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Important:

1. Answer all questions and problems (No solution = no points).
2. Full mark = 40 points as arranged in the above table.
3. Give your final answer in the correct units.
4. Assume g=10m/s2.
5. Mobiles are strictly prohibited during the exam.
6. Programmable calculators, which can store equations, are not allowed.
7. Cheating incidents will be processed according to the university rules.

GOOD LUCK
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Part I: Short Problems (3 points each)

SP1. The angular position of a rotating disc is described by 8(t) = 2t3 — 6t%, where 0 is in radians and t

is in seconds. Find the angular acceleration of the disc at t = 5s.

do(t) 5
w(t) =0 = 6t- — 12t
(t) = do(®) _ 12t — 12
T

a(t =5s) =12(5) — 12 = 48 rad/s?

SP2. A constant force F = (20i + 35] — 40k) N acts on a 4 kg block while it is moving along the x — axis.

Calculate the work done by the force F when the block moves from x = 2 mto x = 9 m.

A7 = +7im

W=F-AF=(20)(7)+0+0=+140]

SP3. A stone is projected from the edge of a vertical cliff and hits the ground 2 s later. The stone's initial
velocity is v; = 20 m/s directed at 37° below the horizontal, as shown. Find the height (h) of the
cliff.

vy, = —v;sin(37°) = —205sin(37°) = =12 m/s

1 v > y
Ay = vyt =5 gt? = —12(2) = 5(2)) = ~44m %, J—;

h =1y = 44m i
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SP4. A constant force F = 63 N is applied to a 3 kg block, which is connected to a 6 kg block by a light

rope, as shown. The two blocks accelerate together on a rough horizontal surface (1, = 0.4). Find the

F=63N
3 kg >

magnitude of the net force on the 3 kg block.

F—p(m+my) g =(my+my)a

F—pu(m+my)g
a =
(m; + my)

= 3m/s?

Fpet(onmy) =mia=9N

SP5. A disc starts from rest and rotates with constant angular acceleration. The disc completes 225

revolutions during the first 6 s. Find the tangential acceleration of point Aatt = 6 s.

\

1 y
225(2)(3.14) =0 + 504(6)2 = a = 78.5rad/s? 20 cm

\ o A

AO = w;t + %atz

Argn = Ra = 0.2(78.5) = 15.7 m/s?
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SP6. A rocket (M = 80 kg) initially moves at 500 m/s. Due to an explosion, the rocket separates into two

parts (my, = 50 kg and mg = 30 kg ). After the explosion part A moves at a speed of 620 m/s to the right,

as shown. Find the velocity of part B. P——
™~ 500 m/s
M
Mvy, = myvsy, + MpVpy,
vai — mAvAxf ™ § 620 m/s
v = - mg My >
BXf
mB L
= COBZENE20 — 1300m/s  (To the right) %

30

SP7. Starting at t = 0's, a net external force F(t) = (4tf — 9t%j) , where F is in newtons and t is in
seconds, is applied to a box that has an initial momentum p; = (—3i + 4j) kg - m/s. Find the momentum
of the box at t = 2 s in unit vector notation.
. (Y, z 2
J=1] F()dt= J (4ti — 9t%)) dt = [(2t21 — 3t3))] 0" (8f — 24)) kg -m/s
t; 0

N

J=Pr—B:i =8 =] +5;

Pr =]+ B; = (81 — 24) + (=3i + 4j) = (5 — 20) kg - m/s
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Part I1: Long Problems (5 points each)

LP1. Two identical objects (m; = m, = 2 kg) move on a frictionless horizontal surface with velocities
vy, = (41 — 6]) m/s and v,, = (81 + 2) m/s. The two objects collide, stick together, and move with
velocity vy .

(a) Find the total kinetic energy of the system before the collision.

1

1 2 2
K; = Emlvli + EmZUZi

= 2@ +6) 45 (28 +2%) = 120

(b) Find the common velocity of the two objects after the collision (¥;) in unit vector notation.

my vy, + myv,, = (my + my) vy

B = mlﬁli + mz‘l})zi _ 2(4‘i - 6j) + 2(8i + Zj)
! (my +my) 4

= (61— 2]) m/s

(c) Find the change in Kinetic energy due to the collision.

1 2 (1 2 1 2
AK = E(ml + my)vf — (Emlvli + Em2v2i>

- %(4)(62 +22) — (120) = —40 ]
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LP2. Two blocks (m, = 3 kg, m, = 5 kg) are raised vertically by a force F = 96 N, as shown.

(a) Draw a Free body diagram for each block.

F ny = Fy

mygg myg

() D F

(b) Find the contact force between the two blocks.
F —(m; +my)g = (my + my)a

_F—=(m;+mp)g 96— (80)

= =2 2
(m; + my) 8 m/s

F; —miyg=mja=F,; =my(g+a)=36N

OR F-F,—-myg=mya=F,=F—-myg—mya=96—-50—-10=36N

(c) If the surface between the two blocks is rough with coefficients of friction (us; and u;), then the

friction force acting on mz1 equals (ignore air resistance).

* ema g *pusmyg * us(my + my)g @Zero
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LP3. A 4 kg block is released from rest at point A when the spring (k = 600 N/m) is compressed 20 cm.
The block leaves the spring and slides down a frictionless incline, and then a rough horizontal surface,
as shown. Finally, the block stops at point C.

(@) Find the total work done on the block

between points A and B.

= rough (i, = 0.4) frictionless
Weotar(A — B) = Wing + W L

o2 2
=mgh + Ek(xi — xf)

= 4(10)(1.2) +%(600)(0.22 —0)=60]J C B

(b) Find the speed of the block at point B.

1
Wiotai(A — B) = Em(vl% - vj)

1
60 = 5(4)(171% —0) > vg =548m/s

(c) Find the distance (d) between points B and C.

Wiotar(B — C) =1m(v2—v2)
total 2 (o B

v

=3.75m
2urg

1
—emgd = Em(O —v3)=>d=
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Part I11: Questions (Choose the correct answer, one point each)

Q1. A stone is thrown vertically up. Which of the following graphs correctly represents its_velocity?

N ¢ IV\ g
©

v

*

Q2. Three blocks with masses m; > m, > ms rest on a frictionless table at position A. Three forces of

equal magnitude (F) act on the blocks, and the blocks move the same distance to position B, as shown. Which

block will have the highest Kinetic energy at position B. 1
Zomf——>F
* my 3_i'|1—>F
m
* m, <
A B
% m3
® all the same

Q3. For the completely inelastic collision shown in the figure, what can be said about the kinetic energy (K) of
the system.

Before A |— <—
% —

Kbefore — Dafter
After A B |_>

@ Kbefore > Kafter

* Kbefore < Kafter
* Kbefore + Kafter =0

Q4. A solid disc is rotating about its center with angular velocity w. Points A and B are two points on the disc's

surface. Which one of the following statements is correct?

w
@ Wy = Wpg \
* ‘UAZUB R B
\.pA
* W, > wg - B

* v, <vp



