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Foreword 
1 am honoured to be invited by serving members of our 
Departm~nt-The Department of Physics of the University of 
Badan-t~ write a Foreword to this Festschrift for Professor 
Isralao! Ayo Babalola who retired from the Department about eight 
(8) years ago. 

Having obtain~d his first degree from the Department in June 
1968, Ay6 went on to obtain his Ph.D in the Department in 
February 1972 in the area of Experimental High Energy Nuclear 
Physics, the first doctoral research activity in this field in Nigeria. 

- On account of our inadequate resources to work meaningfully 
in this field, I encouraged Ayo, as Head of Department at that time, 
50 nlove into an~ther new area, that of Applied Experimental Solid 
$tots Physics. Thereafter, he spent a year's study leave at the Solid 
State Electronics Laboratory of the Electrical Engineering 
Department of Stanford U~ivarsity, California, USA. Because of 
Ayo's backgro~pd and vmsatility, he was able to add this new load 
ta his academic Juggage and to initiate new research efforts in the 
qre8 in the Departqent, He subseq~tently visited the Stanford 
Lqb~ratory because af the good impression he made at his first 
yfsit, In 1982, Ayo was appointed an Associate of the International 
Colltre for Theoretical Phyiics in Trieste, Italy. 

During my tenure as Head of Department, Frofessor Babalola 
was appointed t h ~  Techical Director of the Federal Radiation 
Protestion Service, supervised by the Department of Physics, and 
f~m: whish tbe Departrnent was responsible to the Federal Ministry 
gf Health of the Government of Nigeria. He filled the position with 
dedication and distinction. Ayo was an efficient and devoted 
teacher at the undergraduate and postgraduate levels, and he taught 
broadly tbraugh the syllabuses at both levels. 

T h j s  Fes;&chrifi" at the introductory level of Electricity and 
P&gnetism i s  a hibute to Professor Babalola's contributions in 
tgaehing the subject as one of the basic foundations for Physics at 
the elementary level. It is hoped h t  it will improve the teaching 
of the subject at this level, 

Olumuyiwa Awe 
Emeritus Professor of Physics 

University of Ibadan, Ibadan, Nigeria 
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Preface 
The physical universe is sustained by interactions between matter 
and energy, every interaction process being governed by laws. 
Physics is the study of these laws, often through empirical 
measurements and/or with the Ianguage of Mathematics. The 
results of the study arc the technological innovations that continue 
to affect the quality of all facets of our lives. 

The traditional approach to the study of physics is to divide the 
subject into different areas according to the dominant forms of 
energy with which matter is known to interact in each area. There 
are usually six -areas: Mechanics, Heat and Thermodynamics, 
Waves (optics and sound), Electricity and Magnetism, Atomic and 
Nuclear Physics and Modem Physics. This book, Fundamentals of 
Electricity and Magnetism, is on the ground rules of Electricity and 
Magnetism-two branches of Physics that are inseparable. The 
book is a joint effort of the entire teaching staff of Physics 
Department, University of Ibadan to tackle the national problem of 
paucity of books that are written by the teachers of the subject. The 
expedence gathered over decades of teaching PHY 112, a second 
semester course on the subject, has been lucidly displayed in every 
chapter. 

Starting with properties of the stationary electric charge and a 
description of the static electric field surspunding it from the very 
elementary level, the book covers in detail, current electricity and 
circuits of different kinds, magnetic fields, electromagnetic 
induction and their applications without assuming any serious 
previous knowledge of the subject. With clear and unambiguous 
expressions, illustrative diagrams and worked examples, the book 
has been simplified but, without diluting the subject matter. It is 
simple enough for private studies but it is intended to complement 
and not to substitute class notes. 

I am satisfied and proud of its quality as a very useful book for 
100-level and 200-level Science, Engineering and Medical students 
in tertiary institutions. 

Idowu P. Farai 
Professo~. and Had 
Department of Physics 
University of Ibadan, badan, Nigeria 
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THE POTENTIOMETER 
AND ITS APPLICATIONS 

J.A. Adegolte 

9.1 The Potentionleter 
A potentiometer is an instrument for measuring the potential 
(voltage) in a circuit. Before the introduction of the moving coil 

' 

and digital volt meters, potentiometers were used in measuring 
voltage, hence the 'meter' part of their name. In this asrangement, a 
fi-action of a known voltage from a resistive slide wire is compared 
with an i~nknow~l voltage by means of a galvanometer. The sliding 
contact or wiper of .the potentiometer is adjusted and the 
galvanometer briefly connected between the sliding contact and the 
~inlulown voltage. The deflection of the galva&ometer is observed 
and the sliding tap adjusted until the galvanometer no longer 
deflects from zero, At that point tile galvanometer draws no current 
from the unlu~own source, and the magnitude of voltage can be 
calculated from the position of the sliding contact. This null 
balance nleasu~i~lg tilethod is still important in electrical metso- 

a logy, calibrations ancl is also used in other areas of electronics. 
The present day potentiometer can be used as a potential 

divider (or voltage divider) to obtain a manually adjustable output 
voltage at the slider (wiper) from a fixed input voltage applied 
across the hvo ends of the potentiometer. 

9.2 Potentionieter ns n Measuring Instrument 
The original potentionleter is a type of bridge .circuit for measuring 
voltages by compaiisan between a small fmction of the voltage 
which could be precisely measured, then balancing the two circiuts 
to get null current flow which could be precisely measured. 
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106 J.A. Adegoh 

9.3 The Po,ten'tial Divider 
Two resistances in series can be arranged so as td provide a 
fraction of a given potential difference. The arrangement is known 
as a potential divider (fig. 9.1). 

Vl 
J. 

Fig. 9.1: A poterrtial divider with resistances RI and Rz across a pad. Ve. 

Let the current flowing be I, 

7 = Vo 
Then Ri +Rz 

VI = IR, = R1 .V. 
Ri + Rz 

- 
The fraction of Vo obtained across RI is Ri + Rz . If  Rl  = 20Q and 
Rz is IOOOQ, then UNIV
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A t-esistor with a sliding contact or simply .put, a solid 
long/continuous resistor can similarly be used, as in figure 9.2 to 
provide a continuous variable potential difference V1 from zero to 
the full supply value Vo. This provides. a convenient way of 
controlling the voltage applied to a load such as a lamp. 

Fig. 9.2: A potentiil divider with a long variable resltoi' R, and Rl across a p.d. Va. 

Worked EWmple 
Suppose in figure 9.2, RI= lR, and Rz= 3R. Since the same current 
I flows through (series connection) the resistors, then 

and V a R 

It n~ealls that the potential difference across each resistor is in 
proportion to its resistance value. The ratio of the p.d. across RI 
and Rz = 1 :3. The p.d. across both resistors is Vo. 

p.d. across R:! is 
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9-4 The Slide-Wire Poteutiometer 
This is foremeasuring voltages below 1.5 volts. In this circuit 
(as in figure 9 ~ 3 ) ~  the u n k n o ~ n  voltage is mnected 
a m s s  a section of resistance wire typically lm in length, the ends 
of which are connected to a standard electrochemical cell E~ t ~ ~ a t  

flro a constant cummt through the wire- The ~ r h o w n  emf El, 
1 

in series with a galvanometer, is then connected across a variable- 
length section of the resistance wire AB, using a sliding contact. 
The sliding contact is moved until no current flows into or out of 
me standard cell, a$ indicated by a galvanometer in series with the 
.nknown emf. The voltage across the selected section of wire is 
then equal to tbe unlcnown voltage. The unknown voltage E ,  can be 
calculated from the current and the fraction of the length of the 
resistance wire that was connected to the unknown emf. The 
galvanometer does not need to be calibrated, as its only function is 
to read zero. When the galvanometer .reads zero, no current is 
drawn from the unknown electromotive force and so the reading is 
independent of the source's internal resistance. 

Fig. 93: Basic arrangement for the measurement of an e.m.f 

Eo = source e.m.f. 
El= Unknown e. 1n.f 
1 = distance AX 
YZ = terminals 
AB = Uniform resistance wire 
G = galvanometer 
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The Po!erifiorrre/er nnd its App/ica/ions 1 09 

AB is exzrctly 1.Om and 1 is the distance between A and X, is the 
sliding contact. At point X, the.galvanometer indicates no current; 1 
is therefore a measure of the e m f ,  E. 

At balance point, Vy= VA 

This is because there is no current along A X  

Let r represents resistance per unit length of potentiometer wire AB 
and if I is current flowing in the circuit, 

Then VA-Vx = 11.1 
E = IrI = Kl 

where K is collstant if the current is constant. Subsequently, Ej and 
Ed can be obtained and the corresponding balance lengths I3 and I.,, 
when E3 and Ed are put in place of E2 in  turn. 

E3 KI3 - 13 Then - = - -  
E4 Kl* I4 

if E-3 is known then E4 can be determined. 

&u~rpile: If a balance p0in.t AX (=50.3cm) is obtained in an 
experiment to determine an unknown value of the e.m.f of a cell, 
and after a replacenlent with another cell AX is obtained to be 
72.3cm. Then 

If El is lt i~owl~ then Ez can be calculated. 
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Measurement potentiometers are divided into four main classes: 

(A) Constant Current Potentiometer 

voltage 

measuring 
(b) 

Fig. 9.4: A potentiometer, (a) being calibrated and, (b) measuring an unkriown 
voltage. (RI is the resistance o f  the entire resistance wire. The arrow head 
represents tlie moving wiperlsliding contact). 

In this circuit (fig. 9.4), the ends of a uniform resistance wire Rl 
are connected to a regulated DC supply Vs for use as a voltage 
divider. Tlie potentiometer is first calibrated by positioning the 
jockey/sliding contact at tlie spot on the RI wire that correspoirds 
to the voltage of a standard cell so that 

A standard electrochemical cell is used whose emf is known. 

The supply voltage Vs is then adjusted un~il the galvanometer 
sho\vs zero, indicating the voltage on R:! is equal to the standard 
cell voltage. 

A n  unknown DC voltage, in series with the galvanon~eter, is 
t11en connected to the sliding jockey, across a variable-length 
section R3 of tlie resistance wire. Tlle wiper/joclcey, is inoved until 
no current flows into or out of the source of unlinocv~~ voltage, as 
indicated by the galvanometer in series with the unknown voltage. 
The voltage across the selected R3 section O F  wire is then equal to 
tlie unknown voltage. All that remains is to calculate the unknown 
voltage from the fraction of the length of the resi:;tanee wire that 
was connected to the unknown voltage. 
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Tile Po/e~r/iutrre/c.r irnil its AppIicrr~io~rs I I I 

Again, the galvanon~eter does not need to be calibrated, as its 
ely function is to read zero or not zero. w e n  measuring an 
~nknown voltage and the galvanometer reads zero, no current is 
rawn from the unknown voltage and so the reading is independent 
If the source's internal resistance, as if by a voltmeter of infinite 
ksistance. 

Because the resistance wire can be made very unifoi-nl in CI-oss- 
tction and resistivity, and the position of the wiper can be 
easul-ed easily, this method can be used to measure uilknown DC 
bltages greater than or less than a calibration voltage produced by 
standard cell without drawing any ourrent from the standard cell. 

If the potentiometer is attached to a constant voltage DC supply 
ch as a lead-acid batten, then a second variable resistor (not 
own) can be used to calibrate the potentiometer by varying the 
Tent thl-ough the RI resistance wire. 

If the length of the RI  resistance wire is AB, where A is the (-) 
rl and B is the (+) end, and the movable wiper is at point X at a 
;tance AX on the R3 portion of the resistance wire when the 
vanometer gives a zero reading for an unknown voltage, the 
tance AX is measured or read from a preprinted scale next to the 
istance wise. The uliknow~~ voltage can then be calculated: 

Constant Resistance Potentiometer 
: constant resistance potention~eter is a variation of the basic 
L in which a variable cul~ent is fed through a fixed resistor-. 
se are used primarily -for measurements in the millivolt and 
rovolt range. 

Micl-ovolt Potentiometer 
is a form of the constant I-esistance potentionieter described 

le but designed to minimize the effects of contact resistance 
thermal emf. This equipment is satisfactorily used down to 
ings of 1 ILV. 
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1 12 J.A. Adegokc 

(D) Tl~errnoc~uple Potei~tiorneter 
Another developnlent of the standard types was the 'themloc~uple 
potentiometer' especially adapted for tenlperature measure~nents 
with tl~ermocouples, Potentiometers for use with thein~ocouples 
also measure the temperature at wl~ich the thernlocouple wires are 
conneeted, so tl~at cold-junction compeilsation may be applied to 
con-ect the apparent n~easured emf to the standard cold-junction 
temyerature of 0°C. 

Sunln~ary 
(1) A potentiometer is an instrument for measuring the potential 

(voltage) in a circuit. 
(2) Two resistances in selies can be arranged sb as to provide a 

fraction of a given potential difference. The ai-rangen~ent is 
known as a potential divider. . 

(3) Measurement potentiometers can be divided into four main 
classes which are: 

(a) Constant current potentiometer 
(b) Constant mistance potention~eter 
(c) Microvolt potentiometer 
(d) Thermoco~~ple potentiometer 

EXERCISE 

A load of 2000 R is connected, through a potential divider of 
resistance 4000 R, to a 10V supply (fig. 9.5). What is the potential 
difference across the load when the slider is 

(a) over a quarter, 
(b) half-way up the divider UNIV
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Figure 9.5 
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