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Abstract

Mutnal inductance, transformers.

1 Motivation

Transmission line voltage is H00 kV.
Voltage ol home appliances is 208 V or 120 V.

Need a step-down translormer.
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Figure 1: Transformer.

2 Equations

By Faraday’s law,

dd
n {.E] = N El
where,
Ny = Number ol turns of the coil,
P, = TIlux in Coil 1
= P + P2
P17 = I@Flux in Coil 1 due to current in Coil 2
P12 = I[Flux in Coil 1 due to current in Coil 2
. ddry a4
So, n(t) = N - + N r
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Bul, we know thal
¢ = NuaPn
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where permiances Fp; and Fip depend upon the magnelic paths taken by the [lux components.

Therelore,

I
'!IllLrﬂ = NFF“% + N Na Pys—
Constant Ni?.r’“ = Ly = Sell Inductance
Constant NNy Pjs = Ly = Mulual Inductance
i
Figure 3: .
Thus,
iy iy
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Similarly,
di
wm(l) = Ngzjjz‘a—z-l-wlwzpzl—
dl dl
dia il
, v2(t) = Lop— 4+ Loy—
. W 2l A dl
Il the medium is linear, then
Pio=FPn=M
l'i'Il-l E.H‘_a
t)y = Ih—+M—
u(?) Lt N dl
iy i
t) = M—+ Ly—
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Figure 4: .

Il currents enter both dotted terminals of Figure 4, then [luxes produced by both currents will
add.

Current entering the dot of coil A marks the dotted end of coil B “positive™ by virlue ol mutual
inductance (Figure 5.

Figure 5: .

3 Example

Please see Figure 6.

o » > O
+ - - +
P Mg
val(t) (1) Ly L valt)  walf)
*lo w
g iy, + o =
Coil 1 Coil 2

Figure 6: .

In coil 1: i i
l"I-| 'Eg
=L — 4+ M=

va(l) = InJr + M-

Here, v,(l) = Vpg, and the “+7 sign is because curreni leaving the dot in coil 2 marks the
dotted end (QQ) of coil 1 negative.



