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magnetism, a ferrous magnet represents the sum of elemens
tary small magnets which can rotate about thelr axes '
without encountering any pesigtance or analogous fricticn

. £ron neighboring elemertary magnebs, but which at the same
time act magnetfcally on one anothers In the normal stabe,
during the sbsence of an external magnetic field, all the
small magnets separate into a series of diverse closed
groups which pessess pelative stability of domeins. Upon
magnetization of the body by an external £1eld these groups

gradually fall apart and form stable new groupings as indl=

cated by the externsl field. This process continues until
all of the small elementary magnets are oriemted in the
fleld, is eey untll saturstion, S
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Fige 1, "Btatic™ hysteresls loop of ferrite
Dimensionss K = 65 (7x4x2.1 mm); K = 29,753
joimg. = 0e53 0oy = 08663 Hy = 0e54 oers%ed;,s;
W, = 0.29 evsteds; Bm = 2440 ganss
= 2400 gauss; = la .
The solid line shows the experimentally cbtained
L . eurve., The computed points are shown by dots,
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| During this process the inbtensity of magnetiza«ﬂj
tion T reaches a maximmm and any further increase in mage
netic induction will take place, as in a vecuum, at the
expense of aH in equetlon (2).

After the eyternal magnetic field ceases to act,
the smsll elementary magnets form new grouplngs. The pre-
_ dominant orientation of the small magnebs imposed by the —
T external fleld is preserved to a definite extent in the
new groupings. This determines the residual maghnetism of
the Dody Braog (Fige 1)e In order to eliminate the resis-
dual magne%ism.it is necesssry to apply an external
£ield strength H in the opposite directioll.

The logses of energy lncured during the magnetlzos
tion eycle (hysteresis losses) are explained by the setm
ting into oseillation of the smsll elementary magnets dum
ring regrouping and these losses produce an increase in
thetkinetic energy of the molecules, i. €.y 2 heat ef-
fect. ' -

According to the above, the intenslity of magnet l-
zatlon T determines that increase in magnetlc induction
of the medium vhich arises as a result of the predominant
orientation of the small elementary magnets by the exbter-
nal field. .
Esch small elementary megnet has a very definibe
magnetic moment, »

B o= wily (3)

where m is the magnetic mass of one poles
1, 1¢ the distance between the poles of the small magnet,
taken as a vecuor.

: We note that representation of the magnebtic mass
and the dilstsnce between the poles of a small elementary
magnet 15 only a convention. Bguation (3) emphasizes the
fact that each elementary magnet creates o magnetic field
whose abgolute quantity is independent of external condlw-
tion but vhose direction depends upon the physical state
of the body, the nature of the exbernal field and the
degree of interaction with surrounding small magnebs, All
these elemenbary small magnets have a differently compo-
|sed magnetic moment in the direction in which the exter-_]
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nel nagnebtic £ield strength H is acting. Let ¥ be the
angle of inclination of the axes of the elemenbary small
magnet to the direction of H,

r

We will accept the fact that the probsbility of
a given small elementary magnet having a ~cosy=yv Is
equal to

f:

SR : . 2 .'.;_‘ N »‘; ; ‘ )
p . <, :‘_ I. ¢ - PETS d}f ) . .
.f i” 1 " } 2=3 j A (43

7
(-

1. .4 the distvibution of elementary magnets along the
cozine 1s talen as normal since such a distribution is
encounteréd in practice each time there is a varlation

in the observed effect or megnltude (in our case

due to the action of a large number of forees whilch are
mutually additive, almost independent, and small in con-
parison to the to%a o Such a summabtion is usually based
on the fundamental law which determines the average effect
and leads to a YMnormal" distribubtlon curve, The normal.
law 1s observed, 1. gey in the distribution of the velo=
city components of gag molecules, in the dispersion of
the coordinates of particles undergoing Brownlan move
ments, and in the varisbility of plant organisms., Let us
agsume that 1t also acts in the case we are considering.

In place of the exact equation (4) we will intro-
duce an approximation substituting probability for rela-
tive frequency of the event (frequency).

N e ‘ e T, -5

Here n is the number of elementary magnets inclined toe
ward B at an angle ¢ where %<COS¥%:

- and N is the total mumber of elew-
menbary magnets.
Multiplylng the left and right sides of equation ¢5) by
mll we will obtain an approximate value for the increase
in magnetization strength that corresponds to the rotaw
tion of part of the elementary magnets to a certain angle

L | | | B
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(6)

This same rotabion is a result of the ac‘tion of the ex- =-.

ternal magnetic field Hy i. e., the angle of rotation 1s

a function of H or . = (H). Carryling out the transforma-
tion %n equation (6) and introducing the designation k = -~
we obtaln e ' -

21 ."b.:“ Vs ’
) ...‘..!... - :
A'ﬂ-f‘/é-; SL’ 2 dz. (7)
wn, a4 :
where Iy = o
If we assume that
: H T L L et H 2 '
H) = ——cosyp +8in -1
ne=f(H) H CostFS v]/n (_H,)‘ . (8)
where /j. ,gm.: then -
Ha )
e | ,
k{ﬁ;cnwi-siuq» i (%)j

1o 2n (O F (2
*‘ifg;e )f ? dz.

k is expressed in such a fashion that the distribution curve ‘
in the section outside the interval - 1+ vl differs libile
from zero. Substituting (9) in (2) we obtain the more gene=-
ral relationshilp

1 : : _ —
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~ For ferromaghebic maberials under an external field
strength of H = (0 & 5) Hy the followlng expression is
vallds

B 4wl
!.;l. . S BT
| &iﬁm%m?a. siny g/i fﬁ;} ‘ {1L0)
when
P ' 2& . f.
B gt S ¥ dz: o
s v ) (10.5)

[

Equation (10) is the eguation of a hysterssis locp. Knowing
parameters By, Hm, He, Uo and k it is possible to find the
value of B for any H within the limits «Hpy to Hy. Fige 1
shows the agreement of equation (10) with the experimental
cCurve, '

2« STEP PROCESS IN A FERRITE CORE

As an example of the applleability of the equation
of the hysheresis loop (10) we will wxamine the step process
in a ferrite core, a dlagram of which is shown in Fige 2.
Starbing from this arrangement it is possible to wrilte the
following four equations: .

£y mw!%?; 4R, (11a)
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0==w,ﬁ *R,i, | (1)
g f [F-cm’p¥8|a'V|..( ! { -
BupHt i, Ty -~ (1Ze)
| IH=4n(ig0, iywy). (114)
‘Pig. 2. Dlagram of a ferrite core.
We will not consider the effect of eddy currents since
in a ferrite they are practically equal to zero, We will
eliminate from the given system of equations the currents
13 and 12. In order to do this we will wrﬁ:e (1la) and
(11b) 4in the form
L . . | | A



B TR, dr
w? db :
0= -5 Tin - (11e)
Substracting the upper equation from the lower we obbain
Ew, _[w? w2\ dBdH IH
7 =% ®)ama (11£)
where § is the cross section area of the ferrite rings
! is its average circumference, Substitubting /=2er
r is the radins of the average circumnference,
2R k(éuﬂ;« . eing )
“Bm T HY:
7 V] (12)
dH = o bs . —— " a1
v 2m Hy exp ;- {75{; codg + sing V[ ‘Hﬂ)r
. m) ‘
and  RRy
. Re= Ryw* -Rw,?
we obtain the differential equation of a ferrite core
q——}-—-l-.-u R — SRy 29 e
d copy - o A80R
' T H
Ha V1 {77 ]
2Bk a4 (Hm’ C(13)
By, & e . Y
' “2eH, rpH i Hel
¥ m e,xp.f, [H,,,“" 2 T 8ing ‘/1_... (ﬁ;,) ’ , ‘
L —
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rIn the case where Rp = @, L. & 712 = 0, eguation (llc)
takes the form 1H = 4 -/ w, and ttzm equa’c%ﬂn of the ferrite

core will be

L. K

sk . e o s+ o ﬁsﬁlﬂm* e i e
d# . . " SBE - -~ ...!Yp,... E’H____.. -
R . v Hpy '!’J - (ﬁ'm g §

"), e

..‘ T e
VI Hpexp 5 gn;cm; o sing ‘/ o

Tt 1c necessary to observe that all arguments lead
to the assumption that H remains exclusively within the
Tinits (—~Hg,<H~Hu). Correspondingly, the largest velue
of H eannot be arbitrary, When H = Hpgys ga% = 0, and from
this condition we f£ind that d

E]au'; ) r,’/“ o . :
e e (15)

Equation (15) is Ohm's Law and describes the condition of
the ferribte core in a steady stabe.

The voltage applied to winding wq may be any fune- -
~ tion of time, We will examine a partilal Gase = the action
of a square pvlse, or more exactly, only its front. Since
there 1g always in practice a certain time inberval during
%héﬂ:i.ncrea.se of volbage, we will represent it mathematical=-
.y thus _—

By = By (1 ~ e [illegible text]

We will £ind a partial sclution of differential equabion

(14) under iniblal conditions t = 0y E = 0 and the follo-

wing perameters for z ferrite core: K = 65 (7 x 4 x 2s1)

mmy k = 204753 sing = 0,53 €089 = 0,866; Hp = 0,54 orsteds;

Ho = 0,27 oerstedssy By = 2440 gauSs; Bregydual = 2400 gausss
= 1. A gtatiec féerrvite hysteresis loop 1S ;%iovm in Pige Le

.,fuc

~ Let us take | o
_L. o " El ::; 25(1 '.-'e“4-¢107)v,,. : - “_l
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Tﬂi. e.s We will assume that after 0.1 microsecond the vole
tage in the primary winding wp sttains a maximal value of
By = 25Ve For wy =10 in equation (15) we will get R =
= g4.18 ohms. Ca¥rying out numerical integration of dife=
ferentisl equabtion (14) by the Runge-Kutta method we will
£4nd the relationship .

H = F(t) | (16)

for magnetization of the ferrite.,

The results of the caleulation are glven in

T abl e 1 "
Table 1

A_....,,.....,._.J....:;m- - ——— : l A i . ; _'...‘..._.._..4. - _._..,... — ,._«..I " -
Poink | 2N R T R T R S B S S A
momberl Lo - .

i } ‘ t . .

.48 68l ' omb i 0.010 E G010 - 06IN l{ 081 L6 ; JsEs
‘ . ;o . .

H '

- ; : :
Hoope | o2 - 0181 019 g 0209 | 0240 \ 0270 0,260 * 0,30k
steds : ! o

vnn"g—t.,a.»qum. e ra - ‘ M , A -
d;: 503 W “2;86,30* ’ 1.44-10~ ‘ 60808 i5,53,m- 2.00- 104 ‘ $.22. m-f 37310+
i A } i . ‘ . :

. A -

e i o ¥ S -

P ) :
Fo' Md| K80 546 sns-i @5 L ooss - w053 | 2027
. E £ . é

o bt atra o e i

J . P

.
e+ s i ccoimisin 5 s

A graphicslly computed solution of the differential equa~
tion of a ferrite core is given in Fig. 3.

 We will call the time during which the magnetic
field intensity in the ferrite chenges from H=0toH z‘Hm‘
the time of magnetization of the ferrite, In our case the
time of mognebization amounted to 183 mieroseconds., The
greatest part of the magnetization time is reguired for
fhe rotation of the elementary magnets along the external
fleld, le €.y during the transition of the magnetic state
of the ferrife along the steepest part of the hysteresis
loop in the region Hi.

Tt 1z interesting to find the relationship of thel

L
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induced e, e £o In the secondary winding tc the maghetbi=
zation of the ferrlbe ore., In the general case where
R, = o0 ,

av
£ =G
or iB (17)

Ege — WS T -

.y

Wultiplying the corresponding left and right sides of equaw
tions (12) and (14), we find '

4B _ E, R, o

e e ey H,

dr  ws sw,

henece
rRyy ,, W g (18}
. Etm 2@},} H w‘ 1"
LK (cersteds) _ :
o X ;
i m ;o--hv"""O“--ﬂ-ﬂ"" -“’"'1
,E : .
MMM___,.‘-"'JE
é
(Y microseconds)
? @5 ) R AT >
Flge 3+ Graph of the step process in a ferribe
¢cote '
1 Ferrite K = 65 (7x4x2,1)¢ Ry = 85 ohm, wy = 10, _|
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T Reg = 250, Bo = 00, Wo = 100,
L L0, 1952 19 the relationship H(t)e
Dotted 1line is By(t).. |

The relstionship H = F(t) 1s known to us (Tsble 1)o

. Tt should be mentioned that upon,nnmefical inbe~ -
— gration the expression 1s determined automatlcallye '

.. The graph of the relationshipvﬁz = B(t) 1s shown
in Plgo 3e ’ : :

Tn order to check the resulls obtained, an experi-
mental determination was made of the ma netiza%ion time of
ferrite of the type K = 65 (7x4x 291§ e The outline
of the experiment corresponded to Fige. 2. The parsmebers of
the given ferrite core were selected to correspond to the -
initizl data of the calculationy 1e @s9 Wi = 10, n% = 85
ohmsy Wo = 100y Ry = @y E% = 25y, The duration of the
pulse front (%e = 8.1 miero gcoﬂdSo '

: ‘Magnetizahioﬁ was carried ou£ along winding w)
from a type 26.% pulse generator, -

~ The maghetization tlme was determined by the pulse
duration of the voltage induced in the second winding, ALl
measurements were done with a type CI-1 pulse synchroscopes

< The magnetization time was determined for 10 ferrite
specimens rejected for use in a loop and amounted to le9 =
2,0 microseconds, The experimental results differed from
the calculations on the average of 5-10 percent. Thls makes
it possible to carry out o mathematical enalysis of ferrite
circuits used in automation, telemechanies and computer
technologye. : _ : 4

‘§itbmitted to the editorial
office. 18 Ang 1959

END
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