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axis of rotation: relative to point O *«-Force F

more effective

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

T = +F1"1

The line of action of I?';
passes through point O,
so the lever arm and

hence the torque are zero.

Line of

_)
F, tends to cause clockwise rotation about point
0, so its torque 1s negative: Ty = —Fsl,

Three ways to calculate torque:
T=Fl=rFsin¢=F,
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t of 3
(out of page) [~ Line of action of F

¢

_>
r

[ = rsin ¢
= lever arm
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Force component Only the tangential

along axis of rotation ~[0rce component
: produces a z-com-

Aot Of\z : honent of torque
. . onent of torque.
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. rigid
Sl body
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) component
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Rotational analog of Newton’s second law for a rigid body:

Nt & P R Moment of inertia of
et torque on ass., s ;
vt ’ o e rigid body about z-axis
rigid body = lo 4.

Angular acceleration of
/ rigid body about z-axis
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.... Upper limit = final angular position
Work done by-..., o~ Pl - P
s, 2 "- =
a torque 7, e : Integral of the torque
: W= 740 B .
0 Z : with respect to angle

Lower limit = initial angular position

Child applies
tangential force.

dw, do
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IR N— ‘ dr dr =

3
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Total work done on ssse Final rotational kinetic energy
. .. o Wy et o
a rotating rigid body 3 il T e
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cternal tor ® = . e
net external torque ' TInitial rotational kinetic energy
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(a) Nonrotating flywheel falls

1 Tf]-precession :

v e - _ T=rXw
IR VA, H B R SE S — RE sh LR
Pivot .
Circular motion Axis
of flywheel axis AL Flywheel 'l
(precession) @ /
Flywheel 2 /
: {\ };xis W J Path of free end
i :" €=~ Lol When the flywheel is not rotating, its weight
'l Pi A U5 y creates a torque around the pivot, causing it
‘\ Ivot—{g T 2 - )
s § o e to fall along a circular path until its axis rests
Path followgd-> 1" - . ¢ . on the table surface.
by free end of | J . w\) Rotation of .
axis s flywheel I
L | dL = 7dt
When the flywheel and its axis are stationary,
they will fall to the table surface. When the N .
flywheel spins, it and its axis “float” in the air d¢ ‘dL ‘ /‘L ‘ Tz wWr

while moving in a circle about the pivot. Q

dt dt L
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K k. Mark Whittle of the University of Virginia.
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