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Gateway Physics A (9-1)

Simple circuits

Please note that you may see slight differences between
this paper and the original.

Duration: Not set
Candidates answer on the Question paper.

OCR supplied materials:
Additional resources may be supplied with this paper.

Other materials required:
* Pencil
* Ruler (cm/mm)

Candidate Candidate
forename surname
Centre number Candidate number

INSTRUCTIONS TO CANDIDATES

» Write your name, centre number and candidate number in the boxes above. Please write clearly and in capital letters.

» Use black ink. HB pencil may be used for graphs and diagrams only.

» Answer all the questions, unless your teacher tells you otherwise.

* Read each question carefully. Make sure you know what you have to do before starting your answer.

* Where space is provided below the question, please write your answer there.

* You may use additional paper, or a specific Answer sheet if one is provided, but you must clearly show your candidate
number, centre number and question number(s).

INFORMATION FOR CANDIDATES

» The quality of written communication is assessed in questions marked with either a pencil or an asterisk. In History and
Geography a Quality of extended response question is marked with an asterisk, while a pencil is used for questions in
which Spelling, punctuation and grammar and the use of specialist terminology is assessed.

« The number of marks is given in brackets [ ] at the end of each question or part question.

» The total number of marks for this paper is 264.

« The total number of marks may take into account some 'either/or' question choices.
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1 Voltage is increased before transmission through the National Grid.

It is increased from 25 000 V up to 400 000 V. This increases the voltage 16 times.

(i) How much would this increase in voltage affect the current?

(ii) Use the formula: power = current?® x resistance

to explain why this voltage increase is important to power loss in transmission cables
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2(a) Elin has some electrical appliances in her home.
She switches them on and measures how long they are used for.

She records some information about four appliances.

Look at the table.
Appliance Average power in Voltage in volts Currentin amps |Time appliance used
watts in hours
Grill 1500 230 0.5
Oven 1800 230 5
Laptop charger 100 20 1
Slow cooker 460 230 4

Which appliance uses the highest current?

Appliance

Calculate the current for this appliance.

[3]
(b) Elin buys her electricity from an energy company.
This company charges 18 pence per kWh unit for electricity.
What is the cost of using the grill for 20 hours?
Answer____________________________ pence
[2]
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3(a) Photocells can be used to supply electricity for road signs.

Look at the diagram of a road sign below.

photocells

rechargeable
battery

sensor

LED lamps

This road sign is in the countryside. It is not connected to mains electricity.
When the sensor detects a car approaching, the LEDs in the road sign light up and flash.
One advantage of using photocells is that they are able to power this road sign even in a remote location.

Write down two other advantages of using photocells for this road sign.

1
2
[1]
(b) Describe how the light produces electricity in the photocells.
_________________________________________________________________________________ 12]
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(c) The photocells are fixed on the top of the road sign.
The photocells cannot move to point in the direction of the Sun.
Instead of using photocells which move, the road sign has a large area of photocells.

Explain why there needs to be a large area of photocells.
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4 Felippe has a security light which turns on when it becomes dark.

An LDR can be used as part of a potential divider circuit to turn on the security light.

Look at the diagram.

output voltage
to security
light unit

Explain how the potential divider circuit and the LDR can be used to turn on the security light when it becomes
dark.

/ The quality of written communication will be assessed in your answer to this question.
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5(a) Anna investigates how the current through a resistor changes with voltage.

She plots her results on a graph.

voltage in volts
w
\

0 0.05 0.1 0.15 0.2 0.25 0.3

current in amps

What is the resistance of the resistor that Anna used?

(b) Anna replaces the resistor with one that has 3 times the resistance value.

answer Q2]

Describe, and explain, how the gradient of the graph would change.
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6 The National Grid transfers power from power stations to homes and factories.

The current in a circuit which is part of the National Grid is 100 A.

The resistance of this part of the circuit is 200 Q.

Calculate the power loss in this part of the circuit in MW.

answer MW [2]

7 Victoria lives in the UK.

She buys a new computer.

Look at the label on the adapter for the computer.

input voltage 230V
output voltage 20V

output current 4.7 A

Calculate the output power of the adapter.
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8 Look at the graph.

'y
15 Ry
A CH
£ 1
+ 10 - <
/ \ \
/ \
5 \
\
voltage 0 / ‘ \
/’ _ _ _‘\ /’ time
5 ) /
\ /
\ yan \ /
- 10 N L/ . 1/
B [ D
15 : :
(i) State the maximum (peak) voltage of this AC supply.
___________________________________ V1]
(i) A diode can be used to produce half-wave rectification of this AC supply.
Explain how a diode produces half-wave rectification.
Use the letters, A, B, C and D on the graph to help you answer.
______________________________________________________________________________ 12]
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9 Victoria lives in the UK.

Victoria notices that different countries have different input voltages for home appliances.

Look at the information she finds on the internet.

Country Input voltage in V
Bermuda 120
Kenya 240
Japan 100
Mexico 127
UK 230

Victoria has a travel iron.

The input voltage to the iron varies for different countries.

The iron is designed to keep the current the same in each country.

(i) In which country does the iron have the most electrical power?

(ii) Victoria’s travel iron is not very good at getting creases out of clothes when she uses it in Japan.

She buys a different travel iron with a variable resistor.

Look at the picture of the different travel iron.

variable resistor
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She uses the variable resistor in the iron to change the current.

She now finds that the new iron is more effective at getting rid of creases when she uses it in Japan.

Use the information in the question to explain why.
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10 Filament bulbs are used to provide light in some homes and factories.

When the bulb is switched on, the resistance of the filament changes.
Explain how the resistance of the filament changes when a current passes through it.

Use ideas about atoms and electrical current to explain why this happens.

/ The quality of written communication will be assessed in your answer to this question.
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11 Draw a line from each circuit symbol below to its correct name.

circuit symbol

.

© OCR 2022. You may photocopy this page.
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capacitor

diode

variable
resistor

[2]
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12(a) Kevin connects a circuit with two resistors in series.

Look at the diagram.

50

Jean says that Kevin could replace the two resistors with one resistor.

What value of resistor could Kevin use to give the same total resistance?

answer ohms [1]
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(b) Kevin needs to split the output of the 12 V battery between resistor R1 and resistor R2.

4V 8V

He needs 4 V across R1 and 8 V across R2.

He has four different pairs of resistors, A, B, C and D to choose from.

Pairs of resistors R1in? R2in?
A 50 200
B 50 100
Cc 50 50
D 50 25

Which pair of resistors, A, B, C or D, should he use?
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(c) Kevin needs a resistor of at least 5 ohms.

He finds a resistor without a value on it.

He decides to connect a circuit so that he can calculate the value of the resistor.

Look at the diagram.

12V

The ammeter shows a current of 3 A.

Use a calculation to find out if this resistor is suitable.

[2]
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13(a) Victoria lives in the UK.

She buys a new computer.

Look at the label on the adapter for the computer.

input voltage 230V
output voltage 20V

output current 4.7 A

Calculate the output power of the adapter.
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(b) Victoria notices that different countries have different input voltages for home appliances.

Look at the information she finds on the internet.

Country Input voltage in V
Bermuda 120
Kenya 240
Japan 100
Mexico 127
UK 230

Victoria has a travel iron.
The input voltage to the iron varies for different countries.

The iron is designed to keep the current the same in each country.

(i) In which country does the iron have the most electrical power?

(ii) The travel iron is not very good at getting the creases out of clothes when used in Japan.

Use the information in the table to explain why.
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14  Elin has some electrical appliances in her home.

She switches them on and measures how long they are used for.

She records some information about four appliances.

Look at the table.

Appliance |Averag | Voltag | Time a
e ein |pplianc
power | volts |e used
in in
watts hours
Grill 1500 | 230 0.5
Oven 2000 | 230 5
Phone 10 12 1
charger
Slow cooker 230 4
The slow cooker uses an average current of 2 A.
Calculate the average power for the slow cooker.
Answer ____ w
19 of 141
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15 Elin has some electrical appliances in her home.

She switches them on and measures how long they are used for.

She records some information about four appliances.

Look at the table.

Appliance |Averag | Voltag | Time a
e ein |pplianc
power | volts |e used
in in
watts hours
Grill 1500 | 230 0.5
Oven 2000 | 230 5
Phone 10 12 1
charger
Slow cooker 230 4

Which appliance costs Elin the most to use?

Appliance ___________________ _

Use the data from the table to explain your answer.
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16(a) George draws a current-voltage graph for five different ohmic conductors.

0.8 I
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A 7 4
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0 1 2 3 4 5 6 7 8
voltage in volts
Ohmic conductors obey Ohm's Law.
Complete the sentence.

All five conductors are ohmic because the lines pass through the origin and

_________________________________________________________________________________ {11
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(b) Look at point X on the graph for conductor B.

(i) Complete the sentences.

The voltage at Xis . _ volts.
The currentat Xis __ amps.
[1]
(i) Use your answers from (i) to calculate the resistance of conductor B.
Choose from
0.13 ohms 0.77 ohms 2.72 ohms 7.50 ohms
answer __
[1]
(c) Which conductor has the greatest resistance?
Choose from.
A B C D E
answer ______________
[1]
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(d) When the voltage is more than 6 volts conductor B gets hot.

George uses a model to explain resistance:

Current in a conductor is the flow of charge carriers calledneutrons.

The charge carriers collide with the atoms (ions) in the conductor.

This explains electrical resistance.

As the conductor gets hotter the resistance stays the same.

George has made two mistakes.

Describe the two mistakes he has made and write down the corrections.
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17(a) Symbols are used to represent electronic components.

Look at the two different symbols.

AN

A B

These electronic components are different types of resistors.

Write down the name of each electronic component and what makes their resistance change.

[3]
(b) Diodes allow a current to pass in only one direction.
Look at the circuit diagram.
power
supply
_o o—
direction of current — | ®
Y
diode
In the box labelled diode, draw a diode symbol which allows the current to pass in the direction shown.
[2]
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18 Sheree does an experiment in her science lesson.

Look at a diagram of the circuit she uses.

—00—
()

® Y ®

slider/o'

resistance X

wire

Sheree moves the slider to different positions along the resistance wire towardsconnection X.

This changes the length of the resistance wire in the circuit.

She writes down the readings from the ammeter and the voltmeter.

Look at Sheree's results.

Distance between slider Current in amps Voltage in volts Resistance in ohms
and Xincm
40 0.12 0.75 6.25
30 0.15 0.70 4.67
20 0.20 oe0 ) ____________________
10 0.30 045 |\ ____________________

Calculate the missing values for resistance.

Use the information from the table to describe how current and resistance changewhen the length of the
resistance wire is changed.

/ The quality of written communication will be assessed in your answer to this question.
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19(a) Rob puts a motor in a circuit.

M,

The motor does not turn.

Explain why.
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(b) Rob replaces the battery with an ac supply.

The motor now turns, but not smoothly.

Explain why.

20(a) Ksenia and Eva investigate five different variable resistors.

They set each variable resistor to the maximum resistance.

They keep the voltage the same and use this circuit to measure the current.

©
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Look at their results.

Variable resistor Reading on ammeter in amps
A 0.12
B 0.15
C 0.16
D 0.06
E 0.11

(i) The maximum resistance for variable resistor B is 4.79 ohms.

Calculate the voltage to 2 significant figures.

voltage ______________________ volts 2]
(i) During the measurements the voltage was kept constant for all the variable resistors.
Which variable resistor has the highest resistance?
Choose from
A B Cc D E
______________________________________________________________________________ 111

© OCR 2022. You may photocopy this page. 28 of 141 Created in ExamBuilder


https://stemup.co.uk

(b) Ksenia looks inside a variable resistor.

Look at the diagram.

to power supply to power supply

/

MM

coil of resistance wire

slider

The slider moves around and keeps in contact with the coil of resistance wire.

Explain how this variable resistor can be moved to increase and decrease the current in a circuit.

21(a) Ksenia and Eva investigate five different variable resistors.

They set each variable resistor to the maximum resistance.

They keep the voltage the same and use this circuit to measure the current.

m
N\,

Look at their results.
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Variable resistor Current reading on
ammeter in amps

0.12

0.15

0.16

0.06

mjo|O|®]| >

0.11

All the wires inside the variable resistors are

* made of the same material
¢ the same thickness.

(i) Which of the five variable resistors in the table has the longest wire?

Choose from

answer

(i) Which variable resistor will have the highest resistance?

Choose from

answer

© OCR 2022. You may photocopy this page. 30 of 141
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(b) Ksenia looks inside a variable resistor.
Look at the diagram.

to power supply to power supply

/

MM

coil of resistance wire

slider

The slider moves around touching the coil of resistance wire.

Draw on the diagram where the slider should be to get the highest current reading.

[1]
(c) Eva writes down a voltmeter reading for variable resistor B.
ammeter reading = 0.15A
voltmeter reading = 0.70V
Calculate the resistance of variable resistor B to 2 significant figures.
Resistance of variable resistorB __ unit of resistance ___________ 3]
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22  The National Grid has many power lines at high voltage.
The National Grid uses two high voltages.

* 400 x 10°V
e 275x10°V

Both voltages are used to transfer 2.0 x 10° W of electrical power.

Calculate the current in the power lines at each voltage and explain why the higher voltage is better for power
transmission through the National Grid.

At a voltage of 4.00 x 10° V

23 John investigates the current produced by a photocell.

Look at the circuit he uses.

© OCR 2022. You may photocopy this page. 32 of 141 Created in ExamBuilder
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[ torch _____—_J— photocell (AY

distance
John moves the torch away from the photocell.
This changes the current through the ammeter.

Look at his results.

ammeter

Distance between torch and photocell in 10 20 30 40 50
cm
Current in mA 192 48 12 8

(i) Use the graph to help predict the current in mA for a distance of 30 cm.

The first two results in the table have been plotted for you.

© OCR 2022. You may photocopy this page. 33 of 141
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200

oo

current in mA
180

160

140

120

100

80

60

40

20

00 10 20 30 40 50
distance in cm

Current for a distance of 30 cm = mA

(2]

(i) Write a detailed conclusion about the relationship between the current and the distance between the torch
and the photocell.

______________________________________________________________________________ 2]

(iii) Explain why this trend happens.
______________________________________________________________________________ 111
© OCR 2022. You may photocopy this page. 34 of 141 Created in ExamBuilder
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24  Riya connects an electrical circuit.

| wire

& ®

o

variable resistor

The voltmeter reading is 3.0 V.

The ammeter reading is 1.5A.

(i) Calculate the resistance of the lamp.

© OCR 2022. You may photocopy this page. 35 of 141 Created in ExamBuilder
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25 Kate designs a moving robot that detects changes in light and warmth.
Which two components must she use?

Choose from

diode
lamp
LED
LDR

thermistor

© OCR 2022. You may photocopy this page. 36 of 141 Created in ExamBuilder
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26 Riya connects an electrical circuit.

| wire

& ®

variable resistor

The voltmeter reading is 3.0 V.

The ammeter reading is 1.5A.

(i) Calculate the resistance of the lamp.

(i) Riya wants to decrease the total resistance of the circuit.

She cannot change the voltage.

Describe two changes she could make to this electrical circuit to decrease the total resistance.
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27(a) Tanya uses different components in a circuit.

(i) She measures the current and voltage across one of the components.

A

current

voltage

Tanya looks at the graph and decides this component is a silicon diode.

Explain why Tanya is correct.
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(i) Tanya draws two diagrams to show how a silicon diode works.

holes electrons holes electrons
o= =0 <0 &0 =0
O= &0 O o=
| o= O &0 ] 100 o= [
oig o= =0 0«0 =0
| |
junction junction
l |
I 1
current across the junction no current across the junction

The holes are positive (+) and the electrons are negative (-).

Use the diagrams to explain how a diode works.
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(b) Another component in the circuit is a thermistor.

Tanya measures the resistance of this thermistor at different temperatures.

Describe, in detail, how the resistance of this thermistor varies with temperature.

Temperature in Resistance in
°C ohms
15 15.8
20 12.4
25 10.0
30 8.0
35 6.5
40 5.3

_________________________________________________________________________________ 12l

28  Which voltage is the maximum voltage made when four 1.5 V cells are connected in series?

A

oV

1.5V

3.0V

6.0V

Your answer

© OCR 2022. You may photocopy this page.

40 of 141

(1]

Created in ExamBuilder


https://stemup.co.uk

29 A student has 3 identical resistors. She arranges them in four different ways.

A T B

—

3

—

| ﬂ;j | E]
Which arrangement has the most resistance?

Your answer [1]

30(a) A student uses four electrical appliances for different lengths of time.

Look at the table.
Appliance Power (W) Time used (hours)
Hair dryer 1500 0.3
TV 100 5
Toaster 2000 0.2
Light bulb 10 12

(i) Which appliance uses the most energy?
______________________________________________________________________________ 111

(i) Which appliance uses the least energy?

______________________________________________________________________________ 111
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(b) Here are three different components and their use in the home.

Match the component to its correct use.

One has been done for you.

Component Use
LDR Operating a heating system
Thermistor o Monitoring the position of a door ‘
Variable resistor }/’/ Turning on lights when it gets dark ‘
[2
(c) A charge of 44 000 C flows through a light bulb. The potential difference is 230 V.
Calculate the energy transferred.
Use the equation: Charge = Energy + Potential difference
Record your answer to 2 significant figures.
ANSWET = Lo J [4]
© OCR 2022. You may photocopy this page. 42 of 141 Created in ExamBuilder
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31(a) A student builds a circuit to investigate the resistance of component X.

—

(A

,/_’///fo

(i) What is the name of this component? ;

______________________________________________________________________________ 111
(i) Why is this component needed in this circuit?

______________________________________________________________________________ 111
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(b) Component X has a resistance of 16 Q when a current of 0.25 A flows.

(i) Calculate the potential difference across component X.

Use the equation: Potential difference = Current x Resistance

Answer =

(ii) Calculate the power of component X when a current of 0.25 A flows.

Answer =

© OCR 2022. You may photocopy this page. 44 of 141
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(c) The student uses the circuit to take current and potential difference readings.

The student plots a graph of her results.

Current A

==
Potential difference

(i) Look at the graph.

What is component X in the circuit?
______________________________________________________________________________ 111

(i) The resistance of component X varies as the potential difference changes.

Describe how the graph shows this and explain why this happens.
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32(a) A student builds a circuit to investigate the resistance of component X.

—

(A

//;x

(i) What is the name of this component? %

______________________________________________________________________________ 111
(i) Why is this component needed in this circuit?

______________________________________________________________________________ {11
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(b) The student uses the circuit to take current and potential difference readings.

The student plots a graph of her results.

Current A

-
Potential difference

(i) Look at the graph. What is component X in the circuit?
______________________________________________________________________________ 111

(ii) The resistance of component X varies as the potential difference changes.

Describe how the graph shows this and explain why this happens.
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(c) Component X has a resistance of 16 Q when a current of 0.25 A flows.

(i) Calculate the potential difference across component X.

Use the equation: Potential difference = Current x Resistance

Answer =

(ii) Calculate the power of component X when a current of 0.25 A flows.

Answer =

© OCR 2022. You may photocopy this page. 48 of 141
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33(a) Two students investigate the resistance of a wire.

They tape a length of wire to a metre ruler and connect it to a resistance meter using crocodile clips.

Wire Ruler

K 1
|| T NN NN |
L /

Crocodile clip

] Moveable wire

Resistance meter

Look at their results.

Resistance (Q)
Length of wire (cm) Attempt 1 Attempt 2 Attempt 3 Mean
25 8.8 8.3 8.5 8.533
50 16.2 16.1 16.4 16.4
75 235 23.8 18.7 23.7
100 30.8 31.1 31.0 31.0

(i) Describe the pattern shown by these results.

Use data in your answer.

______________________________________________________________________________ 2]
(i) The students made two mistakes when they recorded their results and completed the table.

Identify the mistakes and explain what they should have done.
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______________________________________________________________________________ 12]
(iii) The students have correctly handled an anomaly in their results.

Identify the anomaly and explain how it was correctly handled.

______________________________________________________________________________ 12]
(iv) The students plan to plot a graph of mean resistance against length.
What would you expect a graph of these results to look like?
______________________________________________________________________________ 12]
(b)
(i) The actual mean resistance values are more than expected.
Suggest two possible errors with the experiment.
______________________________________________________________________________ 12]
(i) For one of the errors, suggest how the experimental procedure could be improved.
______________________________________________________________________________ 111
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34 A domestic wind turbine has a power rating which varies from 1.0 kW to 3.0 kW.

(i) The domestic wind turbine has an electrical resistance of 23 Q.
It generates a current of 11 A on a windy day.

Calculate the power output in kW of the turbine on this day.

ANSWer = e kW [4]

() Suggest why the manufacturer gives a range for the power rating of the wind turbine.

______________________________________________________________________________ 111

(i) Using just one domestic wind turbine may be an unreliable source of power for a house.

State a reason why.
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35 A domestic wind turbine has a power rating which varies from 1.0 kW to 3.0 kW.

(i) The domestic wind turbine has an electrical resistance of 23 Q.

It generates a current of 11 A on a windy day.

Calculate the power output in kW of the turbine on this day.

(iii) Using just one domestic wind turbine may be an unreliable source of power for a house.

State a reason why.
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36 ATV works with a 12.0 V battery. It has a current of 3.19 A.

Calculate the power rating of the TV.

Power = ... W [3]

37(a) Energy is transferred at high voltages in the national grid.

This house is near to a transmission line.
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(b) Explain why it is more efficient to transfer energy at high voltages.

(c) The transmission line has a power loss of 6.156 kW.
Its resistance is 15.39 Q.
Calculate the current in the transmission line.
Current= ... A [5]
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38 A student investigates four different electrical components.

She plots current-potential difference graphs for the components.

A B
Current Current
0 potential 0 potential
difference difference
C D
Current Current
0 potential 0 potential
difference difference

Which of the above shows the characteristic graph for a diode?

Your answer [1]
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39(a) A TV has the label below on it.

OCRTV

Voltage: 230 V
Power: 65 W
Frequency: 50 Hz

Calculate the current in the TV when it is turned on.

Use the equation: power = potential difference x current

Give your answer to 2 significant figures.

Current = oo A [4]
(b) The TV is turned on for 30 minutes.

Calculate the energy transferred by the TV.

Energy used = ..o, J [4]
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40(a) A student investigates the electrical characteristics of a light emitting diode (LED).

The student builds a circuit to investigate how the current through an LED and the potential difference across it
vary when the LED lights up.

Look at the circuit diagram.

(i) The student has made two errors connecting the circuit.

Identify the errors.

L
2
[2]
(i) What is the purpose of the component |i| in the circuit?
[1]
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(b) The student then connects the circuit correctly. He measures the current through the LED as 0.03 A when the
potential difference across it is 3.0 V.

(i) Calculate the resistance of the LED.

Use the equation: potential difference = current x resistance

Resistance = .......ccccviiiiiii Q3]

(ii) Calculate the charge which flows when this LED operates for 2.5 minutes.

(iii) Calculate the energy transferred when this LED operates for 2.5 minutes.

Use the equation: energy transferred = charge x potential difference
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Energy transferred = ... J[2]

41 A student investigates how current and potential difference vary in different components.

Look at the graphs of her results.

A B
A A
Current Current
o P
> Potential . Potential
difference difference
C D
A A
Current Current
£ —
. Potential 0 Potential
difference difference

Which graph shows a filament lamp?

Your answer 1]

© OCR 2022. You may photocopy this page. 59 of 141 Created in ExamBuilder


https://stemup.co.uk

42 A student sets up four different circuits. He uses identical lamps and the same cell.

Look at the diagrams of his circuits.

A

Which circuit has the brightest lamp(s)?

Your answer
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43(a) A student sets up a circuit to find out the resistance of an unknown resistor. The student makes three mistakes in
their circuit.

Look at the circuit diagram of their experiment.

(i) Write down the three mistakes the student makes.

T

S ——

S
(i) For one of the mistakes identified in (i) describe how the student can fix the error.
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(b) The student finds that the current is 20 mA when the potential difference is 4.0 V.

Calculate the resistance of the unknown resistor.

Include the unit for resistance in your answer.

Use the equation: resistance = potential difference + current.

Resistance = .......

44(a) A TV has the label below on it.

OCRTV

Voltage: 230 V
Power: 65 W
Frequency: 50 Hz

Calculate the current in the TV when it is turned on.
Use the equation: power = potential difference x current

Give your answer to 2 significant figures.

Current =
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(b) The TV is turned on for 30 minutes.

Calculate the energy transferred by the TV.

Energy used = ........ooiiiiiiiie e J [4]

45  The graph shows thinking and braking distances for a car at different speeds.
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70

Key
thinking distance
60 ‘:" braking distance
/
/
/
/
50 i
/
/
40
/
Distance /
m
(m) ,,
30 £
/
/
20 £
va pd
A
10
/
/
y
’
,J/
04==
0 10 20 30
Speed (m/s)
Describe how thinking distance varies with increasing speed.
Use data from the graph in your answer.
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46 The table shows the current and potential difference for four different lamps.

Which lamp has the highest power?

Use the equation: power = potential difference x current

Current (A) Potential difference (V)
A 2 5
B 3 4
C 4 2
D 5 1

Your answer

47 Calculate the charge when 200 J of energy is transferred with a potential difference of 40 V.

Use the equation: energy transferred = charge x potential difference
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48(a) A student builds two electrical circuits. Each circuit uses identical cells and identical fixed resistors.

Explain why circuit A has a lower total resistance than circuit B.

(b) A student investigates the resistance of a filament lamp.

(i) Explain why the resistance of a filament lamp increases when current increases.

(ii) Design a circuit diagram which could be used to investigate how the resistance of a filament lamp changes
with current.

Use the circuit symbols below. Each symbol can be used once, more than once, or not at all.

-+ ® ® ® oA
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(2]

(iii) Describe how the student would use the circuit you have drawn in (i) to investigate how the resistance of a
filament lamp changes with current.
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49  Water can be heated using a 12 V heater.

A transformer is used to change a 120 V supply into 12 V.
The current in the secondary coil is 9.0 A.

Calculate the current in the primary coil.

Use an equation from the data sheet.
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50 A student sets up four electrical circuits.

A
™~
L1
X
B
|
L ®
> &
C
L1
N
X
D

Identify in which circuit the lamp will light up.

Your answer
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51 A student investigates how the resistance of a light dependent resistor (LDR) changes with light intensity.

Resistance I/

nght |ntenS|ty

nght |ntenS|ty

Resistance

Resistance

nght intensity

Resistance

0 =
Light intensity

Which graph shows the correct relationship between the resistance of an LDR and light intensity?

Your answer [1]
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52  Which item uses the most power?

Use the equation: power = potential difference x current

Item Current (A) Potential difference (V)
A Calculator 0.1 3
B Mobile Phone 1.0 5
C Radio 0.5 12
D Torch 1.2 6

Your answer

53(a) A student sets up the circuit in Fig. 17.1 to investigate the resistance of a lamp.

—— O

X—®

Fig. 17.1

(i) The student also needs to add a voltmeter to the circuit.

On Fig. 17.1 draw where the voltmeter should be connected.

(ii) The student takes readings of potential difference and current and records them in Table 17.1.

Potential difference (V) Current
1.0 1.000
2.0 1.9
3.0 2.7
4.0 3.2
5.0 3.5
Table 17.1
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There are two mistakes in the results table.

Write down the two mistakes and suggest how they could be corrected.

Mistake 1:

Correction 1:

Mistake 2:

Correction 2:

[4]
(iii) Calculate the resistance of the lamp when the potential difference is 4.0 V in Table 17.1.
Use the equation: potential difference = current x resistance
Resistance = .......cccoviiiiii Q3]
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(b) The student plots the results from Table 17.1 on the graph in Fig. 17.2.

4.0

X

s ]
3.0
X
Current
S X

1.0

0 1.0 20 3.0 4.0 5.0

Potential difference (V)

Fig. 17.2

(i) Plot the missing point at 1.0 V on the graph and draw a line of best fit.

(2]

(ii) Describe the relationship between potential difference and current.

Use data from the graph to support your answer.

(iii) Explain how you could use the circuit in Fig. 17.1 to investigate the resistance of a fixed resistor instead of a
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54 A student investigates if lamps are brighter in a series circuit or a parallel circuit. He sets up two different circuits,
A and B.

4®7
A

State which circuit will have the brightest lamps and explain why.

In your answer, include the variables that the student will need to control in this experiment.
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55 Calculate the charge when 200 J of energy is transferred with a potential difference of 40 V.

Use the equation: energy transferred = charge x potential difference

END OF QUESTION PAPER
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Mark Scheme

Question Answer/Indicative content Marks Guidance

i Simple use of P =V x | / idea of ratios 2 ALLOW current reduced (1)
using transformer equations (1)

Current reduced by 16 times (1)

ii Very large decrease in power loss (1) 2

Power loss is related to the square of the

current / AW (1)
Total 4
a (Highest current is the) oven [1] 3

7.83 (A) [2] More or less than 2 decimal places or
incorrect 2 decimal places scores
maximum of [1] for calculation
eg. 7.826087 / 7.826 / 7.82 / 7.8 [1]

1800 /230 [1] allow if incorrect appliance selected allow

correct calculation of current e.g. grill 6.52
(A) / laptop charger 5.00 (A) / slow cooker
2.00 (A) [2]

correct substitution for incorrect appliances
can score [1]

Examiner's Comments

This was a 7-mark question on using and
providing electricity in the home. It was
common to see 3 to 5 marks scored
overall.

This was well answered with 3 marks being
frequently seen for the oven identified and
the calculation correct. Often though [2]
would be scored for failing to round the
answer correctly to 2 decimal places (a
common answer that falls into this category
was 7.82 rather than 7.83).
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Mark Scheme

Question Answer/Indicative content Marks Guidance
b 540 (pence) or £5.40 [2] 2 5.4 scores [1]

but if answer is incorrect Examiner's Comments

either This was poorly answered with only about
a quarter calculating 540 pence or £5.40

20x 18 x 1.5 [1] [2]. A common answer was 1080. Many
scored zero as candidates struggled to

or convert units and many doubled the power
or time etc. Presumably they thought this

20 x 18 x 1500 [1] was necessary as the time given for the
grill was 0.5 hours.

or

540000 (pence) or £5400 [1]

or

1.5x20 or 30 [1]

Total 5
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Mark Scheme

Question Answer/Indicative content Marks Guidance

a any two for one mark from 1
low maintenance /
no cable required /
no need for fuel or mains /

long life /

renewable energy source / Eg. ‘Don't need to burn fossil fuels to
produce electricity’ [1]
Ignore sustainable

idea of no polluting waste Eg. no CO, / acid rain / SO, / NOx [1]

[11 Allow no carbon emissions (when in use)

(1]

Ignore merely ‘environmentally friendly /
less or no pollution’

Examiner's Comments

This 5-mark question was about using
photocells to power a road sign. Most
scored 3 or 4 marks overall. In parts a. and
¢. many candidates lost marks because
their answers were not written with
technically correct language. ‘Generating
electricity’ or ‘catching the light’ were
common phrases that did not gain any
credit.

Candidates needed to give two advantages
for the mark. Some answers were too
vague with ‘less / no pollution’. Better
answers referred to no CO, produced /
renewable / low maintenance / robust /
long-lasting, etc. Often candidates failed to
score a mark as they only had one correct
answer — e.g. Renewable and less
pollution [0].

light / photons absorbed by silicon (atoms) allow light absorbed by photocell [1]
(1]
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Mark Scheme

Question Answer/Indicative content Marks Guidance

electrons knocked out (of silicon atoms in

crystal) [1]

(causing) current or electrons to move / allow ‘free electrons’ [1] (for electron flow

flow [1] mark)
Examiner's Comments
This was quite well answered most scored
at least one mark for the idea of light being
absorbed by the photocell or silicon. Some
explained about the electrons being
knocked from the silicon atoms [1] and
some referred to the electrons moving
around the circuit [1]. Some vague
answers had ‘sunlight hits or touches the
photocell’ [0] and light is generated [0].
Some answered in terms of p-n but often
gained the marks of electrons knocked [1]
and electrons flowing [1] around the circuit.

C larger area produces more current / energy 2 allow on a cloudy / dull day a large area is

| power needed for enough or more energy /

OR larger area absorbs more light / energy current / power [1]

/ power (from the sun) / AW [1]
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Mark Scheme

Question Answer/Indicative content Marks Guidance
when angle of (sun)light is low larger area allow when sun(light) is low (in sky) larger
allows area allows enough or more light / energy /
enough or more light / energy / current / current / power [2]
power [2]

Examiner's Comments

This was a difficult question about
collecting enough sunlight to power the
road sign. It was about applying the
Physics they knew rather than simply
stating it. Many could relate the larger area
to collecting more light or producing more
energy or electricity [1]. Explaining how
enough light could be absorbed from low
angles was less well demonstrated. Few
could explain the angle of the Sun or
explain that more energy could be
absorbed by the large area of photocells so
there was enough energy to power the sign
in low (angled) light. Only a few realised
that the Sun moves across the sky.
Generally, it was common for only [1] mark
to be scored here.

Total 5
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Mark Scheme

Question Answer/Indicative content Marks Guidance
6 This question is targeted up to grade A
Indicative scientific points may include (but
are not limited to) the following:
Level 3: (5 — 6 marks) Level 3
Answer correctly describes that less light
increases the resistance of the LDR and * In low light, resistance of LDR is
explains how the potential divider works to greater than that of the fixed resistor
increase the voltage output. which gives a higher share of the
Quality of written communication does not voltage / ora
impede communication of the science at ¢ In low light, the ratio of the LDR
this level. resistance to the fixed resistor
increases which gives a higher share
Level 2: (3 — 4 marks) of the voltage / ora
Answer correctly describes that less light
increases the resistance of the LDR and Level 2
states that the output voltage increases.
Quality of written communication partly * LDR resistance is low in light / (very)
impedes communication of the science at high in dark
this level. * The voltage (output) across LDR
increases in dark / ora
Level 1: (1 — 2 marks)
Answer describes that light (level) changes Level 1
the resistance of the LDR and states that
this turns on the light / changes voltage. * LDR resistance changes in light or
dark
Quality of written communication impedes * Voltage (output) depends on (ambient)
communication of the science at this level. light / resistance
Level 0: (0 marks) Use the L1, L2, L3 annotations if needed;
Insufficient or irrelevant science. Answer do not use ticks.
not worthy of credit.
Examiner's Comments
This was an intentionally challenging
6-mark level of response question on the
operation of a LDR. It discriminated very
well at the higher grades of A and A*.
Many weaker answers showed a
misunderstanding of the operation of a
LDR. Some referred to the effect of heat
whilst others treated it as a photocell which
charged-up during the day so it could
release its light in the dark. Candidates
were confused with the operation of the
potential divider. Weaker answers did not
mention the LDR and referred only to the
potential divider. Very few correctly related
the higher resistance of the LDR with a
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Mark Scheme

Question Answer/Indicative content Marks Guidance

high output voltage across the potential
divider and a low voltage across R.
Candidates often made vague comments
about currents through the divider. Many
weaker answers said that resistance
reduced in the dark. However, these
answers generally gained level 1 marks if
they related this (incorrect change in
resistance) to turning on the light. Many got
the dark and resistance change correct but
did not relate it to voltages so gained [3]

marks.
Total 6
a 20 (?) [2] 2
but if answer incorrect
evidence of calculating a gradient or Eg.3/0.150r 6/ 0.3 scores [1]
correctly substituting the values of one
data point into R=V/I [1] inspect graph for possible answers
Examiner's Comments
Most calculated the resistance correctly
with 20.
b Maximum of two from: 2
Steeper / greater gradient scores [1]
But gradient is 3 x greater scores [2] allow correct gradient drawn on graph / line

through (0,0) and (0.1,6) [2]

need three times the voltage (to get the eg. 6 /0.1 or 60 (rather than 20) [1]
same current) / current will be 3 times less
(for the same voltage) [1] Examiner's Comments

This part of the question involved the slope
of a graph. Surprisingly large numbers of
candidates said less steep. Most
candidates said steeper [1] without further
qualification. Better answers however
stated it would be 3 x steeper [2]. Some
answered fully and correctly by drawing on
the graph.

Total 4
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Mark Scheme

Question Answer/Indicative content Marks Guidance

2 (MW) [2] 2 Examiner's Comments

but if answer is incorrect Most candidates substituted into the
correct formula and gained a mark.

10 000 x 200 or 100% x 200 [1] Surprisingly few converted correctly to MW
though. Mega was imperfectly known.

or Some realised that there should be a
power of 10-conversion but went for kilo by

2 000 000 [1] mistake. Many failed to attempt a
conversion at all.

Total 2

94 (W) [2] 2

but if answer incorrect

20 x 4.7 [1] Allow 230 x 4.7 or 1081 scores [1]
Examiner's Comments
This part of the question was common with
the foundation paper (B752-01). A mark
was often given for 1081. Most however
scored [2] with 94 (W).

Total 2
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Mark Scheme

Question Answer/Indicative content Marks Guidance

i 12 (V) [1] 1 ignore any sign e.g. + or —

Examiner's Comments

This question on ac and half wave
rectification produced the best and worst

responses to questions in the whole paper.

Almost all could interpret a graph of ac
voltage to correctly state the maximum

voltage.

ii during A and C current gets though [1] 2 if no other marks are scored allow diode
during B and D current does not get allows current to flow in one direction only
through [1] 1
or Examiner's Comments
during A and C current does not get though This question on ac and half wave
[1] rectification produced the best and worst
during B and D current gets through [1] responses to questions in the whole paper.

Explaining how a diode can be used to
produce half wave rectification proved to
be too challenging for almost all
candidates. The fact that the graph was of
alternating voltage meant that barely any
candidates could talk about the action of a
diode in only allowing current to flow in one
direction and hence leading to a half wave
rectified output.

Total 3
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Mark Scheme

Question

Answer/Indicative content

Marks

Guidance

Kenya

and

high(est) voltage / high(est) number (of
volts in table) / 240(V) [1]

Both required for the mark

Eg. Kenya has a high number [1]

Allow since the current is constant it needs
a high(er) voltage to get a high(er) power /
wtte [1]

Examiner's Comments

This part of the question was common with
the foundation paper (B752-01). Mostly it
was correct with ‘Kenya because it has the
highest voltage’. UK was a common wrong
answer.

reducing resistance increases current / ora

(1]

Higher current gives higher power [1]

more power / current makes iron hotter or
work better or remove creases more easily

(1]

Japan has lowest voltage so power /
current needs to be increased [1]

Allow variable resistor can give a higher
current [1]

BUT ignore increased resistance increases
current

Ignore simply removes creases / iron hotter
/ works better

Allow Lower resistance gives higher power

(2]

Allow higher level answers in terms of I°R
or IxV

Examiner's Comments

Weaker answers failed to link the change
in resistance to a higher current. Fewer
candidates attempted to gain the last mark.
Those that did however often answered
correctly. Many gave good answers such
as low resistance increases the current to
give more power for better ironing [2].

Total
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Mark Scheme

Question Answer/Indicative content Marks Guidance
10 Level 3: (5 — 6 marks) 6 This question is targeted up to grade C
Answer shows a detailed explanation of
how temperature affects the resistance of a Indicative scientific points may include (but
filament bulb. are not limited to) the following:
Quality of written communication does not
impede communication of the science at Detailed explanation
this level.
* as current increases, temperature
Level 2: (3 — 4 marks) increases
Answer gives a simple explanation of how * as current increases, resistance
temperature affects the resistance of a increases
filament bulb ¢ electrons collide with atoms/ions in the
AND conductor
resistance is caused by collisions. * more collisions equals more resistance
* as temperature increases the atoms
vibrate more
* more collisions causes temperature
increase
Quality of written communication partly * more vibrations cause more collisions,
impedes communication of the science at SO resistance increases
this level.
Simple explanation
Level 1: (1 — 2 marks)
Simple description of resistance changes ¢ as temperature increases, resistance
OR simple description of a change in the increases
bulb ¢ current is a flow of charge/electrons in
Quality of written communication impedes a filament
communication of the science at this level. * simple idea of resistance caused by
electrons hitting atoms/ions
Level 0: (0 marks)
Insufficient or irrelevant science. Answer Simple descriptions
not worthy of credit.
* bulb heats up / temperature increases
* resistance increases
allow wire in place of filament
allow nuclei, positive nuclei, in place of
atoms
Use the L1, L2, L3 annotations in Scoris;
do not use ticks
Examiner's Comments
This 6 mark level of response question on
explaining resistance in a filament bulb
gates was targeted at grade C. Most
candidates seemed unfamiliar in explaining
resistance in terms of collisions between
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Mark Scheme

Question

Answer/Indicative content

Marks

Guidance

moving electrons and atoms or ions.
Because this basic model was lacking very
few could reach Level 3. Candidates
usually scored Level 1 for describing that
the bulb heated up or that the resistance
went up when current flows.

Total

11

(2]

3 lines correct = 2 marks
1 or 2 lines correct = 1 mark

Examiner's Comments
This question on circuit symbols was

answered very well across the whole ability
range.

Total
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Mark Scheme

Question Answer/Indicative content Marks Guidance
12 |a 150 (ohms) [1] 1 Examiner's Comments
This question on resistance in circuits was
answered very well across the full ability
range.
Almost all could work out total resistance of
two resistors in series
b B [1] 2 if another choice made then [0] marks
awarded
if answer line blank allow correct row
identified in the table
idea that the ratio of these resistors is the allow ratio is 1:2 or a calculation with 4V as
same as required for the voltage split [1] the answer
Examiner's Comments
This question on resistance in circuits was
answered very well across the full ability
range.
It was particularly pleasing that most
candidates could interpret a potential
divider to decide on the appropriate pair of
resistors in series.
c 4 (ohms) and no [2] 2 Examiner's Comments
but if answer incorrect This question on resistance in circuits was
answered very well across the full ability
4 (ohms) and yes [1] range.
or Most could calculate the resistance using
current and voltage and use this to
4 (ohms) and question unanswered [1] consider whether it is suitable for an
application.
or
12
3 (1]
Total 5
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Mark Scheme

Question Answer/Indicative content Marks Guidance
13 |a 94 (W) [2] 2
but if answer incorrect
allow 230 x 4.7 or 1081 scores [1]
20 x 4.7 [1]
Examiner's Comments
This question on voltage and its
importance in power output was well
answered by most candidates
The calculation of output power was well
done by most candidates. Some able
candidates (incorrectly) calculated the
input power to score 1 mark
b i Kenya 1 Both required for the mark
and
high(est) voltage / high(est) number (of Eg. Kenya has a high number [1]
volts in table) / 240(V) [1] allow since the current is constant it needs
a high(er) voltage to get a high(er) power /
wtte [1]
Examiner's Comments
Almost all understood the link between
voltage and power.
ii Japan has low(est) input voltage [1] 2
and one from
(so) less power output [1] allow not powerful enough [1]
(so) less heat produced by the iron or iron allow less energy supplied [1]
does not get hot (enough)
Examiner's Comments
(so) takes too long to heat up [1]
Most scored at least 1 in applying the ideas
of too little power for the use in an iron but
fewer recognised that it was the low
voltage in Japan that led to this.
Total 5
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14 460 (W) [2] 2 allow answer in the table if answer line

blank [1]

but if answer incorrect
Examiner's Comments

230 x 2 [1]
Most candidates were able to calculate the
power of the slow cooker as 460W.

Total 2

15 oven (no mark) 2 If appliance line blank allow greatest power

/ 2000W or longest time / Shours to identify
oven.
If appliance line incorrect zero marks

greatest power / most watts [1] allow power is 2000 and time is 5 [1]

longest time / used for longer / greatest allow higher level answers e.g. longest

hours [1] power X time [2]
not just used most must mention time
Examiner's Comments
The majority of candidates correctly
identified the oven as the appliance which
costs the most to use and gave a correct
explanation.

Total 2
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16 | a .... are all straight lines / AW [1] 1 allow are not curved or increase at steady
rate [1]
Examiner's Comments
Very few described that a straight line
relationship between current and voltag on
a graph passing through the origin
indicated ohmic behaviour.
b i (The voltage at X) is 2.4 (volts) 1 both required for 1 mark
and Examiner's Comments
(The current at X is) 0.32 (amps) [1] Most read data from the graph accurately.
ii 7.5 ohms [1] 1 more than one scores 0 marks
if answer line blank allow correct answer
indicated in list
Examiner's Comments
Most selected the correct calculated
resistance
c E[1] 1 more than one scores 0 marks
if answer line blank allow correct answer
indicated in list
Examiner's Comments
About half knew that the lowest gradient
had the highest resistance
d (charge carriers are) not neutrons they are 2 allow mistakes indicated on the text
electrons [1]
(resistance does not stay the same) it not resistance decreases
changes / increases [1]
Examiner's Comments
It was encouraging to see that most could
recognise the faults in the description of
current as flow of neutrons, and that
resistance was not independent of
temperature. The most common incorrect
correction was stating that resistance
decreases with increasing temperature.
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17 | a A LDR/ light dependent resistor [1] 3
B thermistor [1]
A responds to light OR B responds to heat allow ecf on the naming of the components
or eg.Aisa
temperature [1] thermistor that responds to temperature
and B is an LDR that
responds to light [1]
allow resistance of thermistor increases
with temperature OR
resistance of LDR increases with light
intensity [1]
Examiner's Comments
Surprisingly few candidates recognised the
symbols for LDR and thermistor. Most of
those who did could then describe how
resistance varied with light intensity or
temperature
b 2
one mark for symbol
correct symbol [1]
[1]
allow circle around diode symbol, triangle
shaded in, or
horizontal line through the triangle for
symbol mark [1]
BUT
one mark for direction
D I correct direction [1]
[2] allow if symbol incomplete but includes
triangle pointing in
forward bias direction [1]
Examiner's Comments
Few candidates knew the symbol for diode
[1] but when it was correct a second mark
was usually gained for being in forward
bias
Total 5
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18 [Level 3] 6 This question is targeted at grades up to C.

Calculate two resistances correctly To reach L3 both resistances must be

AND calculated correctly.

identifies how resistance changes with

length of resistance wire Indicative scientific points at level 3 may

AND include:

gives a basic quantitative relationship both calculations and descriptions from

Quality of written communication does not level 1 and 2 and

impede communication of the science at

this level * example of a quantitative relationship
(5 — 6 marks) e.g. doubling the length of the

[Level 2] resistance wire approximately doubles

Calculate two resistances correctly the resistance

AND

identifies how current changes with length Indicative scientific points at level 1 and 2

of resistance wire OR how resistance may include:

changes with length of resistance wire

Quality of written communication partly ¢ resistance for length 20 cm =

impedes communication of the science at 3(.00)(ohms)

this level ¢ resistance for length 10 cm = 1.5(0)
(3 — 4 marks) (ohms)

[Level 1] * idea that as length of resistance wire

Calculate at least one resistance correctly increases the current decreases / ora

OR * idea that as length of resistance wire

identifies how current or resistance increases the resistance increases /

changes with length of resistance wire ora

Quality of written communication impedes

communication of the science at this level Use the L1, L2, L3 annotations in scoris.
(1 — 2 marks) Do not use ticks.

[Level 0]

Insufficient or irrelevant science. Answer Examiner's Comments

not worthy of credit.

(0 marks) This 6 mark level of response question was
targeted at grades up to C. It was
accessible to the full range of candidates.
Most were able to calculate resistance
accurately and more able candidates went
on to describe the relationship between
length and resistance. Level 1 responses
often described the relationship between
length and current or simply completed one
correct calculation of resistance.

Total 6
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19 |a circuit contains diode (1) 2 allow diode labelled on diagram

then

only allows current in one direction / AW

(1)

but

-"

diode connected wrong way in circuit (2) F
allow the I ™=« is the wrong way round
(1)
allow cells / battery wrong way round (1)
Examiner's Comments
Very few candidates identified the diode or
knew its purpose. Many thought that the
diode was a NOT gate. Some
misunderstood the symbol for a battery as
providing a gap in the complete circuit.

b idea of half wave rectification / current only 1 allow the current is changing direction / the

flows half of the time / current only flows current is going back and forth

part of the time (1) ignore just the current is alternating / it is
an alternating current
ignore the current changes
Examiner's Comments
Almost no candidates had any
understanding of the role of the diode in
half wave rectification.

Total 3
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20 |a i 0.72 (volts) (2)

but if answer incorrect

0.7185 or 0.718 or 0.719 or 0.7 (volts) (1)

Allow 0.15 x 4,79 (1)
Examiner's Comments

This voltage calculation using Ohm’s law
was answered correctly by most
candidates who gave 0.72V [2]. Some
answers did not attempt to give the answer
to two significant figures. So it was
common to see for one mark 0.7185 or
0.718 or 0.719 as the final answer.

if answer line blank allow correct answer
circled or underlined

more than one answer = 0 marks

Examiner's Comments

The voltage calculation variable resistor ‘D’
was usually chosen.

© OCR 2022. You may photocopy this page.

97 of 141

Created in ExamBuilder


https://stemup.co.uk

Mark Scheme

Question Answer/Indicative content Marks Guidance
b Any two from: 2 allow labelled arrows or indications on
diagram to indicate correct directions
increase the current by one from
? moving the slider clockwise or for upwards allow towards the power
upwards or to the left supply
? having less wire / fewer coils in circuit
(1]
decrease the current by one from
? moving the slider anticlockwise or for downwards allow away from the power
downwards or to the right supply
? having more wire / coils in circuit [1]
increasing length increases resistance / Allow changing length changes resistance
increasing resistance decreases current / [1]
ORA [1] But increasing length decreases resistance
/ ORA [0]
Allow changing resistance changes current
(1]
But increasing resistance increases current
/ ORA [0]
Examiner's Comments
Most knew that the length was related to
the resistance and therefore the current.
Rather fewer could apply this in the context
of the diagram and describe it clearly.
Some also got the relationship the wrong
way round. For example, more resistance
wire gives a larger current.
Total 5
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21 |a i D (1) 1 if answer line blank allow correct answer
circled or underlined

more than one answer = 0 marks

Examiner's Comments

Most scored at least one mark recognising
that the lowest current will arise when the
resistance of a wire is highest or the length
of the resistance wire is longest. Very few
correctly linked the lower current, higher
resistance and longer length to score two
marks.

ii D (1) 1 if answer line blank allow correct answer
circled or underlined

more than one answer = 0 marks

Examiner's Comments

Most scored at least one mark recognising
that the lowest current will arise when the
resistance of a wire is highest or the length
of the resistance wire is longest. Very few
correctly linked the lower current, higher
resistance and longer length to score two
marks.

1 allow drawn slider or clear mark anywhere
within the black segment (1)

to pawer supply. .- to power supply

Examiner's Comments

This was a new diagrammatic

coil of resistance wire representation of how a variable resistor
works. Around a quarter of candidates did
not attempt this question and only better
candidates could apply knowledge to
locate the contact to create the shortest
length.

(1)
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C ohms (1) 3 allow ? (1)

4.7 (2)

but if calculation incorrect

0.7 (1)

0.15

or
allow any number of figures after the

4.67 (1) decimal point e.g. 4.6666 (1)

or Examiner's Comments

4.66 (1) In this three-mark question calculating
resistance nearly all could score at least
one mark by using he appropriate
equation. However many candidates could
not express in two significant figures with a
large number choosing to round down from
4.67 to 4.7. In recent years the unit of
resistance has been provided to students
and it was surprising that few knew the unit
of resistance as the ohm.

Total 6
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22 (at a voltage of 4.00 x 10°) 3

5(.00) x 10° or for higher voltage allow 7270

5000 (A) [1]

(at a voltage of 2.75 x 10°) allow 7.3 x 10° or 7300

7.273 x 10° allow 7200 or 7.2 x 10° [1]

or7.273 x 10°

or 7273

or 7272 (A) [1]
allow (higher voltages) - greater efficiency /

(higher voltages best because) lower less power loss [1]

current / keeps wires cooler / reduces heat ignore cost

loss or energy waste [1]
Examiner's Comments
This question on paying for electricity was
answered well.
This calculation involving indices was done
well (better than previous papers) and it
was common to see also the explanation
correct with references to lower current.
Almost a third gained full marks.

Total 3
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23 i 24 +/- 4 scores (2) 2
But if answer is incorrect or incomplete:
tolerance for points is +/- /2 a square
correct plotting of both points (1)
Examiner's Comments
The first part was about using a graph plot
to estimate the current at 30cm. Most
candidates gained [2] here for 24cm
(20-28cm). Those failing to fall into this
range of +/-4 gained [1] for the correct
plotting of the points.
ii as distance increases current falls scores / 2
AW /ORA (1) ignore stronger or weaker current
BUT current falls quickly at start but less
quickly for greater distances / AW (2)
OR as distance doubles current is allow inverse square law (2)
quartered (2)
Examiner's Comments
Most candidates could describe the basic
trend [1], e.g. current reduces as distance
increases [1]. Some were vague in
describing current as weak or strong, slow
or fast [0]. Better answers (less than 10%)
went on to explain that as distance doubled
the output quartered [2].
iii light diverges / spreads / becomes less 1 (when closer) more energy / photons / light
intense / AW / ORA(1) hits solar cell / AW / ORA (1)
or
light intensity follows an inverse square law Examiner's Comments
[ AW (1)
Most candidates could explain the trend
here.
Total 5
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24 i 2(2) 2 Ignore any units

if answer incorrect or incomplete then:

3 ()

1.5

ii any two from 2

decrease the resistance of the variable allow remove variable resistor (1)

resistor (1)

remove the lamp / change lamp for one of allow remove ammeter (1)

lower resistance (1)

make the wires shorter (1) ignore less wires
allow any component in parallel (1)

use thicker wires (1)

add a bulb in parallel (1)

Total 4

25 2 if answer line blank allow answers

indicated in list

LDR (1)
each correct answer = 1 mark

thermistor (1) answers can be in either order

Total 2
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26 i 2
2 (2) Ignore any units
if answer incorrect or incomplete then:
3 (1
1.5
ii 2
any two from:
reduce the setting on variable resistor (1) Allow ‘turn the variable resistor down’ (1)
NOT merely ‘adjust the variable resistor’
remove the lamp / resistor / ammeter (1) Allow change resistor to one with a lower
value (1)
Allow replace with a different resistor if
qualified
Eg. replace bulb with a lower resistance /
resistor
. ignore ‘bigger’ or ‘heavier wire'.
make the wires shorter (1) Allow lower swg wire / fatter wire (1)
use thicker wires (1)
place resistor and lamp in parallel (1)
Allow short circuit idea:
Eg. ‘put wire in parallel with resistor’ (1)
Total 4
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27 |a i diode only allows current to flow in one 2
direction (1)
on graph, there is only current when there
is a + voltage / on graph there is no current In addition to the marking points to the left,
when there is a - voltage (1) allow higher level answers:
e.g. diode has high resistance in one
direction / ORA (1)
e.g. a minimum voltage / threshold voltage
needed to produce a current (1)
ii Any three from: 3 Ignore n-type and p-type
Ignore references to repel and attract
1 layer / side has extra electrons (1)
1 layer / side has extra (positive) holes / an
absence of electrons (1)
electrons drop into the holes so charge
cancels / current flows / there is a low
resistance (1)
current only flows when positive terminal is
connected to the side containing holes /
ORA (1)
(current across the junction): holes and Accept answers that refer to being in
electrons move towards each other / depletion or insulating region instead of
opposite directions / across the junction (1) junction
(when there is no current across the
junction) holes and electrons move away
from each other / holes and electrons
move away from the junction (1)
b as temperature increases the resistance 2
decreases / AW (1)
change in resistance decreases as the allow examples e.g. a 5 (°C) between 15 to
temperature(s) increase / ORA / AW (1) 20 (°C) gives a resistance change of 3.4
(ohms) but a 5 (°C) between 35 to 40 (°C)
gives a resistance change of 1.2 (ohms)
(1)
Total 7
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28 Dv 1
(AO2.2)
Total 1
29 Bv 1
(AO2.2)
Total 1
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30 |a i TVV 1 Examiner's Comments
(AO3.2b)

Most candidates multiplied the relevant
variables (power and time used) in the data
table, and used the units Wh or kWh. This
was a good approach for questions of this

type.

ii Light bulb v/ 1 Examiner's Comments
(AO3.2b)

Here the appliance with the lowest power
rating (light bulb) was the right answer

Misconception

The most common misconception was just
to compare the power ratings of the
appliances and chose the toaster as the
answer. Doing some quick calculations of
work done and jotting vales next to the
table helps answering these types of
question. If the power and time for the TV
and light bulb had been slightly different it
would have given a different answer.

b | LDR ] Operating a heating system | 2 1 mark for each correct link
(AO 2 x
| Thermistor Menitoring the position of a door | 21 ) Examiner's Comments

| Variable resistor ‘ Turning on lights when it gets dark |

Most candidates were credited full marks
on this question. Virtually no candidates
got one mark, perhaps because this
required two components to be used for
the same purpose. It was encouraging to
see how candidates across the ability
range were aware of the use of specific
electrical components around their homes.
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C FIRST CHECK THE ANSWER ON 4 Fourth mark is for correct rounding

ANSWER LINE If answer line has 10 120 000 (J) award 3

If answer = 10 000 000 (J) award 4 marks marks

Rearrange to energy = charge x potential (AO2.1)

difference v

44 000 x 230 v (AO2.1) | m.p.2 can include m.p.1 if equation not

10 120 000 v (AO2.1) [ written

10 000 000 (2 sf) (J) v (AO1.2)

OR

Substitute correctly 44 000 (C) = energy +

230 (V)v

Rearrange to energy = 44 000 (C) x 230 m.p.2 can include m.p.1 as above

V) v

=10120 000 (J) v Examiner's Comments

=10 000 000 (2 sf) (J) v
There was an erratum with this question to
correct the units to joules. The figures in
this question were difficult, and many
candidates coped well with the large
numbers and also the rearrangement of
the equation. Some candidates rearranged
the equation before substitution and others
after. Fewer candidates were able to round
10 120 000 J to two significant figures (e.g.
10 000 000 J).
J//f\J OCR support
\
Mathematical Skills Handbook
http://www.ocr.org.uk/Images/310651-math
ematical-skills-handbook.pdf

Total 8
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31 |a i variable resistor v 1 ALLOW rheostat
(AO1.2) | IGNORE potentiometer
Examiner's Comments
Q22 is an overlap question with J249/03.
Very few candidates recognised that this
was a variable resistor. Many thought it
was a thermistor.
ii Control / change / vary / increase / 1 DO NOT ALLOW merely ‘changes the
decrease / AW the resistance / current in (AO1.2) | voltage or changes p.d.’
the circuit v
BUT ALLOW: changes the potential
difference or voltage across (component) X
v
Examiner's Comments
Candidates who misidentified the variable
resistor in Q22(a)(i) were not able to
answer this question.
b i FIRST CHECK THE ANSWER ON Examiner's Comments
ANSWER LINE
If answer = 4 (V) award 2 marks Most candidates were successfully
2 completed the calculation.
0.25x 16 v (AO2.1)
4 (V) v (AO2.1)
ii FIRST CHECK THE ANSWER ON
ANSWER LINE
If answer = 1 (W) award 3 marks
3
P=IVv/ (AO1.2)
P=025%x4v (AO2.1) | ALLOW e.c.f. from part ci
P=1(W)v (AO2.1)
Examiner's Comments
OR
A quarter of all candidates calculated the
P=IPRv (AO1.2) | correct answer here. Very few of the other
P=025x16 v (AO2.1) | candidates recognised that (c)(i) and (c)(ii)
P=1W)v (AO2.1) | were a developing story and so did not
multiply the answer to the first part of the
question (4 V) by 0.25 A to calculate the
answer to the second part.
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c i (filament) bulb / lamp v 1 Examiner's Comments
(AO3.2a)
More able candidates were able to
recognise the response of a filament lamp.
ii gradient / slope (of graph) changes (as 3 ALLOW ‘graph / line / slope levels off’ v
potential difference / voltage changes) v/ (AO3.1a)
idea of increasing resistance (with more (AO1.2)
p.d.)/ORA vV Resistance increases with greater
temperature vv/
idea of increasing temperature / AW v (AO2.2)
Examiner's Comments
This overlap question was challenging for
most candidates. Most stated ‘as p.d.
increases, current increases’ which does
not address the fact that the V// ratio is
increasing, due to the graph curving
downwards, so R must be increasing also.
Total 11
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32

variable resistor v

1
(AO1.2)

ALLOW rheostat
IGNORE potentiometer

Examiner's Comments

Most named this correctly as a variable
resistor for 1 mark. ‘LDR’ or ‘resistor’ and
‘thermistor’ were common incorrect
answers.

Control / change / vary / increase /
decrease / AW the resistance / current in
the circuit v

(AO1.2)

DO NOT ALLOW merely ‘changes the
voltage or changes p.d.’

BUT ALLOW: changes the potential
difference or voltage across (component) X

Examiner's Comments

About half of candidates referred correctly
to changing, varying or controlling the
current or resistance for 1 mark. Incorrect
answers varied but frequently seen were a
device to measure current or resistance.

(filament) bulb / lamp v/

1
(AO3.2a)

Examiner's Comments

Most gave the correct answer as a filament
lamp. Lamp or bulb was acceptable also.

gradient / slope (of graph) changes (as
potential difference / voltage changes) v/

idea of increasing resistance (with more
p.d.)/ORAV

idea of increasing temperature / AW v

(AO3.1a)

(AO1.2)

(A02.2)

ALLOW ‘graph / line / slope levels off’ / non-
linear

Resistance increases with greater
temperature vv/

Examiner's Comments

Many of the answers here did not refer to
the graph so these did not secure the first
marking point about the slope or the
gradient changing. Other marks were
available for increasing resistance (often
given) and increasing temperature (less
often seen). The answered covered the
whole range here with only about 10%
gaining all three. About a third of
candidates gained 1 mark only, usually for
the idea of increasing resistance.
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C i FIRST CHECK THE ANSWER ON 2 Examiner's Comments

ANSWER LINE

If answer = 4 (V) award 2 marks This standard demand Ohm’s law
calculation was very well answered by

0.25x16 v (AO2.1) | almost all candidates. As, on this occasion,
the formula was given in the question then

4 (V) v (AO2.1) | the mark total was limited to 2 marks.

ii FIRST CHECK THE ANSWER ON 3

ANSWER LINE

If answer = 1 (W) award 3 marks

P=IVv (AO1.2)

P=025%x4yv (AO2.1) | ALLOW e.c.f. from part ci

P=1W)v (AO2.1)
Examiner's Comments

OR
About two thirds of candidates gained all 3

P=I°PRv (AO1.2) | marks here for the calculation on power.

P=025x16 v (AO2.1)

P=1W)v (AO2.1)

Total 11
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33

as the length of the wire increases the
resistance increases / proportional
relationship / ORA v

BUT idea of directly proportional v' v

2
(AO2 x
3.2b)

IGNORE positive correlation

Numerical answers must USE values
rather than merely quoting values

Eg. (approximately) doubling the length,
doubles the resistance / ORA v v

Eg. Increases by 7 to 8Q per 25cm / 0.3Q
(allow 0.28 to 0.32) percm vV

Examiner's Comments

Most answers indicated the correct
relationship between the length of the wire
and its resistance for 1 mark. It was
common in answers for values to be
merely quoted rather than used. For
example, better answers (from about a fifth
of candidates) that stated ‘doubling the
length doubles the resistance’ were
credited both marks.

mean for 25cm (is recorded to 3 decimal
places) and it should be recorded to one
decimal place v

mean for 50cm is incorrect and it should be
16.2Q v

(AO2 x
3.3a)

Error and a solution required for each
marking point.

ALLOW answer in terms of sig. figs:
Eg. mean for 25cm is recorded to 4 sig.

figs. — it should be recorded to 2 sig. figs.

Examiner's Comments

About third of answers identified clearly the
mean for 25cm was recorded to three
decimal places and it should only be one.
Also shown in about a fifth of answers was
the mean at 50cm should be 16.2.

75cm attempt 3 or 18.7 (is an anomaly) v’

it has not been included in the mean v

(AO2 x
3.2a)

Examiner's Comments

There was an erratum included for this
question. Virtually all candidates edited
their question to include this. There was no
evidence at all that any candidates were
disadvantaged by this and 80% gained full
marks.
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iv 2 ALLOW answers shown on a diagram
(AO2 x
3.1a) ALLOW directly proportional v v
DO NOT ALLOW a curved line through
straight line through the origin scores vv/ origin
straight line / linear relationship / IGNORE positive correlation (in written
proportional and not through origin scores comments)
v
Examiner's Comments
Some sketched a straight line graph
through the origin for 2 marks here. Some
described it as a straight line through the
origin [2] or it was directly proportional [2].
Others described the shape as a straight
line or proportional [1] but did not mention
the origin.
b i Any two from: 2 DO NOT ALLOW idea of less resistance
(AO2 x
(extra resistance due to ) connecting leads 3.1b)
too long / too thin v
(extra) resistance of the croc clips / Eg. Crocodile clips rusted / poor conductor
connections v/ / bad or loose connections
croc clip is not at Ocm / the end of the ruler IGNORE crocodile clips in wrong place
/ length of resistance wire longer than unless qualified correctly.
intended / AW v Eg. croc clips too far apart
Heating effect of wires v/ ALLOW Parallax error on meter (if it is
analogue) / meter not calibrated (so
resistance higher)
Examiner's Comments
Answers her were often vague here and
examiners were seeking to award marks
for clearly described errors. About a third
gained one mark for either the idea of the
crocodile clip not being at zero or the meter
not being zeroed or calibrated.
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ii 1 Solution needs to be consistent with an
(AO3.3b) | error identified in part i. OR a new specified
error
Any one from:
ALLOW: use thicker connecting wires
make the connecting wires as short as
possible v’ ALLOW let wire(s) cool between readings /
Securely fix croc clip / calibrate meter /
keep croc clips clean / solder connections avoid parallax error
v
Examiner's Comments
place croc clip exactly at the end of the
ruler / at Ocm / AWV About a quarter gained one mark here for
taking an error from part (i) and providing a
solution.
Total 11
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34 FIRST CHECK THE ANSWER ON 4 ALLOW 2.78 kW or 2.783 kW vV VvV
ANSWER LINE
If answer = 2.8 (kW) award 4 marks
P=)IPxRv (AO1.2) | ALLOW equation in any form
11x11x23 0or 11°x 23 or 121 x 23 v (AO2.1)
=2783 v (AO2.1)
Conversion to kW =2.8 v (AO2.1) | ALLOW ECF candidates answer to 3™
marking point converted to kW
Examiner's Comments
This question required candidates to recall
the equation: power = currenf’ x resistance
before converting their answers into kW.
Out of the candidates who gained credit,
most were credited with all four marks. A
few candidates were only credited with one
mark for converting the power output in W
into kW. A significant number of candidates
used an incorrect equation for power, most
commonly using current rather than
currenf’
/N AfL When a physics question
(C )) requires candidates to
N_" apply their mathematical
skills they should always
write down how they are
answering the question.
Using brief notes is and
writing down intermediate
calculations helps the
examiner to see what the
candidate is doing. A single
finger error will result in
many candidates receiving
no credit because they only
write down their final
answer. Marks may be
available for each stage of
the process, using the
correct equation,
rearranging the equation,
substituting in correct
values. Choosing to access
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these compensatory marks
by showing workings is
good examination
technique.

ii Wind speed varies / AW v 1 (AO2.1) | ALLOW it depends on the strength of the
wind / how windy it is / AW

IGNORE there might not be any wind /
wind changes direction / AW

iii (Idea of) not always enough wind / demand |1 (AO2.1) | ALLOW (it) may not generate enough
may exceed supply / AW v power / energy / AW

Examiner's Comments

Most candidates gained full credit for
Q16(d)(ii) and (d)(iii). Those who did not
gain credit often provided non-specific
generalised reasons about the weather or
the wind turbine ‘breaking’.

Total 6
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35

FIRST CHECK THE ANSWER ON
ANSWER LINE

If answer = 2.8 (kW) award 4 marks
P=)IPxRv
11x11x230r112x 23 0r 121 x 23 v
=2783 v

Conversion to kW = 2.8 (kW) v/

4

(A0 1.2)
(AO 2.1)
(AO 2.1)

(AO 2.1)

ALLOW 2.78 kW or 2.783 kW vV vV

ALLOW equation in any form

ALLOW ecf candidates answer to 3™
marking point converted to kW

Examiner's Comments

Q23 is an overlap question with J249/04
and candidates found it very challenging
with only a small number of the most able
candidates being credited with any marks.
From the stem of the question candidates
knew that their answer needed to be
between 1.0 kW and 3.0 kW. There were
compensatory marks available where
candidates wrote down the equation they
were using and the different stages of their
calculations. The most common workings
shown were 11 x 23 or 23 + 11, rather than
112 x 23 = 2.78kW. .

Wind speed varies / AW v

1(AO
2.1)

ALLOW it depends on the strength of the
wind / how windy it is / AW

IGNORE there might not be any wind /
wind changes direction / AW

Examiner's Comments

Many candidates realised that the wind
speed would vary, but most responses
were vague statements about the
‘weather’.
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iii (Idea of) not always enough wind / demand | 1 (AO ALLOW (it) may not generate enough
may exceed supply / AW v 21) power / energy / AW

Examiner's Comments

Two thirds of the candidates reasoned that
there may not be enough wind of the
required speed or that a 3.0 kW wind
turbine would not be sufficient to power a
household.

AfL

It is very important to show candidates how
to focus their answers on the question that
they are being asked. For example, this
question was about whether ‘just one wind
turbine’ could be a reliable source of power
a house. However, many candidates
answered a question about the impact of a
domestic electrical supply failure, which
would apply to any source of power to a
house.

Total 6
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36 FIRST CHECK THE ANSWER ON 3 ALLOW correct equation in any form
ANSWER LINE (AO 1.2)
If answer = 38.28 (W) award 3 marks (AC 2.1)

(AO 2.1) | ALLOW 38.3 (W) or 38 (W)
Recall (Power =) potential difference x

current v Examiner's Comments

12%x3.19v Candidates had to recall the equation:
power = potential difference x current and

(P=)38.28(W)v substitute the values provided in the

question. Most candidates achieved full
marks although some of the less able
candidates could not recall the equation
and therefore gained no credit.

(C)) AfL

Candidates would benefit from writing
down the equation and their calculations
rather than just their final answer so that
compensatory marks may possibly be
awarded.

Total 3
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37 |a A.C. (transmitted in power lines) / 2
(electrical/electron/particle) oscillations / (AO2x1.1 | Examiner's Comments
AW v )
BUT This Assessment Objective 1 question
Alternating assessed candidates’ knowledge and
currents/(electrical/electron/particle) understanding of how radio waves are
oscillations produce (radio) produced. This proved to be one of the
waves/electromagnetic radiation v'v' most difficult questions on the paper but

also discriminated well. Only the most able
candidates gained marks for relating the
production of radio waves to the
oscillations of electrons in the transmission
lines.

Misconception

Common misconceptions included radio
waves being produced by something in the
house or because the transmission lines
produced heat.
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(High voltage means) lower current v/

Less heating/heat loss/power loss/energy
wasted or more useful energy transmitted /
ORAV

2
(AO2x1.1

)

IGNORE no energy losses / prevent
energy loss / AW

ALLOW more efficient / (wires at) lower
temperature

Examiner's Comments

Although this question has been asked
often in past GCSE Physics papers, over
one quarter of candidates did not gain
credit. Many gained 1 mark for the idea of
less energy lost (as heat) but only the more
able candidates were able to link this to
higher voltages resulting in a lower current.

(¢ )) AfL

Candidates had many misconceptions
about why energy should be transferred at
high voltages. The responses often
referred to incorrect ideas e.g. ‘to make the
energy move faster/further’ or ‘to transfer
enough power to the home’ or ‘to reduce
the resistance’.

Candidates should also be aware that the
idea of NO energy losses will not gain
credit.

© OCR 2022. You may photocopy this page.

122 of 141

Created in ExamBuilder



https://stemup.co.uk

Mark Scheme

Question Answer/Indicative content Marks Guidance
C FIRST CHECK THE ANSWER ON 2 ALLOW correct equation in any form
ANSWER LINE AO 1.2

( )
If answer = 20 (A) award 5 marks ( )
(AO 2.1) | DO NOT ALLOW marks to be awarded
Recall =P /R v ( ) | from incorrect equatione.g. =P /R
6.156 kW = 6156 W v
Award marks if 6.156kW has not been

(1 =) 6156 / 15.39 OR (I>=) 400 v correctly converted to W

E.g. (I =) 0.4 or 6.156/15.39 vV
(I=)v400 v (1I=) V0.4 VvV

1=0.63 VvV
(1=)20 (A) v

Examiner's Comments

The majority of candidates scored either
zero marks or 5 marks for this question.
Over a quarter of candidates did not know
the correct equation: power = (current)? x
resistance. It was common to see an
incorrect version of the equation (power =
current x resistance) used instead. Some
candidates did show their calculations and
could therefore score 1 mark for converting

kW into W.
Total 9
38 Bv 1 (AO1.2) | Examiner's Comments
Overall this question was very well
answered. Some lower ability candidates
incorrectly selected response C.
Total 1
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39 |a FIRST CHECK THE ANSWER ON 4
ANSWER LINE
If answer = 0.28 (A) award 4 marks
Rearrange equation current = power + (AO1.2)
potential difference/
I=P+VV/
(AO2.1)
I=65+230v
(AO2.1)
1 =0.2826086 v NOTE If answer not to 2 sig figs max 3

(AO1.2) | marks
1=0.28 (A) v
ALLOW one mark for any calculated
answer to 2sf

Examiner's Comments

Higher ability candidates rearranged the
equation, substituted the numbers and
wrote the answer as 0.2826 before
rounding the answer as 0.28 (two
significant figures).

A number of candidates wrote their answer
exactly from the calculator as 0.28 which
was not acceptable for two significant
figures.

Exemplar 1

17 ATV has the label below on it

OCRTV
Woltage: 230V
Power: 65W

R

(a) Calculate the current in the TV when it is tumed on
Use the equation: power = potential difference x cumrent

Give your answer to 2 significant figures.

Current =;§£ih|£(—n1;§we
= 65
230
2 ©-29 26...

curent = o028 A W)

This candidate has clearly rearranged the
equation and then substituted the correct
numbers from the data box. It is then clear
that the candidate has then calculated the
correct answer before rounding it correctly
to two significant figures.
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The candidate has perhaps helpfully
crossed out the frequency as this is not
needed for this part. Candidates need to
be careful about crossing out quantities as
the crossed out quantities might be needed
in later parts. Underlining the quantities
needed is probably a better method.

[ ) AL

\ \__
hX
3

For calculations, candidates should show
their working.

The following steps are useful:

1Recall equation or select the
appropriate equation from the data
sheet (if not given in the question)

2rearrange equation, if necessary

3substitute the numbers into the
equation

4calculate the answer

5consider significant figures or decimal
places.

© OCR 2022. You may photocopy this page.

FIRST CHECK THE ANSWER ON
ANSWER LINE

If answer = 117000 (or 116000) (J) award
4 marks

E=Pxtv

Unit conversion 30 minutes = 1800
seconds v/

E=65x1800 v

E = 117000 (J) v

(AO1.2)

(AO1.2)

(A02.1)

(A02.1)

125 of 141

ALLOW ECF from (a)

E=QxVorlxtxV

E =0.28 x1800 x 230

ALLOW ECEF for incorrect time conversion
ALLOW three marks for 1950 (J)

E =116000 (J) v

Examiner's Comments

Candidates did not always know which
equation to use. Many recalled correctly
the equation relating energy, power and
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time but did not always remember that the
energy needed to be measured in
seconds.

Higher ability candidates clearly showed
their working including the conversion of 30
minutes to 1800 seconds.

Some candidates recalled that E=Q x V
andQ=IxtorE=1xtxVandused the
answer from 17(a). This was correct
physics and thus gained full credit.

(7)) A

LIRY /
\ N
N,
-

When carrying out calculations, candidates
should consider units. Normally time is
measured in second.

Candidates should be aware of exceptions
to the normal units, e.g. when energy
transferred is measured in kW h, then the
power is measured in kilowatt, kW and
time in hour h. Similarly, if a speed is
measured in measured in km / h, then the
distance should be measured in kilometre,
km and the time in hour, h.

Total 8
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40 | a

LED / cells connected the wrong way
around OR v

Voltmeter is across the battery/cells OR
voltmeter should be across the LED v

2 (AO2x3
.2a)

ALLOW diode

IGNORE voltmeter in wrong place

Examiner's Comments

The maijority of the candidates gained at
least one mark. Vague answers such as
“voltmeter is in the wrong place” did not
gain credit. Higher ability candidates stated
for one of the errors that the LED (or cells)
were connected the wrong way around or
the LED (or cells) needed to be reversed.
For the other error, it was expected that the
candidates would indicate that the
voltmeter was not measuring the potential
difference across just the LED, but across
the battery. Candidates gained a mark for
this error by suggesting connecting the
voltmeter across the LED.

Incorrect answers given by many
candidates included the ammeter being in
the wrong place or the variable resistor
being in the wrong place. Often candidates
incorrectly suggested that the order of the
components mattered.

Any one from:

Control/change/alter the current (in the
circuit) v/

Control/change/alter the potential
difference/voltage (across the LED) v

1 (AO1.2)

DO NOT ALLOW to vary the resistan

Examiner's Comments

A large number of candidates answered
this question by stating that the component
was a variable resistor or to vary the
resistance of the circuit. Few candidates
answered the question in term of the
purpose of the variable resistor was to vary
the potential difference across the LED or
vary the current through the LED (by
varying the resistance in the circuit).
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b i FIRST CHECK THE ANSWER ON 3 Examiner's Comments
ANSWER LINE
If answer = 100 (Q) award 3 marks The majority of the candidates were able to

rearrange the given equation and
Resistance = potential difference + current | (AO1.2) | substitute into the rearranged equation the

IR=V=+IV correct values to give an answer of 100 Q.
A very small minority of candidates used
R=3.0+0.03v (AO2.1) | 0.3 Arather than 0.03 A. Candidates often
underline the quantities in the question,
R=100(Q) v (AO2.1) | which was good practice.
ii FIRST CHECK THE ANSWER ON 4 ALLOW 3 marks for an answer of 0.075
ANSWER LINE (C) (time not converted to seconds) vv'vV

If answer = 4.5 (C) award 4 marks
Examiner's Comments

Charge flow = current x time / Q=1 xt v/ (AO1.2)
In this question, higher ability candidates

t = 2.5 minutes = 150 seconds v/ (AO1.2) | who did not obtain the correct answer, but
showed their working, could still gain

Q=0.03x150 v (AOC2.1) | marks from their working.

Q=45(C) v (AOC2.1) [ In this case, the equation for charge flow

needed to be recalled and the time of 2.5
minutes needs to be changed to 150
seconds, before the answer could be

calculated.
iii FIRST CHECK THE ANSWER ON 2 ECF from (i)
ANSWER LINE
If answer = 13.5 (J) award 2 marks
(AO2.1)
E=45x3.0v
(AO2.1)
E=135U) v ALLOW 14(J)
Examiner's Comments
Most candidates were able to multiply their
answer to (ii) by 3.0 to gain the correct
answer.
Total 12
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41 Bv 1 (AO2.2) | Examiner's Comments
Candidates clearly recalled that the current-
voltage graph for a filament lamp was non-
linear and they then had to choose
between options B and D. Option D, the
graph for a thermistor, was chosen by
many. Option C is the correct answer as
the increased current heats the lamp
filament, a hotter filament has an increased
resistance and therefore a smaller current
is observed than might be expected.
Total 1
42 Av 1 (A02.2)
Total 1
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43 | a i The voltmeter is in series v/ 3 ALLOW reverse arguments:
(AO3.2b) | E.g. voltmeter should be in parallel v
The ammeter is in parallel v (AO3.2b) | E.g. ammeter should be in series v

One of the cells is connected the wrong (AO3.2b) | ALLOW The cells/batteries are incorrectly
way round / AW v connected / facing each other

Examiner's Comments

Many candidates had problems with this
circuit that were not relevant to the
question. Some expected to see
components (such as a filament bulb)
which did not feature and others were
unfamiliar with the symbol for a battery
(two or more cells in series/two cells joined
by a dotted line).

Exemplar 1 shows a candidate who
identified the problems with the battery and
the voltmeter and ammeter. Although the
candidate has stated two separate points
were on the same line for the third mistake,
as what the candidate wrote made it clear
exactly what they intended the second
identified mistake was allowed by the
examiner to gain full marks.

Exemplar 2 is typical of many candidate
responses seen by examiners and gained
no marks.

\
\

) Misconception

Remember it is the apparatus and
techniques in Topic P9 (Practical skills)
that candidates are examined on not the
specific practical activity that they
experienced in their science classroom.
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Exemplar 1

17 Astudent sels up-a circuil lo find out the resistance of an unknown resistor. The sludent makes
three mistakes in their circuil.

Look at the circult diagraim of their experiment.

i
e

(a) (i) Write déwn the three mistakes the student makes.
T Dakiaa. 00 (ARGl T e
Al 07 AWM. . pLigied. \
2 dhe HAMDRY A A e W8 L.

3. The. WW DAL s DAL She e d oA,
Bl DO A

3]
Exemplar 2

FWQ.. DAY ...

2 08N, WML USed, any 4. Db,

3

)]

Any one from:

Put the voltmeter in parallel with the
resistor v’

Put the ammeter in series v

Turn around one of the cells/AW v

1
(AO3.3b)

ALLOW swap the meters over or AW
Examiner's Comments

Many candidates who had gained some
marks in 17(a)(i) also answered this
question successfully. Typical responses
that were given the mark included ‘turn one
of the two batteries round’ or ‘swap the
voltmeter and ammeter over’.
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ANSWER LINE

Unit conversion 20(mA)
= 0.02(A)/20x107 (A) v

R=40+0.02v

R=200v

Qv

b FIRST CHECK THE ANSWER ON

If answer = 200 Q award 4 marks

(AO1.2)

(A02.1)

(A02.1)

(AO1.2)

If final unit is KQ or V/mA, this unit
conversion is not needed so mp1 is
subsumed into mp2

ECF incorrect or absent conversion of mA
to A e.g. a bald answer of 0.2 gains mp2 &
mp3 unless the unit is KQ or V/mA, when
all 4 marks are awarded.

Mark unit independently
ALLOW ohm(s) or V/A or V/ImA if
consistent with working

Examiner's Comments

In this question the unit mark was free-
standing and so any valid unit combination
was allowed. Both 0.20 kQ and 0.2 mA/V
are examples of responses which gained
4/4.

Because of the application of error-carried-
forward, candidates losing the first mark by
not converting mA to A did not lose
subsequent marks, so for example 0.2 Q
with suitable workings could gain three of
the four marks.

Total
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44 | a FIRST CHECK THE ANSWER ON 4
ANSWER LINE

If answer = 0.28 (A) award 4 marks

Rearrange equation current = power + (A1.2)
potential difference/ | =P +V v

I=65+230v (A2.1)

1 =0.2826086 v (A2.1) NOTE If answer not to 2 sig figs max 3
marks

1=0.28 (A) v (A1.2) ALLOW one mark for any calculated

answer to 2sf

Examiner's Comments

In their response to this question
candidates earned a marks for the correct
rearrangement of the given equation, a
mark for substitution of the appropriate
values, a mark for evaluation, and a mark
for expressing the evaluated result to 2
significant figures.

Error-carried-forward applied here, as
shown in Exemplar 9. The first mark was
earned by the power/p.d. quotient; it would
have been cleared if they had included a
subject to make it into a clear equation).
There was no obvious logic to their other
workings, but the final expression written is
65/4.5 = 14.4444 which (expressed to 2
s.f.) is 14, so earned second mark was
given.

Examiners are expected to mark positively
and although the candidate has not set
their workings out sensibly the examiner
has assumed 65/4.5 and 14 to be the
candidate’s final decision.
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Exemplar 9
(a) Calculate |r;': c;:.ﬂ!!lll in the TV when itis tumed on.
St sotone
LS 229 Fowar B
250 =
_5‘-’0/ =83 ¢ Y
&s
CGurrent = l((‘\ —— |
b FIRST CHECK THE ANSWER ON 4 ALLOW ECF from (a)
ANSWER LINE
If answer = 117000 (or 116000) (J) award
4 marks
E=Pxtv (A1.2) E=QxVorlxtxV
Unit conversion 30 minutes = 1800
seconds v/ (A1.2)
E =65x1800v (A2.1) E =0.28 x 1800 x 230
ALLOW ECF for incorrect time conversion
ALLOW three marks for 1950 (J)
E =117000 (J) v (A2.1)
E = 116000 (J) v
Examiner's Comments
This calculation, the last on the paper,
required recall of the energy/power/time
relationship and conversion of minutes to
seconds, resulting in a large value answer.
One candidate did calculate 117000 J
correctly and then wrote ‘Wrong! next to it:
However, the examiner ignored this
comment and the candidate was credited
with full marks for the question.
Total 8
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45

As speed increases, (thinking) distance
increases / ORA v

BUT

(thinking) distance is (directly) proportional
to speed / as speed doubles, (thinking)
distance doubles / linear relationship
through the origin v/

2 (AO
3.1a) (AO
3.2b)

ALLOW numerical values from graph, e.g.
at 15 (m/s), td = 10m but at 30 (m/s) td =
20(m).

ALLOW numerical values from graph, e.g.
at 15 (m/s), td = 10 (m) but at 30 (m/s) td =
2x10 = 20 (m) for 2 marks

Examiner's Comments

Most candidates stated that the thinking
distance increased with increasing speed.
Few candidates stated that the thinking
distance was directly proportional to the
speed.

The question does indicate that candidates
should use data from the graph. In this
case, candidates could easily see that the
thinking distance line is a straight line
through the origin. Alternatively, they could
have read the thinking distance at a speed
of 155 m/s and 30 m/ s to see that the
thinking distances are 10 m and 20 m. This
means that as the speed doubles the
thinking distance doubles.

Understand how to test from a graph
whether two quantities are directly
proportional.

1. Take a quantity on the x-axis and double
it and read off the y-axis values and see
whether they double as well

2. See whether there is a straight line
through the origin.

Total

46

Bv

(A02.1)
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47 FIRST CHECK THE ANSWER ON 3

ANSWER LINE
If answer = 5(.00) (C) award 3 marks
(Rearrange equation) (charge =) energy (AO1.2)
transferred / potential difference v/
(charge =) 200/ 40 v (AO2.1)
(charge =) 5 (C) v (AO2.1)
Total 3

© OCR 2022. You may photocopy this page. 136 of 141 Created in ExamBuilder


https://stemup.co.uk

Mark Scheme

Question Answer/Indicative content Marks Guidance
48 | a 2 Assume answer refers to circuit A unless
(AO2x2.1 | indicated otherwise
)
(Circuit) A - the total resistance is half the ALLOW (Circuit A) is parallel and has 2
value of one of the resistors / less than the loops/paths (for the current to flow through)
smallest resistor value v/ [/ AW
ALLOW higher level response i.e. correct
equation for resistors in parallel
(Circuit) B - the total resistance is double ALLOW (Circuit) B is series and has only 1
the value of one of the resistors / adding loop/path (for the current to flow through) /
the two resistances together v AW
ALLOW maximum of 1 mark for (circuit) A
is parallel/has two loops/paths and (circuit)
B is series/has one loop/path
b i Any two from: 2 ALLOW atoms/particles/molecules for ions
(more current means) ions vibrate more / (AO2x1.1
AWV )
(more current means) more electrons
collide with ions (in the lattice) / AW v
(more collisions mean) harder for electrons
to pass (through wire/lamp) / AW v
(which) increases temperature (and ALLOW (lamp) heats up / high(er)
therefore resistance) / AW v temperature
ii Lamp, cell, ammeter and variable resistor 2 IGNORE voltmeter in series for this mark
in series v (AO2x2.2
)
Voltmeter in parallel with the lamp v ALLOW voltmeter in parallel with ammeter
and lamp but not variable resistor
iii Measure current and potential 3 ALLOW take readings on ammeter and
difference/voltage v/ (AO3x1.2 | voltmeter
)
Any two from:
Change current/variable resistor/pd (value)
v
Take at least 3 sets of different V and | IGNORE repeating same V and | readings
readings v’
Calculate the resistance using V/I or using ALLOW graph of | against V / graph of |
the current and pd values / plot a graph of against R
V against | v
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Total 9
49 FIRST CHECK THE ANSWER ON 2
ANSWER LINE
If answer = 0.9 (A) award 2 marks
(Rearrangement: |, =) I x Vs / V, v (AO1.2)
OR
(l,=)12x9.0/120 v
(Ib=)0.9(A) v (AO2.1)
Total 2
50 D 1
(AO2.2)
Total 1
51 C 1
(AO2.2)
Total 1
52 D 1
(AO1.1)
Total 1
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53 | a i Correct symbol for a voltmeter v/ 2
(AO1.1)
Voltmeter is in parallel with the lamp v/ (AO2.2) | ALLOW voltmeter in parallel with lamp and
ammeter
ii Mistake: Units for current are missing v/ 4
Correction: Add A/amps/amperes/mA (for | (AO3.2a)
the unit) v (AO3.2b)
Mistake: Current is not recorded to correct | (AO3.2a) | ALLOW Current at 1.0 V is recorded to 4
number of decimal places / 1d.p. significant figures
Correction: Current should be recorded to | (AO3.2b) | ALLOW current should be recorded to 2
1d.p./1.0AV sig figs
iii FIRST CHECK THE ANSWER ON 3 ALLOW 1.3 (Q) vvV
ANSWER LINE
If answer = 1.25 (Q) award 3 marks
Rearrange to give resistance = potential (AOC1.2) | (ALLOW R) =V =+
difference + current v/
4(.0)+3.2v (AO2.1) | Choice of V, | for wrong data point loses
this mark but can get mp1 for equation and
=1.25(Q) v (AO2.1) | mp3 for evaluation ecf.
Mp3 may depend on units chosen for
current in (ii).
b i Point 1,1 correctly plotted within %2 small 2
square v’ (AO2.2 x | Should be within 1 small square of each
2) point.
Suitable curved line of best-fit drawn v/ May not be extrapolated to (0,0,)
ii Current increases as potential difference 2 IGNORE it is a straight line
increases/AW v (AO3.1a)
Rate of increase reduces/current increases | (AO3.1a) | ALLOW (they are) not proportional / not
more slowly with potential difference/AW v linear
ALLOW resistance increases as current
goes up/filament gets hotter
iii Change lamp for a (fixed) resistor v 2
(AO1.2 x
Measure current for different potential 2) ALLOW repeat the experiment
differences/AW v
iv Straight line (through the origin)/ current is 2
(directly) proportional to voltage v (AO1.2 x
2)
Resistance is constant./not changing/ ALLOW obeys Ohm’s Law
fixedv’
Total 17
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54 Please refer to the marking instructions on 6 AO1.2 Demonstrate knowledge and
page 4 of this mark scheme for guidance (AO1.2 x | understanding of series and parallel
on how to mark this question. 2) circuits

(AO2.2 x | For example:
Level 3 (5-6 marks) 2)
Circuit A identified as a parallel circuitand | (AO3.2b e circuit A is parallel
having the brightest lamps x1) * circuit B is series
AND (AO3.3a * both circuits have one cell
Detailed explanation of why A has the x 1)
brightest lamps AO2.2 Apply knowledge and
AND understanding of series and parallel
Identification of control variables circuits
There is a well-developed line of reasoning For example:
which is clear and logically structured. The
information presented is relevant and * resistance is lower in circuit A / ORA
substantiated. * more current flows in circuit A / ORA
Level 2 (3—4 marks) AO3.2b Analyse information and ideas to
Circuit A identified as a parallel circuit and draw conclusions
having the brightest lamps For example:
AND
An explanation of why A has the brightest * lamps in circuit A are brighter / ORA
lamps
OR AO3.3a Analyse information to develop
Identification of control variables experimental procedure by identifying
There is a line of reasoning presented with control variables
some structure. The information presented
is relevant and supported by some * same (number of) lamps
evidence. * same (number of) cells
Level 1 (1-2 marks)
Circuit A identified as having the brightest
lamps.
OR
Identification that circuit A is in parallel.
OR
Identification of control variables
There is an attempt at a logical structure
with a line of reasoning. The information is
in the most part relevant.
0 marks
No response or no response worthy of
credit.
Total 6
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55 FIRST CHECK THE ANSWER ON 3

ANSWER LINE
If answer = 5(.00) (C) award 3 marks
(Rearrange equation) Charge = energy (AO1.2)
transferred / potential difference v/
(charge =) 200/ 40 v (AO2.1)
=5C)v (AO2.1)
Total 3
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