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Important:
1. Answer all questions and problems (No solution = no points).
2. Full mark = 25 points as arranged in the above table.
3. Give your final answer in the correct units.
4. Assume g=10m/s>.
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.
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Part I: Short Problems (2 points each)

SP1. Two forces F; = 20 N and F, act on a 5 kg block that is moving to the right on a frictionless

horizontal surface with a constant acceleration of a = 1.2 m/s?2. Find the magnitude of the force F,.

F, Fy
Fl_Fzzma —

F,=F, —ma=20—-(5)(12)=14N

SP2. A block of mass (m = 30 kg) is initially at rest on a horizontal rough surface. The coefficients of
friction between the block and surface are (us=0.5 and p;, = 0.4). A child pulls the rope by a force |17"| =

130 N, as shown. Find the magnitude of the frictional force acting on the block. Is it static or

kinetic.

fsmax = Hsn = ps(mg — Fsin(36.9°)) = 111 N

Fcos(36.9%) = 104N < f ., so the block will stay at rest. %6.90 /(
p |

fs = Fcos(36.9°) = 104N, it is static friction. o B

SP3. A small ball (m = 0.3 kg) attached to the end of a string, the ball rotates in a vertical circle (R =
1.4 m), as shown. At the instant when 8 = 37°, the tension in the string is T = 6 N. What is the
speed of the ball at this instant?

/, A
/ \
\
muv? ! "
F="0 LR ,
\ 2] /
muv? \

T —mgcosO = ‘\~_’/ m
0.3 X v?
6 — 03(10) cos37 = T

v=41m/s
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SP4. A 2 kg block is moving along the x-axis, as shown. At point A it is moving to the right at a speed of

4 m/s and at point B it is moving to the left at a speed of 4 m/s . Find the total work done on the block

between points A and B.

1, 1 5
Wior = AK = Emvf —Emvi =0

SP5. Ablock (m = 3 kg) has a speed of v, = 9 m/s at point A. The block moves on a horizontal surface
and runs into a relaxed spring (k = 2400 N /m). The surface is frictionless except the portion BC,

which is rough with u;, = 0.35. Find the maximum compression of the spring.

1 1

Wiot = Wing + Wy + Wy, + W = AK
1, > 2 2 l
Wiot =04+ 0 — ypmgd — Ekxmax = Emvf - Eva

) ) A B / C
(=0.35)(30)(7) — () (2400) (xfmax) = 0 — (5)(3)(9?)
B = 0.
Xmax = 0.2m
OR

Er — By = Wy,

1, 5 1,

Ekxmax - Eva = —prmgd

1 1
= Xmax = JE (mv? — 2pmgd) = jm(3(92) —2(0.35)(30)(7)) = 0.2m

SP6. A 16 Kg block is fastened to a light rope that passes over a massless frictionless pulley, the other
end of the rope is fastened to a spring (with a spring constant k), as shown. The block is released

from rest when the spring is unstretched and then researches a speed of v =

2 m/s after it has dropped a distance of 0.4 m. Find the spring constant k. '
1 2 2
mgy; = Ekxf + > mvy 3

|
\

f

i\
\

k = (2mgy; — mv§)/xf = 400N /M
k=(2x16%x10x%x0.4—-16x%x4)/0.16 = 400N/m

M
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Part I1: Long Problems (4 points each)

LP1. A block of mass m = 20 kg is pulled up with a force, T = 25 N parallel to a rough incline, as shown.

The coefficients of friction between the incline and block are (uy, = 0.3 and y;, = 0.2).

a) Draw a free-body diagram for the block. Note: the block is sliding down.

n Tx
T
c;\&
o0
mg cost
myg

16 =30°

b) Find the acceleration of the block. Note: the block is sliding down.

mgsin® — T — w,mgcosd = ma
100 — 25 — (0.2)(200)(0.86) = 20a

a =2m/s?

c) What value of the force T is required to move the block up the incline at a constant speed?

T = ppmgcos6 + mgsind
T=1346N
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LP2. A 250 kg roller coaster car starts from rest at point A and slides down the loop-the-loop shown. As it
slides from A to B, the magnitude of the work done by the friction on the car is W, = 2400].

a) Find the total work done on the car when it slides from A to B

WtOt = ng + Wn + Wfk
Wioe = mgh + 0 — 2400 = 250(10)(5) — 2400 = 10100]

b) Find the speed of the car at point B.

1 ., 1 ,_1 2
Wtotzimv _Eva =§><250><UB

1
10100 = > x 250 X v}

vg =9m/s

c) Find the normal force acting on the car by the track at point B?

muv}
R

n+mg =

2
n=%—mg=875N
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Part I111: Questions (Choose the correct answer, one point each)

Q1. A force F pushes a small box with mass m that is in contact with a larger box with mass 2m, as

shown. The small box exerts a force F; on the larger box, while the larger box exerts a force F, on the

smaller box. Which one of the following statements is TRUE? Havtionless
1 F
A F, =F, * F,=F,=0

Q2. A particle is moving in a uniform circular motion. Which one of the following statements is TRUE?
* U = constant
* a = constant
@ |Y| = constant

* ldl=0

Q3. Aman pulls a 100N crate up a frictioless 30° slope 5 m high, as shown. Assume that the crate moves

at constant speed, the work done by the man is: )
&
* 4250 @ +5007 > Ui

* _500 ] * 0J ‘/ Slm O

N 30
ELLEL LT T LA 77777 Tl 7 P S

Q4. Three balls (a, b, and c¢) of equal masses are fired from the ground with the same speed but with

different angles, as shown. Rank in order, from largest to smallest, the speeds of the balls v,, v,, and

V., as they cross the dashed horizontal line at height h.

* oy, > v, >, 7|V

* v, >v. > / / T h

* oy > v, >, @V e v Ol
() Al the balls will have the same speed. Balla gl Balc

Q5. An elevator is carrying passengers, as shown. At the instant the speed of the elevator is v, the highest
power delivered by the motor occurs when the elevator
* moves downward with increasing speed.
C*) moves downward with decreasing speed.

* moves upward with decreasing speed.

* moves upward at constant speed.




