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ሺܫଶ - ܫଵ) j߱ M

ܫ - ଶ j߱ Mܫ 

                   

The equation
shown in fi
circuit as giv

in the effecti

the loop equ

ଵ ௗܮ       
ௗ௧

 (݅

M + ܫଶ (ܴଶ +

 ଶܫ + ଵ j߱ Mܫ

ଵ j߱ܫ -         

s for the net
ig are mutu
ven as below

ive inductan

uation values

݅ଵ -݅ଶ) + M ௗ
ௗ

+j߱ሺܮଶ-M)) 

(ܴଶ +j߱ܮଶ)

߱ M + ܫଶ (ܴଶ

works show
ually couple
w in fig. 

ce of the cir

s and we get,

ௗ௜మ
ௗ௧

 = ଵܸ ------

= - ଶܸ 

= ଶ j߱ Mܫ - 

ଶ +j߱ܮଶ) = -

wn in 2 and 3
d circuits a

cuit shown i

, 

--- (1) 

= - ଶܸ 

ଶܸ ------- (3

 are exactly 
and can be 

in below 

) 

identical. H
replaced by

Hence the cou
y a conduct

 

upled 
tively 

 

www.sa
ks

hie
du

ca
tio

n.c
om

www.sakshieducation.com

www.sakshieducation.com



ଵ ௗܮ   
ௗ௧

 (݅ଶ -݅ଵ) - M ௗ௜మ
ௗ௧

ଶ  ௗ௜మܮ + 
ௗ௧

 - M ௗ
ௗ௧

 (݅ଶ -݅ଵ) = 0 ------ (2) 

Under steady state, 

                         ሺܫଵ - ܫଶ) j߱ܮଵ +ܫଶ j߱ M = ଵܸ       

ଵܮ) ଶ j߱ܫ - ଵܮଵ j߱ܫ                          െ  ሻ = ଵܸ       ---------------- (3)ܯ

                  ሺܫଶ - ܫଵ) j߱ܮଵ - ܫଶ j߱ M + ܫଶj߱ܮଶ - j߱ M ሺܫଶ -ܫଵ) = 0      

ଵܮଵ j߱ሺܫ -                        െ ሻܯ ൅  ଶ- 2M ) =0 --------- (4)ܮ + ଵܮ ଶj߱ሺܫ

The loop equations in matrix form, 

                             
j߱ܮଵ െj߱ ሺܮଵ െ ሻܯ

െj߱ ሺܮଵ െ ሻܯ j߱ሺ ܮଵ  ൅ ଶܮ  െ  2M ሻ           ܫଵ
ଶܫ

  ൌ     ଵܸ
0  

The effective impedance = ௏భ
ூభ

 

 = ଵܫ            
௏భ ି୨ఠ ሺ௅భିெሻ
଴ ୨ఠሺ ௅భ ା ௅మି ଶM ሻ 

୨ఠ௅భ ି୨ఠ ሺ௅భିெሻ
ି୨ఠ ሺ௅భିெሻ ୨ఠሺ ௅భ ା ௅మି ଶM ሻ 

 

Solve this we get ܫଵ = ௝ఠሺሺ ௅భ ା ௅మି ଶM ሻ௏భ
ఠమሺெమି௅భ ௅మሻ

 

            But ௏భ
ூభ

 = ఠమሺெమି௅భ ௅మሻ
௝ఠሺ ௅భ ା ௅మି ଶM ሻ

 

                      ௏భ
ூభ

 = ି௝ఠሺெమି௅భ ௅మሻ
ሺ ௅భ ା ௅మି ଶM ሻ

 

         Therefore ܮ௘௤ = ௅భ ௅మିெమ

ሺ ௅భ ା ௅మି ଶM ሻ
     (this is for aiding) 

Similarly for opposing, ܮ௘௤ = ௅భ ௅మିெమ

ሺ ௅భ ା ௅మା ଶM ሻ
      

Ex: Two coupled coils with ܮଵ = 0.03H, ܮଶ = 0.02H and K= 0.6 are connected in four different 
ways Series, aiding, series opposing and parallel with both arrangement of the winding sense. 
What are four equivalent inductances? 

Given data,   

   ଵ = 0.03Hܮ       

 ଶ = 0.02Hܮ         

           K= 0.6 
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From the formula, M = Kඥܮଵ ܮଶ = 0.6 √0.03 כ 0.02 = 0.0146H 

Series adding:              

                        

 ଶ+ 2Mܮ + ଵܮ  =௘௤ܮ              

                    = 0.03 + 0.02 + 2 (0.0146) 

                    = 0.0792H 

Series opposing: 

                            

 ଶ- 2Mܮ + ଵܮ  =௘௤ܮ              

                    = 0.03 + 0.02 - 2 (0.0146) 

                    = 0.0208H  

Parallel aiding: 

                             

௘௤ = ௅భ ௅మିெమܮ                

ሺ ௅భ ା ௅మି ଶM ሻ
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                        = ሺ଴.଴ଷሻሺ଴.଴ଶሻିሺ଴.଴ଵସ଺ሻሺ଴.଴ଵସ଺ሻ
଴.଴ଷା଴.଴ଶିଶሺ଴.଴ଵସ଺ሻ

 

                        = 0.018598H 

Parallel opposing: 

                                           

௘௤ = ௅భ ௅మିெమܮ                

ሺ ௅భ ା ௅మטଶM ሻ
 

                        = ሺ଴.଴ଷሻሺ଴.଴ଶሻିሺ଴.଴ଵସ଺ሻሺ଴.଴ଵସ଺ሻ
଴.଴ଷା଴.଴ଶାଶሺ଴.଴ଵସ଺ሻ

 

                        = 0.004884H 

Ex: two coils with inductances in the ratio of 5:1 having coefficient of coupling, k = 0.5. When 
these coils are connected in series aiding, the equivalent inductance is 44.4mH. Findܮଵ, ܮଶ, M 

   Given data, 

ଶ = 5:1ܮ :ଵܮ                  ଶܮ =ଵܮ5 

                                 K = 0.5 

            M = Kඥܮଵ ܮଶ = 0.5ඥܮଵ ሺ5ܮଵሻ 

                                    M = 1.118ܮଵ 

In series aiding, ܮ௘௤=  ܮଵ + ܮଶ+ 2M                  

 ଵሻܮଵ + 2(1.118ܮଵ + 5ܮ = 0.0444                          

 ଵ = 0.00539Hܮ                                   
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 ଶ = 5 *0.00539 = 0.02695ܮ =ଵܮ5                        

                                    M = 1.118ܮଵ = 1.118 * 0.00539 = 0.006026H 

Ex: Two coils connected in series having an equivalent inductance of 0.5H, when connected in 
aiding and equivalent inductance 0.3H, when connected in opposing.  Calculate the mutual 
inductance of the coil. 

  Given data, 

When coils connected in aiding, 

 ଶ+ 2M = 0.5H --------- (1)ܮ + ଵܮ  =௘௤ܮ                                      

When coils connected in opposing, 

 ଶ- 2M = 0.3H ---------- (2)ܮ + ଵܮ  =௘௤ܮ                                      

Performing (1) – (2) we get 

                               4M= 0.2  M = 0.05H 
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