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19.9: External Angular Impulse and Change in Angular Momentum

Define the external angular impulse about a point .S applied as the integral of the external torque about .S
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Then the external angular impulse about S is equal to the change in angular momentum
_sys
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Notice that this is the rotational analog to our statement about impulse and momentum,

—yext ty —vext ty d?sys N s
Ig E/ F dt :/ dt = Pgys f— Pays,i (19.9.3)
t; ti

dt
Example 19.9.1: Angular Impulse on Steel Washer

A steel washer is mounted on the shaft of a small motor. The moment of inertia of the motor and washer is I,. The washer is
set into motion. When it reaches an initial angular speed wy, at t = 0, the power to the motor is shut off, and the washer slows
down until it reaches an angular speed of w, at time %,. At that instant, a second steel washer with a moment of inertia I, is
dropped on top of the first washer. Assume that the second washer is only in contact with the first washer. The collision takes
place over a time Aty =1t, —t, . Assume the frictional torque on the axle is independent of speed, and remains the same
when the second washer is dropped. The two washers continue to slow down during the time interval Aty =ty —¢; until they
stop at time ¢ = ;. (a) What is the angular acceleration while the washer and motor are slowing down during the interval
Aty =t,7? (b) Suppose the collision is nearly instantaneous, Aty = (5 —t,) ~ 0 . What is the angular speed w;, of the two
washers immediately after the collision is finished (when the washers rotate together)?
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Figure 19.24 Example 19.8

Now suppose the collision is not instantaneous but that the frictional torque is independent of the speed of the rotor. (c) What is
the angular impulse during the collision? (d) What is the angular velocity wy of the two washers immediately after the collision
is finished (when the washers rotate together)? (e) What is the angular deceleration a5 after the collision?

Solution

a) The angular acceleration of the motor and washer from the instant when the power is shut off until the second washer was
dropped is given by

Wg — Wo

M= AL

<0 (19.9.4)
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(b) If the collision is nearly instantaneous, then there is no angular impulse and therefore the z -component of the angular
momentum about the rotation axis of the motor remains constant
0=AL, :Lf,Z—L(],z:(IO +Iw)wb—Iowa (19.9.5)
We can solve Equation (19.5.51) for the angular speed wy, of the two washers immediately after the collision is finished
Iy
= 19.9.6
Wp= T e ( )
(c) The angular acceleration found in part a) is due to the frictional torque in the motor.
washer
overhead view
Figure 19.25 Frictional torque in the motor
Let 7Ty = —Tff{ where 7y is the magnitude of the frictional torque (Figure 19.25) then
Iy (wa —wo)
-1 =lay =——— 19.9.7
77 =Ioou A ( )
During the collision with the second washer, the frictional torque exerts an angular impulse (pointing along the z -axis in the
figure),
2 Atin
J, = —/ Tpdt = —Tf Atigy = Ty (o — wp) ——= (19.9.8)
tq Atl
(d) The z -component of the angular momentum about the rotation axis of the motor changes during the collision,
ALZ :Lf,z_LO,z:(IO —I—Iw)wb—Iowa (1999)
The change in the z -component of the angular momentum is equal to the z -component of the angular impulse
J,=AL, (19.9.10)
Thus, equating the expressions in Equations (19.5.54) and (19.5.55), yields
Atint
Iy (wa—wo) At Z(Io +Iw)wb—(I0)wa (19911)
Solve Equation (19.5.57) for the angular velocity immediately after the collision,
I() Atint;
wp =7 (wg —w — | tw, 19.9.12
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If there were no frictional torque, then the first term in the brackets would vanish, and the second term of Equation (19.5.58)
would be the only contribution to the final angular speed.
(e) The final angular acceleration c is given by
0— Wy I 0 Atint
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