*_NANCE AND COUPLED CIRCUITS
4.55

P

‘ . ..
| LE 46: Two coils ¢ ] '

| onnected in series have an equivalent inductance of 0.4 H,

£ .
onnected in aiding, and an - .
Jhen €0’ equivalent inductance of 0.2 H nection
ng. Calculate the mutual inductance of the coils Ho  when the con

Solving we get
4M =02 H

M =0.056H

L;+Ly+2M =0.4H ... series aiding

Li+Ly—2M =0.2 H ... series opposing

+. Mutual inductance M=005H

led coils of self inductances L,=2Hand L,=4Hare coupled

(iii) parallel aiding; (iv) parallel opposing.
lent inductance in each case.

EXAMPLE 47: Two coup
in (i) series aiding ; (ii) series opposing;
If the mutual inductance is 0.5 H, find the equiva

HOTS
Solution :

(i) Series aiding

L,=2H, L2=4H, M=05H

+L2+2M=2+4+(2xo'5)

Ly=Ly
Leg=T7
(i1 .
) Series opposing 0.5)
Leq=L1 +L2—2M:2+4’(2‘X/_.
Log =" H,J
(i
U Parallel aiding 2
Y. 9 x 4 — (0.5)
eq—’Ll +I;2"ZM -
_1.56H ]
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.
(iv) Paralle] Opposing

2
LiLy-M 2 x 4 - (0.5)2

= T —
“q Li+Ly+2M 2+4+(2x0.5)

LLeq =1.1071 H

» calculate the self inductance of each coil and the Mutug]
inductance.
HOTS (AU, Coimbatore/EEE-May 2010) |
i
| Solution :

Co-efficient of coupling K=0.6
Li+Ly,+2M=10H
Li+Ly-2M=6H

... Series aiding
... Series opposing
Solving we get 4AM =4 H

M=1H

Substituting the value of M in the above equations we get

Ly+Ly+2M=10H
Li+Ly-2M=6H

Ly+Ly=8H = L,=8-L,

M
We know that K = —\/—=

L,L,
M=KNL\L,
M?=K?L,L,
1% = (0.6)* (L1Ly)
1=0.36 (8 - Ly) Loy
(8 — Lg) Ly = 2.778



2
Ly 8Ly +2.778 =

8+ \/ 8)” .
9 = ( 3,'\.,1\ (2.778)
) o -

Ly =17.635H (or) 0.365 H
When Lo=7.635H; L;=0.365H
When L,=0.365H; L,=7.635H

rXYAMPLE 49: Two identi
. enti g s
50 H and 0.0354 H whe,CLalc Oc::fcltec; c.ozls in series has an equivalent inductance of
| . . ected in series aidir ” . .
;‘alu'es 0 the . "g and series o S ;
f inductance, mutual inductance and the co-efficient of cofﬁfi::g' Find the
crent - 8.

LOTS i
- (AU, Coimbatore/EEE - Dec. 2010)(AU/EEE - May 2008)

|
i
!

—

The equivalent inductance o

f two coupled coils in series is given by

IJ] + 142 - 2M = 00354

- 4M = 0.0446

or - 0.0446

M=y
Mutual lnvd.u.vl,mwo M- 0.01115 H
. ) 0.0115 = 0.0577

rP ]
hen L, 4 1, = 0.080 — 2M - 0.080 - 2

Sine _

nce the two coils are idvntu':xl

Ly=Ly= 0.0577 _ (02885
2 2

L.=Lg" 0.02886 H

Jl -~



458 ELECTRIC CIRCUIT ANALYSjs

e ————

s . . M M 0.01115
Coefficient of coupling K = ———— =" asL;=Lo= (oo~
\ﬁq L, L 0.02885

[ K = 0.3865

EXAMPLE 50: Calculate the effective inductance of the circuit shown in figure.
8H (AU/ECE - May 2006)

; Solution : |

Let i = Current through the circuit

di di di di di di di di di
. v—8dt—4dt+10 dt_4dt+5dt+6dt+5dt—(34—8) dt—zsdt
Let L = effective inductance of the circuit

Then, the voltage across the circuit

di di
v=L ar =26 2t
Hence, the equivalent inductance of the circuit L=26H

EXAMPLE 51: Two coupled coils with L;=0.02H Ly=0.01 H and K=05 ¢
connected in series aiding arrangement. Obtain the equivalent inductance.

(AU Coimbatore/EEE - Dec 2010

S

'Solution :

Ly=002H,Ly=0.01H,K=0.5
Series aiding:
Effective inductance = Ly + Ly +2M
M =KL Ly =050.02x001=000707 H

Lo, =0.02+0.01+(2x0.00707)
| Loy =0.044H

]
|

J
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XAMPLE b2: A cotl of 800 WH e ————

/ . . . magnet;.
The coefficient of coupling between, the etically Coupled

. two cpije
oils @re connected in (J) Parqjje aidingo(;;nl;) * 0.05. C
: c

— 458

With another ¢yl of 200 pH.

. aleulate inductance if the two
trallel Opposing.

. (AU/EEE - Dec 2008) !
/—-

L1=800uH, L, 999, H, K =005
M =KLy Ly = 0.05V800 x 1076 5 00 . 10° 2901
i) Parallel aiding
Effective inductance I, = 172" M 80010 %% 200 x 1075 - 20 10"

eq ~ = ¥
Lyt Ly =2M " 500510761 9200 106 — @ x 20 « 10- )

L,,=166.25 u H

i) Parallel opposing

LiLy-M*  800x10™%x200x 1076 - (20 x 10752
iffective inductance L = LyLy+2M  800x 10 5+200x 1076+ (2x20x 1075

L, =153.46 L H

nductance of the combination.

IXAMPLE 53: Find the value of the effective i

4

[ AUECE - Dec 2005

o

\S() i . : )d()t'
% coil at the

- one
The current is entering =
'U t . . oppOSln&
 the coupling is series

nd leaving the other coil at the dot.
a .

M =3 +D2X2

a4l J

L1+1‘z'

Effective inductance Leg =



AL ™

EXAMPLE 54: Two identical coils with L=0.03H have a coupling coefficient ¢
0

K: 0.8. Find mutual inductance and the equivalent inductance with the coils connec
in series opposing mode. cted

—_—
[Solution :

L=L,=Ly,=003H,K=038

Mutual inductance M =K \)Ll L, =0.8x0.03

M =0.024 H
Equivalent inductance with the coils connected in series opposing.

Leq=L1+L2—2M=0.03+0.03—2><0.O24

L,,=0012H

EXAMPLE 55: A coil having an inductance of 100 mH is magnetically coupled to
another coil having an inductance of 900 mH. The 'coefﬁcient of coupling between the
coils is 0.45. Calculate the equivalent inductance if the two coils are connected in 1.
Series aiding 2. Series opposing 3. Parallel aiding 4. Parallel opposing.

(AU/EEE - Dec 2007

Solution :

L, =100 mH, L, = 900 mH, K = 0.45

M = KT, Ly =0.45100 x 1075 x 900 x 107° =0.135 H

1. Series aiding

- -3 .
Effective inductance L,, =Ly + Ly +2M =100 x 10 31900 x 10™°+2x0.135

S

| Leg=12TH

2. Series opposing

- & - — 3 < : €
Ly=Ly+Ly-2M= 100 x 1073 +900x 107 " —2 X% 0.135

Ly =073H



s VA — ~ZUPLED CiRcurrg

parallel aiding -
| 1 — 4.61
T 2
Leg =72 100 40+
2, Sy 0 — “
S b 1075 900 4 143 (0.135)2
-3 '
X10774.900 18 2%0) 1')3"
x.\_‘h )
l L, =0.0983y J
, Parallel opposing R
L L: ""'M
L - —.-—-1 2 100 X 10
““ L+ Lo+2M°~ 160 . 909_5‘1_0 3 o 135)
x 1079 4 900 x 10- 3 +2x0135

L., =0.0565H

4 ANALYSIS OF COUPLED CIRCUITS

Learning Objective (LO 4) ‘
¢+ Students will be able to analyze single tuned and double tuned circuit. {

Consider the coupled circuits shown in figure 4.20. Each circuit contains a voltage
wurce. As both currents I; and I, enter the coils through the dotted ends, M is taken

s positive. By applying KVL, the two loop equations may be written as below.
Ry R,

dil diz_e
iRy + Lyt Mg =
&
dig i
iRy + Ly +M G =

ations become
the sinusoidal steady state, the above equ

=K
(R, +joLy) Iy +joMIp =51

JoMT, + Ry il ="

E

. Ll [

Ry +joly JZQ/IHIJ/[EJ
joM B2t : cnd Vo if 1170

G
jreu it shown; fir

b‘X‘s‘MPLE 56: In the coupled " 60
m 3;} l: Q WV l
I\/‘ Vv
1 (
l G ;% JS (9]

20020° ‘T) " |
|
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