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This invention relates to inductance appa- y 
ratus for connecting electrical circuits and 
particularly to transformers. ‘ 
An object of this invention is to provide a 

5 transformer which will transfer waves'` be 
tween two circuits with low energy loss and. 
small distortion. \ 
In the case of connecting two circuits of 

different impedances such as cable telephone 
10 circuit-s and open wire telephone circuits, 

transformers are commonly used to step the 
impedanccs up or down between the circuits. 
Since telephone circuits transmit a range of 
frequencies, changes in the impedance of 

15 any transmission element due to frequency 
variation may be of considerable importance. _ 
These changes may cause a mismatching of 
the im pedances of the circuits at various fre 
quencies which may cause reflection losses 

20 und distortion. ‘» 
In the case of the joining- of two carrier 

circuits of different characteristics, it was 
found that as the frequency increased the 
effective series resistance of the windings of 

25 the connecting transformer also increased, 
disturbing the matched impedance condition 
of the joined circuits, and causing excessive 
reflection losses and poor transmission at the 
higher frequencies. One reason for this in 

30 crease in effectiveseries resistance of the 
windings of the transformer with fre uency 
was found to be that the unbalanced ux of 
the load currents cutting the turns of the 
windings set up eddy currents in the wires 
of the transformer windings. _ l 

_ To illustrate briefly, the portion of the load 
flux, ¢, cutting the cross-section of any wire 
produces a voltage, e, around a loop linking 
such flux in accordance with the equation 

35 

40 

e=%i«) This voltage produces currents 
which flow in a plane parallel with the axis 
of the wire and result‘in an energy loss. As 
the load flux ¢ is proportional to the load cur 
rent Ie, and e at any frequency is propor 
tional to <1», the eddy current i is proportional 
I.. and the total energy loss W=2ei is propor 
tional to I2. Where eddy current losses 

45 

occur, therefore, they appear, at any fre-4 

quency as an effectivezresistance in series with 
the load, since =R. As these losses 
are dependent'on frequency, they change with 
variations in frequency causing changes in 
the impedance of devices in which they occur. 
This loss, of course, is not'the loss due to skin 
effect which is present in an alternating cur-l 
rent conductor regardless of surrounding 
flux and currents. ' ' 

This invention provides for the construc 
tion of a transformer whose impedance modi 
fying effect is substantially inde endent of 
frequency over a wide band of requencies. 
This transformer has its windings so wound 
that no substantial accumulation of flux due 
to load currents is possible at any point 
within the windin s. For instance, in a bal 
anced auto-trans ormer each half of the 
shunt winding and the adjacent series wind 
ing may be wound as a. parallel pair. In 
the case of a two-winding transformer, the 
primary and secondary windings may be 
wound as a parallel pair. A i 

A better understanding of the invention 
will be had from the following specification 
taken in connection with the drawings, in 
which: 

Fig. 1 is a schematic representation of a 
two-Winding transformer embodying the in 
vention; ' 
Fig. _2 is a diagrammatic view of a portion 

of the transformer of Fig. l1 showing the de 
tails of the winding; ` 
, Fig. 3 isa cross-sectional view showing the 
relative positions of the turns of the wind 
in s of the transformer of Fig. 1; . 

ig. 4,'s a schematic representation of an 
auto-transformer embodyin the invention; 
, Fig. 5 shows a portion o? the auto-trans 
former of Fig. 4 diagrammatically; and 

Fig. 6 is a cross-sectional view showing the 
relative positions of the _turns of the wind 
ings of the auto-transformer of Fig. 4. 
Before taking up the detailed description 

of the drawings it might be well to consider 
briefly the action of a transformer, consider 
ing for simplicity a unity ratio transformer. 
It is well known that the impedance diagram 
of a transformer includes a shunt element 
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corresponding .to the mutual impedance and 
a. series element corresponding to the leaka e 
impedance. Corres onding ñuxes are t e 
magnetizing flux an the leakage flux. The 
magnetizing ñux is produced b the magnet 
izing current in the primary w ich in a well 
constructed transformer 1s small 1n compari 
son with the primary load current and, as to l 
phase is substantially at right >angles there 
to. 'Izhe load current in the secondary is sub 
stantially equal and opposite to the load cur 
rent in the primary, and the secondary load 
flux within the core neutralizes the primary 
load ilux. p _ 

Outside the core two regions are _to be dis 
tinguished, ñrst, the space occupied by 4the 
conductors and second the remaining space 
external to the core. If the secondary wind 
ing is spaced materially from the primary 
windinv the load fluxes outside the core are 
not entlrely neutralized. In particular, if 
we consider a primary turn which is sur 
rounded at some distance away by a second 
ary turn it is found that in the space between 
these two turns the load fluxes are in the 
same direction and therefore add ,instead of 
neutralize. It is, of course, this failure of 
the two load iiuxes to neutralize which ac 
counts for the leakage flux and the leakage 
im edance. 

onsidering now the space occupied by 
the winding conductors themselves any leak 
age iiux which interlinks a turn of the wind 
ing produces eddy-current losses in the cop 
per. Applicant has found' that in certain 
uses of a transformer, at least, these eddy 
current losses in the windings themselves are 
appreciable as has been noted above. 
The eti'ects above described for a unity 

ratio transformer are, of course, present in 
a non-unity ratio transformer, except that in 
considering the magnitudes of the load cur 
rents the turns ratio must be taken into ac 
count. _ 

The transformer structure now to be de 
scribed in accordance with the invention >re 
duces the leakage substantially to a minimum 
and also by the disposition of the primary 
and secondary conductors reduces the energy 
losses in the conductors which would be pro 
duced by the leakage flux. 
In the descri tion to follow the same ele 

ments in the di erent figures are given iden 
tical numbers while the arrows show by their 
lengths and directions a rou h comparison 
of the magnitude of the load currents and 
the direction in which they iiow at one par 
ticular instant in the windings of the trans 
formers. It is to be understood that the mag 
netizing current has been arbitrarily omitted 
since-its magnitude is small and any eddy 
current losses due to it appear as a small 
additional core loss which has no appreciable 
effect on the impedance characteristic. 
The transformer of Figs. 1, 2 and 3 which is 

moans 

shown as a non-unity ratio transformer, com 
prises a core 5, a primary winding 6 with 
terminals 10 and 11 and a secondary winding 
7 with terminals 12 and 13. (It will be un 
derstood that either winding can be consid 
ered the primary and the other the sec 
ondary). l 

`_Fig. 2 shows the primary winding 6, be 
1nn1n at terminal 10, being wound ñrst on 

t e inside of the loops and then returning b 
conductor 14 and beingv wound on the out 
side of the loops endin at terminal 11. The 
secondary windin 7, ' nin at terminal 
13, is wound on t e insi e of tv e loops and 
terminates at terminal 12. Winding 6, being 
the high voltage, small current wmding, is 
shown with twice the number of turns as the 

_ low volta e, lar e current winding 7, while 
4the lengt s of tl e arrows roughly indicate 
the comparative magnitude of the currents. 
The neutralization of the flux roduced by 
the oppositely directioned loa currents 1s 
substantiall complete since the current ñow 
ing in win in 7 is approximatel twice as 
large as that âowing in the win 'ng 6, the 
winding 6, of course, having twice as many 
turns as winding 7. The arrangement of the 
turns is shown in Fig. 3 in cross-section with 
a turn of windin 6 on‘either side of a turn 
of winding 7. n this last fi ure the dots 
represent current flow toward t e reader and 
the crosses represent current flow in the oppo 
site direction in accordance with the well 
known convention. The windings are shown 
in Fig. 2 as a group of three for clearness but 
this group may have as many turns as re 
quired for the desired voltages and loads. 
The auto-transformer of Figs. 4, 5 and 6 

comprises a core 20, a primary winding in 
cluding the upper series winding 21 and 
lower series winding 22 together with shunt 
or bridge winding 23, havin terminals 24 
and 25, and a secondary win ing including 
only the shunt winding 23 having terminals 
26 and 27. 
Tracing the larger current circuit, or in 

this case, the secondary winding, starting at 
terminal 27, this circuit be ins at oint 30, 
Fig. 5, the current flowin t rough t e shunt 
winding 23, the turns o which are on the 
outside of the loops to point 31 and terminal 
26. The current in theprimary winding flows 
in series windin s 21 and 22 in the opposite 
direction from the current in the circult just 
traced. Starting at terminal 24 the inner 
conductor shown in the two upper loops of 
Fi . 5 is series winding 21 terminating at 
point 3l, while the correspondin conductor 
startin at point 30 in the two ower loops 
forms t e series winding 22 which terminates 
at terminal 25. 

It is noted that the transformer is so 
>wound that at any oint within the windings 
there is substantial y no accumulation of ñux 
due to load currents, that is, the product of 
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the number of turns and the load current in 
one direction tending to cause flux to link 
any point is equal to the product of the num 
ber of turns andthe load current in the oppo 
site direction causing flux to link the same 
point. As a result, there is an almost com 
plete neutralization of load flux at all oints. 

In the actual winding of the trans ormer 
as described it is preferable to wind the 
series and shunt windings as parallel pairs, 
that is, in the transformer shown in Fi s. 4, 5 
and 6, winding 21 and the upper half o wind 
ing 23 are wound as one parallel pair, and 
winding 22 and the lower half of winding 23 
are wound as another parallel pair, certain 
terminals being connected at points 30 and 
31 as shown in Fig 5, 
The transformers described have been 

shown as having turns ratios of 2 to 1 but any 
turns ratio may be obtained by grouping as 
many wires as desired and in a manner to sub 
stantially neutralize the flux at any point 
within the windings due to load currents 
flowing in each wire. ‘ 
Although the invention has been described 

embodied in two particular transformers it 
is to be understood that modifications may be 
made and that no limitations upon the in 
vention are intended other than those im 
posed by the scope of the appended claims. 
What is claimed is: 
1. An inductance device for connecting 

two lines, comprising a core with a plurality 
of inductively coupled windings, each'of saidk 
windings having its individual turns carry 
ing current in one direction at a certain in 
stant interleaved with the-individual turns of 
another winding carrying current in the op-I 
posite direction at said instant and substan 
tially preventing the flux within either of 
said windin from producing eddy currents 
in any of said turns. ' 

2. An inductance device intermediate and 
connecting two lines having different imped 
ances, comprising a core with a primary 
windin ` and a secondar winding thereon in 
ductive y cou led, sai windings having a 
diiïerent num r of turns res ectively, said 
primary winding being con uctively con 
nected to one of said lines and said secondary 
winding bei 
other of sai? 
carryin current in one direction at a certain 
instant avin each turn interleaved with the 
turns of sai secondary winding ca ing 
current in the opposite direction at sai in 
stant to reduce eddy current'losses in said 
turns. , . 

3. A non-unity ratio inductance device in 
termediate and connecting two lines having 
diñerent impedances comprising1 a core, a 

conductively connected to the » 
lines, said primary winding 

’ ten 

other of said lines and inductively coupled 
to said primary winding carr ing current in 
the opposite direction at sai particular in 
Stant, the turns of said primary and second 
ary windings bein wound respectively as 
parallel groups wit the product of the cur 
rent in one direction and the turns carrying 
said current tending to cause flux to link a 
articular point outside the core, substantial 
y equal to the roduct of the current in the 
opposite direction and the turns carrying 
Said ofppositely flowing current tending to 
cause ux to link said point. 

4. In combination, a multi-layer wind 
ing non-unity ratio inductance device havin 
a core and a plurality of windings on sait 
core, a source of currents of a band of fre 
quencies to be transmitted through said de~ 

` vice, and a receiving circuit, each turn of said 
windings connected to said source being 
wound adjacent a turn of said windingsfcon 
nected to said receiving circuit, the opposite 
ly flowing load currents in the alternate turns 
preventing the flux within the device from 
causing substantial eddy current losses in 
said turns. y 

5. An auto-transformer comprising a lu 
rality of series and shunt windings in uc 
tively coupled forconnecting and matching 
the impedances of two electrical circuits hav 
ing ̀ diflerent impedances, each turn of said 
series windings paralleling and wound adja 
cent to at least one turn of said shunt wind 
ings to neutralize at any point within said 
windings the flux produced by the load cur 
rents in said auto-transformer. 

6. An auto-transformerintermediate and 
connecting two lines having different im _ed 
ances, comprising a core, a primary win ing 
lon said core connected to one of said lines 
having a plurality of series and shunt por 
tions, and a secondary winding on said core 
connected to the other of said lines composed 
of said shunt portions of said primary wind 
ing, said series portions of said windings 
carrying current in the opposite direction to 
the current flowing in said shunt ortions, 
the product of the current in one irection 
and the .turns carrying said current tending 
to cause 'ilux to link a articular point being 
>substantially equal to t e product of the cur 
rent in the opposite direction and the turns 
caräying said otppositely ,flowing‘ current 

ing to cause ux to link said point. _ 
In witness whereof, I hereunto subscribe 

my name this 15th tätig of Se tember, 1928.> 
 BER G. GANZ. 

primary winding on said core connected to y», „ 
one of said Alines carrying current in one di 
-rection at one particularinstant, and a sec 
ondary winding on said core connected to the 
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