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FERROXCUBE ENGINEERING BULLETIN No. FC-5119 

F erromagn et i c 
Material 

Ferrite 

SY fJ60L UN IT 

.& FERROMAGNET' C ~ATER I AL 

A material which, like iron, generally exhibtts 
hysteresis, ise. the induction fa·i's to follow 
the magnetic field, It lags, See fig. I. 

A ceramic material that is sintered at about 
1300ClCQ It ma in I y conslsbof i ron ox i de wi th e 
certain additive of,usually, two metal oxides. 
f~st current are the '~nganese-Zinc. Nickel
Zincn ~anganese~agnesium and ~anganese-Copper 
ferl"'i tes.. -rhese are cat I ed soft magnetic mate
rials because of comparatively low coercive 
forces, say smaller than 20 oersteds (e.g. 
Ferroxcube)* See fig. 'e Barium ferrites have 
a very high coercive force (say 1000 Oe) and ere 
calJed hard magnetic matertals (e.g. ~ag"adur). 
See f i g.. I'. 

2. FLUX 

TERM DESCRIPTION 

maxwef Is (Magnetic) 
Flux 

The cause of the electromotive force 
(vol1';;:ge) induced in the secondary 
windings of a core (see fIg. 2)$ 
magnetized by an A.C. current tn the 
primary windings. In the c.g.s. system: 

MGNETIZING 
CURRENT 

FIGURE 2 
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&;f ... 9 
@ind ~ wN2 x dt x eo 

; induced e.m.f. in volts; 

= number of secondary windings: 

s change of fa ux per" second in 
maxwells/sec. 

¢ t tsetf is in m~wel Iso 

Note: If ¢ is an al ternating ff ux wi ttl 
frequency f, then, the more times per 
second that ~ reverses its direction1eind 
witt be proportionally largero tn case of 0 

sinus wave: 

~ind = N2 )( 2 11 f )( ¢)( 00-8. 

~. d and 91 indicate the peak-values S" 
of e'nd and fl. 
f e frequency in cycles per sec. 

-----~--.----.--.----.----------------



FER R 0 X CUB E E.N GIN E E R I N G B U L LET INN 0 • F C - 5119 

SY~BOl UNJT 0 TERM 

B gauss (Magnetic) 
Induction 

(Magnetic) 
Flux Density 

3.. INDUCTION 

DE SCR I PTI ON 

Magnetic flux per unit area in an area 
etement at right ang'es to the direction 
of i-he f fux 'ines. tn the c .. g.s. sys1-em; 

d0 B ~ dA~ Here d¢ denotes a very small 

fraction of the tota' flux passing through 
a very sma!! fmction of the area at a right 

~------------------F-L-UX---l-I-N-E-S------an9Ie: theoretically B changes from place 
CORE SEG/f£HT to pi ace ina matet~ i at.. r n pi-aci- i ce, \l/hen 

1 A 
r"... ~I :~ # 

....... -T I. . 

~ -- -~:.r- --~ 
I 

"" I ..... 
I 

dA 

OF' All FlUX-t I NES THE NUM3ERS 
I THROUGf-I g, TOGETHER N'OONTI NG 
TO A FLUX ., PASS THROUGH dA. 

B i 

B .~ 
dA 

FIGURE 3 

gauss Residual 
Induc1"jon 

gauss Remanent 
I nduc1"i on 

Remanence 

gauss Intrinsic 
Induction 

B is constant across the area, we use: 
rt 

B ... e. 
A 

Where: B... i ndu ct ion in g.ausses 
~ = ftux in maxwells 
A = area in cm2 • 

See fig. 3. 

I nduct ion "that remains, when the magnetiz Tng 
force H ~ O~ Compare with Bd and see fig. f. 

Induction that remains in a magnetic circuit 
of any shape aHef" removal of an appli ed 
magnetomoi" i ve fOl"'ce, ifl~ I n a permanent 
magnet with an air gap the magnetomotive 
force ~ 0, but the magnetic field in the 
magnet itself~ H, is not zero~ its value de
pending on i-he form of its hysteresis loop 
(energy product, see page 19) and width of 
the air-gap .. 

The indt.lction in the magnetic material minus 
the induction in air at the existing magnetic 
field. H. The induction in air 8 ;UairH. In 

c.g .. s. uni ts: 

-4-
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• I R R 0 X CUB E ENG I NEE R I N G B U L LET INN 0 • F C - 5119 

SYfeOL UNIT TERM DESCR' PTt ON 

8 rs 

gauss Maximum Induction Plaximum instantaneous val ue of the tn
duction on 8 hysteresi s loop. It can be 
measured by means of an integrating 
network. which converts the induced A.C. 
e.m.f. into an A.C. voltage V proportional 
to B. The pea~ value of V yields: 

A RC V x 108 

gauss Incremental 
Induction 

gauss Retentivity 

gauss Saturation 
, nduction 

B = ~A gauss 

where RC • time constant of the inte-
A grator in sec •• 
V = the peak value of the inte

grated e.m.f. in volts, 
~2 = the number of secondard windings, 
A • the area in cm2 • See fig. , 

and 2. 

Amplitude (= peak value) of the varyIng 
part of the Induction. when the core is 
operated wtth a biasing magnetizing 
force. See fig. I. 

The maximum value of the residua' in
duction. Br or the value of Br on the 

saturation loop. See fig. I. 

The maximum-Intrinsic induction possible 
in a material. It is usually reached at 
magnetic fields of thousands of oersteds, 
while at the point where the saturation 
loop is closed,B. is 10 to 30 percent 

I . 

• ower than B • and H is roughly 10 s 
oersteds. See fig. 10 

-5-



FER R 0 X CUB E ENG I NEE R I N G B U L LET INN 0 • F C - 5119 

4. MAGNETfC FIELD 

SYABOL UNIT TERM OE~"'RI PTWN 

% 
.fl 9 i • bei"ts ~a9netomotive That which tends to produce a magnetic 

H 

F'OI"ce field" In magnetic testing It is mOST 
cOfI)lI'!On' y produced by a curren t ff ow jog 

Magnetic Potent"i ot thl~OUgh a co; I of wi re e.round the core. 
Difference Its magni tudG is proportional to '(he 

IlU"l}ty.-..:- of tUrns and the current" f n the 
c .. g~e,. unit-sy~tem it ii'; g)(pressed in 

oel"'si-eas Magnetizing Force 

Magnet ic Field 
(. ntensHy) 

gi fbet-ts and thus def insd by: 

-:i;;.: 0..4 11' N !:-
where I:;: curnmi- ; n amperes 

Magnetomotive force also resuli"s from a 
magnetized body~ e.go a permanent magneto 

Magneromctive force per unit length o 1n 
the c~g~s~ unit-system it is expres~d 
in oersteds and is def i ned by H = ~" 

Here d9'fdenotes a very smaf I change of 3l 
along a very smalt path length; gen~ . 
era.ly H changes from point to point in 
direction and intensity~ H has the same 
direction as dJf.. In practice H has at 
all poi nts i-he same val ue inmost apl>-
I i caN OIlS.. We can then use: 

VALUES OF MAGNETOMOTIVE FORCE 

.!I, AND .Y2 • Jt2 -]1, 100: cJP' H=l 
H "" magnetizing force in oersteds. 
:)I 0;1 lDagnetolllOth/e force In 

fltAGNETJC 
l PATH 

CORE 
SEGIENT 

oersteds Biaslng (Magnetic) 
Field 

gil berts. 
£ "" path I ength in can. 

See fig. 40 
'n the cas~ of a toroid, 

l= 2 11' 1" 

where r.,. the average of ins i de and 
outsIde radii of the ring: 

H 0.4 'ff N::r: 0.2 H 1: 
::; 2fi'r t:It .. 

A constant (D.C.) IIt8gnetizing force 
superposed on an atternating (A.C.) 
magnetizing force. This I .... allzed by 
applying an extra D.C. current to the 
same magnetizing windings or to • special 
coil around the SMte saIIP'e. see fig. I. 

-6-
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FER R 0 X CUB E ENG I NEE R I N G B U L LET INN 0 • F C - 5119 

SY~Ol UN'T TERM 

He oersteds Coercive Force 

H cs 
oel"'st~ds Coereivity 

oersteds Demagnetizing 
Force 

oersteds Incremental 
Magnetizing 

Force 

oersteds ~aximum 
Magnetizing 

Force 

OEseR I PTI ON 

The magnetizing force required to bring 
the induction to zero: the larger the He' 
i'h.e larger al"'e the hysteresis losses. 
See fig. I. 

The maximum value of the coercive force, 
He' or the value of He on the saturation 
loopo See fig. I. 

A magnetizing force applied in such 8 
direction as to reduce the remanent in
duction, Bd, in a magnetized body. 

Fig. I, upper left, and fig. II give 
examples of a demagnetization curve. 

Amp I i tude of t he vary i ng part of the 
magnetizing force& when the core is 
operated with a biasing field, Hbo 
See Fig_ I. 

Maximum instantaneous value of the 
magnetic field on a hysteresIs loop. 
Hm (and Bm> are found on the utip· of 
the hystereSiS loop_ 

-7-



FER R 0 XC U BEE N GIN E E R I N G BUll E TIN No. Fe -5119 

SY f;180l UN I T TERM 

/'max 
Or" 

fAm 

j-Irev 

numeric Permeability 
Ptu 

nunler i c ~ax i mum 
Permeelbility 

numeric .nitiaH 
Permeability 

numeric Incremental 
Permeabi , i i'Y 

numeric Reversible 
Permeab iIi ty 

50- PERIEABtllTY 

DESCRIPTION 

The slope of the 'ine~ which connects 
the utip· of a hysteresis loop (H $ 

B max 
a ) with the origin, or jJ. max 
M~ I H 

B max 
(usually written tt .., it>. See Fig. 1. 

The utipsn of a;1 possible ioops that can 
be performed# depending on the amplitude 
of the applied magnetic field" Hmax " are 

situated on the sOftca.ted virginal curve. 
This curve is straight near the origin; 
its slope corresponds to the permeability 
at low values of H or initial perm
eability~ fo. 
Note I~ Depending on the method of 
measurement and the practical applIcation, 
the ~ can also be. defined as the R.A.S. 

value of the A.C. induction divided by 
the R.fIl.S. vatue of the A .. C. magnetic 

B 
field or ~ = HR•A•S• 0 Now the results 

R.M.S. 
are dependent among others on the wave 
shape of the magnetic field and the form 
of the hysteresis loop_ 
Note 2: In such non.isotropic materials 
as Aagnadur and Ferroxplane# ~ depends on 

the direction of H with respect to the 
semple: there is a direction or a plane 
in the sample where ;u is maximal~ 

Aaximum value of the permeabil ity. I t is 
the slope of the 'ine which Just touches 
the QkneeP in the virginal curve. 
See Fig. I. 

The permeability at low inductions. 
say fO gauss or less. See Fig. I. 

The ratio of the incrementa' induction 
to the incremen1'at magnetizing force or 

B rA & iii'o When ".0. end consequently 
SA become very sma II. then fiA approaches 
a limiting value 5 the reversible perm-
e8b; Ii ty Jd • (See Fig. I) p decreases 

I rev I rev 
from JU • ~ (Hb • 0) down to ~ _ 

I rev I 0 I rev -
I when Ib Is very high. 

-8-
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FER R 0 X CUB E ENG I NEE R I N G B U L LET INN 0 • F C - 'SU. 

UNIT TERPI 

numeric Effective 
Permeab i I ity 

~ ~ d cm 

numeric IntrinsIc 
Pel"'meabi1ity 

'numeric r prime 

numeric ~ double prime 

DE SCR t PTI ON 

The iower'ed val ue of jU caused by in
terruptions in the flux path~ If a m8g~ 
netic circui~'J e"gr a toroid" contains 
an air-gap. then the effective induction 
6eff has a lower value than in the case 

wi t,hout an ai r-gap at a ~i ven va I ue of Ho 
The effective per'meabi I ity is def1ned as: 

B eU 
;Ueff .... -~ 

;Ueff is always smalner than ;u and can 
be calculated as follows: 

where~ 

&J.. ,. , 
/u I + jJ (glt), 

9 = width of the arr-gap In em. 
:t= magnetic path length of the 

core in em. See figure 5. 

Gaps caused by dirt often cause dlffl-
cut ties when testing U cores. tn 
practice they are designed tnto pot 
cores in order to reduce both the temp
erature coefficient of the pot core 
8ssembl y and the sf feets of non-linearf ty.:, 

The ratio of the intrinsic induction to 
the corresponding magnetizing force: 

af 
;Ui • 11 0 Secause B, III B - H. we see 

B-H ' 
that t i = H = j1 - I. The use of /'t 
becomes important for materials wtth very 
low jU# say ;U = 100 The ~t in thts 
case is 9 .. 

Rea' part of the so-called comp'~ perm
eability. At low inductions it is 
identical with the initial permeabititye 

This is the imaginary p8rt of the COIIpf~ 
penneabit i ty <jl' - j ~n)o This is. only 

a formar way of appreciattng the core 
losses relative to the inttial perm8abifity 
to or- r t ., 

-9-
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UNIT 

"enries 

TERM 

Self Indue ... 
tance 

6.. INDUCTANCE 

DESCRIPTION 

J) Electrically defined by: 
L dt 

e ind ==... dt t 

where e. d = induced e.m.f. across the 
In coil windings in volts. 

l 
dI 
dt 

~ self inductance in henries, 

= change of current per sec
ond in amperes per sec. 

Measuremew{ of l is based on this 
pt-inc;pl e", 

2) An equivalent definition is, 
,J -8 

l ::I ~~ to • ;; ... 
where N¢ = flux linkage in maxwell

tUl\ns, 
! = magnetizing current in 

amperes~ 

l = self inductance in henries. 

"Flux-linkagen means the total flux that 
is "caught" by the cpnductor as a whole 
(usually a coil around a core). If the 
wire is homogeneously wound around the 
whote circumference of a toroid. then N 
aqua's 'the tora! number of turns. With 
the help of the definition (2) we can 
derive for the toroid the formula: 

Aif N2 ~8 
3) L .;;: O.412_L12.. x x 10 ~ 

ZIA 
where to 

N 
A 

l 

"" 
= 
'" 
~ 

initia§ permeability 

number of turns 
cross section of toroid 
j n cvn2 
path length in cm (for a 
toroid about the average 
of inside and outside 
ci I~cumference). 

At high inductions ;u cannot be considered 

a constant (fig_ I)~ hence l is then not 
welt-defined. 

-10 .. 
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FER R 0 X CUB E ENG I NEE R I N G B U L LET INN 0 • F C - 5119 . 

SYft'SOl UNIT 

henries 

Lm henries 

or 

" 

TERM 

Air Induc
tance 

~tual 
Inductance 

DESCRIPTION 

Defined as Lunder (3), except that ;00 is 

put = , (permeability of air). This pro
vides a method of measuring ;Uo; 

or 

L = ;UoLo. 
L to:= "L-
o 

where L is measured and Lo is calculated 

from the physical dimensions of the core .. 
The general formula for cores with non
uniform cross section is: 

~ or 15 iqma Q denotes that one takes the sum 
of the ~/A's for the different parts of the 
magnetic circuit (e.go E core, pot core)e 

tf we have a transformer (see 'lg_ 2) wIth 
Nt primary windings and ~ secondary 

windings. then both col's are linked mag
netically by the core. This property {s 
characterized by the mutua. tnductancea 

~ ;)( '°8 Nt 11 x 108 

Lm" If III f2 
Where, 

L D mutual Inductance in henrIes, m 

Y (N,P/)" flux t Jnkage -caught- by the 
secondary (primary) wIndIngs 
lnmaxwell turns. 

II fI2l = current tn the prImary (sec
ondary) wIndings in amperes. 

In an ideal transformer (no flux 
escaping through surrounding air) 

2 
~ = Lf x L2 , L, end ~ being the 

the Individual self-Inductances of the 
primary and secondary windings. 

-11-
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UNIT 

watts 

watts 

watts 

watts 

watts 

7. LOSSES 
TERM DESeRt PTiON 

Core loss Energy per second (= power) dissipated 
in a core when magnetized by an alter
nating magnetic field. The dissipated 
power is Identical with the developed 
heai- pel" second" power (heat per sec.) 
being in watts. P = P + Ph + P : c e r 

See belOW .. 
Eddy Curl'"eni' Power dissipated due to currents cir

CUlating in the core as a result of 
e.m.f.'s in the materia' indUCed by the 
varying induction. Pe can be calculated 

bl 82 6 2 V 10-.4 C watts 
from P = x x c e '? 

wher9; U= angul ar frequency" 
8= R.M.S. value of the induction 

in gauss. 
0= small est dJ IIK!nsion in cm of 

core perpendicular to the flux. 
v= votume of the core in em3• 
f= resistivity tn ohm emil 

C .. shape constant. which is ./e 
c for cores with 8 uniformly 

__________ ~ro=_un=_.:...d=__...:0:..:.r....:;s:..;;L:qu8re cross-sectiono 
Hysteresis Power dissipated in a ferromagnetic core 

LOSS as a result of its hysteresis. It is 
proportional to the product of the area of 
the loop x frequency x volume of the oore. 
Ph can be calculated from; 

Ph Q ~ x loop area x 10.7 watts, 

where~ f 1;1 frequency in Cycles/see'3 
V = volume of the core in em 

__________________ L.o_o.e __ s_r_e=8 __ i_$ ___ in gauss-oersteds. 

Residuel Loss Part of the total core tosses which is 
due neither to Pe nor to Ph. It Is 

the most important source of losses in 
ferriteso The residual losses cannot be 
precisely calculated, but should be 
measured" 

Incremental The core JOS5 in a ferromagnetiC mat-
Core Loss eriat when subjected sImultaneously to 

Apparent Core 
Loss 

6 bissing and an incrementa. magnetizing 
force .. 
The product of the R.M.s. induced e.m.f 0 

and R .... S .. magnetizing cu~rent for a coli. 
containing a ferromagnetic core. The 
induced e.m.f. must be epproximatel'l 
sinusoidal • 

... 12-
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FER R 0 X C U 8 E ENG I NEE R IN G 8 U L L E II N No. Fe - 5119 

SyfteOl UN IT TERM 

Q 

Watts Copper loss 

numeric Quality(Factor) 

loss Angle 

Loss Factor 

Core Material 
losses 

DESCRIPTION 

Power dissipated in the coil windings due 
to the electrical resistance of the copper 
wire. The res i stance i ncr-eases wi th the 
frequency due to the so-called skin effect, 
when the current flows mainly through the 
outmost part of the wire. These losses are 
consider~ble in pot core applications at 
high frequencies and have a large influence 
on the maximum attainable Q. These losses 
can be reduced by using litz wire. 

At low 

represents the effective series. 
resistance in ohms in which the 
magnetizing current dissipates a 
power equal to total core losses# 

l= pure self-inductance of the core 
in henries, 

&)= 2f1f~angular frequency at which 
the core resonates with a series 
or parallel capacitor. The smalter 
the losses. the larger the Q. Q 
usually decreases with increasing 
frequencyo 

inductions we can also writelQ~ ~. 
;0-

I R-Q ;; ;,sf = tan tf, where: d· the I oss-ang Ie .. 

6is actually the phase angle with which the 
magnetiZing current lags the induced e.m.i. 
across the coil at low inductions. 
The loss factor is defined as t • 

~~-
tan 6 iuD ;UoQ 
jUo- ==(-" ). 
-1- is an importani
~oQ both the losses 

characteristic for 
and the to .. 

A quantity which is of interest for losses 
at low inductions. It is written: 

I Rs 
(compare with toQ " -r~o--....... 2-ff~""'!T ... l) as 

Rs 

where: R = effective series resistance~ 
~ = initial permeability. 
f 0 8 frequency in cycleslsec, 
L ~ inductance in henries. 

formula can be divided into three parts: 

where: Ch# Ce and Cr are the hysteresis~ 
eddy current and residual loss 
coefficients. 

-13-



FER R 0 X CUB E ENG I NEE R I N G B U L LET INN o. Fe -5119 

a. ~MORY CORES 

I-H I 
cs I 

I 

\ I , . 
\j 
\ 

-80% ) X 

... _.....::.. ____ *"";::::::-::£ I OR 
I rs 

FIGURE 6 

Hw HAS THE D!RECTION 
OF LINES TANGENT TO 
THE CIRCLE " 

flf.f#lORV CORE 

L.-..-_ PROBE 

FIGURE 7 

I'E.flfJRY CORE 

A small size toroid of square 'oop 
material. If when operated with an 
a~cQ magnetic field with peak values 
gn~ater than the coel"civity Hcs-' the 

inducfion jumps between the positiveq 

·1<8" and the negstive.;o .... B fi sat ... s s 
uration induction.;o then the core is 
a ferromagnetic switch~ Therefore, 
when the (;01"8 receives a sufficjent~y 
strong posi~ive magnetizing current 
pulse~ it wlll jump into +Bs and 

stay in Jts positive retentivltY8 
+8 : it "remembers" f-he nr.sitive . '-5 1"'-

pulse" • ..e might be cat led the no" rs 
or zero state and +B the "IA state rs 
of the core. Memory cores are used 
in digital computers as storage 
el@ments of information or in shift 
registerse See ~ig. 6 0 

PULSES 

A memory core is tested with a 
succession of magnetizing current 
pu I ses of wh j eh the t8 epet it ion f req ... 
uencys peak values and individuaV 
f Ol"'fflS are spec if i ad by the c us tomer .. 
The pulses are appl jed via a single 
\IIire or probe through the cente~ ... 
hole of the core and cause induced 
voltages. Their limits are also 
specified. The same succession is 
repeated for each core. 
See Fi g .. 7 and 9 .. 

PULSE SEQUENCE 

Succession of pulses~ whether write 
(niB) or read (11011 ) and whether fuH 
or partial 0 This determines the 
change of induction (flUX) per 

second., ~lI and therefore the re

sponse (=answer" of the core in terms 
of the induced e.m.f. in the probe) 
on a pulse. See Fig. 9 .. 

-14-
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tI 
0.9 
(mA) 

C~R. 

0.11 

SYPBOl 

I 

Tr 

Td 

Tf 

-

FIGURE 8 

THE GENERAL SHAPE OF THE PULSES USED 

UNIT TERM OESCR t PTI ON 

mA Peak Curreni" Peak value (I 1) of current pu'se 
in milliamperes. See ~ig. 8. The 
drawing is exaggerated for c'arlty. 

f1 sec Rise Time Time for the puf sa current to rise 
from 0 .. ' r to 0 .. 9 I. See Fig. a. 

f4 sec OUt-at Ion Time for the pulse current to stay 
above 0 .. 9 r~ See Fi g .. 8 0 

f4 sec Fall Time Time for the pulse current to drop 
from 0 .. 9:r down to 0.1 I. See Fi g. 

-15-
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FUll WRITE PULSE. I . w 

PARTIAL WRITE PUlSE" I pw 

2 3 

UV. 

FUll ~AO PULSE ~ Ir PULSE, 

/rVh 

~mn:ru-· 
FIGURE 9 

nlO CHARACTER I STIC PULSE SEQUENCES USED IN 'rESTS 

UNJT TERM DESCRIPTION 

mA 

rnA 

mA 

rnA 

rnA 

Full Write 
Pulse 

Partial 
WrUe Pu¥se 

Fut I Read 
Pulse 

Partia~ Read 
PI.J\se 

Tht"eshoUd 
Current 

Peak value of pulse, that brings core into 
the ''.1 fI state or + B " The magnetizi ng rs 
force corresponding to ~ is Hw. See 

Figs .. 6 and 7 .. 
Peak value of pulse, that does not manage 
to bring core from the nOli to the "I", but 
that changes "on only to a slightly dif
ferent value (disturbs it). The magnet. 
i zi ng force correspond} n9 to I isH .. • pw pw 
See figs. 6 and 70 

Peak.value of negative pulse" that bring~ 
core into "0" from "1110 In order to ex ... 
plain the form of UV1 or rV, we must assume 

that not i"he static hysteresis .'oop. bU. t a 
~oop with curved sides (~i9. 6 XVi) is 
perfonned by Band H. 

Peak value of negative pulse, that disturbs 
the »rn state of the core. In upper left 
of figure 6~ B, and B2 indicate the re-

sidual induction after one and two 1: 3 pr s 
t"espective~Yf> If mOl-e I • are appa ied:. pr s 
the final residuai induction witS be very 
iittle dif~erent from DE or 820 

The peak value of the current pulse, 
whether positdV~ or negative, that brings 
the residuai inductionIlB,., a certatn 

amount be!ow the retentivity, B , say rs 
20%. These values are indIcated in ~ig. 6. 
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SYI'BOL 

,-vI 
or 

eN, 

T 
P 

FER R 0 X CUB E ENG I NEE R 1 N G B U L LET INN 0 • F C - 5119 

UNIT 

mV 
(peak value) 

mV 
(peak value) 

TER'" 

Und i s turbed 
Vol tage One 

Disturbed 
Voltage One 

OE5mIPTION 

Response (see fig. 10) of core measured 
when an I is followed immediately by and 

w 
I r - See fi go 9a: 1""2" 

Peak response of core measured, when 
an I is di sturbed by 8 certa'n number 

\II 

of r , fol towed by an I. See f 19- ga: pr s r 
3-0>4-·_7 ... 8 01'" fig. 9br 1-- 2----5-6. 

mv Disturbed Peak response$ when an I is distUrbed 
r (peak value) Voltage Zero 

by a certal n number of I • fo. towed by 
pws 

an.I. See fig .. 9a: 8..p9 ---12 ..... 13. 
l" 

mV Disi"urbed Response of the second r after an X • 
(peak value) Half. See fig .. 9b. U- 2-3 

pi'" w 

mV 
(peak value) 

~sec 

~see 

(mV) 
IND .. 
e.m.f 

1 

Selected One 

Disturbed 
HaU
Selected 

Zero 

Response of the second I after an I • pr pw 
See fig. 9b: 7 ...... 8 .... 90 

Peaking Time Time for rV, to rise from reference voltage 

leve' to Its peak-value. See fig. 10. 

Switching ,Time for rV. to rise lrom and drop back to 
Time • the reference voltage level. See fig. o. 

REFERENCE VOLTAGE 

__ l 
TIME <ree) , eo 

~ 

FIGURE (0 
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SYI'BOl 

T 
Q 

T.C. 

FE R R 0 XC U BEE N GIN E ER I N G B,U L LET INN 0 • F C - 6111 

UNIT 

9 .. ~ISCEllANEOU5 

TERM 

Curie 
Temperature 

Temperature 
CoeH lclent 

DenSity 
Specific 
Weight 

Oisaccomo
dation 

DESCRIPTION 

Temperature in degrees centigrade at which 
a material becomes non-magnetic, actually 
indistinguishable f~m air (~o = flo 
Generally the ;00 wrll increase with 

risIng temperature but wil' decrease 
qulckty to I at the Curte temperature. 
Further. the higher the ;Uo' the fower the 
T will be. If for fen-ftes flJ~IO. then 
c I 0 

Tc is about 500°C; if ro~IOOO~ then Tc 

is about ISOoC. 

The relative change of a quantity Y 

Tan &) 
(e.go ;Uo. ;UA • Bs' ro per degree 

centigrade or: 
I t:..Y T.e. = y x ~ 

where:IlY" change (increase or decrease) 
. in Y ocurring at a change in 

temperature" AT. 

~ x ii x 100%' gives the percentage change 

per degree centigrade. 
tn precision applications a very 'ow T.C. 
for seff inductances is desirable. A 
negative T.C. for the losses woufd prevent 
excessive heattng up of core. 

This is defined as total mass (weight) 
divided by the volume of a body: 
o total mass .. 
~ = t t. I tn grams per cubiC o a vo ume 

centimeter. 

The deerease of ;00 immedIately fol1oving 

the demagnetization of the core. In the 
course of 24 hours. the lower limit. say 
3% lowe ... ~ is approached. The same see!ns 
to happen with the reversible permeabi tfty. 
~rev·. This results that. where the 

biasing field is changed, a ferrite cannot 
be used for precisfon applications. Its 
effect can be reduced by air' gapso 
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SY~Ol UNIT 

,Qero 

f c/sec 

TER{'i\ 

(Volume) 
Res i st iv ii-y 

SpecHie 
Resi si'ance 

?\ ( i ambda) Ol.lI'l'lGf'l c fi\agneto~, 

(GAUSS)S 

1 

• H (OERSTEO) 

4000 

3000 

2000 

:SdT i c'l- i on 

Per-manen1' 
fJ.,a m,·ts 

(BH) MAX. • 
6 

2.2 x 10 

BH(GAUSS
OERSTED) 

FIGURE 'i 

D ESCR I PTf ON 

The d.c" resistance of a c::yllndricaf 
conductor (bar) with a length of I em 
and a per pend i eu e ar CI~oss ... sec t i on "" 
I CI\l2.. I tis measured between the 
1· ..... 0 cross-seci'ions ~",hich are who! ty 
(~ontaeted by i'he measuri ng €II ech-"odes .. 
With i·he r'esisi-ivi ty knmlll'l, If,fa can 
calculate the d.c. resistance of a bar 
\\fi th a 1 emgth.2em and a cl"oss·"sect i on 

A 2.r. R 0 j1., em .rom ~~x ~- ~ 

TI"Ie number o·f times thai- a per i od i c 
quantity (eog o alternating current) 
repeats itseff during t seeond~ ft Is 
expi~essed in eye i as per" second. 
§ I<c/sec"eft Id locyefe per second t< 

.03 c/seCe fA) "" 2 f't f is cal 1: ed the 
angular frequency in radians per sec", 

When a ferromagnetic rod IS magnetized 
by the coi6 around it, the ~ength of 
thE! r'od 'tJj! I change by a smal H amouni" 
A£. The magnetostriction at e liven 

induction B is defined aSfl = ~~" 
.6£ can a I so be negat ivea f"lagnet-ostri e
tion can be lIsed to convert mechanics! 
vibrations into electrica9 .. 

Hard (high HeS> magnetic mai-eriaPs 

can bG used as permanenT magnets 
U'lagnadur ) ~ as l' for exSIilP Ie, in mov i n9 
coil meters, where we need a strong 
magnetic field in the air-gap for the 
moving coil" The maximum possible 
field H is determined by the maximum 
value of the energy product, (BH)max. 

The energy product curve is obtained 
by mUitiplying H with B at every point 
of the hysteresis-Joop where a is 
positive and His I,egative and pfoHl ng 
these values against 8. See Fig. Ii 
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SYPSOL 

UNIT 

K1Io 

MIlt i 

Miero 

Pico 
or 

FER R 0 X CUB E ENG I NEE R I N G B U L LET INN 0 • F C - SII' 

UNIT 

I/em 
TERM OESCR. PT ION 

(Magnetic) The reluctance of a megnetle circuit is 
Reructance def ined as: 

3G &!gnetomotive Force.. 31 
• Flux 7 ., 

It can be proven that;r? .. ~ for circuit 
fU 

with uniform cross-section A(cm2}, length 
..e (ear) and e permeabi Ii ty r. If not-.t 

~ has to be replaced by the .um of t" 
for the different parts of the circuit 
(e.g. pot core) or generally, 

1; 
Z.? 

!i( can be expressed in -L ot'" 9 it bert / 
maKwe'I. em 
Note: Compare definition of electrical 

resistance. 
R. ,eI ectromotive forc~ ... ,. ~ .1:..f.it.. • 

current r A 

too UNITS IN lHE CENTIMElER-§RAM ... ,2ECOND (c,g.s.) SYSTEM 
AND THE !ETat:~'LOGRAA-~ECOt() (m.k.s.) SYSTEM 

AB8REV. QUALITY 

K x 103 

m x .o-S 

~ 
x 10...6 

P x toD • 2 

DESCRIPTION 

Mega. times one million _ x '06 written 
before a unit. it means that the unit Is 
multiplied by .06 and thus has become a 
more practical unit depending on the 
application. a 
(e.g. 3 0 2 ~~- 3.2 megohms = 3.2 x 'O~= 
7 MY • 7 megavolts • 7 x DOoV (vo,ts)o 

Ki&o = times one thousand. x 1030 

8 KG w 8 k"ogt"MlS c:o 8000 9 (grams). 

Jllti .. i ., times one thousandth.)( 10-3. 
I mV • I mitlivolt = 10-3 v. 
MlcMO. times one millionth = x 10-6,. 
9 flV .. 9 microvol ts • 9 x 10..-6 v. , 

. Pico } .0 .... 2 
•• I!t)(. 

~tero-mlcro JU~ 
~ICro"""Cro _ .. 12 
I r ~Aal micrOumlcro amperell'lIO A 

(amperes). 
Usually one writes f mmA instead of ;UjUA 
which is actually incorrectG 

-20-
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FER R 0 XC U BEE N GIN E E R I N G B U L LET INN o. Fe - 5119 

UNIT 

Centimeter 

Square 
Centimeter 

Cubic 
Cent, met")!,, 

Ampere 

Erg 

Farad 

Gauss 

Gilbert 

Gram 

Henry 

Aaxwe' I 

-

ABBREV .. QUALLTY DESCRIPTION 

em 

cm'2 

cm3 

A 

9 

gr 

H 

Lenoth 

Area 

Vc!um0 

Capac Hance 

Induction 

"'a9ne;'Ooo1" i ve 
Force 

Unit of lengths originatly defined as 
a certain fraction of the earth's 
circ,umference.. Consequently we have 

1 2 dl 3 ." d em an em 6$ un I f'5 OJ- <:Irea an 
volume t·espec1·ively" 'inch"" 2,,54 em; 
I square inch"" 6 .. 45 cm2! I cubic inch 
"" 16,,4 cm3 .. " f.\~k .. s ... system: , me'fer '" 
I 00 em; I m2~ f 04 cm2~ S 013 ::: t 06 em3" 

Unit of current defined as the unit of 
positive electrical charge per second. 
The sa~e unit is used in the m.k.s. 
system .. 

Se~ WaH 

Un i i· of capac i hmce» def i ned as the 
constani' rai-j 0 between al ectri caf 
charge on~ and voltage between two 
neighboring conductors (plates' of a 
condenser). Same in m*k .. s~! 

The un:'r Clf magnet j c induct i on or 
magnei- ic f i ox dens i i-y., Daf i oi ti on: 
See ~1f ndlJc'ti 01111. In the m'lk"s,. system; 
flip. unit of induci'ion is , Weber per 
square meter or I voftsecond per square 
mei'Gt"", 

I wl~be't';'-i'? "" I vol tsec/m2= 104 gaussc 

The un! t of magnei'omotl ve force u 

is seldom used" 
It 

""ass (Weighi-) Unit of mass .• Ki logram and rni I t igram 
are aiso much used" Aokoso system: 
} ki io~ram ". 1000 grams. 

Sel f t nductanco The uni t of self inductance and mutual 
inductanceo Definition: see under 

Mutual ~nduc~ arnductanceD~ ~okGs. system: same unit" 
telnce i mH = t mill ihenry ". 10 ... 31-1. 

Flux The units of fiux" M .. I<;2.s .. system: D 
weber (= I voltsec)~ ro~ maxwelis o 

Description: see under "Flux" .. (In the 
m,"\t s<!> system the formut a of induced 
e"m .. f" is; 

e. d ::I In 

where: 

d (Nfl} 
dt 

~ = flux linkage in weber-turns. 
e. d a Induced voltage in voltso In 

.2'-
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UNIT ABBREV. OUALITY 
Ohlll Jl Resistance 

Oersted Oe Aagnetizing 
Force 

Second sec T'tn8 

Vol t 

wett 

v electromotive 
Force 

W Power 
Jou I e/sec Work per sec. 

Energy per sec" 
(Heat dissipated 
per sec.) 

OEseR' PTI ON 

Unit of resistance. defined as I 
v 

R=X 
where: 

v = YO I tage across conductor 
wi th the resistance in V. 

I = current t n A. 
R = resistance in ohms. 

M.k.s. system same unIt. 
Unit of magnetizing force. Ocfinition. 
see under 9Aagnetic Field-. A.k.s o 

systetl. I ampere turn per meter .. , 
At/,. e 40 11 Oe ... 1.257)( .02 Oe. In 
the m.k.s. system the formula for H In 
a homogeneous I y wound fol"O i d f s: 

where: 
H = ta./..I, 

N • nUNber of turns~ 
I .. current in A 
J = pathlength in m# 
H .. in At/m .. 

Unit of time in both systans. Defined 
as a certain Iraction of the time of 
revolution of the earth around the sun. 

Unit of voltage. Can be defined as 
work per unit charge. 

Un it of power. The power of 8 motor 
is the work it can aehi eve 1 none sed-

Work 
ond. Power:: Seeond" Uni t of work Is 

the erfJ, therefore unit of power • 
I erg/sec., one usua" y uses the watt or 
JOUle/sec from the m.k.s. systeml I watt 
= 107 ergs/seco 
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