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10.1

D.C. CIRCUITS
M/’”

D.C. circuits

Practical circuits

Candidates should be able to:

1
2
3

10.2

recall and use the circuit symbols shown in section 6 of this syllabus
draw and interpret circuit diagrams containing the circuit symbols shown in section 6 of this syllabus

define and use the electromotive force (e.m.f.) of a source as energy transferred per unit charge in
driving charge around a complete circuit

distinguish between e.m.f. and potential difference (p.d.) in terms of energy considerations

understand the effects of the internal resistance of a source of e.m.f. on the terminal potential difference

Kirchhoff's laws

Candidates should be able to:

-
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10.3

recall Kirchhoff's first law and understand that it is a consequence of conservation of charge

recall Kirchhoff's second law and understand that it is a consequence of conservation of energy

derive, using Kirchhoff's laws, a formula for the combined resistance of two or more resistors in series
use the formula for the combined resistance of two or more resistors in series

derive, using Kirchhoff's laws, a formula for the combined resistance of two or more resistors in parallel
use the formula for the combined resistance of two or more resistors in parallel

use Kirchhoff's laws to solve simple circuit problems

Potential dividers

Candidates should be able to:

—_

AOWN

understand the principle of a potential divider circuit
recall and use the principle of the potentiometer as a means of comparing potential differences
understand the use of a galvanometer in null methods

explain the use of thermistors and light-dependent resistors in potential dividers to provide a potential
difference that is dependent on temperature and light intensity
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Difference between Electromotive Force (e.m.f) &

Potential Difference (p.d.):
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Q.1 An electrical quantity is defined as ‘the energy

Converted by a source in driving unit charge round

a complete circuit. What is this quantity called?
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switch

battery of cells

power supply electric bell

a.c. power supply buzzer

junction of conductors microphone

loudspeaker

fixed resistor

variable resistor ,l generator

thermistor ammeter

light-dependent resistor voltmeter

heater galvanometer
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transformer
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Measuring Devices:
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7 A network of resistors, each of resistance R, is shown in Fig. 7.1.

A z
R R
R
Be—— Y
R
C X
Fig. 7.1

(a) Calculate the total resistance, in terms of R, between points

() AandC, MR BC ghotted branclor RY and xC

R = R
resistance = .............oeee. R ........................ [1]
(i) BandX, Rot retistrs wm brancher BY avd cx

ase Pavallfl & el oiat .
CYGC NS

R+R 2R
L
resistance = ..........ccccoeeiinnais T [1]
(iii) Aand Z PAZ ; R + £+ R
2
A ,IE_ Z : S e
2
R
| Sk
B4 resistance = ..................... oy s [1]

© UCLES 2009 9702/21/M/J/09
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7 (a) A network of resistors, each of resistance R, is shown in Fig. 7.1.

Switches S, and S, may be ‘open’ or ‘closed’.

Complete Fig. 7.2 by calculating the resistance, in terms of R, between points X and Y
for the switches in the positions shown.

13

For
Examiner’s

Use

Fig. 7.1

© UCLES 2009

switch S, switch S, resistance between points X and Y
open open ST =, ¢ A (%n&—) ..........
open closed 2+2= ..... ZR .........................
losed losed (2 B2 = R

close close T T R R R
Fig.7.2

[3]

9702/22/M/J/09 [Turn over
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7 A circuit contains three similar lamps A, B and C. The circuit also contains three switches, e
S, S, and S, as shown in Fig.7.1.
A
@
. |
ol w S, S2k S3k SJu
.S-r':) (oS
LS B c
e
Ra> e s R =76
2z ° . . oY
Pec® 2
\ & Fig.7.1
'\ic.o; ke ebﬁu’ e i
One of the lamps is faulty. In order to detect the fault, an ohm-meter (a meter that measures
e resistance) is connected between terminals X and Y. When measuring resistance, the ohm-
2"/ meter causes negligible current in the circuit.
G pte
e Fig. 7.2 shows the readings of the onm-meter for different switch positions.
"Q"O x‘<
\» \FJ .
ey switch meter reading
S, S, S, /O
open open open oo
closed open open 15Q ——= eA" SIL
open  closed  open 30Q —> R ~ EB" 20JL D ISHC=20n,
open  closed closed 15Qy ot red anwwer Should K
= 1.9 +15 222.5n
Fig.7.2
(a) Identify the faulty lamp, and the nature of the fault.
faulty lamp: ...ccceeeeeeeen. C ..............................................................................................
Qa . makel vesdid W 1SN iy provides
nature of fault: ...t mC‘b$\'\0ﬂ'eA ......... ‘990'8\9‘“0{ op. A N0 2]
aviet Rovs thooth Slmet B
(b) Suggest why it is advisable to test the circuit using an ohm-meter that causes negligible
current rather than with a power supply.
High cavrenk. . #o wi.... TRl 1Re... it ... anfich ..
bvow\’:\Ab’WQ?\ALQF% ....... oWk . Aol w1

© UCLES 2006 9702/02/M/J/06



9702/02/M/J/06 15
(c) Determine the resistance of one of the non-faulty lamps, as measured using the ohm-
meter.

resistance = .......... l5 .......... Q[1]
(d) Each lamp is marked 6.0V, 0.20 A.
Calculate, for one of the lamps operating at normal brightness,

(i) its resistance,

R-V . 6o
I 020
resistance = ........ 30 .......... Q[2]
(if) its power dissipation.
-2
2
- (0:20) ( 30)
= .2W
POWEr = ...iiiiiiiiiiaienens W [2]

ORm-meXet..and. wetomed . waim. dae. T Sl

oanfiek. oow k.. dutieg.... Calclelios o vordl .12
g -

For
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10.3 Potential dividers
Candidates should be able to:

1 understand the principle of a potential divider circuit

2 recall and use the principle of the potentiometer as a means of comparing potential differences

3 understand the use of a galvanometer in null methods

4 explain the use of thermistors and light-dependent resistors in potential dividers to provide a potential

difference that is dependent on temperature and light intensity

Potexlial divider-
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DC CIRCUITS

Akhtar Mahmood (0333-4281759)
M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

Ned

©-020vV

A cell of eem.f. 2.0 V and negligible internal
resistance is connected to the network of resistors
shown.

T

V1 is the potential difference between S and P. V,
is the potential difference between S and Q. What
is the value of V| — V,?
A +0.50 V

5.0k 2.0kQ2
—_—_20V IP IQ
5.0k 3.0kQ
s

B +0.20 V
D-0.50V

{0.33/P1/June 2007, Q.14/P1/9243-Nov. 2000}
The diagram represents a circuit.
< |

Iz s 20:24 106

= 30:mA

Some currents have been shown on the diagram.
What are the currents /; and £,?

I I
Al 0.2mA 10.8 mA
®) 02mA | 30.8mA
C| -0.2mA 20.0 mA
D | -0.2mA 30.8 mA

{0.36/P1/Nov. 2006}

When four identical lamps P, Q, R and S are
connected as shown in diagram 1, they have

normal brlghtness
\—[ |:\/< ! xi|
R—R® x—‘—*»

diagram 1
The four lamps and the battery are then connected
as shown in diagram 2.
Which statement is correct?
A The lamps do not light.
B The lamps are less bright than normal.
©The lamps have normal brightness.
D The lamps are brighter than normal.

{Q.36/P1/June 2006}

Which circuit has a resistance of 40 € between
the terminals?

100 <2
1
| S

< T 100 <2 1

100<2

P J

28~ |00
= 128N

100 €2
| ——
T

Lol o, @; 1. 2624l
B lor 100 25p 10092 200 .
0
Re =
100 Q2 =
o 1 Léon
100 Q2 100Q
— 1 —
c
200 200 200
—1_ +1 +I 19—
B = (6)ed |, 1200
2082 Soto | @0
D :\BJL
20Q 200 Rk

1 ]
20Q 20Q = 1800 =
| | 20

{0.37/P1/ Nov. 2006}

Ap.d. of 12 Vis connected between P and Q.
50042 10000

<o

20001’
What is the p.d. between X and Y?
A0V ®4V Cc6V D8V
{Q.33/P1/June 2006}
The diagram shows an arrangement of resistors.

1042
X ©
e By = ()

- I:stz lo+30 []10&2
vb T

100
What is the total electrical resistance between X and
Y?
A less than 1 Q (B between 1 Q and 10 Q
Cbetween 10 Qand 30 Q D40 Q

{0.35/P1/June 2006}
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.

t B+
(elg  Rekeef

The value of the variable resistor is reduced. Which
correctly describes the changes in the readings of the
ammeter and of the voltmeter?

ammeter voltmeter

A decrease decrease
B decrease increase
C increase decrease
(D) increase increase

{Q. 35/P1/June 2004}
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Akhtar Mahmood (0333-4281759)
M.Sc.(Physics), MCS, MBA-IT, B.Ed.
MIS, DCE, D AS/400e(IBM), OCP(PITB)
teacher_786@hotmail.com

10.

11.

@1.0A

Three resistors are connected in series with a
battery as shown in the diagram. The battery has
negligible internal resistance.

120Q

—

1go
T V= 3
6oV ! Uso >( 9 |:|180
_
— =24 .
T
150Q
What is the potential difference across the 180 Q
resistor?
Alo6V .4V C36V D60V

{0.36/P1/Nov. 2005}

The diagram shows a circuit in which the battery
has negligible internal resistance.
| 12V
|
(=l
[I] 20Q
What is the value of the current 7 ?
B 1.6A C2.0A D 3.0A
{0Q.31/P1/Nov. 2003,0.14/P1/9243-Nov. 1999}

I 6.0 Q
—

I

3.0Q

1
—

Which diagram shows a potential divider circuit
that can vary the voltage across the lamp?
A B

Py
regishr

is Shorted

" No- cfavp
% pd’

D

@.‘(

L

» .8
i

(0.33/P1/Nov. 2003}

The diagram shows a parallel combination of
three resistors.The total res1stance of the

combination is 3Q. J— -\--l- +«L
12;?" x
d =L AL a4l
60 2 1B g x
1
—
L. W=\~-2
X} * \2
What is the resistance of resistor X? X = 12
A2Q B3Q \
C6Q 2 =

{ Q. 37/P1/June 2004}

12.

13.

14.

When four identical lamps P, Q, R and S are
connected as shown in diagram 1, they have normal
brightness.

@1 1
diagram 1

diagram 2
When the four lamps are connected as shown in
diagram 2, which statement is correct?
A The lamps do not light.
B The lamps are less bright than normal.
©The lamps have normal brightness.
D The lamps are brighter than normal.
{0.32/P1/June 2002}

In the circuit shown, the ammeters have negligible
resistance and the voltmeters have infinite
resistance.

VO( R IAY

—

Vi= 2 v,
Vi >\, Vi
The readings on the meters are /i, I, V1 and V>, as
labelled on the diagram. Which is correct?
@]1>IzandV1>V2 BLi>hLand V1<V,
Ch<band V1>V, Di<bLand V1<V,
{Q.37/P1/Nov. 2004}

The diagram shows two circuits. In these circuits,
only the internal resistances differ.

1.8V 050 |

3.0Q

|
—J

circult X circult Y

Which line in the table is correct?

potential difference | power dissipated
across 3.0Q resistor | in 3.0Q resistor
A greater in X than in | less in X than in
Y Y
(B) greater in X than in | greater in X than
Y inY
C |lessin X thanin'Y %?SS in X than in
D |lessin X thanin Y igr:e;z;ter in X than

{0.34/P1/Nov. 2003}




5

16

7.

|-

The diagram shows an arrangement of four
resistors.

10kQ 6kQ = [6ka
QWCIQ
1616 Y
B6KQ 10k£2

ler L

What is the resistance between X and Y?

A 4kQ BBLQ C16kQ D 32 kQ
{Q.33/P1/June 2003}

The circuit diagram shows a network of resistors,

each of resistance R.

o4 Ry - GO

Sp¢—o0
X S2, R ?2 Y
1_J!

What is the effective resistance between the points
Xand Y.
A2R/7
C2R/3

BR/2

D)SR /8

A cell has internal resistance. It is connected to a
resistor R, a switch and a high resistance voltmeter
as shown in the diagram.

| : 2V

o1 |, o
Al |r )
/
19
b B ]
A

When the switch is closed, what does the reading

on the voltmeter represent? ,

A the electromotive force of the cell I'F L u Y oper

B)the potential difference across R

C the potential difference across the cell’s internal
resistance

D the sum of the potential difference across R and
the cell’s internal resistance

The e.m.f. of the cell in the following circuit is
9.0V. The reading on the high-resistance
voltmeter is 7.5V.

gi" 55

Qqﬂ E- | lq oV
II

7

/V\\h 7SV
N

Q-°¥7 150 ';A

What is the current 7 ?
A0.1A T=

I\

5 ®0sA

&)

-—

v
C0.6A R 1S Dpaoa

is the value of V| —V,?
A+0.50V B +0.20 V
©)-0.20V D-0.50V

A cell of em.f. 2.0 V and negligible internal
resistance is connected to the network of resistors

shown.
2.0kQ

Q
N

d T 4

V1 is the potential difference between S and P. V»
is the potential difference between S and Q. What

5.0k

——20V

5.0k

T
7
i

V. -~ V,

AN =
Ls*-s > (2-9)- (7-@1—2-)(2.‘
= - g— z "'g'
-~ ~0' 20V

A p.d. of 12 V is connected between P and Q.

50042 10002
— 1 F~
Pl< >
— "
200002 100002
What is the p.d. between X and Y?
A0V \% C6V D8V
V"d Nea = Yo
looo 000
= (1% )y - (222 )0
Soo + | 000 2000 +1006
12006~ 12000
| Soe- 2006
s % - l4 s l‘l'\/

\——
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A circuit is set up with an LDR and a fixed
resistor as shown.

1
The voltmeter reads 4 V.
The light intensity is increased.
What is a possible voltmeter reading?
@Axv B4V Co6v D8V
{0.34/P1/June 2007}
The diagram shows a potentiometer and a fixed
resistor connected across a 12 V battery of
negligible internal resistance.

1
e Vot A R 200
T 12V :[
T 20| [ °
output
1 o

The fixed resistor and the potentiometer each have

resistance 20 Q. The circuit is designed to

provide a variable output voltage.

What is the range of output voltages?

@0 -6V BO-12V

C6-12V D12-20V
{0.34/P1/ Nov. 2006}

The diagram shows a light-dependent resistor

(LDR) and a thermistor forming a potential

divider.
v/

Rue

Qow t’o.»p

A W.Q ;

<L- mlemdbg)ﬂ

Under which set of condltlons will the potentlal
difference across the thermistor have the greatest
value?

illumination temperature
A low low
(B) high low
C low high
D high high

{Q.37/P1/June 2006}
In the circuit shown on next column, the reading
Vr on the voltmeter changes from high to low as
the temperature of the thermistor changes. The
reading Vi on the voltmeter changes from high to
low as the level of light on the light-dependent
resistor (LDR) changes.The readings on Vr and
Vv are both high.

N

(gt H%N

What are the condltlons of temperature and light
level?

temperature | light level
A low low
B low high
© high low
D high high

{OQ.37P1/Nov. 2005}
The diagram shows a potential divider circuit
designed to provide a variable output p.d.

| Ve
o= (P R 3 E
5.0kQ P Pho—;a ok 0
j— e& Qf Py 2 S\
9.0v i bk Tso'__)(q.g)
” -t
5.0kQ / [output
Ry
1 O
Which gives the available range of output p.d?
Maximum output | Minimum output
A 30V 0
® 4.5V 0
C 9.0V 0
D 9.0V 45V

(0. 36/P1/Nov. 2004}
The diagram shows a potential divider connected to
a 9.0 V supply of negligible internal resistance.

Min veley
¥ Rus=o
Veg =0
Mea, volloff gov_"'

(m-t 50) (‘] °>

29 ¢a
What range 0 Voltages can be obtained between P

and Q?

A zero to 1.5V ®B)zero to 7.5V

C15Vto7.5V D 1.5V t09.0V
{0.34/P1/June 2003}

A light-dependent resistor (LDR) and a resistor of
resistance 500 Q are connected between voltage
lines held at +30 V and 0 V as shown.

The resistance of the LDR is 1000 Q in the dark but

then drops to 100 Q in bright light. Rrght Qi

Dok +30V
\ < So00 )(.24
Soo ).; e 100+ Seo
ooo-l-So = (—56:/:)(?")
(5°°)(?°) ! X = 25V
= 10'\/ Dwg ak & ISV ,fm._
l AoV G 28V

Lov

What is the corresponding change in the potential at

X?

@arise of 15V Bafallof 15V

Cafallof 25V Dariseof 25V
{0.36/P1/Specimen paper June 2001}




Tolel regisiome .,() oordfa] (plinate,
g oh._ard 'Bo.n N igh,:

Q‘Q’) The diagram shows a circuit in which the battery
has negligible internal resistance.

12V
||___{| R= (€)(® 2.0\
[ €+3
200 P-d. |&cvoss 60N o0\ 1ishr
; &0a
@ Vv > (1) 6oV

What is the value of the current 7 ?

Cuvient vl—. 6.0\ TEUShyY:

@®)1.0A B 1.6A C2.0A D 3.0A
- 0
1= X = 6° | 1.00
R 60
1 The diagram shows two circuits. In these circuits, FER ] . .
Q ’) only the internal resistances differ. i 054 | 'S5 = I,( (0 S+ 3'°>
Ix = —1. s o-L3A
2
V’\ = Tﬁ( R
= (o4R) (30) = 1129V
circult X 1
‘ =, )CR)
circult X crcuit Y
Which line in the table is correct? = (o llg_) (2 0) 0-55W
potential difference | power dissipated
across 3.0Q resistor | in 3.0Q resistor
A | greaterin X thanin | less in X than in 'S = IY (2.0+3-®
Y Y Ty = 6-20A
G greater in X than in | greater in X than
Y inY Vo= IeR = (6-20)(3)
C |lessin X thaninY %‘;SS in X than in =z 0 oV
. . greater in X than (N 92
D | lessin X thanin Y ny PY - I\_ R - (030) <3>
& = 0" 2.7 W
Vi > Vy Gmi P?\ >R
The diagram shows two circuits. In these circuits,
only the internal resistances differ.
Vi = ( 22 ) (r5) Vy = < >C'S)
6 S+20 2.0+230
Vp = 1729V Ny = 6 9oV
vz 2
= Yo (v 29 2 .
circult X crcult Y px — P \I\r . (0 qO:)
Which line in the table is correct? E 20 Yy < ——~
potential difference | power dissipated E 2D
across 3.0Q resistor | in 3.0Q resistor
A | greaterin X thanin | less in X than in PX: 0-sswW =0 27\;\]
Y Y
greater in X thanin | greater in X than
Y inY

- [®

less in X than in Y

less in X than in
Y

D |lessin X thaninY

greater in X than
inY
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10.

Which diagram shows a potential divider circuit
that can vary the voltage across the lamp?
A B

L o L i/

— ®

{0.33/P1/Nov. 2003}
A potential divider is used to give outputs of 2 V
and 3V from a 5 V source, as shown.
+5Vo— @51

V( :‘\,3:: 2\/)_
Ri= Ry =2R,

oV
What are possible values for the resistances Ri, R»
and R3?

Ri/kQ Ry / kQ R; / kQ
A 2 1 5
B 3 2 2
© 4 2 4
D 4 6 10

{0.35/P1/June 2002, Q.35/P1/June 2001}
Six resistors, each of resistance 5 Q, are
connected to a 2 V cell of negligible internal

resistance.

oy T 5 5Q
o X
5Q 5Q
[ m——
5Q 5Q
1 1

What is the potential difference between terminals

X and Y?

@2/3V

B8OV

C 4/3V

D2V

{0.36/P1/Nov. 2002}

Theory question:

Figure 1 shows a linear variable resistor of resistance
50092 in use as a potential divider to supply a
variable potential difference across a circuit.

|

A

- 500Q2

CIRCUIT

B

-

Figure 1

(a) Determine the potential difference across the
circuit when the slider is
1) at A

.60 %

() atB
.......... C eV
[2]

(b) The circuit has resistance 250€). Calculate the
potential difference across the circuit when th slider
is half-way between A and E

6.0V}

Figure 1

Effeckwe vahciomta QP Mo
2600 Retishee -

Q. . 280 . 125
2¢ = 2

Vot =

(o) €9

= 2.0V
Potential difference with slider at half-way position

= e, 2:0 ... V3]

(c) On Figure 2, sketch how the potential difference
across the circuit varies as the slider is moved from
A to B. ¢ [2]

%

SN

3 N
| N

N

OA "’L

position of slider B




Six resistors, each of resistance 5 Q, are

ted to a 2 V cell of negligible internal
fgs?:;i cee. 0a 2V cell of negligible interna \/‘Kls ~ \/XE - VYE
ol e - gt
oV 52 A sa | R RrkeR RerRerfe
o X
1 1 Q } ) - C_—‘L_D (2)
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What is the potential difference between terminals
Xand Y?
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