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10.1 7J§E (torque, XNUHFE, moment)
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Magnitude of torque ...
due to force F
relative to point O

Magmtude of F~ Ang e between

.
F, tends to cause counterclockwise rotation
about point O, so its torque is positive:

Tl = +F11’1 -
“;.@;@ Line of action
of F]
FHTET, 1EE:
\ p—
L I J—— * Ae
F Lever
) arms of F
»ﬁgﬁ and F,
The line of action of ﬁn
passes through point O, - -
c Line of

so the lever arm and
hence the torque are zero.
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F, tends to cause clockwise rotation about point

= —F

. =
action of F,

0, so its torque is negative: T,

Lever arm of F

Magnitude of 7 (vector from
.- 0 to where F acts)

-
0
*
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1= Fl = rFsmqb Foant

P'..
" Tangential

7and F component of F

Three ways to calculate torque:
T=Fl=rFsin¢=F,
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out of page I
( page) [~ Line of action of F

[ = rsin ¢
= lever arm



Axis of rotation

Force close to axis of
ﬁa rotation: not very
effective

Force farther from
axis of rotation:
more effective

Force directed
toward axis of
rotation: no effect

F X922 RO JfEA—KE:
. Vector from O to where F acts

Torque vector-..
—r . k- N

due t.o force F 12 = P X F. B
relative to point O - Force F
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If you point the fingers of your right hand in
the direction of F and then curl them in the
direction of F', your outstretched thumb points

in the direction of 7. 2
. D 7

(out of page)

<

=l



10.2 $#EENEE
MU TERES N RIS AT, AR R S TS

2SI IRERL

CEE, SRR IR E R L

Force component Only the tangential Rotational analog of Newton’s second law for a rigid body:
along axis of rotation force component Nettoraue on o  w Moment of inertia of
Axis of < : produces‘a creom- : e.t orque on a--.., = ] N rigid body about z-axis
RN 5 ponent of torque. rigid body ETZ — &, ... i o -
rotation about 7-axis Angular acceleration of
€ Rotating ; rigid body about z-axis
=~
j , rigid
1 bod Action-reaction force pair Line of action
ody whose torques cancel: of both forces
T = 4F]
I+==. A -_ z=N—1 Ay lon2
Path of TR BNIRE, ENREFAINE nai =, O
particle as EE X T ZEEaAHEY Ay 4 b
rigid body 9
rotates Radial force

component

] BARIERE: v

Lever arm [ ---w=ee== X Tron1
of both forces
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Kinetic energy of a -
rigid body with both
translation and rotation

Kinetic energy of translation
of center of mass (Lm)

Kinetic energy of rotation
around axis through cm

K = M Uem %I cmw2 :
;7 AT T Angular speed
Moment of inertia  of rigid body
of rigid body about

axis through cm

2 s OE I = 12

Mass of rigid body ™~ ¢
Speed of ¢m
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Axis of rotation

Qw
v
cm @
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cm
: :
m; v 4

Velocity v; of particle in rotating, translating
rigid body = (velocity v, of center of mass) +
(particle’s velocity v, relative to center of mass)

U; = Uy + U’
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The motion of a rigid body Is a combination of translational motion of the center of mass

and rotation around the center of mass.
NI E BiEEh + NE5EEh!

The motion of this tossed baton can be
represented as a combination of ...

... translation of ... plus rotation about
the center of mass ... the center of m.

® IXIERVORIIT RSN
2%, B FZIE

o EXHRHVNEHITEARREIEH,
BENERZEM s, A

L))

I pE
(fzizmn,

SPi?

translational motion)

P%)

P.@;J: A,
i A«y >f‘z)

Q(ty)

> s RTINS

> FRinsIiINIR, ERERRrE R
RAMBRE, BEXRE. R
EXRE#HEE

> NIRRT O AR

— P, I

WK OHNZE IRz
BB RS T NIRRT LB 5]



FIIHME RiSshsEmnbl+: RTB%:
PSR AEIERES? ! BRKERE—EAmik

WY B

B ERSEHEAYAE s A 10 fi# /9 SestnamAY
e+ 528 B Bv D iHaYEE ]
Iy

ElsettEimpvsED 0 BROBSHEMNERFD + BRERONBEE

BEM: HIRRT, RARNAREINREL . BRENREL - AL BREZIEL. S3hELA B3HEE0



10.4 FTiREIRIREL]

Condition for rolling without slipping:
L Radius of wheel

Speed of center of mass tap =
cm ¥..

of rolling wheel -+ Angular speed of wheel

Rotation around center of mass:
for rolling without slipping,
speed at rim = v,

Translation of center of mass:
velocity v

cm Combined motion

=5 _ =
Uy = Uy

Wheel is instantaneously at rest
where it contacts the ground.
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-+ Upper limit = final angular position
Work done by..., 9» pp H ! gular posit
" .

a torque 7 " Integral of the torque
‘ W= [ 7.d§ = "° !

o z i with respect to angle
1 .

"o Lower limit = initial angular position

{BENDBIERIINZSTIIRE LB

Work done by Qe ) ‘.:,.-"'"TOI'qU.e ........ .
constant torque 7, W = 7z(92 — 0,) = T, A6O
- A

--------------

Final minus initial angular position = angular displacement

TFERIINERE T IR L RIRE

.- Torque with respect to

Power due to a torque ap ¥ rigid body’s rotation axis
acting on a rigid body = Ty

== Angular velocity of
rigid body about axis

(a)

) Child applies
('\ | tangential force.
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tan

(b) Overhead view of merry-go-round

ds
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tan

dW = F,.R do

dW = 7. df
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dco db
dt dt

7.d0 = (la,) df = dw, = lw, do,

LU
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(work-kinetic energy theorem)

Total work done om «s«-... Final rotational kinetic energy
. . " Wy  aeesttea,
a rotating rigid body ’ o - .
= work done by the Wiot = lo do, = 51 0% I 0"1 By
w
net external torque ! Initial rotational kmetlc energy
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. dl:dqqdqudr)
L=Fxp — i dt( X P) dtxp+ th
dr dr
c—=V, —xpP=Vvx(mV)=0
dt gg < P=vx(my)
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dt dt
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TFBE®RE (law of conservation of angular momentum)
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Slice of Y

10-11 RlixaImalE iretn <X

about z-axis .

Li = m(rw)r, = mr; o

L = le — (Emiriz)w = Jw

Angular momentum of ... ., Moment of inertia of rigid L; = angular momentum of ith
vy o b / particle of rigid body

s o . - R _ .
a rigid body rotating L=Ilw, body about symmetry axis B
¢ < L;1s perpendicular to the plane of motion

around a symmetry axis Anglﬂa.r velocity vector of rigid body (if the origin O 1s in that plane) and has
magnitude L, = mu;r; = m.ro.

For a system of particles: dl_: Rate of change of total
Sum of external torques AE = 4 angular momentum L
on the system dt of system
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10.12 QlipmElEFEER

S7 =dL/dt. If 37 = 0, then dL/dt = 0, and L is constant.

CONSERVATION OF ANGULAR MOMENTUM When the net external torque
acting on a system is zero, the total angular momentum of the system is constant

(conserved).
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A door 1.00 m wide, of mass 15 kg, can rotate freely about a vertical
axis through its hinges. A bullet with a mass of 10 g and a speed of
400 m/s strikes the center of the door, in a direction perpendicular to
the plane of the door, and embeds itself there. Find the door’s angular
speed. Is kinetic energy conserved?
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C=0.50m /
n =104 / Bullet
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Youler =100
d= 1.00m |/ /V\=15k9
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