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Part I: Short Problems (2 points each)

SP1. A block of mass (M = 35 kg) rests on a frictionless surface. A constant force (F = 140 N) is applied
to the block at an angle 8 = 60° with the horizontal, as shown. Find the magnitude of the block’s
acceleration. F=140N

F cos 60° = ma

F cos 60°
a=——=2m/s?
m

SP2. A vertical hoop of radius (R) is fixed to the ground. A small block of massm = 0.2 kg is sliding along
the inside surface of the hoop without friction, as shown. At the lowest point (point A), the block has a

speed v, = 2 m/s and the normal force on it from the hoop is n, = 4 N. Find the radius R of the hoop.

SP3. A football player kicked a ball with an initial speed v; = 20 m/s at an angle 37° above the horizontal.
The ball left his foot at a height of 1 m above the ground, as shown. Find the speed of the ball just before
it hits the ground.

Y

Uy, = vicos@ = 20cos37° = 16m/s

5 LA 37 9
vy, = v;sin@ = 20sin37° = 12m/s t" le L%
vE, = v} — 2gAy = 122 — 20 (1) = 164 - i

Uy, = —-12.8m/s

Uy, = Uy, = 16m/s

f

vp =+/—12.82 4+ 16% = 20.5m/s
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SP4. A block of mass m = 2 Kg is initially at rest at x = 0 m on a horizontal frictionless surface.
A horizontal force along the x — axis, F(x) = 4 + 3x2 where x is in m, is applied to the block. Use the

work energy theorem to find the speed of the block as it passes through x = 2 m.

Wiotar = AK

xf 1
.f F(x)dx = Em(vf —v?)

Xi

Xf 1
f (4 +3x¥)dx = [4x + x3]3 = E(Z)(vfz —0)=> v =4m/s
Xi

SP5. The figure shows a block of mass m = 2 kg moving on a horizontal rough surface (u; = 0.3) and an
uncompressed spring (k = 1500 N/m) with one end attached to a wall. The speed of the block before it
touches the spring is 4 m/s. Find the speed of the block at the instant the spring has been compressed
x=0.12m.

Wiotat = AK

B

Wg, + wr, = AK
1 2 2 1 2 2
Ek(xi — xf) — Upemgd = Em(vf —v)

%(1500)(0 —0.122) — (0.3)(20)(0.12) = %(2)(1],? —4%)

vy =21m/s

SP6. A 2 kg block starts from rest and slides up a rough incline (u; = 0.5) while a horizontal force

(F = 50 N) acts on it, as shown. Find the acceleration of the block.

n ()

g <5
n=Fsinf +mgcosf =46.1 N %Aw@
11\9S‘ P

Fcos@ —mgsinf — f, =ma i

=)

¢
. g —37¢
Fcos@ —mgsinf — yn = ma

Fcos@ —mgsin@ — u,n
a= 51 Hie =2.4m/s?
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Part 11: Long Problems (4 points each)

Summer 2021/2022 (August 6, 2022)

LP1. Three blocks (m; = 3.5 Kg,m, = 1 Kg,m; = 2.5 Kg) are connected by two ropes and block 2 moves

to the left on a rough table (u; = 0.3), as shown. The pulleys are frictionless and massless.

a) Plot a free-body diagram for each block.

T n T,
T, T,
fie
m;g m,g m,g
Form, Form, For m5

b) Find the acceleration of the system.

For Mypiai

myg — empg —myg = (my +my + m3) a

mig — lfemag — mpyg 2
a= =1m/s
my + my, + ms

c) Find the tension in each of the two ropes (T, and T,).

For my

mg—T,=ma=>T, =my(g—a) =315N

For m,
T,—my,g =mya=T, =my(g+a)=275N

Direction of motion
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LP2 A small block of mass m = 0.4 Kg is sent through point A with a speed of 7 m/s. Its path is frictionless
until it reaches the section of length L = 12 m, where the coefficient of kinetic friction is u; = 0.7. The

indicated heights are h, = 6 mand h, = 2 m.

a) Find the work done by the gravitational force
during the displacement from A to B.

Wy = +mgh; = +0.4(10)(6) = +24 ]

b) Find the speed of the block at point C.

1 2 2
mg(hy — hy) = Em(vc —v5)

1
16 = 5(0.4)(1;5 -7 v, =114m/s

c) Does the block reach point D? If so, what is its speed there; if not, how far through the rough

section does it travel?

|Wfk|for the length L = uemgL = 0.7(4)(12) = 33.6J

1 2
KC = Emvc = 258]

Since K. < |wy, | then the block will not reach point D, it will reach a point at distance d from the first edge
of the rough portion and stops there.

Kc=|w
c | fk|forthelengthd

25.8] = yymgL =0.7(4)(d) >d =9.2m
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Part 111: Questions (Choose the correct answer, one point each)

Q1. A ball of mass m = 0.15 kg is thrown at an angle of & = 45° above the horizontal with an initial speed
of v; = 12 m/s. At its highest point, the net force on it is: y(m)

* zero * 10N, up
* 10N, down @ 1.5 N, down

x(m)

Q2. A particle moves contraclockwise with constant speed (v) around the circle of radius (r), as shown.
When it is at point A, its velocity (¥) and acceleration (a) are:

Y
L
2
* A —>_ A —)_ A —)_v/\
vl , a=—1 @v——v],a—Tl /\
G AU x

<
Il
<%

*,l_)’:_vj , C_i=__i

Q3. A block of mass m is at rest on an incline that makes an angle 6 with the horizontal, as shown. Which
of the following statements about the magnitude of the static friction force is true?
* fo = mgcos * fo < mgsind
@ fs = mgsin® * fo > mgsin

Q4. Which of the following forces always produce zero work?

@ radial force (F.) in a circular motion * tangential force (Fy) in the circular motion

* static frictional force (fs) * normal force (1)

Q5. The figure shows the trajectories of three projectiles. Which trajectory has the greatest initial vertical
component of velocity (Vy;).

*1

* 2

* 3
@AII the same




