CURRENT, POTENTIAL DIFFERENCE AND RESISTANCE PART |

Q1.

An electrical circuit is shown in the figure below.

(@)

(b)

(€)

i
0.4AY
20 Q 100Q
-

The current in the circuit is direct current.

What is meant by direct current?

Tick one box.

Current that continuously changes
direction.

Current that travels directly to the
component.

Current that is always in the same
direction.

1)
The equation which links current, potential difference and resistance is:
potential difference = current x resistance

Calculate the potential difference across the battery in the circuit in the figure above.

Potential difference = V

®3)
The equation which links current, potential difference and power is:
power = current x potential difference
Calculate the power output of the battery in the figure above.

Give your answer to one significant figure.

Power = W

(2)



Q2.

A student wants to investigate how the current through a filament lamp affects its

resistance.

(Total 6 marks)

(@) Use the circuit symbols in the boxes to draw a circuit diagram that she could use.

12V variable filament
. voltmeter ammeter
battery resistor lamp
L 12v ' — o
| 2| & V) A)

(2)

(b) Describe how the student could use her circuit to investigate how the current
through a filament lamp affects its resistance.

(c) The student’s results are shown in Figure 1.

Figure 1

(4)



(d)

(e)
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Describe how the resistance of the filament lamp changes as the current through it
increases.

1)

Use Figure 1 to estimate the resistance of the filament lamp when a current of 0.10
A passes through the lamp.

Resistance = Q

(1)

The current- potential difference graphs of three components are shown in Figure
2.

Use answers from the box to identify each component.

diode filament lamp light dependent resistor

resistor at constant temperature thermistor

Figure 2
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(Total 11 marks)

Q3.
A student set up the electrical circuit shown in the figure below.

12V
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(A 450
L S, L

o o
R
* -

600
(@) The ammeter displays a reading of 0.10 A.

Calculate the potential difference across the 45 Q resistor.




Potential difference = V

(2)

(b) Calculate the resistance of the resistor labelled R.

Resistance = Q

3)

(c) State what happens to the total resistance of the circuit and the current through the
circuit when switch S is closed.

(2)
(Total 7 marks)

Q4.

A student investigated how current varies with potential difference for two different lamps.

Her results are shown in the figure below.

(@) Complete the circuit diagram for the circuit that the student could have used to
obtain the results shown in the figure above.



®3)
(b)  Which lamp will be brighter at any potential difference?
Explain your answer.

Use the figure above to aid your explanation

2
(c) Lamp B has the higher resistance at any potential difference.

Explain how the figure above shows this.

(2)

(d) Both lamps behave like ohmic conductors through a range of values of potential
difference.

Use the figure above to determine the range for these lamps.

Explain your answer.

®3)
(Total 10 marks)

Q5.

An electrician is replacing an old electric shower with a new one.
The inside of the old shower is shown in Figure 1.

Figure 1



© Michael Priest
(@) If the electrician touches the live wire he will receive an electric shock.

Explain why.

4
(b) Different electrical wires need to have a cross-sectional area that is suitable for the
power output.

Figure 2 shows the recommended maximum power input to wires of different
cross-sectional areas.

Figure 2
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The new electric shower has a power input of 13.8 kW.

Determine the minimum diameter of wire that should be used for the new shower.

The diameter, d, can be calculated using the equation:

a- A
T

A is the cross-sectional area of the wire.

Minimum diameter = mm

(@)

The charge that flows through the new shower in 300 seconds is 18 000 C.
The new electric shower has a power of 13.8 kW.

Calculate the resistance of the heating element in the new shower.

Write down any equations you use.




Resistance = Q

5)
(Total 11 marks)

Q6.
Figure 1 shows the apparatus used to investigate how the current through a thermistor
depends on the temperature of the thermistor.

Figure 1
Power supply
s
'
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Which one of the following is the correct circuit symbol for a thermistor?

(a)
Tick (¢/) one box.

(1)

(b)  To get arange of results, hot water at 60 °C was poured into the beaker.
The temperature of the water and current through the thermistor were then recorded

as the water cooled.
The results of the investigation are shown in Figure 2.

Figure 2



(ii)

(iii)

(iv)

v)

0.05
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Current 0.03

in amps
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0.011

0.00
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Suggest one way the investigation could have been changed to give a wider
range of temperatures.

(1)

Describe how the current through the thermistor depends on the temperature
of the thermistor.

1)
Use Figure 2 to determine the current through the thermistor at 40 °C.

Current at 40 °C = A
1)

At 40 °C the thermistor has a resistance of 250 Q.

Use your answer to part (iii) and the resistance of the thermistor to calculate
the potential difference across the thermistor.

Potential difference = V
2

The potential difference across the thermistor stays the same all through the
investigation.

What conclusion can be made from the results in Figure 2 about the
resistance of the thermistor as the temperature of the thermistor decreases?

Tick (/) one box.



the resistance increases

the resistance does not change

the resistance decreases

1)
(Total 7 marks)

Q7.

(@) Figure 1 shows the inside of a battery pack designed to hold three identical 1.5 V
cells.

Figure 1

Which one of the arrangements shown in Figure 2 would give a 4.5 V output across
the battery pack terminals T?

e EHP- e it

(1)

(b)  Figure 3 shows a variable resistor and a fixed value resistor connected in series in

a circuit.
Figure 3
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Complete Figure 3 to show how an ammeter would be connected to measure the
current through the circuit.



(c)

Use the correct circuit symbol for an ammeter.
(1)

The variable resistor can be adjusted to have any value from 200 ohms to 600
ohms.

Figure 4 shows how the reading on voltmeter V, and the reading on voltmeter V,
change as the resistance of the variable resistor changes.

Figure 4
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0] How could the potential difference of the battery be calculated from Figure 4?

Tick (v/) one box.

9+3=12V
9-3=6V
9+3=3V

Give the reason for your answer.

&)
(i)  Use Figure 4 to determine the resistance of the fixed resistor, R.

Resistance of R = Q



Give the reason for your answer.

(2)

(i)  Calculate the current through the circuit when the resistance of the variable
resistor equals 200 Q.

Current = A

3)
(Total 9 marks)

Q8.

(@) A washing machine is connected to the mains electricity supply using a cable and
three-pin plug.

Figure 1 shows a three-pin plug.

Figure 1

_Outer case
—~

Name the materials used in the structure of a plug. Give the reason why each
material is used.

Pin

Outer case

1)

(b)  The three-pin plug contains a fuse. The fuse is connected to one of the wires inside
the cable.

(i)  Which one of the wires inside the cable is the fuse connected to?

1)
(i)  The fuse is a thin wire inside a closed glass tube. The wire acts as a resistor.

What effect does a current through a wire have on the wire?



(1)

(i)  The power of the washing machine varies between 0.7 kW and 2 kW
depending on which part of the wash cycle is operating.

Calculate the maximum current drawn from the mains electricity supply by the
washing machine.

The mains electricity supply is at a potential difference of 230 V.

Current = A

(2)

(c) Figure 2 shows how the mains electricity cable is connected to the washing
machine.

The earth wire is connected to the metal case of the washing machine.

Figure 2
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If a fault makes the metal case live, the earth wire and fuse inside the plug prevent
the mains cable from overheating and causing a fire.

Explain how.

(2)

(d) New research has shown that many people underestimate the hazards of using
mains electricity.



It is important that people do understand the hazards of using mains electricity.

Suggest why.

1)
(Total 9 marks)

Qo.

The current in a circuit depends on the potential difference provided by the cells and the
total resistance of the circuit.

(@) Figure 1 shows the graph of current against potential difference for a component.

Figure 1

.

Current

-
*

Potential difference

What is the name of the component?

Draw a ring around the correct answer.

diode filament bulb thermistor
1)
(b) Figure 2 shows a circuit containing a 6 V battery.
Two resistors, X and Y, are connected in parallel.

The current in some parts of the circuit is shown.



(i)

(ii)

(iii)

(iv)

(V)

3 A

Figure 2

.

What is the potential difference across X?

Potential difference across X =

Calculate the resistance of X.

Resistance of X = Q
What is the current in Y?

CurrentinY = A
Calculate the resistance of Y.
Resistance of Y = Q

When the temperature of resistor X increases, its resistance increases.

What would happen to the:

. potential difference across X
. current in X
. total current in the circuit?

Tick (v) three boxes.

Decrease

Stay the
same

Increase

Potential difference
across X

Currentin X

(1)

(2)

(1)

(1)



Total current in the circuit

3)
(Total 9 marks)

Q10.

The graph shows how the current through a filament bulb changes after the bulb is
switched on.
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(&) What happens to the current through the bulb in the first 0.02 seconds after the bulb
is switched on?

1)
(b) Between 0.02 seconds and 0.08 seconds the current through the bulb decreases.

()  What, if anything, happens to the resistance of the bulb between 0.02
seconds and 0.08 seconds?

Draw a ring around the correct answer.

decreases does not change increases
(1)

(i)  What, if anything, happens to the temperature of the bulb between 0.02
seconds and 0.08 seconds?

Draw a ring around the correct answer.

decreases does not change increases
(1)

() The bulb is connected to a 12 V power supply.



Calculate the power of the bulb when the current through the bulb is 1.5 A.

Choose the unit from the list below.

coulomb joule watt

Power = unit

3)
(Total 6 marks)

Q11.
(@) Figure 1 shows the current—potential difference graph for three wires, A, B and C.
Figure 1
A
Current B
in amps
C

Potential difference in volts

()  Using Figure 1, how can you tell that the temperature of each wire is
constant?

(1)

(i)  Which one of the wires, A, B or C, has the greatest resistance?

Write the correct answer in the box.

Give a reason for your answer.

(2)



(b) A student measured the resistance of four wires.

The table below shows the resistance of, and other data about, each of the four
wires, J, K, L and M.

(i)

(ii)

(iii)

Wire Type of L_ength D_iameter Rgsistance
metal in cm in mm in.......

J copper 50 0.17 0.36

K copper 50 0.30 0.12

L copper 100 0.30 0.24

M constantan 100 0.30 7.00

The last column of the table should include the unit of resistance.

What is the unit of resistance?

(1)

The resistance of a wire depends on many factors.

Look at the table. Which two wires from J, K, L and M show that the
resistance of a wire depends on the length of the wire?

Wire and wire

Give a reason for your answer.

(2)

A student looked at the data in the table and wrote this conclusion:

‘The resistance of a wire depends on the type of metal from which the wire is
made.’

The student could not be certain that her conclusion is true for all types of
metal.

Suggest what extra data is needed for the student to be more certain that the
conclusion is correct

1)



(c) The resistance of a wire can be calculated using the readings from an ammeter and
a voltmeter.

() Complete Figure 2 by drawing a voltmeter in the correct position in the circuit.
Use the correct circuit symbol for a voltmeter.

Figure 2
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1)
(i)  Ina circuit diagram, a wire can be represented by the symbol for a resistor.

In the box below, draw the circuit symbol for a resistor.

1)
(Total 9 marks)

Q12.

A 12V filament bulb is connected to a 12 V power supply.
The graph shows how the current changes after the bulb is switched on.



(@)

(b)

(ii)

(i)

4.0

3.5

Current LN
in amps

—
=
—

|
i
0.0F

0.00 0.02 0.04 D.06 0.08 0.10 0.12 0.14

Time in seconds

After 0.10 seconds, the bulb works at its normal brightness.
What is the current through the bulb when it is working at normal brightness?

Current = A

(1)
The bulb works at normal brightness for 30 seconds before it is switched off.

Calculate the charge that flows through the bulb in the 30 seconds before it is
switched off. Give the unit.

Charge = unit

®)

Calculate the energy transferred by the 12 V bulb when it is working at normal
brightness for 30 seconds.

Energy transferred = J

@)

Between 0.02 seconds and 0.08 seconds, there is an increase in both the
resistance and the temperature of the metal filament inside the bulb.

Explain, in terms of the electrons and ions inside the filament, why both the

temperature and the resistance increase.




2
(Total 8 marks)

Q13.
(@) Aresistor is a component that is used in an electric circuit.
—
| el e
N
®)
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L~ |
N
D

()  Describe how a student would use the circuit to take the readings necessary to
determine the resistance of resistor R.

(6)



(ii)

(iii)

(iv)

Explain why the student should open the switch after each reading.

(2)

In an experiment using this circuit, an ammeter reading was 0.75 A.
The calculated value of the resistance of resistor R was 16 Q.

What is the voltmeter reading?

Voltmeter reading = \%

(2)

The student told his teacher that the resistance of resistor R was 16 Q.

The teacher explained that the resistors used could only have one of the
following values of resistance.

10Q 12Q 15Q 18Q 22 Q

Suggest which of these resistors the student had used in his experiment.

Give a reason for your answer.

(2)

(b) The diagram shows a fuse.

1HN)

Describe the action of the fuse in a circuit.




®3)
(Total 15 marks)

Q14.

The current in a circuit depends on the potential difference (p.d.) provided by the cells and
the total resistance of the circuit.

(@) Using the correct circuit symbols, draw a diagram to show how you would connect
1.5V cells together to give a p.d. of 6 V.

2
(b)  Figure 1 shows a circuit containing an 18 V battery.

Two resistors, X and Y, are connected in series.

. X has a resistance of 3 Q.
. There is a current of 2 A in X.
Figure 1
| 18V ‘{
2 A0
30
X Y

(i)  Calculate the p.d. across X.

P.d. across X = V

(2)

(i) Calculate the p.d. across Y.

P.d. across Y = V

(@)

(i) Calculate the total resistance of X and Y.




Total resistance of X and Y = Q

2
(c) Figure 2 shows a transformer.

Figure 2
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()  An 18V battery could not be used as the input of a transformer.

Explain why.

2)
(i)  The transformer is 100% efficient.

Calculate the output current for the transformer shown in Figure 2.

Output current = A

)
(Total 12 marks)

Q15.

If a fault develops in an electrical circuit, the current may become too great. The circuit
needs to be protected by being disconnected.

A fuse or a circuit breaker may be used to protect the circuit.
One type of circuit breaker is a Residual Current Circuit Breaker (RCCB).

(@ (i) Use the correct answer from the box to complete the sentence.



earth live neutral

A fuse is connected in the wire.

(1)

(i)  Use the correct answer from the box to complete the sentence.

are bigger are cheaper react faster

RCCBs are sometimes preferred to fuses because they

1)
(i) RCCBs operate by detecting a difference in the current between two wires.

Use the correct answer from the box to complete the sentence.

earth and live earth and neutral live and neutral

The two wires are the wires.

1)
(b) An RCCB contains an iron rocker and a coil.

A student investigated how the force of attraction, between a coil and an iron rocker,
varies with the current in the coill.

She supported a coil vertically and connected it in an electrical circuit, part of which
is shown in the figure below .

lran rocker a M

Small mass —__

| L ]

Pivot

C-D” il i ] -

She put a small mass on the end of the rocker and increased the current in the coill
until the rocker balanced. She repeated the procedure for different masses.

Some of her results are shown in the table below.

Current needed for the
rocker to balance in
amps

Mass
in grams




5 0.5

10 1.0
15 15
20 2.0

(i) State two extra components that must have been included in the circuit in the
figure above to allow the data in the above table to be collected.

Give reasons for your answers.

(4)

(i)  Ateacher said that the values of current were too high to be safe.

Suggest two changes that would allow lower values of current to be used in
this investigation.

Change 1

Change 2

2)
(Total 9 marks)

Q16.
(a) Draw one line from each circuit symbol to its correct name.
Circuit symbol Name
Diode

R



(b) Figure 1 shows three circuits.

Light-dependent
resistor (LDR)

Lamp

Light-emitting
diode (LED)

The resistors in the circuits are identical.

Each of the cells has a potential difference of 1.5 volts.

(i)

(ii)

(iii)

Circuit 1

Circuit 2

Figure 1

Circuit 3

3)

o

ey
V3~

—

Use the correct answer from the box to complete the sentence.

half

twice

the same as

The resistance of circuit 1 is

Calculate the reading on voltmeter V..

the resistance of circuit 3.
(1)

Voltmeter reading V, = Vv

(1)

Which voltmeter, Vi, V, or V3, will give the lowest reading?

Draw a ring around the correct answer.

A

V, A

1)



(€)

A student wanted to find out how the number of resistors affects the current in a
series circuit.

Figure 2 shows the circuit used by the student.

Figure 2

e
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The student started with one resistor and then added more identical resistors to the
circuit.

Each time a resistor was added, the student closed the switch and took the ammeter
reading.

The student used a total of 4 resistors.

Figure 3 shows three of the results obtained by the student.

(ii)

Figure 3

Current
in amps

1 2 3 4
Number of resistors in series

To get valid results, the student kept one variable the same throughout the
experiment.

Which variable did the student keep the same?

1)

The bar chart in Figure 3 is not complete. The result using 4 resistors is not
shown.

Complete the bar chart to show the current in the circuit when 4 resistors were



used.
2)

(i)  What conclusion should the student make from the bar chart?

1)
(Total 10 marks)

Q17.

(@) Figure 1 shows the apparatus used to obtain the data needed to calculate the
resistance of a thermistor at different temperatures.

Figure 1

Power supply

R

I
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(i)  Inthe box below, draw the circuit symbol for a thermistor.

1)

(i)  Use the data given in Figure 1 to calculate the resistance of the thermistor at
20 °C.

Resistance = ohms




(@)
(i) Figure 2 shows the axes for a sketch graph.

Complete Figure 2 to show how the resistance of the thermistor will change
as the temperature of the thermistor increases from 20 °C to 100 °C.

Figure 2

Resistance
in ohms

Y

Temperature in °C

1)
(iv)  Which one of the following is most likely to include a thermistor?

Tick (V') one box.

An automatic circuit to switch a plant watering system on and off.

An automatic circuit to switch an outside light on when it gets dark.

An automatic circuit to switch a heating system on and off.

(1)

(b) The ammeter used in the circuit has a very low resistance.

Why is it important that ammeters have a very low resistance?

1)

(c) The table below gives the temperature of boiling water using three different
temperature scales.

Temperature Scale
100 Celsius (°C)
212 Fahrenheit (°F)
80 Réaumur (°Re)




(d)

Q18.

Scientists in different countries use the same temperature scale to measure
temperature.

Suggest one advantage of doing this.

1)

A student plans to investigate how the resistance of a light-dependent resistor
(LDR) changes with light intensity.

The student starts with the apparatus shown in Figure 2 but makes three changes
to the apparatus.

One of the changes the student makes is to replace the thermistor with an LDR.

Describe what other changes the student should make to the apparatus.

2
(Total 9 marks)

Electrical circuits have resistance.

(@)

(b)

Draw a ring around the correct answer to complete the sentence.

decreases.
When the resistance of a circuit increases, the current in the circuit increases.

stays the same.

(1)

Use the correct answer from the box to complete each sentence.

a filament bulb an LED an LDR

An electrical component which has a resistance that increases as the

temperature increases is

An electrical component which emits light only when a current flows through it

in the forward direction is

(@)



(c) When some metals are heated the resistance of the metal changes.

The equipment for investigating how the resistance of a metal changes when it is
heated is shown in the diagram.

| — Metal sample

In this question you will be assessed on using good English, organising information
clearly and using specialist terms where appropriate.

Describe an investigation a student could do to find how the resistance of a metal
sample varies with temperature. The student uses the equipment shown.

Include in your answer:

. how the student should use the equipment
. the measurements the student should make
. how the student should use these measurements to determine the resistance

. how to make sure the results are valid.




(6)
(d) The table shows some data for samples of four metals P, Q, R and S.

The metal samples all had the same cross-sectional area and were the same length.

Metal sample Reosis_.tance at Resistance at 100°C
0°Cin ohms in ohms
P 4.05 5.67
Q 2.65 3.48
R 6.0 9.17
S 1.70 2.23

A graph of the results for one of the metal samples is shown.
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Temperature in °C

(i)  Which metal sample, P, Q, R or S, has the data shown in the graph?

1)

(i)  One of the results is anomalous. Circle this result on the graph.
1)

(i) Suggest a reason for the anomalous result.

1)

(iv) The same equipment used in the investigation could be used as a
thermometer known as a ‘resistance thermometer.’

-

-
N

|_—Metal sample

s

Suggest two disadvantages of using this equipment as a thermometer
compared to a liquid-in-glass thermometer.

1.

)
(Total 14 marks)

Q109.

(@) The diagram shows the circuit used to obtain the data needed to plot the
current—potential difference graph for a filament bulb.



N
A J Current
in amps
O
V)

-
L

Potential difference in volts

()  Why is the component labelled ‘J’ included in the circuit?

1)
(i)  The resistance of the bulb increases as the potential difference across the bulb
increases. Why?

(1)

(i) The bulb is at full brightness when the potential difference across the bulb is
12 V.

The current through the bulb is then 3 A.

Calculate the power of the bulb when it is at full brightness and give the unit.

Power =

3)
(b)

In this question you will be assessed on using good English, organising information
clearly and using specialist terms where appropriate.

The table gives data about two types of light bulb people may use in their homes.

Type of light Energy Cost of one Ii/?e\z/t?rrnagien
bulb efficiency light bulb hours
Halogen 10% £1.95 2 000
Light Emitting o
Diode (LED) 32% £11.70 36 000

Both types of light bulb produce the same amount of light.




Evaluate, in terms of cost and energy efficiency, the use of the two types of light
bulb.

To gain full marks you must compare both types of light bulb and conclude which
light bulb would be the best to use.

(6)
(Total 11 marks)

Q20.
The picture shows an electric cooker hob. The simplified circuit diagram shows how the
four heating elements connect to the mains electricity supply. The heating elements are
identical.

Mains
electricity
supply

~y
)

O Q | '?il'l _|:]_c=5

153-

'|E.‘1 | — —
q @ ,;.. _|:’_c ——|
\_ |
Heating element ‘

Heating element

When all four heating elements are switched on at full power the hob draws a current of
26 A from the 230 V mains electricity supply.

(@) Calculate the resistance of one heating element when the hob is switched on at full
power.

Give your answer to 2 significant figures.



Resistance = Q

3)

(b)  The table gives the maximum current that can safely pass through copper wires of
different cross-sectional area.

Cross-sectional Maximum safe
area in mm? current in amps
1.0 11.5
25 20.0
4.0 27.0
6.0 34.0

The power sockets in a home are wired to the mains electricity supply using cables
containing 2.5 mm? copper wires. Most electrical appliances are connected to the
mains electricity supply by plugging them into a standard power socket.

It would not be safe to connect the electric cooker hob to the mains electricity
supply by plugging it into a standard power socket.

Why?

)
(c) Mains electricity is an alternating current supply. Batteries supply a direct current.

What is the difference between an alternating current and a direct current?

2
(Total 7 marks)

Q21.

(a) Electrical circuits often contain resistors.



The diagram shows two resistors joined in series.

100 150

Calculate the total resistance of the two resistors.

Total resistance = Q

1)

(b) A circuit was set up as shown in the diagram. The three resistors are identical.

(i)  Calculate the reading on the voltmeter.

Reading on voltmeter = \%

(@)

(i)  The same circuit has now been set up with two ammeters.

gv
i
Py /""\
), \Az)
|
| l
e

Draw a ring around the correct answer in the box to complete the sentence.

smaller than
The reading on ammeter A, will be equal to the reading on ammeter A;.

greater than

(1)
(Total 4 marks)



Q22.

(@) The diagram shows the information plate on an electric kettle. The kettle is plugged

(b)

(c)

into the a.c. mains electricity supply.

230V 2760 W

50 Hz

Use the information from the plate to answer the following questions.

()  What is the frequency of the a.c. mains electricity supply?

(1)

(i)  What is the power of the electric kettle?

(1)

To boil the water in the kettle, 2400 coulombs of charge pass through the heating
element in 200 seconds.

Calculate the current flowing through the heating element and give the unit.

Choose the unit from the list below.

amps volts watts

Current =

3)

The amount of charge passing through the heating element of an electric kettle
depends on the time the kettle is switched on.



2400

2200 g

1800

1400 y 4

Charge in 1200 y
coulombs

1000 1 1 F11

400

0 50 100 150 200

Time the kettle is switched on
in seconds

What pattern links the amount of charge passing through the heating element and
the time the kettle is switched on?

&)
(Total 7 marks)

Q23.

(@) A student set up the circuit shown in the diagram. The student uses the circuit to
obtain the data needed to plot a current - potential difference graph for a diode.



Switch

_ Cell + Voltmeter

AN 1.5V ([ v
)

Diode

B FmEE R
| @ j
1 ‘
Variable resistor
¢ A o
Ammeter

() Draw, in the boxes, the circuit symbol for a diode and the circuit symbol for a
variable resistor.

Diode Variable resistor

2
(i)  The student made two mistakes when setting up the circuit.

What two mistakes did the student make?

1.

(@)

(b)  After correcting the circuit, the student obtained a set of data and plotted the graph
below.



0.060

000 T /

0.040

o]

Current 1 [ 11
in amps 0.0301 -

0.020

ri

0.0104 1 /"
0.000 .
00 01 02 03 04 05

Potential difference in volts

(i) At what potential difference did the diode start to conduct an electric current?

\Y
1)
(i)  Use data from the graph to calculate the resistance of the diode when the
potential difference across the diode is 0.3 V.
Resistance = ohms

®3)

(c) The diagram shows the trace produced by an alternating current (a.c.) supply on an

oscilloscope.
/1 /1
AR HEER
J
VLT /L
\l/ \/
Sl?l.]g")’% Resistor 0? EI @ @ |

Each horizontal division on the oscilloscope screen represents a time of 0.01s.

(i)  Calculate the frequency of the a.c. supply.




Frequency = hertz
2

A diode is now connected in series with the a.c. power supply.

(ii)

[\ [\
[N LT
[
Diode
ssﬁgly% .
esistor o0 e e
B G 6

Why does the diode cause the trace on the oscilloscope screen to change?

2
(Total 12 marks)

Q24.
The diagram shows the structure of a cable. The cable is part of an undersoil heating

circuit inside a large greenhouse.
Copper braid — acts as the earth wire

— Live wire

= Neutral wire

Insulation

(@) The cable is connected to the mains electricity supply through a residual current
circuit breaker. If the cable is accidentally cut the circuit breaker automatically

switches the circuit off.
()  What is the frequency of the mains electricity supply in the UK?
1)

(i)  What happens, as the cable is cut, to cause the circuit breaker to switch the

circuit off?




)
(i) A circuit can also be switched off by the action of a fuse.

Give one advantage of using a circuit breaker to switch off a circuit rather than
a fuse.

(1)

(b)  The 230 volt mains electricity supply causes a current of 11 amps to flow through
the cable.

()  Calculate the amount of charge that flows through the cable when the cable is
switched on for 2 hours and give the unit.

Charge =

3)

(i)  Calculate the energy transferred from the cable to the soil in 2 hours.

Energy transferred = J

(2)

(c)  The heating circuit includes a thermistor. The thermistor is buried in the soil and
acts as a thermostat to control the increase in the temperature of the soil.

Describe how an increase in the temperature of the soil affects the thermistor.

)
(Total 11 marks)

Q25.

(@) The diagram shows the circuit used to investigate the resistance of a sample of a



material.
The diagram is not complete; the ammeter and voltmeter are missing.

6V
gl

Material

— U

(i)  Draw the symbols for the ammeter and voltmeter on the diagram in the correct
places.

(2)

(i)  How can the current through the material be changed?

1)

(b)  The material, called conducting putty, is rolled into cylinders of different lengths but
with equal thickness.

Graph 1 shows how the resistance changes with length.

Graph 1

40

351

30

251

Resistance

inohms 29

151

101

0 5 10 15 20 25
Length in centimetres
(i)  The current through a 25 cm length of conducting putty was 0.15 A.

Use Graph 1 to find the resistance of a 25 cm length of conducting putty.



Resistance = ohms

(1)

(i)  Use your answer to (b) (i) to calculate the potential difference across a 25 cm
length of conducting putty.

Show clearly how you work out your answer.

Potential difference = volts

(2)

(c) A second set of data was obtained using thicker pieces of conducting putty. Both
sets of results are shown in Graph 2.

Graph 2
40
35
30 4 ——oD
Thinner pieces
25
Resistance
inohms 207
15
101 Thicker pieces
5 -

0 5 10 15 20
Length in centimetres

()  What is the relationship between the resistance and the thickness of the
conducting putty?

(1)

(i)  Name one error that may have reduced the accuracy of the results.

1)
(Total 8 marks)



Q26.

(@) The resistance of a 24 W, 12 V filament lamp depends on the current flowing
through the lamp. For currents up to 0.8 A, the resistance has a constant value of
250Q.

0] Use the equation in the box to calculate the potential difference across the
lamp when a current of 0.8 A flows through the lamp.

potential difference = current x resistance

Show clearly how you work out your answer.

Potential difference = V

@)

(i)  When the potential difference across the lamp is 12 V, the current through the
lampis 2 A.

On the axes below, draw a current—potential difference graph for the filament
lamp over the range of potential difference from 0 to 12 volts.

2.0

1.5

Current
in amps

1.0

0.5

0.0

0 2 4 6 8 10 12
Potential difference in volts

)

(i)  Why does the resistance of the lamp change when the current through the
lamp exceeds 0.8 A?

1)



(b)  The lamp is now included in a circuit. The circuit is switched on for 2 minutes.
During this time, 72 coulombs of charge pass through the lamp.

. )
L Wt

15V —— .;5@

Use the equation in the box to calculate the energy transformed by the lamp while
the circuit is switched on.

energy transformed = potential difference x charge

Show clearly how you work out your answer.

Energy transformed = J

2
(Total 7 marks)

Q27.

(@) The diagram shows a simple circuit.

S —
0.3A A)

90 60Q

O

(i) Calculate the total resistance of the two resistors in the circuit.

Total resistance = Q

1)
(ii) Calculate the reading on the voltmeter.

Show clearly how you work out your answer.




Voltmeter reading = \%

(2)

(i)  Draw a ring around the correct answer in the box to complete the sentence.

decrease

Replacing one of the resistors with a resistor of higher value will not change

increase

the reading on the ammeter.
1)

(b)  The voltmeter in the circuit is replaced with an oscilloscope.

Which one of the diagrams, X, Y or Z, shows the trace that would be seen on the
oscilloscope?

Write your answer, X, Y or Z, in the box.

Diagram

Give a reason for your answer.

)
(Total 6 marks)

Q2s8.
A student used the apparatus below to find out how the resistance of a light-dependent
resistor (LDR) depends on light intensity.



The resistance of the LDR was measured directly using a multimeter.
@ @ Which one of the following is the correct circuit symbol for a LDR?
Draw a ring around your answer.

X %
o & @

(1)

(i)  Name one factor that will affect the intensity of the light hitting the LDR.

1)

(b)  The manufacturer of the LDR provides data for the LDR in the form of a graph.

1000
8004
) 600
Resistance
in kilkhms
(k ) 4001
2004
[] T 1 1 1 1 1 1 _.I
0 100 200 300 400 500 600 700 800
Dark Very
bright

Light intensity in lux

Describe how the resistance of the LDR changes when the light intensity increases
from 100 lux to 300 lux.



(€)

(d)

The student only obtained three results. These are given in the table.

Light intensity

Resistance in kilohms

Dark 750
Bright 100
Very bright 1

0] The student could not use the results to draw a line graph.

Why not?

(2)

1)

(i) Do the student’s results agree with the data the manufacturer provided?

Draw a ring around your answer.

Give a reason for your answer.

YES

NO

Which one of the following circuits probably includes a LDR?

Tick (v") one box.

A circuit that automatically switches outside lights on when it gets

dark.

A circuit that automatically switches central heating on and off.

A circuit that automatically turns lights off when no one is in the room.

(1)

1)
(Total 7 marks)



Q29.

The graph shows how the electric current through a 12 V filament bulb varies with the
potential difference across the bulb.

2.0

1.51

Current

in amps 1.07

0.51

0.0

0 2 4 6 8 10 12
Potential difference in volts

(@) What is the meaning of the following terms?

electric current

potential difference

(@)

(b)  The resistance of the metal filament inside the bulb increases as the potential
difference across the bulb increases.

Explain why.




3)

(c) Use data from the graph to calculate the rate at which the filament bulb transfers
energy, when the potential difference across the bulb is 6 V.

Show clearly how you work out your answer.

Rate of energy transfer = W

2
(Total 7 marks)

Q30.

(@) The picture shows a person using a set of electronic ‘Body Fat Scales’. When the
person stands on the scales, a small, harmless, electric current passes through the
person’s body. The scales then calculate the resistance of the person’s body and
convert the resistance into a prediction of body fat content.

0] The scales contain two 3 V cells joined in series.

Calculate the resistance of a person’s body, if when he stands on the scales, a
current of 0.12 mA passes through his body.

1000mA=1A

Show clearly how you work out your answer and give the unit.

Resistance =

3)

(i)  The scales can only produce a prediction of body fat content and not an
accurate measurement.



Suggest why.

1)

(i) Itis recommended that the scales are not used immediately after a person
has drunk a large amount of water.

Suggest why.

@)

(b)  The diagram shows how someone could get an electric shock from accidentally
cutting into an electric cable. If this happens, and a Residual Current Circuit Breaker
(RCCB) is being used, the circuit will switch off automatically.

Fuse 3000 mA

Live wire | =

Neutral wire <

(i)  Afaulty appliance or circuit can be switched off by a RCCB or a fuse.

Compare the action of a RCCB with the action of a fuse.

@)

(i)  The graph shows how the severity of an electric shock depends on the size of



the current and the time that the current flows through the body.

1407

120

T

Danger of
1001 | serious injury

801 \
Time in \
milliseconds v
60 h

407 Usually no
serious injury -

Fi

207

D 1 1 1 1 1
0 20 100 150 200 250

Current in milliamps

Using the RCCB helps prevent an electric shock seriously injuring the person
using the hedge trimmers.

Using information from both the diagram and the graph explain how.

2
(Total 10 marks)

Q31.

(@) The diagram shows the circuit that a student used to investigate how the current
through a resistor depends on the potential difference across the resistor.



4 cells Switch
—Ml ‘I I T—o
e
Ammeter \f; ) X
Resistor
| I |
o
"\L |
Voltmeter

0] Each cell provides a potential difference of 1.5 volts.

What is the total potential difference provided by the four cells in the circuit?

Total potential difference = volts
(1)
(i)  The student uses the component labelled X to change the potential difference
across the resistor.
What is component X?
Draw a ring around your answer.
light-dependent resistor thermistor variable resistor
(1)
(i) Name a component connected in parallel with the resistor.
(1)
(b)  The results obtained by the student have been plotted on a graph.
1.07 /.ri-
| I O | | EEZANNN
0.84— .- . e /
"
7
0.6
Current I
in amps - /
0.4 T &
il
ﬂ_z_ ! 4 !
Bpra
-
0.0

0 1 2 3 4 5 6
Potential difference in volts

0] One of the results is anomalous.

Draw a ring around the anomalous result.



1)

(i) Which one of the following is the most likely cause of the anomalous result?

Put a tick (v") in the box next to your answer.

The student misread the ammeter.

The resistance of the resistor changed.

The voltmeter had a zero error.

1)

(i)  What was the interval between the potential difference values obtained by the
student?

1)

(c) Describe the relationship between the potential difference across the resistor and
the current through the resistor.

1)
(Total 7 marks)

Q32.

The diagram shows an electric circuit used in a dolls’ house.

The switches are 2-way switches; this means that each switch has a connecting wire that
can be in one of two positions.



Power supply

e

@ (@ With the connecting wire in each switch in the position shown in the diagram,
the lamp is off. Why?

1)
(i)  When switched on, the lamp has a resistance of 18 Q and draws a current of
0.5 A from the power supply.

Use the equation in the box to calculate the potential difference of the power
supply used in the circuit.

potential difference = current x resistance

Show clearly how you work out your answer.

Potential difference =

Vv
2
(i) A second, identical lamp is added to the circuit. The two lamps are joined in
series.
Calculate the total resistance of the two lamps.
Total resistance = Q

(1)

(b)  This type of circuit is also used in real houses. One of the switches is at the top of
the stairs, and the other switch is at the bottom of the stairs.

What is the advantage of using this circuit to switch a lamp on or off, rather than



using a more simple circuit that has only one switch?

(1)

(c) The diagram shows an old type of metal lamp fitting.

The cable has been connected to the lamp fitting in a way that makes the lamp
fitting unsafe.

(i)  What is the possible risk to someone touching the lamp fitting while the lamp
is switched on?

(1)

(i)  What should be done to make this lamp fitting safe to use?

1)
(Total 7 marks)

Q33.

The diagram shows the circuit set up by a student.

6V
i

ra o -\I
\A)
| I |
PR
\»}i/"

(@) The student uses the circuit to test the following hypothesis:



(b)

‘The current through a resistor is directly proportional to the potential
difference across the resistor.’

(i)

(ii)

If the hypothesis is correct, what should the student predict will happen to the
current through the resistor when the potential difference across the resistor is
doubled?

1)

Name the component in the circuit used to change the potential difference
across the resistor.

@)

The student used the data obtained to plot the points for a graph of current against
potential difference.

1.0

0.8

0.6
Current
in amps

0.4

. & Anomalous
0.2
x
0.0%
0 1 2 3 4 5 6
Potential difference in volts

()  Why has the student plotted the points for a line graph and not drawn a bar

(ii)

(iii)

chart?

(1)
One of the points has been identified by the student as being anomalous.

What is the most likely cause for this anomalous point?

@)

Draw a line of best fit for these points.



1)
(iv)  Does the data the student obtained support the hypothesis?

Give a reason for your answer.

1)
(Total 6 marks)

Q34.

The picture shows an electric bicycle. The bicycle is usually powered using a combination
of the rider pedalling and an electric motor.

(@) A 36 volt battery powers the electric motor. The battery is made using individual 1.2
volt cells.

(1) Explain how a 36 volt battery can be produced using individual 1.2 volt cells.

To gain full marks, you must include a calculation in your answer.

(@)

(i)  The battery supplies a direct current (d.c.).

What is a direct current (d.c.)?

1)

(i)  When fully charged, the battery can deliver a current of 5 A for 2 hours. The
battery is then fully discharged.

Calculate the maximum charge that the battery stores.

Show clearly how you work out your answer and give the unit.



Charge stored =

3)

(b)  When powered only by the electric motor, the bicycle can carry a 90 kg rider at a
maximum speed of 6 m/s. Under these conditions, the maximum distance that the
bicycle can cover before the battery needs recharging is 32 km.

The bicycle has a mass of 30 kg.

0] Calculate the maximum kinetic energy of the bicycle and rider when the rider
is not pedalling.

Show clearly how you work out your answer.

Kinetic energy = J

2
(i)  The bicycle can be fitted with panniers (bags) to carry a small amount of
luggage.

What effect would fitting panniers and carrying luggage have on the distance
the bicycle can cover before the battery needs recharging?

Give a reason for your answer.

)
(Total 10 marks)

Q35.

(@) The lamps in the circuits drawn below are all identical.
Each of the cells has a potential difference of 1.5 volts.

0y
Y
oY
)

N
<)

vs)

N
V)

€
2

0] What is the potential difference across the 3 cells that are joined in series?




Potential difference = V

1)
(i)  What will be the reading on the voltmeter labelled V.,

Voltmeter reading V; = \%

(1)
(i) Which voltmeter, V,, V, or Vs, will give the highest reading?

Draw a ring around your answer.

V, V., V,

1)
(b) The diagram below shows a simple circuit.

100 2002
S| S|
O

0] Calculate the total resistance of the two resistors in the circuit.

Total resistance = Q

1)
(i)  Use the equation in the box to calculate the reading on the voltmeter.

potential difference = current x resistance

Show clearly how you work out your answer.

Voltmeter reading = V

(2)

(i)  The current through a resistor at constant temperature changes when the
potential difference across the resistor changes.

Which one of the graphs, X, Y or Z, shows how the current changes?

Write your answer, X, Y or Z, in the box.



Current

Potential
difference

X

Q36.

Current

Potential
difference

Y

L

Current

T
L

Potential
difference

z

Graph

1)
(Total 7 marks)

The current-potential difference graph for one type of electrical component is drawn

below.

0.08

t0.5

{Potential

di

(& What is the component?

-0.02

1)

(b) Complete the diagram to show a circuit that can be used to obtain the data needed
to plot the graph. Use the correct circuit symbol for each component that you add to

the diagram.



(2)

© () What is the current through the component when the potential difference
across the component is 0.8 volts?

Current amps

1)

(i)  Calculate the resistance of the component when the potential difference
across it is 0.8 volts.

Show clearly how you work out your answer.

Resistance = Q

2
(Total 6 marks)

Q37.

A set of lights consists of 20 lamps connected in series to the 230 V mains electricity
supply.

T —r— 1 T

[&)

o

(@) When the lights are switched on and working correctly, the current through each
lamp is 0.25 A.

()  What is the total current drawn from the mains supply?

(1)



(i)  Calculate the charge passing through one of the lamps in 5 minutes.

Show clearly how you work out your answer and give the unit.

Total charge =

3)

(b)  One of the lamps in the set is a fuse lamp. This contains a filament which melts if a
fault occurs. A short time after the lights are switched on, a fault causes the filament
inside the fuse lamp to melt and all the lamps go out.

The householder cannot find another fuse lamp so connects a piece of aluminium
foil across the contacts inside the fuse lamp holder.

When switched on, the nineteen remaining lamps work.

What the householder has done is dangerous.

Explain why.

2)
(Total 6 marks)

Q38.

(@) A student takes off his nylon fleece and feels a small electric shock.
He realises that this happens because his fleece becomes charged.

Nylon fleece

Shirt

Explain why the fleece becomes charged.




(b)

(c)

2
Only two of the following statements are correct.

Put a tick (v') in the boxes next to the two correct statements.

Positively charged objects repel negatively charged objects.

Electrical charges move easily through metals.

Static electricity is safe; it never causes any danger.

An electric current is a flow of electrical charge.

(2)

The diagram shows a lightning conductor attached to the side of a tall building.

88 8
B B8 B8
Lightning conductor—_ | B
08 8
Bma

B Metal plate

If the building is struck by lightning, charge flows to earth through the lightning
conductor.

(i)  Which of the materials in the list is used to make the lightning conductor?

Draw a ring around your answer.

copper glass plastic



Give a reason for your answer.

)
(i) Complete the sentence by drawing a ring around the correct line in the box.

The resistance of the lightning conductor is

higher than
the same as | the resistance of the building.

lower than

(1)

(i) Itis almost impossible to test different designs of lightning conductor in
controlled experiments during a lightning storm.

Suggest a reason why.

1)
(Total 8 marks)

Q309.

Diagram 1 shows a hairdryer.
Diagram 2 shows how the heaters and fan of the hairdryer are connected to a 3-pin plug.
The hairdryer does not have an earth wire.

Heater 2 _S3
—| |—o T

Heater 1 Sy
o
Fan
) —L 1
Switches — |

Ny, 31

| / "Plastic case o

I"a"a 3-pin plug

WA
Diagram 1 Diagram 2



(@) What colour is the insulation around the wire connected to the live pin inside the
plug?

(1)

(b)  Why does the hairdryer not need an earth wire?

1)
(c)  All the switches are shown in the OFF position.
()  Which switch or switches have to be ON to make:

(1) only the fan work;

(2) heater 2 work?

2
(i)  The heaters can only be switched on when the fan is also switched on.

Explain why.

(2)

(d)  The table shows the current drawn from the 230 volt mains electricity supply when
different parts of the hairdryer are switched on.

Current in amps

Fan only 1.0
Fan and heater 1 4.4
Fan and both heaters 6.5

Calculate the maximum power of the hairdryer.

Show clearly how you work out your answer and give the unit.

Maximum power =




3
(Total 9 marks)

Q40.

The diagram shows a strain gauge, which is an electrical device used to monitor a
changing force.

Applying a force to the gauge causes it to stretch.
This makes the electrical resistance of the wire change.

Flexible plastic

/
/ —
) —
."lll. -"l.
Thin wire {

Connecting wire

@ (@ Using the correct symbols, add to the diagram to show how a battery, an
ammeter and a voltmeter can be used to find the resistance of the strain
gauge drawn above.

(@)

(i)  When in use, the strain gauge is always connected to a d.c. power supply,
such as a battery.

How is a d.c. (direct current) power supply different from an a.c. (alternating
current) power supply?

(1)

(b)  Before any force is applied, the unstretched gauge, correctly connected to a 3.0 V
battery, has a current of 0.040 A flowing through it.

() Calculate the resistance of the unstretched gauge.

Show clearly how you work out your answer.

Resistance = Q




(2)

(i)  Stretching the gauge causes the current flowing through the gauge to
decrease.

What happens to the resistance of the gauge when it is stretched?

1)

(i)  What form of energy is stored in the gauge when a force is applied and the
gauge stretches?

1)
(Total 7 marks)






