.

(No Model.)

-, ——
r oo O o ——— -

e ol Ty~ - 4 -
[
X -

LT T
- a
. . '
- -
4

-
L] . =
o .
-
- ——
P .
v .- . -
S L I .
.-'\-‘p"" r
5 - -
- .- -
- " L | .
= - N . - -
. L o
A E. ’
T
L r
.
- :
SN
a
' -
-'. ’
[ 1“'-
-
- .
'

i

.

- 4
|

.
TP B W T TR A S S L e A s
L] . - u . '
" ,.u" e o . - . . i
T R .1 .
A

il

——— . .
. " .

oyt = . g R s .

LI

| G s
| -

No.: 343,602.

BEST AVAILABLE COP

G:& A. PPANNKUCH
INDUCTION COIL.

AR

NN

ll
?ff;@ 77 :;{ﬁ& r_.._r. 7z fszﬁ/fg.,wg_, !Jf&?.if‘ 777 X0
iSiSigi0E e sk C§?£€M§“
ieieisiQigs SRR
isiwiginte: EEEEH
O IR RO A R O /RON- A B-N. B N
.-..n.:..i-j-.:- @ - 3 R ERNREERL
A R IR G W B0 W S 5‘.... . ‘*:.a
N BB Y ROR o I IEEE . 'ﬂi'*tt'i"i"”.'i'-”-"
igigieiered | il iei oIS ie eie
DT P-E P E I I RE-EF
7#1"-!—45!1:5:‘- 5 4:'3': : ::: *:: :E.E':.E:'
. : » . ~ & 5 - NCEE N 2 AW
HP*FH;‘.F'& 4 1= & ] ] ] "HE - F i
ﬂ‘l-"_.‘t‘ "E 11‘F | I o . .Hr-r..il't'l -‘
it REREEE | AR RIS O
L0 @@ i0l Ok telfeileisklgr®
AWEE"‘"'t*"-' '-H--n'*u'f'l- -l-.- X
- - :.F'..'ﬂ h.[‘."';..ii'! "... "I'...
;azn,uﬁuEWH R EE LS
-2 EXARA: [ @EGES TN (L
o - . ] » » - 1-..
SIS |GEEes e o s S
:ﬁ:‘i%‘i’:&":}**:ﬂbi% |¥%H"‘*Ei"‘§ﬂﬁ 13"
o ,.:,.-'. N ¥ A [~ Pl
[ 3 L) .i- .l'
LR ERE ImEéﬁEﬁ““%ﬁﬁ!
o ie e ey : 2 ML E e
iﬂti-':; ) - :" - ."."I*-'.".'E [
i1‘1l1..|‘- gt s - - . X ™ -
unlnl-.-"!.l::j:.”!. || ;:-'E&'Ebi‘éhi‘t.;.
Ciinrem e EEmas et || FCEEEY I At
CE T DD FEE S o =T T i el

* . It1llllllllllll---__---.-llilHII i

' IIIIIIIIIIIIIII--“_-----IIIIIlllIH
: H IIlllllllllll-ﬂ-_--.-lil!II Feated I

- HIIIIIIIIIIIII---““_----IIIIII'IIIIII
EREENEEAERfig|

MO L = = T T T T I {IISNR AN
11144 15200 I A RS T A R A W F ) ) )
JE TN 6 T I T VG N S i A WA A RS h14 ) )
A0 llIIIIIIII-.I---“--H‘-HIIllIII- (1

L IIIllllllll-----“_!--..l!ilIll'll i

[rimmmpelir—py=Sy—y —= i

|
|
HIlIIIIIIIIIII---“----IIIIII'IIIH I
YRS 0N N 0 A U e S G S AW A EA0 11§
ML L LITTITNI NN
e e ———c U
I
i
|
i

SPRRdeaggqty (v ¢ 1.1 1 1 4 L 1] 1]1FNJIATRRON
Ty f1 ¢ ¢+ _ | P 1 ]{jJNRRRRN |
SRifItIItra v o 1 ] 1 1 I EIRRAARNNN
vty sryr o ¢ 1 1 1t lIIINRREREN
Mgt NS RN N MR EEREREANNRt
-----Il!lltlll!ll
P EREERRRII10)
R EEEl ik

pum——re—iy—— i — —

R L ' e — T e T = e———— e —.

' 'IIHIIIIIIIIIIII.--
SR T T

st LTI DA R RS N N
AU EE T T

ﬂ—'@

"--I-IIIIIIIIIII I

_..
-
-
-
-
-
==
-
- -
ril 1
rigl
L K
A -
N
.

- jrogum

104 1 1) ERE R 0 - .4.'1'.. S S oEBRI
rvpnciasesenmesw,c @ P'. LTI
. o T

uummunu...;n O -::-i'i R~
IAEF V. :'Hi :::h:,!'nnrllr
nuuullllllnr;s..... :;‘.‘.,5. ,5,!.3!' nun
: ' Jrllilllllllf-. "l': i! E !I ti o :'J ﬁ- iﬂi ______
T BTTERZSS VNN ANANANY RN

‘Q
auz
AN

N\N\7Z
N\
R
SN
AN

\‘f

N
%

"6

 WITNESSES:

Liree .

Lroca.l,

S \\

L.

B
— e mmis e

Py, W N m—— -
-_— N T el ..
- - - -

11
b1
i
t

v Y e =
[ - » ]

i

|

1 i
11y
VA
(RN
11l
¥t
i
1

'

|
!

i1
111 %
KN
il
T
1111
1000,
i1t
Rk
[
b P aiy
(I N |
[
Iy
Ilr |-
1 I

(
I
}
i
I
i
I
I
I
1
1
t
'

TN

4;Sheets~—Shéet-1,

Patented June 15, 1886

INVENTORS

N. PETERS, Pholo-tithographer, Washinglon, D

&HﬁmMmu-G%?qunuﬂhm)amﬂw

Q_U,“:\.oda Gasq,\m\sw

f:J their Attorner LS,

———

L

« L

r ot
'

>



I oT AVA,LABLE COP4 sheets—Sheet 2.
- G. & A PFANNKUCHE. - '
- INDUCTION COIL.

Patented June 15, 1886.

(No Model.)

- No. 343,602,
Fiﬂ_. LS.. o

g

I N
= = 7
< 24
|
- O _ S Fig. &.
——Hjj-g-I?-F S s o , P
M D)
\ . z,//g/ 704
‘ ANENW AR
N\
. : :f\ 2 :
' 29 8930
AN e ;:E
< EO:
\ \ ' pacsoec
' 2 Rl S
&5 A - - 7 .

= - . INVENTORS:
WITNESSES: S vy g : Tt _
| W"m o | | Dy their Attorneys, o

Goo K laset Pk Snoan Qo B

N. PETERS, Pholo-Lithogtapher, Waslington, D. C. -



'BEST AVAILABLE COF
G. & A. PPANNKUCHE.
~ INDUCTION COIL.

No. 343,602. ‘ 'Pat.ented June 15, 1886.

4 Sheets—Sheet 3.

e p—
—r
el—
- — a T
S
i Ery—
——
q—-lf-.i-l'._
|= d,’. —r —
el —ela— —
pp—————
—-n
—= . AE——
——— linlep——
—
. e —
e —— : .
——i— i
. —
——
of L
e —

—
°f &
A
- 1l

RLNRRRRNNN

3 tEIN TITT  LLUNE R IR

. a wE——— =

- I -
!Il_

L

LAl - A . - -
-k A S == ==
[~ -l v - W
ol m N [ ]
!! =83 —3- N N _N._J | B
w . » -3

g 1T lLh

—
“olaniy;

S

VAN

RS

N

o080 edd ,
PSS RS
1 - "i'l'. Py o e DAL el wgh -k
wis aleFalelvbelelatefaie hn on e b o980 -1 - R U LT Lot DLl ok il
i -;-,'*I-!'l'-‘ﬁ"-'i'.'.'".'iT"T':F"1...........' YY) ..'.“6. TP MICH I b U 3ot LA R
T R S S L L ....«‘ﬂ-.#.f..p..r..n AL, WS A L
o paeinunte el GO Q00000088 [, L e
L=l ""'T.!""‘"I'Tﬂ-p“z .":’i.:.:.'t.'ﬂ"'. L R B RO N SO L) O
- :.1‘*!.,:.’-!.1.‘_"..““1' el - ¥ » . . - == : 4_n "‘.“_’. -_-:.1‘ .’
L=k~ TaeTuis ate dATH008 "."'n'u,.:... '_: q..-l:‘::: -
‘ah - prar_ w0 _F & S LeselE o -_!-I-"IJ:-I
i )
- N
llllllll
/ I-lu-L- T
JAN
s m v ¥ Els]r

PR LT DL B LU
rEnYr-1-1-I-14 T -
S e DO AR

iiiiii
---------------

-------

il

| | By‘ﬁwir Attorneys, _
B Adi, <Dovorn J@@ '

. N, PETERS. MW wasiington, D. C.




| '_(No Model.)

No. 343,602.

- BESTAVAILABLE COP) gyests—snect 4.

Q. & A. PFANNKUCHE.

INDUGTION COIL.

Pa,tented June 15 1886

 TFig.o 1z

CQOOoOUOQLOOOoO00

oig-l1a-

22 rve

I ?’fo/&rwﬂ - 4 &éﬂrzmﬁz,:ziq

CLrcuwi?. ' -

C’mrra 72ES.

.‘L?

R

by
| 0 X

WITN ESSES
BB /oLl

Local

N

| J“{-'-"'\I_D—' ‘

TF

s Ireduced Cwrrernts.

INVENTORS

%ub G%M&:w

L’ 1 fhew Attorneys,

E’)MN(CL, C}(LMM P@_@

N. PETERS, Photo-Lithographer,

Washington. D. C.



. 10

15

- .20

_25

. 30

local circuit.

korff?? eoil for producing sparks.
yerter-colls have alsobeen made by employing

B BESTAVAILABLE copr '
UNITED STATES PATENT OFFICE.
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Aﬁpﬁéatiun filed September 28, 1835, Serial No. 178,350. (No model)

To all whom it may concern: :
Be 1t known that we, GUSTAV PFANNKUCHE

and ALFRED PFANNKUCHE, both subjects of

the Emperor of Austria, and residents of the
city, county, and State of New York, have in-

vented certain new and useful Improvements
1n Electric-Current Converters, of which the.
- following 1s a specification. - |

This {invention relates to secondary or in-

-duction coils, especially such as are used for

converting an intense alternating current on

‘a main line to an alternating current of

low tension but considerable quantity on a
- Induection-coils as designed for
this purpose we call ‘“converters.” Suach
colls have been heretofore made by winding
a fine 1nsulated wire around a soft-iron core
or bundle of iron wires,or on atube containing
such wires, to form a primary coil or helix,
and then winding outside of this a coarse in-
sulated wire'to form the secondary helix, be-
ing, in fact,a reversal of the so-called “Ruhm-
Such con-

as a core a ring-like coil of wire, and winding

111111

the primary and secondary helices upon this

‘ring in similar manner to the winding of the
‘Gramme armature. Sich converter-coils as
‘heretofore made work in general satisfactorily,

except that they do not attain as high an effi-

- clency or economy of electric energy as is com-

35

mercially desirable. = This is due to several

causes, chiefly to, first, the waste of energy
due to the magnetization and demagnetiza-
tion of solid cores, which, as is well known

oppose a considerable - resistance to rapid.

- changes of polarity; second, the fact that

40

15

50

the wires of the secondary helices are not
arranged in the mostinfense part of the mag-
netic field; third, the waste due to the gen-
eration of Foucault currents; and, fourth, to

there being not enough iron in.the present
constructions, and to whatiron there is being

improperly disposed as to the inductive ef-
fect of the helices." .

Ouar invention seeks to overcome these dis-
advantages by improving the converter- coils,

and 1t relates to the construction of single

coils and to the combination of the coils in
batteries. o

Figure 1 of the accompanying drawings is a
vertical longitudinal section and partial side

1

elevation,on alargescale,of asingle converter-
coil constructed according to the preferred

33

form of our invention. Fig. 2 isa plan or

end view thereof, and IMig. 3 a transverse sec--

tion, beth on a smaller scale. Fig. 4isa frag-

mentary sectional view on a larger scale than

Fig. 1. Fig. 5 is a vertical longitudinal sec-

tion, partly in side elevation, and Fig. 6 a
vertical transverse section,of a converter hav-

ing a double coil. Fig. 7 is a side elevation,
partly in axial section, of a triple-coil con-
verter. Fig. 8 is partly an axial seetion and

60

partly a side elevation of a four-coil converter, 65

which is the preferred construction. Fig. 9is
a plan view of a series or battery of four-coil

converters, arranged side by side in an in-
Fig. 10 1s a longitudinal sec-

closing-case.
tion, and Fig. 11 a transverse section, of a
modified construction of single coil. Fig. 12

is a longitudinal section of another modifica-
tion. Fig. 13 is a diagram showing the elec- =

tric circuits for lighting or other purpose, in

connection with which our invention is es-

pecially designed te beused. -
To facilitate an’understanding of the pur-

70

75 -

pose or practical application of our invention, - ..

we will first describe the circuitarrangements

with referevce to I'ig. 13. In thatfigure A is

the line-cirenit, and B B are the local cireuits,
of which there may be any number.

CC are
the converters or induction-coils, which are
hereshown for clearness as being of the ordi-
nary construction, with the ends of the inner
or primary coil protruding. Disthedynamo
or generator, which feeds theline-cirenit, and
15 1s a commutator for alternating the currents.
We prefer to use a econtinuous-current dynamo,
because of 1ts high efficiency, and to alternate

the currents by meaus of any suitable alter-

nating commautator, as Ii; but an alternating-

| current dynamo may be used instead, in which

case the cominutator 16 will be omitted. The
converters C C are preferably installed in the
line-circuit in multiple are, in order to main-
tain at the terminals a uniform potential.
Each local circuilt includes the secondary coil
of one converter, as shown, (or, if preferred,
of two or more converlers arranged either in
multiple arc or series,) and the incandescent

electric lamps (indicated at [ [) are connected
‘Inthesecircuits in multiple are. 1t
. Ing currents of high electro-motive force on

The alternat-
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mary coils of fine wire, induce in the second-
ary colls of coarse wire alternating currents
of low electro-motive force, which traverse
the secondary circuits and feed the lampss~ -

Referring now to Figs. 1, 2, and 3, we will

)

. describe the construction of converter or in-

duction-coil thereshown. Let P designate, as
a whole, the primary coil, which is of fine in-

10 sulated wire, and S the secondary coil, which

1s of coarse insulated wire.- M will designate,

as a whole, the subdivided tubular iron core.
The characteristic feature of this construction
1s that the primary and secondary wires are
‘wound in alternate layers or helices with iron
tubes interposed between. the layers. -The
first helical layer of primary wire, p, is wound
on a straight tube, m, of iron. It may have
a thickness of one wire, as shown, or of two
20
1s placed over this layer, and on this the first
layer of secondary wire, s, is wound. This
layer has preferably a thickness of only one
wire. Then a third iron tube, m”, is placed
25 over this, and a second layer of primary wires,
pyiswound. Thenafourthiron tubeis placed
over this layer, and a second layer of second-
ary wire, &', 18 wound over this, and thus the
construction proceeds by the alternate super-

~ 30 position of wire helices and iron tabes, the
wire helices being aiternately of primary and .

.- secondary wire, until the coil attains the re-
quired dimensions. All the primary wiresare
- - Joined in one primary coil, P, all being wound
35 In the same direction to secure like polarity,
and all the secondary wires are in like man-
- ner joined In one secondary coil, S. The two
opposite terminals of the primary coil are

joined, respectively, to the two binding-postsa

40 «, Fig. 2, for connection with the wires of the
line-circuit, and the terminals of the secondary
coll are joined to the binding-posts & I for
connection with the wires of the local circuit.

The effect of this construction is to magnetize -
all the iron tubes with a like polarity, all be-

45
1ng,in fact, parts of one magnetor core; to in-

. close each helix of primary wire between two
iron tubes in order that it may exert its mag-
netizing actionin both directions in the utmost

the partial exception of the outer) helical
layer of secondary wire to inductive influence
from iron tubes on both sides of it, and in the

- closest proximity to it, whereby the secondary
55

erls 1ts magnetizing influence to the strongest
effect upon the iron tubes, and the latter have
the most powerful inductive influence on the
secondary wire. The entire coilisinclosed in
an iron case, I, which should be in magnetic
contact with the endsof theseveral iron tubes
m m, whereby the iron case bécomes itself
magnetized, the lines of magnetic force ex-
5 tending thus around the sides of the ease from

‘one pole to the other. Thus a closed magnetic

60

circuit is formed whereby sensible magnetic

the main line, which traverse the several pri- |

or more wires. Then a second iron tube, ', |

proximity to the iron, and to exposeeach (with

magnetic field. Thus the primary wire ex- |

* BESTAVAILABLE COp' 432

poles are suppressed. The iron case Fisin

two parts—a cup-shaped box and a cover or

lid, F'. The inner tube m is screwed to this
cover, thereby connecting the entire coil fo
the cover, to which also the four binding-posts

70

are fastened. The iron tubesm m, if made of

plate or sheet metal, may be slitted through lon-
gitudinally with good effect, to suppress Fou-
cault currents. We prefer, however, (and this
constitutes one feature of our present inven-
‘tion.) to construct these tubes by winding a lay-

7

er of iron wire in'a close continuous helix, If

the iron wire be naked and its convolutions be

1n actual contact, the effect will be the same as

if a tube of solid metal were used,but if, as we
prefer, the iron wire be insulated, the mag-
netic effect will be but little, if any, impaired,
and by connecting the terminals of the iron-

8

wire helix in the circuit the current through

it will react inductively upon and re-enforce

ductive effect upon the secondary wire will be
intensified.
to enable this construetion to be clearly shown,

we have illustrated it on a large scale in the

fragmentary view, Fig. 4. "Here the iron
wires are shown in black, and the (preferably)

copper wires of the primary and secondary

coils, by white circles. A. wooden core, ¢,
passes through the center, being used as a
base on which to wind the first tubular helix
of iron wire. When more powerful convert-
ers are required, we prefer to combine to-
gether two or more of the individual coils
already described rather than to enlarge the lat-
ter to unwieldy proportions. -

- Figs. b and 6 show a converter eonsisbing of

two complete coils of the construction shown
in Ifig. 1, the two coils being united by pole-
pieces d d of soft iron, ard inclosed in a case,
F. The pole-pieces suffice in themselves to
make a closed magnetic circunit, so that no

course so disposed as to bring opposite poles
of the cores of the two coils into communica.-
tion through the medinm of the pole-pieces.

- I'he coils shown in Figs. 5 and 6 differ in
one respect from that shown in Fig. 1, in that

the secondary wire s is first wound, instead of

the primary.
etfect. -

Fig. 7 shows a triple arrangement of coils.
Three complete coils are arranged in the form

This modiﬁcation is of little

. | of an equilateral triangle, their ends being -
wire 1S placed in the strongest part of the | n

As thescale of Fig. 11is toosmall ¢

that in the primary helices, whereby the in-

95

I1CO

1105

‘poles are ohservable, the winding being of r1o

‘magnetically connected through the medium

of soft-iron pole-pieces d d, to form a closed
magnetic circuitb. _—

Fig. 8 shows a quadruple arrangement of 1'25

coils. Thefourcoilsare arranged in the form

~of a quadrangle and united by means of iron

corner-pieces or pole-pieces d d, which com-

plete the magnetic eircuit.
is passed a slender bolf, ¢, by means of which

Through each coil

130

the two pole-pieces at opposite ends of the:

coll are drawn together, embracing the coil
between them.

Thetwo lower pole-pieces are
| formed with flanges ¢’ ¢, by means of which
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the compound coil may be screwed to a base, + ondary coil like the primary is built up of al-

. This form of coil has all the advantages
with none of the disadvantages of induction-
coils in the form of a ring wound upon a ring-
shaped core. The four coils being wound so
as to bring their opposite poles into juxtapo-
sition at each corner, and the tubular mag -
netic cores being made continuous throughout
the entire quadrangle by means of the pole-
pleces, there is no waste of energy by the gen-

eration of external poles and their reversal.

The winding of the wires is simple and direct,

~owing to eachindividual coil having a straight

thickness on all sides. - . _
Instead of three or four coils, we can in

similar manner combine any greater number—

as five, six,.eight, or ten-—but we prefer the

ax1s, and the wrapping of wire is of equal

~combination of four individual coils.

Fig. 9 shows how the converter-coils shown
In Fig. 8are combined to form a battery. Any
desired number of separate converters are

‘placed side by side, all being serewed down to

the same base, and are inclosed in a box or

3G

35

40

45

0

55

60

case, F'. The primary wires are joined or
coupled together in any arrangement—multi-
ple are, series, multiple series, or series mul-
tiple—as the judgment of the electrician may
determine, and carried to the binding-posts a
a'. 'The terminalsiof the secondary coils are
in like manner joined to the binding-posts
b b. . S |
The construction and arrangement shown in
Figs. 8 and 9 are those preferred by us for

practical use, the winding being preferably as |
These figures, in fact,

shown in Figs. 1 and 4.
show our entire invention. . =

We will now describe the modificationsillus-
trated in the remaining figures.

Figs. 10 and 11 show a converter consisting

of a single complete coil inclosed in an iron
case, I, in which the winding is somewhat dif-
ferent, the alternate superposition of the pri-
mary and secondary helices being departed

from. ~A’solid core is here shown, being com-

posed preferably of a bundle of iron wires.

The primary coils are wound only on the end
portions of this core, and the secondary coils
are wound only on the middle portions.

On
each end of the core for about one-third of its

length toward the middle one or two layers of
the primary wire are wound, then an iron tube
1s slipped over, then the winding of primary
wire is repeated, and so on until each end is

‘'wound with the primary wire in layers alter-
~ nating with the iron tubes. Thenthe second-

ary wire s is wound on the middle portion of
the core without the intervention of any iron
tubes. The advantage is thus gained of plac-
ing the secondary wire on the neutral portion
of the core where the strongest inductive ef-

fect 1s found.

Fig. 12 shows the same construction as Fig.
10 with the following exceptions: The central
core is much shortened, being scarcely any
longer than the secondary coil, and the sec-

ternate layers of wire helices and iron tubes.

Our mvention 1s suseeptible of many other
modifications in construction, which will read- 7o
1y suggest themselves to the practical elec-
trician. | |

We are by no means confined to the use of
cylindrical tubes or cores, as in some cases it
may be preferred to use elliptical, polygonal, 75
or flat cores. The inclosing-case may also be

“of various designs.

We claim as our invention—
1. T'he combination, to form a current-con-

‘verter, of an iron core subdivided into two or 8o

moredistinet tubes, a primary coil subdivided

into two or more distinet helices alternated

with said tubes, and a secondary coil arranged

in induective proxinity to the subdivisions of

said core, substantially as and to theeffect set 85

forth. | | |
2. The combination, to form a current-con-

verter, of an iron core subdivided into dis-

tinet tubes, a primary coil subdivided into
distinet helicesalternated with said f.ubes, and
a secondary coil subdivided into distinet heli-
ces also alternated with the tubular subdivis-
lons of said core, substantially as and to the
effect set forth. |

3. The combination, to form a current-con-

90

95

verter, of an iron core subdivided into dis-

tinct tubes, a primary coil subdivided into

[ distinet helices, alternated with said tubes,

and a secondary coil subdivided into distinct
helices alternated with the helices of the pri-
mary coil, substantially as set forth.

4. The combination, to form a current-con-
verter, of an iron coresubdivided into tubes,

100

and primary and secondary coils subdivided

into helices, with theiron tubes and wire heli-

105
ces arranged in alternate superposed layers,

and the successive wire helices being alter-
nately of primary and secondary wire, sub-

stantially as set forth.

5. The combination of an iron core subdi-
vided into tubes, some or all of said tubes
formed by winding iron wire into a helix with
the primary coils subdivided into helices and
alternated with said tubes of helical iron wire,
and the secondary coil wound in inductive
proximity to said tubes, substantially as set
forth. | |

6. The combination of an iron core subdi-
vided into tubes, some or all of said tubes
formed of insulated iron wire wound into g
helix, the primary coil subdivided into helices
wound 1n alternation with said iron-wire helj-
ces, and both conuected in the primary cireuit,

110

115

‘whereby alternating currents th rough theiron-

wire helices will inductively re-enforece the al-
ternating currents in the helices of the primary
coil proper, and the secondary coil wound in
induetive proximity to said iron-wire helices,
substantially as set forth.

7. A converter-coil composed of an iron
core subdivided into tubes, a primary coil sub-

| divided into helices alternated with said tubes,

130
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and a secondary coil wound in inductive prox-

imity to said tubes, in combination with a

magnetic connectmn extending from one pole

of its subdivided core around to the opposite

5 pole thereof, whereby sensible magunetic poles
are SUppressed substantially as set forth.

8. A converter-coil composed of an iron

core subdivided into tubes, a primary coil

subdivided into helices alternated with said
10 tabes, and a secondary coil wound in indue-
‘tive pmmmlty to said tubes, in combination
with one or more substantially similar con-
verter-coils, and with magnetic connections

between the opposite poles of the individual

15 converter-colls, whereby a closed magnetic

circuit is formed including the cores of the |

suceessive cores, subsbantlally as set forth.
9. A compound converter-coil composed of
two or more individual coils combined with.
20 1ron pole-pieces d d, and fastening-bolts e e,
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passing through the respective coils and draw-

1ng together the opposite pole-pieces against
‘theends of the colls,substantially as described.

10. The combination, to form a battery of
converter-coils, ofaserlesofqua,druple groups, 2j5
each consisting of four individual coils united
rectangularly through pole-pieces to form a
closed magnetic cucmt a base, &, to which

the said groups are fastened 51de by side, and

a case, Iy 1nclosing said seriés of groups, sub- 30
atfmtlally as set forth.

In witness whereof we have hereunto signed

our names in the presence of tWO subscribing

witnesses.

GUSTAV PFANNKUCHE.
ALFR. PFANNKUCHE.

Witnesses:
ARTHUR . FRASER,
K. B. BoLTON.
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