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In a number  of appl icat ions  it is n e c e s s a r y  to employ long f e r r o m a g n e t i c  rods  (Fig. 1) which cannot a lways be 
made  monoli thic.  This  note examines  the effect  of an a i r  gap on the magnet ic  flux through a f e r r o r m a g n e t i c  rod and 
on the magnet ic  field of the rod.  

When the ra t io  of the length of a cy l indr ica l  rod in a longitudinal homogeneous constant  magnet ic  field to its 
d i a m e t e r  is l a rge  ( a / b  > 5), the c i r c u l a r  cyl inder  can be rep laced  with a p ro la t e  el l ipsoid of revolut ion.  

To d e t e r m i n e  the effect  of an a i r  gap joint in the middle  of an el l ipsoid on its magnet ic  field by solving the 
co r respond ing  boundary -va lue  p r o b l e m  is a v e r y  compl ica ted  and labor ious  p r o c e s s .  The fo rmu la s  thus obtained 
would be c lumsy  and unsui table  for  p r ac t i ca l  pu rposes .  

Thus it is expedient to subst i tute  for  the constant  external  excit ing field H 0 an e lec t r ic  cu r ren t  with l inear  
densi ty  ~ continuously d i s t r ibu ted  over  the su r f ace  of the el l ipsoid.  The subst i tut ion should be made so that the 
magnet ic  f ield of the el l ipsoid due to this cu r r en t  is equal to the magnet ic  field of the el l ipsoid in the external  field. 

We obtain the l inear  c u r r e n t  densi ty  X by solving the co r respond ing  p r o b l e m  of magne tos ta t i c s  in the spheroidal  
coordinate  s y s t e m  ~,77, r in the following form:  
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Here  #r  is  the r e l a t i ve  p e r m e a b i l i t y  of the rod mate r ia l ;  Ql and Q'! a r e  a Legendre  function of the second kind 
and i ts  de r iva t ive  for  the a rgumen t  indicated.  

Integrat ing,  we find the total  equivalent cu r r en t  I 

I =  2(1 --~tr -1) D q H  o . (2) 

After  subst i tut ing the equivalent  cu r r en t  for  the externa l  field,  we cons ider  the magnet ic  c i rcui t  obtained; we 
find [1] the total  magne t ic  flux r with the exp re s s ion  [1] 

O1 = H0 ( l  - -  Kr -I) ~ o A S  , 
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Here ,  S is the c r o s s - s e c t i o n a l  a r e a  of the el l ipsoid and P1 is a Legendre  function of the f i r s t  kind of the 
indicated a rgument .  

We now find the total  r e luc tance  R 1 of the en t i re  c i rcu i t  without the a i r  gap, 

I 2Dq (4) 
R I - -  ffj~ - -  A S ~ o  

Here ,  P0 i s  the magnet ic  constant .  The p r e s e n c e  of an a i r  gap causes  an i n c r e a s e  in the total  r e luc tance  by an 

amount  R~ 
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(where A is the width of the air gap) and causes a decrease in total magnetic flux r and, hence, in the external 
field of the ellipsoid, which can be characterized by the coefficient K, 

K - -  (I32 R~ - - l - ~  2 -~D-=Iq-  k~r Qi'(e)/ 

Here r ~ is the total magnetic flux without the gap and r is the total magnetic flux with the gap. 

~r 

Fig. 1 

Example. Determine the coefficient K for a centrally jointed rod made of steel with permeability gr = 185 and 
with dimensional ratios a/b = i0.1 and A/b = 0. i. In this case the coefficient K, calculated from (6), equals i. 18. The 
same quantity determined experimentally is equal to I. 13, indicating a discrepancy of 4.5%. 

A comparison with the experimental data showed that (6) gives satisfactory results at A/b < 0.2. 

REFERENCE 

i. N. N. Lebedev, Special Functions and Their Applications [in Russian], Fizmaigiz, 1963. 

26 J u n e  1967 Leningrad 

113 


