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

Q1. Under which of the following conditions is |4 — B| = |4 + B|?
* always

@ if A is perpendicular to B
* ifAis parallel to B

« ifAisanti parallel to B

Q2. The graph shows the net force exerted on a particle moving FY

along the x direction as a function of its position. If the particle’s

100
speed at x = 0 is (v;), at what other position does it have the \

same initial speed? i ; i +—
2 4 6 8 x(m)
* X=2 * X=4

® x=6 . x=8

Q3: Ali (M, = 20 Kg) and Bader (Mg = 15 Kg) slide from rest on two frictionless slides as shown in the figure.
Both slides have the same height, h. At the slides end, their speeds are v, and vg , respectively. Which of the
following statements is correct?
Slide 1 | Slide 2
* Vp> Vg h ya h Ve
¥ vy < vp

@VAZVB

* No simple relation between v, and vg because we don’t know the curvature of slide 2

Q4. A soccer ball initially is moving to the left with a speed v; # 0, but then it is kicked. After the kick it is

moving at 45° upward with a speed vy, as shown in the figure. The angle (a) between the average net force

on the ball and the x-axis is:
* o=0°
® 0°<a<45
* q=45°
* 0=90°

Part 11: Short Problems (3 points each)

SP1. The angular velocity of a wheel rotating about z-axis is —4 rad/s at t = 0 and increases linearly with time

to 6 rad/s att=5s. Find the angular displacement (A@) during this time period.

aA=—= :2rad/52 AG = At
At 5 2
OR
1 1 446
AD = w;t +§at2 = —4(5) +E(2)(5)2 =5rad = ( 5 )5 =5rad

Answer: A8 =5 rad
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SP2. A particle moves under the influence of a single conservative force with a potential energy of

U = 2x? — 5x, where U is in J and x is in m. Find the position of the particle when it is at equilibrium.

F=—% = _4x+5
dx

F=0 > —4x+5=0
x=125m

Answer: x = 1.25m

SP3. A 4 kg object has an initial velocity of 6im/s. Find the total work done on the object if its velocity

changes to 4f m/s.

W=AK = %mvf2 - %mvi2
vi =36 (%)

m
vi =16 (?)2

W = %4[16 —36] = —40]

Answer: W = —40]

SP4. A block at the bottom of a frictionless incline is given an initial velocity of 4 m/s up the incline as

shown in the figure. How far up the incline (d) does the block reach before coming to rest momentarily?

F=—-mgsin® = ma E, = By
o ocing — — 2 1
a=—gsind = —5m/s ~mv? = mgh = mg (dsind)
v = vZ + 2a(d) OR ,

0-16 ==
d=—r=16m ~ 2gsin® "

Answer:d =1.6m
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SP5. A 15 kg block rests on a rough horizontal surface (us = 0.6, 4, = 0.4). The block is connected to a spring

(k =300 N/m). A gradually increasing force is applied to the spring. At the moment just before the block

starts to move, find the potential energy stored in spring.

psmg _ 06)ASA0) _ o4
k 300

kx = psmg = x =

Ue = 5 kx? = ~(300)(0.32) = 13.5] iy

Answer: U = 13.5]

SP6. The magnitude of the net force exerted along the x direction on a 0.5 kg box varies with time as shown in

the figure. Find the speed of the box at t = 5 s if it starts moving to the right at a speed of 2 m/satt = 0 s.

F(N)
Ap = m(vy —v;) = Area = %(2)(4) + (1)(4) +%(2)(4) =12kgm/s i
2_
b 12 Al
Vf—E"‘Vi—E"‘ =26 m/s | ]| .
ol 1 2 3 4 5

Answer: v = 26 m/s

SP7. In the figure shown, assume that all surfaces are frictionless and the pulley is massless. If F = 50 N and

M = 2 kg, what is the tension in the string connecting M and 2M?

F
~~ 2M
F — Mg = 3Ma 7
_ F-Mg _ 50-20 _ 5 m/s2
3M 6
T — Mg = Ma

T=M(g+a)=30N

Answer T = 30N
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Part I111: Long Problems (5 points each)

LP1. A simple pendulum made of a massless string of length (1) and a small ball of mass (m ), starts from rest
at (9 = 91' )

a) Find the speed of the ball (in terms of m, £ and 8;) when the pendulum is at the vertical position
(0=0).

Elef

mgl(1 — cos@) = %mv2

v =./2gl(1 — cos8;)

Answer: v = ,/2gl(1 — cos6;)

b) Find the rotational kinetic energy (in terms of m, £ and 6;) at the vertical position.

Hint: treat the ball as a point mass.
1

K = =lw?
Sl

K =35 (mi)Q)? = mv? = mgl(1 - cos6)

Answer: K =mgl(1 — cosé;)

¢) If the string is cut at the vertical position when the ball is at 0.8 m above the ground, find the y-

component of the velocity when it hits the ground.
vy = vy —2g(AY)

vyr =+—29(Ay) =/-2(10)(-0.8) = —4m/s

0.8 m R

1
e e i

Answer: v,r = —4m/s
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LP2. A bullet of mass m = 5 g moving with a speed of v; = 400 m/s is fired into and passes through a block of
mass M = 1 kg, as shown in the figure. The block which is initially at rest

on a frictionless surface is connected to a spring with force constant k = 100 s
900 N/m. The block moved a distance d = 5 cm to the right after the impact

before being brought momentarily to rest by the spring. Assume that the

collision time is very small.

a) Find the maximum speed of the block (just after the bullet

emerges from it).

1 1
EMViZ = EkXZ
v, = \/k(;;)z = \/900(3'05)2 —1.5m/s

Answer: V; =1.5m/s

b) Find the compression of the spring (x) when the speed of the block is (0.5 m/s).

1 1 1
—MV? = = MV? + —kx?
g = g MVT ok

1(1)(1 5)2 = 1(1)(0 5)2 + 1 (900)x?
2 ) ' 2

x = 0.047 m

Answer: x = 0.047 m

¢) Find the bullet speed after emerging from the block.
mv; + 0 = MV + mvy

mv; — MV _ 0.005(400) — 1(1.5)
m B 0.005

vy = =100m/s

Answer: vy =100m/s
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LP3. A uniform rod of length [ = 40 cm and mass M = 1.5 kg is attached to a frictionless pivot (point O) and

is free to rotate about the pivot in the vertical plane as shown in the figure. The rod is released from rest when

it is in the horizontal position. The moment of inertial of the rod about its center of mass is: Icy = %Ml2 =
0.02 kg m?. N

a) What is the moment of inertia of the rod about the point O? 0
lo = Iow + Md? |

Ip = 0.02 + (1.5)(0.1)2 = 0.035 kgm?

Answer: I = 0.035 kgm?

b) What is the angular speed of the rod when it is in the vertical position?
Ei = Ef

1 2
mgh = Elw

N CLR COETC TS

Answer: w = 9.26rad/s

¢) What is the linear speed of the point P when the rod is in the vertical position?

v =Ro = (0.3)(9.26) = 2.78 m/s

Answer: v =2.78m/s




