AP PHYSICS C: MECHANICS « EXERCISE SHEET

6.4 Conservation of Angular
Momentum
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Objective

Build the skills to answer exam questions on conservation of angular momentum.

You must be able to:

» state that angular momentum is conserved when no net external
torque acts

o apply Liw; = Ifws
« explain the skater effect (pulling arms in speeds the spin)
e note that kinetic energy need not be conserved

1 Key knowledge and worked examples

Study these first. Each one shows the method for a question type used later — follow the
steps and you can do the Practice and Exam-style questions yourself.

B Conservation condition

If the net external torque is zero,

B The skater effect

A skater pulls her arms in, lowering I. Since [w is fixed, w rises:

Tiw;
If ’

Lw; = If(.df = Wy =

If I halves, w doubles.
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B Energy is not conserved here

The skater does work pulling her arms in, so the rotational kinetic energy actually
increases even though L stays constant.

B Worked application: Conserved angular momentum does not fix kinetic
energy

A rotating system changes from [; = 4.0kgm? to I; = 2.0kgm? with negligible
external torque. Initially w; = 3.0rads™!, so L = [jw; = 12kgm?s~!. Conservation
gives wy = L/I; = 6.0rads™!. Yet K; = 1J;w? = 18J and K; = 36J. Internal work
supplies the extra 18 J. Check the external torque condition first; friction from the
surroundings would invalidate exact conservation.
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2 Practice
Now apply the methods above.

2.1 State the condition for angular momentum to be conserved. 1]

2.2 A skater at I; = 6 kg m? spins at 2 rad s, then pulls in to Iy =2kg m?. Find the
new w. 2]

2.3 If a spinning body’s rotational inertia halves (no external torque), what happens to
w? 1]
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2.4 Is rotational kinetic energy always conserved when angular momentum is? Answer
yes or no. [1]

3 Exam-style questions

3.1 Angular momentum is conserved when the net external torque is 1]

D A maximum

B zero
C increasing
D equal to T«

3.2 A star collapses to one third of its rotational inertia. Its spin rate becomes 1]

D A one third

B unchanged
C three times faster
D nine times faster

3.3 A turntable (I = 4 kg m?) spins at 3 rad s~'. A blob of clay is dropped on, raising
I to 6 kg m?%.

(a) Find the new angular speed. (2]

(b) State whether angular momentum is conserved and why. 1]

3.4 A diver tucks to spin faster during a somersault.
(a) Explain, using [w, why tucking speeds the spin. 2]

(b) State what provides no external torque here. 1]
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3.5 With negligible external torque, a rotor changes from I; = 6.0 to I; = 2.0kgm?
starting at 2.0rads™!. (a) Find its final angular speed. 2]

(b) Find the change in rotational kinetic energy and explain its source. 2]
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Solutions

Each answer shows the steps, then the result.

2.1

o When the net external torque is zero
2.2

e 6(2) =2w; = wr=06rads
2.3

o It doubles

24

 No

3.1B

» zero net external torque
3.2C

e [ — I/3 means w — 3w
3.3

(a)

o 4(3) =6ws = wr=2rads”
(b)

e Yes — no external torque acts on the turntable-plus-clay system

1

3.4

(a)

o Tucking lowers [; since [w is fixed, w rises

(b)

o Gravity acts through the center of mass, giving no torque about it
3.5

(a) Liw; = Ijwy, so wy =6 x 2/2 =6.0rads™ .

(b) AK = 1(2)(6?) — 5(6)(2?) = 24 J; internal work supplies the increase.
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