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Physics 106:
360 degrees = 2 radians = 1 revolution. s=r16 v=ro  a=ro & =a = =T au =a’ +a’

for rotation with constant angular acceleration:
w=m+oat  0-0,=at+%at o -7 = 20(6-0,) 0-0,=V(or a)t  KEy =12l

1=2mr7 hont =ME hhoop = MR® sk = 12 MR?  legnare = 25 MR® et = 23 MR® g (canten) = 1712 ML
bod fongy = 1/3 ML?

¥F=ma Yr=lo t=rxF I, = L + Mh?
T = force;moment arm = Frsin(¢) Thet=21=l0 Fpe=XF=ma 1=rxF Ip=lm+Mh2

Wit = AK =Ki-Ki W= 10dd K= Keg + Kem Paversge = AW/AL

Pinstantansous = T.00 (T constant) AEmec= 0 (isolated system)  vem = @r (rolling, no slipping)

E=rxp p=mv L=X§ 1,,=dl/dt IL: I Eint mass = MIVSINGD) I
Forisolated systems: 1.z =0 Lisconstant AL=0 Lo=Z key=Li=Z ko

axb=-bxa axa=0 |axb|=absin(¢) c¢=axb isperpendicularto plane ofa and b

Cx = ay'bz - az‘by Cy = _ax'bz + az'bx

ixi=jxj=kxk=0 ixj=k jxk=i kxi=j etc.
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Vector Product:

axb=-bxa axa=0 |axb]|=absin()
c=axbisperpendicular to plane of aand b
Cy = apbr—azby,  Cy=-achy +azb, ¢z =acby—apby

ixi=jxj=kxk=0 ixj=k jxk=i kxi=j
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Rotational Analogy to Linear Motion |  Angular Displacement
5 i Angular Velocit
Translation  Rotation : v
Angular Acceleration
position = 0
velociTy v = dx/dt o = do/dt — J—
acceleration a = dv/dt o« = do/dt 0, a, o
mass m = Emiriz . . Missing .
Linear Equation Variable Angular Equation
Kinetic Energy K =5mv2 K = §I o? YT T 06 @yt at
xox =y ,'a.lz v w 6.8 =t Lmz
Force F=ma 1,.,=TIa FovBizaay) R
XXy =L+ it a a - !:'0 = :(:0)0 + ot
-+ —» .
'/ ?: [r.)( F] Xex, =M %u.fz Yo B - ﬂo—c-).‘ - }m‘z
»-—/ 7 = r'F'sing
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TABLE 11-2

Rotational Inertia

Smooth rolling motion

( RN A I:Iuop ialzm'ut K Annular cylinder spherical shell ROtatIOH and TranS|at|0n
' ’ ISR R, (or ring) about abont any b
) s contral axis 2R diameter {a) Pure rotation (&) Pure vanslaton (¢} Rolling motion
- V=T,
I=MR? @)  1=iM(R? + R (b)  T=}MR? (g) f\ha
N . m
Am/ e Solid eylinder Axis Slab about
Solid eylinder (or disk) about perpendicu lar g
. (or disk) about . central diameter axis through : _"' m
- : - center
- central axis -
ATt OV | L — :
R\, Ay Reference frame Kinetic Energy of Rolling
1= MR (©) 1=3MR?+h MI? (¢y I=hMia®+b?) (i) 1 1
o s . | K==, @+ —Mv,  Yom=wR
Thin rod about : Ob:) fp cre Ty Hoop about any 2 c 2 c
. axis through center ad' ! alny R\ | diameter S I
- perpendicular to tameter i ) P ] [
length 2R ' S
7. _ . K=_[S+M
e ‘ Rotation axis at 2 R
I=hML? (ey  I=1iMR? n I={MR? @) 10/xx/2006 Andrei Sirenko, NJIT 6
Example 1

Kinetic Energy of Rolling

K = L [[—:+MJ vZ
2 (R

+ Energy conservation !!!

/T
Yeomn h
<—@ v

Kinetic Energy <-> Potential Energy

1 (1. M
AU + AK = 0 9 Ulnltlal = Kflnal 9 Mgh = E ? + com
Disk: Hoop: Sphere:
lom= %2 MR2 lom= MR2 1 ,,= 2/5 MR?
Fordisk:  Mgh=%(1/12M + M) V?_,;  Veom = (4/3 gh) *
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Angular Momentum

T=rxp
.f (redrawn, with
- tail at origing

[kg m?/s]

/\w

L = mrvsin |

System of particles

L=li+h+...+L=31

i=1

For rotating body:

Extension :)fF

b

Torque:
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Linear Momentum Angular Momentum

L=¥xp [kg m2/s]

L=rXp =mrxv

— —
p=mv

[kg m/s]

L = m'r-v-sing
Both are vectors

K d, - -
F :EE = ~ - L = ;f = Ia
Fear =™ dt( )
For rotating body:

me>T 2oLl

VAR S X0
FOR ISOLATED SYSTEM: L IS CONSERVED
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Angular Momentum Conservation:

"If the external forque is equal fo zero, L is conserved”

Axis
r
E - m 1 Li = L bullet = m'V'r'Sin(TC/Z) =272
n__:K 2. Li=To = (Mr2+ Mr2+mr2) o, =
=2 kg:m?/s

é'_ x:: 1159 m 3. L = L¢(angular momentum conserv.)
3. r=1Im

4 = o, -(2Mr2 2 = 2000
4 ©:0 o; = 1 rad/s Y buler = 0 (ZMr s mr )/mr
5 Viouer=?  K/Ki=?
1. Define a rotational axis and the 5. Ki =3 mv2 e =2000T

origin . -
2. Calculate L before interaction or 6. Ki=zIlaw?=17
any changes in I

3. Compare with L after the 7. K¢/Ki=1/2000
interaction or any change in T
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A Example:

A horizontal disc of rotational inertia I = 1 kg.m? and radius

100 cm is rotating about a vertical axis through its center
with an angular speed of 1 rad/s. A wad of wet putty of
mass 100 grams drops vertically onto the disc from above
and sticks to the edge of the disk. What is the angular speed
of the disk right after the putty sticks to it?

]
[ ]
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A Example:

A horizontal disc of rotational inertia I = 1 kg.m? and radius
100 cm is rotating about a vertical axis through its center
with an angular speed of 1 rad/s. A wad of wet putty of
mass 100 grams drops vertically onto the disc from above
and sticks to the edge of the disk. What is the angular speed
of the disk right after the putty sticks to it?

1. L,=l@ =1kg.m?-1rad/s =1kg-m?/s
1. Define a rotational axis and the
origin
2. Calculate L before interaction or L=l |
any change in T 3. i = L¢ (@angular momentum conserv.)

3. Compare with L after the
interaction or any change in T

lf = (I, + mr?) = (1 kg.m?+0.1 kg.m?)

4. o =@/ l;=1rad/s - (1/1.1) = 0.91 rad/s
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More Examples:

2. One wheel of rotational inertia I; = 2 kgm’ s rotating freely at 20 rad/sec in
counterclockwise direction on a shaft whose rotational inertia is negligible. A second
wheel of rotational inertia I, = 5 kgm’, rotating freely at 15 rad/sec in the opposite
direction, is suddenly coupled along the same shaft to the first wheel. Afterwards, the
coupled wheel system rotates at

1.00 rad/s, counterclockwise Wheel
2.25 rad/s , clockwise

4.50 rad/s , clockwise

5.00 rad/s , counterclockwise Wheel
5.00 rad/s , clockwise

oap o
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More Examples:

3. A student, with arms at her sides, is spinning on a frictionless turntable. When the
student extends her arms,

a. her angular velocity increases.

b. her angular velocity remains the same.

c. her rotational inertia decreases.
d
e

. her rotational kinetic energy increases.
her angular momentum remains the same.

4. When a man on a frictionless rotating turntable extends his arms out horizontally, his angular
momentum

A) must increase

B) must remain the same
C) must increase
D) may increase or decrease depending on his initial angular velocity
E) none of the above

5. A large bug walks from the center of a rotating turntable to its edge and stops. The
angular velocity of the turntable

a. stays the same.
b. increases.

c. decreases.

d.

can not be determined unless the mass of the bug and radius and rotational inertia of
the turntable are given.
e. can not be determined even if the mass of the bug and radius and rotational inertia of
the turntable are given.

L =1w L = const. = fi:ff

[£2]
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6. A wheel of moment of inertia of 5 kg n? starts from rest and accelerates under a

constant torque of 3.0 N m for 8.0 seconds. What is the wheel's rotational kinetic energy

at the end of 8 seconds?

a. 57.6J

b. 64.0] l

4 G K=—1.w

1541

7. A 32-kg wheel, essentially a thin hoop, with moment of inertia I = 3 kgm” is rotating
at 280 rev/min. [t must be brought to stop in 15 seconds. The required work to stop it is:
a. 10001

b. 11001 Work, constant torque
e 12001 _ _ e,
d. 13001 W =7(8; — 6:)

8. A 10-kg disk with radius 30 cm must reach a final velocity of 300 rev/min in 10 secc. What is
the required average power?

Power, rotation

A) 10W about fixed axis
B) 22w W

C) 45W _ _

D) 60 W P= & = TWw

E) 2W




