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Part I: Questions (Choose the correct answer, one point each)

Q1. A man of mass m is inside an elevator that is moving upward with constant speed.
Which of the following statements is correct about the normal force N on the man? T
* The work of N is zero ®The work of N is positive

* The work of N is negative *N<mg

Q2. In the figure, if the angular speed w is decreasing, then the direction of the angular acceleration (a) is
* 4] y

® -j ®

z

Q3. Assingle conservative force is exerted on a particle which is moving along the x-axis. )
N

1Y
]

The potential energy U of this particle as a function of the position (x) is shown in ‘ c

the figure. The acceleration of the particle is zero at the points: -

* conly @b,candd * banddonly * aande o/ >

is free to rotate about point O as shown in the figure. If the torques exerted
o]

Q4. Four forces have the same magnitude (F1 = F2= Fz=F4) act on a rod which i:
_ 7
on the rod by the four forces are 4, T3, T3, T4 then: F,

*T1>T2>T3>T4 ®T2>T1>T4>T3

*T2>T3>T1>T4 *T1>T4>T2>T3

Part I1: Short Problems (3 points each)

SP1. A 2 kg box rests on a frictionless horizontal surface is struck by a ball which is moving along the x-axis.
The magnitude of the net force exerted on the box during the collision varies with time as shown in the figure.
Find the speed (in m/s) of the box just after the collision.

Ap = m(vy —v;) = Area = (4)(3) = 12N s F, (kN)

Ap 12
vf=E+vi=7+0=6m/s

o
T

Answer: v = 6 m/s
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SP2. A block of mass 8 kg is fastened to a spring by a light rope that passes over a massless frictionless pulley
as shown. After the block is released it came to equilibrium after stretching the spring a distance of 0.5 m, find
the force constant of the spring (in N/m).
mg=T, T=kx
mg=kx = k= %

=3 —160N/m
0.5

Answer: k = 160 N/m

SP3. Adisk M=3kg,R=0.3m, I, = %MRZ) is rotating about an axis at a radial distance of 0.2 m from its

center and perpendicular to the disk as shown in the figure. If the disk rotates with angular speed of 20 rad/s
find its Kinetic energy (in J).

_LRotation axis

1 1
L, =l +Md* = EMR2 + Md? = 5(3)(0.3)2 + (3)(0.2)?

= 0.255 kg - m?

1
K =5lw?=51]

Answer. K =51]

SP4. The engine of the boat provides a power of 250 hp, giving the boat a forward velocity of 20 m/s. Find the
horizontal force (in N) acting on the boat by its engine. (1 hp = 746 watts)
Ignore all friction forces.

P = 250 (746)W
= 186500 W

=F-V=FV R — =
P
|4

Answer: F = 9325 N
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SP5. A system of three small balls (m1 =4 kg, m> = 2 kg, and ms) are located in the xy plane. The positions of
ball 1, ball 3 and the center of mass of the three balls are shown in the figure. Ball 2 is located on the y-axis.

Find ms (in kg). EA
My Xy +MpX; +maxy y (m)
Xem = =0 4 ball 3
m1 + mz + m3 3@(:.“1. ‘
4(=2)+2(0)+m3(2)
0= 5
4+2+mg 2
2m; =8 = my =4kg gy . T 1
@ >
-2 -1 v 1 2 3 X (m)

Answer: m; =4 kg

SP6. A light cable is wrapped around a solid cylinder of radius 0.2 m which is free
to rotate about a fixed horizontal axis. A 4 kg block is connected to the free end of
the cable as shown in the figure. The block starts from rest and reaches a speed

of 3 m/s when it falls 2 m. Find the moment of inertia of the pulley (in kg - m?2).

Ei = Ef

12 1, (Y
2me+21(R2)

mgh

_- R 1 9) _ 2(02)? 1 o1 ,
=25 (mgh 2 MVf ) = e [4(10)(2) HOIE) ] = 0.55 kg.m

Answer: [ = 0.55 kg.m?

SP7. Two balls of equal masses collides elastically on a frictionless table. The velocities of the balls before and

after the collision are shown in the figure. Find the speed (in m/s) of ball 1 after the collision and find the

angle a.
y

1 1 1
E Vll +0= Vlf +5 2 sz stationary

W

. 5mls \
Vip= [VE—VZ=+52-32=4m/s .)sso X

— m Y
TPy, = TPys Mz N
0= mV;; sina —mV,s sin53 %{,\
\ J\ )
Y (szsin53) r r
a=Sin E— Before the collision After the collision
Vir
.. —1(3sin53 _ °
- s ( 4 ) 37 Answer: Viy = 4m/s
[OR]

a+53=90 = a=37 Answer: a = 37°
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Part 111: Long Problems (5 points each)

LP1. Block 1 (m1= 2 kg) starts from rest at point A and slides down a frictionless bowl of radius R = 0.8 m. It
collides with block 2 (m2= 3 kg) at point B and the two blocks stick together after the collision.

a) Find the speed (in m/s) of block 1 just before the collision. R

_1 2
migR = > mqVig

Vig = /2R = /2(10)(0.8) = 4 m/s

Answer: V,p =4m/s

b) Find the speed (in m/s) of the composite (m,4 + mg) just after the collision.

myVip = (my + my) Vs
2(4) =5V
Ve =1.6m/s

Answer: V; = 1.6 m/s

c) Find the normal force (in N) acting on the composite just after the collision.

VZ
n—(my +my)g = (my + mz)}

n=(my+my)|g+=]| =5 ((10)+%)=66 N

Answer: n = 66 N
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LP2. A small ball of mass 72 g is fired from a spring-loaded gun (k = 20 N/m) that is mounted on a table. The

spring was compresses a distance of 30 cm and then the ball is fired. The ball leaves the spring when it is at the
edge of the table as shown. The ball hits the ground at a horizontal distance of d from the edge of the table.
Ignore all friction forces

a) Find the speed (in m/s) of the ball when it leaves the spring.

1 1
“kx? = Zmv?
2 2

0.072

V= \/% x? = \/i (0.3)2=5m/s

Answer: V =5m/s

b) Find the distance d (in m).

1
Ay = Vyit—ggtz
—-1.25=0—-15(t)?

t=05s

d=Ax=V,;t =5(0.5)=25m

Answer:d = 2.5m

c) Find the work (in J) done by gravity on the ball during its motion.

Wmg = mgh = 0.072 (10)(1.25) = +0.9 ]

Answer:w,,, = +0.9 ]
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LP3. A block of mass m1 = 5 kg rests on a rough horizontal surface (uk = 0.3) is attached to a ball of mass

m2 = 8 kg by a light rope that passes over a pulley of radius R = 0.2 m as shown in the figure. When the ball is

released it accelerates downward at 1.5 m/s2. T
1
a) Find the tensions T1and T2 (in N) in the rope. m,
myg — T, = mya TZ

T, =m, (g — a) = 8(10 — 1.5) = 68 N @

T, — ymyg = mya

T, =my(urg +a) =5(3+15) =225 N

Answer: T, = 225N

Answer: T, = 68 N

b) Find the net torque (in N.m) exerted on the pulley.

St=T,R—T\R=(T,—T,)R= (68—225)02=9.1N.m

Answer: Xt =9.1N.m

¢) Find the moment of inertia (in kg-:m?) of the pulley.

21:1a=1(§)

== (5) @) =22 (9.1 =12 kg.m?

a

Answer: [ = 1.2 kg.m?




