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Mathematical equations
Triangle; circle

1
A= E(bh) (bbase, h height) A = 772 (rradius) C = 27r
Cuboid; prism

V = lwh (I length, w width, h height) V = Ah (A area of cross-section)

Shhere v=3m®  V=mih A=2mh
Zzﬁ:;;nents Ay =Acos6 Ay =Asinb
Trigonometry  tan6 = % sin6 4 cos28 =1
Uncertainties
Sumeor Ify=a+b, thenAy=Aa+Ab
o aty=2 men L= 204 B 5
Power Ify=a", then % = |n%
Metric (SI) multipliers
peta tera giga mega kilo hecto deca
P10¥® T10'2 G10° M10° k103 h10? dalo!
deci centi milli micro nano pico femto
d10™! ¢1072 m10~* p107® n10~° p10~12 f10~V®

Unit conversions

1 radian (rad) = %

Temperature (K) = temperature (°C) + 273
1 light year (ly) = 9.46 X 10m 1 parsec (pc) = 3.26ly

1 astronomical unit (AU) = 1.50 X 101 m
1 kilowatt-hour (kWh) = 3.60 X 10°J
hc=1.99%10"2*Jm =1.24 X 10~ %eVm

Fundamental constants
Z::ieeltfa?gtion g 9.8 ms™2 (Earth’s surface)
Gravitational
constant
Avogadro
constant

G 6.67 x 10711 Nm? kg2
N, 6.02 X 1023 mol~!

Gas constant R 8.31JK~!mol™!

Boltzmann P
constant ky 1.38 X 107 JK
Sgelsr:;;nn 0 5.67x1078Wm—2K™*
Coulomb 5 R
constant k 8.99 X 10°Nm*C
fri;m;::;\éléy of gy 8.85X% 10-12C2N-1m—2
Permeability of _ _

free space YO uy 4 x 1077 TmA™!

Speed of light ¢ 3.00 X 108 ms~!

Planck _a
constant h 6.63 xX107°*Js
El t

S a0

Electron rest mass
me 9.110 X 10731 kg = 0.000549u = 0.511 MeV c™2

Proton rest mass

m, 1.673 X 107%7 kg =1.007276 u = 938 MeV c?
Neutron rest mass

m, 1.675 X 10727 kg = 1.008665 u = 940 MeV ¢~2

Atomic mass 1,661 x 10727 kg = 931.5 MeV 2
S 1.36 X 10> Wm™>

Ry 1.20 X 10" m

Solar constant
Fermi radius

A. Space, time and motion
All equations give magnitudes only: vector notation is not used.
A.TKINEMATICS

u+v 1
SWAT s=2Y vousa s:ut+iat2 v2 = u? + 2as
A.2 FORCES AND MOMENTUM
Static Dynamic —
< =
friction Fi < WPy friction Fir = paFy
Hooke's law  Fy = —kx Stokes' drag  Fyq = 67rnrv
Buoyancy  F, = pVg Weight Fy =mg
Momentum P = my Impulse J = FAt
Newton's _ _ Aap
second law F=ma= At
Circular motion g = v = w?r = an’r v = 2r _ wr
T r T T2 - T T
A.3 WORK, ENERGY AND POWER
AW
Work W = Fscos @ Power P= A =Fv
Kinetic energy
2 Change in —
Bo=im2= B GPE AE, = mghh
2 2m
Elastic PE Ey = %kAXZ
- useful work out _ useful power out
Efficiency = - = -
total work in total power in
A.4 RIGID BODY MECHANICS
_ . [EM Moment _ >
M Torque 7 =Frsinf of inertia I=3Zmr
wr + w;
0= """t w=w+at
[EM Rotational 2 f i+
SUVAT 1
A6 = w;t + ioctz w? = w? + 2aA0
M Newton Il _ [EM Angular _
(rotation) T=lIa momentum L=1Iw
[E® Angular _ _
impulse AL = TAt AL = A(lw)
[ZM Rotational 1, 12
Ey = -lw* = —
kT2 21
A.5 GALILEAN AND SPECIAL RELATIVITY
EM Galilean ’_ ' _ r_
transformation X =X~V L =f W =u-v
[EM Lorentz transformation
1 vx
x' =y(x—vt) wherey = > t’—y(t——z)
c
v
-2
R ’ -V
EMRelativistic U’ = —
velocity 1-—=
c2
[EM Spacetime 2 _ 2 _ 2
interval (89)? = (cAt) Ax
i L
EB Time At = YAty EMLength L==
dilation contraction Y
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[EM Spacetime
axes angle

v
tan6 = —
c

B. The particulate nature of matter

B.1 THERMAL ENERGY TRANSFERS

Density p= g
Specific heat Q = mcAT
AQ AT
Conduction — = —kA—
uet At Ax
Apparent _ L
brightness = 4xd?

B.2 GREENHOUSE EFFECT

Emissivity

glae}atincle ke Ex= %kBT
Latent heat Q= mL
Luminosity [ = gAT#
Wien's law

AmaxT = 2.9 X 1073 mK

power radiated per unit area

emissivity =
Albedo albedo =
B.3 GAS LAWS

P=

PP

Pressure

Fixed
amount of P—V = constant
gas T

Kinetic

1.2
theory P=3pv

B.4 THERMODYNAMICS
EWFirstlaw Q=AU+ W

[EM Change in 3
internal energy AU = =nRAT =
(monatomic) 2

[EM Entropy _AQ
change AS = T

[EM Adiabatic

5/3 —
(monatomic) PV’ /3 = constant

[MHeat engine  _ useful work

oT4

_ total scattered power
total incident power

Mol n= N
oles = N.
|dealgas PV = nRT = NkgT

Internal energy (monatomic)

3 3
U= anT = szBT

EM™ Work, _
constant P W =PAV
%NkBAT

EMEntropy S =kglnQ

TC

[m Carnot Ncamot = 1 — ==
Tn

efficiency ~ input energy
B.5 CURRENT AND CIRCUITS
_ Aq Potential — Z
Current I= At difference V= q
Resistance R = Z Resistivity p= E
I L
V2
Power P:IVZIZR:T EMF e=IR+r)
Series
I=hL=L=... V=Vi+V,+... RR=R+Ry+...
Parallel
[=hL4bL+.. V=vi=Vp=.. ~=L41,
=L+DL+... ==V,=.. Rp_Rl 5
C. Wave behaviour
C.1 SIMPLE HARMONIC MOTION
SHM 2 Period T 1=
a=—wx erio =7 =2
Mass on [m l
spring T =27 * Pendulum T= 27[\/E

EMSHM x and v x = Xg sin(wt + ¢) v = wxg cos(wt + ¢)

SHM speed

atx
[ Total _1 2.2
energy Br = imw X0

V= twy/xg —x2

M Potential 1
[EM Potential E :Emco

2,2
energy P X

C.2 WAVE MODEL C.3 WAVE PHENOMENA

Wave — 1= A
equation v=fa= T
) n, _ sin6,
Snell's law — = ——==
n,  sin6,;

Constructive; destructive

path difference = nd

path difference = (n + l)/1

AD

s=—=

Double-slit

V2
V1

2
EmSingle slit, 5 _ A . e
first min. 0= 3 [mGrating  pl =dsin6
C.5 DOPPLER EFFECT
Af AL v
Light —_— =~ -
ight (v < ¢) 7 1 c
[ Moving 1 v [ Moving r_ eV EUy
source f f(v =+ ug observer I'=r v
D. Fields
D.1 GRAVITATIONAL FIELDS
- O UL Field _F__M
Gravitation F =G 2 strength g= = b=
[EM Potential _ mym; . _ M
energy Ep = —GT M Potential Vg = _GT
[EM Potential AV, M Work _
gradient 8=""a, done W =mAv,
[EM Escape 2GM M Orbital GM
speed Vese = - speed Vorbital =/
D.2 ELECTRIC AND MAGNETIC FIELDS
N9z
y F =k-== wherek =
Coulomb's law 2 ae,
i F
Field g=°L Parallel E= v
strength q plates d
W Potential _ . 90192 . _ kQ
energy E, = k_r [EmPotential vV, = =
[EM Potential _ AV, EM Work _
gradient ="Ar done W =qAV.
D.3 MOTION IN ELECTROMAGNETIC FIELDS
Onacharge F = quBsin6 On a wire F = BILsin 6@
) F LI,
Parallel - = —_—=
arallel wires 05y
D.4 INDUCTION
[EM Magnetic _ [EM Faraday, _ AD
flux & = BAcosO Lenz - _NTt
[EM Moving _
conductor €=BL
E. Nuclear and quantum physics
E.1 STRUCTURE OF THE ATOM
Photon _ M Nuclear _ 1/3
energy E=Hh radius R=RoA
[EM Hydrogen _ 13.6 [EM Bohr _ n_h
levels E= n2 ev condition mvr = 27
E.2 QUANTUM PHYSICS
[EM Photo- — _ N — E
olectric Epx =hf — @ [Mde Broglie A = >
[ Compton o _h
scattering A=Ai=0A= mec(l cos6)

E.3 RADIOACTIVE DECAY E.5 FUSION AND STARS

Mass-energy F = mc?

[ Activity A = AN = ANpe™  [WHalf-life

Stellar parallax d (parsec) =

[EMDecay law N = Noe‘M

In2
Tip=—
1

p (arc-second)

Circuit symbols and EM spectrum: see the full booklet
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