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i o FERROMAGNETIC MATERIAL

Ferromagnetic A material which, like iron, generaliy exhibits
Material hysteresis; i.2. the induction fails to follow
the magnetic field, it lags: See fig. le

Ferrite A ceramic material that is sintered at abouf
1300°C, 1+ mainly consistsof iron oxide with a
certain additive of usually, fwo metal oxides.
Most current are the Manganese«Zinc, Nickel=-
Zinc, Panganese-Magnesium and Manganese~Copper
ferrites. These are called soft magnetic mate=
rials because of comparatively low coercive
forces, say smailer than 20 cersteds (e.ge
Ferroxcube}, See fig. o Barium ferrites have
a very high coercive force (say 1000 Oe) and are
called hard magnetic materials (e.ge Magnadur),
See fig, M.

2, FLUX
SYMBOL  UNIT TERM DESCRIPTION
ﬁ maxwells (Magnetic) The cause of the electiromotive force
Flux (voitage) Induced in the secondary
windings of a core (see ¢ige. 2),
magnetized by an A.C. current in the
primary windings. In the €.g.s. system:
N o
Cind ¥ «»Ng * G5 X e
whigre emd = induced gem.f, in volis;
N2 = number of secondary windings;
MAGNETIZING :
CURRENT FLUX s @ change of flux per second in
PATH df
maxwel Is/sec.
Z
! (__,_._,[_ # itself is in mwxwelts,
' l\l o| Noter if f is an alternating fiux with
-l o 1 o| frequency f, then, the more times per
~ 3| second that f reverses its direction e,
—n & o witl be proportionaliy larger. In case of a
~ I\_ R __,'1 Q| sinus wave:
1 g A, =N_x2%fxgdx 108
l I = ind 2 x »
A A
N =4 Ny=9 where: e, , and ¢ indicate the peak-values
FIGURE 2 of e, ,andd.

f = frequency in cycles per secCe.
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3« {MNDUCTION

SYMBOL UNIT - TERM

DESCRIPTION

B gauss  (Magnetic) Magnetic flux per unift area in an area
induction element alt right angles to fthe direction
(Magnetic) of the flux lines. in the c.g.s. system:
Filux Density dad
¥ - y
B = an’ Heire dﬁ denotes a very small
fraction of the total flux passing through
a very small fiaction of the area at a right
— angle: ftheeoretically B changes from place
CORE SEGMENT FLUX LINES tc place in a material., In practice, when
1 . ,4{ B is constant across the area, we use:
r 3 i, Y
[ v . . .
. . Where: B = induction in gausses

f&-,-- e

dA
OF ALL FLUX-LINES THE NUMBERS

I THROUGH 9, TOGETHER AMOUNTING
TO A FLUX dff, PASS THROUGH dA.

B -9

Flux in maxwells
area in cm2.

1

A
See fig. 3.

tnduction that remains, when the magnetizing
force H = O, Compare wifth Bd and see fig. (s

induction that remains in a magnetic circuif
of any shape after removal of an applied
magnetomoiive force,éfg in a permeanent
magnef with sn air gap The magnefomotive
force = @, but the magnetic field in the
magnef iiself, H, is not zero, its value dew
pending on the form of i¥s hysteresis loop
(energy oroduci, see page !9) and width of
the esir-geps

dA
FIGURE 3
Br gauss Residual
fnduction
Bd gauss  Remanent
: induction
Remenence
Bi gauss tntrinsic

induction

The induction in the magnetic material minus
the induction in air at the existing magnetfic
fieid, H, The induction in air = /ua;rH. in

CeQsSa unifs:

= R - H, (See
Pair i, therefore B, = B ( /";}

—4—‘
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SYMBOL UNIT TERM

DESCRIPTION

B

max
or

gauss Maximum Induction

Maximum instantaneous value of the ine-
duction on a hysteresis loop. I+ can be
measured by means of an integrating
network, which converts the induced A.C.
e.m.fe info an A,C. voltage V proportional
to B. The peal;\ value of V yields:

A 8
2. RCNVAx 108 uss

2

where RC = time constant of the inte-
A grator in sec,,
the peak vaitue of the infe=
grated e.m,f, in voits,
A the number of seconderd windings,

> Z
& &

the area in cm2. See fig. |
and 2,

gauss Incremental
Induction

Amplitude (= peak value) of the varying
part of the induction, when the core is
operated with a biasing magnetizing
force. See fig. i,

rs

gauss Retentivity

The maximum value of the residual ine
duction, Br or the value of Br on the

saturation loops See fige le

B

sat
or

Bs

gauss Saturation
induction

The maximum intrinsic induction possible
in a material. It is uswally reached at
magnetic fields of thousands of oersteds,
while af the point where the saturation
loop is closed, Bi is 10 fo 30 percent

tower than Bs’ and H is roughly 10
oersteds, See fig. o
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4. MAGNETIC FIELD

SYMBOL UNIT TERM BESCRiPTION

Jﬁu gitberts Magnetemotive That which tends o produce & magnetic
Force fietd. In maghetic testing it is mosi
commonty produced by a current fiowing
Magnetic Potential Through a ¢coil of wire around the core.
Difference |ts magnitude is provortional To the
pnunbsr of furns erd the currenf, In the
C.g.3. unit-sysien if is =xpressed in
gilberts and thus definsd by:

¥ 0.4 T NI,
wheire 1 = curvrant in amperes

Magnetomotive force also results from a
magnetized body, €.g. a permanent magnet.

H cersteds Masgnetizing Forcve fMegnetomofive force per univ length, In
the ©.g:5. unitesystem it is eéxpressed
Magnetic Fieid in oersteds and is defined by H = %-'Z-o
{intensity) ~2 ~2 P
Here dSPdenotes a very small change of @ W

along & wery small path fength; gene
eralty H changes from point fo point in
direction and intensity. H has the same
direction as df., 1in practice H has at
ati points the same velue in most appe
ficaiions. We can then use:

VALUES OF MAGNETOMOTIVE FORCE R
H O
F, AD F,, F,=F =& £
’ 2 2 F’ where H_= magnefizing force in oersteds,
> ! MAGNET1C ofe = ma‘ag';rl;e:r;gohve force in
v eldg b PATH g 8L os S,
. TR ad M / = path length in cm.
LR - .
Ses fig. 4.
i “'\"'L:“"‘\\ in the case of g toroid,
ol \ CORE g: 2197 ¢
F, -F ‘ '
Hao2e L & SEGMENT where + = the average of inside and
© db db outslde radii of the ring :
FIGURE 4 _0.4TINT = 02N

H'?T‘I’r r

M, oersfeds Biasing (Magnetic) A constant (D.C.) magnefizing force
Field superposed on an afternating (A.C.)
magnetizing force., This is realized by C/
appiying an extra D.C. curreni to the
ssme magnetizing windings or to a special
coll around the same samplie. See fige 1o
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SYMBOL UNIT TERM DESCRIPTION
Hc oersteds Ceoercive Force The magnetizing force required to bring
the induction to zero: the larger the Hc’
the larger are the hysteresis losses.
See fige e
H.o oersteds Coercivity The maximum value of the coercive force,
b Hc’ or the value of Hc on the saturation
foop. See fig. la
Hd oersfeds Demagnetizing A magnetizing force applied in such a
Force direction as to reduce the remanent ine
duction, B in a magnetized body.
Fig. 1, upper left, and fig. Il give
examples of a demagnetization curve,
Hp oersteds Incremental Ampiiiude of the varying part of the
flagnetizing magnetizing force, when the core is
Force operated with a biasing field, H, .
See Figs fo
Hmax oersteds Maximum Maximum instantaneous value of the
Magnetizing magnetic fieid on a hysteresis loop.
or Force H (and Bm) are found on the "fip* of
Hm the hysteresis loop.

7=
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S, PERMEABILITY

SYRBOL  UNIT

TERM

DESCRIPTION

/«!

numeric

Permeability
Ay

The siope of the line, which connects

the *tip® of a hysteresis loo (Hmax’
i tai max
Bmax) with the origin, or /qu___
B8 max

(usually written M =T)e See Fig. I,

The "tips® of ail possible ioops that can
be performed, depending on the amplitude
of the applied magnetic field, Hmax’ are

situated on the sowcalled virgina!l curve,
This curve is straight near the orlgin;
its slope correspends to the permeabitity
at fow values of H or iniftial perme
eability, /“o*

Note §: Depending on the method of
measurement and the practical appiication,
the /u can also be defined as the R.M.S.

vatue of the A,C. induction divided by
fhe R.M.S. value of the A,C, magnetic
e m.s.
are dependeni among others on the wave
shape of the magnetic fieid and the form
of the hysteresis loop.

Nofe 2: In such noneisciropic materials

&8s Magnadur and Ferroxplane, depends on

the direction of K with respect to the
sample: there is a direction or a plane
in the sampie where /u its maximal,

field or /u = Now the results

/“max
or
fa

numeric

Max imum
Permeabilify

Maximum value of the permeability, It is
the slope of the tine which just touches
the %%knee" in the virginal curve,

Sece Fig- te

numer; ¢

Initial
Permeability

The permeability af low inductions,
say 10 gauss or less. See Fige. l.

/urev

numeric

numeric

incremental
Permeability

Reversible
Permeability

The ratio of the incrementa! induction
to the_incremental magnetizing force or

4., when H, end t1
/QA = A en Hp and consequentiy
q& beccme very smail, then /gﬁapproaches

a limiting value, the reversible perm=
eability Prev® (See Fig. I} Lrev decreases

from Sirev " /"o (Hb = 0) down fo /"rev -
i when Hb is very high,

-8-
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SYMBOL

UNIT TERM

DESCRIPTION

Mess

numeric Effective
Permeability

The iowered value of p; caused by in-
terruptions in the fiux path, If a mage
netic circui¥, e.g. a toroid, contains
an air~gap, then the effective induction

Beff has 8 lower valiue than in the case

without an air-gap at a given value of H,
The effective permeabiiity is defined as:

B ef f

Slett T TH

/ueff is aiways smaller than /u and can

be calculated as follows:

{
/juﬁf T M (el

wheres:

g = widih of the air-gap in cm,
£ = magnetic path tength of the
core in cm. See figure S,

Gaps caused by dirt offen cause diffi~
culties when testing U cores, In
practice they are designed Intoc pot

cores in order o reduce both the tempe
erature coefficient of rhe pot core
assembly and the ef fects of nonelinearity,

'
)

Ia

numeri¢c intrinsic
i Permeability

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

/ui = 7} > Because B, = B = H, we see

$#hat /ui w gﬁ# = /4 « §o, The use of /ut

becomes important for materials with very
low s sey = i0. The /u‘ in this
case is 9.

o

numeric /u prime

Reai part of the so=called compiex perme
eability. At low inductions it is
identical with fhe initial permeability,

/M

numeric /u doubie prime

This is the imaginary part of the compiex

permeabitiiy (/uf - /u")o This is only

a formal way of appreciating fhe core

iosses relative fo fhe initiat permeabifity.

‘/"o or /u’.

-9-
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6. INDUCTANCE

[ SYMBOL  UNIT TERM DESCRIPTION
L henries Self induce 1) Electricaliy defined by:
tance e — E1N
ind dt ?
where e, = induced e.m.f. across the
iod . . .
coil windings in volfts,
L = seif inductance in henries,
dX
aF change of curvent per secCw

ond in amperes per sec.

Measurement of L is based on this
principie,

2) An eguivalent definition iss
W s 108
o Mx 10T

L s
LS
where N@ = flux linkage in maxwel}=
fukns,
I = magnetizing current in
amperes,
L = self inductance in henries.

*Flux-t inkage® means the total flux that
is "caught" by the conductor as a whoie
(usually & coil around a core). |If the
wire is homogeneously wound around the
whole circumference of a foroid, then N
equals the total number of turns., With
the help of fthe definition (2) we can
derive for the foroid the formula:

L 04 T po x N x 1078,

3) L ,
LS A

whetre /“3 = initial permeabilify
N = pumber of %Yurns
A = oress section of toroid

in o

path jength in cm (for a
toroid about the average
of inside and oufside
circunference),

i

£

At high inductions /u cannot be considered

a constant (fig. 1), hence L is then not
well~defined,

=10~

\"%}, !
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symeoL  UNIT TERM DESCRIPTION
L henries Air Induc- Defined as L under (3), except that 5 1S
tance put = | (permeability of air). This proe
vides a method of measuring /u 3
o
L= /uoLo’
L
or = Se—
/uo Lo

where L is measured and Lo is calculated

from the physical dimensions of the core.

The general formulia for cores with non-

uniform cross section is:

-3
L = 0.4 T‘(x N2 x 10
(3 < C/A

Zor Sigma® denotes that one takes the sum

of the £/A's for the different parts of the

magnetic circuit (e.,g. E core, pot core),.
Ly henries  Mutual tf we have a transformer (see fig. 2) with
or Inductance N, primary windings and N, secondary
Iy windings, then both colls are linked mage

netically by the core. This property Is
characterized by the mutual Inductances

gx10° N #x 10
-

Wheres

Lm = mutua! inductance in henries,

N2¢ (N'ﬂ)u flux tinkage ®caught® by the
secondary (primary) windings
in maxwelil turns,

T, (I,) = current in the primary (sec-
ondary) windings in amperes,

in an ideal transformer (no flux

escaping fhrough surrounding air)

2
L, =t xL, L' and L being the

the individual self-inductances of the
primary and secondary windings.
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7+ LOSSES

SYMBOL

UNIT

TERAR

DESCR{IPTION

P
c

watts

warfs

watts

waiTs

Core Loss

Energy per second (= power) dissipated Q:@
in a core when magnetized by an alter-

nating magnetic field. The dissipated

powsr is ldentical with the developed

heai per second, power (heat per sec.)

being in warts. Pc = Pe + Ph + P;:

See beiow.

Eddy Current

Power dissipated due to currenis cir-
culating in ¥he core as a resuff of
e@.mefe?s in the material induced by the
varying induction, Pe can be ceiculated

2.2 .2 {4

from Pe =& B?d' \Y x to " Cc watts

whare: W= angular frequency,
B= R.M.8. value of the induction
in gauss,
&= zmailest dimension in cm of
core perpendicular to the flux,
V= votume of the core in em¥,
€= resistivity in ohm cm,
C_= shape tonstent, which is 1/6
for cores with a uniformly
round or square cross=-section, ™

Hysteresis
Loss

Power dissipated in a ferromagnetic core
as a resulf of ifs hysteresis. It is
proportiona!l to the product of the area of

the loop x frequency x volume of the core,

Ph can be calculated froms

Ph = §§? x ioop area X l0°7 watts:

where: f = freauency in cyc!es/'sec,3
V = votume of the core in cm
Loop area is in gauss-oersteds.

Residual Loss

Part of the ftotal core tosses which is

due neither to Pe not ¥o Ph. I¥ is

the most important source of losses in
ferrites, The residual iosses cannot be
precisety calculated, but should be
measured,

watts

incrementat
Core Loss

The core loss in a ferromagnetic mat-
eriat when subjected simultaneously to
a biasing and an incremental magnetizing
force. :

" watts

Apparent Cére
Loss

The product of the R.M.S. induced e.m.f,

and R.M.S. magnetizing current for a cofl. O
zontaining a ferromagnefic core. The

induced e.m.f, must be approximatel-

sinusoidal.

2=
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SYMBOL  UNIT TERM DESCRIPTION
Pcu Watts Copper Loss Power dissipated in ¥he coil windings due

to the etectrical resistance of the copper
wire. The resistance increases with the
frequency due to the so-called skin effect,
when the current flows mainly through the
outmost part of the wire, These tosses are
considerable 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,

Q numeric Quality(Factor) @ néﬂk,

where- R represents the effective seriess
S resistance in ohms in which the
magnetizing current dissipates a
power equal to tofal core losses,
L= pure self~inductance of ihe core
in henries,

&)= 2™ ¢mangular frequency at which
the core resonates with a series
or paraliel capacitor. The smaltler
the losses, the larger the Q. Q
usually decreases with increasing
firequency. ’

Af low inductions we can also write:Q= [2“.

/J”
Rs _

= st = fan 4, where:4 = the loss-angle.

d Loss Angle 1

Q
Sis actually the phase angie with which the
magnetizing current lags the induced e.m.f,
across the cnil at tow inductions,

{ Loss Facfor' The loss fac?or is defined as § =
/UOQ tand _ ) /Mo
oo =t o

t is an important characteristic for
/“o both the losses and the [loe

Core Material A quantity which is of interesi for {osses
Losses at low inductions, It istriffen:
! S
(compare with = ) as
o /HGQ /UO 2T L
R - A
/ﬁg fFL
where: R_ = effective series resistance,

/ﬁo: initial permeabitity,

¢ U» frequency in cycies/sec,
R inductance in henries,
The formula can be divided into thres parfs:

L3

R
_/T-‘-;‘;Z. = cthax.—, + Cof + Cr,
where: Cph, Cq and C. are the hysteresis,

eddy current and residual loss
coefficients,

-13-
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8. MEMORY CORES

+Bpg OR #}%
] y e
Bo /ol
i
- 80% ,’;

.IGG%/,

—
“o\-‘B I
rs

OR llOﬂ

FIGURE 6

MEMORY CORE

A small size toroid of square loop
material. {f when operated with an
a.C. magnetic field with peak values
greater than the coercivity Hcs’ the

inducfion jumps between the positive,
+B_, and the negative, «835 safwe

uration induction, then the core is

a ferromagnetic switchs Therefore,
when the core receives a sufficiently
strong positive magnetizing current
puise, it will jump info +as and

stay in its positive reventivity,
+Brs: it "remembers® the positive

pulse. mBrs might be called the "0O"
or zero state and +Brs the "i® state

of the core, Memory cores are used
in digital computers as storage
elemenis of information or in shift
registers. See Fig, 6.

PULSES

A memory core is tested with a
succession of magnetizing current

Hu

ap

H, HAS THE DIRECTION

OF LINES TANGENT 7O
THE CIRCLE.

MEMORY CORE

| PROBE

FIGURE 7

pulses of which the repetition freg-
uency, peak values and individual
forms are specified by the customer,
The puises are spplied via a single
wire or probe thirough the cenfere
hole of the core and cause induced
voitages, Their limits are alsc
specified., The same succession is
repeated for each core,

See ‘Fige T and 8.

PULSE SEQUENCE

- Succession of pulses, whether wrife
(71"} or read ("0") and whether full
or partial, This determines fthe
change of induction (flux) per

second, as° and therefore the ree

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

s’

AN
A%
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I OVERSHOOT _ __ joo
0.9 I - = S T oD%y
{mA)
CURR.
REFLECTION
0.'10— —— — — - e -— e -
- T e ._Tf - TIME (/usec)
—
- T
d
FIGURE 8

THE GENERAL SHAPE OF THE PULSES USED

SYMBOL UNIT TERM DESCRIPTION

I mA Peak Current Peak value (1 T) of current puise
in miljiamperes, See fig. 8, The
drawing is exaggerated for clarity.

T‘_ /u sec Rise Time Time for the pulse current fo rise
from Qo I to 0.9 I° See Figu 8¢

Td /u sec Duration Time for the puise curreni to stay
above 0.9 J. See Fig. 8.

T;. /u sec Fall Time Time for the pulse current to drop

from 0.9 I down to 0.1 I, See fig. 8
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FULL WRITE PULSE, Iw

PARTIAL WRITE PULSE, Ipw

FIGURE 9
TwO CHARACTERISTIC PULSE SEQUENCES USED IN TESTS

SYFBOL

UNIT TERM

DESCRIPTION

mA

Fuly Wrive
Fuise

Peak value of pulse, thal brings core info
the 1% stafe or + Brs' The magnetizing

force corresponding %o'IQ is Hw' See
Figs. 6 and 7.

pw

mA

Partial
Write Pulse

Peak value of pulse, that does not manage
fo bring core from the “0% fo the "I, bu¥
that changes "0® onty to a slighily dif~
ferent vaiuve (disturbs it). The magnete

L. 3 ( - -
izing force corresponding ?o:Ibw is pr,
See Figs. 6 and 7o

mA

Fuil Read
Pistse

Peak-value of negative pulse, that brings
core info ®0" from "i%, In order fo ex-

plain the form of uV' or rvg we must assume
that noi The staiic hysteresis loop, buf a
toop with curved sides (Fig. 6 XYig is

performed by B and He

pr

mA

Partia! Read
Puise

Peak value of negative putlse, that disturbs
the "7 ctate of the core. In upper left

of figure 6, B' and 82 indicate the re-

sidual induction affer one and two Iﬁr“s

respectively. ¥ more Iﬁr's are applied,

the fina! residual induction will be very

fitiie different from BE oy 82,

mA

Thireshold
Current

The peak vatue of the current pulse,
whether posivive or negative, that brings
the residuai inducfion,,Br, a certain

amount Delow The retentivity, Brs’ say

20%. These values are indicated in Fig. 6e

-16-
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SYMBOL UNIT TERM DESCRIPTION
uv' mV Undisturbed Response (see fig. 10) of core measured
(peak value) Voltage One when an I; is followed immediately by and
I‘.o See f;go Qa: (42,
rv’ mv Disturbed Peak response of core measured, when
or (peak value) voltage One an I@ is disturbed by a certain number
v, of Ipr‘?s foltowed by an Ir' See fig. 9Q:
34«7 »8 or fige 9bs |~ 2---»5-m6,
a, mv \9is*i'urbe£i Peak response, when an Ir is disturbed
i tage Zero
(peak value) Voltag by 2 certain number of Iﬁw's foliowed by
an Ir° See fig. 9a: 8¢9 =-w12 4+ 13,
rvh, mV Disfurbed Response of the second T  after an Iw'
(peak vaiue) Haif- See fig, 9b, l== 2->3
Selected Dne
rvh mv Disturbed Response of the second T _ after anT .
z (peak value) Half- pr pw
Selected See figo Ob: Tetn8 =i O
Zero
Tb /usec Peaking Time Time for rV, to rise from reference voltage
level to Its peak-value, See fig. 10.
Ts /usec Switching  Time for v, to rise from and drop back to
Time

the reference voltage level, See fig. 10,

(mv)
IND.
ecm-f L

REFERENCE VOL TAGE

FIGURE

io

~i7-



FERROXCUBE ENGINEERING BULLETIN No.

FC -6li8

9. MISCELLANEOUS

SYMBOL UNET

TERM

DESCRIPTION

T °c

Curie
Temperature

Temperature in degrees cenfigrade af which
a material becomes nonemagnetic, sctually
indistinguishable from air (/uo = {)o

Generally the o witl increase with

rising temperature but wili decrease
quickty fo | af the Curie temperature,
Further, the higher the /"o’ the lfower the

TE wifl be. If for ferrites &q;lo, then
[

Tc is about 500°Cs if /uoﬂgmoo, then Tc

is about 150°C.

T.C.

gercent
(o}

Temperature
Coeff lcient

The relative change of a quanfity Y
Tan S
(eego M e Mp o Bgo ) per degree
[ A} S /Jo

centigrade or:

1 aY
T.Ce = Y X AT /,;\\7
where:AY = change (increase or decrease) s
in Y ocurring at a change in
temperature, AT.

«-,!{- X %{: x 100% gives the percentage change
per degree centigrade,

In precision applications a very low T.C.
for self inductances is desirable, A
negative T.C. for the losses woufd prevent
excessive heating up of core,

¢ gr/en’

Density
Specific
Weight

This is defined as ftotal mass (weight)
divided by the volume of a body:

¢ total mass

= N A
fotal volume

cenfimeter,

in grams per cubic

Disaccomo-
dation

the demagnetization of the core,

The decrease of > immediately following

in the
course of 24 hours, the lower 1imif, say
3% lower, is approached, The same seems

to happen with the reversible permeability,
/ureJ’ This results that, where the

biasing field is changed, a ferrite cannof
be used for precision applications. Its
ef fect can be reduced by air gaps.

. =8~
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SYFEOL UNIT TERM

DESCRIPT {ON

e fem {Volune)
Resistivity

Spegific
Resistance

The d.c, resistence cf a cylindrical
conductor (bar) with a tength of | cm
and a perpendicutar crossesection =

i emd, 1t is measured befween the

Two crossesections which are wholly
contacted by the measuring electrodes.
With the resisvivity known, we can
calcuiate the d.c, resistance of a bar
with a 2engfh,£cm and a cross=section

2 g
A cm from R =9>< -

£ c/ssc Frequency

The number of times that a periodic
quantity (e.g. alternating current)
repears ifself during | second, (7 is
expressed in cycles per second.

| Kc/sec.el kilocycle per second =

3 .
107 cfsece@ = 2 TY § is called the
angular freguency in radians per sec.

A (lambda) numeric  Magneto-
Fyi

Wnen a ferromagnetic rod Is magnetized
by the coif around i+, the fengih of
fhe rod will change by a small amount
ofd. The magnetostriction at a given
induction B is defined as 2 = 4%,

Al cen alsc be negative, Magnetfosirice
tion can be used o convert mechanical
vibrations into eiectrical,

Haird (high HCS) magnetic materials

striction
Permanent
Magnets
4000
HYSTERESIS (BH)MAX =
Loop 2.2 x 10
| 3000
| 2000 |
{GAUSS)B |
|
1 1000 I
}
. 1
: A
[16000 500 T x 106 2 x It
B AR DTG
H (OERSTED) BH(GAUSS~
OERSTED)
FIGURE 11

can be used as permanent magneis
{Magnadur), as, for exampie, in moving
coil meters, where we need a strong
magnetic field in fthe air-gap for the
moving coiis The maximum possible
field H is determined by the maximum
value of the energy product, (BH)max'

The energy product curve is obtrained

by muitiplying H with B af every point
of the hysteresis«joop where B is
positive and H is negative and plotting
these values against B, See Fig. i
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SYMBOL UNIT TERM DESCRIPTION
R i/em  (Magnetic) The reluctance of a magnetic circuit is
Reluctance defined as:

L Megnetomotive Force , _F

Flux /ng *
¥ cah be proven i'hah?{?a = for circuit

with uniform cross-section A(cma), tengih
£ (cm) and a permeabiliiy JHe If not,

L

s

A has to be replaced by the sum of

for the different parts of the circu
(eego pot core) or generally:

Y/

7«'3).7
ﬁcm be expressed in -5;:';" or gitberi/
mexwel i,
Note: Compare definifion of electrical

resistance, —&
- Lleciromotive forece _ V
R current *F =2 A"

10, UNITS IN THE CENTIMETERSGRAM~SECOND (Cog.S.) SYSTER
AND THE METER<KILOGRAM=SECOND (m.K.S,) SYSTEM

UNIT ABBREV. QUALITY DESCRIPTHON
Megae fa x 10° Mega = times one million w» x 108 written
before a unit, it means that the unit is
multiptied by 10° and thus has become a
more practical unif depending on the
application, 6
(ecge 302 MO = 3,2 megohms = 3,2 x 10 .
7 MV m 7 megavolts = 7 x 108V (volts),
Kilo K % I03 Kito = fimes one thousand = x 10°,
8 KG » 8 kilograms - 8000 g (grams).
mitti m x 10™3 Mitli = times one thousandth = x 10~3,
! mV = § mithivolt = 10=3 v,
Aicro /u x 106 Micro = times one miflionth = x so*s,.
9 AV = 9 microvolis = 9 x 100 v,
= L4
Pico p x 10™'2  Pico }g < 10712
or Microwmicrol

Ricro-micro /0 /u

! /u/uAa! microemicro ampereale"ﬁz A
(amperes).

Usually one writes | mmA instead of /U/uA
which is actuatly incorrect.

-20-
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UNIT ABBREV. QUALITY

DESCRIPTION

Centimeter cm

Square cm2 Area

Cenfimetfer

Cubic ca®
Centimeter

fenath

Vaejume

Unit of length, originalty defined as
a certain fraction of the earth’s
circumference, Consequently we have

2 3
I cm and | cm™ 33 unifs of ares and
voiume respectively, | _inch = 2,54 om;
I square inch = 6,45 on?; | cubic inch
= 16,4 e, M.k.S. system: | meier =
100 em; | ™2 = (0% m@: § wo = (0B emS,

Ampere A Curirent

Unit of current defined as the unit of
positive elecirical charge per second,
The same unit is used in the m.k.s.
Sys?emc

Erg Woirle

See walt

Farad F Capacitance

Unit of capacitance, defined as the
constant raivio between electrical
charge on, and voltage between, fwo
neighboring conductors (plates of &
condenser), Same in m.keS.:

b 10~ ¢

Gauss G tnduction

The unit of magnetic induction or
magneitc fiux density. Definition:

See "Induction™. In the m.k.s. system:
the unii of induction {s | Weber per
square meter or | voitsecond per square
metaer,

2
| weber/m” = | voifsec/hac 10% gauss.

Giibert Ragnetomotive

Force

The unit of magnetomotive force, {F
is seldom used,

Gram a
ar

PMass (Weight)

Unif of mass, Kilogram and miltigram
are giso much used. Mo.k.s, system:
i kiiogram = } 000 grams.

Henry H Seif tnductance

Mutual 1nduce
tance

The unit of celf inductance and mutuat
inductance. Definifion: see under
*Inductance®., M.k.S. Systcm~ same unit,
imd =1 mitlithenry = 1034

Maxwef Fiux

The units of fiux. M.k,S. system: }
weber (= § voifsec)= uoé maxwellis,
Description: see under “Flux®, (in the
mk . system the formula of induced
e.maf, isg

o = o3 ND

ind dt

where:

NZ = flux linkage in weber-turns,

®nd ~ induced vol tage in volts,

«21-
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UNIT ABBREV, QUALITY DESCRIPTION
Ohm K¢ Resistance Unit of resistance, defined as &
0 e
where:

V = vol fage across conductor
wi th +he resistance in V,
I = current In A,
R = resistance in ohms,
M.k.s. system same unit.

Oersted Oe Magnetizing Unit of magnetizing foree. Decfinitions
Force see under "Ragnetic Fiefd®. Mckes.
gystems 1| ampere turn per mefer = |
At/m = 40 7Y Oe = 1,257 x 10% Oe. In
the m.kes. sysftem the formula for H in
a homogeneous!y wound ¥oroid is:

H = N/2

where:
N = number of turns,
T = current in A
£ = pathiength inm,
H = in At/m.

Second sec Time Unit of +ime in both systems. Defined
as a certain fraction of the time of
revolution of the earth eround the sun.

V)

Vol ¥ v Eleciromotive Untt of voltage. Can be defined as N/
Force work per unit charge,
Watt W Power Unit of power. The power of a motor
Jouie/sec work per sec. is the work i+ can achieve In one sed-

Energy per seco _ wWork
(Heat dissipated ©Onds Power = zocg o Unit of work Is

per sec,) the erg, thevefore unif of power =
[ erg/'sece One usually uses the watt of
joute/sec from the m.k.s, system: | watt
= 107 ergs/sec.

ozz.
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