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Part I: Short Problems (3 points each)

SP1. The position vector of an object moving in xy-plane is given by: #(t) = (t? — 1.2t)i + (0.3t® + 1.5t)]

where 7 is in meters and ¢ is in seconds. Find the magnitude of object’s acceleration at t = 2s.

5(6) = L0 = [(2t — 1.2)i + (0.9 + 15)j] m/s

dv(t)
dt
da(2) = [(2)I + (3.6)j]] m/s?

1d(2)] = /22 + 3.62 = 4.1 m/s?

a(t) = = [(2)i + (1.8t)j] m/s?

SP2. A force F = (21 — 3j)N is applied to an object located at the position # = (2i — 3j + 4k) m. What

are the magnitude and direction of the torque, with respect to the positive x-axis?

~

. [t Tk )
z2=FxF=|p _3 4]=(0——12)2—(0—8)j+(—6——6)k
2 -3 0

7= (120 + 8)) N.m
|| =122 + 82 = 144 N.m

8
6 = tan™ (—) =33.7°
an 12

SP3. The figure shows a plot of the time dependent force E, acting on a particle in motion along the x-axis.

What is the change in the particle’s linear momentum between t = 0 s and t = 2 s due to this force?

2
Aﬁ=f=f F dt = area under the curve Fx(N)
0
Aﬁ—1x2x2—2k o
_2 - g m/s 5]
1_

2 3 t(s

— —
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SP4. A collision occurs between a particle with mass m; =2 kg traveling with velocity
v, = (—4i—3j)m/s and another particle with mass m, = 3 kg traveling with velocity v, =
(61 — 2j) m/s. The two particles stick together after the collision. What is the final (common) velocity

just after the collision in unit vector notation?

2= )
myy; + myly; = mtotalﬁf
2(—41—-3)) +3(61 - 2)) = 517f

Up = (21— 2.4)) m/s

SP5. A wheel with a radius of R = 0.3 m starts to rotate from rest about an axis through its center. It

accelerates with a constant angular acceleration of « = 0.8 rad/s?. Find the magnitude of the total

acceleration (in m/s?) of point A at t = 2s. W
wr=w;+at=0+08(2) =1.6rad/s R o/

a, = Rwf = 0.3(1.6)* = 0.77 m/s?

Aran = Ra = (0.3)(0.8) = 0.24 m/s?

ldeor]l = [a2 +a?,, =+/0.772 + 0.242 = 0.81 m/s?
tan
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SP6. A puck of mass m = 1.5 kg rotates in a circle of radius r = 0.2 m on a frictionless table while attached
to a hanging cylinder of mass M = 3 kg by a light cord that extends through a hole in the table, as shown.

The cylinder M is at rest. Find the speed of the puck (m).

N

mv

for m: T =—
'

for M: T =Mg

mv? M 3
>—=Mg =v= \/;Rg = \/E(O.Z)(lo) =2 m/s

SP7. Aroller-coaster track is shown. Between two frictionless hills, the horizontal track of length d is rough

with u;, = 0.1. At position A, the sled has a speed of v, = 12 m/s and when it reaches position B, its speed
becomes vy = 9 m/s. Find the length d.

—» 12 m/s

&

—>» O m/s

Frictionless Frictionless

3 P

With friction

10 m

6m

Ef — E; = Wother
1, 1,
(Emvf + mgys) — (Emvi + mgyl-) = Wy,
1 1
—mx81+mx10x6—(§mx144+m><10><10)=—O.1xm><10xd

2
d=715m
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Part I1: Long Problems (5 points each)

LP1. A block of mass M = 5 kg is placed against a_rough vertical wall (i, = 0.3) and a constant force
F = 80 N is applied on the block at an angle 6 = 30°, as shown. The block starts moving upward with

constant acceleration. o
(a) Draw a clear free-body diagram for the block.
Fcos6 TuT =
A , \
| N
} R /o
n T’—‘ Fsin® !
fk Y
%
ground

(b) What is the magnitude of the normal force exerted on the block by the wall?

zFx=0

n—Fsind =0
n = Fsin@ = 80 sin30° = 40N

C at is the magnitude of the block’s acceleration”
() What is the magnitude of the block’ 1 ?

ZFy = Ma
F cos6 — Mg — f, = Ma

80 cos30° — 50 — u,(40) = 5a
a=1.46m/s?
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LP2. Aball (m; = 0.25 kg), suspended on the end of a wire, is released from rest from height h = 0.45 m

and collides with a block (m, = 0.5 kg) which is at rest on a frictionless horizontal surface, as shown. After
the collision the block moves on a rough portion of the surface (between A and B) and stops at B.
a) Find the ball’s speed just before it collides with the block.

L [/ [/ L s [ [/

migh = Smv;

v; =+/2gh =V9 =3m/s

rough

frictionless

b) If the ball rebounds back at a speed of 1 m/s after the collision, find the speed of the block

after the collision.

prizszf

my(+3) = my(=1) + myvyyy
0.75 = —0.25 + 0.5v,.

Voxr = +2m/s

¢) Find the work done by friction on the block between points A and B.

1 1
Wr, = AK = Emz(vf —v?) = 5(0-5)(02 -2 =-1]
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LP3. The figure shows a uniform solid disk, with (M = 8 kg, R = 0.3 m, I = 0.36 kg.m?), mounted on a
fixed frictionless horizontal axle. A block of mass m = 0.6 kg hangs from a massless cord that is wrapped

around the rim of the disk. The system is released from rest and the block moves vertically downward a

distance h = 1.5 m with a constant acceleration of a = 1.3 m/s?.

a) What is the rotational kinetic energy of the disk when the block reaches point

B?
OR
E, = Ey vf = v} + 2aly
1 1
mgh = > mv} + 10} =0+ 2(1.3)(1.5) = 3.9 (m/s)?
6(1.5) = 0.3(R?w?) + 0.18(w? V39
( ) ( (‘)B) (wB) Wr = & = 2 = 659 Tad/S
w = 6.59rad/s TR 03
1 ) 1 1 2 1 2 i
—7.82) =782] -

b) Find the tension in the cord.

ZFy=ma

mg—T =ma
6 —T = 0.6(1.3)

T=522N

c) Find the work done by the cord’s tension on the block as it moves the distance h.

Wy =T.S = |T|(R) cos 180° = —=5.22 x 1.5 = —7.83 ]
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Part I11: Questions (Choose the correct answer, one point each)

Q1. It always requires less force to pull a block of mass M on a rough horizontal surface instead of pushing

it, as shown.
Why Fuily < Fpush)? (ulh
o & 4. _<p
, , M M
@Because the normal force becomes less while pulling :

* Because the normal force becomes more while pulling
* Because the normal force becomes zero while pulling

* Because the gravitational force becomes less while pulling

Q2. A man pushes a box up a rough inclined plane at constant speed. Which one of the following statements
is FALSE?

* The gravitational potential energy of the box increases.
@The work done on the box by the gravitational force is zero.
* The net work done by all the forces acting on the box is zero.

* The man does positive work in pushing the box up the incline.

Q3. The linear momentum of a system of colliding particles is conserved only if:

* The external forces equal to the internal forces.
* The kinetic energy is conserved.
* The collision is elastic.

@T he net external force acting on the system is zero.

Q4. The figure shows a circular path taken by a particle traveling counterclockwise. If the instantaneous

velocity of the particle is ¥ = —21 + 2f, through which quadrant is the particle moving at that instant?

@First quadrant * Second quadrant 4
* Third quadrant * Fourth quadrant /

S



