PHY 1150

Doug Davis

Chapter 9; Rotations

9.10, 21, 29, 32, 33, 38, 41, 47, 51, 52, 54

corrected 11/2/95

9.10 It requires 6 seconds for a phonograph turntable initially rotating at
33 rpm to reach 45 rpm. Assume the angular acceleration is uniform. How
many revolutions are made during this time?

rev {2 p radians} {min} rad
wj = 33 min rev 60s/ = 346 S

rev {2 p radians} {min} rad
wf = 45 min rev 60s! =471 s

AB rad
o= At =[(4.71-3.46) rad/s]/[6_0 s]= 0.208 s?
1
0 =6 +ojt+2at?
rad 1 rad

0=0+ (346 S )(63) + 2 (0.208 S )(65)2

0 = 20.76 radians + 3.75 radians = 24.51 radians
rev

0 = 2451 radians 2 P radians - 3 g0 reyolutions

9.21 A ventilator fan is turning at 600 rpm when the power is cut off and it
turns through 1000 revolutions while coasting to a stop. Find the angular
acceleration and the time required to stop.

} rad
60s! = 2.8 s

rev. {2 p radians} {min

wj = 600 min rev
of=20
{2 p radians}
(6f — 6j) = 1000 rev rev = 6280 rad

of = 0 +2a@Bf- 6)

rad

(0)2 = (62.8 s )2 + 20 (6280 rad)
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rad?
(0)2 = 3948 s? + (12560 rad) o

rad?
(12560 rad) . = — 3948 s2
rad
a = — 0.31 s?
w=owjtat
rad rad
0=628 S + (-0.31 s2 )t
rad rad
(031 s )t =628 s

t = 203s

9.29 A solid, uniform cylinder of 12 cm radius with mass of 5.0 kg is free to
rotate about its symmetry axis. A cord is wound around the drumand a 1.2
kg mass is attached to the end of the cord. Find the acceleration of the
hanging mass, the angular acceleration of the cylinder, and the tension in
the cord.

=T
//*Y\“\"?zT T
C
1\ ) a*ﬂ

' 1Pk

1.2 kg \JJ a4 219
‘ w=mg=12N
—L w=mg=12 N

For the 1.2 kg mass, take down as positive and apply Newton's Second
Law,

Fnet = ma

Fnet = 12N - T = (1.2kg) a

12N - T = (1.2kg) a

For the rotating cylinder, apply the rotational form of Newton's Second
Law,

thet = la

thet = rFsin®
(0.12m) (T) (1) since 6 =90°

thet
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For a solid cylinder,
1
| =2 Mr2
| = (0.5) (5.0 kg) (0.12 m)2
| = 0.036 kg m2

Therefore,

thet = (0.12m) T =(0.036 kg m2) a
At the moment, we have three unknowns, T, a, and a, in two equations.

The angular acceleration of the cylinder and the linear acceleration of the
cord or of the hanging mass are connected by

a=rao
a=(012m)a
o =2al/012m

(0.12m) T =(0.036 kg m2)a/0.12 m
T =(0.036 kg m2) a/(0.12 m)2
T =(25kg)a

Now we have two equations in two unknowns

12N - T = (1.2kg) a

12N - (25kg)a = (1.2kg)a

12N - (25kg)a = (1.2kg) a
12N = (8.7kg) a

12 N

a = 3-7kg
m

a = 3.24¢?
T =81N
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9.32 A 10 kg block sits on a horizontal surface with coefficient of friction of
0.2 between the block and the surface. A string runs from this block over a

wheel of radius 10 cm and moment of inertia of 2.0 kg m?2 and is attached
to a hanging 5 kg mass. Find the acceleration of the masses, the angular
acceleration of the wheel, and the tension in the string on each side.

T
10 kg L
[ |
=0.2
M TR
5 kg
4
Ff< N
TR
w=MgV
)
T
R Y
v
w=mg

As initially stated, there is no acceleration because the friction force is as
great as the hanging weight. Therefore, in class, | changed the hanging
mass to 5.0 kg and changed the moment of inertia of the pulley to

2.0 kg m?.
Notice that the tension is different on the two sides of the pulley because

the pulley is (very) massive.
For the 10-kg block on the horizontal plane, we can write
Frnetx = TL — Ff = (10kg) a
and
Fhety = FN - Mg = FN - (10kg) (10 m/s?) = 0
FN = 100N
We can use this information to determine the friction force,
Ff=puFN = (0.2) (100N) =20 N
Then the Fnpet x equation becomes
TL =20N + (10kg) a
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For the massive pulley, we have
Tnet =rFrTR—-rTL =(010m)TR - (0.10m) T
Thet = la = (10kgm2) a
(0.10m) TR - (0.10mM) T = (20 kg md) a
We now have fourunknowns—T|, TR, a, and a—in two equations. The

angular acceleration of the cylinder and the linear acceleration of the cord
or of the hanging mass are connected by

a=rao
a=(010m)a
o =2a/0.10m

(0.10m) TR - (0.10m) T =(20kgm?2)a/0.10 m

TR - TL = (20kgm2) a/(0.10 m)2
TR - T = (200 kg) a
We now have threeunknowns—T|, TR, and a—in two equations. We still
must apply Newton's Second Law to the hanging mass. There we may as
well take down as positive,
Fnet =w - TR = ma
(5 kg)(10 m/s?) - TR = (5kg) a
50 kgm/s? - TR = (5kg)a
Now we have three equations for three unknowns,
TL = 20N + (10kg) a

TR - T = (200 kg) a
50N - TR = (5kg)a

TR - [20N + (10 kg) a] = (200 kg) a
TR = 20N + (190 kg) a

50N - [20N + (190kg)a] = (5kg) a
30N = (195 kg) a

30N m
a = 195Kg = 152
m
a = 0.15 s?
radians

o =al/01l0m =15 s?
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TL=20N + (10kg)a = 20N + 15N = 215N
m
TR = 20N + (190 kg) (0.15 $2) = 49.2 N

9.38 Assume a playground merry—go-round to be a uniform cylinder or
disk of 150 kg and 1.8 m radius. What is its moment of inertia? It is initially
at rest when a 50 kg child, running at 4 m/s, in a direction tangential to the
edge of the merry—go- round, jumps on. What is its angular velocity after
the child sits down on the edge?

For a solid disk or cylinder,

1
ldisk = 2 M 12
Therefore, the moment of inertia of the merry-go-round is
1

ldisk = 2 (150 kg)(1.8 m)2 = 243 kg m?2
The initial angular momentum of the child is

L =mvr = (50kg)(4 S )(L8m) = 360 kg m2/s
The initial angular momentum of the merry-go-round is zero.
So the total initial angular momentum of the entire system is

Linitial = 360 kg m2/s
If the bearings of the merry-go-round are well oiled this should be the total
final angular momentum,

Lfinal = 360 kg m2/s

Lfinal = lo
but now the moment of inertia is the moment of inertia of the merry-go-
round and the child

lchild = mr2 = (50 kg)(1.8 m)2 = 162 kg m?
ltotal = Idisk + lchild = 243kgm? + 162 kg m?
ltota] = 305 kg m?2

Lfinal = lo = (305kgm?)w = Linitial

(305 kg m?) w = 360 kg m2/s

radians
o = 1.18 S
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9.41 What is the kinetic energy of tire with moment of inertia of 60 kg m2
that rotates at 150 rpm?

1
KE = 2 |w2
rev [2p radians} {min} rad
w = 150 min rev 60s) = 157 s
1 rad
KE = 2 (60kgm2) (15.7 s )2
KE = 7400J

9.47 A disk rolls without slipping down a hill of height 10.0 m. If the disk
starts from rest at the top of the hill, what is its speed at the bottom?

Initially, the disk has gravitational potential energy
PE = Mgh = M (10 m/s2) (10 m) = M (100 m2/s2)
At the bottom all of this energy has become kinetic energy—but we have

both kinetic energy of translation and Kinetic energy of rotation,
1

KEt =2 M v2
1
KEr =2 lw?
If, as we assume, the disk rolls without slipping, then
V=ro
or
Vv
w =17r

Notice that we are not given the radius or the mass of the disk. This may
be somewhat disconcerting, but we will continue anyway and expect that
these will "disappear" in the end.

1 1
KEtot = 2 M V2 + 2 | 02
1 1
KEtot = 2 M V2 + 2 | (1)
1 11
KEtot = 2 M V2 + 2 12 \2
For a disk,
1
| =2 Mr2
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Therefore,

1 11 1
KEiot = 2 MV2 + 2 12 (2 Mr2)\2
1 1 3
KEtot = 2 M V2 + 4 Mv2 = 4 M V2
3

Efinal = 4 Mv2 = M (100 m%/s2) = Ejpitial
3
4 v2 = 100 m2/s2
v2 = 133 m2/s2
v = 11.5m/s

9.51 An Atwood's machine is composed of a 2-kg mass and a 2.5-kg mass
attahed to a string hanging over a wheel that has a radius of 10 cm and a

moment of inertia of 12.5 kg—mz. The 2.5-kg mass is initially 1.0 m above

the floor. Use conservation of energy to find the speed of this mass just
before it hits the floor.

| = 12.5 kg m2 | =12.5 kg m2
w
r=10cm=0.10 m r=10cm=0.10m
74
2.0 kg
A
2.5 kg
A
1.0m
2.0kg 1.0 m v
‘v
 / 2.5 kg
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Initially,

KEtot =0

PEy 5 = (2.5 kg)(9.8 m/s2)(1.0 m) = 24.5 kg m/s2 = 24.5 ]
Etot,i =245

Finally (just before the 2.5 kg block hits the floor),
KEokg = (1/2) mv2 = (1/) (2.0 kg) v2 = 1.00 kg v2
KEz 5 = (/9) mv2 = (1/9) (2.5 kg) v2 = 1.25 kg V2
KErot = (/2) 10?2 = (1/2) (125 kg m?) w? = (1/2) (125 kg) (v/r)?
= (1/9) (125 kg m2) (v/0.10 m)2 =625 kg v2
PEokg = (2.0 kg)(9.8 m/s2)(1.0 m) = 19.6 kg m/s2 = 19.6 ]
PE25=0
Etot f = 1.00 kg v2 + 1.25 kg v2 + 625 kg v2 + 19.6 J
Etot,f = 627.25 kg v2 + 19.6 ]
Etotf = 627.25 kg v2 + 19.6 J = 24.5 ) =Eyp j
627.25 kg v2 +19.6 J =245

627.25 kgVv2 =491
v2 =43J/697 75 |(g = 0.0078 m2/s2

v =0.088 m/s
v =8.8 cm/s

9.52 A basket of tomatoes of mass 20.0 kg is being hoisted by a windlass.
The rope is wrapped around an axle that is a solid cylinder of wood having
a radius of 0.1 m and a mass of 10 kg. The mass of the crank handles is
neglibible. The operator lets go of the handle when the basket is 6 m above
the ground. With what linear speed does the basket strike the ground?

The moment of inertia for a solid cylinder (or a disk) is
l=(AH)mr2
| = (1) (10 kg) (0.1 m)2
| =0.05 kg m2

The velocity of the load and the angular velocity of the windlass are
connected by
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V=Irw
v=(0.1m)w
w=VY/.1m

As always, good diagrams make life much simpler.

6.0m

V i
Initially, before the windlass and load are released, we have
KEtot,i =0 since nothing is moving

PEf =magh =(20kg)(9.8 m/s2)(6.0 m)=1,176 kg m2/s2=1,176 ]
Etot,i =1176J

In this problem, as in the previous one, the Kinetic Energy of the
wheel or drum or cylinder is far greater than the Kinetic Energy of the
masses and dominates the entire motion.
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Finally, after the windlass has increased its angular speed and the
load has increased its linear speed, and just before the load hits the floor,
we have

KEirf = (1/2)mv2 = (1/2) (20 kg) v2 = 10 kg v2

KErot,f= (1/2) 102 =(1/2) (0,05 kgm?) w2 = (1/2) (0.05 kg m?) (V/ 9.1 m)? =
KErot,f = (255 kg) v2

KE¢ot f = (12.5 kg) v2

PEf =0

Etotf = (12.5kg) v2= 1,176 J = Eqot j

(12.5 kg) v2= 1,176 J
v2=11763/ 155
v2 =94.1 m2/s?

v=9.7m/s
v=97m/s

9.54 To demonstrate conservation of angular momentum a Physics
professor stands on a frictionless turntable with a 2 kg mass in each
outstretched hand. An assistant gives her a small initial angular velocity
of 2 rad/s. She then drops her hands to her sides and her angular velocity
increases dramatically. As a rough estimate, consider her arms to have
mass of 5 kg each and to be 1 m long rods hinged at the axis of rotation.

The rest of her body has an approximate moment of inertia of 0.55 kg m2.
Find her final angular velocity when the masses are 0.25 m from the axis of
rotation. Calculate the initial and final values of the rotational Kinetic
energy and explain the cause of the difference in these values.

Ibody = 0.55 kg m2

1
lrod = 3 M 12

1
larms, out = 2[3 (5 kg)(1 m)2] = 3.33 kg m?
lwts, out = 2[(2kg) (L m)2] = 4kgm?2
ltotal, initial = (0.55 + 3.33 + 4) kg m2 = 7.88 kg m?

The initial angular momentum is
Linitial = linitial @initial
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radians kg m?
Linitial =(7.88kgm?)(2 s ) =1576 s
1 1 radians
KEinitial =2 102 = 2 (788kgm?)2 s )
KEjnitial = 15.75J
(It is only a coincident that L and KE happen to have the same numerical

value!).
As she pulls in her hands, the total moment of inertia changes,

Ibody = 0.55 kg m2
1
larms, in= 2[3 (5kg)(0.25m)2] = 0.21 kg m2
lwts, in = 2[(2kg) (025 m)2] = 0.25 kg m2
ltotal, final=(0.55 + 0.21 + 0.25) kg m2 = 1.01 kg m2

Total angular momentum is conserved,
Lfinal = Linitial

kg m?
Lfinal = Ilfinal final = 1576 S = Lijnitial
kg m?
(1.01 kg m2) wfijng] = 15.76 S
radians
ofinal = 156 S
1 1 radians
KEfinal =2 |02 = 2 (L01kgm?2)(15.6 s )2

KEfinal = 1237

Work must be done on the weights to pull them in toward the axis of
rotation. This work that is done by the dizzy professor shows up as

increased Kinetic energy.
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