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Electrical charge carriers and electric fields

Electric charge

Electric charge is either positive or negative. Negative charge is made up of
electrons and it is electrons which flow through a conductor when a current
flows. In a conductor, there are electrons free to move. The more charge
flows around the circuit the larger is the current.

conductor
electrons

+

Like charges (positive and positive or negative and negative) repel one another.
Unlike charges (positive and negative) attract one another. Electrons flow from the
negative terminal to the positive terminal. The potential difference or voltage which
causes the flow of electrons is usually provided by a battery, cell or power supply.
The current in a circuit is a measure of the rate l

of flow of charge through it. Ammeters are |
always placed in series or in line with a
component. It does not matter if the ammeter is

before or after the component’zthe current is the
same.

The charge flowing in a circuit can be calculated using the formula below.

flow of electrons -

A

charge = current 2 time Q =1t

where Q = charge measured in coulombs (C)
| = current measured in amperes (A)
t = time measured in seconds (S)
Worked example
A charge of 20 C passes through a circuit in 5 seconds. Calculate the current in
the circuit.

charge = current? time
Q =1t
20 =135
- 20
5
=4 A

N
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Current can be either direct current (d.c.) or alternating current (a.c.). A d.c.
supply has one continuous, steady current flowing in one direction only. In an a.c.
supply the current constantly changes its value and changes direction flowing first
one way then the other. The oscilloscope traces below what would be seen if
connected to each type.

An a.c. supply A d.c. supply

A d.c. supply would be from a cell or battery. An a.c. supply would be from a mains
socket. Mains electricity is at a voltage of 230 V and a frequency of 50 Hz.

Electric Fields

Around any charged object there is an electric field or area in which an electric
charge will experience a force. Electric fields are invisible but can be made
visible using simple techniques.

An electrode at a high

voltage can be placed in a

dish of oil. Sprinkling the oil "Q\
surface with semolina =, ~
powder or grass seeds will _ \
make the field lines visible.
These line up along the
electric field lines so
making them visible.

» T -

" ’f

The diagrams below show the shape of two electric fields. The spacing of the field
lines indicates the strength of the fieldd where the lines are closer together the
field is stronger.
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Electric field around a positive charge Electric field between two parallel plates

T
i N . i

+ . i

The field lines always point in the direction in which a positive charge would move.

Potential difference (voltage)
The energy for electrons to flow around a circuit comes from a voltage or potential
difference provided by a power supply. Electrons will flow towards the positive
connection of the power supply and away from the negative connection. The size of
the potential difference or voltage is a measure of the energy given to|the electrons.
Electrons loose energy as they flow through a I

component i it is changed into other forms such as |
heat or light. The energy lost by the charge (the
voltage) is measured by connecting a voltmeter
across either side of the component. The voltmete
in the circuit opposite will measure the voltage
across the lamp.

Circuits and Ohmdés Law
Symbols are used to represent components in electrical circuits. Some of these
are shown below.

switch linked wires cell
_——

| lamp fuse

+ | —
d —
voltmeter : ammeter : ohmmeter C

variable

resistor . motor
I:I resistor ( )
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The resistance of an electrical circuit can be investigated using a voltmeter and
ammeter. They are connected as shown in the circuit below.

The voltage across the resistor and the
current through it are measured for a
range of voltages. The value of the

resistor is the voltage divided by the
current.

Le. T will give a constant value equivalent to the resistance of the circuit.

Thus voltage, current and resistance are related in the following formula:
voltage = current 3 resistance V = IR
= voltage measured in volts (V)

current measured in amperes (A)
resistance measured in ohms (W)

where \%
| =
R =
Worked example

A 12 V supply is connected to lamp which draws a current of 0-5 A. Calculate the
resistance of the lamp.

voltage = current® resistance
V = 1R
12 =03B3R
R =2
0]¢)
= 24w
If a graph of voltage »
against current is plotted, pd
it will be a straight line 7
through the origin. This is yoltage
because the current is 7
directly proportional to A
the voltage for a fixed
resistance. Doubling the v
voltage across a resistor e
will double the current
flowing through it. v
/
v
0
current
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An ohmmeter can also be used to measure the resistance of a resistor directly but
it must be disconnected from any circuit before this can be done.

The resistance of a length of wire will depend upon several factors. The size of
the resistance will depend upon:
1 what material the wire is made from;
1 the length of the wire’2the longer it is the more its resistance;
9 its cross sectional area (thickness)%z the thinner the wire the more its
resistance;
1 its temperature¥zthe hotter the wire the higher its resistance.

Series and parallel circuits
Circuits can be series or parallel or a combination of the two.

o _ 1
In a series circuit there is only one ]
path through the components and
back to the cell or battery.

Q)

In a parallel circuit there are two

or more paths around the .
circuit. There is at least one %
point in the circuit where there

is a choice of paths.

Series Circuits
In the series circuit below the current is the same through all components. The
readings on ammeters A1 and A2 will be the same.

The supply voltage, V
thus V

supplys IS Split between the components in the circuit

supply = V1, ¥ V2 + Vs, Vsuppl
upply

@) ()
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Parallel Circuits
In the parallel circuit below the voltage is the same across all components i.e. it
will be the same as the supply voltage.

The current leaving the supply, lio4. is Split between the components in the
circuit
thus Ig, =y, + 1+ 3.

pply 1 2 3
(V)
—/

< 1 «
'

1
jos
1
jos
1

U

Resistors in Series and Parallel
Often two or more resistors are connected together in a circuit. This can either be in
series or in parallel.

When adding resistors in series, the total
as if the length of a piece of resistance wire was being made longer. When adding
resistors in series use the formula:

Riotal = R1 + Ry + R3

The three resistors in the circuit opposite
will have a total resistance of 110 W
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When adding resistors in parallel, the total resistance of the circuit always

decreases its as if a piece of resistance

resistance will always be less than the smallest resistance in the circuit.

When adding resistors in parallel use the formula:

1 1 1 1
= 4+ — +_—

Riotal R1 Ry Rj

1
The three resistors in the circuit opposite o
will have a total resistance of 10 W

60
Heredéds how itos calculo-a—(—e—d—é

1 1. 1 1

- 4+ 4+
Riotat R1 Rz R3 30 q
1111 —r 13—
Riotag 60 30 20
1 N ; . 20q
=0M167+0M33+0WM5 —:—
Rtotal
1 _oa
Rtotal
1
Rtotalzﬁ
RtotaI::I-oq

Voltage Dividers
Potential or voltage dividers are used to split a voltage. The voltage across any
single resistor depends upon what proportion its resistance is of the total

resistance of the circuit. Suppose we want to find the voltage across the two
resistors in the circuit shown below.

+12 'V _t
R2 = 20 wW V2
R,=10W VA

oV T
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The 12 V supply voltage will divide in proportion between the 10 Wand 20 W
resistors. The voltage across each resistor can be calculated as follows.

Total resistance of circuit=20 W+ 10 W = 30 W.

=_"_3 =_"_3
so, \ 20 12 and V2 30 12
=4V =8V
. : & R, 0@
This can be put into a general formula V; = % 8% Vaupply
¢ + R2 =

Electronic Circuits

Electronic components

Electronic circuits consist of an input, a process and an output e.g. a
calculator has a keyboard as the input, a microprocessor carries out
the process part and the liquid crystal display is the output.

Symbols are used to represent electronic components. Some of these are shown below.

capacitor thermistor f

light dependent \
resistor (LDR)

diode 4 Dl

Light emitting / /" photovoltaic\\
diode (LED) 4+ Dl cell 10\
L/

+
motor C loudspeaker
NPN transistor collector MOSEET
base I: transistor |J dd drain
emitter gd_gate :j’

sd source
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Capacitor:- these store electric charge and are often used in time delay circuits.
When uncharged the voltage across a capacitor will be 0 V rising to the same
voltage as the supply when fully charged.

The circuit below can be used to charge a capacitor.

supply voltage \ switch

resistor

capacitor :l: @
V

When the switch is closed the voltage across the capacitor will slowly increase.
The time it takes for a capacitor to charge up depends upon the size of the
capacitor and the size of the resistor. The larger they both are, the longer it
takes for the capacitor to charge.

0

Thermistor:- a thermistor is a device which changes its resistance with
temperature. Its resistance can decrease or increase with a rise in temperature
but the commonest thermistors decrease their resistance as temperatures
increase.

Light dependent resistors (LDR):- the resistance of an LDR alters as the light
falling on it changes. Increasing the light level decreases the resistance.

Diode:- a diode only allows current to flow through it in one direction. The
negative side of the diode must be connected to the negative of the power supply
for it to conduct.

Light Emitting Diode (LED):- an LED converts electrical energy into light energy. It

works from a low voltage using a small current. It will only operate in a circuit if

connected the right way round i.e. its negative connection must be connected to

the negative terminal of the power supply.

Ty | + Ty | +
1 | 1

This LED will not light as it~ This LED will light, the

is connected to the cell the  negative side of the LED is

wrong way. connected to the negative
terminal of the cell.

10
30/08/2017



National 5 Physics - Electricity and Energy Summary Notes

Photovoltaic cell:- This will convert light energy into electrical energy.
Motor:- an electric motor converts electrical energy into kinetic energy.
Loudspeaker:- a loudspeaker converts electrical energy into sound energy.

Transistor:- a transistor can be used as an electronic switch. All transistors have
three connections and can either by NPN type or MOSFET type.

NPN transistor MOSFET transistor
collector
base I : 1 da drain
emitter go_gate :f’
sd source
+5V. R
How a transistor works J_

Consider an NPN transistor. By applying a
voltage between the base and emitter the
transistor can be made to conduct through the
emitter and collector. The voltage required to
switch on the transistor is 0-7 V or above.
Potential divider circuits can often be used to

achieve this in a variety of situations. 0-7Vor

more

oV
+5V

T

variable resistor Vb

In the circuit opposite, the resistance of the
LDR increases as it gets dark. The voltage
d lamp across the LDR increases and once it is
above 0-7 V, the transistor will switch the
lamp on. Altering the value of the variable

LDR resistor can alter the light level at which the
; transistor switches on.
T J +5V R
oV 1

thermistor

/

In the circuit opposite, the resistance of the
thermistor will decrease as it gets hotter. 7
The voltage across it decreases and so the

voltage across the variable resistor will

increase. Once it is above 0-7 V, the variable
transistor will switch the warning lamp on. resistor /

warning
lamp

oV

11
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A MOSFET transistor works in the same way as an NPN transistor. The only
difference is that the voltage required to switch the transistor on is 2 V and over
and this is applied between the gate and source connections. When this happens
the transistor will conduct through the source and drain.

+5V

20Vor
more

oV

Worked example
Which of the two transistors shown below will be switched on, so operating the
motor.

Circuit A Circuit B
+5V. R +5V. .
1
400 W 400 W
100 W :j
T |
oV 100 W
oV

In both circuits, there will be 1-0 V across the 100 W resistor and 4-0 V across the
400 Wresistor. In circuit A, the NPN transistor will be switched on and so will
apply a voltage to the motor which will operate. In circuit B, the MOSFET
transistor is not turned on as 1:0 V is not large enough.

Relay:- a small voltage applied to the input of the relay will activate an electro-
mechanical switch which can be used to control a larger current or voltage.

12
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Electrical Power

Energy consumption
Appliances in the home convert electrical energy into other forms.
1 Atelevision converts electrical energy into light and sound energy.
1 A washing machine converts electrical energy into kinetic energy and heat
energy.

The rate at which appliances use energy is termed their power and is measured
in watts. If an appliance has a power of 1 watt it uses 1 joule of energy every
second.

Appliances with high power ratings usually produce a lot of heat. Toasters,
electric irons, kettles etc. usually have power ratings of over 1000 watts.

Calculating power
The power of an appliance can be calculated using the formula below.

energy p = E
t

power = — =
time

where P = power measured in watts
E = energy measured in joules
t

= time measured in seconds

Worked example
An electric heater with an output power of 1 kW is switched on for 5 minutes.
Calculate the energy output from the heater.

power = M
time
p==
t
1000 = E
300
E = 10002 300
= 300000J

The power of an appliance can also be calculated using one of three formula
involving the voltage, current and resistance of an appliance.

power = current? voltage P=1V
where P = power measured in watts (W)
| =

current measured in amperes (A)
V = voltage measured in volts (V)

13
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This formula is especially useful when
calculating the current drawn by an Voltage 230V a.c. 50Hz
appliance so that the correct value of Power 2:2 kW

fuse can be chosen. A mains appliance
will always have a rating plate attached
which gives information about the
voltage and power of the appliance.

Must not be used in bathrooms
Do not cover heater

Worked example

Calculate the current drawn by a 805 W A p——
electr@c_toaster connected to 230 V mains i"
electricity.
power = current3 voltage % #
P=1V
805 =13 230
| - 805
230
=36A

Linking power, current and resistance:
power = current2 3 resistance P=12R

where P = power measured in watts (W)
| = current measured in amperes (A)
R =

resistance measured in ohms (W)

Worked example

The element of an electric iron has a resistance of
76 W/ Calculate the current drawn by the iron if it
has a power rating of 690 W

power = current 3 resistance

P=I°R
690 = 123 76
12 = 890
76
12 = o
= 3A

14
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Power, voltage and resistance are linked with the formula:

voltage 2 2
power = i P = V_
resistance R

where power measured in watts (W)
voltage measured in volts (V)

= resistance measured in ohms (W)

<D
(TR

Worked example
A torch contains an LED lighting circuit with
a resistance of 18 Wand an output power
of 2 W. Calculate the voltage of the torch
power supply.

bower = voltage?
resistance
po V2
R
, V2
18
V2=12318
V =36
=6

Fuses
A fuse can be found in every mains plug.

fuse

It consists of a thin strand of wire between two electrical contacts at each end.

Fuses in mains plugs are usually in a ceramic tube so the wire cannot be seen.

The function of the fuse is to protect the flex to the appliance. If too high a

current flows through the flex due to a faul
and cut off the supply of electricity. This prevents the flex overheating and

possibly catching fire.

15
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It is important that the correct size of fuse is fitted to the plug. It should normally
be the next value of fuse above the normal current of the appliance. The current
can be calculated using the formula P = | V. If an appliance normally drew 3 A
then a5 A fuse would be the best value to fit.

Conservation of energy

All the energy that exists in the universe is already there. It cannot increase or
decrease. The law of Conservation of Energy states that energy cannot be
created or destroyed, only changed from one form into another or transferred
from one object to another.

There are lots of everyday examples of this.

If a snooker ball collides with a
second snooker ball, the kinetic
energy of the first ball is
transferred to the second ball.

A cat that has climbed up a tree has gained
potential energy. If it falls out of the tree the
potential energy will be changed into kinetic
energy.

Energy can be changed into useful forms e.g. an electric drill changes electrical
energy into kinetic energy. Energy is often changed into non-useful forms. In the
electric drill some of the electrical energy is wasted due to friction between the
moving components which generates heat energy.

In a Formula 1 racing car, the
chemical energy from the fuel is
changed into kinetic energy but
some is also wasted as heat. There
will also be friction in the engine
and other moving parts of the car
such as the wheel axles and
between the tyres and the road.
Every time the driver brakes the
kinetic energy of the car is changed
into heat in the brakes.

16
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Some friction we try to reduce. Air resistance is made smaller by making cars a
more streamlined shape or by using oil and grease in the engine. Some friction
is useful and we try to increase it. It is important to have maximum grip between
the tyres and the road surface so the friction is increased by having a deep tread
in the tyre.

Work

Work takes place when an object is moved by a force, the force transferring
energy to the object.

If an archer pulls back the string on a
bow and arrow, the work done on
stretching the string and bow will be
transferred to the arrow when it is fired.

The work done by a weightlifter in applying
an upward force to the weights is
transferred into the potential energy they
gain.

When work is done against friction the energy will be transferred into heat.
Work can be calculated using the formula below.

work = force 2 distance in direction of force E, = Fd

where E,, = work measured in joules (j)

F = force measured in newtons (N)
d = distance measured in metres (m)

Worked example
A wheelbarrow is pushed a distance of 20 m by applying a force of 50 N.
Calculate the work transferred.

Work = force 3 distance
E, = Fd
E, = 50 ¢ 20
= 1000J

17
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Gravitational potential energy

If an object is lifted above the ground or above its normal rest position it gains
gravitational potential energy. The gain in energy is equal to the work done in
lifting it.

The formula for gravitational potential energy is:

gravitational potential energy = mass 2 gravitational field strength
3 height raised

Ep = mgh

where Ep = potential energy measured in joules (J)

= mass measured in kilograms (kg)
gravitational field strength and on Earth is 9-8 N kg 1
height measured in metres (m)

m
g
h
Worked example

A bucket of water is raised from a well. Calculate the depth of the well if the

mass of the bucket and water is 15 kg and it gains 882 joules of potential energy.

potential energy = mass? g3 height

E, =mgh
882 = 153 9@3 h
h:@
147
h=6m

Kinetic energy

Any moving object will have kinetic energy. The greater the mass of the object
or the higher its speed, the greater will be its kinetic energy. Kinetic energy can
be calculated using the formula:

kinetic energy = %3 mass 3 velocity?2 Ek = ¥omv?2
Note that it is only the velocity which is squared.

where Ek = kinetic energy measured in joules (J)

m = mass measured in kilograms (kg)
v = speed measuredinms 1

18
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Worked example

A cyclist has a mass of 60 kg.
Calculate her speed if she has 2430
J of kinetic energy.

kinetic energy %3 mass3 velocity2
Ey = %mv2
2430 = 13 602 v?

2430
VvV = -
30

= 81

=9ms’

[AEY

Picture by Stijn Desmedt

Conservation of Energy
On page 13 the conservation of energy was discussed. It is possible to use this
principle in making calculations.

A pendulum bob has gravitational potential

energy when pulled back. This changes to |

kinetic energy as it swings downwards :

becoming all kinetic energy at the lowest I

point of the bob |
1
I
I
|

Worked example
A pendulum with a mass of 0-2 kg is pulled back so it is 0-1 m above its rest
position. Calculate the speed of the pendulum at its lowest point.

potentialenergy = kineticenergy

Ep:Ek

mgh = %mv2

0@ 9®200 = 1:0@2v?

L2 _ 00196

0Q

v =106
v=1@&ms!?

19
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Gas Laws and the Kinetic Model

Pressure, Force and Area

Pressure in a gas is caused by the particles of gas colliding with a boundary
such as a container wall. Pressure is also caused by a force pushing against
something e.g. the pressure under your foot when you stand on the ground.

Pressure is defined as the force per unit area. It can be calculated using the
formula

force F
pressure= p = —
area A

where p = pressure in pascals (Pa) or newtons per square

metre (N mi2)
force in newtons (N)
area in square metres (m2)

F
A
Worked example

A hammer hits a nail with a downwards force of 300 N. Calculate the pressure
under the point of the nail if the point of the nail has an area of 1 # 1076 m2,

_F

P= A
300
1310

p=3310°8 Pa

The pressure under objects can be
deliberately reduced. Tractors working
on soft ground have large wide tyres.
The weight of the tractor is spread over
a larger area which reduces the
pressure under the tyres and prevents
the tractor sinking into the ground.

20
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The Gas Laws' Pressure and Volume
The relationship between the pressure and the volume of a gas can be found
experimentally using the apparatus shown below.

BEEbE

/gas trapped in glass tube

The length of the trapped column
of air is proportional to its volume
so the numbers on the scale can

/ oll

be used for volume.

Bourdon gauge to
measure pressure on
the gas.

Air pumped into
apparatus to increase
pressure on oil and
hence trapped air.

The mass of gas in the tube remains the same. Readings of the length of the gas
column are taken from the scale at the side of the tube. Length readings can be
used for volume as the volume of the gas is proportional to its length.

Between readings, air is pumped into the apparatus above the oil. Its pressure is
recorded on the Bourdon gauge and the pressure on the oil is transferred to the

trapped gas, compressing it.

The results obtained from the
experiment produce a graph of
pressure against volume

volume

As the pressure increases the
volume decreases.

30/08/2017
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If a graph of pressure against

is plotted then a
volume 1

straight line through the origin ~ volume
is produced showing that

pressure is inversely

proportional to pressure.

pressure

If a gas has initial conditions p, and V, and the pressure and volume are altered
to p, and V, these are related by the equation

p,Vi = PV,

Worked example

A weather balloon has a volume of 2-5
m3 when inflated at sea level where
atmospheric pressure is 100 kPa. What
will be the volume of the balloon when
it has risen to a height where
atmospheric pressure is only 40 kPa?

PV1 = PoVo
100x2G% =403V,
1003 205
==
V, =6(25m?3

Vs,

22
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The Gas Rressuseand Temperature
The relationship between the pressure and temperature of a gas can be
investigated using the apparatus shown below.

thermometer

pressure
gauge

heater\

The flask containing a fixed mass of gas is submerged in a water bath and the
temperature slowly increased using an immersion heater. This in turn raises the
temperature of the gas within the flask. The pressure of the gas is measured
using a Bourdon pressure gauge and the temperature of the gas is measured

using a thermometer placed in the flask. The volume of the gas remains
constant.

If a graph of pressure against temperature in C is plotted from the results it
is found that increasing the temperature of the gas increases the pressure.
However, the relationship is not one of direct proportion.

-

pressure/Pa

temperature/ C

23
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The graph can be extended backwards to the point where pressure is zero.

pressure/Pa

1273 °C 0 temperature/ C
The temperature at which this happens is i 273 C. This is known as absolute
zero and is the starting point or origin for a new temperature scale called the

kelvin scale. (Absolute zero is the temperature at which the gas particles will
cease to move and so exert no pressure.)

Plotting a graph of pressure against temperature in kelvin will produce a
straight line through the origin.

pressure/Pa

temperature/K

The results of the experiment above show that pressure is directly proportional
to the temperature in kelvin for a fixed mass of gas with constant volume.

p~ T inkelvin

If a gas has initial conditions p; and T, and the pressure and temperature are
altered to p, and T, these are related in the equation

[

provding T isinkelvn
LER P

24
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Any gas law problem involving temperature must have the temperature in the
kelvinscale. Thesi ze of 't he uni tCdsthe same dizhaslkK.ame 1
The temperature scales simply have a different starting point. (Note the lack of

the degree () symbol before K.)

1273 C 0 C 100 C _
Celsius scale

0K 273 K 373 K Kelvin scale

To convert from the celsius scale to the kelvin scale add 273 e.g. 7110 C =263 K.

To convert from the kelvin scale to the celsius scale subtract 273 e.g. 373 K=100 C.

Worked example

A calor gas cylinder is at a temperature
of 17 °C. The gas inside is at a pressure
of 6 ¢ 10° Pa. The cylinder is left in direct
sunshine on a hot day and the
temperature of the gas rises to 47 °C.
Calculate the new pressure of the gas

inside.

P1_P2

Tl T2

6310° _ p,

290 320
290p, =63 10°3 320
_ 6310°3 320
Pp=—f ———

290
p, =623 10° Pa

25
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The Gas Laws' Volume and Temperature

An experiment can be carried out to investigate the relationship between the
volume and temperature of a gas using the apparatus shown below. A fixed
mass of gas is trapped in a glass tube by a bead of mercury which is free to
move up and down the tube. This keeps the pressure of the gas constant.

ruler

- mercury bead in
open ended glass
tubing

thermometer

heater S
—{—trapped air

As the water is heated the trapped gas expands and pushes the mercury up the
tube. The length of this trapped gas is taken as a measure of its volume (since
the length of the gas is proportional to volume in a tube with a uniform cross
section).

A graph of the results from

this experiment show that as
the temperature increases the
volume increases.

volume/as
length in cm

temperature/ C

However, the relationship is not one of direct proportion.

26
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The graph can be extended backwards to the point where the volume of the gas
becomes zero.

volume/as
length in cm

i273°C 0 temperature/ C

The temperature at which this happens is i 273 C. This is known as absolute
zero and is the starting point or origin for a new temperature scale called the

kelvin scale. (Absolute zero is the temperature at which the gas particles will, in
theory, have no volume.)

Plotting a graph of volume against temperature in kelvin will produce a
straight line through the origin.

volume/as
length in cm

temperature/K

The results of the experiment above show that volume is directly proportional to
the temperature in kelvin for a fixed mass of gas at constant pressure:

V"~ T inkelvin

If a gas has initial conditions V; and T, and the volume and temperature are
altered to V, and T, these are related in the equation

V. \% - . .
—L = 22 providing Tisinkelvin
T Ts

27
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Worked example

A sealed syringe contains 20 cm3 of air at a temperature of 27 °C. The plunger of
the syringe is able to move freely. The syringe is placed into a water bath at

100 C. Calculate the new volume of the gas if pressure remains constant.

Vl — V2
LT
20 _V,
300 373
V,3300=203 373
V, =24@®cm?

The General Gas Equation
We now have three equations linking together the pressure, volume and
temperature (in kelvin) of a gas.

P1 _ P2 \
V, = p,V L 4 a -2
P11 = Pa2Va T, T, T, T,

These three equations can be combined into a single equation known as the
general gas equation. This can be used with more complex situations where
pressure, temperature and volume all change.

PiV1 _ PRVo
. T

Remember, when using this equation always convert the temperature into
Kelvin before carrying out any calculations.

Worked example

A weather balloon is released at ground level where the temperature is 27 C and
the pressure is 100 kPa. The balloon has a volume of 3 m3. What will be the
volume of the balloon when it rises to a height where the pressure is 26 kPa and
the temperature is 1 53 C?

PV1 _ P2V2
Ty T
10033 _ 263 V,
300 220

3003 263V, =100% 33 220
7800V, =66000
V2 :8C5m3
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Kinetic Model of Gases

The patrticles of a gas can be thought of as being in constant motion. When they
collide with the walls of a container they provide a small outwards force. The many,
many collisions of the gas patrticles with the walls of a container which causes the
pressure of a gas.

Pressure and temperature

O\\\“ ,C) ’ o

At a high temperature the gas If the temperature of the gas is
particles have a lot of kinetic reduced the gas particles move
energy and move quickly. There more slowly with less kinetic

are many collisions with the energy. There are fewer collisions
container walls, each collision with the container walls and with
producing more force on the less force than before so the

wall. pressure is less.

Pressure and volume

If a container holding a gas is sqeezed or compressed the pressure inside
increases e.g. placing your finger over the end of a bicycle pump and pushing
down the handle.

O
O) N,

c\\“
S

O "\\\\O O)h,,

O)u..‘
.\\\\O
Q

In a container with a large If the volume of the container is
volume there are relatively fewer reduced there are more collisions
collisions with the container walls with the container and so the

as the gas particles have further pressure is greater.

to travel between walls.
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Volume and temperature

Heating a container of gas will make it expand till the pressure inside is equal to

the pressure outside the container.

S
O\\

“ \\\O
"'///O

N w,,//
®) O

The gas particles collide with the
walls of the container pushing it
outwards. Air particles outside
push the walls inwards so a
balance is achieved.

Specific Heat Capacity

If the temperature of the gas is raised
the gas particles have more kinetic
energy and hit the walls more often and
with more force. This pushes the
container walls outwards till the
pressure inside the container equals the
pressure outside once more.

When talking about heat and temperature it is important that the meaning of

these words is clearly understood.

1 heatis a form of energy transferred between objects at different
temperatures. The greater the temperature difference between objects,

the faster the transfer will take place.

1 temperature is a measure of the hotness or coldness of an object and is
defined as the mean or average kinetic energy of its particles¥2the
hotter an object the more kinetic energy its particles will have.

Temperature is measured in degrees celsius or in kelvin. Heat is measured in

joules.

Adding energy to materials will cause them to heat up. The rise in temperature
will depend upon a number of factors however. The amount of energy added,
the material the energy is added to and the mass of the material, will all have an

effect.

For any material, the amount of energy required to increase the temperature of
one kilogram by one degree Celsius is called its specific heat capacity (c).
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These factors are linked together in the formula below:

heat energy = specific heat capacity 3 mass 3 change in temperature
Eh, = cmDT

where E, = heat energy measured in joules (j)
c = specific heat capacity measured in joules per kilogram degree
celsius(Jkg 1C )
m = mass measured in kilograms (kg)
DT = change in temperature measured in degrees celsius ( C)

Worked example
A hot water bottle contains 1-5 kg of water at a temperature of 80 C.
Calculate the energy it will lose if the water cools to 35 C.
Specific heat capacity of water,c=4180Jkg 1C 1!

heatenergy = specificheatcapacity® mass
3 changeintemperature
Eh, =cmDT
E,, = 41803 1Q3 45
E, =225720J

Energy conversions
Electrical energy is often converted into heat energy e.g. an electrical heater can
be used to heat up a block of aluminium. Calculations can be carried out on the

conversion of electrical energy into heat energy.

Worked example
A 1 kg aluminium block is heated using a 200 W heater for 5 minutes.
Calculate the expected rise in temperature of the block if the specific
heat capacity of aluminiumis 902 Jkg 1 C 1!
Energyadded=power 3 time

E, =2008% 300
E, =60000J
heatenergy = specificheatcapacity® mass
3 changeintemperature

E, =cmDT
60000= 9023 13 DT
o7 = 80000
902
DT =66 “C

The actual rise in temperature would be less than that calculated above as
there is no insulation around the metal block so it will lose heat.
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Electrical charge carriers and electric fields

Electric charge
1. What moves through a conductor when a current flows through it?

2. Using correct symbols, redraw the circuit below showing how an ammeter
would be positioned to measure the current flowing through the lamp.

Charge, current and time

3. State an equation that links charge, current and time.

4. Calculate the missing values in the table below.

5. Calculate the total charge which flows through a lamp drawing 100 mA for

6.

Charge Current Time
(a) 2A 20s
(b) 100 mA 10's

300C 0-1A (c)

1040 C 13 A (d)

3-0C (e) 60 s
9C ) 3 minutes

200 s.

A current of 0-5 A flows through a circuit in a time of 10 s.

(a) Calculate the total charge flowing through the circuit.

(b) If a single electron carries a charge of 1-6 x 10-1° C, how many electrons

flowed through the circuit?

Calculate the current flowing if 30 C of charge flows through a component

in 10 s.

30/08/2017
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8. What time will it take for 500 C of charge to pass through a circuit if the
current in the circuit is 500 mA?

a.c.and d.c.
9. State a source of an a.c. supply and a d.c. supply.

10.What frequency is the mains supply in Scotland?

11. State which of the oscilloscope traces below shows a d.c. and which an a.c.
supply.

Trace 1 Trace 2

Potential difference (voltage)
12.Copy and complete the paragraph on potential difference and electric fields
using the words given below.

energy negative voltage positive negative

attracted potential charge positive
An object can have either negative or positive charge. Electrons have
charge, When a charged object is placed in an electric field, its
movement will depend upon its . A positive charge will be

repelled by a charge whilst a negative charge will be

In a circuit, it is electrons which flow around the circuit. The energy for them to

move comes from a difference or . Electrons will
flow towards the connection of a power supply and away from
the connection. The size of the potential difference or voltage is
a measure of the given to the electrons.
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13.Electric fields are invisible. They can be shown by sprinkling grass seeds or
semolina onto an oil filled petri dish to which an electric field is applied.

oil filled petri dish

positive terminal

A~
$)
\/ -

grass seeds

Draw the field that would be seen when the grass seeds are dropped onto
the oil.

14.A Van De Graaff is charged up and
the dome becomes positively
charged. Describe what would be
seen if:

A. a small negatively charged
object was thrown at the
dome and

B.a small positively charged
object was thrown at the
dome.

15. A pupil stands on an insulated
platform and touches the dome of a
Van de Graaff generator. His hair is
observed to 6stand on

(a) Explain this effect in terms of charges.
(b) Why must he stand on an insulated platform?

|

16.Using correct symbols, redraw the circuit below showing how a voltmeter
would be positioned to measure the voltage across the lamp.

- R

34
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Ammeters, Voltmeters and circuits
17.Identify the symbols of the electrical components shown below.

(@) (b) {

(d)

I|+

(f)

(€) C @
@) ( ) (h) —
(i) ﬁ 0) ®

(k) {)

— ()

| I

18.(a) A circuit is shown below. State the components that would be required
to wire up this circuit.

4®_

(b) Redraw the circuit with a voltmeter and ammeter correctly positioned to
measure the voltage across the lamp and the current through the lamp.

35
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Ohmoés Law

19. A pupil sets up a circuit to investigate how the voltage across a resistor
affect the current through it. A variable resistor is used to change the current
flowing through the resistor, R. The partially completed circuit is shown
below.

ya
/

7
variable resistor

(a) Copy the circuit above and add a voltmeter to measure the voltage across
resistor, R, and the current through it.

(b) What will happen to the current flowing through R if the resistance of the
circuit is increased by increasing the resistance of the variable resistor?

(c) The resistor is replaced by a length of wire. This is dipped into liquid
nitrogen at a very low temperature.
(i) What effect will this have on the resistance of the wire?
(i) State what will happen to the current flowing in the circuit as a result.

20.A class is asked to investigate the relationship between voltage and current
for a conductor with fixed resistance. A circuit similar to that in question 19 is
set up and pupils gather their results together. All the experiments used wire
of the same length. Their averaged results are shown below.

Voltage in volts, V 2 4 6 8 10 12
Current in amps, | 025 05 |075| 10 |125]| 15
V/i

(&) Why is it a good idea for the class to combine all their results and find
average values?

(b) Why must wire of the same length be used for each experiment.

(c) The pupils calculate a value for voltage divided by current.
(i) Copy the table above and complete the row headed V/I
(i) What conclusion can be drawn from the results?
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21. A pupil sets out to investigate the resistance of a conductor. The following
apparatus is collected:

voltmeter;

ammeter;

variable voltage power supply;
resistor;

connecting leads.

(a) Draw a circuit diagram showing how the components can be connected to
carry out the investigation.

(b) The results from the experiment are shown below.

Voltage in volts, V 1 2 3 4 5 6

Current in milliamps, || 51 | 105 | 148 | 200 | 250 | 298

Plot a graph of these results and use the graph to determine the
resistance of the resistor used in the experiment.

22.State an equation that links voltage, current and resistance.

23.Calculate the missing values in the table below.

Voltage Current Resistance
(@) 05A 20W
(b) 4A 15 W

230V 8A (©)
12V 0-02 A (d)
230V (e) 500 W
12V ) 60 W

24. A circuit is constructed using a power supply with a variable voltage output. It
is connected to a fixed value of resistance. What will happen to the current in
the circuit as the voltage is increased?

25.An electric kettle is connected to mains electricity at 230 V. A current of 5 A
flows to the kettle when it is switched on. Calculate the resistance of the kettle
element.
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26.A 36 Wresistor is connected to a 1-5 V supply. Calculate the current passing
through the resistor.

27.An electric iron has a resistance of 76 W. Calculate the voltage across it when
the current to the iron is 3-0 A.

28. A resistor with a value of 2200 Wis connected to an electronic circuit.
Calculate the current through it when a voltage of 2-2 V is applied across it.

29.Calculate the value of the resistor, R, in the circuit below.

12V

resistor, R

@

30.A filament type electric light bulb has a resistance of 980 Wwhen operating
at normal brightness.

(a) Calculate the current through the light
bulb when it is connected to a 230 V
mains supply.

(b) Before it was switched on, the light
bulb had a resistance of only 64 W.

(i) Suggest a reason for this
difference in resistance.

(i) Calculate the current through
the light bulb when it is first
switched on.

(c) Light bulbs most often fail when
switched on from cold. Can you
suggest a reason why this should
happen.
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Extension Questions | /" ‘

31. A pupil sets up the circuit ‘ |
shown opposite. An
ammeter and voltmeter are

to be added to the circuit to
make measurements so R

that the resistance of the
resistor can be calculated. :I

(&) Redraw the circuit with the ammeter and voltmeter correctly positioned to
make the readings.

0i 12 volt variable
power supply

(b) Readings are taken from the ammeter and voltmeter as the power supply
voltage is altered and a graph produced from the measurements.

12
10
8 |
voltmeter 6
reading
in volts 4

0 06 10 16 20 26 30 3G 40
ammeter reading in amperes

() What is the reading on the ammeter when the voltage across the
resistor is 4 volts?

(i) Taking readings from the graph, -calculate the
resistance of the resistor in the circuit.

32.Find by calculation, the readings that would be on the voltmeter and
ammeter in the circuit below.

15V
1
|

—
—(V)—

39
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33. A pupil investigates the relationship between current and resistance in a circuit
containing a resistor as shown below. A variable resistor in series with the
resistor R, is used to change the current flowing in the circuit.

cell
1|
| |

variable resistor resistor R

(&) What can be said about the value of the current flowing through the variable
resistor and resistor R?

(b) Redraw the circuit and show, using the correct symbols, a correctly placed
ammeter to measure the current through R and a correctly placed voltmeter
to measure the voltage across R.

(c) A graph is produced from the results obtained from the experiment. Use
these results to calculate the resistance of resistor R.

12

10 A

8 7

voltmeter 6
reading /
involts 4 A

2 Vs
//

7

0O 0@ 0Q 08 0@ 06 0B 00 06
ammeter reading in amperes

(d) The value of the variable resistor is now increased. What effect will this
change have on the reading on the ammeter?

40
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Series and parallel circuits
34. State which of the following circuits are series circuits and which are parallel
circuits.

(@) (b)

R

(c) I (d)

(e) l (f) | I ®_
X

41
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35.Look at the circuits below. Use your knowledge of how current and voltage
behave in series and parallel circuits to find the readings on the ammeters
and voltmeters.

(a) (b)
] — ()|

®
O
®
(e)

42
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Resistors in series and parallel
36.Write down a formula that can be used to find the total resistance of three
resistors connected in series.

37.Write down a formula that can be used to find the total resistance of three
resistors connected in parallel.

38.The circuit diagrams below show resistors connected in series. Calculate the
total resistance of the circuits.

(@) (b)

5q 10 1 kq 2 kg 3 kq
I o | M &

h 6
© 1 o | m—

43
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39.The circuit diagrams below show resistors connected in parallel. Calculate the
total resistance of the circuits.

(a) 1 | (b) | |
J J
5q 5q
C— —
5q 10
—— C1——
© /| (d) /|
J J
20 q 16 q
—— C——
20 q 12
1 1
© /| 0 Y
J J
10 200 q
C—  —T
20 q 200 q
— 1
4q 200 q
R I T
@) ! (h) 1|
J J
10? 10 kq
5q 2 kq
31 —1 3
5q 5kq
1 1
| I | —_

44
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40.The circuit diagrams below show resistors connected in a mixture of series
and parallel. Calculate the total resistance of the circuits.

(a) ' (b) '
| |
10 10 q 5q 3q
—  +— —  +—1 1
20q 4q 4q
[ — — +—1 1
(©)

(d) 1|
o

(9)

10q 8q

249

45
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41. A circuit consists of two resistors connected in series.

(|
d
9V

~®-

5q 10 q

() Calculate the total resistance of the circuit.
(b) A9V cellis used as the power source. Calculate the current in the circuit

(c) Calculate the readings on:
() Voltmeter Vq;

(i) Voltmeter Vs.

42.A pupil connects three _@_
resistors as shown in the

circuit opposite. I H }'I |

' |

R;20q

e i B

R,10q

—

R34 q

() Calculate the total resistance of the circuit.

(b) The current through the 4 Wresistor is 3 A. Calculate the voltage across R5.
(c) State the voltage across R; and R.
(d) State the reading on meter V;.

(e) Calculate the current through:
() Resistor Ry;

(i) Resistor Ry.
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Extension Questions

43.An electronics company supplies resistors in packets of ten. The resistors
should be within 5% of their stated value.

(@) () The stated value of the resistors is 60 W. Calculate 5% of 60 W.
(i) What is the allowed range of values for the resistors.
(b) A pupil takes two of the resistors and, after connecting them to a power

supply, measures the current through the resistors at various values of
voltage. The graph obtained is shown below.

Ry &
4 — <
A AR, T
voltage/V v AN EEREN
3 Zz
1 > r
p. 4Ny
2 —f
v
//
71 -
1 /:/
P

0 10 20 30 40 50 60 70 80
current/mA

() Use the graphs to find the value of R; and R,.

(i) State if the resistors fall within the allowable range.

(c) Three 60 Wresistors are connected in parallel. Calculate their total
resistance.

(d) A pupil needs a 150 Wresistor to complete an electronics project but only
has 60 Wresistors available.

Show how a number of 60 Wresistors could be connected together to
provide the correct resistance.
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44. A pupil connects three resistors in parallel as shown below.

— A

10?

(@) (i) Calculate the total resistance of the circuit.
(i) Calculate the current leaving the power supply.

(iif) One of the resistors develops a fault and no longer conducts. State
and explain the effect this will have on the current leaving the power

supply.

(b) Another pupil suggests placing a voltmeter across each of the resistors in
turn to find which is faulty. Comment on the effectiveness of this
suggestion.

45.Examine the circuit shown below.

8 q 10 q

1T+

(a) State the voltage between points X and Y.

(b) The voltage across the 8 Wresistor is 4 V. Calculate the voltage across the
10 Wresistor.

(c) Calculate the total resistance between points X and Y.
(d) Calculate the current flowing between X and Y in the circuit.

(e) The current through R is 1-5 A. Calculate the resistance of R;.
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46.If two resistors are in series across a supply the voltage will be divided
between them. The higher the resistance the larger the share of voltage

across that resistance.

State which resistor in the circuit diagrams below will have the larger voltage

across it.

(b)

9V
@ [
'

A

12V
(c)

5q 10%

B

9V
|
|

A

(e)

5V .

a

5q

5q 1k%

B

6V

(f)

100 q

B

IMq

500 kq

A

47.A switch which is open will have infinite resistance, a closed switch will have
zero resistance. Use this information to state the voltages across the switches

in the following circuits.

(@)

open

switch\ @
OV 7 « 3

closed

switch @

30/08/2017

\%

(b)

closed
switch

open
switch

49

N

()

open
switch

5q

NO




National 5 Physics - Electricity and Energy Summary Notes

48.Read the passage below on voltage dividers.

Potential or voltage dividers are used to divide a voltage. It may use a mixture
of resistors, variable resistors and devices such as thermistors or light
dependent resistors. The voltage across any single resistor depends upon
what proportion its resistance is of the total resistance of the circuit. Suppose
we want to find the voltage across the two resistors in the circuit shown
below.

+12V _t
R2=20W V2
Ry =10 W vy

ov I

The 12 V supply voltage will divide in proportion between the 10 Wand 20 W
resistors. The voltage across each resistor can be calculated as follows.

Total resistance of circuit =20 W+ 10 W= 30 W

= - -3
so, Vi 30 and V2 30 12

=4V =8V

Q
§3 Vaupply

Use the above information to calculate the voltage, V, in each of the following
voltage dividers.

(a) L6V (b) L6V (©) L6V
1 T 1
20 q 100 q 3 kq
30 q % 20 q v 18kq Y%
]| [ I
oV oV oV
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Electronic circuits
49. Match the symbols of the following electrical components with the symbols
shown below.

diode loudspeaker thermistor
light dependent resistor photovoltaic cell transistor
motor relay LED capacitor
(@) b
1" (b)
)

(c) \4\4 (d) Dl

(e) D//" (f) \\\I/D

50. Some of the devices in question 49 are input devices and some are output
devices. Copy and tick the appropriate box to show which is which. The first is
done for you.

Device Input device Output device

(a) loudspeaker V

(b) capacitor

(c) LED

(d) LDR

(e) thermistor

(M) relay
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51.The table below lists a number of electronic devices. Copy and complete the
table to show the energy input and the energy output.

Device Input energy Output energy

(a) loudspeaker

(b) LED

(c) LDR

(d) thermistor

(e) relay

() motor

(9) photovoltaic cell

52.The circuit symbol for a light emitting diode is shown below Copy the symbol
and indicate which connection must be positive and which negative for the

LED to light. //4
>

53.The list of components shown below are available to a pupil. Use these to
construct a circuit diagram which will allow the lamp to light. All the

components must be used.
connecting wire Dl c ;

diode lamp

_— T+
switch ' cell

54. State which of the LEDs in the circuits below will light.

1
]
/7 N g

\\ LED 3
! IQLED4 T

N,
52 LED 5 I< DlLED 6
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55.Draw the symbol for a capacitor and state its function.
56.A capacitor is connected to a 12 V power supply in series with a resistor.

(&) What will be the voltage across the capacitor when it is:
(i) fully charged;
(i) uncharged.
(b) The resistor is replaced with one with a larger resistance. State the effect
this has on:
() thetime it takes to charge;
(i) the final charge stored on the capacitor;
(i) the final voltage across the capacitor.
57.Copy and complete the paragraph on electronic components using the words
given below.
resistance temperature decreases increases does not change
A resistor will normally have a resistance which . The resistance of
some devices will change according to certain factors. The resistance of a
thermistor changes with . For most thermistors, as the temperature
increases its resistance . LDRs change their with

changing levels of light. As the light levels decrease, the resistance of the LDR

58.Look at the circuit |12V
diagram opposite. v

(&) Name component X. 4 kq E X

(b) The ammeter indicates a current of 2 mA. Calculate the voltage reading on
the voltmeter V;.

(c) Calculate the voltage reading on V,.

(d) Calculate the resistance of component X.

(e) State what will happen to the reading on the ammeter if:

() the temperature of the 4 kWresistor rises;
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(i) the temperature of component X rises

54
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59.Each of the circuits below contain a resistor and thermistor. Calculate the
voltage across the thermistor in each one.

a b ()
@) +6V ®) +5V +12V
2 kq 400 q 2 kq
1 kq v 100 q v 4 kq
oV oV oV

60.Look at the circuit diagram below.

: NN
100

@ L@

(@) Name component X.

(b) The ammeter indicates a current of 30 mA. Calculate the voltage reading
on the voltmeter V.

(c) Calculate the voltage reading on V..

(d) Calculate the resistance of component X.

(e) State what will happen to the reading on the ammeter if the light level falling
on component X increases.
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61.Each of the circuits below contain a resistor and alight dependent resistor
(LDR). Calculate the voltage across the LDR in each one.

12V

(@) |
|

400 q

()
+6V

N

200 q

1

2kq

}_

1 kq

-

Vv

e
e
0V

(d)

(b)

12V

—__ —1

1 kq 2 kq

(€)
+12V

el
e

T

80

}_

200q | v

1

0q 4 kq

}_

2kq |V

T

el
e
oV

ov

62.Copy the circuit symbol for a NPN transistor and give the full name of the

three connections.

b

X

c

e

63.Here are some statements about NPN transistors. State which are true and

which are false.

1. NPN transistors can be used as an electronic switch.

2. NPN transistors are used to convert an a.c. supply to a d.c.

supply.

3. NPN transistors

emitter.

4. NPN transistors

emitter and collector.

ar

ar

e

e

O6switched ono

O6switched ono

A NPN transistor which is on conducts through the emitter and collector.

A voltage of 0-7 V and above switches on a NPN transistor.

NPN transistors conduct very large currents.
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64.For each of the circuits below, state whether the lamp connected to the NPN
transistor is alight or not.

@ 5y ®) 5y

1 1 !
01V 49V
lamp lamp
T T /
1 L
49V BL‘ 01V BL‘
T | T |

oV oV

© 5y @ 5y

T T 45 A
25V 4.3V
lamp lamp
\
25V j 07V hk‘
T | T |

oV oV

(®+5v_ . D sy

T § T 1 g
3-8V 20V
lamp \L lamp
12V j
T | T

oV oV
65.Look at the circuit symbol opposite.

(@) Name the component. \

(b) Name the component connections labelled g, d and
S.

H

bl

H
M

—A T
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66.Here are some statements about MOSFET transistors. State which are true
and which are false.

1.
2.
3.

MOSFET transistors can be used as an electronic switch.
MOSFET transistors are used to convert a d.c. supply to an a.c. supply.

MOSFET transistors are 6switched ondé by
drain.

MOSFET transistorsar e O0swi tched ond by a voltage
gate and source.

A MOSFET transistor which is on conducts through the source and drain.
A voltage of 2:0 V and above switches on a MOSFET transistor.
MOSFET transistors conduct very large currents.

67.For each of the circuits below, state whether the lamp connected to the
MOSFET transistor is alight or not.

(a
(c

)+5V‘ R (b) + 5V‘ -
lamp lamp
01V 25V
(3 k€
| |+
A
49V 25V
\
ov ov
) +5V_ R (d) +5V_ R
y y
lamp lamp
45V 05V
(3 (3
| |
\
o5V
y
oV ov
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68. An electronic circuit containing a light dependent resistor is used to switch on
a small lamp. +5V

el

variable resistor

v

lamp

S 1+

LDR

el
e

oV

a

(@ When will the LDR have the greatest resistance i in the dark or in the light?

(b) At night, the variable resistor is adjusted till the lamp just comes on.
What must be the minimum voltage across the LDR for this to happen?

() Why will the lamp switch off when it is daylight?

69. A thermistor is used to in a circuit to switch on a LED in a refrigerator if its
temperature rises above a pre-set level.

+5V

thermistor

variable resistor

oV
(&) What happens to the resistance of the thermistor as its temperature rises?

(b) () What will happen to the voltage across the thermistor if its resistance
falls?
(i) If the resistance of the thermistor falls, what will happen to the voltage
across the variable resistor?

(c) What s the effect on the transistor if the voltage across the variable resistor
increases above 0-7 V?

(d) How can the temperature at which the LED comes on be controlled?
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Extension Questions
70.A pupil designs a night light for his little sister. It consists of a happy face with
LEDs for the nose and eyes which come on when it gets dark. The circuit for

the light is shown below.

NAN

T I) VA LED .
Y
e

(&) Name the components labelled X, Y and Z.

(b) () What will happen to the resistance of Y when it is placed in the dark.
(i) State what will happen to the voltage across Y as a consequence.
(i) Explain the effect this has on the LEDs.

(c) What would be the effect of reversing the connections to the LEDs?

- mains warning lam
71.A pupil is asked to S5V . g P
design a circuit that

will switch on a

. (@]
warning lamp wh.en / mains 230 V a.c
the temperature in a variable o
chilled warehouse

resistor

rises above a certain
value.

The circuit she
designed is shown
opposite.

The resistance of the
thermistor increases
as its temperature
increases.

IA

thermistor

oV

(@) Explain why the warning light comes on as the temperature of the
warehouse rises.

(b) Explain why MOSFET transistor cannot be used directly to light the lamp.
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72. A pupil is asked to design a circuit that will switch on a high powered security
spotlight when it gets dark. The circuit she designed is shown below.

+5V ®ﬁurity light

®)
7 / mains 230 V a.c
: (0]

ET transistor
Y
/

oV

(&) Name components labelled X, Y and Z.
(b) Explain why the security light will come on when it gets dark.
(c) How can the light levels at which the security light comes on be altered?

(d) Give two reasons why the transistor cannot be used to switch on the
security light directly.
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Electrical Power
73.Shown below are three common objects that convert electrical energy.

food mixer iron light bulb

/ %
\

(a) State the energy conversion that takes place for each appliance.
(b) Give an estimate for the power (joules per second) for ach appliance.
74.Several appliances which use electrical energy are listed below.

radio  electric oven television tablelamp curling
tongs.

(&) Rank the appliances with the one which uses most energy first and the least
energy last.

(b) Possible power ratings for the appliances are given below. Match an
appropriate power rating with each appliance.

10 W 8000 W 750 W 300 W 60 W

(c) What do appliances which have a high power rating have in common?

75. State an equation that links power, energy and time.

76.Calculate the missing values in the table below.

Power Energy Time
(a) 100 J 10's
(b) 2000 J 2s

40 W 4000 J (©)

2000 W 120 000 J (d)

10w (e) 100 s
1200 W ® 300s
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77. Calculate the power of an appliance which consumes 200 J of energy in
100 s.

78.A sewing machine has a power
rating of 100 W. Calculate the
time it will operate for on 3000 J
of energy.

79. A steam iron consumes 32 000 J of
energy in 40 s. Calculate the power of
the iron.

~—

80.A washing machine has an average power of 600 W over its was cycle.

(a) How many joules of energy are used
during a wash cycle lasting
30 minutes.

(b) Attimes, the power rating of the
washing machine is much higher
than the average of 600 W.
Suggest a reason for this.

81. State an equation that links power, current and voltage.

82.Calculate the missing values in the table below.

Power Current Voltage
(a) 3A 230V
(b) 05A 12v

1150 W 5A (©)

60 W 5A (d)

2:5 kW (e) 230V

2W ) 12V
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83. A food processor draws a
current of 2 A. Calculate
the power of the
processor if it is
connected to the mains
supply at 230 V.

~_——

@

84.A mains appliance draws a current of 6 A. Calculate its power.
85.What current will be drawn by a low voltage 12 V, 50 W light bulb.

86.A small hand held torch has a power of 3 W. Calculate the voltage of the
supply if the current to the torch filament is 500 mA.

87.A mains hair drier is rated at 1200 W
(a) What will be the current to the hair
drier when operating at its maximum
power?
(b) The drier contains a fan and
heating elements. Which of these
will consume the most power?

88. State an equation that links power, current and resistance.

89. Calculate the missing values in the table below.

Power Current Resistance
(a) 3A 30 W
(b) 0-5A 60 W

800 W 5A (©)

60 W 5A (d)

690W (e) 76 W

6W )] 24 W

90.A heating element has a resistance of 57-5 Wand draws a current of 4 A.
Calculate its power.
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91.What current will be drawn by a low voltage 48 W light bulb which has a
resistance of 3 W.

92. A circuit has a resistance of 4 kW. Calculate the power of the circuit if the
current flowing in the circuit is 3 mA.

93.A 100 Wresistor used in a \ N X
circuit is rated at 0-5 W. What \‘
is the maximum current that \ % Q\
can flow through it if used at its ?‘; '

maximum rating?

94. A portable camping heater has a power rating of 920 W. It is connected to a
mains power point at 230 V.
(a) What will be the current to the heater when it is operational?

(b) Calculate the resistance of the heating element.

95. State an equation that links power, voltage and resistance.

96. Calculate the missing values in the table below.

Power Voltage Resistance
(a) 230V 40 W
(b) 12V 10 W

1000 W 100 V (c)

60 W 230V (d)

2:0 KW (e) 5W

0-5W () 200 W

97.An electric fan is connected to
the mains at 230 V. Calculate
its operational resistance if it
has a power of 50 W.
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98. An electric kettle is rated at 2-:2 kW. Calculate the resistance of the element if
it is connected to the mains at 230 V.

99. A low voltage spotlight used in a kitchen operates from 12 V. Calculate the
power of the lamp if it has a resistance of 3 W.

100.A 12V, 36 W light bulb is connected to a 12 V supply. Calculate the
resistance of the filament.

Fuses
101. Draw the symbol for a fuse.

102.By law, the plug of every electrical appliance sold in the UK must have the
correct size of fuse fitted. Explain the purpose of the fuse in the plug.

103.What is the danger if too large a fuse being used in a plug?
104. Fuses for plugs are most commonly available as 3 A, 5 A and 13 A values.

(a) Calculate the current that is normally used by the following appliances
and then state which size fuse would be used in the plug. All the
appliances are connected to the mains at 230 V.

(i) A60W table lamp.

(i) A 2kW electric heater.

(i) An 800 W microwave oven.
(iv) A 500 W fridge-freezer.

(b) Why would a 3 A fuse be
unsuitable for an 850 W mains
sandwich toaster?

Image courtesy of John Kasawa/FreeDigitalPhotos.net

Extension Questions
105.(a) A current flows through a resistor in a circuit. It produces 288 J of energy in
2 minutes. Calculate the power of the resistor.

(b) When electrical energy flows through the resistor it is changed into
another form. State what this is.
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106. A fan heater operates from the mains. It has a power rating of 2 kW.
(a) What is the value of mains voltage?
(b) Calculate the resistance of the heating element.

107. A physics teacher has a new kitchen installed and decides to find the total
power of all the appliances in the kitchen. These are listed below.

Oven and hob 7000 W
Cooker hood 500 W
Dishwasher 1200 W
Fridge-freezer 450 W
Microwave 700 W

Washing machine 500 W

(a) Calculate the total power consumption if all appliances are on
simultaneously.

(b) Calculate the total current supplied to the oven and hob.

(c) Why must the oven and hob have separate cabling rather than being
supplied by a mains socket like the other appliances?

108. A car contains several electrical circuits
powered from the 12 V car battery. They
are protected by a fuse like the one shown
opposite.

(a) Draw the circuit symbol for a fuse and state its function in a circuit.

(b) One circuit in the car supplies power to a range of heating
elements in the windscreens and door mirrors as shown

below.
J- 10 A 3A 7A
12V i front wing rear
_ windscreen mirror windscreen
heater heater heater
[ |
| —
fuse holder

() What is the minimum rating of fuse which could be used to
protect this circuit?

(i) Calculate the power of the rear windscreen heater.
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109. The rating plate shown below is found on an portable oil filled radiator.

Voltage 230V a.c. 50 Hz
Power 2-2 kW

Must not be used in bathrooms
Do not cover heater

(a) The flex to the radiator is protected by a fuse in the plug. Calculate the
current drawn by the radiator element and state what size of fuse would
be appropriate.

(b) Calculate the resistance of the element.
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