






























































WEIGHT

The weight of an object is the force that acts on it because of gravity. The

wininht af nn nhinet dnnande ~ntg mass and the strength of gravity. The
71 is the force that acts on each kilogram of

e 1w s v wne weenghlt Of @n object by using this equation:

weight, W (N) = mass, m (kg) = gravitational field strength, g (N/kg)
W=mxg

You can use the triangle method to rearrange this equation.

igure 3.12 Rearranging W= m = ¢ using the triangie method

Near and on the Earth’s surface the gravitaticnal field strength is approximately
9.8 N/kg, but we often use 10 N/kg to make calculations easier. The gravitational
field strength on the Moon is about 1.6 N/kg, so an object taken from the Earth
to the Moon will have less weight even though it has the same mass.

AlR RESISTANGE AND TERMINAL VELOCITY

An object moving through air experiences a force that opposes its movement.
This force is called air resistance or drag. The size of the drag force acting

0N an ~hinst dansnda ~n g gshape and its speed. Cars are designed to have
aloy he drag coefficient is a measure of how easily an
ObJEut 11wy wauug wi ir High-speed traing have an efficient streamlined







Describe an experiment to demonstrate terminal velocity. Say what
CHAPTER QUESTIONS More guestions on force and acceleration can be found at the end of Unit 1 on measurements you need to take in your experiment to show that a failing

page 55. object has reached terminal speed.

Explain what is meant by an unbalanced force? lllustrate your answer with Look at the velocity-time graph for a free-fall parachutist shown below.
an example.

Rockets burn fuel to give themn the thrust needed to accelerate. As the fuel T
curhs the mass of the rocket gets smaller Assuming that the rccket motors




difficult to stop. Sometimes we use the word in a way that is very close to the
way it is defined in physics - for example, if a car starts rolling down a hill we

might say that the car is ‘gaining momentum’ as it speeds up.
4 MOMENTUM In physics, momentum is a quantity possessed by masses in motion.
Momentum is a measure of how difficult it is to stop something that is moving.
We calculate the momentum of a moving object using the eguation:





















































































































































































































































































































































































time needed to make one complete wave

‘he use of substances that can be detected to
movement of liquids through a person’s body or
pipes in machinery

e used 1o change alternating voltages

the vibrations of this wave are at right
ages w wis wnseedN i which the wave is moving

ncreased by a factor of 3, that is, 3 x the

e

a steel instrument that when it vibrates
- —mwe—e -~ -.1d waves of a constant frequency and
wavelength

~on-zero resultant force

1ange; referring to an object it means
w up uvs, 0w wase Of @ radioactive isotope it means to
emit particles that change the make-up of a nucleus

an upward force acting on something; an
wupows o woiquid or gas will have an upward force acting
on it called the buoyant (to do with floating) upthrust

sontaining ne matter at all; the space between

iearly perfect vacuum; a vacuum flask has a
gap around the inner container that is completely emptied
of any matter

ards, at right angles to the ground
1 continuously back and forth
waves that can be detected by the eye

ant of energy transferred to each coulomb
i e e PASSES

the distance from one point on a wave to
wiw o ponnt 0N the next wave

:ions which carry or move energy
orce of gravity acting on a body

the condition in which a body does not
wnpenenow o8 fOrce we call weight; if you stand on
weighing scale in a [ift that is accelerating toward the
Earth at 10 m/s? the scales will show that you weigh
nothing - this is just one way in which weightlessness can
happen

rod 32
absolute zero 139, 189-91
absorption lines 272
acceleration 9-11
distance-time graphs 6
equations of uniformly accelerated
motion 14-15
forces and 29-33
mass and 29-33
measuring 10-11,12
momentum and 41-2
uniform 11
units 9
velocity-time graphs 12, 13
accuracy 283
acid rain 159-60
action and reaction forces 46-7
afterglow 273
air pressure 177
air resistance 20, 35-6
aircraft
static electricity 91-2
unbalanced forces 28
alpha (a) decay 227
alpha (o) radiation 224, 226, 247
alternating current (a.c.) 65
alternating voltage 65
alternator 206, 210, 214-15
ammeter 68-9
amperes/amps (A) 69
amplitude 99
angle of incidence 102, 114
angle of reflection 102, 114
animals
keeping warm 148
radiation in 235
antielectron 225
anti-lock braking system 32
antimatter 225
antineutrino 225
artificial radiation 235
artificial satellites 262, 263-4
atmospheric pressure 179

atomic bomb 251
atomic mass {A) 222, 227
atomic notation 222-3
atomic number (Z) 222
atoms 222-3
charges within 85
nucleus B5, 221
splitting 250
sub-atomic particles 221-2
audible range 123, 127
aurora borealis 196
average speed 4-5
average velocity 7

vaukground radiation 234-5
balanced forces 21, 47, 50-1
balloon experiment 87
bar magnets, magnetic field patterns
199
barium-144 251
barometer 178
batteries 69-70
beam, forces on 53
becquerel (Bqg) 233
Becquerel, Henri 220, 233
belis
electric 203
Galileo’s experiment 10-11
beta (B) decay 228-9
beta (B) radiation 224-5, 226, 247
bicycles
brakes 32
dynamos 135, 211
reflectors 120
Big Bang theory 273
binoculars 120
birds 148
black dwarf star 268
black hcle 268
blue-shift 272
body scanners 242
Bouiion, Matthew 155
Boyle, Aobert 187-8

Boyle’s law 188
brakes 32

braking distance 33
Brown, Robert 181
Brownian motion 181

uaneras
gamma ray 241, 243
lenses 103
thermal imaging 109, 143
cancer 110, 111, 235, 242, 247
carbon
atomic notfation 223
isotopes 223
carbon-14 228, 235, 245, 246
carbon dioxide 145, 158, 245
cars
brakes 32
collisions 31, 45
energy transfer 134
reflectors 120
safety 45
Sankey diagram 136-7
static electricity 92
stopping distance 32-3
cataract 113
caterpillar tracks 178
cavity walls 146
cell mutations 111, 247
cell voltage 69-70
centre of gravity 51-3
chain reaction 251
charges
in an atom BS
electric 69, 84-92
forces between 86-7
forces between charged and
uncharged objects 87-8
friction and B5-6
induced B8
Chernobyi 235
cigarette smoke 247
circuit breaker 5%, 61, 204



circuit diagrams 71
circuit symbols 71
circuits
parallel 72-3
rectifier 81
ring main 56-60
series 72-3
clothing
as insulation 142, 147-8
static electricity 92
coal 159
coal-fired power stations 165
coils
alternator 215
electromagnetic induction 210-11
moving coll loudspeaker 208
primary 212
secondary 212
solenoid 202-3
transformers 212
coin-throwing experiment 236-7
collisicns
deceleration 31, 45
momentum 434
comets 262
command words 284
compass 198
conclusion 282-3
conduction
electrons 68
superconductivity 82
thermal 139-40
conservation
of energy 1356
of momentum 43-4
control rods 253
control variable 281
convection 140-2
convecter heaters 142
copper 140
cosmic microwave background
radiation 273
cosmic rays 239, 245
cosmology 271-4
coulombs (C} 69
cranes 51
critical angle 117, 118
critical mass 251

crumple zones 45
current
alternating (a.c.} 65
convection 140-1, 142
direct (d.c.) 65, 70
electric 68
heating effect 63
magnetic field 201
measuring 68-9
parallel circuits 73
series circuits 73
voltage and 77-8
cycling see bicycles

oark energy 274
daughter nuclide 246
decay 224
alpha (@} 227
beta (B) 228-9
exponential 237
gamma (y) 230
neutron 228-30
products 235
radioactive 236-7
series 246
deceleration 10
collisions 31, 43
delta (&) 184
density (p) 173-5, 182
dependent variable 281
depth and pressure 178
deuterium 223
diagnosis of disease 241-2
dimmer switch 79
diodes 78, 81
direct current {d.c.) €5, 70
direct voltage 65
displacement &7, 14
distance
moment of a force 49
standard 267
stopping 32-3
velocity-time graphs 13-14
distance~time graphs 5-6
door opening 48-9
Doppler effect 104, 271-3
Doppler equation 273

double glazing 147
double insulation &2
drag 20, 35-8
coefficient 35
dynamos 135, 211

venih
gravitational field strength 34,
262, 263
natural background radiation
235
orbiting the Sun 259, 261
earth wire €0, 61
echo sounding 125
efficiency 137, 145-7
Einstein, Albert 37, 230
elastic bands 23, 25
elastic iimit 24
slastic potential energy 134
electric bell 203
electric charge 69, B4-92
electric current 68
alternating {a.c.} 65
direct (d.c)) 65,70
heating effect 63
magnetic field 201
measuring 68-9
parallef circuits 73
series circuits 73
voltage and 77-8
electric light bulbs
current/voltage graph 78
heating eftect of current 63
thermal radiation 145
electric motor 206, 209
elecirical circuits 71-2
drawing 71
parallel 72-3
series 72-3
electrical energy 134
electrical power 63—4
electrical resistance 75-82
electricity
costs 166
electromagnetic induction
210-11
generation 160-1, 164

heating effect 63
mains 59-65
movement from 207-9
from solar power 163, 164
static 84-92
supply and demand for 165
electromagnet 203
electromagnetic induction 210-11
electromagnetic spectrum 106-11
electromagnetism 187, 2014
electrons 68, 85, 221, 222
free 140
electrostatic forces 20
electrostatic paint spraying 89
electrostatic precipitations 91
endoscope 121
energy
change of state 186-7
conservation 135-6
dark 274
efficiency 137, 145-7
elastic potential 134
electrical 134
from food 133, 135
geothermal 134, 164
gravitational potential 152-3, 154
kinetic 134, 153-4
non-renewable resources 15960
nuclear reactions 250, 251, 252-3
renewable resources 161-4
Sankey diagrams 136-7
sound 134
stores 1334
thermal see thermal energy
total energy transferred by an
appliance 64-5
transfers 133-7
in transformers 213
wasted 134
from waves 162
work and 150-1
energy-efficient houses 145-7
enriched uranium 252
equations of uniformly accelerated
motion 14-15
escape [anes 45
evajuation 283
evidence 280

expansion of Universe 273, 274
experimental skiils 280-3
explosicns 44

exponential decay 237

ranng objects 35-6, 152-3
Faraday, Michael 211
Faraday's law 211
fast breeder reactors 160
feathers 148
filament bulbs
current/voltage graph 78
heating effect of current 63
thermal radiation 145
film badge dosimeters 233, 247
fission, nuclear 166, 250-3
fixed resistors 79
Fleming’s left hand rule 208
fluid friction 22
fluorescent tubes 111
food
energy from 133, 135
irradiation 243
forces 2, 18, 19-22
acceleration and 29-33
action and reaction 46-7
balanced 21, 47, 501
on a beam 53
between charged and uncharged
objects 87-8
between charges 86-7
drag 20, 35-6
electrostatic 20
friction 19, 21-2, 32
gravitational 19, 34, 260-1
magnetic 20
moment of 49
momentum and 41-2
normal reaction 19
nuclear 223-4
turning effect 48-53
unbalanced 21, 28, 29
units 19
upthrust 20
formulae 278
fossil fuels 159-60
free electrons 140

free-fall 37
frequency
sound 126-7
waves 99, 101
friction 19, 21-2, 32
charging materials 85-6
fuels
fossil 159-60
nuclear 160
wood 161
Fukoshima incident 235
fulcrum 48
fuses 59, 61
fusion, nuclear 166, 167, 250,
2534, 268

yaiaxies 265, 266
Galileo 10-11
gamma (y} decay 230
garmnma [y} radiation 107, 111, 225,
226, 230, 241, 242, 247, 251
gamma ray camera 241, 243
gas-fired power stations 165
gases
density 173
laws 187-9
pressure in 176-7, 187-91
properties 183
sound travelling through 129
tracing and measuring flow 244
gauging 243-4
Geiger-Milller tube 228, 234, 238
generators 160, 206, 210, 211-12
geostationary 264
geothermal energy 134, 164
global warming 159
gold leaf electroscope 88
gradient
distance-time graphs 6
velocity-time graphs 12, 13
graphs
current/voltage 78
distance-time 5-6
half-life 238
line of best fit 281
load-extension 24, 25
pressure—temperature 189, 190
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pressure—volume 188
of results 281-2
sketching 282
velocity-time 11-14

gravitational field strength 34, 153,

262-3
gravitational force 19, 34, 260-1
gravitational potential energy
152-3, 154
gravity, centre of 51-3
greenhouse effect 145
greenhouse gases 159

nan-life 237-9
Halley’s Comet 262
halogen bulbs 63
hearing range 123, 127
heat
conduction 13940
convection 140-2
death 136
sinks 145
see also thermal energy
heating
convection 142
current 63
elements 63
geothermal energy 164
solar panels 163—4
heavy hydrogen 223
helium 223
hertz (Hz) 99, 126
Hertzsprung-Russell diagram
269
Hocke, Robert 23, 24
Hooke's law 23-5
hoppers 243
hot water tanks 134
housing insulation 145-7
HR diagram 269
hydroelectric power 161, 165
hydrogen
atomic notation 223
heavy 223
isotopes 223
hypothermia 148

impulse 43
incandescent butbs 63
see also light bulbs
independent variable 281
induced charges BB
induced magnetism 201
infrared 107, 109, 142, 143, 145
infrasounds 128
inkjet printers 89
insulation
animals 148§
double 62
houses 145-7
people 142, 147-8
insulators 68
electrically charging by friction
856
inverse square law 260
investigative skills 280-3
iodine-123 241
jodine-131 242
ionising radiation 224-30
detection 2334
health dangers 247-8
low-level background 234-5
jons 85, 224, 225
irradiation 242-3
isotopes 223-4 see also
radioisotopes

Jouie (J) 151
Joule, James 150
Jupiter 253, 261, 263

Kelvin temperature 190
keyhole surgery 121
kinetic energy 134, 153—4
krypton-89 251

La Rance power station 162
land breezes 142

laws
Boyle's 188
Faraday’s 211
gas 187-9
Hooke's 23-5
inverse square 260
Newton's 46-7
Ohm’s B2
reflection 102
LEDs 63, 72, 81
left hand rule (Fleming) 208
lenses 103
lifts 156
light 113-21
reflection 114
refraction 103, 115
speed of 115
total internal reflection 117-21
visible 107, 110
light bulbs
current/veltage graph 78
heating effect of current 63
thermal radiation 145

light-dependent resistors (LDRs) 80
light emitting diodes (LEDs) 83, 72,

81
lightning 84
limit of proportionality 24
line of best fit 281
liquids
density 173
pressure in 176-7
properties 182-3
sound travelling through 128
tracing and measuring flow 244
live wire 60
lodestone 198
longitudinal waves 98
loudness 128
loudspeakers 123, 124, 208
luminous objects 114

maydeburg hemispheres 177

magnetic field 197, 199-200
electromagnetic induction 210
electromagnetism 197, 2014

lines 199
neuiral point 200
overlapping 200, 207-8
patterns 199
uniform 200
magnetic forces 20
magnetism 197-8
electromagnetism 197, 2014
induced 201
magnets
electromagnets 203
magnetic field patterns 199
permanent 197, 198
poles 198, 202
magnifying mirrors 103
main sequence star 268
mains electricity 59-65
Mars 259, 261, 263
mass
acceleration and 29-33
critical 251
momentum and 41
mass number (A) 222, 227
matter see states of matter
measurements in investigations
2801
medicine
endoscopic (Keyhole) surgery
121
radioactivity 241-3
X-rays 111
medium/media 115
Mercury 259, 261, 263
mercury barometer 178
metals, heat conduction 140
metastable 242
meteor 153
meteorite 153
meteorologists 178
method 280
microwaves 107, 108-9
cosmic 273
Milky Way 266
mirrors
magnifying 103
periscope 114
plane, reflection from 114
solar heating 164

mobile phones 109

moderator 252-3

moment of a force 49

momentum 40-7
acceleration and 41-2
calculating 41
collisions 434
conservation of 434
force and 41-2

Moon 261
gravitational field strength 34,

262, 263
meons 261
motion

equations of uniformly accelerated

motion 14-15

Newton's laws 46-7
motor effect 207-9
movement

from electricity 207-9

kinetic energy 134, 1534
moving coil loudspeaker 208
mutations 111, 247

naphthalene 188, 187
National Grids 214
natural gas 159
nebulae 268
Neptune 259, 261, 263
neutral point 200
neutral wire 60
neutrons B3, 221, 222, 245
decay 229-30
radiation 225
slow 251
newton (N) 18, 31
Newton, Sir Isaac 19, 37, 41, 46,
110, 260
newton metres 49
Newton'’s cradle 40
Newton'’s laws of motion 46-7
non-renewable energy resaurces
159-60
normal reaction force 19
nuclear fission 166, 250-3
nuclear force 2234

nuclear fuel 160

nuclear fusion 166, 167, 250, 2534,

268
nuclear power 160, 166, 253
nuclear power stations 160, 165,
166, 253
incidents 235
nuclear reactors 160, 166, 167,
252-3
nuclear transformation 245
nuclear waste 247-8, 253
nucleon number 222
nucleons 222
nucleus 85, 221
unstable 224
number of significant figures 282

on-shore breezes 142

ohms () 75
Ohm'’s law 82
oil 159

oil-fired power stations 165
on-shore hreezes 142
optical fibras 120-1
oscilloscope 126-7
ovens 142

microwave 108—3
oxygen atoms 222
ozone layer 110

paint spraying 89
parabolic reflectors 143
parachutes 36
parallef circuits 72-3
parent nuclide 146
particle zoo 230
pascal (Pa) 175, 188
Pascal, Blaise 179
periodic table 277
periscopes

prismatic 119

reflective 114
Perkin, William 160
permanent magnets 197, 198
photocopiers 90
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photographic film 233, 247
photons 225
photovoltaic cells 163
physical quantities and units 279
pitch 126
pivot 48
planets
gravitational field strength 262-3
orbital speed 2634
solar system 259-61
plastic sheet thickness 244
plugs 60-1
plutonium 160, 253
polar ice cap 159
pcles 198, 202
positron 225
potassium-40 246
power 150, 1558
electrical 63-4
hydroelectric 181, 165
nuclear 160, 166, 253
solar 1634
tidal 162, 166
wind 163, 166
power stations 160, 161, 162, 165,
166, 235, 253
generators 160, 212
precision 283
pressure
air 177
atmospheric 179
depth and 178
in gases 176-7, 167-91
in liquids 176-7
under a solid 1756
primary cail 212
printers, inkjet 89
prisms 108, 118-20
proton number 222
protons 85, 221, 222, 245

rauiation
alpba (a) 224, 2286, 247
artificial 235
background 234-5
beta (3) 224-5, 226, 247

cosmic microwave background
273
detecting 2334
exposure badges 233, 247
gamma (y) 107, 111, 225, 2286,
230, 241, 242, 247, 251
infrared 102
ionising 224-30
neutron 225
penetrating powers 226
sterilisation using 242-3
thermal 142-5
ultraviolet 110
radio telescopes 102
radio waves 107, 108
radioactivity
dating 245-6
decay 236-7
industrial use 2434
medical use 241-3
waste material 247-8, 253
radiocarbon dating 245-8
radioisotopes
half-life 238-9
tracers to detect disease
241-2
treatment of disease 242
radiotherapy 111
radium-220 235
radium-222 227
radium-226 235, 239
radon 227, 235, 247
radon-222 235, 239
rarefaction 124
reaction force 189
reaction time 32
rectifier circuits 81
red giant star 268
red-shiff 272
red supergiant star 269
reflection 102-3
light 114
sound 125
total internal 117-21
reflective blankets 148
reflectors
parabolic 143
prisms 120

refraction 103
light 103, 115
sound 125-6
refractive index 116
reliability 283
remote controls 102
renewable energy resources 161-4
resistance
air 20, 35-6
electrical 75-82
resistors
current/voltage graph 78
diodes 18, 81
fixed 79
light-dependent (LDRs) 80
thermistors 80
variable 79

resultant {unbalanced) forces 21, 28,

29
results
analysing 282
graphs 281-2
tables 280-1
right band grip rule
for fields 201
for poles 202
ring main circuits 59-60
ripple tank 101
rockets 41-2, 44
rocks
ageing 246
background radiation from 235
Rontgen, Wilhalm 233
roof insulation 147
rubber bands 23, 25

satety
cars 45
of investigations 280
ionising radiation 247-8
mains electricity 61-2
Sankey diagrams 136-7
satellites 109, 261-2, 2634
Saturn 259, 261, 263
scalar quantities 19
sea breezes 142

secondary coil 212
security marker pens 110
see-saws 50, 52
series circuits 72-3
sewage spread 244
shape 23-5
ship’s sonar 125
shooting star 153
sketch graph 282
skidding 32
skydiving 36
slow neutron 251
smoke particles 91
smokers 247
snooker balls 43
sockets 60
solar heating panels 163—4
solar power 1634
solar system 259-61
solenoid 202-3
solids
density 173, 174, 182
pressure under 1756
properties 182, 183
sound travelling through 129
sonar 125
sound 123-9
audible range 123, 127
Doppler effect 104, 271-2
energy 134
frequency 126-7
infrasounds 128
loudness 128
pitch 126
reflection 125
refraction 125-6
speed of 124-5
travelling through different
materials 129
ultrasounds 128
space travel
rocket propulston 41-2, 44
weightlessness 22, 37
specific heat capacity 183-6
speed
average 4-5
distancetime graphs &
of light 115

orbiting planets and satellites 2634
of sound 124-5
units 4
velocity and 6-7
of waves 100
speed guns/traps 5
spiral galaxy 266
springs 23-5, 98
stability 53
standard distance 267
stars
birth of 268
black dwarf 268
brightness 267
clagsifying 266-7
HR diagram 269
life-cycle 268-¢
main sequence 268
red giant 268
red supergiant 269
shooting 153
supernova 235, 258, 269
white dwarf 268
states of matter 182-3
changes 186-7
static electricity 84-92
steam engines 155
stella nebulae 268
step-down transformers 213, 214
step-up transformers 213, 214
sterilisation 242-3
stopping distance 32-3
sub-atomic particles 221-2
sulphur dioxide 158-60
Sun 266
energy from 134
gravitational force 260-1
nuclear fusion 250, 254
orbiting planets 258-61
UV radiation 110
sunburn 110
superconductivity 82
supernova 235, 258, 269
suvat equations 14-15
sweat 148
switches 62
dimmer 79
trip 61

tails of comets 262
technetium-99 242
telecommunications 121
telescopes, radio 102
temperature
absoiute zero 139, 189-91
change of state 186-7
Kelvin 190
terminal velocity 356
thermal energy 13848
conduction 139-40
convection 140-2
from food 133
measuring 183-6
radiation 142-5
thermal imaging cameras 109, 143
thermistors 80
thermcluminescence 247
theta (8) 184
thinking distance 32
thorium 227
thorium-232 235, 246
thoron 235
Three Mile Island 235
thrust 21, 41
thunder 84
thunder clouds 142
thyroid gland 241, 242
tidal power 1862, 168
time pericd 99
total internal reflection 117-21
tracers 241-2
transformers 212-14
transverse waves 98
treatment of disease 111, 242
triangle method 4, 31, 34, 64, 69,
76,100, 127,174, 175
trip switches 61
tritiurn 223
tungsten filament 145
turbines 160, 161, 162
turning effects 48-53
tyre tread 32

uitrasounds 128
uktraviolet 107, 110-11
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