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Acceleration of free fall
Electron charge
Electron mass

Electronvolt

Gravitational field strength

Planck constant

Speed of light in a vacuum

g=9.81 ms™
e=-1.60x 10" C
m_ =9.11 x 107 kg
1eV=1.60 x 107 ]
g=9.81 N kg
h=6.63 x103*J s
c=3.00%10"ms!

Unit 1
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Kinematic equations of motion s = 5
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s=ut+ ca
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Forces XF=ma
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Moment of force

Work and energy

Power

moment = Fx
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AEgm = mgAh
E
P — —_—
t
w
P e
t

List of data, formulae and relationships

(close to Earth’s surface)

(close to Earth’s surface)
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Unit 2
Waves

Wave speed

Speed of a transverse wave
on a string

Intensity of radiation

Refractive index

Critical angle

Diffraction grating

Electricity

Potential difference

Resistance

Electrical power, energy

Resistivity

Current

Resistors in series

Resistors in parallel

v=fi
T
v=_|—
)7
B
A
n, sin 0,=n, sin 6’2
c
n=-—
v
) |
simC= —
n
ni=dsinf
o W
0
¥
!
P=VI
P=1IR
"R
W= VIt
_
A
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At
1= ngvA
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1 | | |
R R R R_
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Particle nature of light

Photon model

Einstein’s photoelectric
equation

de Broglie wavelength

E= hf

1
hf=¢+ Emv2

max
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Topic 1:DCElectricity

1.1 Sl derived and Sl basenilis and quantities(MCQs)

Reference Notes:
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1. Jan2l
The unit of power is the watt.

Which of the following is included in the SI base units for power?

J A newton
0 B kilogram
O C joule
0 D ampere
2. Jan22

Which of the following units is equivalent to the volt?

O A Js'!

0O B Ws'
H c ijc’
0 b wc'
3. June2l

Which of the following derived units can be expressed in SI base units as kgm®s ™ ?

[0 A coulomb

0 B joule
0 C volt
[0 D watt
4. Oct22

Which of the following units is equivalent to the volt?

O A Cs!
O B Js!
B cC Ic!
0 D Js
5. Junel9

Which of the following is an SI unit for electromotive force (e.m.f)?
] A coulomb

[J B joule
[J C newton
[0 D volt
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6. Oct20

Which of the following statements about physical quantities or units is correct?
[J A Current is a derived quantity.

[J B Power is a derived quantity.

[J C The coulomb is a base unit.

[J D The volt is a base unit.

7. Oct21

The unit of resistance is the ohm.
Which of the following is equivalent to the ohm?
0 A JC3s
B B JCis
i € JCcis!
0 D JCs
8. O

The unit of potential difference can be expressed as
ACs™
B Jc!
B caAp
A D JA"
9. Old

The unit of potential difference is the volt. A correct alternative unit is
AJATsT

] B JAS™

] cJAs

[0 pJA's
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1.2 Electrical Circuit/( dZNNBY G T @2f GF IST hKYQAa )YMTO&T w.

Reference Notes:
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Reference Notes:
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1. June22

At a point in a circuit there is a current of 3.0A.

Which of the following gives the total charge passing this point in 2.0 minutes?

L] A 0.025C

L0 B 1.5C

I C 6.0C

L] D 360C
2. Oct22

The current at a point in a circuit is 1.25A.

Which of the following expressions gives the number of electrons passing the point in
45 seconds?

1.25:%:45
0 Bl il
1.60 x 10"
1.25x1.60 x 107"
O B
45
1.60 x 10"
b0 ¢ —
1.25%X45
45
0 D
1.25x1.60 x 107"
3. Jan2l

In a series circuit, 3.1 x 10" electrons pass a particular point in a time of 30 seconds.

Which of the following gives the magnitude of the current in amperes in this circuit?

(3.1x10")x (1.6 x107")
30
3.1x10"
(1.6 x1077) x 30

O

O

BB ¢ (3.1x10”)x(1.6x107™)x30

(3.1x10") %30
1.6 x107"
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4. Junel9

The definitions for current and potential difference both include
[0 A charge.

[] B resistance.

[0 C time.

[0 D work done.
5. Octl9

Which of the following graphs shows how power P dissipated by an ohmic conductor
varies with potential difference V across the conductor?

A
P
O A
V
A
P
0 B
V
A
P
H C
V
A
P
0 D
y:
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6. Jan20

Which row in the table shows the total resistance if two 5 Q resistors are connected

n

O O 0O O

series and in parallel?
Series Parallel
A 2.5Q 10Q
B 2.50Q 25Q
C 10Q 10Q
D 10Q 25Q

The diagram shows a combination of three resistors of resistance X, ¥ and Z.

Y

Z

Which of the following gives the total resistance of this combination?

O

O

0

0

8.

When the temperature of a metal wire increases, the resistance of the wire increases.

I 1
A X+—+—=
Y Z

1
B —+Y+Z7
X

YZ
Y+Z7
1 Y+Z7
—+
X YZ
June2l

C X+

D

Which of the following explains this increase in resistance?

O

(N
(N
(N

A the amplitude of the lattice vibrations decreases
B the amplitude of the lattice vibrations increases
C the number of conduction electrons decreases

D the number of conduction electrons increases
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9. Jan20

The current-potential difference graph for an ideal diode is shown. The graph has been
labelled at three separate points by the letters X, Y and Z.

Current A
/
/ Z
X /
\‘
\\

\ J/ ~

N Potential

\\\dl ‘fr CNnCce

™

At which point(s) is the resistance of this diode infinite.
[0 A XandY

[0 B YandZ

[0 C Xonly

[0 D Zonly

10. Jan22
The graph shows how current / varies with potential difference ¥ for an
electrical component.

y

=

Which component is represented by this graph?
[0 A Diode

[0 B Filament lamp

[0 € Ohmic conductor
O

D Thermistor
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11. June2l

A graph of current against potential difference for an electrical component is shown.

I A

Which component would give this graph?

[0 A diode

[J B filament bulb

[J € ohmic conductor
[J D thermistor

12. Oct20

Which electrical component has the current-potential difference graph shown?

B B B B

I

A diode
B filament lamp
C resistor

D thermistor
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13. Oct21

The graph shows how potential difference V varies with current / for an

electrical component.

Which electrical component is represented by this graph?

O A
0 B
B c
)
14. Oct22

The graphs show how current / varies with potential difference V for three components.

Which of the following components is not represented by any of the three graphs?

O

(]
(]
(]

VA

diode
filament lamp
ohmic conductor

thermistor

I 1

C O =

diode
filament bulb
negative temperature coefficient thermistor

ohmic conductor

1
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1.3 9f SOGNROI £ / ANDdzA {

0/ dZNNBYIiT @2t Gl 3ST

Enerqy)/Structure

1. Oct20

Four identical resistors, A, B, C and D, are placed in a circuit as shown.

10V

-

(a) Determine the power dissipated in each of the resistors.

resistance of each resistor = 2.0Q)
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(b) Explain, without further calculation, what would happen to the power dissipated by
resistor A if resistor D were disconnected from the circuit.

(2)
(c) If the resistors in the circuit used in (a) were replaced with filament lamps, the
resistance of each lamp would be different depending on the potential difference
across it.
Explain, in terms of particles, why the resistance of a filament lamp increases as the
potential difference across the filament increases.
(4)

(Total for Question 18 = 12 marks)
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2. June2l

The circuit diagram shows a resistor of resistance 270 Q connected to a battery of
e.m.f. 9.0V. The battery has an internal resistance of 15 Q.

9.0V
—
—C

270Q |

(a) Explain why the reading on the voltmeter is less than 9.0V when the switch is closed.
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(c) The switch remains closed and 12 C of charge flows through the battery.

Calculate the decrease in the chemical energy store of the battery.

3. Octl9
The photograph shows an electric skateboard.

(Source: www.digitaltrends.com)

One particular type of electric skateboard uses an electric motor connected to a 22V
rechargeable lithium-ion battery. A fully-charged battery is able to pass 36,000 C of
charge through the circuit and will allow continuous operation of the skateboard for
40 minutes.

(a) Calculate the total energy stored in a fully-charged lithium-ion battery.
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(b) The electric skateboard travels at a speed of 16 kilometres per hour.

(1) Calculate the time taken for the electric skateboard to travel 2.0 m.

(2)
Timetaken= . ...
(i1) While the electric skateboard is in use, the battery provides a constant current.
Calculate the number of electrons that flow past a point in the circuit during the
time taken for the electric skateboard to travel 2.0m.
(3)

Number of electrons =

(Total for Question 13 = 7 marks)
4. Old

The planet Jupiter has a moon lo. Volcanic activity on lo releases clouds of electrons which

travel at high speeds towards Jupiter. During a 15 s time period, 2.6 x 102 electrons reach
Jupiter from lo.

Calculate the current.

.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 3 marks)
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5. Old

(a) Two lamps A and B are connected in series with a battery.

—’F-—%—

X—

LampB Lamp A

Lamp B glows more brightly than lamp A. Complete each of the sentences by
choosing one of the phrases in the box.

equal to greater than less than
The cUrrent: In JaMP A8 .....cvvwmrisinrivavimseasssrenesssivresass the current in lamp B.
The p.d. across 1amp A M . vuiunncaisssassmiass mmsssan the p.d. across lamp B.
The: resistance: Of Iamp A I8 .. the resistance of lamp B.

(b) The same bulbs are now connected in parallel with the battery.
— |_ e <{ ’_

Lamp B

&

Lamp A

State which bulb will be brighter and explain your answer.

.............................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------

(Total for Question = 6 marks)
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6. Old

* A student is asked to explain which of two filament lamps will be brighter when they are
connected in parallel across a power supply. She is told that the resistance of lamp A is greater
than the resistance of lamp B.

The student wrote the following explanation that contains some mistakes:

“The current is the same in both lamps. Because lamp A has a higher

resistance, it is harder for the electrons to move through this lamp so

they will lose more energy. Lamp A will therefore be brighter than

lamp B.“

Write a correct explanation.

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 5 marks)

7. Old
The diagram shows the current in part of an electrical circuit.

.............................................................................................................................................

.............................................................................................................................................
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8. Old
Mobile phones have a rechargeable battery which is recharged by means of a mains adaptor. One

such adaptor has an input power of 4.8 W at a voltage of 230 V.
(a) Calculate the input current to the adaptor when it is in use.

.............................................................................................................................................

.............................................................................................................................................

(b) The adaptor's output is labelledas 5V 0.1A 05VA
(i) Show that the unit V A is equivalent to the watt.

.............................................................................................................................................
--------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------

(Total for Question = 6 marks)
9. Old

Mobile phones have a rechargeable battery which is recharged by means of a mains adaptor. One
such adaptor has an input power of 4.8 W at a voltage of 230 V.
(a) Calculate the input current to the adaptor when it is in use.

.............................................................................................................................................

.............................................................................................................................................
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(b) The adaptor's output is labelledas 5V 0.1A 05VA
(i) Show that the unit V A is equivalent to the watt.

.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

1§ R N M A AR AR SR AN St

(iil) Suggest a reason why the efficiency is less than 100%.

.............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------

(Total for Question = 6 marks)
10. OId

The circuit diagram shows a battery of negligible internal resistance connected to three
resistors.

0.60 A
50Q —>
—
9.0V R 30Q
), -

.............................................................................................................................................
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(b) Calculate the current /2.

.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................................

o s AN RO TS SN H (OIS ANOI AN
(c) Calculate the resistance R.
B R PR P
(Total for Question = 6 marks)
11. Old
(a) What is the coulomb in base units?
(b) The diagram shows part of an electrical circuit.
20mA
v]:
—_)_— —.).—.
30mA 1,
15 mA
Il

Determine the magnitudes of the currents /1, /2 and /.

.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 4 marks)
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12. June22

The diagram shows a circuit containing three identical resistors, A, B and C. The cell
has negligible internal resistance.

*(a) Explain how measurements of current and potential difference could be used to
demonstrate that charge and energy are both conserved in this circuit. Your answer
should refer to resistors A, B and C.
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(b) (i) Calculate the total resistance of the circuit.

resistance of each resistor = 12.5Q

(3)
Total resistance = ...
(ii) The resistors are connected to a different cell, with e.m.f. &, as shown. The cell

has an internal resistance.

&

| !

C

A

B
Describe how a single ammeter reading can be used to determine the internal
resistance of the cell. You should add to the diagram to show the position of
this ammeter.

3)

(Total for Question 15 = 12 marks)
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1.4 Potential DividerCircuit(MCQS:

Reference Notes:
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1. Oct21

A current-carrying wire AB of length x and uniform diameter is connected in a circuit
as shown.

%

R R,

The slider S is moved along the wire until the reading on the voltmeter is 0'V.

Which of the following equations is correct?

y_R
D N R

y _R
O B R

X—=)

x _R
B C v R

& &
H » y RI+R_
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2. Jan20

A negative temperature coefficient thermistor is connected in a circuit as shown.

The temperature of the thermistor is increased.

Which row of the table shows how the readings on meters V, and V, and A change?

O 0O 0O O

oS O = »

I
|I

B
/
7~

Reading on V, | Reading on V, | Reading on A
decreases increases increases
decreases stays the same increases
increases decreases decreases
increases stays the same decreases
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3. Oct22

A negative temperature coefficient thermistor and a fixed resistor are connected in a

circuit, as shown.

@

O

The temperature of the thermistor increases.

Which row of the table shows the changes to the ammeter and voltmeter readings as the

temperature increases?

O 0O 0 O
S N = »

Ammeter reading

Voltmeter reading

decreases decreases
decreases increases
increases decreases
increases increases

—H—
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4. Oct20
The circuit shows a potential divider, including a battery of negligible internal resistance
and a light dependent resistor (LDR). The potential difference (p.d.) across the fixed
resistor is measured using a voltmeter.

R
X

Which of the following statements about this circuit is correct?

] A If the resistance of the LDR halves, the voltmeter reading halves.

[J B Increasing the light intensity would decrease the voltmeter reading.

] C Increasing the light intensity would have no effect on the voltmeter reading.
O

D The voltmeter reading added to the p.d. across the LDR will always be 12.0 V.
5. Jan22

A light dependent resistor (LDR) and a fixed resistor are connected in a circuit,
as shown.

The intensity of the light incident on the LDR is increased.

Which of the following does not take place as the light intensity is increased?

[0 A The current in the circuit increases.

[0 B The potential difference across the fixed resistor increases.
[0 C The total power dissipated in the circuit decreases.
]

D The resistance of the LDR decreases.
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6. Old

The diagram shows a potential divider circuit that contains a negative temperature coefficient thermistor.

The temperature of the room containing the circuit increases.
Select the row of the table that correctly shows the changes in readings on the meters.

/

) D ®
O A decrease imncrease decrease
OB decrease increase increase
B3 C increase decrease decrease
Ed D increase decrease increase
7. Old

A combination of resistors is connected to a 12 V supply of negligible internal resistance.

12V
=

[ I

6 kQ

The potential difference between points A and B is

[l A 4v
[l B 6V
B ¢ sv
O b 12v

|
|

6 kQ

6 kQ

l—o
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8. Old

The battery in the circuit has negligible internal resistance and an e.m.f. of 12 V.
~

=
S
S
&

T

ﬁ} 200 kQ

—___—

:
|r—;-{=

(]

The potential difference across the parallel combination is
] Aov
] Ba4av
[0 cev
[0 psv
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1.5 Potential Divider Circuit (Structure)

1. Jan22

A student set up the circuit shown.

12V

I

X

(a) Calculate the number of electrons passing point X each second.

Number of electrons in one second = ...
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(b) Another resistor, Y, is added to the circuit as shown.

12V

I

3.00 —

Y

The student wrote the following statement.

When resistor Y is added, the resistance of the parallel section
increases, the resistance of the whole circuit increases, and so, by
P = I?R, the power dissipated by the whole circuit also increases.

Evaluate the student’s statement.

(Total for Question 17 = 10 marks)
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2. Junel9

Resistors are included in circuits that are used as potential dividers.

(a) Derive an equation for the combined resistance R for two resistors, R, and R, in series.

(3)
(b) The diagram shows a circuit that includes a resistor combination. The battery has
negligible internal resistance.
8.0Q H16.0QH
®
|7.0V
[
The ammeter displays a current of 0.50A.
Calculate the resistance R.
3)

Resistance R = ..o
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(c) The circuit shown below includes a light dependent resistor (LDR). The battery has
no internal resistance.

12.0V

[
||_ I

7
—

(i) In normal daylight, this particular type of LDR has a resistance of 670 Q.

Calculate the power dissipated in the fixed resistor in normal daylight.

resistance of fixed resistor = 8.00kQ

Paged0 of 353



(i) As the light intensity incident upon the LDR decreases, the power dissipated in
the fixed resistor decreases.

Explain why the power in the fixed resistor decreases. Your answer should
include reference to the electrons in the LDR.

(Total for Question 15 = 13 marks)
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3. Jan21

A student investigated how light intensity affects the resistance of a light dependent
resistor (LDR).
She set up a circuit using a cell with negligible internal resistance, as shown.

4

5.00kQ

O,

The e.m.f. of the cell was 1.50V. When the lights in the laboratory were switched off,
the voltmeter reading was 1.19V.

(a) Calculate the resistance of the LDR when the lights were off.

Resistance of LDR = . ..

(b) When the lights were switched back on, the student discovered that it was
impossible to calculate the resistance of the LDR using this circuit. The teacher said
that with the lights on, the resistance of the LDR was about 9 Q.

Explain why the student was unable to use the circuit to determine the resistance of
the LDR with the lights on. The resolution of the voltmeter was 0.01V.

(Total for Question 13 = 4 marks)
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4. Oct22
A red light-emitting diode (LED) was placed into a circuit, as shown.

12.0V

S i
/ @)

y
N4
P

The LED emits light of wavelength of 627 nm and may be assumed to be
100% efficient. The battery has negligible internal resistance.

When the switch was closed, the reading on the ammeter was 9.2 mA.

(a) (i) Show that the power of the LED was about 0.1 W.

Number of photons emitted in one minute =
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(b) The red LED was replaced with a green LED which emits light with a shorter
wavelength than the red LED. The current in the circuit did not change.

Explain how replacing the LED affected the number of photons emitted in
one minute.

(2)
(¢) The maximum intensity of sunlight at the Earth’s surface is about 1100 Wm™.
A student suggests that the intensity of light at a distance of 5.0mm from an LED
with a power of 0.69 W is greater than the intensity of sunlight at the Earth’s surface.
Assess whether the student’s suggestion is correct.
(3)

(Total for Question 17 = 11 marks)
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5. Oct19

The circuit shown includes a fixed resistor and a negative temperature coefficient thermistor.

—_———————————

[
I}‘ I

X

A potential divider circuit can be created by making connections to a secondary circuit
across the resistor (XY) or across the thermistor (YZ). As the temperature changes, the

¥

Z

>

£

potential differences (p.d.) across XY and YZ both change.

Such a circuit can be used to operate an air conditioning unit in a hot classroom in order
to keep the classroom cool. The air conditioning unit starts operating when the p.d. in

the secondary circuit exceeds a certain value.

*(a) Explain how the circuit should be set up to keep the classroom cool. Your answer
should include details of how a negative temperature coefficient thermistor works, in

terms of particles.

Z

(0)
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(b) The thermistor in the circuit is replaced with a light dependent resistor (LDR) and a
voltmeter placed across YZ as shown.

— -
N

4
)

® <

e

The fixed resistor has a resistance of 1.20kQ. The battery has an e.m.f. of 12.0V and
negligible internal resistance. Initially the circuit is set up in a darkened room, and
the voltmeter displays a reading of 4.71 V. When a light is shone directly onto the
LDR, the voltmeter reads 2.16 V. Calculate the change in resistance of the LDR when
the light is shone onto it.

Change in resistance of the LDR = . B B I

(Total for Question 14 =9 marks)
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6. June22

. A student set up the circuit shown. The battery had a negligible internal resistance.

The resistance of the thermistor varies with temperature, as shown by the graph.

Resistance / kQ

2.0kQ

6.0

5.5

5.0~

4.5

4.0

3

3.0+

2.5+

2.0

1.5+

1.0 A

0.5

3.0kQ

0.0

10 20

30 40

Temperature / °C

100
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(a) Determine the milliammeter reading when the temperature of the thermistor

is 54°C.
(4)
Milliammeter 1eading = .....c..ousmosmmimasmussmscs mA
(b) (i) Explain how decreasing the temperature of the thermistor affects the voltmeter
reading. Do not include calculations in your answer.
(2)
(i1) Explain how decreasing the temperature of the thermistor affects the power
dissipated by the 2.0k resistor. Do not include calculations in your answer.
(2)

(Total for Question 12 = 8 marks)
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7. June21l

The circuit diagram shows three identical resistors and two switches, X and Y.
The battery has negligible internal resistance.

12.0V

-

Each resistor consists of a wire of diameter 0.181 mm and length 55.0cm. At room
temperature, the resistivity of the wire is 1.10 x 10 °Qm.

(a) Show that the resistance of one resistor at room temperature is about 24 Q.

(3)
(b) A student suggests that the maximum power output from the resistors in this circuit
will be greater than 12W.
Assess whether the student’s suggestion is correct.
(4)
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(c) Switch X was open and switch Y was closed.

(1) Calculate the number of conduction electrons passing through the resistor every
second immediately after switch Y was closed.

(3)
Nutber of elettiohis = .....oumumumas,
(1) After switch Y had been closed for a few minutes, the power dissipated by the
resistor decreased.
Explain why.
(3)

(Total for Question 18 = 13 marks)
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8. Oct21
(a) Two resistors of resistance R, and R, are connected in parallel in a circuit.

Derive a formula for the total resistance R, of the combination.

(3)
(b) The diagram shows a combination of five resistors, M, N, O, P and Q. Each resistor
has a resistance of 5.0 Q.
M
1
L I
A N o B
® { |
P Q
M
(1) Show that the resistance between points A and B is about 3 Q.
(3)
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9. Oct20

A student is given the circuit diagram shown.

12kQ

I 55kQ T
(V)

Voltmeter reading =

(b) The student sets up the circuit and observes that the reading on the voltmeter is lower

than the value calculated in (a).

Explain two reasons for the lower voltmeter reading.

(Total for Question

12 = 6 marks)
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10.June21

A student connected the circuit shown. The battery has negligible internal resistance.

9.00V

k-1

11.5Q

N
AL

The graph shows how the resistance of the thermistor varies with temperature.

Resistance /

T T T T 1

T T
0 10 20 30 40 50 60 70 80 90 100

Temperature / °C

(a) The reading on the voltmeter is 3.42V.

Determine the temperature of the thermistor.
(4)

Temperature =
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(b) The student suggests that if the e.m.f. of the battery is doubled, the reading on the
voltmeter will double.

Assess whether the student’s suggestion is correct.

(Total for Question 14 = 8 marks)
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11. Jan21

*  The graphs show how current / varies with potential difference V for a filament bulb
and for a negative temperature coefficient thermistor.

1 1

=V
~

Filament bulb Thermistor

Explain the shape of each graph. Your answer should include reference to the
movement of conduction electrons in each component.

(Total for Question 16 = 6 marks)
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12. Old
* A circuit is set up as shown in the diagram. The battery has negligible internal
resistance.

80Q
oV !
e ——
40Q

(a) Calculate the potential difference across the 40 Q resistor.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

------------------------------------------------------------------------------------------------------------------------------------------

Potential difference = .........cccccovvviiiiiiiieeiieeenn.

(b) A thermistor is connected in parallel with the 40 Q resistor as shown.

809
—
oV !
- e
4090

The thermistor is initially at a temperature of 100 °C and its resistance is 20 Q. As
the thermistor cools down, its resistance increases.
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Explain what happens to the current through the battery as the temperature of the

thermistor decreases.

............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

13. Old

(Total for Question = 5 marks)

(a) The diagram shows the circuit used to investigate how the current varies with potential

difference for an electrical component P. The circuit contains an ammeter and a voltmeter.

-
|
|

-

()
s

(i) On the diagram, label the ammeter A and the voltmeter V.

{1

(if) The position of the contact of the potential divider is moved so that the reading on the voltmeter

becomes zero. Label this position Z.
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(b) The graph shows how the current / varies with potential difference V for two electrical
components P and Q.

0.9 SRR TELESETar
0.8 R L :
< : . 4
R ST
0.7 i "
! 0
06 I )
05 St :
I'A ax S
04 muaa o
0.3 4+ / *
ox b
4 !
0.1 : ,
0

1 2 3 & 5 & 7 & 9 10 I 1

(i) State the value of the current for which the resistance of P is the same as the resistance of Q
and determine this value of resistance.

(3)
CAMTAII = o cvoiencrinninsiosyipsnconsssssipmssnmisoissasenisipnpnsis
ROBISIANGE = i ahssianaripssiss s ahon s
*(ii) Component Q is a filament lamp. Explain the shape of its graph.
(3)

.............................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------
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(c) A potential divider consisting of component P and a resistor R is connected to a 12 V supply.
The lamp Q and a voltmeter are connected to the circuit as shown.

o

The supply has a negligible internal resistance. The reading on the voltmeter is 4.0 V.
(i) Use the graph in part (b) to determine the current in the resistor R.

---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------

...........................................................

.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

Resistance =

...........................................................

(iif) The lamp Q is removed.

Explain, without further calculation, how the voltmeter reading would change.

---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
............................................................................................................................................

.............................................................................................................................................

(Total for Question = 15 marks)

Pageb9 of 353



14.0ld
The following circuit is used to monitor the temperature in a greenhouse. The battery
has no internal resistance.

L Ho

L

(a) The graph shows how the resistance of the thermistor varies with
Resistance ' Q

2000

1500

1000 2

500

n~‘*

0 1

0 20 40 60 80 100
Temperature °C

temperature.
(i) Use the graph to find the resistance of the thermistor at 20 °C.
(1)
ROSIBANCE. = i i SRR S BRR TR wi
(i) Calculate the reading on the voltmeter when the thermistor is at 20 °C.
(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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(b) Explain what will happen to the reading on the voltmeter as the temperature of the
greenhouse decreases.

.............................................................................................................................................

(Total for Question = 6 marks)
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1.6 Resistivity(MCQOS:

Reference Notes:
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1. O

A copper wire of length 2.5 m and cross-sectional area 2.4 x 10" m? has a resistivity of 1.7 x 10°°Qm
What is the resistance of the wire?

] A 16x10"0

L] B 10x10™Q

[1c o0180Q
[ o 580
2. Oct20

A small metal cube, with sides of length x, is connected in a circuit. The current through
the cube, between opposite faces, is / and the potential difference across the cube is V.

Which of the following gives the resistivity of the metal?
O A
0B
O C
0D
3. Old
The heating element for an electric fire is made from a wire of resistance R. It is

replaced with a wire of the same material which has the same length but is twice the
diameter. The resistance of this second wire is

[l A%uR

B %R
[l c2r
[l p4r
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1.7 Resistivity (Structure)

1. Jan22

A nichrome wire of length 0.45m has a cross-sectional area of 2.5 x 10" m’,
The resistance of the wire is 2.0 Q.

(a) Calculate the resistivity of nichrome.
(&)

Resistivity =
(b) A potential difference of 3.0 V is applied across the nichrome wire.
Calculate the drift velocity of the conduction electrons in the nichrome wire.

: N .
number of conduction electrons per m’ = 9.0 x 10 m*

Drift velocity =

(c) A student suggests that the drift velocity will double if the length of wire used in the
circuit is halved.

Comment on this suggestion.

(Total for Question 11 = 8 marks)
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2. Oct21

A filament lamp is marked 12V 60 W. The filament is made from a long metal wire with
a diameter of 0.25 mm. The metal has a resistivity of 5.6 x 107" Qm when the wire is at
normal operating temperature.

(a) Calculate the length of the wire in the filament.
4)

Length of wire =

(b) A student has two filament lamps. Lamp A is marked 12V 60W and lamp B is
marked 12V 30W. The student sets up the circuit shown.

24V

-1

A B
The student states that both lamps will operate normally.

Evaluate whether the student’s statement is correct.

(Total for Question 13 = 7 marks)
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3. Jan20

The photograph shows a typical lightning strike which occurs as a result of an electrical
discharge through the atmosphere in a narrow channel between a cloud and the ground.

(Source: © Joshua Lewis/EyeEm/Getty Images)

The high current in a lightning strike heats the air sufficiently to cause rapid expansion;
the resulting shock wave is heard as thunder.

(a) A teacher says that a lightning strike taking place 1 km away from the observer will
result in a time of 3 s between seeing the lightning and hearing the thunder.

Determine whether the teacher is correct.

speed of sound in air = 340ms!
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(b) The following data was collected for one particular lightning strike:

distance between cloud and ground = 400 m

current = 25000 A

duration of lightning strike = 30 us

potential difference between cloud and ground = 1.2 x 10°V
diameter of lightning channel = 5.0cm

(1) Calculate the total charge transferred during the lightning strike.

(2)
s IEERICITE = ..o s
(11) Calculate the power dissipated by the lightning strike.
(2)
Power dissipated = ... . e
(iii) Show that the resistivity of the air in the lightning channel is about 0.2 Qm.
(3)
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(iv) The accepted value for the resistivity of air is 10"°Qm.

Suggest why the value calculated from the data is so much less than the accepted value.
(1)

(c) Air consists mainly of nitrogen and oxygen molecules. Analysis of the light produced
during a lightning strike shows a weak line spectrum.

(1) Explain the process by which nitrogen atoms produce a line spectrum.

(11) State why the line spectrum produced by oxygen atoms in the air would be
different from the line spectrum produced by nitrogen atoms.

(Total for Question 18 = 16 marks)
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4. Junel9
A student carried out an experiment to determine the resistivity of a metal in the form of
a wire. She made the following measurements:

length of wire = 0.20m
resistance of wire = 50 mQ
diameter of wire = 0.36 mm

Determine the metal of the wire using information from the table below.

Metal Resistivity / Qm

aluminium 2.7 1078
tungsten 5.6 x10*
iron 1.0:5¢:1077

(Total for Question 11 = 3 marks)
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5. Oct19

A student is planning an experiment to determine a value for the resistivity of a metal in
the form of a wire, by a graphical method.

(a) State the physical quantities she should measure, suggesting a suitable measuring
instrument for each quantity.

(b) Describe how she should use her measurements to determine an accurate value for
the resistivity of the wire using a graphical method.

(Total for Question 15 = 6 marks)
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6. Oct22

A student sets up the circuit shown with a cell of negligible internal resistance.

The ammeter displays a current of 0.14A.

®

3.0Q
9.0Q [
]
]
(a) Calculate a value for the resistance of the resistor R.
e.m.f. of the cell = 1.54V
(4)
RESISTANCE = nmmnarmsminssii
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(b) The student made the 9.0 Q resistor using a thin copper wire with a diameter

of 0.15mm.
(i) Show that the cross-sectional area of this wire was about 2 X 10*m?.
(2)
(i1) Calculate the length of copper wire used by the student.
resistivity of copper = 1.68 X 10*Qm
(2)
Léngth 'of CoOpper Wite = ...
(i11) Calculate the drift velocity of the electrons in this copper wire.
number of charge carriers per unit volume = 8.49 X 10*m
current in copper wire = 0.14A
(2)

PR VBISEI = conissmsana

(Total for Question 13 = 10 marks)
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7. Jan21

A student carried out an experiment to determine the resistivity of nichrome wire. Her
circuit included an ammeter, a voltmeter and a variable resistor.

(a) Complete the circuit diagram for this experiment.

@ L ]
nichrome wire

(b) The student varied the length of the nichrome wire in the circuit. For each length,
she measured the potential difference across the nichrome wire. She used the
variable resistor to keep the current in the wire at 0.200A during the experiment.

The student plotted a graph of potential difference against length of nichrome wire.

4.5

4.0

3.5 4

Potential difference/V

00 I I | 1 | I ‘ | | | I
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Length/m
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(1) Determine the resistivity of nichrome.

. - . aal 2
cross sectional area of nichrome wire = 5.31 x 10 *m’

(4)
REsistivity ST MIChOME =" i
(11) Calculate the power dissipated from the nichrome wire to the surroundings
when the length of the wire is 0.75m.
(3)

Power dissipated = ... ...

(Total for Question 19 = 9 marks)
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8. Old

The photograph shows a marble statue. Tis by a .Iﬁgbhtmng conductor.

During a storm, a flash of lightning passes between a cloud and the lightning conductor,
As a result a current of 15000 A flows for a time of 3.0 x 10?s.
(a) Calculate the charge that flows in the lightning conductor during this time.

---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(b) The lightning conductor is 1 m taller than the statue and is made from copper, which has a resistivity of
1.7 x 107 Q m. The lightning conductor has a cross-sectional area of 1.5 x 10™* m? and a resistance of 2.7
x 102 Q.
Calculate the height of the statue and state an assumption that you have made.
(4)

.............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------
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(c) Suggest why the lightning conductor is taller than the statue.

(Total for Question = 7 marks)
9. Ol

The black core of a pencil is referred to as pencil lead.

Pencil lead is a non-metallic material which has a resistivity of 5.4 x 10~ Q m at room
temperature.
(a) A piece of pencil lead has a length of 15 cm and a cross-sectional area of

1.5 x 10-6 m2.

Show that its resistance is approximately 500 Q.

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(b) (i) Pencil lead has a negative temperature coefficient of resistance.
Explain what this means.

.............................................................................................................................................
.............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------
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*(ii) A piece of pencil lead is connected in series with an ammeter and a power supply.
The power supply is turned on. After a few minutes, although the potential difference across
the pencil lead does not change, the current in the circuit increases significantly.

Explain why the current increases.

---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................

(Total for Question = 8 marks)

10. Old
The aircraft industry uses an instrument called a resistance strain gauge to determine the strain
in propellers.
The resistance strain gauge is based on the principle that the electrical resistance of a wire
changes when it is stretched.
(a) A stretched wire becomes longer and thinner. Using an equation to justify your answer,
explain what effect stretching a length of wire would have on its resistance.

----------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------------------
..............................................................................................................................................

..............................................................................................................................................

(b) The diagram shows a typical resistance strain gauge. The wire in the gauge is arranged in a zigzag

pattern.
o= “ ‘ "t . s
\ < -2 cm g thm
i 5 | plastic
- >
¢ b
J
/” \
strain gauge \

fine iron
wire

The length of the zigzag pattern is 2.50 cm and the cross-sectional area of the iron wire is 9.0 x
107°m?. The resistivity of iron is 9.9 x 102 Q m.
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Show that the total resistance of the strain gauge is about 0.2 Q.

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------------------

(c) (i) A wire of length / and cross-sectional area A is stretched. Assuming the volume V of the wire
remains constant
V = JA = constant
Show that the resistance of the wire is directly proportional to F.

.............................................................................................................................................

.............................................................................................................................................

(ii) The length of the zigzag pattern, when under strain, increases to 2.51 cm.
Calculate the increase in resistance of the wire in the gauge.

.............................................................................................................................................
............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(d) In practice, very small changes in length are to be determined and the gauge itself has to be
reasonably small. Consequently, the gauge is made of a length of very fine iron wire which is arranged in
a zigzag pattern between two thin sheets of plastic.

!
What is the benefit of the iron wire being in this pattern?

.............................................................................................................................................
.............................................................................................................................................

(Total for Question = 13 marks)
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11.0d
The photograph shows a typical hairdryer.

(a) The hairdryer contains a heating element which consists of a long nichrome wire wound around an
insulator. The heating element operates at 230 V and has a power rating of 1 kW.
Show that the resistance of the heating element is about 50 Q.

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(b) The nichrome wire has a cross-sectional area of 1.3 x 107 m?,
Calculate the length of the wire.
resistivity of nichrome =1.1 x 10°Qm

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................

(c) The nichrome wire has a diameter of 0.40 mm. A manufacturer wishes to make a hairdryer of the same
resistance but using half the length of wire.
Calculate the diameter of nichrome wire that must be used.

.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 8 marks)
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12.0ld
A strain gauge measures changes in the resistance of a metal under strain to find the applied force. The

kitchen balance in the photograph uses strain gauges to measure the weight of cooking ingredients.

A student tests this method by measuring the resistance of a wire before a force is applied and while it is

under tension.

(a) Calculate the initial resistance of the wire.

length of wire = 1.0m

cross sectional area of wire = 2.9 x 10°*m?

resistivity of wire =4.9 x 107 QO m

.............................................................................................................................................

ReSIStaNce Of WITE = ... .oviieiimrieivieeriieeaensrerseesseseserssens

(b) The student applies a force to the wire and measures the new length. He calculates the increase in the

resistance to be 0.035 Q. He measures the increase in resistance and finds it to be 0.070 Q.

The student suggests that the difference between these two values is because the cross-sectional area of

the wire changes under strain.

Explain why a change in cross-sectional area would cause this difference.

.............................................................................................................................................
.............................................................................................................................................

.............................................................................................................................................

(Total for Question = 5 marks)
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1.8 EMF and Internal Resistan®dCQOs

Reference Notes:
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1. Octl9

The circuit shows a resistor of resistance R connected to a cell of e.m.f. £ and internal
resistance . When the current in the circuit is / the terminal potential difference is V.

£

I{ ’-

Y

R

Which of the following is an expression for the power P dissipated in the internal
resistance of the cell?

Ed A P=I{-7V)

0B P=IR

HCP=If

EH D P=V?r
2. Jan22

The diagram shows a cell of e.m.f. ¢ and internal resistance r. The cell is connected in

series with two resistors of resistance R, and R,. The potential difference across R, is V.

The current in the circuit is 7.

e e o ———————————————"—

w4

Which of the following expressions is correct?

O

|
|
N

A

a w

e=V+lIr
e=IR, +1Ir
e=IR, +1Ir
e=V,+IR, +1Ir
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3. Old

The diagram represents a resistor of resistance R in a series circuit with a cell of e.m.f. € and internal
resistance r.

|

R
Which of the following correctly gives the potential difference V across the internal resistance?
eR+r
0 AV-= -(—)
r
eR
B B V=
R+r
e(R+r
M ¢ pSEE0
R
.
(R+7r)
4. Od

The diagram shows a resistor of resistance R across a cell of e.m.f. £ and internal resistance r.

IV

Which of the following is a correct expression for the current 1?7

O A 1=¢/r
L] B I1=¢/R
Cc 1=¢/(R+n
0o 1=¢/(R-n
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5. Jan2l
Questions 5 and 6 refer to the following information.

The diagram shows a circuit used to determine the internal resistance » and e.m.f. € of a cell.

5 Corresponding values of potential difference ¥ and current / were taken after adjusting
the variable resistor. A graph of ¥ on the y-axis against / on the x-axis was plotted.

Which of the following is correct?

[0 A The area underneath the graph is the total energy dissipated in the cell.
[0 B The gradient of the graph is r.
[J C The graph shows that ¥ and [ are directly proportional.

[0 D The y-intercept of the graph is €.
6. Jan2l

6 The resistance of the variable resistor is R.

Which of the following gives the current in the cell?

O A %
O B =
:
O c (R‘ir)
O o (Rg_,-)
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1.9 EMEF and Internal Resistance/Structure

1. Oct22

A student carries out an experiment to determine the e.m.f. ¢ and internal resistance r of
an electrical cell, using a circuit containing an ammeter and a voltmeter.

(a) Draw a diagram of a circuit that can be used for this experiment.

(3)
(b) The student plotted a graph of the terminal potential difference ¥ of the cell against
the current / in the cell, as shown.
Vv
0 I
Explain how ¢ and r for the cell can be determined from this graph.
(4)

(Total for Question 12 = 7 marks)
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2. Junel9
A student carried out an experiment to determine the e.m.f. ¢ and internal resistance r of
a potato cell. The potato used in the experiment was connected to the rest of the circuit
using electrodes of two different metals as shown.

electrodes

(a) Complete the diagram below to show a circuit that could be used in order to
determine ¢ and r for the potato cell.

potato cell
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(b) The student completed the experiment and plotted a graph showing the relationship
between potential difference ¥ and current / as shown.

0.30 4
0.25 - :
L ]
L 2
0.20 .
VIV ? 5
0.15 - L
*
0.10 H .
0.05
0 | | ! | | ! | | ! 1
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 0.45 0.50
I/mA
Use the graph to determine values for & and r.
S e
P =
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(c) In a separate experiment two resistors, with equal resistance R, are connected
to a battery (with internal resistance r) with the two resistors firstly in a series

arrangement (diagram A) and then in a parallel arrangement (diagram B).

R
R
Diagram A Diagram B

Explain which, if either, of the two arrangements would lead to a greater value for the

terminal potential difference.

(4)

(Total for Question 19 = 10 marks)

3. Old

Explain, in terms of energy, the difference between potential difference (p.d.) and

electromotive force (e.m.f.).

.............................................................................................................................................

(Total for Question = 2 marks)
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4. Oct21

A cell of e.m.f. ¢ is connected in series with a variable resistor with resistance R as
shown. The internal resistance of the cell is r.

When R is 12Q, the reading on the ammeter is 107mA. The circuit is switched on for
300 seconds. In this time, 50J of energy is transferred by the cell.

(a) Calculate r.
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(b) Increasing R would make the terminal potential difference value closer to &.

Explain why, without further calculation.

(2)
(c) A voltmeter is added to the circuit as shown.
P
| &
—|
e
Explain how this circuit can be used to determine a value for r using a
graphical method.
(4)
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5. Jan20

A car battery is constructed using six cells connected in series, with a combined
electromotive force (e.m.f.) of 12.00 V.

(a) State what is meant by e.m.f.

(b) A student set up the circuit shown, using the car battery.

O

12.00V

-]

O,

bl

bl
7

The student adjusted the variable resistor until the reading on the voltmeter was 11.81 V.
The reading on the ammeter was 9.83 A.

(1) Calculate the internal resistance of the car battery.
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(11) The student adjusted the variable resistor several times and recorded
corresponding values from the ammeter and voltmeter.

Describe how the values can be used to determine the internal resistance of the
battery using a graphical method.

(c) With use, the internal resistance of a battery will increase. Eventually the power
available from a battery will become too small to be useful.

The student calculated the power available from a battery of e.m.f 9.0V and internal
resistance 0.10Q when connected across a 5.0 Q resistor.

He concluded that when the internal resistance had risen to 0.50Q, the power
dissipated in the 5.0 Q resistor would reduce to 70% of its original value.

Determine whether the student’s conclusion is correct.

(Total for Question 17 = 10 marks)
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6. Old

7. Old
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