@) the object
accelerates in the direction of the applied force (b) the
friction force increases (c) the object eventually slidesto a
stop (d) none of the above

Chapter 4 Newton's Laws of Motion
c) Falling

1-102) Two factorsthat greatly affect air resistance on falling
objects are the (a) size and mass of the object (b) size and
weight of the object (c) size and speed of the object

1-103) A light woman and a heavy man jump from an airplane
at the same time and open their same size parachutes at the
same time. Which person will get to a state of zero
acceleration first? (&) the light woman (b) the heavy man
(c) both should at the sametime (d) not enough information

1-104) A skydiver, who weighs 500 N. reaches terminal
velocity of 90 km/h. The air resistance on the diver isthen
(890N (b) 250N (c) 410N (d) 500 N (e) none of these

1-105) A 500 N parachutist opens his chute and experiences an
air resistance force of 800 N. The net force on the
parachutist is (a) 300 N downward (b) 500 N downward
(c) 800 N downward (d) 300 N upward (€) 500 N upward

1-106) A pair of tennisballsfallsthrough the air from atall
building. Oneball isregular and the other isfilled with lead

pellets. The ball to reach the ground first isthe (a) regular
ball (b) lead filled ball (c) same for both

1-107) A pair of tennisballsfallsthrough the air from atall
building. One ball isregular and the other isfilled with lead
pellets. Air resistance just before they hit is greater for the
(a) regular ball (b) lead filled ball (c) same for both

1-108) A ball thrown straight upward takes 10 seconds to go up
and return to the ground. Because of air resistance, the time
taken for the ball justtogo upis (a) lessthan5s (b) more
than5s (c) 5s

1-109) A faling skydiver of mass 100 kg experiences 500 N air
resistance. The acceleration of the skydiveris (a) 0.2g (b)
0.3g (c)0.4g (d)0.5g (e) morethan 0.5¢

1-110) Anastronaut on another planet dropsa 1 kg rock from
rest. The astronaut notices that the rock falls 2 meters
straight down in one second. On this planet, how much does
therock weigh? (a) IN (b) 4N (c) 49N (d) 5N

1-111) A feather and acoin will have equal accelerations when
falling in avacuum because (a) their velocities are the same
(b) the force of gravity isthe same for each in avacuum (c)
the force of gravity does not act in avacuum (d) the ratio of
each object'sweight to its massis the same (e) none of these

Chapter 4 Newton's Laws of Motion
d) Newton's Third Law of Mation

1-112) Anarcher shoots an arrow. Consider the action force to
be exerted by the bowstring against the arrow. The reaction
tothisforceisthe (a) weight of thearrow (b) air resistance
against the bow (c) friction of the ground against the
archer'sfeet (d) grip of the archer's hand on the bow (€)
arrow's push against the bowstring

1-113) A baseball player bats a ball with aforce of 1000 N.
The ball exerts areaction force against the bat of (a) less
than 1000 N (b) more than 1000 N (c) 1000 N

1-114) Asaball falls, the action force is the pull of the earth's
mass on the ball. Thereaction forceisthe (@) air resistance
acting against the ball (b) acceleration of the ball (c) pull of
the ball's mass on the earth (d) non-existent in this case (€)
none of these

1-115) A personisattracted toward the center of the earth by a
500 N gravitational force. The force of attraction of the
earth toward the person is (@) very very small (b) very very
large (c) 500 N

1-116) Arnold Strongman and Suzie Small each pull very hard
on opposite ends of arope in atug-of-war. The greatest
force ontheropeisexerted by (a) Arnold, of course (b)
Suzie, surprisingly (c) both the same, interestingly enough

1-117) A Mack truck and a VVolkswagen traveling at the same
speed have ahead on collision. The vehicleto undergo the
greatest change in velocity will bethe (a) Volkswagen (b)
Mack truck (c) both the same



Figure 4D-2 ?

1-118) Two 10 newton weights (Fig 4D-2) are pulling on the
spring scale as shown. Thereading on the scaleis (a) ON
(b) 10N (c) 20N

1-119) A car traveling at 100 km/hr strikes an unfortunate bug
and splattersit. Theforce of impactis (a) greater on the
bug (b) greater on the car (c) the same for both

1-120) Theforce exerted on thetires of acar to directly
accelerate it along aroad isexerted by the (a) engine (b)
tires (c) air (d) road (e) none of these

1-121) A horseexerts 500 N of force on aheavy wagon. The
wagon pulls back on the horse with an equal force. The
wagon still accelerates because (a) these forces are not an
action-reaction pair (b) neverthelessthereis still an
unbalanced force on the wagon (c) the horse pulls on the
wagon a brief time before the wagon reacts (d) the wagon
does not accel erate because these forces are equal and
opposite (e) unlikethehorseg, itis not alive

1-122) Two people, one twice as massive as the other, attempt
atug-of- war with 12 meters of rope on frictionlessice.
After abrief time, they meet. The heavier person slidesa
distance of (a) 3m (b) 4m (c) 5m (d) 6 m

Chapter 5 Momentum

1-123) Thedifference between impulse and impact force
involvesthe (a) distancetheforce acts (b) time the force
acts (c) difference between acceleration and velocity (d)
mass and its effect on resisting a change in momentum

1-124) Suppose agun were made of a strong but very light
material. Suppose also that the bullet is more massive than
the gunitself. For such aweapon (@) thetarget would be
safer than the shooter (b) recoil problemswould be lessened
(c) conservation of energy would not hold (d) conservation
of momentum would not hold (€) both conservation of
energy and momentum would not hold

1-125) Inorder to catch aball, abaseball player extends the
hand forward before impact with the ball and then letsit ride
backward in the direction of the ball's motion upon impact.
Doing this reduces the force of impact on the player's hand
principally because the (@) force of impact isreduced (b)
relative velocity isless (c) time of impact isincreased (d)
time of impact is decreased (€) none of these

1-126) A cartraveling along the highway needs a certain
amount of force exerted on it to stop it in a certain distance.
More stopping force is required when the car has (a) more

mass (b) more momentum (c) less stopping distance (d) all
of these (€) none of these

1-127) Theforce on an apple hitting the ground depends upon
(a) the speed of the applejust beforeit hits (b) the time of
impact with the ground (c) whether or not the apple bounces
(d) all of these

1-128) A ball ismoving at 4 m/s and has a momentum of 48 kg
m/s. What isthe ball'smass? (a) 4 kg (b) 12 kg (c) 48 kg
(d) 192 kg (€) none of these

1-129) Recoil isnoticeable if we throw a heavy ball while
standing on roller skates. If instead we go through the
motions of throwing the ball but hold onto it, our net recoil
will be (@) zero (b) the same as before (c) small, but
noticeable

1-130) A 1 N applefallstothe ground. The apple hitsthe
ground with an impact force of about (a) 1N (b) 2N (c) 4
N (d) 9.8 N (e) not enough information given to say

1-131) A karate expert executes a swift blow and seversa
cement block with her bare hand. The magnitude isthe
same for the (a) impulse on both the block and the expert's
hand (b) force on both the block and the expert's hand (c)
time of impact on both the block and the expert's hand (d)
all of these (e) none of these

1-132) A piece of putty moving with 1 unit of momentum
strikes and sticks to a heavy bowling ball that isinitially at
rest. After the putty sticksto the ball, both move with a
combined momentum of (a)lessthan 1 unit (b) morethan 1
unit (c) 1 unit (d) not enough information

1-133) A 1 kg chunk of putty moving at 1 m/s collides with and
sticksto a5 kg bowling ball initially at rest. The bowling
ball and putty then move with a momentum of (&) 0 kg m/s
(b) 1 kg m/s (c) 2kg m/s (d) 5 kg m/s (€) morethan 5 kg
m/s

1-134) Theforce that accelerates arocket in outer spaceis
exerted on the rocket by the (a) rocket's engine (b) rocket's
wings (c) atmospheric pressure (d) exhaust gases (€) none
of these

1-135) Two hilliard balls having the same mass roll toward
each other, each moving at the same speed. What isthe
combined momentum of the two balls? (a) 0 kg m/s (b) 10
kg m/s (c) moreinformation need to determine

1-136) A cannonball shot from a cannon with along barrel will
have a greater muzzle velocity because the cannonbal |
receives agreater (a) force (b) impulse (c) both of these
(d) neither of these

1-137) Which would be more damaging, driving into avery
massive concrete wall with no "give," or having ahead on
collision at the same speed with an identical car moving
toward you with the same speed? It would be more
damaging to hit the (a) car (b) wall (c) both the same



1-138) A rrifle of mass 2 kg is suspended by strings. Therifle
firesabullet of mass 1/100 kg at a speed of 200 m/s. The
recoil velocity of therifleisabout (a) 0.001 m/s (b) 0.01
m/s (c) 0.1 m/s (d) 1 m/s (e) none of these

1-139) A 5kgfish swimming at a speed of 1 m/s swallows an
absent minded 1 kg fish at rest. The speed of the larger fish
after lunchis (a) /2 m/s (b) 2/5 m/s (c) 5/6 m/s (d) 6/5
m/s (€) 1 m/s

1-140) A 5Kkg fish swimming at a speed of 1 m/s swallows an
absent minded 1 kg fish swimming toward it at 4 m/s. The
speed of the larger fish after lunch is (a) 1/2 m/s (b) /5 m/s
(c) Ve m/s (d) 2/3m/s (e) 3/2

1-141) A 1kg chunk of putty moving at 1 m/s collides with and
sticksto a5 kg bowling ball that isinitially at rest. The
bowling ball and putty are then in motion with a speed of
(@) Y4 m/s (b) 1/5m/s (c) 1/6 m/s (d) none of these (€) not
enough information given

1-142) Momentum istransferred to the ground when an apple
fallsonit. The momentum absorbed by the ground is (a)
negligible compared to the momentum of the apple (b)
greater than that of the apple only if the apple bounces (c)
greater than that of the applein all cases (d) none of these

1-143) If al people, animals, trains and trucks all over the
world began to walk or run towards the east, then the (&)
earth would spin a bit faster (b) earth would spin abit
slower (c) earth's spin would not be affected at

1-144) You'redriving down the highway and a bug spatters
into your windshield. Which undergoes the greater change
in momentum? (a) the bug (b) your car (c) both the same

Suppose an astronaut in outer space wishesto play a solitary
"throw, bounce, and catch " game by tossing a ball against a
very massive concretewall. The ball makes a perfectly elastic
collision and heads back toward the recoiling astronaut.

1-145) If the ball is as massive as the astronaut, the (@)
astronaut will catch one bounce only (b) astronaut will
never catch thefirst bounce (c) astronaut's time between
catches will decrease as the game progresses (d) none of
these

1-146) A golf ball moving forward with 1 unit of momentum
strikes and bounces backward off a heavy bowling ball that
isinitially at rest and freeto move. The bowling ball is set
in motion with amomentum of (a) lessthan 1 unit (b) more
than 1 unit (c) 1 unit (d) not enough information

1-147) Twoidentical gliders slide toward each other on an air
track. Onemovesat 1 m/s and the other at 2 m/s. They
collide and stick. The combined mass movesat (a) 1/2 m/s
(b) /3 mis (c) /6 m/s (d) 3/4m/s (e) 1.5 m/s

1-148) A 5000 kg freight car runsinto a 10 000 kg freight car
at rest. They couple upon collision and move with a speed
of 2 m/s. What was theinitial speed of the 5000 kg car? (a)
4m/s (b) 5m/s (c) 6 m/s (d) 8 m/s (e) none of these

Chapter 6 Energy
a) Energy

1-149) If you push an object with twice the work input for
twice the time, your power input is (@) twice (b) four times as
much (c) the same amount as for half the work in half the
time

1-150) An object that has kinetic energy must be (a) moving
(b) falling (c) at an elevated position (d) at rest (e) none of
these

1-151) An object that has potential energy may have this
energy because of its (a) speed (b) acceleration (c)
momentum (d) location (€) none of these

1-152) A clerk can lift containers a vertical distance of 1 meter
or can roll them up a2 meter long ramp to the same elevation.
With the ramp, the applied force required is about (@) half as
much (b) twice asmuch (c) the same

1-153) When acar isbraked to astop, itskinetic energy is
transformed to (a) stopping energy (b) potential energy (c)
energy of motion (d) energy of rest (e) heat

1-154) A hydraulic press, like asimple lever, properly arranged
is capable of multiplying energy input (@) sometimestrue (b)
awaysfalse (c) alwaystrue

1-155) The ball has maximum kinetic energy at point (a) A (b)
B(C (dD (¢ E

1-156) The bead has maximum speed at point (a) A (b) B (c)
C D (eF

1-157) No work isdone by gravity on abowling ball that rolls
along abowling alley because (a) no force acts onthe ball (b)
no distance is covered by the ball (c) theforce ontheball isat
right anglesto the ball's motion (d) no potential energy is
being converted to kinetic energy (e) its kinetic energy
remains constant

1-158) It takes 40 Jto push alarge box 4 m across afloor.
Assuming the push isin the same direction as the move, what
is the magnitude of the force onthe box? (a) 4N (b) 10N
(c) 40N (d) 160 N (e) none of these

1-159) A 2 kg mass has 40 J of potential energy with respect to
the ground. Approximately how far isit located above the
ground? (@ 1 m (b) 2m (c) 3m (d) 4m (e) none of these

1-160) Using 1000 J of work, atoy elevator israised from the
ground floor to the second floor in 20seconds. What isthe
power rating of the elevator? (a) 20W (b) 50 W (c) 100 W
(d) 1000 W (€) 20 000 W

1-161) Twoidentical arrows, one with twice the kinetic energy
of the other, arefired into ahay bale. The faster arrow will
penetrate (a) the same distance asthe slower arrow (b) twice
asfar asthe slower arrow (c) four times as far as the slower
arrow (d) more than four times as far as the slower arrow (€)
none of these



1-162) Strictly speaking, if any electrical devicein your car is
turned on (such asan air conditioner, headlights, or even a
radio) more gasoline is burned by the engine. This statement
is (a) totally false (b) true only if the car's engineisrunning
(c) true only if the car's engine is stopped (d) almost always
true (e) none of these

1-163) A machine puts out 100 Watts of power for every 1000
Watts put into it. The efficiency of the machineis (a) 10 %
(b)50 % (c) 90 % (d) 110 % (e) none of these

1-164) A woman lifts abox from the floor. She then moves
with constant speed to the other side of the room, where she
puts the box down. How much work does she do on the box
while walking across the floor at constant speed? (a) zero J
(b) more than zero J (c) more information needed to
determine

1-165) A car moving at 50 km/hr skids 20 m with locked
brakes. How far will the car skid with locked brakes if it is
traveling at 150 km/hr? (@) 20 m (b) 60 m (c) 90 m (d) 120
m (e) 180 m

1-166) Which has greater kinetic energy, acar traveling at 30
km/hr or acar of half the masstraveling at 60 km/hr? (a) the
30 km/hr car (b) the 60 km/hr car (c) both have the same
kinetic energy

1-167) A diver who weighs 500 N steps off adiving board that
is 10 m above the water. The diver hits the water with kinetic
energy of (a) 10J (b) 500 J (c) 510J (d) 5000 J (e) more
than 5000 J

1-168) Consider ahydraulic press. When the input pistonis
depressed 20 cm, the output piston is observedto move 1 cm.
On the same press, an input force of 1 N can raise no more
than () 1N (b) 10N (c) 20N (d) 21N

1-169) A 2500 N pile driver ram falls 10 m and drives a post
0.1 minto the ground. The average impact force ontheramis
(a) 2500 N (b) 25 000 N (c) 250 000 N (d) 2 500 000 N

1-170) Which requires the most amount of work on the brakes
of acar? (@) slowing down from 100 km/h to 70 km/h (b)
slowing down from 70 km/h to astop (c) equal amountsfor
either

1-171) A car that travelstwice as fast as another when braking
to astop will skid (a) twiceasfar (b) four timesasfar (c)
depends on the mass of the cars

1-172) Two identical arrows, one with twice the speed of the
other, arefired into ahay bale. The faster arrow will penetrate
(a) the same distance as the slower arrow (b) twice asfar as
the slower arrow (c) four times as far as the slower arrow (d)
more than four times as far as the slower arrow (€) none of
these

1-173) A person on the edge of aroof throws a ball downward.
It strikes the ground with 100 J of kinetic energy. The person
throws another identical ball upward with the same initial
speed, and thistoo fallsto the ground. Neglecting air

resistance, the second ball hitsthe ground with akinetic
energy of (a) 100J (b) 200J (c) lessthan 100 J (d) more
than 200 J (e) none of these

1-174) If apower plant is 30% efficient, and the transmission
system that delivers power to consumersis 60% efficient, then
the overall efficiency is (a) 90% (b) 60% (c) 30% (d) 18%
(e) none of these

1-175) How many Joules of energy are in one kilowatt-hour?
(@) 1 (b) 60 (c) 60000 (d) 3.6 million (€) none of these

1-176) A car'sengineis 20% efficient. When cruising, the car
encounters an average retarding force of 1000 N. If the
energy content of gasoline is 40 megajoules per liter, how
many kilometers per liter does the car get? (a) 14 (b) 12 (c)
10 (d) 8 (e) none of these

1-177) On asunny day about 500 watts of solar power strikes
each square meter of the earth's surface. If asolar automobile
has 4 square meters of collector area and 100% efficient
collectors and motor, its power output is about (a) 0.27 hp (b)
2.7hp (c) 27 hp (d) 270 hp

1-178) A flower pot of mass m falls from rest to the ground
below, a distance h. Which statement is correct? (a) The
speed of the pot when it hitsthe ground is proportional to h
(b) The KE of the pot when it hits the ground is proportional
to h (c) The KE of the pot when it hits the ground does not
depend on m (d) The speed of the pot when it hits the ground
depends on m (e) none of theseis correct

Chapter 6 Energy
b) Energy and Momentum

1-179) When arifleisfired it recoils so both the bullet and rifle
are setin motion. Therifle and bullet ideally acquire equal
(a) but opposite amounts of momentum (b) amounts of kinetic
energy (c) both of these (d) none of these

1-180) If an object has kinetic energy, then it also must have
(a) impulse (b) momentum (c) acceleration (d) force (€)
none of these

1-181) Anopen freight car rollsfriction free along a horizontal
track inapouring rain that fallsvertically. Aswater
accumulatesin the car, the car's speed (a) increases (b)
decreases (c) doesn't change

1-182) A car has ahead-on collision with another car with the
same magnitude of momentum. An identical car driving with
the same speed as the first car runsinto an enormously
massivewall. The greater impulse will occur on the car that is
in the collision with the (&) approaching car (b) thewall (c)
both impulses will be the same

A popular swinging-balls apparatus (Fig 6B-2) consists of an
aligned row of identical elastic balls suspended by strings so that
the balls barely touch each other. When two balls are lifted from
one end and released, they strike the row and two balls pop out
from the other end.



Figure 6B2

1-183) If instead one ball popped out with twice the vel ocity of
the two, thiswould be aviolation of conservation of (a)
momentum (b) energy (c) both of these (d) none of these

1-184) If instead one ball popped out with kinetic energy equal
to the combined kinetic energy of the two, thiswould be a
violation of conservation of (a) momentum (b) energy (c)
both of these (d) neither of these

1-185) A golf ball isthrown at and bounces backward from a
massive bowling ball that isinitially at rest. After the
collision, compared to the golf ball, the bowling ball has more
(a) momentum, but less kinetic energy (b) kinetic energy, but
less momentum (c¢) momentum and more kinetic energy (d)
but it has less momentum and less kinetic energy (€) not
enough information is given to say

1-186) A piece of taffy slamsinto and sticks to another
identical piece of taffy that is at rest. The momentum of the
two pieces stuck together after the collision isthe same asit
was before the collision, but thisis not true of the kinetic
energy, which is partly turned into heat. What percentage of
the kinetic energy isturned into heat? (@) 0 % (b) 25% (c) 50
% (d) 75 % (e) not enough information given

1-187) Two 5000 kg freight carsroll without friction (oneat 1
m/s, the other at 2 m/s) toward one another on alevel track.
They collide, couple, and roll away together with a combined
momentum of (a) zero (b) 5000 kg m/s (c) 10 000 kg m/s
(d) 15 000 kg m/s

1-188) Two 5000 kg freight carsroll without friction (oneat 1
m/s, the other at 2 m/s) toward each other on alevel track.
Thus one car's kinetic energy is 2500 J and the other'sis 10
000 J. Beforethey collide their total kinetic energy is (a)
1250 J (b) 2500 J (c) 7500 J (d) 10 000 J (e) 12500 J

1-189) Two 5000 kg freight carsroll toward each other (one at
1 m/s, the other at 2 m/s) on alevel track. Thus before they
collide one car's kinetic energy is 2500 J and the other'sis 10
000 J. After they collide (and couple together) their total
kinetic energy is (&) 1250 J (b) 2500 J (c) 7500 J (d) 10 000
J (e) 12500

1-190) A 1kg ball dropped from a height of 2 m rebounds only
1.5 m after hitting the ground. The amount of energy
converted to heat isabout (a) 0.5J (b) 1.0J (c) 1.5J (d) 2.0J
(e) morethan 2.0J

1-191) A sandbagin outer space moves at 3 m/s and collides
and sticksto ahalf-as-massive sandbag initially at rest.
Compared to the kinetic energy of the moving bag before

collision, the kinetic energy of the coupled bags after collision
is (a) onethird (b) two thirds (c) three quarters (d) not
enough information to say

Chapter 7 Rotational Motion
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2-1) An upright broom (Fig 7A-1) is easier to balance when the
heavier end is (@) nearest your hand (b) highest, farthest
from your hand (c) same either way

2-2) Thelong, heavy tail of a spider monkey enables the monkey
to easily vary its (a) weight (b) momentum (c) inertia (d)
center of gravity (€) none of these

2-3) The famous Leaning Tower of Pisadoesn't topple over
because its center of gravity is (a) above aplace of support
(b) relatively low for such atall building (c) stabilized by its
structure (d) displaced fromits center (€) in the same place
asits center of mass

2-4) The chef at the infamous Fattening Tower of Pizzatosses a
spinning disk of uncooked pizza dough into the air. The
disk's diameter increases during the flight, while its
rotational speed (a) remains constant (b) increases (c)
decreases

2-5) Centrifugal forces are an apparent reality to observersin a
reference frame that is (@) moving at constant velocity (b)
an inertial reference frame (c) at rest (d) rotating (€) none
of these

2-6) Consider arotating donut-shaped space habitat where living
guarters are on the inside surface farthest from the axis. If
the rotational speed of the habitat increases, the apparent
weight of peopleinside (a) increases (b) decreases (c)
stays the same

Figure 7A3

2-7) If apiece of sheet metal (Fig 7A-3) iscut into the shape
shown, its center of gravity isat () A (b)B (c)C (d)D

Figure TAd
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2-8) Suppose a certain carnival has a Ferriswheel (Fig 7A-5)
where the seats are located halfway between the center and
outside rim. Compared to an ordinary Ferris wheel where
the seats on are on the outside rim, your angular speed while
riding on this Ferris wheel would be (a) less and your
tangential speed more (b) more and your tangential speed
less (c) the same and your tangential speed less

2-9) A tightrope walker more easily balances on atight wireif his
pole (@) isheld high (b) droops (c) isshort but heavy

2-10) Two people are balanced on a see-saw. |f one person
leans toward the center of the see-saw, that person's end of
the see-saw will (a) rise (b) fall (c) stay at the same level

2-11) A 1kgrock issuspended from the tip of a meter stick at
the 0 cm mark so that the meter stick balances like a see-saw
when the fulcrum is at the 25 cm mark. From this
information, what is the mass of the meter stick? (a) 1/4 kg
(b) /2kg (c) 3/4 kg (d) 1 kg (e) morethan 1 kg

2-12) A ball rollsdown ahill mainly because of (@) an
unbalanced torque (b) an unbalanced force (c) itsrotational
inertia (d) angular momentum

2-13) A cartravelsin acircle with constant speed. The net
force onthecaris (@) directed forward, in the direction of
travel (b) directed towards the center of the curve (c) zero
because the car is not accelerating (d) none of these

2-14)  If the earth rotated slower about its axis, your apparent
weight would (@) increase (b) decrease (c) stay the same

2-15) Toweigh lessin the northern hemisphere, you should
moveto alocation (a) north (b) south (c) east (d) west

2-16) A huge rotating cloud of particlesin space gravitate
together to form an increasingly dense ball. Asit shrinksin
sizethecloud (@) rotatesfaster (b) rotates slower (c)
rotates at the same speed

Figure TAG6
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2-17) ~SUppOSEyoU are a the center or alarge rreely rotating
horizontal turntable in a carnival funhouse (Fig 7A-6). As
you crawl toward the edge, the angular momentum of you
and the turntable (@) decreases (b) increases (c) remains

the same, but the RPM's decrease (d) decreasesin direct
proportion to your decreasein RPMs (€) none of these

2-18) Stand ameter stick on itsend and let go and it rotatesto
thefloor. If you attach a heavy weight to its upper end and
repeat, falling time will be (a) more (b) less (c) the same

2-19) A flywheel'sdiameter istwicethat of another of the
same shape and mass. The larger flywheel's rotational
inertiais (@) 4 timesthe other's (b) 2 timesthe other's (c)
the same asthe other's (d) half the other's

2-20) Aringand adisk, initialy at rest, roll down ahill
together. The one to reach the bottom first (a) isthering
(b) isthe disk (c) depends on the masses (d) depends on the
relative rotational inertial (€) both reach the bottom at the
sametime

2-21) Aring, adisk, and asolid sphere begin rolling down a
hill together. The one to reach the bottom first isthe (a)
ring (b) disk (c) sphere (d) they all reach the bottom at the
sametime (e) not enough information is given

2-22)  Neglecting air resistance, which will roll from rest to the
bottom of an incline first, an empty jar, or the samejar filled
with peanut butter? (a) Thefilled jar (b) The empty jar (c)
Both reach the bottom at the sametime

2-23)  Which will roll down aninclinein the shortest time, a
can filled with water or the same can filled with ice? (a)
Water (b) Ice (c) Both the same (d) Not enough
information isgiven

i ==-——-_T€E

2-24)  If you balance a broom horizontally on one finger (Fig
7A-9), the center of gravity of the broom will be above your
finger - closer to the bristles end than the handle end. If you
saw the broom in two pieces at that point and weigh the two

partson ascale, you'll find that the heavier part isthe (a)
bristles part (b) handle part (c) both the same weight

Fipure TAS
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2-25)  You know that you can safely stand on the overhanging
end of a heavy plank that rests on atable (Fig 7A-10). How
far out depends on your mass and the mass of the plank.
Suppose you can stand on the end of a plank that overhangs
the edge of the supporting table 1/4 itstotal length. Then
how massive is the plank compared to your mass? (a) 2

your mass (b) The same as your mass (c) 12 your mass (d)
Twice your mass (€) 4 times your mass

Figure TALI



2-26) A careful inspection of the boy playing solitary seesaw
(Fig 7A-11) indicates that the mass of the boy is (a) greater
than the mass of the seesaw (b) less than the mass of the
seesaw (c) equal or very nearly equal to the mass of the
seesaw (d) not enough information is given by the sketch

Figurs TAI2

2-27) Consider abowling alley inside arotating space torus
(huge "donut", Fig 7A -12). Compared to your bowling
experience on earth, you will notice that the ball (a) feels
lighter when you throw it in the direction of the moving
aley, and heavier when you throw itin the opposite
direction (b) feels heavier when you throw it in the direction
of the moving aley, and lighter when you throw it in the
opposite direction (c) veersto the right when you throw it in
the direction of the moving alley, and to the left when you
throw it in the opposite direction (d) none of these

Chapter 8 Gravity
a) Gravity

2-71)  According to Newton, doubling the distance between
two interacting objects (a) divides by 2 the gravitational
force between them (b) multiplies by 2 the gravitational
force between them (c) divides by 4 the gravitational force
between them (d) multiplies by 4 the gravitational force
between them

2-72) Theearth'sgravitational field extends (@) only above
and beyond the earth's surface and cancelsinside the earth
(b) both inside and outside the earth and throughout the
entire universe (c) neither of these

2-73)  Theconcept of forceis not fundamental to (a) Newton's
theory of gravitation (b) Einstein'stheory of gravitation (c)
both of these (d) neither of these

2-74)  Anasteroid exertsa 360 N gravitational force on a
nearby spacecraft. If the spacecraft movesto a point 3 times
asfar from the center of the asteroid, the force will be (a)
zero (b) 40N (c) 120N (d) 360 N (e) 1080 N

2-75)  Consider two planetsin space that gravitationally attract
each other. If the masses of both planets are doubled, and
the distance between them is also doubled, then the force
between them is (@) one quarter (b) half as much (c) twice
asmuch (d) four timesas much (e) none of these

2-76) Anobject isplaced exactly halfway between the earth
and moon. The object will fall toward the (a) earth (b)
moon (c) neither of these

2-77)  Theamount of gravitational force that acts on the space
shuttle whilein orbit is (a) nearly zero (b) amost as much
asthe shuttle's weight on the earth's surface (c) the same as
the shuttle'sweight on the earth’'s surface

2-78) A woman who normally weighs 400 N stands on top of
avery tall ladder so sheis one earth radius above the earth's
surface. How much would she weigh there? (a) Zero (b)
100N (c) 200N (d) 400 N (e) None of these

2-79) A very massive object A and aless massive object B
move toward each other under the influence of gravitation.
Which force, if either, is greater? (a) Theforceon A (b)
Theforceon B (c) Both forces are the same

2-80) Theforceof gravity actson all apples on an appletree.
Some apples are twice as far from the ground as others.
These twice-as-high apples, for the same mass, have (a) 1/4
theweight (b) 1/2 the weight (c) practically the same
weight

2-81) The planet Jupiter is about 300 times as massive as
earth, yet on its surface you would weigh only about 3 times
asmuch. Thisisbecause (@) your massis 100 timesless on
Jupiter (b) Jupiter issignificantly farther from the sun (c)
Jupiter'sradiusis 10 timesthe earth's radius (d) you are 100
times more weightless there (€) none of these

2-82) Theforce of gravity acting on you will increaseif you
(@) burrow deep inside the planet (b) stand on a planet with
aradiusthat is shrinking (c) both of these (d) none of these

2-83) If youdrop astoneinto aholedrilled all the way to the
other side of the earth (neglect the molten core), the stone
will (@) cometo an abrupt stop at the center of the earth (b)
speed up until it getsto the center of the earth (c) speed up
until it reaches the other side of the earth (d) slow down
until it reaches the center

2-84)  Half way to the center of aplanet of uniform density,
your weight compared to at the surface would be (a)
one-quarter (b) one-half (c) three-quarters (d) the same as
at the surface (e) zero

2-85) Half way to the center of acompletely hollow planet
composed of auniform shell, your weight compared to at the
outer surface would be (@) one-quarter (b) one-half (c)
three-quarters (d) the same as at the surface (e) zero

2-86) Insideafreely-falling runaway elevator, your (a)
acceleration is zero (b) apparent weight is zero (c)
gravitational interaction with the earth is zero (d) all of
these (e) none of these

2-87) Passengersin ahigh-flying jumbo jet feel their normal
weight in flight, while passengers in the orbiting space
shuttle do not. Thisisbecause passengersin the space
shuttle are (a) beyond the main pull of earth's gravity (b)
above the earth's atmosphere (c) without support forces (d)
all of these (e) none of these



2-88) Thereason the moon does not crash into the earth is that
the (a) earth's gravitational field isweak at the moon (b)
gravitational pull of other planets keeps the moon up (c)
moon has a sufficient tangential speed (d) moon has less
mass than the earth (e€) none of these

2-89) Thefactor most directly responsible for making a black
holeinvisibleisits (a) size (b) mass (c) color (d) surface
escape velocity (e) none of these

2-90) If the sun collapsed to ablack hole, the earth's
gravitational attraction to it would be (@) more (b) less (c)
the same

2-91) Theearthiscurrently accelerating toward the sun
(centripetal acceleration). If the sun collapsed into a black
hole, this acceleration would (a) increase (b) decrease (c)
stay the same (d) ceaseto exist

2-92)  When you step on aweighing scale at hoon, the earth
pullsyou down and the overhead sun pulls you upward. The
reason the sun's pull doesn't decrease your weight at noon is
because (a) the sun's pull on you is negligibly small (b) the
weighing scale is calibrated only in earth weight (c) you, the
scale, and the earth are freely falling around the sun (d) the
sun's pull is cancelled by the gravitation of other celestial
bodies (e) of tidal effectsin the "solid" earth

2-93) A hollow spherical planet isinhabited by people who
liveinsideit, where the gravitational field iszero. When a
very massive space ship lands on the planet's surface,
inhabitants find that the gravitational field inside the planet
is (a) still zero (b) non-zero, directed toward the spaceship
(c) non-zero, directed away from the spaceship

2-94) A supplier wantsto make a profit by buying metal by
weight at one altitude and selling it at the same price per
pound at another altitude. The supplier should (a) buy at a
high altitude and sell at alow altitude (b) buy at alow
atitude and sell at ahigh altitude (c) disregard altitude
because it makes no difference

2-95) Each of usweighsatiny bit lessinside the ground floor
of askyscraper than we do on the ground away from the
skyscraper. Thereason for thisisthe (@) gravitational field
is shielded inside the building (b) mass of the building
attracts us upward slightly (c) both of these (d) none of
these

Chapter 8 Gravity
b) Tides

2-96)  With respect to the stars, the moon (&) circlesthe earth
(b) and the earth circle each other (c) remains stationary
while the earth circles about it (d) does not rotates about its
own axis as the earth does

2-97)  Whichis most responsible for the ocean tides? (a) the
moon (b) the sun (c) both contribute equally

2-98) Themain reason ocean tides exist is that the pull of the
moon (@) and sun arein conjunction at high tidesand in

opposition at low tides (b) is greater on oceans closer to the
moon and less on oceans farther from the moon (c) is
greater on the earth because the moon is closer to earth (d)
and the sun on the oceans are in opposite directions (€) none
of these

2-99) Tidal forcesin general aretheresult of (a) two or more
sources of gravitation (b) acombination of any kind of
forces acting on abody (c) unequal forces acting on
different parts of abody (d) theinverse-squarelaw (€)
unequal fluid flow

2-100) Theearthiscloser to the sunin January thanin July,
which accounts for the fact that the highest high tidesin the
northern hemisphere occur in (&) winter (b) spring (c)
summer (d) no particular time because tides do not depend
0N Seasons

2-101) The best timefor digging clams (when the low tideis
extralow) is during the time of the (&) new or full moon (b)
half moon (c) quarter moon (d) none of these timesin
particular

2-102) Gravitation weakens as the inverse square of distance,
while tidal gravity (force difference per kilogram) weakens
with theinverse (@) of distance (b) square of distance (c)
cube of distance

2-103) Which produces a greater tidal effect in your body, the
moon or a 1 kg melon held above your head? (a) the moon
(b) the melon (c) Not enough information is given to make a
reasonabl e estimate

2-104) Theorigin of any micro tides in the human body is most
likely the (@) sun (b) moon (c) earth

2-105) If the moon were four times as massive but twice as far
from earth, high tides on earth would be (@) higher (b)
lower (c) no different

Chapter 9 Satellite Motion

2-106) Theradia velocity of an earth satelliteisits velocity (a)
parallel to the surface of the earth (b) perpendicular to the
surface of the earth (c) attributed to satellites moving in any
direction (d) none of these

2-107) What prevents satellites such as the space shuttle from
falling? (@) gravity (b) centripetal force (c) centrifugal
force (d) the absence of air drag (€) nothing, they
continually fall al around the earth

2-108) Thecircular orbit of asatellite orbiting the earth is
characterized by a constant (a) speed (b) acceleration (c)
radial distance (d) all of these (€) none of these

2-109) It takes Pluto alonger time to travel around the sun than
the earth does because Pluto (@) has farther to go (b) goes
slower (c) both of these (d) none of these

2-110) A "weightless" astronaut in an orbiting shuttleis (a)
shielded from the earth's gravitational field (b) beyond the



pull of gravity (c) pulled only by gravitation to the shuttle
which cancels the earth’'s gravitational pull (d) like the
shuttle, pulled by earth's gravitation (€) none of these

Figure 9A2
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2-111) At which position (Fig. 9A2) isthe satellite's speed
changing most rapidly? (8) A (b) B (c) C

2-112) The speeds of the planets about the sun depend on (a)
their distances from the sun (b) the masses of the planets
(c) both of these (d) neither of these

2-113) A projectileisfired vertically from the surface of the
earth at 10 km/s. The projectilewill (a) gointo circular
about the earth (b) go into an elliptical orbit about the earth
(c) rise and fall back to the earth's surface (d) none of these

2-114) A verticaly-oriented rocket that is somehow able to
maintain a continuous upward velocity of 8km/swill (a)
escape from the earth (b) be unable to escape the earth

2-115) Consider amonkey wrench released at rest at the far
edge of the solar system. Supposethat it drops to the earth
by virtue of only earth gravity. It will strike the earth's
surface with a speed of about (&) 9.8 m/s (b) 8 km/s (c) 11
km/s (d) the speed of light

2-116) Minimal orbital speed about the earth is about 8 km/s.
Minimal orbital speed about the moon would be (a) less
than 8 km/s (b) more than 8 km/s (c) about 8 km/s

2-117) The period of asatellite, the timeit takes for acomplete
revolution, depends on the satellite's (a) mass (b) weight
(c) radia distance (d) al of these (e) none of these

2-118) Communications and weather satellites always appear at
the same placein the sky. Thisis because these satellites are
(a) beyond the pull of the earth's gravitational field (b)
moving at a speed just short of escape velocity (c) orbiting
the earth with a 24 hour period (d) stationary in space (€)
none of these

2-119) Pioneer 10 was able to escape the solar system by (a)
having a sufficient escape velocity at launch (b) "bouncing
off" approaching Jupiter like atennis ball bounces off an
approaching tennis racket (c) refueling viasolar cells (d)
nuclear-powered sustained thrust

2-120) Rocketsthat launch satellitesinto orbit need less thrust
when fired from (a) Cape Canaveral (b) Edwards Air Force
Basein California (c) Hawaii (d) These locations do not
bear on the required rocket thrust

2-121) Theforce of gravity doeswork on a satellite wheniitis
in (a) circular orbit (b) elliptical orbit (c) both of these (d)
neither of these

2-122) Angular momentumis conserved for a satellitein (a)
circular orbit (b) elliptical orbit (c) both of these (d) neither
of these

2-123) Acceleration is greater for a satellite when it is at the
(a) apogee (b) perigee (c) same at both places

2-124) Angular momentum is greater for a satellite when it is at
the (@) apogee (b) perigee (c) same at both places

2-125) A rocket coastsin an elliptical orbit about the earth. To
attain escape velocity using the least amount of fuel ina
brief firing time, should it fire off et the apogee, or at the
perigee? (Hint: let "Fd = change in KE" guide your
thinking.) (a) perigee, whereit is closest and fastest (b)
apogee whereit isfarthest and slowest (c) same either
location

Chapter 10 Atomic Nature of Matter

2-126) There are about as many atomsof air in our lungs at any
moment as there are breaths of air in the atmosphere of (a) a
large auditorium (b) alarge city (c) the United States (d)
the whole world (€) none of these

2-127) Atoms heavier than hydrogen were made by (a)
photosynthesis (b) nuclear fusion (c) radiant energy
conversion (d) radioactivity (e) none of these

2-128) Which of these statementsistrue? (a) A moleculeisthe
smallest particle that exists (b) Chemical elements are made
up of about 100 distinct molecules (c) Moleculesform
atomsthat in turn determine chemical properties of a
substance (d) Molecules are the smallest subdivision of
matter that still retains chemical properties of a substance
(e) None of these statementsistrue

2-129) What makes an element distinct? (a) The number of
protons (b) The number of neutrons (c) The number of
electrons (d) Thetotal mass of al the particles (€) None of
these

2-130) Which of the following is not acompound? (a) Air (b)
Ammonia (c) Water (d) Salt (e) all are compounds

2-131) Whichisthe smallest particle listed below? (a) A
molecule (b) Anatom (c) A proton (d) A neutron (e) A
quark

2-132) Solid matter is mostly empty space. The reason solids
don't fall through one another is because (a) atomsare
constantly vibrating, even at absolute zero (b) of nuclear
forces (c) of gravitational forces (d) of electrical forces (€)
none of these

2-133) Which of these forces determines the chemical
properties of an atom? (@) Friction force (b) Nuclear force
(c) Gravitational force (d) Electrical force (e) None of these

2-134) The factor that determines whether a substanceisin the
solid, liquid, gaseous, or plasmastateisits (a) composition



(b) atomic number (c) atomic shell configuration (d)
temperature (e) none of these

2-135) A plasmadiffersfromagasinthat (a) its molecules are
farther apart (b) it is hotter than agas (c) it iselectricaly
conducting (d) its atoms are boosted to higher atomic
numbers (e) all of these

2-136) If an astronaut landed on a planet made of antimatter,
there would be an explosion as both the astronaut and (a)
the planet would annihilate (b) an amount of planet matter
equal to that of the astronaut would annihilate (c) none of
these

2-137) Inour part of the universe, antimatter is (a)
non-existent (b) rare (c) short-lived (d) plentiful (€) two of
these

2-138) Assuming all the atoms exhaled by Julius Caesar in his
last dying breath are still in the atmosphere then we probably
breathe one of those atoms with each (a) single breath (b)
day (c) it depends, some people still breathe afew of
Caesar's atoms every day, while others wouldn't breathe one
for an entire year (d) ten years (€) month

2-139) Nuclei of atoms that make up a newborn baby were
madein (&) the mother'swomb (b) the food the mother eats
before giving birth (c) ancient stars (d) the Earth (€) none
of these

2-140) Compared to the atoms that make up the body of an
elderly person, the atoms that make up the body of a
newborn baby are (a) newer (b) older (c) the same age

2-141) Thereason agranite block is mostly empty space is that
the atomsin the granite are (@) in perpetual motion (b)
mostly empty space themselves (c) held together by
electrical forces (d) not as close together as they could be
(e) invisible

2-142) The volume of matter comes mostly fromits (&)
protons (b) electrons

2-143) The chemical properties of matter come mostly from its
(a) protons (b) electrons

2-144) Inaclosed bottle are a certain number of hydrogen
molecules. In an identical closed bottle at the same
temperature and internal pressure are a certain nunber of
nitrogen molecules. The bottle with the greater number of
moleculesisthe one containing (a) hydrogen (b) nitrogen
(c) both the same

2-145) A positron orbiting an antiproton would make up an
atom of (@) positronium (b) unobtainium (c) anti-helium
(d) anti-hydrogen (€) none of these

2-146) To change mercury into gold, a pair of protons must be
(a) removed from the mercury nucleus (b) added to the
mercury nucleus (c) both of these (d) neither of these

2-147) If apair of helium nuclei are fused together, theresult is
(a) heavy helium (b) lithium (c) beryllium (d) all of these
(e) none of these

2-148) Which of these atoms has the greatest number of
electrons? (a) helium (b) carbon (c) iron (d) gold (e)
uranium

Chapter 11 Solids
a) Solids

2-149) Brass and bronze are examples of (a) elements (b)
mixtures (c) aloys (d) compounds (€) molecules

2-150) Which of the following isnot an aloy? (&) bronze (b)
copper (c) steel (d) brass (e) all arealloys

2-151) If the volume of an object were to double while its mass
stays the same, its density would (a) halve (b) double (c)
stay the same

Figure 11A2
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2-152) When weight is applied to the top of a stone arch (Fig
11A-2), the stone blocks in the arch undergo (a) tension (b)
compression

Figure 11A3
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2-153) When aload is placed on the middle of a horizontal
beam supported at each end (Fig 11A - 3), the bottom part of
the beam undergoes (a) tension (b) compression

2-154) Youwishto bolt asign to ahorizontal |-beam
supporting a bridge. Y ou will weaken the beam least if you
drill the bolt holes through the (a) upper flange (b) lower
flange (c) web (d) all these will have the same effect

2-155) A catenary refersto a(a) way of buttressing arches (b)
special curved line (c) rectangular configuration of | beams
(d) triangular configuration of | beams

2-156) Stone slabs are stronger under (a) tension (b)
compression

2-157) Doubling the thickness (diameter) of arope will
multiply its strength by (a) /2 (b) 1 (c) 2 (d) 3 (e) 4

2-158) Which will bounce higher off a hard surface? (a) a
rubber ball (b) asteel ball (c) both bounce the same

Figure 11A4



2-159) A springisstretched 10 cm by a suspended | kg block
(Fig 11A-4). If two such springs side by side are used to
suspend the block, so each spring supports half the weight of
the block, then each spring will stretch (a) 5 cm (b) 10 cm
(c) 20 cm (d) 30 cm (€) none of these

Figure 1145

2-160) A weightless springisstretched 10 cm by a suspended |
kg block (Fig 11A-5). If two such springs are used to
suspend the block, one spring above the other, to effectively
provide one double-length spring, then the total stretch of
the double-length spring will be (a) 5 cm (b) 10 cm (c) 20
cm (d) 30 cm (€e) none of these

2-161) A metal block has adensity of 5000 kg per cubic meter
and avolume of 2 cubic meters. What isthe block's mass?
(a) 1000 kg (b) 2500kg (c) 5000 kg (d) 10 000 kg (e) none of
these

2-162) An unstretched hanging spring is 50 cm long.
Suspending a 100 N weight from it makes its length 60 cm.
Adding another 100 N weight will make the spring's length
(a) 60 cm (b) 70 cm (c) 80 cm (d) 100 cm (e) 120 cm

Chapter 11 Solids
b) Scaling

2-163) Which potatoes when peeled produce the most
peelings? (a) 10 kg of large potatoes (b) 10 kg of small
potatoes (c) they both produce the same amount

2-164) Which has more skin compared to its body weight, an
elephant or amouse? (a) elephant (b) mouse (c) typicaly,
both the same

2-165) Doubling thelinear size of an object multipliesits area
by (a) 2 and its volume by 4 (b) 4 and its volume by 8 (c) 8
and its volume by 16 (d) none of these

2-166) Tripling the linear size of an object multipliesits area by
(a) 3and itsvolume by 9 (b) 9 and itsvolume by 18 (c) 9
and its volume by 27 (d) 27 and its volume by 81 (€) none of
these

2-167) When aliving cell doublesin diameter, the amount of
its material to be nourished is multiplied by eight, but the

amount of membrane through which to feed it is multiplied
by only (a) 2 (b) 4 (c) 8 (d) more than 8

2-168) An elephant eatslessfor its size than smaller animals
because (@) its ears are bigger (b) itsradiating areais small
compared to its volume (c) itsradiating areais large
compared to its volume (d) it istaller than other animals ()
it weighs more than smaller animals

2-169) Compared to a50 kg person, a 100 kg person at the
beach requires (a) more than twice as much suntan lotion (b)
the same amount of suntan lotion (c) less than twice as much
suntan lotion

2-170) The effects of scaling are beneficial to small creatures
(a) that get wet (b) that fall from great heights (c) who are
hungry (d) all of these (€) none of these

2-171) If you make cupcakes and bake them as directed for a
cake, you will find the cupcakes (a) overbaked (b)
underbaked (c) properly baked

2-172) In cold weather, your hands will be warmer if you wear
(a) gloves (b) mittens (c) both will be the same

2-173) Eight little spheres of mercury coalesce to form asingle
sphere. Compared to the combined surface areas of the eight
little spheres, the surface area of the big sphereis(a) one
eighth (b) one quarter (c) one half (d) the same (e) double

2-174) Incooking aturkey in aconventional oven at agiven
temperature, compared to a mediumsized turkey, alarge
turkey takes (a) more time per pound to cook (b) lesstime
per pound to cook (c) the same time per pound to cook

2-175) Consider thefictional case of the incredible shrinking
man. If he shrinks proportionately to 1/10 his original
height, his weight will be multiplied by (a) 0.1 (b) 0.01 (c)
0.001 (d) 0.0001 (€) none of these

2-176) If each dimension of a steel bridgeis scaled up ten
times, its strength will be multiplied by about (a) ten and its
weight by ten also (b) one hundred, but its weight by one
thousand (c) one thousand, and its weight by one hundred
(d) none of these

Chapter 12 Liquids
Liquids

Figure 12A-1

3-1) A dam isthicker at the bottom (Fig 12A -1) than at the top
partly because (a) water is denser at deeper levels (b) water
pressure is greater with increasing depth (c) surface tension
exists only on the surface of liquids (d) it looks better (€)
none of these



3-2) The pressure at the bottom of ajug filled with water does
NOT depend on (@) the acceleration due to gravity (b) water
density (c) the height of theliquid (d) surface area of the
water (€) none of these

3-3) The mass of a cubic meter of water is (a) 1 kg (b) 10kg (c)
100 kg (d) 1000 kg (€) 9800 N

3-4) The reason that buoyant force acts upward on a submerged
object isthat (a) it actsin adirection to oppose gravity (b) if
it acted downward, nothing would float (c) the weight of
fluid displaced reacts with an upward force (d) upward
pressure against the bottom is greater than downward
pressure against the top of the submerged object

3-5) A completely submerged object always displacesits own (a)
volume of fluid (b) weight of fluid (c) density of fluid (d) all
of these () none of these

3-6) What is the buoyant force acting on a 10 ton ship floating in
the ocean? (@) lessthan 10 tons (b) 10 tons (c) more than 10
tons (d) depends on density of seawater

3-7) When an object is partly or wholly immersed in aliquid, itis
buoyed up (a) by aforce equal to its own weight (b) by a
force equal to the weight of liquid displaced (c) and floats
because of Archimedes principle (d) but nevertheless sinks
(e) none of these

3-8) The buoyant force on an object isleast when the object is (a)
partly submerged (b) submerged near the surface (c)
submerged near the bottom (d) none of these

3-9) The buoyant force on arock is least when therock is
submerged (a) near the surface (b) halfway to the bottom (c)
near the bottom (d) all of the above

3-10) Blood pressureis normally greater in your (a) ears (b)
feet (c) samein each

Figure 12A-2

3-11) Threeholesaredrilled in awater tower (Fig 12A-2),
which isfilled with water, at the positions shown. Water
will spurt the greatest horizontal distance from hole (a) A (b)
B (c) C (d) The horizontal distance will be the same for all
three holes

3-12) Lobsterslive on the bottom of the ocean. The density of
alobster is (a) greater than the density of seawater (b) equal
to the density of seawater (c) |ess than the density of sea
water

3-13) A lobster crawls onto a bathroom scale submerged at
the bottom of the ocean. Compared to its weight above the

surface, the lobster will have an apparent weight under water
that is (a) greater (b) less (c) the same

3-14) Thedensity of asubmerged submarineis about the
same as the density of (a) acrab (b) iron (c) afloating
submarine (d) water (€) none of these

3-15) A rock suspended by aweighing scale weighs 5 N out
of water and 3 N when submerged in water. What isthe
buoyant force on the rock? (a) 8N (b) 5N () 3N (d) 2N
(e) none of these

3-16) Thevolume of water displaced by afloating 20 ton boat
is (@) 20 cubic meters (b) the volume of 20 tons of water ()
the volume of the boat (d) depends on the shape of the ship's
hull (€) none of these

3-17) Compared to an empty ship, the same ship loaded with
Styrofoam (@) higher in the water (b) lower in the water ()
at the samelevel in the water

3-18) Two equal sized buckets arefilled to the top with water.
One of the buckets has a piece of wood floating in it, making
its total weight (a) less than the weight of the other bucket
(b) equal to the weight of the other bucket (c) more than the
weight of the other bucket

3-19) A block of Styrofoam floats on water while a same size
block of lead lies submerged in the water. The buoyant
forceis greatest on the (a) lead (b) Styrofoam (c) is the same
for both

3-20) Buoyant forceisgreatest on asubmerged (a) 1 kg block
of lead (b) 1 kg block of aluminum (c) is the same on each

3-21) Buoyant forceisgreatest on asubmerged (a) 1 cubic
centimeter block of lead (b) 1 cubic centimeter block of
auminum (c) is the same on each

3-22) Buoyant forceis greatest on a submerged (a) 10 Newton
block of lead (b) 10 Newton block of aluminum (c) isthe
same on each

3-23) Whenyou float in fresh water, the buoyant force that
actson you is equal to your weight. When you float higher
in the high-density water of the Dead Sea, the buoyant force
that acts on you is actually (a) greater than your weight (b)
less than your weight (c) also equal to your weight

3-24) Compared to the buoyant force that acts on you when
you float in fresh water, the buoyant force that acts on you
when you float in the dense water of the Dead Seais actually
(a) less because less of your volume is displaced (b) more
because of the greater density of fluid displaced (c) the same

3-25) Twolife preservers haveidentical volumes, but oneis
filled with Styrofoam while the other isfilled with sand.
When the two life preservers are worn by swimmers so that
one swimmer floats with part of the preserver above water,
and the other swimmer sinks, the buoyant forceis actualy
greater on the life preserver filled with (a) Styrofoam (b)
sand (c) same



3-26) A heavy glassball isplacedin apie pan that floatsin a
bucket. The water level at the side of the bucket is marked.
Then the glass ball isremoved and allowed to sink in the
bucket. The water line at the side of the bucket is now (a)
lower (b) the same (c) higher

3-27) A boat loaded with scrap iron floats in a swimming
pool. When theironisthrown overboard, the pool level will
(a) rise (b) fall (c) remain unchanged

3-28) A boat loaded with abarrel of water floatsin a
swimming pool. When the water in the barrel is poured
overboard, the swimming pool level will (a) rise (b) fall (c)
remain unchanged

3-29) A boat loaded with wood floats in a swimming pool.
When the wood is thrown overboard, the pool level will (a)
rise (b) fall (c) remain unchanged

3-30) If abattleship sinksin acanal lock, the water level in
the lock will (@) rise (b) fall (c) remain unchanged

3-31) If aweighted air-filled balloon sinks in deep water, it
will (a) likely sink to an equilibrium level before reaching
bottom (b) likely burst if water pressureis great enough ()
become less dense asiit sinks (d) be acted on by a
continuously decreasing buoyant force (€) none of these

3-32) Whenanice cubein aglass of water melts, the water
level (a) rises (b) falls (c) remains the same

3-33) A floating ice cube contains small pieces of iron.
During melting the water level will (a) rise (b) fall (c)
remain unchanged

3-34) Anicecubefloating in aglass of water contains many
ar bubbles. When the ice melts, the water level will (a) rise
(b) fall (c) remain unchanged

3-35) Threeicebergs are each floating in bathtubs filled to the
brim with water. Iceberg A haslarge air bubblesin it.
Iceberg B has unfrozen water init. Iceberg C hasaniron
railroad spikeinit. When the ice melts, what happens? (a)
the water level in C will decrease while the other two water
levels will remain the same (b) only the water in C will spill
over (c) the water level in A will stay the same, while the
other tubswill spill over (d) all the tubs spill over (€) all stay
exactly the same

3-36) A block of wood half as dense as water floats with half
its volume above water. A piece of iron isthen tied on top
so the wood floats with only 1/4 its volume above the
surface. If thewood and iron are turned over so that the iron
is submerged beneath the wood, then the volume of wood
above the water surface will be (a) more than 1/4 (b) less
than 1/4 (c) the same, 1/4 (d) there's no way to say

3-37) A block of wood with a piece of iron tied to the top of it
floatsin a bucket of water. If the wood and iron are turned
over so that theiron is submerged beneath the wood, the

water level at the side of the bucket (a) rises (b) falls (c)
remains the same

3-38) Thereisalegend of a Dutch boy who bravely held back
the Atlantic Ocean by plugging aleak near thetop of adike
with hisfinger until help arrived. Which of thefollowingis
most likely? (a) The huge size of the Atlantic Ocean makes
thisimpossible (b) Although the force on his finger would
have been huge, the pressure would have been small enough
for thisto occur (c) The force on his finger would have been
lessthan 1 N (d) Both the force and pressure on his finger
would have been great, but not too great for apublic spirited
Dutch lad (e) None of these

339) A scalefrom which arock is suspended reads 5 N when
therock is out of water and 3 N when the rock is submerged.
The density of therock is (a) the density of water (b) 1.5
times the density of water (c) 2.5 times the density of water
(d) 3.5 timesthe density of water

Chapter 12 Liquids
Pascal's Principle and Surface Tension

A hydraulic arrangement consists of a water filled U-tubethat is
wider at one end than at the other, as shown in Fig 12B-1).
Pistonsare fitted in both ends

Figure 118-1

3-40) Tomultiply an input force, the input end should be the
one having the (a) larger diameter piston (b) smaller
diameter piston (c) relative piston sizes don't matter

3-41) Theratio of output forceto input force will be equal to
the ratio of the output and input piston (a) diameters (b)
areas (c) radii (d) all of these (e) none of these

3-42) A hydraulic press multiplies aforce by 100. This
multiplication is done at the expense of (a) energy, which is
divided by 100 (b) the distance through which the force acts
(c) the time through which the force acts, which is multiplied
by 100 (d) the mechanism providing the force () none of
these

3-43) The Pascal unit equal to one (a) newton per square
meter (b) kilogram per square meter (¢) newton per square
centimeter (d) kilogram per square centimeter (€) square
meter per newton

3-44) Surfacetensionisadirect result of (a) viscosity (b)
Archimedes principle (c) Bernoulli's principle (d) adhesive
forces between moleculesin aliquid or solid (e) cohesive
forces between moleculesin aliquid

3-45) Surfacetension of liquids (a) increases when wetting
agents are added (b) decreases as the liquid temperature
increases (c) isabout the same for al liquids (d) resultsfrom
athin molecular membrane on the liquid surface (€) isthe
reason a steel ship will float



Chapter 13 Gases and Plasmas
Gases

3-46)  About what percentage of the molecules that make up
the atmosphere are below an aircraft that flies at an altitude
of 6 kilometers? (a) 20 % (b) 30% (c) 40% (d) 50 % (e)
More than 50%

3-47) What isthe approximate mass of a 1 square-centimeter
column of air that extends from sealevel to the top of the
atmosphere? (a) 1 gram (b) 1 kilogram (c) 10 kilograms (d)
100 kilograms

3-48) Theweight of a1 square meter column of air that
extends from sealevel to the top of the atmosphereis (a) 101
N (b) 10 100 N (c) 101 000 N (d) 101 000 000 N

3-49) A bubble of air released from the bottom of alake (a)
risesto the top at constant volume (b) becomes smaller asit
rises (c) becomes larger asit rises (d) alternately expands
and contracts asit rises (€) none of these

3-50) A common 5 liter metal can will float in air if itis(a)
evacuated of air (b) filled with avery large amount of
helium (c) thrown high enough into the air (d) nonsense!
Unless the displaced air weighs more than the can and its
contents, the can will not float in air

3-51) Indrinking through a straw, we make use of (a)
capillary action (b) surface tension (c) atmospheric pressure
(d) Bernoulli's principle (€) none of these

3-52) IfaTV picturetubeisbroken, it will (a) explode (b)
implode
3-53)  About how high can water be theoretically lifted by a

vacuum pump at sealevel? (a) Lessthan 10.3 m (b) More
than 10.3 m (c) 10.3 m

3-54) Thefaster afluid moves, the (a) greater itsinternal
pressure (b) lesser itsinternal pressure

3-55)  When water isturned on in a shower, the shower curtain
moves towards the water. This hasto do with (a) capillary
action (b) surface tension (c) heat capacity (d) pressure of a
moving fluid (€) none of these

3-56) Onawindy day, atmospheric pressure (a) increases (b)
decreases (c) remains unchanged

3-57) If astrong wind from the west breaks a window in the
north wall of a house, most of the glass will fall (a) upward
(b) inside the house (c) outside the house

3-58) A columnthat extends from sealevel to the top of the
atmosphere contains a certain mass of air. If the same
column instead had the same mass of mercury iniit, the
height of the mercury column would be (a) 1/13.6 timesthe
height of the atmosphere (b) about 3/4 meter (c) 10.3 meters
(d) about 5.6 kilometers

359) Asahigh-altitude balloon sinks lower and lower into
the atmosphere, it undergoes a decrease in (a) volume (b)
density (c) weight (d) mass (e) none of these

3-60) A heliumfilled balloon released in the atmosphere will
rise until (a) the pressure inside the balloon equals
atmospheric pressure (b) atmospheric pressure on the bottom
of the balloon equals atmospheric pressure on the top of the
balloon (c) the balloon and surrounding air have equal
densities (d) all of these (e) none of these

3-61) Alcohol islessdense than water. If alcohol isused to
make a barometer on a day when atmospheric pressureis
normal, the height of the alcohol column would be (a) less
than 10.3 m (b) more than 10.3 m (c) 10.3 m

362) Compared to the buoyant force of the atmosphere onal
liter heliumfilled balloon, the buoyant force of the
atmosphere on a nearby 1 liter solid iron block is (a)
considerably less (b) considerably more (c) the same

3-63) Whengasinacontainer is squeezed to half itsvolume
and the temperature remains the same, the gas pressure (a)
halves (b) doubles (c) quadruples (d) remains the same

Figure 13A-]1

3-64) Thedepthtowhich aninverted drinking glass (Fig 13A -
1) must be pushed beneath the surface of water so that the
volume of enclosed air is squeezed to half is (a) 76 cm (b)
10.3m(c) 14.7 m (d) 20.6 m (€) 29.4 m

3-65) A swimmer cannot snorkel more than a meter deep
because air (a) in the lungs cannot easily be expelled (b)
tendsto liquefy in the snorkel tube (c) is buoyed up leaving
the swimmer breathless (d) at the surface will not freely
enter the higher pressure region in the compressed lungs (€)
all of these

3-66) Anumbrellatendsto move upwards on awindy day
principally because (a) air gets trapped under the umbrella,
warms, and rises (b) buoyancy increases with increasing
wind speed (c) air pressure is reduced over the curved top
surface (d) all of these

3-67) Estimate the mass of air inside an average automobile
(a) 2 grams (b) 2 kilograms (c) 20 kilograms (d) 200
kilograms (e) 2000 kilograms

3-68) Suspend apair of Ping-Pong balls from two strings so
there is asmall space between them. If you blow air
between the balls, they will swing (a) toward each other (b)
apart from each other (c) away from the air stream, but not
necessarily toward or apart from each other



3-69) Supposeyou are standing on aweighing scale and all of
asudden the atmosphere vanished. The reading on the scale
would (a) increase (b) decrease (c) remain the same

3-70)  Assuming no changein temperature, asafreely
expanding heliumfilled balloon rises in the atmosphere, the
buoyant force that acts on it (a) increases (b) decreases ()
remains the same

3-71) Theweight of air in abathtub (about 1/3 cubic meter) is
about the same as the weight of (a) apea(b) an egg (c) a
small apple (d) apound of butter () a 10 pound sack of
potatoes

3-72) A large block of wood and a smaller block of iron on
weighing scales both register the same weight - 1 ton.
Taking buoyancy of air into account, which has the greater
mass? (a) Wood (b) Iron (c) Both have the same mass

3-73) If yourelease aball inside afreely falling elevator, it
staysin front of you instead of "falling to the floor" because
you, the ball, the elevator, and the air in the elevator are all
infreefall. If you similarly release a heliumfilled balloon,
the balloon will (@) also stay in front of you (b) press against
the ceiling (c) press against the floor

374) A car with closed windows makes aleft hand turn. A
heliumfilled balloon in the car will move to the (a) right (b)
left () front (d) back

375) Anempty jar is pushed open side downward into water
so that air trapped in it cannot get out. Asit is pushed
deeper, the buoyant force on the jar (a) increases (b)
decreases (¢) remains the same

3-76) Inavacuum amarshmallow becomes (a) larger (b)
smaller (c) no change

Chapter 13 Gases and Plasmas
Plasmas

3-77) Themain difference between gases and plasmas has to
do with (a) the kinds of elementsinvolved (b) interatomic
spacing (c) electrical conduction (d) fluid pressure (e) the
proportion of matter to antimatter in the universe -

3-78)  When acommon fluorescent lamp is on, the mercury
vapor insideisactually in a(a) gaseous state (b) liquid state
(c) plasma state (d) solid state (€) none of these

3-79) Most of the matter in the universeisin the (a) solid state
(b) liquid state (c) gaseous state (d) plasma state (€) none of
these

3-80) Whenagasisheated and becomes aplasma, its electric
chargeisusualy (a) balanced (b) negative (c) positive (d)
non-existent (€) none of these

3-81) Most of the mass of material that makes up aplasmais
(a) positively charged (b) negatively charged (c) same mass
for each

Chapter 14 Temperature, Heat, and Expansion

3-82) When you touch acold piece of ice with your finger,
energy flows (a) from your finger to theice (b) from theice
to your finger (c) both ways

3-83)  Which of the following normally warms up fastest when
heat isapplied? (a) water (b) iron (c) glass (d) wood

3-84) Compared to agiant iceberg, ahot cup of coffee has (a)
more internal energy and higher temperature (b) higher
temperature, but lessinternal energy (c) agreater specific
heat and more internal energy (d) none of these

3-85) Beforeicecanformon alake, all the water in the lake
must be cooled to (a) zero degrees C (b) 4 degrees C

0

3-86) Whenanironringisheated (Fig 14A-1), the hole
becomes (a) smaller (b) larger (c) neither smaller nor larger

Figure 14A:1

3-87) When abimetallic bar made of copper and iron stripsis
heated, the bar bends toward the iron strip. The reason for
thisis (a) iron gets hotter before copper (b) copper gets
hotter before iron (c) copper expands more than iron (d) iron
expands more than copper () none of these

3-88) If glass expanded more than mercury, then the column
of mercury in a mercury thermometer would rise when the
temperature (a) increases (b) decreases (c) neither of these

3-89)  Which of the following expands most when the
temperature isincreased? Equal volumes of (&) iron (b)
wood (c) ice water (d) helium (e) all expand the same

3-90) Which of the following expands most when the
temperature is lowered? Equal volumes of (a) iron (b) wood
(c) helium (d) water at 4 degrees C (€) none expands when
the temperature is lowered

391) Consider asample of iceat O degrees C. If the
temperature is decreased, the volume of theice (a) increases
(b) decreases (c) staysthe same

3-92)  Which of the following contracts most when the
temperature isincreased? Equal volumes of (@) iron (b)
wood (c) ice water (d) helium (e) none of these contract
when heated

3-93) Consider asample of water at O degrees C. If the
temperature is slightly increased, the volume of the water (a)
increases (b) decreases (c) remains the same

3-94) When water at 4 degrees C is heated it expands. When
water at 4 degrees Cis cooled, it (a) contracts (b) expands
(c) neither contracts nor expands



3-95) Canasample of water possibly have the same volume
after being warmed by several Celsius degrees? (a) yes (b)
no

3-96) Room temperature on the Kelvin scale is about (a) 100
K (b) 200K (c) 300 K (d) 400 K (e) more than 400 K

3-97) Between O degrees Celsius and 8 degrees Celsius a
red-dyed-water-in-glass thermometer would (a) be especially
suitable (b) always be wrong (c) give ambiguous readings
(d) explode (€) implode

3-98) Thewhite-hot sparksthat strike your skin from a 4th-of-
July-type sparkler don't harm you because (a) they have a
low temperature (b) the energy per moleculeis very low (c)
the energy per moleculeis high, but little energy is
transferred because of the few moleculesin the spark

3-99) Onavery hot day the pendulum on aclock swings to
and fro (a) more frequently (b) less frequently

3-100) Place akilogram block of iron at 40 degrees C into a
kilogram of water at 20 degrees C and the final temperature
of the two becomes (a) less than 30 degrees C (b) at or about
30 degrees C (c) more than 30 degrees C

3-101) Whenicefloatsin water, asmall part of it extends
above the surface. Interestingly enough, the volume of ice
that extends above the surfaceis equal to the volume of the
(a) water the ice displaces (b) vast number of open spacesin
the hexagonal ice crystals (c) both of these (d) neither of
these

Figare | 4A-2

3-102) Consider ametal ring with agap cutinit (Fig 14A -2).
When thering is heated, the gap (a) becomes narrower (b)
becomes wider (c) retainsits size

Chapter 15 Heat Transfer

3-103) Metalsare both good heat conductors and good
electrical conductors because of the (a) similarity between
thermal and electrical conductive properties (b) looseness of
outer electronsin metal atoms (c) relatively high densities of
metals (d) high elasticity of metals (e) ability of metalsto
transfer energy easily

3-104) At the same temperature, which move with the greater
speed inthe air? (a) Very light molecules (b) Heavier
molecules (c) All will have equal average speeds

3-105) The higher the temperature of an object, the (a) longer
the wavelengths it radiates (b) shorter the wavelengths it
radiates

3-106) Objectsthat radiate relatively well, (a) absorb radiation
relatively well (b) reflect radiation relatively well (c) both of
these (d) neither of these

3-107) Hot water will cool to room temperature faster in a (a)
black pot (b) silver pot (c) depends more on the size of the
potsthan their color

3-108) Itiscommonly thought that a can of beverage will cool
faster in the coldest part of arefrigerator. Knowledge of
Newton's law of cooling (a) supports this common
knowledge (b) shows this common knowledge is false

3-109) Wrapping a hot potato in aluminum foil significantly
reduces the rate at which it loses energy by (@) conduction
(b) convection (c) radiation

3-110) Which body glows with electromagnetic waves? (a)
The sun (b) The earth (c) Both (d) Neither

3-111) If you double the pressure of an ideal gas while keeping
the temperature constant, the average kinetic energy of the
molecules (a) is doubled (b) increases by more than twice (c)
increases by less than twice (d) remains unchanged

L
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3112) A water-filled paper cup held in aflame (Fig 15A-1)
will not catch fire. Thisisbecause (a) theinside of the paper
iswet (b) water is an excellent conductor of heat (c) paper is
apoor conductor of heat (d) the paper cup cannot become
appreciably hotter than the water it contains

Figure 154-1

3-113) Both black and white road surfaces absorb sunlight. At
the end of a sunny day the warmer road surface will be (a)
the black surface (b) the white surface (c) neither -- there is
no difference

3-114) Both black and white road surfaces radiate energy. At
the end of a starry night the warmer road surface will be (a)
the black surface (b) the white surface (c) neither - there is
no difference

3-115) Anobject will normally be anet radiator of energy
when itsinternal energy is (a) more than that of its
surroundings (b) less than that of its surroundings (c) neither
of these, because internal energy is not temperature

Figurs 15A-2




3-116) A Thermos bottle (Fig 15A -2) has double glass walls
with silver coating on the glass surfaces that face one
another. The silver coating reduces the energy that is
transferred by (a) conduction (b) convection (c) radiation (d)
friction (e) none of these

3-117) If avolumeof airiswarmed, it expands. If avolume of
air expands, it (a) warms (b) cools (c) neither warms nor
cools

3-118) When avolume of air is compressed, its temperature (a)
increases (b) decreases (c) neither increases nor decreases

3-119) If you were caught in freezing weather with only a
candle for heat, you would be warmer in (a) anigloo (b) a
tent (c) awooden house (d) acar

3-120) Double the absolute temperature of helium gas and the
average speed of its molecules (a) less than doubles (b)
doubles (c) more than doubles

3-121) Hydrogen and oxygen moleculesin agas sample have
the same temperature. This means the hydrogen molecules,
on the average, have the same (@) speed and the same kinetic
energy (b) speed, but more kinetic energy (c) speed, but less
kinetic energy (d) kinetic energy, but more speed (€) kinetic
energy, but less speed

3-122) Supposeyou are served coffee at arestaurant before you
are ready to drink it. In order for it to be the hottest when
you are ready for it, you should add cream (@) right away (b)
at any time (c) when you are ready to drink the coffee

3-123) Suppose you want to save energy and you're going to
leave your warm house for a half hour on acold day. You
should turn the thermostat (a) down (b) up (c) to room
temperature

3-124) Suppose you want to save energy and you're going to
leave your cool house for ahalf hour on ahot day. You
should turn the temperature setting on the air conditioner (a)
down alittle (b) up alittle (c) off altogether (d) to room
temperature

Chapter 16 Change of Phase

3-125) Evaporation isacooling process because (a) heat is
radiated during the process (b) of conduction and
convection (c) the more energetic molecules are able to
escape theliquid (d) the temperature of the remaining liquid
decreases (e) none of these

3-126) To say that evaporation isacooling processisto say
that the (@) water left behind cools (b) surrounding air cools

3-127) Steam burns are more damaging than burns caused by
boiling water because steam (a) gives up additional energy
when it condenses (b) has more energy per kilogram than
boiling water (c) both of these. (d) neither of these

3-128) Wefeel uncomfortably warm on amuggy day because
water molecules are (@) evaporating from our moist bodies
(b) condensing on our bodies (c) preventing the evaporation
from our moist bodies

3-129) When agasischanged to aliquid state, the gas (a)
releases energy (b) absorbs energy (c) neither releases nor
absorbs energy

3-130) Increased air pressure on the surface of hot water tends
to (a) prevent boiling (b) promote boiling (c) neither

3-131) You can briefly touch a hot clothesiron with your bare
finger if it iswet because the wetness (a) absorbs energy in
vaporizing (b) provides an insulating vapor layer after it
changes state (c) both of these. (d) neither of these

3-132) Hot water has arelatively high rate of cooling dueto
(a) evaporation (b) condensation (c) conductivity (d)
radiation (€) convection

3-133) Toturn 50 grams of boiling water to steam requires (a)
50 calories (b) 500 calories (c) 540 calories (d) more
calories than are required to bring 50 grams of ice at
absolute zero to the boiling point (€) none of these

Figure 1A-1

3-134) Thedunking bird (Fig 16A-1) will dunk more
frequently if (a) itslower end iswarmed, say by a nearby
lamp (b) abreeze blows acrossits wet beak (c) both of
these (d) neither of these

3-135) When bringing water to a boil in the mountains, the
time needed to reach the boiling point is (a) lessthan at sea
level (b) morethan at sealevel (c) the same as at sealevel

3-136) Food in apressure cooker iscooked faster because of
the (@) higher temperature (b) greater rate of bubble
formation in the water (c) increased internal energy in the
water (d) all of these (e) none of these

3-137) If you want to cook eggs by boiling them whilein the
mountains, then compared to sea-level cooking, you should
(a) use ahotter flame (b) boil the eggs for a shorter time (c)
boil the eggs for alonger time (d) none of these

3-138) When snow formsin clouds, the surrounding air (a)
warms (b) cools (c) neither warms nor cools

3-139) When water vapor condenses on the inside of awindow,
the room becomes slightly (a) warmer (b) cooler (c)
neither warmer nor cooler



3-140) The cooling effect inside arefrigerator is produced by
(a) an electric motor that converts electrical energy into
internal energy (b) compressing the refrigeration gasinto a
liquid (c) vaporizing the refrigeration liquid (d) proper
insulation (e) none of these

3-141) Onahumid day, water condenses on the outside of a
glass of ice water. This phenomenon occurs mainly because
of (a) the porosity of glass (b) capillary action (c) adhesion
of water moleculesto glass (d) the saturation of cooled air
(e) evaporation

Figure 1&A-3
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3-142) The phenomenon of regelation (Fig 16A -3) depends on
the (@) freezing point of water (b) melting point of water
(c) open-structured nature of ice crystals (d) high specific
heat of water

3-143) Animportant factor in the process of regelation is (a)
the conductivity of the cutting wire (b) the open structured
crystals of ice (c) sufficient pressure provided by the heavy
weights (d) all of these (€) none of these

3-144) Morning dew on thegrassisaresult of (&) evaporation
of water. (b) the open-structured form of water crystals (c)
air pressure on water vapor (d) slow-moving water
molecules sticking to one another (€) none of these

3-145) Iceisputinacooler in order to cool the contents. In
order to speed up the cooling process, theice can be (a)
wrapped in newspaper (b) drained of ice water periodically
(c) kept out of contact with thefood (d) crushed (e) kept in
circulating air currents provided by asmall fire under one
end of the cooler

3-146) Firefightersfind that the temperature of burning
material is best lowered when water is (a) used in small
amounts (b) pointed away from the flames (c) sprayed asa
finemist (d) salted

3-147) Consider asteaming aluminum soda-pop can that
contains a small amount of boiling water. When it is quickly
inverted into a bath of cooler water the can is dramatically
crushed by atmospheric pressure. This occurs because the
pressure inside the can is rapidly reduced by (a) contact
with therelatively cool water (b) sudden slowing of the air
and steam moleculesinside (c) condensation of steam inside
(d) reduced internal energy (e) rapid conduction of heat to
therelatively cool water

3-148) Whichinvolvesthelarger number of calories? (a) The
condensation of 1 gram of steam at 100 degrees Celsiusto
100 degrees Celsiuswater (b) The change of state of 1 gram
of 100 degree Celsius water to 1 gram of ice at absolute zero
(c) Both involve the same number of calories

3-149) The minimum amount of 100 degree C steam needed to
melt 1 gram of O degree Ciceis (a) 0.125 gram (b) 0.148
gram (c) 6.75 grams (d) 8 grams (€) none of these

3-150) The mass of icethat can be melted by 1 gram of 100
degree steamis (@) 0.125 gram (b) 0.148gram (c) 6.75
grams (d) 8 grams (e) none of these

3-151) A substance can be sprayed on cropsto prevent frost
formation under many conditions. If frost did not form on
the fields and woods of an entire continent, cold nights
would be (@) lesscold (b) even colder (c) no different

Chapter 17 Thermodynamics

3-152) Itispossibleto totally convert a given amount of
mechanical energy into heat (a) True (b) False

3-153) The greater the difference in temperature between the
input reservoir and the output reservoir for a heat engine, the
(a) greater the efficiency (b) lessthe efficiency. (c) neither,
efficiency doesn't depend on temperature difference

3-154) Thefirst law of thermodynamicsis arestatement of the
(@) principle of entropy (b) law of heat addition (c) Carnot
cycle (d) conservation of energy (€) none of these

3-155) Systemsthat areleft alone, tend to move toward a state
of (a) lessentropy (b) moreentropy (c) no entropy

3-156) Entropy measures (@) temperature at constant pressure
(b) temperature at constant volume (c) temperature as
pressure increases (d) temperature as volume increases (€)
messiness

3-157) Entropy isclosely related to the (a) 1st law of
thermodynamics (b) 2nd law of thermodynamics (c) both
of these (d) neither of these

3-158) When an ideal gasissubjected to an adiabatic process
(a) no work is done on the gas (b) the temperature of the gas
does not change (c) theinternal energy of the gas does not
change (d) all of these (e) none of these

3-159) During an adiabatic compression of anideal gas, (a) the
internal energy of the gas remains constant (b) the
temperature of the gas does not change (c) no heat is
supplied to or removed from the gas.! (d) no work isdone
onthe gas (e) none of these

3-160) A quantity of water has more entropy whenitis (a)
frozen ice (b) boiling

3-161) Entropy can be (a) created but not destroyed (b)
neither created nor destroyed

3-162) A heat engine would have 100 percent efficiency if its
input reservoir were (a) 100 times hotter than the exhaust
sink (b) 1000 times hotter than the exhaust sink (c) 100
times cooler than the exhaust sink (d) any finite temperature
if the exhaust sink were at absolute zero (€) none of these



3-163) More efficient gasoline engines can be built if (a)
engines are made to rotate faster (b) a better antifreeze is
developed (c) materials are developed that can withstand
lower temperatures (d) materials are devel oped that can
withstand higher temperatures (e) none of these - they are
already perfectly efficient

3-164) When mechanical work is done on a system, there can
beanincreaseinits (a) internal energy (b) temperature (c)
both of these (d) neither of these

3-165) An adiabatic processis characterized by the absence of
(a) entropy (b) pressure change (c) heat exchange (d)
temperature change (€) none of these

3-166) When avolume of air expands against the environment
and no heat enters or leaves, the air temperature will (a)
increase (b) decrease (c) remain unchanged

3-167) Two identical blocks of iron, one at 10 degrees C and
the other at 20 degrees C, are put in contact. Suppose the
cooler block coolsto 5 degrees C and the warmer block
warmsto 25 degrees C. Thiswould violate the (a) 1st law
of thermodynamics (b) 2nd law of thermodynamics (c)
both of these (d) neither of these

3-168) Asablob of air at a high elevation sinksto alower
elevation with no heat input or output, its temperature (a)
increases (b) decreases (c) remainsthe same

3-169) Theamount of energy ultimately converted to heat by a
light bulb is about (a) 15% (b) 30% (c)45% (d) 60% (€)
100%

3-170) Your refrigerator isin your kitchen. If you try to cool
your kitchen on ahot day by operating your refrigerator with
its door open, the kitchen temperature will (@) increase (b)
decrease (c) remain unchanged

3-171) Onachilly 10 degree C day, your friend who likes cold
weather, wishesit were twice ascold (half ashot). Taken
literally, this temperature would be (a) 10 degreesC (b) 5
degrees C (c) O degrees C (d) -131.5 degreesC (e) -141.5
degreesC

3-172) Theideal efficiency for a heat engine operating between
temperatures of 2700 K and 300 K is (@) 10% (b) 24% (c)
80% (d) 89% (e) none of these

3-173) Consider acup of tea at room temperature, 24 degrees
C. If itisheated until it has twice the internal energy, unlike
apiece of metal, its temperature will be (a) 48 degrees C
(b) 100 degrees C (c) 321 degrees C (d) 594 degrees C ()
none of these

3-174) A pieceof iron and a cup of water both have the same
temperature. If they are heated so theinternal energy of
each doubles, (a) the water will have the higher temperature
(b) theiron will have the higher temperature (c) both will
have the same temperature (d) not enough information
given to say

Chapter 18 Vibrationsand Waves

4-1) A wiggleintimeisa (@) vibration (b) wave (c) both (d)
neither

4-2) The source of all wave motionisa (a) wave pattern (b)
harmonic object (c) vibrating object (d) region of variable
high and low pressure (€) none of these

4-3) Radio waves travel at the speed of light, 300 000 km/s. The
wavelength of aradio wave received at 100 megahertzis (a)
0.3m (b) 3.0m (c) 30 m (d) 300 m (€) none of these

4-4) A 60-vibration-per-second wave travels 30 metersin 1
second. Itsfrequency is (@) 30 hertz and it travels at 60 m/s
(b) 60 hertz and it travels at 30 m/s (c) neither of these

A weight or mass on the end of a spring as shown (Fig 18A-2)
bobs up and down one compl ete cycle every two seconds.

Figure 18A-2

)

4-5) Itsfrequency is (a) 0.5 hertz (b) 1 hertz (c) 2 hertz (d)
none of these

4-6) Itsperiodis (a) 0.5 second (b) 1 second (c) 2 seconds (d)
none of these

4-7) To say that one waveis out of phase with another isto say
that the waves are (a) of different amplitudes (b) of
different frequencies (c) of different wavelengths (d) out of
step (e) all of these

4-8) A standing wave occurs when (a) two waves overlap (b) a
wave reflects uponitself (c) the speed of the waveis zero or
near zero (d) the amplitude of awave exceedsits
wavelength

4-9) The Doppler effect is characteristic of (a) water waves (b)
sound waves (c) light waves (d) all of these (e) none of
these

4-10) A Doppler effect occurs when a source of sound moves
(a) towardsyou (b) away fromyou (c) both of these (d)
none of these

4-11) A wave barrier is produced when awave source moves
(a) nearly asfast asthewavesit produces (b) asfast asthe
waves it produces (c) faster than the waves it produces

4-12) A bow wave is produced when awave source moves
(a) nearly asfast asthe wavesit produces (b) asfast asthe
waves it produces (c) faster than the wavesit produces

4-13)  An observer on the ground hears a sonic boom which is
created by an airplane flying at aspeed (a) just below the



speed of sound (b) equal to the speed of sound (c) greater
than the speed of sound (d) all of these (€) none of these

4-14)  The source of asonic boom (a) must itself be an emitter
of sound (b) may or may not be an emitter of sound (c) is
not itself an emitter of sound

4-15) A fishing-boat captain returnsto port saying, "It's rough
out there - the waves are 4 meters high.” He probably means
that the amplitude of the wavesis (@) 4m (b) 3m (c)2m
(d1m

Below (Fig 18A-4) are “ snapshots” of water waves going by.

Figare 1EA-4

4-16)  If thewaves are going by at the same speed, which
wave has the greatest period of oscillation? (a) | (b) Il (c)
[ (d)1v

4-17)  If thewaves are going by at the same frequency, which
wave has the greatest speed? (a) | (b) I (c) I (d) IV (e)
All would have the same speed

4-18) A floating leaf oscillates up and down two complete
cyclesin one second as awater wave passes by. The wave's
wavelength is 10 meters. What is the wave's speed? (a) 2
m/s (b) 10 m/s (c) 20 m/s (d) 40 m/s (€) more than 40 m/s

4-19) A wavetravels an average distance of 1 meter in 1
second with afrequency of 1 hertz. Itsamplitudeis (a)less
than 1 meter (b) 1 meter (c) more than 1 meter (d) not
enough information to say

4-20) Thefreguency of the second hand onaclock is (a) 1
hertz (b) I/60 hertz (c) 60 hertz

4-21)  For light, ared shift indicates that the light sourceis
moving (a) toward you (b) away from you (c) at right
anglesto you (d) all of these (€) none of these

4-22)  Some of awave's energy dissipates as heat. Intime, this
will reduce the wave's (@) speed (b) wavelength (c)
amplitude (d) frequency (e) period

4-23)  When apendulum clock at sealevel istaken to the top
of ahigh mountain, it will (a) gaintime (b) losetime (c)
neither gain nor lose time

4-24) A floating object oscillates up and down 2 complete
cyclesin 1 second as a water wave of wavelength 5 meters
passes by. The speed of thewaveis (a) 2m/s (b) 5m/s (c)
10 m/s (d) 15 m/s (e) none of these

4-25) A wave oscillates up and down two complete cycles
each second. If the wave travels an average distance of 6
meters in one second, its wavelengthis (a) 0.5m (b) 1 m
©2m (d)3m (e) 6m

4-26) A child swingsto and fro on aplayground swing. If the
child stands rather than sits, the time for ato-and-fro swing
is (a) lengthened (b) shortened (c) unchanged

4-27)  Suppose asimple pendulum is suspended in an elevator.
When the elevator is accel erating upward, the frequency of
the pendulum (&) increases (b) decreases (c) doesn't change

4-28) A tuning fork of frequency 200 hertz will resonate if a
sound wave incident on it has afrequency of (a) 100 hertz
(b) 400 hertz (c) either of these (d) none of these

4-29) If at aconcert, awind blows directly from the orchestra
toward you, the frequency of the sound you hear will be (a)
decreased (b) increased (c) neither decreased nor increased

4-30) If at aconcert, awind blowsdirectly from the orchestra
toward you, the speed of the sound you hear will be (&)
decreased (b) increased (c) neither decreased nor increased

Flgure 1844
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4-31) Two waves are generated at either end of along rope
and travel toward each other as shown (Fig 18A-6). Will
there be an instant in which the rope's amplitudeis zero
everywhere? (a) yes (b) no

Chapter 19 Sound

4-32)  Thesource of every sound is something that is (a)
vibrating (b) moving (c) accelerating (d) undergoing
simple harmonic motion (€) a net emitter of energy

4-33) Doublethefrequency of asound and you halveits (a)
wavelength (b) speed (c) amplitude (d) all of these (€)
none of these

4-34) Doublethe frequency of sound and you also doubleits
(a) wavelength (b) speed (c) amplitude (d) all of these (e)
none of these

4-35) A soundwaveisa (a) longitudinal wave (b) transverse
wave (c) standing wave (d) shock wave (€) none of these

4-36) Compressions and rarefactions normally travel in (a)
the same direction in awave (b) opposite directionsin a
wave

4-37) The speed of asound wavein air dependson (a) its
frequency (b) itswavelength (c) the air temperature (d) all
of these (e) none of these

4-38) Reverberation isactually acase of (a) sound
interference (b) forced vibrations (c) re-echoed sound (d)
resonance (€) none of these

4-39) Theexplanation for refraction must involve achangein
(a) frequency (b) wavelength (c) speed (d) all of these (€)
none of these



4-40)  When the speed of sound near the ground is greater than
higher in the air, sound tendsto be bent (a) upward (b)
downward

4-41) Refraction of sound can occur in (a) air (b) water (c)
both (d) neither

4-42)  Theenergy of soundin air eventually becomes (a)
increased internal energy of theair (b) weaker and weaker
until it disappears (c) cancelled by destructive interference
(d) cancelled by both destructive and constructive
interference

4-43)  Thefreguencies of sound that carry farther in air are
relatively (a) low (b) high (c) no difference

4-44)  Thenatural frequency of an object dependsonits (a)
elasticity (b) size and shape (c) both of these (d) neither of
these

4-45)  Carusoissaid to have made acrystal chandelier shatter
with hisvoice. Thisisademonstration of (a) an echo (b)
sound refraction (c) beats (d) resonance (e) interference

4-46) Indesigning amusic hall, an acoustical engineer deals
mainly with (a) modulation (b) forced vibrations (c)
resonance (d) beats (€) wave interference

4-47)  Sound waves can interfere with one another so that no
sound results (a) True (b) False

4-48)  The phenomenon of beats results from sound (a)
refraction (b) reflection (c) interference (d) all of these (g)
none of these

4-49)  When you tune aradio to a certain station, you match
the frequency of the internal electrical circuit to the
frequency of the wanted radio station. In so doing you are
employing the principle of (@) forced vibrations (b)
resonance (c) beats (d) reverberation (€) wave interference

4-50) Inthe case of radio, which has the higher frequency?
(a) Carrier wave (b) Sound wave (c) Both may be the same

4-51) Onsomedays, air nearest the ground is colder than air
that is higher up. On one of these days, sound waves (a)
tend to be refracted upward (b) tend to be refracted
downward (c) travel without refraction

4-52) A 340 hertz sound wave travelsat 340 m/sin air with a
wavelength of (a) 1 m (b) I0m (c) 100 m (d) 1000 m (€)
none of these

Figure 194-1
] "

4-53)  When the handle of atuning fork is held solidly against
atable (Fig 19A -1), the sound becomes louder and the time

the fork keeps vibrating (a) becomes longer (b) becomes
shorter (c) remainsthe same

4-54)  Inwhich one of these does sound travel the fastest? (a)
water vapor (b) water (c) ice (d) steam (€) ...sound travels
the same speed in each of these

4-55) A 1056 hertz tuning fork is sounded at the sametime a
piano noteis struck. Y ou hear three beats per second. What
isthe frequency of the piano string? (a) 1053 hertz (b) 1056
hertz (c) 1059 hertz (d) 2112 hertz (e) not enough
information given to determine

4-56)  Suppose you sound a 1056 hertz tuning fork at the same
time you strike a note on the piano and hear 2 beats/second.
Y ou tighten the piano string very slightly and now hear 3
beats/second. What isthe frequency of the piano string? (&)
1053 hertz (b) 1054 hertz (c) 1056 hertz (d) 1058 hertz (e)
1059 hertz

4-57)  Which type of radio wave producestheleast staticin a
radio receiver? (a) AM (b) FM (c) both have equal
amounts of static

Figure 194-2

4-58) Repeatedly tap the side of adrinking glass with a spoon
whilefilling it with water (Fig 19A-2) and you will notice
that the pitch of the sound (a) increases (b) decreases (c)
remains relatively constant

4-59)  Two tuning forks produce sounds of wavelengths 3.4
meters and 3.3 meters. Approximately what beat frequency
isproduced? (a) 0.1 hertz (b) 1.0 hertz (c) 2.0 hertz (d) 3.0
hertz (e) 4.0 hertz

Chapter 20 Musical Sounds

4-60) Aswegrow older, we hear lessfar into the (a) low
frequencies (b) high frequencies

4-61) Theloudness of amusical sound isameasure of the
sound wave's (a) wavelength (b) frequency (c) speed (d)
amplitude (e) al of these

4-62) Thequality of amusical note hasto do withits (&)
loudness (b) frequency (c) harmonics (d) amplitude (e) all
of these

4-63) Thefundamental frequency of aviolin string is 440
hertz. The frequency of its second harmonicis (a) 220 hertz
(b) 440 hertz (c) 880 hertz (d) none of these

4-64) What isthe threshold of hearing? (a) 10 decibel (b) 1
decibel (c) 0.1 decibel (d) 0.01 decibel (€) none of these



4-65) If aguitar has no sounding board, a note played on the
guitar will sound for (@) a shorter time (b) the same length
of time (c) alonger time

4-66) Compared to asound of 40 decibels, a sound of 50
decibelsis (a) 10timesasintense (b) 100 times asintense
(c) 1000 times asintense (d) 10 000 times asintense (€)
more than 10 000 times asintense

4-67) Compared to asound of 30 decibels, a sound of 60
decibelsis (a) twice asintense (b) 10 timesasintense (c)
100 times asintense (d) 1000 times asintense (e) 10 000
times asintense

4-68)  About how many octaves are present between 100 hertz
and 1600 hertz? (8) 4 (b)5 (c)6 (d)7 (e) 8

4-69) What isthe wavelength of the fourth harmonic of a 340
hertz note? (The speed of sound is 340 m/s.) (a) 0.25 m (b)
0.33m (c) 0.5m (d) 1.0 m (e) none of these

4-70) A string vibrating at its third harmonic frequency has a
node at each end and, between these, (@) no additional nodes
(b) 1 additional node (c) 2 additional nodes (d) 3 additional
nodes (€) 4 additional nodes

4-71) A cello string 0.75 m long has a fundamental frequency
of 220 hertz. The speed of awave on the string is (a) 165
m/s (b) 220 m/s (c) 294 m/s (d) 330 m/s (e) none of these

4-72)  Thewave speed on atightened guitar string is 880 m/s.
What isthe shortest length of string that will produce
standing waves of 440 hertz frequency? (a) 0.5m (b) 1.0 m
(c) 1.5m (d) 2.0 m (e) none of these
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Chapter 21 Electrostatics

4-73)  Which force binds atoms together to form molecules?
() gravitational (b) nuclear (c) electrical (d) centripetal
(e) none of these

4-74)  Tosay that electric charge is quantized isto say that the
charge on an object (@) may occur in aninfinite variety of
quantities (b) is awhole-number multiple of the charge of
one electron (c) will interact with neighboring electric
charges (d) can be neither created nor destroyed

4-75) A transistor isan exampleof (@) aresistor (b) a
superconductor (c) asemiconductor (d) adry cell ()
electrostatic shielding

4-76)  Superconductors are noted for their (a) high electric
resistance (b) low electric resistance (c) absence of electric
resistance

4-77)  Theprimary purpose of alightning rod isto (@) attract
lightning and guideit to the ground (b) discharge the
structure to which it is attached (c) cancel the electric field
within the structure to which it is attached (d) induce within
the structure to which it is attached a charge opposite to that
of charged clouds overhead

4-78) Tosay that an object iselectrically polarized isto say
() itiselectrically charged (b) its charges have been
rearranged (c) itsinternal electric field iszero (d) itisonly
partially conducting (e) it isto some degree magnetic

4-79)  When acar isstruck by lightning, the resulting electric
field inside the car is (a) normally huge, but for abrief time
(b) normally huge for atime longer than the lightning stroke
itself (c) small enough to be safe for an occupant inside (d)
zero

4-80) Electric potential, measured in volts, isthe ratio of
electric energy to amount of electric (a) current (b)
resistance (c) charge (d) voltage (e) none of these

4-81) Theélectric field inside the dome of a Van de Graaff
generator (@) depends on the amount of chargeonit (b)
dependsonitssize (c) both of these (d) neither of these

4-82)  Anuncharged pith ball is suspended by a nylon fiber.
When a negatively charged rubber rod is brought nearby,
without touching it, the pith ball (@) becomes charged by
induction (b) becomes polarized (c) isrepelled by the rod
(d) all of these (e) none of these

4-83) The net charge on a charged capacitor (a) dependson
the area of the capacitor plates (b) depends on the distance
between the capacitor plates (c) depends on the medium
between the capacitor plates (d) all of these (e) none of
these - the net chargeis zero

4-84)  When the distance between two chargesis halved, the
electrical force between the charges (@) quadruples (b)
doubles (c) halves (d) isreduced by 1/4 (e) none of these

4-85) Particle A and Particle B interact with each other.
Particle A has twice the charge of particle B. Compared to
the force on Particle A, the force on Particle B is (@) four
times as much (b) two times as much. (c) the same (d) half
asmuch (e) none of these

4-86) To say that electric charge is conserved means that no
case has ever been found where (@) the total charge on an
object has changed (b) the net amount of negative charge on
an object is unbalanced by a positive charge on another
object (c) the total amount of charge on an object has
increased (d) net charge has been created or destroyed (€)
none of these

4-87) A conductor differsfrom an insulator in that a
conductor (@) has more electrons than protons (b) has more
protons than electrons (c) has more energy than an insul ator
(d) has faster moving molecules (€) none of these



4-88) A negatively charged rod is brought near a metal can
that rests on awood table. Y ou touch the opposite side of
the can momentarily with your finger. The canisthen (a)
positively charged (b) negatively charged (c) uncharged
(d) charged the same asiit was

4-89) Every proton in the universeis surrounded by itsown
(a) electric field (b) gravitational field (c) both of these (d)
none of these

4-90) Thedirection of an electric field isthe direction of the
forcethat it would exert on (a) aneutron (b) an electron (c)
an atom (d) aproton (e) amolecule

Figure 214-3
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4-91) Anelectroscopeis charged positively as shown by foil
leavesthat stand apart (Fig 21A-3). Asanegative chargeis
brought close to the electroscope, the leaves (@) fall closer
together (b) spread apart further (c) do not move

4-92) Tobesafeinthe unlikely case of alightning strike, itis
best to be inside a building framed with (a) steel (b) wood
(c) both the same

4-93) Normally aballoon charged to several thousand volts
has arelatively small amount of (a) charge (b) energy (c)
both (d) neither

4-94)  Two charges separated by one meter exert 1N forces on
each other. If the charges are pulled to 3m separation
distance, the force on each charge will be (a) 0.33 N (b)
0.11N (c)ON (d)3N (e)9N

4-95) Theelectrical forceon a2 C chargeis 60 N. What is
the value of the electric field at the place where the chargeis
located? (a) 20 N/C (b) 30N/C (c) 60 N/C (d) 120 N/C (e)
240 N/C

4-96) When asingle charge qis placed on one corner of a
square, the electric field at the center of the squareisF/q. If
three other equal charges are placed on the other corners, the
electric field at the center of the square due to these four
equal chargesis (a) F/q (b) 4F/q (c) F/(2q) (d) F/(4q) (e)
none of these

4-97) When asingle charge qis placed at one corner of a
square, the electric field at the center of the squareisF/qg. If
two other equal charges are placed at the adjacent corners of
the square, the electric field at the center of the square dueto
these three equal chargesis (a) F/q (b) 4F/q (c) F/(2q) (d)
F/(4q9) (e) none of these

4-98) Anelectronis pushed into an electric field where it
acquiresalV electrical potential. If two electrons are
pushed the same distance into the same electric field, the

electrical potential of the two electronsis (a) 0.25V (b)
05V (c)1V (d2V (e 4V

4-99) Theelectric field inside an uncharged metal ball is zero.
If the ball is negatively charged, the electric field inside the
ball isthen (&) lessthan zero (b) zero (c) greater than zero

4-100) Two charged particles held near each other are released.
Asthey move, the acceleration of each decreases.
Therefore, the particles have (@) the samesign.! (b)
opposite signs (c) not enough information given

4-101) A proton and an electron are placed in an electric field.
Which undergoes the greater acceleration? (a) electron (b)
proton (c) both accelerate equally (d) neither accelerates

Chapter 22 Electric Current

4-102) Electrons are made to flow in awire when thereis (a)
an imbalance of chargesin thewire. (b) more potential
energy at one end of the wire than the other (c) apotential
difference acrossits ends

4-103) A coulomb of charge that passes through a 6 volt battery
isgiven (a) 6 joules (b) 6 amperes (c) 6 ohms (d) 6 watts
(e) 6 newtons

4-104) Which statement is correct? (a) Charge flowsin a
circuit (b) Voltage flows through acircuit (c) Resistanceis
established across acircuit (d) Current causes voltage

4-105) Electronsmovein an electrical circuit (a) by being
bumped by other electrons (b) by colliding with molecules
(c) by interacting with an established electric field (d)
because the wires are so thin (€) none of these

4-106) The current through a 10 ohm resistor connected to a
120V power supply is (a) 1A (b) 10A (c) 12A (d) 120 A
(e) none of these

4-107) A 10ohmresistor hasa5 A currentinit. What isthe
voltage across the resistor? (a) 5V (b) 10V (c) 15V (d)
20V (e) morethan 20 V

4-108) When a 10V battery is connected to aresistor, the
currentintheresistor is2 A. What istheresistor's value?
(a) 2 ohms (b) 50hms (c) 10 ohms. (d) 20 ohms (€) more
than 20 ohms

4-109) The source of electronsin an ordinary electrical circuit
is (a) adry cell, wet cell or battery (b) the back emf of
motors (c) the power station generator (d) the electrical
conductor itself (€) none of these

4-110) The source of electrons lighting an incandescent ac light
bulbis (a) the power company (b) electrical outlet (c)
atomsin the light bulb filament (d) the wire leading to the
lamp (e) the source voltage

4-111) A woman experiences an electrical shock. The
€l ectrons making the shock come from the (a) woman's



body (b) ground (c) power plant (d) hairdryer (€) electric
fieldintheair

4-112) Inacommon dc circuit, electrons move at speeds of (a)
afraction of a centimeter per second (b) many centimeters
per second (c) the speed of asound wave (d) the speed of
light (e) none of these

4-113) When alight switchisturned onin adc circuit, the
average speed of electronsinthelampis (a) the speed of
sound wavesin metal (b) the speed of light (c) 1000 cm/s
(d) lessthan 1 cm/s (€) dependent on how quickly each
el ectron bumpsinto the next electron

4-114) Theelectric power of alamp that carries2 A at 120V is
(a) 1/6 watts (b) 2 watts (c) 60 watts (d) 20 watts (e) 240
watts

4-115) When two lamps are connected in seriesto a battery, the
electrical resistance that the battery sensesis (a) more than
the resistance of either lamp (b) |ess than the resistance of
either lamp (c) none of these

4-116) Modern automobile headlights are connected in (a)
parallel (b) perpendicular (c) series (d) none of these

4-117) A 100 Watt lamp glows brighter than a 25 Watt lamp.
The electrical resistance of the 100 Watt lamp must be (a)
less (b) greater (c) the same

4-118) Inan electric circuit, the safety fuse is connected to the
circuitin (a) series (b) paralel

4-119) When apair of 1 ohm resistors are connected in series,
their combined resistanceis (a) 1 ohm, and when connected
in parallel, 2 ohms (b) 2 ohms, and when in parallel, 1 ohm
(c) /2 ohm, and when in parallel, 2 ohms (d) 2 ohms, and
when in parallel, 1/2 ohm (€) none of these

4-120) A circuit breaker servesthe same purposeas (a) a
switch (b) afuse (c) acapacitor (d) abattery (e€) none of
these

4-121) A capacitor isuseful in (a) boosting the energy output
of acircuit (b) increasing the current in aresistor (c)
smoothing pulsed current (d) switching dcto acinacircuit
(e) increasing or decreasing voltage

4-122) Anelectrical diodeis useful for (@) storing electrical
energy (b) boosting voltage (c) limiting current (d) voltage
modification (e) changing ac to dc

Figure 12A-1

4-123) Inthe 110 volt circuit shown (Fig 22A-1) (a) 110
coulombs of charge flow through the lamp every second (b)
110 joules of energy are converted to heat and light in the

circuit every second (c) 110 joules of energy are given up
by each coulomb of charge making up the current in the
circuit (d) 110 joules of energy are shared among all the
coulombsin the circuit at any instant (e) none of the above

4-124) Inthecircuit of Figure 22A -1 energy isgiven to the
moving charges by (@) the bulb (b) thewires (c) a
generator which is not shown (d) none of these

4-125) A capacitor isused to store (@) charge (b) energy (c)
both (d) neither

4-126) The number of electrons delivered daily to an average
American home by an average power utility in the mid
1980swas (a) zero (b) 110 (c) 220 (d) billions of hillions
(e) none of these

4-127) Two lamps, one with athick filament and one with a
thin filament, are connected in series. The current is greater
in the lamp with the (@) thick filament (b) thin filament (c)
the samein each

4-128) Two lamps, one with athick filament and one with a
thin filament, are connected in parallel to abattery. The
voltage is greatest across the lamp with the (@) thick
filament (b) thin filament (c) both voltages are the same

4-129) Two lamps, one with athick filament and one with a
thin filament of the same material, are connected in parallel
to abattery. Thecurrentislarger in the lamp with the (a)
thick filament (b) thin filament (c) current isthe samein
both

4-130) Two lamps, one with athick filament and one with a
thin filament of the same material, are connected in seriesto
abattery. Thevoltageis greater across the lamp with the
(a) thick filament (b) thin filament (c) voltage is the same
for both

4-131) Asmorelamps are put into a series circuit, the overall
current in the power source (@) increases (b) decreases (c)
staysthe same

4-132) Asmorelampsare put into aparallel circuit, the overall
current in the power source (@) increases (b) decreases (c)
staysthe same

4-133) A circuit is powered with abattery. Charge flows (a)
out of the battery and into the circuit (b) from the negative
battery terminal to the positive terminal (c) after acouple
seconds passes (d) through both the battery and the rest of
the circuit (e) none of these

4-134) When we say an appliance "uses up electricity," we
really are saying that (@) current disappears (b) electric
charges are dissipated (c) the main power supply voltageis
lowered (d) electrons are taken out of the circuit and put
somewhere else (e) electron kinetic energy is changed into
heat

4-135) If you plug an electric toaster rated at 110 V into a 220
V outlet, the current in the toaster will be about half what it



should be (b) the same asif it were plugged into 110V (c)
more than twice what it should be (d) twice what it should
be

4-136) A 60 watt light bulb is connected to a 120 volt plug.
What isthe current in the light bulb? (a) 0.25A (b) 0.5A
(c)2A (d)4A (e) morethan4 A

4-137) What isthe power rating of alight bulb if 0.8 A flow
through it when it is connected to a 120 volt outlet? (a) 12
W (b) 15W (c) 60 W (d) 96 W () 120 W

4-138) Theheadlights, radio, and defroster fan in an
automobile are connected in (a) series (b) parallel

4-139) A 4 ohmresistor isconnected in parallel with a6 ohm
resistor. Thiscombination produces an equivalent resistance
of (a) 2.4 ohms (b) 4 ohms (c) 5 ohms (d) 5.5 ohms (e) 10
ohms

4-140) The power dissipated in a4 ohm resistor carrying 3 A is
(@ 7W (b) 18W (c) 36 W (d) 48 W (e€) not enough
information to say

4-141) A 60 W light bulb and 2100 W light bulb are each rated
at 120 V. Which light bulb has alarger resistance? (a) the
60 W bulb (b) the 100 W bulb (c) both have the same
resistance

4-142) A 60 W light bulb and a 100 W light bulb are each
connected to a120 V outlet. Which light bulb has more
current init? (a) the 60 W bulb (b) the 100 W bulb (c) both
have the same current

4-143) Compared to the filament thickness of a 60 W light
bulb, the filament of 2100 W light bulb will be (a) thinner
(b) thicker (c) the same

4-144) Compared to asingle lamp connected to a battery, two
identical lamps connected in series to the same battery will
have (a) more current (b) less current (c) the same current

4-145) Compared to asingle lamp connected to a battery, two
lamps connected in parallel to the same battery will have (a)
more current (b) less current (c) the same current

4-146) An electric heater israted at 300 W when used ina 110
V circuit. The safety fusein the circuit can handle 15 A of
current. How many heaters can be safely operated in the
circuit? (@) 2 (b) 3 (c) 4 (d) 5 (€) morethan 5

4-147) A heater hasacurrent of 20 A whenusedina 110V
line. If electric power costs 10 cents per kilowatt hour the
cost of running the heater for 10 hoursis (a) $0.22 (b)
$0.55 (c) $2.20 (d) $5.50 (€) none of these

4-148) The current through two identical light bulbs connected
inseriesis0.25 A. Thevoltage across both bulbsis 110 V.
Theresistance of asinglelight bulbis (a) 22 ohms (b) 44
ohms (c) 220 ohms (d) 440 ohms (€) none of these

4-149) A power line with aresistance of 2 ohms has a current
of 80 A init. Thepoweris (a) 40W (b) 160 W (c) 320 W
(d) 12800 W (€) none of these.

4-150) What isthe resistance of a120 W incandescent lamp
connected to a 120 V power supply? (a) 1 ohm (b) 60ohms
(c) 100 ohms. (d) 144 ohms. (e) none of these

4-151) Compared to the amount of electric current in the
filament of alamp, the amount of current in the connecting
wireis (a) definitely less (b) oftenless (c) more (d) the
same (e) incredibly, all of these.

4-152) Connect apair of lampsin series and you have a current
from the connected battery. Connect the same lampsin
parallel and you have (a) the same current (b) more current
(c) less current (d) sometimes more, sometimes less.

Chapter 23 Magnetism

4-153) The source of all magnetismis (a) tiny pieces of iron
(b) tiny domains of aligned atoms (c) ferromagnetic
materials (d) moving electric charge (€) none of these

4-154) Magnetic compasses apparently were first used by (a)
Columbus (b) Greeks (c) Australian aborigines (d) Vikings
(e) pigeons, then Chinese

4-155) Moving electric charges will interact with (a) an
electricfield (b) amagnetic field (c) both of these (d) none
of these

4-156) If asteady magnetic field exerts aforce on amoving
charge, that forceisdirected (a) opposite the motion (b) in
the direction of the motion (c) at right anglesto the
direction of the motion

4-157) If asteady magnetic field exerts aforce on amoving
charge, that forceisdirected (a) inthe direction of the field
(b) opposite the direction of the field (c) at right anglesto
the direction of thefield

4-158) Aniron rod becomes magnetic when (@) positive ions
accumulate at one end and negative ions at the other end (b)
its atoms are aligned having plus charges on one side and
negative charges on the other (c) the net spinsof its
electrons are in the same direction (d) its electrons stop
moving and point in the same direction (€) none of these

4-159) Like kinds of magnetic poles repel while unlike kinds of
magnetic poles (a) attract (b) repel also (c) may attract or
repel

4-160) Several paper clips dangle from the north pole of a
magnet. The induced pole in the bottom of the lower most
paper clipisa (a) north pole (b) south pole (c) north or
south pole - no difference really

4-161) Surrounding every moving electron is (a) amagnetic
field (b) an electric field (c) both of these (d) none of these



4-162) Magnetism isdueto the motion of electronsasthey (a)
move around the nucleus (b) spin on their axes (c) both of
these (d) none of these

4-163) Magnetic domains normally occur in (a) iron (b)
copper (c) silver (d) all of these (€) none of these

4-164) Magnetic field lines about a current-carrying wire (a)
extend radially from the wire (b) circlethewirein closed
loops (c) both of these (d) neither of these

4-165) Theforce on an electron moving in amagnetic field will
bethe largest when itsdirection is (a) the same asthe
magnetic field direction (b) exactly opposite to the magnetic
field direction (c) perpendicular to the magnetic field
direction (d) at an angle other than 90 degrees to the
magnetic field direction (€) none of these

4-166) The magnetic north pole of the earth is nearest (a) the
Hudson Bay region of Canada (b) Australia (c) both of
these

4-167) Which pole of acompass needle pointsto a south pole
of amagnet? (a) north pole (b) south pole (c) both of these

4-168) Compared to the huge force that attracts an iron tack to
astrong magnet, the force that the tack exerts on the magnet
is (a) relatively small (b) equally huge (c) more
information is needed

Below (Fig 23A-1) is shown part of the magnetic field of a
"horseshoe" magnet.

Figure 1340

4-169) An electronis shot from the right, toward a spot just
between the ends of the magnet. The electron (a) is
unaffected by thefield (b) is attracted to one of the poles,
and repelled from the other (c) isrepelled by both poles, and
thereforeisturned back (d) isdeflected into the plane of the
page (e) accelerates straight toward the spot

4-170) If acompassis moved from the northern hemisphereto
the southern hemisphere, its magnetic needle will change
direction (a) by 180 degrees (b) depending on where the
measurement is taken (c) by 90 degrees (d) hardly at al (€)
none of these

4-171) A possible cause for the existence of the earth's
magnetic field is (a) moving chargesin theliquid part of the
earth's core (b) great numbers of very slow moving charges
inthe earth (c) convection currentsin the liquid part of the
earth's core (d) all of these (e) none of these

4-172) Outside a magnet, magnetic field lines are
conventionally drawn from (a) north to south (b) south to
north (c) either way

4-173) Which force field can increase a moving electron's
speed? (@) Electric field (b) Magnetic field (c) Both of
these (d) None of these

4-174) Whichforce field can accelerate an electron, but never
changeits speed? (a) Electric field (b) Magnetic field (c)
Both of these (d) None of these

Chapter 24 Electromagnetic Induction

5-1) When there is a change in the magnetic field in a closed loop
of wire (a) avoltageisinduced inthewire (b) currentis
made to flow in the loop of wire (c) electromagnetic
induction occurs (d) all of these (e) none of these

5-2) Thrust amagnet into a coil of wire and the coil (&) becomes
an electromagnet (b) hasacurrentinit (c) both of these (d)
neither of these

5-3) When amagnet isthrust into a coil of wire, the coil tendsto
(a) attract the magnet as it enters (b) repel the magnet asit
enters (c) both of these (d) neither of these

5-4) Electromagnetic induction occursin a coil when thereisa
changein (@) electric field intensity in the coil (b) magnetic
field intensity in the coil (c) voltage in the coil (d) the coil's
polarity (€) electromagnetic polarity

5-5) Voltage can beinduced in awire by (a) moving the wire
near amagnet (b) moving a magnet near the wire (c)
changing the current in anearby wire (d) all of these (€)
none of these

5-6) A wire moving sidewise in a magnetic field has NO induced
voltage if (a) itismoving inthe direction of the field. (b) it
is moving opposite the direction of thefield (c) it is made of
copper (d) itismoving very fast (e) two of these

5-7) The magnetic field strength inside a current-carrying coil
will be greater if the coil enclosesa (a) vacuum (b) wooden
rod (c) glassrod (d) rod of iron (€) none of these

5-8) If amagnet is pushed into a coil, voltage is induced across
thecoil. If the same magnet is pushed into a coil with twice
the number of loops, (@) one half as much voltage isinduced
(b) the same voltage isinduced (c) twice as much voltageis
induced (d) four times as much voltageisinduced (€) none
of these

5-9) A device that transforms electrical energy to mechanical
energy isa (a) generator (b) motor (c) transformer (d)
magnet (e) none of these

5-10) A device that transforms mechanical energy into
electrical energy isa (@) generator (b) motor (c)
transformer (d) magnet (e) none of these

511) If thevoltage produced by a generator alternates, it does
so because (a) unlike a battery, it produces alternating
current (b) the changing magnetic field that produces it
aternates (c) alterationsin the mechanical energy input (d)



in effect it isan ac motor in reverse (€) the current it
produces alternates

5-12) A principle difference between an MHD generator and a
conventional generator isthat the MHD generator (@) has no
moving parts (b) operates more efficiently at high
temperatures (c) both of these (d) neither of these

513) A transformer actually transforms (a) voltage (b)
magnetic field lines (c) generators into motors (d) non-safe
forms of energy to safe forms of energy (e) all of these

514) Transformers use ac so there will be the required (a)
transfer of energy from coil to coil (b) voltage for
transformation (c) change in magnetic field for operation
(d) change in input current (€) magnetic field intensities

5-15) Compared to the primary voltage, the secondary voltage
may be (a) larger (b) smaller (c) the same (d) the same or
smaller, but not larger (e) larger, smaller, or the same

516) Theoutput power of atransformer is (a) greater than
the input power (b) equal to the input power (c) smaller
than the input power (d) may be any of these

5-17)  Disconnect asmall-voltage battery from a coil of many
loops of wire and alarge voltage is produced by (a) the
large collapse in the magnetic field (b) latent energy in the
battery (c) the resistance of the battery to achangein
polarity (d) electronsalready inthewire (€) the electric
field between the battery terminals

5-18) Power istransmitted at high voltages because the
corresponding current in the wiresis (a) also high to deliver
appreciable power to distant places (b) low so that
overheating of the wiresis minimized (c) both of these (d)
neither of these

5-19) Electric energy can be transmitted from one place to
another without the need for connecting wiresin between.
This statement is (@) true (b) false

5-20) Rapid change of amagnetic field induces (a) a
magnetic field of greater magnitude (b) a magnetic field of
the same magnitude (c) an electric field

5-21) Themetal detectors that people walk through at airports
operatevia (a) Ohm'slaw (b) Faraday'slaw (c) Coulomb's
law (d) Newton'slaws (e€) civil laws

Figure 24A-1
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5-22) A step-up transformer (Fig 24A-1) increases (@) power
(b) energy (c) both of these (d) neither of these

5-23) A certain transformer doublesinput voltage. If the
primary coil has 10 A of current, then the current in the

secondary coil is (8) 2A (b) 5A (c)10A (d)25A (e
none of these

5-24) A step-up transformer has aratio of oneto ten.
Neglecting slight losses, if 100 W of power go into the
primary coil, the power coming from the secondary coil is
(@1W (b) 10W (c) 100 W (d) 1000 W (e) none of these

5-25) Metal detectors, like the ones used at airports, are
activated by (@) electric fields (b) magnetic fields (c)
electromagnetic induction (d) alternating current

5-26) The principal advantage of ac power over dc power is
that (@) less energy isdissipated during transmission (b) ac
voltage oscillates while dc voltage does not (c) ac voltage
can be transformed via conventional transformers (d) ac
circuits multiply power more easily (€) ac circuits are safer

5-27) The major advantage of MHD generators over
conventional generatorsisthat MHD generators (@) do not
use el ectromagnetic induction (b) do not require magnets
(c) require no power input (d) all of these (e) none of these

5-28) Thevoltage acrosstheinput terminals of atransformer
is110V. The primary has 50 loops and the secondary has
25 loops. The voltage the transformer putsoutis (a) 25V
(b)55V (c) 110V (d) 220V (e) none of these

5-29)  Four amperes of current exist in the primary coil of a
transformer. The voltage across the primary coil is110 V.
What is the power output of the secondary coil? (a) 27.5W
(b) 110 W (c) 440 W (d) 880 W (e) not enough
information to say

5-30) Asamotor armature turnsfaster and faster, net current
in the motor windings () increases (b) decreases (c)
remains unchanged

5-31) If the primary of atransformer were connected to adc
source, the transformer would have avoltage output (@) at a
higher efficiency than with an ac source (b) the same (c)
that isalso dc (d) only while being connected or
disconnected (€) none of these

Chapter 25 Properties of Light

5-32) Thefact that light travels at 300 000 km/sisa
consequence of (@) electromagnetic wave propagation (b)
electromagnetic field induction (c) Maxwell'slaws (d)
energy conservation (€) none of these

5-33) Thesource of all electromagnetic wavesis (a) changes
in atomic energy levels (b) vibrating atoms (c) accelerating
electric charges (d) crystalline fluctuations (€) none of
these

5-34)  Which of these electromagnetic waves has the shortest
wavelength? (a) radio waves (b) infrared waves (c) X-rays
(d) ultraviolet waves (€) light waves



5-35) If anelectric chargeis shaken up and down, (@) sound
isemitted (b) light is emitted (c) electron excitation occurs
(d) amagnetic field is created (e) its mass decreases

5-36) Thesource of al electromagnetic wavesis (a) heat (b)
magnetic fields (c) electric fields (d) vibrating charges (€)
none of these

5-37) When ultraviolet light isincident upon glass, atomsin
the glass (@) areforced into vibration (b) resonate (c) pass
the light energy along practically undiminished (d) freely
absorb and re-emit most of the ultraviolet light

5-38) Whenvisiblelight isincident upon clear glass, atomsin
the glass (@) are forced into vibration (b) resonate (c)
convert the light energy into internal energy

5-39) Consider light energy that is momentarily absorbed in
glass and then re-emitted. Compared to the absorbed light,
the frequency of the re-emitted light is (@) considerably less
(b) slightly less (c) the same (d) slightly more (€)
considerably more

540) The speed of light in the void between moleculesin
glassis (a) morethan its speed in avacuum (b) the same as
its speed in avacuum (c) lessthanits speed in avacuum

541) A lunar eclipse occurs when the (a) sun passesinto the
earth's shadow (b) moon passes into the earth's shadow (c)
earth passesinto the sun's shadow (d) earth passesinto the
moon's shadow

542) A solar eclipse occurs when the (@) sun passes into the
earth's shadow (b) moon passes into the earth's shadow (c)
earth passes into the moon's shadow

543) A partia solar eclipse occurs for peoplein the sun's (a)
umbra (b) penumbra (c) none of these

5-44)  While earth is experiencing atotal solar eclipse an
observer on the moon would see (a) earth disappear from
the sky (b) earth dim and turn reddish (c) nothing unusual
(d) atiny dark spot move across the face of earth

5-45) Thesensation of color isseen when light falls on the
eye's (a) rods (b) cones (c) both (d) neither

546) Red-hot and blue-hot stars appear white to the eye
because (a) the eye has difficulty seeing color at night (b)
they aretoo dim to fire the cones (c) they aretoo dimto fire
therods (d) they are overwhelmed by the blackness of the
nighttime sky (e) eye receptivity peaksin the yellow-green
part of the spectrum

5-47) Inthe periphery of our vision, we are (@) more sensitive
to low frequencies than high ones (b) insensitiveto color
and movement (c) sensitive to movement, but cannot see
color (d) sensitive to both movement and color (€) none of
these

5-48) Information-carrying nerves are connected to theretina
at (a) thefovea (b) the blind spot (c) the cornea (d) theiris
(e) the periphery

549) Themain difference between aradio wave and a sound
wave istheir different (a) frequencies (b) wavelengths (c)
energies (d) amplitudes (e) basic natures

5-50) Glassistransparent to wave frequenciesthat (a) match
its natural frequencies (b) are below its natural frequencies
(c) both of these (d) none of these

5-51) Themoon would be at itsfullest just before the time of
a (@) solar eclipse (b) lunar eclipse (c) both of these (d)
none of these

552) What isthe wavelength of an electromagnetic wave that
has afrequency of 3 kilohertz? (a) lessthan 1 km (b) 1km
(c) more than 1 km

553) What isthefrequency of an electromagnetic wave that
has a wavelength of 300,000 km? (a) lessthan 1 Hz (b) 1
Hz (c) morethan 1 Hz

5-54)  Themain difference between the retina of ahuman eye
and that of adogseyeisthe (@) predominance of conesin a
dog'sretina (b) absence of conesin adog'sretina (c) more
intricate optic nerve in ahuman's eye (d) absence of cones
inahuman'seye (e) none of these

5-55)  Things seen by moonlight usually aren't colored because
moonlight (a) doesn't have very many colorsinit (b) istoo
dimto activate theretina's cones (c) photons don't have
enough energy to activate the retina's cones (d) all of these
(e) none of these

5-56) At the sametime an astronaut on the moon sees a solar
eclipse, observers on earth see (a) alunar eclipse (b) asolar
eclipse (c) no eclipse at al

Chapter 26 Color

557) When the frequency of light matches the natural
frequency of moleculesin amaterial, light is (a) absorbed
(b) transmitted (c) reflected (d) none of these

5-58) The brightest color emitted by the sunis (a) red (b)
orange (c) yellow-green (d) green-blue (€) violet

559) The colored dots that make up the color onaTV screen
are () red, blue, yellow (b) red, blue, green (c) yellow,
blue, green (d) magenta, cyan, yellow (€) red, green, yellow

5-60) If three primary colors of light are to shine on awhite
wall to produce awhite spot, the primaries must be (a)
additive (b) subtractive (c) multiplicative (d) divisive

561) Complementary colors are two colorsthat (a) look
good together (b) are additive primary colors (c) are
subtractive primary colors (d) produce white light when
added together (e) areright for each other



562) Thecomplementary color of blueis (a) red (b) green
(¢) yellow (d) cyan (e) magenta

563) Colorsseen on the cover of our physics book result
from color (a) addition (b) subtraction (c) either of these
(d) neither of these

564) A mixture of cyan and yellow pigments appears (a)
orange (b) green (c) magenta (d) blue (e) blackish brown

565) Look at afull-color picture in amagazine with a
magnifying glass and you'll see that the inks used are (a)
red, green, and blue (b) red, green, blue, and black (c)
magenta, cyan, and yellow (d) magenta, cyan, yellow, and
black (e) none of these

566) Thesky is blue because air moleculesin the sky act as
tiny (a) mirrors which reflect only blue light (b) resonators
which scatter bluelight (c) sources of whitelight (d) prisms
(e) none of these

567) A whitish sky is evidence that the atmosphere contains
(a) predominantly small particles (b) predominantly large
particles (c) amixture of particle sizes (d) water vapor (e€)
pollutants

568) Thesky isthe deepest blue (a) just before arainstorm
(b) during arainstorm (c) just after arainstorm (d) when
theair ishumid (e) just before sunset

5-69) Thesunismorelikely to appear red at sunset than in the
middle of the day as aresult of the (a) scattering of lower
frequencies by larger particlesintheair (b) longer path of
air through which sunlight travels (c) lower frequencies of
light emitted late in the day by the sun (d) pollutants emitted
by humansin daylight hours (€) absorption effects of the
smaller particlesin the air

570) A variety of sunset colorsis evidence for avariety of
(a) elementsin the sun (b) apparent atmospheric thicknesses
(c) atmospheric particles (d) atmospheric temperatures (€)
primary colors

571) Thegreenish blue of water is evidence for the (a)
reflection of greenish-bluelight (b) reflection of red light
(c) absorption of greenish-blue light (d) absorption of red
light (e) interaction between green and blue frequencies of
light

5-72) The part of the electromagnetic spectrum most absorbed
by water is (a) infrared (b) lower frequenciesin the visble
(c) middle frequenciesin the visible (d) higher frequencies
inthevisible (e) ultraviolet

5-73) A sheet of red paper will ook black when illuminated
with (a) red light (b) yellow light (c) magentalight (d)
cyan light (e) none of these

574) Thefact that you can get sunburned while in the shade
is evidence that the atmosphere (a) scattersinfrared light
(b) absorbsinfrared light (c) scatters ultraviolet light (d)
absorbs ultraviolet light

575) Distant dark colored hills appear blue because that isthe
color of the (a) atmosphere between the observer and the
hills (b) selectively reflected light that reaches a distant
observer (c) reflected light that survives scattering (d) sky
that isreflected off the hills

5-76) Distant snow covered hills appear yellowish because
that isthe color of the (a) atmosphere between the observer
and the hills (b) selectively reflected light that reaches a
distant observer (c) reflected light that survives scattering
(d) sky that is reflected off the hills

577) Theyellow clothes of a stage performer can be made to
look black if illuminated only by light that is (a) blue (b)
magenta plus cyan (c) both of these (d) none of these

578) Theworst thing you can do for the health of a
green-leafed plant isto illuminate it with only (a) red light
(b) green light (c) bluelight (d) all are equally naughty (€)
none of these

579) If moleculesin the sky scattered orange light instead of
blue light, sunsets would be colored (a) orange (b) yellow
(c) green (d) blue (e) none of these

5-80) On aplanet where atmospheric gases are red, distant
dark colored hillswould look (a) bluish (b) greenish (c)
yellowish (d) reddish (e) untinted

5-81) Onaplanet where atmospheric gases are yellow, distant
snow covered hillswould look (a) bluish (b) greenish (c)
yellowish (d) reddish (e) untinted

5-82) Theredness of the lunar eclipseis evidence for the (a)
refraction of sunsets and sunrises all around the world (b)
infrared light continually emitted by the moon (c) scattering
of lower frequencies of light by the moon (d) faintly
radiating atomsin our own atmosphere when sunlight is not
incident upon them (e) dim light that isincident upon the
moon by Jupiter and other planets

Chapter 27 Reflection and Refraction
a) Reflection

5-83) Lightisemitted when (a) electron clouds of atoms are
forced into oscillation (b) atomic nuclei are madeto vibrate
(c) electromagnetic waves emanate from matter (d) high
frequency sound waves strike matter

5-84) Light will aimost always travel from one place to
another along a path of least (a) distance (b) time (c) effort
(d) expense (e) complication

5-85) Theamount of light reflected from the front surface of a
common windowpane is about (a) 4 percent (b) 8 percent
(c) 40 percent (d) 92 percent (e) 96 percent

5-86) A surfacethat isconsidered rough for infrared waves
may be polished for (@) radio waves (b) light waves (c)
both of these (d) none of these



5-87) If youwalk towardsamirror at a certain speed, the
relative speed between you and your image is (a) half your
speed (b) your speed (c) twice your speed (d) none of these

5-88)  The shortest plane mirror in which you can see your
entireimageis (a) half your height (b) about 3/4 your
height (c) about 1/3 your height (d) equal to your height
(e) dependent on your distance from the mirror

5-89) You wish to photograph the image of your little sister,
who is standing 2 meters from a plane mirror. Holding the
camera beside her head, you should set the distance for (a) 1
meter (b) 2 meters (c) 3 meters (d) 4 meters (e) none of
these

590) Whenyou look at yourself in a pocket mirror, and then
hold the mirror farther away, you see (a) more of yourself
(b) less of yourself (c) the same amount of yourself

591) Itisdifficult to seetheroadway infront of you when
you aredriving on arainy night mainly because (@) light
scatters from raindrops and cuts down the light to reach your
eyes (b) of added condensation on theinner surface of the
windshield (c) the film of water on your windshield
provides an additional reflecting surface (d) the film of
water on the roadway makes the road less diffuse (€) none
of these

592) Standing at the shore of astill lake, the reflected view of
scenery on the far side of the lake is the view you would see
if you were upside down with your eye in the line of sight
(a) whereit presently is (b) at the surface of the water where
the light reflects (c) directly beneath you, as far below water
level asyou are above (d) closeto the distant shore (€)
none of these

593) Theinversion of your image in a plane mirror is actually
aninversion of (a) left and right (b) up and down (c) front
and back (d) all of these

Figure 27A-2

o

‘%—f‘“
594) Reflected light from the moon in alake often appears as
avertical column (Fig 27A-2) when the water is (a)

perfectly still (b) slightly rough (c) very rough - churning
with waves

Chapter 27 Reflection and Refraction
b) Refraction

5-95)  Atmospheric refraction makes the daylight hours a bit
(a) longer (b) shorter (c) longer in summer but shorter in
winter

596) A mirageisaresult of atmospheric (a) reflection (b)
refraction (c) scattering (d) dispersion (€) aberrations

597) Thetwinkling of the starsis aresult of atmospheric (a)
reflection (b) refraction (c) scattering (d) dispersion (€)
aberrations

5-98) Light refracts when traveling from air into glass because
light (&) has greater intensity in air thanin glass (b) has
greater intensity in glassthan in air (c) has greater
frequency in air thanin glass (d) has greater frequency in
glassthaninair (e) travelsslower in glassthanin air

599) A beam of light emerges from water into air at an angle.
The beam ishent (a) towardsthe normal (b) away from the
normal (c) 48 degrees upward (d) 96 degrees upward (€)
not at all

5-100) Refraction causes the bottom of a swimming pool to
appear (a) farther down than it actually is (b) closer to the
surfacethan it actually is (c) neither

5101) Theaverage speed of light isgreatest in (a) red glass
(b) orange glass (c) green glass (d) blueglass (e) isthe
samein all of these

5-102) Rainbows are not usually seen as complete circles
because (a) the ground isusually intheway (b) they are
actually elliptical (c) they have no bottom part (d) raindrops
are not perfectly round (e) rainbows are actually arched
shaped

5-103) A singleraindrop illuminated by sunshine disperses (a)
asingle color (b) either low, middle, or high frequency
colorsin most cases (c) all the colors of the rainbow

5-104) When you view adistant rainbow, you view from each
single water drop that contributes to the bow (@) asingle
color (b) either low, middle, or high frequency colorsin
most cases (c) all the colors of the rainbow

5-105) The secondary rainbow is dimmer than the primary
rainbow because (@) itscolorsareinverted (b) itislarger,
and its energy is spread over more area (c) it is farther from
the viewer (d) it simply has much less energy than the
primary bow (€) of an extrareflection and refraction in the
drops

5-106) Thecritical angleisleast in which of the following? (a)
Glass (b) Water (c) Diamond (d) Vacuum

5-107) Inanoptica fiber, light actually (a) curvesina
direction parallel to the central axis of thefiber (b) travelsin
straight line segments (c) travels along the outer surface of
thefiber (d) al of these, depending on the type of fiber (€)
none of these

5-108) Yourimageinaplane mirroris (a) virtual (b) real (c)
both of these (d) neither of these

5-109) Which of the following can be projected onto a viewing
screen? (@) A rea image (b) A virtual image (c) Both (d)
Neither



5-110) Your vision issharpest when your pupil is (a) dilated
(b) constricted (c) same either way

5-111) Chromatic aberration is a consegquence of different

colorsin alens having different (a) aberrations (b)
frequencies (c) energies (d) critical angles (e) speeds

5-112) Fermat's principle of least time appliesto (a) reflection
(b) refraction (c) both of these (d) neither of these

Flgure 3TH-X

5-113) When seen from an airplane, arainbow sometimes
forms acomplete circle. When this happens, the plane's
shadow is (@) in the center of the rainbow (b) in the lower
part of the rainbow (c) in the upper part of the rainbow (d)
totally outside the rainbow (€) nowhere, for thereisno
shadow

5-114) If afish looks upward at 45 degrees with respect to the
water's surface, it will see (@) the bottomof the pond (b)
another fishin the pond (c) the sky and possibly some hills
(d) only the water's surface (€) none of these

5-115) Thereason diamonds display many colorsisthat (a)
diamonds are extremely hard (b) a diamond reflects much
more light thanit absorbs (c) diamonds are forever (d)
different colors of light undergo different changes of speed
when exiting adiamond (€) none of these

5-116) When white light goes from air into water, the color that
refractsthemost is (a) red (b) orange (c) green (d) violet
(e) al refract the same amount

5-117) If you wish to spear afish with aregular spear, you
should compensate for refraction between the air and water
and throw your spear (@) directly at the sighted fish (b)
above the sighted fish (c) below the sighted fish

A lens can be used to take light emanating from a point source
and bring it back to another point (Fig 27B-4). This second
point is called thefirst point'simage

Figure 1784

Lena

5-118) From what you know about the refraction of various
wavelengths of visible light, would red light and blue light
from the same source produce images at the same place? (a)
Yes (b) No. Bluelight would make an image closer to the
lens (c) No. Red light would make an image closer to the
lens

5-119) If youwishto hitaredfish with ared laser beam, you
should compensate for refraction between the air and water
by aiming your laser (a) directly at the sighted fish (b)
above the sighted fish (c) below the sighted fish

5-120) If you wish to hit ablue fish with ared laser beam, you
should compensate for refraction between the air and water
by aiming your laser (a) directly at the sighted fish (b)
abovethe sighted fish (c) below the sighted fish

5-121) A person who sees more clearly under water without
eyeglasses or afacemask is (a) nearsighted (b) farsighted
(c) neither

5-122) When light isrefracted, thereisachangeinits (a)
frequency (b) wavelength (c) both of these (d) neither of
these

5-123) Themoon'sredness during alunar eclipse results from
(a) only lower frequencies being reflected from the moon
(b) infrared radiation that is normally blocked (c) an optical
illusion (d) refraction by the earth's atmosphere of earth's
sunrises and sunsets (€) none of these

5-124) When apulse of white light isincident on a piece of
glass, thefirst color to emergeis (a) red (b) orange (c)
green (d) violet (e) they all emerge at the sametime

5-125) Magnification from alenswould be greater if light (a)
propagated instantaneously (b) traveled faster in glass than
it does (c) traveled slower in glass than it does (d) beams
spread out more (€) none of these

5-126) When taking a picture of a nearby object, your camera
lens should be moved (a) closer than one focal length from
thefilm (b) farther than one focal length from the film (c)
to onefocal length from the film

Chapter 28 Light Waves

5-127) According to Huygens' principle, every point on awave
(a) isadiffraction source (b) behaves as a source of new
waves (C) isthe superposition of every other part of the
wave (d) all of these (€) none of these

5-128) Diffraction is more pronounced through relatively (a)
small openings (b) large openings (c) same for each

5-129) Waves diffract the most when their wavelength is (a)
short (b) long (c) both diffract the same

5-130) Thetype of radio wavesthat are diffracted the most
around small buildingsare (a) AM (b) FM (c) both diffract

equally

5-131) For viewing tiny objectsin amicroscope, diffractionis
(a) helpful (b) ahindrance (c) not afactor

5-132) Diffractionisaresult of (a) refraction (b) reflection
(c) interference (d) polarization (e) dispersion



5-133) Newton'srings are ademonstration of (a) refraction (b)
reflection (c) dispersion (d) polarization (€) interference

5-134) Iridescent colors seenin the pearly luster of an abalone
shell aredueto (a) refraction (b) diffraction (c) dispersion
(d) polarization (e) interference

5-135) Polarizationisaproperty of (@) transverse waves (b)
longitudinal waves (c) both (d) neither

5-136) Thevibrational direction of the electron and the plane of
polarization of the light it emits (a) are the same (b) are at
right angles to each other (c) may or may not be at right
anglesto each other (d) are independent of each other

5-137) Theglare seen from water islargely (a) horizontally
polarized (b) vertically polarized (c) non-polarized

5-138) The polarization axes of ordinary sunglasses are (a)
vertical (b) horizontal (c) at right angles to each other

5-139) The polarization glassesfor 3-D viewing are (a)
vertical (b) horizontal (c) at right angles to each other

5-140) The function of polarizing filtersin viewing 3-D slides
or moviesisto provide each eye (a) the ability to see
paralax (b) abaanced intensity (c) anindependent left or
right hand view (d) a stereoscopic view (€) with light
polarized at right angles to each other

5-141) A property of non-cubic transparent crystalsisthat light
travels through them (a) in mutually perpendicular
directions (b) without refracting (c) and becomes polarized
in the process (d) at different speeds along different optic
axes (e) none of these

5-142) A property of non-cubic transparent crystalsis that
polarized light that travels through them (a) breaks up into
two perpendicular planes (b) isdepolarized (c) isrotated
(d) slowsin speed (€) none of these

5-143) Aninventor proposes to equip an office with a polarized
source of background music and let those who prefer not to
hear it wear polarizing earplugs. Hisideais (a) agood one -
giving people achoice (b) too expensive (c) too much
bother (d) nonsense - you can't polarize a sound wave

5-144) A hologramissimply a (a) complex diffraction grating
(b) thin sheet of non-cubic transparent crystals (c) pair of
semi -crossed polarization filters (d) thin photographic film
with microscopic images over the entire surface (€) none of
these

5-145) Interference colorsin asoap bubble give evidence that
the soap film (&) has two reflecting surfaces (b) isthin (c)
both of these (d) neither of these

5-146) Interference colorsfor light are analogousto (a)
resonance for sound (b) the sonic boom for sound (c)
partial tonesfor sound (d) Fourier analysisfor sound (€)
beats for sound

5-147) When long wavelength light is seen in the interference
colors of asoap bubble, the wave length being cancelled is
relatively (a) long (b) short (c) neither

5-148) When you view asoap film by white light coming from
almost behind your head, you see a certain color. A friend
on the other side of the film likely sees (@) the same color
(b) adifferent color

5-149) The spacing of Newton's rings will be greater with (a)
red light (b) bluelight (c) white light

5-150) Anideal Polaroid will transmit 50% of nonpolarized
light incident on it. How much light is transmitted by two
ideal Polaroids that are oriented with their axes parallel to
each other? (a) 0% (b) 50% (c) 100% (d) between 0% and
50% (€) between 50% and 100%

5-151) Hologramsemploy the principle of (a) diffraction (b)
interference (c) both of these (d) neither of these

5-152) Magnification can be accomplished with ahologram
when viewed with light that has a (@) longer wavelength
than the original light (b) shorter wavelength than the
original light (c) holograms cannot be magnified

5-153) The spacings between double-slit interference fringesis
increased if the slitsare (a) closer together (b) farther apart
(c) narrower (d)wider (e) none of these

5-154) Light from two closely spaced stars will not produce a
steady interference pattern at the earth's surface because of
(a) incoherence (b) the inherent instability of the
atmosphere (c) their different radial distances (d) their
non-point like natures (e) but closely spaced stars do
produce interference patterns

5-155) To study sound interference, we may use sound from
separate sources. To study light interference, we must use
light (a) from separate sources (b) that has come by
different paths from the same source

5-156) Because of absorption, a Polaroid will actually transmit
40% of nonpolarized light incident on it. Two such
Polaroids with their axes aligned will transmit (a) 16% (b)
24% (c) 30% (d) 32% (e) 40%

Chapter 29 Light Emission

5-157) Reflection occurs when outer electrons of atoms are
shaken in their shells. Glowing occurs when outer electrons
of atoms are shaken (&) at a higher frequency (b) at ahigher
amplitude (c) out of their shellsand in again (d) none of
these

5-158) Electrons with the greater potential energies with
respect to the atomic nucleus are (a) inner electrons (b)
outer electrons (c) both the same

5-159) Lightisemitted when an electron (@) isboosted to a
higher energy level (b) makes atransition to alower energy
level (c) neither of these



5-160) An atom that absorbs a photon of a certain energy can
then emit (a) only aphoton of that energy (b) a photon of
any energy (c) only aphoton of the same or higher energy
(d) only a photon of the same or lower energy

5-161) Theenergy of aphotonisrelated to (a) the energy
given to the atom that emitsit (b) the energy level
difference though which it falls (c) itsfrequency (d) all of
these (e) none of these

5-162) Which color of light carries the most energy per
photon? (@) red (b) green (c) blue (d) violet (€) al the
same

5-163) Thevariety of colors seenin aburning log come from
the variety of (a) multi-layered incandescent surfaces (b)
electron transitionsin various atoms (c) temperatures (d)
chemicalsinthelog (e) absorbing gases between the log
and the viewer

5-164) Discrete spectral lines occur when excitation takes place
ina (a) solid (b) liquid (c) gas (d) superconductor (e) all
of these

5-165) An atom that emits a certain frequency of lightis (a)
not likely to absorb that same frequency (b) an absorber of
the same frequency

5-166) Thedark linesin the sun's spectrum represent light that
is (@) absorbed by the sun's atmosphere (b) emitted by the
sun (c) not emitted by the sun

5-167) Spectral lines take the shape of vertical lines because
(a) thelight isvertically polarized (b) they are simply
images of avertical slit (c) the energy levelsin the atom are
parallel to one another (d) all of these (€) none of these

5-168) Astronomers can tell whether a star is approaching or
receding from earth by (@) itstemperature (b) its changein
temperature (c) its absorption spectra (d) the Doppler effect
(e) al of these

5-169) Inthe process of fluorescence, theinput is high
frequency light and the output is (a) higher frequency light
(b) equally high frequency light (c) lower frequency light

5-170) Thewhite light emitted by a fluorescent lamp is
provided by the (&) mercury vapor in the lamp (b)
phosphors on the inner surface of the lamp (c) high
temperature of the glowing gas (d) filtering effect of the
glasstubing

5-171) Themain visible difference between phosphorescent
and fluorescent materialsis (a) an afterglow (b) a
differencein brightness (c) the greenish color of
phosphorescence

5-172) Light from alaseris (a) monochromatic (b) in phase
(c) coherent (d) all of these (e) none of these

5-173) If the energy levelsin the neon atom were not discrete,
neon signswould glow (a) red (b) white (c) blue

5-174) If light in a spectroscope passed through round holes
instead of dlits, spectral lineswould appear (@) as thicker
lines (b) round (c) dimmer

5-175) Thefact that iron absorption lines occur in the solar
spectrum directly indicates that thereisiron in the solar (a)
atmosphere (b) surface (c) interior

5-176) Theradiation curvefor a"blue hot" object peaksin the
(a) infrared region (b) red region (c) yellow region (d)
ultraviolet region (€) none of these

5-177) A paint pigment that absorbs red light and gives off blue
light (&) isfluorescent (b) isphosphorescent (c)isusedin
lasers (d) ispolarized (e) doesn't exist

5-178) Theabsorption of an infrared photon that excites an
atom to emit agreen photon (@) occursin plants (b) occurs
in the process of phosphorescence (c) violatesthe law of
energy conservation (d) all of these (e) none of these

5-179) The hottest star isthe star that glows (@) red (b) white
(c) blue (d) cannot be determined by color alone

5-180) Comparing the light from a glowing tube of neon gas
with light in the beam of a heliumneon laser, we find the
greater number of spectral linesin light from the (&) neon
gastube (b) laser beam (c) both about the same

5-181) Thered laser beam from a heliumneon laser
corresponds to a spectral line of (@) helium (b) neon (c)
both of these (d) neither of these

5-182) Thespot you seeinthe middie of aTV screen just
switched off isevidence of (a) fluorescence (b)
phosphorescence (c) incandescence (d) all of these (€)
none of these

5-183) Some minerals glow when illuminated with ultraviolet
light. Thisisbecause (a) ultraviolet photonskick atomic
electronsin the mineral into higher energy states (b)
ultraviolet photons have such high energy (c) of selective
reflection (d) of selectivetransmission (€) none of these

5-184) A watch dial that continuesto glow after aweek in the
dark is almost certainly (a) fluorescent (b) phosphorescent
(c) polarized (d) radioactive

5-185) The Doppler effect from the back-and-forth motion of
atoms in aglowing discharge tube tends to make the spectral
linesslightly (a) thicker (b) thinner (c) more nunerous (d)
none of these

5-186) The spectral lines are more distinct when viewed in a
mercury vapor lamp under (a) high pressure (b) low
pressure (c) same for each

5-187) Under very high pressure, the spectrum of a mercury
vapor lamp beginsto look like that from (&) an incandescent



source (b) alaser (c) an ultraviolet source (d) agas other
than mercury (€) a monochromatic source

5-188) Materials can be heated until "red hot". 1f some
material is heated until it is"green hot", then (@) it would
liquefy immediately (b) it would be hotter than "white hot"
(c) its molecules would be vibrating at nearly identical rates
(d) it would be a strong absorber of red light (e) energy
conservation would be violated

5-189) If the radiation curve for an incandescent object peaks
in the green region, the object would appear (@) red (b)
yellow (c) green (d) blue (e) white

Chapter 30 Light Quanta

6-1) Which of the following photons has the greatest energy? (a)
infrared (b) redlight (c) greenlight (d) bluelight (e)
ultraviolet

6-2) The photoelectric effect best demonstratesthe (a) wave
nature of light (b) particle nature of light (c) both of these
(d) none of these

6-3) In the photoel ectric effect, the greater the frequency of the
illuminating light, the greater the (a) number of ejected
electrons (b) maximum velocity of ejected electrons (c)
both of these (d) neither of these

6-4) The ratio of a photon's energy to itsfrequency is (a) its
speed (b) itswavelength (c) itsamplitude (d) Planck's
constant (€) none of these

6-5) Light behaves primarily asawave whenit (a) travelsfrom
one place to another (b) interacts with matter

6-6) Light behaves primarily as a particlewhen it (a) travels
from one place to another (b) interacts with matter

6-7) In the double-dlit experiment with electrons, the electrons
arrive at the screenin a (@) particle-like way with a pattern
that is particle-like (b) particle-like way with a pattern that
iswave-like (c) wave-like way with a pattern that is
particle-like (d) wave-like way with a patternthat is
wave-like

6-8) The uncertainty principle applies not only to momentum and
position, but also to energy and time. This statement is (a)
true (b) false

6-9) According to the uncertainty principle, the more we know
about a particle's momentum, the less we know about its (&)
kinetic energy (b) mass (c) speed (d) location (€) none of
these

6-10) Two beams of light, ared beam and a blue beam, have
the same energy. The beam with the greater number of
photonsisthe (a) red beam (b) blue beam (c) both the
same

6-11) A photosensitive surfaceisilluminated with both blue
and violet light. The light that will cause the most electrons

to be gjected isthe (@) bluelight (b) violet light (c) both
gject the same number (d) not enough information given

6-12) To study the energy of photoelectrons we measure (&)
the potential difference required to stop them (b) the
distance they travel in agiventime (c) thetimethey taketo
go agiven distance (d) their temperature

6-13) When aclean surface of potassium metal is exposed to
blue light, electrons are emitted. If theintensity of the blue
light isincreased, which of the following will also increase?
(a) The number of electrons ejected per second (b) The
maximum kinetic energy of the gjected electrons (c) The
threshold frequency of the gjected electrons (d) Thetimelag
between the absorption of blue light and the start of emission
of the electrons (€) None of these

6-14)  Anelectron and a baseball move at the same speed.
Which has the longer wavelength? (@) the electron (b) the
baseball (c) both have the same wavel ength

6-15) A bullet and a proton have the same momentum. Which
has the longer wavelength? (a) The bullet (b) The proton
(c) Both have the same wavelength

6-16)  According to the uncertainty principle, the more we
know about a particle's position, the less we know about its
(@) speed (b) momentum (c) kinetic energy (d) all of these
(e) none of these

6-17)  According to quantum physics, measuring the velocity
of atiny particle with an electromagnet (a) affectsthe
velocity of the particle (b) has no effect on the vel ocity of
the particle

6-18) Inthe photoelectric effect, electrons ejected from bound
states in the photosensitive material have (a) lesskinetic
energy than the absorbed photon's energy (b) more kinetic
energy than the absorbed photon's energy (c) kinetic energy
equal to the absorbed photon's energy

6-19) Inthe photoelectric effect, doubling the frequency of
incident light will cause the maximum energy of ejected
electronsto (a) double (b) increase, but not double (c)
more than double (d) decrease

6-20)  Which of the following has the longer wavelength? (a)
A low energy electron (b) A high energy electron (c) Both
have the same wavelength

Chapter 31 The Atom and the Quantum

6-21) Quantization of electron energy statesin an atomis
better understood in terms of the electron’'s (a) wave nature
(b) particle nature (c) neither of these

6-22) Anexcited hydrogen atom is capable of emitting
radiation of (a) asinglefrequency (b) 3 frequencies (c)
many more than 3 frequencies

6-23) The Schroedinger equationisrestricted to (&)
submicroscopic particles (b) submicroscopic and



microscopic particles (c¢) macroscopic particles (d) none of
these

6-24)  Which of the following forms an interference pattern
when directed toward two suitably spaced slits? (a) light (b)
sound (c) electrons (d) all of these (e) none of these

6-25) Most alpha particles fired at agold foil passthrough
undeflected because the (@) electric field is zero inside the
gold (b) gold atoms, unlike most other metal atoms, are
relatively far apart (c) atoms of gold, like any others, are
mostly empty space (d) net charge of the gold atomsis zero
(e) none of these

6-26) Some alpha particles fired through agold foil bounce
backward by (a) making direct hits with gold atoms (b)
el ectrostatic repulsion when close to gold nuclei (c)
electrostatic repulsion with the electron clouds of gold atoms
(d) all of these (€) none of these

6-27) Physics pioneers Balmer, Rydberg, and Ritz discovered
in atomic spectra (a) arandomness that opened the door to
the nature of probabilitiesin atomic reality (b) mathematical
order (c) that all atoms are essentially the same size (d) that
electrons occupy well -defined shells about the atomic
nucleus (€) that electrons behave as standing waves

6-28) The Bohr model of the atom isakin to a (&) miniature
solar system (b) blob of plum pudding, where raisins
represent atomic nuclei (c) central heavy ball with lighter
balls connected by springs (d) all of these

6-29) We now consider the Bohr model of the atom to be (a)
an accurate picture of a hydrogen atom (b) totally useless-
of historical interest only (c) defective and oversimplified,
but still useful

6-30) A uranium atom is 238 times as massive as a hydrogen
atom. The diameter of auranium atom isthe diameter of a
hydrogen atom times about (a) 3 (b) 10 (c) 30 (d) 100 (e)
238

6-31) Compared to the average diameter of a hydrogen atom,
the average diameter of ahelium atomis (a) larger (b)
smaller (c) about the same

6-32) A key feature of the theory of chaosis (a)
unpredictability (b) very small initial differences can lead to
very large eventual differences (c) the randomness of
molecular motion makes prediction difficult. (d) even
orderly systems are seen to be disorderly when carefully
studied

6-33)  According to the correspondence principle, anew
theory isvalid if it (&) overlaps and agrees where the old
theory works (b) accounts for confirmed results from the
old theory (c) predictsthe same correct results asthe old
theory (d) all of these (€) none of these

6-34) Compared to the diameter of azirconium atom (A =
40), the diameter of amercury atom (A =80) is

approximately (a) four timesaslarge (b) twice aslarge (c)
the same size (d) one half aslarge (€) one quarter aslarge

6-35) Two photons are emitted as an el ectron de-excites from
the third quantum level to the second, and then to the ground
state. The sum of the frequencies of the two photons equals
the frequency of the single photon that would be emitted if
the de-excitation were from the third to the ground state
directly. Thisisaccordingto (@) energy conservation (b)
the physicist W. Ritz (c) both of these (d) neither of these

6-36) Anexcited atom decaysto its ground state and emitsa
photon of green light. If instead the atom decaysto an
intermediate state, then the light emitted could be (@) red
(b) violet (c) blue (d) any of these (e) none of these

6-37) If atomswere smaller, Planck's constant would be (a)
larger (b) smaller (c) no different in physical size

6-38) A hypothetical atom has four distinct energy states.
Assuming all transitions are possible, how many spectral
lines can this atom produce? (a) s (b) 6 (c) 7 (d) 8 (e)
more than 8

Chapter 32 Atomic Nucleus and Radioactivity

6-39) X-raysaresimilarto (a) apharays (b) betarays (c)
gammarays (d) all of these (e) none of these

6-40)  Which radiation has no electric charge associated with
it? (a) apharays (b) betarays (c) gammarays (d) all of
these (e) none of these

6-41) Thesources of X raysand gammarays, respectively, are
(a) electron clouds and the atomic nucleus (b) the atomic
nucleus and electron clouds (c) both electron clouds (d)
both the atomic nucleus (€) none of these

6-42) A quarkis (@) an elementary particle (b) abuilding
block of nucleons (c) abuilding block of hadrons (d) all of
these (e) none of these

6-43) Deuterium and tritium are both (a) forms of hydrogen
(b) isotopes of the same element (c) both of these (d)
neither of these

6-44) Different isotopes of an element have different numbers
of (a) protons (b) hadrons (c) photons (d) neutrons (e)
none of these

6-45) Electric forces within an atomic nucleustend to (a)
hold it together (b) pushit apart (c) neither of these

6-46) Generally speaking, the larger anucleusis, the greater
its (a) stability (b) instability (c) neither stability nor
instability

6-47) Thehalf-life of aradioactive substanceis
INDEPENDENT of (@) the number (if large enough) of
atoms in the substance (b) whether the substance existsin
an elementary state or in acompound (c) the temperature of
the substance (d) the age of the substance (€) all of these



6-48) The operation of acloud chamber relieson (a)
magnetization (b) evaporation (c) acceleration (d)
polarization (€) condensation

6-49) When abetaparticleis gected from anucleus, the
nucleusthen has agreater (a) mass (b) charge (c) both of
these (d) neither of these

6-50) When agammaray isemitted by a nucleus, the nucleus
then has appreciably less (a) mass (b) charge (c) both of
these (d) neither of these

6-51) Whenagammaray isemitted by anucleus. the nucleus
then hasless (a) energy (b) charge (c) both (d) neither

6-52)  Thefate of the world's uranium supply is to eventually
become (a) alpha and beta particles (b) iron (c) lead

6-53) Pureelements can be transformed into entirely different
elements. This statement at the present timeis (a) true (b)
false

6-54)  All deposits of natural uranium contain appreciable
amounts of (@) iron (b) lead (c) gold (d) all of these (€)
none of these particularly

6-55) Theamount of radiation we personally encounter that
originatesin the earth's and the atmosphere's natural
background is (a) atrace amount (b) about aquarter (c)
about half (d) more than half

6-56) Radioactivity in the world is something (a) relatively
new (b) asold asthe world itself

6-57) Theheliuminachild'sballooniscomposed of (a)
apha particle remnants of previous radioactive processes
(b) former beta particles (c) both of these (d) none of these

6-58)  Which body is heated in itsinterior by nuclear
processes? (@) thesun (b) the earth (c) both (d) neither

6-59) When radium (A = 88) emits an alpha particle, the
resulting nucleus has atomic number (a) 86 (b) 88 (c) 90
(d) 92 (e) none of these

6-60) Whenthorium (A = 90) emits a beta particle, the
resulting nucleus has atomic number (a) 88 (b) 89 (c) 90
(d) 92 (e) none of these

6-61) When anucleus emits a positron, its atomic number (a)
increasesby 1 (b) decreasesby 1 (c) doesn't change

6-62)  When the hydrogen isotope tritium3 emits a beta
particle, it becomes an isotope of (a) hydrogen (b) helium
(c) lithium (d) carbon (€) none of these

6-63) Artificialy induced radioactive elements generally have
(@) long half lives (b) short half lives

6-64)  Which experiences the greatest electrical forcein an
electric field? (a) Alphaparticle (b) Beta particle (c)
Electron (d) Gammaray (e) All experience the same force

6-65) Which experiencesthe least electrical forcein an
electric field? (a) Alphaparticle (b) Beta particle (c)
Electron (d) Gammaray (e) All experience the same force

6-66) If an alpha particle and a beta particle have the same
energy, which particle will penetrate farther into an object?
(a) Alphaparticle (b) Betaparticle (c) They both penetrate
the same distance

6-67) Thehalf lives of elements beyond uranium are too short
for these elements to occur in natural deposits. But elements
below uranium that have equally short half lives do occur in
natural deposits. Thisis becausethey are (a) the small
leftover of huge abundances when the earth formed (b)
subdued and preserved by pressures beneath the earth (c)
bound with longer-living elements (d) the products of
uranium decay

6-68) Anelement emits 1 alphaparticle, 1 positron, and 3 beta
particles. Itsatomic number (@) decreaseshy 2 (b)
decreases by 1 (c) staysthe same (d) increasesby 1 (e)
increases by 2

6-69) Thehalf life of carbon 14 is5730 years. If algram
sample of old carbon is 1/8 as radioactive as 1gram of a
current sample, then the age of the old sampleis about (a)
716 years (b) 11 500 years (c) 17 200 years (d) 22 900
years (€) 46 000 years

6-70) A certain radioactive isotope placed near a Geiger
counter registers 160 counts per second. Eight hourslater,
the counter registers 10 counts per second. What is the half
life of theisotope? (a) 8 hours (b) 6 hours (c) 4 hours (d) 2
hours (e) none of these

6-71) A Geiger counter placed 1 meter from a point source of
radiation registers 100 counts per second. If the Geiger
counter is moved closer - to 0.5 meter from the source, what
will the count rate be? (a) 25 counts/min (b) 50 counts/min
(c) 100 counts/min (d) 200 counts/min (€) 400 counts/min

Chapter 33 Nuclear Fission and Fusion

6-72) Innuclear fission and nuclear fusion reactions, the
amount of mass converted to energy is (a) less than 1% (b)
about 10% (c) about 20 % (d) about 30 % (€) more than
30%

6-73) Compared to the mass of a uranium nucleus before
splitting, the piecesit splitsinto have (@) less mass (b) the
same mass (C) more mass

6-74) A chainreaction grows when the fraction of liberated
neutrons which go on to cause further fissionsis (a) more
than half (b) half (c) lessthan half (d) 99%



6-75) When alump of uranium is broken into smaller pieces,
the total surface area of the lump (a) decreases (b) remains
the same (c) increases

6-76)  Which will leak more neutrons, two separate lumps of
uranium or the same two lumps stuck together? (a) Two
separate lumps (b) The same two lumps stuck together (c)
Both the same

6-77) A sphereof pure U-235 will explodeif itis (a) hot
enough (b) shaken herd enough (c) big enough (d) small
enough

6-78)  The function of graphite in the first atomic reactor was
to (@) absorb fast neutrons (b) slow fast neutrons (c) emit
fast neutrons (d) moderate uranium isotopes (€) none of
these

6-79) Control isexercised in anuclear reactor by (a)
absorbing excess neutrons with control rods (b) emitting
fast neutrons with amoderator (c) both of these (d) none of
these

6-80)  When uranium-238 absorbs a neutron, it (a) fissions
(b) becomes a beta emitter (c) becomes an alpha emitter (d)
emitsaneutrino (e) all of these

6-81) Plutonium ischemically toxic whenitis (a) oxidized
(b) not oxidized (c) oxidized or non-oxidized (d) but
plutonium in any formis not chemically toxic

6-82) Theeffect of putting small amounts of Pu-239 with
U-238 is converting U-238to (a) Th-239 (b) Pa-239 (c)
U-235 (d) Pu-239 (e) Pb-206

6-83) Inabreeder reactor (@) plutonium is converted into
uranium (b) uranium is converted into plutonium (c) both
of these (d) neither of these

6-84) Threeisotopesthat undergo nuclear fission are (@)
Th-239, U-235, Pu-239 (b) Th-238, U-235, Pu-239 (c)
Th-235, U-235, Pu-239 (d) U-233, U-235, Pu-239 (e) none
of these

6-85) A nucleon has more potential energy with respect to a
nucleuswhenit is (a) inside the nucleus (b) outside the
nucleus (c) both the same

6-86) A nucleon has more masswhenitis (a) inside the
nucleus (b) outside the nucleus (c) both the same

6-87) A proton hasthe greatest massin the nucleus of (a)
hydrogen (b) iron (c) lead (d) uranium (e) plutonium

6-88) A nucleon hastheleast massin the nucleus of (a)
hydrogen (b) iron (c) lead (d) uranium (e) plutonium

6-89) Thenucleuswith the most tightly bound nucleonsis (a)
hydrogen (b) iron (c) lead (d) uranium (€) plutonium

6-90) When two light atoms fuse together, mass (@) is
converted to kinetic energy of neutrons (b) is created from
energy (c) remainsthe same (d) is gained

6-91) Between nuclear fission and nuclear fusion, radioactive
by-products are more characteristic of nuclear (a) fission
(b) fusion (c) both of these (d) neither of these

6-92) Inboth fission and fusion, mass (a) is created from
energy of other forms (b) is changed to the form of kinetic
energy (c) remainsthe same

6-93) Detonation of afission type atomic bomb is started by
(a) splitting asmall piece of uranium (b) pressing together
several small pieces of uranium (c) igniting asmall
thermonuclear bomb (d) turning on alaser crossfire (€)
none of these

6-94) Detonation of afusion type hydrogen bomb is started by
(a) splitting asmall piece of uranium (b) pressing together
several small pieces of uranium (c) igniting asmall fission
bomb (d) turning on alaser crossfire (€) none of these

6-95) Theenergy release in both fission and fusion is mainly
in the form of (a) kinetic energy of fragments (b) alpha
radiation (c) betaradiation (d) gammaradiation (€) a
combination of alpha, beta, and gammaradiation

6-96) Present-day research in nuclear fusion uses (a) laser
beams (b) ultra-hot plasmas (c) both of these (d) neither of
these

6-97) Compared to protons, the reason neutrons are effective
nuclear bulletsin nuclear reactionsisthat a neutron has (a)
more mass than aproton (b) more penetrating power than a
proton (c) awider cross section than a proton (d) all of
these (€) none of these

6-98) When U-235 undergoes fission, the two nuclei that
result have atotal of (@) 90 protons (b) 91 protons (c) 92
protons (d) 93 protons (€) 94 protons

6-99) Themassof anucleon isgreatest where its potential
energy is (a) least (b) greatest

6-100) Fissioning helium would yield anet (a) absorption of
energy (b) release of energy (c) neither absorption nor
release of energy

6-101) Fissioning aniron nucleusyieldsanet (a) absorption of
energy (b) release of energy (c) neither absorption nor
release of energy

6-102) Fusingtwoiron nuclei yieldsanet (a) absorption of
energy (b) release of energy (c) neither absorption nor
release of energy

6-103) Fissioning alead nucleusyieldsanet (a) absorption of
energy (b) release of energy (c) neither absorption nor
release of energy



6-104) If gold were used as nuclear fuel, it would be best (a)
fused (b) fissioned (c) either fused or

6-105) If carbon were used as nuclear fuel, it would be best (a)
fused (b) fissioned (c) either fused or fissioned

6-106) If iron were used as nuclear fuel, it would be best (a)
fused (b) fissioned (c) neither fused nor fissioned

6-107) Compared to the energy produced by fissioning asingle
uranium atom, the energy produced by fusing two deuterium
atomsis (a) more (b) less (c) the same

6-108) Compared to the energy produced by fissioning agram
of uranium, the energy produced by fusing a gram of
deuterium is (a) more (b) less (c) the same

6-109) If uranium were split into three equal segments instead
of two, the reaction would be (&) more energetic (b) less
energetic (c) asenergetic (d) not enough informationis
given for areasonable estimate

6-110) Suppose a hydrogen bomb were exploded in a box that
could contain the explosion, but conducted heat to the
outside and radiated it away. Compared to the weight before
the explosion, the weight of the box after it cooled to room
temperature would be (@) more (b) less (c) the same

6-111) Which shape uses the smallest amount of material when
creating a critical mass? (a) cube (b) elongated box (c)
cone (d) sphere (e) none of these

6-112) Which element hasthe smaller critical mass; U-235 that
releases 2.5 neutrons per fission, or Pu-239 that releases 2.7
neutrons per fission? (a) U-235 (b) Pu-239 (c) both would
have the same critical mass

6-113) Compared to a neutron bouncing off a carbon nucleus, a
neutron bouncing off a hydrogen nucleusloses (a) less
speed (b) more speed (c) the same amount of speed

6-114) Could you get rid of plutonium contaminating a soil
sample by bombarding it with neutrons? (a) No (b) Yes, but
you might not like what you got in its place (c) not enough
information isgiven

Chapter 34 Special Theory of Relativity

6-115) The experiments of Michelson and Morley provided
evidence that the speed of light is (a) invariant (b) the same
whether its source approaches or recedes (c) constant (d) all
of these (e) none of these

6-116) The ether theory of light propagationis (&) much used
(b) incomplete, but still useful (c) unexplained (d)
discredited

6-117) According to the special theory of relativity, all laws of
nature are the samein reference frames that (a) accelerate
(b) movein circles (c) move at constant velocity (d)
oscillate (€) none of these

6-118) According to the special theory of relativity, events that
are simultaneousin one frame of reference (a) are
simultaneous in all frames of reference (b) are not
simultaneous in other frames of reference (c) may or may
not be simultaneousin other frames of reference

6-119) Two lightning bolts are seen to strike two distant
locations at the sametime. Seen from adifferent location,
the two lightning bolts (a) will also be seen at the same time
(b) will not be seen at the same time (c) may or may not be
seen at the sametime

6-120) You and afriend share the same space time when there
isno (a) relative velocity between you (b) acceleration for
either of you (c) differencein your rate of heartbeats

6-121) Suppose the time taken for light to bounce to and fro
between the parallel mirrors of alight clock is 1 second, in
the frame of reference of the light clock. As seen by another
observer moving at high speed at right angles to the
to-and-fro motion of the bouncing light, the time taken
would be (a) also 1 second (b) lessthan 1 second (c) more
than 1 second

6-122) The stretching out of time due to motionis called time
(a) stretching (b) dilation (c) contraction (d) warp (€)
expansion

6-123) Compared to clocksin astationary reference frame,
clocksin amoving reference frame run (@) slower (b) faster
(c) at the same speed

6-124) Clocks on aspace ship moving very fast relative to the
earth run slow when viewed from (@) the space ship (b) the
earth (c) both places (d) neither place

6-125) When ablinking light source movesrelative to you, the
speed of thelight (&) changes but its frequency remains
constant (b) remains constant but its frequency can change
(c) staysthe same, as doesits frequency

6-126) When you approach ablinking light source, the
frequency of itsblinking (a) increases (b) decreases (c)
stays the same

6-127) When you recede from ablinking light source, the
frequency of itsblinking (@) increases (b) decreases (c)
staysthe same

6-128) Harry takes a space voyage and returnsto find histwin
sister has aged more than he has. Thisis evidence that they
have been in different (a) frames of reference (b) space-
times (c) realms of time (d) all of these (e) none of these

6-129) According to special relativity, one can travel at
increased rates (a) both forward and backward intime (b)
backward in time (c) only forward in time

6-130) A woman standing on the ground sees arocket ship
move past her at 95 % of the speed of light. Compared to
when the rocket is at rest, the woman measures the rocket's
length as (a) longer (b) shorter (c) the same length



6-131) According to Einstein's theory of special relativity, (a)
space and time are aspects of each other (b) energy and
mass are aspects of each other (c) both of these (d) none of
these

6-132) When an object is pushed to relativistic speeds, its
momentum is (a) greater than mv (b) smaller than mv (c)
equal to mv

6-133) Objects accelerated to relativistic speeds (a) live shorter
(b) grow bigger (c) both of these (d) neither of these

6-134) According to the well known equation, energy equals
mass times the speed of light squared, (a) mass and energy
travel at the speed of light squared (b) energy is actually
mass traveling at the speed of light squared (c) mass and
energy travel at twice the speed of light (d) mass and energy
arerelated (e) none of these

6-135) Relativity equationsfor time, length and momentum
hold true for (a) relativistic speeds (b) everyday low speeds
(c) both of these (d) none of these

6-136) An astronaut traveling at 0.87c holds a meterstick in her
hand, moving forward in spear-like fashion. The astronaut
sees the spear'slength as (a) 0.5m (b) 0.87 m (c) 1 m (d)
1.25m (e) 1.5m

6-137) Suppose you look at the huge clock on the Big Ben
Tower in London and it reads 12 noon. If you could travel
away from the clock at the speed of light and view it with a
telescope, it would (a) run slower than usual (b) run faster
than usual (c) be frozen at 12 noon

6-138) A spaceship that istraveling very fast with respect to
your frame of reference, fires a photon beam that travels at
speed ¢ with respect to the spaceship. Y ou measure the
photon beam's speed to be (a) lessthan ¢ (b) morethan c
(c)equa toc

6-139) Event A occurs before event B in a certain frame of
reference. In another frame of reference, event A could
occur — (a) after event B (b) simultaneous with event B
(c) either of these (d) neither of these

6-140) According to the special theory of relativity, if you
measure your own pulse whiletraveling at very high speeds,
you would notice your pulserateto (a) increase (b)
decrease (c) be the same as usual

6-141) If youwereto travel at speeds closeto the speed of
light, you would notice that your own (@) pulse decreases
(b) shape changes (c) both of these (d) neither of these

6-142) Weare actually looking into the past when we look at
(a) adistant star (b) our physicsbook (c) both of these (d)
none of these

6-143) When you approach ablinking light source whichin
turnis moving towards you, you perceive an increasein (@)
both speed and frequency of thelight (b) speed, but not

frequency of thelight (c) frequency of the light, but not
speed

6-144) When you approach alight source, the wavelength of
light emitted appears (@) longer (b) shorter (c) the same

6-145) Thefrequency of ablinking light source doubles asthe
light source approachesyou. Asthe samelight source
moves away from you at the same speed, itsfrequency (a) is
halved (b) isdoubled (c) staysthe same

6-146) Asablinking light source approachesyou at an
increasing speed (accelerating toward you) the frequency of
theflashes (@) increases (b) decreases (c) staysthe same

6-147) Insomereference framein the universe, you, right now,
aretraveling at speeds close to the speed of light (a) True
(b) False

6-148) To outside observers, the overall sizes of objects
traveling at relativistic speeds are (a) larger (b) smaller (c)
thesame size

6-149) Consider aplanet at rest and a spaceship that whizzes
past the planet at high speed. An observer on the planet sees
acontracted spaceship, while an observer on the spaceship
sees (a) acontracted planet (b) an expanded planet (c) a
normal planet (d) could be contracted or expanded
depending on the direction of travel

6-150) Supposeyou and your sister travel in spacein such a
way that you notice a slowing of time for your sister. Your
sister will notice that your timeruns (a) faster than hers (b)
slower than hers (c) the same as hers (d) not enough
information given

6-151) Compared to standard earth time, thereis a physical
slowing of your time when you travel at (a) relativistic
speeds (b) everyday low speeds (c) both of these (d) none
of these

6-152) According to relativity theory, if aspace trip finds a son
or daughter biologically older than his or her parents, then
the space trip istaken by the (a) son or daughter (b) parents
(c) either (d) neither, it can't be done

6-153) Thelength of a meterstick projected like a spear at
0.87cisseen by aperson at rest to be (a) 0.5m (b) 0.87 m
(©01lm (d)125m (¢) 1.5m

6-154) Electronsfiredinyour TV tube travel at about 0.25
times the speed of light, with momentum greater than their
mass times 0.25c. Strictly speaking, this (@) increases your
electric bill (b) does not increase your electric bill

6-155) Suppose two space ships approach each other at the
speed of light, and each sends abeam of light to warn the
other of its approach. From the frame of reference of either
space ship, thelight will reach the ships (a) before they
collide (b) asthey collide (c) after they collide



6-156) If you usetherelativistic velocity-addition formulato
add everyday velocities, you will get (&) nonsense (b) a
significantly better result than if you add them classically
(c) aresult ailmost identical to the classical result

6-157) A heavy meter stick has amass of 1 kg. When the
meter stick isthrown like a spear past you, you measure its
momentum to be 2mv. What do you measure its length to
be? (@) 1m (b) 0.87 m (c) 0.5m (d) 0.25 m (e) none of
these

6-158) Radioactive muons formed high in the atmosphere have
an average lifetime of 2 millionths of a second and travel
toward earth at nearly the speed of light. They are so high
they should have decayed by the time they reach the earth's
surface, according to pre-relativity physics. They don't
because they (@) livelonger dueto timedilation (b) travel a
shorter distance due to length contraction (c) either of these
(d) neither of these

6-159) Thereisan upper limit onthe speed of aparticle. This
means there is also an upper limit onits (a) momentum (b)
kinetic energy (c) both of these (d) neither of these

6-160) Suppose ablinking light source uniformly accelerates
away from you. Asthe source gets farther and farther away,
you'll notice that the frequency of the flashes (a) increases
(b) decreases (c) neither increases nor decreases

6-161) A 10 meter long spear isthrown at relativistic speeds
through a 10 meter-long pipe. (Both these dimensions are
measured when eachis at rest.) When the spear passes
through the pipe, which of the following statementsis true?
(a) the spear shrinks so the pipe completely coversit (b) the
pipe shrinks so the spear extends from both ends (c) both
shrink equally so the pipe barely coversthe spear (d) any of
these, depending on the motion of the observer (moving
with the spear, at rest with the pipe, etc.) (€) none of these

6-162) Consider a spaceship that moves away from you at half
the speed of light. It fires aprobe, also away from you, at
half the speed of light relative to the spaceship. Relativeto
you, the probe moves at (a) 80% c (b) 87% c (c) 90% c (d)
95% ¢ (e) 100% ¢

6-163) Consider a spaceship that movestoward you at half the
speed of light. It fires aprobe toward you, relative to itself,
at 0.7 the speed of light. Relativeto you, the probe
approaches at about (a) 70% c (b) 87% c (c) 90% c (d)
92% c (€) 96% c

6-164) If a1l microgram antimatter meteor were to strike the
earth, the amount of energy of forms other than massthat
would be produced would be (@) 18 joules (b) 18 thousand
joules (c) 18 million joules (d) 18 billion joules (g) 180
billion joules

Chapter 35 General Theory of Relativity
6-165) Compared to special relativity, general relativity is more

concerned with (@) acceleration (b) gravitation (c)
space-time geometry (d) all of these (e) none of these

6-166) Important support for General Relativity came from
studies of the precession of the orbit of (a) Mercury (b)
Venus (c) theearth (d) Mars (e) Asteroids

6-167) Suppose at the surface of the earth a person can do 20
pushups. In aspaceship far away from any gravitational
influence, accelerating at g, the same person could do (a)
less than 20 pushups (b) 20 pushups (c) more than 20
pushups

6-168) Fireacannonball from a cannon and it curves due to
gravity. Shinealight from aflashlight and it (&) curves per
second the same as the cannonball (b) follows a straight-line
path with no curvature at al (c) curves half as much asthe
cannonball (d) curves slightly, but not as much per second
as the cannonbal

6-169) According to the principle of equivalence, observations
made in a Newtonian gravitational field are indistinguishable
from observations made in (a) any other gravitational field
(b) an Einsteinian gravitational field (c) any uniformly
moving reference frame (d) all of these (€) none of these

6-170) From ageneral relativistic point of view, a person on
the ground floor of a skyscraper ages (@) faster than a
person on the top floor (b) slower than a person on the top
floor (c) at the same speed as a person on the top floor

6-171) A strong gravitational field (a) slowsaclock (b)
speeds up aclock (c) does not affect a clock

6-172) Specia Relativity would predict slow running, and
General Relativity would predict fast running, of aclock at
the top of atower at the (@) south pole (b) north pole (c)
equator (d) none of these

6-173) Only General Relativity would predict "unusua”
running of aclock at the top of atower at (a) the south pole
(b) the Tropic of Capricorn (c) the equator

6-174) A measuring stick on arapidly rotating disk will not
appear to shrink if it isoriented along the (a) circumference
(b) radius (c) either of these (d) neither of these

6-175) The measured ratio of circumference to diameter on a
disk ispi whenthedisk is (a) moving at relativistic speeds
(b) rapidly rotating (c) at rest (d) al of these (€) none of
these

6-176) Thetwo-dimensional surface of the earth is ()
positively curved (b) negatively curved (c) both of these
(d) none of these

6-177) Conpared to Newton's theory of gravitation, Einstein's
theory (a) is an exception to the correspondence principle
(b) obeys the correspondence principle (c) neither of these

6-178) Inaoneg gravitational field, in one second, alight
beam will curve beneath a perfectly straight line by (a) less
than 4.9 m (b) 49 m (c) morethan 4.9 m



6-179) Atthetop of very tall skyscraper, a sensitive watch will
appear torun (a) slow (b) fast (c) thesameasat 1g

6-180) Compared to awatch at the earth's poles, awatch at the
earth's equator should run (a) atiny bit slower (b) atiny bit
faster (c) at the same speed

6-181) If astar that is 10 light years away from earth explodes,
gravitational waves from the explosion will reach the earth
in (a) lessthan 10 years (b) more than 10 years (c) 10
years

6-182) At the bottom of awell deep enough so that the
acceleration due to gravity islessthan 1 g, awatch will run
(a) slow (b) fast (c) thesameasatlg

6-183) If astar 1001ight years away explodes, time for the
gravitational wavesto reach the earth is 100 years as
measured from (@) any uniformly moving reference frame
(b) any accelerating reference frame (c) any reference
frame, accelerated or not (d) the reference frame of the
waves (e) the earth

6-184) A clock on the surface of ashrinking star will run
progressively (@) slower (b) faster (c) no difference

6-185) Light bendswhenit (@) passesamassive star (b)
passes through a gravitational field (c) both of these (d)
neither of these

6-186) The quantity that undergoes ared shiftis (a) wave
frequency (b) wavelength (c) both of these (d) neither of
these

6-187) The quantity that shiftsin agravitational red shift is (a)
wave frequency (b) wavedirection (c) field intensity (d)
space-time curvature (€) none of these

6-188) The orbit of Mercury processes because (a) Mercury
movesin the gravitational field of the other planets (b)
Mercury travels faster than any other planet (c) Mercury is
closest to the sun (d) the sun's gravitational field varies
along Mercury's orbit (€) none of these

6-189) Einstein'stheory of gravitation obeysthe
correspondence principle because it (a) correspondsto truer
description of eventsin very large gravitational fields (b)
agrees with proven results of Newton's theory (c) has been
proven in repeated experiments (d) isaspecial case of
Newton'stheory (€) none of these

6-190) According to the principle of equivalence, (a) massand
energy are two forms of the samething (b) space and time
are two forms of the samething (c) electricity and
magnetism are two forms of the same thing (d) observations
made in an accelerating reference frame are
indistinguishable from those made in a gravitational field
(e) all of these

6-191) According to relativity theory, it is possible to reverse
time and grow younger when you (@) are near a black hole
(b) are near avery large gravitational field (c) travel at

nearly the speed of light (d) you can never grow younger
(e) none of these

6-192) If the orbit of Mercury were perfectly circular, itsrate of
precession would be (a) larger (b) smaller (c) the same (d)
zero

6-193) If the elliptical orbit of Mercury were more eccentric, its
precession rate would be (a) larger (b) smaller (c) the same
(d) nonexistent

6-194) From arelativistic point of view, light (a) aways
travelsin straight lines (b) sometimestravelsin straight
lines (c) never travelsin straight lines

6-195) An astronaut falling into ablack hole would see the
universe (a) red shifted (b) blue shifted

6-196) If the sun collapsed to ablack hole, the time required for
the earth to orbit the collapsed sun would (@) increase (b)
decrease (c) stay the same



