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Part I: Short Problems (2 points each)

SP1. In the shown figure, Block B slides to the left at a constant speed under the effect of the horizontal

force F . All surfaces are rough. Draw two labelled free-body diagrams one for block A and one for
block B.

TIB 4
F fies T fr T
fr,
flas Mpg m,g
For B For A

SP2. A5 kg block is pulled along a horizontal frictionless floor by a force F at an angle of 30° above the
horizontal, as shown. If the force F is slowly increased, what is its value just before the block is lifted off

the floor? [ Hint: the block leaves the floor whenn = 0]

n+ Fsin30° —mg = 0 30°

whenn =0 = Fsin30° = mg

F = mg__ 100 N
" sin30°

SP3. A block of mass m = 0.5 kg is released from rest at point A and slides inside a frictionless circular

path of radius R, as shown. Find the speed of the block and the normal force on it at point B.

frictionless
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SP4. A 10 kg box is pushed up a rough incline (u; = 0.2) by a constant force (F) parallel to the incline, as

shown. The box moves from point A to point B with constant speed, find the work done by the force F

on the box between points A and B.

Wior = Wi + Wy + Wy + Wy, = AK =0 b
Wy — mg(5 sin30°) + 0 — 11, (mg c0s30°)(5) = 0 san
Wy = 250 + 86.6 = 336.6 ]

YF=ma

F— fr —mgsinf =0

F = yp(mgcos30°) + mgsin® = 17.3 + 50 = 67.32 N
Wr = |F||s| cos 0° = 336.6 ]

SP5. Asingle variable force acts on a 5 kg block. The equation F, = (2x + 4) N describes the force, where
x is in meters. As the block moves along the x axis from x = 1 m to x = 5 m, calculate the change in the
kinetic energy of the block.

5 5
Wiot = Wg, = j dexj (2x + 4)dx = (x? + 4x)]5 = 40]
1 1

AK = W, = 40
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Part I1: Long Problems (3 points each)

LP1. Two blocks (m; = 2 kg, m, = 8 kg) are connected by a light rope passing over a massless, frictionless

pulley. The horizontal surface is frictionless and a constant force F = 25N acts on m,, as shown.

a) Find the acceleration of the system. o -:)F

for Mtotal .

Z F=Myrqa

F—myg = M@
25 —20 =10a

a = 0.5m/s?

b) Find the tension in the rope.
for m,
YF=m,a
F—T=mya

25— T = 8(0.5)

T=21N

¢) Find the power supplied by the force F when the system has a speed of 0.8 m/s.

P =F.% = |F||#| cos 0° = (25)(0.8) = 20 W
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LP2. A block (m =4 kg) initially moves with a speed v; = 0.8 m/s slides down a smooth inclined
surface, as shown. The block passes a 0.6 m long horizontal rough surface (u;, = 0.4) then it hits a massless

spring (k = 100 N/m). The spring is compressed a maximum distance of 0.2 m.

4
NG

a) Find the height h.
Ep —E; = Wy,

Zka? — (%mviz + mgh) = —umg(d + x)

;<——:"—>

2 frictionless Im
1 1

~kx* —-mv{ + wemg(d + x) «—06m—

h 2 2 i k
= rough
mg
2—-1.284+12.8
=——=0.34m
40

b) What force (magnitude and direction) does the spring exert on the block when it is at the

maximum compression?

F =kx =20 N to the left

c) At the maximum compression of the spring the block stops momentarily, the net force

acting on the block at this instant is:

*|ﬁnet| =0
* |F >0 totheright
| net| g

@|ﬁnet| >0 totheleft
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Part I11: Questions (Choose the correct answer, one point each)

Q1. The action and reaction forces
* act on the same body @act on different bodies, and in opposite directions
*act in the same direction * act on different bodies, but in the same direction

Q2. For the pendulum shown in the figure, the bob swings from point A to point C. At what point does the
ball have the maximum total mechanical energy (E)? Ignore all resistance forces.

* at point A

* at point B / '
* at point C
@E Is the same at all these points

@ 3
A %) C

Q3. The three blocks, shown in the figure, are moving on a frictionless surface. The contact force between
blocks (1) and (2) is F;,, while that between blocks (2) and (3) is F,3.Which of the following is true?
OF2 > Fos
* F, < Fys F
* Fip = Fy3

* Fip < Fyz,0nlyifms >my

Q4. Two identical blocks are connected by a spring and suspended, at rest, from a string attached to the
ceiling, as shown. The string breaks suddenly. Immediately after the string breaks, the magnitude of the

downward acceleration of the upper block: »

*=0
*<g
*:g

OG>y




