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AS Physics — Revision Notes
Unit 2 — Electricity And Thermal Physics

Electricity
1. Electric current isthe rate of flow of charge:
Q=lIt
2. Current originates in the movement of charged particles— usually electrons around a circuit:
a. Inaconductor, free electrons drift in a negative to positive direction under the influence
of an external emf (electromotive force).
b. Inaninsulator no current can flow, asthere are no free electrons (most non-metals).
c. A semiconductor will produce limited numbers of electrons.
3. A potentia differencein acircuit isthe difference in voltage between two points
4. Ohm'slaw:
V =IR
5. For afilament bulb, increasing the voltage across the bulb will increase the resistance of the bulb,
as the temperature of the filament increases.
6. Kirchoff'slawsfor electric circuits:
a. Thealgebraic sum of the currents meeting at any point in acircuit is zero.
b. In aclosed electric circuit, the algebraic sum of voltages in each part of the circuit is
equal to the algebraic sum of the emfsin the circuit.
7. All batteries have an inbuilt internal resistance due to the chemical processes taking place:

V,=E-Ir
8. The maximum power from a battery is obtained when the load resistance, R, is equal to the internal
resistance, r.
9. For thedrift velocity of electrons:
| =nAve
10. Wherer istheresistivity of the material, with units W, then:
R=r L
a

11. A potentia divider is basicdly a division of a potential difference in a circuit. The ratio of pds
across resistors connected in seriesto apd is equal to the ratio of resistances:
Rl — Vl
RV,
12. Theresistance of athermistor will decrease with increasing temperature.

13. Theresistance of an LDR (light dependant resistor) will decrease with increasing light intensity.
14. There are three power formulae:

P=VI
VZ
R

P=1°R

15. A voltage isthe number of joules that are converted into another energy form for every coulomb of
charge supplied to the circuit.

16. There are aternative unitsfor current and voltage:

a Current=Cs™.

b. Voltage=JC™
17. For resistorsin series:

Rr =R +R, + Ry +...+ R,

18. For resistorsin parallel:

1 1 1 1 1
= 4 4+

Rr R R R R,
19. Thechangein resistivity in a materia is proportional to the change in temperature. Where a is the
temperature coefficient of resistivity for the material with units K™ then:

RimRo_aq
Ro

20. Metals will have positive values for a, because the resistance increases for an increase in
temperature.
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21. Theresistance of non-metals and semiconductors will decrease for an increase in temperature, and

so a will be negative. Thisis called a negative temperature coefficient of resigtivity.

22. For a semiconductor diode, the resistance will be close to infinity for a negative current, and will

become close to zero for a positive current. The point a which the resistance changes from very
high to very low will be the turning point on the graph, and is the knee voltage.

Thermal Physics

1

2.

3.

The heat capacity of an object is the energy needed to produce a temperature rise of 1K in the
object.
The specific heat capacity of a substance isthe thermal energy needed to raise 1kg of the substance
by atemperature of 1K.
Energy can be calculated using:
E = meDT
To measure the specific heat capacity of an aluminium block:
Have two holesin the block — one for athermometer, and one for an emersion heater.
Measure the voltage and current through the heater to give the power.
Measure the mass of the block.
Measure the temperature rise in the block, and the time taken for that temperature rise.
Use arange of temperature rises and times to plot a graph.
Vit Vvl dT
mDT m’ dt
The latent heat of fusion is the energy required to convert 1kg of a substance in its solid phase to
1kg of the substance in itsliquid phase at its melting point.
The latent heat of vaporisation is the energy required to convert 1kg of a substance in its liquid
phase to 1kg of the substance in its gaseous phase at its boiling point.
Energy in a state change can be calculated using:
E=mL

Hydraulic systems can be used to multiply forces, as liquids will transmit pressure. A small areais
used to give a pressure to the liquid, which will be transferred over a larger area to give a greater
force than was applied to begin with.
The three gas laws link temperature, pressure and volume in a gas:

a Boyle's Law — For a fixed mass of gas at constant temperature, the product of pressure

and volumeis constant, i.e. PV, = RV,

b. Charles Law — For a fixed mass of gas at constant pressure, the volume is directly

Poo T

—

Fromthis, c=

. .V V.
proportional to the temperature, i.e. —% = —2 .
L T
c. The Pressure Law — For afixed mass of gas at constant volume, the pressure is directly
: ; Pl P2
proportional to the temperature, i.e. — =—=.
T

10. Todemonstrate Boyle's Law:

a A fixed mass of gasis trapped in a glass cylinder surrounded by water kept at a constant
temperature.

b. Thisis connected to alarger gas container, with a pressure gauge, and between the two

will be il to transmit the pressure.

Air from apump isforced into the container to increase the pressure.

Timeisalowed for the system to settle.

e. Readings of pressure and volume (from a scale) are taken and plotted on a graph of P
against V™. Thiswill belinear.

o0

11. Todemonstrate the Pressure Law:

a. A large glass sphere containing a fixed mass of gas is submerged in water. A thin glass
tube connects this to a pressure gauge.

b. Thewater is heated usng an emersion heater.

c. Timeisalowed for the system to settle.

d. Readings of temperature and pressure are taken and plotted on a graph of P againgt T. this
will belinear.

12. Theideal gas equation, where the universal gas constant is R = 8.31 Jmol 'K ™:

PV =nRT
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

There are anumber of different types of thermometer:
a A mercury thermometer is simple and cheap, but fragile and not suitable for small

Ly - Lo
guantities— T—— 100.
I-O

b. A resistance thermometer is accurate, reliable, has awide range, and is suitable for small

temperature differences, but is slow, and bad for small quantities— T = M 100.
100 ~
c. A constant volume thermometer is accurate, gives an absol ute scale and has a wide range,
but is bulky, slow and inconvenient.
d. A thermistor is easy to use, but needsto be calibrated and is not very accurate.
e. A thermocouple can measure small differences and quantities, has a wide range, and is
very fast and accurate, but signal amplification is needed.
The kinetic theory of gases states that where <c?> is the mean square velocity of the molecules, p
isthe pressure of the gas, and r isthe density of the gas:

p=4ir<c®>

The following assumptions are made in the kinetic theory of gases:
Anideal gas obeystheidea gas equation (there is no such thing as an ideal gas).
The energy of the particlesin thegasisall KE.
All particles are identical, and interact elasticaly.
All particles move randomly and in straight lines.
There are amany particles, and their sizeis small compared with their separation.
The gaswill not liquefy — it iswell above its critical temperature.
The dlstrl bution of molecular speedsin anideal gasis approximately normal, but will pass through
the origin and be asymptotic towards the ‘x-axis' for high speeds. Increasing the temperature will
cause the curve to shift to the right and downwards.
Kinetic energy is given as follows, where k is Boltzman's constant (1.38 © 1072 JK™):
KE =2KkT
The First Law of Thermodynamics states that the increase in internal energy of a system isthe sum
of the work done on the system and the energy supplied thermaly to the system, i.e.
DQ=DU +DW::
a. DQ isthe heat energy supplied to the system.
b. DU istheinternal energy of the system, and is the sum of the KE and PE of every particle
in the gas (for ideal gases, PE =0, so DU = KE).
c. DWisthework done by the gas on its surroundings. If a gas expands and pushes a piston
out by x metres, then DW =P~ A" x (P isthe pressure of the gas, A isthe piston area).
A heat engineisany device for converting heat into work, i.e. by doing work on its surroundings:
a. Energyistransferred from ahot source to a cold sink through the heat engine.
b. The heat engine converts some of thisthermal energy into mechanical energy.
c. Some heat must always be lost to the cold sink as wasted heat though, and so this process
is never perfect.
A thermocoupl e converts thermal energy into electrical energy:
a.  Anemf is produced depending on the difference between the hot and the cold object.
b. Two wires of different metals are junctioned together at cold source and the hot source.
c. Work istransferred to the circuit, in moving charges.
d. Wasted energy will heat up the cold sink.
If Q, isthe energy put into the heat engine from an object at temperature t;, and Q; is the wasted
energy put into an object at temperature t,, then:
Q-Q _t4-5
1 tl
The efficiency depends on the temperature difference, so 100% efficiency is impossible, as t,
would have to be at absolute zero.
A heat pump (e.g. afridge) will take an input of energy into the engine, and extract heat from one
object into another. For afridge, electrical energy is used to extract heat from the interior, and gject
it into the surroundings — so more energy is given to the surroundings than is put in eectrically!
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Efficiency =



