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Circuit Diagrams

Series circuits:

Note:

obeys the law of conservation of charge.

+ The total potential difference input is equal to
the sum of the potential differences across the

Energy.

Parallel circuits:

Mote:

»  The total current input
is equal to the current
through each branch of
the circuit. This obeys the

Current and Charge Mean Drift Velocity

A current flowing thraugh a conductor means thera
are charged particles moving throwgh it. The current is
defined as the rate of flow of charge.

_
T

Using 5.1 units this will give a current in A which i
equivalent o Cs'.

+ The current is equal at every point in the circuit. This

Current can be caloulated using the following equation:

Charge:

Paricles can be newtral, positively of negatively charged.
The unit of charge i the Coulomb [C).

If an object is charged it has gained or lost electrons.
A positively charged object has lost electrons and a
negatively charged object has gained electrons.

An electron has a very small charge, 1.6 x 107°C
[given in the data booklet), therefore a charge of 1C IS
equivalent to:
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components. This obeys the law of conservation of

law of conservation of
charge.
» The potential difference

Potential Difference

Patential difference is the energy transferred from
electrical energy 1o another form for each unit of
charge that passes. Itis measured in colts where,
1W=1)C

W= work done —_ W= VO

in joules (J)

The potential difference across a component is 1 volt when 1
coulomb of charge does 1 joule of work to pass through the component.

1V =1)c

V = potential difference
in volts (V)

.

Q = charge in coulombs (C)
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When a porent ial difference is E|:l|.'|||EIJ across a wire the
alactrons will move a distance !alcng thee wire in a certain

time. This can be used 1o calculare the drift velocity of the
Electrons.

Remember, rearranging the egquation for velocity will give the
displacement [ as vi.

The following steps can be used 1o derivate the equation
above.

Step 1: calculate the wolume of the cylindrical wire.
Folume = 4 = vt

Step 2: calculate the number of free electrons in the wire.
Number of free electrons = n x vt

Whera R = the number of free electrons per m.

Step 3: calculate the motal charge
Charge (= ndvix e

Where & is the charge of 1 electron (= 1.6 x 10°°C.)
Step 4 calculare the current (1)

A rAvte

= ndve

across each component e

is equal. This obeys the
law of conservation of
Energy.

Conservation of charge:

per second through the circuit is constant.

A= current is the rate of flow of charge, the total current
through a circuit must be constant as the total charge

Resistance and Resistivity

Resistance is caused by collishons between the free electrons
and the ions in the conductor, These collisions cause some
energy to transfer from the electrons to the ions in the form of

heat energy.

Power:

Electrical power can be calculated using the following equations:

i
R

Power s the energy transferrad per second in s o Watts (W),

Resistivity:

o
B!

The resistance of a wire is detérmined by these factors; the
length {7}, the cross-sectional area [A) and the resistivity of the

tor each different material.

rnaterial {g). The resistivity i£ measured in Om and is a constant

pl
T
The resistance can be calculated using this equation

R

Remember:
Calculate the area correctly, if it has a dircular oross section, use

i
the equation A = Id

Be consistent with units, convert (o meters before caloulating to
ensuire the area is in mre.
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Types of Conductor

Ohm's Law:

Ohm's law states that the potential difference across
a component is directly proportional to the current
through it, under constant physical conditions.

This can be expressed using the equation V=IR
Where R is the resistance in Ohms (£2).

Effect of Temperature:
As temperature increases, resistance increases linearly.

This heat energy causes R
the ions to vibrate more

and therefore will cause

more frequent collisions
between the ions and

electrons, increasing the
resistance.

T/°C

Superconductivity:

If you were to cool a metal, the resistance would decrease
and following a linear pattern would reach 00 at -273°C or
OK. For maost metals this is not the case.

When cooled the metal R
will reach its transition
temperature, where

its resistance drops

quickly to 002. This

is superconductivity.

For some metals this

|—V Characteristics

I-V graphs:
Investigating Ohm's law with different components will

give you these graphs. It is important to remember the
shape of each graph.

Resistor or wire
(AL a constant temperature)

Filament lamp

1 I

Constant resistance =
abeys Ohms law

Resistance incraases
at higher valtages

Doesn't abey Ohms law
because the temperature of
the lamp changes.

The resistance of each component at any point on the
graph can be calculated using the gradient of the curve.

. 1
gradient = =

t TIK

temperature is a few -
Transition temperature

degrees above 0K, but
for others liquid nitrogen can be used to cool the material
enough to be superconducting. This is very useful in MRI
scanners or particle accelerators as very high currents
can flow without any losses due to the heating effect of
resistance.

Conservation of Charge

Kirchhoff’s first law

The total current entering a junction = the total current leaving it.

Kirchhoff’s second law:

The total e.m.f. around a series circuit =
the sum of the p.d.s across each component.

This is Kirchhoff’s second law in symbols:

e=ZXIR

Nl

{5

This symbol means “sum of!

Electromotive force (e.m.f.) and internal resistance

The total amount of work the battery does on each coulomb of charge is
called its electromotive force or e.m.f. (). Be careful —e.m.f. isn't actually a
force. It's measured in volts.

£ = electromotive force

W — work done mr"-\ W0 (e.m.f.) in volts (V)

joules (J) ®_ Q = charge in coulombs (C)

Conservation of energy tells us for any electrical circuit:

energy per
coulomb supplied =

by the source

energy per coulomb energy per
transferred in load + coulomb wasted in
resistance internal resistance

You'll get this equation for e.m.f. in the data and formulae booklet in the exam:

£ = electromotive force \ ’/— R = load resistance in ohms ((2)
(e.m.f.) in volts (V) e=I(R+r)
W r = internal resistance

I = current in amperes (A) in ohms (1)

Expanding the brackets of this equation gives: ==IR+Ir
Then using the equation V = IR, you can substitute V' and v for IR and Ir...

V = terminal p.d. in volts (V) ~ e ¥ Vi
£= v
w_ v =lost volts in volts (V)
Rearranging the equation gives the equation for terminal p.d...
V=e—v

And re-substituting v for Ir gives...
e=V+lIr
E.m.f. in series

Epotal — €1 T &2 + E3 + ...

E.m.f. in parallel

= =£
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The Potential Divider Potentiometers

Potential dividers: Potentiometers

Potential divider circuits are used A potentiometer has a variable resistor replacing R, and R, of the potential
when a certain output potential divider (see Figure 5), but it uses the same idea. You move a slider or turn a
difference is required. knob to adjust the relative sizes of R, and R,, which is useful when you want
to change a voltage continuously, like in the volume control of a stereo.

o Usinga slider, R; can be - mEﬁ o0

increased or decreased, which
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The equation to calculate the output
voltage is:

v I ]"ru.'.-'r] R
o —

= — R
Vioear U Vin 1 Reaeas Vi i L changes the voltage out and " y
—_— .
T R, t effectively changes R..
Where Vis the output voltage across the resistor R, in the Vi A Y
example above R,. : A+
These circuits often contain thermistors or LDRs andias such the . - .
total resistance can change. Remember V., doesn't change, so Figure 5: A potentiometer.
if the resistance changes the current will alse change.
: : c 2
V, = p.d. across resistor 1 (in V) ~ g~ R, = resistance of resistor 1 (in §2) Req ul red Pra cti Cal 4 N
y_n

V, = p.d. across resistor 2 (in V) — vk i~ R, = resistance of resistor 2 (in {2) .
Light and temperature sensors e

A light-dependent resistor (see p.160) has a very high resistance %" 280

Domestic EIectricity in the d.ark, bL-,lt a lower resistance in the light. An NTC therm[st_or (page 16.0J [ﬂ[i‘-fl.ﬂ';’lgfl | e
has a high resistance at low temperatures, but a much lower resistance at high FNERG ENERGE e
To work out the cost of electricity you need to know how much you've used temperatures (it varies in the opposite way to a normal resistor and to a much

iL” U”it::) and ”E’e Price C;Lea_Ch unit. Then it's a simple matter of multiplying greater extent). By using one of these components in a potential divider, your &
ese o humbers fopether: Ve can vary with light or heat, so it works as a light or heat sensor. 1 4

Cost = Number of units x Price per unit

EXr3
1551 54 | 38 a8

2071041060
Charges for this period
Previous Latest Total -
Electricity used 29 125 29 605 480 Figure 3: Energy efficiency
Unit charge 10.25p labelling, used for domestic
Total for this period £49.20 appliances within the EU.

The electricity used is given in units (kWh) on an electricity bill.
The ‘previous” value is the reading from the electricity meter in the
customer’s house from the last time they were billed.

The ‘latest” value is what the electricity meter currently says.

The total is the difference between the previous and latest values
— i.e. the total electricity used in this time.

The unit charge is the price of one unit of electricity.

The total cost is found by multiplying the number of units used by the F;gure 3:‘ A he&t sSensor C”’CL”I_

price per unit — 480 x 10.25 = 4920 p or £49.20.




