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This invention relatesto conductors for the 
transmission of electrical energy and more 
particularly to signaling conductors having 
an external layer of a material of high per 5 meability forthe purpose ofincreasingthein 
ductance of the conductor. 
One mannerofincreasing the inductance of 

the conductor employed for the transmission 
of alternating current is to wrap the conduc 

1o tor spirally with a layer of wire or tape of 
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magnetic material. This methodisknown in 
theart ascontinuousinductive loading as dis 
tinguished fromlump loadingby means ofin 
ductance coils distributed at intervals along 
the conductor. Until recently ironhas been 
considered to bethe only material suitable for 
continuous loadingbut ithasnowbeen discov 
ered that amore suitable materialmaybe pro 
cured in the form of an alloy of nickel and 
iron. When these two metals are combined 
in the proper proportions and the resulting 
alloyis given a properheattreatment, a mate 
rial having avery high permeability at low 
magnetizingforcesis obtained. |- 

ne form of this material which has been 
used in a submarine cable comprises 78%% 
nickel and 21%% iron. Alloys of nickeland 
iron having similar characteristics, especially 
high : atlow magnetizing forces, 
have been styled ºpermalloyº. Other prop 
erties possessed by these alloys which increase 
their value as a loading material area hys 
teresislosslowerthan that ofiron anda high 
resistivity, both properties being conductive 
to increasing the efficiency of the cable by low 
eringthe effective resistance of the conductor. 
When it was attempted to employ this mate 
rialin the form of a tape for continuous load 
ing, difficulties were encountered. It was 
found that if the permalloy tape was first 
heated and then cooled before applyingto the 
conductor, internal stresses were set up upon 
bending of the tape, causing the permeability 
to beverymaterially lowered. This difficulty 
was overcome by applying the tape to the con 
ductor before giving the tape the heattreat 
ment and then subjecting the taped conductor 
to the heating and cooling necessary to pro 
duce high permeability in the loading mate 
rial. 

Further difficulty, however, was experi 
enced in that the permeability of the loading 
material waslowered by what appeared to be 
adhesion between the copper conductor and 
the loading tape. It is believed that this ad 
hesion occurs when the taped conductoris sub 
jected to the high temperatures necessary for 
the properheattreatment and that upon sub 
sequent cooling the tapeis subjected to stresses 
which cause a lowering of its permeability. 

In the construction ofaloaded conductorit 
was the practice to wrap a layer of magnetic 
material comprising a nickel-iron alloyclose 
ly around the conductor consisting of a central 
copper wire surrounded by six flat copper 
strands, the whole making a compact struc 
ture with very little space not occupied by 
metal. To give the loading material the de 
sired magnetic characteristics, this conductor 
washeated to approximately850°C. and then 
cooled at a preferred rate. On heating, both 
metals expand but the copper, because of its 
higher temperature coefficient, expands more 
than the loading material with the result that 
it pressestightly against the loading material 
when the conductoris at the high temperature 
and if the structure is a fairly tight one, the 
magnetic tapeisstretched, anelongation ofas 
much as 1% having been observed. This 
stretchinghowever, has apparently no direct 
effect on the magnetic properties since it oc 
curs at a temperature above the magnetic 
transformation point but it does show effects 
of high pressure between the metals. At the 
temperature of 850º C. both metals are rela 
tively soft and since they are forced together 
by thermal expansion there is a tendency for 
the loading material to weld to the copper, 
the extent to which the metals are welded de 
pending on Several factors such as the tight 
ness of the copper structure and the character 
of the metal surfaces. In this connection it 
has been noted that although the loading ma 
terial weldsto the copper, welding of the cop 
per strands to the central wire has been very 
rarely observed and nowelding has been ob 
served between layers of the loading material 
when more than one layer has been used. 
These results suggest that weldingis possibly 
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1927 and which discloses the preferred form 
of apparatus to be used. 
By providingan imperfect contact between 

the central conductor and the loading tape 
as is done byroughening one of the surfaces, 
the trouble due to adhesion formerly expe 
rienced has been largely overcome resulting 
in an improved conductor because of the 
higher permeability of the loading material. 
It is believed that this improved result is 
due to the fact that when the surfaces are 
roughened, the points of contact between the 
conductor and tape are of very small area; 
and although welding takes place at these 
points, these Welds are readilybroken up on 
contraction of the copper conductor without 
impressing undue strains on the magnetic 
tape. It is further possible that the clean 
ing of the conductor Surfaces and the conse 

20 ( uent removal of sulphides and other mate 
rials from the surface are partlyinstrumental 
in reducing the adhesion between the loading 
material and the conductor. Although it is 
preferable to roughen the surface of the con 
ducting memberbecause ofits mechanical na 
ture, an imperfect contact can also be ob 
tained by roughening the under-surface of 
the tape. 
What is claimedis: 
1. A loaded signaling conductor compris 

ing a central conductor having a rough, ex 
terior surface, and a magneticloading mate 
rial Wrapped closely about the rough sur 
face, said loading material requiring heat 
treatment to develop high permeability 
therein, and the permeability of which is 
sensitive to strain, said rough exterior sur 
face contacting with said loading material 
at a large number of closely spaced areas, 
thereby preventing the loading material 
fromwelding Securely to said surface during 
the heat treatment. 

2. A loaded signaling conductor compris 
ing a central conductor having a cylindrical 
exterior surface roughened as by an abra 
sive, and a magnetic loading material 
wrapped closely about the rough surface, 
said loading material requiring heat treat 
ment to develop high permeability, therein, 
and the permeability of which is sensitive to 
strain. 
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3. A loaded signaling conductor compris 
ing a central conductor having a cylindrical 
exterior surface roughened asby an abrasive, 
and a magnetic loading material wrapped 
closely about the roughened conductor, said 
loading material comprising a nickel iron 
alloy in which the nickel component pre 
dominates. 

4. A loaded signaling conductor compris 
ing a central conductor having a cylindrical 
exterior surface roughened asby an abrasive, 
and a magnetic loading material wrapped 
closely about the roughened conductor, said 
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loading material containing 78%% nickel 
and 21%% iron. 

5. In a method of constructing a continu 
ously loaded conductor having a cylindrical 
conducting portion and a magnetizable por 
tion forming a layer wrapped in close con 
tact with said conducting portion and which 
requires heat treatment to improve one of 
its electrical characteristics, the step of 
roughening the contacting surface of one of 
said portions to reduce deleteriousinterac 
tion between said portions during said heat 
treatment. 

6. The method of constructing a continu 
ously loaded conductor which comprises 
roughening the surface of the conducting 
memberby rubbing with an abrasive, wrap 
ping a layer of magnetic material closely 
about the conducting member, and heat treat 
ing the loaded conductor. 

7. A loaded signaling conductor compris 
inga conducting member having an outer sur 
face and a magnetic member wrapped there 
about having an inner surface in close con 
tact with said outer surface, one of said sur 
faces beingroughened to forma large number 
ofsharp closely spaced areas of contacts with 
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the other of said surfaces thereby preventing 
the magnetic member from welding to said 
outer surface. 

8. A loaded signaling conductor compris 
inga central conducting member and a mag 
netic loading material wrapped in close con 
tact with said conducting member, said con 
ducting member having a continuously in 
terrupted outer surface for supporting said 
loading material by a large number ofsharp, 
closelyspaced contacts, thereby preventing 
the loading material from welding securely 
to said surface during the heattreatment. 

9. A loaded signaling conductor compris 
inga central conducting member, a magnetic 
loading material wrapped in close contact 
with said conducting member, and means in 
tegral with the surface of one of the contact 
ing elements for preventing the conducting 
member and loading material from securely 
weldingto each other during heattreatment 
of the loaded conductor. 

10. A loaded signaling conductor as de 
scribed in claim 9 in which said means com 
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prises a roughened surface on one of said con 
tacting elements. 

11. A loaded signaling conductor as de 
scribed in claim 9 in which the magnetic ma 
teria has a permeability sensitive to me 
chanical strain. 
In witness whereof, Ihereunto subscribe my 

name this 24th day of February, A.D. 1925. 
, JESSE F. WENTZ. 
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