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Review of basic electricity

Electric current I (A) is defined as the amount of charge O
(C) passing through in a unit time (s).

I=% or Q=1It

An ampere (A) is the passage of a coulomb of charges in a
second, 1 A=1Cs.

In an electric circuit current through a component is measured
with an ammeter connected in series with it.

Potential V (V) at a point is the amount of electric potential
energy E (J) possessed by each unit of charge (C) at that point.

E
V=—or E=VQ
0

1v=1JC!

Potential difference, also denoted as V and measured in V is
the difference in potential between two points. When current
flows from high to low potential, potential energy of the
charges changes to other forms of energy. The amount of
energy change is also given by E =V(Q, where V is the

potential difference measured with a voltmeter connected to
the two points.

- E=VIt, and power dissipated P = E =VI.
t

Resistance R (Q2) of a conductor is a measure of the ability of
the conductor in restricting the flow of electric current, and it
is defined as the ratio of potential difference V (V) to current /
(A).

r=Y
I
Voltmeter
W
(A)
Conductor ‘Ammeter

Ohm’s law

Ohm’s law states that for some conductors the resistance stays
constant when potential difference and current vary.
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Conductors that obey Ohm’s law are called ohmic conductors
(resistors) and have the following /-V characteristics.

1
A

‘A straight line through
the origin.

0 >y

Components connected in series
A — B
Rl RS
R, R,
| R,

nH I=IL=I=I=..
2) Vgp=V+V,+V,+....
3) R, =R+R,+R,+.... remains constant if the

. . V
components are ohmic resistors. Also R, = % .

Hy LRV R Yo _R,
VZ RZ ’ V3 R3 ’ ’ Vb Rb

Components connected in parallel

—
Rl
R3
R, R,
A B
) Ve=V,=V,=V,=...
2y I=I,=L+L+1L+...=1,
3) R, = I 1 ! remains constant for ohmic
—t—t+— ...
Rl RZ R?
resistors. Also R, :%
o L R L R 1 R
12 1 13 RZ Ib a
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1.8 kQ

1.0 kQ
(a) Find the potential difference and current across each

component.
(b) Calculate the total resistance of the circuit in two ways.

@) V, =1,R, =(2.0x10°)0.90x107)=1.8 V.

V,=V,=18V.
y=eo I8 660107 A=0.60 mA.
R, 3.0x10
I,=1,+1,=090+0.60=1.5mA.
v, = ( 5x107 [1.8x10%)=2.7 V.
I, 15mA. V, = I,R, = (1.5x107[1.0x10°)=1.5V.
I,mm I,=15mA. V,,, =18+27+1.5=60V.
Voattery .
(b) R, =t - 60 —=4.0kQ.
Ly 1.5x10

+1.8+1.0=4.0kQ.

Alternatively, R, =

ER
2.0 + 3.0

Example 2 The resistors in the following circuit are identical
and each has a resistance of R Q,i.e. R, =R, =R, =R, =R.

The ammeter reading is 5.0 mA. Find R.

R2
_ |
12V R
R3
R4
L R _1 =11 s50=25ma
I, R+R 2 272
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oAy =1y, =50+25=75mA.
Viier
Ry =t 12 S =1.6kQ.
Ly, 7.5%107
SR
+R=16, —=16, R=0.96kQ=960Q.
Sl 3

Power in series and parallel connections

VT
(V)
_/ I,
(A
_/
R, R, R,
o8
Rl
L | R3

For both types of circuits, P, =F, + P, + P, +..., where

|/
PT=VTIT_RTT =1;"R;,
[ v,
P=VI =—=]"R,P,=V,],=—=]"R,,
1 11 3 1 B4 1 24 R, 2 Iy
V.2
P=VI =—=I°R,,.....
3 3l3 R, 3 14

The total power consumption in a parallel or series connection
of components is the sum of the individual power of the
components in the connection.

The power of a component in a parallel connection is the same
power as when it is alone. Hence the total power of the
parallel circuit is higher than that of a single component alone.

The power of a component in a series connection is less than
the power of the component when it is alone, and the total
power of the series circuit is less than that of a single
component alone.
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Example 3 Three identical light globes (3W12V) are
connected in parallel and then in series. In each case the power
is supplied by a 12V battery. The globes are assumed to be
ohmic conductors.

(a) Calculate the resistance of each globe.

(b) Find the power of each globe and the total power
dissipated in the parallel circuit.

(c) Calculate the power of each globe and the total power
dissipated in the series circuit.

(d) Calculate the current through the battery in each circuit.

TOO@

(AN LA )
NZANAN

2 2
@ R=Y—=12 _430.
P 3

(b) P=3W. P, =3+3+3=9W.

2 2
(c) P=V—=4—=l=0.33W. P, =l+l+l=1W.
R 48 3 3 3 3
r 9 -
(d) 1yery = =—=0.75 A for the parallel circuit.
’ Vbattely 2
Loery = % =0.083 A for the series circuit.
Voltage dividers

A series connection of two or more resistors forms a voltage
divider. The voltage supplied to the series connection is
divided into voltages in the same ratio as the resistances of the
components in the unloaded voltage divider. If the voltage
divider is loaded, the resistance of the load must be taken into
account in calculating the voltages if it is comparable with the
resistance of the voltage divider. The load resistance can be
ignored if it is very much higher than the resistance of the
voltage divider.
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Example 1 A 1-kQ and a 2-kQ resistor are connected in
series, and the potential difference between the two ends of the
series is 9.0 V. Determine the voltage across each resistor.

9V
Rl
1kQ
RZ
2kQ
oV

The voltages V, and V, are in the same ratio as R, and R, .
~V,=30Vand V,=60V,sothat V,:V, =R, :R, and
Vi+V,=9.0V.

R R
L—xV and V, =——2

In general, V| = XV , where
1 + 2 1 + 2
V =V, +V, is the supply voltage.
Also, & = & .
VZ RZ

Example 2 A 750-€ and 1.25-k€Q resistors are in series, and
the voltage across the latter is 7.5 V.

(a) Find the voltage across the 750-Q resistor.

(b) Find the potential at point P.

(c) Find the supply voltage the series circuit.

Rl
1.25kQ, 75V

RZ
750 Q

@2k -V, =&le =70 gs=asvV
V, R, R 1250

(b) Atpoint P, V=4.5V.

(c) Supply voltage =7.5+4.5=12 V.

©Copyright 2008 itute.com 3



Example 3 The circuit in example 2 is now loaded. The
supply voltage remains the same.

(a) Find the potential at point P when the resistance of the load
is 2.5 kQ.

(b) Find the potential at point P when the resistance of the load
is 25 kQ.

Rl
1.25 kQ
P~|[ |
R, 2.5kQ or
750 Q 25 kQ

(a) Total resistance of R, and the load R = % =577 Q.
750 + 3500
577
Voltage across R, (or the load) =—————x12=3.8V.
12504577
Potential at point P =3.8 V.
(b) Total resistance of R, and the load R = % =728Q.
750t 25000
728
Voltage across R, (or the load) = ————x12=44V.
1250+ 728

Potential at point P =4.4 V. Very small change.

Simplifying circuits comprising parallel and series ohmic
resistors and voltage dividers

Example 1 Replace the following circuit between P and Q
with a single resistor. The resistors are identical 10Q each.

Rl
P
RZ
K K, Q
Redraw the diagram:
P— —Q

_I
||
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Effective resistance (i.e. total resistance) between P and Q:

1
RT:ﬁ:6Q'

10 1
10+ T

1010

Use a 6-Q resistor to replace the four resistors.

6 Q
P— 0

Example 2
(a) Simplify the following voltage divider to give the same
output voltage V,

out *

(b) Hence find V,,, when V , =12V.
1
1 kQ
[
1 kQ
[
Vsup ply
1kQ
I
| | [
3 kQ each Vo

(a) Replace the three 3-kQ resistors with a single resistor of
1

= 1 kQ resistance, and replace the three 1-kQ
3t3ts

resistors with a 3-kQ resistor.

- 1

3kQ

Vsup ply

b))V, :Lx12:3v.
3+1
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Non-ohmic conductors—diodes, thermistors and photonic
transducers such as LDR, photodiodes and LED

A diode is an electronic device that can be used to control
voltage. It conducts when it is forward biased, and current
drops to practically zero when it is reverse biased.

+ — Forward bias, R —» 0.
- +

Reverse bias, R — .

I (mA)
A

20

0 V. > vv)

Reverse bias Forward bias

For a germanium diode, the voltage for conduction of current
V. =0.3V, and for a silicon diode V, = 0.7 V.

When a diode is in forward conductive mode, the voltage
across it is fairly constant at V..

Example 1 A silicon diode and a 1.5-kQ resistor is connected
in series with a 6.0-V battery.

(a) Determine the voltage drop across the resistor and the
current through it when the diode is in forward conductive
mode.

(b) What is the voltage drop across the diode when it is
reverse biased?

(a) In forward conductive mode:

y 07V
60V —
1.5kQ
V iy =6.0-0.7=53V.
I = Vowir o 33 3.5x107° A, i.e. 3.5 mA.

resistor R - m
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(b) Reversed biased:
S A
6.0V —
15kQ,0A
I resistor = O A Vr('sismr = Ir(’sismr X R = O V

Viose =6.0-0=6.0V.
Example 2 Consider the following circuit with two silicon
diodes and two ohmic resistors. Determine the voltage drop
and the current through each component.

D

o

R, [10kQ

60V ——

R, 250 Q

D, is in forward conductive mode, V,, =0.7 V.
D, and R, are parallel, ..V, =0.7 V.

\4 7
I =—2L= 0 -=7x107 A=0A.

R, 10x10°

D, is reversed biased and .. I, =0A.

The parallel connection of D, and R, is in series with the
parallel connection of D, and R,.
|4 53
oV =Vp, =6.0-0.7=53V. [, =22 =—""=0.0212A.
D2 R2 R2 R2 250

I+l =1y, +1, o1y =14 ~21mA.

A thermistor is a device whose resistance varies with
temperature. The following resistance versus temperature
graph shows the characteristic of a thermistor.

R (kQ)
A

0 10 20 30 40 T T (°C)
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Example 3 A voltage divider consists of the above thermistor
and a 1.5-kQ ohmic resistor is powered by a 6.0-V battery.
The voltage across the resistor is 1.5 V. Determine the
temperature of the thermistor.

L Thermistor
\\
T |
60V T
1.5kQ, 15V

Vthermixmr = 60 - 1 5 = 45 V.

R, . vV, . 4.

thermistor — thermistor s . Rrhermi_ymr = %XlS = 45 kQ

resistor resistor

Read from graph: T = 30°C.

Example 4 A refrigerator is required to maintain its
temperature below 10°C. The cooling unit is controlled by a
thermistor. To turn the cooling unit on, a voltage V, . =4.0V

out

is required. What is the resistance of the variable resistor when

the cooling unit is turned on?

Thermistor L
\\ ‘/nut
120V —T1
Variable
resistor _L—1%
A thermistor (Q)

400

200

4

T C0)

When T = 100 C’ Rthermismr =V, = 40 Vv

and V, =12-4.0=8.0V.

=400Q, V,

thermistor out

8.0

R, = Vs XR =——x400=_800 Q.
4.0

vr thermistor
thermistor
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Transducers are electronic devices that change electrical
energy into other forms of energy and vice versa, e.g.
thermistors (heat to electrical) and loudspeakers (electrical to
sound) are transducers. Photonic transducers change electrical
energy into light (which carries encoded information) and vice
versa. The following devices are photonic transducers.

A light dependent resistor (LDR) is a photonic device whose
resistance changes with intensity of light that it is exposed to.
The following resistance versus light intensity (illumination)
graph shows the characteristic of a typical LDR.

R (kQ)
A
300

07 50 100 150 200 250  J(lux)

The above data are usually plotted on axes with logarithmic
scales.

AR (kQ)
1000
100
10
1 .
1 10 100 1000 " J (lux)
o Light intensity Resistance
Condition (lux) kQ)
Full moon 1 300
Dimly lit room 300 10
Winter outdoor 6000 2

Note: 1 lux = 0.0016 Wm™ of yellow light.

A photodiode is a diode whose conduction changes with
illuminating light intensity when it is reverse biased. A reverse
biased photodiode is said to be in photoconductive mode.
Increasing the light intensity increases the reverse biased
current (negative value) through a photodiode. The following
I-V graph shows the characteristics of a typical photodiode at
different illuminating light intensities.
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12 ol /] v
5001ux Y /

1500 Jux —15 /

2500 lux —25/

Reverse bias Forward bias

When a photodiode is reverse biased conducting current is
directly proportional to light intensity.

I (nA)
A
25
I = kJ where k is the constant
of proportionality
0 2500  J (lux)

In comparison with a LDR (response time in the order of
milliseconds), a reverse biased photodiode has a much faster
response time and it is used to detect light signals with period
less than a microsecond.

A light emitting diode (LED) emits light when it is forward
biased. The common LEDs have V, ranging approximately
from 1.8to 3.5 V.

I(mA),

20

0 1.8 35 TV (V)

In fibre optic telecommunication LEDs emit light in the
infrared region (4 =950 — 1550nm). Other common LEDs
used in electronics emit red (660nm), yellow (590nm) and
green light (550nm).
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The intensity of emitted light is directly proportional to the
current.

J (lux) y

0 » [ (mA)

LEDs can respond to electrical signal with period < 1s.

Design and analyse electronic circuits comprising ohmic
resistors, electronic and photonic transducers

Non-contact switch consisting of a LDR and an ohmic resistor,
e.g. in street lighting:

+6V ——

LDR

V, (to transistor and then
street light circuitry)

0V '

Example 1 Suppose the above LDR has the characteristic
shown in the graph below, and street light turns on when

Vo, £ 1.5 V corresponding to light intensity (illumination) < 10
lux. Calculate the resistance of R to meet these requirements.

LDIR resistance
A

1.0MQ ===

10kQ -

100Q

10 10 100 " Tllum (lux)

(Log scales, both axes)
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Street light turns on when outdoor light intensity
(illumination) drops to 10 Iux, V,=15 V, .V, =15 V.
From graph, R,,, =10 kQ.
Vipg =6.0-15=45V.
R V V 1.
=—& R=—L-XxR, =4—§><10 kQ=3.3kQ.

R LDR VLDR VLDR

Example 2 Refer to example 1. Should the resistance of R be
higher or lower if the street light is set to turn on when outdoor
light intensity drops to 8 lux?

Street light is on when V, < 1.5 V,i.e. V, <1.5V and when

the outdoor light intensity is 8 lux or lower. From the given
graph R,,, >10 kQ.

Vv .
Since R=—2-xR,,, :%XRLDR, when R,,, >10 kQ,

LDR

R >3.3kQ, i.e. higher.

Light sensor comprising a photodiode and an ohmic resistor
for detection of time-varying light signals of very short
periods (i.e. very high frequency):

9V ——

- Photodiode

Ll

V, (to CRO)

300 kQ

(1A\Y |

Example 3 Refer to the characteristics of the photodiode
discussed on page 7. The photodiode is exposed to a time-
varying light signal as shown below:

J (lux)
A
2050
2000
1950

0

0.5 "1 (us)

Sketch a graph showing V;, as a function of r.
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From the characteristics of the photodiode on page 7, the
photodiode current is centred at 20 LA, and varies between
19.5 and 20.5 pA.

.V, is centred at (2O><1O’6 )(300><103 )= 6 V, and varies
between 5.85 and 6.15 V.

Vo (V)
A
6.15
6.00
5.85

0.5 "1 (us)

Light source circuit comprising a LED and an ohmic resistor:

+6V —

LED y

ov ——

The emitted light intensity is directly proportional to the
forward bias current through the LED.

Example 4 In the above circuit the voltage across the LED is
2.0 V when it is forward biased and R = 200 Q.

(a) Calculate the forward bias current.

(b) What value of R will double the intensity of light emitted?

(a) V, =6.0-2.0=4.0V.
Ve _ 40
R 200

=0.020 A=20mA.

cd gy =1 =

(b) Since emitted light intensity is directly proportional to
forward bias current through the LED, ... I, needs to be

doubled and hence R needs to be halved, i.e. 100 Q.
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Transfer of information in analogue (non-digital) form via The following graph shows the intensity variation of light
a fibre optic cable emitted by LED as a function of time.

In fibre optic telecommunication infrared light wave (1 = 950 e
— 1550nm) is usually used as the carrier of information.

The amplitude of the wave indicates the intensity of the carrier
infrared light.

A Ampiztude

It

Voltage amplifier

U U Signal amplification is an operation that is common to almost
all electronic systems. It is accomplished by specially
designed electronic circuits known as signal amplifiers. The
function of a signal amplifier is to produce an output signal
that is a larger replica of the signal applied to its input port.

The amplitude (hence light intensity) of the carrier can be The most common signal amplifier is the voltage amplifier.
made to vary to replicate the amplitude variation of the

information signal. This is known as light intensity Input port Output port
modulation.

+ Amplitude Vi Amplifier Yo

v

When v, is plotted against v; , the graph (called the voltage-
transfer characteristic of the voltage amplifier) is a straight

At the other end of the fibre optic cable, information signal line through the origin for an ideal voltage amplifier.

can be separated from the carrier wave. This is known as v, A
demodulation. S
. .. . . |
The following schematic diagram shows an intensity- I
modulated fibre-optic link that is used to transmit information ! Av. o
signal. | v,
|
Modulation Intensity modulated light Demodulation I
. inside fibre optic cable _l_1_v__ _
Amplified . |
ica Photo Electrical
electrical I LED . I . | |
signal -diode signal Iéél
1
AV,‘
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The amplification factor of the device is called the voltage

. .. . . Av . .
gain and it is defined as the ratio A, = A—" , 1.e. the gradient

of the linear graph.

The following graph shows the voltage-transfer characteristic
of a real (practical) amplifier. The ability of a real voltage
amplifier to perform its operation without distortion is

restricted to the linear region (the middle section of the graph).

The gradient of this linear section gives the voltage gain A, .

AVo
Saturation region

| |

———t £
| |
| |
| |
| |
| |
| | >
| 0 | v,
: : Maximum output
I I without distortion
| |
| |

—_— —_—— e —— _' —_—
1 1

Saturation region

<>

Maximum input

When the input signal becomes too large, it forces the output
voltage into the saturation regions, resulting in clipping of
the signal at the output.

Some voltage amplifiers have inverted signals at the output.
Hence they are called inverted voltage amplifiers. For an
inverted voltage amplifier, the gradient of the linear section of
the voltage-transfer characteristic and hence the voltage

gain A, is a negative value, indicating the output signal is
inverted.

AVo

v
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Example 5 A simplified voltage-transfer characteristic of a
real voltage amplifier is shown in the following graph.

Av, (V)
1.5

y

20 0 20 v (mV)

-1.5

(a) Determine the voltage gain.

(b) Sketch the output signal for each of the following inputs.

1.

A Inprt (m V)

30

20

Time (ms

ii.
A Input (m V)

100

s0,

o 0.5 1’8 =2 ENS NS 1 4.5 4
-s0
-100

T Inpuz (V)
200

150

00

s0

0

o 0.5 1 w 2 2.5 3 W
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Time (ns)
1 4.5 e

10



(a) Voltage gain=—————=-75
-20x10
(b)
i
toupz (7)
2
1
5 Tirme (ins)
0.5 1 1.5 2.5 3 3.5 4.5
-1
-2
il.
+Outp (1)
2
1
Time (m.s')h
0 0.5 1 1.5 2.5 I3 3.5 14 4.5
1
-2
iii.
+Onpuz (1)
2
1
5 Time (ms)
0 0.5 1 1.5 2 2.5 3 2.5 4 4.5 4
-1
-2
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