Chapter 1
Module 1 Basic Concepts

1.1 Introduction

Resistors in series:
Consider two resistors Ry and Ry in series.

Figure 1.1

Vi+ Vo =1I(R:+ Ry)
Req:R1+R2

, Ry, are connected in series then the equivalent resistance Req is

~< <

If n number of resistors Rq, Rs
Req =R + Rs..... , R,

Resistors in parallel:
Consider two resistors are connected in parallel.

Current in each branch is
LV
1= i
v
I — —
2 %
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The current I is

I = L+
VoV
TR R

1 1
- V@a+RJ
I /1 1Y\ 1
v"(m+RJ—RW

If n number of resistors are connected in parallel then

1 1 1 1

Ry R R Ry

If only two resistors are connected in parallel then Equivalent resistance R, is

L 11 RiR
Ry  Ri Ry RiRy
R1Ry
Rey = =272
e R+ Rs

KIRCHHOFEF’S RULES

1.

Current Law or Junction Rule or Kirchhoff’S Current Law (KCL): The algebraic sum
of electric currents at any junction in electrical network is always zero.

Z;l I, = 0

or The sum of incoming currents towards the junction are equal to sum of outgoing
currents at a junction.

This law is a statement of conservation of charge. If current reaching a junction is not equal to
the current leaving the junction, charge will not be conserved.

IT Law or Loop Law or Junction Rule: Kirchhoff’S Voltage Law (KVL): The algebraic
sum of changes in potential around any closed loop involving resistors and cells in the
loop is zero.

This law represents conservation of energy. If the sum of potential changes around a closed loop
is not zero, unlimited energy could be gained by repeatedly carrying a charge around a loop.

Sign convention for the application of Kirchoff’s law

1. While traversing in a loop the direction of current is in the same path then the potential

drop at a resistance is -IR while in the in opposite direction it is +IR.

2. The emf is taken negative when we traverse from positive to negative terminal of the

cell. The emf is taken positive when we traverse from negative to positive terminal of
the cell.

£
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Example

b 40 c

a-»—:—«l\%)zﬁ\ll—'d
Ly @D

50
— — W
8V
Figure 1.3

KCL for the junction at node ’a’ is
Incoming current at node ’a’ is I3 and outgoing currents are I; and Is.

Is=1+1Ip
sum of the currents meeting at node ’a’ is zero OR
Is— 1 —1,=0
For the node ’'d’
L+1,=13
LH+I,—13=0
For the loop 1 abcda

-4 +9-3I3 =
—4[1—|—9—3(11+12) =
I +3L = 9 (1.1)

For the loop 2 afeda

8—5l+9—-3I3 = 0
17—5]2—3([14—]2) =
3 +81, = 17 (1.2)
From Equation 1.1 and 1.2

I +3, = 9

31 +8I, = 17
Solving the above equations
I, = 0.446A
Ir, = 1954

Applying Node voltage method

Za -0
4 3 5
1 1 1 8
Vil=+-+2|-3+2 =
[4+3+5] 3+ ; 0
V, = 1.787
V, 1.787
I o= 2= _ (4464
! 4 4
/ 1
L - V5+8: T8 _ oy

o
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Branch Current Rule

Figure 1.4

When two resistors are connected in parallel:
Branch Current is

Resistance of other branch

= Main Current -
Sum of resistances

Ry
2
Ri 4+ Ry
Ry
Ri + Ry

I, =
I, =

Also it is given by

Rp
1'7
Ry

L = I-X

L =

where I is the main current and Rp is the parallel
branch effective resistance.

Using Method 1
4
“ 4112
12
"2 1r12 P

Using Method 2
= 242 _ 054
11 = 12 = U.
’ 2A3 1.5A
i = -=1.
2 4

Example 2
Find the magnitude of I in ampere

I 60Q

1A 150 50 MA
—>—MMW— W

10Q
> WW—————

Figure 1.6

Solution:
Using Method 1

I 60Q 1 60Q
> WW—

1A 20Q 1A 1A 1A
——MN— > AWA—D

10Q2 6.666Q)
i =

Ri1Rs
Rp = ——— )
R1+ Ry Figure 1.7
;- vV
fip+ fis 6.6666
Example 1 '
Find the current i1 and i for the circuit shown in Using Method 2
Figure When the Resistors 10, 15 and 60 2, are
connected in parallel hence
1 n 1 n 1
Rr 10 20 60
_ 6+3+1 1
N 60 6
Rr = 6
Figure 1.5 Current Iy is
Solution: 6
12Q and 41 are in parallel I = 1A@
12 x4 = 0.1
Ry 214 + 3+
= 50
Total Current I is
- E 12
 Rr+r 5+1
= 24
W@y
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Find the power dissipated in the 3 §2 resistor
45V
10 XN\

\,

4Q

Figure 1.8
Solution: Ans (b): The given circuit is redrawn.

10 45V

40
MW
Figure 1.9
3 and 6 () are in parallel which is in series with 2 (2
6 x3
24+ (3||6) = 24+ ——=2+2=4Q
FEI6) = 2+ =2+
40 and 4f) are in parallel which is in series with 1 (2
4 x4
1+4l4) = 1 =14+2=230Q
FAM) = 14y =14
The current I is
4
45 = 154

MW
40

Figure 1.10

The current I7 is

4
Ii = 15A——=0.754
1 5 1+ 0.75

The current through 3 € is

6
Iy = 075A—— =054
3 346

The power dissipated in the 3 € is

(I3)2x3 = (0.5)2x3=0.75W

For the circuit shown in Figure 1.11 find the value
of current I

Figure 1.11

Solution: The total Resistance of the network is

I 1_+1_+1
Rr 10 15 30
6 1
30 5
Ry = 5
Current I is
I, = Lzmi
15
= 04

Find the current I flowing in the circuit as shown in
Figure 1.12
40

40 40

I
40)

—WW—
4V 1.6Q

Figure 1.12

Solution:
The 4  and 4 ) are in parallel which combination
is in series with 4 €

4><4_

= 2Q)
4+4

40

AN
VVVY

20

Figure 1.13
Again 4 Q and 6 () are in parallel

4x6

= 2.4Q
4+6

7
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2.4Q I 609
MWW
1A 150 50 |MA
—— - AW— W
——AWW—— 10Q
4V  1.6Q >—VWWy
Figure 1.15

Figure 1.14

. Solution: When the Resistors 10, 15 and 30 €, are
Current from battery is

connected in parallel hence

=2 _a 1111
24+1.6 R 10+ 20+ 50
The current I is _ 6+3+1 _1
B 60 6
—1at —oua Ry = 6
4+6
Current I is
6
Find the magnitude of the current I for the circuit I = 1A@
shown in Figure 1.15 is = 0.1

P
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1.2 Source Transformation Technique

VS% <:>|<D R b

Voltage Current
Source Source
Figure 1.16
Vg = IgR
Vs
Is = —=
5 R
4 and 8 ) are in parallel
Q 1) In the circuit below, use a source _ 4x38 — 92660
transformation to determine vp. 448
Solution:
2.66Q
20
® . 3A® 2660S 8Qs Vo 8V 8asY%
40 3A 8QsS Vo [
Fi 117 Figure 1.21
1BHTe 2 The current in the circuit
The transformed circuit is as shown in Figure 1.18. 3
The current in the circuit is 0.857 A. The voltage = 066 =0.75

across the resistor 8  is

0.857 x 8 = 6.857V

40 20

12V 80 s Yo

Figure 1.18

Q 2) For the circuit shown in Figure.
source transformation to determine vo.

1.19, use a

Solution:
4Q
12V 80 80sS Vo
Figure 1.19

3a®

—AM—

40 89% 8Q)

Figure 1.20

L AA—
o<

The voltage across the resistor 8 €2

0.7 x 8 =6V

Q 3) For the circuit shown in Figure determine the
Vb using source transformation.

20 30
3A
40 < 8QS V, 12v
Figure 1.22

Solution:
Replace the current source and parallel resistance by
voltage source in series with resistor
V=IxR=3x4=12V

40 200 3Q

12V(®) sasv, 12V

@
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Figure 1.23 , 50 10V 100
Now 4 Q and 2 €2 are in series which are replaced by &)

single resistance 6 2

602 3Q
A\ ANV
12\ 80S V, 12v
Figure 1.24

Replace the voltage sources by current source in
parallel with resistance 6 2 and 3 (2

S

Figure 1.25

Replace two current sources by single current source
and two parallel resistors 6 € and 3 € with
single resistance. Current sources are in opposite
directions. Again replace current source by voltage
source in series with resistor 2 2

6 1
6 x3 9
The current in the circuit is
=2 4 o
8+2 10

The voltage drop across 8 2 is

V=044 x8=32V
20)

8Q3V, V, 8Q

20 GD%4V

Figure 1.26

Q 4) In the circuit shown in Figure 1.17 determine
the current ; through 5 €) resistor by source
transformation.

Figure 1.27

Solution: KVL cannot be applied due to the
presence of current source. Transform the current
source to voltage source.

V=IxR=1x10=10V

Figure 1.28
Now the 10 © and 5 Q2 are in series

b 50 c v

Figure 1.29
Replace the voltage source by current source. First
current source is I = % = % = 2A and the

second source is and each resistors are in parallel
i i -V _10_2
with respective current sources I = = 1 = 54

2A iy

50 A

)
%

150 (4

T

wWIN

50

d

Figure 1.30

Now two current sources are in parallel they can be
added and total current is

2 8
I=2+-=-A

+ 3 3
The parallel resistances are added
_5x15 15

5415 4

The equivalent circuit is as shown in Figure. The
current source is replaced by voltage source which is
as shown in Figure. The new voltage source is

8 15
V=IxR=2x=—=10V
% 3%

The total resistance in the circuit is

R:%+5:§:3.75+5:8.75Q

Current ¢; through 5 ) resistor is

vV 10
[=—=— =11424
R 35/4

7
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Figure 1.31 30 40
The other method to find current in the above circuit g
o @) 16/3 V
v
. c ¢ % Resistance in other baranch Figure 1.35
i1 = Currren
! Total Resistance Current I is
8 3.75 16
1= =X —— = 1.142A —+10-7x1 = 0
'T 3737545 3
16 + 30
-7 =
3
46
T = —
Q 5) In the circuit shown in Figure 1.32 determine 346
the current 1 I = A 2.19A
X
A2A
(N
30 AAA Q 6) In the circuit shown in Figure 1.17 determine
—|> 80 current I by source transformation.
> 60 4Q 50 g
10v
' ! 0.1A
Figure 1.32 5V 20Q S 30Q ®
Solution: ! n
KVL cannot be applied directly due to the presence )
of current source. Replace the current source into Figure 1.36
voltage source in series with 8 €2 and current source Solution:
as

First the parallel resistance is replaced by single

resistor which is as shown in Figure
V =2x8=16Volts

) ) ) 20 x 30 600
Now the 8 Q and 4 2 are in series which are placed = =— =120
. . . 20+ 30 50
in series with voltage source.
3Q 16V 5Q
3 a
—
| 8Q | 01A
1ov o o sv] 120 ®
' b
Figure 1.33
Replace the voltage source into current source in Figure 1.37
parallel with 12 Q Now replace the current source in parallel with
30 resistor by voltage source in series with resistor,
W which is as shown in Figure
' 2en 2120 @asa
10V

50 120
I
sv(@® (D1.2v
Figure 1.34

12 Q and 6 2 are in parallel. Current source

can be replaced by voltage source the details are as Figure 1.38
shown in Figure The current I in the circuit is
6 x 12 5—12 3.8
R= =40 1= =— =10.2244
6+ 12 5+ 12 17
4 16 Q 7) In the circuit shown in Figure 1.39 determine
V=IxR= 3 X 4= 3‘/01758 the voltage vy across 100 € resistor

@
Dr. Manjunatha P Prof., Dept of ECE, JNN College of Engg Shimoga manjup.jnnce@gmail.com €% 9



1.2. Source Transformation Technique Chapter 1. Module 1 Basic Concepts

100Q 8V Q 8) In the circuit shown in Figure 1.44 determine
< 30 mA the current in the 12 € resistor using source
V31000 31000 g
10V

T

A . .
transformation method

60V 20

v

Figure 1.39 240

120 40 Baa

Solution:
240V

Replace the current source by voltage source in series
with 100 € resistor which is as shown in Figure. Figure 1.44

100Q 8V  100Q Solution:

Replace the current source and parallel resistor 4 2
by voltage source in series with resistor 4 {2

Figure 1.40 V=IxR=30x4=120V
Voltage sources of 8 and 3 are in series which are
replaced by single voltage source. 60V 20
100Q2 100Q2 240
1203 48 A 120V
@ Vo$100Q  (D11Vv 240V 40
0ov
Figure 1.41 Figure 1.45

Replace the voltage sources and source resistors by

Replace the voltage source of 11 volts with current ) i ) ] )
single voltage source in series with single resistor 4

source in parallel with 100 Q resistor.

Q
I = 1—1 =110mA
100 V =60+ 120 = 180V
@100 mA Vo <1000 1000 ® 110 mA R=2+4=069
100Q2
Figure 1.42 oz 2 48 A 180V
100 mA current source with 100 €2 resistor and 240V 60
110 mA current source with 100 Q resistor are in
parallel which are replaced by single current source Figure 1.46

and single resistor as
& Replace 240 V voltage source in series resistor 24

Q by a current source and 180 V voltage source in

I =100+ 110 = 210mA . .
series resistor 6 () by a current source

_100xa00 o
~ 100+ 100 7=V _290_ 04
, R 24
®
V180
210 mA SOQVO 1002 I:E:?:%A
Figure 1.43 1203 2249 >
< v p: % A ; 6Q2
Current through 100 € resistor is Proa ()48 AO?’OA
50
I'= 21055055 = TomA Figure 1.47

Current sources 10 A, 48A, and 30 A are in parallel.
Replace these by single current source. Also replace
V=IxR=70x10"%x 100 =7V parallel resistor by a single resistor.

Voltage across the 100 2 resistor is

o
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50
I =10+48 —30A =28A
@
\—
40 A
R—24X6—144—48Q —WWA—
T 24+6 30 6V 20 %39
4.8Q Figure 1.51
120 120
‘é ®28A §4'SQ: ‘é 134.4V 5 Q2 and 2 () resistors are in parallel and are replaced
by single resistor.
Figure 1.48 R= g a i — 1.4280
The current in 12  resistor is sources 10 A, 48A, *
and 30 A are in parallel. Replace by single current ®
source. Replace parallel resistors by a single resistor. 40 “
1.428 Q S30
6vQ®
1344 $A
12+48 Figure 1.52
Q 9) In the circuit shown in Figure 1.52 determine
the current in the 3 €} resistor using source 7.14V
transf ati thod
ransformation me ;(; 14280 |
o 50 40
~ 3Q
20 20 6V
10V '
2A (T) 20 30 Figure 1.53
The current through 3 €2 is determined by applying
Figure 1.49 KVL in the loop as:
ion: 14 —
Solution: j 7 6 0135 A

8.428

Replace the 2 A current source and parallel resistor
Q 10) In the circuit shown in Figure 1.54 determine

of 2 Q by voltage source in series with resistor _
2 Q similarly replace the 1 A current source and the current/, using source transformation method

parallel resistor of 2 Q by voltage source in series 200Q 300 500
with resistor 2 Wy WA 0mA I,
80Q 600 10Q
= = 10V
V=2x2=4V A
10Q
V=1x2=2V
Figure 1.54

Solution:

Replace the voltage source of 10 V by current source
in parallel with resistor of 200 €2

10
I=—=50mA
200 "
Figure 1.50 300 500
4 volts and 2 volts are in series and are added 0 [ Wy 0 mA |
.. . . . 5 X
similarly 2 €© 2 € resistors are in series and are mA 2000 2 800 6002 100
added. Replace the 10 V voltage source by current
source in parallel resistor of 2 (2. 1‘/\0?2
10
I'=- =54 Figure 1.55

£
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Replace the parallel resistors of 200 and 80 €2 by a 500
single resistor |
19.41 X
9 A 37 3100
_200x80 oo m
200 + 80
309 Figure 1.60
I, By Branch Rule
57.14Q 60Q  $100 37
I, = 1941 ——- =742mA
Wy ’ 37+ 60 "
Figure 1.56 Q 11) In the circuit shown in Figure 1.61 determine

the current/, using source transformation method
Replace the current source of 50 mA and parallel

resistor of 57.14 © by voltage source

10Q

V =50 x 1072 x 57.14 = 2.857V

60 V
Figure 1.61
SOQ
Solution
2.857V g :
57140 100 Replace the current source and parallel resistor of
1OQ 10 © by voltage source in series with resistor of 10
Q.
Figure 1.57 I. 8O 10Q
30 Q, 57.14 Q2 and 10 € are in series replace by single
resistor 60 V
97 140
IX
2.857V 10Q Figure 1.62
10 2 and 40 are in series which are replaced by single
Figure 1.58 resistor. Replace voltage source by current source.
Replace the voltage source of 2.857 V by current Lk 8%
source in parallel with resistor of 97.15 ) 0V 500 500
0.6l
2.857 -
=—— =2941 mA
97.15 " .
Figure 1.63
50Q
A I, 8Q
29.41 0 mA 5
Figure 1.59 .
Figure 1.64

29.41 mA and 10 mA are in opposite directions
and are in parallel, replace by single current source.
Resistors 97.15 € 60 2 are in parallel with single
resistor of 37 €

Replace the current source and parallel resistor of
25 Q) by voltage source in series with resistor of 25

I, 8Q 1
<D

51,

I =29.41-10=19.41 mA

_97.15x 60
9715460

250
37 Q

£
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Figure 1.65 %3/(\}
The current through I, is determined by applying vl A
KVL in the loop as: ©
60 — 81, + 151, — 251, = O i
18I, = 60 50
60 !
I, = - =33334 50
18 ——MA—
Q 12) In the circuit shown in Figure 7?7 determine &
the current I; 6/5A
3A 20 Figure 1.70
Current source 1 A and g A are in opposite
30 directions, replace by single current source and also
replace parallel resistors 3 €2 and 5 € by a single
Figure 1.66 resistor
Solution: 6
Ig=--1=-=024
For the given circuit there is a current source of 3A. 5
Shift the current source between resistors 1 Q 2 €. 3Ix5 15
The modified circuit is as shown in Figure 1.67 Reg = 375 = — = 1.8750Q)
5i
c 50
1.8750
MV
Figure 1.67 5
Convert current sources into voltage sources in series 0.2A
with resistor 1 Q and 2 2.
Figure 1.71

Replace the 0.2A current source and parallel resistor
1.875 Q by voltage source in series with 1.875

resistor
5i :
‘ 50 Iy

©,
03375V

Figure 1.72
Apply KVL for the loop

0.375 — 6.875i1 — 541 =

Figure 1.69 ‘
. . 0.375 —11.875¢; = O
Now convert voltage sources into current sources in 11.875
parallel with resistors as shown in Figure i = = 31.67A

0.375

o
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1.3 Question Papers

2019 Dec (2018 Scheme ) 1 a). Using source 80 40
transformation technique find the current through AMN
5 € resistor for the circuit shown in Figure 1.73.
50 300 9V 9V 4Q
MN
200
5V 3V 4Q
8 Q 8Q
Figure 1.73: 2019-Dec-Question Paper AMN AN
Solution:
50 OV (T oV
v <> 20V
200 Z 30Q
5V 0.1A
8Q 802 25A
1.125 A
Figure 1.74 9V
5Q
' 4 Q 1.375 A
2002 300 01 A G
5V gV
Figure 1.75 40 40
S5V

5Q 12Q
MY
55V
ey @55Y, O,
5V 1.2V

The equivalent current source is

Figure 1.76

The current through 5 2 resistor is 40
0.875 A(§

J

1= 12-5 =04117 A
17 JULY-2017 Calculate the current through 2

resistor for the circuit as shown in Figure 1.78 using

source transformation

JAN-2018 Use source transformation to convert as

shown in Figure 1.77 to a single current source in

parallel with single resistor

4Q 40
\ WV ¢ a
9V 9 V%L) A 4Q Figure 1.78: JULY-2017-Question Paper
v e b Solution: Replace the each current source 5 A in
40

parallel with 3 €2 resistor by voltage source, 1 A in
parallel with 9 € resistor by voltage source and 3 V,,
current sources in parallel with resistor of 17 Q by
Solution: voltage source which is as shown in Figure 1.79

Figure 1.77: JAN-2018-Question Paper

£
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JULY-2016 Using source transformation find the
current through Ry, in the circuit as shown in Figure

Vi = IXxR=5x3=15V

Vi IXxR=9x1=9V b
= X = X =
2 22V 50
Vi = IxR=3V,x17=51V —
48V 120
._{
12V 40
._{
R, =100
Fi 1.79: JULY-2017- tion P
1BHe Question Paper Figure 1.83: JULY-2016-Question Paper
From the figure it is observed that V, =2 x [ Solution:
Replace the voltage source of 15 V in series (3+4) OTHon:
resistor by current source Solution:
= 15 —914 A Replace the each voltage sources into current sources
7 in parallel with resistor which is as shown in Figure
1.84
51V, RV
‘» 170 Vi 22/@ A
90 »
(
A’
214A® Hov c 6
MV
Figure 1.80: JULY-2017-Question Paper é’o‘
7 Q2 and 7 Q2 are in parallel replace by single resistor 120
77
~ Xl 350 3A
T+7 &
40
MN
R, =10Q
MN

214A(

Figure 1.84: JULY-2016-Question Paper

Figure 1.81: JULY-2017-Question Paper Each current sources are in parallel, add these
current source and replace the parallel resistor by

single resistor, the modified circuit is as shown in
Figure 1.85

Replace the current by source voltage source in series
3.5 € resistor

V =214 x35="749V

22
51V, 170 +V, - I=h+Dh+Iz=—+4+3=1144

90 1 1 1 1
=4 — 4 -=0533
R-5 1271

3.5Q

749V (O Hov
1
Figure 1.82: JULY-2017-Question Paper '
From the figure it is observed that V, =2 x I 11.4A
Apply the KVL for the circuit by using V, =2 x [ <
18750
MN
749 - 51V, —9—-295 = 0
—1.51 =51 x 21 —29.5] = 0 R0
—1.51—-1021 —29.5I = 0
L5l 1317 0 Figure 1.85: JULY-2016-Question Paper
e 1.51 N Current source in parallel with resistor is replaced
=131 11.5 mA voltage source which is as shown in Figure 1.86

7
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Figure 1.89

Replace current sources 10 A and in parallel with 13—0
A by single current source and parallel resistors by

21.375V 18750

RLAjvl\OQ single resistor
Figure 1.86: JULY-2016-Question Paper =10+ 10 40
Current through Ry is, by KVL 3 3
21.375 — I x 11.875 =0
2x3 6
21.375 R= =-0Q
= =1.84 243 3
11.875 *
JULY-2014 Using source transformation find the
power delivered by 50 V source i given network of 6 §
as shown in Figure 1.87 5Q 28
f D, s
50 V 3
50 30
10A 1oV
S0V 20 ? Figure 1.90
Replace the current source % A in parallel with 13—0
Figure 1.87: JULY-2014-Question Paper resistor by a voltage source in series with resistor
Solution: 6
o R R=-=1.2Q
The redrawn circuit is as shown in Figure 3
50 20 30
%| ®
50V 10A 10V 5Q 120
50V t I 16V
Figure 1.88
Replace the 10 V voltage source in series with 3 € Figure 1.91
by current source in parallel with 3 €2 resistor. By applying KVL in the circuit is
=Y _19, 50— 16— I x62=0
1 3
1= é% = 5.48A
5Q ® 203 30 ®L, .
50V 10A 3 The power delivered by 50 V source is
Cf P =50 x1=>50x548 =274W

7
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