Chapter 14: D.C. Circuits
- Practical Circuits
- Series and parallel arrangements
- Potential divider
- Balanced potentials

a. | Recall and use appropriate circuit symbols as set out in Sl Units, Signs, Symbols and Abbreviations
(ASE, 1981) and Signs, Symbols and Systematics (ASE, 1995).
b. | Draw and interpret circuit diagrams containing sources, switches, resistors, ammeters, voltmeters,
and/or any other type of component referred to in the syllabus.
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c. | Solve problems using the formula for the combined resistance of two or more resistors in series.
d. | Solve problems using the formula for the combined resistance of two or more resistors in parallel.

Resistors in Series: R =Ri1+Rx+...
Resi in Parallel: = —i+i+
esistors in Parallel: R "R TR,

EXAMPLE 14CD1
Three resistors of resistance 2 Q, 3 Q and 4 Q respectively are used to make the combinations X, Y and Z
shown in the diagrams. List the combinations in order of increasing resistance.

X Y VA
2Q 4Q 3Q
— ' [ ]
2Q 2Q
— - 1
40 30 30 :54
] A
Resist forX=GE+ea?  =1560
esistance for X = (2 2+ 3) =1.
. 1 1.
Resistance for Y =2 + (Z + §) =3.71Q
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Resistance for Z = (% + % + % B =0.9230

Therefore, the combination of resistors in order of increasing resistance is Z X Y.

Solve problems involving series and parallel circuits for one source of e.m.f.

EXAMPLE 14E1
E.g. 4 Referring to the circuit drawn, determine the value of 11, | and R, the combined resistance in the

circuit.

E = 11 (160) = I, (4000) = I3 (32000) ] o\
2 |I
Iy =760 =0.0125 A
__2 _ 4 Iy 160 Q
|2 - 4000 = 5 X lO A [
9 I ‘L > L
- s - -5
ls = 32000 =6.25x107A I, 4000Q
N 1
Since =1y +Ip + I3, | =13.1mA —
. , > I; 32000 Q
Applying Ohm’s Law, R =131x10° > —
=153 0

EXAMPLE 14E2

A battery with an EMF of 20 V and an internal resistance of 2.0 Q is connected to resistors R1 and R; as
shown in the diagram. A total current of 4.0 A is supplied by the battery and R; has a resistance of 12 Q.
Calculate the resistance of R; and the power supplied to each circuit component.

E-Ir=LR> 20
20-4(2) =12 (12)
L, =1A I:I ¢
20V
Therefore, l1=4-1=3A \ 4
4 A =

E-Ir=IR: ..—l ]—o

12=3R:

Therefore, Ri=4
R2
Power supplied to Ry = (1)? Ry
= 36 W
Power supplied to R; = (12> R
= 12 W

Show an understanding of the use of a potential divider circuit as a source of variable p.d.

For potential divider with 2 resistors in series,

. R
Potential drop across R1, V1= R, +1R2 X PD across R; & R»

. R
Potential drop across Rz, Vi = R, +2R2 X PD across R; & R»

EXAMPLE 14F1

Two resistors, of resistance 300 kQ2 and 500 kQ respectively, form a potential divider with outer junctions
maintained at potentials of +3 V and —15 V.
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+3V 300 kQ X 500 kQ  -15

O * O

Determine the potential at the junction X between the resistors.
The potential dif the 300 kQ resistor = zrooc— [3 - (-15)] = 6.75 V
e potential difference across the resistor = 3557 500 [3-(-15)] = 6.

The potential at X=3 - 6.75
=-3.75V

Explain the use of thermistors and light-dependent resistors in potential dividers to provide a
potential difference which is dependent on temperature and illumination respectively.

USAGE OF A THERMISTOR

A thermistor is a resistor whose resistance varies greatly with temperature. Its resistance decreases with
increasing temperature. It can be used in potential divider circuits to monitor and control temperatures.

EXAMPLE 14G1
In the figure below, the thermistor has a resistance of 800 @ when hot, and a resistance of 5000 Q when
cold. Determine the potential at W when the temperature is hot.

When thermistor is hot, potential difference across it +7V
800
=800 + 1700% (/-2 L7kO
=16V
W

The potentialat W =2+16V =36V

2V

USAGE OF A LIGHT-DEPENDENT RESISTOR

An LDR is a resistor whose resistance varies with the intensity of light falling on it. Its resistance decreases
with increasing light intensity. It can be used in a potential divider circuit to monitor light intensity.

EXAMPLE 14G2

In the figure below, the resistance of the LDR is 6.0 MQ in the dark but then drops to 2.0 kQ in the light.
Determine the potential at point P when the LDR is in the light.

In the light the potential difference across the LDR +18 'V
2k
“3k+2k (18-3)
=6V
_ _ _ 72
The potential at P =18 - 6=12V p
3.0kQ
3V

Recall and solve problems using the principle of the potentiometer as a means of comparing
potential differences.

The potential difference along the wire is proportional to the length of the wire. The sliding contact will move
along wire AB until it finds a point along the wire such that the galvanometer shows a zero reading.
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When the galvanometer shows a zero reading, the current through the galvanometer (and the device that is
being tested) is zero and the potentiometer is said to be “balanced”.

If the cell has negligible internal resistance, and if the potentiometer is balanced,

La
L1+ L2

EMF / PD of the unknown source, V = x E

EXAMPLE 14H1
In the circuit shown, the potentiometer wire has a resistance of 60 Q. Determine the EMF of the unknown
cell if the balanced point is at B.

A
A 4

130 Q 500 Q
Lo
Resistance of wire AB
0.65
=065+ 023560 =39Q
EMF of the test cell
= % X12 =585V
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