Lecture 22
Torque

An intuitive approach to forque

A particle of mass mis constrained by a massless rod of length rto

move in circles about point P. A force F is applied on the particle. This

is the only force applied on it. What is the angular acceleration of the
2

system? ) /-‘r _
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Fran Produces a tangential acceleration:

Fan =My —>  Fon = mar F:
a =ar

Torque 7 ="Far=Frsing = ‘Fx/-:‘

Directions: Both@ and 7 x £ point out
of the screen.

Newton's second law for rotations

For each force on a system, —
the torque depends on the Z —
=/ X
point on which it is applied r=rxF
The angular acceleration will
be the result of adding all ~ [Znet,z = z 5, =1Ia,
these torques: all forces

Note: In general, 7, = forque by the net force
(What would be the 7 ?1?)

EXAMPLE: Falling tree

What is the angular acceleration of a tree as it falls down?

Model of a tree:
uniform rod of length L

N

mg




N Torque about the bottom
of the tree (axis):
L/2 - Tt =Tpg + Ty +Tp =
. =mgr. +0+0
L = mgécosa
vng 2

Newton's 2nd law for rotations:

T =Ta, with I = %mf

mgécos& = %mfa = | a= Zcosb7

A curious effect:

What is the tangential
acceleration of the top of
£] the tree?

a =Lla =37gc050

The top of the tree will have an acceleration larger than g
when:

37"7cos(9>g = cos&>§ = | 0<48.2

pemo: B
Jumping ball I

EXAMPLE: Yo-yo

A cylinder with a massless string wrapped around it
is released as the free end of the string is kept
fixed. Find the acceleration of the cylinder.

Newton's 2nd law for the
translation of the CM:

mg-T =ma
Newton's 2nd law for the ~ T
rotation about the CM: a
/
TR - Ta -+ mR% |
2 a

String does not slip on mg
the cylinder:

a=Ra




mg—%ma=ma

Note that a< g: The net force on the cylinder
is less than mg.

Example: Real pulley

What is the angular acceleration of the  Direction:
pulley if R=25.0 cmand M=2.00 kg?  Into the page

A. 196 rad/s? into the page. o M

B. 196 rad/s? out af+kepage. ‘
C. 5.45 rad/s? into the page.

D. 5.45 rad/s? out of-+kepage. m,=20.0 kg

E. None of the above.
m1 = 150 kg

ACT: Real Atwood's machine

Compare the tensions on each 2 kg
side of the rope.
£
7
20 kg
B.71=T,
CT> T,

M
L Equal magnitude
(massless string)

T,

my

|
1 T, > T, because

Equal magnitude m,g a net forque is

(massless string) required to

move a massive

& pulley!

mg




Newton's second law
for every object:

)

T

T i 2 Mass 1: T -mg=ma
1A l Mass 2: mg—-T, = ma
1 Pulley: LR-TR=1I

GT l Y 2 1 a
mg
1
m ! Idisk =EMR2

mg
+ String does not slip on the pulley: a=Ra
4 equations. 4 unknowns (a, o, T;,T5)

h-mg=ma Tom(a+g)
mg-T, =ma . 7 m(g-a)
LR-TR=Ia i
a=Ra 75—7I=?a
I
”’Z(g_a)—fﬂl(a+g)=ﬁa
a9 mZi,ﬂlJ_ (“‘ a=ngl/M
ra + +
”11+mz+'92 Idisk=éMRZ my + My 2
a_g m-m 98 20-15 :
RR - =p.4
’ R R + +ﬂ 025X20+15+1 5 5I‘ad/s
no 2 Into the page

EXAMPLE: Cylinder rolling down an incline

A cylinder of mass M and radius Rrolls down an incline of
angle @with the horizontal.

If the cylinder rolls without slipping, what is its
acceleration?

acy?

Newton's 2nd law for translation of the CM:

| Mgsin0 15 = Magy |
Newton's 2nd law for rotation about the CM:

i 2,

Rolling without slipping

Three equations and three
unknowns: «, agy and 75

fs




Mgsinf —f; = Ma,,

Mgsin6 — Ma,, =1

And what if instead we use a disk of radius R and mass M
that mounted on a massless shaft of radius r<« Rand have

— —_— the whole thing roll down an incline with a groove?
iR = I ya a, 9 g
£ = I, o
Gy = Rat s T Sem g2 f 2
. a m~0
Mgsin6 — Ma,,, = I, 'é”z"
Mgsind  Mgsind 2 . Mg
Aoy = I, = R =§_qsm9 p
+ = Mgsiné —f; = Ma, .
M o M+ 02 '\ 9 s 2 a Mgsing
IL,a —> U =
_ EMRZ (compare to gsing, 0= Lo M+ Low
solid cylinder = 2 the results for a Ay =T @3
sliding object)
ACT: Loosening a stuck nut
H You have to loosen a stuck nut. In your toolbox, there are two
= M m~0 wrenches. One is a “normal” wr‘encK (figure 1) and the other has a
M ICM perpendicular extension at the end (figure 2). If you apply a
/M + — horizontal force in both cases as shown, which of these two
r arrangements will be more efficient?
A. The normal one = =
. F
1 2 B. The one with the
Iy = EM'Q ] PEMOZ 0 extension. -
Disk on shaft on incline - r
C. It doesn't matter.
_ Mgsing | 1 . The torque is the same in both cases.
Aoy, = MRZ | R2 gsing Very small o >
M+ 57 1+? if R> rl |PXF[=17"xF|=Fd (outof the page)
r rlS~—

(cross product picks up the perpendicular parts)




ACT: Spheres

Two spheres have the same radius and equal masses. One is
made of solid aluminum and the other is a hollow shell of
gold.

Which one has the biggest moment of inertia about an axis
through its center?

Mass is
further away
from the axis

Solid .

aluminum

A. Solid Al CB_Hollow AL  C. Both the same

Hollow
gold




