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Consider the circuit in Fig. 13.16. Determine the Coupling e

100 i cient. Calm]zaeﬂaeenergysto%'advinthecoupledi:dccmrgz'n
Badd ﬂ t=1sif v = 60cos(4r + 30°) V.
v% sHZ Z4H =%F Soluti
,/ t The coupling coefficient is
M S
Figure 13.16 P _ — e
For Example 13.3. \fL;TQ 0

indicating that the inductors are tightly coupled. To find the energy stored, we need to calculats the oo
To find the current, we need to obtain the frequency-domain equivalent of the circuit.

60 cos(dr +30°) = 60/30°%. @ = 4rad/s
SH = el =j20 0
2.5 H = j(:)M — le Q
4H 7= el = j16 O
1
- —F = —_— = —. (
. : . 16 joC 40
The frequency-domain équivalent is shown in Fig. 13.17. We now apply mesh analysis. For mesh 1.
(10:+ j20)1, + j101, = 60 /30° (1330
For mesh 2,
JI10L, + (j16 - jdHl, = 0
or

2
I =-121, (13328
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Eq. (13.3.1) yields

. ing mis into
s (-12 - jl4) = 60/30° = I, =3251/1606 4
o I = -12I, =3905/-19.4° A
. _._domain,
o the ume ) -
i; = 3.905 cos(4r — 19.4°), iz = 3.254 cos(4: + 160.6%)

=154t =4rad = 229.2°, and
At 00 iy = 3.905 c0s(229.2° — 19.4%) = —3389 A
iy = 3.254 c0s(229.2° + 160.6°) = 2.824 A
e total €nery stored in the coupled inductors is

1,1 5, .
w = ELII% n Elql% Ry 11’[1112

1 1
5(5)(—3.389)2 + 5(4)(2.824»)2 + 2.5(3.389)(2.824) = 20.73]J

j100

10Q | (\'

SARA

L ]

J

6030°V () (ID j200 3 zjie (1) =-pmo
I

~

Figure 13.17 '
Frequency-domain equivalent of the circuit in Fig. 13.16.

o Practice Problem 13.3
o the circuit in Fig. 13.18, determine the coupling coefficient and the energy stored in the coupled induc-

Mar=15s,

sa 3

\ A
—N A 1

20 cos 21V (:‘_) 2H§§5

Figure 13.18
For Practice Prob. 13.3.

Ansyey,
\
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hapter 13 Magnetically Coupleq Gircuits

An ideal tr.msformer is rated at 2400/120 V,

(a) the turns ratio, (b) the number of turns on
and secondary windings.

9.6 kVA, and has 50 ty

MS on the
the primary side, and >ccon

(c) the Current rad:r} Side Q_

s fo :-‘
Solution:
% (a) This is a step-down transformer, since Vi=2400V > V,=120V.
". | V, 120
; n—VI—ZAOO—O.OS
®)
N, 50
= = 005 = —
P < 005 = o
or '
50
M=——=1
1= 005 ,000 turns
© S5 =Vih = V2l = 96KVA. Hence, edad
» > 9600 9600
I, = =4
1™y 2400 "N |
9,600 9,600 ‘ 14
2 o V. o 120 80A o L= A 0.05 80 A
blem 13.7

% The primary current to an ideal transformer rated at 3300/ 11
KVA rating, (c) the secondary current.

Answer: (a) 1/30 (b) 9.9 kVA (o) 90A

0Vis 3'A. Calculate: (a) the turms ruo

w
. (e}

ple 13.8
For the 1deal transformer circuit of Fig. 13. 37 find: (a) the source current I, (b) the output voluge ¥
and (c) the complex power supplied by the source.
I -j6 Q. : I,
e 42, e 1zl oommet

120/0° V rms

- Figure 13.37 _
For Example 13.8..
Solution: )

(a) The 20-Q impedance can be reflected to the primary side and we get
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579
ZEn =4 < )() “+ Zl\‘ =g
120 /(° = J6 = T ‘
L= 7o = 120/ )‘“2/..’;9-@(1

in l (E{i ——

I, = ‘ll.
n

= \5545 1]()()0

A
V., = 20[2 = Il(),

9 0
o The complex power supplied is 213.69° v

S = VY = (120 /%)
s (11.09 ‘%3690
93.09°%) = l3308&
Lk 69° VA
,"f ! Y

20
—
1m&vm;w

" Figure 13.38 .
For Practice Prob. 13.8.

Answer: 178.9{ 116.56° V, 2,981.5/—26.56° VA.

Example 13.9

Cleulate the power supplied to the 10-{) resistor in the ideal transformer circuit of Fig. 13.39.

200Q

2:1
1L ]
vi JlIEV: |
= by 210Q
120/0° V rms (i) ﬁl) LH @ 1
2300
| i T
1 Figure 13.39 5 '
1 ‘qw For Example 13.9. e there is direct connection
1 %y on; ¢ circuit:

done with thi analysis. For mesh 1,

esh
() resistor: We apply m

A e - t be
1 bﬂwec:)? ' the secondary or primary side C?:)l [:ﬁc 30-
® Primary and secondary sides du°
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Magnetically Coupled Circuits

580 Chapter 13
-120 + (20 + 30)I| s 3012 + Vl =0
or /
) 5011 - 3012+ Vl = 120
For mesh 2, a.’ ' ‘13,1‘
or _
“‘3011 + 4012 - Vz =0
- 3 ‘ (]33
At the transformer terminals, .
1

V2 = ——'Vl %
o 2 ‘ , (13

L = —2I, 4
)

(Note that n = 1/2.) We. now have four equati'ons and four unknowns, but our ggal iS to get L
substitute for V, and I, in terms of V, and I, in Egs. (13.9.1) and (13'9'2)' Equation (139 | ) bécmqm
| f5512 - 2V2 ='1120 139
and Eq. (13.9.2) becomes :

15+ 40L ~ ¥ =0 =V, =55, 1

Substituting Eq. (13.9.6) in Eq. (13.9.5),
1651, =120 I 165

The power absorbed by the 10-{) resistor is |
P = (—0.7272)*(10) = 5.3 W

Find V, in the circuit of Fig. 13.40.

ISQ
AMW—
+vo—
4Q ST 1o
A 132 wvw——L
[
60,/0° V %H 28Q
[ ]
Figure 13.40

For Practice Prob. 13.9,

Answer: 24 V. ' ! s :
-~ TELEGRAM: @eduengineering o= o ner



Example 13.4
In the circuit of Fig. 13.24, calculate the input impedance and current I,. Take Z, = 60 — j100(),

z j5SQ
' Y
50,60° V @ Jj20Q
Figure 13.24
For Example 13.4.
Solution:
From Eq. (13.41),
. 5)2
Zin=Z1+j20+_ ()
’ 2
=60.— jlOO + j20 + — 2
110 + j140

= 60 — j80 + 0.14/-51.84°

=60.09 — j80.11 = 100.14/-53.1°Q
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‘ﬁ Y= VvV 571
) = Z\in = 1 50 60°
14/ -
I"Q\ 53 1° 0.5 113 1o
find the input impedance Of the circy;y in Fj
' 8- 1325 : -
| and the oy, tfmpra'ct»'ce...l?..rgtz[;
0 ™M the voltage source.
10/0°
/0° vV 9 oo
Figure 13.95 L
18) For Practice Prob. 134,
Answer: 8.58/58.05° 0, 1.165 /—58.05° A_
ng ) -
22-
. . . ~ Example 1.
— Determine the T-equivalent circuit of the linear transformerin Fig. 13262, le 135
{, 2H
I I §8H  2H
— -
a O— O C a c
[ ] [ ]
10H 4H 2H
b o N —od b o— —o d
@ ¢
~ re 13.26 !
?ﬁ" Example 13.5: (a) a lincar transformer, (®) 6
T-equivalent circuit.
3 s°| 'Y follOWlﬂg parameterSI
1 Givlemon' — 2, the T-equivalent network has the
{ Oventhatz, = 10,1, =4, and M =2 L8
- = ’ c . : curren
1 L.=L,— M=4-12 that reference e fo;wlse we
1 | ;i We have assume 7 Fig. 13:21. Other™s>
3 quui e . oas - Fie. 13.26(b)- ) nform 0 those
1 valent circuit is shown in I8 windings €©

Voltage o ; and secondary ¥
Tay polarities in the primary 6 illustrates-
¥ 2eed to replace M with —M, as Examp® b




572 Chapter 13 Magnetically Coupled Circuits

Practice Problem 13.5

For the linear transformer in-Fig. 13.26(a), find the I1 equivalent network.

Answer: L, = 18H, Ly =4.5H, Lc = 18 H.

\\
Example 13.6 -
Solve for I,, I, and V,, in Fig. 13.27 (the same circuit as for Practice Prob. 13.1) using the Teqn
circuit for the linear transformer. AUl
j1Q
4Q
e A
. +
60,/90° V @ j8Q jsQ @ vV,32100
. A
Figure 13.27 .
For Example 13.6.
Solution:

Notice that the circuit in Fig. 13.27 is the same as that in Fig. 13.10 except that the reference irectiog
for current I, has been reversed, just to make the reference directions for the currents for the magnetica]]f
coupled coils conform With those in Fig. 13.21.

jl1Q We need to replace the magnetically coupled coils wip g
o 0 2 o T-equivalent eircuit. The relevant portion of the circuit in Fig. 13.27 s s
+ g J + in Fig. 13:28(a). Comparing Fig. 13.28(a) with Fig. 13.21 shows that s
v, JjsQ s E s v, are two differences. First, due to the current reference directions ml
I ﬁ. voltage polarities, we need to replace M by —M to make Fig. 1320
° o conform with Fig. 13.21. Second, the circuit in Fig. 13.21 is in the i
(2) domain, whereas the circuit in Fig. 13.28(a) is in the frequency-domit
) ) The difference is the factor jw; that is, L in Fig. 13.21 has been replued
. f?,;; ﬁgg_ 4 with joL and M with joM. Since w is not specified, we can 1ssuqt
_|_ ) " = 1rad/s or any other value; it really does not matter. With st
T el differences in mind,
O O
i . «=L —(-M)=8+1=9H
Figure 13.28 Ly=L,—(-M)=5+1=6H, L.=-M=" m
: ircui .o chow
g:-rciﬁne%lic:ii%f( ;)igc."lc;.g% T,hus, the T-equivalent circuit for the coupled coils 15 shot
(b) T-equivalent circuit. Fig. 13.28(b). i

g the et ‘
Inserting the T-equivalent circuit in Fig. 13.28(b) to replace the two coils in Fig. 13.27 gives l_h l ik

g, we'l
circuit in Fig. 13.29, which can be solved using nodal or mesh analysis. Applying mesh analysis: * il

J6 =14 +j9 — j1) + Iy(=j1)
and | | T

0 = Li(—j1) + I,(10 + j6 — jl)

From Egq. (13.6.2), (13,6)1‘

10 + js
Il=——( jJ )12=(5—j10)12
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wx ‘f.'“
135

ldey

‘Tr -
’ tlﬂ;ormer;

I 573
— 40 90

/,’f\f‘l.r\ j()‘z '2
r,( -~
I | \l\l
q -l] (l =L ®\+l
YV, 209
Figure 13 99 -

For Example 134

jov

1) gives

sobstituting Eq. (13.6.3) into Eq, (13.6.
' J6 = (4 + jgys _

jl())l2 —JjL = .
Since 100 is very largc Comparcd with I the T ./)12 = 10012
10 — j = 100. Hence, Maginary par

From Eq. (13.6.3),

L =6 ~j10)j006 = g6 jO3 A
ad

| Vo =510 = —j0.6 = 0.6/-9¢0 v
Tris agrees with the answer to Practice Prob, 13.1. Of course, the direct
wthat in Fig. 13.27. This will not affect V., but the value of I, in this
I in Practice Prob, 13.1. The advantage of using the T-
is that in Fig. 13.29 we do not need to bother with th

on of I, in Fig. 13.10 is opposite
example is the negative of that of
equivalent model for the magnetically coupled coils
¢ dot on the coupled coils.

Practice Problem 13.6
Slve the problem. in Example 13.1 (sec Fig. 13.9) using the T-equivalent model for the magnetically cou-

pled coils,

hnswer: 13 /49 4° A, 291/14.04° A,

——

TELEGRAM: @eduengineery&gned by CamScanner



EDU

ENGINEERING

PIONEER OF ENGINEERING NOTES

e CONNECT WITH US —\
@% WEBSITE: www.eduengineering.in

d

e TELEGRAM: @eduengineering
\_ y,

» Best website for Anna University Affiliated College Students
» Regular Updates for all Semesters

» All Department Notes AVAILABLE

» All Lab Manuals AVAILABLE

» Handwritten Notes AVAILABLE

» Printed Notes AVAILABLE

» Past Year Question Papers AVAILABLE

» Subject wise Question Banks AVAILABLE

» Important Questions for Semesters AVAILABLE

» Various Author Books AVAILABLE

!
A
T

4 e =
co(f"— ,,‘
=
O d .
e —
0 Tl
Ve



http://www.eduengineering.in/
https://telegram.me/eduengineering

