&¥ \Diploma
() / Programme

Physics data booklet

First assessment 2016

/@ International Baccalaureate
Baccalauréat International
. Bachillerato Internacional



Diploma Programme
Physics data booklet

Published February 2014

Published on behalf of the International Baccalaureate Organization, a not-for-profit
educational foundation of 15 Route des Morillons, 1218 Le Grand-Saconnex, Geneva,
Switzerland by the

International Baccalaureate Organization (UK) Ltd
Peterson House, Malthouse Avenue, Cardiff Gate
Cardiff, Wales CF23 8GL
United Kingdom
Website: www.ibo.org

© International Baccalaureate Organization 2014

The International Baccalaureate Organization (known as the IB) offers four high-quality
and challenging educational programmes for a worldwide community of schools, aiming
to create a better, more peaceful world. This publication is one of a range of materials
produced to support these programmes.

The IB may use a variety of sources in its work and checks information to verify accuracy
and authenticity, particularly when using community-based knowledge sources such as
Wikipedia. The IB respects the principles of intellectual property and makes strenuous
efforts to identify and obtain permission before publication from rights holders of all
copyright material used. The IB is grateful for permissions received for material used
in this publication and will be pleased to correct any errors or omissions at the earliest
opportunity.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, without the prior written permission
of the IB, or as expressly permitted by law or by the IB’s own rules and policy. See
http://www.ibo.org/copyright.

IB merchandise and publications can be purchased through the IB store at
http://store.ibo.org.

Email: sales@ibo.org

International Baccalaureate, Baccalauréat International and Bachillerato Internacional
are registered trademarks of the International Baccalaureate Organization.

4082



Fundamental constants 1
Metric (SI) multipliers 2
Unit conversions 3
Electrical circuit symbols 4
Equations—Core 5
Equations—AHL 8
Equations—Options 10

Physics data booklet



Quantity

Symbol

Approximate value

Acceleration of free fall (Earth’s surface)

Gravitational constant
Avogadro’s constant

Gas constant

Boltzmann’s constant
Stefan-Boltzmann constant
Coulomb constant
Permittivity of free space
Permeability of free space
Speed of light in vacuum
Planck’s constant
Elementary charge
Electron rest mass

Proton rest mass

Neutron rest mass
Unified atomic mass unit
Solar constant

Fermi radius

&o

Ho

9.81 ms2

6.67 X 1011 Nm?2kg—2

6.02 x 1023 mol-1!

8.31 JK-1mol-!

1.38 x 10-23] K1

5.67 x 108 Wm~—2K—*

8.99 x 10°Nm?(C—2

8.85 x 10-12 C2N-1m—2

4mx 10-7TmA-!

3.00 x 108ms—1!

6.63 X 10~34]s

1.60 x 10-1°C

9.110 x 10-31kg = 0.000549 u = 0.511 MeV ¢
1.673 X 10-27kg =1.007276 u = 938 MeV c2
1.675 x 10-27kg =1.008665 u = 940 MeV c2
1.661 x 10~27kg = 931.5 MeV c2

1.36 X 103Wm~—2

1.20 X 10~5m
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Metric (SI) multipliers

peta P 1015
tera T 1012
giga G 10°
mega M 106
kilo k 103
hecto h 102
deca da 10t
deci d 101
centi c 10-2
milli m 10-3
micro u 10-6
nano n 10-°
pico p 10-12
femto f 10-15
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Unit conversions

1 radian (rad) = %
Temperature (K) = temperature (°C) + 273
1 light year (ly) = 9.46 x 101> m

1 parsec (pc) =3.26ly

1 astronomical unit (AU) =1.50 x 1011 m

1 kilowatt-hour (kWh) = 3.60 x 10¢]

hc=1.99%x1025]m=1.24x10"%eVm
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Electrical circuit symbols

cell —’ —

ac supply —0~O0——

voltmeter 4@*

resistor —{

light-dependent resistor \\4\
(LDR) —

transformer § | | g

diode M
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battery

switch

ammeter

variable resistor

potentiometer

thermistor

heating element

capacitor




Note: All equations relate to the magnitude of the quantities

only. Vector notation has not been used.

Sub-topic 1.2 — Uncertainties and errors

Sub-topic 1.3 — Vectors and scalars

Iffy =a+b add‘-hg /s“bhw_ﬁhj
then: Ay = Aa+A4b  _adt absolwit uncortninty
] ab ot pli ca o / Dirision
Ity = c adth Fracthonnl un (er¥aimty
b dy Aa  Ab  Ac  Rewer
then 7—74-?4-7 Fradional uncertuint ¢ exponent
Iffy=a" .
y=wncutunty Wncer tzin by
Aa . L —

then: — = |n— A = abselne W\Lu""'h"‘/ T valw

a,b,(. T given #

n= exponent

Ay =X Component

Ay Lhorizon‘hn

Av= N component
(Vg(*\-'lln\)
A= vt lor quantity
-------- > Pyih agovean therem

soH CAH Top Au A-”‘M*(M’

Ay =Acosf - cosl relates Yo x-axig

spposite

ey

Ay = Asin@ -sin@ relatey b ¥ -axig

Sub-topic 2.1 — Motion

Sub-topic 2.2 — Forces

v=u-+at

S = displacement (m)
W = inYial velocity (™/¢)

s=ut+ % at? .
V =final velodty (™)

v? = u? + 2as A= mculevaﬁah(’"/s’)
.o v+ wt T - Hme (5)
2

F = ma “Yoerd W gy ¥: Foree (Newtony or KQ'“/SI)
F < uR m=masl (\0@
R a-actclorotion("/st)

'~ @ F - Fridion Fore(Newims o ¥
,4; L CP:{:::\‘-:?F-M'-M I SPARTACQ!

M‘ = - COSH; c:‘hd.ndn\'c -F{'I Hen Co“hd 1’1({0

Sub-topic 2.3 — Work, energy and power

Sub-topic 2.4 — Momentum and impulse

W = Fs cosf Wor k= Work DPore G -~ Nm) p=mv p * momentum Ceqa™s) V‘-%: m?
E¢ = Lmp? B forte (Newron or q™/g?) p_Bp Nowves ynumasy (k)
? S = Aisplace went () b Z‘n“d ‘”\'::n Ve velocty &’.A)
1 omen
Bp = ; kAx? €08 b= X between forie applicd and B = p? ¥: Foree (Newtony or ¥gq"/2)
AE, = mgAh direchon g€ motion K™ 2m brhme (s)
power = Fv i Kinetic EM'Q‘[(J o V) Impulse = FAt =Ap Bi- kinetic energy (3 of \jn\)
Effici _useful work out o Potertial Erwrgy o' p.oP how BP= poay
1Y = otal work in 8Ep: Gravitation] Potentid
_ useful power out E““&;/uk Tovce - N Fv( A= chonge
= Torapowerin Power + 8% - T Foy Qe o
otal power in e ¥ Toule/see
= qVav-imtional
‘m-mass(kﬂ) 3 Pue\emﬁ on (A302)

V= velouity (")
\e= Spring congtant

x= extengion (m) Fore  spring

Ppplied  Conchant
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Sub-topic 3.1 — Thermal concepts

Sub-topic 3.2 — Modelling a gas

Q=meAT Q « oot Evergy (T)
T mzmass (8q)
c=gpeciFic heat Capacity (I /\t_o,)

aT= chomge intemp C'C)
Lsspecific latent heat

F o peplessure F-fore B hrew

A hed oF moles Ned of aoms

n= N LE \1030“0" (onstard  \/=Volume
A SV 'L
s = Temporatwye t¥ ¥|Mh
oV = iy R Qs Unstand - Temporature L oy
Eo=ikr=2 Ry kb:Bottmamn’s Congant
2 2 NA

Sub-topic 4.1 — Oscillations

Sub-topic 4.4 — Wave behaviour

f = Frequenty T time token 1

7=l Tvuiod
f gnish  lcgele

Sub-topic 4.2 — Travelling waves

A wavelargth

digtunie ot

c=fa C= speed of hoh’\@'\b‘"/s\ = Frequeney ()

wave

Sub-topic 4.3 — Wave characteristics

T oc A2 T=Tnrosdy () A= amplitwde (m)
PI"P;*;"—MZ = distunce from Sowr e
1 onqinal oty

I = I,cos? 6 Hon Yéow kireckion ardt
° 0= ¥ b QO\M‘::u:n&mn xS of  polarizer

: indtx of refiechion (radent wadiwm)
- Infex of fefraction(repratiive medium)

O 4 v veagity (7

X of vefrachon

n, siné, v2om

n, sin 91 2
2 mn\mq’:h(vn\

D N: Serten o s\\* ('l‘)
,“-\ s‘)qm\g 0

\'Jushm behwen Brt
Constructive infer erence path difference

Yrowgh 1 Trongh Cnaxima)
Destructlve interference: path difference
WYNiMA - dowole slit dhEf yachors

of wdence

=ni

(n+)4

Nalng' Law
Sub-topic 5.1 — Electric fields Sub-topic 5.2 — Heating effect of electric currents
_ i_q 1_—. c:‘:i‘m\({(t\ e (O Kirchhoff’s Circuit laws: = ;n uation oF energy = Svdtoge= sum of
t 4= chavge . 4- crarge() v+ diskunie between 2V = 0 (loop) all vetage diro}
F= leQz F- Eledr cal Force Chargee () . - .
T2z cowomos constant Gaa-1p* %I = 0 (junction) (unsevvation of dmrge - Lot + Teres-0
T p o \VEvats T=wnent
= < (outomb's (onciant €. pe(m}\‘\N”f\l R =— R=reamnec V=LR
4me, B 1 " P- Power  Revasintune(a)
m “ = -
i p2 V=Volhge () L= caprent (M
v Wy Wk done @) PV1=rR= )\
9 9= cnorge(O e o et R povertons
F “) E- hm\ﬂ\ Riotal = Ry + Ry + - Suriec = Hotul retieranc
E =— p.oktic tidd Shew“%(/'n = charge () 1 1 1
q _ _ = — 4+ —+ - Paallel =ttt eenistuhce
[ = ndvg Tecwrient (B v=anbt veloaty (55 Riotat  Ri R, S
s
Nkt CV\O\'QLS q:CM{a’C(C\ RA Cvess gt M(YV\’\
. cthone 2 = 20 o vuheM ot mareral  r=Cress ate
e cruss secriond chages (o) i ¢ L=Lengin (m)
Sub-topic 5.3 — Electric cells Sub-topic 5.4 — Magnetic effects of electric currents
e=I(R+71) Tavmet(M  R= reicdance = quBsiné "‘I‘ﬂ.ﬂ,ﬁhﬁv@;d o \;:(M'r:;( g ::::’f'\;’ad*m A
Z = electrametive for e (em) y= inkanal (esivance F = BIL sin g "oarene Fied 0- 4 wehien Vo B
uttage Forte snwire_gno
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Tzeurenk (A g% letween Tanct B
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Sub-topic 6.1 — Circular motion

Sub-topic 6.2 — Newton’s law of gravitation

v =wr N\avlh' velocity A" f.\bb‘-\*/ (”‘/‘) Fe G Mm =< \:b'ut M omasses Vo(oqns
¥t e | a““"\'“ relacity Cved- /5ec) G—fqmnhhoml it 41 (0 "ﬁ/)
a=—= actlerotin ¥ = fadiny F ) j )
g : a-  acce \tmhm {"‘/52 g= % g bkinal Eiela clwghr\
_mv2 2 = penod Csee.) m £ foe m rvln.\gg | V
F = :.mf:\r "% Fovee (NO\' ko"‘/ﬂ) g= Gﬂ CQVMI\M&V\A 'ﬂe\d thf/'\o‘\"\ at dl(“""\u ( 1
gc':f,‘."&. m: mals (k) 2 Eom enbr of ant 6t mass (M)

Sub-topic 7.2 — Nuclear reactions

E =hf AE = Am c?
1= hc
" E
Sub-topic 7.3 — The structure of matter
Charge Quarks Baryon Charge Leptons
number
-1 e n T
2, ulclt 1
3 3 0 Ve | L, | U
1 d| s |b 1
3 3 All leptons have a lepton number
All quarks have a strangeness number of 0 of 1 and antileptons have a lepton
number of -1
except the strange quark that has a

strangeness number of -1

Gravitational Weak Electromagnetic Strong
Particles experiencing All Quarks, leptons Charged Quarks, gluons
Particles mediating Graviton W+, W-, Z0 Y Gluons

Sub-topic 8.1 — Energy sources

Sub-topic 8.2 — Thermal energy transfer

Power = %Ava

P = ecAT*

2 (metres) = 220X 107
)
__ power
A

total scattered power
albedo =

total incident power
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Sub-topic 9.1 — Simple harmonic motion

Sub-topic 9.2 — Single-slit diffraction

w = 2?11 Q= angmlarfrequncy
5 Y= Period

s a= Aueleration

X = Xy Sinwt ; x = xy cos wt X= Displaement from

V= WXy Coswt ; vV = —wX, sin wt Q‘W\\“ brium

v = w4y (%% — x?)

0= Gcangie A-wmelengin lo-sit widh

Sub-topic 9.3 — Interference

X 0= maximum dligplwamerd

nd =dsiné
Constructive interference: 2dn = (m + %) A

Destructive interference: 2dn = mAi

L 1 Time elapsed
Ex = ;mw (%92 — x%) ) . .
EY= Civeti € enerqy N=4 (a#fracion greti M\ n= refractive
Er = 2 mw?x,? index
’ | = \ength ¢t pendulinm A= wavelength 1)
oy . m=¥d (TFT
! 9=gfavitatiomal fiela d- <plit spating C
Pendulum: T = 2r |— g:x
9 yzeoni =
=¢vIha (onstand v )
o A= i (enesy of medivn
m
Mass-spring: T = ZH\FE
Sub-topic 9.4 — Resolution Sub-topic 9.5 — Doppler effect
. . v
0 =122 & (- angle w= Qi EEaction Moving source: f' = f( )
b ’)\’-Wﬁvc‘ﬂ\ﬁ‘h\ oviex v+ ug
R = Ai =mN b=t MN“/dimew N:h o <l Moving observer: f' = f (W‘;ﬂ)
R=gesolvanie Wi hted Af M w
% =cmallegt 2 I
Sub-topic10:1=- Describing fields Sub-topic.10.2 — Fields at work
w = qué elecnesiabic »\NO'\‘ done oy n\ﬂ&\/chqrﬂe
W = mAV, qravtatione! etwen 2 joints Porential oM ka
Vo=——7" Vo =—
\NJ= Wk (7)
- Ral Grodient/
ﬁ-c’wﬁe.(d | Pamm}i" .\ .\
\Je = eledmic petential 9=-7’ E = -5
m=mass( kq)
¥
= gravithdnal \al GM k
\]3 gravitrhion potert E, :m]/:q:_ m Ep = qV, = 419>
r r
F’Mt-( mm q q
111802 142
FG =G 7"2 FE = k >

2GM Tx ape velouty ot planet
Vesc = -
GM \e\ity of oveit around o
Vorbit = - boky

R ey

G- cymih’h'ol\'n\
concrant

M=mass ()

V= distance(m)
\Je = Electricu
Potertial
= cowlomb>
ondmnt
q; har

3-_ Qlﬂ‘l’l‘h‘\"f al
- Eledm <

fitw shenglh
Ve = electnc
Potetial

Ee- PE
F\= tyav.
ol
fe= Elcenc
Forc=
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Sub-topic 11.1 — Electromagnetic induction

Sub-topic 11.3 — Capacitance

® = BAcosf &> =Mmagrericflax B~ Man nagpenc ek
k-otea of \oop &% AeB
£=—N—— g:bnf N=bof logs fomdays Law
At at=h me( <)
& = Bvl \= S‘p(td o wire (m/ﬁ\ - ‘|M'\(ed emf h Q’Yﬂl\‘jk\' e

&= BulN \=lenanof W% - Whgd emf (n s ciled Wi
Sub-topic 11.2 - Power generation and
transmission
chwe Ji
Si(!cu\k Dl = —= L o= Peals currert
ecfecive \/E (squart (RM‘.\ o€ a\bvmhnvs wrveny
ot >3 Yo \,- Peak Velrgn
Vrms = v
V2 ararehng Vatge
qudm\«m _ E _ Vs
10 Irms
NAX

90""”(—> Pmax = IOVO
Power —2 5 =111, Ay Poses

=emf
L‘vkmqu\ é _ ﬁ — I_S (aR0 oF primary + sccondaty emt
Qs_-ga,nnnygs jivfu"w{{? (\'mr\s-ﬁfm\

C = g C‘Cﬂ\pa\tlht\ (Fqu.ds\
4 q=cm(%¢( c\

Cpar =C,+C, + -

e \ similav %

! = L +l+... /. Nessmhee
Cseries C1 G
A pacdliel-ylare Gpach

TEd h-aven of plaks

\l—-aalh?( (A

g: ?Lvm'\‘\—*'gﬂi\-, ot
c Ko\ eerric

A= diglance  \ategen éak\
E = %CVZ € =enerqy stoted in capscite?

T=RC T=Hm o Poyegeiance
¢ qv:'\hiﬁal Charge A=)

q=qoe*

= et Tocinal max crent L=uirent (N
=ler

V= Voe_% A ge

[NERC SV R JVTLN

Sub-topic 12.1 - The interaction of matter with
radiation

Sub-topic 12.2 — Nuclear physics

E = hf
Emax = hf — @
13.6
n2
_ nh
mvr = by

P(r) = |y|?AV

eV

AxA >h
xp_4n

h
AEAt = —
4

R = R,AY/3
N = Nye ™™
A = ANje™™
g~
Sin D
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Sub-topic A.1 — The beginnings of relativity

Sub-topic A.2 — Lorentz transformations

x'=x—vt

u=u-—v

Sub-topic A.3 — Spacetime diagrams

6 =tan™?! (g)

1

1
CZ

y:

x' =y(x —vt); Ax' = y(Ax — vAt)

vAx

t'=y(t—3); A = y(At — )

, u-—v
w= uv
1=z
At = yAt,
L
L==2
Y

(ct')? = (x)? = (ct)? = (0)?

Sub-topic A.4 — Relativistic mechanics (HL only)

Sub-topic A.5 — General relativity (HL only)

E =ymyc? ﬂ = ﬂ

E, = myc? f c?

Ex = (y — Dmoc? =

P =ymev At,
E? = p%c? + my%ct At = LR
qV = AEg r
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Sub-topic B.1 - Rigid bodies and rotational | Sub-topic B.2 — Thermodynamics
dynamics
I'= Frsinf W= anqular spud(%) Q=A0U+W Q= internal Energy
I=Ymr? N = Torque (Nm) U =32nRT aV= o HReat Erovgy
_ W= Work
r=la a=age\eration _AQ
w = 2nf ok AS =—~ p= Pressuve
= (4
W 5 V: VO\“N
we=w;+at I -intaia pV3 = constant (for monatomic gases)
wf = w?+ 2a0 +=time W = pAvV
0 = w;t + = at? 6 av\glt useful work done
: L« angalar maventi ~ " energy input
L=Iw 1 = vetational Incrtia gyT P
=1lw? = Kiteh =1 ——cd
EKrot = EI(;.) |44 Kitehe bﬂﬂ\[ Ncarnot Thot

Sub-topic B.3 — Fluids and fluid dynamics (HL only)

Sub-topic B.4 — Forced vibrations and resonance
(HL only)

B = peVig

P = Py + prgd

Av = constant

%pv2 + pgz + p = constant
Fy = 6mnrv

_vurp
n

0=2 energy stored
=2n

energy dissipated per cycle

energy stored
Q = 21 X resonant frequency X ————
power loss

Sub-topic C.1 — Introduction to imaging

Sub-topic C.2 — Imaging instrumentation

1 1 1
FTvtu
po L
o f
h;
mzh—oz——
0;
M=%

D D
Mhpear point = ? +1; Minfinity = ?

M=l
fe
Sub-topic C.3 — Fibre optics
1
- sinc

attenuation = 10 logI—
0

Sub-topic C.4 — Medical imaging (HL only)

L
Ly=10 logl—
0

I =[e ™™

ux: = In2
2

Z = pc
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Sub-topic D.1 — Stellar quantities

Sub-topic D.2 - Stellar characteristics and stellar

evolution
1 — -3
d (parsec) = ————— AmaxT =29 x 107 mK
p (arc-second) L oc M55
L = cAT*
b= L
" 4nd?
Sub-topic D.3 — Cosmology Sub-topic D.5 — Further cosmology (HL only)
AM v
Ay ¢ v = ,
3
R
TR 3H?
Pc= g~
v = Hyd 8nG
T 1
~ e
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