










In this problem .  ＝L1 L2

Some important consts and units:
≔f 60 Hz
≔ω ⋅⋅2 π f =――

Wb

A
1 H

=120 π 376.991
≔i1rms 0.5 A ≔i1peak =i1rms ‾‾2 0.707 A =⋅H A 1 Wb

≔v1rms 120 V ≔v1peak =v1rms ‾‾2 169.706 V =⋅V s 1 Wb ≔j ‾‾‾−1

＝v1 ((t)) ⋅⋅120 ‾‾2 cos (( ⋅⋅120 π Hz t)) V ＝i1 ((t)) ⋅⋅――
‾‾2

2
cos (( ⋅120 π t)) A

＝v2 ((t)) ⋅⋅60 ‾‾2 cos(( ⋅⋅120 π Hz t)) V ≔V
1

120 V
≔V

2
60 V

Equations for the two loops are given in (1) and (2)

(1) ＝v1 ((t)) −⋅L1 ――
d

dt
i1 ((t)) ⋅M ――

d

dt
i2 ((t)) (2) ＝v2 ((t)) +⋅−L2 ――

d

dt
i2 ((t)) ⋅M ――

d

dt
i1 ((t))

This can be solved by integration but assume steady state and use phasors.

―――→＝⋅120 V ⋅⋅⋅⋅j 120 π Hz L1 ―
1

2
A

,solve L1
−―――

⋅2i V

⋅⋅π A Hz
Note j gives 90 degree phase 
shift, it is not included in the 
magnitude of L.

≔L1 =―――
⋅2 V

⋅⋅π A Hz
0.637 H ≔L2 =L1 0.6366 H

―――→＝60 V ⋅⋅⋅⋅j 120 π Hz M ―
1

2
A

,solve M
undefined Note j gives 90 degree phase 

shift, it is not included in the 
magnitude of M.≔M =―――

⋅V 1

⋅⋅π A Hz
0.318 H

=M 0.318 H

≔k =―――
M

‾‾‾‾‾⋅L1 L2

0.5 =k 0.5



When the load is added to the secondary side, there are two loops, two equations, two unknowns.

＝v1 ((t)) −⋅L1 ――
d

dt
i1 ((t)) ⋅M ――

d

dt
i2 ((t))

＝v2 ((t)) +⋅−L2 ――
d

dt
i2 ((t)) ⋅M ――

d

dt
i1 ((t)) Due to the load ＝v2 ((t)) ⋅i2 ((t)) R

=⋅120 π L1 240 H
＝V1 −⋅⋅⋅j 120 π L1 I1 ⋅⋅⋅j 120 π M I2 substituions: =⋅120 π L2 240 H

＝⋅I2 10 +⋅⋅⋅−j 120 π L2 I2 ⋅⋅⋅j 120 π M I1 =⋅120 π M 120 H

(1)＝120 −240 I1 ⋅120 I2
(2)＝0 −−⋅120 I1 ⋅240 I2 10 I2

≔Imatrix =rref
⎛
⎜⎝
240 −120 120
120 −250 0
⎡
⎢⎣

⎤
⎥⎦
⎞
⎟⎠

1 0 0.658
0 1 0.316
⎡
⎢⎣

⎤
⎥⎦

≔I =⋅submatrix⎛⎝ ,,,,Imatrix 1 2 3 3⎞⎠ A
0.658
0.316
⎡
⎢⎣

⎤
⎥⎦
A

=I
1
0.658 A =I

2
0.316 A

See the next 3 pages for an alternate approach. But note the solutions 
are the same! See the models below. Can you spot the difference?
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