0.1. Thevenin/Norton Theorem

0.1 Thevenin/Norton Theorem

Q 2020-Aug) Find the Thevinin’s and Norton’s 1k Q 1kQ
equivalent circuits at the terminals a-b for the circuit MN MV
shown in Figure 1. ~ +V, -
50 12v(Q® R oy,
| | oA L
I
8Q : Figure 5
40° A4 g j10Q
o <> Solution:
*B 1k Q 1k Q
VMW AAA
Figure 1 +V -
. +
Solution: 12V -) iVOC WPAY
4§50 ?
| |
L ]
| | A Figure 6
2 50 -
% J10€2 V, = 1x10%
5 Apply KVL around the loop
®
2x10% +2V, —12 = 0
Figure 2 2 x 10% 4+ 2(1 x 10%) = 12
12
N , = ——— =3mA
(8 — j5)(j10) ISR
Zry = s it S0 = 10£269
(8 —j5) + (410) The voltage Voo
-5Q Voo = 12—1x10% —
H : A = 12—-1x10°3mA
L = 9V
400 A (}) 250 #j10Q | lse
i B
Figure 3
8
Isc =1y =4 — =3.39/32 A
8 —jb Figure 7
1026° A KVL for the mesh 1
—{ |- 1x10%; —12 = 0
12
°oAMN 10]126° A
4339580y 3302 A() |26°
KVL for the mesh 2
1 x 10%; +2V, =
Figure 4 1 x 10%s + 2(1 x 10%;) =
Q 2020-JUNE) Find the value of Ry, for the network 1x10%, 424 =
shown in Figure 5 that results in maximum power » 24
transfer. Also find the value of maximum power. 2 = = 1x103 24mA
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0.1. Thevenin/Norton Theorem

The short circuit current is Figure 10

Isc = i1 —ip=12mA — (—24mA)

= 36mA Vi-4 Vi 0
The Thevenin’s resistance is 5 3
0.2V; — 0.8 —-0.33V; =
Rey = 0C_ 9 0.1333V; = 0.8
TH Isc  36mA - T s
! 0.1333
Maximum power is transferred when Ry, = Ryy.
The current in the circuit is
9 I i 6 2A
= — =0.0184 sC = T =537
250 4+ 250 3 3
Maximum power is
Vi 8
P = 2R, = (0.018) x 250 = 81mW Zso = 22 =2=4Q
Isc 2

250€2

Q 2019-DEC) Find the Thevenin and Norton
9V R, =250 equivalent for the circuit shown in Figure 7?7 with
respect terminals a-b.

6Q2 2

Iy 10Q
B

Figure 8
20v (¥
Q 2020-EE-JUNE) Determine the Thevenin’s

equivalent of the circuit shown in Figure 77

50 30 °B
MV MV oA
+ Figure 11
Solution:
+
av <‘ 0.1V, V. Determine the Thevenin voltage Vry. Apply KVL
_ for the circuit shown in Figure 12.
B By KVL around the loop
Figure 9 6:—214+6:—20 = 0
Solution: 100 = 20
i = 24
Ve—4 .
F T 01V, = 0 Voltage across AB Voo = Vg is
0.2V, — 0.1V, = 0.8 )
0.8 Voo = 6i=6x2=12V
Ve = 01= 8V = Voo
By shorting the terminals
V. =0
50 30
MV MV T A
4V C‘D 0.1V lsc
© Vi Figure 12
- B When dependant voltage sources are present

then Thevenin Resistance Rppy is calculated
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0.1. Thevenin/Norton Theorem

by determining the short circuit current at Figure 15
terminals AB: Solution:
3Q0 8 A
: w AMA—e
100
2Q) < &=
E | F{TH
: @
Figure 13 B
T —y=i Figure 16
KVL for 1
or loop x Ry — 11 Q
120 — 241 — 6y —20 = 0
120 — 2(x —y) —6y = 20 vV, 3Q V, 3Q A
L
10z —4y = 20 Wy Wy I
10Q2
KVL for loop y 0 -
®av
—6z+16y = 0
6x —16y = 0 1A
Solving the following simultaneous equations E
10z —4y = 20
62 —16y = 0 Figure 17
x =2.353 y=0.882
Isc =y =0.8824 Vi = 4
Thevenin’s resistance is Va ; Vi +1 = 0
Vo 12
Rry=—2 = "2 =13.6Q Vo—4
T Tge 0882 23 +1 = 0
Thevenin and Norton equivalent circuits as shown Vo—4+43 = 0
in Figure 14 Vv, = 1
136Q A A
* 11Q A A
12V 0.882 A (%) § 13.6Q
A 1v 0.09 A(® e
B B
Thevenin’s Equivalent Norton’s Equivalent
B B
Figure 14 Thevenin’s Equivalent  Norton’s Equivalent
Q 2019-DEC) Determine the current through the Figure 18
load resistance using Norton’s theorem for the

circuit shown in Fieure 15 Q 2019-Dec) Obtain the Thevenin’s equivalent
” network for the circuit shown in Figure 19.

30 80 A
MWV MWV ¢ I, 210 500
10Q2
R
2Q2 + L
§ ®av 10 200°V )4 120 .
1A j60Q
240 30Q
B J
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0.1. Thevenin/Norton Theorem

Figure 19

Solution:

21Q
50Q2
MN M

'\NV‘—U)_QQ)-

j8Q  j10Q 300V

10Q

Figure 23

Solution:

120 . .
240 392 600
¢ | | e (10 4 78)(—48)
R = JI0+-——=
A R,, B T T 0+ s — )
= j10+ (6.4 —48)
Figure 20 6 4 j2Q
(000
B _ 21(124524) | 50(30 + j60) . *A
TH = 51412424 ' 50+ 30 + j60 j10Q
= (12.26 + j6.356) + (30 + j15)) 10Q — 0 R,
' -/ 7J
= 42.26 + 521.356 <}:,
7180
210 50Q oB
Figure 24
° 12Q
2000° v @ Y j60Q2
j240 I\ 300 e .
(10+358) ~ (=58)  (j10)
Figure 21 V1[0.078/ — 38.66 + 0.125./90 + 0.1/ — 90]
+0.7841414+0.3490 = 0
20
;—Oj 0.06532 —21.28V; = —0.9964/127.46
Ih = ——=0.2/4-36.87 —0.9964/127.46
80 +760 1T 0.0653Z — 21.28
Vi = 15.25/ — 31.26
VAB = Il ><21—12><50
= 0.49/ — 36 x 21 — 0.2/ — 36.87 x 50 log S8y 10 30tV
= 0492 — 36 x 21 — 0.2/ — 36.87 x 50 A
= 0.3284 — 8.457 10[0° v e
42.26+j21.356Q
I:I ¢ B
Figure 25
A 0.07|=35° ACD 42.26+21.3560
0.328]-8.45° V
I Vi—-3
sC .
(410)
Figure 22 _ (15.25£—-31.26) — 3
Q 2019-JUNE) Obtain the Thevenin’s equivalent N 710
across A and B for the circuit shown in Figure 23. = 1.2784 —128.25
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0.1. Thevenin/Norton Theorem

Voc = IscZn
= 1.278/ — 128.25(6 + j2)
= 8.08/ — 109.815
6+20)
™ 1—e oA
8.08-109.81° V I
T A .
©) 127812828 AQD [] 6+2Q
L B
Figure 26

Q 2019-JUNE) Find the value of Zy in the circuit
shown in Figure 27 using maximum power transfer
theorem and hence the maximum power.

50 16Q2

50[0° V f . z,
B
Figure 27
Solution:
® A
5Q2 1
2 = o
IQTH
60 g —
l B
Figure 28

(5 +76)(—78)
(5+ 6 —48)
= 11 — 73.586

Rruy =

Figure 29
. 50
T =
(5+ 76— j8)
= 9.28/£21.8
Voc = i(—38)
= 9.28/21.8(—j8)
74.24/ — 68.2
1143.5860
11+3.586Q2
74.24)-68.2° ) !
Figure 30
Maximum Power is transferred when
Rry = Rp
11 — 53.5862 = 11+ 53.586%2
Current through the load is
. 74.24/ — 68.2
)
L (11 — 43.586) + (11 + j3.586)

= 3.374A

Maximum Power transferred through the load is

P, = i2Rp = (3.374)%*(11 + j3.586)
= 131.7/18

Q 2019-JAN) Find the value of R for which the
power transferred across AB of the circuit shown
in Figure 31 is maximum and the maximum power
power transferred.

10 A Ry B 40

1wov® 20 300 ®o20v

Figure 31

Solution:

First remove the R from the network and determine
the Vg and Rpy the details are as shown in Figure
32. The voltage across AB is the potential difference
between AB.

. 10
11 = ?
The potential at A is
10
Va= 3 x 20 = 6.667V
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0.1. Thevenin/Norton Theorem

. 20
22:7

The potential at B is

2
Ve = 70 x 3 =8.571V

The potential at B is

Vap =Va—Vp =6.667V — 8571V = —-1.9V

10V 20V

Figure 32

To determine Ry the details are as shown in Figure
75. The 10€2 and 5 are in parallel which is in series
with 2.

Ryy = (1]12) + (3]]4) = 0.667 + 1.714 = 2.381€

1Q A B 4Q
Rae
20 30
Figure 33
2.381Q2 A
A
V., =1.9 0.798 A 2.381Q2
B B
Thevenin’s Norton’s
Equivalent Equivalent
Figure 34
1.9V
= =044
L= 538142380 O

Pr, = (0.4)%* x 2.381 = 0.381W

2.381Q
A
v L
Vo, =1.9 2.381Q
B
Figure 35

2018 Dec JUNE 2013-JUNE MARCH-2000 ) Find
the current through 6 2 resistor using Norton’s
theorem for the circuit shown in Figure 36.

6l
S A
A4 Vi
102 260 50
20V
Figure 36

Solution:

Determine the Voo at the terminal AB. When the
resistor is removed from the terminals AB then the
circuit is as shown in Figure 37. Apply KVL around
the loop

41, — 61, +61,—20 = O
20
I, T A
VOC’ = HAx6=30V
6l
<> oA
N vi
40 60
oz v
—(—L—8
20V
Figure 37

When the terminals AB short circuited then 6 Q2

resistor is also shorted and no current flows through
resistor hence I, = 0 hence 61, = 0. The circuit is
as shown in Figure 38. The Norton current is

Isc=1In = 2740 =5A
61,
PN A
\/ i*lx
4Q§ };:69 lsc
: B

20V

Figure 38
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0.1. Thevenin/Norton Theorem

Zy = Yoo _30 _ 4o ;o 20200 2040
Isc 5 T 10+3—j4 13.6Z—17.10
= 147/17.1°4
The Thevenin and Norton circuits are as shown in 0 ) 0
Figure 30 Voo = [1.47/17.1° x (3 — j4)] — 10445
= [1.47£17.1° x 5/ — 53.13%] — 10£45°
602 R A — [7.35/ — 36.3°] — 10./45°
= [5.923 — j4.5] — 7.07 — 57.07
L § 50 = —1.147 — j11.42
Vi, =30V ) 5A (D = 11.47V£95.73°
10[45°
L eB Q@ V1 |_5 v
_ B , G yr———eA
Thevenin's Norton’s ~/
Equivalent Equivalent 30 g 20[0° V
(1) Ve
Fi . +
igure 39 40 —
Current through 5 € resistor is B R 10Q2
B
I5 = Ai6 ~272 A
5=95 6+5 7 Figure 42
A Zpy = BN >XI0 9 073 21620
= 3 _jay10 T
260 350 | .
5AQ%) A
B 3Q Ry
Norton’s 40— :
Equivalent 100
o B
Figure 40
2018 Dec 2011-JULY) Find the value of Zj, for which Figure 43
maximum power is transfer occurs in the circuit 2.973- j2 162 O
shown in Figure 41. o A
10/45° V
> A (#)11.45]-95.65° V
30 20[0°V
z, .
40
—|_ 100 Figure 44
B
. 3—74) x 10 ,
Figure 41 Zrg = B=j4) x 10 = 2.973 — j2.16202
& TH = "5 j4+10 J
Solution:

The maximum power is delivered when the load
Determine the Voc at the terminal AB. When the jmpedance is complex conjugatae of the network
resistor is removed from the terminals AB then the jmpedance. Thus
circuit is as shown in Figure 42. Apply KVL around
the loop Zy, = Zpy = 2.973 4 j2.162Q
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0.1. Thevenin/Norton Theorem

The current flowing in the load impedance is

11.47V £95.73°
ZrH + 21
11.47V £95.73°
2.973 — j2.162 + 2.973 + j2.162
11.47V £95.73°
2.973 4+ 2.973
11.47V £95.73°

= Y 1.929/95.73°
5.946

I, =

The power delivered in the load impedance is

Pp =17 x Ry = 1.922% x 2.973 = 11.46W

2018 Jan) Find the Thevenin equivalent for the
circuit shown in Figure 45 with respect terminals

a-b

2kQ vV 3kQ

A AN o N

+

Y

4V X v

4000 +> ”
® B

Figure 45
Solution:

Determine the Thevenin voltage Vrpg for circuit
shown in Figure 46. Apply KCL for the node V}

Vx == VA
Va—4 Vo 0
2k 4kQ
0.5x 1073V, —0.25 x 1073Vy = 2mA
Vi = 8V
Voo = 8V
2kQ v 3kQ
A AN o N
+
\'
4V x v
4000 +> ”
o B
Figure 46

Determine the short circuit by shorting the output
terminals AB for circuit shown in Figure 47. Apply
KCL for the node V;. It is observed that V, =0 V,

hence dependent current source becomes zero.

VA—4_ Ve n Va 0
2k 4kQ  3kQ
0.5 x 1073V +0.333 x 1073V 2mA
0.833V4 = 2
Va = 24V
2.4V
Isc = = = 0.8mA
scC 30 0.8m
2kQ v 3kQ
—AW\ AN A
Vv
av( X I
© 4000 ¢
B
Figure 47
Voo 8
Trg = 2% = = 10k
TH = T~ 0.8mA

Thevenin and Norton circuits are as shown in Figure
48

10kQ A A
8V 0.8 mA D 10kQ
B B

Thevenin’s Equivalent Norton’s Equivalent

Figure 48

Q 2017-Jan) What value of impedance Zj, results
in maximum power transfer condition for the
network shown in Figure 49. Also determine the
corresponding power.

25/50° V
+3 A
250° v 6Q
Z
20 j6Q
B
Figure 49
Solution:
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0.1. Thevenin/Norton Theorem
1.68-j0.24Q)
| IS | A
Vi .
Zry = oo =2|(6+6)Q
SC
2(6 + 36‘) 168+ 0.24 () 16.82]-73° vV Z,=1.68+j0.24Q
(246 +36)
B
o A Figure 53
2017 Jan, 2014-JAN) Find the Thevenin’s equivalent
R of the network as shown in Figure 54
602 TH
<1\: 30V, 50V
M—TE—WW\—F—e A
20 j6 0 § + v
3Qs v 10A >—x
oB § $ 4
Figure 50 oB
Figure 54
2 o
i = 8+756 = 2.5/ — 36.87 Solution:
J . . . .
Vi = ix (64 j6) = 2.5/ — 36.87 x (6 + j6) g:il?tgennode analysis the following equations are
= 21.21/8.31V
Vi _
N oh-%_ 1y _
6 5
V1[0.166 +0.2] — 0.2V, = 10
Voo = Vas Vi = 25250 0.366V1 — 0.2V, = 10
= 21.21/8.31 — 25250
= 16.82/ — T3 oW Ve
5 4
—0.2V1 +0.2V, —0.25V, = =0
BV ! V2
L () —eA Vx:€x3:0.5Vl
25[0°V 60 —0.2V7 + 0.2V, —0.25V, = 0
—0.2V7 + 0.2V, — 0.25 x 0.5V =
20 602 —0.325V1 + 0.2V, = 0
*B 0.366V; — 0.2V, = 10
Figure 51 —0.325V1 + 0.2V, = 0
. Vi=24393V V5, =393V
1.68-0.24Q) 1 2
] Vrg =V2=396.3V

) 16.82-73° V

Figure 52

3Q v

wxl'\?v%vz

303 ; M 104 <f>%

o A

o B

Figure 55
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0.1. Thevenin/Norton Theorem

3V, S0V,
M NA—2—e A Vew, v vies _
+ v (10) (=55)  (510)
303 v, 10 A >
_ 4 V1[0.1 +0.2290 + 0.1£ — 90]
B —-14+0349 = 0
Figure 56 0.141£ —45V; = 1.04/163.3
v 1.04/163.3
10x5 L = 0941/ — 45
Vy = 2 x 3=13.636 0.141/ — 45
11 Vi = 737/-151.7
7 6 100 v J10Q  3)0° v
Isc = e + 10 x 11 y 1000 A
13.636 «
= 1 +5.45=3.41+5.45 100" v |
— 8864 4 _|_ 50 s
Vru 396.3 e B
Rryg=—= = 44.01)
Isc 13.636 Figure 59
Q 2016-JUNE) Obtain the Thevenin’s equivalent Vi—3
of the circuit shown in Figure 57 and thereby Isc = (10)
find current through 5¢2 resistor connected between (7.37/ — 151.7) — 3
terminals A and B. = ' 10 :
. . J
100 192300V — 1.01/110
A
100° V
Voc = IscZn
e B = 1.01£110(2 + j6)
= 6.384—17
Figure 57
Solution: 2+16Q 2+j6Q2
— 1o LI g
10)(—35
T) 638 -17°V T)6.38|—-17°V
= 710+ (2 —j4) <> (P I:I 50
= 2+ 560
® ®
(000 o A .
Figure 60
i10Q
102 § - . Ry 6.384 —17
¢ ] J
= 0.694 —57.6
L ]
B
) Q 2015-Jan) For the network shown in Figure 61
Figure 58 draw the Thevenin’s equivalent circuit.
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0.1. Thevenin/Norton Theorem

61
I.X'
4 Q) 60O
N
20V
Figure 61
Solution:
61
I
4 Q) 6O
N
20V
Figure 62

—6I,+6I, —204+4I, = 0

20
I, =
4
= b5A
VOC = I$><6=5><6
= 30V
20
ISC:IN—Z:E)A
Roy = 20¢ _ 3 _g g
5)
4Q I

2V :> 20V

Figure 63
6Q

30V

B

Figure 64: Thevinin Circuit

Q 2014-JUNE) Find the value of load resistance
when maximum power is transferred across it and
also find the value of maximum power transferred
for the network of the circuit shown in Figure 65.

Figure 65

Solution:

8 1.333Q)
—WV MAN—e A

4032

* B

Figure 66

8 x4
Zryg = 1.333 + —— = 1.333 + 2.6667 = 4}
TH + 814 +

Vi-s Vi Vi-2
8§ 4 1.333
V1[0.125 4+ 0.25 + 0.75] - 0.625 — 1.5 -2 = 0

4.125
VA[0.125 +0.25 4 0.75] —0.625 — 15 -2 = o=
Vi = 3.666

Vi—2  3.6366 —2
1.333  1.333

Isc = =1.25
VOC = ISCZTH =125x4=5

80 v, 13330 2V

A
sv(@) 403 ® 2A
B
Figure 67
V2 52
Pz = 29 = = = 6.25W
R, 4
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0.1. Thevenin/Norton Theorem

4Q A 4Q A |
100 60 |
v, A MA——29 A
L
Vi =5 Vg =5 4Q
wv(®  <Pos, e
B B

Thevenin’s
Equivalent B
Figure 68 Figure 71
Q 2014-JUNE) Find the current through 16 Q
BT e . L ] Voc 40
resistor using Nortons theorem for the circuit shown IN = —= = —— = 24Q)
in Figure 69. Isc 1666
| 240 A
10Q2 6Q _X> A )
MV MV A
V., =40V 24Q
a0 v () <¢ 0.1, 160 ™ 1667 A() 2
B B B
Thevenin’s Norton’s
Figure 69 Equivalent Equivalent
Solution: Figure 72
Determine the Vpoc at the terminal AB. When the Current through 16 € resistor is
resistor is removed from the terminals AB then
I,=0 I =1.666 A 24
v = 24416
Voo =40V
| A
100 Vi 6Q _x
wy M0 A 2240
1667 A(A) 3 160
wv(®)  pos, Voc
oB Norton’s B
Equivalent
Figure 70
Figure 73

Determine the Voo at the terminal AB by shorting
output terminals AB. Apply node analysis for the
circuit shown in Figure 71.

Q 2014-JAN) State maximum power transfer
theorem. For the circuit shown in Figure 74 what

Vi should be the value of R such that maximum power
Iy = 6 transfer can take place from the rest of the network.
Obtain the amount of this power
R
Vi—40 W A B 10Q
—+08, = 0
0 6 U0
Vi W Vi
—+—=4+08— = 0
10 * 6 * 6
0.4Vy, = 4
i = 10
Figure 74
10
Isc =In = 5 1.666 A Solution:

Dr. Manjunatha P Prof., Dept of ECE, JNN College of Engg Shimoga manjup.jnnce@gmail.com 12



0.1. Thevenin/Norton Theorem

First remove the R from the network and determine 5.330
the Vg and Rppy the details are as shown in Figure A
75. The voltage across AB is the potential difference \4
between AB.

|
— (F
The potential at A is Vi, =2 _) 5-§3Q

Va=5A4x%x2Q =10V B
The potential at B is Figure 78
Ve = 24 5 =8V
B~ 15 X0 = Q 2012-JUNE) State Thevenin’s theorem. For the
circuit shown in Figure 79 find the current through
The potential at B is Ry, using Thevenin’s theorem.
20 V, 1Q
Vap=Vy4 —Vp =10V — 8V =2V MV AN A
A B 10Q 10\/65 10 A §ZQ R, =13Q
\ B
5A(}) 20 50 24V
- Figure 79
Solution:
Figure 75
To determine Rrp the details are as shown in Figure 2Q) V 10
: ich is in seri MN—T—AM——0 A
75. The 10€2 and 52 are in parallel which is in series

with 2€.

2Q2
Rrg =2+ (10||5) = 2 + 3.333 = 3.333Q2 10v(® 10A §

—oB
A R, B 100
Figure 80
0 50 By node analysis Vrpy is
i—10 W
110 =
5 + 5 0 0
Vi = 10+5=15V = Ergy
Figure 76
RTH 18
2 x 2
AWV—e A o 2+2

2Q2 1
Vi =2 D 0.375 A +> §5'3SQ W ki V\%’ é

220

——*5 B <}:|RT”
Thevenin’s Norton’s
Equivalent Equivalent
® °
Figure 77 B
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0.1. Thevenin/Norton Theorem

Figure 81 100
M\ oA
Ry, =20
A
50 5Q2
Epy =15V R, =130 Ry
B 50 15Q
Figure 82 *B
The current through Iy, is Figure 86
Rry+Rr, 2+13 7 - (54 75) x (15 + j5)
N 5 Y 5+ 15445
- 707445 x 15.81/18.43
Q 2001-Aug, 2011-JAN) Obtain Thevenin and N 22.36£26.56
Norton equivalent circuit at terminals AB for the = 5/36.87°Q
network shown in Figure 83 Find the current
through 10 €2 resistor across AB. The Norton Equivalent circuit is as shown in Figure
e
v - A
v 50 50
5/30° ACD Iy CD
e}
50 j50 2.3356.57° A 5|36.87 Q
*B
Figure 83 ‘ B
Solution:
Figure 87
:m‘/v% A The Thevenin’s Equivalent
50 50 Ve = Iy x Zy = 2.236£56.57°A x 5/36.87°Q
530° ACD TH N N
= 11.18£93.44°Q
50 j5Q
B
Fi 84
e Ve = Iy x Zy = 2.236./56.57° Atimes5/36.87°0)
100
MV A The Thevenin’s Equivalent circuit is as shown in
Figure 88
A 50 °
5300 ACD N 36.87° Q
L 4
j5Q
o B
+ o
Figure 85 (_R 11.18]93.34° V §1o Q
The Norton’s current Iy is
5+ jb 7.07£45 °
J .
Iy = 5430x ———— =530 x —— :
N “10+5+75 " 15.81/18.43 Figure 88
= 2.236£56.57°A Current through load 10 is

Dr. Manjunatha P Prof., Dept of ECE, JNN College of Engg Shimoga manjup.jnnce@gmail.com
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0.1. Thevenin/Norton Theorem

11.18£93.43  11.18/93.43
5/36.874+10 4+ 353+10
11.18/93.43°

14.31/12.1
= 0.781£81.34°

Q 2000-July) Obtain Thevenin and Norton equiva-
lent circuit at terminals AB for the network shown
in Figure 89. Find the current through 10 € resistor
across AB

10Q - 3Q
Ab 100
10[0° V BT j40
Figure 89
Solution:
-j10Q
| |
1 oA
10Q2 30
10[0° V 40
B
o
Figure 90
I(13+44)—10 = 0
I1(13.6£17.1) = 10
;- 10
13.6/17.1
I = 0.7352/£—-17.1

Vrg = Ix(3+j4)=1(0.73524—17.1)(54£53.13)
= 3.676£36.03
100
|
| |on
3Q
1003 } R
jaQ
o B
Figure 91

10 % (34 j4)
Zry = —jlo4 —— 0TI
H T
30 4+ 540 50£53.13
= —j10+ R e
13+ j4 13.6/17.027

= —j10+ 3.6762/36.027°Q
= —j1042.9731 4 j2.1622()
= 2.9731 — j7.837802

= 8.38284 —69.227Q

8.3828|-69.22 O
—L 1o

(+)3.6736.027° V

L o
Figure 92

Nortons equivalent circuit is Ig¢c and Z7g which
are as shown in Figure 93

7o _ Vew _ 3.67636.03
SC T Zrn  8.3828/ — 69.227
—  0.4385/105.257
A
IN ;
2.33|56.57° A CD [] 8.3828/-69.22 O
*B

Figure 93

Q 2001-March) For the circuit shown in Figure
94 determine the load current Iy using Norton’s

theorem .
30 20
_ (O00)L_A I I
il
10Q -
250
100 v O $Qsi90° v

B

Figure 94

Solution:

Determine the open circuit voltage Vrp for the
circuit is as shown in Figure 101. Apply KVL
around the loop

Dr. Manjunatha P Prof., Dept of ECE, JNN College of Engg Shimoga manjup.jnnce@gmail.com 15



0.1. Thevenin/Norton Theorem

2(j3 — j2) + 5£90° — 10£0° =

jr+j5—10 =
jr = 10— j5

= —j(10 - j5)
= —5-410

= 11.184 — 116.56°
The voltage Vrp is the voltage between AB
VTH = 10400 — j3.%'
= 10— j3(—5— 410)
—20+ 515
= 25/143.13°

j3Q
A

Tgffmv
l

20

10Q

10[0° vV

Figure 95

The Thevenin impedance Zpy for the circuit is as
shown in Figure 77 is

Joy 3% (02
71

6

il

= 6£-—90°

oA

j3Q g —__j2Q Roy

o B

Figure 96

The Thevenin circuit is as shown in Figure 97. The
current through the load is

L - 25/143.13° _ 25/143.13°
5— 56 7.8/ —50.20
3.2/193.3°
P, = I!Ry
P, = (32)?2x5
= 51.2W

IL

+ o
P 25143.13° V §5Q

Iy

Figure 97

A

IN A
4.167|233.13° A C) [] -j6 Q

*B

Figure 98

Q 2000-March) What should be the value of pure
resistance to be connected across the terminals A
and B in the network shown in Figure 99 so that
maximum power is transferred to the load? What is
the maximum power?

j10Q2 j10Q
(WL (TW)L_en
——-j200
100[0° V@T —
o B
Figure 99

Solution:

The open circuit voltage Vrp for the circuit is as
shown in Figure 101 is

2(j10 — j20) — 100£0° =

100£0°
x = ,
—510
x = 410
Vg = 710 x —520
= 200V
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0.1. Thevenin/Norton Theorem

j10Q j10Q
(00 (000)L_ A Q 2000-FEB) What should be the value of pure
resistance to be connected across the terminals A
X and B in the network shown in Figure 103 so that
—L 200 maximum power is transferred to the load? What is
100@ V@T T the maximum power?
oB 5@ Q 10/-30° Q
Figure 100 IA
The Thevenin impedance Zpgy for the circuit is as
shown in Figure 77 is 10[0° V @T TB T®5|ﬂ \%
. J10 x (—520)
Zra = GO+ Figure 103
— 104 200 Solution:
7T S0 - —
100200 The open circuit voltage Vrp for the circuit is as
= j10+ 10 shown in Figure 101 is
—J
= 710+ 520
= 730
x(5£60° + 104 — 30°) + 5£90° — 10£0° = 0
j100 j100 x(2.5 4 j4.33 +8.66 — j5) +j5—10 = 0
[ ) NP
/9 2(11.16 — j0.67) = 10— j5
. —1— 200 _ 10 — 75
100[0° V@) 4 = 1116 — j0.67
_ 11.184 — 26.56
*B T 11184 — 34.36
= 1£-23.13
Figure 101

The Thevenin circuit is as shown in Figure 102. The

current through the load is Vig = 10£0° — 2(5/60°)

10 — (1£ — 23.13)(5.£60°)

I, = 200 _ 200 = 10— (5£36.87
T 304430 42432450 = 10-(543687)
= 4.714/ — 45° = 10— (4+73)
P, = IR = 6-J3
= 666.6W
560° o 101-30°Q
j30 Q 50
| ] L J
| I | A
L >
-y ©F +Qs5190°v
2000° vV () H 300 100°v TB
Figure 104
¢ The Thevenin impedance Zpy for the circuit is as
Figure 102 shown in Figure 105 is
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0.1. Thevenin/Norton Theorem

Figure 105
5/60° x 10Z£ — 30° The load impedance is 4-j2 )
Zru = 5/60° 4+ 10/ — 30° The Thevenin circuit is as shown in Figure 106. The
) J10 x (—720) current through the load is
Z = j104+ ————+
L T T)
_ 50£30° ;. _ 6.708-2656 _ 6.708Z — 26.56
(2.5 4 j4.33) + (8.66 — j53) L= 4y jera—j52 ]
_ 50430° = 0.8385/ — 26.65°
e s
B 4' N ' = (0.8385)% x 4
R — 2.8123W
*A 4+j20)
| S|
5/60° Q .
I:I 10-30°Q Ry, 4-j2Q
6.708.£ — 26.56°
——eB Figure 106

Important: All the diagrams are redrawn and solutions are prepared. While
preparing this study material most of the concepts are taken from some text books
or it may be Internet. This material is just for class room teaching to make
better understanding of the concepts on Network analysis: Not for any commercial
purpose
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