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Mathematical equations

Triangle; circle
A= %(bh) (b base, h height) A = r? (r radius)
C =2nr

Cuboid; prism

V = lwh (I length, w width, h height)
cross-section)

V = Ah (A area of

Sphere; _ 4 3 o, ~
cylinder V=gar V=nrth A=2nrh
Vector A= Acos® Av = Asing
components H — v =

i sin @ .
Trigonometry tan @ = Sln2 o+ 0052 6=1

cos 6

Uncertainties
Sum or _ ~
difference Ify=a=+b, thenAy=Aa+ Ab

Product or quotient

A
Ifyza—b, then—y=£+A—b Ac
c y a b c
A A
Power Ify=a", then = 'n—a‘
y a
Metric (SI) multipliers
peta tera giga mega kilo hecto deca
P10 T102 G10° M10° k10° h10*> dalo0!
deci centi milli micro  nano pico femto

d107™! ¢1072 m1073 w107® n10=% p10~12 f10713

Unit conversions

180°

1 radian (rad) = p-
Temperature (K) = temperature (°C) + 273

1light year (ly) = 9.46 x 10'° m
1 parsec (pc) = 3.261ly

1 astronomical unit (AU) = 1.50 X 101 m
1 kilowatt-hour (kWh) = 3.60 x 10°J

hc=199%10"%Jm =124 x10"%eVm

Fundamental constants

Z(r:ecee_I:'!tion g 9.8m s™2 (Earth’s surface)

Gravitational
constant

G 6.67 x 107! Nm? kg2

Avogadro
constant

N, 6.02 % 1023 mol~!

Gas constant R 8.31JK~!mol™!

Boltzmann 23 4
constant kg 1.38 X 107’ JK
Stefan— 8 s
Boltzmann o 5.67Xx107°°Wm™K
Coulomb 9 5 r
constant k 8.99 X 10°Nm*C

Permittivity of
free space

g0 8.85%10712C2N"1m™2

Permeability of

free space Ho 47 X 107 TmA™

Speed of light ¢ 3,00 x 105 ms™!

Planck constant 1 6.63 X 10734 Js

Elementary

charge e 1.60x 1071°C

Electron rest mass

me 9.110 x 1073 kg = 0.000549 u = 0.511 MeV ¢ 2

Proton rest mass

m, 1.673 X 107" kg = 1.007276 u = 938 MeV ¢~>

Neutron rest mass
m, 1.675 % 10727 kg = 1.008665u = 940 MeV ¢ 2

Atomic mass
unit

u 1.661 x 10727 kg = 931.5MeV ¢ 2

S 1.36 X 103 Wm™2

Solar constant

Ry 1.20x 10" m

A. Space, time and motion
All equations give magnitudes only: vector notation is not used.
A1 KINEMATICS

Fermi radius

_u +vt _ ¢ = ut 1 2
SUVAT S = v=u+a S=u +2Cl
v =u? 4+ 2as
A.2 FORCES AND MOMENTUM
Static Dynamic —
< =
friction Fr < psFn friction Fr = paFy

Hooke's law  Fy = —kx Stokes' drag Fyq = 67nrv

Buoyancy  Fy = pVg Weight Fy=mg

Re-typeset from the official IB booklet. Not an official IB publication. Full version and more free IB resources: pietromeloni.com

Momentum P = my Impulse J = FAt
Newton's _ _Ap
second law F=ma= At
Circular motion
a_vz_wzr_4ﬂ2r v_27'[r_wr
= = = 2 ===
A.3 WORK, ENERGY AND POWER
AW
Work W = Fscosf Power P= 2= Fv
Kinetic energy
2 Change in —
B = im?= B GPE AE, = mghh
2 2m
) 1 2
Elastic PE Ey = EkAx
- useful work out  useful power out
Efficiency n= =

total work in total power in

B. The particulate nature of matter
B.1 THERMAL ENERGY TRANSFERS
m

: _ Mean - 3
Density a7 particle K Ex = ikBT
Specific _ _
heat Q = mcAT Latent heat Q = mL
Conduction

& _ £ Luminosity [, = gAT4
At Ax
Apparent _ L Wien's law
brightness == 47q2 AmaxT = 2.9 X 1073 mK

B.2 GREENHOUSE EFFECT
power radiated per unit area

Emissivity  emissivity =
ty oT4
total scattered power
Albedo albedo = — P
total incident power
B.3 GAS LAWS
P P l Mol n N
ressure = — oles =
A Na
FixPe‘;lamount of gas Ideal gas
- = constant PV = nRT = NkgT
o Internal energy (monatomic)
Kinetic p= 1 ) 3 3
theory =3P U= EnRT = szBT

B.5 CURRENT AND CIRCUITS

Aq Potential _w
Current I= At difference V= ?
Resistance R = ; Resistivity  p = RTA

Power
V2 =
p=rv=rr=" EMF e=IR+r)
R
R 12112122 V=V1+V2+...
Series Ry=R; +Ry +...
I:II+IZ+ V:VIIVZI...
Parallel - - -
xR Tt
C. Wave behaviour
C.1SIMPLE HARMONIC MOTION
1 2
SHM a=—wx Period T= f = E
M m l
S;?:gon T =271,/ + Penduum T =27 z
C.2 WAVE MODEL CS\/\/A\;{F PHENOMENA /1
Wave ) D
equation v =f/1 = T Double-slit § = T
n sin 6 v
Snell's law 1= 2 - 2

n, sing 1
Constructive; destructive

path difference = ni path difference = (n + 1) A

2
C.5 DOPPLER EFFECT

A AL v
Light (v < ¢) —f = — ~ -
f A c
D. Fields
D.1 GRAVITATIONAL FIELDS
Field strength
mym
Gravitation F = G_:,z 2 g= E _ M
m r2
D.2 ELECTRIC AND MAGNETIC FIELDS
1
Coulomb's law F = k—qlgz where k = —
r e
i F
Field F=2 Parallel b= v
strength q plates d
D.3 MOTION IN ELECTROMAGNETIC FIELDS
Onacharge F =qvBsin® Onawire F =BILsin®
Parallel wires F —1112
rallel wi — =
L~ H02r

E. Nuclear and quantum physics
E.1 STRUCTURE OF THE ATOM

Photon energy E = hf

E.3 RADIOACTIVE DECAY E.5 FUSION AND STARS
2

Mass-energy  F = mc

1

d(parsec) = p (arc-second)

Stellar parallax

Circuit symbols and EM spectrum: see the full booklet
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