
Measurements 

Force: kg m s
-2

 

Momentum: kg m s
-1 

Pressure: kgm
-1

s
-2

 (Pa)(Nm
-2

) 

Energy: kg m
2
 s

-2
 (J) 

Power: kg m
2 
s

-3
 (W) (J s

-1
) 

10
1    

deca    10
-1 

   deci 

10
2 
  hecto  10

-2 
   centi 

10
3 
  kilo     10

-3 
  mili 

10
6 
  mega  10

-6 
   micro 

10
9 
  giga    10

-9 
   nano 

10
12 

 tera    10
-12

   pico 

Y = A ± B, ΔY = ΔA + ΔB 
X = nA ± nB, ΔX = nΔA + mΔB  
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Random errors are errors of 

measurements in which the 

measured quantities differ 

from the mean value with 

different magnitude and 

directions 
Systematic errors are errors 

of measurements in which the 

measured quantities are 

displaced from the true value 

by a fixed magnitude and 

direction 

Accuracy: measure of how 

close the results of an 

experiment agree with the 

true value 

Precision: measure of how 

close the results of an 

experiment agree with each 

other 

Scalar quantity is a physical 

quantity with magnitude only 

(e.g. mass time temp speed) 

Vector quantity is a physical 

quantity with both magnitude 

and direction (e.g. force, 

displacement, velocity) 

ΔV = Vfinal - Vinitial 

Kinematics 

Displacement is the shortest 

linear distance of positions of 

a moving object from a given 

reference point 

Acceleration is defined as the 

rate of change of velocity 

with respect to time 

gradient of v-t graph: a 

area under v-t graph: Δd 

gradient of s-t graph: v 

area under s-t graph: Δv 

a = (v – u) / t 

s = ut + ½ at
2 

v
2
 = u

2
 + 2as 

s = ½ (u + v) t 

-ground to ground 

initial v: u cosθ (horizontal) 

               u sinθ (vertical) 

ax = 0     ay = -9.81 m s
-2 

-throw object from cliff 

initial v: ux = u uy = 0 

ax = 0     ay = -9.81 m s
-2 

-cliff upwards to ground 

initial v: u cosθ (horizontal) 

               u sinθ (vertical) 

highest pt: vx = ux , vy = 0 

ax = 0 , ay = -9.81 m s
-2

 

with air resistance, 

horizontal velocity not 

constant, reduces over time, 

object slows down, smaller 

horizontal range. 

aup > adown 

on flight up, Fres = mg + FDrag 

                   aup = g + (FD ÷ m) 

on flight down, Fres = mg - FD 

                adown = g – (FD ÷ m) 

Forces and Dynamics 

CG = point at which the 

entire weight of the object 

may be considered to act 

W = mg 

Frictional force is the 

resistive force acting between 

objects that tend to oppose 

motion. 

ρ = 
v

m
, P = 

A

F
, P = h ρ g 

Absolute pressure is the sum 

of external pressure and 

pressure due to the depth 

below surface of liquid. 

ATP = 1.01 x 10
5
 Pa 

Upthrust is an upward force 

on an object immersed in a 

fluid due to the pressure 

difference in the fluid 

Upthurst = ↑F - ↓F = weight 

of liquid displaced 

Hooke’s Law states that 

provided the limit of 

proportionality is not 

exceeded, the extension of a 

body is proportional to the 

applied load. 

F ∝x , F = kx , k = spring 

constant (N m
-1

)  

x = extension 

EE = ½ k x
2 

The moment of a force about 

a pivot is the product of force 

and the ⊥distance btwn the 

axes of rotation (pivot) and 

the line of action of the force 

Moment = F x d  (N m) 

A couple consists of 2 forces 

equal in magnitude but 

opposite in direction and 

whose lines of action do not 

coincide 

Torque of a couple is the 

product of one of the forces 

and the ⊥dist btwn them 

τ = F x d 

The principal of moments 

states that for an object to be 

in rotational equilibrium, the 

sum of CM about the pivot = 

sum of ACM about the same 

pivot. 

Low CG wide base = ↑ stable 

NFLOM states that an object 

will continue in its state of 

rest or uniform motion in a 

straight line unless a resultant 

external force acts on it. 

Inertia is the tendency of  

objects to resist changes in 

motion. 

N2LOM states that the rate of 

change of momentum of an 

object is proportional to the 

resultant force acting on it 

and the change takes place in 

the direction of the force. 

Momentum = m x v (N s) 

F = ma if mass is constant 

Area under F-t graph = 

impulse (N s) 

N3LOM states if object A 

exerts a force on object B, 

then object B exerts a force 

of equal magnitude but in 

opposite direction on A 

The POCOM states that the 

total momentum of an 

isolated system of objects 

remains constant provided no 

resultant force acts on the 

system. 

Elastic collision: K.E 

conserved, relative speed of 

approach = relative speed of 

separation. 

Inelastic: K.E not conserved, 

particles don’t stick together 

Completely inelastic: K.E not 

conserved, particles stick 

together, final velocity equal. 

Work Energy Power 

WD by a force on a body is 

defined as the product of 

force and displacement of the 

body in the direction of the 

force. W = F x s (units = J) 

1 Joule is defined as the 

amount of work done when a 

force of one Newton moves 

its point of application thru a 

distance of one meter in the 

direction of the force. 

Work done by gas = PΔv 

WD = Final K.E – Initial K.E 

WD = mg (hf – hi) 

EE is the energy possessed by 

an elastic body when it is 

subjected to deformation 

Power is defined as the rate at 

which work is done (W) 

P = WD ÷ t , P = F x velocity 

Thermal Physics 

The internal energy is the 

total microscopic kinetic and 

potential energies of the 

particles composing the 

system. 

T/K = T/°C + 273.15 

Heat capacity of a body is the 

quantity of eat required to 

produce a unit change in its 

temperature. C = Q ÷ ΔT 

Specific heat capacity of a 

substance is the quantity of 

heat required to produce a 

unit change in temp per unit 

mass of that substance. 

Q = mc ΔT 

Electrical energy = VIt 

Specific latent heat of fusion 

is defined as the quantity of 

heat required to change a unit 

mass of a substance from 

solid phase to liquid phase. 

Lv = liquid to vapour 

Q = mLf        Q= mLv 

For ideal gas, PV = nRT 

<Ek> = 
2

3
k T 

<Ek> = ½ m (c)
2 

Internal energy = N <Ek> 

U = 
2

3
 n R T 

The first law of 

thermodynamics states that 

internal energy is a function 

of state and increase in 

internal energy of a system = 

heat supplied to system + 

work done on the system 

ΔU = Q + W 

WD on gas = -pΔv 

Isochoric: V const (W = 0J) 

Isobaric: P constant  

Isothermal: T const (ΔU = 0) 

Adiabatic: Q = 0J 

 

Circular Motion 

θ = 
r

s
 

Angular velocity ω is the rate 

of change of angular 

displacement wrt time 

ω = 
dt

d     ( rad s
-1

) 

The period, T, of an object in 

circular motion is the time 

taken for the object to make 

one complete revolution. (s) 

The frequency, f, of an object 

in a circular motion is the 

number of complete 

revolutions made by the 

object per unit time. (Hz) 

T = 
f

1  

ω = 
t

2
 = 2πf ,  v = r ω 

Centripetal acceleration: 

Although the object is 

moving with constant linear 

speed, v, its velocity is 

always changing because the 

direction in which the object 

travels is changing. Hence, 

this object has acceleration. 

It is always ⊥to velocity and 

acts towards centre of 

circular motion. 

ac = 2
2

r
r

v
  

2
2

mr
r

mv
Fc   

Fc does not perform any work 

since it is perpendicular to 

the displacement of the 

particle at any point in time. 

When string is just taut, T = 0 

Gravitation 

NLOUG states that every 

particle in the Universe 

attracts every other particle 

with a force that is directly 

proportional to the product of  
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their masses and inversely 

proportional to the square of 

the distance between them. 

2

21

r

mm
GF   

G = 6.67x10
-11

 N m
2 
kg

-2 

For gravitational force, add 

negative sign to show that is 

is an attractive force. 

Gravitational field strength at 

a point in a gravitational field 

is defined as the gravitational 

force per unit mass acting on 

a body placed at that point 

m

F

r

GM
g 

2
   (N kg

-1
) 

Variations of g across Earth 

is due to the Earth not being a 

perfect sphere, the Earth 

rotating on its own axis 

(gravitational pull at equator 

also provides for centripetal 

acceleration  measured g is 

lower than expected) and the 

density of Earth is not const. 

The gravitational potential 

energy of a mass m at a point 

in a gravitational field created 

by another mass M is the 

work done by an external 

force in bringing the mass m 

from infinity to that point 

without acceleration. 

r

GMm
U    (Joules) 

At ∞ , U = 0 (max GPE) 

As m moves closer, it loses 

PE.  U = -ve 

As m moves further away, it 

gains PE. ΔU = +ve but  

U = -ve 

Escape speed is the minimum 

speed which a mass should 

be launched from the planet’s 

surface in order to escape the 

planet’s gravitational field. 

Epi + Eki = 0 

 

 

0
2

1 2 


mv
R

mGM

E

E  

EE

E

E
Rg

R

GM
v 2

2
  

The gravitational potential ϕ 

at a point in a gravitational 

field created by a mass M is 

the work done per unit mass 

by an external force in 

bringing a test mass from 

infinity to that point without 

acceleration. 

r

GM

m

U 
   (J kg

-1
) 

ΔU = m(ϕfinal – ϕinitial) 

Satellite in Orbit 
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Kepler’s Third Law states 

that the period T of ab object 

in gravitational circular 

motion depends on the source 

mass M about which it is 

rotating and the radius r of 

the orbit. 

3

2

3

1

2

2

2

1

r

r

T

T
  

Geostationary satellites are 

always positioned over the 

same geographical spot on 

Earth. T = 24 hours 

 

K.E of satellite is given by 

U

r

mGM

r

GM
m

mvE

E

E

s

k

2

1

2

1

2

1

2

1

2

2






















 

GPE of satellite is given by  

R

mGM
U sE  

Total mechanical Energy of a 

satellite is 
kp EE 

2

1
  

Oscillations 

Free oscillation is an 

oscillation that is not 

subjected to any periodic 

external force or damping. 

Amplitude is the maximum 

displacement of the 

oscillating particle from its 

equilibrium position. 

Equilibrium position is where 

no net force acts on the 

particle. (midpoint) 

x=xo sin (ωt)  or x=xo cos (ωt) 

dt

dx
v   

= ω xo cos (ωt) 

Or   -ω xo sin (ωt) 

vmax = ω xo 

22
xxv o    

x
dt

dv
a 2  

SHM is defined as the 

oscillatory motion of a 

particle whose acceleration is 

always directed towards a 

fixed point and is directly 

proportional to its 

displacement from that point. 

 

 

Negative sign indicates that 

acceleration is always 

directed opposite to the 

displacement. 

The phase difference between 

the two different instances in 

time of the same particle is 

the difference in the stages of 

the oscillation between them. 

 2









T

t  

Simple pendulum: 

g

l
T 2  

Mass on a spring: 

k

m
T 2  

Energy of objects in SHM 
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Damping refers to the loss of 

energy due to dissipative 

forces. 

Light: defined oscillations are 

observed, amplitude of 

oscillation reduced gradually 

overtime 

Critical: System returns to 

equilibrium position in the 

shortest possible time without 

any oscillation 

Heavy: System returns to 

equilibrium position very 

slowly without any 

oscillation. 

 

 

 

Resonance: there is max 

transfer of energy from the 

driving system into the 

oscillating system. Amplitude 

of forced vibration reaches 

maximum when the driving 

frequency of external driving 

force = natural frequency of 

driven system. 

Waves 

Mechanical waves: 

- require a medium for 

propagation 

- particles oscillate but do not 

propagate 

EM waves: 

- require no medium for 

propagation 

- wave motion in the form of 

oscillating electric and 

magnetic fields 

Transverse waves are waves 

in which the particles 

oscillate perpendicular to the 

direction of propagation of 

the wave. (eg EM waves) 

Longitudinal waves are 

waves in which the particles 

oscillate parallel to the 

direction of propagation of 

the wave. (eg sound wave) 

Progressive waves: Energy of 

the wave is transferred from 

one point to another 

Stationary waves: energy of 

the wave is not transferred 

from one point to another. 

Displacement is the distance 

moved by the particle from 

its equilibrium position 

Amplitude is the maximum 

displacement of the particle 

from its equilibrium position 

Wavelength is the distance 

between 2 successive points 

on a wave which are in phase 

Period is the time taken for a 

particle on the wave to 

complete one oscillation 

 

Frequency of a wave is the 

number of complete 

oscillations that pass thru a 

given point in 1s 

Phase Difference ϕ between 2 

particles or 2 waves tells us 

how much a particle or wave 

is in front another particle or 

wave (0 < ϕ < 2π) 
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)
2

sin( t
T
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Recall: SHM equation, 

f
T




 2
2

  

waveparticle TT   

The intensity of a wave is 

defined as the rate of transfer 

of energy per unit area 

perpendicular to the direction 

of travel of the wave 

Sarea

Ppower

Sareatime

energy
I

,

,

,



  

Units: (W m
-2

) 

24 r

P
I


  

2

1

r
I   

2)(AmplitudeI   

Polarization is said to occur 

when waves vibrate only in a 

single plane. It is a 

phenomenon associated with 

transverse waves only 

Unpolarized waves have 

vibrations in more than one 

plane 

Polarized waves have 

vibrations in one single plane 
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Current of Electricity 

Electric current is defined as 

the rate of flow of charged 

particles through a particular 

cross sectional area with 

respect to time. 

Q = It 

One coulomb is defined as 

the quantity of charge that 

flows through a point when a 

steady current of one ampere 

flows for one second. 

Outside the cell: 

Current flows from a region 

of a lower potential (negative 

terminal) to a region of 

higher potential (positive 

terminal) 

Inside the cell: 

Current flows from a region 

of lower potential to a region 

of higher potential 

The potential difference btwn 

two points in an electrical 

circuit is defined as the 

electrical energy converted to 

other forms of energy by 

each coulomb of charge as it 

moves from one point to the 

other 

Q

W
V   

One volt is the p.d. btwn two 

points in an electrical circuit 

when one joule of electrical 

energy is converted to other 

forms of energy when one 

coulomb of charge moves 

from one point to the other 

Resistance of a material is the 

ratio of the potential 

difference across it to the 

current flowing across it 

I

V
R   

The ohm is defined as being 

the resistance of a material 

through which a current of  

one ampere is flowing when 

a potential difference across 

it is one volt. 

Ohm’s Law states that the 

ratio of the potential 

difference across a conductor 

to the current flowing 

through it is a constant 

provided that its physical 

conditions such as 

temperature remain constant. 

For an ohmic conductor, 

resistance is always constant 

A

L
R


  where L = length  

A = cross sect area,  

ρ = resistivity (Ω m) 

 

For tungsten filament lamp: 

p.d. increase  current 

increase  more heat energy 

dissipated  higher temp  

more vibration of +ve lattice 

ions  more collision with 

free electron  resistance ↑ 

For semiconductor diode, 

p.d increase  current 

increase  temp increase  

more vibration of silicon 

lattice atoms  more 

collision with free electrons. 

And 

Higher temp  break more 

covalent bond  generates 

more free electrons  

The effect of more free 

electrons outweighs the 

increase in resistance due to 

larger silicon lattice atoms’ 

vibrations.  resistance ↓ 

Power supplied: P = IV 

                         

R

V
P

RIP

2

2





 

The electromotive force 

(emf) of a source is the 

energy converted from other 

forms to electrical energy per 

unit charge delivered round a 

complete circuit 

Q

W
  

R

rR

V

)( 



 

IrV    

Superposition 

Diffraction refers to the 

bending or spreading out of 

waves when they travel 

through a small opening or 

when they pass round a small 

obstacle 

Diffraction is generally 

observable only when the 

wavelength of the wave is of 

approximately the same order 

as the magnitude of the width 

of the aperture 

 

The Principle of 

Superposition states that 

when two waves of the same 

kind meet at a point in space, 

the resultant displacement at 

that point is the vector sum of 

the displacements that the 

two waves would separately 

produce at that point. 

Interference refers to the 

superposing of two or more 

coherent waves to produce 

regions of maxima and 

minima in space, according 

to the Prncipl of Superpstion 

Constructive Interference: 

Phase diff: n(2π) 

Path diff (in phase): nλ 

Path diff (π out of phase):  

)
2

1
( n

 

Destructive Interference: 

Phase diff: 2)
2

1
( n  

Path diff (in phase): )
2

1
( n  

Path diff (π out of phase): nλ 

 

To find fringe separation, x, 

a

D
x   

D: slit to screen distance 

a: slit separation 

D >> a (1 or 2 orders greater) 

 

For position of n
th 

bright 

fringe from the 0
th 

order: 

a

Dn
nx


  

Conditions for observable 

interference pattern: 

1) Coherent source. So that a 

constant interference pattern 

can be obtained. 

2) Equal/approx equal 

amplitudes so that 

complete/almost complete 

cancelation is achieved at  

destructive interference pts 

3) Polarised in the same 

plane or unpolarised. If not, 

complete cancelation is not 

possible even at points where 

the two waves are completely 

out of phase. 

Coherent sources have the 

same frequency and constant 

phase difference 

Diffraction Grating 

 md sin  

d = slit separation 

m = order of diffracted line 

For maximum order 





d
m 

1sin

 

Electric Fields 

Coulomb’s Law states that 

the magnitude of the 

electrostatic force between 

two point charges is directly 

proportional to the product of 

the charges and inversely 

proportional to the square of 

their distance of separation. 

2

21

4 r

QQ
F


  

-ve force: attractive 

+ve force: repulsive 

An electric field is the region 

surrounding a charge Q 

which exerts either an 

electrostatic force of 

attraction or repulsion on 

another charged particle q 

placed inside the field 

The electric field strength E 

at a point in an electric field 

is the electrostatic force per 

unit charge exerted on a 

positive test charge placed at 

that point 

24 r

Q

q

F
E


  

For electric field between 

parallel charged plates, 

d

V
E


  

ΔV = potential difference 

d = distance between plates 

A positive test charge will 

move from a higher potential 

plate to a lower potential 

plate (more positive to less 

positive) 

If the charge moves in the 

same direction as the 

electrostatic for it 

experiences, it is losing 

electric potential energy. If it 

moves opposite to the 

direction of the force, it is 

gaining electric potential 

energy. 

The electric potential energy 

Ep is defined as the work 

done by an external agent in 

bringing the charge from 

infinity to that point without 

acceleration 

r

Qq
E p

4
  

Must include sign and 

magnitude of all charges 

For parallel charged plates, 

ΔEPE = qΔV 

Change in EPE = Gain in KE 

0
2

1 2  mvVq  

Final speed of charge +q = 

m

Vq2
 

The electric potential V at a 

point in an electric field is 

defined as the work done per 

unit positive charge by an 

external agent in bringing a 

positive test charge from 

infinity to that point without 

acceleration. 

Power lost: 

Created By: Ahmad Bin Osman [MJC 10S210] 

 



r

Q

Q

E

q

W
V

p

4
  

At infinite distance, r = ∞, 

V = 0 

Electric potential decreases 

with distance r from an 

isolated point charge, while 

the electric potential of an 

isolated –ve point charge 

increases with distance r 

Must include sign of charge 

Equipotentials are lines or 

surfaces of constant potential. 

A test charge moving along 

an equipotential has constant 

potential energy. 
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t = time taken for electron to 

exit parallel charged plates 

y’ = vertical deflection height 

of electron upon exit 

dvm

qLV

vm

qEL
tav

xexe

yy   

dvm

VqL
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v

xex

y

2
tan


  

DC Circuits 

Kirchhoff’s First Law states 

that the algebraic sum of 

currents at a junction is zero 

Kirchhoff’s Second Law 

states that the net emf round a 

circuit loop is equal to the 

sum of potential drops around 

the loop 
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Advantage of using 

potentiometer is that the 

potentiometer, at balance 

length, does not draw current 

from the lower circuit 

whereas a practical voltmeter 

does 

Electromagnetism 

A magnetic field is a region 

of space in which a moving 

charge or a current carrying 

conductor will experience a 

magnetic force when placed 

in the field. 

Magnetic Field Lines points 

from North to South 

To find direction of force on 

a current carrying conductor, 

use Fleming’s Left Hand 

Rule 

 

sinBIlF   

Where θ is the angle between 

the direction of the current 

and the magnetic flux density 

Magnetic Flux Density is 

defined as the force acting 

per unit length of a 

conductor, carrying a unit 

current, placed at right angles 

to the magnetic field. 

1 Tesla is defined as the 

magnetic flux density of a 

uniform magnetic field when 

a wire, carrying a current of 

1A, placed perpendicular to 

the field, experiences a force 

per unit length of 1N per 1m 

in a direction at right angles 

to both the field and the 

current 

For force on a moving charge 

sinBqvF   

Where  

q = magnitude of charge 

v = velocity of charge 

θ = angle the velocity makes 

with the field 

Magnetic force is always 

perpendicular to the direction 

of travel of the charged 

particle and the distance 

travelled by the charged 

particle in the direction of the 

force is zero, hence, work 

done on the charged particle 

is always zero 

 particle’s speed is always 

constant 

Charged particles in magnetic 

field move in circular motion 

vr

qB

mv
r

r

mv
Bqv
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For parallel conductors, 

currents in same direction, 

Force per unit length on each 

wire: 

d

II

l

F o
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Attractive force 

 

For parallel conductors, 

currents in opposite direction, 

Force per unit length on each 

wire: 

d

II

l

F o
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Repulsive force 

 

The ampere is defined as the 

constant current which, if 

maintained in two straight 

parallel conductors of infinite 

length placed 1m apart in 

vacuum, would produce a 

force per unit length of  

2 x 10
-7

 Nm
-1

 between these 

conductors 

Electromagnetic Induction 

Magnetic flux ϕ through a 

place surface is defined as the 

product of the magnetic flux 

density normal to the surface 

and the area A of the surface 

  NABBAcos  

Units: Wb (Webber) 

The Webber is defined as the 

magnetic flux through a 

surface if a magnetic field of 

flux density 1Tesla exists 

perpendicularly to an area of 

1m
2
 

The magnetic flux linkage Ф 

is defined as the product of 

the number of turns N of the 

coil and the magnetic flux ϕ 

linking each turn 

  NNBAcos  

Units: Wb (Webber) 

 

Faraday’s law of 

Electromagnetic Induction 

states that the induced emf is 

directly proportional to the 

rate of change of magnetic 

flux linkage, Ф, or the rate of 

cutting of magnetic flux 

dt

d
  

For a coil with one turn, 

dt

d
AB

dt

d 
  )cos(  

Lenz’s law states that the 

induced emf will be directed 

in such a way as to oppose 

the motion or change causing 

it 

To determine direction of 

induced emf, use Fleming’s 

Right Hand Rule 

Induced E.M.F in a straight 

conductor: 

BLv  

Faraday’s Disc: 

The magnitude of the induced 

e.m.f across one spoke: 

frB )( 2   

Induced current flows from 

rim to centre. The centre is at 

a higher potential than the 

rim. 

Alternating Current 

Direction of A.C alternates 

between the positive forward 

direction and negative 

reverse direction 

Instantaneous current: 

)sin( tII o   

Power loss: P = I
2
R 

P ∝I
2
 and is independent on 

the direction of current. The 

average value of I
2
 is more 

representative of the overall 

physical situation 

The root mean square value 

of an alternating current is  

equivalent to the steady direct 

current that converts 

electrical energy to other 

forms of energy at the same 

average rate as the alternating 

current in a given resistance. 

For sinusoidal a.c: 
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For instantaneous power: 
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A transformer is a device 

which allows an alternating 

voltage to be increased or 

decreased. 

Iron core = to confine 

magnetic field lines to ensure 

maximum magnetic flux 

linkage 

Ideal transformer has  

1) zero resistance in primary 

and secondary coil  no 

energy lost in core or coils 

2) no magnetic flux losses 

3) 100% efficient (input 

power = output power) 
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s

p

s

I

I

V

V

N

N
  

Step up: Ns > Np 

Step down: Ns < Np 
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Energy loss in transformers 

due to 

1) the low resistance copper 

wires has resistance which 

results in heat loss 

2) all the flux produced by 

the primary coil may not be 

linked to the secondary coil 

 flux leakage 

3) changing magnetic field 

induces current in the coil 

itself known as eddy currents 

which causes heat loss 

4) The magnetization of the 

core is repeatedly reversed by 

the alternating magnetic field, 

this expands energy and 

appears as heat. (hysteresis 

loss) 

Quantum Physics 

The photoelectric effect is the 

emission of photoelectrons 

from a surface due to incident 

light on the surface. 

 

1) Emission of 

photoelectrons is 

instantaneous 

2) Threshold frequency – no 

photoelectrons are emitted if 

the frequency of incident 

light is lower than threshold 

frequency of metal. 

3) Max KE is dependent on 

frequency of radiation and 

independent on intensity 

4) Rate of emission of 

photoelectrons is proportional 

to the intensity of radiation. 

 

Plank constant h =6.63x10
-34 

 

Energy of photon 
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where N/t is the rate of 

incident photons 

 

The work function, ϕ, of a 

material is defined as the 

minimum amount of the 

work needed to remove a free 

electron from the surface of 

the material 

hf = ϕ + KEmax 

Work function is ≠ ionisation 

energy because work 

function is the energy needed 

to remove a free electron 

from the metal, whereas in 

the atom of the metal, the 

outer electron is bound to the 

atom. 

Threshold frequency 

h
fo


  

Max KE = eVs 

where Vs is the stopping 

potential 
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For same frequency of 

incident light, higher 

intensity = larger 

photocurrent 

 

Emission Spectrum consists 

of discrete bright coloured 

lines on a dark background. 

1.  Gasses placed in discharge 

tubes at low pressure 

2.  Voltage applied between 

metal electrodes 

3.  Gas becomes excited 

4.  When they de-excite, 

excess energy emitted as 

photon with a specific 

frequency 

 

Absorption Spectrum consists 

of dark lines against a 

continuous spectrum of the 

white light 

1.  White light passes through 

cold gas 

2.  Atoms of cooler gas 

absorb light of specific 

wavelengths 

3.  Excited atoms re-radiate 

the same wavelengths in all 

directions 

4.  Parts of the spectrum 

corresponding to these 

wavelengths appear dark 

X-Ray 

- Fast moving electrons 

emitted from the cathode are 

suddenly decelerated inside 

the target anode 

- Electron interacts with the 

nucleus of the target metal 

- Experience acceleration due 

to attractive force between  

nucleus and electron. 

- Electron emit 

electromagnetic energy in the 

form of a photon (x-ray) 

- Due to loss of energy, 

electron leave target nucleus 

with less K.E 

- Scattered electron might 

interact with other target 

atoms, process continues 

until electron exhausts its 

supply of energy. 

Total KE of electron = max 

energy of X-ray photon 
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Characteristic X-ray 

Spectrum 

- Produced when an 

accelerated electron collides 

with an electron of target 

atom orbiting in the K-shell 

- With sufficient energy, the 

orbiting electron might be 

ejected from target atom 

- Vacancy in K-shell  

excited state 

- Vacancy can be filled by 

electron falling from higher 

shell 

- If vacancy filled by electron 

from L-shell (n=2) Kα X-ray 

- If vacancy filled by electron 

from M-shell (n=3) Kβ X-ray 

 

When accelerating potential 

V is increased, minimum 

wavelength of X-rays λmin is 

shorter, but wavelengths of 

characteristic X-rays 

remain unchanged. Intensity 

of all wavelengths increases. 

 

Wave Particle Duality 

de Broglie wavelength of 

particles: 
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Heisenberg’s Uncertainty 

Principle 

According to quantum 

mechanics, there is a definite 

limit to the accuracy of any 

measurement due to 

1) wave particle duality 

2) unavoidable interaction 

between system and 

instrument 

 The mere act of measuring 

the position of an object at 

one time makes our 

knowledge of its future 

position inaccurate. 
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Planck’s constant is a very 

small number  

uncertainties expressed in 

Heisenberg’s uncertainty 

principle are negligible in the 

macroscopic level. 

Quantum Tunnelling 

Within the potential barrier, 

wave function decreases 

exponentially. 

To the right of the potential 

barrier, 

- wave of lower amplitude 

- wave of same energy 

 indicating lower 

probability of detecting an 

electron in this region 

Transmission coefficient T: 
kdeT 2  

T = probability that 

tunnelling will occur 

Scanning Tunnelling 

Microscope 

- Used to study surfaces at 

atomic scale of about 0.2 nm 

 

1) The tip is moved over the 

surface of the material 

2) electrons at the tip of the 

probe lack energy to 

overcome the electrostatic 

forces of attraction to the 

metal ions at the tip 

 potential barrier 

3) Due to quantum 

mechanics, electrons are able 

to tunnel through the barrier 

despite having insufficient 

energy 

4) Vertical position of tip is 

kept constant 

5) Current will vary across 

the surface 

6) By monitoring the current, 

the surface contour can be 

obtained. 
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