
Physics 130
Exam 4

Short Answer section.  Please answer all of the short answer questions.

1.  A disk rotates with an angular velocity 

� 

ω  of 10 rad/s.  If the disk has a mass of 50 kg and has 
a radius of 1.5m,  what angular momentum and kinetic energy does this disk have?   What is the 

linear velocity of the edge of the disk?  

� 

Idisk = 1
2
mr2

Idisk =
1
2
mr2 = 1

2
⋅50kg ⋅ (1.5m)2 = 56.25kgm2

L = Idiskω = 56.25kgm2 ⋅10rad / s = 562.5kgm2 / s

KE =
1
2
Idiskω

2 =
1
2
⋅56.25kgm2 ⋅ (10rad / s)2 = 2812.5J

v = rω = 1.5m ⋅10rad / s = 15m / s

2.  A force of 200 N is applied to a sphere of mass 150 kg and radius 1 m as shown below.   What 

torque  and angular acceleration does this sphere experience?Isphere =
2
5
mr2  (Angle is in degrees 

with respect to a radial line)

30

τ = r F sinθ = 1m ⋅200N ⋅ sin 30 = 100Nm

Isphere =
2
5
mr2 = 2

5
⋅150kg ⋅(1m)2 = 60kgm2

τ = Iα

α =
τ
I
=
100Nm
60kgm2 = 1.67rad / s

2



3.   A sphere experiences a constant angular acceleration of 10 rad/s2 for 20s.   If the sphere spins 
up from rest, what Þnal angular velocity and through what angle does the sphere turn?

ω f =ω i +α t = 0 +10rad / s
2 ⋅20s = 200rad / s

θ f = θi +ω i t +
1
2
α t 2 = 0 + 0 + 1

2
⋅10rad / s2 ⋅(20s)2 = 2000rad

4.  A solid sphere (mass m and radius r,  Isphere =
2
5
mr2 ) rolls down an incline as shown below.   

If the distance that it moves down the incline is d, use energy methods to show that its velocity at 
the bottom of the incline is

� 

v = 10gd sinθ
7

d

θ

Ei = mgh= mgdsinθ

Ef =
1
2

mv2 +
1
2

Iω 2

Ef = Ei

1
2

mv2 +
1
2

Iω 2 = mgdsinθ

1
2

mv2 +
1
2
2
5

mr 2⎛
⎝⎜

⎞
⎠⎟

v
r

⎛
⎝⎜

⎞
⎠⎟
2

= mgdsinθ

1
2

mv2 +
1
5

mv2 = mgdsinθ

7
10

mv2 = mgdsinθ

v =
10gdsinθ

7



5.  Compute the net torque due to the forces shown.  Take the axis of rotation to be the left end 
on the bar that is shown below.     What direction will the bar rotate and what direction does the 
torque point? (Angle with respect to a radial line)

50N

30deg

100N2m

4m

τ = r F sinθ = 2m ⋅50N ⋅ sin90 − 4m ⋅100N ⋅ sin 30 = −1900Nm
outward

6.  A sphere that is spinning with initial angular velocity 

� 

ω i  has a radius 

� 

ri.   It expands to a Þnal 

radius 

� 

rf =10ri .   What will its Þnal angular velocity be in terms of the initial angular velocity.

Li = Iiω i

L f = I f ω f

L f = Li
I f ω f = Iiω i

ω f =
Ii
I f
ω i =

2
5
mr2

i

2
5
mr2

f

ω i =
r2
i

r2
f

ω i =
r2
i

(10ri )
2 ω i

=
1

100
ω i

7.  Compute the gravitational force between the earth (

� 

me = 5.98 ×1024 kg)  and a 10 kg mass that 

are separated by a distance of 

� 

r =10 ×106m.  (G = 6.67 ×10−11N ⋅m2 / kg2)  What acceleration 

will this mass experience?

F =
GMm
r2

= 39.89N

a = F
m

= 3.989m / s2



Problems.   Please work two (2) of the three problems and clearly indicate which problems 
you wish to have graded.

1.  A plank of weight W is suspended by two cables.   A man of mass m stands a distance x from 
the left end.  The cables are perfectly vertical and nothing accelerates.

T1
T2

m

W

L/2

x

L

A

a)  Draw all of the forces on the plank.  Note that the force due to the weight W is shown--donÕt 
forget to include it in your calculations.

T1 T2

m

W

L/2

x

L

A
mg

b)  Write the net force on the plank in the vertical direction and the net torque about the end 
labeled A.

0 = T1 −W − mg + T2

0 = L
2
W sin90 + xmgsin90 − LT2 sin90



c)  Use the net torque expression to Þnd T2.

0 =
L
2
W sin90+ xmgsin90− LT2 sin90

0 =
L
2
W + xmg − LT2

T2 =
1
2
W +

x
L
mg

d)  Use the net force expression to Þnd T1

0 = T1 ! W ! mg +T2
T1 =W +mg ! T2

=W +mg !
1
2
W +

x
L
mg"

#$
%
&'

=
1
2
W + 1 !

x
L

"
#$

%
&'
mg



2.  A rod of negligible mass is supported as shown below.   A mass m hangs as shown.

ϕ

x
m

T

L

180 ! "

a)  Draw all of the forces acting on the bar.  Be sure to remember the forces due to the hinge.

mg

x

T

L

180 −ϕFx

Fy

b)Write the net force in the x and y direction and net torque  on the rod  in terms of the tension 
and the forces due to the hinge.



y− direction

0 = Fy +T sinφ − mg

x − direction

0 = Fx −T cosφ
Torque

0 = xmgsin90 − LT sin(180 −ϕ )

c) Solve for the tension  using the net torque.

0 = xmgsin90 − LT sin(180 −ϕ )
LT sin(180 −ϕ ) = xmgsin90
sin(180 −ϕ ) = sinϕ

T =
xmg
L sinϕ

d) Solve for the horizontal and vertical forces due to the hinge.

y − direction
0 = Fy + T sinφ − mg
Fy = mg − T sinφ

= mg − xmg
Lsinϕ

⋅sinφ

= 1−
x
L

⎛
⎝⎜

⎞
⎠⎟
mg

x − direction
0 = Fx − T cosφ
Fx = T cosφ

=
xmg
Lsinϕ

⋅cosφ



3.  A mass m1 is tied to a disk of radius R and mass m2 as shown below.   

� 

Idisk = 1
2
mr2   This is 

what we did in lab.

m1

a)  Draw the forces on the mass and the torque on the disk

m1

m1g

T

T

b)  Write the net force on the mass and the net torque on the disk.  NOTE:   This is NOT a 
statics problem.   There is a net acceleration

m1a = m1g−T                              Iα = RT



c)  Find the tension and the acceleration.

Iα = RT
1
2
m2R

2 ⋅
a
R

⎛
⎝⎜

⎞
⎠⎟
= RT

T =
1
2
m2a

m1a = m1g − T

m1a = m1g −
1
2
m2a

a = m1g

m1 +
1
2
m2

T =
1
2
m2a =

1
2
m2m1g

m1 +
1
2
m2

=
m2m1g

2m1 + m2



Hints!

� 

τ = Iα
τ = r F sinθ
L = Iω

Kr = 1
2
Iω 2

                        

� 

x = rθ
v = rω
a = rα

                

� 

θ f = θi + ω i t + 1
2
α t 2

ω f = ω i + α t

ω f
2= ω i

2 + 2α (θ f −θi)

Conversions:
1 mile = 1.6 Km! ! 1 foot = 0.3048 m
1 inch = 2.54 cm
1 mile = 5280 ft.

Constants:
g = 9.8 m/s2 ! = 32 ft/s2

Derivative of a Polynomial.

 

d
dx
(a xn ) = n a xn−1

	

 Example:

d
dx

(a x3) = 3a x2

Integral of a polynomial.

a xn∫ dx = a x
n+1

n +1

! Example:

b x 3∫ d x = b x
4

4


