CAMBRIDGE INTERNATIONAL AS & A LEVEL PHYSICS - 9702

PHYSICS

Q
o

|

EXAM QUESTION PACK

10 D.C. CIRCUITS

— —

STEMUP



https://stemup.co.uk

These questions belong to
CIE, not to us.

The examination questions, mark schemes and examiner comments in this pack
were written and published by Cambridge International (CIE). They are past
assessment materials, reproduced here so that students can revise from them.

What we do not own

STEMUP is not affiliated with CIE and does not own, and makes no claim to own, any of
the question, mark scheme or examiner report material in this pack. CIE has not
endorsed, approved or been involved in the production of it. CIE and the qualification
titles used here belong to their respective owners and appear for identification only.

Where to find the originals

CIE publishes its past papers, mark schemes and examiner reports. Always check the
current syllabus at cambridgeinternational.org before you revise.

If you hold the rights to any material in this pack and would like it amended or
removed, contact admin@stemup.co.uk and we will act on it.

STEMUP.CO.UK


https://stemup.co.uk

Chapter 12

D.C. circuits

12.1 Practical circuits
1181. 9702_m20_qp_12 Q: 36

The diagram shows a circuit.

—————————————————————

. 6.0V i
! 0.1Q
ﬁ—‘k--{H:lﬁ
200
1
| IS
(V)
—/
What is the reading on the voltmeter?
A 0.3V B 57V C 6.0V D 6.3V
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1182. 9702_s20_qp_11 Q: 36

A cell of electromotive force (e.m.f.) E and internal resistance r is connected to a resistor of
resistance R.

A maximum power P can be dissipated by the resistor without overheating.

_____________________

_____________________

What is the maximum value of E if the resistor does not overheat?

A R|-L B R|- c (Rr)\/E D (R+r)\/7
(R-r) (R+r) R

2|

1183. 9702_s20_qp_12 Q: 36

A cell of electromotive force (e.m.f.) E and internal resistance 0.50Q is connected to a resistor of
resistance 4.7 Q.

_____________________

470

The maximum power that can be dissipated by the resistor without overheating is 0.50 W.

What is the maximum value of E for the resistor not to overheat?

A 14V B 1.5V c 17V D 29V



https://stemup.co.uk

12.1. PRACTICAL CIRCUITS 563

1184. 9702_s20_qp_13 Q: 37

A fixed resistor and a variable resistor are connected in series with a cell that has an internal
resistance, as shown.

The graph shows the variation of a quantity X with the resistance R of the variable resistor as R is
increased from zero to its maximum value.

i
X

What could X represent?

A the current in the circuit

B the electromotive force of the cell

C the potential difference across the internal resistance
D

the terminal potential difference across the cell
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1185. 9702_m19_qp_12 Q: 36

A cell of internal resistance r and electromotive force (e.m.f.) E is connected in series with a
resistor of resistance R.

___________________

___________________

The resistance R and the e.m.f. E remain fixed. The internal resistance r of the cell changes over
time.

Which graph best shows the variation of the current I in the circuit with the internal resistance r?

A B
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1186. 9702_s19_qp_11 Q: 35

When a battery is connected to a resistor, the battery gradually becomes warm. This causes the
internal resistance of the battery to increase whilst its electromotive force (e.m.f.) stays
unchanged.

As the internal resistance of the battery increases, how do the terminal potential difference and
the output power change, if at all?

termi_nal potential output power
difference
A decreases decreases
B decreases unchanged
C unchanged decreases
D unchanged unchanged

1187. 9702_s19_qp_11 Q: 36

A cell is connected to a resistor of resistance 3.00Q. The current in the resistor is 1.00 A.
A second identical resistor is added in parallel. The current becomes 1.93 A.

What are the e.m.f. E and internal resistance r of the cell?

E/V r'Q
A 0.113 3.1
B 3.04 0.0358
(] 3.1 0.113
D 9.34 6.34
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1188. 9702_s19_qp_12 Q: 35

A cell with internal resistance is connected to a variable resistor R as shown.

77777777777777777

_________________

AT

The resistance of R is gradually decreased.

How do the current T and the terminal potential difference across the cell change?

terminal potential
current I .
difference across cell
A decreases decreases
B decreases increases
C increases decreases
D increases increases
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12.1. PRACTICAL CIRCUITS 567
1189. 9702_s19_qp_13 Q: 34
Diagram 1 shows a lamp connected to a supply through two switches.

During repairs, an electrician mistakenly reverses the connections X; and Z;, so that Z; is
connected to the supply and X, to the other switch at Z,, as shown in diagram 2.

diagram 1 supply !

[

—

diagram 2 supply

Which switch positions will now light the lamp?

A XitoY, X;to Y,
B X to Y; X2 to Z;
c X1 to Z4 Xzto Y
D X1 to Z4 Xato Z;
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1190. 9702_wi9_qp_11 Q: 35

The diagram shows a circuit.

fffffffffffffffff

_________________

O,

Which statement about the circuit is not correct?

A Electromotive force is the energy transferred per unit charge.

B Energy is transferred from chemical potential energy in the cell to other forms when the
switch is closed.

C The electromotive force of the cell is greater than the terminal potential difference when the
switch is closed.

D When the switch is open, the volimeter measures the electromotive force of the cell.

1191. 9702_wi19_qp_12 Q: 34

Two cells with electromotive forces E; and E» and internal resistances r; and r» are connected to
a resistor R as shown.

cell 1 cell 2
A E|2 R
A current
1
| I |
R

The terminal potential difference across cell 1 is zero.
Which expression gives the resistance of resistor R?
A E,ri—Eirs B Esri—Eir; c Eirz—Eyry D Eira—Esry

E1 Eg E1 EZ
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1192. 9702_wi9_qp_12 Q: 35

569

A battery has an electromotive force (e.m.f.) E and internal resistance r. The battery delivers a

current I to a variable resistor and the potential difference (p.d.) across its terminals is V.

_____________________

The variable resistor is adjusted so that I increases.

Why does V decrease?

A

B
c
D

The e.m.f. E decreases.
The internal resistance r increases.
The p.d. across r increases.

The resistance of the variable resistor increases.

1193. 9702_wi9_qp_13 Q: 36

A cell of internal resistance 0.5 Q is connected to a fixed resistor of resistance 10Q.

The resistance of the resistor is changed to 20Q.

Which statement is not correct?

A

B
c
D

The current in the circuit will halve.
The e.m.f. of the cell will remain constant.
The power dissipated by the fixed resistor will decrease.

The terminal p.d. of the cell will increase.
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1194. 9702_mi8_qp_12 Q: 32

The diagram shows a simple circuit.

Which statement is correct?

A When switch S is closed, the e.m.f. of the battery falls because work is done against the
internal resistance of the battery.

B When switch S is closed, the e.m.f. of the battery falls because work is done against the
resistance of R.

C When switch S is closed, the potential difference across the battery falls because work is
done against the internal resistance of the battery.

D When switch S is closed, the potential difference across the battery falls because work is
done against the resistance of R.

1195. 9702_s18_qp_12 Q: 35

A cell of constant electromotive force drives a current I through an external resistor of
resistance R. The terminal potential difference (p.d.) across the cell is V.

_________________

L
cell
I
R
When the internal resistance r of the cell increases, what is the effect on V and on I?
"4 I

A decreases decreases
B decreases increases
C increases decreases
D increases increases
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1196. 9702_s18_qp_13 Q: 31

A cell of electromotive force (e.m.f.) E and internal resistance r is connected to an external
resistor of resistance R, as shown.

____________________

,,,,,,,,,,,,,,,,,,,,

R
— ——
What is the power dissipated in the external resistor?
2 2 2, 2
A E4R+r) B E°R c E{{R+r) D E¢r
R? (R+r) r? (R+r)?

1197. 9702_s18_qp_13 Q: 36

The diagram shows a battery, a fixed resistor, an ammeter and a variable resistor connected in
series.

A voltmeter is connected across the fixed resistor.

-

(V)

O/
I
The resistance of the variable resistor is reduced.

Which row describes the changes in the readings of the ammeter and of the voltmeter?

ammeter voltmeter
A decrease decrease
B decrease increase
Cc increase decrease
D increase increase
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1198. 9702_wi8_qp_13 Q: 35

A resistor X of resistance 40 Q and a variable resistor are connected to a battery of electromotive
force (e.m.f.) 12V and internal resistance 2.00Q), as shown.

______________________

The resistance of the variable resistor is changed from 0 to 40 Q.

What is the change in power dissipated in resistor X?

A 24W B 27W C 36W D 56W

1199. 9702_wi8_qp_13 Q: 37

In the circuit shown, the ammeter reading is zero.

— —
500 R
12V —== } } —= 24V
100Q 2000
T )1
\Z/

What is the resistance of resistor R?

A 100Q B 2000 C 4000 D 6000
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1200. 9702_mi17_qp_12 Q: 35

Two cells are connected to a load resistor of resistance 3.0Q

and the internal resistance of each of the cells is shown.

3.0Q

What is the current in the load resistor?

A 0.60A B 12A C 18A D 3.0A

573

. The electromotive force (e.m.f).

1201. 9702_s17_qp_11 Q: 35

The circuit shown includes a cell of constant internal resistance and an external resistor R.

__________________

__________________

A student records the ammeter and voltmeter readings. She then connects a second identical
external resistor in parallel with the first external resistor.

What happens to the ammeter reading and to the voltmeter reading?

ammeter reading

voltmeter reading

decreases
decreases

increases

o 0O w »r

increases

decreases
stays the same

decreases

stays the same
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1202. 9702_s17_qp_12 Q: 35

A cell has a constant electromotive force.
A variable resistor is connected between the terminals of the cell.
The resistance of the variable resistor is decreased.

Which statement about the change of the cell’s terminal potential difference (p.d.) is correct?

A The terminal p.d. is decreased because more work is done moving unit charge through the
internal resistance of the cell.

The terminal p.d. is decreased because the current in the variable resistor is decreased.

The terminal p.d. is increased because more work is done moving unit charge through the
variable resistor.

D The terminal p.d. is increased because the current in the variable resistor is increased.
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1203. 9702_s17_qp_13 Q: 34
A graph of potential difference (p.d.) V across a cell against current I in the cell is shown.

)
%

0 =
0 I

As the cell reaches the end of its useful life, its internal resistance increases and its electromotive
force (e.m.f.) decreases.

Which diagram shows a graph of V against I for the cell nearing the end of its useful life?

A B D

A A A

4 . "4 "4
. line of .
/ ariginal
graph

0 ™ = 0 == > 0 \ S -

0 I 0 I I 0 I

1204. 9702_w17_gp_12 Q: 36
A typical mobile phone battery has an e.m.f. of 5.0V and an internal resistance of 200 mQ.
What is the terminal p.d. of the battery when it supplies a current of 500 mA?
A 438V B 49V C 50V D 51V

1205. 9702_wl7_qp_13 Q: 34

A simple circuit comprises a source of electromotive force (e.m.f.) connected to a load.

How does the output power P of the source depend on the internal resistance r of the source and
the resistance R of the load?

A Pis independent of both rand R.
B P dependson rbut noton R.

C Pdependson Rbutnotonr.

D P depends on both rand R.
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1206. 9702_m16_qp_12 Q: 37

The battery of a car has an internal resistance of 0.10Q and an electromotive force of 12V. When
the battery is connected to the starter motor, the potential difference across the battery terminals
is7.0V.

What is the current supplied to the starter motor?

A 50A B 70A C 120A D 190A

1207. 9702_s16_qp_11 Q: 37

A voltmeter is used to monitor the operation of an electric motor. The motor speed is controlled
by a variable resistor. A fixed resistor is used to limit the speed.

The current in the motor is gradually changed.

In which circuit is the voltmeter reading proportional to the current in the motor?

O,
a
J,»_/ ] —L 7+
A supply
?_
O,
e
<L_/ ] e
+ 7
B  supply
o-

pd
e s
+ e

-

.
— =
+ 7
D supply

C supply
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1208. 9702_s16_qp_12 Q: 37

In the circuit shown, contact may be made at any point along the 3 Q resistor (potentiometer).

9V

1
| "II

2Q 30 40
|||—«—| - | -

O O
output
voltage

The battery has e.m.f. 9V and negligible internal resistance.

What is the maximum range of the output voltage?

A 02V B 0-5V Cc 23V D 2-5V

STT

1209. 9702_wi6_qp_12 Q: 36
Four statements about either potential difference or electromotive force are listed.
1 Itinvolves changing electrical energy into other forms.

It involves changing other energy forms into electrical energy.

2
3 ltis the energy per unit charge to move charge around a complete circuit.
4

It is the work done per unit charge by the charge moving from one point to another.

Which statements apply to potential difference and which apply to electromotive force?

potential difference electromotive force

A 1Tand 3 2and 4
B 1and 4 2and 3
C 2and 3 1and 4
D 2and 4 1and 3
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1210. 9702_s15_qp_11 Q: 34

Which equation that links some of the following terms is correct?

potential difference (p.d.) vV

current I
resistance R
charge Q
energy E
power P
time t

A P= QjR

B ER*=V?%

c Y-y

P
D PQ=EI

1211. 9702_s15_qp_12 Q: 33

Which statement is not valid?

A Current is the speed of the charged particles that carry it.

B Electromotive force (e.m.f.) is the energy converted to electrical energy from other forms per
unit charge.

C The potential difference (p.d.) between two points is the work done per unit charge when
moving charge from one point to the other.

D The resistance between two points is the p.d. between the two points per unit current.

1212. 9702_s15_qp_12 Q: 34

A cell of e.m.f. E delivers a charge Q to an external circuit.

Which statement is correct?

A The energy dissipation in the external circuit is EQ.
B The energy dissipation within the cell is EQ.

C The extemal resistance is EQ.
D

The total energy dissipation in the cell and the external circuit is EQ.
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1213. 9702_s15_qp_13 Q: 33

The diagram shows a simple circuit.

S
~—

Which statement is correct?

A When switch S is closed, the electromotive force (e.m.f.) of the battery falls because work is
done against the internal resistance of the battery.

B When switch S is closed, the e.m.f. of the battery falls because work is done against the
resistance of R.

C When switch S is closed, the potential difference across the battery falls because work is
done against the internal resistance of the battery.

D When switch S is closed, the potential difference across the battery falls because work is
done against the resistance of R.

12.2 Kirchhoff’s laws

1214. 9702_m20_qp_12 Q: 33

A battery is connected to three resistors of resistances 120, 6 Q and 20Q, as shown.

—

3AN

The current from the battery is 3A.

power dissipated in the resistor of resistance 6 Q -

What is the value of the ratio — - - - 7
power dissipated in the resistor of resistance 2Q

A B§ c 2 D 2

1
3 1 1
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1215. 9702_m20_qgp_12 Q: 35
Two batteries are connected together, as shown.

battery 1 battery 2

————————————————————————————————————————————

Battery 1 has electromotive force (e.m.f.) 12V and internal resistance 0.3 Q.
Battery 2 has e.m.f. 9V and internal resistance 0.1Q.

What are the e.m.f. and the internal resistance of a single battery that has the same effect as the
combination?

e.m.f./V reslir;i;nca; o
A 3 0.2
8 3 0.4
¢ 21 0.2
D 21 0.4

1216. 9702_s20_qp_11 Q: 37

Three identical resistors can be connected together in four different ways.
The resistances of two of these combinations are 4.0 and 9.0Q.
What is the resistance of each individual resistor?

A 300 B 6.00 Cc 120 D 18Q

1217. 9702_s20_qp_12 Q: 37

Kirchhoff’s first and second laws link to the conservation of physical quantities.

Which quantities do they link to?

first law second law
A charge energy
B charge momentum
C energy charge
D energy momentum
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1218. 9702_s20_qp_13 Q: 35

A power supply of electromotive force (e.m.f.) V and negligible internal resistance is connected in
the circuit shown. There is a current of 3.0 A in the 4.0 Q resistor.

+ —
o o
3.00 30A 400
]
200
—
What is the value of V7
A 15V B 29V C 39V D 51V

1219. 9702_mi19_qp_12 Q: 37

Identical resistors are connected in four combinations P, Q, R and S between terminals X and Y.
P Q

X Y X Y
o— H —o o—{ o

R S
X ‘ Y X ‘ ‘ Y

What is the order of decreasing combined resistance between X and Y (largest first)?

A P>-5S5-Q->R
B P>S—>R->Q
C Q-R->85->P
D S»-P-Q—>R
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1220. 9702_s19_qp_11 Q: 37

A battery with negligible internal resistance is connected to three resistors, as shown.

0.30AY X
—1_
H - -

All three resistors have the same resistance.
The current in the battery is 0.30 A.

What is the current in resistor X?

A 0.10A B 0.15A C 0.20A D 0.30A

1221. 9702_s19_qp_12 Q: 36

Kirchhoff's first law states that the sum of the currents entering a junction in a circuit is equal to
the sum of the currents leaving it.

The law is based on the conservation of a physical quantity.

What is this physical quantity?

A charge

B energy

C mass

D momentum
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1222. 9702_s19_qp_13 Q: 36

A student has a set of identical cells and identical lamps. The cells have negligible internal
resistance.

A lamp connected to a cell lights with normal brightness.

&

What happens when the student connects the lamps and the cells as shown?

All three lamps light with normal brightness.

Only lamp 2 lights with normal brightness.
Only lamps 1 and 3 light with normal brightness.

o 0O w >

None of the lamps light with normal brightness.

1223. 9702_s19_qp_13 Q: 38

Two cells of electromotive force (e.m.f.) 3.0V and 1.2V and negligible internal resistance are
connected to resistors of resistance 9.0 2 and 18 Q) as shown.

3.0V 1.2V

What is the current I in the 9.0 Q2 resistor?

A 0.10A B 0.20A C 0.30A D 047A
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1224. 9702_wi9_qp_11 Q: 34

Kirchhoff's two laws for electric circuits can be derived by using conservation laws.

On which conservation laws do Kirchhoff's laws depend?

Kirchhoff's Kirchhoff’s
first law second law
A charge current
B charge energy
C current mass
D energy current

1225. 9702_w19_qp_11 Q: 36

The diagram shows a circuit containing four voltmeters. The readings on the voltmeters are V/,
Vs, V3 and V. All the readings are positive.

Which equation relating the voltmeter readings is correct?
A Vi=V,+V,

B Vi=Va+Vz+ 1V,

C W+V;=V,

D V;+VWs—Vo=0
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1226. 9702_wi9_qp_11 Q: 37

A network consists of a 3.0 Q resistor and two 6.0Q) resistors, as shown.

The potential difference (p.d.) across the network is 4.0V.

What is the current through the 3.0 Q resistor?
A 017A B 0.25A C 0.33A D 13A

1227. 9702_wi9_qp_11 Q: 38

In the circuit shown, all the resistors are identical and all the ammeters have negligible
resistance.

The reading A, is 0.6 A.

What are the readings on the other ammeters?

AxlA Asz/A AqlA
A 1.0 0.3 0.1
B 1.4 0.6 0.2
c 1.8 0.9 0.3
D 2.2 1.2 04
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1228. 9702_wi9_qp_12 Q: 36

Three identical resistors are connected between terminals P and Q in different networks X, Y and
Z as shown.

Y Z
Q P Q P Q
b .._o
—1

What is the order of increasing combined resistance between P and Q (lowest first)?

A

B
C
D

X=>Y->Z
X>Z->Y
Y->X->Z
Y>Z2-5X

1229. 9702_wi9_qp_13 Q: 34

A battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected to
three resistors, each of resistance 6.0 2, as shown.

6.00Q

12V

What is the power dissipated in resistor R?

A 27W B 6.0W c 1w D 24w
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1230. 9702_wi9_qp_13 Q: 37

Which row correctly describes Kirchhoff's laws?

loop in a circuit equals
the sum of the p.d.s
around the same loop.

equals the sum of the
currents leaving the
junction.

physics principle physics principle
Kirchhoff’s first law applied for first | Kirchhoff’'s second law applied for
law second law

A The sum of the conservation The sum of the e.m.f.s conservation
currents entering a of charge around any closed loop of energy
junction equals the in a circuit equals the
sum of the currents sum of the p.d.s around
leaving the junction. the same loop.

B The sum of the conservation The sum of the e.m.f.s conservation
currents entering a of energy around any closed loop of charge
junction equals the in a circuit equals the
sum of the currents sum of the p.d.s around
leaving the junction. the same loop.

C | The sum of thee.m.fs conservation The sum of the currents conservation
around any closed of energy entering a junction of charge

loop in a circuit equals equals the sum of the
the sum of the p.d.s currents leaving the
around the same loop. junction.

D | The sum of the e.mf.s conservation The sum of the currents conservation
around any closed of charge entering a junction of energy
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1231. 9702_wi9_qp_13 Q: 38

In the circuit shown, all the resistors are identical.

.-l
||'I

%
N :
W (V)
v D,
V2
1
N~ | 4]

Vs

The reading V; is 8.0V and the reading V; is 1.0V.

What are the readings on the other voltmeters?

Va/V "77AY
A 1.5 1.0
B 3.0 20
C 4.5 3.0
D 6.0 4.0

1232. 9702_mi8_qp_12 Q: 37

A cell of electromotive force (e.m.f.) E and negligible internal resistance is connected into a
circuit, as shown.

20
 E—
L I

E—/ 120 40 (\/)

The voltmeter has a very high resistance and reads a potential difference V.

What is the ratio %?

A B

[CYEN
o
win

1
3

[ PN
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1233. 9702_mi8_qp_12 Q: 38

Five resistors are connected as shown.

200 8.00
—1 "

6.00 8.0Q
——— T

700

1
I

What is the total resistance between points P and Q?

A 025Q B 0610 C 400 D 16Q

1234. 9702_s18_qp_11 Q: 33

The sum of the electrical currents into a point in a circuit is equal to the sum of the currents out of
the point.

Which statement is correct?

A This is Kirchhoff’s first law, which results from the conservation of charge.

B This is Kirchhoff's first law, which results from the conservation of energy.

C This is Kirchhoff's second law, which results from the conservation of charge.
D

This is Kirchhoff's second law, which results from the conservation of energy.
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1235. 9702_s18_qp_11 Q: 34

In the circuit shown, the batteries have negligible internal resistance.

15V 9V
F-A——-1
I‘l 12 I3
2.0Q 2.0Q 20Q

What are the values of the currents I, I, and 157

ILi/A L/A Is/A
A -5.5 1.0 6.5
B 0.5 4.0 3.5
c 3.5 4.0 0.5
D 6.5 1.0 -5.5

1236. 9702_s18_qp_11 Q: 35

A battery of electromotive force (e.m.f.) 6.0V and negligible internal resistance is connected to
three resistors as shown.

4.0kQ

40k X[ |4.0kQ

*

Each resistor has a resistance of 4.0kQ.

What is the current in resistor X?

A 025mA B 0.50mA C 0.75mA D 10mA
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1237. 9702_s18_qp_12 Q: 34

Four different resistors are arranged as shown.

A current of 1.5 A enters the network at junction X and leaves through junction Y.

What is the current in the resistor of resistance 30 )?

A 021A B 0.50A C 0.75A D 1.0A
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1238. 9702_s18_qp_12 Q: 36

In the circuits shown, the batteries are identical and all have negligible internal resistance. All of
the resistors have the same resistance. The diodes have zero resistance when conducting and
infinite resistance when not conducting.

In which circuit is the current in the battery greatest?

A B

' —_ D
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1239. 9702_s18_qp_13 Q: 34

A battery of electromotive force (e.m.f.) 6.0V and negligible internal resistance is connected to
three resistors each of resistance 6.0 Q.

Which circuit will produce a current through the battery of 0.67 A?

A B
6.0V 6.0V

= =

6.0Q 6.00 6.0Q

6.0V

-]

6.0Q2
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1240. 9702_s18_qp_13 Q: 35

The diagram shows a network of three resistors. Two of these, marked R, are identical. The other
resistor has a resistance of 5.0Q).

Y
R
X 500
R
Z
The resistance between Y and Z is found to be 2.5 Q.
What is the resistance between X and Y?
A 0300 B 0530 C 190 D 330

1241. 9702_s18_qp_13 Q: 37

The circuit diagram shows a battery of electromotive force (e.m.f.) 9.0V and negligible internal

resistance. It is connected to two resistors of resistances 1600 and R. The output potential
difference Vo is 4.0V.

L
160Q
——/
o T
o
R th:4n0V
3 o

What is the resistance R?

A 32Q B 49Q cC 7MQ D 1280
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1242. 9702_wi8_qp_11 Q: 36

A battery, with internal resistance, is connected to a parallel arrangement of two resistors and a
switch S, as shown.

____________________

® ©

switch

Initially switch S is open.

What happens to the voltmeter and ammeter readings when switch S is closed?

voltmeter reading ammeter reading
A decreases increases
B decreases decreases
Cc increases increases
D increases decreases
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1243. 9702_wi8_qp_11 Q: 37

A battery is connected to a network of six resistors, as shown.

1.2V 2.2V
A2y, 22V,
— L+
41V 1.2V
i T T
3.7V R
T T

>

The potential differences across five of the resistors are labelled on the diagram.

What is the potential difference across resistor R?

A 44V B 46V C 66V D 11.2V

1244. 9702_wi8_qp_12 Q: 34

An electrical device of fixed resistance 20Q) is connected in series with a variable resistor and a
battery of electromotive force (e.m.f.) 16V and negligible internal resistance.

16V

20Q
device

What is the resistance of the variable resistor when the power dissipated in the electrical device
is 4.0W?

A 160 B 36Q C 440 D 60Q
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1245. 9702_wi8_qp_12 Q: 36

A battery of negligible internal resistance may be connected between any two points P, Q, R and
S of the network of resistors shown.

P 3.00 aQ
6.00 5.00
S 4.0Q R

Which connections will give the largest current and the smallest current in the battery?

O 0O W r

largest current | smallest current
PQ PR
PQ QS
RS PR
RS QS

1246. 9702_wi8_qp_12 Q: 37

Kirchhoff’'s second law is a consequence of a basic principle.

What is this principle?

A
B
c

The charge flowing in an electric circuit is conserved.
The energy in an electric circuit is conserved.

The sum of the electric currents entering a point in an electrical circuit is equal to the sum of
the electric currents leaving that point.

The sum of the potential differences in a circuit is equal to the sum of the products of the
current and resistance.
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1247. 9702_wi8_qp_13 Q: 33

Three resistors are to be connected into a circuit with the arrangement shown.

X 1000 1000 Y
o—es— +o+{ }—o0
1000
—_

The power in any resistor must not be greater than 4.0W.

What is the maximum voltage across XY?

A 24V B 30V C 40V D 60V

1248. 9702_wi8_qp_13 Q: 36

All the resistors shown in the resistor networks W, X, Y and Z have the same resistance.
w X
Z
—e H — { H }
— H

Which list gives the networks in order of increasing total resistance?

A WHZ-5Y X
B X-oW->sY->2Z
C X>Y>W-2Z
D X>Y>Z->W
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1249. 9702_m17_qp_12 Q: 36

Six resistors, each of resistance R, are connected as shown.

m
{ Fe—o
—H

The combined resistance is 66 kQ.

What is the value of R?

A 11kQ B 18kQ C 22kQ D 36kQ

1250. 9702_s17_qgp_11 Q: 37
In the circuit shown, the battery and ammeter have negligible resistance.

12V

-
||-" |
| X Y

The following combinations of resistors are each separately placed between the terminals X and
Y of the circuit.

Which combination would give an ammeter reading of 8 A?

A B

1Q

2Q
C
10 2Q

Lo f
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1251. 9702_s17_qp_12 Q: 36

Four resistors are connected in a square as shown.
Q

20 40

8Q 60
S
The resistance may be measured between any two junctions.

Between which two junctions is the measured resistance greatest?

A PandQ B Qand$S C Rand$S D SandP

12562. 9702_s17_qp_12 Q: 37

A circuit is set up as shown.

P Q
O, ©

— @t

The variable resistor is adjusted so that the ammeter reading decreases.

How do the readings of the voltmeters change?

reading on reading on

voltmeter P voltmeter Q
A decreases decreases
B decreases increases
C increases decreases
D increases increases
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1253. 9702_s17_qp_13 Q: 35

A 20V d.c. supply is connected to a circuit consisting of five resistors L, M, N, P and Q.

20V rise

There is a potential drop of 7V across L and a further 4V potential drop across N.

What are the potential drops across M, P and Q?

potential drop | potential drop | potential drop
across M/V across P/V across Q/V
A 9 7 13
B 13 7 13
(o 13 11 9
D 17 3 17
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1254. 9702_wi7_qp_11 Q: 36

In the circuit shown, the ammeter reading is I and the voltmeter reading is V.

o o
®
—1
1
| |
O
When the switch is closed, which row describes what happens to I and to V?
I "4
A decreases decreases
B increases increases
C increases stays the same
D stays the same increases

1255. 9702_wi7_qp_11 Q: 37

A cell of electromotive force E and negligible internal resistance is connected to a network of
resistors of resistances Ry, R, Rz and R4 as shown.

E
h !
I
R1
2 Ry
¢
I
’ R, R,
— -

The branches of the circuit have currents I, I, and Is.

Which equation is correct?

A LRy + LR, = LR; + IR,
B LR, -—IiRy - LR; =0

C E=LR + LR, + Ry + Ry
D E

LRy + LR, — IR — IxR,
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1266. 9702_wi7_qp_11 Q: 38

The circuit diagram shows four resistors of different resistances P, Q, R and S connected to a
battery.

The voltmeter reading is zero.

Which equation is correct?

A P-Q=R-S

B P-S=Q-R
C PQ=RS
D PS=QR

1257. 9702_wil7_qp_12 Q: 37

The circuit shown contains a resistor S that is neither in series nor in parallel with the other
resistors.

12,0V i
| 0.50Q |
H-——
3.0A
T e T e T
0.5A
S
R R

Kirchhoff's laws can be used with the data in the diagram to deduce the resistance of each of the
two identical resistors labelled R.

What is the resistance of each resistor R?

A 300 B 4.00Q C 480Q D 5.0Q
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1258. 9702_wil7_qp_13 Q: 35

An ideal diode has zero resistance when forward biased and infinite resistance when reverse
biased. The diode is connected in series with a 2Q resistor across the terminals of a source
having electromotive force (e.m.f.) 3V and internal resistance 1, as shown.

2Q

®

diode

l

A high-resistance voltmeter is connected across the diode and resistor.

Which row gives the readings of the voltmeter for the two ways of connecting the diode?

forward reverse
biased biased
A 1V 3V
B 2V oV
Cc 2V 3V
D 3V oV

1259. 9702_wi7_qp_13 Q: 36

Two cells, each with electromotive force (e.m.f.) E, but different internal resistances r, and r, are
connected in series to a resistor R. The reading on the voltmeter is 0V.

What is the resistance of R?
iy

A 0 B r,-r, C r+r, D Py
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1260. 9702_wi7_qp_13 Q: 37

Three identical cells each have electromotive force (e.m.f.) E and negligible internal resistance.
The cells are connected to three identical resistors, each of resistance R, as shown.

P}—«ﬁHQ

— E
R
R
T
What is the potential difference between P and Q7
A O B E c 2E D E
3 3

1261. 9702_wi7_qp_13 Q: 38

In each arrangement of resistors, the ammeter has a resistance of 2.

Which arrangement gives the largest reading on the ammeter when the same potential difference
is applied between points P and Q7

A B

1Q 20

L
e S = s O

2Q
C D
1Q
10 r:l—l
o +—A)9o
: $ O
R R — P Q
20
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1262. 9702_m16_qp_12 Q: 34

Three cells with em.fs Vi, V, and V5, have negligible internal resistance. These cells are
connected to three resistors with resistances Ry, R and R, as shown.

The current in the circuit is I.

Which equation is correct?

A Vi+Vo+V3=I(Ri+ R+ Ry)
B Vi+Vo-Vs=I(Ri+R:+Rs)
C Vi—-Vo+Va=I(Ri+R;+ Rs)
D Vi-V,-Va=I(Ri+R:+Ry)

1263. 9702_m16_qp_12 Q: 35

Three resistors, each of resistance R, are connected in a network, as shown.

R
—
X o—o —oOY
R R
— H -

The total resistance between points X and Y is 8.0Q.
What is the value of R?

A 27Q B 40Q C 530 D 12Q
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1264. 9702_m16_qp_12 Q: 36

607

In deriving a formula for the combined resistance of three different resistors in series, Kirchhoff's
laws are used.

Which physics principle is involved in this derivation?

A

B
Cc
D

the conservation of charge
the direction of the flow of charge is from negative to positive
the potential difference across each resistor is the same

the current varies in each resistor, in proportion to the resistor value

1265. 9702_s16_qp_11 Q: 35

There is a current from P to R in the resistor network shown.

3V BV
Q
_| |_
Po—e —oOR
_| |_
- S
5V

The potential difference (p.d.) between P and Q is 3V.

The p.d. between Qand Ris 6 V.

The p.d. between P and Sis 5V.

Which row in the table is correct?

p-d. between p.d. between
Qand S Sand R
A 2V 4V
B 2V 10V
(o 3V 4V
D 3V 10V
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1266. 9702_s16_qp_11 Q: 36

Two resistors of resistances R, and R, are connected in parallel.

What is the combined resistance between X and Y?
R R, c Ri+R; D Ry

A R+ R B
Ri+R3 Ri1Rz R

1267. 9702_s16_qp_13 Q: 35

A circuit contains a cell, two resistors of resistances R, and R, and a variable resistor X. The cell
has negligible internal resistance.

R;
V; is the potential difference across the resistor of resistance R;.
I, is the current through the resistor of resistance R,.
The resistance of X is reduced.

What is the effect on V; and I,?

V1 Iz
A decreases decreases
B decreases increases
(o4 increases decreases
D increases increases
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1268. 9702_s16_qp_13 Q: 37

609

Two identical batteries each have e.m.f. 6.0V and internal resistance r. The batteries are

connected to an external resistor of resistance 11 (), as shown.

0.50A
The current in the external resistor is 0.50A.

What is the internal resistance r of each battery?

A 1.0Q B 20Q C 4.00Q D 6.5Q

1269. 9702_wi6_qp_11 Q: 36

In the circuit shown, the reading on the ammeter is zero.

T 1
R1 R3
R, R,

T T

The four resistors have different resistances Ry, R», Rs and Rj.

Which equation is correct?
A Ri-Ri=R:-Rs
B RixRs=R:x Ry
C Ri-Ry=R:-FR;
D RixRi=RoxRs
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1270. 9702_wi6_qp_11 Q: 37

The diagram shows currents Iy, I, I5, I, and I5 in different branches of a circuit.

I 1

Which equation is correct?

A IL1=L+1I;
B L=LL+I;
C L=L+Is
D Li=I:+1;

1271. 9702_wi6_qp_12 Q: 32

The diagram shows a junction in a circuit where three wires P, Q and R meet. The currents in P
and Q are 1A and 3 A respectively, in the directions shown.

Q
3A

1A

R
How much charge passes a given point in wire R in a time of 5s?

A 04C B 2C Cc 10C D 20C
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1272. 9702_wi6_qp_12 Q: 37

In the circuit shown, there is a current of 3.0A in the 2.0 Q) resistor.

—0

3.0A 2.0Q

~Y

What are the values of the current I delivered by the power supply and the voltage V across it?

ITA VIV
A 3.0 10.5
B 4.0 9.0
Cc 4.0 12
D 12 18

6.0Q

1.5

Q

1273. 9702_wi6_qp_13 Q: 36

In the circuit shown, the reading on the ammeter is zero.

A

re

Ri

—(n—1

R,

-

The four resistors have different resistances R, R>, R; and R..

Which equation is correct?
A R-R:=R:-R4
B RixRz3=R:xRy4
C RI-Ri=R:—-R;
D RixRy=RaxRs
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1274. 9702_wi6_qp_13 Q: 37

CHAPTER 12. D.C. CIRCUITS

The diagram shows currents I4, I, I5, I, and Is in different branches of a circuit.

Which equation is correct?

A

B
c
D

Li=L+Is
L=IL+I
Li=L+Is
L=I+Is

1275. 9702_s15_qp_11 Q: 33

The diagrams show two different circuits.

—

R

The cells in each circuit have the same electromotive force and zero internal resistance. The

three resistors each have the same resistance R.

In the circuit on the left, the power dissipated in the resistor is P.

What is the total power dissipated in the circuit on the right?

A

Lis B P
4 2

Cc

P
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1276. 9702_s15_qp_11 Q: 37

A battery of electromotive force (e.m.f.) 6.0V and negligible internal resistance is connected in
series with a resistor of resistance 6.0 and a variable resistor of resistance from zero to 4.0Q. A
voltmeter is connected across the variable resistor. The resistance of the variable resistor is
changed.

6.0V

.-
|+-'I

6.0Q 0-4.0Q

What is the range of the voltmeter reading?
A 0V-24V

B 0V-36V

C 24V-6.0V

D 36V-6.0V

1277. 9702_s15_qp_11 Q: 38

A wire RST is connected to another wire XY as shown.

S

X @
Py
—
<@

50cm
Each wire is 100 cm long with a resistance per unit length of 10Q2m™.

What is the total resistance between X and Y?

A 330 B 500 C 830 D 1330
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1278. 9702_s15_qp_12 Q: 35

statement

quantity

the algebraic sum of
currents into a junction is
zero

charge

the algebraic sum of
currents into a junction is
zero

energy

the e.m.f. in a loop is
equal to the algebraic sum
of the product of current
and resistance round the
loop

charge

the e.m.f. in a loop is
equal to the algebraic sum
of the product of current
and resistance round the
loop

energy

CHAPTER 12. D.C. CIRCUITS

Each of Kirchhoff's two laws presumes that some quantity is conserved.

Which row states Kirchhoff's first law and names the quantity that is conserved?

1279. 9702_s15_qp_12 Q: 37

A cell of e.m.f. 2.0V and negligible internal resistance is connected to a network of resistors as

shown.
2.0V
I
II
2.00
 —
I |
400
2.00
—
I 4.0Q
What is the current I?
A 0.25A B 0.33A C 0.50A 1.5A
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1280. 9702_s15_qp_13 Q: 34

A simple circuit is formed by connecting a resistor of resistance R between the terminals of a
battery of electromotive force (e.m.f.) 9.0V and constant internal resistance r.

A charge of 6.0C flows through the resistor in a time of 2.0 minutes causing it to dissipate 48J of
thermal energy.

What is the internal resistance r of the battery?

A 017Q B 0.33Q C 20Q D 160Q

1281. 9702_s15_qp_13 Q: 35

A source of e.m.f. 9.0mV has an internal resistance of 6.0 Q.
It is connected across a galvanometer of resistance 30 Q.
What is the current in the galvanometer?

A  250pA B 300pA C 15mA D 25mA
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1282. 9702_s15_qp_13 Q: 36

A box with four terminals P, Q, R and S contains two identical resistors.

P Q
o o

When a battery of electromotive force (e.m.f.) E and negligible internal resistance is connected

E
across PS, a high-resistance voltmeter connected across QR reads o

Which diagram shows the correct arrangement of the two resistors inside the box?

A B
P Q P Q
S R S R
C D
P Q P Q
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1283. 9702_s15_qp_13 Q: 37

The diagram shows part of a current-carrying circuit. The ammeter has negligible resistance.

1.00Q
—
200
——— (A —t—
5.0A 50A
500
—
What is the reading on the ammeter?
A O07A B 1.3A C 1.5A D 1.7A

12.3 Potential dividers
1284. 9702_m20_qp_12 Q: 37

In the circuits shown, the cell has negligible internal resistance.

Which diagram shows a potential divider circuit that can vary the potential difference (p.d.) across
the lamp?

A B

— X -
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1285. 9702_s20_qp_11

CHAPTER 12. D.C. CIRCUITS

In the circuit shown, a battery of negligible internal resistance is connected in series with a pair of

fixed resistors Ry and Rs.

1

e

X

The circuit is to be used to test whether the electromative force (e.m.f.) of a particular cell is 1.5V.
The cell is connected between terminals X and Y in parallel with R, and in series with a
galvanometer.

Which statement about the test is correct?

A

B
c
D

Any non-zero reading on the galvanometer means the cell has an e.m.f. of 1.5V.

The battery does not need to have an e.m.f. of 6.0V.

The cell may be connected either way round between X and Y.

The galvanometer does not need a scale calibrated in amperes.

1286. 9702_s20_qp_12 Q: 38

In the circuit shown, X is a variable resistor whose resistance can be changed from 5.0Q to

200Q). The electromotive force (e.m.f.) of the battery is 12.0V.

resistance.

400

XV

1

put

It has negligible internal

What is the maximum range of values of potential difference across the output?

A

B
Cc
D

1.3Vto 11.1V
1.3Vto 12.0V
1.5Vto 11.1V
1.5Vto 12.0V
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1287. 9702_s20_qp_13 Q: 38

A cell of electromotive force (e.m.f.) 4.0V and negligible internal resistance is connected to a
fixed resistor of resistance 1.0 Q and a potentiometer of maximum resistance 3.0, as shown.

40V T3

Which range of potential differences can be obtained between the terminals X and Y?

A 0Vto3.0V
B 0OVto4.0V
C 1.0Vto3.0V
D 1.0Vto4.0V

1288. 9702_m19_qp_12 Q: 38

The circuit shown consists of two resistors of resistances 10 kQ and 50 kQ2 and a component Y.

A 6.0V supply is provided. The electric potential of the bottom wire is 0V.

6.0VO—-|_

10kQ

X

= !

50kO component Y

Vo1 |

The current in component Y is negligible.

What is the electric potential at junction X?

A 1.0V B 1.2V C 48V D 50V
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1289. 9702_s19_qp_11 Q: 38

The diagram shows a potentiometer and a fixed resistor connected across a 12V battery of
negligible internal resistance.

1

| fixed resistor

200
12V 1 T
200 | fe—o
output
O

The fixed resistor and the potentiometer each have resistance 20Q. The circuit is designed to
provide a variable output voltage.

What is the range of output voltages?

A 0-6V B 0-12V C 6-12V D 12-20V

1290. 9702_s19_qp_12 Q: 37

A circuit contains two batteries, each of negligible internal resistance, and two resistors as shown.

L
9.00
. galvanometer
24v T E @
3.0Q :_i X
1

The galvanometer has a current reading of zero.

What is the electromotive force (e.m.f.) of battery X?

A 60V B 8.0V c 16.0V D 18.0V
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1291. 9702_s19_qp_13 Q: 37

A potential divider circuit is shown.

L
150Q
o]
12.0V }——————0
o]
R 5.00V
4 o

What is the resistance of resistor R in the potential divider circuit?

A 625Q B 1070 C 2100 D 3600

1292. 9702_wi19_qp_12 Q: 37

The diagram shows a variable resistor R and two fixed resistors connected in series in a circuit to
act as a potential divider.

6.0V
|
P
R » 200 100
—1 ~
7
|
F
20V

The cell of electromotive force (e.m.f.) 6.0V has negligible internal resistance. A cell of e.m.f.
2.0V and a galvanometer are connected into the potential divider. The resistance of R is varied
until the galvanometer reads zero.

What is the resistance of resistor R?

A 300 B 5.0Q Cc 8.0Q D 18Q
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1293. 9702_mi8_qp_12 Q: 36

A potential divider circuit is constructed with one variable resistor X and one fixed resistor Y, as
shown.

i O
\\ X Vi
- N\
Y Vi
1 o

The potential difference across resistor X is Vx and the potential difference of resistor Y is W.

As the resistance of X is increased, what happens to Vx and to \?

Vi Wy
A falls rises
B falls stays the same
C rises falls
D rises stays the same
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1294. 9702_s18_qp_11

Q: 36

623

A uniform resistance wire XY of length 100cm is connected in series with a cell L. Another cell M
is connected in series with resistors of resistances 5.000Q, 10.0Q and 15.0Q.

L
|
|

100cm -

Y
12.5cm
resistance wire
5.00Q 10.0Q 15.0Q
|—e— —c—
Q R S

|
|
M

The potential difference (p.d.) between P and Q is balanced against 12.5cm of the resistance

wire, so that the ammeter reads zero.

The p.d. across the other resistors is then balanced against other lengths of the resistance wire.

Which balanced lengths of resistance wire correspond to the connection points given in the

table?
connection balanced length/cm
points A B c D
Qand R 12.5 25.0 25.0 25.0
Qand S 62.5 62.5 75.0 62.5
Pand R 37.5 37.5 37.5 12.5
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1295. 9702_s18_qp_12 Q: 37

A thermistor is an electrical component with a resistance that varies with temperature. A
thermistor T is used in a fire alarm system. The alarm is triggered when the potential difference
between X and Y is 4.5V.

12V

T/_ 150Q
{7 e e
rd X Y

What is the resistance of T when the alarm is triggered?

A 900 B 1500 C 2500 D 4000

1296. 9702_s18_qp_13 Q: 38

In the circuit shown, XY is a length L of uniform resistance wire. A potential difference is applied
across XY. Ry and R; are unknown resistors. J is a sliding contact that joins the junction of R, and
R2 to points on XY through a lamp S.

R1 R2
- -

J is moved along XY to a point at which the lamp is off. This point is at a distance x from X.

The potential difference across R is V4 and the potential difference across R; is Va.

What is the value of the ratio % ?
2

A L B X
X L X L—x
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1297. 9702_wi8_qp_11 Q: 38

The diagram shows a battery of electromotive force (e.m.f.) 6V, connected in series with a
resistor and a uniform resistance wire RQ of length 60 cm.

The resistance of RQ is equal to the resistance of the resistor.

6V
-4
R L Q

Terminal X is connected to fixed point R. Terminal Y is connected to point P, a connection that
may be made at any position along the wire. L is the distance between R and P.

Which graph shows the variation with L of the potential difference (p.d.) V across XY?

A B

ViV ViV

o
o

0 60 0 60
L/cm L/cm
C D
6 6
VIV ViV
0 T 1 0 | 1
0 60 0 60
L/cm L/cm



https://stemup.co.uk

626 CHAPTER 12. D.C. CIRCUITS

1298. 9702_wi8_qp_12 Q: 38

Two cells are investigated using a potentiometer. At the balance point, cell X gives a reading of
44 cm and cell Y gives a reading of 70cm.

6V 6V
I R I R
T T
| ||
T —— | ———
A - :‘
44cm 70cm
cell X cellY
—® —®
galvanometer galvanometer

Which statement is not correct?

A A potentiometer balance point results in zero current through the galvanometer.
B At the balance point, the current through resistor R in both circuits is the same.

C The electromotive force (e.m.f.) of cell X is larger than that of cell Y.
D

The value of the e.m.f. of each of the cells X and Y is less than 6V.
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1299. 9702_mi17_qp_12 Q: 37

A potential divider consists of two resistors of resistances Ry and R, connected in series across a
source of potential difference (p.d.) Vi.. The p.d. across Ry is V.

| 1
RZ
Vin
R1 Vout
|
! T
Which changes to Ry and to R, will increase the value of V,,?
R, R,
A doubled doubled
B doubled halved
C halved doubled
D halved halved
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1300. 9702_s17_qp_11 Q: 36

A computer is used to detect the change of position of a switch.

To detect the change of position, the computer requires a potential difference (p.d.) of 0V to its
input at one switch position and a p.d. of between 5V and 7V at the other switch position.

For each of the circuits, assume the battery has negligible internal resistance.

Which circuit provides an input voltage to the computer that enables it to detect the change of
position of the switch?

A B
1kQ 1kQ
9V i o 9V i o
T computer T computer
1kQ input 2kQ input
voltage voltage
+ o 4 0
C D
1 1
2kQ 500Q
E E A
9V 5000 9V | 2kQ
T computer T computer
T input T input
voltage voltage
& o] b oY
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1301. 9702_s17_qp_13 Q: 36

A potential divider circuit consists of a cell of negligible internal resistance in series with two
variable resistors of resistances R; and R.. The potential difference (p.d.) across the cell is V.
The p.d. at the output is V.

v

™~

Which statement is correct?

A When R, increases, it takes a greater proportion of Vg, so V decreases.

B When R; increases, the current through Ry and R, decreases, so V increases.
C When R; decreases, it takes a smaller proportion of Vo, so Vincreases.
D

When R, increases, the current through R, and R; decreases, so V decreases.

1302. 9702_wl7_qp_12 Q: 38

The diagram shows a potential divider connected to a 12V supply of negligible internal
resistance.

3000
O
12V I—OX

7 %

0-100Q /

< oY

Which range of voltages can be obtained between X and Y?

A QOto3V B Otod4V C Oto8V D Oto9V



https://stemup.co.uk

630

1303. 9702_s16_qp_11

CHAPTER 12. D.C. CIRCUITS

In the circuit shown, X is a variable resistor whose resistance can be changed from 5.0Q to
500 Q2. The e.m.f. of the battery is 12.0V. It has negligible internal resistance.

1

400

(o]
X / output
/ 0
1

What is the maximum range of values of potential difference across the output?

A

B
Cc
D

1.3Vto11.1V
1.3Vto12.0V
1.5Vto11.1V
1.5Vto12.0V
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1304. 9702_s16_qp_12 Q: 36

631

A potential divider circuit is formed by connecting a battery of negligible internal resistance in

series with two variable resistors, as shown.

Rx RY

e o B
P e
-~

VX

The variable resistors have resistances Rx and Ry.
VY is the potential difference across resistance Ry.

Ry and Ry are both changed at the same time.

Which combination of changes must cause Vy to increase?

RX RY
A larger larger
B larger smaller
C smaller larger
D smaller smaller
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1305. 9702_s16_qp_13 Q: 36

A 100cm potentiometer wire QT is connected in series with a 2.00V cell. Another circuit,
consisting of a 2.00V cell in series with resistors of resistance 4.00Q2 and 6.00Q, is set up
alongside the potentiometer. Connections PQ and RS are then made so that the potential

difference (p.d.) across the 4.00Q resistor is balanced against the p.d. across a length L of
potentiometer wire. Both cells have negligible internal resistance.

2.00V
!
|I
— L o
Q S T
}
P e
4.000Q R 6.000
l
|I
2.00V

What is the balance length L?

A Ocm B 40cm C 60cm D 100cm
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1306. 9702_wi6_qp_12 Q: 38

In the circuit below, P is a potentiometer of total resistance 10Q and Q is a fixed resistor of
resistance 10Q. The battery has an e.m.f. of 4.0V and negligible internal resistance. The
voltmeter has a very high resistance.

1 x

O

The slider on the potentiometer is moved from X to Y and a graph of voltmeter reading V is
plotted against slider position.

Which graph is obtained?

A B
4 44
2 24
0 Y 0 X
slider position slider position
C D
v 4 v 4
44 4
2+ 24
0 0

slider position Y X slider position
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1307. 9702_s15_qp_11 Q: 36

A battery with e.m.f. E and internal resistance r is connected in series with a variable external
resistor.

The value of the external resistance R is slowly increased from zero.

Which statement is correct? (Ignore any temperature effects.)

A

B
Cc
D

The potential difference across the external resistance decreases.
The potential difference across the internal resistance increases.
The power dissipated in rincreases and then decreases.

The power dissipated in R increases and then decreases.
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1308. 9702_s15_qp_12 Q: 36

A potential divider circuit consists of fixed resistors of resistance 2.0Q2 and 4.0Q connected in
series with a 3.0Q resistor fitted with a sliding contact. These are connected across a battery of
e.m.f. 9.0V and zero internal resistance, as shown.

400

9.0v 3.0Q ﬁ
I output
200 Voltage

What are the maximum and the minimum output voltages of this potential divider circuit?

maximum minimum
voltage/V | voltage/V

A 4.0 20
B 5.0 2.0
c 9.0 0
D 9.0 20
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Paper 1 Multiple Choice Answers: D.C. Circuits

Question Paper Q. No. Answer
181 9702_m20_qgp_12 36 B
1182 9702_s20_qp_11 36 D
1183 9702_s20_qp_12 36 c
1184 9702_s20_qgp_13 37 D
185 9702_m19_qp_12 36 B
1186 9702_s19_qgp_T1 35 A
1187 9702_s19_qp_11 36 C
1188 9702_s19_qp_12 35 C
1189 9702_s19_qp_13 34 D
190 9702_w19_qp_N 35 D
191 9702_w19_qp_12 34 A
1192 9702_w19_qp_12 35 C
1193 9702_w19_qp_13 36 A
1194 9702_mi8_qp_12 32 C
1195 9702_s18_qp_12 35 A
1196 9702_s18_qp_13 31 B
no7 9702_s18_qp_I3 36 D
1198 9702_w18_qp_13 35 A
1199 9702_w18_qp_13 37 C
1200 9702_ml17_qp_12 35 C
1201 9702_s17_qp_T 35 C
1202 9702_s17_qp_12 35 A
1203 9702_s17_qp_13 34 B
1204 9702_wl17_qp_12 36 B
1205 9702_w17_qp_13 34 D
1206 9702_m16_qp_12 37 A
1207 9702_s16_qp_1 37 B
1208 9702_s16_qp_12 37 D
1209 9702_wl16_qp_12 36 B
1210 9702_s15_qp_T 34 D
1211 9702_s15_qp_12 33 A
1212 9702_s15_qp_12 34 D
1213 9702_s15_qgp_13 33 C
1214 9702_m20_qp_12 33 B
1215 9702_m20_qgp_12 35 B
1216 9702_s20_qp_1 37 B
1217 9702_s20_qgp_12 37 A
1218 9702_s20_qp_13 35 C
1219 9702_mI19_qp_12 37 A
1220 9702_s19_qgp_T 37 C
1221 9702_s19_qp_12 36 A
1222 9702_s19_qp_13 36 C
1223 9702_s19_qp_13 38 B
1224 9702_w19_qp_T 34 B
1225 9702_w19_qgp_TI 36 D
1226 9702_w19_qgp_N 37 c
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Paper 1 Multiple Choice Answers: D.C. Circuits (continued)

Question Paper Q. No. Answer
1227 9702_w19_qp_T 38 D
1228 9702_w19_qp_12 36 C
1229 9702_w19_qp_13 34 C
1230 9702_w19_qp_13 37 A
1231 9702_w19_qp_13 38 B
1232 9702_mI18_qp_12 37 D
1233 9702_mI18_qp_12 38 c
1234 9702_s18_qp_1 33 A
1235 9702_s18_qp_11 34 C
1236 9702_s18_qgp_1 35 B
1237 9702_s18_qp_12 34 B
1238 9702_s18_qp_12 36 A
1239 9702_s18_qp_13 34 A
1240 9702_s18_qp_13 35 C
1241 9702_s18_qp_13 37 D
1242 9702_w18_qp _T 36 A
1243 9702_w18_qp_T 37 A
1244 9702_w18_qp_12 34 A
1245 9702_w18_qp_12 36 B
1246 9702_w18_qp_12 37 B
1247 9702_w18_qp_13 33 B
1248 9702_w18_qp_13 36 D
1249 9702_ml7_qp_12 36 D
1250 9702_s17_qp_1 37 c
1251 9702_s17_qp_12 36 B
1252 9702_s17_qgp_12 37 B
1253 9702_s17_qp_13 35 C
1254 9702_w17_qp_1 36 B
1255 9702_wl7_gp_1 37 B
1256 9702_w17_qp_1 38 D
1257 9702_w17_qp_12 37 B
1258 9702_w17_qp_13 35 C
1259 9702_w17_gp_13 36 B
1260 9702_wl17_qp_13 37 c
1261 9702_w17_qp_13 38 D
1262 9702_mi6_qp_12 34 D
1263 9702_ml6_qp_12 35 D
1264 9702_m16_qp_12 36 A
1265 9702_s16_qp_1 35 A
1266 9702_s16_qp_1 36 B
1267 9702_s16_qp_13 35 c
1268 9702_s16_qp_13 37 B
1269 9702_w16_gp_1l 36 D
1270 9702_wl16_qgp_T1 37 A
1271 9702_w16_qp_12 32 C
1272 9702_wl16_qp_12 37 c
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Paper 1 Multiple Choice Answers: D.C. Circuits (continued)

Question Paper Q. No. Answer
1273 9702_w16_qp_13 36 D
1274 9702_wl16_qgp_13 37 A
1275 9702_s15_qp_1 33 B
1276 9702_s15_qgp_T 37 A
1277 9702_s15_qp_1 38 C
1278 9702_s15_qp_12 35 A
1279 9702_s15_qgp_12 37 A
1280 9702_s15_qp_13 34 C
1281 9702_s15_qgp_13 35 A
1282 9702_s15_qp_13 36 A
1283 9702_s15_qp_13 37 C
1284 9702_m20_qp_12 37 C
1285 9702_s20_qgp_MN 38 D
1286 9702_s20_qp_12 38 A
1287 9702_s20_qp_13 38 A
1288 9702_mI19_qp_12 38 D
1289 9702_s19_qgp_1 38 A
1290 9702_s19_qp_12 37 A
1291 9702_s19_qp_13 37 B
1292 9702_w19_qp_12 37 A
1293 9702_ml18_qgp_12 36 C
1294 9702_s18_qgp_1 36 B
1295 9702_s18_qp_12 37 C
1296 9702_s18_qp_13 38 D
1297 9702_w18_qp_T 38 B
1298 9702_w18_qp_12 38 C
1299 9702_ml17_qp_12 37 B
1300 9702_s17_qp_1 36 B
1301 9702_s17_qgp_13 36 A
1302 9702_w17_qp_12 38 A
1303 9702_s16_qp_11 34 A
1304 9702_s16_qp_12 36 B
1305 9702_s16_qp_13 36 B
1306 9702_wl16_qp_12 38 A
1307 9702_s15_qp_T 36 D
1308 9702_s15_qp_12 36 B
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12.1 Practical circuits
212. 9702_m20_qp_ 22 Q: 6

A uniform electric field is produced between two parallel metal plates. The electric field strength is
1.4 x 10N C~'. The potential difference between the plates is 350 V.

(a) Calculate the separation of the plates.

separation = ... m [2]

(b) A nucleus of mass 8.3 x 1077 kg is now placed in the electric field. The electric force acting
on the nucleus is 6.7 x 107"5N.

(i) Calculate the charge on the nucleus in terms of e, where e is the elementary charge.

(ii) Calculate the mass, in u, of the nucleus.

(iii) Use your answers in (b)(i) and (b)(ii) to determine the number of neutrons in the nucleus.

LU0 ] =T [11

[Total: 7]
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213.9702_s15_qp_21 Q: 5

The variation with potential difference (p.d.) V of current I for a semiconductor diode is shown in
Fig. 5.1.

12.0
1 {
NN |
109 |
:
8.0 f
:I/mAm [
6.0
[ |
1] |
[ |
4.0
i
1
2.0 f
| /
0
-0.5 0 0.5 1.0
ViV

Fig. 5.1

(a) Use Fig. 5.1 to describe the variation of the resistance of the diode between
V=-05Vand V=0.8V.

(b) On Fig. 5.2, sketch the variation with p.d. V of current I for a filament lamp. Numerical values
are not required.

I \

=}
y

Fig. 5.2

393
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(c¢) Fig. 5.3 shows a power supply of electromotive force (e.m.f.) 12V and internal resistance
0.50Q connected to a filament lamp and switch.

Fig.5.3

The filament lamp has a power of 36W when the p.d. across it is 12V.

(i) Calculate the resistance of the lamp when the p.d. across itis 12V.

resistanCe = ..., Q[1]

(ii) The switch is closed and the current in the lamp is 2.8 A. Calculate the resistance of the
lamp.

rESISaNCE = ..oooooiiiiiiiie e Q[3]

(d) Explain how the two values of resistance calculated in (c) provide evidence for the shape of
the sketch you have drawn in (b).
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12.2 Kirchhoff’s laws

214. 9702 _m20 qp 22 Q:5
(a) Define the ohm.

(b) Awire has a resistance of 1.8 Q. The wire has a uniform cross-sectional area of 0.38 mm? and
is made of metal of resistivity 9.6 x 1077 Qm.

Calculate the length of the wire.

(c) A resistor X of resistance 1.8Q is connected to a resistor Y of resistance 0.60Q2 and a
battery P, as shown in Fig. 5.1.

1.2V

——

1.8Q 0.60Q

Fig. 5.1
The battery P has an electromotive force (e.m.f.) of 1.2V and negligible internal resistance.

(i) Explain, in terms of energy, why the potential difference (p.d.) across resistor X is less
than the e.m.f. of the battery.

(ii) Calculate the potential difference across resistor X.

potential difference =

STEMUP.CO.UK
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(d) Another battery Q of e.m.f. 1.2V and negligible internal resistance is now connected into the
circuit of Fig. 5.1 to produce the new circuit shown in Fig. 5.2.

1.2V
Q
1.2V
1
P
1.8Q 0.60Q
—___1 {1
X Y
Fig. 5.2
State whether the addition of battery Q causes the current to decrease, increase or remain
the same in:
) IR =5 o . PR [1]
L TR o= 1 (=T SR [1]

(e) The circuit shown in Fig. 5.2 is modified to produce the new circuit shown in Fig. 5.3.
1.2V

S
3.6Q

—
1.8Q 0.60Q
B C 1
X Y

Fig. 5.3

Calculate:

(i) the total resistance of the two resistors connected in parallel

reSIStanNCe = .. Q 1]

(ii) the currentin resistor Y.

Lol =T | U, A [2]

[Total: 12]
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215. 9702_s20 _qp_22 Q: 6

(a) A battery of electromotive force (e.m.f.) 7.8V and internal resistance r is connected to a
filament lamp, as shown in Fig. 6.1.

Fig. 6.1

A total charge of 750 C moves through the battery in a time interval of 1500 s. During this time
the filament lamp dissipates 5.7 kJ of energy. The e.m f. of the battery remains constant.

(i) Explain, in terms of energy and without a calculation, why the potential difference across
the lamp must be less than the e.m.f. of the battery.

..................................................................................................................................... [1]
(i) Calculate:
1. the current in the circuit
CUITENE = e e eeees A [2]

2. the potential difference across the lamp

potential difference = ... V [2]
3. the internal resistance of the battery.

internal resistance = ..o Q[2]

STEMUP.CO.UK
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(b) A studentis provided with three resistors of resistances 90Q, 45Q and 20Q.

(i) Sketch a circuit diagram showing how two of these three resistors may be connected
together to give a combined resistance of 30Q2 between the terminals shown. Label the
values of the resistances on your diagram.

(1]

(ii) A potential divider circuit is produced by connecting the three resistors to a battery of
e.m.f. 9.0V and negligible internal resistance. The potential divider circuit provides an
output potential difference V(, ,; of 3.6 V. The circuit diagram is shown in Fig. 6.2.

4 O
O
el
9.0V !
4
0

Fig. 6.2

On Fig. 6.2, label the resistances of all three resistors and the potential difference Vi, 1.

(2]

[Total: 10]
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216. 9702 s20 qp 23 Q: 5

(a) Define the volt.

............................................................................................................................................. [1]
(b) Fig. 5.1 shows a network of three resistors.
300Q
—
55Q
Xo —L  F—ov
1002
—
Fig. 5.1
Calculate:
(i) the combined resistance of the two resistors connected in parallel
combined resistance = ... Q [1]
(ii) the total resistance between terminals X and Y.
total resistance = ... Q 1]

(c) The network in (b) is connected to a power supply so that there is a potential difference
between terminals X and Y. The power dissipated in the resistor of resistance 55Q is 0.20W.

(i) Calculate the current in the resistor of resistance:

1. 55Q
CUITENTE = e e A

2. 300<.
CUITENT = e e e e e e A
[3]
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(if) Calculate the potential difference between X and Y.

potential difference = ... V [1]

[Total: 7]
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217.9702_w20_gp_ 21 Q: 7

(a) Define the ohm.

(b) A uniform wire has resistance 3.2Q. The wire has length 2.5m and is made from metal of
resistivity 460nQm.

Calculate the cross-sectional area of the wire.

Cross-sectional area = ......oooovviiiiiiiinii m2 [3]

(c) A cell of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 7.1.

___________________

A

Fig. 7.1
The current in the circuit is I.

(i) State, in terms of energy, why the potential difference across the variable resistor is less
than the e.m.f. of the cell.

STEMUP.CO.UK
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(ii) State an expression for Einterms of I, Rand r.

(ili) The resistance R of the variable resistor is changed so that it is equal to r.

Determine an expression, in terms of only E and r, for the power P dissipated in the
variable resistor.

[Total: 8]
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218.9702_w20_qp 22 Q: 6

(@) Anetwork of three resistors of resistances R,, R, and R, is shown in Fig. 6.1.

vV
- >
I R,
1
S s
rd rd l
I
R
I2 2
N
R
B ey B
Fig. 6.1

The individual currents in the resistors are I1, 12 and Ia- The total current in the combination
of resistors is I and the potential difference across the combination is V.

Show that the combined resistance R of the network is given by
1 1 1 1

— = — +

RTR *R A

(2]

(b) A battery of electromotive force (e.m.f.) 8.0V and internal resistance r is connected to three
resistors X, Y and Z, as shown in Fig. 6.2.

0.49A

0.45A 160

Fig. 6.2
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Resistor Y has a resistance of 16 Q. The current in resistor X is 0.49A and the current in
resistor Y is 0.45A.

Calculate:

(i) the currentin the battery

CUMTENE = Lo A [1]

(ii) the internal resistance r of the battery.

F T et Q 2]

(c) Resistors X and Y in Fig. 6.2 are made from wires of the same material and cross-sectional
area. The average drift speed of the free electrons in X is 2.1 x 10™#ms™".

Calculate the average drift speed v of the free electrons in Y.

(d) Resistor Z in Fig. 6.2 is replaced by a new resistor of smaller resistance.

State and explain the effect, if any, on the terminal potential difference of the battery.

[Total: 9]

STEMUP.CO.UK


https://stemup.co.uk

12.2. KIRCHHOFF’S LAWS

219. 9702_w20_qp 23 Q: 6

(a) Define electric potential difference (p.d.).

(b) A wire of cross-sectional area A is made from metal of resistivity p. The wire is extended.
Assume that the volume V of the wire remains constant as it extends.

Show that the resistance R of the extending wire is inversely proportional to A=2.

(2]

(c) A battery of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 6.1.

® A

Fig. 6.1
The current in the circuit is I.

Use Kirchhoff's second law to show that

STEMUP.CO.UK
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(d) An ammeter is used in the circuit in (¢) to measure the current I as resistance R is varied.
. . o1
Fig. 6.2 is a graph of R against T

6
4 .
’/‘
2 C -
/‘
0 . 7~
0L~ 0.1 0.2 0.3 0.4 0.5

i
1, a1
—I/A
I | NN
LTI

_2 1111

Fig. 6.2

(i) Use Fig. 6.2 to determine the power dissipated in the variable resistor when there is a
current of 2.0 A in the circuit.

(ii) Use Fig. 6.2 and the equation in (c) to:

1. state the internal resistance r of the battery

T Q
2. determine the e.m.f. E of the battery.
E = e \Y
(3]
[Total: 10]
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220. 9702_m19 qp 22 Q: 6

(a) Using energy transformations, describe the electromotive force (e.m.f.) of a battery and the
potential difference (p.d.) across a resistor.

LN 1 0 S

(b) A battery of e.m.f. 6.0V and negligible internal resistance is connected to a network of
resistors and a voltmeter, as shown in Fig. 6.1.

Z
32Q
— '
6oV !
R —
X Y

24Q

Fig. 6.1
Resistor Y has a resistance of 24 Q and resistor Z has a resistance of 32 Q.
(i) The resistance R, of the variable resistor X is adjusted until the voltmeter reads 4.8 V.
Calculate:

1. the current in resistor Z

CUMTENT = .o, A[l]

2. the total power provided by the battery

POWET = .ot W 2]
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3. the number of conduction electrons that mave through the battery in a time interval
of 25s

NUMDEN = e [2]

4. the total resistance of X and Y connected in parallel

total resistance = ... Q2]

5. the resistance Ry.

Ry = Q2]
(ii) The resistance Ry is now decreased.

State and explain the change, if any, to the reading on the voltmeter.

[Total: 13]
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221. 9702_s19_qp_21 Q: 6

A battery of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 6.1.

1 1
1 E r 1
: k——{ —+—
1 1
1 1
I v A
"4
Fig. 6.1

The current in the circuit is T and the potential difference across the variable resistor is V.

(@) Explain, in terms of energy, why Vs less than E.

............................................................................................................................................... [1]
(b) State an equation relating E, I, rand V.
............................................................................................................................................... [1]
(c) The resistance R of the variable resistor is varied. The variation with I of V is shown in
Fig. 6.2.
3.0
\‘
N |
VIV N
2.0 i N
1.0 ™
0
0 0.5 1.0 1.5 2.0
I/A
Fig. 6.2
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Use Fig. 6.2 to:

(i) explain how it may be deduced that the e.m.f. of the battery is 2.8V

(ii) calculate the internal resistance r.

(d) The battery stores 9.2kJ of energy. The variable resistor is adjusted so that V= 2.1V. Use
Fig. 6.2 to:

(i) calculate resistance R

(ii) calculate the number of conduction electrons moving through the battery in a time of
1.0s

NUMDEE = L 1]

(iii) determine the time taken for the energy in the battery to become equal to 1.6kJ.
(Assume that the e.m.f. of the battery and the current in the battery remain constant.)

tiMme taken = ..o, s [3]

[Total: 10]
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222. 9702_s19_qp_22 Q: 5

(a) State Kirchhoff’s second law.

(b) A battery of electromotive force (e.m.f.) 5.6V and internal resistance r is connected to two

external resistors, as shown in Fig. 5.1.

Fig. 5.1
The reading on the volimeter is 4.8 V.
(i) Calculate:

1. the combined resistance of the two resistors connected in parallel

combined reSiStanCe = .......coooceeveiiiieeeeee e

2. the current in the battery.

CUMTENt = .

(ii) Show that the internal resistance ris 2.5Q.

[2]

411
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(iii) Determine the ratio

power dissipated by internal resistance r
total power produced by battery

(c) The battery in (b) is now connected to a battery of e.m.f. 7.2V and internal resistance 3.5%.
The new circuit is shown in Fig. 5.2.

Determine the current in the circuit.

CUITENT = oo Al2]

[Total: 13]
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223. 9702 s19 qp 23 Q: 6

(a) Define the ohm.

(b) A battery of electromotive force (e.m.f.) E and internal resistance 1.5Q is connected to a

network of resistors, as

shown in Fig. 6.1.

_____________________

_____________________

IV
20Q  iga R,
{ > I
Y 7
8.0Q
> | I
0.60A X
Fig. 6.1

Resistor X has a resistance of 8.0Q. Resistor Y has a resistance of 2.0 Q. Resistor Z has a

resistance of R,. The current in X is 0.60A and the current in Y is 1.8A.

(i) Calculate:

1. the current I'in the battery

2. resistance R,

3. emf E

413
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(i) Resistors X and Y are each made of wire. The two wires have the same length and are
made of the same metal.

Determine the ratio:

cross-sectional area of wire X
cross-sectional area of wire Y

FALIO = e 2]

average drift speed of free electrons in X
average drift speed of free electrons in Y’

[Total: 10]
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224. 9702 w19 qp_21 Q: 6

(a) Define electric potential difference (p.d.).

............................................................................................................................................. [1]
(b) The variation with potential difference V of the current I in a semiconductor diode is shown in
Fig.6.1.
30
/|
25 f
I'mA /
I /
20 i
i
15
[
10 f
5
A
Wi
0
0 0.5 1.0
"74Y%
Fig. 6.1

Use Fig. 6.1 to describe qualitatively the variation of the resistance of the diode as Vincreases
fromOto1.0V.

STEMUP.CO.UK
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(c) The diode in (b) is part of the circuit shown in Fig. 6.2.

20V
|
15mAY
60Q
—_—1__+—}
X Y
Fig. 6.2

The cell of electromotive force (e.m.f.) 2.0V and negligible internal resistance is connected in
series with the diode and resistors X and Y. The resistance of Y is 60 Q. The current in the cell
is 15mA.

(i) Use Fig.6.1 to determine the resistance of the diode.

FESISIANCE = ..iiiiiiiecee e Q [3]
(ii) Calculate:

1. the resistance of X

resistanCe = ... Q [3]

2. theratio

power dissipated in resistor Y
total power produced by the cell’

[Total: 11]
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225.9702_wl19 _gqp 22 Q: 6

(a) State Kirchhoff’s first law.

(b) The variations with potential difference V of the current I for a resistor X and for a
semiconductor diode are shown in Fig. 6.1.

15.0
12.5
I/mA resistor X /

10.0 ~
e A

' /I diode
5.0
25 B8Zd

0 Zaid

0 01 02 03 04 05 06 07 08

VIV
Fig. 6.1

(i) Determine the resistance of the diode for a potential difference Vof 0.60V.

FESISTANCE = ...vvvceeeeeeecee e Q [3]

(ii) Describe, qualitatively, the variation of the resistance of the diode as V increases from
0.60V 10 0.75V.

STEMUP.CO.UK
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(c) The diode and the resistor X in (b) are connected into the circuit shown in Fig. 6.2.

9.3mA Y
X

I

- 1
7.5mA

Y

3

Fig. 6.2

The cell has electromotive force (e.m.f.) E and negligible internal resistance. Resistor Y is
connected in parallel with resistor X and the diode. The current in the cell is 9.3mA and the
current in the diode is 7.5mA.

(i) Use Fig. 6.1 to determine E.

(ii) Determine the resistance of resistor Y.

reSiStanCe = . ..o Q 2]

(iii) Calculate the power dissipated in the diode.

(iv) The cell is now replaced by a new cell of e.m.f. 0.50V and negligible internal resistance.
Use Fig. 6.1 to determine the new current in the diode.

CUMTENT = .o mA [1]

[Total: 11]
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226.9702_w19 _gp 23 Q: 6

A battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected to a
network of two lamps and two resistors, as shown in Fig. 6.1.

.0.50A

Fig. 6.1
The two lamps in the circuit have equal resistances. The two resistors have resistances R and
28 Q. The lamps are connected at junction X and the resistors are connected at junction Y. The
current in the battery is 0.50A and the current in the lamps is 0.20A.
(@) Calculate:

(i) the resistance of each lamp

FESISIANCE = .oooiiciiiiee e Q [2]

(i) resistance R.

(b) Determine the potential difference V,,,, between points X and Y.


https://stemup.co.uk

420 CHAPTER 12. D.C. CIRCUITS

(c) Calculate the ratio

total power dissipated by the lamps
total power produced by the battery

(d) The resistor of resistance R is now replaced by another resistor of lower resistance.

State and explain the effect, if any, of this change on the ratio in (c).

[Total: 11]
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227.9702_ml8 qp 22 Q: 5

(a) State Kirchhoff’s second law.

(b) Two batteries, each of electromotive force (e.m.f.) 6.0V and negligible internal resistance, are
connected in series with three resistors, as shown in Fig. 5.1.

S

R
6.0V

—_—

6.0V Y| (1.5

4|

Fig. 5.1
Resistor X has resistance 4.0 Q2 and resistor Y has resistance 1.5Q.

(i) The resistance R of the variable resistor is changed until the voltmeter in the circuit reads
zero.

Calculate

1. the current I in the circuit,

2. the resistance R.

421
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(i) Resistors X and Y are wires made from the same material. The diameter of the wire of X
is twice the diameter of the wire of .

Determine the ratio

average drift speed of free electrons in X
average drift speed of free electrons in Y -

(iii) The resistance R of the variable resistor is now increased.

State and explain the effect of the increase in R on the power transformed by each of the
batteries.

[Total: 10]
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228. 9702 s18 qp_ 21 Q: 6

(a) Define the volt.

(b) A battery of electromotive force (e.m.f.) 4.5V and negligible internal resistance is connected
to two filament lamps P and Q and a resistor R, as shown in Fig. 6.1.

— oY J—
®Q

Fig. 6.1

The current in lamp P is 0.15A.
The I-V characteristics of the filament lamps are shown in Fig. 6.2.

0.20
P
I/A Bz
0.15 =
//
_la
0.10 | Sscas
I
| ’/
P
/ i
,l .
0.05 =D
4
/ ~
0
0 1.0 2.0 3.0 4.0
VIV
Fig. 6.2

(i) Use Fig. 6.2 to determine the current in the battery. Explain your working.

CUITENE = oo Al2]

STEMUP.CO.UK
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(if) Calculate the resistance of resistor R.

resistance =

(iii) The filament wires of the two lamps are made from material with the same resistivity at

their operating temperature in the circuit. The diameter of the wire of lamp P is twice the
diameter of the wire of lamp Q.

Determine the ratio

length of filament wire of lamp P
length of filament wire of lamp Q°

FALIO = oo [3]
(iv) The filament wire of lamp Q breaks and stops conducting.
State and explain, qualitatively, the effect on the resistance of lamp P.
....................................................................................................................................... 2]

[Total: 10]
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229. 9702 s18 qp_22 Q: 6

(@) (i) State Kirchhoff’s first law.

(b) A battery of electromotive force (e.m.f.) 8.0V and internal resistance 2.0 is connected to a
resistor X and a wire Y, as shown in Fig. 6.1.

| 8OV 200
R Ll L
R |
AN 25A
15Q
S S B
X
RY
) wire Y ]
Fig. 6.1

The resistance of X is 15Q. The resistance of Y is R,. The current in the battery is 2.5A.
(i) Calculate

1. the thermal energy dissipated in the battery in a time of 5.0 minutes,

ENEIJY = oot e J[2]

2. the terminal potential difference of the battery.

terminal potential difference = ..o, V[1]
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(i) Determine the resistance R,.

(ili) A new wire Z has the same length but less resistance than wire Y.

1. State two possible differences between wire Z and wire Y that would separately
cause wire Z to have less resistance than wire Y.

L1651 W 11 (=] (=] (= T

2. Wire Y is replaced in the circuit by wire Z. By considering the current in the battery,
state and explain the effect of changing the wires on the total power produced by
the battery.

[Total: 12]
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230. 9702 s18 qp 23 Q: 6
A wire X has a constant resistance per unit length of 3.0Q@m~! and a diameter of 0.48 mm.

(@) Calculate the resistivity of the metal of wire X.

FESISTIVITY = ..ovveiiiiieie e, £2m [3]

(b) The wire X is connected into the circuit shown in Fig. 6.1.

1.6AY

Fig. 6.1

The battery has an electromotive force (e.m.f.) of 5.0V and an internal resistance of 2.02.
The wire X and a resistor R of resistance 4.5Q are connected in parallel. The current in the
battery is 1.6A.

(i) Calculate the potential difference across resistor R.

potential difference = ..........ccccoeei V[1]
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(i) Determine, for wire X,

1. its resistance,

FESISIANCE = ..o Q3]

2. its length.

[Total: 8]
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231.9702_wl18 qp 21 Q: 6

(a) State Kirchhoff’s second law.

(b) An electric heater containing two heating wires X and Y is connected to a power supply of
electromotive force (e.m.1.) 9.0V and negligible internal resistance, as shown in Fig. 6.1.

9.0V
0 ©
24Q
wire X
'Y
A ®
1.2Q
wire Y
Fig. 6.1

Wire X has a resistance of 2.4 @ and wire Y has a resistance of 1.2 Q. A voltmeter is connected
in parallel with the wires. A variable resistor is used to adjust the power dissipated in wires X
and .

The variable resistor is adjusted so that the voltmeter reads 6.0V.

(i) Calculate the resistance of the variable resistor.

reSiStanCe = ... Q[3]

(ii) Calculate the power dissipated in wire X.
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(iii) The cross-sectional area of wire X is three times the cross-sectional area of wire Y.

Assume that the resistivity and the number density of free electrons for the metal of both
wires are the same.

Determine the ratio

1. length of wire X
length of wire Y ’

FAHO = oo [2]
o~ average drift velocity of free electrons in wire X )
average drift velocity of free electrons in wire Y
FAO = oo 2]

[Total: 11]
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232.9702_wl18 qgp 23 Q: 7

(a) State Kirchhoff’s first law.

(b) A potentiometer is connected to a battery of electromotive force (e.m.f.) 9.6V and negligible
internal resistance, as shown in Fig. 7.1.

9.6V

—

slider

Fig. 7.1

The maximum resistance of the potentiometer is 800£2. A resistor R of resistance 4002 is
connected between the slider and end X of the potentiometer.

(i) State the potential difference across resistor R when the slider is positioned

1. at end X of the potentiometer,

potential difference = ..o i, Vv

2. atendY of the potentiometer.

potential difference = ........coocoei e Vv
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(i) Calculate the potential difference across resistor R when the slider is positioned half-way
between X and Y.

potential difference = ........ccooociic i, V [3]

[Total: 6]
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233.9702_ml17 qgp_ 22 Q:6

(@) Three resistors of resistances R,, R, and A, are connected as shown in Fig. 6.1.

Fig. 6.1

The total current in the combination of resistors is I and the potential difference across the
combination is V.

Show that the total resistance R of the combination is given by the equation

11,1 1
R R "R, R,

[2]

(b) A battery of electromotive force (e.m.f.) 6.0V and internal resistance r is connected to a
resistor of resistance 12 and a variable resistor X, as shown in Fig. 6.2.

i
Lo Iﬂ
vl
Fig. 6.2

(i) By considering energy, explain why the potential difference across the battery’s terminals
is less than the e.m.f. of the battery.
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(i) A charge of 2.5kC passes through the battery.
Calculate

1. the total energy transformed by the battery,

(T 0= (0 ) A J[2]

2. the number of electrons that pass through the battery.

NUMDEE = e e [1]
(iii) The combined resistance of the two resistors connected in parallel is 4.8 Q.

Calculate the resistance of X.

resistance of X = ..o Q1]

(iv) Use your answer in (b)(iii) to determine the ratio

power dissipated in X _
power dissipated in 12 Q resistor

(v) The resistance of X is now decreased. Explain why the power produced by the battery is
increased.

[Total: 11]
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234. 9702 s17_qp_21 Q: 6

(a) Define the ohm.

(b) Acell X of electromotive force (e.m.f.) 1.5V and negligible internal resistance is connected in
series 1o three resistors A, B and C, as shown in Fig. 6.1.

X‘ 15V
[
‘ |
A
6.0Q C
1
I
B 40Q
3.0Q
Fig. 6.1

Resistors A and B have resistances 6.0 Q and 3.0 respectively and are connected in parallel.
Resistor C has resistance 4.0Q and is connected in series with the parallel combination.

Calculate

(i) the current in the circuit,

CUITENT = oo A[3]

(ii) the current in resistor B,

CUMTENT = oo A[1]
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(iii) the ratio

power dissipated in resistor B
power dissipated in resistor C

(c) The resistors A, B and C in (b) are wires of the same material and have the same length.

(i) Explain how the resistors may be made with different resistance values.

....................................................................................................................................... [1]
(ii) Calculate the ratio
average drift speed of the charge carriers in resistor B
average drift speed of the charge cartiers in resistor C
FAtO = oo 2]

(d) Acell of eem.f. 1.5V and negligible internal resistance is connected in parallel with cell X in
Fig. 6.1 with their positive terminals together.

State the change, if any, to the current in
(i) cellX,

(ii) resistor C.

[Total: 12]
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235. 9702 s17_qp 22 Q: 7

(a) Define electromative force (e.m.f.) of a cell.

(b) Acell C of em.f. 1.50V and internal resistance 0.200Q is connected in series with resistors X
and Y, as shown in Fig. 7.1.

Fig. 7.1
The resistance of X is constant and the resistance of Y can be varied.
(i) The resistance of Y is varied from 0 to 8.00 Q.

State and explain the variation in the potential difference (p.d.) between points A and B
(terminal p.d. across C). Numerical values are not required.

(i) The resistance of Y is set at 6.00Q. The current in the circuit is 0.180A.
Calculate

1. the resistance of X,

FESISTANCE = ..o Q2]
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2. the p.d. between points A and B,

3. the efficiency of the cell.

efficienCy = ..o 2]

[Total: 10]
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236. 9702_s17_qp_23 Q: 6

(a) Describe the I-V characteristic of

(i) a metallic conductor at constant temperature,

(b) Two identical filament lamps are connected in series and then in parallel to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance, as shown in Fig. 6.1a and
Fig. 6.1b.

12V 12V

- {— - {—
=y

—R——&- L R

Fig. 6.1a Fig. 6.1b

The I-V characteristic of each lamp is shown in Fig. 6.2.

6.0
I/A
4.0 T
2.0
,J’
//‘
0
0 2.0 4.0 6.0 8.0 10.0 12.0
ViV
Fig. 6.2
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(i) Use the information shown in Fig. 6.2 to determine the current through the battery in

1. the circuit of Fig. 6.1a,

CUITENT = oo s A

2. the circuit of Fig. 6.1b.
CUITENE = e e e A
(3]

(ii) Calculate the total resistance in

1. the circuit of Fig. 6.1a,
FESISTANCE = ..o Q

2. the circuit of Fig. 6.1b.
FESISIANCE = ..o Q
(3]

(iii) Calculate the ratio

power dissipated in a lamp in the circuit of Fig. 6.1a
power dissipated in a lamp in the circuit of Fig. 6.1b "

[Total: 11]
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237.9702_ w17 qp 21 Q: 5

Three cells of electromotive forces (e.m.f.) E,, E, and E; are connected into a circuit, as shown in
Fig. 5.1.

Fig. 5.1

The circuit contains resistors of resistances R,, R,, Ry and R,.
The currents in the different parts of the circuit are I,, I, and I,.
The cells have negligible internal resistance.

Use Kirchhoff’s laws to state an equation relating

@ I,,I,and I,

............................................................................................................................................... [1]
(b) E,, E;, Ry, Ry, Ry, I, and I in loop WXYZW,

............................................................................................................................................... [1]
(c) E,, E,, Ry, R, I, and I, in loop YZWY.

............................................................................................................................................... [1]

[Total: 3]



https://stemup.co.uk

442 CHAPTER 12. D.C. CIRCUITS

238.9702_ml6 _qp 22 Q:5

(a) (i) State whatis meant by an electric current.

(b) A power supply of electromotive force (e.m.f.) 8.7V and negligible internal resistance is
connected by two identical wires to three filament lamps, as shown in Fig. 5.1.

connecting wires

power supply
8.7V

A4

0.30A

Fig. 5.1 (not to scale)

The power supply provides a current of 0.30 A to the circuit.
The filament lamps are identical. The I-V characteristic for one of the lamps is shown in

Fig.5.2.
0.40
I/A
0.30 a
.
A
0.20H—+—++++AH
’/
,1
0.10 ik
4
/
Y|
ri
0
0 1.0 2.0 3.0 4.0
VIV
Fig. 5.2
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(i) Show that the resistance of each connecting wire is 2.0 Q.

[2]
(ii) The resistivity of the metal of the connecting wires does not vary with temperature.
On Fig. 5.2, sketch the I-V characteristic for one of the connecting wires. [2]
(iii) Calculate the power loss in one of the connecting wires.
POWET = 1eeieiitiieieeestsieeeeess srenese s ssnnesessssne s W [2]
(iv) Some data for the connecting wires are given below.
cross-sectional area = 0.40 mm?
resistivity = 1.7 x 107°8Q'm
number density of free electrons = 8.5 x 1028 m=23
Calculate
1. the length of one of the connecting wires,
length = i, m [2]
2. the drift speed of a free electron in the connecting wires.
drift Speed = ...oovevieieeee e ms~! [2]

[Total: 12]
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239. 9702 s16_qp 22 Q: 7

(a) Electric current is a flow of charge carriers. The charge on the carriers is quantised. Explain
what is meant by quantised.

(b) A battery of electromotive force (e.m.f.) 9.0V and internal resistance 0.25Q is connected in
series with two identical resistors X and a resistorY, as shown in Fig. 7.1.

X Y X
—{ M H —
0.15Q 2.7Q 0.15Q
Fig. 7.1

The resistance of each resistor X is 0.15Q and the resistance of resistorY is 2.7 Q.

(i) Show that the current in the circuit is 2.8 A.

(3]

(ii) Calculate the potential difference across the battery.

potential difference = .........cccoiiiiiici e, V(2]
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(¢) Each resistor X connected in the circuit in (b) is made from a wire with a cross-sectional area
of 2.5mm?2. The number of free electrons per unit volume in the wire is 8.5 x 102°m=3,

(i) Calculate the average drift speed of the electrons in X.

drift Speed = ..o.voeviiii e, ms=1[2]

(ii) The two resistors X are replaced by two resistors Z made of the same material and
length but with half the diameter.

Describe and explain the difference between the average drift speed in Z and that in X.

[Total: 10]
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240. 9702_w16_qgp 21 Q: 6

(a) Define electric potential difference (p.d.).

(b) A battery of electromotive force (e.m.f.) 14V and negligible internal resistance is connected to
a resistor network, as shown in Fig. 6.1.

14V

b ———
RZ

A L1

i T

6.0Q f |

Fig. 6.1

R, and R, are fixed resistors of resistances 6.0%2 and 12Q respectively. R, is a variable
resistor.

Switch S is closed.

(i) Calculate the current in the battery when the resistance of R, is set

1. at zero,

CUITENE = it e A[2]

2. at24Q.

CUMENE = ..ot e A[2]
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(ii) Use your answers in (b)(i) to calculate the change in the total power produced by the
battery when the resistance of R, is changed from zero to 24 Q.

change iN POWEN = ......covciiiiiiie e e W [2]
(¢) Switch Sin Fig. 6.1 is now opened.

Resistors R, and R, are made from metal wires. Some data for these resistors are shown in

Fig. 6.2.
R, R,
cross-sectional area of wire A 1.8A
number of free electrons per unit volume in metal n 0.50n

Fig. 6.2

Determine the ratio

average drift speed of free electrons in R,
average drift speed of free electrons in R,

[Total: 9]
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241. 9702_wl6_qp_22 Q: 5

(a) State Kirchhoff’s second law.

Fig. 5.1
The battery has electromotive force (e.m.f.) 6.8V and internal resistance r.

The I-V characteristics of lamps A and B are shown in Fig. 5.2.

0.40
I/A
0.30 i //_, lamp B
0.20 —
vl L Hlamp A

/" D i i

0.10 ]
P
el
’/
0 1
0 2.0 4.0 6.0 8.0
VIV

Fig.5.2
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The potential difference across the battery terminals is 6.0V.

(i) Use Fig. 5.2 to show that the current in the battery is 0.40A.

(ii) Calculate the internal resistance r of the battery.

(ifi) Determine the ratio

resistance of lamp A
resistance of lamp B*

ratio = oo [2]

449
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(iv) Determine

1. the total power produced by the battery,

2. the efficiency of the battery in the circuit.

effiCieNCY = .o [2]

[Total: 12]
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242. 9702 w16 _qp_23 Q: 6

(a) Define electric potential difference (p.d.).

(b) A battery of electromotive force (e.m.f.) 14V and negligible internal resistance is connected to
a resistor network, as shown in Fig. 6.1.

14V

e
Ry

R, —__F—¢

| Re,  \

6.0Q f |

Fig. 6.1

R, and R, are fixed resistors of resistances 6.0Q2 and 12Q respectively. Ry is a variable
resistor.

Switch S is closed.

(i) Calculate the currentin the battery when the resistance of R, is set

1. at zero,

CUITENE = it e A[2]

2. at24Q.

CUMEBNE = oo e A[2]
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(ii) Use your answers in (b)(i) to calculate the change in the total power produced by the

battery when the resistance of R, is changed from zero to 24 Q.

change in POWET = ... e W 2]

(c¢) Switch S in Fig. 6.1 is now opened.

Resistors R, and R, are made from metal wires. Some data for these resistors are shown in

Fig. 6.2.
R, R,
cross-sectional area of wire A 1.8A
number of free electrons per unit volume in metal n 0.50n
Fig. 6.2
Determine the ratio
average drift speed of free electrons in R,
average drift speed of free electrons in R,
FAtI0 = e 2]

[Total: 9]

STEMUP.CO.UK
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243.9702_s15_qp_22 Q: 5

(a) On Fig. 5.1, sketch the temperature characteristic of a thermistor.

A
resistance
0 : -
0 100
temperature/°C
Fig. 5.1
(2]
(b) A potential divider circuit is shown in Fig. 5.2.
1
L
X ——
Y
— a
12v |
—_— __/
z /]
(L
Fig. 5.2

The battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected
in series with resistors X and Y and thermistor Z. The resistance of Y is 15kQ and the

resistance of Z at a particular temperature is 3.0kS2. The potential difference (p.d.) across Y
is 8.0V.

(i) Explain why the power transformed in the battery equals the total power transformed in
X,Y and Z.

(ii) Calculate the current in the circuit.

CUITENE = it e A [2]
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(iii) Calculate the resistance of X.

reSiStanCe = ..o Q [3]
(iv) The temperature of Z is increased.

State and explain the effect on the potential difference across Z.
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244. 9702 w15 _qp_21 Q: 6

(a) Define electromotive force (e.m.f.) for a battery.

(b) A battery of e.m.f. 6.0V and internal resistance 0.50 Q2 is connected in series with two resistors
X andY, as shown in Fig.6.1.

\G-OV{ 0502 !

40Q 120

1 1

| I | | I |
X Y

Fig. 6.1
The resistance of X is 4.0 and the resistance of Y is 12Q.
Calculate

(i) the current in the circuit,

CUITENE = Lot A[2]

(ii) the terminal potential difference (p.d.) across the battery.
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(c¢) A resistor Z is now connected in parallel with resistor Y in the circuit in (b). The new
arrangement is shown in Fig. 6.2.

[‘EOV{ 0.509 |

400 120
1 1
| I | | I |

X Y
—

Z

Fig. 6.2

Resistor Y is made from a wire of length 7 and diameter d. Resistor Z is a wire made from the
same material as Y. The length of the wire for Z is I/2 and the diameter is d/2.

(i) Calculate the resistance R of the combination of resistors Y and Z.

(ii) State and explain the effect on the terminal p.d. across the battery.

A numerical value is not required.
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(d) For the circuits given in (b) and (¢), show that the ratio

power developed in the external circuit in Fig. 6.1
power developed in the external circuit in Fig. 6.2

is approximately 0.8.

(3]
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245.9702_wl15_qp 22 Q: 6

A 12V battery with internal resistance 0.50Q is connected to two identical filament lamps L, and
L, as shown in Fig. 6.1.

__________ 1
—L{ 24 |
L 050Q i
0—\—®—0
S ¥

Lo

Fig. 6.1

The lamps are connected to the battery via switches S, and S,. The power rating of each lamp is
48W for a potential difference of 12V.

(a) S,isclosed and S, open.

State and explain whether the power transformed in L, is 48W.

(b) S, is now also closed.

() State and explain the effect on the currentin L,.
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246. 9702_wl1b _gp 23 Q:5
(a) The I-V characteristic of a semiconductor diode is shown in Fig. 5.1.

14.0

12.0

10.0
I'mA

8.0

™S

6.0

4.0

2.0 —

0 0.20 0.40 0.60 0.80
VIV

Fig. 5.1

(i) Use Fig. 5.1 to explain the variation of the resistance of the diode as V increases from
Zzero to 0.8V.

(ii) Use Fig. 5.1 to determine the resistance of the diode for a current of 4.4 mA.

resiStanCe = ..., Q2]

STEMUP.CO.UK
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(b) Acellofe.m.f. 1.2V and negligible internal resistance is connected in series to a semiconductor
diode and a resistor R,, as shown in Fig. 5.2.

||1.2V
I
7.6 mA |
R
SF—1 1
-1
R2
375
Fig. 5.2

A resistor R, of resistance 375 is connected across the cell.
The diode has the characteristic shown in Fig. 5.1. The current supplied by the cell is 7.6 mA.

Calculate

(i) thecurrentin R,

current = A[1]

(ii) the resistance of R,,

resistance = Q[2]

(iii) the ratio

power dissipated in the diode
power dissipated in R,
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12.3 Potential dividers
247.9702_s20 qp 21 Q: 5

(a) Metal wire is used to connect a power supply to a lamp. The wire has a total resistance of
3.4%2 and the metal has a resistivity of 2.6 x 10~ Qm. The total length of the wire is 59m.

(i) Show that the wire has a cross-sectional area of 4.5 x 107" m2.

(2]
(ii) The potential difference across the total length of wire is 1.8 V.

Calculate the current in the wire.

current = L A [1]
(iii) The number density of the free electrons in the wire is 6.1x 1028 m=3.

Calculate the average drift speed of the free electrons in the wire.

average drift speed = ..o ms~' [2]

(b) A different wire carries a current. This wire has a part that is thinner than the rest of the wire, as
shown in Fig.5.1.

wire thinner part

o)

Fig. 5.1

461
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(i) State and explain qualitatively how the average drift speed of the free electrons in the
thinner part compares with that in the rest of the wire.

(ii) State and explain whether the power dissipated in the thinner part is the same, less or
more than the power dissipated in an equal length of the rest of the wire.

(c) Three resistors have resistances of 1802, 90 2 and 30 .

(i) Sketch a diagram showing how two of these three resistors may be connected together
to give a combined resistance of 60 &2 between the terminals shown.
Ensure you label the values of the resistances in your diagram.

(1]

(ii) A potential divider circuit is produced by connecting the three resistors to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance. The potential divider
circuit provides an output potential difference V|, ,; of 8.0V.

Fig. 5.2 shows the circuit diagram.

l N

—|—
| O
12V,
£
O

Fig.5.2

On Fig. 5.2, label the resistances of all three resistors and the potential
difference V1. [2]

[Total: 12]
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12.3. POTENTIAL DIVIDERS

248. 9702 _s15_qp 23 Q: 5

A uniform resistance wire AB has length 50 cm and diameter 0.36 mm. The resistivity of the metal
of the wire is 5.1 x 1077 Qm.

(a) Show that the resistance of the wire AB is 2.5Q.

2]

(b) The wire AB is connected in series with a power supply E and a resistor R as shown in

Fig. 5.1.
E
F=
M B R
A — [
550
C N D
Fig. 5.1

The electromotive force (e.m.f.) of E is 6.0V and its internal resistance is negligible.
The resistance of R is 2.5Q. A second uniform wire CD is connected across the terminals
of E. The wire CD has length 100cm, diameter 0.18 mm and is made of the same metal as
wire AB.

Calculate

(i) the current supplied by E,

CUMTENt = .o A 4]

463
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(ii) the power transformed in wire AB,

(iii) the potential difference (p.d.) between the midpoint M of wire AB and the midpoint N of
wire CD.
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249.9702_wl1b _qgp 22 Q:5

A 240V power supply S with negligible internal resistance is connected to four resistors, as shown
in Fig. 5.1.

0.40A 240V
0} S O
I A

L

550 Q2 950 Q2

L

350 Q2 R

—
[ Yy}

Fig. 5.1

Two resistors of resistance 5502 and 950Q are connected in series across S. Two resistors of
resistance 3502 and R are also connected in series across S.

The current supplied by S is 0.40A.
Currents I, and I, in the circuit are shown in Fig. 5.1.

(a) Calculate

(i) currentI,,

(ii) resistance R,

(iii) the ratio

power transformed in resistor of resistance 350€2
power transformed in resistor of resistance 5502

465
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(b) Two points are labelled A and B, as shown in Fig. 5.1.

(i) Calculate the potential difference V,g between A and B.

(ii) The resistance R is increased.

State and explain the effect on V.
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211. 9702_s16_qp_23 Q: 6

(a) ohmis volt per ampere or volt/ampere

(b) (i)

(ii)

(iii)

R=pllA
Re = 4p(20)/nd? or 8pl/ nd” or Rq = pl/ nd?
or
ratio idea e.g. length is halved hence R halved and diameter is halved hence
Ris 1/4
Raq (= 4plindd®) = pllnd®
= Rp/8
(=12/8)=15Q
power = I°R or V*/R or VI
=(1.25)2 x 12+ (10)* x 1.5 or (15)2/12 + (15)%/1.5 or 15 x 11.25
=(18.75 + 150 =) 170 (168.75) W
Ir=(15/12=)1.25 (A) and Io= (15/1.5 =) 10 (A)
welvg = IpnAge!IgnApe or (1.25 x nd?)/(10 x nd?/4)

=05

B1

B1

C1

A1

C1

C1

A1l

C1

C1

A1l

(1]

(3]

(3]

(3]

611

212. 9702 _m20 qp_ 22 Q: 6

=2

Answer Mark
(@) E=V/d c1
d=350/1.4x 10°

=0.025m A1

(b)i) |E=FIQ c1

Q =6.7x105/1.4% 10 (=4.8x 1019 C) c1
=(4.8x1019/1.6x 1019 e

=30e A1

(b)) |mass =8.3x10%/1.66x10% A1

=50u
(b)(iii)) | number =5-3 A1
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213.9702_s15_qp_21 Q: 5

(a) very high/infinite resistance for negative voltages up to about 0.4V

resistance decreases from 0.4V

(b) initial straight line from (0,0) into curve with decreasing gradient but not to

horizontal

repeated in negative quadrant

(e) () R=12%/36=4.00Q

or
I=P/V=36/12=3.0Aand R=12/3.0=4.0Q

(if) lostvolts =0.5x2.8=14(V) orE=12=28x(R+1r)
R=V/I =(12-1.4)/2.8 or(R+n=4290Q

=3.8(379)Q or R=3.80

(d) resistance of the lamp increases with increase of Vor I

B1

B1

M1

A1

C1

C1

A1

B1

(2]

(2]

(1]

(3]

(1]

APPENDIX A. ANSWERS

214. 9702_m20 qp 22 Q: 5

R=12Q

Answer Mark
(a) volt/ ampere B1
(b) R=pLI/IA c1
L=(1.8x%0.38x10%)/9.6 x 1077 c1
=0.71m A1
(c)(i) thermal energy is dissipated in resistor Y B1
(e)(ii) V/i12=18/(1.8+0.6) c1
V=090V A1
or

I=1.2/(1.8+0.6)(=0.50) (c1)
V=0.50%1.8 (A1)

=0.90V
(d)(i) remain the same B1
(d)(ii) decrease B1
(e)(i) 1/R=1/18+1/36 A1
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Answer Mark
(e)ii) |I=1.2/(1.2+0.60) c1
=0.67A A1
or
Vy = 1.2 x0.60/(1.2 + 0.60) (= 0.40) (c1)
1=040/060 (A1)
=0.67A
215.9702_s20_qp_ 22 Q: 6
Answer Mark
(a)i) energy is dissipated in the internal resistance/r B1
(a)i) |1. I =Q/t c1
=750/1500 A1
=050A
2. V=WIQor V=WI/It c1
=5700/750 or 5700/(0.50 x 1500) A1
=76V
or
V=P/] and P=W/t (c1)
V =3.8/0.50 (A1)
=76V
3. r =(78-786)/050 c1
=0400Q A1
(b)(i) 90 Q and 45 Q resistors shown connected in parallel B1
(b)(ii) the resistors connected in parallel labelled as 90 Q and 45 Q with the other resistor labelled as 20 Q M1
Vour or 3.6 V labelled across the 20 Q resistor A1

STEMUP.CO.UK
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216. 9702 s20 qp 23 Q: 5

Answer Mark
(a) joule per coulomb B1
b)i) |[1/R=1/Ri+1/R A1
=1/300+ 1/200
R=75Q
(b)ii) |R=75+55 A1
=1300Q
(c)i) |1. P=PR c1
or
P=VI and V=1IR
I=(0.20/55)%5 A1
=0.060 A
2. 1=0.060/4 A1
=0.015A
(e)ii) | potential difference = 130 x 0.060 A1
=78V
or
potential difference = (300 x 0.015) + (55 x 0.060) (A1)
= 7.8V (other valid methods are also possible)

217.9702_w20_qgp_ 21 Q: 7

Answer Mark
(a) volt/ ampere B1
(b) R=pLI/A c1
A =460 x10°x25/32 c1
=3.6 X107 m? A1
(c)(i) energy is dissipated in the internal resistance/r B1
(c)(ii) E=IR+Iror E=I(R+1) B1
(c)iii) | P=IPR or P=Pr c1
I=E/l2r A1

(so) P=E2/4r

STEMUP.CO.UK
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615

| Answer Mark
(a) I=Li+L+[3 B1
(VIR)=(VIR)+(VIR) +(VIRs) or (I!V)=(Li/V)+ (I2/V)+ (I5/V) B1
and
1/R=1/Ri+1/R+1/Rs
(b)(D) current = 0.49 + 045 A1
=0.94A
(b)) | 8.0=(0.94xr)+(0.45x 16) c1
r=085Q A1
(c) I=Anvg e
v=(0.45/049)x 2.1 x 10-*
=1.9x10%*ms™! A1
(d) total/combined resistance decreases B1
(current in battery increases so terminal) potential difference decreases B1
219.9702_w20_qgp 23 Q: 6
| Answer Mark
(a) work (done) /energy (transferred from electrical to other forms) B1
charge
(b) R=pLlA B1
V=LA and (so) R = pV/A? (with pand V constant) B1
(e) E=IR+Ir or E=I(R+r) or E-Ir=IR A1
and
R=(E/D-r
(d)(i) P=I’R or P=IV or P=V2/R c1
R=54(Q) or V=10.8(V) c1
P=20?x54 A1
=22W
(d)(ii) 1. r=0.60Q A1
2. E=gradient Cc1
=eg.54/045 A1l
=12V
220. 9702_m19 qgp_22 Q: 6
Answer Mark
(a) e.m.f.: energy transferred from chemical to electrical (per unit charge) B1
p.d.: energy transferred from electrical to thermal (per unit charge) B1

STEMUP.CO.UK
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APPENDIX A. ANSWERS
Answer Mark
(b)(i) 1 I =48/32 A1
=0.15A
2 P =EI or P=VI or P=1I?%R or P=V2IR c1
=6.0x0.15 or 0.152x40 or 6.02/40
=0.90wW A1
3 number =1It/e c1
=[0.15 x 25]/1.6 x 10~"°
=2.3x10" A1
or (C1)
Q=0.15x 25 (= 3.75)
number =3.75/1.6 x 101
=23x10" (A1)
4 48/6.0=32/(Rxy+32)or1.2/6.0=Rxy/(Rxy +32) c1
or4.8/1.2=32/Rxy
Rxy=8.0Q A1
Alternative methods:
Rxy = (6.0-4.8)/0.150r (c1)
=8.0Q (A1)
or (C1)
6.0 =0.15 (32 + Rxy)
Rxy =40-32 (A1)
=8.0Q
Answer Mark
(b)(i) 5 1/80=1/Rx+1/24 c1
Rx=12Q A1
Alternative method:
I;=48/32=015and Iy=1.2/24 =0.05 (c1)
Ix=0.15-0.05 (= 0.10)
Rx=1.2/010=12Q (A1)
(b)ii) total resistance decreases M1
(so voltmeter) reading increases A1

STEMUP.CO.UK
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617

Answer Mark
(@) energy is dissipated in the internal resistance B1
(b) E=V+Ir B1
(c)(i) (graph shows) maximum value of potential difference is 2.8 (V) B1
or
(graph shows) when current/I (from battery) is zero, Vis 2.8 (V)/E
(e)(ii) r=(-)gradient or r=(E- V)/I or substituted values from the graph for E, V and I c1
r=149 A1
(d)(i) R =21/050 A1
=420
(d)(ii) | number =0.50/1.60 x 10-"® A1
=3.1x10"
(d)(ii) | energy =EIt c1
or
P=EI and P=W/t
(92-16)x10°=28x0.50x t c1
t=54x10°s A1
222. 9702 s19_qp 22 Q: 5
Answer Mark
(a) sum of e.m.f.(s) = sum of p.d.(s) M1
around a loop/around a closed circuit A1
(b)() 1. 1/R=1/Ri+1/R: c1
1/R=1/90+1/18
R=15Q A1
2. I=VIR c1
I=48/15 or I=48/90+4.8/18 A1
I1=0.32A
(b)i) |E=V+Ir c1
or
E=IR+n
56=4.8+032r so r=25(Q) A1
or
56=032x(15+r) so r=25(Q)
(b)(iii) P=EI or P=VI or P=PFR or P=\2/R c1
ratio =(0.322x 2.5)/(5.6 x 0.32) or 0.256/1.792 c1
=0.14 A1
Answer Mark
(c) 72-56-25I-35I=0 c1
I=027A A1

STEMUP.CO.UK
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223. 9702 s19 qp 23 Q: 6

Answer Mark
(a) volt/ ampere B1
(b)i) [1. I =1.8+0860 Al
=24A
2. (8.0x0.60)=1.8x(2.0+Ry) c1
Rz=0.67Q A1
3. F-(2.4x15)=(0.60 x 8.0) c1
or
E-(24x15)=18x(2.0+0.67)
or
E=2.4x[1.5+(8.0x2.67)/(8.0 + 2.67)]
E=84V A1
(b)ii) |[1. R=pLIA or R 1/A c1
rato = Ry/Rx=2.0/8.0 A1
=0.25
2. I« Av or Ix/Iv = Axvx/Arw c1
ratio =(0.60/1.8) x (1/0.25) A1
=13
224.9702_wl19 _gp 21 Q: 6
Answer Mark
(a) work done / charge B1
:;ergy (transferred from electrical to other forms) / charge
(b) for V < 0.25 V resistance is infinite/very high (as current is zero) B1
for V> 0.25 V resistance decreases (as V increases) B1
(D10] R =VII c1
=0.75/(15x 1073) c1
=500Q A1

STEMUP.CO.UK


https://stemup.co.uk

619

Answer Mark
(c)(ii) 1. W=15x103x60 (=0.90V) c1
Vx=20-090-0.75(=0.35V) c1
Rx =0.35/(15 x 1073) A1
=230
or
total R = 60 + 50 + Rx (c1)
B0 +50 + Rx=2.0/ (15 x 107%) (C1)
Rx=230Q (A1)
2. P=VI or P=El or P=PPR or P=V/R c1
o = (15 10*3)2 x 30 op 0:90%15x1 (:3 o (0.90° /60)3 A1
2.0x15x10" 2.0x15x10 2.0x15x10™
=045
225.9702_wl19 _gp 22 Q:6
Answer Mark
(a) sum of current(s) into junction = sum of current(s) out of junction B1
?arlgebraic) sum of current(s) at a junction is zero
(b)) |R =VII c1
=0.60/7.5x107 c1
=80Q A1
(b)(ii) resistance decreases B1
(e)(i) E =060+0.30 A1
=0.90V
(c)(ii) I=)9.3-75 c1
I =18(mA) or 1.8x1073(A) A1
R =0.90/1.8x107
=5000Q
or
total resistance =0.90/9.3 x 103=96.8 (Q) (C1)
total resistance of diode and X=0.90/7.5x 103=120 (Q)
1/96.8=1/R+1/120
R=5000 (A1)
Answer Mark
(c)(iii) P =VI or R or V?/R Cc1
=0.60x7.5x10"% or (7.5x10%)2x80 or 0.602/80 A1

=45x10%wW

(e)(iv)

current=2.5mA

A1
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226.9702_w19 _gp 23 Q: 6

APPENDIX A. ANSWERS

Answer Mark
(a)(i) R=VII c1
resistance = (12/0.20)/2 or 6/0.20 A1
=30Q
(a)i) |I=0.50-0.20 (=0.30A) c1
R+28=12/030 (=40Q) A1
R=12Q
Answer Mark
(b) p.d. across lamp = 0.20 x 30 (=6.0V) Cc1
p.d. across R=0.30x 12 (=3.6V) Cc1
Vxy=6.0-36 A1
=24V
or
p.d. across lamp = 0.20 x 30 (=6.0V) (c1)
p.d. across 28 Q resistor = 0.30 x 28 (= 8.4 V) (C1)
Vxy=8.4-86.0 (A1)
=24V
(c) P=VI or P=EI or P=IR or P=VR c1
ratio = (6.0 x 0.20) x 2/(12 x 0.50) or 0.20/0.50 A1
=040
(d) no change to V across lamps, so power in lamps unchanged B1
::: rrent in battery/total current increases (and e.m.f. the same) so power produced by battery increases
both the above statements and so the ratio decreases B1
227. 9702 _ml8 qp 22 Q: 5
Answer Mark
(a) sum of e.m.f.(s) = sum of p.d.(s) M1
around a loop / around a closed circuit A1
(b)) 1 6.0-4.0I=0 A1
I=15A
2 60+60=I(40+R+15) c1
12=15(4.0+R+15)
R=25Q A1
or 6.0=I(R+1.5) (C1)
6.0=15(R+1.5)
R=25Q (A1)
or combines 6 =4I and 6 = I(R + 1.5) to give (c1)
4=R+15
R=250Q (A1)
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Answer Mark
(b)(ii) I=Anvg c1
ratio = 17/2?
=0.25 A1
(b)iii) total (circuit) resistance increases B1
current/ I decreases or P o« I or P o 1/ (total resistance) M1
power (transformed) decreases A1
228.9702_s18 qgp_ 21 Q: 6
Answer Mark
(a) joule/coulomb B1
(b)(i) lamps have same p.d./lamps have p.d. of 2.7V B1
current =0.15 + 0.080 A1
=024A
(b)ii) |R=(45-27)/0.24 c1
or
Rp =18(Q) and Rg = 30(Q)
I'Rr=1/18 +1/30 and so Rt = 11.25
45=0.24 x (R+11.25)
R=750Q A1
Answer Mark
(b)(iii) | R=pllA c1
Re/Rq =[(2.7/0.15)/(2.7/0.09)] (= 0.60) c1
ratio = 0.60 x 2? A1
=24
(b)(iv) less p.d. across resistor/greater p.d. across P B1
greater current through P and so resistance (of P) increases B1
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229. 9702 s18 qp_22 Q: 6

APPENDIX A. ANSWERS

Answer Mark
@)i) sum of current(s) into junction = sum of current(s) out of junction B1
?arlgebraic) sum of current(s) at a junction is zero
(@a)ii) charge B1
(b)()1. | E=PPRt or E= VIt or E= (IR}t c1
E=25x20x50x60 or 5.0x2.5x50x60 or (5.0°/2.0)x5.0x60 A1
=3800J
(b)()2. |p.d.=8.0-(2.0x2.5) A1
=3.0V
(b)ii) Ix=3.0/15=0.20 (A) c1
y=25-020=23(A) cl
Ry =3.0/2.3 A1
=13Q
or
Rr=3.0/25=1.2(Q)or (8.0/2.5)-2.0=1.2(Q) (c1)
1/12=1/15+1/Ry (c1)
Ry=130Q (A1)
Answer Mark
(b)(iii)1. | Z has larger radius/diameter/(cross-sectional) area B1
Z has (material of) smaller resistivity/greater conductivity B1
(b)(iii)2. | current/I (in battery) increases M1
(P = EI so) power/P (produced by battery) increases A1
230. 9702_s18_qp_23 Q: 6
Answer Mark
(a) R=pL/A c1
30=p/[nx(0.48x107%/2)] c1
£=54x107Qm A1
(b)) | p.d. =5.0-(2.0x1.6) A1
=1.8V
(b)(ii)1. | current in resistor=1.8/4.5 (=0.40A) Cc1
current in wire=1.6-0.40 (=1.2A) Cc1
Rx =1.8/1.2 A1
=1.5Q
or
Rr=1.8/1.6 or (5.0/1.6)-2.0(=1.1250Q) (c1)
(1/1.125)=(1/4.5) + (1/Rx) {c1)
Rx=1.50Q (A1)
(b)(i2. |length =1.5/3.0 or 1.5x1.8x107/(54x107) A1
=0.50m
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623

Answer Mark
(a) sum of e.m.f.(s) equal to sum of p.d.(s) M1
around a loop/around a closed circuit A1
(b)) current in variable resistor = (6.0/2.4) + (6.0/1.2) (=7.5A) Cc1
p.d. across variable resistor=9.0-6.0 (=3.0V) Cc1
R =3.0/75 A1
=0.40Q
or
1 1 1 (€1)
R 24'12
Rr=0.80(Q)
3__ R 4 3_6 €1
9 (R+0.80) R 08
R=0.400Q (A1)
(b)i)) | P=V2/R or P=I’R or P=IV c1
P =6.0%/24 or 25°x2.4 or 6.0x2.5 A1
=15W
Answer Mark
(b)iii) 1. R- pL c1
A
ratio =(2.4/1.2) x (3/1) A1
=6.0
2. (I=nAvg) c1
Ix/Iy=25/50 or 1.2/24 or 0.5
ratio =(2.5/5.0) x (1/3) or (1.2/2.4) x (1/3) A1
=017
232.9702_w18 qgp 23 Q: 7
Answer Mark
(a) sum of current(s) in(to) junction = sum of current(s) out of junction B1
?arlgebraic) sum of current(s) at a junction is zero
(b)(i) 1. potential difference = 0 A1
2. potential difference = 9.6V A1
(b)(ii) for resistance in parallel: (1/Ry)= (1/400) + (1/400) c1
Rr = 200(Q)
V19.6 = 200/600 c1
v=32V A1
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233.9702_ml17 qgp_ 22 Q: 6

APPENDIX A. ANSWERS

Answer Mark
(@) I=h+L+1; B1
(VIR) =(VIR) + (VIRy) + (VIR3)or (I/ V) = (I, I V) + (LI V) + (I3 V) A1
and (so) 1/R=1/Ry+1/Ry+1/R;
(b)()) e.m.f. is total energy available per unit charge B1
energy is dissipated in the internal resistance /resistor/r B1
(b)ii)1 | Energy = EQ c1
=6.0x2.5x10° A1
=1.5x10%J
(b)([ii)2 | number=2.5x 10°/1.6 x 107"? A1
=1.6 x 107 (1.56 x 10%)
(b)(iii) 1/48=1/12+1/Rx A1
Rxy=8.0Q
(b)(iv) P=V3IR c1
or
P=VI and V=IR
ratio = (V2/8)/(V2/12) =12/8 A1
=15
(b)(v) (total) current, or I, increases and P=El orP =6l orP o I B1
toc:tal (cireuit) resistance decreases and P=E%/R or P=36/R or P« 1/R
234. 9702_s17_qp_21 Q: 6
Answer Mark
(a) volt/ ampere B1
(b)) | Rr=[1/3.0+1/6.0]" +4.0 (=6.00) c1
71 =15/60 c1
=025A A1
(b)ii) | Va=05V A1
I =05/3.0
=0.17 (0.167)A
(b)(iii) | P=I’Ror VIor V%R c1
ratio = (0.1672 x 3.0)/(0.252 x 4.0) A1
=0.33
(e)(i) vary/change/different radius/diameter/cross-sectional area (of wire) B1
(e)ii) | v=I/Ane c1
ratio = (s /4) or e Ao
(L1A) L A
(R 1/ A s0) ratio =§—ng—i=%x% A1
=0.50
(d)(i) | 0.25Ato0.13 (0.125) A or halved A1
(d)(ii) no change A1
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235. 9702 s17_qp 22 Q: 7

625

Answer Mark

(@) energy transformed from chemical to electrical /unit charge (driven around a complete circuit) B1
(bX(i) the current decreases (as resistance of Y increases) M1
lost volts go down (as resistance of Y increases) M1
p.d. AB increases (as resistance of Y increases) A1
(b)(ii)1. | 1.50 =0.180 x (6.00 + 0.200 + Ry) C1
Rx=21(3)Q A1
(b)(ii)2. | p.d. AB =1.5—(0.180 x 0.200) or 0.18 x (2.13 + 6.00) c1
= 1.46(4)V A1
(b)(ii)3. | efficiency = (useful) power output/ (total) power input or IV/IE c1
(=1.46/1.5) = 0.97 [0.98 if full figures used] A1

236. 9702_s17_qp_23 Q: 6

Answer Mark

(@)i) straight line through the origin B1
(a)(ii) zero current for one direction (—ve V) up to zero or a few tenths of volt (+ve V) B1
straight line positive gradient/increasing gradient (+ve V) B1
(b)(i) 1.current=28A A1
2. 4(.0) A for each lamp c1
current in circuit = 8(.0) A A1
(b)(ii) use of R = V/I with correct values of V from graph for each arrangement c1
1. series resistance (=2.1+2.1)=4.20r4.3Q A1

?1r212_8) =430
2. parallel resistance 1.5 Q3 (each lamp 3.0 2) A1

?1r218.0) =15Q
(b)(iii) | power=IVor V3/Ror ’R c1
ratio = (2.8 x 6.0)/(4.0 x 12) = 0.35 A1

237.9702_wl7_qp_21 Q:5

Answer Mark
(a) I + I, = I5 [any subject] B1
(b) Eq + E; = 1Ry + [1R; + I3R, [any subject] B1
(c) E, - E; = IRy — IL,R; [any subject] B1
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238.9702_ml6 _qp 22 Q:5

(a) (i) movement/flow of charge carriers B1
(i) work (done) or energy (transformed)(from electrical to other forms) B1
charge

(b) (i) p.d.acrossonelamp =2.5V C1
resistance = [(8.7 —7.5)/0.3]1/2=2.0(Q) A1
(if) straight line through the origin M1
with gradient of 0.5 A1l
(i) P=I°R or P=Viand V=IR orP =V?/Rand V=IR C1

= 0.30?x 2.0 =0.60 x 0.30 =0.60%/2.0
= 0.18 (W) A1
(iv) 1 R=pl/A C1

1=(20%040%x10%) /1.7 x 107
=47 (m) A1l
2 I=Anvg

v=0.30/(0.40 x 10° x 8.5 x 10%® x 1.6 x 107"9) C1

=55x10° (ms™) A1



https://stemup.co.uk

239. 9702 _s16_qp 22 Q: 7

(a) charge exists only in discrete amounts

(b) (i) E=IR+r or V=IR
(total resistance =) 2.7 + 0.30 + 0.25 (= 3.25 Q)
I=9.0/(2.7+0.30+0.25)0r9.0/3.25=28 A

(i) V =IRuy
=277x30 or 28x3.0

or

V =E —-1Ir
=90-277x025 or 9.0-28x0.25

V=83(8.31)V or 84V

(c) (i) I=nevA
v =277/(85%x10% x16x 107" % 2.5x% 107)
=8.1(8.147)x10°ms™ or 82x10°ms™
(i) Areduces by afactor4 (1/4 less) or resistance of Z goes up by 4x

current goes down but by less than a factor of 4 (as total resistance
does not go up by a factor of 4) so drift speed goes up

B1

C1
M1
A1

C1

(C1)

A1l

M1
A1l

M1

A1l

(1]

(3]

(2]

(2]

(2]
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240. 9702_w16_qgp 21 Q: 6

work done or energy (transformed) (from electrical to other forms)

(a) B1 []
charge
(b) () 1. V=IR or E=IR C1
I=14/6.0
=2.3(2.33)A Al [2]
2. total resistance of parallel resistors = 8.00 C1
current =14/(6.0 + 8.0)
=1.0A Al [2]
(i) P=EI(allowP=VI) or P=V?/R or P=IR C1
change in power = (14 x 2.33) — (14 x 1.0)
or (14?7 6.0) — (14%/14)
or (2.33* x6.0) - (1.0° x 14)
=19W (18W if 2.3 A used) Al [2]
(c) I=Anvg
ratio =(0.50n/n) x (1.8A/A) or ratio=0.50x 1.8 C1

=0.90 Al [2]
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241.9702_w16_qp_22 Q: 5
(a) total/sum of electromotive forces ore.m.f.s
= total/sum of potential differences or p.d.s
around a loop/(closed) circuit
(b) (i) (currentin battery =) currentin A+ currentin B or I, + I
(I=)0.14 +0.26 =0.40A
(i) E=V+Ir
6.8=6.0+040r or 6.8=040(15+7)
r=200Q
(iii) R=V/I

ratio (= Ra/Rs) = (6.0/0.14)/(6.0/0.26)
=42.9/23.1 or 0.26/0.14

=1.9 (1.86)

(iv) 1. P =ElorVI or P =I°R or P =V?R
=6.8x0.40 =0.40% x 17 =6.82/17
=27W (2.72W)

2. output power = VI
=6.0x0.40 (=2.40W)

efficiency = (6.0 x 0.40)/(6.8 x 0.40) =2.40/2.72
= 0.88 or 88% (allow 0.89 or 89%)

M1
A1

C1

A1

C1

A1

C1

Al

C1

A1

C1

A1

(2]

(2]

(2]

(2]

(2]

(2]
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242. 9702 w16 _qp_23 Q: 6

work done or energy (transformed) (from electrical to other forms)

(a) B1 [1]
charge
(b) (i) 1. V=IR or E=IR Cc1
I=14/6.0
=23 (2.33)A Al [2]
2. total resistance of parallel resistors = 8.0 C1
current =14/(6.0 + 8.0)
=1.0A Al [2]
(i) P=EI (allowP=VI) or P=V*/R or P=FR Cc1
change in power = (14 x 2.33) — (14 x 1.0)
or (14?16.0) — (14%/14)
or (2.33% x 6.0) — (1.0° x 14)
=19W (18 W if 2.3 A used) Al [2]
(c) I=Anvg
ratio =(0.50n/n) x (1.8A/A) or ratio=050x1.8 C1
=0.90 Al [2]
243. 9702 s15 qp 22 Q: 5
(a) curved line showing decreasing gradient with temperature rise M1
smooth line not touching temperature axis, not horizontal or vertical anywhere A1 [2]

(b) (i) (no energy lost in battery because) no/negligible internal resistance B1 [1]
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(i) I =VIR
=8/15x10%0r 1.6/3.0 x 10° or 2.4/4.5 x 10° or 12/22.5 x 10° c1
=0.53 x 10°A Al [2]
(iii) p.d.across X =12-8.0—-3.0 x 10°* x 0.53 x 10 (= 2.4V) C1
Rx =2.4/(0.53 x 107%) C1
or
Rt = 12/0.53 x 1073 (= 22.5 x 10° Q) (C1)
Ry =(22.5 —15.0-3.0) x 10° (C1)
4.5(2) x 10°Q A1 [3]
(iv) resistance decreases hence current (in circuit) is greater M1
p.d. across X and Y is greater hence p.d across Z decreases A1
or explanation in terms of potential divider:
Rz decreases so Rz/(Rx + Ry + Rz) is less (M1)
therefore p.d. across Z decreases (A1) 2]
244. 9702 w15 qp 21 Q: 6
(a) energy converted from chemical to electrical per unit charge B1 [1]
(b) (i) current =E/(R+r) C1
=6.0/(16 + 0.5)
=0.36 (0.364)A A1 [2]
(ii) terminal p.d. = (0.36 x 16) =5.8V or (6 —0.36 x 0.5)
=58V Al 1]
(c) (i) use of R= pl/A or proportionality with length and inverse
proportionality with area or d? C1
d/2 and [/2 gives resistance of Z = 2Ry = 24 (Q)) C1
R =resistance of parallel combination =[1/24 + 1/12]
=8(.0)(Q2) A1 3]
(ii) resistance of circuit less therefore current larger B1
lost volts greater therefore terminal p.d. less B1 [2]
(d) power=I%Ror VI or V/R C1
current in second circuit (= 6.0/12.5) = 0.48 (A) B1
ratio = [(0.36)? x 16] /[(0.48)% x 12] = 0.75 [0.77 if full s.f. used] B1 [3]



https://stemup.co.uk

632 APPENDIX A. ANSWERS

245.9702_wl15_qp 22 Q: 6

(a) internal resistance causes lost volts B1
p.d. across lamp is less than 12V, power is less than 48 W B1 [2]
(b) (i) greater lost volts or p.d. across cell/lamp reduced, less current in lamp B1 [1]
(ii) p.d. across lamp/current in lamp decreases, hence resistance decreases B1 [1]

246. 9702_wl5_qp_23 Q: 5

(a) (i) resistance =V/I B1

very high/infinite resistance at low voltages B1
resistance decreases as V increases B1 [3]

(if) p.d. from graph 0.50(V) C1

resistance = 0.5/(4.4 x 107%)

=110 (114) O A1 [2]
(b) (i) current(=1.2/375)=3.2x 10°A A1 [1]
(ii) currentin diode = 4.4 x 1073 (A)
total resistance = 1.2/4.4 x 10 = 272.7(Q) C1
resistance of Ry =272.7 - 113.6 =160 (159)Q A1
or
p.d. across diode = 0.5V and p.d. across R4 = 0.7V (C1)
resistance of Ry = 0.7/4.4 x 1072
=160 (159)Q (A1) [2]
(iii) power=IVorI’Ror VV/R C1

ratio = (4.4 x 0.5)/(3.2 x 1.2)
or [(4.4)* x 114]/[(3.2)* x 375]
or [(0.5)% x 375]/[114 x (1.2)]
=057 Al [2]
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247.9702_s20 qp_21 Q: 5

633

Answer Mark
(@yi) |R=pL/IA c1
A=(26x10%x59)/34=45x10"m? A1
(a)i) |1 =1.8/34 A1
=0.53A
(a)iii) |1 =Anvg c1
v =0.53/(4.5x 107 x 6.1 x 1028 x 1.60 x 10-19)
=1.2x104ms! A1
(b)(i) (cross-sectional) area/A is less M1
(I, n, e the same so) average drift speed is greater A1
(b)(ii) | (area is less so) more resistance/R M1
(I is the same, so) more power/P A1
or
(P=IPpL/Aso)P=<1/A (M1)
(A is less so) more P (A1)
(c)(i) 180 Q and 90 Q resistors shown connected in parallel B1
(c)(ii) resistors connected in parallel labelled as 180 Q and 90 Q and the other resistor labelled as 30 Q M1
Vour or 8.0V labelled across the two resistors in parallel A1

248. 9702 _s15_qp 23 Q: 5

(a) R =

(b) (i)

(ii)

ol A

(5.1 x 107 x 0.50) / 7(0.18 x 102 = 2.5 (2.51)

resistance of CD = 8 x resistance of AB =20(Q)
circuit resistance = [1/5.0 + 1/20] " = 4.0(Q)
current= V/IR =6.0/4.0
=1.5A
power in AB = I’R or power = V?/R

=(1.2x25=36W =(3.0%/25=3.6W

(iii) potential dropAtoM=125x1.2=15V

potential drop Cto N =3.0V
p.d. MN = 1.5V

C1

M1

C1

C1

C1

A1

C1

A1

M1

A1

(2]

(4]

(2]

[2]
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249. 9702_wl1b _qgp 22 Q:5

(@) (i)

(ii)

(iif)

(b) (i)

(ii)

I=VIR
(=240/1500 =) 0.16 A
I,=0.40 - 0.16 (= 0.24)
0.24(350 + R) =240
R=6500
power = IV or I’°R or VFIR
ratio = (84 x 0.24)/(88 x 0.16)
or [(0.24)% x 350]/[(0.16)? x 550]
or (84%/350)/ (88%/550)
or 20.16/14.08
=1.4(3)
p.d. across 350Q resistor = 0.24 x 350
or p.d. across 550 Q resistor = 0.16 x 550

Vaso = 84 (V) and Vsso = 88 (V) giVGS Vag =4.0V
or Voso = 152 (V) and Vg = 156 V gives Vg = 4.0V

p.d. across R increases or potential at B increases or V350 decreases hence
Vag increases

C1

A1

C1

A1

C1

A1

C1

A1l

B1

(2]

(2]

(2]

(2]

(1]

250. 9702_s20_qp_21 Q: 6

Answer Mark

(@yi) |E=AVIiAd c1

E =(180+120)/(2.0 x 10?) A1
=15x10°NC!

(a)(ii) vertically downwards B1

(b)(i) number of protons = 92 A1

number of neutrons = 146 A1

number of electrons = 90 A1

(b)) |F =EQ c1

=1.5x10*x 2 x 1.60 x 1019 A1

=48x10"=N
(b)(iii) | number of a-particles = 2 A1
number of B~ particles =2 A1



https://stemup.co.uk

	Paper 1 Multiple Choice
	Questions
	Answers

	Paper 2 Structured Questions
	Questions
	Mark Scheme


