Physics 130
Exam 4

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

1. A disk rotates with an angular velocity 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,, = %mrz

1 1
1, = Emr2 = 5 50kg - (1.5m)* = 56.25kgm’
L=1,,0=5625kgm’-10rad | s = 562.5kgm’ / s

1 1
KE =~ 1,0 = > 56.25kgm’ - (10rad / s)* = 2812.5J

v=rw=15m-10rad / s=15m /s

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

. . 2 .
torque and angular acceleration does this sphere experlg;;g;eez?gmr2 (Angle is in degrees

with respect to a radial line)

30

T=rFsin@=1m-200N -sin30 = 100Nm

2 2
= gmr2 = 3 150kg -(1m)* = 60kgm’

sphere

(x=£= 2:1.67raa,’/s2
I  60kgm



3. Asphere experiences a constant angular acceleration of ®DfadlBs. If the sphere spins
up from rest, what bnal angular velocity and through what angle does the sphere turn?

0=0+ot =0+10rad / s> - 20s = 200rad / s

1 1
0,=6, +wit+5at2 = O+O-+—E-10rad/s2 -(20s)’ = 2000rad

: : 2 o
4. A solid sphere (mass m and radiugdy,,,, = gmrz) 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
- flOgdsinG
7

E, = mgh= mgdsin6

1 1
E, =—mV’ +—lo’
2 2
Ei=E

1 , 1 ) .
—nmv- +— 1w’ = mgdsin@
2 2 M9

1, 1(2 zj(vjz ,
—nmv +—|—mr” || — | =mgdsinf
2 2(5 r M9

1, 1, ,
—nVv- +—nv° = mgdsin@
2 5 M

7, )
—nv- = mgdsinf
10 M

Ve flOgdsinO
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)

4m

2m 100N
>
30deg

0 .

l 50N

T=rFsin@=2m-50N -sin90 —4m-100N -sin 30 = -1900 Nm

outward

6. A sphere that is spinning with initial angular veloaityhas a radius;. It expands to a Pnal

radiusr, =107,. What will its Pnal angular velocity be in terms of the initial angular velocity.

L=1w,
L =10,
Lf:Li
l,o, =10,
2
L S
wf:I_wiZZ 1__2601: 10 2 i
f —mr rf ( rl)
5
B 1
100

7. Compute the gravitational force between the earth=(5.98 x10*kg) and a 10 kg mass that
are separated by a distancercf10x10°m. (G =6.67x10""'N-m’ /kg*) What acceleration

will this mass experience?

GM
F="""=3989N

r

F
a=—=73989m/s*
m



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.

L
< P>
X
Tl 4* 4» T2
L/2
4>
m
A ,
W

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

L
— —P

T1 y T2
- —p

ﬁ\ L/2 )
«—>
m
A
W mg

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

0=T,-W-mg+T,

L
0= EW sin90 + xmg sin90 — LT, sin 90



c) Use the net torque expression to Pad T

0:%Wsin90+xmgsin90—LTzsin90
L
O=EW+xmg—LT2

1 X
I,=—W+—m
275 17 g

d) Use the net force expression to PRd T

0=T,' W! mg+T,
T,=W+mg! T,

ul x (%
=W +me! ¢—W +=me
W +mg §2W ng&
1 1] x%
=—W+gl! —
2W ﬁ L&mg



2. Arod ofnegligible mass is supported as shown below. A mass m hangs as shown.

T
® 180! "
O )
|
m
X
4>
< >
L

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

T
Fy A
Fx 180 —¢
(= N
bom
X
4>
« >

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=F +Tsing—mg

X —direction

0=F —Tcos¢

Torque

0 =xmgsin90 — LT sin(180 — ¢)

c) Solve for the tension using the net torque.

0 =xmgsin90 — LT sin(180 — ¢)
LT sin(180 — ¢) = xmgsin 90
sin(180 — @) =sin¢@

xmg

T =—
Lsing

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

y—direction
O=F,+Tsng-mg
F,=mg-Tsn¢

xmg

x —direction

0=F, —T cosp
F, =T cos¢
xmg

= -CO
Lsng e



3. Amass m is tied to a disk of radius R and masg as shown below. 7, :%m r* Thisis

what we did in lab.

my

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

my

m4g

b) Write the net force on the mass and the net torque on theNli¥KE: This iSNOT a
statics problem. There is a net acceleration

m,a:mlg—T loo=RT



¢) Find the tension and the acceleration.

o =RT
1
—msz-(£)=RT
2 R
T=—m,a
2 2

1
mla=m1g—§m2a
_ . mg
a_m +1m
1 5
2
1mmg
1 5 T2
T'=—mya= 2 1
ml+§m2
mym,g



T=1o o o 1,
=0.4+®. t+—
T=rFsinf x=r6 P =T O 2at
L=1w V=rQ w,=0+ot
x =110 a=ra o =0 +20(0,-6)
Conversions:
1 mile=1.6 Km! ! 1 foot = 0.3048 m
1linch =254 cm
1 mile = 5280 ft.
Constants:

g=9.8m/é! =32 ft/$

Derivative of a Polynomial.

ny _ n—1
dx(ax )=nax

Example:
2

d 3
= =3
(ax’)=3ax

Integral of a polynomial.

jax"dx -4
n+1
! Example:
b 4
be3dx =22
4



