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From curves which have been drawn to show the effect of
cyclic magnetizing processes in iron and in other metals, there

appears one feature which is common to all; a tendency on the part

of the metal to retain any magnetic condition which it may have

acquired.

This tendency becomes quite apparent whenever a chane is

Lnade in the charzcter of the maznetizing process. When, for instance

the magnetizing force has been increased throuzh an appreciable
change of value and then is decreased through the same ranze in
value, we find that the magnetism which was acquired by the metal
is not decreased at the same rate at which it was acquired,

This reluectance, on the part of the metal, to chahge its
magnetic condition is the same when, after the magnetizing forcé
nas been wholly or partly withdrawn, it is again increased,

The state of magnetization, whether the iron is f‘ﬁlly or
bnly partly magnetized, makes no difference in the reluctance to
thange the condition when the magnetizing force is changed, For
instance, in the case where the current. has been reversed and the
Bagnetism wholly withdrawn, the iron is then in an apparently
heutral condition, but it will be found when upon applying the
furrent in the former direction that the iron is not susceptible

f the same magnetic chan;es that it would be were it in the neutral

state, but it acts the same as when it still retained some of its

nagnetism,

lThe reluctance, or the resistance to magnetization, of
the metal ig much more apparent at the beginning of the change in
the mégnetizing force. If a piece of iron is magnetized and de-

fagnetized, then magnetized in the opposite direction and again

demaanetized, then again magnetized in the former direction, or
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strictly speaking, 1f the magnetizing force has been carried

through a complete cycle; that is, the current has attained its
highest positive value and been reduced, then reversed and

attained its highest negative value, and again reduced, again re-
versed and carried to its hizhest value; the curves plotted, showing
the: relation of the induction in the iron to the magnetizing force
will form a loop. This loop shows the tendency of the magnetism to
1az behind the magnatizing forggxgighges are made in the condition
of the force., The loop thus formed shows by its area the loss of
work per cubic centimeter of iron in carrying the magnetism through
‘one complete cycle.

The name Magnetic Hysteresis has been given to the ten-
dency of the magnetism to lag behind the magnetizing force; the loop
formed is the hysteresis loop, and the work lost the hysteresis

loss.

| IMPORTANCE OF HYSTERESIS CURVES: -

From the hysteresis curves obtained from various kinds

of iron, is shown the relative magnetis retentivities of the irons.
In armature cores, transformer cores, and magnets, the

retentivity of the iron is one of the most important features to be

comsidered.
| The retentivity of iron is its-ability to hold magnetism,
Lmithe permeability the ability to acquire magnetism,

In the armature core of a dynamo and in trahsformer cores
ihere the iron is subjeet to rapid alternations in the direction of
flajnetism, it is required to have iron of high permeability and of
low retentivity, Hence the iron which shows a curve in which' the
the.

induction rises rapidly with a small increase in,magnetizing force

d quickly reaches its highest value, giving a narrow loop of small

I




area, 1s the iron to be used. Such an iron is mild steel or
syeedish iron.. -

For -the field magnet of a dynamo or motor or for any
electro-magnet, iron having a very high permeability is required.
ﬁance, a curve which shows a very rapid increase of induction for
a small current, is the curve of the iron most desifable.

For permanent magnets the permeability of the iron is the
unimportant factor, while the retentivity is of great importance.

For such an iron the curve will show a slower increase ‘
in induction and the loop will be wide and of"large area.

The extra work required due to hysteresis losses, varies
from 1 % to 5 % in armature and transformer cores.

To plot a hysteresis curve it is first n.ecessary to know
the magnetizing force, H, and the induction, B. Now in a coil
consisting of a single turn of wire, enclosing an area A, and carry-
ing a current I, the magnetic moment = A I, If the turns in the

coll be increased to N and:an iron core of cross-section A and of
p’ermeability/u, , be inserted in the coil, the magnezt.ic moment is
correspondingly increased., The magnetic moment ZTE, where m is the

l 7
pole strength and £ the length of the coil, is now equal to
MA NI

MANI or m=——§7“

Since there are 4 Tl m lines of force coming from a pole

of strength m the total magnetic flux = 4TI m =

| MABI . 4VWs 1
1 4TT Z1 —E1
’ Ap

Through the similarity of the magnetic and electrical
tircuits we have the Magnetic Flux corresponding to the current

Strength, the magnetizing force corresponding to the E, M. F,, and

the reluctance corresponding to the resistance, hence:
M, M, F. « 47iS81I
M.F,= R 1
: R
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Therefore the M, M, F,. Zis proportional to 471 S I and the
x

reluctance 1is proportional to Ap

; of the
s found by dividing the total flux by the ’
1 We¥, . 4WRE I 4.,3{[8 area,magnetic coil or
e R 1 *1——
au i

The magnetizing force H is equal to the induction & by

the permeability, or
B ARSI e

H =2

M AR 1
M
If the current is in amperes and other factors in Q. G. S,
4T s I »

units, B = 10 1 - The magnetizing force is equal to,

4 'T x the ampere turns per unit length,

10

. The inductance,B per 8q. cm,
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The wrought iron ring used in the experiments consisted
of wrought iron sheets, or stove Pipe iron, riveted firmly together
and turned to the following dimensions, the cross section being

rectangular,

! DIMENSIONS.

Internal s = 12,7 "

Mean " = 15,875 "

i External diameter = 18,65 cm,
\

Mean Circumference = 49,25 "
| Cross sectional area = 2,97 cm. x 1.7 cm.
The ring was wound uniformly with a primary coil of 1500
iturns, and a secondary of 800 turns. The cast iron ring was
|

turned from a specially made casting to the following dimensions:

External diameter = 18,7 cn,
Internal * = 12.:'7 "
Thickness = 2.445 v
Width = 3.085 "
weye u yo uy’/fi"

The winding of the coils wm&s similar to that of the east’

lron ring. Both rings were mounted on wooden bases, and the ter-

ninals connected to binding posts for convenience in making the test,
The method used in making the test may be found by

referring to Ewing's Magnetic Induction in Iron and Other Metals,
Chap, 111,

The constant of the galvonometer was determined by use of

the formula,
4TTAS NI

I0R T

Q. = = Qud’

Where A = area of calibrating coil, S = turns in primary coil,

@ﬂ turns in secondary coil, I = current, R = resistance of galvo-

nomete p circuit, 1 = length of primary coil, § = galvonometer
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throw, and Q.galvonometer constant,
The calibrating coil consisted of 255 turns in the primary
and 280 in the secondary. The length of the primary is 13,1 cm.

and the diameter of the wooden core is 3.92 cm. The current used in

calibrating was 13.1 amperes and the galv.onomet.er deflection 8.3
Escale. divisions, Tﬁe resistance of the galvonometer circuit wa)s
?1000 ohms in t.hel galvonometer, and 15 in the secondary coil and
Ecircuit., a total of 1015 ohms. The constant obtained was 128,55,
’ The valves of B used in the curves were found by muﬂlti‘—
plying the galvonometer constant by the £ § for the current
orresponding in the tables of data.

o7 é‘ha valves of H are found by multiplying the constant

|
|
valve 10 1 , where S = total number of luMsin primary coil of ring
a
¢
|

and ]} = mean circumference of ring; by the current strength in each

The following data were taken and plotted as ghown by the

curves ,
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