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If	
  we	
  have	
  two	
  loops.	
  	
  
Current	
  in	
  one	
  will	
  	
  
produce	
  flux	
  in	
  the	
  other:	
  

	
  	
  	
  	
  	
  	
  	
  is	
  clearly	
  proporBonal	
  to	
  I1:	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .	
  	
  M21	
  is	
  called	
  the	
  mutual	
  inductance	
  and,	
  like	
  L,	
  depends	
  only	
  on	
  the	
  
geometry	
  and	
  the	
  possible	
  presence	
  of	
  magneBc	
  materials.	
  

I	
  claim	
  that	
  M21	
  =	
  M12.	
  

Proof:	
  

	
  
Remember:	
  

	
  
So,	
  	
  

Mutual and Self inductance	
  (7.2.3) 	
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=M12 because	
  the	
  integral	
  is	
  symmetric	
  

No	
  maOer	
  how	
  asymmetrical	
  the	
  	
  
geometry	
  is,	
  the	
  effect	
  of	
  current	
  	
  
in	
  loop	
  1	
  on	
  loop	
  2	
  is	
  the	
  same	
  as	
  	
  
the	
  effect	
  of	
  loop	
  2	
  on	
  loop	
  1.	
  

I1	
  

!Φ2

A1	
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Example:	
  

Two	
  solenoids,	
  one	
  inside	
  the	
  other.	
  

r1	
  and	
  r2	
  are	
  much	
  smaller	
  than	
  l1	
  and	
  l2.	
  

	
  

For	
  I1:	
  	
  

	
  
For	
  I2:	
  

	
  
There	
  are	
  two	
  oddiBes	
  here:	
  
• 	
  Why	
  do	
  we	
  use	
  the	
  cross	
  secBon,	
  A1,	
  of	
  solenoid	
  #1	
  in	
  the	
  Φ1	
  expression?	
  
	
  The	
  reason	
  is	
  that	
  the	
  B	
  field	
  in	
  solenoid	
  2	
  at	
  r	
  >	
  r1,	
  does	
  not	
  contribute	
  to	
  Φ1.	
  

• 	
  Where	
  did	
  that	
  odd	
  looking	
  term,	
  n1l2,	
  come	
  from?	
  
	
  The	
  B	
  field	
  produced	
  by	
  solenoid	
  2	
  only	
  extends	
  a	
  length	
  l2,	
  not	
  the	
  enBre	
  l1.	
  	
  	
  

So,	
  	
  

!! B1 = µ0n1I1 ⇒ Φ2 = (µ0n1I1)(πr1
2 )(n2l2 )

!! M = (µ0n2 )(πr1
2 )(n1l2 )

n1,	
  l1,	
  r1	
  
n2,	
  l2,	
  r2	
  

B1	
   A1	
   N2	
  

B2	
   A1	
   ??	
  
!! B2 = µ0n2I2 ⇒ Φ1 = (µ0n2I2 )(πr1

2 )(n1l2 )
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Example:	
  	
  Transformer	
  (G,	
  problem	
  7.54)	
  

Transformers	
  are	
  used	
  to	
  increase	
  or	
  	
  
decrease	
  AC	
  voltages.	
  	
  Their	
  usefulness	
  	
  
is	
  the	
  reason	
  we	
  use	
  AC	
  power	
  distribuBon	
  	
  
(advocated	
  by	
  Tesla)	
  rather	
  than	
  DC	
  	
  
(advocated	
  by	
  Edison).	
  

The	
  iron	
  core	
  servers	
  two	
  purposes:	
  

• 	
  B	
  is	
  much	
  larger	
  for	
  is	
  given	
  I	
  –	
  large	
  inductance.	
  

• 	
  The	
  field	
  is	
  trapped	
  in	
  the	
  iron:	
  	
  	
  

Let’s	
  calculate	
  the	
  inductances:	
  

Suppose	
  that	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  (Lp	
  is	
  known).	
  

Then,	
  	
  
	
  
Similarly,	
  	
  

Vin	
  
R	
  	
  	
  
the	
  “load”	
  

iron	
  core	
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pr
im

ar
y	
  

se
co
nd
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!

Φp
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=
Φs

Ns
Number	
  of	
  turns	
  in	
  the	
  	
  
primary	
  and	
  secondary	
  

!Φp = LpIp

!!

Φs =
Ns

Np
Φp =

Ns

Np
LpIp =MIp

Φp =
Np

Ns
LsI s =MI s

⇒
Ls =

Ns

Np
( )2 Lp

M2 = Ns

Np
( )2 Lp2 = LpLs
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Now,	
  consider	
  what	
  happens	
  when	
  we	
  	
  
drive	
  the	
  transformer:	
  

We	
  have	
  two	
  circuits:	
  

So:	
  	
  

!!Vin(t)=Vin cos(ωt)

Vincos(ωt)	
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Np

⇐ The!voltage!ratio.

No	
  phase	
  shic!	
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