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Cambridge, Massachusetts 

SUBJECT: GROUP 63 SEMINAR ON MAGNETISM,, APPENDII I 

Tot Group 63 

From: Arthur Loeb and Norman Menyuk 

Date: November 12, 19f>2 

Eddy cur ren ts a re s e t up in conducting media when there i s a 
changing magnetic f i e l d , and are so d i r e c t e d as to counteract a change 
i n the f i e l d producing them. 

-* 
To show th i s , consider a varying f ie ld B. 

From Maxwell's equation 

^| = - 0(9 * ?) 
Hence a time variation of B induces an e lec t r i c f ield and 

current wil l flow since 

-» 

E = ^ 

Further, since ^ x t = i & + = £ 

and the f i r s t term on the right hand side of the equation i s negligible 
for a conducting material, 

*> % * - i f ( i - i ) 
We see that the magnetic f ield has i t s curl in the direction 

of current flow. If we assume \i = constant, this means that B wil l 
diminish a t increasing depths within the material . We wil l show th is 
for the special configuration shown in Figure I . 
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O B * B & 

4' ' *< 4 

k 

Figure I 

By d e f i n i t i o n ; and defining k para l l e l to H 

^x H - t1 & + * h + * &} A 

x H k 

- ±4§ -
b? 

A )H 

And from equation 1 - 1 

^ x t = Jwl . Uni * 

Therefore, 

<£ = o 

£H Uni 

Since ^ x H i s in tho same direct ion as i , 4~ w i l l have 

the same sign convention as i , and the magnetic f i e l d w i l l be smaller 
as we penetrate further into the material . For a continually changing 
f i e l d , the magnetic f i e l d strength in the in ter ior may only be a small 
fract ion of the surface f i e l d s trength. The variat ion of H with depth 
i s shown p i c t o r i a l l y i n Figure I I . 
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If the magnetic field stops varying with time ( 4? -* 0), 

then the induced electric field and current will quickly go to zero, and 

a n d ^ x H*-» 0. 

Figure I I 

In add i t ion to reducing the magnetic f i e l d within the m a t e r i a l , 
eddy cu r ren t s give r i s e to a considerable power l o s s . I t i s , t h e r e f o r e , 
des i r ab le to decrease i t s magnitude as much as p o s s i b l e . With the he lp 
of Figure I I we see how t h i s can be done. 

We know 

f (^7 x If) . 

where I = cu r r en t 

ds = (6^ . dl =* J Uni , Utrl 
c c 

From Figure I I , l e t us consider the l i n e i n t e g r a l of M . d l 
taken around the path abcda. Then for l i n e ab we have the con t r ibu t ion 
KL. Since be and ad a re perpendicular to H, they cont r ibu te n o t h i n g . 
I f cd i s sufTicientTy far ins ide the mater ia l H ^ ^ O , and therefore 

abcda 

d l = HI 
Unl 

~ c 
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Therefore, reducing 1 would cause a proportional reduction In 
current. This is accomplished""by laminating the material, with 
laminations electrically insulated from each other. 

Signed OiJll 
Signed ^M^fitfcf^ 

( Norman Menyuk J/ 

Approved $fl5 
David R. Brown 

Group 62 (15) 
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