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A cell is a source of e.m.f.When the cell is connected into a circuit the potential difference measured
between its terminals, called the terminal p.d., is less than its e.m.f.

(@) (i) Definethe term e.m.f.

. [2]

(ii) Explain why the terminal p.d. is less than the e.m.f.

. [2]

(b) Inthe circuit of Fig. 3.1 the cell of e.m.f. 1.6V and internal resistance ris delivering a current
of 0.20A to a resistor of resistance R. The voltmeter reads the terminal p.d. Itis 1.2V.

0.20A

Calculate the values of

(i) theresistance R

RN 1

(ii) theinternal resistance r.
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(c) (i) The current in the resistor of Fig. 3.1 remains constant at 0.20 A for several hours.
Calculate

1 the charge which passes through the resistor in 1.5 hours

charge = .....ccoovvvevviinieviessinnnne UNQL .l [3]

2 the energy dissipated by the resistor in 1.5 hours.

=LA LT 0 | Y N 1 |

(i) The cell is left connected to the resistor for 12 hours. The graph of Fig. 3.2 shows the
variation of current / with time t.

0.25

0.20

/A
0.15

0.10

0.05

0 2 4 6 8 10 12
time/hours

Fig. 3.2
Describe how the current varies with time. Suggest reasons why it varies in this way.

/ In your answer you should link each feature of the graph to the reason for it.

SR )
[Total: 17]
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Fig. 3.1 shows a circuit consisting of a battery of electromotive force 16.0V and negligible internal
resistance, two resistors and a thermistor.

1

1 30Q
-
16.0V !
el —
-" 1200
.

Fig. 3.1

(@) (i) Define the term electromotive force (e.m.f.).

.. [2]
(ii) Explain the meaning of the term internal resistance.
.. [1]
(b) The thermistor has a resistance of 360Q at 20 °C. Calculate
(i) the total resistance R of the thermistor and the resistor of resistance 120Q at 20°C
R= e Q [2]
(ii) the potential difference V across the thermistor.
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(iii) Itis suggested that the thermistor in the circuit of Fig. 3.1 is used to monitor temperatures
between 20°C and 200°C. Describe how the potential difference across the thermistor
and the current in it will vary as the temperature increases above 20°C.

In your answer you should explain why the potential difference and current vary as the
temperature increases.

.. [4]
(c) The battery in Fig. 3.1 is rechargeable.

(i) Calculate the charge stored in the battery when it is charged for 8.0 hours at a constant
current of 1.2A.

(i) After charging, the battery loses energy at a constant rate of 1.4Js~'. The e.m.f. of the
battery remains constant at 16.0V. Calculate how many hours it takes for the battery to
discharge.

dischargetime = ........ccceccviieiiiiiieneen. N [3]
[Total: 18]
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(a) A student wishes to determine the power dissipated in a variable resistor connected to a cell.
(i) Partof the circuit for this experiment is shown in Fig. 3.1. Complete the circuit of Fig. 3.1

showing how the variable resistor is connected and how the potential difference across it
is measured. [3]

(A
&

Fig. 3.1

(ii) Fig. 3.2 shows the variation of the potential difference V across the variable resistor with
the current 7 in it.

15
\\A
1.0
VIV "NB
0.5 NG
0
0 0.5 1.0 15 2.0
I/A
Fig. 3.2

1 The potential difference V across the variable resistor is also the terminal p.d.
across the cell. Describe how the potential difference across the cell varies with the
resistance R of the variable resistor. Suggest why the terminal p.d. varies in this way.

- [3]
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2 By referring to the points A and C, justify that the power dissipated in the variable
resistor is a maximum at or near point B.

- [3]
3 Determine the e.m.f. E of the cell.
4 Calculate the internal resistance rof the cell.

(b) InFig.3.1, the cell is replaced by a solar cell as the source of e.m.f.
A solar cell transforms light energy into electrical energy. The maximum intensity of sunlight
on the solar cell is 800Wm™2. The surface area of the cell is 2.5 x 1073m?2,

(i) Define the term intensity.

.M

(ii) The maximum power delivered by the solar cell to the variable resistor is 0.25W.
Determine the maximum efficiency of the solar cell.

maximum efficiency = ........ocoviiiiiiiiiiiesiin s [3)

[Total: 16]
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This question is about possible heating circuits used to demist the rear window of a car. The

heater is made of 8 thin strips of a metal conductor fused onto the glass surface. Fig. 2.1 shows
the 8 strips connected in parallel to the car battery of e.m.f. E and internal resistance r.

AN

8 strips

Fig. 2.1
(a) The potential difference across each strip is 12V when a current of 2.0A passes through it.

(i) Calculate the resistance A of one strip of the heater.

P [1]

(ii) Calculate the total resistance R, of the heater.

Rp S s 92 [3)

(iii) Show that the power Pdissipated by the heater is about 200W.

[2]
(b) Each strip is 0.90m long, 2.4 x 10~*m thick and 2.0 x 10~ m wide.

Calculate the resistivity p of the metal of the strip. Give the unit with your answer.

P = i n UNIE . [4]
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(c) An alternative way of making the heater is to connect eight metal strips in series. The heater
is to dissipate the same power as the parallel combination of (a) when the p.d. across it is
12V.

(i) Explain why the total resistance of the series heater must equal Rp calculated in (a)(ii).

1]

(ii) Calculate the resistance r, of one strip of this series heater.

s

(iii) Suggest, with a reason, whether you would choose the series or parallel circuit
arrangement of the strips for a demister heater.

1]

(d) Fig. 2.2 is a graph showing how the potential difference across the terminals of the battery
varies with the current drawn from it.

14
12
p.d./V
Fig. 2.2

10 .

8

0 10 20 30 40
current/A
(i) From the graph find the e.m.f. E of the battery.

(ii) Use data from the graph to calculate the internal resistance rof the battery.

_ [Total: 17]
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(@) The battery in an electric car has an e.m.f. of 24V. It can provide a current of 200A to the
motor for a period of 4.0 hours.

(i) Define the term electromotive force (e.m.f.) for the battery.

. [2]
(ii) Show that the total charge Qthat can be delivered by the battery is about 3 x 106C.

(2]

(iii) Calculate the total energy E that can be supplied by the battery at a constant e.m.f.
of 24 V.

E— ¢¢nonno¢¢nonno¢¢-oonncc¢annnncnonno¢¢nonno¢¢nonno¢J [2]

(b) The charger for the battery has a 30V output supplying a current /. The total resistance of
the circuit is indicated by one resistor R in Fig. 2.1. The positive terminal of the battery is
connected to X.

EELLELEEL: R
A e e B )
: + '
0V 1 zov
charger ! -9 '
: oY
Fig. 2.1

(i) Complete the circuit by drawing the correct symbol for the battery between X and Y on
Fig. 2.1. The battery has negligible internal resistance. 1]

(ii) The potential difference across the battery remains at 24V. The current / provided by the
battery charger is constant at 120 A. Show that the value of the resistance of R is 0.050 €.

(2]
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(iii) Calculate the power lost in R as the battery is charging.

POWEr I0St = ..o sesiiee e e W [2]

(iv) The efficiency of the charging process is given by the equation

input power from charger — power loss in R

efficiency = input power from charger

Calculate its value as a percentage.

efficiency = ...coooiiiiiiiiiiiiie Yo [3]

(c) (i) Show that it takes about 7 hours to charge a completely flat battery.

(2]

(ii) Calculate the cost of charging the battery at 26p per kWh.
COSE= iiiiiiiiiiiiiieiiessieeieessinesiessennnens P [1]
[Total: 17]
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6)

(a) The following electrical quantities are often used when analysing circuits. The units given are
alternatives to the units normally used for the quantities below. Draw a straight line from each
quantity on the left to its correct unit on the right.

electromotive force As
resistance vC
energy VA
charge Jc!
(2]
(b) The circuitin Fig. 2.1 consists of a cell and five resistors.
F12v :
o ro
. 3.0Q X 3.0Q '
20Q v 4.0Q 7 6.0Q
— {1 {1
Fig. 2.1
The cell has e.m.f. 1.2V and internal resistance r. The current at point X is 0.16 A.
(i) Define potential difference.
e [2]
(ii) Explain what is meant by internal resistance.
. [1]
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(iii) Explain why the current at X must be twice the currentat'Y or Z.

- [2]
(iv) Calculate the p.d. across the 6.0 resistor.
(v) Suggest why the p.d. V,, between X and Z is zero.

.. [2]
(vi) Calculate the value of the internal resistance r.

[Total: 15]
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7)
(a) A battery charger contains a microprocessor circuit so that it can charge an AA rechargeable
cell at a constant current of 450 mA. It takes 4 hours 40 minutes to charge a 1.5V cell from a
fully discharged state.

(i) Calculate the charge Q passing through the cell during the charging process.

Q= eoooeeeeeeeeeeereeeeeeeeneeees URt e [3]

(ii) Fig. 3.1 shows the cell of internal resistance 0.90Q2 connected to the battery charger.
Assume that the e.m.f. of the cell is 1.5V.

battery
charger

Fig. 3.1

1 State whether the terminal X of the battery charger is positive or negative.

2 Mark the direction of the current in the circuit on Fig. 3.1. Label your arrow 1. Give a
reason for your choice.

.[2]

3 Calculate the terminal p.d. V,, between X and Y during the charging process.

4 Show that the mean rate of increase of energy stored in the cell during the charging
process is about 0.7Js7.

[2]
@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



https://twitter.com/TOPhysicsTutor
http://theonlinephysicstutor.com
http://facebook.com/TheOnlinePhysicsTutor

theonlinephysicstutor.com

(b) Explain how you would determine experimentally the e.m.f. E and internal resistance r of the
charged cell. Include a circuit diagram with meters and a variable load resistor.

/ In your answer you should state how the data collected is used to determine the values of
E andr.

. [5]
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(c) A 6.0V 2.0W filament lamp has a resistance of 182 when lit to normal brightness. It is
connected in series to four 1.5V cells each of internal resistance 0.90€2.

(i) Explain, using calculations, why the lamp does not light to normal brightness.

(3]

(ii) It is found that by adding more cells in series it is possible to make the lamp light to
normal brightness. Calculate the total number of cells needed in the circuit for this to
occur. Show your working clearly.

number of Cells = .......ooviiiiiiiiiiiiiinie i ssin s siaieen [2)
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8)
(a) Circle the quantity, in the list below, that is conserved in Kirchhoff's second law.
charge e.m.f. energy current 1]

(b) Explain the meaning of the following terms which are often used when referring to a d.c.
supply

(i) terminal potential difference

. [2]

(ii) intemal resistance.

1]

(c) Fig. 3.1 shows a d.c. supply labelled 6.0V connected to a circuit containing an ammeter,
a voltmeter, a fixed 3.0 Q resistor and a 0 to 15 variable resistor. You are to carry out an
experiment to show that the internal resistance r of the d.c. supply is constant for a range of
currents and to find the value of r.

Oyl
............ . ”

6.0V, /] 15 Q max

3.0Q
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(i) Describe how you would carry out the experiment. Explain how you would determine the
value of the internal resistance of the d.c. supply and show that it is constant.

.. [5]

(i) Suggest why the 3.0 resistor is included in the circuit.

-]
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(d) Two cells X and Y each have an e.m.f. and internal resistance as shown in Fig. 3.2. They are
connected in series to a resistor R of resistance 2.0Q.

Fig. 3.2

(i) Note that the positive terminals of the cells are connected together. Draw a single arrow
on Fig. 3.2 to show the direction of the currentin R. 1]

(ii) Calculate the currentin R.

CUITENE = ..o ses e e e e e e ae e A [2]
(iii) Calculate
1 the p.d. Vzacross R
7/ ' | §
2  the terminal p.d. V, across X.

@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



https://twitter.com/TOPhysicsTutor
http://theonlinephysicstutor.com
http://facebook.com/TheOnlinePhysicsTutor

theonlinephysicstutor.com
9)

Fig. 4.1 shows part of a circuit where three resistors are connected together.

0.30A

Fig. 4.1
The current in the 4.0 resistor is 0.30A.

(a) Explain why the current in the 6.0 resistor is 0.20A.

.. [2]
(b) (i) State the law which enables you to calculate the current in the 5.6 resistor.
- [1]
(ii) Calculate the current in the 5.6 Q resistor.
CUITENE = L.oiiiiiivciiniiessininie s s ssssnaesseesennness A [1]
(c) Calculate the total resistance R of the combination of resistors.
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(d) To cause the current of 0.30 A in the 4.0Q resistor, the resistor combination is connected to a
d.c. supply of electromotive force (e.m.f.) 5.0V.

(i) Explain the term e.m.f.

. [2]
(ii) Show that the terminal potential difference across the supply is 4.0V.
(1]
(iii) Calculate the internal resistance of the supply.
internal resistance = .......ccccccevveeiiiiiiiciieeieeiee e, 82 [2]
[Total: 12]
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(a) A battery of e.m.f. E and internal resistance r delivers a current I'to a circuit of resistance R.

Write down an equation for Ein terms of r, Iand R.

(b) A flat car battery of internal resistance 0.06 Q is to be charged using a battery charger having
an e.m.f. of 14V and internal resistance of 0.74 (2, as shown in Fig. 2.1.

. :

! 0.74 Q.

|

battery ! + :
charger , 14y '
! -

| ]

1 |

[ S

Fig. 2.1

You can see that the battery to be charged has its positive terminal connected to the positive
terminal of the battery charger.

At the beginning of the charging process, the e.m.f. of the flat’ car battery is 7.6 V.
(i) For the circuit of Fig. 2.1, determine

1 the total resistance

FESISIANCE = ..o Q [1]

2 the sum of the e.m.f.s in the circuit.

B.ME = e ————— Vv [1]

(ii) State Kirchhoff’s second law.
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(iii) Apply the law to this circuit to calculate the initial charging current.

CUITENE = ..o A [2]

(c) Forthe majority of the charging time of the car battery in the circuit of Fig. 2.1, the e.m.f. of the
car battery is 12V and the charging current is 2.5A. The battery is charged at this current for

6.0 hours. Calculate, for this charging time,

(i) the charge that passes through the battery

(ii) the energy supplied by the battery charger of e.m.f. 14V

(=T a = (o J [2]

(iii) the percentage of the energy supplied by the charger which is dissipated in the internal
resistances of the battery charger and the car battery.

percentage of ENergy = .......ccocciriiiiiiiineeeiecee e
[Total: 12]
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(@) A 12V car battery contains an electrolyte. The battery is connected to an electric motor M.
There is a current in the motor and the battery. See Fig. 2.1.

(w)
il _l"l
|_— battery
electrolyte
Fig. 2.1
State
(i) thecharge carriers in the electrolyte
- 1]
(ii) the charge carriers moving through the electrolyte to the positive terminal of the battery
- 1]
(iii) the charge carriers moving through the wires to the positive terminal of the battery.
.M

(b) When used to start the engine of the car, the electric motor draws 40A from the battery of
e.m.f. 12V. The potential difference across the motor at this time is only 8.0V.

(i) Explain why the potential difference across the motor at this time is not the same as the
e.m.f. of the car battery.

- [2]

(ii) Show that the internal resistance of the battery is 0.10 (2.

(3]
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(iii) It takes 1.2s for the electric motor to start the engine. Calculate the charge Q which
passes through the electric motor in this time.

o TR ol 3|

(c) The car has two 12V headlamps each rated at 54W, connected in parallel to the battery. In
normal working conditions the current in each lamp is 4.5A.

(i) Explain how and why the resistance of the headlamp filament varies with the current
passing through it.

. [2]

(ii) Suggest a value for the current rating of a fuse for the headlamp circuit. Justify your
choice.

- [2]

(iii) A car contains a number of different fuses for its various electrical circuits. Suggest why
this is necessary.

M
[Total: 15]
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