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P Physics at work: Sport

parabala

In many games, a ball is thrown or hit

The ball does nat trovel in o straight ling, bt
in a parabolic trojectory. {Thizs is because
gravity is pulling it downwards.)

To be more accurate, it is the cenlre of

gravity of the ball that follows the porabola.
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The centre of gravity lcentre of mass) of a person
is usually behind the novel, but it depends on

the positions of the arms and legs.

When an acrobat or a diver jumps through the air,
the centre of grovity moves in o smooth parabala,

| no maotter how the person twists or spins. J

The gymnast must keep her
cenlre of mass directly over her
honds, in order to balance.

In jude it's an advantoge to hove
i low centre of moss, ond stancd
with your legs apart, for stability,

Skiing is another sport where o
low centre of mass is helpful.

Can vou think of any others?
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of examples and practice questions for consolidation oflearning. Additional sections in the
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MOVENTU WMENTUW

The momentum of an object depends on its mass and its velocity.
In fact:

Momentum = mass = velocity | or | Momentum = mu -
(kg {r./s)

Mementum is o vector quantity. It is measured in units of kg m/s.
A bicvcle of mass 10 kg moving at 5 m/s haos a momentum of 50 kg m/s.

Consider a force F acting on o mass m for a time ¢ so that it
accelerates from velocity u to velocity v, |

From poge 131, aoceleralion a = L= w=1

2 Mewton's Second Low (page 134 is: Fema = m{ ——

Force _ change in momentum (kg m,_-"s] _ mamentum after — momentum before

ar n:words: (N}]  time taken for the :[:'imn-ge {s} time token for the c.hunrge.

ar, mulliplying both sides by time, we get:  Force = time = change in momentum

Exampie 1

Consider first a bay kicking o stone of mass 1 kg and accelerating it
from rest to 10 m/s. Because the stone s rgid, the force of his fool
acts for enly l.;l.[, second. Coleulate this force,

momentum after - momentum before

Formula first: Force =
time token
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B Physics at work: Heat engines

~
d-stroke petrol engine

A car ar motor-bike uses on internal combustion engine,

In o petral engine, the petrol vapour is squeezed ond then exploded.

The chemical energy of the fuel and oir is transferred to kinetic

energy {omd thermal energy). However it is only aboul 25% efficient.

The 4 steps are:

1 Suck 2 Squeeze 3 Bang ? R 4 Blow — wraus
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Induction sirosc Compression siroks Power siroks Exhaust siroko
The inkst valve & open and The vatees closa and the An aslecing spark from The exhaist wale 5 onsn
the pishon & moving oown. peston moves Lo lo squeces the sgandng plug igides  and the plsfon & mowng ug,
A rnixfure of pelrod vaiour the Frixtuia of patrod and ar the mikiua which buns (0 push ool e wasle gasas.
and air is sucked i jor fx about 1800 of its onging!  maoidly and expands, The cyole then bagins again.
Ecled Lnoer ovessuwra). volne  So it pats follar farcing the pistan oo
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i
Jet engine
A jet engine also has 4 stages to tronsfer energy from a
chemical store o, o kinetic store,

fust pipe

1. Air sucked in 2. Air squoszed by &, Fueal squrted in, 4, Bumt gases blow out of the back like a
compres=ar fars lbums continuausky blawtorch and push the engine forwand
{they also turr a turbire fan whch keess

k—tww
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Hertog proposes a new cosmological theory
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thermal snarngy
Machines tronsfer energy from one store to another. :

We know that the total amount of energy put into o machine must
equal the total omount of energy output. This is the principle of
conservalion of energy (see poge 102)

However, anly some of the output energy is useful to us. The rest
is wasted eneray, This offects the efficiency of the machine,

A car is not very efficient. For every 100 joules of energy (in fuel)
that is put into the car, only 25 .J appear as useful energy to move
the car. The other 754 is wasted as thermal energy. 1L s low-grade
energy aond we cannot use it The efficiency is calculoted by:

useful power output

_ useful energy output
Efficiency total power input

total energy input

Example 1 25
For this car, the efficiency o0 " 0.25 or 25% ;

Because of friction in o machine there is always seme wasted Efficiancy will soan decreaae
eneray. This means the elficiency is always less than 100%. If you forget the oil and grease

or | Efficiency =
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