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Physics eya 2013 (compiled by jing en) 

Pressure 

Solid Pressure 
Pressure is ratio of force to area 

p = F/A (force = weight = mass x gravity) 

Quantity Pressure Force Area 
Symbol p F A 
Unit Pa or Nm-2 N m2 
 
Air Pressure 

Atmospheric pressure at sea level is 1.01 x 10^5 Pa or 1atm 

- Gravity causes greater concentration of particles at lower parts of atmosphere 
 
Collisions of air particles against surfaces creates force/pressure 
- Rapidity of collisions gives the appearance of a uniform force 
 
Pressure due to the collisions create force perpendicular to surface 
- Increased pressure at bottom is what causes objects to “float” 
- Pressure is taken as constant over small distances in most cases 

Vacuum is the absence of air particles (no pressure) 

Air particles will always move to equalize pressure 

Liquid Pressure 
Force by static fluid on an object is always perpendicular to the surface of object. 

p =  hpg   (height x density x gravity) 

Liquid pressure at a point is caused by the weight of liquid pressing from above. 
*Take note of units: m x kgm-3 x kg-1 

Same liquid same level same pressure!  
Absolute pressure describes the actual pressure at a point (inclusive of atmospheric pressure) 

Manometer - gas 
Barometer - vacuum 

Another way to express pressure is 760mm (76cm or 0.76m) Hg = 760/1000 x 13600 x 9.8 

Pressure at a point acts in all directions with the same magnitude. 

Kinetic Model of Matter 

Brownian motion refers to irregular motion of smoke in air or pollen in water. 
Explanation for the motion: caused by bombardment of air particles. 



2 
 

Air molecules move in predictable motion and are not random because they follow Newton’s laws  

Kinetic model of matter 

Solid Liquid Gas 
Strong intermolecular force Some attractive forces Little attractive forces 
Vibrate about fixed positions Free to move within vessel Free to move at high speeds 
 
When a piece of ice melts to water, imf weakens and the molecules move at the same speed (this is dependent 
on the temperature).  
When a substance is heated without change in state, IMF stays the same and molecules move faster. 

When temperature of a substance increases, its kinetic energy increases. 
When spacing of a substance increases, its potential energy increases. 

Water has greater spacing in solid than in liquid. 

Law Relation Constant  
Boyle’s (curve 
downwards) 

P ∝ V-1 
p1v1 = p2v2 

T For gas compressed slowly (same 
temp), the frequency of the gas 
particles bouncing off the surface of the 
vessel increases due to reduced 
volume, causing an increase in pressure 
in gas. 

Charle’s (linear up) V ∝ T P For gas in an insulated (temperature 
allowed to increase) vessel with a 
frictionless (same pressure) piston, 
temperature increase results in the 
average speed of particles to increase, 
which will increase force of collision 
on the piston, pushing the piston 
outwards until gas pressure is the same 
as pressure in the surrounds. 

Gay-Lusaac’s (linear up) P ∝ T V For gas kept in an insulated vessel 
(same volume), temperature increase 
results in the average speed of 
particles to increase. This in turn 
increases both the frequency of the 
gas particles bouncing off the surface 
and the force of collisions, causing an 
increase in pressure of gas. 

 
A gas is heated in a sealed contained – the average distance between the gas particles remain constant. 
When the piston is pulled slowly upwards – temperature decreases 

pV ∝ T 

p1v1/T1 = p2v2/T2 for any fixed mass of same gas. 

Thermodynamics 

Thermocouple thermometer has a short response time and a large range. 
Voltage is proportional to the difference in temperature between the 2 junctions. 
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Assumption of physical property of thermometer: vary linearly 

[K] = [°C] + 273.15 

Temperature change is always the same in K and °C. 

Single-valued variation of volume. 

Temperature is a measure of the average KE of the molecules. 
Thermal energy is the total kinetic and potential energy of all molecules in objrect/system. 

Transfer of thermal energy, Q: Also known as heat. 
From HIGH TEMPERATURE TO LOW TEMPERATURE. 

Thermal equilibrium with surrounding temperature – no net transfer of thermal energy 

Conduction Convection Radiation 
More energetic particles transfer 
some of their Kinetic Energy to 
neighbouring molecules 

Thermal energy transferred by hot 
fluid rising and cooler fluid sinking. 

Thermal energy transfer via EM 
waves. Matter is made of particles 
with charges so thermal energy 
makes them jiggle about. When 
charged particles move like this, 
they give out electromagnetic 
radiation. Electrons move – 
changing electric field. 

Thermal conductivity is rate of 
transfer of thermal energy via 
conduction. 

When T increase, fluid particle 
become more energetic and move 
apart from each other, increasing 
its volume. This in turn decreases 
its density which leads to it rising.  
 
Flame is always at the bottom to 
set up convection currents. 

Objects at constant temperature in 
room emit and absorb infra-red 
radiation at the same rate.  No 
net change 

Movement of thermal energy 
through matter. (Nothing moves 
only energy) 

Movement of matter itself. 
(Liquid/gases movement) 

Black and dull surfaces are better 
absorbers/emitters of radiation.  

 
Initial contact is always CONDUCTION. 
Space blanket. Small pockets of air around help reduce loss of thermal energy through conduction. Cannot 
establish convection current as air is locked. 

Thermal energy is determined by the temperature regardless of amount. 

QUESTIONS 

A student states that 200 degrees Celsius is twice as hot as boiling statement. Comment on the statement. 
200 °C = 473K 
100 °C = 373C Temperature is not twice when compared in the Kelvin scale. 

Describe in terms of kinetic theory what happens when matter is at a temperature of 0K. 
The average kinetic energy of the molecules is 0 and they are stationary. 

The assumption is that the temperature is assumed to vary linearly with resistance. 

 

Heat Capacity 
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C (heat capacity) - the amount of thermal energy required to raise the temp. of a substance by 1K (or 1°C) 

c (specific heat capacity) - amount of TE to raise the temp. of 1kg (unit mass) of a substance by 1K (or 1°C) 

Q = C△θ = mc△θ = mass x specific heat capacity x change in temp. 
Cwater is high at = 4200Jkg-1K-1 

Lf (latent heat of fusion) – amount of TE required to change it from solid to liquid or vice versa without change 
in temperature 
lf (specific latent heat of fusion) – amount of TE required to change 1kg of the solid to liquid or vice versa 
without a change in temperature. 

Lv (latent heat of vapourisation) – TE required to change it from liquid to vapour state or vice versa without 
change in temperature. 
lv (specific latent heat of vapourisation) – amount of TE required to change 1kg of the liquid to vapour or vice 
versa without a change in temperature. 

Example of questions for calculations for closed system: 

 

 

 

 

 

 

Copper base: High conductivity to conduct TE from fire (hot air) and conduct it to the food. 
Black bottom: Absorb radiation from the fire to re-radiate to food (black is good radiator and emitter) 
Polished sides: Reduce losing thermal energy to surrounding via radiation by reflecting radiation back into food 
in the pan. 
Plastic handle: Low conductivity to reduce TE transferred through conduction to hand. 

Must stir because water is not a good thermal conductor. 

Place heater near bottom so convection currents will be set up and ensure temperature in the room is more 
even/increase thermal energy transfer. 

Air and water has low thermal conductivity. 

Vacuum – prevent thermal energy transmission through conduction and convection between the glass walls. 

Static Electricity 

Neutral objects always attract positively charged objects. 

Ionization 
Heating the air causes the surrounding air particles to be ionized forming a large pool of free positive ion. These 
positive ions will be attracted towards the negative charges on the film. The negative charges from the film will 
be attracted to and transferred to the positive ions and the negative charges built up on the film will be 
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neutralized. 
The hot gases in the flame (fire) are ionized. Electrons jump out from the fire as the thermal energy is high. 
Positive rod attracts the electrons and is neutralized. 

Electrons in insulator are not as free to move within objects like in metals but when in contact with another 
object, the surface atoms will lose/gain electrons. 

How to answer questions 

Charged objects attract neutral objects due to polarization. 

Positive charged rod will attract the surface electrons on the neutrally charged cereal causing the surface of the 
cereals nearer to the rod to be negatively charged (polarization) 

As the distance between positive charges on the rod is closer to the electrons on the surface of the cereal 
compared to its positively charged nucleus, the force of attraction between the positively charged rod and the 
electrons on the surface of the cereal is greater than the repulsion between the positively charged rod and the 
nuclei of the cereal. Hence there is a net force of attraction between rod and cereal. 

Current of Electricity 

Current cannot be used up (electrons are not depleted) but electrical energy (energy possessed by electrons) 
that is used up/dissipated as thermal and light energy. 

Circuit symbols and apparatus 

 

 

 

 

Term Description Symbol Unit 
Electromotive force Electrical energy supplied in driving a unit 

charge round a circuit. 
E Volt, V, JC-1 

Potential difference Electrical energy dissipated between per unit 
charge between 2 points 

V Volt, V, JC-1 

Potential Electrostatic potential energy possessed per 
unit charge at a point 

V Volt, V, JC-1 

Current Rate of flow of electric charge I Ampere, A, Cs-1 
Resistance Ratio of potential difference across a 

component to the current flowing through it 
R Ohms, Ω 

Power Energy supplied/dissipated per unit time P Watts, W, Js-1 
 

Resistors in series 
There is more resistance, les current because it has 3 bottlenecks (lightbulbs), harder for electrons to pass 
through. 
IA = IB = IC = ID (Current is the same throughout) 
E = V1 + V2 + V3 
Reff = R1 + R2 + R3 
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Resistors in parallel 
There is less resistance because there are more pathways to the battery. More current. 
Iw = Ix + Iy + Iz 
E = V1 = V2 = V3 
Reff = (1/R1 + 1/R2 + 1/R3)-1 

Potential divider principal 
Big monster eat more  (Greater resistance, greater potential difference) 

Resistance of wire R = pl/A = resistivity value of material x length / area 
Connecting wires are assumed to have negligible resistance. 

Jockey is used to connect to the resistance wire at different points between A and B. 

Brightness of bulb is determined by power dissipated P = IV 

Light-dependent resistor 
(LDR) 

Made of semiconductor like silicon.  
Dark: Silicon has fewer electrons that are mobile, so conductivity is lower. 
Light: Light energy causes more electrons to move freely, so the resistor 
becomes more conducting. 

Thermistors Semiconductors too. 
Raising the temperature off a semiconductor increases the number of 
electrons able to move about and carry charge. 

 

I =  q (c)/t (s)  V = w (J/s) / q (c)  E = q(c) x V(J/c) 
Power = VI = E (J) /t (s) Energy = VIt = Power x time  Q = I(c/s) x time 
 
Practical Electricity 

Dangers of electricity 
Damaged insulation - Exposed live wire causes electric shocks 
Overheating of cables – Too large a current flow in the conducting wire results in a short circuit or 
overloading 
Wet/Damp conditions – Water conducts electricity. When live wire is exposed to water, a large current will 
flow through the body which may cause a person to be electrocuted. 

Safe use of electricity at home 
Fuse: To prevent excessive current flow through appliance 
Switch: To complete or break an electric circuit 
Plug and socket:  
- Live wire (brown) allows electric current from source to reach the appliance 
- Neutral wire (blue) allows the same current to return to the source and complete the circuit 
- The earth wire (green/yellow) protects us from being electrocuted by diverting the current from the live wire 
to the ground 
Circuit breakers: Prevents excessive current flow through the circuit/detects small leakage of current in the 
earth wire 
Double insulation:  
First layer to insulate electric cable from the internal components of the appliance 
Second layer to insulate the internal components from the external casing 

The fuse is always connected on the live wire. 
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The first 2 fuses melt, indicating that the current in the circuit is larger than expected. This is usually due to a 
fault in the electrical circuit (possibly having the live wire touching the metal casing). If a third fuse with a 
higher rating is used, the circuit will work but the fault is not corrected. As the current is still larger than 
expected, this could result in overheating of the wires. 

Magnetism and Electromagnetism 

Domain theory 

A domain is a cluster of billions of atomic magnets which are pointing in the same direction. 

Magnets: Domains pointing in the same direction 
Poles of neighbouring domains neutralize each other’s effects, except at the 2 ends. 
Non-magnetic materials: electron motions are such that magnetic effects cancel each other out, domains are 
not in alignment. 

Only repulsion can confirm that an object is a magnet. 

The magnet is strongest at ends. Areas of stronger field represented by more closely spaed lines. 

(Draw magnetic field lines) 

 

 

 

 

Poles are named in relation to presence of Earth’s field.  
North pole of suspended magnet points to geographic north pole (actually south magnetic pole). 

Methods to magnetize 

Magnetisation as domains become more aligned. 

Hard ferromagnet magnetization (Steel) Soft ferromagnet magnetization (Iron) 
Stroking: The end last stroked by the magnet will 
acquire opposite pole. 

Induction: Presence of an external magnetic field 
causes the domains of iron to be aligned. 

Direct current: Put it inside the solenoid  
 
2 plates can be placed easily together with metal plate in between as shielding. 

Drawing: 

 
Electromagnet gains strength with soft ferromagnetic core. 
 Magnetic domains in the iron core are induced into alignment, adding to the field 

Magnitude of induced current increases when: 
- Magnet moves at faster speed in/out of coil 
- Stronger magnet 
- Greater number of turns of coil 
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Methods to demagnetize 
Tiny magnets lose their alignment. 

Heat, impact 
Alternating current: Placing a magnet in a solenoid connected to an alternating current and then withdrawing 
it. 

Steel and iron cannot be a magnet by itself, only becomes one when induced. 

Shielding 

Ferromagnetic materials provide a path for the magnetic field lines. 
Perfect shielding creates space with no magnetic field. 
- Magnetic lines of force are made to pass through magnetic materials like iron 
 No magnetic effect at certain regions near magnet 

Flemming’s Left-hand rule 

Force on moving charge causes it to move in circular motion, occurs when net force is always perpendicular to 
motion. 

Current carrying wire in magnetic field experiences a force. 
Conventional current: Flow of positive charge 

Electrons are lighter than protons and will experience more deflection. 

Current must be perpendicular to the magnetic field to create a force. 

Soft ferromagnet - Iron Hard ferromagnet – steel 
Gain/lose magnetism easily and quickly Difficult to gain/lose magnetism quickly 
Induced magnetism is stronger Induced magnetism is relatively weaker 
Loses all induced magnetism when inducing magnet is 
removed 

Retains some magnetism when inducing magnet is 
removed 

Used as core of electromagnet Used to make permanent magnets 
Magnetic strength depends on magnitude of electric 
current flowing through it: magnetic relays, electric 
bells 

Does not depend on magnitude of electric current e.g. 
compass, motor, microphones 

 
Increase EMF when: 
1. Move faster 
2. Stronger magnet 
3. Larger coil 
4. More coil/more turns in solenoid 

Fleming’s left hand rule – FIND FORCE 
Fleming’s right hand rule – FIND CURRENT 
Right hand grip rule – CURRENT AND MAGNETIC FIELD 

The source of all magnetism is moving electric charge. 
An iron rod becomes magnetic when the net spins of its electrons are in the same direction. 
The field surrounding every moving electron is both electric and magnetic. 
Magnetism is due to the motion of electrons as they move around the nucleus and spin on their axis. 

The pair of forces comprises of a single interaction. Both equal in magnitude. 
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How to answer questions 

Thus A would attract the north end of the compass as unlike poles attract and will produce the result in (b). 

Compass needle rotates anti-clockwise and points to the west. 

Fleming’s left hand rule states that when the direction of the magnetic field is perpendicular to the direction of 
conventional current flow in the wire ___, a force will act on the wire. This force produced must be 
perpendicular to both the directions of magnetic field and current flow. 

Electromagnetic Induction 

 
 
 
 
 
Magnitude 
rate of flux change = change in flux/change in time 
Direction 
Right hand grip rule 
 
Transformer 
Cut magnetic field 

 
 
 
 
 
Magnitude 
rate of flux cut = change in flux/change in time 
Direction 
Fleming’s right hand rule 
 
 
Change magnetic flux linkage 

A.C. Generator 
Closed loop has EMI and current. Open loop has EMI but no current. 
B-field is perpendicular to the face of loop. 

The direction that galvanometer is deflected is opposite of the direction the anmeter is deflected (induced emf 
is always in a direction to oppose the change causing it) 

Faraday’s Law  
emf = N x change in magnetic flux / t 
Magnitude of the induced e.m.f. is directly proportional to the rate of change of magnetic flux-linkage. 
Flux-linkage = magnetic field strength x area of coil x number of coils 

Len’s law 

Loop Rod 

Magnetic field lines are in concentric 
circles around a current-carrying wire. 
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The direction of the induced e.m.f. is such that it  
produces an effect which opposes the flux change  
causing it. 

Changing magnetic field = induced e.m.f.  
does not equal to induced current. 

Presence of cutting 

Magnetic field: B 
Magnetic flux: B x area 
Magnetic flux linkage: no. of coils x B x area 

AC & DC Generators 

AC Generator DC Generator 
Slip rings to prevent wires from getting entangled 
when the coil rotates continuously in the same 
direction 

Split rings change current direction every half a 
revolution so that the torque/moment is in the same 
direction 

Motion  Electricity (emf/current) Current  (to produce) force 

 
 

Induced e.m.f. can be increased by: 
- Increasing frequency of rotation of coil 
- Increasing number of turns of coil 
- Using stronger magnets 
- Placing a soft iron core into the coil to increase the 
magnetic field strength 

The orientation of the coil when moment is maximum 
is when it’s horizontal. Continues turning via inertia 
during the break between the split rings (no current 
flowing). Moment = force x perpendicular distance to 
pivot. 

When the speed of rotation is doubled, more energy is 
converted into electrical energy (more V). As speed of 
rotation increases, the frequency of output pd 
increases and the value of output pd increases too. 

There will be a short circuit if carbon brushes touch 
both halves of the split ring because the voltage across 
the split rings is zero. There will be no current in the 
coil and large current flows in the external circuit may 
cause overheating. 

More turns on the secondary coil than on the primary 
coil – increase in V but not frequency 

When the split-ring commutator is used, the direction 
of the flow of current relative to the coil is reversed 
every 180 degrees. This ensures that the force of the 
left side of the coil is always upwards and the force on 
the right side of the coil is always downwards. 
 

 

Transformers 
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Power transmission at high voltages to reduce energy losses in cables.  

High voltage allows low current in cables to reduce  
energy losses (Use P = I^2R) 

Transformers change magnitude of alternating e.m.f. 

- Alternating current in primary coil produce 
changing magnetic field in iron core inducing 
alternating e.m.f. in secondary coil 

- Number of turns determine step up or down 
- Iron core concentrates the magnetic flux linkage 

Liquid nitrogen – low resistance – large current – large 
magnetic field – large force of repulsion 

Copper wire: low resistance – high current – high opposing 

How to answer 

1. What is causing the change in magnetic field (or more accurately magnetic flux linkage) through the 
loop/solenoid/plate 

2. Quote Faraday’s law to say EMF is induced in the 
3. Then quote Lenz’s law to state the direction of emf induced 
4. If it is a closed circuit/loop say that induced current flows to oppose change/motion 

How to reverse the force? Reverse the magnetic field or current. 

When the cardboard tunnel is replaced by an iron tunnel, the galvanometer deflection will be greater. 

When the tuning fork vibrates, a sound wave travels towards the disc. Sound waves are longitudinal waves, and 
the molecules of air vibrate left and right. Energy from the sound wave is transferred to the disc, causing it to 
vibrate left and right as well. When the disc vibrates left and right, the magnet moves in and out of the fixed coil, 
causing a change in the magnetic flux linkage with the coil and an induced e.m.f is set up due to Faraday’s Laws 
of Electromagnetic Induction. Since the magnet is moving in and out, the direction of the induced current 
changes as well, resulting in an alternating e.m.f. 

Greater loudness results in a greater amplitude of oscillation of the air molecules and the disc, resulting in an 
e.m.f. of a larger amplitude being produced. (Frequency remains the same due to same pitch) 

From exam papers: 
Electric field shows force on positive test charge 


