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Mathematical equations

Area of a triangle

A=} (oh)

Area of a circle

A = nr?

Circumference of a circle

C =2nr

Volume of a cuboid

V =lwh

Volume of a cylinder

V =nrih

Volume of a prism

V = Ah

Volume of a sphere

V= §7r7'3

Area of the curved surface of a
cylinder

A =2nrh

Vectors

An = Acosf Ay = Asiné

Trigonometric relationships
sin 0

tanf = sin?6 + cos? 9 = 1
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Surface area of a sphere

A = 4nr?

Small-angle approximation
sinf ~ tan 6 ~ 6 (radians)

y=atb = Ay=A~Aa+ Ab
ab:>Ay Aa ﬁ+£

Y= — e —

c Y a b c
Ay _

= |n—
a

Fundamental constants

Acceleration g 9.8 m s~ (Earth’s surface)
of free fall

Gravitational G 6.67 x 10-11 N m? kg2
constant

y=a" =

Avogadro Ny 6.02 x 10% mol *
constant

Gas R 831JK 'mol*
constant

Boltzmann kg 1.38 x 1072 JK !
constant

Stefan- o 5.67x108Wm 2K
Boltzmann

constant

Coulomb % 8.99 x 10° Nm’C~’
constant

Permittivity ¢, 8.85 x 10712 C2N!m2
of free

space

Permeability 1y 4 x 107 Tm A~

of free

space

Speedof ¢ 3.00 x10°mst

lightin

vacuum

Planck h 6.63x107%*Js

constant

Elementary ¢ 1.60 x 10-19 C

charge

Electron rest m, 9.110 x 107! kg =

mass 0.000549 u =
0.511 MeV ¢ 2

Proton rest m, 1.673 x 102" kg =
mass 1.007276 u = 938 MeV ¢ 2
Neutron rest m, 1.675 x 102" kg =
mass 1.008665 u = 940 MeV ¢ 2
(Unified) u 1.661 x 107" kg =

atomic mass 031.5 MeV ¢ 2
unit

Solar
constant

Fermiradius Ry 1.20 x 101> m

S 1.36 x 10° Wm™?2

Metric (SI) multipliers

peta P 105 - tera T 1012 - giga G 109 -
mega M 10° - kilo k 10° - hecto h 10% -

deca da 10! - decid 107! - centic 1072 -

millim 10-3 - micro p 10-6 - nano n 10-9
- pico p 10712 - femto f 1071°

Unit conversions

180°

1radian (rad) =

Temperature (K) = temperature (°C) + 273

1light year (ly) = 9.46 x 10> m
1 parsec (pc) = 3.26 ly

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

he=199%x10PJm=124x10%eVm

Circuit symbols

—— r~1|—_./.__®_ @

Cell - Battery Switch

N
e
Resistor Variable

resistor

Voltmeter

Ammeter

Light-  Thermistor
dependent
resistor

—&— - —om- —®— L

Lamp  Light )
oL Heatin, Motor
emitting e\emengt Earth
diode

Electromagnetic spectrum

y rays - X-rays - UV - visible (400-700
nm) - IR - microwaves - radio, from short
wavelength (high energy) to long. Scale
107 m to 10® m.

A. Space, time and motion

A.1Kinematics
u+v ‘
s =
2
constant a only (all four)

v=u-+at
s:ut+%at2
v? =u? + 2as
no tinit

Potentiometer
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Projectiles

v, = ucos f (constant) vy, = usinf — gt

A.2 Forces and momentum

Fy < psFx

static: up to usF_N

Fy = paFx

Fa = —kzx

Fyq = 6mnro

small sphere, laminar flow
F,=pVyg

p of the fluid

F,=mg
p=muv

J =FAt

area under F-t

A
F =ma= =4
At
v? ) 4m?r
a=— =wr= >
r T
points to the centre
_ 27
=7 =
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Conservation of momentum

MUy + Moy = M1V; + MaVs
Terminal velocity (sphere in fluid)
mg = F}, + 6mnrog

A.3 Work, energy and power
W = Fscosf

0: force vs displacement
2

1.2 p
Ek = Emv = %
AEp = mgAh
EH = ékA$2
area under F—x
AW
P = AL Fv

useful work out  useful power out

total work in

total power in
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Work—-energy principle

Wnet = AE‘k

Energy density
energy

energy density = coTome

A.4Rigid body mechanics
7= Frsinf
6 between F and r
Ag = Ltw,
2
wy = w; + at
A0 = wit + Lat?

wi = w? + 2aA0

I =Ymr?

T=1a

L=1Iw

AL =T1At

AL = A(Iw)

no torque: lw constant
E=4iIv* = 5—;
A.5 Galilean and

special relativity
=z — vt

=t
u=u—v
r _ 1
z' = y(z — vt) where v =
=
v=1
VT

t = (t7—>
R Sk

1-%

(As)? = (cAt)? — Az?
same in every frame

At = yAty

to = proper time

Y
Lo in the rest frame

L

v
tanf = -
c

B. The particulate
nature of matter

B.1 Thermal energy transfers
m

7

Ek = 'g'kBT

T in kelvin

Q = mcAT

Q=mL

no temperature change

AQ AT

At Az

k = conductivity

L=cAT*

L = power; A = 4TtR?
L

e

inverse square

AmaxT = 2.9 x 10 m K

hotter - shorter A
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Black-body radius of a star

{ L
2k droT4

B.2 Greenhouse effect
oL power radiated per unit area
emissivity =
oT*

albedo — total scattered power

total incident power
Earth = 0.3
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Power radiated by a real surface

P =ecAT*

Mean incoming intensity on Earth

S

4

B.3 Gaslaws

S

>

n="—

Ny
P
TV = constant
kelvin
PV =nRT = NkgT
P = 3pv2
mean square speed

U = 3nRT = §NkgT

B.5 Current and circuits
_ Ag

At

V:W

q
V
R=7
_ k4
7

property of the material

2 v?

P=1IV=IR= =

Series

I=h=L=... V=Vi+WVh+
R,=R,+Ry+...

Parallel

I=L+L+... V=V=VW=
1 1 1
===+
Rp R, R,

parallel always lowers R

e=I(R+r)

r = internal resistance



NOT IN THE IB BOOKLET
Terminal potential difference

V=ec—1Ir
Potential divider
R
Vous = Vio=roon
Ri+ Ry

B.4 Thermodynamics

Q=AU+W
W done BY the gas
W = PAV

constant P only

AU = $nRAT = $NkgAT

AQ
AS = T
S=kglnQ

PV = constant
adiabatic, monatomic
useful work

input energy

L
7Carnot = Th

the maximum; kelvin

C. Wave behaviour

C.1Simple harmonic motion

a = 7(4)233

defines SHM
1 2
T2
f

T=2r

T =27

Q| ~ M&S‘El

small angles; mass irrelevant
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Angular frequency

w=2nf

C.2 Wave model
A
v = f)\ = T

f set by the source
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Intensity and amplitude

I ox A?

Inverse-square law

1
IO(E

C.3 Wave phenomena
ni sin 92 v2

n, sinf; v
angles from the normal
Constructive interference

path difference = n\

Destructive interference

path difference = (n + %) A

CAD
A

d = slit separation
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Critical angle

. 72
smcec = —
n

C.4 Standing waves

and resonance
No equations in the booklet.
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String fixed at both ends, or pipe
open at both ends
2L nv
== = — =1,2,3,...
An =0 fn 5T, (" ,2,3, )

Pipe closed at one end

AL nv
=== fa=77 (R=135...)
C.5 Doppler effect
Af AN v
f X ¢

redshift: moving away
C.1Simple harmonic motion
z = zosin(wt + ¢)
v = wzg cos(wt + @)
v = twy/xk — a?
max speed wx, at x = 0
Er = %mwzxﬁ

E

1 P
p = 3Mw’T
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Kinetic energy in SHM

By = mw*(z§ — °)

C.3 Wave phenomena
A
=2
b
radians; first minimum

n\ = dsinf

d =1/ lines per metre

C.5 Doppler effect
Moving source

r-1(=3)

approaching: minus

Moving observer

;L v £ U
f —f(—v )

approaching: plus

D.1Gravitational fields

mims
F=@G
)
r centre to centre
F GM
I=m ™~ "R
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Kepler's third law (circular orbit)
2
_ 47 3
GM

T2

D.2 Electric and magnetic fields

1
F:kql—g2 where k = ——
T 4meg
F
E=—
q
=Y
d
uniform field only
D.3 Motionin
electromagnetic fields
F = quBsin6
flip for negative charge
F = BILsin6
F _ I 1,
L Ho 27r

same direction: attract
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Radius of a charge in a magnetic
field
muv
r=—
qB
Velocity selector

E
L’U_B

D.1Gravitational fields

mima
E,=-G——
r

zero at infinity
M

V= -G—
r

_ _AV
9= "Ar
minus the gradient

W =mAV,

[2GM
Vesc =
r

GM

r
independent of satellite mass

Vorbital =
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Total energy of an orbit
GMm
2r

Eiotal = —

D.2 Electric and
magnetic fields

q1q2
E, = kL2
P T

k
v ke
r
scalar: add with signs
AVe
Ar
W = gAV,

D.4 Induction
$ = BAcosf

6 to the normal

E=_

minus sign = Lenz's law

e = BvL
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Flux linkage

N®

E. Nluclear and
quantum physics
E.1Structure of the atom

E=hf

= gap between levels
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Photon energy from wavelength
he

E=—

L A

E.3 Radioactive decay
E =mc’

(NOT IN THE IB BOOKLET
Binding energy from the mass defect

AE = Am¢?
Whole half-lives
N = No(})

E.5 Fusion and stars
1

p (arc-second)
nearby stars only

d (parsec) =

E.1Structure of the atom
R = RyA}

same density for all nuclei
E=—-—e¢eV
n

hydrogen only
nh

mur = —
21
E.2 Quantum physics
Emax = hf -
brighter # more energetic

A=t
p

A—A=AN=

(1 —cosb)

meC
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Threshold frequency

P
fo—ﬁ

Stopping potential
e‘/s = Emax

E.3 Radioactive decay
N = Npe
\ = decay constant
A=AN = ANoe ™
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