
Magnetic
circuit examples
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¢ Parameters of the arrangement :

i ^
• pecore

= a

°#Ig ,
192

. Uniform cross . sectionalof
N turns . area of I cut .

• G
,

= 1mm
. 92=2 mm

• N = Zoo turns .

• No pinging in air gaps .

Compute the self
. inductance .

Stys: i.Draw magnetic
circuit and calculate

the
magnetic flux of .

2.. Compute self
.
inductance A

,
that is

proportional
to i

. The
proportionality

constant is
self

. inductance L .



Magnetic
circuit :

F- Nin¥F{R=]Rz
R

'
=

potato.e=←"×wtIY3×oT
'¥ .

=

8×106 A-tfwb .

Rz =
92

Tuotoe
= 2121 = 16×107 A-they .

Ni R
,

11122=1411212

,o°o ¢ =
-

212,2
R,

11 122 =

TR
,

⇒ A =N¢=(¥4.
;

=÷R ' .

t.ee??gxxYgH=7.5mH .



Ni turns

fly
R '

�2�
it v

pz Assume
Moore

&

izfµgNz
turns

µ
.

In the arrangement
shown above

,
let

the reluctances of the air
gaps

be shown

as above .

Compute
the

mutnalindnetmceof the coils .

New term !
.

Mutual inductance : How does the flux linkage
of the first coil vary with the current in

the other coil ?

Let's
compute

it
using

a

magnetic
circuit .



Fi = Ni i
, R ,#
To

,Linementhanked
¢
,
+012

.

° Let'scalculate §, and 102 in terms of ii. iz ,

Ri
, Rz , R } .

Ni i , = of
,
R
,

+ ( $, +012 ) Rs ,

Nz iz = 0/2 Rz + ( ¢, + $2 ) Rz .

An useful trick to solve simultaneous

equations
in 2 variables

.

⇒ M¥3Ertl:ht= ( Iii )
⇒ ftp.TItniiiil .



Digression: ( ::) I # ( II ) .

° :#t.ME?r?rDt(YiYd

Iata
.EE?r?rDfniip=r.rztaT#EitYrYiiiiIYkYrnt

.

o ; Xi = N
, $ ,

=
NTCRZTR } ) .

Frati - nnkuntfhatyiz ,

Xz =N2§z

=
-

Nl N2R3

Rifkin + Nier )
RRztB(R,+Rzjk '



"

twitter.fr#itfFrY*a*:=Liz
a

=fnIIEa÷patHde¥Iar÷d
:-

=L
, :=Lzz

L
"

= self inductance of coil 1 .

Lz
,

= self
,

inductance of
coil 2 .

Lin
,
Lu = mutual inductance .

With an abuse
of notation ,

we usually
call oh = IL,z| = I L

. ,| as the

mutual inductance
. How A depends

on

the mutual inductance is decide

through polarity markings ,
described below

.



° k= d-

is
called the

coupling coeff. .

Fi -

when R is high ( close to 1 )
,

we

call these coils
tightly coupled

. when

k is closer to zero , they
are

loosely

coupled
.

° we obtained expressions of the form
A , = Li , it ± okiz

,

Az =

tdli
,

+ Luiz .

⇒ v
, = L

" ddig +
A da÷ ,

uz = ±
Adding + Luddite .



Another example
.

-

R R
Zoo

-
turnsTigers

R # iz

Suppose pure
= a

,
and R= 106 A. tfwb .

Compute
the self

and mutual inductance

of the two coils . Compute the coupling
coefficient .

¢ $2

#Fhf¥¥±¥looi
, ]

Zoo iz
-

iooii = R¢ , + R( ¢, +012 ) ,

Zooiz = Rok + R ($, eh ) .

⇒ th#Matti::p .



⇒ Hit. Eat
'

EidR 2k

Erstad
:* Had

= 3¥ ( 1200 Ril -
Zoo Riz

- loo Ri
,

+ 4 oo Ri ) .

= YE . ii - Fei
( nai .

+ ;÷iz
) .

⇒ x , = Ni . ¢, = in

;÷g in -

1

new iz
,

and X
,

= Nz . oh =
- '

Nypd i
,

+ 4005,2yd .



Upon substituting
12=106 tttfob ,

we get

L
, ,

= 6.6 mA
, Lzz = 26.6mA ,

dle = 6.6mA .

k= dle

⇐
= fin ,==tE=oy9£

Polarity markings

These are dots put on the coils to

indicate whether + all or - M features
in the

voltage current relationship .

Agenda :
o

-

given aw arrangement , how to draw

polarity markings .

�2�

Given polarity markings ,
how to write

"

loopequations .

"



°

Drawing polarity markings
.
Consider an

example
.

Put the first dot on either

→g.end of the first coil
- - as shown

.

Let's study
⇒ a.

• ? where to
put the

Algorithm:
dot on the second coil

.

Imagine a current
going ¢

o I a?into coil at the dotted '
.

⇐ a a
end as shown

. Determine of Lo
• ?

the direction of flux due
to that current in the other coil as shown

.

Ask the question : Which end of the second coil
should we drive current into that induces

flux in that coil in the same direction ?

Is

¥990
Is Efi

taepfakxdsotqnahonea

are in the same

This one does direction
.

not match .



Another example
: put this arbitrarily .

-

iggdI•d→,
¢ A

¢µ
d 4 ¢

1

Drivingcnn.mg#f
at

this
way produces

flux in the same direction .

⇒ Put dot as shown .

*
,

"MKIY
.

* frames
markings.



�2�

Deriving
circuit

equations or loop

equations , given polarity markings
.

Film below : -

voltage difference

lemon:: "::L
of

a coil

current entering
= L da ( the dotted end )

of
the same coil

current entering+ Me doff the dotted end )
of the other coil .

Here
,
L = self . inductance of the

coil in question .

Me = mutual inductance between
the coils .



R R
Examples

it
i.

- + 05 ioo -0 -

V
,

-
turns -

o I
L

, ,
= 6.6 mt

,

-

⇒ R ⇐ iz +2
Zoo

Lzz = 26.6mA , turns

dle = 6.6mA .

Consider the above arrangement that we

have seen before , for which we computed

the inductances .

Q
. Put polarity markings .

�2� Derive v
,
and vz in terms of ii. iz ,

Li
,
£2

,
AM .

AT part Q : Erase all currents /voltages .

Polarity marking only depend on the geometry .

÷E
't E.g. verify

the figure
⇒

to
your left .



Answering part @ : Start with the diagram
r r

with
your polarity

•
- markings .

Follow the

EIKE. " r Fogy ! rule to relate voltages
to currents .

u
,

=L " . da.li. ) + Mda
.

tiz )

C-ud = Lnddtfiz) + Mad
,
.li , ) .

Coupled coil representation :

R R

¥o¥¥zg⇐:*

Image.ee?Ea



An example with coupled coils :

t.me#.rwarriheo9oumwYtpa"v. ± A
R3{

•
-

m

} Rz shown in red
.

I } "a-
start by assigning voltages

and currents
.

R
,

+ Uz -

snmmoinirrmnIiiR§iz>

km 1

no ±
+

•
-

{ RzI 4}4at
• Vo - ii R , - izpz -

U
,

=0

• No - it R , - uz - ( in.iz ) Rz = O . notice the

• 4 = 4 doftiz) + Mddzciz -if
"£

•
- uz = Lzddq ( it in + Mdgtiz .



° Now
, suppose

Uo is sinusoidal
,
whose

phasor is given by Jo .

write the

same KVL 's with phasors .

• Uo - it R , - izR3 -
U
,

=O

• % - iir ,
- uz - Corinth =o . This is what we

• 4 =L , aol.li . ) + Mdatirii ) derived
before .

Let's
•

. uz = hdd+( izii + Mda
.

iz . write flee phasor eg
.

° To - IT R , - IzR3 - T, = 0

° To - IT R
,

- Tz - ( IT - II ) 122=0

° I = jwl , Iz + jwm ( Ii - IT )
° - I = jwlz ( III ,) + TWMII .

Exercise: You can solve for all currents

Ii
, I , and voltages vi. Tz in terms of
To

.
Do it !



° So far , we
have studied how to

derive a coupled coil representation

of an arrangement ( a transformer)
from its geometry and write KVL

with it .

° Next on the agenda : Draw an

inductor + ideal transformer representation

of a transformer .

T.de#fwmev :

MIKE.E Faithstummy:L:L .

in characteristics are

given by
Ni : "

2

"q=N÷n ; t.tw - t¥i



° Can we conceptualize
an ideal transformer

from two coils wound around a core ?

Yes ! You can
.

Let's derive

if
Consider the arrangement

shown
.

This part
FS

optional
. skip

t.ES
.

oeiEI|
smpgeaseindndig

N
, turns Nz turns -

Suppose
its

magnetic
circuit is given by

R

prmwwx
Let's compute

ni , tf[¥f
¥¥fNziz

9- idz , ditch ,

=] and vi. Nz .



Nii , = Rd
,

+ Rg (01 , + $2 ) .

Nziz = Rlq t Rg ( & ,
+ $2 ) .

⇒ 4¥www.tnniiil .

⇒ Whytekept "nitd
inherit "?ginfield
=

(

R.ir#zg((RtB)Niii-RgNzizi
-

Rg Nii + (Rerg) Nziz)

⇒
%t%=µ+qg÷[ Rail

+Rneiit
.



⇒ at
, +102 =

R(R+Rg) ? Rgz
( N ' % + Nz E) .

Let's
analyze the result as RIO

, RgTa .

° Rg really large can be thought of as

making the middle whmm wider & smaller .

.

1

a → I →§
Almost no

"

leakage
"

flux
flowing outside of core .

° R
very

small =
plane really large .

Then
, d. + oh =

RR2+2rg ' ( Milt Nziz )

= Kg ( Niiitnziz )

= 0 .



$
,

+0/2=0

⇒ Neil t Nziz xo .

÷[etB ) min - B Miz ]new
, at

peizffi

=

hhfRuIg Ni i
,

- B- Nziz
.

12421212g

=

filrnttttgmirrrggmiif
in -

= 1 1

2 2

¥2 ( Nii - Nziz ) .

Similarly
,
oh = ztk ( Nzii - Niil ) # - ¢ ,

.

✓
1 =

Nidddf ,
Vz= - Nz

010¥ .

( why 've ? check

⇒ ¥= Ing .

dolildt
polarity marking)

=dfdf
a Ni/Nz .



° What is self and mutual inductances

of an ideal transformer ?

L
,

= RI Nih from the above

pit2RRg derivation .

=
Rt Rg . Nih

- • .

-

kRt2Rg_
-

as RGTN ,
RIO .

Similarly q →It
→ •

.

M= Rg Ni Nz = # .
NLNZ → a

.

Erg Rtkg R

°

Couplingooeff.

y
r= Iq =¥¥si"¥2== Rt → s .GET/ Rtrg*si¥iEi÷y¥
ooo For an ideal transformer

,

Li =L ,=M=a .

K=L .



Properties of ideal transformer :

+

oilin;
I. = a =a

u

IKE
v.

- to ¥iT÷=ti
Ni : Nz

in when direction of
called

"

turns ratio
"

, it, is reversed
,
then

often derided by
'

a
'

.

change sign on this

-

relationship ! .

Total
power enlivening the ideal transformer

= v. (H . i. It ) + uzltliz ( t)
= v. H . iihttfeayttlfaliitti)
= 4TH in - v. ttliittt
= °

' Ideal transformer is lossless
.



"

Referring
"

aresistance .

Consider the following circuit :

ie

" toy 'q*j.

ared-

Turns ratio =a .

° ¥ = a
, in, = la . ( Notice...

no negative sign .

° u
'

= in .

( Tehran;D. me
direction )

i. v '= a. IR . ⇒ v
.

= av
'

= a. ( air)=ifR)

Notice v. = i. ( air )
⇒ The resistance on the

"

secondary
"

side of
the ideal transformer

appears
like a resistor with

resistance AK .

v.lq±]ak .



nielsen.EE#in=voFIan
In other words

.
we have referred R

to the
"

primary
"

side of the transformer .

Convention :

Side with Side with
the source Transformer the load

= primary =

secondaryside side


