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It is well known that the prejudicial influ 
ence of the capacity can be decreased by ar 
tificially increasing the self-inductance. 
Two different methods are in practice for this 

5 purpose. According to Pupin the increase in 
the self-inductance is attained by the inser 
tion of coils in the line and according to 
Krarup a uniform increase in the self-in 
ductance is attained by wrapping round the 

10 conductor a material of high permeability. 
Both methods have their drawbacks. In 
Pupin's method the interrupted distribution 
of the self-inductance leads to undesirable 
consequences while in Krarup's method the 

5 increase in the self-inductance is possible only 
to a limited extent. Both methods have the 
drawback that the resistance is increased, 
which increase is probably unavoidable. 
There is a further method of increasing the 

20 self-inductance which may be considered to 
lie between the two methods above referred 
to. According to this third method the self 
inductance is continuously distributed and 
can be increased to any desired value. If a 
wire of ferro-magnetic material a (see the 
drawing) is wrapped with a tape b serving as 
a conductor for the current a coil is obtained 
which has a very great length and a very 
small diameter and constitutes the line with 

30 artificially increased self-inductance. The 
properties of such a line are very much de 
pendent unon the angle of inclination accord 
ing to which the tape is wound helically 
around the core. It is advisable to utilise the 

35 space as comnletely as possible by wrapping 
the tape so that the windings shall lie very 
close to one another. In this case the width 
of the tane determines the angle of inclina 
tion of the helix. It is immaterial for the 

40, following disrussion whether the tane is or is 
not subdivided, that is to sav, whether use 
is made of several tapes or wires lving in one 
laver next to one another. In this case the 
width of the tape is the total width of the 
tapes forming one layer. The smaller the 
angle of inclination i.e. the gradient of the 
helix, the steeper are the electric lines of the 
current with respect to the longitudinal di 
rection of the ferro-magnetic material and 
the greater is the number of turns of the coil: 
accordingly the self-inductance per unit 
length of line rapidly increases when the an 
gle of inclination decreases. However, there 
is at the same time an increase in the resist 

ance. The smaller the angle of inclination, 
the longer becomes the path traversed by 
the current and the smaller becomes the sec 
tional area of the said path. According to 
the present invention it is of utmost impor 
tance for the manufacture of the conductor to 
choose the correct angle of inclination, i.e. to 
make it so that the gain obtained by increas 
ing the self-inductance in any case exceeds 
the loss caused by the increase in resistance. 

Let p be the permeability of the ferro-mag 
netic material, or the conductivity of the outer 
covering, g the angle of inclination of the 
helix, the radius of the ferro-magnetic ma 
terial which corresponds to the inner radius 
of the conducting covering, r, the outer radius 
of this covering and g, and c, the angles of 
inclination for the radir, and r, and thus 

tga-s, and tgaa- 2, 
For the resistance R and the self-induct 

ance L, we then get the following approximat 
ing formulae 

-- sin or -- sin d 
092 sin o- sin d ... 10's/Km. 

L= (coso- cosa) 
2tg'a 

If the conducting covering is thin, i. e. the 
difference between r, and r, small, the 
formulae may be further simplified and we 
get: 

... 10 H/Km. 

. . 
To(a-r) sin 2a: 

..COS in L-Fi 10 H/Km. 
As the main point is that the conductor 

shall have an attenuation as low as possible, 
the angle of inclination must be so deter 
mined by taking into consideration the other 
constants of the conductor that the attenua 
tion becomes a minimum. A certain clue 
may generally be obtained by proceeding as 
follows. If the formula valid under certain 
conditions for the attenuation constant 

R Ic Q IL B-V: W. 
is taken as a basis and the second torm therein 
which increases with the root of the self 

... 10's/Km. 
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inductance is neglected, then the problem is 
simplified and only the position of the mini 

R s VL has to be determined. By using mum of 

the last formulae we find the condition for 
the angle of inclination to be tigo. - %. If all 
the circumstances are taken into considera 
tion we find that in order to obtain the best 
form of conductor the angle of inclination has 
to be between 30° and 70°. 
If the conducting tape has a great thick 

ness, the current distribution within the tape 
is unfavourable, since the path of current is 
longer in the outer layers and therefore the 
stream lines of the current threads are com 
pressed inwards. In order to avoid the in 
crease in resistance which is thereby caused 
it is advisable in the case of thick conductors, 
to subdivide the tape and to arrange several 
layers which are connected in parallel one 
above the other. However, this object is at 
tained only if the subdivision does in fact 
produce a more uniform current distribution. 
For this purpose it is necessary to adjust the 
angles of inclination of the individual layers 
in such a manner that the current density is 
as equal as possible in all layers. As shown 
by the formulae this is very nearly attained if 
the angles of inclination and not the thickness 
of the tape are made nearly equal in all the 

The insulation of the individual 
layers from one another and similarly the 
insulation of the windings from one another 
need to be only very small, as the potential 
difference between adjacent points thereof is 
very Small. 
The advantages of this kind of conductor 

viz. simple form of the ferro-magnetic ma 
terial, and consequently an easy subdivision 
thereof by using bundles of thin wires, and 
easy thermic treatment for improving the 
magnetic properties, can be fully attained 
only by using the correct angle of inclina 
tion according to the present invention. 
In order to reduce also the hysteresis losses 

which become important even when the ed 
dy-current losses are small, it is advisable to 
use a material in which the permeability de 
pends upon the strength of the current as 
little as possible, since according to a theory 
of Jordan the hysteresis losses are propor 
tional to this increase in permeability with 
the current. 
A further improvement in this kind of 

1,721,785 

conductors can be attained if besides the in 
ner core an outer covering of ferro-magnetic 
material is employed. By this means the 
self-inductance is further increased and in 
addition thereto a good path is provided for 
the magnetic lines of force, so that the effect 
of the magnetic field outwardly is weakened. 
Preferably this outer covering is also sub 
divided into thin wires in order to reduce 
the eddy current losses. If, as in the case of 
the core, these wires are laid parallel to the 
axis of the conductor they must be secured 
in position and this may be attained for in 
stance, by winding them helically around 
the conductor, the direction of the winding 
being opposite to the direction of winding 
of the actual conductor. 
The accompanying drawings illustrate 

two forms of construction according to the 
invention. In Figs. 1 and 2, a is the core of 
magnetic material and b is the copper con 
ductor in the form of a tape, which is wound. 
around the said core. In Fig. 2 a.is an outer 
layer of magnetic material. 
What I claim is:- : - - - - 

1. A conductor with artificially increased 
self-inductance comprising a core of ferro 
magnetic material and a flattened conductor 
intended to carry the current, which con 
ductor is wound helically around the said 
core with windings lying very close to one 
another and with an angle of inclination 
which is not less than 30° and not greater 
than 70° for reducing to a minimum the at 
tenuation of the main conductor with re 
spect to the main frequency that comes into 
question. 

2. A conductor with artificially increased 
self-inductance comprising a core of ferro 
magnetic material and a flattened conductor 
intended to carry the current which con 
ductor is wound helically around the said 
core with windings lying very close to one 
another and with an angle of inclination 
which is not less than 30° and not greater 
than 70° for reducing to a minimum the at 
tenuation of the main conductor with re 
spect to the main frequency that comes into 
question, and an outer covering of ferro 
magnetic material consisting of wires or 
tapes wound parallel to one another around 
the helically wound conductor. 

In testimony whereof I have affixed my 
signature. 

UFLAS VEYER. 

60 

65 

70 

75 

80 

85 

90 

95 

00 

105 


