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DATA: FUNDAMENTAL CONSTANTS AND VALUES

Quantity Symbol Value Units
speed of light in vacuo c 3.00 x 10% mst
permeability of free space “, A x 1077 Hm™
permittivity of free space & 8.85x 10712 Fm™
magnitude of the charge of electron e 1.60 x 107" C
the Planck constant h 6.63 x 107>* Js
gravitational constant G 6.67 x 107! N m? kg2
the Avogadro constant N, 6.02 x 10% mol™?
molar gas constant R 8.31 J K™t mol™!
the Boltzmann constant k 138 x 102 JK1
electron rest mass 31
(equivalent to 5.5 x 107 u) Me 9.11x 10 kg

e
electron charge/mass ratio — 1.76 x 10" Ckg™?
e
proton rest mass 97
(equivalent to 1.00728 u) Mp 1.67(3) x 10 kg
e
proton charge/mass ratio . 9.58 x 107 Ckg?
P
neutron rest mass 27
(equivalent to 1.00867 u) Mn 1.67(5) x 10 kg
gravitational field strength g 9.81 N kg™
acceleration due to gravity g 9.81 ms~2
atomic mass unit u 1661 x 10727 kg

(1u is equivalent to 931.5 MeV)

Astronomical data

Body Mass/kg Mean radius/m arc length =ro

Sun 1.99 x 10°° 6.96 x 10° circumference of circle = 2mr

Earth 5.98 x 10%* 6.37 x 10° area of circle = nr?
surface area of cylinder =2nrh
area of sphere = 4nr?
volume of sphere =2 nr
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Unit 1
Mechanics and materials

moments moment = Fd
velocity and _As v
acceleraton Y T At a =7
equgtlons of v = u+ at
motion
v? = u? + 2as
(u+v) ,
S =
2
1
s = ut + - at?
2
force F = ma
_ A(mv)
At
impulse F At = A(mv)
work, energy W = F scosf
and power 1
EK = Emvz AEP = mgAh
P="p=rFp
At
efficiency = useful output power
nput power
densit ==
ensity p=7
Hooke’'slaw F = kAL

tensile stress

Young modulus = tensile strain

. F
tensile stress = Z

. . AL
tensile strain = T

energy stored F = %FAL

Particles, radiation and radioactivity

inverse square law for y radiation

Iy
I=T_2

Unit 2

Electricity
t and pd I _ A0 |4 _Y R = v
current and p =% 0 =7
resistivity p= R—LA
resistors in series Rr = Ry + R, + R; + ...
resistors in Lt 1t
parallel Rt Ry Ry Rs
energy _
transferred E=1ve
VZ
power P =VI = I?R = ?
E
emf £ == e=IR+71)
Q
Oscillations and waves
for a mass-spring m
system T =2m |-
. l
for a simple pendulum T = 27 |-
)
wave c=fA eriod _1
speed P f= T
first 1T
harmonic f 2l |u
frlngg " =/1_D diffraction dsing = ni
spacing s grating

refractive index of a substances, n =—

for two different substances of refractive indices

n, and ny,

law of refraction

critical angle

photon energy

photoelectricity

energy levels

h
de Broglie wavelength 1 = - = —

n; sinf; = n,sin6,

nz

sinf, = _ for n; > n,
E = hf = E
A
hf = ¢ + Ek(max)
hf = E; - E;
h
mv



Unit 3

Circular motion and periodic motion

Electric fields and capacitance

magnitude of ="
angular speed r
o =2nf
. . v?
centripetal acceleration 4 =_— = 4?r
T
. muv?
centripetal force F=—=maor
T
acceleration a = —wx
displacement x = Acos (wt)
speed v = +w+A%2 — x2

maximum speed

maximum acceleration

Vmax = WA

_ 2
Aax = WA

for a mass-spring _ m
system T =12m =

. l
for a simple pendulum T = 2¢ |—

g
total energy of an E = % mw?A?
oscillator
Gravitational fields and satellites
force between point masses F = Gm12m2

T
o . F
gravitational field strength g = —

m
magnitude of gravitational GM
field strength in a radial field 9 = 77~
work done AW = mAV

o . GM
gravitational potential V =-—
T
.\
9= Ar
Exponential change
time constant RC
time to halve Ty, = In2RC
t
capacitor charging Q = Qy(1—e"Ro)
capacitor discharging Q@ = Qoe‘%
radioactive decay AA—IZ =-AN
N = Nje™#
activity A=AN
A= Aje ™
half-life Ty, = lnTZ

force between point 1 Q10
charges in a vacuum " 4me, 12
F
force on a charge E = 2
field strengthfora . _ v
uniform field T d
field strengthfora . _ 1 €
radial field " 4me, 12
work done moving AW = QAV
a charge Q
Fd =QAV
, . 10
electric potential V= —
4rtey 1
AV
T Ar
- Q
capacitance C = v
Agyer
¢ ==
capacitor energy 3 B , 1Q?
stored E =70V =50V ~27C
Magnetic fields
force on a current F = BIl
force on a moving charge F = BQv
magnetic flux @ = BA

magnetic flux linkage

N@® = BAN cos@

. . AD
magnitude of induced emf ¢ = v
emf induced in a rotating coil ¢ = BANwsin ot
lternati t I by %
alternating curren =— =—
g rms \/E rms \/i
. Ns Vs
transformer equations — =
Np Vp
. . ISV
efficiency = —=
LV

P

P



Unit 4
Thermal physics

energy to change
temperature

energy to change
state

gas law

kinetic theory
model

kinetic energy of
gas molecule

thermodynamics

rate of energy
transfer by
conduction

rate of energy
transfer

Nuclear physics

nuclear radius

energy-mass
equation

Q = mcAf
Q = ml
pV = nRT
pV = NkT
1 2
pV = §Nm (¢rms)
5 3

Em(crms) = EkT
AU = Q + W
W = pAV
kAAO

L
UAAG

R = R, A3

E = mc?

_ 3RT
~ 2N,

Energy sources

moment of inertia

angular kinetic
energy

equations of
angular motion

torque

angular momentum
angular impulse
work done

power

maximum power
available from a
turbine

solar intensity
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I = mr?
[ = Imr?
Ex@ory = 5l@

0 — (w();w)
= la
= Fr

o

TAt = A(lw)

W =T6

P=Tw

P =%nr2pv3
__r

4mr?
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