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Part I: Short Problems (2 points each)

SP1. Two forces, F;, = 25N and F, = 40 N, acton a 20 kg block that moves on a frictionless horizontal

surface, as shown. Find the acceleration (in m/s?) of the block.

ZFx = ma,

F; cos37° + F, cos 60° = ma,

motion

25c0s37° + 40 cos 60° = 20a,

a, = 2m/s?

SP2. A single force E, acts on a particle, F, varies with position as shown. Find the total work (in joules)

done on the particle as it moves from x = 0 m to x = 4 m.

E.(N)
W = Area
30
= @)(30) +5(2)(20) + 2)(10) 2 X
10
= 100] | 1 | | |
1 2 3 4 x (m)

SP3. A 7 kg block slides on a semicircular hump of radius R = 21 m, as shown. If the force exerted on the
block by the surface at the top of the hump is 58 N, find the speed (in m/s) of the block at the top.

mg—n= m%z mY
7
R 21 <
v= JE (mg—n) = \/7(7(1()) —58)=6m/s - . N
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SP4: Two blocks, m; = 5 kg,and m, = 3 kg, are pushed vertically up by a force F = 112 N, as shown.

Find the magnitude of the force (in newtons) exerted on m, by m;.

m;
F—(m;+m,)
F—(my+my)g=(m +my)a =>a= (mlil-mz)zg:4m/sz my
Fi, —myg =mya = F, =my(a+g)=42N T
F=112N

SP5. A 4 kg block is released from rest at point A when the spring (k = 3600 N/m ) is compressed a
distance of x = 0.3 m. The block slides up a rough incline, leaves the spring, and reaches point B with a

speed of 5 m/s. Find the coefficient of kinetic friction (u;) between the block and the incline.

Ef_El = Wfk

1 1
<mgh3 + Emvg) — Ekx2 = —w,mgcos(30°)d

1 1
(4(10)(3 sin(30°)) + > (4)(5)2) —2(3600)(03)? = — () (10)cos (30°) (3)

Uk = 0.5
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Part 111: Long Problems (3 points each)

LP1. A 6 kg block starts from rest at point A and moves to point B on a frictionless horizontal surface
under the influence of two forces. One force, F, is constant, while the other force, F,(x), varies
according to the equation F,(x) = 400x + 60, where F,(x) is in newtons and x is in meters. The speed
of the block at point B is 12 m/s.

motion
Fl —_—

_ | F(0)

a) Find the work done on the block by

the force F,(x) during this motion.

2
Wy (x) = fo (400x + 60)dx = (200x?% + 60x)]% = 920 ]

b) Find the total work done on the block during this motion.

1 1
Weotar = AK = om (v} —v}) = - (6)(12% — 0%) = 432

¢) Find the magnitude of the force F;.
Wr, = Weotar — Wry(x) = —488 = (F1)(s)cos127

W, —488

F, = =
17 scos127° ~ 2 cos127°

= 4054 N
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LP2. Two blocks (m; = 20 kg, and m, = 15 kg) are connected by a light rope that passes over a massless
and frictionless pulley, as shown. Block m; rests on a rough horizontal surface (us = 0.6). A pushing force

(F,) is applied to block m, such that it keeps m, at rest and about to move to the left.

a) Find the tension in the rope. AR
meg =T =0 L
T=m,g =150N

b) Drow the free-body diagram of the block m;.

FP cost fs(max)

my T

mpg

Fp sin@

¢) Find the magnitude of the pushing force Fp, .
n = F,sin(36.9°) + mg

F,c0s(36.9°) - T —f, =0
F, c0s(36.9°) — T — py(F, sin(36.9%) + myg) = 0

T +pusmqg

E, = =6144 N
P 0s(36.99) — g sin(36.9°)
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Part I111: Questions (Choose the correct answer, one point each)

Q1. A block of mass (m) is attached to a spring of force constant (k), the spring is connected to the ceiling,
as shown. The block is released from rest at point A and comes momentarily to rest at point B. The total

work done on the block between points A and B equals

« mgh 7 =

* _lkhZ = __

2 A m I >

1 h

* mgh + -~ kh? l S
m |B

@Zero

Q2. A stone is dropped from the top of a building. As the stone falls, the instantaneous power delivered
by the force of gravity on the stone
® increases.
* decreases.
* stays the same.

* equals zero.

Q3. Assingle force is applied to a block along the +x direction, causing it to move on a horizontal frictionless
surface along the +x-axis. The magnitude of this force decreases over time. Which of the following
statements is correct?
* The block’s acceleration increases with time.
* The block moves with constant acceleration.
® The block’s speed increases with time.

* The block’s speed decreases with time.

Q4. Two boys of different masses pull one another using a horizontal light rope, as shown. Each boy applies
a force of 230 N on the rope, but neither boy moves. Which of the following statements is true?
* The tension in the rope is 460 N.
® The tension in the rope is 230 N. =
* The force of friction on each boy is 460 N. 5 %\
€& & -

* The heavier boy experiences a larger force of friction.




