AP Phvaies Mulhple Choice Prachce — Emematics

1. A cartravels 30 miles at an average speed of 60 mmles per hour and then 30 miles at an average speed of 30
miles per hour. The average speed the car over the 60 males 15
(A3 5mph B)4mph (Ci4imph (D)0mph (E)i3mph

Cusstions 2 — 4 relate to two particles that start at x =0 at t = 0 and move in one dimension independently of one
another. Graphs, of the velocity of each particle versus time are shown below
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2. Whch particle 1s farthest from the ongm att=2 seconds.
(AYA (B)B () they are n the same location at t=2 seconds (D)) They are the same distance from the
ongin, but m opposite divections  (E) It 15 not possible fo defermine

3. Whch parhicle moves with constant non-zero acceleration?
(AJA BIB (CibothAandE (D) neither Anor B (E) It 15 not possible to determume

4. Which particle is in its imitial position at t= 2 seconds?
(M)A (B)B (O bothAaxdB (D)ueither AnorB () It is not possible to determine

-i: Time(s)

5. The graph above shows the velocity versus fime for an object moving in a straight line. At what tme after
t =0 does the object again pass through its initial position?
(A)BetweenQand 1s (B)ls (C)Betweenland2s (DV2s (E)Betweenlandis

6. A body moving in the positive x direction passes the ongin at time t = (). Between t =0 and t = 1 second, the
body has a constant speed of 24 meters per second. At t= 1 second, the body 1z given a constant acceleration of
6 meters per second squared in the negative x direction. The positon x of the body att = 11 seconds 15
(A)+99m (B)+3itm (C)-3m D-T5m (E)-9m

M i
7. The displacement, x, of an object moving along the x-axis 15 shown above as a function of time, . The
acceleration of this object must be
(A)zero (B) constant but not zero  (C) increasing (D) decreasing  (E) equalte g



3. A 2-kilogram block rests at the edge of a platform that 1z 10 meters above level ground. The block 15 launched
honzontally from the edge of the platform with an 1mafial speed of 3 meters per second. Air resistance 1=
neglizible. The fime 1t will take for the block to reach the ground 15 most nearly
(A)03s (B)los (Cplds ([My20s (E)30s

9. A drver mutally moving horzontally with speed v dives off the edge of 2 vernical chiff and lands mn the water a
distance J from the base of the chiff How far from the base of the cliff would the diver have landed if the diver
mitially had been moving honzontally with speed 2v7

(Ayd (B) \'IE (C)2d (Dy4d (E) can’t be determuned without knowing the height of the chiff

10. A truck traveled 400 meters north in 80 seconds, and then it raveled 300 meters east in 70 seconds. The
magmtude of the average velocity of the truck was most nearly
(4)12m’s (B)3im's (C)46ms (D66m's (E)93m's

¥ e ——
L o =
- i

- Ty
En ™

11. A projectle 1= fired with imrhal velocity v, at an angle B with the honzontal and follows the frajectory shown
above. Which of the following pairs of graphs best represents the verfical components of the velocity and
acceleration, v and a, respectively, of the projectile as fimctions of ime t'-"
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12. An object 15 released from rest on a planet that has no atmosphere. The object falls freely for 3.0 meters mn the
first second. What 1= the magnitude of the acceleration due to gravity on the planat?
(A 15ms' B i0mis" (O60mis" (D) 10.0m's" (E)12.0 m's’

Questions 13 — 14

A ball 15 thrown and follows the parabolic path shown above. Air finchion 15 neghgmble.  Pomt Q) 15 the ighest
point on the path. Points P and E are the same beight above the ground.

13. How do the speeds of the ball at the three pomts compare?
Ave=vg=vy Blw<vg=ve Owvg=vp=ve Dvg=ve=ve Elve=vg=vy

14, Which of the following diagrams best shows the direction of the acceleration of the ball at point F7

(4) e CBJ/ C— @O \‘* [E)J'
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. A rock of mass m 15 thrown honzontally off a bulding from 2 height k. as shown above. The speed of the rock

as it leaves the thrower's hand at the edgze of the bulding 15 v; How much fime does it take the rock to travel
from the edge of the bulding to the ground?

T h vy 2h 5T,
J!L | » — C — — I| 2 II|
(&) 4fv, ':B:I,PD E]g m}g E) 2N g

A ball 15 thrown straight up in the air. When the ball reaches it= lighest point, which of the following 15 true?
(A)It1s m equbibrium. (B} It bas zero acceleraton. (O}t has maximum momentum
(D} It has maximum kinetic energy. (E) MNone of the above
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The graph above represents posifion x versus fime t for an object being acted on by a constant force. The
average speed dunng the interval between 1 5 and 2 = 15 most nearly
(A)2ms B)dm's CO5m D)ém's (E) Sm's

An object shides off a roof 10 meters 1Ial:u:ﬁ.'rla the ground with an mmitial bonzontal speed of 5 meters per second as
shown above. The time between the object's leaving the roof and hathng the sround 15 most nearly
1 1
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Questions 19 — 20
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At time t =0, car X traveling with speed v, passes car ¥ which 15 just starting to move. Both cars then travel on
two parallel lanes of the same straight road. The graphs of speed v versus time t for both cars are shown above.

Which of the following 15 true at fime t = 20 seconds?
(AYCar Yisbehind car . (B) Car Yispassingear . () Car Y 1= in front of car .
(D) Both cars have the same acceleration.  (E) Car X 15 accelerating faster than car Y.

From time t = 0 to ttime t = 40 seconds, the areas under both curves are equal.  Therefore, which of the
following 1s true at time t = 40 seconds7

(A)Car Y s belund car 3. (B) Car Y ispassing car . {C) Car Y 15 1n front of car 3.

(D} Both cars have the same acceleration.  (E) Car X 15 accelerating faster than car Y.

. Which of the following pawrs of graphs shows the distance traveled versus time and the speed versus fume for an

object uniformly accelerated from rest?
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. An object released from rest at itme t = 0 slides down a frichonless mnelime a distance of | meter dunng the first

second. The distance traveled by the object dunng the time interval from t= 1 second to t = 2 seconds 15
(A lm B2m Ci3m Odm (E)Sm

23. Two people are 1n a boat that 1= eapable of 2 maximum speed of 5 kilometers per hour 1n still water, and wish to

cross armver | kilometer wide to a point directly across from their starfing point.  If the speed of the water in
the niver 1z 5 kilometers per houwr, how much time 15 required for the crossmg?

(AYO05hr (B)01lkr (O 1k O 0k

(E)} The pomnt directly across from the starting point cannot be reached under these conditions.

A projectile 1= fired from the surface of the Earth with a speed of 200 meters per second at an angle of 30°
above the horizontal. If the ground is level, what is the maximum height reached by the projectile?
(A)5m B)l0m C5300m O 1000m E)2,M00m
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. Vectors V, and V; shown zbove have equal mazmitudes. The vectors represent the velocities of an object at

times f;, and ¢, respectively. The average acceleration of the object between fime r; and ¢, was
{A)zero (B} directed novth  (C) directed west (D) directed north of east  (E) directed north of wast

A rock 15 dropped from the top of 2 45-meter tower, and at the same time a ball 13 thrown from the top of the
tower n a bonzontal direchion. Air resistance 15 neghgble. The ball and the rock bat the level ground a
distance of 30 meters apart. The horzontal velocity of the ball thrown was most nearly

(A)5ms B)l0m: (Cldlm= D)20m'= (E)283m's

In the abzence of air fnchon, an object dropped near the surface of the Earth expenences a constant acceleration
of zbout 9.8 m's”. This means that the

{A) speed of the object increases 9.8 m/'s dunng each second

{B) spead of the object az 1t falls 1= 9. E m's

{C) object falls 9.8 meters dunng each second

(D)) object falls 9. 8 meters dunng the first second only

{E) rate of change of the displacement with respect to time for the object sguals 9.8 mis”

A 300-kilopram sports car accelerates uniformly from rest, reaching a speed of 30 meters per second 1n 6
seconds. Dhinng the 6 seconds, the car has traveled a distance of
(A3 15m EB)Im C)6lm DI%m (E)lS8m

*28 At a parhenlar instant, 3 stattonary obzerver on the ground sees a package falling with speed v; at an angle to

30

the verfical. To a pulot fiving bonzontally at constant speed relafive to the ground, the package appears to be
falling vertically with a speed v at that instant. What 15 the speed of the pilot relative to the pround?

Aiv,+v: Blvi-v: (©vi-v, (D) Yv'—w’ n;Eh;l-.’+--;’

An objact 15 shot vertically upward into the aw with 2 posifive inthal velocity. Which of the followmmg comectly
describes the velocity and acceleration of the object at 1= maxmum elevaton?

Velority Accelaration
({A) Pozitive Positive
(B) Zero Zero
{C) Negative Hegative
(I} Lero Hegative
(E} Positive Hegative

*31.A spring-loaded gun can fire 3 projectile to a height b 1f 1t 15 fired straight up. If the same pun 15 pointed at an

angle of 43° from the verical, what maximum height can now be reached by the projectile?
h h
A4 B —F—= O M N (E}b
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2. A ball 1s thrown and follows a parabolic path, as shown above. A fnction 15 negligible. Point () 15 the highest

point on the path. Which of the following best indicates the direction of the acceleration, if any, of the ball at
point )7

W— ® N, © D) «+—— . . .
{E) There 15 no acceleration of the ball at pomt J.

The velocity of a projectile at launch has a konzontal component v and a vertical component vy, Alr resistance
15 peglimble. When the projectile 15 at the nzhest pomnt of 1ts trajectory, which of the following shows the
verfical and honzontal components of 1ts velocity and the vertical component of 1ts acceleration?

Vertical Honzontal Vertical
Velooty Velocity Acceleration
(A} W Vi 0
B W, 0 ]
iy o Vi 0
o 0 0 g
E 0 Vh g

The graph above shows the velocity v as a2 funchon of ime ¢ for an object moving 1o a straight line. Which of
the following graphs shows the comesponding displacement x as a function of fime ¢ for the same fime inferval?
i ’ ‘a . JL/‘,/
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An object 15 dropped from rest from the top of 2 400 m cliff on Earth. If ar resistance 15 neghgible, what 15 the
distance the object travels during the first 6 s of 1ts fall?
(A)30m (B)&0m (C)120m (D)180m (E)360m
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36. A target T lies flat on the ground 3 m from the side of a bunlding that 1s 10 m fall, as shown above. A student
rolls a ball off the honzontal roef of the bulding in the direction of the target. A resistance 1s neghgzible. The

honzontal speed with whach the ball mmst leave the roof 1f it 15 to sirike the target is most nearly
3
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(A)310m= @B Y2 ms (O) —m (D)3m: (E) 10 ;.nfs
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37. The graph above shows velocrty v versus tme t for an object in linear motion. Whach of the following 1= a

possible sraph of posibon x versus fime t for this object?
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*318_A student 15 testing the kinematic equations for uniformly accelerated motion by measuring the time it takes for

light-wreaght plastic balls to fall to the floor from a height of 3 m in the lab. The student predicts the time fo fall
using g as 9.80 m/s* but finds the measured time to be 35% greater. Which of the following is the most likely
cause of the large percent error?
{A) The acceleration due to gravity is 70% greater than 980 m/s”" at this location.
(B) The acceleration due to gravity is 70% less than 980 m/s" at this location.
{C) Aur resistance increases the downward acceleration.

(D)} The acceleration of the plastic balls 15 not umform.
(E) Thke plastic balls are not truly spherical.

Mote: Figure nof drawn o scale.

*39_An object 15 thrown with welocity v from the edge of a chiff above level ground. Meglect air resistance. In order
for the abject fo travel a maximmm honzontal distance from the chiff before huthng the ground, the throw should
be at an angle & with respect to the horizontal of
{A) greater than 60° above the honzontal (B} greater than 45° but less than 50 above the honzontal
(L) greater than zero but less than 45 above the honzontal (I zero
(E) greater than zero but less than 457 below the hornzontal
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*#40.Starting from rest at time t =0, a car moves in 3 straight line with an acesleration given by the accompanying

41

43,
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graph. What 15 the speed of the caratt =3 57
(A1 0mis (B)20m's (C}60m= (D)I05m's (E)125m's

A flave 15 dropped from a plane flying over level ground at a velocity of 70 m's 1n the honzontal divechon. At
the instant the flare is released. the plane begins to accelerate horizontally at 0.75 m/s". The flare takes 4.0 5 to
reach the ground. Assume air resistance 15 neglipibles. Relative to 2 spot dwectly under the flare at releass, the
flare lands

(A) dectly on the spot. (B} 6.0 m m front of the spot. () 274 m in front of the spot.

(D) 280 m 1n front of the spot.  (E) 286 m i front of the spot.

2. As zeen by the pilot of the plane (in queston #41) and measured relative to 2 spot directly under the plane when

the flare lands, the flare lands
(A) 286 m behmd the plane. (B} 6.0 m belind the plane.  {C) directly under the plans.
(D) 12 m m front of the plane.  (E} 274 m i front of the plane
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The graph above 15 a plot of posihon versus time. For whech labeled region 15 the velocity posiiive and the
accelerafion negative?

(AYA BB (OC @D B®E

A child left her home and started walking at a constant velocity. Afier a time she stopped for a while and then
continued on with a velocity greater than she onginally had. All of a sudden she turned around and walked very
quickly back home. Whach of the following graphs best represents the distance versus fime graph for her walk?
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. In a rescue attemnpt, 3 hovenng hehicopter drops a hfe preserver to a swimmer bemng swept downstream by a

rver current of constant velocity v. The helicopter 15 at 2 height of 9.8 m. The swimmer 15 6.0 m upstream from
a point dectly under the helicopter when the hfe preserver 15 releazed. It lands 2.0 m in front of the swimmer,
How fast 15 the cumrent flowing? Negleet air resistance.

(A)13Tm's (B})98m'= (C)63m's (M28m's (E)24ms



*46_A child tosses a ball directly upward. Its total time i the air is T. Its maximum beight 1s H. What 15 1ts beaght
after it has been in the air a fume T'47 Meglect air resistance.
(A)H/4 (BIHSZ (CyH2Z (DIIHA (E)3HA4

47 A whiffle ball 1s tossed straight up, reaches a lnghest pomt, and falls back down. Air resistance 15 not negligible
Which of the following statements are true?

I. The ball’s speed 15 zero at the highest point.
II. The ball’s acceleration 15 zero at the highest point.
III. The ball takes a longer time to fravel up to the highest point than to fall back down.

(A)Jonly (Bilonly (CiI&Tonly (D)I&IMMonly (E)LIL &IO
48. A truck dnver travels three-fourths the distance of his run at one velocity (v) and then completes has run at one

half bus ongzinal velocity (Y2v). What was the frucker’s average speed for the tmp?
(A)D85y (B)0BOv (O)0.75 (D070 (E)0.65w
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4% Above 1s a graph of the distance vs. time for car moving along a road. According the graph, at which of the
following fimes would the automobile have been accelerafing posifively?

(AYD,20,38, &£60min. (B)5, 12,29 &35mn  (C)3,29, & 57T min. (D) 12, 35, & 4] pun
(E} at all times from 0 to 60 oun

50. A large beach ball 15 dropped from the ceilling of a school gymnaszmm to the floor about 10 meters belowr.
Which of the following graphs would best represent its veloeity as a function of time? {do not neglect air

resistance)
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Questions 51 — 52
A car starts from rest and accelerates as shown in the graph below.
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51. At what fime would the car be moving with the greatest veloeity?
{A) 0 seconds (B) 2 seconds (C) 4 seconds (D) & seconds  (E) 8 seconds

*#352_ At what time would the car be farthest from ifs onginal starting position?
(A) 0 seconds  (B) 2 seconds (C) 4 seconds (D) 6 seconds  (E) 8 seconds



53. Aball 1s dropped 1.0 m to the floor. If the speed of the ball as it rebounds from the floor 15 75% of the speed at
which 1t struck the floor, how hagh will the ball nse?
(A)028m (B)033m (CO)058m D07 m (E}0E4m

54, Whch of the following sets of graphs might be the comesponding graphs of Pozition, Velocity, and
Acceleration vs. Time for a moving parhcla?
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*55.An object 15 thrown with a fixed mifial speed vy at vanous angles e relative to the honzon. Af some constant
height h above the launch point the speed v of the object 15 measured as a function of the 1mitial angle a. Which
of the followmg best desenibes the dependence of v on a7 (Assume that the hexght b 15 achieved, and assume
that there 15 no air rezistance )

({A) v wall increase monotomcalky with a.

{B) v will increasze to some cntical value vyus and then decrease.
{C) v wall remain constant, independent of a.

(D} v wall decrease to zome cntical value v, and then increase.
(E) None of the above.

56. A bwd 1= flving m a straight bne mitially at 10 m's. It umformby increases its speed to 15 m's while covenng a
distance of 25 m. What 1= the mapmitude of the acceleration of the bard?
(A50m's E25ms ©O20ms MOSm's (BE)02mbs

57. A person standing on the edge of 2 five escape simultanecusly launches two apples, one straight up with a speed
of 7 m's and the other straight down at the =ame speed. How far apart are the two apples 2 seconds after they
were thrown, assuming that neyther has hit the ground?

(Ayldm (B)2Wm O282m (D34 m (E)S6m

#3538 A certain football quarterback can throw a football 3 masomum range of 80 meters on level ground. What 15 the
highest pomt reached by the footfball if thrown this maxmum range? Ignore awr fnchon.
(A1llm B)I2Wm (O3m Do ESlm

59, A bwd flying in a straight line, imtally at 10 m's, uniformly mcreases 1ts speed to 18 m's wials covernng a
distance of 40 m. What 1= the magmiude of the acceleration of the bard?
(A0lms E02wms (O20ms [D28ms  (B)56m-’

#60_A cockroach 15 crawhng along the walls mnmide a cubieal room that has an edze length of 3 m. If the cockroach

starts from the back lower left hand comer of the cube and fimshes at the front upper nght hand comer, what 1=
the magmitude of the displacement of the cockroach?

{A)3vV3m (E]-E'ail'?m Civim Mi3im (E}%m

14



61.

62.

The position vs. fime graph for an object moving in a straight bee 15 shown below. What 15 the instantanecus
velocity at r=2 57

Time (s}

b
Pzl L)

(A)-2ms B)%ms (CO0ms @D 2ms (E)4ms

Shown below 15 the velocity vs. ime graph for a toy car moving along a straight line. What 15 the maximum
displacement from start for the toy car?
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(A3im BSm (C65m E_'D]?.m E)7S5m

*§3_A cannon fires projechles on a flat range at a fixed speed but with vanable angle. The maximum range of the

cannon 15 L. What 1s the range of the cannon when it fives at an angle /6 above the honzontal? Ignore air
resistance.

@i ®mf ©F O L

*64_A ball 15 launched upward from the ground at an inxfial vertical speed of v and begins bouncing vertically.

635.

titr.

Every iime 1t rebounds, 1t loses a proportion of the magmitude of its velocity due to the inelastic nature of the
collision, such that 1f the speed just before hiftting the ground on a bounce 15 v, then the speed just after the
bounce 15 re, where r < | 15 a constant. Caleulate the totzl langth of time that the ball remains bouncing,
assuming that any time assoclated with the actual contact of the ball wath the ground 15 neghmble.

(&) img 1 (B) mg T (© Iy 1-r @) Ing 1 _ ® 2y 1

g 1-r g 1-r g r g 1=-r § 1+(1-r)?

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

ZaN
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0 30 &0 90 120 150 180 Tima(s)
(A 022 m's* (BI03 3w (O10ms (IN%8ms* (E) 30 ms*

An object 1s released from rest and falls a distance k dunng the first second of time. How far wall it fall dunng
the next second of tme?

(Mh B2k (O3 D4k (B



67. A stone 15 thrown straight downward with a speed of 20 m's from the top of a tall building. If the stone stikes
the ground 3.0 = later, about how tall 15 the bmldmpe? Assume air resistance 15 negligible.
(A4im (Biédm (C)%Nm (D105 m (E)120m

63. A covote canrun at a speed of 20 m's while a pramne dog can manage only 5.5 m's. If a prame dog 15 45 min
front of a covote, what 15 the maximum time it has to reach 1ts hole without being canght?
(A)23s (B)3ls (CO)54s ([Dy59s (E)82s

£9. A model rocket accelerates from rest upwards at 50 m/s” for 2.0 s before its engine bumns out. The rocket then
coasts upward. What 15 the maximum height that the rocket reaches? You may assume air resistance 1s
negligible.
(A 100m B)5Sl0m (C6l0m (DI1020m (E)1220m

T0. A hunter in a forest walks 800 m west. He then turns south and walks 400 m before fmming west again and
walking a finz] 300 m. At the end of the walk, what 1= the magmtude of the hunter's dizplacement from the
beginnmg?
(A1640m (B)dHWm (C11170m (D) 1390m (E) 1500 m

71. Bobm Hood aims his longbow honzontally at a target's bull's eve 30 m awayv. If the arrow sirnikes the target
exactly 1.0 m below the bull's eve, how fast did the arrow move as it was shot from the bow? Assume air
resistance 15 neghmible.

(Ay60m's B)l3ms (C)33m's (D)6Tms (E)150m's

*72_A baseball 1= thrown vertically into the air with a velocity v, and reaches a maxmum beight h. At what height
was the baseball moving with one-half 1ts original velocity? Aszume air resistance 15 neghgble.
(Ay025Rk (BY033R (C)050R (DY0ETHR (EYOT5h

T3, Two idenfical bowling balls A and B are each dropped from rest from the top of a tall tower as shown i the
diagram below. Ball A 1= dropped 1.0 = before ball B 1= dropped but both balls fall for some fime before ball A
strikes the ground. Air resistance can be considered neghgible during the fall. After ball B 1z dropped but before
ball A stmkes the ground, which of the following 1= trus?

Top

@ Eal B

@ HalA

= Ground

{4) The distance between the two balls decreases.

(B} The velocity of ball A mereases with respect to ball (B)
{C) The velocity of ball A decreases with respect to ball (B)
(D)} The distance between the two balls remams constant.
(E) The distance between the two balls mnereases.



74.

The diagram belowr shows four cannons finng shells with different masses at different angles of elevation. The
honzontal component of the shell’s veloctty 15 the same 1n all four cases. In whech case will the shell have the
greatest range 1f air resistance 1s neglected?

100 e

EIEE s

- uw FOLT mes Az 707 mds
: 5" :
7] 5.7 m's i H 2 LE

! kg H'[ i

M g] n"l"?
e ,;;:- EIIIr'n.'s bl a0 s %

Cannr:un I Cannon B Cannon C Cannon O

(A)canmon A& (B) cammon B only  {C) cannon C only (D)) cannon D
(E) Both cannons B and C have the preatest ranga

. Rehef supplies are being dropped to flood victms from an anrplane flving honzontally at a speed v. If the

auplane 15 at an altvude of k above the ground, what distance d mn front of the landing site should the supplies

be dropped?
& vk Mk zp-h Ih
(A) 2v B IL'E':'— {C}EHI; (D'} (E) U‘J?

*76_An arrhner fhes at a speed of 500 km'Tw with respect to the air. The jet stream blows from west to east with a

77.

T8.

79,

30.

31

83,

speed of 100 km'bhr. What 15 the munimom time m which the aihner could fly 3000 km due west and then back
to its original staring posinon?
(Ay100br (B}120kr (C)125k D135k (E}150k

A punter in a football zame kicks the ball with an 1mtial speed of 283 m's at an angle of 60° with respect to the
ground. The ball 15 in the awr for a total of 500 s before hitting the ground. If we assume that air resistance 13
neglipible, what would be the ball's honzontal displacement?

(A)0m (B)l42m (C}245m ([D708m (E)12253m

Starting from rest, object 1 falls freely for 4.0 seconds. and object 2 falls freely for 8.0 seconds. Compared to
object 1, object 2 falls:
(Albalf as far (B) twwce as far  (C) three times as far (D) four tmes as far  (E) sixteen fimes as far

A car starts from rest and unformly accelerates to a final speed of 20.0 m's 1n a iime of 15.0 =. How far does the
car travel duning this tome?
(Ay130m (B)3Im (C1450m (DIédlm (E)EN m

A ball is thrown off a high cliff with no honizontal velocity. It lands 6.0 = later with a velocity of 40 m's. What
was the imrhal velocity of the ball?
(A 100 m'sup (Bi20msup (O30 (DN m'sdown (E)100m's down

An amrow 1z aimed horizontally, directly at the center of a target 20 m away. The amrow hats 0050 m balow the
center of the target. Meglecting aw resistance, what was the iminal speed of the amrow?
(A1 20m's (B)4m'= (C)1Mms ([D)200m's (E)400m's

2. A fresly falling body 1= found to be moving downwards at 27 m's at one instant. If it confinmes to fall, one

second later the object would be mowving with a dewnerard velocity closest to:
(A1270mfs (B)3Tm's (C327Tms (D) 17ms (E¥l0m's

A rocket pear the surface of the earth 15 acceleratmg vertically upward at 10 m's’. The rocket releases an
nstrument packagze. Immediately after release the acceleration of the instrument package 15:
(A)20m's"ap BYl0m*up (€10 (D) 10 m's* down (E) 20 m/s* down



84. A car starts from rest and accelerates at 0.80 m/s* for 10 s. It then continues at constant velocity. Twenty
seconds (20 5) after it began to move, the car has a
(A) velocity of B.0 m's and has traveled 40 m.
(B) velocity of 8.0 m's and has traveled 80 m.
(C) velocity of 8.0 m's and has traveled 120 m.
(D) velocity of 16 m's and has fraveled 160 m.
(E) velocity of 16 m's and has traveled 320 m.

85. When a falhng object reaches terminal velocity, it
(A} is no longer subject to the finchon of air (B) moves downward with constant veloeity.
{C) has an acceleration of approximately 10 m/s® (D) has no downward velocity.
(E) bas an upward acceleration

86. A ball which 15 dropped from the top of 2 bumlding smkes the ground with 3 speed of 30 m's. Assume air
resistance can be ignored. The height of the buildmg 15 apprecomately:
(A1m B 3Wm Cd4im DT im (E)9%m

37. At a certam iime, an object mn free fall has velocity 4.0 m's 1n the upward drection. What 15 the approxmate
velocity of the object one second later?
(A dm'sup (B)l0msup (Cidlmsup (Dé60msdown (E) 10mS down

38. A motonst ravels 400 km at 80 km'h and 400 kom at 100 km'h. What 15 the average speed of the motonst on
(A)B4km'bh (B)89kmb (C)%0kmbt (D)% km'b (E) 25 km'h

89. How long must a 2.5 m/s” acceleration act to change the velocity of a 2.0-kg object by 3.0 m/s?
(A)083s (BIll2s (O1.7s (M235s (E)75s

20. A fresely falling object 1= found to be moving dowmward at 18 m's. If if contmues to fall, two seconds later the
object would be moving with a speed of
(A E0ms (B)l0m' (C)18m's (DN38ms (E) 180 m's

91. The change of distance per unit time without referenca to a particular direction 1s called
(A) merha (B)speed (C)vwelocity (D) acceleraton (E) posihon

92, Whch of the following terms 15 NOT related conceptually to the others?
(A)vector (B)resultant () component (D) exponent (E)egqmbibrant

93. Inthe absence of awr resistance, if an object were to fall freely near the surface of the Moon,
(&) its veloerty could never excesd 10 m's.
(B) 1tz acceleration would gradually decreaze until the object mowves with a terminal velocity.
{C) the accelerztion 15 constant.
(D) 1t wall fa]l with a constant speed.
(E) the acceleration iz zero
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4. Given the graph of the velocty vs. iime of a duck flving due south for the winter. At what point did the duck

stop its forward motion?
(AyA BB (OC (DD (E)coneof these points
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Qruestions 95 — 96
The following TWO questions refer to the following information. An 1deal elastic rubber ball 15 dropped from a

height of about 2 meters, hits the floor and rebounds to 1ts onginal height.

5. Which of the following graphs would best represent the distance above the floor versus tme for the above
bouncing ball?
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36, Which of the following graphs would best represent acceleration versus fime for the bouncing ball?
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Juestions 97 through 100 refer to the following scenano:
At #y, two cars moving along a highway are side-by-z1de as they pass a third car stopped on the side of the road.
At this moment the drver of the first car steps on the brakes while the driver of the stopped car begms to
accelerate. The diagrams below show the posittons of each car for the next 5 seconds.
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97. Dunng which fimee inferval would cars #2 and #3 be moving at the same average speed?
(Altgtor;, (Ble;tot; (Cltztet; (Diegtor, (Elr,tois

98. About what posihon after 1, would car #] and car #2 have been zide by sida?
Am B)lSm (©Xm DiITm (E)3%m

99, Which of the three cars had the greatest average speed durmg thesa 5 seconds?
(A)car#] (B} car#2 and car #3 had the same average speed () car#2
(D} all three cars had the same average speed  (E) car#3

10_If car #3 confinnes to constantly accelerate at the same rate what will be 1ts posihon at the end of & seconds?
(A322m (B168m (C)TMWm (D)78m (E)%m



Cruestions 101 — 102
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101.The graph represents the relationship between distance and fime for an object that 15 moving along a straight
lne. What 15 the instantaneons speed of the object at r = 5.0 seconds?
(AY00m's (BI0Em's (C)25m's (D)40m's (E)63m's

102 Between what tumes did the object have a non-zero acceleration?
(A)0seonly (B)Osto8s (C10stoS5s (D) the object was not accelerating atanytime (E)S5stofs

*103. An anrplane takes off and flies 300 mules at an angle of 30" north of east. It then changes direchion and flies &S00
miles due west before landing. In what drection 15 the plane’s landing point from 1ts starting point?
(A) 14.2° north of west  (B) 66.2° north of west  (C) 23.8° north of west (D) 73.9° north of west
(E) 37 4" north of west

104 If a ball 1= thrown directly upwards with tence the imtial speed of another, how much hgher will 1t be at 1=

apex?

(A4) E fimez (B} 2 timez {C)4 timez (D) 2 tmes {E:IE'u'rL_’tm:u

Cuestions 105 — 107
The diagram below represents a tov car stariing from rest and umformly accelerating across the floor. The tme
and distance traveled from the start are shown in the diagram.

e e : e
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105 What was the average speed of the cart between 0.1 seconds and 0.3 seconds?
(A)06m's (B)4EBm’s (C)l9%m'= (D)60m's (E)24m's

E e
aaaaaaaa

106 What was the acceleration of the cart dunng the first 0.4 seconds?
(A)60ms (B)2Sm's® (O)98m's* (D) 50m's® (E) 12 m's

107 . What was the mstantaneous velocity of the cart at 96 centimeters from the start?
(A)06m's (BEl4Em's (O1%wms DE60m's (E)24ms
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Cuestions 108 — 109
The moton of 2 circus clown on a unicyele moving in a straight hne 15 shown in the zraph balow
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Time [5)

108. What would be the acceleration of the clown at 557
(A)l6m's" (B)SO0m's® (C)20m's® (D)none ofthe above (E) 3.4 m's’

109 After 12 seconds, how far iz the clown from her onginal starting point?
Alm B)llm (C3Mm MM4Tm (E)74m

110.A box falls to the ground from a delivery fruck traveling at 30 m'z. After hitting the road, it shides 45 meters to
rest. How long does it take the box to come to rest?

(A)067s (B)15s (C)20s (D)13.0s (E)60s

111. When an object falls freely in a vacuum near the swrface of the earth
(&) the velocity cannot excead 10 m's
(B) the ternunal velocity will be greater than when dropped i air
() the velocity will increase but the acceleration will be zero
(D} the acceleration will constantly increass
(E) the accaleration will remain constant

112 Two amrows are launched at the same fime with the same speed. Amow A at an angle greater than 45 degrees,
and arrow B at an angle less than 45 degrees. Both land at the same spot on the ground. Which amow anmives
firs=t?

(A) arrow A ammves first (B) avow B amves first (O] they both ammive together
(D} 1t depends on the alevation where the armrows are launchad
(E) 1t depends on the elevation where the amows land

113 A ball 15 thrown nto the air at an angle & as measwred from the borizontal with a velocity v The horizontal
velocity of the ball will be dwectly proportional to which of the following
(A)the angle & (B) the sine of the angle #  (C) the cosine of the angle & (D) the tangent of the angle &
(E) the value of the gravitattonal accelerafion



Questions 114 - 116
The accompanying graph desenbes the motion of a marble on a table top for 10 seconds.

Pasition in meters

114 For which time interval(z) did the marble have a negative velocity?
(Alfromit=80ztosf=100s0only (B)fomsi=69stor=100:sonly
(Clfromi=48stor=100sonly D)ifomr=48stor=6.2zand fromr=69%stor=10.0 s only
(E)fomi=32stofr=36s, bomi=48stot=55 and rom =068 sto r=72 5 only

115 .For which time interval(z) did the marble have a positive acceleration?
(Alfomi=00ztor=80sonly (B)fromi=00st r=3.6only
(C)fhomi=38stor=48sandr=62stor=6.28 s only
D fromi=20stof=25s, romi=538stot=62z and from¢r=84d sto r=8.8 s only
(Elfromi=33stor=37s, fromr=48st0r=505s and from¢t=68sto r="7.2 s only

116. What 15 the marbles average acceleration betwesn =31 sand r=3 8 3
(A)-20mis" (B)20ms (©)00ms’ (DI0m's* (E)08m'*

117 A car accelerates uniformly from rest for a ime of 2.00 s through a distance of 4 00 m_ What was the
acceleration of the car?
(A 050m's" (B)0.7Tlms" (C)1.00ms* (D) 14lm's (E)2.00 m's’

Questions 118 — 120
The accompanying graph deseribes the motion of a toy car across the floor for 10 seconds.
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119 What was the total displacement of the tov car for the enfire 10 second interval shown?
(A) 0 meters (B} 6.5 meters  {C) Ymeters (D) 10 meters (E) 11.5 meters
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120_An object 1s thrown upwards with a velocity of 30 m's near the surface of the earth. After two seconds what
would be the divection of the displacement, velocity and acceleration?
Displacement  velocity acceleration

(A) up up up
(B) up up down
{C) up down dowm
(D} up dowmn up
(E)} down down dowm
121 Which of the following graphs could correctly represent the motion of an object moving with a constant speed
in a straxght hme? N
Graph | Graph 1l Graph Graph IV Graph
. g 5|
3 - 3 B
; ] @ - A
x = = B E
: i
time fime time time time

(A) Graph I only (B) Graphs Il and V only (C) Graph Il only (D)) Graphs I and IV only
(E} All of the abowve graphs represent constant veloeity

Questions 122 — 123
The diagram shows a umformly accelerating ball. The posihon of the ball each second 15 indicated.

time 05 1s 2s 3s 4z Sg
L I £ ., ] e
position él:l;‘l."ll.cm 4cm Qcm 16cm 25ecm

122 What 15 the average speed of the ball between 3 and 4 seconds?
(A)30cem's (B)T0em (C)35cms (D) 125em’s (E) 4.0cm's

123 Which of the following 1s elosest to the acceleration of the ball?
(Al em's® Bldems® (C) 2em’s® (D) Sem's’ (E) 3 em's’

124 Three stones of different mass {1 m, Zm & Im) are thrown vertically upward with different velocities (1 v, 2v &
3w respectively). The diagram indicates the mass and velocity of each stone. Eank from agh to low the
maximum height of each stope. Assume air resistance is negligible.

LI (BIILLIOD (CH)IOILI MILIOII (E)al reach the same height

hounce 1 2 S

125. A mbber ball bounces on the ground as shown. After each bounce, the ball reaches one-half the height of the
bounce before it. If the fime the ball was i the air between the first and second bounce was 1 second. What
would be the ime between the second and third bounce?

(A)050sec (B)0.7lsec (C)lOsec (D)14sec (E)2.0sec



126 The driver of 2 car makes an emergency stop by slamming on the car's brakes and skidding to a stop. How far
would the car have skidded if 1t had been traveling twnce as fast?
(A) 4 times as far  (B) the same distance (T} ? imes as far (D) /2 times as far
(E) the mass of the car must be known

127 A pebble 15 dropped from a lagh verfical cliff. The collision of the pebble wath the ground below 15 seen 1.50
seconds after the pebble 15 dropped. With what speed did the pebble hit the ground? Ignore air resistance.
(A 10m's (B)15mfs (C)486m= (D) 1004m's (E)3I4Im's

128 A spail 1s moving along a straight line. Its imhal posihion 15 x, = —5 meters and 1t 15 moving away from the
ongin and slowmg down. In this coordinate system, the signs of the nifial pesihon, mmfial velocity and
acceleration, respectively, are

Choice x, v, a

mw - = o+
® - - +
© - - -
™ - - -
E) + + +

129 An armrow 15 shot horizontally toward a target 20 m awav. In traveling the first 5 m honzontally, the amrow falls
02m. Intraveling the next 5 m honzontally, it will fall an addinonal

(4) 06m (B)04m (C03m [O02m (E)0lm

130 How tall i= a tree 1f the sun 1= af a 53° angle above the honzon and the shadow 15 8.0 meters long?
(A48m BE)I0Em (C)60m (MH133m (EIE0m

131 Three students were argung about the height of a parking zarage. One student sugzested that to determmine the
height of the garage, they simply had to drop tenms balls from the top and fime the fall of the tenmis balls. If the
time for the ball to fall was 1.4 seconds, approsamately bow tall 1s the parking zarage”

(A)4%m B)70m (O)9%Em @D 138m (E)196m

132 An arrow 15 shot from a bow at an angle of 40° from the honzontal at a speed of 24.0 m's. Ignoring air
resistance, what 15 the amrow’s maximun beight above its launch point?
(A)5%m (B)llS%m (C)169m (D)23Em (E)288m
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133_A car has the veloecity versus time curve shown above. Whach of the following statements regarding its motion
15 INCOREECT?
{A) The car 15 moving fastest at 2.0 5 (B) The car iz at rest at approximately 5.2 5.

{C) The caris speedmnpup from r=0ter=20s5 (D) The car bas negative acceleration at r=4.5 s.
(E) The car has no acceleration at the instant = 2 =.

Velociw (m/s)
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134 A rock 1= dropped from the top of a tall tower. Half a second later another rock, twice as massive as the first, 15
dropped. Ignonng air resistance,
{A) the distance between the rocks increases while both are falling.
(B} the acceleration 15 greater for the more massive rock.
{C) the speed of both rocks 15 constant while they fall.
(D} they stnke the ground more than half a second apart.
(E} they stnke the ground with the zame kinehic energy.

135.A cart 1s initially moving at 0.5 m's along a track. The cart comes to rest after traveling 1| m. The expenment 1s
repeated on the same frack, but now the cart 1s mutially moving at 1 m's. How far does the cart travel before
coming to rest?

Wlm B2m (O3m Did4m (E) Em

*136 Dunng an mnterval of time, a tenmis ball 1s mowved so that the angle between the velocity and the acceleration of
the ball is kept at a constant 1 20°. Which statement is true about the tennis ball during this inferval of tme?
(&) Its speed increases and it 15 changing 1ts divection of travel
(B) Its speed decreases and it 15 changing its direction of travel.
{C) Its speed remams constant, but 1f 15 changming 1ts direchion of trawvel.
(D)} Its speed remains constant and 1t 15 not changing its dorection of travel.
(E) Its speed decreases and it 15 not changing its divection of travel.

137.A dog starts from rest and runs in a straight line with a constant acceleration of 2.5 m/s’. How much time does it
take for the dog to run a distance of 10.0 m?

(A)80s (B)40s (C)28s (D)2.0s (E)l4s

Cuestions 138 — 139
A particle contmuously moves 1o a ewrcular path at constant speed in 3 counterclockwise drection. Consider a

time inferval dunng which the particle moves along this circular path from point P to point Q). Pomt O 15 exactly
half-way around the corcle from Pomnt P.

o4 = L

. /)
N

138 What 1s the direction of the average velocity during this time interval?
(A)— (B« (Ot (D)) (E)The average velocity 1s zero.

¥13%9 What 15 the direction of the average acceleration dunng this ime mterval?
(A)— (B~ (1T (O] (E)The averaze acceleration 13 zero.



Cruestions 140 — 141
The velocity vs. fime graph for the motion of a car on a straight track 15 shown in the diagram. The thock lme
represents the velocity. Assume that the car starts at the ongin x = 0.

10

&

Velocity (m/s)
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m 1 2 3 4 5 £ 7 B 8B 0
Tk {51

140 At whech fime 15 the car the greatest distance from the crigin?
(Ayt=10s (Bit=6s ([it=353 DIt=3s (Eit=0s

141 What 15 the average speed of the car for the 10 second interval?
(A)120m's (B)ld40dm'= (C)330m= DO)500m's (E)540m'=

142 Consider the motion of an object grven by the posihion vs. time graph shown. For what fume(s) 15 the speed of
the object greatest?
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(A) Atall times from¢=00s—r=20: (BlAttmesr=30: (ClAttmer=40:

(D) Atall imes from =50z —=r=70z (E)Attmer=85s

—lﬂu

143 The free fall trajectory of an object thrown bonzontally from the top of 2 bulding 15 shown as the dashed hne 1
the fipure. Which sets of ammows best correspond to the direchions of the velocity and of the acceleration for the
object at the pomnt labeled P on the trajectory?

velority accelermtion
(A) ) J,
G (B} — 1
P, iy — F.
@) By -4
(E) " BT

144 _A tov car moves 3.0 m to the Morth in one second. The car then moves at 9.0 m's due South for two seconds.
What 15 the average speed of the car for this three second fip?
(A)40mis (B)i0m's (C)60m'= (D)70m's (E)l2m's
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145_A projectile launched from the ground landed a honzontal distance of 1200 m from its launch point. The
projectile was in the air for a time of 4.00 seconds. If the projectile landed at the same vertical position from
which it was launched, what was the launch speed of the projectile? Ignore air resistance.

(AY224m's (B)¥Wlm's {(C)361lm= DMA24ms E)NIms=

146. Two automobiles are 130 kilometers apart and traveling toward each other. One awtomobile 15 moving at 60
km'h and the other 15 mowving at 40 km'h. In bow many bours will they meet?
(AY1s (ByL75 (20 (D25 (E}3.0
147 A paricle moves on the x-axs. When the particle’s acceleration 15 positive and mereasing
(A) 1ts velocity must be positive  (B) ifs velooity must be negative (O 1t must be slowing down
(D} 1t must be speeding up  (E) none of the above must be true.

148 What does one obtain by dividing the distanee of 12 IMm by the time of 4 Ts7
(AY3mm's (B)ipms (C)3imm's (DI3km's (E)3I Gm's

149 I= it possible for an object’s velocity to increase while 1fs acceleration decreases?
(A) Mo, thas is impossible because of the way m which acceleration 15 defined
(B) Mo, becanse if acceleration 15 decreasing the object will be slowing down
(C) Mo, becanse velocity and acceleration must alwavys be mn the zame direction
(I}¥) Yes, an example would be a faling object near the surface of the moon
(E) Yes, an example would be a falling object m the presence of awr resistance

Questions 150 — 151
Dharing 2 recent winter storm, bales of hay had to be dropped from an airplane to a herd of cattle below. Assume
the anrplane flew honzontally at an alttude of 180 m with a constant velocaty of 50 m's and dropped one bale of
hay every two seconds. It is reasonable to assume that air resistance will be neglimible for this situation.

130 As the bales are falling through the air, what wall happen to ther distance of separation?
(A) the distance of separaton will merease
(B) the distance of separation will decrease
() the distance of separation will remain constant
(D)} the distance of separation will depend on the mass of the bales
(E) none of the above are always true

151. About how far apart from each other will the bales land on the ground?
(A)90Mm (B)3IMm (Cl¥m D1IMWm (E)0m

*]52.If a boat can travel with a speed of v in still water, whach of the following tips will take the least amount of
time.
(A) traveling a distance of 24 i shll water
(B) travehng a distance of 24 across (perpendicular to) the cwrent in a stream
(C) ravelmg a distance d downstream and retwrming a distance d upstream
(D) travelng a distance & upstream and refwrmng a distance 4 downstream
(E) all of the above will take equal imes

#1353 Suppose two cars are racing on a circular frack one kilometer in circumference. The first car can cirele the
track in 15 seconds at top speed while the second car can circle the frack in 12 seconds at top speed. How much
lead does the first car need starting the last lap of the race not to lose?

(Alatleast 250m (B)atleast383m (Clatleast200m (D)atleast6Tm (E) at least 104 m

.



