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Oplecilvds: Aftgr copmolatne) talls
module, VoLl sriotle na zigle io:

e Define and calculate the moment of inertia for
simple systems.

Define and apply the concepts of Newton’s
second law, rotational kinetic energy, rotational
work, rotational power, and rotational
momentum to the solution of physical problems.

Apply principles of conservation of energy and
momentum to problems involving rotation of
rigid bodies.
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Inafrilel of Rejreiilon

SEREIUEIPNewtonrs second law: for the Inertia ¢
OO Lo Ve PAttErNEd aiter the IawW ol transiation.

(1) R=0.5m
a = 2 rad/s?

Force does for translation whattergue rotation:

gm




ny mass m.

Lomv?
K=%Y%m(wRF
K = Y2(mR?)w?
Sum to find K total: Object rotating at constant m.
K = %2(ZmR?)®»? Rotational Inertia Defined:

(Y2w? same for all m)




N

s EW \What Is the rotational
MREWEREIErgy. off the device shoewn I It
foieiias at a constant speed ofi 600! rpm?

(st: /=XmR?

3m 3kg
skgyamez 29 A
+ (2 kg)(3 m)? /\ T
+ (1 kg)(2 m)?2 2m 1 kg

| = 25 kg m? ® = 600 rpm = 62.8 rad/s

K = 22/nwf =12(25 kg m#)(62.8 rad/s) -

K=49,300J



I :%szZ

R \R N7

Hoop Disk or cylinder. Solid sphere




s circular hoep andla disk '
SCHIMEVEYa Mass off 3 kg andl a radius
gigsONsIy. Compale their rotational

| =mR?=(Bkg)02m? |

/ =0.120 kg m?
Hoop

R | =1 mR? =1(3 kg)(0.2 m)*

/ =0.0600 kg m?

Disk



m

A resultant force F
produces negative
acceleration a for
a mass m.

N

oblems involving rotation, there is an
o0 be drawn from linear motion.

T

OF o, =50 rad/s
LB

o = 40 ' N'm

A resultant torque 7
produces angular
acceleration o of disk
with rotational inertia /.




HEWAMEnNy revolutions
‘€guired to stop?

o, =90 rad/s
\0)
R=0.20m

F=40 N

FR = (YMR)a 200 = 0 - .2
< 0]
o 2F _ 2(40N) o~ _ (50 rads)’
mR (4 kg)(0.2 m) ~ 2a 2(100 rad/s?)

o = 100 rad/s2 0 =12.5rad = 1.99 rev




Exarnple 3: WrziisuiglNliglerElgleo] B
NBINGIRUIEY alling 2-Kgl mass?

's 2nd law to rotating disk:
Qo TR = (Y2MF?)a

d
Ro but a=aR; a=x
T=%MR(Z); and T=Y%Ma

Apply Newton’s 2nd law to fe!iing mass:
mg-T =ma mg - 2Ma= ma

(2 kg)(9.8 m/s?) - 2(6 kg) a= (2 kg) a

19.6 N - (3kg) a= (2 kg) a a=3.92 m/s?




FSs=FRO t=FR

Power = 1t ®

Power = Torque x average angular velocity



Exarnple 4: Triegfejeiijglofel gt
N OINEREIRZPCI and a mass; of

) kg, SRERITE WOrk and PoWer: If -
WIERZSEINaSS IS iftedl 201miin 4. 0
6 kg F
_ 2 kg
ork =t0=FR O Yy
20 m le —
= = = — = s=20m
0 R ~04m 50 rad

F=mg=(2kg)(9.8 m/s?); F=19.6 N

Work = (19.6 N)(0.4 m)(50 rad) Work = 392 J
Work _
Power = 5 3325 2 Power = 98 W




or linear motion that the work done is equal
change in linear kinetic energy:

Fx =%mv? —Yamv;

Using angular analogies, we find the rotational work
IS equal to the change in rotational kinetic energy:

0 =Yl w’ -2l




Wiatwork is needed
: : . ®
i0)stepawheel rotating: \

Work = AK,

First find /for wheel: /= m~” = (4 kg)(0.3 m)? = 0.36 kg m?

o, =60 rad/s
R=0.30m
F=40 N

4 kg

0 =Yl w! —Ylw Work = -%2lw ?

Work = -%2(0.36 kg m?)(60 rad/s)? Work = -648 J



Cormpinec

st consider a disk sliding

\/ Withouit firction. TThe: Velecity, of
SN any part is equal to) velocity v

Vem ofithe center of mass.

Q)
Now consider a ball rolling without /\
slipping. The angular velocity —_—V
about the point P is same as o for R

disk, so that we write:

V
w=— Or V=wR
v=0R




KINEUCERENGY

o Rotation: =2l

Total Kinetic Energy of a Rolling Object:

_ 1 2,1 2
KT —EmV +5IQ)







Trag

If you are to solve for a linear parameter, you
must convert all angular terms to linear terms:

a

= | = (?)mR?

R

If you are to solve for an angular parameter, you
must convert all linear terms to angular terms:




Example (a): Find velocity v of a disk If
given Its total kinetic energy E.

Total energy: E = %2mv2 + %l @?




Example (b) Find angular velocity o of a disk
given Its total kinetic energy E.

Total energy: E =Yamv2 + Lol @

> 1=imR* v=owR

E =1im(wR)’ +1(1mR?)e’; E =imR’0’ +1mR%*e’

3mMR*w? 4E
E — or ) = >
4 VSmR




sy for Proglenns

e Draw and label a sketch of the problem.
e List givens and state what is to be found.

e \WWrite formulas for finding the moments of
Inertia for each body that is In rotation.

e Recall concepts involved (power, energy,
work, conservation, etc.) and write an
equation involving the unknown guantity.

e Solve for the unknown guantity.

A 4




KMNENIC ENENGIES.

- 0
Inds of energy: N
K: =%mv2 K, = Yla?

Total energy: E =%2mv? + Ll @’

Disk: E =lmv? +1/z(1/sz )(

Hoop: E =%mv® +%(mR )(



otal energy is still conserved for
stems In rotation and translation.

er, rotation must now be considered.

Begin: (U + K, + K;),= End: (U + K, + K);

magh, magh,
Lo ? | =W “lof




N

R=50cm
ul /
Lolog 6 kg |
L 2

ve+ilo® 1 =iMR?
v2 )

mgh, =3

mgh, =+mv° +1 (3 MR )( 2.5v2 = 196 m?/s?

28 )
(2(9.8)10) =3 (" + (O




N

s cWaA hoop and a disk rell frem the
GsREIRENITcing.: What ane thelr Speeds at
UIENELEM Ifi the Initial helght 1S, 20/ m?

=1mv? + Yolw?> Hoop: | = mR?

2
[V
Lomv® +1/z(mR‘)(?-j 20 m

mgh, = Y2amv? + Yamv?;  mgh, = rmv?

v=.[gh, = (9.8 m/s?)(20m)  Hoop:

Disk: | =¥:mR2; mgh, = ¥%2mv2 +21/zloo2 ENA

' _1 2 1/4(1 RZ L
l”'lgho LMVe + /2(/2m‘( )£R2j v =16.2 m/s




particle m
ith velocity v
ircle of radius r.

Define angular momentum L:

L = mvr

Substituting v= wr, gives:

L = m(wr) r = mro

For extended rotating body:

L =(CmrFZ) o



Exarnple 8: FincigigleRelglo[v]t1g ./ =2m
MEMERMIGIeT a thin 4-kg red off |-
ENEUIRZNMT It rotates about 1ts

MIGBPGeINIPat a speed of 300 rpm. m = 4 kg

WA )P | = 1.33 kg m?

o —[ 3008V |( 27 rad }(1min ) _ o 4 radss
min 1 rev 60 s

L = /o =(1.33 kg m?)(31.4 rad/s)?

L = 1315 kg m?/s




or linear motion the linear impulse is equal to
change In linear momentum:

F At =mv, —my,

Using angular analogies, we find angular impulse to
be equal to the change in angular momentum:

TAt=lw; — o,




=il R Asstie P force ofi 200/ N is; applied! to '
IEICHUENGIERVNEE] free to rotate. The force acts
IGIRONOZASV\/ hat IS the final angular velocity?

SACAC)(ENOE At= 0-002; o, =0 rad/s

R=0.40m

/= 0:32 kg m?
F F= 200N
Applied torque t = FR 2 kg

Impulse = change in angular momentum

T At = o~ o, FR At = oy

FRAt (200 N)(0.4 m)(0.002 s)
Wi = | = 0.32 M’ o; = 0.5 rad/s




sence of external torque the rotational
ntum of a system is conserved (constant).

— 1w, =1t At lw:, =1 w,
I, = 2 kg m?; ®, = 600 rpm I =6 kg m?; o, = ?

1w, (2 kg-m?*)(600rpm)
a)f_ If o 6kgm2 O)f—ZOorpm




Surnrne

Quantity Linear Rotational

Displacement | Displacement x Radians 0
Inertia Mass (kg) / (kg-m?)

Force Newtons N Torque N-m

Velocity V—“m/s” o — Rad/s

Acceleration a— “m/s2” o —> Rad/s?

Momentum mv (kg m/s) | /o (kg-m?-rad/s)




N

Linear Motion Rotational Motion

F = ma T=la
K = omv? K = ¥l &?
Work = Fx Work = 70

Power = Fv Power = lw

Fx =%Yamv?-%amv 2 | 10 = Yelw?  Yel @,




0 =%l w’ -l o

N
)
N
I
)
B




CONCLUS|ION: Crizigigr LR
Hicjlcl Bocly Rotatiorn
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