
Electromechanical systems .

How does "
motion

"

affect electrical networks ?
Recall that emf v = day ,

where A=N¢ ,

and $ depends on current and geometry
-

Motion can affect
the geometry .
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Compute
the emfinducedas a function of time .

Assume : µ cone = a
,

no fringing , and the

depth of each block is no .



Magnetic circuit :

Ni #F{ Rg

B = M¥-5 ;

↳m]Rn = I
¢ Rn

µ
we

.

← rgI÷=÷ti÷÷;ei:±E÷i

and= not =(rnnIYf÷jy ) .

i
.

Atheyends on both n and i
.

We make this

dependency explicit .

At , a) = Lk ) .

I
,

where Ux) .
. pontiff)

xls - n ) + gw
-

v = off = Luddite + dated .

i



Then
,

a G) = Luddy + doffed .(dd÷).

i
.

An electrically linear
system

:

Suppose there are N coils
, carrying

currents ii. Ez, ... , in .
Also

,
let there

be M variables a , ,
.  . , xm that define

the geometry . Such a system
is called

electrically
linear

, if
Xj ( ii , iz ,  

. . - sin
,

k
, , .  . . , am )

= TE
' L

notes
, ... , am )In

.
. .

linear in

k J currents .

for each j = I
,

... ,
N

.

Recall that in
example # 1

, Alex)=(tnoY[wLf÷gnw) .

i

= Ux ) .
i

.

This is an example of an electrically banana;



Example # 2 :

Moore = a
,

No fringing ,

iitlofggidothftggfuniform depth of

<w→Ni
turns Nztnrns all structures = W .

.

tenth .

Consider the arrangement
shown here

. Compute

the
voltages /emp induced across the two coils .

•

Magnetic circuit

N
,

i
, Nrk

aFEKETE} .

'iu÷ .

N , it = (19+19) Rat ¢ , Rn
,

IV. iz = 4.+ ¢z) Ra + okra .



⇒ err;reheat :D
⇒ ha,⇒÷*Eei¥Vi:D .

⇒ $
,

= 3¥[ 2N , it - Nziz ] ,

oh = 3Rt×[2Nziz - Ni in ] .

⇒ A , = N
, ¢ ,

= }Ng÷ i
,

- N3Nr×c is
,

As = Nzok =

23M¥ iz -

Njnpnii .

Replace Rx by F. ,
and you get

A
, (it , iz

,
a ) = 2gN÷µut i

,
- NjNnLµ°I is .

This circuit is electrically linear
.



4 = ddt÷=d§[3n÷µii ,
- njN÷µI iif .

ever . fadd÷ + it's)dd÷ )
=(.y!ny=) . ( end;÷+ :# ⇒ .

You can calculate uz similarly
.

Question : Suppose ×
, .az describe

geometric
variables

,
and in, iz, :3 describe currents in

different coils . Are the
following systems

electrically
linear ? A 's denote flux linkages .

{
,

= (3nF - 4h ) i
,

+ Zniazizt e-high
= Quin

, is + n÷iz + e-
n' is

,

Az = e- 4 ie
,

+ Emig + @itnz ) is
.

Ans
. Yes !



Another
example ←

A
,

= 2mF
,

+ xzitiiz ,

Az = Rziiiz + @nzta ,)i ,
.

Aus
. Not

.

There is a term iiiz
,

that is not linear in the currents .


