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KVL on the primary side gives:
Vi.=Rj,+¢,
where the primary winding EMF is given by (see appendix A):

di i
€y = |_p_p -M L
dt dt
KVL on the secondary side gives:
&.=(R+R)i,
where the secondary EMF is given by:
di i
g, =M —_P_ LSL
dt dt
Combining (1.1) and (1.2):
d .
V,=Rj +L, 2y
d dt
Combining (1.3) and (1 4):
di
_P_
Note that the mutual inductance is given by:
M= LpLS
Rewriting the winding EMF’s:
di, di,
Ep = =L —-.L L —
P dt P dt
di, di
fooVbb g b
Note that:

' — _S:>g 5‘8
pS t Lp p

In terms of number of turns in each of the windings, this becomes:
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Plugging (1.11) into (1.1), we get:

V. =R N,
= I+ &
in p'p NS s

And plugging (1.3) into this, we get:
N .
“(R+R)i;
NS
Taking the Laplace transform of (1.5) and (1.6), we get:
V,, = (L,s+R, )i, —(Ms)i

Vi, =R, +

and
(Ms)i, =[Ls+(R +R )L
Plugging (1.15) into (1.14) to eliminate I
M *s” i
Ls+(R+R)|°
(L,s+R,)[Ls+(R+ RL)]—MZSZi
Ls+(R+R) P
(LL-M?)S+[L(R+R)+LR, |s+(R+ RL)Rpi
Ls+(R+R) P
[L,(R+R)+ Lst]s+(RS+RL)Rpi
Ls+(R+R) P

Vin = (Lps+ Rp)_

The effective impedance of the circuit as seen by the input voltage source is:

- (S):Vm(s) [L(R+R)+LR, |s+(R+R)R,
“ i (s) Ls+(R+R)

Looking at this TF for extremely low and high frequencies:

limZ, (s)=R,

s—0

and

imz, ()= 2 (RRITLR

S0 L

S

L
:TP(RSJFRL)JFRp

BRR)R,
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Appendix A — Derivation of Self and Mutual Inductances

The total flux in the core is given by:

o= CDp + @
where:
N
o, - N
Em
and
(Ds == IUAtNS is
Em
The winding EMF’s are given by:
dod do, do ) wAN2di;  uANN, di
Ep=Np—— = Np + - w4
dit dt  dt ¢, ¢, dt
e G —_
Lp MPS
do N_N_di 2 di
o =N 92y [9p, A0} #ANN, Al ©AN, diy
dit dt ot ¢, dt ¢ ot
—_ —
Msp L
Note that:
M s = MSp =M
Rewriting the winding EMF’s:
di
e =L, ey s
dt dt
di i
g, =M—L-L, di
dt dt
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