Motion, Forces & Energy

What we will cover

Motion, Forces & Energy

IGCSE Physics = Topic 1

1  Measurement & motion
IGCSE Physics 2 Mass, weight & density
3 Forces & moments

4 | Momentum

5 | Energy, work & power

6 | Pressure

Measurement

Five Sl base units used here:

Measurement and motion m kg s A K

length mass time current temperature

Measure many and divide: 100 pages — one thickness; 20 swings — one pe-
riod E5. Quote a unit; uncertainty & half the smallest division.

& Ener,

and motion

Scalars and vectors

m scalar #R& — size only (distance,

d s Av

speed, mass v=—, a=—.

P D) . - - R=VZFR t At

m vector £ & — size and direction Speed is a scalar; velocity i#/Z is speed in a o= 20-8 -3 0m/q2
(force, velocity) direction. 4.0 )

At right angles, R = v/a? + b2.




Motion graphs Falling and terminal velocity

— at rest (flat line) — constant acceleration . . . Near Earth ~ m s2 for ever
— constant speed (straight) — constant velocity Just released terminal VEIOC'ty _ 8 9.8 / y
— speeding up (curve) air resistance object.
g z el air resistance
< § acceleration m weight =77 down; air
2 T resistance ZS[H 77 up
area = distance .
“travelled m drag grows as the object speeds
a=4 (gradient) - s=[vdt (area) up
time time
. . . . . Terminal velocit; HE:
distance-time: gradient = speed speed-time: gradient = a; area = s X y Wi
weight weight drag = weight, resultant = 0,
Never read one graph as if it were the other. A curve means the speed is chang- speeding up steady speed speed is steady.
ing.

Mass, weight and density

MaSS, Weight and den ity m mass (kg) — amount of matter /%,

same everywhere

water 20 — 4(

m weight (N) — gravity's pull, W= mg 54
= density ZE p = T”; V = 20cm?, p= 20 = 2,7g/cm'§
Floats if its density < the liquid's.

L For

Hooke's law

Extension {#{< & is proportional
to load up to the limit of

limit of
proportionality

Foxx

Forces and mome S LELI proportionality Lt {I1}R.
5 F
i straight line: k= =

A large spring
constant 3% % k means a
stiff spring.

F = kx up to the limit of proportionality - k= gradient
extension, x




Resultant force and F = ma Moments — the turning effect

Resultant force & /7 zero =
normal force N rest or constant velocity. balanced: F1d1 = dez Moment 714 = force x
Otherwise perpendicular distance.
F = ma. ~—d— dy— Balanced: total clockwise
F ! ! ! = total anticlockwise mo-
friction f push £ Friction 2 opposes motion [ I ment.
(or the tendency to move). A
- .
2 : 3000 — 600 .
ar 1200 kg 0 — 60 pivot FZ (Sma”) ; 30 x 0.20 0
. I =———=0.30m
weight TV _ 2400 _ 2 20
a= 1550 2.0m/s F (Iarge)
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L For

and moments

Centre of gravity and stability

The centre of gravity = is where all the
weight seems to act.

More stable with a low centre of gravity
and a wide base. It tips when the C of G
passes outside the base.

Momentum

Momentum z& p = mv (a vector). Force is
the change per unit time:

work and power

Ap
F=—.
At
Conservation zfj&5F|8: total momen- - 3.0 =20m/s

tum before = after (no outside force).




Energy stores and transfers

Energy resources

Energy is stored (kinetic Z&E, gravitational, chemical, elastic, nuclear, internal) and
transferred by forces, heating, electric current and waves.

Most generators spin a turbine. Most traces go back to the Sun — exceptions:

geothermal, nuclear, tidal.
Conservation of energy &5 57|57/ it changes store and path, but the total
stays the same.

m fossil / nuclear — not renewable; high output

= wind / solar / hydro / biofuel — renewable; often intermittent
m solar cells K[E#EH it make electricity directly; solar panels heat water
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L Energy, work and power

Kinetic and potential energy

highest: Ex=gm?, AEp = mgAh. w useful 200 J
GKPEE Lm:;( Conservation of energy fi i <FlEER: W=Fd, P= T T Toml x100¢ " 150 J useful

- a falling object turns Ej, into E. input

Motor: 200J in, 150J use-
Drop from m (g = 10) ful
= =6 ; 15
lowest: KE max, GPE = 0 U= BN =Gl o= 20 100% = 75% 50 J wasted

200 as heat

Sankey diagram 2E[E: useful vs wasted

Pressure

Pressure

liquid surface

F
Pressure [£3% p= — (Pa). A small area
gives a large pressure. In a liquid it grows
with depth: Ap = pgAh.

> small

depth h

2.0m deep in water

—

large

Ap=1000x10x2.0 = 2.0 x 10* Pa




Topic 1 — key takeaways

o Motion o Forces

v=s/t, a= Av/At; graphs F = ma; moments balance; W =
mg

o Momentum o Energy

p = mv, conserved in collisions Ex = $mV?, E, = mgh; conserved

ces & Energ

o What does the area under a velocity—
time graph give?

e A 2kg mass on the Moon - does its
mass change? F

e Resultant force at terminal velocity?

o Why is a knife sharp (small area)?

Answers 1. the distance 2. no (weight does) 3. zero 4. large pressure from a
small area




