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What we will cover

1  Rotational kinetic energy

2 | Work and power of a torque
3 | Angular momentum and impulse l
4 | Conservation of angular momentum

5 | Rolling without slipping

6 = Orbiting satellites



Rotational kinetic energy




Energy & Momentum of Rotating Systems

LRotational kinetic energy

Rotational kinetic energy

A spinning object stores energy even if its
centre stays put:

_ 1,2
Krot = 3o mgh = 1m/ + 11w

Mass — |/, speed — w. Double the spin, . .
g 2 A shape with mass near the rim (a
quadruple the energy. . .
hoop) puts more energy into spin, so

it moves slower at the bottom.

A rolling object has both: K =
%mv2 + %/w?



2 Work and power
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LWork and power

Work and power of a torque

A torque does work when it turns an object Worked example

through an angle: Motor: 7 = 15N m over Al =

Rotational work and power 8rad:

W=r1A0, P=r1w W=15x8=120J]

Whet = AKiot. A changing torque: work = At w = 20 rad/s:
area under a 76 graph.

P=15x20=300W
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LAngular momentum

Angular momentum and impulse

Angular momentum )£ is the

rotational twin of momentum:
Worked example
Spin that resists change L; = 30; a torque 7 = 5N m acts

[y for 4s:
AL = 7 At AL=5x4=20
Angular impulse F/HIE = net torque X Le= 30+ 20 = 50kgm? /s

time.
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L Conservation

Conservation of angular momentum

With zero net external torque, angular
momentum is conserved — even as the
body changes shape:

o
N

slow, big /

I;w,- = /fwf

A skater pulls their arms in: [ drops,
so w rises — they spin faster.

L¢

fast, small /



Pulling mass inward lowers |

slow w1 fast w>

~— pull in\-/
o—o—v > 00

arms out arms in
large / small /

smaller | = larger w (angular momentum conserved)

L =Ilw conserved (no external torque): hwi =/lw;

Pulling mass inward lowers |, so w rises to conserve L = lw
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Rolling without slipping

Rolling without slipping 7%zl locks
forward speed to spin:

The rolling condition \@ip

V= wr, K:%mvz—i—%lw2 \0\
clnhnrn

Race down a ramp: the solid sphere
wins, the hoop comes last — more /
means more energy lost to spin.




Rolling without slipping, in detail

w

Ve
contact
point =~ *=—»V
at rest «V =rw

K=1imv?+

1
2

2 _1 2 l
lw®=imv (1+W)
rolling no slip: v=rw - a=ra

In rolling without slipping the contact point is instantaneously at rest, so v = rw
and the top of the wheel moves at 2v.



6 Satellites
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L Satellites

Orbiting satellites

Gravity 5|77 supplies the centripetal
force. Set them equal:

Orbital speed

m speed is independent of the
satellite’s mass

BUFLE o

m a bigger orbit means a slower

speed Satellites are continuous free-fall around Earth
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Motion of Orbiting Satellites

Gravity provides the centripetal force that keeps a satellite in orbit
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Escape velocity

the definition

the launch speed that just lets an object leave for good

the condition

its total mechanical energy is exactly zero — it arrives at infinity
with no speed left

SO

GM 2GM
%va oM 0, giving Vesc =
r

r

the relation

Vesc = V/2X the circular orbital speed at the same radius

no mass in it

the escaping object's own mass cancels, so it is the same for a
pebble and a rocket

Escape speed is set by where you start, not by what you are. Launching from a higher orbit
needs less of it, which is why staged launches work.
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Exam tips

m Conserve angular momentum L = [w when no external torque acts: a smaller /
(arms pulled in) gives a larger w.

m A rolling object splits its energy between %mv2 and %Iwz, linked by v=nv —so it
accelerates down a ramp more slowly than a sliding one.

m For a circular orbit set gravity equal to the centripetal requirement: v=/GM/r,
so a larger orbit is slower and the satellite's mass cancels.

m Pulling in raises the spin and the kinetic energy — the extra energy comes from
the work done pulling inward; L is unchanged.

m Watch which rotational quantity is conserved: L (no torque) versus energy (no
friction) are different conditions.
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L Recap

Unit 6 — key takeaways

e Rotational energy e Angular momentum
Kiarr = %/oﬂ; rolling splits energy L = lo; angular impulse 7 At =
in two AL

e Conservation o Orbits
no external torque = lw; = lwsr gravity is the centripetal force;

(skater) v=+/GM/r
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Check yourself

A skater pulls their arms in — what hap-
pens to their spin rate?

Down a ramp: hoop, disk, or sphere —
which wins?

Does orbital speed depend on the satel-
lite's mass?

A bigger orbit radius means a faster or
slower speed?

| Answers 1. it speeds up 2. the sphere 3. no 4. slower
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