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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 ele arge.

cha@ .................................................. e [3]
(ii) Calculate the mass, in u, of the nucl@

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

°
P
A4

*

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
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[ ]
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4.0

|
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‘ <
-0.5 00 0.5 1.0
ViV
Fig. 5.1 ‘\
(a) Use Fig. 5.1 to describe the variation of the resistance of tween

V=-0.5Vand V=0.8V.

Fig. 5.2
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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.

0\
resistance = ..... d ............................... Q1]
(ii) The switch is closed and the current in the lampds 2.8 A. Calculate the resistance of the
lamp.
rESISaNCE = ..oooooiiiiiiiie e Q [3]
(d) Ex Iﬁ?ho es of resistance calculated in (c) provide evidence for the shape of

wn in (b).

the sketeh yo
®
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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 resi
battery P, as shown in Fig. 5.1.

The battery P has otive force (e.m.f.) of 1.2V and negligible internal resistance.

(i) Explain i ergy, why the potential difference (p.d.) across resistor X is less
attery.

(ii) Calculate the potential difference across resistor X.

potential difference = ... V [2]
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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
o —
1.2V
o —
1.8Q 0.60Q
1 ]
X Y
Fig. 5.2

State whether the addition of battery Q causes the current to decrease, in

r@r remain

the same in:
) I =T 1= o SRR oo’ S [1]
 /
(i) battery P D s 1]
(e) The circuit shown in Fig. 5.2 is modified to produce the ;@l hown in Fig. 5.3.
1.2V

0 Fig. 5.3
Calculate:
(i) the total the two resistors connected in parallel
*
&
A g

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 %nt.

(i) Explain, in terms of energy and without a calculation, why the potenti nce across

the lamp must be less than the e.m.f. of the battery.

................................................................................... o& [1]
(i) Calculate:

1. the current in the circuit 0

Q CUITENE = e e eeees A [2]
2. the potenti I(:I”Q oss the lamp

&

*

potential difference = ... V [2]

3. the internal resistance of the battery.

internal resistance = ..o Q[2]
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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 @2.

4 O
0\
el
9.0V !
4

ig. 6.2
@ces of all three resistors and the potential difference V1.
(2]

[Total: 10]
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399

(a) Define the volt.

............................................................................................................................................. [1]
(b) Fig. 5.1 shows a network of three resistors.
300Q
—
55Q
X0 +—L  +—ov
100
—
Fig. 5.1 z
Calculate: Q
(i) the combined resistance of the two resistors connected in pa@lleb
combined resistance = i . . Q [1]
(ii) the total resistance between terminals n@
stance = . Q 1]

(c) The network in (b) is co power supply so that there is a potential difference
between terminals wer dissipated in the resistor of resistance 552 is 0.20W.

(i) Calculate the e resistor of resistance:

1

0‘,‘

*

55

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 = ... \ ..................... m2 [3]

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

?‘]'PapaCambridge
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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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(@) Anetwork of three resistors of resistances R,, R, and R, is shown in Fig. 6.1.

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

The individual currents in the resistors are I,, I, and I,. The total current in th@ination
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

N
0&

— = — +

RTR *R A

0 (2]

8.0V and internal resistance ris connected to three

(b) A battery of electromotive for
resistors X, Y and Z, as

0? |
L o2 ,‘ ——————————————— E
*
Z
[ 4
0.49A
T
045A 16Q
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.

CHAPTER 12. D.C. CIRCUITS

Calculate:

(i) the currentin the battery

current =

(ii) the internal resistance r of the battery.

£ e, L 7% O S Q 2]
(c) Resistors X and Y in Fig. 6.2 are made from wires of the s §iaI and cross-sectional
area. The average drift speed of the free electrons in X i “ms1.

Calculate the average drift speed v of the free electr i

(d) Resistor Z in Fi laced by a new resistor of smaller resistance.

ct, if any, on the terminal potential difference of the battery.

[Total: 9]

?‘]'PapaCambridge



“ 1PPapaSambridge

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.

b b (2]
‘
(c) A battery of electromotive force (e.m.f.) E and internal resistanc & nected to a variable
resistor of resistance R, as shown in Fig. 6.1.
= :

The current in the

Use Kirchhoff's
*

0‘,‘

*

o show that

?‘]'PapaCambridge
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CHAPTER 12. D.C. CIRCUITS

(d) An ammeter is used in the circuit in (¢) to measure the current I as resistance R is varied.

Fig. 6.2 is a graph of R against %

0.4 05
N I
A ! 0

6
4 "
”‘
2 » P
"
0 | '
0L= 0.1 02 03
1
I [T
[ [T ]
) T
L J
Fig. 6.2 \

(i) Use Fig. 6.2 to determine the power dissipated
current of 2.0 A in the circuit.

(ii) Use Fig. 6.2 and @i c) to:

1. stateth esistance r of the battery
L 2 r=
K, 4
24 e.m.f. E of the battery.
E=

in resistor when there is a

i

[Total: 10]
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(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.

i
(4

Fig. 6
Resistor Y has a resistance of 24 Q and re has a resistance of 32Q.
(i) The resistance R, of the variab @r X is adjusted until the voltmeter reads 4.8 V.
Calculate: Q
1. the currenti Q@
*
* "’ CUMTENT = .o, A[l]

2. the total power provided by the battery

?‘]'PapaCambridge
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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.

(ii) The resistance

State and exp nge, 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
: I-——{ 1
1 1
1 1
IV R
"4
Fig. 6.1

The current in the circuit is T and the potential difference across the variable resistor 4

®

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

(b) State an equation relating E, I, rand V.

(c) The resistance R of the variable resistor C@he variation with I of V is shown in
Fig. 6.2.

3.0 =
\‘ | 1
ViV
2.0+
0? S
&
S
*
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

....................................................................................................................................... [1]
(ii) calculate the internal resistance r.
L T e Q2]
(d) The battery stores 9.2kJ of energy. The variable resistor is adjusted so that V= 2.1V. Use
Fig. 6.2 to: 0
(i) calculate resistance R
0\
R= ... . S Q1]

(ii) calculate the number of conduction electrons m
1.0s

ugh the battery in a time of

(Assume that the battery and the current in the battery remain constant.)

@umber SR 1]
(iii) determine the time 1ake@ nergy in the battery to become equal to 1.6kJ.

*
&

*

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.

|58V, ro
; | [ el
O,
90Q e
—
18Q
L L/

The reading on the volimeter is 4.8 V.

(i) Calculate: $
1. the combined resistance of the twc@ nnected in parallel

Qcombined resistanCe = ... Q2]

2. thecur attery.

CUITENT = oo Al2]

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

[2]

?‘]'PapaCambridge
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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 Cir(b

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.

e m e e e ———q

1
IV
20Q  iga R,
L > :l_'
Y 7
8.0Q 0
> | S|
0.60A X Q
Fig. 6.1 & 6

MQ. Resistor Z has a

Resistor X has a resistance of 8.0Q. Resistor Y has a resistan
i 8A

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

o’a’

(i) Calculate:

1. the current I'in the battery

0 = et A[1]

2. resistance R, Q
By = Q2]
E = V2]

?‘]'PapaCambridge
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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

1.

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

[Total: 10]

?‘Q’PapaCambridge
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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
J
25 £
I'mA /
20 i
i
15 o
[
10 f
5 ‘\
/’
0 *
0 0.5 1.
"74Y%
Fig. 6.1

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

?‘j_']'PapaCambridge
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(c) The diode in (b) is part of the circuit shown in Fig. 6.2.

20V
I
|I
15mAY
60Q
— —{ +—H}
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. z

resistance = ...

(ii) Calculate:

1. the resistance of X oo

Q"’Qe

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

resistanCe = ... Q [3]

R 2
L 24 the
%e

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

(a) State Kirchhoff’s first law.

417

(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

10.0

7.5

5.0

25

0

P

>

Fig. 6.1

(i) Determine the resistance of the diode@

resistance =

02 03 04 05 O

;ntial difference V of 0.60V.

0.

0.8

?‘]'PapaCambridge
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(c) The diode and the resistor X in (b) are connected into the circuit shown in Fig. 6.2.

CHAPTER 12. D.C. CIRCUITS

9.3mAY
X

I

- 1
7.5mA

Y

e B

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. 0

E= 6 ................................ V [1]
(ii) Determine the resistance of resistor Y.
Q FeSIStanCe = ... Q 2]

ed in the diode.

(iii) Calculate the Qs

L 2

0‘,‘

*

(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

28Q. The lamps are connected at junction X and the resistors are conn tion Y. The

The two lamps in the circuit have equal resistances. The two resistors h ces R and
|
current in the battery is 0.50A and the current in the lamps is 0.20A.

(i) the resistance of each lamp

(@) Calculate: :(\

(i) resistance R. Q

°
P
*®

*

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

?‘]'PapaCambridge
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(c) Calculate the ratio

total power dissipated by the lamps

total power produced by the battery

c 0 [Total: 11]

?‘Q'PapaCambridge
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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.

A

A 1
=T
40Q| [X I 6.0V
R E—
¢
=9 <
6.0V | Y| (1.5
e
| >
I ‘\
Fig. 5.1 *
Resistor X has resistance 4.0 22 and resistor Y has resj 5Q.

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

Calculate o

1. the current I in the circuit,Qa

Q@

*
&.?her
e

?‘]'PapaCambridge
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CHAPTER 12. D.C. CIRCUITS

(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 |

7= (10 U S 2]
(iii) The resistance R of the variable resistor is now increased.
State and explain the effect of the increase in R on the power ed 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.

— T J—
_&,ﬁ_@f_
& <

®
The current in lamp P is 0.15A. \
The I-V characteristics of the filament lamps are shown in Fi &

0.20
P
I/A =
0.15 |
a
0.10 _
i
0. =D
R 2
<t QW
A 10 20 3.0 4.0

78

Fig. 6.2

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

CUITENE = oo Al2]

?‘]'PapaCambridge
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(if) Calculate the resistance of resistor R.

CHAPTER 12. D.C. CIRCUITS

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 0
length of filament wire of lamp P

length of filament wire of lamp Q°

(iv) The filament wire of lamp Q nd stops conducting.

State and explai uQ@he effect on the resistance of lamp P.

[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.

=1 o

Fig. 6.1

The resistance of X is 15Q. The resistanceC@( he current in the battery is 2.5A.

(i) Calculate

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

PN ENEIJY = oot e J[2]
&
2. ,thete ential difference of the battery.
terminal potential difference = ..o, V[1]

?‘]'PapaCambridge
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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 separately
cause wire Z to have less resistance than wire Y.

L/

[2]
2. Wire Y is replaced in the circui i . By considering the current in the battery,
state and explain the effect ing the wires on the total power produced by

the battery.
................................................................................................. 2]

[Total: 12]
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427

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.

resistivity = ............

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

1.6AY

L0

The wire X and a resistor R of re
battery is 1.6A.

.5Q are connected in parallel. The current in the

The battery has an electromotivefé .f.) of 5.0V and an internal resistance of 2.0Q.
4.5

&:e across resistor R.

(i) Calculate the p

*
&

*

potential difference = .............

?‘]'PapaCambridge



"
] o
,]’ng a Cambrldge CHAPTER 12. D.C. CIRCUITS

(i) Determine, for wire X,

1. its resistance,

FESISIANCE = ..o Q [3]

<
O
S

2. its length.

o
P

W

*

T1f]’Papa(.‘.ambridge
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(a) State Kirchhoff’s second law.

429

(b) An electric heater containing two heating wires X and Y is connected to a power supply of

electromotive force (e.m.f.) 9.0V and negligible internal resistance, as shown in Fig. 6.1.

<

1.2Q

L/

wire Y

Fig. 6.1
Wire X has a resistance of 2.4 Q and wire Y has

and .

N
0&

ce of 1.2Q. Avoltmeter is connected

a
in parallel with the wires. A variable resistor u@adjust the power dissipated in wires X

meter reads 6.0V.

The variable resistor is adjusted so tha@o
(i) Calculate the resistance of tb e resistor.

&

*

resistance =

(ii) Calculate the power dissipated in wire X.

power =

?‘]’PapaCambridge
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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.

CHAPTER 12. D.C. CIRCUITS

Determine the ratio

1. length of wire X
length of wire Y ’

FAHO = oo 6 ........ [2]
o~ average drift velocity of free electrons in wire X )
average drift velocity of free electrons in wire Y
0\
e e s e msmmmesamnsmmnsnsssssmmssssssssnsneanssnesseaneens 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.

9.6 V‘{
800K
X 'y Y
slider
400Q ®
|
R
Fig. 7.1 :
The maximum resistance of the potentiometer i resistor R of resistance 4002 is
connected between the slider and end X of meter.

(i) State the potential difference across r

1. atend X of the potentiome 0
@« IFEIENCE = oo, Vv

ntiometer.

when the slider is positioned

2. atendY

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.

[Total: 6]

potential difference = .....ooveeeeeeerere e @ V[3]

90&
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(@) 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 0

11,1 1
R R "R, R,

2

d internal resistance r is connected to a
X, as shown in Fig. 6.2.

(b) A battery of electromotive force (e.m.f.)
resistor of resistance 12 Q and a variab

X
X 5
00,‘

*

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 parallekis @

Calculate the resistance of X. &

*
L o FALIO = e 2
(v) The resistapee of X is now decreased. Explain why the power produced by the battery is
increased.

[Total: 11]
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(a) Define the ohm.

435

(b) Acell X of electromotive force (e.m.f.) 1.5V and negligible internal resistance is connected in

series to three resistors A, B and C, as shown in Fig. 6.1.

X| 1.5V
|
|I
A
6.0Q C
| —
 I—
B 40Q e
3.0

®
Fig. 6.1

Resistors A and B have resistances 6.0 and 3.0Q respea@re connected in parallel.

Resistor C has resistance 4.0Q and is connected in serie parallel combination.

2
0&0
Q

Calculate

(i) the current in the circuit,

*
'Y . CUIMMENT = oo A[3]
®
(ii) the curre sistor 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.

(ii) Calculate the ratio Q
average drift speed of the charge carriers in resistor

average drift speed of the charge carriers in resist

(d) Acell of eem.f. 1.

gllglble internal resistance is connected in parallel with cell X in
Fig. 6.1 with thei

rminals together.

Stats $e C the current in

) oelbX,
....................................................................................................................................... [1]

(ii) resistor C.
....................................................................................................................................... [1]

[Total: 12]

CHAPTER 12. D.C. CIRCUITS

E‘,]'PapaCambridge



“ 1PPapaSambridge

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.

___________ C

P 150V
R [
Al ozmei®

X Y

o,
Fig. 71 (\

The resistance of X is constant and the resistance of Y ca@

(i) The resistance of Y is varied from 0 to 8.00 Q.

r@ rence (p.d.) between points A and B
S ar t required.

State and explain the variation in the p
(terminal p.d. across C). Numerical v

(i) The resista et at 6.00Q. The current in the circuit is 0.180A.

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

3. the efficiency of the cell.

efficiency = ... b@ ............ 2]

L/

é\ [Total: 10]
0&

90&
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(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 t ttery of
electromotive force (e.m.f.) 12V and negligible internal resistance, as showna .1laand
Fig. 6.1b.

12V 12V

- {— -

-R—®-
00 Fig. 6.1b

Fig. 6.1a
The I-V characteristic of each la nin Fig. 6.2.
6.0 117
L]
I/A
4.0 a——
*@ EEER= &
“ BEE 7777777777777777777777:;?"gf*f*fif*f*f*f*fif*f

o EE=c

® =
2.0

Il"
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,

CUITENE = et A
2. the circuit of Fig. 6.1b.
CUITENE = e A
[3]
(ii) Calculate the total resistance in o

1. the circuit of Fig. 6.1a,

2. the circuit of Fig. 6.1b.

Q FESISIANCE = ..o Q
[3]

ipated in a lamp in the circuit of Fig. 6.1a
sipated in a lamp in the circuit of Fig. 6.1b "

(iii) Ca|0c§|at

P
A g

[Total: 11]
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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 W
.................................................................................................................... (1]
(c) E,,E,,R,,R,, I a
..... oo OO RRSRSORRRRPRRRONY |
[Total: 3]
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(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 T ‘\

0.30A

Fig. 5.1 (not to scal

The power supply provides a current of O t circuit.
The filament lamps are identical. The I=V characteristic for one of the lamps is shown in

Fig.5.2.
0.40 7
//
4
0.10
/
Vi
v,
/
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.

® b
POWET = ..ovvevitiriieennnns *\ ...................... W [2]
(iv) Some data for the connecting wires are given below. 0
cross-sectional area = 0.40mm?
resistivity = 1.7 x 107°8Q'm
number density of free electrons = 8 @
Calculate
1. the length of one of the cob@wes,
*
o V'S NG = e e m [2]
®
2. the drift 8peed of a free electron in the connecting wires.
drift Speed = ...oovevieieeee e ms~! [2]
[Total: 12]
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(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 0

0.15Q 2.7 0.15Q

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

(i) Show that the current in the circuit is 2.8 A.
2 (3]

| difference across the battery.

(ii) Calcul
*

0‘,‘

*

potential difference = .........cccoiiiiiici e, V(2]

?‘]’PapaCambridge
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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 a@t in X.

[Total: 10]
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(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.

Ry

R, EFCR
— 1+
R

i B ()

Fig. 6.1

0\
R, and R, are fixed resistors of resistances 6.0Q am@&ectively. R; is a variable

resistor.

Switch S is closed.

(i) Calculate the current in the battery vb@stance of R, is set

1. at zero,

Q°Q0

CUITENE = it e A[2]

CUMENE = ..ot e A[2]

?‘]'PapaCambridge
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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 zhown in
Fig. 6.2.

cross-sectional area of wire A ‘\0 A

number of free electrons per unit volume in metal n 50n

Fig. 6.2

Determine the ratio

average drift speed of fr

[Total: 9]
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(a) State Kirchhoff’s second law.

............................................................................................................................................... [2]
(b) A battery is connected in parallel with two lamps A and B, as shown in Fig. 5.1.
ey ;o
! I_ S ‘{ | | s T
! | | I | '

Fig. 5.1

The battery has electromotive force (e.m.f.) 6.8V nal resistance r.

The I-V characteristics of lamps A and e sh in Fig. 5.2.

0.40 m
I/A

_Hlamp B
» L lamp A

L

’/
0 A
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.

(2]

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

(ifi) Determine the ratio

resistance of p@
resistance of :

?‘Q'PapaCambridge
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(iv) Determine

1. the total power produced by the battery,

2. the efficiency of the battery in the circuit.

2
&
(50 _____________________________________
0’0
P
o?

[Total: 12]

&

*
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(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‘{
RZ
1
R L |
1 12Q S

2
Soe ] R, N

i BN ()

\/
Fig. 6.1 \
R, and R, are fixed resistors of resistances 6.0%2 and @&ctively. R, is a variable

resistor.

Switch S is closed.

(i) Calculate the current in the battery wrc@tance of R, is set

1. at zero,

Q"’Qe

CUMTENT = o s

CUIreNnt = oo e

?‘j_']'PapaCambridge
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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 resistorzshown in

Fig. 6.2.
Ry
cross-sectional area of wire A®, .8A
number of free electrons per unit volume in metal 0.50n

Fig. 6.2

Determine the ratio

average drift speed of
average drift speed

[Total: 9]
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(a) On Fig. 5.1, sketch the temperature characteristic of a thermistor.

A

resistance

0 T -

temperature/°C

Fig. 5.1
(2]
(b) A potential divider circuit is shown in Fig. 5.2. ‘\
- (
L
X

T ¢®
H ’00 i
O Y.

rce (e.m.f.) 12V and negligible internal resistance is connected
nd Y and thermistor Z. The resistance of Y is 15kQ and the
ar temperature is 3.0kQ2. The potential difference (p.d.) across Y

N
<

The battery of ele
in series with r
resistance o

is 8.0V
* 9
(i) Explain wh ower transformed in the battery equals the total power transformed in
X,Y and
...................................................................................................................................... [1]
(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.

?‘Q’PapaCambridge
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(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.

ﬁ-oq 050 !
40Q 120 0
1 1
| I | | I |
X Y

L/

Fig. 6.1 *\
The resistance of X is 4.0Q and the resistance of Y is 12(0

Calculate
Q CUITENE = Lot A[2]

ference (p.d.) across the battery.

(i) the current in the circuit,

(ii) the terminal
*

0‘,‘

*
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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.

\i-ov{ 0509 |
4.0Q 12Q
| — 1
L | L I
X Y
o B
z
Fig. 6.2
Resistor Y is made from a wire of length 7and diameter d. Resistor Z is a ade from the

same material as Y. The length of the wire for Z is 1/2 and the diamete

(i) Calculate the resistance R of the combination of resistors%

?‘]’PapaCambridge
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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.

T1f]’Papa(.‘.ambridge
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A 12V battery with internal resistance 0.50Q is connected to two identical filament lamps L, and
L, as shown in Fig. 6.1.

oo 050€ 1
r—— 4®—0
S, ¥

: e

Fig. 6.1

48W for a potential difference of 12V.

(a) S,isclosed and S, open. 0

State and explain whether the power transformed in'L'is 4

The lamps are connected to the battery via switches S, and S,,. Th@ ing of each lamp is

?"t.’PapaCambridge
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(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 - e
0

0 0.20 0.40 0.60 0.

%

zero to 0.8V.

A%
®
Fig. 5.1 ¢
(i) Use Fig. 5.1 to explain the variation of the resistanc@d ode as Vincreases from

....................................................................................................................... [3]
(ii) Use Fig.5.1 e the resistance of the diode for a current of 4.4 mA.
>
L o4 ’,‘
resiStanCe = ..., Q2]

?‘]’PapaCambridge
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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.

CHAPTER 12. D.C. CIRCUITS

| |1'2V
I
7.6mA |

375Q

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 theéis 7.6mA.

Calculate

(i) thecurrentin R,

L/

\
o

rl@ ...................................................... A[1]
(ii) the resistance of R,,

Q"’&

power dissipated in the diode
power dissipated in R,

resistance = Q2]

L 2
(iiipﬁ&atio

*
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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. e

Calculate the current in the wire.

current= ... : . ........................................ A [1]

is 6.1x10%8m=3,

(ili) The number density of the free electrons i%
Calculate the average drift speed of fre ctrons in the wire.

Q"’&

¢ : - —1
PO average drift speed = ..o ms™' [2]
(b) A differefit wire c a current. This wire has a part that is thinner than the rest of the wire, as
shown in Fig. 571.

wire thinner part

D —C

Fig. 5.1
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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.

CHAPTER 12. D.C. CIRCUITS

(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 . 0

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

o® (1]

y connecting the three resistors to a battery of
egligible internal resistance. The potential divider
difference V, ,; of 8.0V.

(ii) A potential divider circuit is pro
electromotive force (e.m.f.)
circuit provides an output
Fig. 5.2 shows the circui

L QO

0:? ©
4;0

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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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. 0
E

M B R ¢
A - -
2.5Q :
C N D
Fig'c;a

The electromotive force (e.m.f) of Ei and its internal resistance is negligible.
The resistance of R is 2.5Q. A seco rm wire CD is connected across the terminals
of E. The wire CD has length 100 eter 0.18mm and is made of the same metal as
wire AB.

Calculate 0

(i) thecurrents

L 2

0'“

*

CUMTENt = .o A 4]
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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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A 240V power supply S with negligible internal resistance is connected to four resistors, as shown

in Fig. 5.1.
0.40A 240V
O S O
I A

L

550 Q2 950 Q

L

350 Q2 R

—
[ Yoy

Fig. 5.1

Two resistors of resistance 550Q and 950Q are connected in series across S. Tw, istors 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. Py

(a) Calculate

(i) currentI,, 0

(ii) resistance R,

i) . tie¥atio
o A

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

?‘]’PapaCambridge
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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.

?‘Q’PapaCambridge



