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Part I: Short Problems (2 points each)

SP1. A constant force F = (30i —35j) N acts on a particle that undergoes a displacement of

s = (=31 + 4j) minaninterval of 4 seconds. Find the average power delivered by F during this interval.

w=F-S=(30)(-3) + (-35)(4) = —230]

w =230
Pav:?:T:—57.5W

SP2. A ball of mass m = 3 kg attached to a light string of length L = 2 m rotates in a vertical circle, as

shown. If the speed of the ball at the bottom of the circle is 6 m/s, find the tension in the rope at this

point. P
P *\
/ N\
v? 4 \
T—mgsz / \
v? 62 ! :gl
T = —)=3(10+=)=84N \
m<g+R> < +2> \ /
\ 4
| 3 /
~ ’/
m

SP3. A 3 kg block rests on a frictionless horizontal surface. A variable force F(x) = 6x? + 4, where F(x) is

measured in N and x is measured in m, starts acting on the block. If the block starts from rest at the

origin, use the work-energy theorem to find its speed at x = 2 m.

xf 2
Wp, = f E, dx =f (6x2 +4) dx = [2x3 + 4x]3 = 24 ]
X 0

1 1
ZW=WFx =AK=§m(v]§—vi2) =§mv]?

2w 2(24)
= = X = = 4-
Vr \] — \/ 3 m/s
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SP4. A block of mass m = 1.2 kg is projected from the top of a frictionless incline with speed v = 5m/s,

as shown. find the speed of the block at the bottom of the incline.

\$
o™
E = E L/‘

1 o _ 1 2
5 mvp = 5 my + mgh

2.8m
vy = /vlz +2gh =9m/s

30°

SP5. A block of mass m = 4.4 kg is held against a wall by a force F that makes an angle 8 = 53.1° with
horizontal, as shown. The coefficient of static friction between the block and the wall is ug = 0.5. Find
the maximum value of the magnitude of F to prevent the block from sliding up.

n = F cosf Fsin®

Fsing —mg—f;, =0 " Fcost

F sinf —mg — u,F cosf =0 m
mg fsmux _____

F=—"9 _=881N 6

sinf—ug cos6
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Part 111: Long Problems (3 points each)

LP1. A block of mass m = 12 kg on a rough horizontal surface is pulled by a rope with tension T = 50 N

, @s shown. The coefficient of kinetic friction between the block and surface is p;, = 0.3.

a. Draw a free body diagram for the block. T
~N36.9° ___
T sin36.9° m
fr T cos 36.9°
mg

b. Find the magnitude of the normal force exerted by the surface on the block.
n+ T sin(36.9°) —mg =0

n =mg — T sin(36.9%) = 12(10) — 50sin(36.9°) =90 N

c. Find the acceleration of the block.

T cos (36.9°) — f, =ma
T cos (36.9%) — uyn = ma

T cos (36.9%) — yuxn
a =

=11 2
— m/s
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LP2 A 2 kg block initially compresses a spring of force constant k; = 1800 N/m a distance of x; = 0.2 m
before being released from rest at point A. The block then leaves the spring and slides along a frictionless

track until point B, then rough between points B and C. Finally, it compresses another spring of force
constant k, = 5000 N/m a maximum distance of x, = 0.1 m.
a. Find the speed of the block when it

. frictionless
reaches point B.

; rough frictionless
1

1

1
1

1
\

&
(._——""—_

1 1 ,kl
Ekle = Emvé S>vg = E’ﬁz =6m/s

b. Find the speed of the block when it reaches point C.

1 1 k,
Ekzxﬁ =§mv§ >y = Ex% =5m/s

c. Find the work done on the block by friction between points B and C
1 1
Wi = §k2x§ - §k1xf
1 1
=3 (5000) (0.12) — > (1800) (0.22) = —11]
OR

lmwzew =l @e-e =11
Wy, =5m (v = v}) =5 (52 - 61 = —11J
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Part I111: Questions (Choose the correct answer, one point each)

Q1. A book is stationary on a flat, horizontal table. The reaction force to the book’s weight is:
@the gravitational force exerted by the book on the Earth.
* the gravitational force exerted by the table on the book.
* the normal force exerted by the Earth on the book.

* the normal force exerted by the table on the book.

Q2. Three masses A, B, and C are connected by a system of massless pulleys and light strings and move as

shown in the figure. The work done by the force of gravity on masses A, B, and C respectively is

* negative, negative, positive —

* positive, positive, negative N , B )%

* negative, zero, positive - o
rositive, zero, negative - C [

Q3. A block is suspended from the ceiling of an elevator by a rope, as shown. If the tension in the rope is
greater than the block’s real weight, then the elevator moves

* upward with decreasing speed
@downward with decreasing speed
* downward with increasing speed

* upward with constant speed

Q4. Consider the path ABCA shown in the figure. If the work done by a conservative force F from Ato B
is 9 J, and the work done by F from B to C is 12 J, then the work done by F from C to A is:

* —15] C

* 21] /s

Q 21y

* 0J A
Ae > >® B




