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CIRCUIT LAWS

Ohm’s Law
Kirchoff's Laws
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(a) Like charges

O, repel

Mathematically, Coulomb’s law states

F=k—] [newtons, N |
' 9
— ? (b} Unlike charges
lﬁl‘ o g ::.;i 1{:} : attract
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Conductors

Materials through which charges move easily are termed conductors.

The most familiar examples are metals.

Good metal conductors have large numbers of free electrons that are able to
move about easily.

In particular, silver, copper, gold, and aluminum are excellent conductors.
Of these, copper is the most widely used.

Not only is it an excellent conductor, it is inexpensive and easily formed into
wire, making it suitable for a broad spectrum of applications ranging from
common house wiring to sophisticated electronic equipment.

Aluminum, although it is only about 60% as good a conductor as copper,
Is also used, mainly in applications where light weight is important,
such as in overhead power transmission lines.

Silver and gold are too expensive for general use. However, gold, because it
oxidizes less than other materials, is used in specialized applications; for
example, some critical electrical connectors use it because it makes a more
reliable connection than other materials.
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Insulators

Materials that do not conduct (e.g., glass, porcelain, plastic, rubber, and so
on) are termed insulators.

The covering on electric lamp cords, for example, is an insulator.

It is used to prevent the wires from touching and to protect us from electric
shock.

Insulators do not conduct because they have full or nearly full valence
shells and thus their electrons are tightly bound.

However, when high enough voltage is applied, the force is so great that
electrons are literally torn from their parent atoms, causing the insulation to
break down and conduction to occur.

In air, you see this as an arc or flashover. In solids, charred insulation usually
results.
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Semiconductors

Silicon and germanium (plus a few other materials) have half-filled valence
shells and are thus neither good conductors nor good insulators.

Known as semiconductors, they have unique electrical properties that make
them important to the electronics industry.

The most important material is silicon.

It is used to make transistors, diodes, integrated circuits, and other electronic
devices.

Semiconductors have made possible personal computers, VCRs,
portable CD players, calculators, and a host of other electronic products.

January 13, 2015 SELECT,
VIT, Vellore.



The Unit of Electrical Charge: The Coulomb

As noted in the previous section, the umt of electrical charge 15 the coulomb
(C). The coulomb is defined as the charge carried by 6.24 X 10" electrons.
Thus, if an electrically neutral (i.e.., uncharged) body has 6.24 X 10" elec-
trons removed, 1t will be left with a net positive charge of 1 coulomb, 1e.,
0 = 1 C. Conversely, if an uncharged body has 6.24 % 10' electrons added,
it will have a net negative charge of 1 coulomb, 1.e., O = —1 C. Usually,
however, we are more interested in the charge moving through a wire. In this
regard, if 6.24 % 10" electrons pass through a wire, we say that the charge
that passed through the wire is 1 C.

We can now determine the charge on one electron. It is 0, = 1/(6.24 X
10'%) = 1.60 x 107" C.

January 13, 2015 SELECT, 6
VIT, Vellore.



Definition of Voltage: The Volt

In electrical terms, a difference in potential energy 15 defined as voltage. In
general, the amount of energy required to separate charges depends on the
voltage developed and the amount of charge moved. By defimition, the voli-
age between two poinis is one volt if it requires one joule of energy to move
one coulomb of charge from one point to the other. In equation form,

w.'
V=— [volis, V]
o

where Wis energy in joules, (J 1s charge in coulombs, and V 1s the resulting
voltage in volts.

W =0V [joules, I]

Metal cover and

/ positive terminal
W
_ H..__@H_
v, = [coulombs, C] A b o N
Carbon rod (+)
{-\mm_onium
voltage is also called potential difference. s
We often use the terms interchangeably
A
N — (by C cell, conmnbc::[]g; uifftl]ed a flashlight
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When the amount of charge that
passes a point in one second is
t,.,-"“' one coulomb, the current 1s

Imaginary Plane

one ampere

3 Lamp
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The Ampere

Since charge 15 measured in coulombs, 1ts rate of flow is coulombs per sec-

ond. In the 51 system, one coulomb per second is defined as one ampere

(commonly abbreviated A). From this, we get that one ampere is the current

in a circuit when one coulomb of charge passes a given point in one second
The symbol for current is [. Expressed mathematically,

I =% [amperes, Al

where () 1s the charge (in coulombs) and 7 i1s the time interval (in seconds)
over which i1t 15 measured. it is important to note that t does
not represent a discrete point in time but is the interval of time during which
the transfer of charge occurs. Alternate forms of Equation are

0 =1t [coulombs, C]
and

r= T [seconds, s]
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ia) Conventional current direction
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Resistance of Conductors

the resistance of a material is dependent upon several factors:

» Type of material o
 Length of the conductor R==" [ohms, (]
» Cross-sectional area

where
e Tem peratu re

g = resistivity, in ohm-meters ({}-m)

{ = length, in meters (m)

A = cross-sectional area, in square meters ().

The resistance of a conductor is dependent upon the type of material.

The resistance of a metallic conductor is directly proportional to the
length of the conductor.

The resistance of a metallic conductor is inversely proportional to
the cross-sectional area of the conductor.
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Actual size of carbon resistors (2 W, 1 W, Y2 W, Vi W, & W.
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Fower resistors,

(ay Internal resistor arrangement

January 13, 2015

(b Integrated resistor network. (Courtesy of Bourns, fnc.)
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(o) External view of variable resistors.
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by Internal view of variable resistor,
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- Band 2

— Band 1

Resistor color codes.

January 13, 2015

Band 5 (reliability)

VIT, Vellore.

Band 4 {tolerance)
Band 3 (multiplier)
significant figures
Eesistor Color Codes
Band 1 Band 2 Band 3 Band 4 Band 5
Color Sig. Flg.  Slg. Flg. Multiplier Tolerance Reliability
Black 0 1t =1
Brown 1 1 10t =10 1%
Red 2 2 107 = 100 0.1%
Orange k! 3 107 = 1 000 0.01%
Yellow 4 4 10¢ = 10000 0.001 %
Green 5 5 10° = 100 000
Blue f [+ 10f = 1 000 000
Yiolet T 7 107 = 10 000 000
Gray 8 8
White 9 9
Gold 0.1 5%
Silver 0.01 10%
Mo color 205
SELECT,
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Schematic Circuit Symbaols

January 13, 2015
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L oL Lokl
single  Multicell AC Current | Fixed WVariable Fixed Variable Adr [ron Ferrite
cell Voltage Source Core  Core Core
source
Batteries Resistors Capacitors Inductors
SPST Earth
— D 0 7 | -
SPDT Chassis
Wires Wires
Lamp switches Microphone Speake Joining Crossing | Grounds Fuses
~ O,
— & e S
Voltmeter ‘ ‘ "’
n fav
Ammeter Air Core [ron Core Ferrite Core
(4)
Circuit py Dependent
Breakers Ammeter Transformers source
SELECT,
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Conductor

———+—

Fixed resistor

Switch

®

Ammeter

January 13, 2015

Two conductors
cmssing but not
jeined

——AAA—

Alternative symbol
for fixed resistor

i

Battery of 3 cells

—() -

Filament lamp

O,

Voltmeter

SELECT,
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Two conductors
joined together

e

Variable resistor

——[l—--—--il——-—

Alternative symbol
for battery

Fuse

—C><0O—

Alternative fuse
symbol
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Components R,C, diode, IC
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E Current
—_—

U u
Switch

[

e

Battery
{source )

Joft
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Lamp
(load)

!

[nterconnecting wire
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I

Lamp )

Battery =4 _

ia)y Schematic using lamp symbol

Switch

4.}/',0—

Fesistance §

Battery =

() Schematic using resistance symbaol
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watts joules/second joules joules

| COUIDII;IJ = 6.‘24 % 10'% electrons volts =

dmperes dmperes dampere sec onds coulombs

Q =1It power, in watts | P = 7 Electrical energy = Power x time

= VIt Joules

. : |
resistance, in ohms | R = T conductance, in siemens | G = %
power in watts, | P = i energy, in joules. [ W = Pt

i

1 joule
1 volt =
coulomb
January 13, 2015 SELECT, 20
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Quantity Quantity Unit Unit symbol
Symbol
Length [ metre m
Mass m kilogram kg
Time { second S
Velocity v metres per second m/s or m s~
Acceleration a metres per
second squared m/s’> or m s~°

Force F newton N
Electrical charge coulomb C

or quantity Q
Electric current I ampere A
Resistance R ohm Q
Conductance G siemen S
Electromotive volt \Y

force E
Potential volt A%

difference V
Work W joule J
Energy E (or W) joule J
Power P watt W

SELECT,
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p.d, pd.

Ohm’s law

{a) {b)

Ohm’s law states that the current | flowing in a circuit is directly proportional
to the applied voltage V and inversely proportional to the resistance
R, provided the temperature remains constant.

A conductor 1s a material having a low resistance which allows electric
current to flow 1n it. All metals are conductors and some examples include
copper. aluminium. brass. platinum, silver. gold and carbon.

An insulator i1s a material having a high resistance which does not
allow electric current to flow 1n 1t. Some examples of insulators include

plastic. rubber, glass. porcelain, air., paper. cork, mica. ceramics and
certain oils.

January 13, 2015 SELECT, 22
VIT, Vellore.



P =V X I watts

Electrical energy

P = I''R watts

Electrical energy

power X time

If the power 1s measured in watts and the time 1n seconds then the umt of
energy 1s watt-seconds or joules. If the power 1s measured in kilowatts and
the time in hours then the unit of energy 1s kilowatt-hours, often called
the “unit of electricity’. The ‘electricity meter’ in the home records the
number of kilowatt-hours used and 1s thus an energy meter.

January 13, 2015
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resistance | R = Z— ohms

p 1s measured in ohm metres (2m)

Copper 1.7 x 1078 Qm (or 0.017 pQm)
Aluminium 2.6 x 1078 Qm (or 0.026 pQm)
Carbon (graphite) 10 x 10~% Qm (or 0.10 pQ2m)

Glass 1 x 101% Qm (or 10* u2m)
Mica 1 x 101 Qm (or 107 pQm)

Note that good conductors of electricity have a low value of resistivity
and good insulators have a high value of resistivity.

January 13, 2015 SELECT, 24
VIT, Vellore.



Rg = Ro(1 4+ apb)

where Ry = resistance at 0°C

Ry = resistance at temperature 6°C

ag = temperature coefficient of resistance at 0°C

then the resistance Ry at temperature 6°C 1s given by:

Rg = Rap[1 + az(8 — 20)]

Ry = Ro(1 4 aofhy) and Ry = Ro(1 + aof)

R o 14 apt
R 1 + agf

where R> = resistance at temperature £,

January 13, 2015 SELECT,
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In a series circuit
(a) the current / 1s the same in all parts of the circuit and hence the
same reading is found on each of the two ammeters shown. and

(b) the sum of the voltages V. V, and V3 1s equal to the total applied
voltage, V. Le.

V=mn+r+r;

SELECT,
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From Ohm’s law:
l|»"r1 = IRL 'I»"rj = IRL Vj = ij and V =R

where R 1s the total circuit resistance.
Smce V=V;4+V,4+V;
then IR= IRy + 1R, + IR,

Dividing throughout by I gives

R =R;+R:;+R;

Thus for a series circuit, the total resistance 1s obtained by adding together
the values of the separate resistances.

January 13, 2015 SELECT,
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R
I f Y I i 1 I*"]_ — —1 vV
1 I 1 } R]. + Rl

—— 1

F |

o

[ =]

(= o v R
Vy= (-2 )|V
Ry + R,

A Vo _ R; _
Four = m M
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In a parallel circuit:

(a) the sum of the currents /4. /> and /3 i1s equal to the total circuit
cwrent, [, 1e. I =L + 1, + I3, and
(b) the source p.d.. V volts. 1s the same across each of the resistors.

From Ohm’s law:
V V 1%
Ihh=—, Ih=—, 1= —andl = —
Ry R 3 R
where R is the total circuit resistance.
Smeel =11 4+1+15
tl v Y + v + v
en, — = — + — 4+ —
R, Ry ' Rs
Dividing throughout by V gives:
1_ 1 1 1
R R R, R;
January 13, 2015 SELECT, 29
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January 13, 2015

_ RiRk>
R+ Ry

T

RiR> )

and V:!RT:!(
Ry + R

V ! RiRA R
Current /; = — =|-— )

1‘31:1'?_1 R+ Ry R + R,
Similarly.
V ! RiR> R
current /1 = — = — =|\——7 )
Ry Ry \Ri+ R R+ R,

Summarizing, with reference to Figure 5.18

R, R
h=—— ) and LH=|——— )
Ry 4+ R R + R

SELECT,
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capacitance C = —

1 . gpérAd
Capacitance, C =

farads

where gy 1s called the permittivity of free space

or the free space
constant. The value of &g is 8.85 x 1072 F/m.

The energy, W, stored by a capacitor is given by

W =

W | =

CV'? joules

January 13, 2015 SELECT, 31
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O—V—10

Total charge, Q=Q4+ Q2+ Q3

C=C +Cy; 4+ Cj

SELECT
January 13, 2015 '
: VIT, Vellore.
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Cr v

Charge on each capacitor=Q

1_ 1 1 1
C C GC G

January 13, 2015 SELECT,
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Magnetic flux is the amount of magnetic field (or the number of lines of
torce) produced by a magnetic source. The symbol for magnetic flux is
® (Greek letter ‘phi’). The unit of magnetic flux is the weber., Wb

Magnetic flux density 1s the amount of flux passing through a defined
area that 1s perpendicular to the direction of the flux:

magnetic flux

Magnetic flux density =
area

d :
B — — tesla | where A(m?) is the area

January 13, 2015 SELECT,
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Magnetomotive force (minf) is the cause of the existence of a magnetic
flux 1n a magnetic circuit,

mmf, F,, = NI amperes

where N is the number of conductors (or turns) and / is the current
in amperes. The unit of mmf is sometimes expressed as ‘ampere-tuins’.

Magnetic field strength (or magnetizing force).

H = NI/l ampere per metre,

where / 1s the mean length of the flux path in metres.

Thus mmf = NI = HI amperes.

January 13, 2015 SELECT,
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For all media other than free space. | B/H = ugpu,

where u, 1s the relative permeability. and 1s defined as

flux density in material

Uy — .
flux density in a vacuum

oty = p. called the absolute permeability

The relative permeability of a ferromagnetic material 1s proportional
to the slope of the B—H curve and thus varies with the magnetic field
strength. The approximate range of values of relative permeability j¢, for
sOIme cominon magnetic materials are:

Cast ron jL, = 100-250 Mild steel i, = 200-800
Silicon wron i, = 1000-5000 Cast steel g, = 300-900
Mumetal j, = 200-5000 Stalloy [, = 500-6000

January 13, 2015 SELECT,
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Reluctance S (or Ry) 1s the “magnetic resistance’ of a magnetic circuit
to the presence of magnetic flux.

Fy NI _HI I 1
® & BA (B/H)A  pou A

Reluctance S =

The unit of reluctance is 1/H (or H™!) or A/Wb
Ferromagnetic materials have a low reluctance and can be used as
magnetic screens to prevent magnetic fields affecting materials within

the screen.

For a series magnetic circuit having n parts, the total reluctance § is
given by:

S=854+54+...4+5,

(This 1s similar to resistors connected in series in an electrical circuit.)

SELECT, 37
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Electrical circuit Magnetic circuit
em.f. E (V) mmf F,, (A)
current / (A) flux ¢ (Wb)
resistance R (£2) reluctance § (H™ D
7= E _ mmf
R S
[ [
R = .IO_ S =
A JLo Ly A
January 13, 2015 SELECT,
VIT, Vellore.
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General

Capacitors and
capacitance

January 13, 2015

W

Charge Q = [1 Force £ = ma Work W = Fs Power P = —

Energy W = Pri

£ F

) 1
Ohm’s law V=[R or | = E or R = T Conductance (G = f_f

-

., Ve . ol
Power P=VI=I"R= — Eesistance R = —
R a
Resistance at °C, Rs = Ro(1 + apf)
Terminal p.d. of source, V =E — Ir
Series circuit R =Ry + R+ Ry +---
Plllhl{1 1—|—1—i—1—|—
arallel network — = — 4+ — 4+ — 4+ ...
R R R ' R:
V .0 Q D
E=— C=— ) = It D=— — = &g
d y Y A -0
C— epg,Aln — 1)
d
Capacitors in parallel C =Cy +Ca+Cy +---
Capacitors i es - 1+1+1+ W lt‘v"
apacitors in series — = — . — 4 = -CV~-
P C Cy C; (s 2
SELECT,
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Magnetic circuits

Electromagnetism

Electromagnetic
induction

January 13, 2015

® _ NI
B=— Fm=NI H=—
A [
: mmf 1
B ot A
F = Bil sin# F=0OuB
, dd dl
E = Blvsind E=-—N = —L—
dt di
-{”1
Er=-—-M—
B dt
SELECT,
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Kirchhoff®s laws state:

(a) Current Law. 4f anv junction in an electric circuit the total current
flowing towards that junction is equal to the total currvent flowing
away from the junction, 1.e. I = 0
Thus. referring to Figure 13.1:

h+h=Ix+ls+1ls or h+h—=I37=-14—-15=0

January 13, 2015 SELECT,
VIT, Vellore.
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KIRCHOFF'S LAWS

KVL — Kirchoff’s voltage law

In a closed loop, the sum of potential raise is equal to potential drop or the
algebric sum of voltages around a closed path is equal to zero

Through the source

Potential raise , +ve, current flows from ‘-ve’ end to ‘+ve’ end of the
source and we go around the loop in the direction of current

Potential drop. —ve, current flows from ‘+ve’ end to ‘-ve’ end of the
source and we go around the loop in the direction of current

SELECT, 42
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* Through resistor
Always Current entering Is positive

potential drop, -ve, when we go around the loop
through the resistor from positive to negative

potential raise, +ve, when we go around the loop
through the resistor from negative to positive

Things placed in parallel have same
E V=0 voltage drop across them
January 13, 2015 SELECT,

VIT, Vellore.
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KCL — Kirchoff’'s Current law

The sum of incoming currents is equal to sum of outgoing
currents or the algebric sum of currents meeting at node is

equal to zero

If current entering is taken ‘+ve’, then current leaving the node is
taken as ‘-ve’

If current entering is taken ‘-ve’, then current leaving the node is
taken as ‘+ve’

This fundamental law results from the

: :I 0 conservation of charge.
For a series circuit, the current is

same everywhere

SELECT,
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KCL ... KVL

i ¥, F
—— ]
3 I =+ Current
g . Nowing through
IEIEI | the chosed path
b
! +
I | i
-, st 1
I
ia) I e ==
. |,|_-. 18 e -
R g PO 08 g O | Vy—IR,—IRo— Vs —IRs—IR+V2—IRs +V, =0
or or
|1 + |3 + |E".: |2 + |§ + |.: Ih,-‘? +|I—"'r3+|l.-"f_a; = H;f',, +f."“?:_‘;"‘ Jrﬁlg +JrE'_a; +JIH5+|Lr'f_“,
January 13, 2015 SELECT, 45
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Voltage and Current division

Voltage division technique in Series circuit
‘-l—"-""'—l'- _

K 1] R,

Mo dRa bt I= 3
Rk R, R
" & R 5 & Total voltage X same resistance
SOV = S =
R+ 8+ R, R+ 8y +..R,, Totalresistance
January 13, 2015 SELECT,
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Currentdivision technique in parallel circuit

3 £ = Totalcurrent X opposite resistance
R+ &, B+ &, Total resistance

SELECT, 47
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Mesh Analysis

Writing loop equations

« Assume currentin every loop in clock wise direction

« Numberof equations will be equal to number of loop currents

« When wnting equations for loop 1, for LHS, the co-efficient of |, 1s
egual to sum of resistance in that loop, co-efficient of I, i1s the sum
of resistance common between loop 1 and loop 2 (-ve as the
currents will be In opposite direction) and co-efficient of |5 is equal
to the value of resistance common between loop 1 and loop3 (-ve)

+ RHS5 will be the sum of voltages in " ik
gl
that loop (+ve when current flows from 5 = é
—ve fo +ve of source and viceversa : 10 4
g 4

= D § 2 §3

T 2 ,
I =

solve these by any method to get '

loop currents

SELECT,
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Nodal analysis

« Assume node voltages at all nodes and take one node (normally —ve of

source ) as reference

+ When applying KCL for a node, assume all currents are leaving and the
currents will be the difference of voltage between the nodes of the branch
divided by the resistance, equate the sum of current meeting at node to

220,

* Here V1 has three branches 1 ohm, 10 ohm and 6 ohm. The voltage aft
other end of 1 ohm is 2V, voltage at other end of 10 ohm is 0 volts{ref)
and voltage at other end of 6 ohm is V> hence the equation of current at

node 11s

Vi=2+V, -0+ V=V, =0

1 10 4]
Andthatatnode 2 is
V-0 -4+ V-V, =0
12 &
Solve these equations for node
Voltages and hence find branch
Currents

January 13, 2015

gty

2

' +
|||
g
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——E1=41"-IIr —_—E2=2V

Superposition Theorem T A-40

-z |

102

—
Y
I

Alinear system obeys the principle of superposition

It states that whenever a linear system is excited by more than ohe
independent source of energy. the total response is the sum of the
individual responses

To deacfivate a voltage source and current source:

(a) A current source setto (b) A voltage source setto
zero acts like an open zero acts like a short
circuit. circuit.
A 0 o
No current I IT
+ flows,buta 4 No voltage drop

voltage can + N across terminals,
aalt bw e @ 1RY b s
appear across = ut current can

the terminals flow

OO0
o
O

Q

SELECT, 50
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Example : Use superposition to find the current i

1

January

6 ()

v, =3V 9 () i

i
[
-

Solution
(¢1)

Find branch currents due to voltage source alone Replace the ideal
current source by an open circuit

6 ()
Current due to 3V source alone is
Denoted by 1, J‘ i J;
I, = 3W/ (6+9)2=02A f 3V 9 ()

(b)

13. 2015 SELECT,
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2. To findthe branch currents due to current source dlone Replace the
ideal voltage source by a short circuit

Current due to 2A current source alone s
Denoted by 1, 6 ()
AAA
|IIl.
) - . 6 . i:l EA l
T T 90 2 A
3. Total responseis equal to sum of
individual responses

61} 6il hi)

w=3v() o0 Di=2a O)sv §€*!’:! 6 i ©)

73] () ()
Iy =iy + Iy (asthey are in same direction)
=0.2+038
=1A

January 13, 2015 SELECT, 52
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Thevenin’s theorem states:

‘The current in anyv branch of a network is that which would result if an
e.m.f. equal to the p.d. across a break made in the branch, were infroduced
into the branch, all other e.m.f.’s being removed and represented by the
internal resistances of the sources.’

The procedure adopted when using Thévenin’s theorem i1s summarized
below. To determine the current in any branch of an active network (i.e.
one containing a source of e.m.f.):

(1) remove the resistance R from that branch,
(11) determine the open-circuit voltage, . across the break,
(111) remove each source of e.m.f. and replace them by their internal
resistances and then determine the resistance. r. ‘looking-in’ at the

break.
(1v) determine the value of the current from the equivalent circuit shown
. , E
m Figure 13.27, 1e. I = —— f
R+r
I
A
]

January 13, 2015 SELECT,

VIT, Vellore.

53



Problem 7. Use Thévenin’s theorem to find the current Howing
in the 10  resistor for the circuit shown in Figure 13.28(a).

R4=50
10V]
R.=80 | [R=100)
=20

(a)

(1) The 10 @ resistance 1s removed from the circuit as shown in
Figure 13.28(b)

A3=50)

January 13, 2015 SELEC”
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(11) There 1s no current flowing in the 5 € resistor and current /; 1s
given by:
10 10
Iy = = =1A
Ri+ R 248
Pd. across Ry =[1Rh=1x8=8V
Hence p.d. across AB. 1.e. the open-circuit voltage across the break,
E=8V.
(111) Removing the source of e.m.f. gives the circuit of Figure 13.28(c).
Resist R—|—R1R2 5+2><.8
esistance, r = — =
TR+ R 248
=541.6=6.6%Q
(iv) The equivalent Thévenin’s circuit is shown in Figure 13.28(d).
E 8
Current | = == = = 0482 A
R+r 10466 16.6
Hence the current flowing in the 10 € resistor of Figure 28(a) 1s
0.482 A
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Problem 8. For the network shown in Figure 13.29(a) determine
the current in the 0.8 € resistor using Thévenin’s theorem.

510
50 A oA
10450
2V A ‘
10 19 40 49,1
10
0B OB
(a) (c) (d) (e)
I =15 A — current in the 0.8 £ resistor
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(1) The 0.8 Q resistor 15 removed from the circuit as shown in
Figure 13.29(b).
. 12 12
(1) Current/} = ———— = — =12 A
14544 10
P.d. across 4 €2 resistor=4/1 = (4)(1.2) =48V
Hence p.d. across AB. i.e. the open-circuit voltage across AB.
E=48YV
(1) Removing the source of em.f. gives the circuit shown in
Figure 13.29(c). The equivalent circuit of Figure 13.29(c) 1s shown
in Figure 13.29(d). from which.
. 4x6 24
resistance r = = — =242
446 10
(1v) The equivalent Thévenin’s circuit 1s shown in Figure 13.29(e). from
which,
E 4.8 4.8
current [ = = 4
r+R 24408 3.2
I = 1.5 A = current in the 0.8 Q resistor
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13.6 Constant-current

source

A

/

January 13, 2015

A source of electrical energy can be represented by a source of em.f. in
series with a resistance. In Section 13.5. the Thévenin constant-voltage
source consisted of a constant e.m.f. £ in series with an internal resis-
tance r. However this 1s not the only form of representation. A source of
electrical energy can also be represented by a constant-current source in
parallel with a resistance. It may be shown that the two forms are equiv-
alent. An ideal constant-voltage generator is one with zero internal
resistance so that it supplies the same voltage to all loads. An ideal
constant-current generator is one with mfinite internal resistance so
that 1t supplies the same current to all loads.

Note the symbol for an ideal current source (BS 3939, 1985), shown
in Figure 13.33.
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Norton’s theorem states:

‘The current that flows in anyv branch of a network is the same as that which
would flow in the branch if it were connected across a source of electrical
enerey, the short-circuit current of which is equal to the curvent that would
flow in a short-circuit across the branch, and the internal resistance of
which is equal to the resistance which appears across the open-circuited
branch terminals.’

The procedure adopted when using Norton's theorem i1s summa-

rized below.
To determine the current flowing in a resistance R of a branch AB of

an active network:

(1) short-circuit branch AB
(11) determine the short-circuit current /g~ flowing in the branch

(111) remove all sources of em.f. and replace them by their internal
resistance (or. i1f a cwrent source exists. replace with an open-
circuit), then determine the resistance r.*looking-in’ at a break made
between A and B

(1v) determune the current / flowing in resistance R from the Norton
equivalent network shown in Figure 13.33. 1.e.

r
I =\|——— ) Isc
(%) Isc
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Following the above procedure:

(iv)

The branch containing the 10 £ resistance 1s short-circuited as
shown in Figure 13.34(b).

Figure 13.34(c) is equivalent to Figure 13.34(b). Hence

10
[sc=5=5A

If the 10 V source of e.m.f. is removed from Figure 13.34(h) the

resistance ‘looking-in’ at a break made between A and B 1s given by:

2% 8

248

= 1.6 Q2

From the Norton equivalent network shown in Figure 13.34(d) the
current in the 10 € resistance, by current division. 1s given by:

1.6
f:( ){ﬁ]:{]ABZ;—i
1.6 45410
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The Thévenin and Norton networks shown in Figure 13.38 are equivalent
to each other. The resistance ‘looking-in’ at terminals AB is the same in

each of the networks., i.e. r.
If terminals AB in Figure 13.38(a) are short-circuited. the short-circuit

current is given by E/r. If terminals AB in Figure 13.38(b) are short-
circuited, the short-circuit current i1s fge. For the circuit shown in
Figure 13.38(a) to be equivalent to the circuit in Figure 13.38(b) the same
short-circuit current must flow. Thus g = E/r.

Figure 13.39 shows a source of e.m.f. £ in series with a resistance r
feeding a load resistance R.

: E E/r r E
From Figure 13.39, 1 = = — —
r+ R (r+R)/r

r —|—R r
1.2, i
r —|—R €

A » a M
i
ET o
= o |
r
B & o B
(a} (b
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From Figure 13.40 it can be seen that., when viewed from the load, the
source appears as a source of current /g~ which i1s divided between r and

R connected in parallel.
Thus the two representations shown in Figure 13.38 are equivalent.
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The maximum power transfer theorem states:

‘The power transferred from a supply source to a load is at its maximum
when the resistance of the load is equal to the internal resistance of the
source.’

Hence, in Figure 13.47, when R = r the power transferred from the source
to the load 1s a maximum.
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