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My invention relates to magnetic alloys. 
The known magnetic elements and alloys 

are not suited to meet the widely varying 
and exacting requirements of different types 

5 of electro-magnetic apparatus especially 
those in which high permeability and low 
hysteresis losses are desired throughout a 
range extending from very low induction to 
fairly high densities and more particularly 

lC in those cases in which a high and substan 
tially constant rate of change of permeability 
is desired when an alternating flux is super 
imposed on a relatively large biasing mag. 
neto-motive force. 

5 For an explanation of my invention, ref 
... erence is made to the accompanying drawing 

in which 
Fig. 1 is an elevational view, partly in sec 

tion, of a transformer having a solid core. 
Fig. 2 is a sectional view taken on line 

2-2 of Fig. i. y 
Fig. 3 is a reproduction of a microscopic 

photograph of the cross-section of a metal 
strip or lamination made according to my 
invention. 

Fig. 4 is a schematic wiring diagram of a 
radio receiving circuit. 

Figs. 5 to 7 are various characteristics 
curves involved in the explanation of the in 
vention. . 

In my researches, I have found that a mag 
netic alloy may be made of copper, nickel 
and iron within the limits of 

30 

Per cent 
Copper------- ---------------------8-10 
Nickel----------------- ----------- 8555 
Iron ------------------------------ 35-55 
which in certain fields of application is elec 
trically and magnetically superior to known 

35 

40 
magnetizable substances and possesses, the 
additional mechanical advantage of being 
easily worked, as is hereinafter more fully 
described. 

45. The preferred method of making this 
ternary alloy consists of placing a quantity 
of manganese or manganese and magnesium 
in the bottom of the silica or quartz crucible 
of an induction furnace and superimposing 

0 upon it the proper proportion of copper. In 

and should be preferably below .05%. 

lieu of this arrangement, an alloy (b) of cop 
per and manganese, or of copper and mag 
nesium, or of copper, manganese and mag 
nesium, is employed. In any case, the iron 
and nickel, preferably in the form of sheets 
alternately arranged, are placed above the 
copper mixture or (b) alloy so that the lat 
ter, which melts first, in effect forms a sol 
vent in which the iron and nickel dissolve. 
The downward movement, of these melting 
metals and the currents induced by the pri 
mary winding of the furnace cause a stir 
ring action which results in a uniform mix 
ture of the metals throughout the entire 

SS. 

To obtain the desired magnetic properties 
of the alloy, the total carbon content should 
not exceed .1 of 1% by weight of the alloy, 
making the alloy the nickel should contain 
but little carbon, less than .005%. Electro 
lytic nickel may be used. Manganese one 
half of 1% insures removal of sulphur from 
the nickel and also de-oxidizes it. The iron 
should be of high purity, containing from 
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but.01% to .03% carbon. The copper, which 
may be of the usual commercial varieties, is 
of high oxygen content and refines from 
the iron the small traces of carbon that 
may be present. By arranging the materials 
in the furnace as described, the melting and refining operations proceed simultaneously. 

80 

The alloy should be poured soon after the 
entire mass has become molten; otherwise 
gases are formed which produce porous bars 
or castings. 

For the combination of 464% nickel, 
46A,% iron and the balance of copper, ex 
cept for Small amounts of manganese, mag 
nesium and traces of the usual impurities, 90 
the melting point of the alloy is about 1300 
centigrade and the time of melting a charge 
depends, of course, upon the amount of ma 
terial, and other variables. 
The alloy may be cast in various shapes, 9 

E. the use of cast iron or sand moulds and 
thereafter machined. After all of the me 
chanical operations have been performed, the 
casting are annealed in a reducing or neutral 
atmosphere, free from all traces of carbon, 0. 

85 



2 
sulphur or oxygen, attemperatures ranging 
from 900° to 1200° centigrade, the time of 
holding and temperature being dependent on 
the thickness of the piece and also the de 
sired magnetic characteristics. The metal 
before annealing is, to all practical purposes, 
non-magnetic. 
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The castings may be annealed in air if the 
precaution is taken to cover them with some 
substance such as iron borings, to remove 
impurities from the furnace gases before they 
come in contact with the casting. Further, 
during the cooling down in the open air, a 
partial vacuum is produced, sucking in air, 
which, except for the presence of the filter, 
as of iron borings, would oxidize the cast 
ings. As a matter of fact, the results pro 
duced by surrounding the casting, with iron 
filings and annealing in air are fully as satis 
factory as those produced by annealing in an 
atmosphere of hydrogen, which is consider 
ably more expensive than the iron filing an 
neal. The hydrogen anneal is very com 
monly used for highly sensitive magnetic 
metals, or alloys having no copper in their 
composition. E. general, the higher the tem 
erature at which the annealing is per 
ormed within the range given, the less the 
time required to attain the desired objective. 
The magnetic characteristics of the alloy 

are such that when a casting of the metal is 
used as a core or other magnetic element in 
electro-magnetic devices and the like, as 
transformers, alternating current relays, its 
performance compares favorably with alam 
inated core of the usual known magnetic al 
loys, as silicon-steel. The sity of as 
sembly and construction of such devices re 
sulting from the use of cast members of my alloy is illustrated by Fig. 1 which discloses 
an audio-frequency transformer, used to 
couple the successive stages of an audio-fre: quency amplifier having a core consisting of 
E. two castings. e middle leg of the 
relatively few turns of wire upon which is 
wound the secondary 5 of a relatively large 
number of turns of finer wire. The magnetic 
circuits are completed by the yoke member 
2, also a casting fastened to the main men 
ber, as by screws 3, passing through the yoke 
and headed into the leg members of the 
Ecore. . . . . 
Instead of casting the metal in molds sub 

stantially of the shape and size of the finished productit may be poured in flat slabs similar 
to the practice yed with non-ferrous 
metals prior to ro The bars or slabs 
are very malleable, and may be either hot or 
cold rolled, preferably cold rolled so as to 
reduce to a minimum the absorption of car 
bon, oxygen or sulphur during the rolling, 
inasmuch as any of these impurities are det 

85 
rimental to the final desired magnetic quali 

shape-casting 1 receives the primary 4 of 

1,808,858 
safeguard against this “poisoning" of the 
metal during the much more involved and 
expensive hot rolling process which is em 
ployed with the known magnetic substances. 
The cold rolling also effects a change in the 
internal structure of the alloy such that an 
examination under the microscope of a cross 

70 

section of the cold rolled metal reveals a 
series of minute, finely separated laminae 
as shown in Fig. 3. This undoubtedly is 
explanatory of the low, eddy current losses 
of the alloy when cold rolled in the form 
of strips since each lamination or strip is 
in itself a plurality of thinner laminations. 
A similar condition results to a lesser degree 
if a casting of the material is subjected to 
a slight rolling consisting of a few passes. 
After all mechanical operations have been 

completed, the strips are annealed as pre 
viously described. The tendency, of light 
strips to stick together during the annealing. 
process, if stacked and subjected to tempera 
tures in excess of 925°C. may be minimized 
by giving the strips a light surface oxidation 
prior to annealing. When annealed in a re 
ducing atmosphere, the material assumes a 
high lustre and when air annealed takes on 
an oxide coating desirable for transformer 
or other construction in which a core is built 
of a pile of laminations. 
The alloy may also be poured in round in 

gots, whic 
finest sizes. After annealing, the wire may 
be insulated and employed in circuits, as radiofrequency circuits, wherein high-per 
meability and low losses at feeble inductions 
are desirable. If cold drawn, the rod or 
wire is striated, and is, in effect, a bundle of 
very fine, substantially parallel wires or rods. 

he magnetic properties of the alloy render 
it particularly useful in electro-magnetic de 
vices EY 
of sound frequency, such as for example audio-transformers and impedances, having 
a magnetic member or members subjected to 
an alternating flux whose frequency may vary 
from 10 to 10,000 cycles per second, super 
imposed upon a relatively large biasing 
magneto-motive force. 

Referring to Fig. 6, the curves C and Drep 
resent the general shape of the permeability 
curves of an ordinary magnetic alloy, assili 
consteel, and of my copper-nickel-iron alloy. 
respectively. The steepness of the linear 
part of the curve D, that is, the portion of 
curve between 22 and 24, which may be math 
ematically expressed as the first derivative of 
the permeability, or B/H curve or dB/dE is 
greater than the slope of the correspondin 
art of the curve C between the points 22 ES 

23. Therefore, for values of magnetizing 
forces H between 22 and 24 the rate of 
change of induction in the nickel-iron-copper 

s 

are readily drawn into a wire 
which in turn may be drawn down to the 

OS 

in the transmission of currents 
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ties of the alloy. It is almost to alloy is much greater than in ordinary mag- 130 
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netizable alloy and is substantially a constant. 
As the curve D from its origin to point a is 
nonlinear and has a low dB/dH, a biasin 
magneto motive force having a value of 
corresponding to 22' is imposed upon the 
alloy which then becomes unifornly sensitive 
to further changes of magnetizing force with 
in the range 22-24'. w 
While this characteristic of the alloy makes 

it peculiarly adapted for use in all electro 
magnetic devices in which a relatively small alternating flux is imposed on a biasing mag 
neto motive force, further description will be 
limited, for the purpose of illustration, to its 
use as the core member of an audio-frequency 
transformer having its primary in the output 
or plate circuit of a thermionic valve, par 
ticularly of a valve forming a part of a radio 
receiving set. For the sake of brevity in the 
description and claims, the term transformer 
is used in its generic sense and includes trans 
formers whose windings are conductively or 
inductively coupled. 

Referring to Fig. 4, 6 represents an antenna 
or equivalent absorption structure connected 
to one terminal of the primary 7- of a radio 
frequency transformer whose other terminal 
is connected to the ground or its equivalent 8. 
Placed in inductive relation to the coil 7 is 
the secondary 9 tuned by the variable con 
denser 10 and having its terminals connected 
to one common connection of the grid con 
denser 11 and grid leak 12 and to filament 13 
of a thermionic valve. The temperature of 
the filament or cathode is regulated by a vari 
able resistance or rheostat 14 connected in 
series with the cathode and the battery “A”. 
The control electrode or grid 15 is connected 
to the other common terminal of the grid leak 
and grid condenser. 
One terminal of the primary 

former T is connected to the plate or anode 17 
of the thermionic tube and the other terminal 
is connected to an intermediate positive elec 
trode of the battery “B”. The plate or anode 
circuit is completed by a conductor from the 
negative electrode of the “B” battery to the 
filament circuit and by the electronic dis 

50 
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charge from the heated cathode to the plate. 
The terminals of the secondary 17 of the 
transformer are connected respectively to the 
grid 18 of a second thermionic valve and to 
the negative terminal of a variable, biasing 
or “C” battery. If an auto-transformer is 
used, a blocking condenser and a grid-leak 
will be employed in the control circuit of the 
second valve as is well understood. The 
anode circuit of the second valve or tube in 
cludes a sound reproducing device 19 as a 
loud-speaker connected to the plate 20 and to 
the positive terminal of the “B” battery. 

Referring to Fig. 5, it will be seen that when 
the grid is at Zero potential, there is a current 
of 3 milliamperes flowing in the plate circuit 
which subjects the core 21 of the transformer 

16 of the trans 

3 

T to a definite magneto motive force. From 
-2 to plus 2 volts, the linearity of the curve is 
pronounced and is such that the change of 
plate current is substantially proportional to 
the grid volts applied. For detection or rec 
tification, the valve would operate on the 
linear portion of the curve which it should be 
understood is not necessarily an actual curve 
but only representative for the purposes of 
explanation. 

Knowing the current, by measurement, 
values through which the plate current passes 
due to measured variations of potential of 

70 
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the grid, it is necessary to employ a number 
of turns for the primary 16 of the transformer 
such that only the linear portion of the per 
meability curve of the core is utilized, for 
example, from 22 to 23 of curve Cif of silicon 
steel or from 22 to 24 of curve D if of my copper-nickel-iron alloy. 

aving so designed the transformer that 
the core is always magnetized within the 
range of linearity, the material having the 
steepest permeability curve, that is, the great 
est “rate of change of induction’, or math 
ematically expressed, the largest dB/dEI, is 
desirable as will appear. 
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Delivery of energy from the thermionic 
valve to the transformer is efficient and effec 
tive for frequencies for which the primary 
impedance of the transformer is greater, at 
least 300%, than the impedance of the tube, a 
property determined by its construction. The primary impedance of the transformer may 
be expressed by the formula 
2=primary impedance 
f=frequency of alternating component in cycles per second 
L-ince of primary to alternating component in cycles per 

S8CO 

As the inductance L is determined by the 
change of number of lines of magnetic induc 
tion for a unit change of current in the wind 
ing and the rate at which the lines of induc 
tion increase or decrease simultaneously with 
current changes depends upon the dB/dH of 
the medium in which they are produced, that 
is, the transformer laminations in this in 
stance, it appears that for a given number of 
turns, the primary impedance is directly pro 
portional to the dB/dh characteristic of the 
core material for a given frequency, and the 
higher the dB/dh characteristic, the lower is 
the frequency for which the primary imped 
ance exceeds by a proper percentage the tube impedance. Therefore any improvement 
in the dB/dE coefficient of the magnetizable 
material of the transformerismanifested by a greater over-all amplification and a general 
improvement in tone quality or timbre be 
cause of the relatively greater amplifica 
tion of low frequency tones which are weak 
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est when amplified by a transformer of or 
dinary construction and proportions. 
By using my ternary alloy, a very high pri 

mary inductive reactance impedance can be 130 
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Qbtained with a relatively small number of 
primary turns so that it is possible to have an 
efficient, high impedance transformer with 
out an excessively large number of secondary 
turns. It is noted that when high ratio 
transformers having a core of ordinary trans 
former iron, a primary of proper imped 
ance, and a secondary of a large number of 
turns, are used, the higher frequencies are 

0 slighted due to the by-passing effect of the 
large distributed capacity of the secondary 
winding. If the number of secondary turns 
is reduced to avoid this effect, the amplifica 
tion of the entire range is proportionately de 
creased. The amplification curve E of a 
transformer using ordinary transformer iron 
falls off rather rapidly at each end. If the 
transformer is of the high impedance type 
and of generous proportions to secure better 

20 amplification at the lower frequencies, the 
curve drops off more sharply at the high 
frequencies, as explained, and vice versa. In 
other words, the curve E may be shifted 
somewhat along the horizontal axis but its 
shape remains substantially the same so that 
its tone range is not increased but merely dis 
placed along the frequency scale. When a 
core of my copper-nickel-iron alloy is em 
ployed, the amplification curve F of the 

80 transformer is not only, generally higher but 
, is also lifted at both ends as compared to 
curve E so that the effective tone range of the 
transformer is greatly increased, an import 
ant factor when the faithful reproduction of 
tones is desired. 

/ Other and varied uses of the alloy are sug 
gested by its characteristics. As it is high 
ly permeable and productive of but low losses 
at very low induction, it is adapted for use 

0 in current transformers, for measuring in 
struments as ammeters, wattmeters and watt 
hour meters, and as pole tips, armatures or 
other parts of devices as loudspeakers. Its high permeability at fairly high densities 
makes its use desirable in potential trans 
formers for use with volt-meters, wattmeters, 
watt hour meters, and the like. In ignition 
apparatus, in auto-horns, or in vibrators gen 
erally, the low retentivity of the alloy rec 
ommends its use. It may be used as the mag 
netic vane of alternating current devices as 
indicating instruments, where low hysteresis 
losses are desirable. 
What I claim as my invention is: 1. A magnetic alloy comprising copper,3% 

to 10%, nickel 35% to 55% and iron 35% 
to 55%. . 2. A magnetizable lamination having low 
eddy current losses comprising a cold rolled 60 strip of alloy of copper, iron and nickel. 

3. An electro-magnetic device comprising 
coil structure, and core structure therefor of a magnetic alloy comprising copper 3% to 
10%, nickel 35% to 55% and iron 35% to 

65 55%. 

by current whose direct current component is 

1,803,858 

4. An electro-magnetic device comprising 
coil structure traversed by current having 
alternating and direct current components, 
and core structure therefor of a magnectical loycomprising copper 8% to 19%, nickel 35% 
to 55% and iron 35% to 55%, and of solid 
cross-section. 

5. A transformer having a secondary 
winding and a primary winding traversed 
large relative to the alternating current com- s 
ponent, and core structure therefor of a mag 
netic alloy comprising copper 3% to 10%, 
nickel 35% to 55% and iron 35% to 55%. 

6. A transformer having a secondary wind 
ing and a primary winding traversed by cur 
rent whose direct current component is large 
relative to the alternating current compo 
nent, and core structure therefor of solid 
cross-section and of a magnetic alloy compris- sis 
ing copper 3% to 10%, nickel 35% to 55% and 
iron 35% to 55%. 7. A magnetic alloy comprising commer 
cial copper 3% to 10%, nickel 35% to 55% 
and iron 35% to 55% containing carbon less 
than .03%. - . 8. An electro-magnetic device comprising 
a winding traversed by current having alter 
nating and direct current components of 
which the direct current component is large 
relative to the alternating current compo 
nent, and core structure of high initial perme 
ability, unsaturated by said direct current 
component, composed of a magnetic alloy 
comprising copper 3% to 10%, nickel 35% to loo 
55%, and iron 35% to 55%. 

9. A transformer having a winding trav 

95 

ersed by current having alternating and di 
rect current components of which the direct 
current component is large relative to the los 
alternating current component, and core 
structure therefor having high initial perme 
ability, unsaturated by said relatively large 
direct current component, composed of an al 
loy comprising copper 3% to 10%, nickel 35% lo 
to 55%, and iron 35% to 55%. 

10. An Adi ST, transformer hav-, . ing a primary winding traversed by a cur 
rent having a sound-representing component 
and a direct (current component relatively 
large with respect to said sound-represent 
ing current, and core structure therefor, un 
saturated by said Evely large direct cur rent component, composed of an alloy com 
prising copper 3% to 10%, nickel 35% to 120 
55%, and iron 35% to 55%. , 
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