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Chapter one

Objective: after the end of courses the student will be able transform

between units and definitions of main terms in circuit.

1- Sl units:

The system of units used in engineering and science is the (International system

of units), usually abbreviated to Sl units, and is based on the metric system.

SI units may be made larger or smaller by using prefixes which denote

Quantity Quantity  Unit Unit
Symbol Symbol
Length 1 metre m
Mass m kilogram kg
Time t second s
Velocity v metres per m/s or
second ms—!
Acceleration a metres per m/s> or
second ms—2
squared
Force F newton N
Electrical Q coulomb C
charge or
quantity
Electric current I ampere A
Resistance R ohm o
Conductance G siemen s
Electromotive E wvolt v
force
Potential vV volt Y
difference
Work w joule J
Energy E (or W) joule J
Power P watt W

multiplication or division by a particular amount.

Prefix Name  Meaning
M mega multiply by 1000000 (i.e. x 10°)
k kilo multiply by 1000 (i.e. x 10%)
m milli divide by 1000 (i.e. x 10—
Tl micro  divide by 1000000 (i.e. x 10~%)
n nano divide by 1 000 000 000
(i.e. x 107%)
P pico divide by 1 000 000 000 000

(i.e. x 10712)

N




Charge: The unit of charge is the coulomb (C) where one coulomb is one ampere
second. (1 coulomb = 6.24 x 10 electrons).
This charge, in coulombs Q = It where I is the current in amperes and t is the time
in seconds. For example, if a current of 5 A flows for 2 minutes, find the quantity
of electricity transferred.
Quantity of electricity Q = It coulombs

I =5A,t =2X%x60=120s,hence Q =5 X% 120 =600C
Force: The unit of forceis the newton (N) where one newton is one kilogram metre
per second squared. Thus force, in newtons F = ma, where m is the mass in
kilograms and a is the acceleration in metres per second squared. Gravitational
force, or weight, is mg, where g = 9.81 m/s?2.
For example: A mass of 5000 g is accelerated at 2 m/s? by a force. Determine the
force needed. Force = mass x acceleration = 5kg x 2m/s?= 10 kg m/s? = 10 N.
Work: The unit of work or energy is the joule (J) where one joule is one newton
metre. Thus work done on a body, in joules, W=Fs where F is the force in newtons
and s is the distance in metres moved by the body in the direction of the force.
Power: The unit of power is the watt (W) where one watt is one joule per second.
Power is defined as the rate of doing work or transferring energy. Thus, power, in
watts, P = W/t, where W is the work done or energy transferred, in joules, and t is
the time, in seconds. Thus, energy, in joules, W=Pt
Example: A mass of 1000 kg is raised through a height of 10 m in 20 s. What is
(a) the work done and (b) the power developed?

(a) Work done = force x distance

and force = mass x acceleration
Hence, _ 5
work done — (1000kg x 9.81 m/s%) x (10m)
=98 100 Nm

= 98.1 kNm or 98.1k]J

work done _ 981001
time taken 205
=4905)/s = 4905 W or 4. 905 kW

(b) Power =




Now try the following exercise:

What quantity of electricity is carried by
6.24 x 10*! electrons? [1000C]

In what time would a current of 1 A transfer
a charge of 30C? [30 5]

A current of 3 A flows for 5 minutes. What
charge is transferred? [900 C]

How long must a current of 0.1 A flow so as
to transfer a charge of 30C? [5 minutes]

What force is required to give a mass of 20kg
an acceleration of 30 m/s>? [600 N]

Find the accelerating force when a car having
a mass of 1.7Mg increases its speed with a
constant acceleration of 3 m/s’ [5.1kN]

A force of 40N accelerates a mass at 5 m/s.
Determine the mass. [8 kg]

8 Determine the force acting downwards on
a mass of 1500g suspended on a string.
[14.72N]

9 A force of 4 N moves an object 200 cm in the
direction of the force. What amount of work
1s done? [81]]

10 A force of 2.5kN is required to lift a load.
How much work is done if the load is lifted
through 500 cm? [12.5k]]

11 An electromagnet exerts a force of 12N and
moves a soft iron armature through a distance
of 1.5cm in 40 ms. Find the power consumed.

[4.5W]

12 A mass of 500 kg is raised to a height of 6 m
m 30s. Find (a) the work done and (b) the
power developed.

[(a) 29.43kNm (b) 981 W]




Electrical potential and e.m.f.: The unit of electric potential is the volt (V), where one
volt is one joule per coulomb. One volt is defined as the difference in potential between
two points in a conductor which, when carrying a current of one ampere, dissipates a
power of one watt, i.e.

watts __ Joules/second _ Joules __ Joules

Volts =

amperes amperes amperes second Coulombs

A change in electric potential between two points in an electric circuit is called apotential
difference.

Resistance and conductance: The unit of electric resistance is the ohm (), where one
ohm is one volt per ampere. It is defined as the resistance between two points in a
conductor when a constant electric potential of one volt applied at the two points
produces a current flow of one ampere in the conductor. Thus, resistance, in ohms

The reciprocal of resistance is called conductance and is measured in siemens (S). Thus

conductance, in siemens

Electrical power and energy: When a direct current oflamperes is flowing in an electric
circuit and the voltage across the circuit is V volts, then power, in watts P=VI

Electrical energy = Power x time = VIt joules Although the unit of energy is the joule,
when dealing with large amounts of energy, the unit used is the kilowatt hour (kWh)
where

1kWh = 1000 watt hour = 1000 X 3600 watt seconds or joules = 3600000
Example: An electric heater consumes 1.8 MJ when connected to a 250 V supply for

30 minutes. Find the power rating of the heater and the current taken from the supply.




energy 1.8 x 10°J
time 30 x 60s
= 1000J/s = 1000 W

Power =

i.e. power rating of heater = 1 kW

Power P= VI, thus [ = £ — 1000 —

Vv~ 250 =4A

Hence the current taken from the supply is 4 A.

Now try the following exercise:

1 Find the conductance of a resistor of resistance
(a) 1022 (b) 2k2 (c) 2mS
[(a) 0.18 (b) 0.5mS (c) 500S]

2 A conductor has a conductance of 50 uS. What
is its resistance? [20kE2]

3 Anem.f. of 250V is connected across a resis-
tance and the current flowing through the resis-
tance 1s 4 A. What is the power developed?

[1kW]

4 450] of energy are converted into heat in
1 minute. What power is dissipated? [7.5W)]

5 A current of 10 A flows through a conductor
and 10 W is dissipated. What p.d. exists across
the ends of the conductor? [1V]

6 A battery of em.tf. 12V supplies a current
of 5A for 2minutes. How much energy is

supplied in this time? [7.2kJ]

7 A d.c. electric motor consumes 36 MJ when
connected to a 250V supply for 1hour. Find
the power rating of the motor and the current
taken from the supply. [I0kW, 40 A]




Ohms law :

This law applies to electric conduction through good conductors and may be
stated as follows :

The ratio of potential difference (V) between any two points on a conductor to
the current ( 1) flowing between them , is constant ,

in other words ,

\V/ V
-------- = constant , or ----—-=R
|

Resistance : It is defined as the property of a material due to which it
oppose the flow of electrons through it . The unit of resistance is ohm (
Q ) . The resistance ( R ) offered by a conductor depends on the
following factors :

1. It varies directly as its length (L) .

2. It varies inversely as the cross sectional area (A) of the
conductor .

3. It depends on the nature of the material .

4. It also depends on the temperature of conductor .

Neglecting the last factor for the time being , we can say that :

L
Raoa --—----
A
L
R =p ________
A
Where :

R is the resistance of the conductor (Q).L is
the length of the conductor (m) .
A is the cross sectional area of the conductor (m?).
p isaconstant depending on the nature of the material of
the conductor and known as its specific resistance ( (2

.m).




Example : Calculate the resistance of 1 km cable composed of 19
strands of similar alloy conductors , each strand being 1.32 mm in
diameter . Resistivity of alloy may be taken as 1.72x 10 "8 Q. m.

Sol.

1.72 x 108 x 1000
e =0.66 Q
19 x 13.67 x 1077




Open and short circuit in series circuits :

Objective:the studenta able to regocnize between open andshort
cct.and the deffrence in draw of cct.

1. Open circuit :

In this case there is no current flows through the circuit as shown in fig. 1 .
I=0

2. Short circuit :

If the resistance is short circuited , the current will flow through the short circuit
(no current flows through the shorted resistance)
as shown in fig. 2 .

V
| = —ccmmmme—-.
Ri+R>
R1 | R2 R 3
e AT AMA AN

Fig.2




Open and short circuit in parallel circuits :

1. Open circuit :
In this case , there is no current flow in the open branch as shown in fig. 3 .

K| R1
| R2
AAVAY
13 R3
W v
I
+|-
|
V
Fig. 3
l,=0
I=11+13

2. short circuit :
In this case , there is no current flow through R1, R> and R3 because the total
current ( 1) pass through the short circuit as shown in fig. 4 .




Where ri is the internal resistance of the battery .

Voltage divider rule (V.D.R) :

In series circuits , voltage across any resistance could be obtained in terms of
total voltage as follows :Voltage across resistance equal to the total voltage
multiply by the value of this resistance divided by the sum of all resistances .

v1¢ R1

+

v - Vzing

R1
Vi=V X oo
Ri1+R>
R2
Vo=V X




Example : Using voltage divider rule (V.D.R.) ,find V1, V2, Vs And V " from

fig. 5.
R1=10hm
AAA"
-
A"
szig =2 Ohm
R2
V4
V____
21
yV3¢§ R3 =4 Ohm
Fig. 5
R1 1
VSTV G —— e [ (—— =3v
R1+ R2 +R3 1+2+4
R2 2
V2=V X -=mmmmmmmmmm e N B e — =06V
R1+ R+ R3 1+2+4
Rs 4
V3=V X —m-mmmmmmmmmmmmmmee e =21 X - =12v
Ri+ R+ R3 1+2+4
R2+ R3 2+4
V4=V X e = 21 X----mmmmee- =18v
Ri1+R2+Rs3 1+2+4




Current divider rule (C.D.R) :
Objective:the student able to find current in parallel case.

In|parallel circuits , branch current could be obtained in terms of the total current as
follows :

Branch current equal to the total current multiply by the resistance of other branch divided
by the sum of all resistances .

R2

R>
l1=1 X - -
Ri+R2
R1
2= 1 Xomommmmooeeee
Ri+R>

Example : Using current divider rule (C.D.R.), calculate I 1, I 2and | 3 from fig. 6 .

11 7 ohm
—-—ANA——
||2 4 ochm
- WYAVAY
13 10 ohm
A
+| -
I
A\Y4




Tofind I 1, the other resistances are (4//10) .

4x10
........... =2.857 Q
4+10

2.857

1= 20 X =mmmmmmmmmee e = 5796A
7+ 2.857

To find I 2, the other resistances are (7//10) .

x 10

-------- =4Q

r +10
4

l,= 20X -------—--- =10 A
4+4

To find I 3, the other resistancesare (7//4).

7x4
-------- =2.545 Q)
7+4
2.545
| 3=20 X ~=====mmmmmmmmee- =4.057 A

2.545 + 10




Kirchhoffs laws :

Objective: the student able yo find voltages and currents by easy method.

1. kirchhoffs voltage law :
The algebraic sum of voltages in any closed loop is zero .
YV=0

Now , from fig. 1, there are three equations according to kirchhoffs voltage law .

Fig. 1




Loop 2:

Loop 3:
E-Vi—-V3-Vs=0
E=Vi+V3+Vq--um- (3)

Example : For the circuit shown in fig. 2 ,using kirchhoffs voltage law
find Viand V2.

Fig. 2

Loop1l:

10-V2=0V>
=10v




Loop 2:

-10+6+V1=0
Vi1=10-6=4v

2. kirchhoffs current law :

In any electrical network , the algebraic sum of currents meeting at a point (
junction ) is zero as shown in fig. 3 .

TI=0

l1+13=l+ 14+ 15

l1+13-1-14-15=0




Example : Using kirchhoffs current law , find I s from fig. 4 .

|2=3A

Fig. 4

Atnode1:

l1+12=13
2+ 3 =5 A, therefore | 3 = 3A At node

2.
ls=14+15

5 =1 +1s
Is=5-1=4A

Example : Using kirchhoffs law, find I 1, I 2 and | 3 for the circuit shown in fig. 5

50hm |, 13
-
* - 1
2
+
]
@ 2

+ |
20V ‘

+

§10 Ohm

10 Ohm -

Fig. 5




li=12+ 13- (1)
Loopl:

-20+511+1012=0
511+1012=20
l1+212=4 - (2)

Loop2:

-1012+1013=0

FromEqu.(2)

:=4-21,  —-mmmmee- (4)
Sub.Equ.(3)and(4)in(1)
4-212=12+1>

41,=4
1,=1A

From Equ.(4)
l:1=4-(2x1)=2A

I:=1>
13=1A




Maxwells method :

In this method loop current is used instead of branch currents as in kirchhoffs
laws . Here , the current in different meshes are assigned continuous paths so that
they do not split at a junction into branch current . Basically , this method consists
of writing loop voltage equation in terms of the unknown loop currents .

Example : Using Maxwells method , calculate all currents for the circuit shown

in fig. 6 .
5 Ohm
—AA——
+ +
+ 12
20V 11 10 Ohm § 10 Ohm

Fig. 6

Loop1l:

-20+511+10(11—12)=0
151:1-1012=20
311-212=4 --—--—--- (1)

Loop2:
10(12-11)+1012=0

1012-1011+1012=0
2012=1014

Sub.Equ.(2)in(1)

3(212)-21,=4
6|2-m2 =4
1.=1A




|1=2|2
11=2A

Now , branch current will be calculated as follows : The

current through 5 Q resistorIso=11=2A.
The current through 10 Q resistor [ 10o=11-12=2-1=1A . The current
througha 10 Q resistor Ino=1=1A.

Star delta transformation :

In solving complicated networks , it is necessary to transform from
star to delta or from delta to star as shown below .

Ra R ab Rac

Rb &

M\

B C Rbc

star connection delta connection




1. Convert from star to delta :

RaX Rop
Rab=Ra+Rb+ —————————————
Rc
RaXx R¢
Ra=R,+R¢+ —emee-
Rb
Rb X Rc
Rpc= Rp+R¢+ -
Ra

Convert from delta to star :

Rabx Rbc

Rb= ________________________
Rab"'Rac'l'Rbc

Racx Rbc
Re= o

Rab"'Rac'l'Rbc




Example : For the circuit shown in fig. 1, find the total resistance

4 ohm 4 ohm
AW My
4 ohm 8 ohm
AA AMA A
3
3 ohn § g 12 ohm § 12 0hm
1oy —L § 2 ohm "
Fig. 1

Convert star to delta

4x8
R1:4+8+ --------- =ZSQ
2
2 X8
R2:2+8+ --------- =14Q
4
2X4
R3:2+4+ --------- =7Q

8




g8 g+

s 2 27 14 2 212
10v —//—
4 x 28
4Q1//28Q |, - =3.50Q
14 x 12
14Q/12Q , - =6.5Q
14 + 12
3.5
A A"A a—
3 g g? §E.5
10v ———

3.5+6.5=100Q




Ri=3+4=7Q




Nodal method

Nodal method :

In this method , every junction in the network where three or more branches meet
Is regarded as a node . One of these is regarded as the reference node ( or zero
potential node ) .Consider the circuit in fig. 1 which has three nodes . Node 3 has
been taken as the reference node . Va represent the potential of node 1 with

respect to node 3. Vg represent the potential of node 2 with respect to node 3 .

1 R2 2 R3
NN AYAYAY, NN 3
—_— —- -
11 12 13
|41y R4 R5 lIS

Reference node

3
Fig. 1

Node 1 :

1 1 1 Vs E1
Va { """ + - + - }- ------ - ——— =

R1 R> R4 R, R;
Node 2

1 1 1 Va =)

Vg {------ + - + - } oo e =0




Example : Using nodal method , find all currents for the circuit shown in fig. 2 .

EE 1 Ohm

— 20V

Node

Fig. 2

Consider node 3 as reference node .

Node 1 :
1 1 1 V2 15
Vi{ -------- + e + - }-ooe =0
1 1 0.5 0.5 1
4V1-2V2= 15 ------- (1)
Node 2 :
1 1 1 V1 20
Vo{ -------- + - + - }o-o - =
1 2 0.5 0.5 1
3.5V2-2V1 =20 -------- (2)

From Equations (1) and ( 2)

Vi= 9.25v , V2=11v




l4=5.75+3.5=9.25A

Is=9-3.5=55A




Thevenins theorem

The current flowing through a load resistance R. connected across any two
terminals A and B of a network as shown in fig. 1 is given by :

Where
V1 Is the open circuit voltage across the two terminals A and B
where R is removed.

R is the internal resistance of the network as viewed back
into the network from terminals A and B with voltage
source replaced by its internal resistance , while current
source replaced by open circuit .

R, load resistor.

R1 R 3 A
aAAY aAAY ->——
R2 R 4 RL
V +

—_-——
B

Network

Fig. 1

l




| § RL
V th

Thevenins
equivalent
circuit

Now . Ry and Vi must be found . Rin
could be found as follows:

1. Replace voltage source by short circuit ( if there is no internal resistance ),
while the current source replaced by open circuit .

2. Remove R. from the circuit , then calculate Ri» viewed from terminals A and B .

Xth could be found as follows :

1. Remove R, and make sure that the voltage or current source is connected

2. Calculate Vi, between points A and B.




Example : Using Thevenins theorem , find I. in the circuit shown

below .
7 ohm 1.2 ohm
A A I
7 ohm
§ 2 ohm 1 ohm
21y
5 ohm 18 ohm
A
To find Rn
70hm 1.2 ohm A
AAA" AAA"
7 ohm Rth
§ 2 ohm -
5 ohm 18 ohm
AAYAY
B
7Q /1 7Q
7 x7
------- =350
7+7

3.5+5=85Q




1.2 ohm

A
AAA"
8.5 ohm 2 ohm
AAA" -
18 ohm
850/2Q
8.5x2
--------- -1.6Q
8.5 +2
Rn=12+16+18=20.8Q
To find Vin
7. ohm 1.2 ohm A
AYAVAY AAA"
| 7 ohm T
21V § 2 ohm Vth
‘ 5 ohm 18 ohm \/
AAA"

Since , there is no current flow through 1.2 () and 18 Q, then the above circuit
could be simplified to the following circuit .




-21+711+712=0

7(li+)=21
1+ 12=3 -----mmmm- (2)
213+513-712=0
T13=71I>

I2 = I3 ===mmmmmeeees (3)

Sub. Equations (3)and (4)in (1)
3-l=l2+ 12

3=3l2 , I2=1A ,Is=1A
Ih=1+1=2A

Vin= Vaq

Vih=2X13=2x1=2vVv




R th = 20.8 ohm

IL
Vith=2v RL=1ohm
Thevenins
equivalent
circuit

Vih 2

S — =0.09 A
Rn+RL  20.8+1

Maximum power transfer theorem :

A resistor load will abstract maximum power from a network when the load
resistance is equal to the resistance of the network as viewed from the output
terminals with all voltage sources removed leaving behind their internal
resistances and all current sources replaced by open circuit .

R th
IL
Vith RL= Rth
Thevenins
equivalent

circuit




RL=Rn

Vin
T
Rin+RL
Vit
IL: ___________
2 R th

P=(l1L)>’XRw

(Vth)2
P o = e X Rth
e 4(Rth)2

(V th)?
Pmax: """""""""

4R th




Superposition theorem

In a network containing more than one source , the current which flows at any point
is the sum of all currents which would flow through that point if each source was
considered separately and all the other sources replaced for the time being by
resistance equal to their internal resistances .

Example : For the circuit shown in fig. 1, find the current in all branches , using
Superposition theorem .

2.5 ohm 2 ohm
—_— -
6v 11 12
l 12V
6 ohm |
0.5 ohm % 1 ohm
Fig. 1

1. Consider 6 volt only, replaced 12 volt source by its internal resistance

2.50hm
aAAY aAAY
—_— >
11 |2




Rt=25+ ---emememmo +05=50
3+6
Vi 6
P — =12 A —
Rt 5
Using C.D.R:
6
' =1 X e
6 + 3
6
P ) G m— =08A—
9

'=11"-1,=12-0.8=04A |

2. Consider 12 volt only, replaced 6 volt source by its internal
resistance .

NV NVN—
1 12

AA
\AAJ




Ri=2+ --------- +1=5Q
3+6
Vi 12
l2 = -—---m- e =24 A «—
Rt 5
Using C.D.R:
6
li=1 X ---mmm--
6+3
6
I1=24X------- =1.6 A «—
9

I=12-11=24-1.6=08A |
Now , take 6 volt and 12 volt sources in consideration : |
=I'+1"=04+08=12A]

li=11"-11'=16-12 = 04 A

lb=1,"- 1))=24-08 = 1.6 A —

Example : For the circuit shown in fig. 2 , find the current flows through
10 Q resistor , using super position theorem .




2 ohm L 10ohm 3 ohm

VMV —VVV VMV

50V : § 6 ohm § 5 ohm <A> 2 A

Fig. 2

1. Consider 50 volt source only, replace 2 A current source by
open circuit .

50V —— § 6 § 5

6 x 15
= T R S —— = 6.285Q
6+ 15
Vi 50
PR — = 7.955 A Rt
6.285

Using C.D.R:




6 6
I3 =11 X ~----=------ =7.955 X ----- =2272 A —
6+ 15 21

2. Consider 2 A current source only, replaced 50 volt source by
short circuit .

VMV MW\ < VMV

....... +10=11.5Q

Itis clear that 11.5 Q/5 Q

Using C.D.R:
5
I3 =2 X - =0.606 A —, lwao=13-13=2272-0.606=166A —
5+11.5

Norton's Theorem

We could see the Thevenin theorem that has two-terminal active network is converted into
a voltage source and an equivalent series resistance across the load where current would
be calculated. Here there is another method of analyzing a network called Norton's
theorem. Here the two terminal network with current and voltage source is converted into




a constant current source and a parallel resistance and is connected across the load through
which the current is to be calculated.

Metwork (A)
containing linear |

elements and load =R
ENergy sources Load (T) L
(dependent or Iy,

independeant) |

Norton circuit

What is Norton's Theorem?
Back to Top

Norton's theorem, as Thevenin's theorem is the way that is used to solve the complex
circuits to represent control devices. It was developed by American scientist E.L. Norton,
is generally used to reduce the complicated circuit network. It is the alternate to thevenin's
theorem to analyze the network that has a simple current source and single parallel
resistor. It states that
"Any combination of linear bilateral circuit containing network elements and active
sources, regardless of the connection to a given load Z,, can be replaced by a simple
network, that has a single current source of Iy amperes and a single impedance Zgyin
parallel with it, across the two terminals of the load Z, . It is called Norton's current Iy and
Zeq is the equivalent impedance of given network as viewed through the load terminals,
with Z, removed and all the active sources are replaced by their internal impedances. If the
internal impedances are unknown then the independent voltage sources must be replaced
by short circuit while the independent current sources must be replaced by open circuit,
while calculating Ze,".

The steps used to convert the simple circuit into Norton's circuit using theorem are:

1. Short the branch, through which the current is to be calculated

2. Obtain the current through this short circuited branch, using any of the network
simplification techniqgues. This current is Norton's current.

3. Draw the Norton's equivalent across the terminals, with current source Iy, wWith
impedance Z¢, parallel with it. The current through the branch

| = In X% ZegZeq+ZLZeqZeq+ZL
Norton Equivalent Circuit



http://physics.tutorvista.com/electronics/nortons-theorem.html#top

An American engineer, E.L. Norton at Bell telephone laboratories, proposed an equivalent
circuit the current source and a equivalent resistance. This circuit is related to the Thevenin
equivalent circuit by a source transformation. Hence a source transformation converts a
Thevenin equivalent circuit into a Norton's equivalent circuit or vice versa. Norton
published this method in 1926, 43 years after Thevenin.

The Norton's equivalent circuit replaces the simple circuit by a parallel combination of an
ideal current source isc and a conductance G, where i is the short circuit at the two
terminals and Gn is the ratio of the short circuit current to the open-circuit voltage at the
terminal pair.

Difference between Thevenin Theorem and Norton's Theorem

Back to Top

Even though Thevenin's and Norton's theorem can be derived from each other and their
resistance are equal in magnitude. There are some differences that rule them out:

Thevenin's theorem Norton's theorem
1 The Thevenin's theorem is derived without | It is the converse of Thevenin's theorem
referring any theorem derived by referring it

It is the theorem where we get the simple | It is the theorem where we just follow the
5 circuit from the complicated circuit that has|similar steps like Thevenin's but some
voltage source Vry, resistance Rty and parameters to determine are different

load R, (resistance Ry, current Iy)
3 Here Voltage source Vry is used in the Here current source Iy is used in the
circuit circuit instead of voltage source

4 The equivalent resistance Ry is in series | The equivalent resistance Ry is in parallel
with the source with the source



http://physics.tutorvista.com/electronics/nortons-theorem.html#top

B S

Thevenin and norton equivalent circuit
Norton's Theorem Examples

Back to Top

L ets see some examples on Norton's theorem:
Example 1:

Calculate the current through the branch be using Norton's theorem

2 10Q p 200

c

Step 2: Calculate the short circuit current using Kirrchhoff's laws



http://physics.tutorvista.com/electronics/nortons-theorem.html#top

Parallel

100 b 200 b
) ¢
Series Series L
0.10 —» R, =020 —P'R §1n.1ﬂ
=q 20.20
& &
= =

Apply KVL to two loops,

'10|1_+2'0'1|l:O

~ 1011, =2

~1,=0.198 A

-20 (Il' IN)'OZ (Il' |N)-4:0

2-2021,+20.21y=4

= 1n=0.396 A

Step 3: Calculate Rqy shorting voltage sources by simplifying the circuit, we get

Req =20.2|[10.1 =6.733 QQ

Step 4: Norton equivalent is shown in the figure gives the idea that flow of load current
I_is in downward direction while the flow of Norton current Iy is in upward direction

b

>

OIS

Step 5 : 1= Iy xx RegReg+RLReqReg+RL




0.396 xx 6.7/336./33+56.7336.733+5

=0.2272 A
Example 2:

In a Norton's circuit there would be a flow of the Norton's current of 2 A having a
equivalent resistance of 100 QQ and carries load resistance of 10 QQ. What would be the
load current in the circuit?

Given:

Norton current Iy =2 A, equivalent resistance Reg = 100 QQ, Load resistance R = 10 QQ

Hence the load current is

IL= Iy xx ReqReg+RLRegReg+RL

= 2 A xx 100Q1000Q+100100€2100Q2+10Q

=1818A.

Loop Current Method (Mesh Analysis)

Mesh analysis provides another general procedure for analyzing circuits, using mesh
currents as the circuit variables. Using mesh currents instead of element currents as circuit
variables is convenient and reduces the number of equations that must be solved
simultaneously.

Example: For the circuit below, find the branch currents |4, I, and I3 using mesh analysis.




—154 5i; + 10(G; — i) + 10 =0
or
31— 2ip =1
6iz + diy + 100, — i) — 10 =0
Qr
=20 —1
6iz—3—2i=1 =  ih=1A
iy=2i—1=2—1=1A. Thus,

<40

=i =1A, h=i=1A, h=i1—i=0

Second method:

3 =2
,A—_l 2—6—2—4
1 =2 31
Al_‘l 2‘:24—2:4, .ﬁ.g=’_1 l’
Thus,
Ay ) Aj
1]——=1A, 52——=1A

as before.




2Q ERY. Calculate the mesh currents ¢, and {5 in the circuit

AR Ay —
. Answer: | = % A b =0A.
. 2120
12v @ G) l f) @ sv
B
AANA A —
40 30

Example: Use mesh analysis to find the current iy

We apply KVL to the three meshes in turn. For mesh 1,
=24 4+ 10(i; — i)+ 12(i) —43) =0

or
11y — 5i; — 6i3 = 12
For mesh 2,
24iy + 4 — i)+ 100l — 1)) =0
or
=5+ 19i; —2i, =0
For mesh 3,

dip+ 1203 — 1))+ iz —i2) =0
But atnode A, i, = i| — {2, so that
iy — i)+ 120 — i) + 4z — i) =0
or

- —i+2i;=0




11 =5 =6/ | 12
=5 19 =2||ia|=]| 0
-1 -1 2| | i3 0

We obtain the determinants as

=456 — 24 = 432

— 24 + 120 = 144

=5
Ay — — 60 + 228 — 288
_ ] T~
] 19 T~
. T~
We calculate the mesh currents using Cramer’s rule as
. ﬂl 432 . ﬂ.z 144
hh=—=_—==225A, ir=—=—=075A
A 192 A 192
A 288
ii="2="=15A
A 192

Thus, i, =i} —i>» = 1.5 A.




6 Using mesh analysis, find i, in the circuit

ATATYSY
Answer: —5 A,
ot (i)
o 40 20
M Y

ov (& ~. 20 <—> 10§
) @ T ﬂ;) 4+ o

24V 80
@ Ay
40 410
a'n""\'r\'"'\- d_lflf'.‘lfll‘l.\.k
i

v @ 30 O

Find i.
Ans.: 1I=2A

20
60 Mih—— 1 80
*'\.-*'."*'-."L Yy— *'-.-"\-'.'u"'-.-
&
Ly
16V 4A 12V

Find i
Ans.: i=0.75A




Nonlinear direct current circuit:

There are, components of electrical circuits which do not obey Ohm's law; that is, their
relationship between current and voltage (their |-V curve) is nonlinear. An example is the

p-n junction diode (curve at right). As seen in the Fig.1, the current does not increase

linearly with applied voltage for a diode.

e

*

4 - E=c

« 04 o8 P

Fig. 1

One can determine a value of current (I) for a given value of applied voltage (V) from the
curve, but not from Ohm's law, since the value of "resistance™ is not constant as a function
of applied voltage.

The source-free RC circuit:

Consider a series combination of a resistor and an initially charged capacitor, as shown in

Fig. 2.



file:///I:/wiki/Iâ��V_curve
file:///I:/wiki/Diode%23Shockley_diode_equation

Our objective is to determine the circuit response, we assume to be the voltage v(t) across
the capacitor. Since the capacitor is initially charged, we can assume that at time t = 0, the

initial voltage is v(0) =V,

%‘& . rﬁ

[ V

L
Fig. 2
Applying KCL at the top node of the circuit in Fig. 2,

. . dv . v
By definition, i, = CE and ip = - . Thus,
C dv + v 0
dt R
d 1
. dr
v RC
Integrating both sides. we get
r
Inv=———=+1InA
RC
where In A is the integration constant. Thus.
T i _— L
A RC

Taking powers of ¢ produces
v(t) = Ae "/ EC
Burt from the indtial conditions. v(0) = A = V5. Hence.

v(t) = Vge "/ RC

Since the response is due to the initial energy stored and the physical characteristics of the
circuit and not due to some external voltage or current source, it is called the natural

response of the circuit.




The natural response is illustrated graphically in Fig. 3. Note that at t = 0, we have the
correct initial condition. As t increases, the voltage decreases toward zero. The rapidity
with which the voltage decreases is expressed in terms of the time constant, denoted by the

lower case Greek letter tau, 7.

03687,

Fig. 3

This implies thatatt =17,
Voe */RC = V,e™t = 0.368 V,
or T=RC

At any rate, whether the time constant is small or large, the circuit reaches steady state in
five time constants. We can find the current ir(t),

v(t) VW
ir(t) =—1(Q) = e

The power dissipated in the resistor is

p(t) = vig = V—Oze‘Zt/T
TR
Example 15: In Fig. 4, let vc(0) =15 V. Find v, vx, and ix for t > 0.

80

5Q = 01F == » 1202




Fig.4

We find the equivalent resistance .

20 x5
20+5
T=R,C=4x01=04s

4Q

Reg = (8+12)|5=

Thus.

= U{{})E—I;'IT — lSE—?.-"D.-i V. Ve =v= ISE—E_S; v

From Fig. 4, we can use voltage division to get vy; so

4

o

1248

v =0.6(15¢%") = 9e 'V

tﬁ:l_'r =

Finally.

Practice problem:

Refer to the circuit in Fig. 5. Let vc(0) = 30 V. Determine vc, vy, and ip for t > 0.

s 80
AV
S +
129§ 69§Vx IF =7
Fig.5

Answer: 30e 02"V, 10e70%" V, —2.5¢7 0P A,




Example:
The switch in the circuit in Fig. 6 has been closed for a long time, and it is opened at t = 0.

Find v(t) for t > 0. Calculate the initial energy stored in the capacitor.

/
|-
20V 9Q g_ v == 20 mF
Fig.6
30 10
IL.1‘I.""._‘_."".I“_."-.I||l "'.-'h"\p h o
[ +
20V (2 9Q J v(0)
o
(a)
10
o | "'\-'*'-.-A-."*'-.
90 , =15V == 20 mF
(b)
Fig. 7

For t <0, and using voltage division for fig. 27 (a):

x20=15V t<o0

ve() =375

Hence ve(0) =V, =15V
Fort > 0, the switch is opened, and we have the RC circuit shown in Fig.7 (b)




Reg=1+9=10Q
The time constant is
T=ReC=10x20%x10°=0.2s
Thus, the voltage across the capacitor for t >0 is
v(t) = vC(0)e /7 = 15e7t/02y
or
v(t) = 15e~

The initial energy stored in the capacitor is

3

1, 1
wc(0) = -Cve(0) = = x 20 1073 x 152 =2.257

The source-free RL circuit:

Consider the series connection of a resistor and an inductor, as shown in Fig. 8.

Fig. 8
Our goal is to determine the circuit response, which we will assume to be the current i(t)
through the inductor. At t = 0, we assume that the inductor has an initial current I, or
i(0) = 1o
Applying KVL around the loop in Fig. 28,

vi+vg =0




Butv; = Ldi/dt and vy = i R. Thus.

di
L—+Ri=0
dt
or
di n R 0
—_— _‘I e
dt L

Rearranging terms and integrating gives

i(t) d
f : [—dr

B RI i
Ini = —— — Ini(t) —Inly =
Iy L g
or
' Rt
ol _ Rt
Iy L

Taking the powers of ¢. we have

.I’l,/f\,l — f{.E_RI.""L

current as shown in fig.9.

(1) A

_— I

03681, |-

Tangentatr=10

RI—I—G
L

This shows that the natural response of the RL circuit is an exponential decay of the initial

= i




The time constant of RL circuit is,

T=E

Hence i(t) =I,e /"

So we can find the voltage across the resistor as

UR(t) = iR - Ioe_t/T

The power dissipated in the resistor is
p = vgi = [ZRe™2t/7

The energy absorbed by the resistor is

1
Wy (£) = SLI(1— e72/7)

Note that as t —oo, Wg (c0) — %ng, which is the same as wy(0), the initial energy stored in

the inductor as. Again, the energy initially stored in the inductor is eventually dissipated in

the resistor.

Example:

The switch in the circuit of Fig. 10 has been closed for a long time. At t = 0, the switch is

opened. Calculate i(t) for t > 0.

© ov o 0

¢ i(1)

Jon

-.—.n: =

Fig.10




When t <0, resulting circuit is shown in Fig. 11(a).

120 4Q 40
AAAN b ity
| o
40V Cﬁ) 120 2Q2 <160
(@) ®)
Fig. 11
we combine the 4Q and 12Q resistors in parallel to get
4x12
4+12
Hence B = 2 —g4
2+3
() =222 t<0
T2y

l i(7)

=l
= 2H
g

When t > 0, the switch is open and the voltage source is disconnected. We now have the

RL circuit in Fig. 11 (b). Combining the resistors, we have
Reg = (4+12)[[16 =8Q

Thus i(t) =i(0)e t/T = 6e %A

The current after 1/8 s is

1
i(1/8) = 6e 8 =3.644




Practice problem:

For the circuit in Fig. 12, find i(t) for t > 0.
Answer: 2e 2 At > 0.

AW —
=]




Chapter Two

Magnetism and Electromagnetism

1-Magnetic Field:

Magnetism refers to the force that acts between magnets and magnetic materials. We know,
for example, that magnets attract pieces of iron. This force acts at a distance and without
the need for direct physical contact. The region where the force is felt is called the “field
of the magnet” or simply, its magnetic field. Thus, a magnetic field is a force field.
Using Faraday’s representation, magnetic fields are shown as lines in space. These lines,
called flux lines or lines of force, figure (1) show the direction and intensity of the field at
all points. As indicated, the field is strongest at the poles of the magnet (where flux lines
are most dense), its direction is from north (N) to south (S) external to the magnet, and flux
lines never cross. The symbol for magnetic flux is the Greek letter ¢ (phi), the unit of flux
is the weber (Wb).

Figure 1

Figure 2 shows what happens when two magnets are brought close together. In

(a), unlike poles attract, and flux lines pass from one magnet to the other. In (b),




like poles repel, and the flux lines are pushed back as indicated by the flattening

of the field between the two magnets.

(a) Attraction (b) Repulsion

Figure 2

2- Electromagnetism:

Most applications of magnetism involve magnetic effects due to electric currents. Consider
Figure 3. The current, I, creates a magnetic field that is concentric about the conductor,
uniform along its length, and whose strength is directly proportional to I. Note the direction

of the field. It may be remembered with the aid of the right-hand rule.

(a) Magnetic field produced
by current. Field is
proportional to /

(b) Right-hand rule




Figure 3

If the conductor is wound into a coil, the fields of its individual turns combine,
producing a resultant field as in Figure 4-a. If the coil is wound on a ferromagnetic
core as in Figure 5-b (transformers are built this way), almost all flux is confined to
the core, although a small amount (called stray or leakage flux) passes through

the surrounding air.

Core flux (simplified
representation)

¥, X
.III III,-' CI) y \
I||I N II|
— ] cI) F
Y 3
Tron core "
(a) (b)

Figure 4

Flux density B is found by dividing the total flux passing perpendicularly through an area
by the size of the area, Figure 5. That is, Since flux is measured in Wb and area A in m?,
flux density is measured as Wb/m?. The unit of flux density is called the tesla (T) where 1
T=1Wb/m?
—
B =- (tesla, T)

Example 1: B= % teslas
Refer to the core of Figure 5: A
IfAis2cm=25cmand B=04T,

, AN
compute ¢ in webers. Iron




Figure 5
Solution:
A=2x%x10"2x%x25x10"2=5x%x10"*m?
@p=AXB=5x10"*%x04=2x5x%x10"*Wb

Example 2 For the magnetic core of Figure 6, the flux density at cross section 1 is B;= 0.4

T. Determine B, . Ay =2 X 10-2m?

Solution: \

@ =B; xA; = (0.4T) x 2 x 1072 - -
=0.8x 1072 Wb b

Since all flux is confined to the core, the flux at
Cross section 2 is the same as at cross-section

Therefore, \
¢ 08x107%
Bz_A_z_ 1oz = 08T )
AQ =1 X 1{}_2 r['l2
Figure 6

Practice problem:

For Figure 6, if A;is2cmx2.5cm, B;is0.5 T, and B2 =0.25 T, what is A,?

3-Air Gaps, Fringing, and Laminated Cores:

For magnetic circuits with air gaps, fringing occurs, causing a decrease in flux density in
the gap as in Figure 7(a). For short gaps, fringing can usually be neglected. Alternatively,
correction can be made by increasing each cross-sectional dimension of the gap by the size

of the gap to approximate the decrease in flux density.




(b) Laminated section.
Effective magnetic area is
less than the physical area

(a) Fringing at gap
Figure 7

Many practical magnetic circuits (such as transformers) use thin sheets of stacked iron or
steel as in Figure 7(b). Since the core is not a solid block, its effective cross-sectional area
(i.e., the actual area of iron) is less than its physical area. A stacking factor, defined as the
ratio of the actual area of ferrous material to the physical area of the core, permits you to
determine the core’s effective area.

Practice problem: A laminated section of core has cross-sectional dimensions of 0.03 m
by 0.05 m and a stacking factor of 0.9.

a. What is the effective area of the core?

b. Given ¢= 1.4 x103 Wb, what is the flux density, B?

Answers: a. 1.35x10°m? b.1.04T

4- Magnetic Circuits with DC Excitation:

Current through a coil creates magnetic flux. The greater the current or the greater the
number of turns, the greater will be the flux. This flux-producing ability of a coil is called
its magnetomotive force (mmf). Magnetomotive force is given the symbol F and is

defined as




F = NI (amper — turn, At)
Thus, a coil with 100 turns and 2.5 amps will have an mmf of 250 ampere-turns,
while a coil with 500 turns and 4 amps will have an mmf of 2000 ampere-turns.
Flux in a magnetic circuit also depends on the opposition that the circuit presents to it.
Termed reluctance, (R) this opposition depends on the dimensions of the core and the
material of which it is made. Like the resistance of a wire, reluctance is directly

proportional to length and inversely proportional to cross-sectional area. In equation form,
R =L AtWb
uA

where p is a property of the core material called its permeability.
The relationship between flux, mmf, and reluctance is similar to Ohm's low:
o =F/R Wb ¢

And depicted symbolically in Figure 8.
F = § H

Figure 8

We require a quantity called magnetic field intensity, H (also known as magnetizing

force). It is the ratio of applied mmf to the length of path that it acts over. Thus,

H=§=¥ At/m




mmf = NI
[ "-c-.rt"
o
f=0.15m
(b) A short path
(a) A long path
Figure 9

For the circuit of Figure 9(a), H =600 At/0.6 m = 1000 At/m, while for the circuit of (b), H
=600 At/0.15 =4000 At/m.
From the above equation we can write

NI = Hl At

In an analogy with electric circuits (Figure 10), the NI product is an mmf

source, while the HI product is an mmf drop.

Figure 10 = NI == § HY

5-The Relationship between B and H:
NI = Hf

The relationship is:

B = uH
From this, it follows that the larger the permeability, the more flux you get for a given
magnetizing current The permeability of free space is u, = 47 x 10~7. For all practical
purposes, the permeability of air and other nonmagnetic materials is the same as for a
vacuum. Thus, in air gaps,

B, = poHy; = 4w x 1077 X H,




Bg
41x10~7

Then H, = =7.96 x 10°B; (At/m)

For ferromagnetic materials, m is not constant but varies with flux density. A set of curves,
called B-H or magnetization curves, provides this information. (These curves are obtained
experimentally and are available in handbooks. A separate curve is required for each

material.) Figure 11 shows typical curves for cast iron, cast steel, and sheet steel.

B(T}
16 T 1
Sheet steel
I | —1
-— = Cast steel
1.4 =] =1
| b
't’ o™
7
y Pl
12 P
A
Fa
|
7 F
1.0
Fi
0.8
I .
Cast iron
0.6 -
i -
T =
0.4 P
1
I
I
I
02
A
1 A
0 H (Atm)
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 11
From figure 11 if B = 1.4 T for sheet, then H =1000 At/m.

One of the key relationships in magnetic circuit theory is Ampere’s circuital
law. Ampere showed that the algebraic sum of mmfs around a closed loop in a magnetic

circuit is zero, regardless of the number of sections or coils. That is,

Z NI=Z HI At
(0] 0

Consider Figure 12: Laminated

~ sheet
NI — Hironliron — Hsteetlsteer — Hglg =0

J steel

I

which states that the applied mmf NI is equal to

[T
LT

Y

/[.'

Adr oanp
=il




the sum of the HI drops around the loop.

Figure 12

EXAMPLE 1: If the core of Figure 13 is cast iron and ¢ = 0.1 x 1073Whb, what is the

coil current?

Mean length abcda = 0.25 m
N =500 turns
A=02X10"3m2

Figure 13
Solution:
Problems of this type can be solved using four basic steps:

1. The flux density is

B=a=02x103 9T

2. From the B-H curve (cast iron), Figure 11 , H =1550 At/m.
3- Apply Ampere’s law. There is only one coil and one core section.
Length =0.25 m. Thus,
NI = Hl = 1550 x 0.25 = 388 At
4- divide by N




1—388—078
=200 = 078 amps

HW :If NI =250 At | = 0.2mand cross — sectional area
A = 0.01 m?. Determine ¢.
EXAMPLE 2: The core of Figure 13 has a 0.008-m gap cut as shown in figure 14.

Determine how much the current must increase to maintain the original core flux. Neglect

fringing.
Himn ‘fimn
—AMN—
_IP ~—»
o—x % NI = §HE.¢;
.=
— 4,=0.008 m
(a) (b)
Figure 14

Solution
Iron

liron = 0.25 —0.008 = 0.242 m. Since ¢ does not change, B and H will be
the same as before. Thus, B;,,, = 0.5T and H;,, = 1550 At/m .

Air Gap
B, is the same as Bj;.,. Thus, B; = 0.5T and

H, = 7.96 x 10° % B, = 3.98 x 10> At/m.

Ampere’s Law
NI = Hironliron + Hgly = 1550 X 0.242 + 3.98 X 10° x 0.008 = 375 + 3184

= 3559 At




3559

Thus I = W

= 7.1 amps

EXAMPLE 3: The laminated sheet steel section of Figure 3 has a stacking factor of 0.9.
Compute the current required to establish a flux of 1.4 x 10~* Wh. Neglect fringing.

Cast iron

Laminated
sheet steel

/ (SF =0.9)

gr-;f 2.5“
lae =2"

Cross section = 0.53" > 0.8" (all members)
b=14x10"4Wb

Figure 15

Cast Iron

= lgp + legep = 2.5+ 2+ 25— 0.2 = 6.8 in = 0.173m

liron
Ajron = 0.5%x 0.8 = 0.4 in? = 0.258 x 1073m?

¢  lax10™
Aion  0.258 x 1073

Biron -

=054T

Hiron = 1850 At (from figure 11)

Sheet Steel
Isteet = lrg + lgn +lpg = 025+ 2+ 0.25=2.5in = 6.35 x 107°m

Agroe; = 0.9 X 0.258 X 1073 = 0.232 x 10~3m?




s __ 9 _ 1.4 x 1074
Steel ™ A oo 0.232 % 1073

=06T

Hgteer = 125 At (from figure 11)

Air Gap
By = Biron = 0.54T
H, =7.96 X 10° x 0.54 = 4.3 x 10° At/m

Ampere’s Law

NI = Hironliron + Hsteellsteel + Hg lg
= 1850 X 0.173 + 125 x 6.35 X 1072 + 4.3 X 10°> X 5.08 X 1073

=320+79+ 2184 = 2512 At

[ 2512 2512
N 150

= 16.7 amps

H.W:

1- For the section of iron core of Figure 16, compute B; and B3?
——A; =0.02 m?2

Figure 16 . k“‘-'

|
A5 =0.015 m?
B;=06T

Ay =0.01 m2 -~

2- For the circuit of Figure 17, ¢ = 25,000 lines. The stacking factor for the sheet steel
portion is 0.95. Find current I. A second coil of 450 turns with I, = 4 amps is wound on the

cast steel portion. Its flux is in opposition to the flux produced by the original coil. The




resulting flux is 35 000 lines in the counterclockwise direction. Find the current I1. Hint:
1Whb=108lins.

A4=2in A;=1in2

—1— A i Cast iron
> : I A =3.5in
- 1
- X
N =600 T+ f T 4=02in
- 1 :
— 1 1 I — .
I - A =5.8In
[
| 1
el B Ay 4 =75 in
Sheet
steel *

Cast steel

Area of all sections (except A,) =2 in2

Figure 17




The core of Figure 12-29 is cast steel. Determine the

current to establish an air-gap flux Cbg = 6 ¥ 107% Wh. Neglect fringing.

Cast steel
A=2>x10-2Im2
&= =025 > 10—3m

FIGURE 12-2%

Solution Consider each section in turmn.
Air Gap
B,=®,/A, = (6X107°)/2x107%)=03T
H, = (7.96 X 10°)(0.3) = 2.388 X 10° At/m
Sections ab and cd
By,=B,=B,=03T
H, =H_, =250 At/m (from Figure 12-19)

Ampere's Law (Loop 2)
20 NI = EC} H¢. Since you are going opposite to flux in leg da, the corre-

sponding term (i.e., H,,€,.) will be subtractive. Also, NI = 0 for loop 2. Thus,

0=">, o wos2 HE
ﬂ S H@Ew + HSEF + Hcdfcd - Hd:l'fda'
= (250)(0.25) + (2.388 x 10°)(0.25 X 107%) + (250)(0.25) — 0.2H,,
=625+597+625—-02H, = 1847 - 0.2H,,
Thus, 0.2H,, = 184.7 and Hy, = 925 At/m. From Figure 12-19, B, = 1.12 T.
b, =B,A=1.12x0.02=224x10? Wb
b, = b, + b, = 2.84 X 107> Wh.
By, =®/A=(284x1095002=142T
H;,=2125Atfm (from Figure 12-19)
Ampere’s Law (Loop 1)
NI = Hy €., + H £, = (2125)(0.35) + 184.7 = 929 At
[=029/200 =465 A




H.W1

The cast-iron core of Figure 12-30 is symmetrical. Determine current f. Hint: To
find N, vou can write Ampere’s law around either loop. Be sure to make use of

symmetry.

FIGURE 12-3{

Core dimensions: 1 cm = 1 cm

Amswerr 6.5 A

HW 2: For the circuit of Fig. below @ = 25,000 lines. The stacking factor for the sheet
steel portion is 0.95. find current I.

A=2in A;=1in2

+
dmn i Casl iron
r ] P _
: - -"f!.: ' A =7350In
N=ol0 70X — — 4 —02in
i 1 Fy
i i 4 —5.8in
i
e B L) I % 4 —7.5in
Sheet
steel ;.,;
Casl sieel

Area of all sections (except A ) =2 in2

HWSa3: For the circuit below if @, = 80uWb, find I. /c;m steel
= N,
If the circuit has no gap @; = 0.2mWb, find | N o +“ 25
= | X
= = ;
100 turns | @, U
0

f,=4£,=0.001 m

Lp-=0.14dm
£, =0.16m




HW3:

Solution Consider each section in turn.
Air Gap

B,=®JA,=(6X107)/(2X 107 =03T

H, = (7.96 X 10°)(0.3) = 2.388 X 10° AUm
Sections ab and cd

By=By=B,=03T
H,=H_, =250 At/m (from Figure 12-19)
Ampere's Law (Loop 2)
> o NI = 2 o HE. Since you are going opposite to flux in leg da, the corre-
sponding term (i.e., H, £, ) will be subtractive. Also, NI = 0 for loop 2. Thus,
O0=Hut,+HL +H[,—H,(,
= (250)(0.25) + (2.388 X 10°)(0.25 X 107%) + (250)(0.25) — 0.2H,,
=625+ 59.7 + 625 - 02H,, = 184.7 — 0.2H,,
Thus, 0.2H,, = 184.7 and H,, = 925 At/m. From Figure 12-19, B, = L.I12T.
D, =B,A=1.12X002=224 X 107*Wb
D, =0, + P, =284 X 107 Wh.

Bio = ©JA = (284 X 107/0.02 = 1.42T

H,.= 2125 At/m (from Figure 12-19)
Ampere’s Law (Loop 1)

NI = Hyooluos + Hol oy = (2125)(0.35) + 184.7 = 929 At
1=2929/200 = 465A




