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

Q1. A car traveling at a speed v on a horizontal road can stop in a minimum distance d. What would be the

car’s minimum stopping distance if it was traveling at a speed of 2v?

*\2d * 2d ® * g

Q2. Two horizontal forces acting on a block which is sliding K y

to the right across a horizontal frictionless surface. The graph - > /..//l
l'. f‘:) L

shows two curves of the block’s kinetic energy K versus time - - [~ 2

t. The relation between F1 and F2 for each curve is: — =

* curvel: Fi=F2 , curve2: Fi>F
* curvel: Fi>F2 , curve2: Fi=F;
@ curve l: Fi<F, , curve 2:F1 =F

* curvel: Fi<F2 |, curve2: F1>F

Q3. Cart A (m,4 = 2kg) is initially moving to the right collides with cart B (mp = 3kg) which has a spring
bumper and is initially at rest as shown. Which of the following statements is correct when the

compression of the spring is maximum? >

* cart B is still at rest

* cart A has come to rest
* the two carts have the same kinetic energy

@the kinetic energy of the system is minimum

Part I1: Short Problems (2 points each)

SP1. A motor is able to pull a 370 kg box along a horizontal rough floor (uk = 0.45) at a constant speed of 4

m/s. What is the power of the motor?

F = pkmg = 16650 N
P = |F||#] = (e mg) v = 0.45 (370) (10) (4) =6660 W

Answer: P =6660 W
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SP2. A 7 kg block slides down a frictionless ramp while it is pulled with the force F that is directed up the
ramp as shown. As the block slides through a distance d = 2 m along the ramp, its kinetic energy

increases by 80 J. How much work is done by the force F during this motion?

Yw=AK
Wing + Wp=AK = +80]
wp = +80] — mgd sin(53.1°) = —32]

SP3. The only force acting on a 4 kg object as it moves along the x-axis is given by Fx = (-6x2 +2x) N, with

x in meters. The speed of the object at x =3 m is 8 m/s. What is the speed of the object at x =4 m?

4
Wr, = j (—6x2 + 2x) fx = —2x> + x2|4 = —67 ]
3

WFx

_ _1 2
—AK—Em(vf -v
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SP5. Two blocks (m1 = 6 kg and m2 = 2 kg) move on a frictionless horizontal surface. Initially, each block
is moving with speed of v = 3 m/s as shown. If the blocks stick together after the collision, what is the

kinetic energy of the system after the collision?

My Vi + Mgy = MU,y

| My + MUy 6(3) +2(=3)
Vs = M - 8

=+1.5m/s

1 2
Ky =>Mvi =9]

Answer: K =9]

SP6. A ball (m = 0.1 kg) hits a wall horizontally with a speed of 4 m/s and bounces back with the same

speed in a direction 36.9° with the horizontal as shown. Find the magnitude of the impulse on the ball.

y
U = +4im/s

U = (—4cos 36.9°1 + 4 s5in 36.9°)) m/s = (=3.2i + 2.4j) m/s Th
J=Ap =m (¥ — B;) = (=0.721 + 0.24)) N - 5

/] =/0.722 + 0.242 = 0.76 N - O_> _____ )

Answer: |J| = 0.76 N - s

SP7. Block 1 (m1 = 2 kg) is released from rest at point A and slides down a frictionless track then collides
with block 2 (m2 = 3 kg) that is stationary at point B. After the collision, block 1 rebounds with speed of 3
m/s, find the speed of block 2 after the collision.

1
my,gh = Emlvfi = v,;; =+/2gh = 6m/s
My Vix; + MVsy; = MqVixp + MyVpyr

(2)(6) + 0 = 2(=3) + 3vyy¢

12+ 6
Voxf = 3 =6m/s

ANSWEr: vy r = 6m/s
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Part 111: Long Problems (4 points each)

LP1. A block (m = 0.5 kg) is released from rest at point A when the spring (k =900 N/m) is compressed
a distance of x = 0.2 m. The block passes point B when the spring is relaxed and continues to move along
the path shown in the figure. The path is frictionless except the section between points B and C where

Mk = 0.4.

A
Fi h k [ h
a) Find the work done by gravity on the C B .
block between points A and D. T
1.2m
l

Wng = +mgh = 0.5(10)(1.2) = 6]

Answer: Wy, = 6]

b) Find the work done by friction force on the block.
W, = —wemgdpe = —0.4(0.5)(10)(2.4) = —4.8]

Answer: Wy, = —4.8]

c) Find the speed of the block at point D.
ED - EA = Wfk

1 2 1 2

Eva - (Ekx“‘ + mgh) = —4.8

0.25v2 — (18 + 6) = —4.8 = v, = 8.8m/s

Answer: v, = 8.8m/s
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LP2. The figure shows an elastic collision between two balls each of mass 0.2 kg on a frictionless horizontal

surface. Ball A moves at 5 m/s strikes the stationary ball B. After the collision, ball A moves at 4 m/s in the

direction shown in the figure.

a) What is the speed of ball B after the collision? y
o
KAi+KBi:KAf+KBf 'A
1 1 1 ‘—) \369°
1,2 — o192 4 _amay2
2vai+0 2vaf+2mva ‘ Sy
vji=v§f+v§f=>v3f= vji—vjf: 52 — 42 B
=3m/s \UBf
Or Or
pri Zszf ZPYi =2pyf
+ + =
va mvB vaxf mvaf vayi + mvByi = vayf + mvByf
5+ 0 =4cos(36.9%) + UpyrCOS (53.19) 0 = 45sin(36.9°) — vaSin (53.1%)
5 —4cos(36.99) 45in(36.9°)
= =3 — T
VBT oos 5310y oM Vef = n(s310) ~ > ™S
Answer: vgr =3 m/s
b) What is the magnitude of the average force exerted by ball A on ball B if the collision contact
time is 0.002 s.
. - mvg. 0.2(3)
App = Fay At = mvp —0=Foy At = Fy =——= =1 =300N

Answer:F,, = 300 N

c) If the collision takes place at the origin (0, 0), find the position of the center of mass for the two
balls two seconds after the collision.
Ua, = (4 cosa)i + (4 sina)j = (3.21 + 2.4)) m/s, 74(2s) = 17Aft = (6.4i+4.8j)m
U, = (3 cosp)i — (3 sinp)j = (1.81 — 2.4)) m/s, rp(2s) = vp, t = (3.6i—4.8j)m

- -
5 mr,+mrg .
Tom =5 = otm

Answer:7.,, = 5im




