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Part I: Short Problems (3 points each)

SP1. A wheel slows down from w; =20 rad/s t0 wy = 127rad/s in 5s under a constant angular
acceleration. Find the angular displacement (A@), in radians, during these 5 s.
(l.)f = Wj + at

12 - 20
@¢=—F—= —1.6rad/s?

Af = wit +5at? =20 X 5+ 0.5 X —1.6 X 25 = 80 rad

OR

Ae:( 2 2

)5=80rad

SP2. A rocket moves along the x-axis. Its position as a function of time is given by x(t) = 4t — 5t3, where

t is in seconds and x is in meters. Find the average acceleration (in m/s?) betweent =0sandt = 2 s.

= _ 4 _15¢2
V== 4 —15¢
g = v@mv _ [1s@)) o100 gh 0

At 2-0 2

SP3. A ball is projected from a window of a building of height (k). The ball is given an initial speed of
8 m/s, as shown. If the horizontal distance Ax = 22.6 m, find the height h (in m).

&

¥ “d %
Ax = 22.6 m = vysin(70°)(t) = 8 X 0.94 x t A yl
t=3s \\\ X

1 2 h \\

Ay = —vycos(70°)t — Egt *
Ay = —8.2—5(9) = =53.2m
h=532m Y

- /////////////////7”7

|< Ax S
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SP4: A 0.4 kg block compresses a spring (k = 370 N/m) a distance x = 20 cm, then the block is released
from rest at point A. Find the speed (in m/s) of the block when the spring is relaxed (at point B).

EA = EB

Zkx? = 2mv? + mgx

2 2

§><370><0.22 =§xo.4><v2+0.4>< 10 x 0.2

>
N

= =

compressed relaxed

v=>574m/s

SP5. A 6 kg stone rests at the origin explodes into two masses m; = 2 kg and m, = 4 kg, as shown. After
the explosion, m; moves with a speed v,y = 5m/s, 30° north of east. Find the final velocity of m,, in

unit vector notation.

Y B=)

M'I-J)i = ml'l_}lf + mz'l_])zf

0 = 2(5c0s30% + 55in305) + 4(V,/)

Upp = (—2.171 — 1.25)) m/s
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SP6. A system consists of three small disks rotating about an axis that passes through disk C and parallel to
the line connecting B and A as shown. The angular position of the disk B is given by 8(t) = —5t + 2¢3,

where t is in seconds and @ is in radians. Find the rotational kinetic energy (in J) of the system at t = 2s.

Axis of rotation
I =mur? +mpr? =1x0.4% + 2 x 0.4%2 = 0.48 kgm? 04m 2kg
ke @7 L 2
_ ﬁ — _ 2 \\\\ :
w(t) =— 5+ 6t 03 m
w(2) = -5+ 6 x 22 = 19rad/s N |
\‘I.A
K =>lw? =>x 048 X 361 = 86.6 Fke

SP7: Two masses, m; = 4 kg and m, = 14 kg, are connected by a light rope that passes over a fixed
frictionless and massless pulley, as shown. m, rests on m, and a force |?| = 28 N is applied on m;.
The surface between the two blocks is rough ( u, = 0.25). The surface on which m, rests is frictionless.

Find the magnitude of the system’s acceleration (in m/s?).

For my

—

F G—— my

F—=T—wymg=ma ( ° )
18 —T = 4a m,

For m,

T —pemyg = mya
T —10 = 14a

Emmm==) q = 0.44m/s?
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Part 111: Long Problems (5 points each)

LP1. A bullet of mass of m;y = 50 g moves horizontally with a speed of v; = 250 m/s makes a
completely inelastic collision with a ball of mass m, = 4 kg, suspended like a pendulum from a rope of
length L = 2 m. After the impact, the system swings up to a maximum height %, as shown.

a) What is the speed of the system v, immediately after the collision?

PREDN
myv; = (Mg + my)v,
myv; 0.05(250) *
= = = 3.1 *
v2 my; +m, 4.05 m/s “voo,
bullet I
s O
ball
A

(b) Find the tension in the rope immediately after the collision (at point A).

1]2
T—Mg=M=2

V3 3.12
T=M g+T = 4.05 10+T =60N

(c) Find the maximum height (h) of the system.

El:Ef

%Mv§=Mgh

v 317 _ 048
~2g " 2010) em
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LP2. Two blocks (m, = 6 kg, m, = 4 kg) are connected by a light rope passing over a frictionless pulley
with a radius R = 0.3 m and a moment of inertia I = 1.44 kg - m?. The rope does not slip on the disk rim.
The masses m; and m, are released from rest. The tabletop is rough (u; = 0.2).

(a) If the tension in the vertical rope T; = 48 N,

find the acceleration of the system. —_ .
2
m2 B
o
myg — T = ma 1
=g—=10——=2 2 .
a=g m c m/s

(b) Find the tension in the horizontal part of the rope, T.

T, — uemyg = mya

T, =my(a+ urg) =42+ 0.2(10)) =16 N

(c) Find the net torque (magnitude and direction) generated on the pulley.

2 =] —Ia
T=Ia= R

2
=144 +—— =96N.
ZT " 03 m

into the page
or

Yt= (T, —T,)R = (48 — 16)0.3 = 9.6 N.m, into the page.
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LP3. A 2 kg block slides along a smooth surface before entering a rough path in the shape of a quarter circle
of radius R = 6 m, as shown. The work done by friction between point B and point C is —36 J.

rough

/Q frictionless

(a) Find the speed of the block at point C.

Wfr =E.—E, T
v=113m/s

«—
1

1
W = Smvé + mgyc —5mv? l

~36 =~ (2)vZ + 2(10)(3) — 5 (2)(11.3)?

v, =5.63m/s

(b) Draw a free-body diagram for the block at point C.

fi

mgcoso mgsinf

myg

(c) Find the magnitude of the normal force at point C.

muv?

n, —mg cos 60 =

2 2
ne = m(%c+ gcos60) =2 (5'%+ 10 cos 60) =20.7N

(d) Which of the following vectors represents the block’s tangential acceleration direction at point C?

o \N - N - - -
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Part I111: Questions (Choose the correct answer, one point each)

Q1. Which of the following is NOT an example of a conservative force?
* Gravitational force.
* Elastic force.
Q@ Friction force.

* All of the above are examples of conservative forces.

Q2. A velocity-time graph for an object moving along the x-axis is shown below. At t = 2 s, the acceleration
of the object is:

v, (cm/s)

8

* Increasing in the +x direction. 6L

* Decreasing in the 4+x direction.

® Constant in the —x direction.

o
T

* Zero. | | I | | l

Q3. A and B are two wheels connected by a belt that does not slip and runs with a constant linear speed v.

If R, = 2Rj , then the relation between their angular accelerations « is:

@aA = apg = 0.
* ay=ag # 0.
* ay = ZaB.
1
* _
a, = EaB'

Q4. The linear momentum as a function of time is shown for an object moving along the +x axis. In which

region is the magnitude of the net force |F| on the object the greatest?

=4 4
. ~ 3
@ Region 1. g
. 2
* Region 2. 534’
=¥
* Region 3. 1
* Region 4.

t(s;



