AP physics C – Fall Extra Credit Test
Planet Holloway Physics						Part I (#1-15)
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Part II (#1- 11)
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A bird flying in a straight line, initially at 10 m/s, uniformly increases its speed to 18 m/s while
covering a distance of 40 m. What is the magnitude of the acceleration of the bird?

(a) 0.1 m/s?

(b) 0.2 m/s?

(¢) 2.0 m/s?

(d) 2.8 m/s?

(e) 5.6 m/s?

. A cockroach is crawling along the walls inside a cubical room that has an edge length of 3 m. If the

cockroach starts from the back lower left hand corner of the cube and finishes at the front upper
right hand corner, what is the magnitude of the displacement of the cockroach?

(a) 3v/2m
(b) 32 m
(¢) 3V3m
(d) 3m
() 9m

. The position vs. time graph for an object moving in a straight line is shown below. What is the

instantaneous velocity at t = 2 s?

4 -
E 24
.§ Time (s)
-Qg; 0 T 1
1 2\3
24
(a) —2m/s
(b) A—é—m/s
(c) 0m/s
(d) 2m/s

(e) 4m/s
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The information below is for the next two problems

Shown below is the velocity vs. time graph for a toy car moving along a straight line.

4

Time (s)

Velocity (m/s)

4. What is the maximum displacement from start for the toy car?

(a) 3m
(b) 5m
(c) 6.5m
(d) Tm
(e) 7.5m

5. Which of the following acceleration vs. time graphs most closely represents the acceleration of the
toy car?
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6. A cannon fires projectiles on a flat range at a fixed speed but with variable angle. The maximum
range of the cannon is L. What is the range of the cannon when it fives at an angle & above the
horizontal? Ignore air resistance.

(@) BL
(®) SL
© &L
@ 4L

(@) 3z

7. A toboggan sled is traveling at 2.0 m/s across the snow. The sled and its riders have a combined
mass of 120 kg. Another child (mana = 40 kg) headed in the opposite direction jumps on the sled
from the front. She has a speed of 5.0 m/s immediately before she lands on the sled. What is the
new speed of the sled? Neglect any effects of friction.

(a) 0.25m/s
(b) 0.33m/s
(¢) 275 m/s
(d) 3.04m/s
(e) 3.67m/s

8. Riders in a carnival ride stand with their backs against the wall of a circular room of diameter
8.0 m. The room is spinning horizontally about an axis through its center at a rate of 45 rev/min
when the floor drops so that it no longer provides any support for the riders. What is the minimum
coefficient of static friction between the wall and the rider required so that the rider does not slide
down the wall?

(a) 0.0012
(b) 0.056
(c) 0.11
(d) 0.53
(e) 89
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9. A ball of mass m; travels along the z-axis in the positive direction with an initial speed of vg. It
collides with a ball of mass my that is originally at rest. After the collision, the ball of mass m;y
has velocity i 4 v1yfj and the ball of mass my has velocity va, + vgy§.

Consider the following five statements:

I)  0=miviz +miv
1) mivy = M1y + Mmavay
III) 0= myvyy + mavzy
IV)  myvg = myv1e +myvyy
V) mywg = myvig + Moty
Of these five statements, the system must satisfy
(a) Tand IT
(b) IIT and V
" (c) Mand V
(d) IIT and IV
(e) Tand III

The following information applies to the next two problems

An experiment consists of pulling a heavy wooden block across a level surface with a spring force
meter. The constant force for each try is recorded, as is the acceleration of the block. The data
are shown below.

Force F' in Newtons ‘ 3.05 345 405 445 505
acceleration ¢ in meters/second” | 0.095 0205 0295 0.405 0.495

10. Which is the best value for the mass of the block?

(a) 3kg
(b) 5kg
(c) 10kg
{d) 20 kg
(e) 30 kg

11. Which is the best value for the coefficient of friction between the block and the surface?

(a) 0.05
(b) 0.07
(c) 0.09
(d) 0.5
(e} 0.6
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1. A 0.3 kg apple falls from rest through a height of 40 cm onto a flat surface. Upon impact, the apple comes
to rest in 0.1 s, and 4 cm? of the apple comes into contact with the surface during the impact. What is the
average pressure exerted on the apple during the impact? Ignore air resistance.

(A) 67,000 Pa
(B) 21,000 Pa
(C) 6,700 Pa
(D) 210 Pa
(E) 67 Pa
The following information is used for questions 2 and 3.

Three blocks of identical mass are placed on a frictionless table as shown. The center block is at rest, whereas
the other two blocks are moving directly towards it at identical speeds v. The center block s initially closer
to the left block than the right one. All motion takes place along a single horizontal line.

2. Suppose that all collisions are instantaneous and perfectly clastic. After a long time, which of the following
s true?
(A) The center block is moving to the left.
(B) The center block is moving to the right.
(C) The center block is at rest somewhere to the left of its initial position.
(D) The center block is at rest at its initial position.
(E) The center block is at rest somewhere to the right of its initial position.
3. Suppose, instead, that all collisions are instantaneous and perfectly inelastic. After a long time, which of
the following is true?
(A) The center block is moving to the left.
(B) The center block is moving to the right.
(C) The center block is at rest somewhere to the left of its initial position.
(D) The center block is at rest at its initial position.
(E) The center block is at rest somewhere to the right of its initial position.

4. A spaceman of mass 80 kg is sitting in a spacecraft near the surface of the Earth. The spacecraft is
accelerating upward at five times the acceleration due to gravity. What is the force of the spaceman on the
spacecraft?

(A) 4800 N
(B) 4000 N
(C) 3200 N
(D) 800 N
(E) 400 N
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5. Three equal mass satellites 4, B, and C are in coplanar orbits around a planet as shown in the figure. The
‘magnitudes of the angular momenta of the satellites as measured about the planet are L, L, and Lc.
Which of the following statements is correct?

(A) La>Lp > Le
(B) Lc>Lp>La
(C) Lp>Lc>La
(D) Lp>La>Le
(E) The relationship between the magnitudes is different at various instants in time.

6. An object is thrown with a fixed initial speed vo at various angles o relative to the horizon. At some constant
height h above the launch point the speed v of the object is measured as a function of the initial angle a.
Which of the following best describes the dependence of v on a? (Assume that the height h is achieved, and
assume that there is no air resistance.)

(A) v will increase monotonically with a.

(B) v will increase to some critical value tmax and then decrease.
(C) v will remain constant, independent of a.

(D) v will decrease to some critical value vy, and then increase.
(E) None of the above.

7. A bird is flying in a straight line initially at 10 m/s. It uniformly increases its speed to 15 m/s while covering

a distance of 25 m. What is the magnitude of the acceleration of the bird?
(A) 5.0m/s?
(B) 2.5 m/s?
(C) 2.0m/s?
(D) 0.5 m/s?
(E) 0.2 m/s?
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The following information is used for questions 8 and 9.
A flat disk rotates about an axis perpendicular to the plane of the disk and through the center of the disk
with an angular velocity as shown in the graph below.
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8. Determine the angular acceleration of the disk when ¢ = 2.0s.
(A) -12 rad/s2.
(B) -8 rad/s2.
(C) -4 rad/s2.
(D) -2 rad/s2.
(E) 0 rad/s?.
9. Through what net angle does the disk turn during the 3 seconds?

(A) 9 rad.
(B) 8 rad.
(C) 6 rad.
(D) 4 rad.
(E) 3 rad.

10. A person standing on the edge of a fire escape simultaneously launches two apples, one straight up with a
speed of 7 m/s and the other straight down at the same speed. How far apart are the two apples 2 seconds
after they were thrown, assuming that neither has hit the ground?

(A) 14m
(B) 20m
(C) 28m
(D) 34m
(E) 56 m
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11. A 2.25kg mass undergoes an acceleration as shown below. How much work is done on the mass?

12.

13.

Acceleration (m/s/s)

|
s

(A) 367
(B) 225
© 53

(D) -17J
(E) -36J

Batman, who has a mass of M = 100 kg, climbs to the roof of a 30 m building and then lowers one end of
a massless rope to his sidekick Robin. Batman then pulls Robin, who has a mass of m = 75 kg, up the roof
of the building. Approximately how much total work has Batman done after Robin is on the roof?

(A) 60J

(B) 7x10°J

(C) 5x10%J

(D) 600 J

(E) 3x10*J

Lucy (mass 33.1 kg), Henry (mass 63.7 kg), and Mary (mass 24.3 kg) sit on a lightweight seesaw at evenly
spaced 2.74 m intervals (in the order in which they are listed; Henry is between Lucy and Mary) so that the
seesaw balances. Who exerts the most torque (in terms of magnitude) on the seesaw? Ignore the mass of
the seesaw.

(A) Henry

(B) Lucy

(C) Mary

(D) They all exert the same torque.

(E) There is not enough information to answer the question.
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14. A wooden block (mass M) is hung from a peg by a massless rope. A speeding bullet (with mass m and
initial speed vo) collides with the block at time ¢ = 0 and embeds in it. Let § be the system consisting of
the block and bullet. Which quantities are conserved between ¢ = —10 s and ¢ = +10 s?

(A) The total lincar momentum of S.

(B) The horizontal component of the linear momentum of S.

(C) The mechanical energy of S.

(D) The angular momentum of § as measured about a perpendicular axis through the peg.

(E) None of the above are conserved.

15. A 22.0 kg suitcase is dragged in a straight line at a constant speed of 1.10 m/s across a level airport floor
by a student on the way to the 40th IPhO in Merida, Mexico. The individual pulls with a 1.00 x 102 N
force along a handle with makes an upward angle of 30.0 degrees with respect to the horizontal. What is
the coefficient of kinetic friction between the suitcase and the floor?

(A) pr=0.013
(B) px =0.394
(C) px = 0.509
(D) px = 0.866

(E) px = 1.055
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Questions 1 to 3 refer to the figure below which shows a representation of the motion of a squirrel
as it runs in a straight-line along a telephone wire. The letters A through E refer to the indicated
times.

time

A B C D E

1. If the graph is a graph of POSITION vs. TIME, then the squirrel has the greatest speed at what time(s) or during
what time interval(s)?
(A) From A to B
(B) From B to C only
(C) From B to D
(D) From C to D only
(E) From D to E

2. If, instead, the graph is a graph of VELOCITY vs. TIME, then the squirrel has the greatest speed at what time(s)
or during what time interval(s)?
(A) at B
(B) at C
(C) atD
(D) at both B and D
(E) From Cto D

3. If, instead, the graph is a graph of ACCELERATION vs. TIME and the squirrel starts from rest, then the squirrel
has the greatest speed at what time(s) or during what time interval?

(A) at B

(B) at C

(©) at D

(D) at both B and D
(E) From Cto D

4. Two teams of movers are lowering a piano from the window of a 10 floor apartment building. The rope breaks
when the piano is 30 meters above the ground. The movers on the ground, alerted by the shouts of the movers
above, first notice the piano when it is 14 meters above the ground. How long do they have to get out of the way
before the piano hits the ground?

(A) 0.66 sec
(B) 0.78 sec
(C) 1.67 sec
(D) 1.79 sec
(E) 2.45 sec
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5. Two projectiles are launched from a 35 meter ledge as shown in the diagram. One is launched from a 37 degree
angle above the horizontal and the other is launched from 37 degrees below the horizontal. Both of the launches
are given the same initial speed of vy = 50 m/s.

The difference in the times of flight for these two projectiles, ¢ — 2, is closest to
(A) 3s
®)5s
© 6s
(D) 8
(E) 10

6. A projectile is launched across fiat ground at an angle 0 to the horizontal and travels in the absence of air resistance.
It rises to a maximum height H and lands a horizontal distance R away. What is the ratio H/R?
(A) tanf
(B) 2tanf
© o
(D) }tan6
(E) §tan6

7. Harry Potter is sitting 2.0 meters from the center of a merry-go-round when Draco Malfoy casts a spell that glues
Harry in place and then makes the merry-go-round start spinning on its axis. Harry has a mass of 50.0 kg and can
withstand 5.0 g's of acceleration before passing out. What is the magnitude of Harry’s angular momentum when

he passes out?
(A) 200 kgm?/s
(B) 330 kg-m?/s
(C) 660 kg-m?/s
(D) 1000 kg-m2/s
(E) 2200 kg'm2/s

8. A car attempts to accelerate up a hill at an angle 0 to the horizontal. The coefficient of static friction between the
tires and the hill is 4 > tan0. What is the maximum acceleration the car can achieve (in the direction upwards
along the hill)? Neglect the rotational inertia of the wheels.

(A) gtand

(B) g(ucosd — sin6)
(C) g(u—sinf)

(D) gpcost

(E) g(usin0 — cos6)
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9. A point object of mass M hangs from the ceiling of a car from a massless string of length L. It is observed to make
an angle § from the vertical as the car accelerates uniformly from rest. Find the acceleration of the car in terms of

0, M, L, and g.
L

(A) Mgsing
(B) MgLtan8
(C) gtand
(D) geotd
(E) Mgtang

10. A block of mass m; is on top of a block of mass m;. The lower block is on a horizontal surface, and a rope can
pull horizontally on the lower block. The coefficient of kinetic friction for all surfaces is 4. What is the resulting
acceleration of the lower block if a force F is applied to the rope? Assume that F is sufficiently large so that the
top block slips on the lower block.

(T ——

(A) az = (F — pg(2m, +m2))/m
(B) az = (F — pg(ma + my))/m
(C) az = (F — pg(ma + 2my)) /mz
(D) az = (F + pg(my + ma))/me
(B) az = (F — pg(my —my))/my

11. The three masses shown in the accompanying diagram are equal. The pulleys are small, the string is lightweight,

and friction is negligible. Assuming the system is in equilibrium, what is the ratio a/b? The figure is not drawn to
scalel

(4) 1/2
(B)1
(©) V3
(D) 2
(B) 2v3
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12. A ball with mass m projected horizontally off the end of a table with an initial kinetic energy K. At a time t after
it leaves the end of the table it has kinetic energy 3K. What is 7 Neglect air resistance.

(&) (3/9)y/K/m
(B) (2/9)VE/m
(C) (1/9)/BK/m
(D) (K/g)V/6/m
(B) (2K/g)/1/m

13. A ball of mass M and radius R has a moment of inertia of I = 2MR2. The ball is released from rest and rolls
down the ramp with no frictional loss of energy. The ball is projected vertically upward off a ramp as shown in
the diagram, reaching a maximum height yuax above the point where it leaves the ramp. Determine the maximum
height of the projectile Ymax in terms of h.

(A) h

(B) h

©) 2n

(D) $h

() b

14. A 5.0 kg block with a speed of 8.0 m/s travels 2.0 m along a horizontal surface where it makes a head-on, perfectly

elastic collision with a 15.0 kg block which is at rest. The coefficient of kinetic friction between both blocks and
the surface is 0.35. How far does the 15.0 kg block travel before coming to rest?

(A) 0.76 m

(B) 1.79m

(C) 229m

(D) 3.04m

(E) 9.14m
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The following figure is used for questions 15 and 16.

mooy

[

A small block of mass m is moving on a horizontal table surface at initial speed vy. It then moves smoothly onto
a sloped big block of mass M. The big block can also move on the table surface. Assume that everything moves
without friction.

15. A small block moving with initial speed v, moves smoothly onto a sloped big block of mass M. After the small
block reaches the height h on the slope, it slides down. Find the height h.

(A h=%
®) h=5a
© b=t
(0) b=
® h=1%

g

16. Following the previous set up, find the speed v of the small block after it leaves the slope.
(A) v=uo
(B) v= w0
(C) v= v
(D) v=M=my,

(B) v= 1=
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1. An object moves in two dimensions according to
7(t) = (4.0 —=9.0)i + (2.0t —5.0) ],
where 7 is in meters and ¢ in seconds. When does the object cross the x-axis?

(@) 0.0s
(b) 04s
(c) 0.6s
@d15s
() 25s

2. The graph shows velocity as a
function of time for a car. What
was the acceleration at time = 90
seconds?

Velocity (mvs)
E

(a) 0.22 m/s’ 1
(b) 0.33 m/s’

(c) 1.0 m/s? 0
(d) 9.8 m/s’ 0 30 60 90 120 150 180 Time (s)

(e) 30 m/s”

3. The coordinate of an object is given as a function of time by x = 8¢ - 3/, where x is in
meters and ¢ is in seconds. Its average velocity over the interval from¢=1to ¢ =2sis

(a) -2m/s
(b) -1 m/s
(c) -0.5m/s
(d) 0.5m/s
(e) 1m/s

4. An object is released from rest and falls a distance 4 during the first second of time.
How far will it fall during the next second of time?

@) h

(®) 2k
(c) 3h
(d) 4h
O
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5. A crate of toys remains at rest on a sleigh as the sleigh is pulled up a hill with an

increasing speed. The crate is not fastened down to the sleigh. What force is responsible
for the crate’s increase in speed up the hill?

(a) the force of static friction of the sleigh on the crate

(b) the contact force (normal force) of the ground on the sleigh
(¢) the contact force (normal force) of the sleigh on the crate
(d) the gravitational force acting on the sleigh

(e) no force is needed

. At time ¢ = 0 a drag racer starts from rest at the origin and moves along a straight line
with velocity given by v = 5, where v is in m/s and ¢ in s. The expression for the
displacement of the car from 7 =0 to time 7 is

(a) 57

(b) 57°/3
(©) 10¢
(d) 15¢
(e) 5t/2

. The chemical potential energy stored in a battery is converted into kinetic energy in a toy
car that increases its speed first from 0 mph to 2 mph and then from 2 mph up to 4 mph.
Ignore the energy transferred to thermal energy due to friction and air resistance.
Compared to the energy required to go from 0 to 2 mph, the energy required to go from 2
to 4 mph is

(a) half the amount.

(b) the same amount.

(c) twice the amount.

(d) three times the amount.
(e) four times the amount.

. When two stars are very far apart their gravitational potential energy is zero; when they
are separated by a distance d the gravitational potential energy of the system is U. 1f

the stars are separated by a distance 2d the gravitational potential energy of the system
is

(a) U4
(b) U2
(ORY

(d) 2U
(e) 4U

O
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9. A large wedge rests on a horizontal
frictionless surface. as shown. A block
starts from rest and slides down the
inclined surface of the wedge. which is
rough. During the motion of the block, the

center of mass of the block and wedge

(a) does not move

(b) moves horizontally with constant speed
(c) moves horizontally with increasing speed
(d) moves vertically with increasing speed
(e) moves both horizontally and vertically
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2.4 2kq rock is suspended bv a
massiess string from one end of a
uniform  I-meter measuring  stick.
What is the mass of the measuring
stick if it is balanced bv a support
force at the 0.20-meter mark?

(2) 020kg
(b) 1.00 kg
(c) 1.33kg
(d) 2.00 kg
(e) 3.00 ke

O
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14. When the speed of a rear-drive car is increasing on a horizontal road, the direction of
the frictional force on the tires is

(a) backward on the front tires and forward on the rear tires.
(b) forward on the front tires and backward on the rear tires.
(c) forward on all tires.

(d) backward on all tires.

(e) zero.
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16. A baseball is dropped on top of a basketball. The basketball hits the

17.

ground, rebounds with a speed of 4.0 m/s, and collides with the baseball as
it is moving downward at 4.0 m/s. After the collision, the baseball moves
upward as shown in the figure and the basketball is instantaneously at rest
right after the collision. The mass of the baseball is 0.2 kg and the mass of
the basketball is 0.5 kg. Ignore air resistance and ignore any changes in
velocities due to gravity during the very short collision times. The speed of
the baseball right after colliding with the upward moving basketball is

(@) 4.0m/s
(b) 6.0 m/s
(c) 8.0m/s
(d) 12.0 m/s
(e) 16.0m/s

A small point-like object is thrown horizontally off of a 50.0-m high building with an
initial speed of 10.0 mVs. At any point along the trajectory there is an acceleration
component tangential to the trajectory and an acceleration component perpendicular to
the trajectory. How many seconds after the object is thrown is the tangential
component of the acceleration of the object equal to twice the perpendicular
component of the acceleration of the object? Ignore air resistance.

(2) 2.00s
(b) 1.50's
(c)1.00s
(d)0.50 s
(e) The building is not high enough for this to occur.
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