10.

. A tock falls freely from rest near tEe surface of a planet where the

1) 0 m/s® 2) 0.5 m/s® 3) 1.0 m/s® 4) 1.2 m/s

LYy DL Le ey e s E A xaAv 4 -~ [

‘,st‘l
* 411 answers on the scan-tron sheets in the appropriate numbers.
ANY 4 groups and do all 10 questions in each group.(13 pts each)
=

Group I "MOTION

A car travels 20 meters east in 1.0 sec. The displacement of the car at the
end of this 1 sec interval is 1) 20°m 2) 20 m/s<j§ 20 m east 4) 20 m/s east
f

An astronaut on the moon is holding a baseball and a balloon. The astronaut
releases both objects at the same time. What does the astronaut observe?
(NOTE: The moon has no atmosphere.) 1) The baseball falls slower than the
balloon 2) The baseball falls faster than the balloon 3) The baseball and
balloon fall at the same rate. 4) The baseball and balloon remain

suspended and do not fall.

The approximate mass of a nickel is 1) 0.0005 kg 2) 0.005 kg
3) 0.5 kg 4) 5 kg ———

acceleration due teo gravity is 4 m/s“. What is the speed of this roc& ot

after it falls 32 meters? 1) 8 m/s 2) 16 m/s 3) 25 m/s 4) 32 m/s v [/+2JL¢

g = Y _
Base your answers to questions 5 and 6 on the information below. Vp = [ERZIIES:

V‘:/‘//"n/s Pc(d 4"[6
e3P ’ , :m’.‘\z’
12E X

: : o \/.:Hm/s

A car is traveling at a constant speed of 14 m/s along a straight ;ﬁ,zmkm
highway. A tree and a speed limit sign are beside the highway. As it { =

~~~4sses the tree, the car starts to accelerate. The car is accelerated

+iformly at 2 m/s“ until it reaches the speed limit sign, 5 sec later.

When the car reaches the sign, the car's speed is 1) less than the speed
limit 2) greater than the speed limit 3) equal to the speed limit

(g

What is the distance between the tree and the sign? 1) 10 m = et
2) 25 m 3) 70m 4) 95 m ke vy m R s
{/ C/: é(l/ff‘/c){;
. . >\ l J = 75//”"
Base your answers on questions =~ I \
7 through 10 on the L Y or dz Vb r=at
diagram at right. ‘_g ;i D B T 95,
' (2 Ry 1
TiME (sec)
Mo unbalanced force is acting on the car during time interval
1) AB 2) BC 3) CD 4) EF A= o ,
The accelegation of thezcar during time interval AB is 1) O m/s2
2) 1.0 m/s® 3) 2.0 m/s® 4) 2.5 m/s? o= Y&g@ii 02, 2 miy
During time interval CD, the average velocity of the car is 1) 0 m/s
2).1.2 m/s 3) 5 m/s 4) 7 m/s TV = Y2l m
O ‘6_— > s

The average acceleration during the given time Beriod 0 to 40 sec is

— a: v

ﬂ\b

AL



/fﬁ Group II Scalar and Vector Quantities 5 o
e s

A person travels 6 meters north, 4 meters east, and 6 meters south., s

, What is the toTah displacement? 1) 16 m east 2) 6 m north
ﬂ 3) 6 m southi &) m east

i

@ Which vector below represents the resultant of the concurrent

v vectors A and B in the diagram a the right?
1) 2) (3) 4)
‘ ' E

v
3. Which terms<iz§gesent scalar quantities? 1) power and force 2) work and

displacsmen it time and effergy 4) distance and ﬁé}ocity

e PR

t. A 3 N force and a 4 N force act concurrently on a point. In which diagram
below would the orientation of these forces produce the greatest net force

the point? ;.

- 3) ‘/) .

@f*’i T |3N N4 N s
T Tad 9N

A 5 N force directed north and a 5 N force directéd west both act on the
same point. The résultant of these two forces is approximately
1) 5 N northwest & N northwest 3) 5 N southwest 4) 7 N southwest
. Four forces are acting on an object as shown in the 30N
diagram at right. If the object is moving with a

constant velocity, the magnitude of force F must be ;ﬁ
1) 0 N 2) 20 N 3) 100@ 40 N 4o N é—F ' 1 sF -

V= CohsY \L
z v‘/'y\a»/«z.r &
i3 . c s . . 30N
\ Which terms represent vector quantities? 1) di nce and kinetic energy
2) displacement and work 3) speed and impulse velocity and momentum
/ - s . . ) < - B J——
» A boat heads directly eastward across a river at 12 m/s. If the current
in the river is flowing at 5 m/s due south, wha is the magnitude of the
boat's resuitant velocity? 1) 7 m/s 2) 8.5 m/s 13 m/s 4) 17 m/s
: — lz
% The diagram at .the right represents a force acting at ‘ L
point P. Which pair of concurrent forces would produce p RL¥DYCC
equilibrium when added to the force acting at point P?
1) p 2) 3) 4
T

P

A car is driven from Buffalo to Albany
and on to New York City, as shown in
the diagram at right. Compared
to the magnitude of the car's total Buffalo
displacement, the distance driven is
1) shorter 2) longer 3) the same

NewYorKCi
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G;oup Ia%§@/’Newton's‘Three Laws

: 2 :
net force of 5 X 107 N causes gN object to accelerate at a rate of © o an oo

5 m/s” . W?at is the masszof the object? 1 X 102 kg ;;;ﬂ&;
o~y 2 X 10~ kg 3) 6 X 107 kg 4) 2.5 X 107 kg — St~ (fmjga

. wnich statement explains why a book resting on a table is in equilibrium?

1) There is a net force acting downward on the book 2) The weight of the
book equals the wejght of the table. 3) The acceleration due to

gravity is 9.8 m/s” for both the book and the table (4) The weight of the
book and the table's upward force on the book are eq in magnitude,

but opposite in direction.

In the diagram below, box M is on a frictionless table with fofces F1
and F., acting as shown A N

Specl ' 1

If the magnitude of F is greater than the magnitude of FZ’ than the box
is 1) moving with a constant speed in the direction of Fl 2) mov1ng

direction of F 4) accelerating in_the dir ctlon of F gﬁé{:{}‘

1 W= M4 E? 0 s f) g3¢22§5—z i?\i§
An object weighing 20 N at the earth's surface is moved to a Iocatlon £=
where its weight is 10 _N. The acceleratlon due to gravity at this location

would be 1) 2.4 m/szz;:)A 9 m/s 3) 9.8 m/s2 4) 19.6 m/s wy T

. What force is necessaEy to give a 2 Kg mass i -iglly at rest an %j;%gﬂ
acceleratlon of 5 m/s“? 1) O 4 N 2) 2.5 N@) 10 N%) 20 N (Stgf})
e \f

; [l@u 1\ &@éﬁﬁg? /ZZ%j
‘. J-unequal masse al 1ng eely from the same point above the earth s
surface would experience the sameg@}}acceleratlon 2) decrease in

potential energy 3) increase in kinetic energy 4) in e in momentum = pag_

cre

[1.06 £ ir
A 1.2 X 103 Kg automvglle in motion strikes a 1 X 107 Ké 1nsect égﬁééygiiép)
at is T oyestre {non

result, the insect is accelerated at a rate of 1 X lOAwm/s
the magnituge of the force the insect exerts on the car?
2) 1.2 X 102 N 3) 1 X 108 N 4) 1.2 X 10° N

If the mass a *,bject were doubled, its weight would be gjv’iﬁﬁ

1) halved 2) double- 3) quadrupled 4) unchanged ,# ,?
A 2 Kg mass is at rest on a horlzontal surface. The force exerted /. T e
by the horizontal surface op e~mass i1s approximately < »
1) ON 2) 2N 3) 9.8 N 4 ! ﬁ%m
+ o)
- The graph at the right shows the relationship between > - hopeee 1777

weight and mass for a series of objects. The slope

L.
of this graph represents 1) c¢ e of position -
2) normal force 3) momentum celeration f%

. e ;

due to gravity

Mass "~

5 . pz A



The magnitude of the gravitational force between two objects is 20 N.
If the mass of each object were doubled, the magnitude of the

gravitational force between the objects would be 1) 5 N 2) 10 N
3) 20 N 4) 80 N Fe Cj:%‘:jt = (=) :%(6

2. The mass of a space shuttle is approximately 2 X 10° Kg. During lift-off,
the net force on the shuttle is 1 X 10° N directed upward. What is the

2

speed of the shuttle 10 seconds after lift-off? (Neglegt air resistance
d the mass change of the shuttle.) 1) 5 X 10 m/s <fi>5 X 101 m/s
2 3 . e
N5 X 102 m/s 4) 5 X 10° m/s Fowme Q=57™  Vizyires  Tab=ma)
- ] . (%1670 (os ) =2 t65Ey Y2V
3. A 2 Kg toy cannon is at rest on a frictionless surface. A remote AV=S0rs

triggering device causes a 0.005 Kg projectile to be fired from the
cannon. Which equation describes this system after the cannon is fired?

1) mass of cannon + mass of projectile = 0 2) speed of cannon + speed
of projectile = 0 3) momentum of cannon + momentum of projectile = O
4) velocity of cannon + velocity of p}bjééfilé‘$4@;55m;'ww”jm;"M“mMM
& = = o Nt M e

4. A 20 Kg cart traveling east with a speed of 6 m/s collides with a
30 Kg cart traveling west. If both carts come to rest after the
collision, what was the speed of the westbound?fart begore collision?

e Mf> %‘” =7

1) 0 m/S 2) 9 m/S 3) 3 m/S 4) 4 m/S {,_—,\9‘ Lw»,-\?{, . :.,7 g.%,‘p }’M)\/‘:YA’LJ'L

: Zoles, Zoten
A force of 20 N is exerted on a cart for 10 seconds. How long must a

50 N force act to produce the same iqpulsg? 1) 10 sec 2) 2 sec
3) 5 sec 4) 4 sec (poy(10) mETL T Ly
6. Two rocks weighing 5 N and 10 N, respectively, fall freely from rest
near the Earth's surface. After 3 seconds of free-fall, compared to
the 5 N rock, the 10 N rock has greater 1) acceleration 2) height —

3) momentum &) speed

wn

7. Two bodies of mass mland m,, 100 meters apart, attract each other

with a gravitational force of 5 N. What will be the force of

attraction if the distance between the two masses tripled? 1) 0.56 N

2) 1.10 N 3) 1.25 N 4) 2.50 N Te Gmiome <

: —»’"‘d’mi_ = 37

8., A 50 Kg woman wearing a seat belt is traveling in a car that is moving

.with a velocity of 10 m/s. In an emergency, the car is brought to a

stop in 0.50 second. What force does the seat belt exert on the

woman so that she remains in her seat? ) Fate may

1y 1X10°N 2)5 X 102N 3)5X 10" N 4) 2.5 X 10" N ke S )
[ oa— e - 's' .

<)

%5

}9. When a satellite, is a distance d from the center of the Earth, the
force due to gravity on the satellite is F. What would be the force
due to gravity ‘on the satellite when its distance from the center T Gy

of the Earth is %d? 1) F 2) F/4 3) 2F 4) 4F e
. e E——— s @
.0. A 2 N force acts on a mass. If the momentum of the mass changes by < gﬁ3137

120 Kgem/s, the force acts for a time of 1) 8 sec 2) 30 sec
3) 60 sec 4) 120 sec

Coat = ey
- 1¢s 1m
at ,’Lé e koS
P "\
a OV@«’E



+i. 4 motorcycle of mass 100 Kg travels around a flat circular track of
radius 10 m. with a constant speed of 20 m/s. What force is
required to keep the motorcycle moving in a circular path at this
speed? 1) 200 N 2) 400 N 3) 2000 N 4) 4000 N S LA wJuYiﬂ \LL&

. P, -

'{, If the distance of a satellite from the center of the earth were f A
increased from 4 earth ii to 5 earth radii, the centripetal force N
on the satellite woul%{iﬁ?decrease 2) increase 3) remain the same f:mwtdq

S

43. A motorcycle travels around a flat circular track. If the speed of the

motorcycle is increased, thiifsrce required to keep it in the same
2

circular path 1) decreases ) )increases 3) remains the same
oA

Vél. ""30/)14/5

Base your answers to questions 44 through 46

on the diagram at right which shows a 2 Kg model De
airplane attached to a wire. The airplane is

flying clockwise in a horizontal circle of

radius 20 meters at 30 m/s.

44, The centripetal force acting on the airplane at the position shown is
directed toward point 1) A 2) B ,El~9~ 4) D

45. What is the magnitude of the centripetal acceleratlon of the Q;J
airplane 1) O m/s2 2) 1.5 m/s2 3) 45 m/s? 4) 90 m/s‘ <

46. If the wire breaks when the airplane is at theipésition shown, the
airplane will move toward point 1) A 2) B 3) C 4) D

Base your answers to questions 47 and 48

on the diagram at right.
; ‘A vehicle travels at a constant speed

oﬁw ‘m/s around a horizontal circular curve
with a radius of 243m. The mass of the
vehicle is 4.4 X 10”7 Kg. An icy patch is
located at P on the curve.

47. What is the magnigude f the force that keeps the vehicle on 128 circular
path? 1) 1.1 X 10 2)/6.6 X 103 N 3) 4.3 X 104 N 4) 6.5 X 10" N = r%%?m fel

P ey Pateh

X

On the icy patch of pavement, the frictional force on the vehicle is zero.

Which arrow best represents the direction of the vehicle's velocity
when it reaches icy patch P?

1) 2) 3) T @\L

49. A satellite is moving at
constant speed in a circular
orbit about the Earth, as
shown in the diagram at right.
The net force acting on the
satellite is dfirected toward D
point 1) A { B 3)C4)D

50. What is the direction of the&?all s ,4——4g=—~
i cceleration at point X?,1) down - ~

"2) up 3) west 4) easté@%@””’ A x. I \MW




5 | ‘ [ o
o A
:ﬁ}g student pulls a block 3 meters along \F?”<ji

" a horizontal surface at constant velocity. M
The diagram at right shows the components 2 rn
. of the force exerted on the block by the ~» 3
student. How much work is done against —
friction? 1) 18 J 2) 24 J 3) 30 J BloeK] 8N
£ B »
42T Hopds (3930 24T ——3m )
52. The diagram at right shows a 1 X 103 N Pz Fed
crate to be lifted at constant speed ~£§, T‘
from the ground to a loading dock 1.5 m 'Zd}nﬂﬁ)@S%) &
high in 5 sec. What power is gequired %3 Loa \“3 1.5 m
to lift th te? 1) 1.5 X 107 W
o 1i 2e crate )2 3 '%'03/\) DocK l
2) 2 X 10° W 3) 3 X 10" W 4) 7.5 X 107 W
e e
53. A force of 0.2 N is need to compress a spring a distance of 0.02 m. oA
The potential energy stored in this compresses spring is F-k k:fi:;%f
1) X 1072 J 2) 2 X 10727 3) 2 X102 J4) 4 X 1072 J TEK ST

I FES’;kXZiC£Z@>Q°?)z’

SA. An object with a speed of 20 m/s has a kinetic energy of 400 joules.
The mass of the object is 1) 1 Kg 2) 2 Kg 3) 0.5 Kg 4) 40 Kg }fétﬁéﬁvVl'

N ————— - ~

55. In the diagram at right, an ideal pendulum released e )M:E%if

from Point A swings freely through Point B. Sy V=

Compared to the pendulum's kinetic energy I' 1

@ A, its potential energy &t B is ’ 1

1) half as great 2) twice as great e ) | - -

3) the same 4) four times as great O‘F C‘)"(' A Kbmw

e B L e

56. A net force of 5 N moves a 2 Kg object a distance of 3 meters in 3 sec. A
How much work is done on the object? 1) 1 J 2) 10 J 3) 15 J 4) 30 J HéfZJ ¢

57. As the time required to do a given quantity of work decreases, the

power developed 1) decreases 2) increases 3) remains the same P=w
L SN 4 €«

Base your answers to questions 58 through 60 on the diagram below
represents a frictionless track. A 10 Kg block starts from rest at
point A and slides along the track. '

c

Alfzz///’_‘ a meters

58. As the block moves from point A to point B, the total amount of iqg; MSL:

a..

gravitational potential energy changed to kinetic energy is frq =
approximately 1) 5 J 2) 20J 3) 50J 4) 500 J 45.°

59. What is the approximate speed of the block’at point B? 1) 1 m/s ,ﬁD:JVnVZ‘
2) 10 m/s 3) S0 m/s 4) 100 m/s . ¢

 ————————

60. What is the approximate potential energy of the block at point C?
1 200 2) 200 J 3) 300J 4) 5004 '
) ) ) ) P g

r————

0 ¥ e
QOTF = . L e
5 2005 % v/

. hr
;QD x = r;,_}{,,')\/

AEes = = 7l



Mass = 60 kg

20°

a) Draw a Free Body Diagram

Fr

.
57" = tooN
b) Draw a resolved free body diagram

= G1n2e” )oOON
= ZoSN

‘f\\ — (S"‘ Laov‘f\’\g

L= Cos 20" boor
: = T4 =
¢) The coefficient of kinetic friction between the ski and the snow is 0.20.
Calculate the acceleration of the skier.

m = 4 Fy PIRS = g
£ “i““;‘}
- , ) = 1z N — b
(.ZO}(SEL{{ }\” _ ? = vih oo
Zosn -nan)=(60 "435 a
o= % :Qgg :%l

d) What is the speed of the skier at the bottom of the 100 meter hill? (Assume the
incline is constant and the skier starts from rest.)

N -7 U, 2V Te e
Vo= 07l \}{?2 oty X 1532 ) (100 )
Ax = JOOm
—
O\:},gméz \/c /\/ gﬁé

\/? = 17.5™/s

g =(6olen (107>

Fu



A 5,000 kg truck traveling at 20.0 m/s strikes a 2,000 kg van initially at rest. The vehicles
crumple together and slide together down the road.

F— —
\/T’: ?/OM‘/} \]v - Ow\/g \/W = 7
g [N = by
[00) O ToH =
My = SoR0leg My = 200 les M, = 7000 \es

a) Complete the before and after picture. Include and label all masses and velocities.

b) Calculate the initial momentum of the truck.

= V- :@‘000{ )(7,13*"‘?3\) = /><zo5 ez
| 9 S

¢) Calculate the speed of the wreck,, ©

(M) + oy = Prrmd Vi,
lXisg%:; = 6000)(,&3} V..
d) Calculate the change of momentum of the truck.

A P = P06 = @m\@)(?v,%”@j “‘6‘000%3(’2@“"/{‘}
S T = —2,9x/o7 lege
¢) What is the change of momentum of the van?

~ Y ey
APT:”A\D\/ = +2.¥5x/° (ﬁsm

f) Isthis an elastic collision? EXPLAIN

No Fohll KG Lfene 7 ok ICE ol

g) What is the magnitude of the impulse on the truck? v
T= Fe=mav = —2.95xn G
/?W §igrn

h) How does the impulse on the van compare to the impulse on the truck?

St m%‘ﬁ/dtb Lo OO/)({O‘S“}{" Q},p{,mw.

i) The wreck slides along crashing into a bunch of safety barrels that bring it to a stop.
EXPLAIN how the safety barrels reduce the amount of injuries as compared to
stopping against a brick wall..

m )DM;‘»Q/Q.A Vgt "3%\*/ ‘fL“AW‘-” A/W"V> . A T
\i G ™ '}- M
ol 15 (vt A o STOE. A \ga L;
LA “\LL\L ‘J{“\Q‘(‘w \"Y"D S}“O\g Tt 0 T20m o

ﬂﬁ,\fu, Wéﬁ lecs hyulies.
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Part 1

Answer all 55 questions in this part.

| g

A bl
/ﬁ(‘/\é . f/(({/bg R ‘-gnf*’é
/\/la/mz,

{63]

Directions (1-35): For each statement or question, select the word or expression that, of those given, best
completes the statement or answers the question. Record vour answer onz/the separate answer paper in
[ - 4
VR éj

accordance with the directions on the front page of this booklet.

ickness of a dollar bill is closest to
3) 107 ' m
(4) 10" m

o

A jogger accelerates at a constant rate as she
travels 5.0 meters along a straight track from
point A to point B, as shown in the diagram

below. T 2

4

/ /

LR

V?/ =

pr— &
-—K V=) éf B

o 50m >

V2 Lels =3
If her speed was 2.0 meters per second zfpoint AJ
and will be 3.0 meters per second at point B, how
long will it take her to go from A to B?

(1) 1.0's (3) 3.3 s
4) 4.2 s

e,

3 Which graph best represents the motion of an
object falling from rest near the Earth’s surface®
[Neglect friction.]

()]
[&] ©
oy [¢]
s 2
g )
Time
(1)
3]
[&) el
fond [¢]
: 2
2 %)
Time Time
(2) (4)

Phys-june 43

A

ALY

[N

!

71

& ¢

o

} 2 power

Vs

G

~Gom ek priice A oo a 5”}"’““%{

P2

vg 02 rms 4 )
4 An object?alls free i\\é?fron!z t near the surface of

the Earth. What is the speed of the object when
it has fallencd’9 mieters from its rest position?

(1) 4.9 m/s £ (3) 24 mis
< T
@88, g 6K

96 m/s
vector-gquantity?
1 forc; L;}

4 distance

[

6 Ariver flows due east at 1.5 meters persecond. A
motorboat leaves the north shore of the river and
heads due south at 2.0 meters per second, as
shown in the diagram below.

v
5 Which term represents a
1 work

\....__
\ B
oat River
W+E 2.0 m/s 1.5 nvs
S T’.

Which vector best represents the resultant
velocity of the boat relative to the riverbank?

3.5 nvs
2.0 mvs 2.0 mvs 2.5 ms
(1) (2) (3)

7 Which combination of concurrent forces could
not produce equilibrium? Sen ol L Coces
- @»10. X, 20. N, and 50. N

(2) 20. X, 30. N, and 50. N 1 ”L be {;“ey
(3) 30. N, 40. N, and 50. N A
(4) 40X, 40. N, and 50. N A

Jie_

8 A 60.-kilogram astronaut weighs 96 newtons on
the surface of the Moon. The acceleration due to
gravity on the Moon is
(1) 0.0 m/s , (3) 4.9 m/s

5 :
: B (4) 9.8 m/s?



9 The handle of a lawn roller is held at 45° from
the horizontal. A force, F, of 28.0 newtons is
applied to the handle as the roller is pushed
across a level lawn, as shown in the diagram

below. \OAZ.?)” y J

Z}fg‘c};} gﬁ;j”

What is the magnitude of the force moving the
roller forward? '

(1) 7.00 N ©) 1988
@) 14.0 N ENRESERS
/X ,f 1.0 x 10%-kilogram bO\ rests on the bed of a

*”/hucl\ tlmt is. accelerating at 2.0 meters per
second?. What is the magnitude of the force of
friction on the box as it moves with the truck
without slipping? .

(1) 1.0 x 10° N (3) 5.0 x 10° N
@7 0 x 10N (4) 0.0 N
4‘{\6! ﬁg\ (!f?ﬁg?f}f2$%&) Zi’xé?/y
A student weighing 500. newtons stands on a

spring scale in an elevator. If the scale reads 520.
ewtons. the elevator must be

m

Accelerating upward p
aecelerating downward

moving upward at constant speed

4 moving downward at constant speed

12 A hox decelerates as it
moves to the right
along a horizontal sur-
face. as shown in the
dingram at the right.
Which vector best represents the force of friction
on the box?

Phive=fune 43

13 1f a net force of 10. newtons acts on a
6.0-kilogram mass for 8.0 seconds, the total
change of momentum of the mass is
(1) 48 kg-ml/s 80. kgem/s
(‘7) 60. kg m/s 4) 480 kgem/s

peny TeRF 077 ss)

14 In t dlagxam below, a 0.4-kilogram steel
sphere and a 0.1-kilogram wooden sphere are
located 2.0 meters above the ground. Both
spheres are allowed to fall from rest.

STEEL WOOD
- T e ___..@e._ ...
1i0m
2.0m
GROUND

Which statement best describes the spheres after
they have fallen 1.0 meter? [Neglect air resis-

tance.)
1 Both spheres have the same speed and
momentum. '

oth spheres have the same speed and the

steel sphere has more momentum than the
wooden sphere.

3 The steel sphere has greater speed and has less
momentum than the wooden sphere.

4 The steel sphere has greater speed than the

wooden sphere and both spheres have the

same momentum.

15 A constant force of 2.0 newtons is used to push a
3.0-kilogram mass 4.0 meters across the floor.
How much work is done on the mass?

) 6.0 (3) 12]
((jj}b()] (4) 24]
w= F
vam« ¢

16 A 4.0 x 10°-watt motor applies a force of
8.0 x 107 newtons to move a boat at constant
speed. How far does the boat move in 16 sec-
onds?

(1) 32m
2) 50m

V=Y
t

Y1° . X0 f)
“e{OVER]
/s

7Bl
t
Ao §om




Part 11

This part consists of six groups, each containing ten questions. Each group tests an optional area of the
course. Choose two of these six groups. Be sure that you answer all ten questions in each group chosen. Record
the answers to the questions in accordance with the directions on the front page of this booklet.

{20]

Group 1 — Motion in a Plane

If vou choose this group, be sure to answer questions 56-65.

Buse vour answers to questions 36 through 58 on the information and diagram below.

In the diagram below; a 10.-kilogram sphere, 4, is projected horizontally with a velocity of
30. meters per second due east from a height of 20. meters above level ground. At the same
instant. a 20.-kilogram sphere, B, is projected horizontally with a velocity: of 10. meters per

second due west from a height of 80. meters above level ground. [Neglect air friction.]

Ny
g

v = 10. m/s west B
<+— @ 20.-kg sphere

{Om . & L E:
:?f;f; 3’\‘15’3 5(/ Lﬁpéh]z

50,2 L (16~
632 AT
Yoo = -

v = 30. m/s east

L’{'
Cr i}#” . .
56 Initially, the spheres are separated by a horizontal distance of 100. meters. What is the

q0=) [,{3{ ;(i‘) %7’ horizontal separation of t}}e spheres at \he end of 1-3-seconds?
7 £ (1) 15 m SRR (7 :
(2) 30. m !Oéfq‘ tf‘gﬂ +HiSes (2

»

JOOm £ = Y

= 57 The magnitude of the horizontal acceleration of sphere A is
oL ‘ :

Phyc=June 93

(3) 9.5 m/s’
(4) 15 m/s”

A,;,,,,,i )rn/SQ
(2) 2.0 mis”

1:36 Compared to the vertical acceleration of sphere A, the vertical acceleration of sphere B

15

@w same

2 twice as great

3 one-half as great
4 four times as great

{OVER]
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60-At the position shown, the centripetal accelera-
tion of-the cart is directed toward point

P 3) R
The diagram shows a 5.0-kilogram cart (1) (, )
L & s
traveling clockwise in a horizontal circle of )
radius 2.0 meters at a constant speed of 4.0
meters per second.

Base vour answers to questions 59 through 62 on
the information and diagram below.

6171f-the mass of the cart was doubled, the magni-
> tude of the centripetal acceleration of the cart
- S~

: 3 halved
2 4 quadrupled

27 r

62 What is the magnitude of the centripetal force

~ e acting on the cart?
(1) .0 N :
@ 20.8 . (@3
" am e, Lymy/s

789 At the position shown, the velocity of the cart is e i;i S“’;}u ) _

directed toward point ,é{l A cannon with a miifzle velocity of 500. meters

(1) P (3) R - per second fires a cannonball at an angle of 30.°

2y Q ;@ above the horizontal. What is the vertical compo-

) nent of the cannonball’s velocity as it leaves the
: cannon?

B

(1) 0.0 m/s (3) 433 m/s

£m/§ () 500. m/s
e

A -
Part I e oy T
st ity

i
You must answer all questions in this part. Record your answers in the spaces provided on the separate
answer paper. Pen or pencil may be used. {15]

Base vour answers to guestions 116 through 118 on the speed-time graph below, which represents the linear
motion of a cart.

60.
2 40. B C
o
[«4]
2 20.
w

A
0 D
10. 20. 30. 40, 50.
Time (s)

116 Determine the magnitude of the acceleration of the cart during interval AB. {Show
all calculations. including the eqn.mon and substitution with units.}—
. A g
O 2 -
117 Calculate the distance tm\ﬁvd by the‘(.nt dmm" interval BC.
tions. mdu(]mé the equation and substitution with units]  [2]

O . Fg‘ﬁw( FOCM,

118 What is the verage speei of the cart hunm’mtcr\al CD? [

4 o

2 Ve Vet
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. Part A
\ V Answer all questions in this part.

Directions (1-35): For each statement or question, write on the separate anwser sheet, the number of the
word or expression that, of those given, best completes the statement or answers the question.

1 A net force of 25 newtons is applied horizontally
Fzﬁgg to a 10.-kilogram block resting on a table. What
W/ g e s the magnitude of the acceleration of the
2] .Sl block?
(1) 0.0 m/s?
(2) 0.26 m/s2

(3) 0.40 m/s®

.5 m/s?

N ted- 2 The speed of a car is increased uniformly from

20. meters per second to 30. meters per second

Cm f?:i(/ Ysdn 4.0 seconds. The magnitude of the car’s aver-
5 -~ age acceleration in this 4.0-second interval is

(oM< HE (1) 0.40 m/s? (3) 10 m/s2
3 5 m/s? (4) 13 m/s?
a° 2«52& @5 mis

3 A roller coaster, traveling with an initial speed of
15 meters per second, decelerates uniformly at
~7.0 meters per second* to a full stop.
Approximately how far does the roller coaster
travel during its deceleration?

(1) 1.0m @16 m
‘.{if;: vf"‘sg(;‘rg (2) 2.0m 4) 32 m '
4 (b A

4 *4 The diagram below represents a 0.40-kilogram
¢ 9%  stoneattached to a string, The stone is moving at

2 ) a constant speed of 4.0 meters per second in a
horizontal circle having a radius of 0.80 meter.

Pl

o,

mass=0.40 kg

v=4.0 m/s

O\c:};: (s

o

S

H

The magnitude of the centripetal acceleration of

the stone is
(3) 5.0 m/s%
.@ 0. m/s?

(1) 0.0 m/s*
(2) 2.0 m/s?

5 In the diagram below, a box is at rest on an
inclined plane.

Horizontal

Which vector best represents the direction of
the normal force acting on the box?

(1) A QL

(2) B (4) D

Note that question 6 has only three choices.

6 If the magnitude of the gravitational force of
Earth on the Moon is F, the magnitude of the
gravitational force of the Moon on Earth is

(1) smaller than F  — .

(2) larger than F ;o (f”;‘ MMy
13) equalto F e
7 Which term represents a scalar quantity?
istance (3) force

(2) displacement (4) weight

8 A block weighing 15 newtons is pulled to the top

of an incline that is 0.20 meter above the ground,
as shown below.

T >
0.20m

1

If 4.0 joules of work are needed to pull the block
the full length of the incline, how much work is
done against friction?

0] (3) 3.0]
(2) 007 (4) 7.0]

Wl zNZ wheb> A5k
D Gy [2n) 2 3T

15,
37 blogy,

2/'/‘,@,/!—/" fa//)‘// - wfw,&fl‘/;
3”}”:'/ L'/) - i’TJ
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9 A 1.0-kilogram rubber ball traveling east at
4.0 meters per second hits a wall and bounces
back toward the west at 2.0 meters per second.
Compared to the kinetic energy of the ball
before it hits the wall, the kinetic energy of the
ball after it bounces off the wall is

Agﬂ‘bne-fourth as great  (3) the same
9] one-half as great (4) {our times as great

Note that questions 10 and 11 have only three
choices.

10 Asa springis stretched, its elastic potential energy

(1) decreases

{2 increases

(8) remains the same

-

12 A catapult with a spring constant of 1.0 x 10*new-
tons per meter is required to launch an airplane
from the deck of an aircraft carrier. The plane is
released when it has been displaced 0.50 meter ¥
from its equilibrium position by the catapult.
The energy acquired by the airplane from the
catapult during takeoff is approximately

Q13 x10° (3) 2.5 x 10°
(2) 2.0% 104] (4) 1.0 x 104}
e Lkt
25T LA\
%(ﬁf/‘ﬁf'&‘f"f/}(‘gﬂ <
; (va a?&;,e) (VQ,S\)I- ;250

24 What type of nuclear force holds the protons
d neutrons in an atom together?

a strong force that acts over a short range
(2) astrong force that acts over a long range
(3) aweak force that acts over a short range
(4) aweak force that acts over a long range - L

25 Which is an acceptable unit for impulse? QP =
(1) Nem (3) Jos pp b2
(@) s S

26 The centers of two 15.0-kilogram spheres are
separated by 3.00 meters. The magnitude of the
gravitational force between the two spheres is
approximately

(1) 1.11x 107N B7x10°N
(2) 3.3¢x 1071°N (4) 5.00x 10° N
=G (C;éj 7"/'(3‘“) (’/Sﬂ(

s, -

r*

g Umyg

-1

27 During a collision, an 84-kilogram driver of a car
moving at 24 meters per second is brought to
rest by an inflating air bag in 1.2 seconds. The
magnitude of the force exerted on the driver by
the air bag is approximately

(1) 7.0x 10! N
(2) 8.2x 10N

it

0p=7

1.7x 103N
(4) 20x 10°N

ig;'/g)}(ggfg) . F (/i.?s}

f: = /éfxé}i’?'/’/

28 An apple weighing 1 newton on the surface of
Earth has a mass of approximately

@)1 x 10 kg (3) 1% 10! kg
(2) 1x10%kg (4) 1x10%kg

i - .
fﬁéu,f‘\j
W= m f?-fﬁ) b - 1
5 7%z
5F
M 105

29 In raising an object vertically at a constant speed
of 2.0 meters per second, 10. watts of power is
developed. The weight of the objectis

Q)50N - (3) 40.N
(2) 20.N (4) 50. N
y?ﬁ s = Ea—éy = F;
£ £

[OW > Fuw ’Q/‘y&

31 In which situation is the net force on the object
equal to zero?

(1) a satellite moving at constant speed around
Earth in a circular orbit

(2) an automobile braking to a stop
a bicycle moving at constant speed on a
straight, level road

(4) a pitched baseball being hit by a bat



Part B-1

v Answer all questions in this part.

Directions (36—47): For each statement or question, write on the separate answer sheet the number of the
word or expression that, of those given, best completes the statement or answers the question.

36 The diagram below shows a 4.0-kilogram cart moving to the right and a 6.0-kilogram cart moving to the left

ebe = Fa
(oty+(otz = Tpgr

on a horizontal frictionless surface.

3.0m/s 3.0 m/s
4.0 kg 6.0 kg
\ J N /7 N \ 7
S S S SIS S 7 /

Frictionless surface

e _ 1515 m

“
-

> s

When the two carts collide they lock together. The magnitude of the total momentum

of the two-cart system after the collision is

0.0 kgem/s
(2))6.0 kgem/s

(3) 15 kgem/s
(4) 30. kgem/s

37 The diagram below shows a 10.0-kilogram mass
held at rest on a frictionless 30.0° incline by force F.

N

30.0° Ay

(4) 98.1N

38 An archer uses a bow to fire two similar arrows
with the same string force. One arrow is fired at
an angle of 60.° with the horizontal, and the other
is fired at an angle of 45° with the horizontal.
Compared to the arrow fired at 60.°, the arrow
fired at 45° has a

(1) longer flight time and longer horizontal range
(2) longer flight time and shorter horizontal range

@ shorter flight time and longer horizontal range
4

shorter flight time and shorter horizontal range

o

% (3, Iy
oLy ()

39 The graph below shows the velocity of a race car
moving along a straight line as a function of time.

Velocity (m/s)

Velocity vs.Time

40,
30.
20.
10. I <
0 AL
0 1.0 20\_—30 A0
T
ime (s) -
ot

L\ = Y0n/s

What is the magnitude of the displacement of
the car from ¢t = 2.0 seconds to ¢ = 4.0 seconds?

(1)
@)

20. m
40. m

60. m
4) 80.m
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- 4
Sice.
40 Which vector diagram represents the greatest magnitude of displacement for an object?

im im im

m
im
im
im
im
im

43 What is the total electrical energy use'd by a
1500-watt hair dryer operating for 6.0 minutes? . W w 7
(1) 4.2] (3)9.0x 10%] € iy SUG oo @

(2) 250]’ .4)(105] .

Base your answers to questions 64 and 65 on the information given below.

Friction provides the centripetal force that allows a car to round a circular curve.

64 Find the minimum coefficient of friction needed between the tires and the road to allow a 1600-kilogram
car to round a curve of radius 80. meters at a speed of 20. meters per second. [Show all work, including for-
mulas and substitutions with units.] [4]

é‘ﬁ&%’)
G5 If t 1é”h;g§§ of the car were increased, how would that affect the maximum speed at which it could round
L V= ztgg f)urve? [1]

L cs
M Nolo¥ = 26;4 z ) -
,....i/_ =z 2 & ( 3’) - g/@c;z;:/?/ A/j Qwégc/?

i

i gon Ve 207 r

PR T =g t

= (igeor, )E/ﬁ ?g;)
E- s 4 Y - Eooo y

‘}?G{}Qﬂ/; AU /QQCXPU
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' Base your answers to questions 61 through 63 on the information and diagram below.

A child is flying a kite, K. A student at point B, located 100. meters away from point A
(directly underneath the kite), measures the angle of elevation of the kite from the ground
as 30.°.

iy

% o5
| ) 30.0°> <

Ground A<——100. M ——>» B

61 In your answer booklet, use a metric ruler and protractor to draw a triangle representing the positions of the
kite, K, and point A relative to point B that is given. Label points A and K. Use a scale of 1.0 centimeter = 10.
meters. [2] i f -

T T
< xjo @ 113m
62 Use a metric ruler and your scale diagram to determine the height, AK, of the kite. [1]
: S Fm
63 A small lead sphere is dropped from the kite. Calculate the amount of time required for the sphere to fall

to the ground. [Show all calculations, including the equation and substitution with units. Neglect air resis-
tance.] [2]

Part C

61

Scale
1.0cm = 10.m

Ground B

62 523}/03(} m

¢z, drvd+dat” [Tc3 A+
5‘?3"\ = f.—La, (?x,ﬁ}+z {535/4

3:;



Base your answers to questions 66 and 67 on the information below and on your knowledge of physics.

Using a spring toy like the one shown in the diagram, a physics teacher pushes on the toy,
compressing the spring, causing the suction cup to stick to the base of the toy.

Trials 1-5 Trial 6

Separated

Not separated
from base

from base

Suction cup
Spring
. Base

When the teacher removes her hand, the toy pops straight up and just brushes against the
ceiling. She does this demonstration five times, always with the same result.

When the teacher repeats the demonstration for the sixth time the toy crashes against the
ceiling with considerable force. The students notice that in this trial, the spring and toy sep-
arated from the base at the moment the spring released.

The teacher puts the toy back together, repeats the demonstration and the toy once again
just brushes against the ceiling.

66 Describe the conversions that take place between pairs of the three forms of mechanical energy, beginning
with the work done by the teacher on the toy and ending with the form(s) of energy possessed by the toy
as it hits the ceiling. [Neglect friction.]  [3]

67 Explain, in terms of mass and energy, why the spring toy hits the ceiling in the sixth trial and not in the

other trials. 2] Z{/" /ﬂ [,C W;f"}%’ EN 2;) gé
@ [Es = f +_Ced/ el corn.

g >

L7 ome brey g Es pass

+/ L/

}

| pt Cach pot—
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1 The diagram below shows a 50.-kilogram crate
on a frictionless plane at angle 6 to the horizon-
tal. The crate is pushed at constant speed up the
incline from point A to point B by force F.

A Horizontal

If angle 6 were increased, what would be the
effect on the magnitude of force F and the total
work W done on the crate as it is moved from
Ato B?

(1) W would remain the same and the magni-
tude of F would decrease.
(2) Wwould remain the same and the magni-
tude of F would increase.
(3) W would increase and the magnitude of F
.. would decrease.
(4)) W would increase and the magnitude of F
would increase.

2 A vector makes an angle, 8, with the horizontal.
The horizontal and vertical components of the
vector will be equal in magnitude if angle 6 is

@) 452

(4) 90°
3 A car initially traveling at a speed of 16 meters
per second accelerates uniformly to a speed of
20. meters per second over a distance of
36 meters. What is the magnitude of the car’s
acceleration?

Q.11 m/s2
0 m/s>

(3) 0.22 m/s?
(4) 9.0 m/s?

4 A ball is thrown at an angle of 38° to the hori-
zontal. What happens to the magnitude of the
ball’s vertical acceleration during the total time

interval thatthé ballisin the air?

(1) It decreases, then increases.
(2) It decreases, then remains the same.
It increases, then decreases.

(3)
@It remains the same,

5 A man standing on a scale in an elevator notices
that the scale reads 30 newtons greater than his
normal weight. Which type of movement of the
elevator could cause this greater-than-normal

reading?

accelerating upward

) accelerating downward

(3) moving upward at constant speed
(4) moving downward at constant speed

Base your answers to questions 6 and 7 on the
information below. ’

Projectile A is launched horizontally at a
speed of 20. meters per second from the top of
a cliff and strikes a level surface below, 3.0 sec-
onds later. Projectile B is launched horizontally
from the same location at a speed of 30. meters
per second.

6 The time it takes projectile B to reach the level

surface is
(1) 45 (
(2) 2.0 4) 1075

7 Approximately how high is the cliff?

(1) 29 m (3) 60. m
9) 44 (4) 104 m




8§ A 60-kilogram skydiver is falling at a constant
speed near the surface of Earth. The magnitude
of the force of air friction acting on the skydiver

is approximately

(1) ON
(2) 6N

(360 N
(4) 00 N

9 An astronaut weighs 8.00 x 10% newtons on the
surface of Earth. What is the weight of the
astronaut 6.37 x 108 meters above the surface of
Earth?

0.00 N
(2%2.00 x 10> N

(3) 1.60x 103N
(4) 3.20 x 103N

10 Which person has the greatest inertia?

(1) h 110-kg wrestler resting on a mat
a 90-kg man walking at 2 m/s
(3) a 70-kg long-distance runner traveling at 5 m/s

(4) a 50-kg girl sprinting at 10 m/s

11 When a 12-newton horizontal force is applied to a
box on a horizontal tabletop, the box remains at
rest. The force of static friction acting on the box is

(1) ON
between O N and 12 N

12N

(4) greater than 12 N

12 A 1.5-kilogram lab cart is accelerated uniformly
from rest to a speed of 2.0 meters per second in
0.50 second. What is the magnitude of the force

producing this acceleration?
(1) 0.70 N 3 O N

(3).3-0
(2) 15N N

The graph below shows the relationship between
the work done by a student and the time of ascent

as the student runs up a flight of stairs.
Work vs.Time

14

Work (joules)

Time (seconds)

The slope of the graph would have units of

3) watts

(1) joules
(4) newtons

(2) seconds

Note that question |5 has only three choices.

j
15
| Asaball falls freely (without friction) toward the
| ground, its total mechanical energy
| (1) decreases
{ increases
. s the same
H
16

i A 0.50-kilogram ball is thrown vertically upward
! with an initial kinetic energy of 25 joules.
! Approximately how high will the ball rise?
g Neglect air resistance. ] '

1) 2.6

[
(3) 13m

(4) 25 m

LEvE

13° Which graph best represents the relationship between the kinetic energy, KE, and the velocity of an object
, KE, jec

: accelerating in a straight line?

i

1/

g ¢ ;
0 : 0 :
Velocity Velocity 0 Velocity

(1) (2)

0 veloci
(4

(3)




17 Which graph best represents the motion of an g Three forces act on a box on an inclined plane as
object that is not in equilibrium as it travels shown in the diagram below. [Vectors are not
along a straight line? drawn to scale.]

Normal force o
8 - Friction
c ]
g 2
wn
2 )
Time Time
(1) (3)
q) .
3 2 v Horizontal
(%’_ _g Weight
a If the box is at rest, the net force acting on it is
e Time ?lq)uall]to .
the weight
2 4 &
) (4) (2) the normal force

Which vector best represents force B P

Y

A

(2) (4)




20 What is the average power developed by a motor |
as it lifts a 400.-kilogram mass at constant speed | . .

peed | :

through a vertical distance of 10.0 meters in | information below.

8.0 seconds? \ A hiker walks 5.00 kilometers due north

(1) 320 W (3) 4,900 W : and then 7.00 kilometers due east.

2) 500 W A MRY
@ 2000 W 22 What is the magnitude of her resultant displace-

?; f:'g éfﬁ&a@é’iﬁﬂ ment? (1]
t ¢

, Base your answers to questions,‘,.??.auz 23 on the

21 What is the approximate width of a person’s : -
little finger? '

(1) I'm @1 m
(2) 0.1m 0.001 m

[cn

23 What total distance has she traveled? [1]

/2

ﬁ.f\s oy ;Il,iff'C-
- eV

nv ~Vo
. 29) chId T Ll Coche
Base your answers to questions?‘-[ throughl;(s on | 2 . . . -,
the information below. ; S04 (tfs;:) + fﬁ% /a%)) = € L'/jj v

gy g
A 50.-kilogram child running at 6.0 meters 3;{{« N fﬁf
er second jumps onto a stationary 10.-kilogram & L
sled. The sled is on a level frictionless surface. '

‘ } \g“‘/é; (/
24 Calculate the speed of the sled with the child 2

after she jumps onto the sled. [Show all work, | as]
including the equation and substitution with | L= A
units.] [2] f 7 ’ ;
L(@h) (5]
2§ Calculate the kinetic energy of the sled with the /
child after she jumps onto the sled. [Show all { ?3/05 )
work, including the equation and substitution N

with units.] [2]

2{ After a short time, the moving sled with the child S
aboard reaches a rough level surface that exertsa | 7f; C 3
constant frictional force of 54 newtons on the ’
sled. How much work must-be done by frictionto |

bring the sled with the child to a stop? [1]

we Fd



Ansie- fee

Base your answers to questionsl"? through3¢< on 1

the information and data table below. | Square of Period vs. Length

In an experiment, a student measured the 24-25) 5.00
length and period of a simple pendulum. The
data table lists the length (£) of the pendulumin 4.50
meters and the square of the period (T?) of the |
pendulum in seconds®. |
i 4.00
|
Length (£) | Square of Period (T?) |
(meters) (seconds?) g 3.50
0.100 0.410 | . -
(aY]
0.300 1.18 ! n
2 5 3.00 /
0.500 1.91 g‘ 3 w
0.700 2.87 t 3 y
0.900 3.60 § 5 250 A
| o A
Directions (58-59): Using the information in the| S /
data table, construct a graph on the grid provided in b3 2.00
your answer booklet, following the directions below. | A
/|
27 Plot the data points for the square of period ver- 1.50 yimn
sus length. [1] -
1.00 ,’f
2y Draw the best-fit straight line. [1] a /
0.50
2 Using your graph, determine the time in sec- .
onds it would take this pendulum to make one %}\ 7

complete swing if it were 0.200 meter long. (1] 0 0 020 040 060 0.80 1.00 1.20

Length of Pendulum (m)
30 The period of a pendulum is related to its length

by the formula: T2 = (%) « € where g repre- \ﬁl z f?‘ :ff [
& ,
Y

sents the acceleration due to gravity. Explain .2‘})

how the graph you have drawn could be used to

calculate the value of g. [You do not need to per-

form any actual calculations.] [1] o ——



