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By the end of this topic | can...

calculate work done by a force, a gas and from a force—displacement graph
* use kinetic and gravitational potential energy
« apply W = AE and conservation of energy

+ define power and efficiency and use P = Fv
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Work done

Work done

Force x displacement in the direction of
the force.

e unit: N m = J; a scalar

* negative when the force opposes motion

| wers |

[ W = Fscos @ ]
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Work done by a gas

Gas at constant pressure

Work done = pressure x change in volume.

* varying force: area under the F-s graph

l Wgas = pAV ]
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Example: angled force
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Example: angled force

W = Fscosf) = Fvtcos =20 x 2.0 x 30 x cos60° = W =600J
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Example: gas pump
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Example: gas pump

W = pAV = pAAs =8000 x 600 x 107 * x 30 x 1072 = W =144J
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Example: compressing a spring

When a spring is compressed by 2.0 cm, the force
applied increases uniformly from zero to 4.0 N. How
much work is done by this force?
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Example: compressing a spring

When a spring is compressed by 2.0 cm, the force
applied increases uniformly from zero to 4.0 N. How
much work is done by this force? 40 -

F/N

F-x graph for the force is plotted as shown

work to compress spring equals area under F-x graph:
W=7x40x20x1072=0.040J

2.0 x7cm
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Kinetic energy

Kinetic energy

Energy due to motion.

« from W = Fs = mas with v = u? + 2as

Ek = %ITIV2 ]
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Gravitational potential energy

Energy due to position in a gravitational field.

+ only the change matters

 other stores: elastic, chemical, nuclear, internal

[ AE, = mgAh 1
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Work—energy and conservation

Conservation of energy

Energy cannot be created or destroyed, only transformed.

* net work by external forces = change in total energy

Cwmse |
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Example: racing car
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Example: racing car

The gain in K.E. equals work by driving force plus negative work against resistance

’
Wiotas = AEx = Fs—fs= 5mv2 -0

1
(5000 — 1500) x 50 = > x800x V¢ = v~209ms’
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Example: crane lifting a cube
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Example: crane lifting a cube

The work done by crane equals gain in G.P.E. of cube

= W =mgAh=pVgAh= 2400 x 0.50° x 9.81 x 4.0 ~ 1.18 x 10* J
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Example: falling object
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Example: falling object

2

= Vv=/2gh

1
G.PEloss = KEEgain = mgh= Emv
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Example: marble thrown upwards
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Example: marble thrown upwards

K.E.loss = G.PE.gain + energy loss due to resistance

1 2

Emuz —0= mgHmax + fHnax = Hmax =

mu
2(mg + f)
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Example: box on a slope

A box of mass m slides down along a slope that is
inclined at an angle 0 to the horizontal. There is a
constant friction f acting on the box. When the box has
moved through a distance of As down the slope from A
to B, write down an equation relating its velocities va
and vp by applying the law of conservation of energy.

Work and Energy

15



Example: box on a slope

A box of mass m slides down along a slope that is
inclined at an angle 6 to the horizontal. There is a
constant friction f acting on the box. When the box has
moved through a distance of As down the slope from A
to B, write down an equation relating its velocities va
and vp by applying the law of conservation of energy.

Total work done = change in total energy
—Wr = AEk -+ AEp
1 1
—fs = <2mv§ — 2mvﬁ) + (mghg — mghp)

1 1
—fs = (mvﬁ — 2mv§> — mgAh
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Example: ballistic pendulum

A ballistic pendulum: a bullet of mass mis fired into a
block of mass M hanging from light strings. The block
and bullet swing up so that their centre of mass rises a
height h. Find the bullet’s initial speed u.
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Example: ballistic pendulum

A ballistic pendulum: a bullet of mass m is fired into a N .

block of mass M hanging from light strings. The block \\\ \\

and bullet swing up so that their centre of mass rises a

height h. Find the bullet’s initial speed wu.

Collision (momentum conserved): B AN N

mu=(M+myv = v= m u S |
_ M+ m - M | 1h

Swing (energy conserved): m

I(M+m)yv2=(M+m)gh = v=./2gh
M
Combine: u = <1 + m) v/2gh.
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Power

Power

Work done per unit time.

e unit: W=Js™'

* P = Fv for a force moving at speed v

p_ AW
At
P=Fv
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Example: running up steps
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Example: running up steps

AE, mgAh 72 x9.81 x (150 x 0.25)
At At 120

P — P~221W
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Example: wind turbine
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Example: wind turbine

AE,  1am?  lpAw?  1pAAxv? 1
At At At At 2P

)
PZE><1.3><500><103z3.25><105W
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Example: ship at constant speed
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Example: ship at constant speed

Constant speed so equilibrium between driving force and resistive force

P=Fv=fr=9000x15 = P=1.35x10°W
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Example: car at constant power
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Example: car at constant power

The equation of motion for the caris: Fret =F —f=ma = £ —av=ma

atv=15ms ": 2290 _ 16 x 15=800a = a=17ms 2

as car’s velocity v increases, driving force F = L; decreases, resistive force f = av
increases

so resultant force will decrease, the car will accelerate at a decreasing rate

eventually it reaches an equilibrium state where F = f, the car then travels at constant
speed v;

24000

=16y, = v, ~38.7ms '

Vi Vi
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Efficiency

Efficiency

Useful output divided by total input.

Wuseful . P, useful
|/Vtotal P total
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Example: water pump
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Example: water pump

~ AE, Amgh 1500 x 9.81 x 8.0
 AE, P,At 3000 x 60

n n ~ 65.4%
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Example: hydroelectric turbine
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Example: hydroelectric turbine

_ AE, Amgh_850/><2500><9.81><70
“Tar A T 60

Pout = 1P

=  Poy~243 x 10*W
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Key equations

work W = Fscosf
kinetic energy £ = smv?

G.PE. AE, = mgAh

power P = Fv
Wuseful

efficiency n =
I/Vtotal

o P, useful

P, total
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