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1-2) Am = 2.0 kg object is acted on by a net force along the x-axis. The™ 1
force varies with time as shown in the figure:

1) What is the average foree applied to the object overthe interval
0 <t < 5s5,in newtons (N)?
A) 2.0 B) 21 () 22

F(N)

D) 23 E) 24

t(s)

0

//

2) If the object’s speed at t = 3 s, is v,= 10 m/spwhatiis its speed at t = 0, in m/s?
A) O B) 2 C) 4 D) 6 E) 8

3-4) Two steel balls with masses my; = 3m and m, = m move
toward each other along'the x-aXis with the same initial speed
v;, as shown in the figure, and undergo an off-center collision.
After the colliSion, the ball of ,mass m, moves in the +y
direction with velocity 7,,, while the ball of mass m; moves
with velocity®;, making an dangle 6 below the +x-axis (i.e., an
angle —0 with theyt+x-axis).

3) What is'the €orrect expression for the velocity vector ¥;in terms of v;?
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4) What is tan (8)?
A) -1 B) —2 C) 2v2 D) —3 E) —%

5-6-7) Two blocks with masses m; = 1.5kg and m, = 1.0 kg are
released from rest from the same height h = 7.2 m, as shown in the
figure. As they accelerate, they undergo a completely inelastic
collision at point A and stick together.

5) What is the common speed of the two blocks immediately after
the collision, inm/s ?

A) O B) 2.2 C) 24 D) 2.6 E) 2.8

6) How much kinetic energy is lost in the collision, AK, in joules (J)?
A) O B) —43.2 C) —57.6 D) —86.4 E) —172.8

7) Before coming momentarily tefrest, how high above the ground do theblocks rise, in meters (m)?
A) 0.144 B) 0.288 C) 0.432 D) 0.576  E) 0.720

8-9) A thin rectangular plate with side lengths a'= 0.3'mwand b = 0.4 m lies in
the xy-plane with one corner at the origin, as shown'in the figure. The plate is
non-uniform; its surface mass density is o(Xy) = 8xy kg/m? where x and
y are in meters.

8) What is the moment of inertia of the plate about the z-axis, in kg m??

A) 0.0009 B) 0.0016 _C) 00025 __ D) 0.0036 E) 0.0041

9) Initially thesplateiis at restf At t = 0 s, a constant force of magnitude F = 0.12 N is applied at point C,
always perpendicularte the side of length a, as shown in the figure. The plate is free to rotate about the z-
axis. Whatis thedrotational kinetic energy of the plate att = 10 s, in joules (J)?

A) 6 B) 9 C) 12 D) 15 E) 18

A2




10-11) A system consists of two particles of masses m; = 0.1kg and m, = 0.2 kg moving in the
horizontal, frictionless xy-plane. The position vector of the center of mass is given as a function of time by
7en(t) = (2t%2 — t + 1)1 + (3t + 2)j where t is in seconds and 7y is in meters.

10) If the position vector of the m, particle is 7 (t) = (2t — t + 3)i + 3tj what is the position vector
7, (t) of the particle m,, expressed in unit-vector form?

A) () = (2 + )i+ Bt +3))

B) % (t) = (t? —t)i + (3t — 3)j

C) %) = t2 + )i+ (3t + 3)f

D) % (t) = 2t2 — )i + (3t + 3)j

E) #(t) = (t? = 2t)I + (3t + 3)

11) What is the velocity of the center of mass ¢y att = 1 s, expressed in unit-vector form?
A) Uy =30+ 3]
B) vey =30+ 2]
C) Uey =21+ 2j
D) ey = T+2j
E) Uey = 20+ 3f

12-13) A disk is free to rotate about a fixed axis perpendicular to the disk and passingthrough‘its center.
The angular velocity of a point P on the disk isigiven by w(t) = 9t? — 12t ¥9y(rad/s), and the disk has

moment of inertia I = % kg m?.

12) How many revolutions does the disk'‘cemplete byit = 3 s ?
A) 9 B) 8 C) 6 D) 4 E)2

13) Which of the following statements about the torque t acting on the disk is false?
A) Att=0,7=—4N-m,

B) Attheinstantt = % S, T IS Zero:

C) The torque at t = 2 s is four times the torque att'= 1s.

D) The torque at t = 1s is one-tenth of the torqueat t'=,4 s.
E) The torque decreases linearly with timeg

14-15-16) Two blocks of masses m; = 1kg ‘anddn, = 2kg are connected by a T
massless rope that passes over a fixed pulley of mass M = 2 kg and radius R = 0.1m, 1
as shown in the figure. The pulley can rotate without friction about an axle through its \, ®
center. At t = 0, the blocks are releasedifrom rest when the m,block is at a height
h = 1m above the ground. (Tpy ey = %MRZ) T Ty
14) What is the linear@cceleration of the m,block, in m/s??

my my
A) 1.5 B)(2.5 C)13.5 D) 4.5 E) 5.5 A

15) What is the difference in the rope tensions, (T,—T;), in newtons (N)?
A) 5.5 B) 45 () 35 D) 25 E)O

A3




16) What is the angular speed w of the pulley at the instant the m,block reaches the ground, in rad/s?
A) 2v5

B) 4V5

C) 6V5

D) 8V5

E) 10v/5

17-18) A pulley of radius a = 10 cm and moment of inertia I, = 0.15 kg m? is
riveted coaxially to another pulley, of radius b = 20 cm and moment of inertia
I, = 0.20 kg m?, so that their centers coincide. The resulting composite pulley
can rotate freely about an axis through point 0, perpendicular to the plane of 37°
the pulleys. At t = 0, three forces of magnitudes F; = 3N, F, = 4N, and
F; = 7 N act on the composite pulley as shown in the figure.

17) At t = 0, what is the net torque about point O acting on the composite
pulley, in N.m?

A) 0.70 B) 0.84 (C) 0.98 D) 140 E) O

18) Att = 0 s, what is the angular acceleration of the composite pulley, in rad/s??
A) O B) 1 C) 2 D) 3 E) 4

19) In a frictionless, setup, a sphere A of mass 0.5 kg'moves along m,
a horizontal surface with speed 1.0 ni/sand collideshead-on with O— o
I [ ,

asphere B of mass 0.2 kg that is initially at rest. After the collision,
sphere A is reflected backwards along the same line with speed
0.4 m/s, while sphere B continues forward,along the same line »
and then leaves the edge. of the table, following thestrajectory
shown in the figure. If the horizontal distance is d = 140 cm, what l

is the height of the table above thefloor, in centimeters? |

A) 50 B) 60 C) 70 D) 80 E)90 —d —

20) An experimental setup determines an object’s moment of inertia using
energy conservation. A light string is wrapped around a pulley of radius
r = 2 cm attached beneath a rotatingmreference platform. A hanging mass
m = 10 g is attached to the'free end of the string, which passes over an ideal
guide pulley (its moment of inertia neglected) and hangs vertically. When the
system is released from rest, the mass m falls a vertical distance h =
1min 2s ; frem this, the moment of inertia of the reference platform is
determined. A uniferm rectangular plate is then placed on the platform with
its center of mass aligned with the rotation axis. Under the same conditions,
the mass ni'takes 5 s tofall the same distance h. What is the moment of inertia
of the rectangular plate about its center of mass, expressed in g cm??
(Neglect all friction.)

A) 1200 B) 2200 C) 3200 D) 4200 E) 5200

A4






