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My invention relates to a coil having primary and Sec 
ondary windings. 

Recent advances in high-powered electron discharge de 
vices for pulsed operation in radar transmitters have in 
creased the requirement for pulse operating voltages to 
300 kilovolts, and future systems may require even higher 
voltage pulses. These high voltage pulses cannot be ob 
tained from conventional pulse transformers because the 
individual insulation pads in them are subject to large 
portions of the output voltage, which at the high output 
voltages now being required, are often great enough to 
cause destruction of the insulation properties of these 
pads. 

Accordingly, an object of the present invention is to 
provide an improved transformer capable of producing a 
large output voltage. 

Another object is to provide a transformer in which 
only a small portion of the output voltage appears acroSS 
any single insulation pad. 

Arcs or sparks frequently occurring across electrodes in 
electron discharge devices of the pulse type, place a short 
circuit across the secondary windings of the voltage-sup 
plying transformer, causing the terminal voltage to sud 
denly collapse from full-rated voltage to substantially zero 
voltage, which in turn, discharges the electrical energy 
stored in the distributed capacitance of the transformer. 
This produces a large current flow through some of the 
winding turns and thus a very large voltage across these 
turns, which is often great enough between some turns 
and layers of turns to produce ruptures in the insulation. 

Therefore, another object is to provide a transformer 
in which the energy stored in the distributed capacitance 
does not produce a large transient voltage across any of 
the insulation of the transformer when suddenly dis 
charged. 

Conventional ignition coils have additional insulation 
between the last layer or two of the secondary winding 
and fewer turns per layer in the last layer next to the 
secondary winding high voltage terminal to prevent inter 
layer and inter-turn insulation break-down due to the 
transient effects of the sparking across the spark plugs. 
Of course, it is more difficult and expensive to manufacture 
an ignition coil in which the winding layers of the sec 
ondary winding and the insulation between layers are not 
uniform as compared to ignition coils where they are 
uniform. 

Thus, a further object of the present invention is to 
provide an ignition coil that may be uniformly wound and 
have uniformly thick insulation between winding layers. 

In my copending application S.N. 732,348, filed May 1, 
1958, now Patent No. 2,995,685, assigned to the assignee 
of the present invention, I disclose and claim an ignition 
system in which substantially all of the electrostatic en 
ergy stored in the ignition coil is available for firing spark 
plugs. 

Hence, another object of my invention is to provide 
an ignition coil from which substantially all of the electro 
static energy stored therein may be made available to an 
external circuit. 

These and other objects are achieved in one embodi 
ment of my invention in which the primary and secondary 
windings of a coil are wound to make the electrostatic 
energy storage per cubic volume of insulation substantially 
uniform over the coil. Shields around the windings pro 
duce capacitance coupling for discharging the distributed 
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capacitance energy of the coil without significant current 
flow through the winding turns. 
The novel features that I believe are characteristic of 

my invention are set forth with particularity in the ap 
pended claims. My invention, itself, however, together 
with further objects and advantages thereof may best be 
understood by reference to the following description taken 
in connection with the accompanying drawings, in which: 

FIG. 1 is a side view, partly in section, of a transformer 
type coil embodiment of my invention, 

FIG. 2 is an enlarged partial section of the transformer 
of FIG. 1 included within the lines 2-2, 

FIG. 3 illustrates the wiring designations for the wind 
ing turns of the embodiment of FIGS. 1 and 5, 

FIG. 4 is a wiring diagram for the transformer of 
FIG. 1, 

FIG. 5 is a partial cross-sectional view of another trans 
former-type coil embodiment of my invention, and 

FIG. 6 is a partial, cross-sectional side view of an ig 
nition coil embodiment of my invention. 

In the several figures of the drawings, corresponding 
elements have been indicated by corresponding reference 
numerals to facilitate comparison. Referring specifically 
to FIG. i., I have illustrated a transformer comprising a 
rectangular-shaped magnetic core 11 having legs 3 and 
i5 upon which are wound, respectively, a first winding set 
17 and a second winding set 19. Each winding set in 
cludes portions of a primary winding and two secondary 
windings, which I will refer to as first and second sec 
ondary windings, separated by insulation pads 23 and en 
closed in a tapered shield 25. - 
The turns of the various windings may be identified 

by the illustrations of FIG. 3 in which the primary turn 
designation is a circle containing cross-hatching at an 
angle of 150 from the horizontal, the first secondary 
turn designation is a circle with cross-hatching at an angle 
of 30 from the horizontal, and the second secondary turn 
designation is a circle with cross-hatching at 60° from the 
horizontal. 
From these designations it is seen that winding set 

17 of FIG. 1 comprises a first layer 27, a fourth layer. 
33, and a sixth or outer winding layer 37 of turns of 
the second secondary winding, while a second layer 29 
comprises turns of the primary winding and a third layer 
31 and a fifth layer 35 comprise turns of the first sec 
ondary winding. In winding section 19 the first wind 
ing layer 39, a fourth winding layer 44, and a sixth or 
Outer layer 46 comprise turns of the first secondary wind 
ing. A second winding layer 41 comprises turns of the 
primary winding and a third winding layer 43 and a 
fifth winding layer 45 comprise turns of the second 
Secondary winding. As is conventional, the number of 
winding layers depends only upon the desired increase 
in votalge. Specifically, with the same number of 
turns in each winding layer, the number of winding 
layers for each secondary winding is equal to the volt 
age increasing factor of the transformer, which is five for 
the illustrated transformer. 
The winding layers are inter-connected by some leads 

51, the heavy Solid-line indicated ones of which connect 
the primary winding layers in parallel with subtractive 
polarity, the light solid-line indicated ones of which con 
nect the first secondary winding layers in series additive, 
and the light dashed-line indicated ones of which con 
nect the Second Secondary winding layers in series additive. 
The winding layers have several significant features. . 

For example, all of the winding layers have the same 
number of turns so that the same voltages are induced 
into each, which, although not absolutely necessary, is 
preferred. Also, for the shown connections between 
Winding layers, all of these winding layers must be 
Wound in the same manner, such that if they are all 
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wound upon the same mandrel, each winding layer must 
be wound progressing in the same direction for a given 
direction of mandrel rotation. However, it is the volt 
age distribution between winding layers and not the 
manner of winding that is desired. Consequently, the 
winding layers may be wound differently and the con 
nections between the winding layers changed from those 
shown so that the voltage distribution between winding 
layers is the same. 

In each winding set 17 and 19, the winding layers 
from the third to the last are alternately taken from the 
two secondary windings with the last winding layer in 
one winding set being from a different secondary Wind 
ing than the last winding layer in the other winding set. 
Furthermore, the primary winding is comprised of the 
second winding layer in both winding sets 17 and 19 
to obtain closest coupling between the primary and Sec 
ondary windings. With this arrangement the primary 
winding layers are closer to the secondary winding lay 
ers than they would be if the primary winding layers 
were in the first layers. Consequently, there is less flux 
leakage. However, as regards voltage distribution, the 
result is the same whether the primary winding comprise 
the first or second winding layers. 
The shields 25, which are connected to the high volt 

age turns of the respective winding sets 17 and 19, are 
substantially identical. Each comprises a flat conductor 
53 wound about a spiral-shaped insulator 55 formed with 
a progressively narrower width of insulation sheet so 
that it not only insulates the turns of conductor 53 but 
also produces a tapered form. Although the thickness 
of insulator 55 is illustrated in FIG. I. as equal to that 
of the insulation pads 23, in most applications it will 
probably be much thinner, the determining factor being 
the dielectric constant. That is, the thickness and di 
electric constant should be so related that the capacitance 
between the low voltage turn of the outer winding layers 
37 and 46 of set 17 and 19, respectively, and the respec 
tive shields 25 is approximately equal to the capacitance 
between corresponding turns of the winding layers. If 
insulator 55 is formed from the same material as insula 
tor pads 23 then, obviously, the maximum thickness must 
be approximately equal to the thickness of the insulation 
pads 23. This is illustrated in the partial cross-sectional 
view of FIG. 2. - 
The shields 25 need not be constructed from flat multi 

turn conductors but may be formed from any conductors 
that can be put in a tapered form. For example, they 
may be formed from a conductive film coated on a 
tapered insulator. In this case, a non-conducting line 
is required along the length of the shield to prevent it 
from acting as a shorted turn, 
The input voltage is applied to the primary winding 

between ground and a terminal 57. The increased out 
put voltage is available between ground and either of 
two terminals 59 and 61 which are interconnected by a 
capacitor 63 having sufficient capacitance so that it pre 
sents practically a short circuit across terminals 59 and 
61 for the increased pulse output voltages. 
The twin secondary windings provide a path for the 

heating current for the filament (not shown) of the 
electron discharge device to which the output voltage 
from the transformer is applied. The filament voltage 
is applied across the primary winding of a transformer 
65 having a secondary winding across which a capacitor 
67 is connected. Capacitor 67, like capacitor 63, has a 
sufficiently large capacitance to present a very low re 
actance to the pulses that are to be amplified by the 
voltage increasing transformer. However, for the low 
frequencies of the filament current, the reactances of 
capacitors 63 and 67 are high enough to present substan 
tially, open circuits. The filament to be heated may be 
connected directly across terminals 59 and 6 or it may 
be transformer coupled to these terminals, depending 
upon, as is well known in the art, the nature of the 
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filament energy, the current carrying capacity of the twin 
secondary windings, and the voltage and current require 
ments of the filament. Thus, in some circuits there may 
be no filament transformers while in others one or may 
be even two filament transformers may be required. 

In FIG. 4, which is the winding arrangement for the 
coil of FIG. 1, the voltage to be increased is indicated 
for purposes of explanation, as 1,000 volts, which is also 
the voltage increase across all of the winding layers, 
since they all have the same number of turns. How 
ever, because the secondary winding layers are connected 
in series additive, the voltages on these layers increase 
along the winding sets in a direction away from the core 
legs 13 and 15. 
With the exception of the first two winding layers of 

each winding set 17 and 19, between which there is no 
induced voltage difference, there is only 1,000 volts be 
tween adjacent winding layers, which is the same voltage 
generated across the winding layers. Since the 1,000 
volts input voltage was arbitrarily selected, it is generally 
true that the voltage across the insulation pads. 23 is 
no greater than that across the winding layers. In other 
Words, the voltages across insulation pads 23 are no 
greater than 1/n times the output pulse voltage, wherein 
n is the voltage increasing factor for the transformer, 
which is five for the illustrated number of secondary 
windings. Because of the small portion of the output 
voltage appearing across any of the insulation pads 23, 
a transformer may be designed with higher voltage gradi 
ents across these pads and yet still be conservatively 
designed. Also, there is a reduction in the voltage stress. 
across a given insulation pad over that required for a 
comparable design in a conventional transformer. 
The above statements relating to voltage distribution 

are valid only for non-transient voltages. In a considera 
tion of transient voltages, which usually result from the 
short circuiting of terminals 59 and 61 to ground, shields 
25 must be considered. If it were not for these shields, 
the delay line effect resulting from the distributed capaci. 
tance between winding layers and the inductance, pri 
marily of the outer winding layers 37 and 46, would pro 
duce transient voltages across the outer layers, immedi 
ately after the short circuiting of terminals 59 and 61 
to ground, which are equal to the full secondary Voltage 
minus the normal voltages across these outer layers. 
These large transient voltages, which would rupture the 
insulation between the outer layer turns and also the 
insulation pads between these and adjacent layers, can 
be considerably reduced if the distributed capacitance 
current flow through winding layers 37 and 46 is sub 
stantially eliminated. - 

Shields 25 reduce the transient current flow through 
the winding layers 37 and 46 by their capacitance cou 
pling which provides a path for this current that is 
Orthogonal to the winding layers, or in other words, is 
radial to the winding sets 17 and 19. While the use of 
shields 25 with a conventional transformer decreases this 
distributed capacitance current flow, their use with the 
transformer of FIG. 1, substantially eliminates all of 
this current flow through the winding layers. This elimi 
nation is due to the uniform distribution of the energy in the distributed capacitance between winding layers, which 
results from the uniform distribution of voltages, between 
the Winding layers. With uniform distribution of the 
energy there is Substantially the same-current flow through 
each of the distributed capacitances and hence no tendency 
for this current to flow along the winding layers. Con 
Sequently, all of the potential voltages on the winding 
layers, which are maintained by the distributed capaci 
tances, Will have the same rate of fall to zero. 

Actually, a small distributed capacitance current does 
flow parallel to the winding layers because the capaci 
tance between the turns of the winding layers and the 
core legs 13 and 15 is not graduated in accordance with 
the voltages between these turns and these legs. Thus, 
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if optimum operation is desired, inner shields should be 
provided around legs 13 and 15, having surfaces parallel 
to the shields 25. However, as a practical matter, Satis 
factory results are obtained through use of shields 25 
alone. 

In FIG. 5 I have illustrated a transformer in which 
the voltage increasing factor is nine, although there are 
only five winding layers in each secondary winding. This 
transformer is similar to that of FIG. 1 with the ex 
ception of the first two winding layers in each winding 
set, which can be considered to be obtained by halving 
the number of turns in the first two winding layers of 
each set of the transformer of FIG. 1 and combining them 
into a single winding layer. That is, the first winding 
layer of each set 17 and 19 of FIG. 5 is a bifilar winding 
layer comprising equal numbers of turns of the primary 
winding and one of the secondary windings. With this 
arrangement, the insulation pads 23 between the first and 
secondary winding layers of each set must withstand a 
greater voltage than that of the other insulation pads, but 
the increase in voltage is not very large. s 
The statements above, relating to the large voltages 

developed across the last or outer winding layer of pulse 
transformers are also true of ignition coils. By the term 
"ignition coils,” I am referring to ignition induction coils 
and ignition transformers, the only structural difference 
between which is a presence or absence of an air gap in 
the magnetic core. Ignition coils usually have added 
insulation between the last winding layer or two of the 
secondary winding and also fewer turns to provide spac 
ing in the last winding layer to prevent inter-layer and 
inter-turn insulation breakdown due to the transient ef 
fects of sparking across the spark plugs. The spaced 
turns and the added insulation are not required if the 
concepts mentioned above with respect to transformers 
are applied to ignition coils. - 

In FIG. 6, I have illustrated a partial cross-sectional 
view of the upper half of an ignition coil embodiment 
of my invention, which comprises a core 71 of magnetic 
material that may be in the shape of a bar as illustrated, 
or that may form a closed loop or some other configura 
tion. - Insulators 73 and 77 insulate primary winding 75 
of the coil from core 71 and from an electrostatic shield 
79, respectively, which is also insulated by an insula 
tion pad 81, from a first secondary winding layer 83. 
Layer 83, the start or low voltage turn of which is con 
nected by a lead 85 to shield 79 and to an output termi 
nal 87, is separated from the next winding layer 89 by 
an insulation pad provided in two sections 91 and 93 
so that a lead 95 from the high voltage turn of layer 
83 can pass between the sections to the low voltage turn 
of layer 89. For convenience of manufacture and com 
pactness, lead 95 preferably follows a spiral path. But 
as regards functionality, it could as well follow a straight 
line path or it could be placed outside the winding 
layers. The secondary winding layers following layer 
89 are identical to layers 83 and 89 and thus, except for 
the last layer 97, are not illustrated. They have the 
same number of turns and width of traverse and the 
start of each layer (low voltage end) is on the same side 
of the coil. Also, the high voltage end of each layer 
is connected to the low voltage end of the next layer 
so that a uniform voltage distribution is obtained similar 
to that illustrated in FIG, 4 for one of the winding sets 
17 or 19. The high voltage turn or end of the last layer 
97 is connected by a lead 99 to an electrostatic shield 101 
surrounding the coil, and also to an output terminal 103. 
The shields 79 and 101 are not tapered because al 

though tapering provides optimum operation, the insula 
tion between the shields and the adjacent winding layers 
is so thin that it would be more difficult to arrange the 
insulation like the insulation 55 in FIG. 1 than the im 
proved results would justify. Also, since there are many 
more layers in an ignition coil than in a pulse trans 
former, the capacitance between the shields and adjacent 
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6 
winding layers is not so important as in a pulse trans 
former where this capacitance is a large portion of the 
total distributed capacitance of the transformer. Con 
ceivably, shield 79 could be eliminated and core 71 used 
for the inner shield. But then the primary winding layer 
75 would be between shields which is undesirable be 
cause it has a different voltage distribution than the 
secondary winding layers and thus would adversely affect 
the substantially uniform voltage distribution. However, 
if the primary winding layer 75 is made the last layer 
in the coil instead of the first, as is sometimes done, that 
is if it is wound about shield 101, then core 71 could be 
used for the inner shield. 
Due to the uniform electrostatic energy distribution 

in the coil and the presence of shield 79 and 101, prac 
tically all of the electrostatic energy stored in the sec 
ondary winding layers is discharged directly through the 
shields without passing along the winding layers. There 
fore, the last layer 97 can be insulated and wound just 
like the other secondary winding layers, for the transient 
voltages will be so low in magnitude due to the direct 
discharge of the distributed capacitance energy that they 
will not be sufficient to rupture the insulation. Also, as 
is disclosed in my copending application, Serial No. 
732,348, Patent No. 2,995,685, the rapid substantially 
total discharge of the distributed capacitance makes the 
distributed capacitance energy available for firing of the 
spark plugs and thus increases the efficiency of the igni 
tion system. 
While the invention has been described with respect 

to certain specific embodiments, it will be appreciated 
that many modifications and changes may be made by 
those skilled in the art without departing from the spirit 
of the invention. I intend, therefore, by the appended 
claims, to cover all such modifications and changes as 
fall within the true spirit and scope of my invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An ignition coil comprising a magnetic core, a pri 

mary winding adapted to have a voltage applied thereto 
wound about said core, a first electrostatic shield around 
said primary winding, a plurality of similar capacitively 
interrelated secondary winding layers inductively related 
to said primary winding with corresponding voltage points 
juxtaposed wound around said first electrostatic shield, 
a second electrostatic shield around said secondary wind 
ing layers, a lead for connecting the low voltage turn 
of said secondary winding layers to said first electrostatic 
shield, a lead for connecting the high voltage turn of said 
Secondary winding layers to said second electrostatic 
shield and means sequentially interconnecting said sec 
ondary winding layers in the same sequential order as 
their winding order about said core. 

2. An ignition coil comprising a magnetic core, a pri 
mary winding adjacent said core and adapted to have 
a voltage applied thereacross, a first electrostatic shield 
around said primary winding, a plurality of similar ca 
pactively interrelated secondary winding layers wound 
around said first electrostatic shield and which are induc 
tively related to said primary winding, wherein all of 
Said secondary windings have the same number of turns 
and wherein the low voltage ends of all of the secondary 
winding layers are at the same end of the coil, leads for 
connecting the high voltage end of each secondary wind 
ing layer to the low voltage end of the secondary wind 
ing layer next furthest from said core, a second electro 
static shield around said secondary winding layers, a lead 
for connecting the low voltage turn of said secondary 
winding layers to said first electrostatic shield, and a lead 
for connecting the high voltage turn of said secondary 
winding layers to said second electrostatic shield. - 

3. A transformer comprising a magnetic core having 
a plurality of core legs, first and second winding sets 
mounted on different legs of said core and including 
winding layers of a primary winding adapted to have a 
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voltage applied thereacross and two secondary windings 
inductively related to the primary wound longitudinally 
on said legs such that the high voltage ends of all the 
winding layers of each winding set are at the same end 
of the respective winding set, and leads inter-connecting 
winding layers of said winding sets such that from the 
second winding layer of each winding set to the last the 
voltages at the high voltage ends of all the winding 
layers for each winding set increases in magnitude in ac 
cordance with the distance the respective winding layers 
are from the respective core legs, said winding layers 
from second to last being substantially identical and 
juxtaposed to provide the same voltage difference be-, 
tween similarly related turns of adjacent layers. 

4. The transformer as defined in claim 3 and two 
tapered electrostatic shields each one surrounding a dif 
ferent winding set and tapered such that the spacing 
between the low voltage end of the outermost winding 
layer of each set and the respective shield is approxi 
mately equal to the spacing between winding layers while 
the spacing between the high voltage end of the outer 
most winding layer of each set and the shield is approxi 
mately zero, and leads for connecting the high voltage 
end turn of each of the outermost winding layer of each 
winding set to their respective electrostatic shield. 

5. A transformer comprising a magnetic core having 
a plurality of core legs, first and second winding sets 
mounted on different legs of said core and each includ 
ing a single primary winding layer adapted to have a 
voltage applied thereacross and a plurality of capacitive 
ly interrelated substantially identical winding layers from 
first and second secondary windings, wherein said wind 
ing layers are inductively related to said primary and 
wound longitudinally on said legs and arranged such that: 
teach of said winding layers are juxtaposed and contains 
the same number of winding turns, the first winding 
layer of said first winding set is from the first secondary 
winding and of said second winding set is from the sec 
ond secondary winding, the second winding layer of both 
of said winding sets is from the primary winding, the 
winding layers of both of said winding sets from the 
third winding layer to the last are alternately taken from 
the two secondary windings commencing with the sec 
ond secondary winding for the first winding set and the 
first secondary winding for the second winding set, the 
outermost winding layers for the winding sets are from 
different secondary winding, and the winding layers are 
wound such that the high voltage ends of the winding 
layers of any one winding set are at the same end of 
the winding set, said secondary winding layers being juxta 
posed to provide a uniform voltage difference between 
corresponding turns of adjacent layers. 

6. The transformer as defined in claim 5 and two ta 
pered electrostatic shields each around a different wind 
ing set and tapered such that the spacing between the 
low voltage end of the outermost winding layer of each 
set and the respective shield is approximately equal to 
the spacing between winding layers and the spacing be 
tween the high voltage end of the outermost winding 
layers of each set and the respective shields is approxi 
mately zero, and leads for connecting the high voltage 
ends of the outermost winding layers of the winding 
sets to the respective electrostatic shields. 

7. A transformer comprising a magnetic core having 
a plurality of core legs, first and second winding sets 
mounted on different legs of said core and each includ 
ing a winding layer from a primary winding adapted to 
receive a voltage and a plurality of capacitively interre 
lated winding layers from first and second secondary 
windings wound longitudinally on said legs, wherein the 
secondary winding layers are such that the first wind 
ing layer of each set is from a primary winding and a 
secondary winding and wherein the winding layers from 
the second of the outermost winding layer for each set 
are inductively related to the primary winding and al 
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8 
ternately from the two secondary windings, the winding 
layers being wound such that the high voltage ends for 
the winding layers for any one set are at the same end 
of the set, leads interconnecting the winding layers of 
said sets such that the voltages at the high voltage, ends 
of each secondary winding layer increases in magnitude 
with the spacing of the respective winding layer from the 
respective core legs, said secondary winding layers being 
equal and juxtaposed with corresponding turns spaced 
from one another so that a uniform voltage difference 
exists between corresponding turns of adjacent layers 
when said transformer is energized. 

8. The transformer as defined in claim 7 and two, ta. 
pered electrostatic shields, each around a different wind 
ing set and tapered such that the spacing between the 
low voltage end of the outermost winding layer of each 
set and the respective shield is approximately equal to 
the spacing between winding layers and the spacing be 
tween the high voltage end of the outermost winding lay 
er of each set and the respective shield is approximately 
Zero, and leads for connecting the high voltage ends of 
the outermost winding layers of the winding sets to the 
respective electrostatic shields. 

9. A coil comprising a magnetic core, a primary wind 
ing layer adapted to have a voltage applied thereacross 
and secondary winding layers inductively related to said 
primary winding wound longitudinally about said core, 
said secondary. winding layers comprising a plurality of 
similar adjacent capacitively interrelated winding layers 
wound such that the high-voltage end of each of said adja 
cent winding layers are adjacent, said layers being posi 
tioned such that the voltages at said high voltage ends pro 
gressively increase in one direction along said high volt 
age ends, said secondary winding layers being juxta 
posed so there is a uniform voltage gradient between 
corresponding portions of adjacent layers. 

10. A coil comprising a magnetic core, a primary 
winding layer, coupling means for applying a voltage 
to said primary winding layer, similar secondary winding 
layers inductively related to said primary winding wound 
longitudinally about said core whereby said layers are 
capacitively interrelated, all said secondary winding lay 
ers being wound to have adjacent high voltage ends, and 
means interconnecting the high voltage end of each sec 
ondary winding layer except the outermost secondary 
winding layer to the low voltage end of a secondary wind 
ing layer next further from said core whereby the volt 
ages at said high voltage ends progressively increase in 
a direction away from said core, said secondary winding 
layers being juxtaposed so there is a uniform voltage gra 
dient between corresponding portions of adjacent layers. 

11. A coil comprising a magnetic core, a primary wind 
ing wound thereon adapted to have a voltage applied 
thereacross, substantially similar secondary winding lay 
ers wound along said core inductively related to the pri 
mary and juxtaposed with respect to one another to estab 
lish a common differential of voltage along all said wind 
ing layers with respect to one another and a common 
differential of voltage between layers when said primary 
is energized, means serially connecting said secondary 
winding layers in additive polarity relation so that the 
voltages in the secondary winding layers progressively 
change in the same sense radially out from the core, and 
a shield connected to one end of the secondary winding 
which shield at least partially surrounds said layers. . . . 

12. A coil comprising a magnetic core, a primary wind 
ing layer adapted to have a voltage applied thereacross 
and secondary winding layers inductively related to said 
primary winding and wound longitudinally about said 
core, said secondary winding layers comprising a plu 
rality of equal adjacent capacitively interrelated winding 
layers all juxtaposed such that corresponding turns of 
said adjacent winding layers are adjacent, means serially 
connecting secondary winding layers in an additive polar 
ity sense with each winding connected to the next in an 
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outwardly progressing sequence such that when the pri 
mary is energized the voltages in the secondary layers 
progressively increase radially out from the core to pro 
vide a uniform voltage gradient throughout, and a shield 
connected to the high voltage end of the outside winding 
layer which at least partially surrounds said winding layers 
and which is tapered with a decreasing diameter toward 
the high voltage end of the outside winding layer. 

13. A transformer comprising a magnetic core having 
a plurality of core legs, plural winding sets mounted on 
different legs of said core and each including a winding 
layer from a primary winding adapted to have a voltage 
applied thereacross and a plurality of capacitively inter 
related winding layers from plural secondary windings 
wound longitudinally on said legs, wherein the second 
ary winding layers on each leg are equal, inductively re 
lated to the primary winding on that leg, and alternately 
from different secondary windings, the winding layers 
being wound so that when the transformer is energized 
the high voltage ends for the winding layers in a set are 
at the same end of the set, leads interconnecting the wind 
ing layers providing a secondary winding progressively 
composed of winding layers in a consistent polarity sense 
from first one set and then from another with successively 
higher voltage winding layers being placed over next lower 
voltage winding layers from another secondary to main 
tain a uniform voltage distribution between all layers. 

14. A transformer as set forth in claim 13 having ta 
pered shields at least partially enclosing the winding layers 
on each of said legs, and means coupling each of said 
shields to the high voltage end of the outermost winding 
layer on the corresponding leg, said shields decreasing in 
diameter towards the high voltage ends of the correspond 
ing winding layers. 

15. A transformer as set forth in claim 13 wherein said 
winding legs are substantially parallel to one another and 
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wherein two winding sets are wound in opposite direc 
tions with the high voltage end of one winding set oppo 
site the low voltage end of the other set so that the said 
interconnecting leads completing each of two secondary 
windings are placed between adjoining ends of the wind 
ing sets, whereby a complete secondary winding proceeds 
in a spiral fashion comprising a winding layer running 
in one direction on one leg and then a winding layer 
running in the opposite direction on the other leg with 
higher voltage winding layers successively superimposed 
over next lower voltage winding layers. 

16. A coil comprising a magnetic core, a primary wind 
ing wound thereon, coupling means for applying a voltage 
to said primary winding, a plurality of superimposed sec 
ondary winding layers insulated from one another also 
wound on said core, said secondary winding layers being 
wound in a common direction and having substantially 
the same transformation ratio with respect to the primary 
winding wherein corresponding turns of said secondary 
winding layers are generally juxtaposed so that similar 
voltage points will be relatively aligned, voltage additive 
coupling means interconnecting a first end of a secondary 
winding layer with the correspondingly opposite end of a 
winding layer superimposed thereover to form a second 
ary winding wherein the same voltage differential exists 
between aligned turns of said superimposed layers, and 
a shield at least partially surrounding the secondary wind 
ing and connected to a first end of an outer winding layer. 
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