' No. 865,215,

'D. M. THERRELL.

PATENTED SEPT. 3, 1907,

- ART OF TELEPHONY.
APPLIGATION FILED JULY 23, 1804,

§ SEEETS~SHEET 1.

I' T A
F : r \
\h\_ I N jft\, \
" . | \:?1 // :{ \\ |
™ R N
3 VRS
S § N N\
R, A, /"{ o\
YU AN T
S| el fa \
SR/ \
-\ ./1'7’\_%_ .
J %
; N e =2
/. . = 51 /i ;
N _H_./,/_J ;
a -
\ -
/
5 /
o /
T f}/
- -
Ny
/
. § | G_
A
B
oy
D
3 N
Pafé?f- .D/c?g/"c:w? @ %"
OF [ricTeiion CorY | ' Ei,
Ly pe- Bel N0, (L B
oF " secormctrry,) B
L2, =.5 ol 1
| Ee = &5, 0forrs (éz:v/ arrsharrerraensy) \ "

L, O/, Ly= /333 /V Q525 Hemry Some Co/ e LY Cerrest
oA - Lampere OF <3075 (B - 8000 otms)
QB =.83.2/ T HJ-32.97 IC = .80, “OA= 53,

- OC = 3/ L5 . OA=24 Oﬁ -y €~] 5(37 QY = c?/c?/r:?f*fﬁf.s‘/é?ﬁm
0D = 372, 5’:57 OJ= 335 cB =2 KX apor/ reacibrmce

- CH=76986 - OA'- ja OF "= .83 -
WJTNEJJIJ INVENTOR.




No. 865,215, | _ PATENTED SEPT. 3, 1907,
I D. M. THERRELL. U SEEL- 9, 1907,
ART OF TELEPHONY. '

APPLIOATION FILED JULY 23, 1904.

6 SHEETS—SHEET 2,

(S A
| - "F
!
f._
I
jN
™I
N A,
ﬁ _ ~ .
. N =
=, ~ w
n\g\ N
.
(. Vel
T
Z T -

Lorterged poy7ion o }}'g']; 4 /775%51:?’ OF Sl Ay }‘/7@

e/y%afj OF SE/F 1T o s TS Gy HzIer s, By 7 ca?/ac?afzj/ =/ .

. _;% - ' INVEN 702,

F 4 ) ! ' | : ; I ) ; . / L] . -
¥ & it | ) ! ‘I' "' . 4 : .: " d A -




6 SEEETS—SHEET 8,

.\\.\Qt.vc\\tu &\.Uhu.mu

20 DeLS mu&\ T A " D Sr AT \\uﬁm\\\tﬂ. [0 DS SQf OO ! \\hﬁﬁ\h@h AO
L Somer e e Q\ S LRI Y S Az .mu&\\ku\ SO DoUroa ety Buioroys  SOALD

"?W

m.%bw

- INVENTGR.

PATENTED SEPT. 8, 1007,

D. M. THERRELL,
ART OF TELEPHONY.

APPLIOATION FILED JULY 23, 1904,

No. 865,215,

®

8

[#/2/4

f )
L Y7

N \%QQUUW o SOOI = m\
0 - - sdlero s 0o SO e soeTos. _.
| of

)
N
I
N

N

SN

N
NJ

| 4

j??/afé/ﬁ?ﬁcg L s = VIO

- WITNESSES.

&




EPT. 3, 1907.

-~
4

ED 8

—
Al

PATENT

No. 865,215,

D. M. THERRELL.
ART OF TELEPHONY.
APPLICATION FILED JULY 23, 1904.

8 SHEETS—SHEET 4.

\\ﬁh\hﬁ \:\ﬁ«\.ﬁ. s A ALY Nl rd Q\%\hu..\ m\num\hwmh\:\h.w\.ﬁn\hu& A. khumh\\nxﬁq\ %\\E o7 = ..Mw .mu\@\ L) /7eLs n\\

JORLIDEEIOD € T [ 5 A AO h,‘ e A AN =V \H\hu\numxnuh%% SO q&\nw\\xﬁh.%.\ ‘O Sy

LRY LT LS R g U2 i T pr D AL GURIID, SO DIYLA  DUIIIOYS AL

7 Ll
ERAOPEG Lo SOOIy =t

s oo | - sl czo | s oo _. ._..m....._u\...u\ [l s osz
. \\\\L\nu *
Lt '

=

4
~

~ . A ,0/
A__,/ = N v \f. — o m
o S . \
~ =y {
< | | &q L m
' ;.,,/J.,@y “
AN - \ Q
Y 1N <\
\ \ N
<{ _ . o N
N \ \
// I \ .
N Y \ i
\ \ |
| _, |
. N " S oy
// , «mﬁw.«.%%&\ ﬁ&b&ﬁlﬁhﬂﬁw ]
Nﬁ\%ﬁ . I.rr..l..f..:.f 347
~
_ 'z

INVENTOR,.

WITNESSES,

=

PEN



‘No. 865,215,
- - 'D. M. THERRELL.

ART OF TELEPHONY.
- APPLIOATION FILED JULY 23, 1904,

PATENTED SEPT. 3, 1907,

'QQ § SEEETS—SHEET 6.
3 d |
e

H [
P
1

Firc9

20 LINE

- Fie 7

Jirve mfar

L

. d ’ ‘l ’ .
M | L |

. :lei I'IIE:J:; G? ' 6’ aj /\.:\_AAA/[VQJ’\




No. 865,215, o  PATENTED SEPT. 3, 1907,
o - D. M. THERRELL. - o

ART OF TELEPHONY.

APPLIOATION FILED JULY 23, 1904,
6 SHEETS—SHLET 8.

SUBS STATION

SUBSCRIBERS STATION

- .

| - ||]||||1 3

- A\ or

,. SN | S
1< .
~ ; e
RS RN .

B g A
N RO K -
. _

. 92139 o0
N Q s h\r
) 2
AN ) %

- SUBS STATION

A ve " for

. “iq"’ttncﬂ Qﬂ;,gmmmu o /r_“:dmmﬂf _A{/';q JM



PATENT -:"0 ?--‘-

FFICE
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Te all Maom et may eeaecem |
Be it lmewn that 1. DANIEL MACLAUCHLIN THER—

 RELL, a citizen of the United States, residing at Charles-

5

.10

. provements o be heremefter ‘more pa.rtwularly de-

15

ton, in the county of Charleston and State of South Car-
ehne have invented new and useful Improvements in
the Art of Telephony, of Whl(:h the fOll(}WHlﬂ' is a, spe( i-
ﬁea.tmﬂ §

My mventm-n consists in an 1mpreved method Or BYS- -
tem, for the transmission of electrical energy by means
of electrical waves, and particularly such waves as are

employed in the: electrmel ‘transmission of articulate
speechi or sonorous sounds, and comprises various im-

scribed and claimed.”

- ages, the energy lost or dissipated is preportmnel

25

30

. amd expressible in simple terms of the reactive con-
.20

et.ante of the system, and there,le no distortion of %he
wave form. Buch ‘however; is not the case for a com-

plex electncal wave composed of & plura.hty of coex-:
isting waves such a8 the waves involved in the fele-
phonic transmission of the human voice, or other sono-

rous sounds, eompdeed of a prime or fundement.al and an
ascending series of partials. corresponding to the over-

tones, or characteristics of articulation and quaht} |
In the latter case, ‘each cohstituent wave of the series |
18 dlfferently and independently affected, -and hence

the resultant weve-ferm at the distant end or terminus

- of transmisgion, is no longer identical with the 1n1tla,1

wave-form impressed upon the conductor.

- .asdifferently affected, by the electromagnetic and elec--
35

trostatic constants ef the system—though both conspre

{0 dle(_rmlmete in fa,ver of the lower, while retardlne

. quency,

40

‘or attenuating the upper harmonics directly as the fre-
eeultmg in the loss of articulation-and- the
natural charac tenetlce of epee(h which are dependent.

upon the transmission of the upper harmonics, or over-
fones.
erly chargeable to the dissipation of the main line-con-
ductors; owing to their electrical characteristics as out-

~lined above, my researches of the subject, mathemat-

49 ical and experimental, have confirmed me in the opin-
ion that, In so far as long aerial lines are concerned, op- -

- erating under actual conditions—which might be called

- 90

-9

voice.

existing meteorological conditions, little if anything

of a,verege and permanent value is to be obtained by a | rent limit considerably below One ampere, a8 men—
tuning or readjustment of the line constants; but that
~much nmy be gamed by improving the methods and |
- apparatus in use for the electrical transformation and:
. transmission of the primary energy equivalents of 'he

That is, by reducing the impedance of the pri- |

miary coil and obitaining thereby larger primary cur-

- rents: hy maintaining a higher mutual inductance and

“the eecendary is connected into the main line.

-And while conceding that, great losses are prop-.

and by so adjusting the secondary rystem as to generate
a larger line current at a higher effective line potential,

.2 higher efficiency of transmission may be effected.
In the art of telephony, a primary circuit consists ef a,

1 ebt,emme thereby a hlgher eficxency of transformation: '-

. 60

‘circuit including a variable resistance in relation to a

diaphragm, a-source of electrical energy and the pri-
mary winding of an induction coll or transformer.
vibrations of the voice acting upon the diaphragm ‘in
operative relation to the variable resistance, causes

‘this resistance to vary in consonance therew1th ‘there-

by eettmg up in the primary circuif™ -urrent which

follows the variations of the said I‘EEL t- nee, and there-

- | fore the vibrations of the voice.
~ In the transmission ef a simple electncal wave over

-an eleetrlea,l conductor of gr:eat length charaf'ten?ed
" by high resistance, eleetreeta.tlc and conductive. leak-

This cnerent being of
the variable or pulsating type is capable of transforma-
tton by means of an induction coil or transformer, the
primaryof which is included in circuit with the ordi-
nary variable. resistance and source of energy, while
By
this means it is possible, even with the small current
to which we arerestricted by the transmitter, to 8O step-

f""_‘l'

| up the voltage impressed. upon the main line as to
| reach over relatively vast distances.

“this it must be admitted that such restlts speak far

more for the eenmtweneee of the receiver than for the
efficiency of tranefermetlen or transmission.
though ordinarily we may have flowi ing m the pmnerv
circuit something like .3 of an ampere, the maximum
value of . the current impressed upon the main line 1s

‘not more than.0001 of an ampere for the lowest fre-

| 'quency, with a far greater loss in transformation for
“This is due |
‘to the physical fact that each wave is oppositely, as well

‘the higher frequenuee Right here has been the

The

But in saying ; 

Fer |

65

70
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80

85

stumbling block in the way of telephene engmeere up X

to the present time.

. In order to successfully effect the leng dletanee tre.ns- |
mission of specch, the primne requisite must be an in-
creased power or watt efficiency of the system for each

and every frequency involved, and- particularly for
such frequencies ¢s cerrespond to the overtones. of
speech ‘characteristics, if the speech so transmitted ‘is
to be satisfactorily intelligible.
the system is first of all dependent upon the amount of
energy available in the primary circuit. -Unfortu-
nately, we aré here restricted to a very small amperage
on' acéount of the I* R loss in the variable resistance
pOI‘tIOH of the transmitier which causes the transmitter

The power factor of

90

95

100

electrodes to heat, ,and thus directly affect the trans- R

mission to such an extent ag to-place the available cur-

tioned above. Thisis not the only difficulty

mutual induction. Th'.e In turn calls for a high mag-

‘netic inductance, which is only possible by the use of -

iron in the magnetic circuit. Now, there e.retwe para-

Long distance transmission, makes it: NECessary to

raise the line potentizal by tranefermetlen Anything
like efficient transformation presupposes a maximum

10b

110
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Cogam.. In addition thére are hysteresis losses due to

" in proportion to the amount by which we increase the

T

15

-

365,215

mount reasons ‘why ne1the1 of these requlsltes arc ad- | + when twoor three such circuits taned to dlﬁferentp p. s

missible in telephony If we endeavor to increase
‘the magnetic 1nten51ty of the coil by the use of an in-
creased amount of iron in the core, we are met with a
loss due to an oversaturation of the core. This rea-..ulte
from the direct. current used in the prlma.ry circuit
which saturates. the core and leaves. no margin for the

varigtion of the lines of force due to the variations 0y

the primary current following the vibrations of the
‘voice, and hence a loss in the secondary instead of &

'h]gh frequencies and magnetic density.  Again, just

“mutual induction of the coil by an increased efficiency

7 tion of the primary, and therefore  its efiective unpe~

- dance, which means & proportional 1educt10n of pri-
mary current, unless the voltage be raised. Even if
. -this be done, the primary current is only increased at

the expense of the power factor for the wattless com-

- ponent of the primary will be so great that the point

.18 goon rea(,hed where the heating of the {ransinitter
electrodes makes a larger current. 1mpraatwahle with-

25

o art.-

30

30

out having improved the efficiency of the system.
This calls for a compromise and also throws light upon
what has been to many for years, the paradox ofethe
I refer to the constants and propertions of the

-of the magnetic field, we also increase the self-induc-.

;
|

~standard long distance mductwn coil, as used by the

" American Telephone and Telegraph Company. ~In
this coil a niinimum of iron is used and the coefficients

of self and mutual mductmn are amaz,mgly low. = This
of course means low efhmency, ‘but expenence has
shown, as stated above, that to attempt a further in-
crease in the efliciency of transformation but mvltes
other losses which outweigh- any apparent gains.

. Hence the standard “cigar coil”, and the attempt to
force the problem by attaekmg the rapamty losses

40

upon the main line.

. | have discovered a method of mmntauung a high |
eI’hmency of transformation without entdilingwupon the

system, either the losses due to oversaturation, hys-
teresis, primary or Eecondary 1mpedance

coveries, which are the result of years of laborious re-

45

scarches, . ‘experimental and mathematical, form the

‘stood by reference to fhe accompanying dramng

* which form a part of this specification.

Figure 1., is 2 polar dmgmm of a standard telephonm

These dis-.

bhasis of my invention, which will be better under-

Wl[‘(‘

tranﬂformer or“induction coil, having the maximum -

amount of core iron, mutual and self induction, allow-
able in practice, with Eeconda.ry on short circuit.  Fig.

B 2., is an enlarged portmn of ]ng 1. with 8,000 uhms in

se{.ﬂndary circuit, showing the method of neutralizing

. the prlmary self-induction by a capacity reactance.

|35,
o nates,, ghowing the unp(,dan(,{.. of a primary circuit of

;-ul}

| capﬁci\ties

65 CUI'VLE*BhGWIHg the resultant aecondary currcnt v'tluea |

I'ig. 3. is a set of curves (drawn to fectangular co-ordi-

gwen constants for different p. P 8., also the values of
5

- the 1mpedancc for the same ¢ircuit wherein the self

. inductance is neutralized by capamtleh corresponding

to the given p. p. 8. Fig. 4. is a set of curves showing

~the values of current for the same circuit, and p. p. 8.

\as.ﬁbown in Iig. 3, together with the values of the cur-

~_rent;after a neutralization of the self-inductance by
corresponding to the given p. p. 8.; also

F -.

are connected in multiple, primary and becondqr}

Figs. 5 and G, are vector diagrams showing the method =

of gr&phlcally determining the resultant mlues of sec-

“ondary current and phase relation, under the multlph-

conditions noted in reierence to Iig. 4. Flﬂ‘ .18adia-
gmm ﬂlustratmg the method of plamng a capacity in
series with the primary coil and transmitter, for the
purpose of tuning. - Iig. 8. is a diagram. ﬂlustratmg the
prmuple and - method of using compensating trans-

70

formers, in the main line for the purpose. of reducing

secondary effective unp{,da,nc ¥ ;md increasing the effect-

ive line potentm,l Fig. 9. 1sa. conventional dlagmm

tems. Fig. 10. and 11. are ‘converitional dingrams of

‘of my system in theory asapplied to local battery sys-

80

the same adapted to mmmon ba,ttery or. centml energy

Ssystems.

Inasmuch as the prmuplva underlvmnr :my inven-
tion mvolve a, considerable- departure from the stand-
ard prar:tlc es of the art, it will be necessary here 10

85 -
'brleﬂy discuss the laws -:rowrmntr the actions and re- L
actions of the genecral ‘transformer, their -effects upon
‘transformation-and the. prmuplm of resonance in rela-
tion thereto, 1 order that the claims of this apphcatwn .
.may be pla(,ed in their true light : a,ud thu bp{,"t 1hca.twns
rendered more intelligible. | -

' Let us consider a current flowi mg in a single turn of |

' A magietic field 18 set up consisting of a definite

a.muunt of magnetlc flux, or lines of furce, forming

closed curves around the given wnductor This flux

increases and decreases with increase and dwrmae ol .

current. If the pernwablht,y of the medium is con-

stant, the Inagu(,tu. flux is d1rt,ctly proportimml to the

current. If there are, s, turns of wire instead of one,
the flux N, passes through each turn and mnbequumly
there dre sN-lines threading, or linked with’ the circuit.

90

100

The quantity, sN, may be t,{,rmvd th(, f] ll}i-llll“llb or in- .

ductance of the circuit.
-If the magnetlc induction thmurrh any (Il‘(‘lllt he

changed, due to any cause whatwuur, an elv(*tm-
motive force is developed in the cireull. pmpurtlunal_

to the rate of (.lm.nge of the magnetic induction, as
first shown experimentally by Faraday.

The change

105

in the mductmn to which this induced elee lr{:mullw '

'fanL is due, may be produced by a change in the cur-
-rent flowing in the cireuit itself, m which case the

clectromotive foree, so induced, 1s: dupmdvn{, upon

11C

the rate of change of the current; ‘a,nd 1S Lnuwn as the

“electromotive force of self induction.

Let us now consider two coils in ]uxtaptmtmn wlm h

W’L will designate as primary fmd secondary, egvh with

a given nunber of turns or ¢ unvuluuunp, let there be a
current of gwul intensity flowing in the primary coil.

‘This current in the primary if caused i) vary, produces
a magnetic induction which varies in consonance there-.
with.

Now, this induction not unly induces an elec-
tromotive force of self induction in the pnmary itself,

115

120

but also induces an electromngtive force in the Eecond- |

ary due to the changing lines of force of the primary
and the relative position of the two coils, which is pro-

125

pﬁruoml to the rate of change of the lnductlon in the

‘primary. This is mutual induction, This mutual in- .
duction may be defined as the ratio of electromotive
force induced in one curcmt to the time rate.of change
of the curreny in the ather pmducmg 11; It may also

t

130



5

10

15

20

25

-840

- n

36

40 izraph Company:.

445

50

55

60

‘E,=secondarye. m. {.

henry. "M==.0529 henry.

forc

865,215

™

e expressed In terms of the induction throadmg the | fhe secondary circuit is clﬂqod a currﬁnt flows which

secondary due to the cutrent in the primary. being
equal to the rate of change of the number of lines of
force linked with the secondary.

Upon these principles is hazed the oper.
devicex uged tor changmtr an ﬂlttmaung or varving

current from one potential to another. of higher or lower

pressure——-knf;wn as induction coils or transformers.

In order to determine the ac tion hetween the primary
‘and secondary circuits of a transformer through the
medium of their common magnetic field, we must

ascertain. 111{: amount ot mdumum due to the current

flowing thwugll the turnsof the primary and embracing
a magnetic circuit of known permieability.

cireuit.
equal to the magneto-motive force divided by the re-
luctance. The secondary elpctmmotn ¢. force, in-
duced by the primary current 1s plupurtwnal to the
rate 4t which the primary current is changing, and is
“.equal to this time rate pf change multtphed by the co-
efficient of mutual induction. T

Conventions used in this specification: n--frequency
I, =primary cur- 1N

or period = per second.
rent.

C —-—c*apa(*lw
=secondary current. - E,=primary. ¢. m." f.
L1=pr1 mary inductance
secondary inductance. -M=mutua} mductanca
Im=impedance. @= =primary phase angle.
ondary phase a,ngle - p. p. s.=periods per sccond.
)f---transformatwn ratio. SubS{,rlptb 1 and 2 refer to
primary.and secondary circuits reﬁpe( twely, thmugh-
out this specification. |

Having briefly outlined the ndcr]ving principloa

_of the trangformer; we may procecd by way of further

- exposition, to construct the diagram of a t(lehUIllC
hlgh potential transformer, or induction coil, such as is
.in standard use by the Americin Telephone and Tele-
Fig. 1. is a polar diagram of such 2

coil.. The solid lines indicate wmmldry on short cir-

cuit, the broken lines the same (011 with 8000 ohins in’

secondary circuit.
‘The constants of the (ml are. mken a8 fu]lu
5 ohm. 1{2-—-8'0 ohms.” L, =.02] ]1{ mry. Ly
=250 p. p. s o
Ear:h thur is assumed to I‘(‘pl‘(“i{‘nt maxnnum
vahics. Let us consider the secondary on short cir-

ll

1333

cuit, the primary current as 1 aInpere, flowing through
an average resistance, including the transmitter of, say -

10 ohms, represented by OA, and OH, re spectively,
It is desired to know what will be the electromotive
 -nd the current in the secondary; how this sec-
ondary current affects the primary; what isthe primary

meedance and “the electromotive fo ce necesaa.ry to .
| 'tp.amtam the givent current in the primary.

Atta.cklng the problem geometrically, we draw 3] line
0 A., to represent the value of the harmonic prunary_ _.

current, flowing through’ a circuit of resistance (). 1.,
and inductance H. J. Nincty degrees. bvlmul () A.,

we draw the line O. B. equal to

&

o 2maMI =1,V R +(2mnl,.

This line rvprvwnts the cle <lmmultw foree lmlutul

The effect is ﬂ'lmth'
increased by the use of iron in thie magnetic circuit..
tton of the-

This-may
be, readily calculated from the laws of the magnetlcﬁ
The total magnetic flux or induction N is :

I;a"":_
total flux of magnetic field. Rﬁflllmlc reslstance._
| Hz_—-_se(_-'

ary current and equal to 27nM1,.

‘but two clectromotive forces to overcome,
1 be the case for a simple circuit, the primary clectro--
motive force must 1n this case, not only overcome the
electromotive force of resistance and sell- influtlin'u_
in the primary, bui also the back electromotive foree

Rll- =._.

acts inductively both upon the primary and secondary
circuits. ‘This secondary. currént lags behind the im-

e

65

pressed electromotive force Q. B. I1n thu secondlary, (llm -

to rolf mdurtmn hy an angle 0, such that,

- . 27nL..
n@ — 2

uln

2.

We may represent the secondary effective clectro-

motive force and current by the VBCtﬂI‘ 0. C. 'mul O. D

;' rvspectwely, wherein

: S
E=R, Ty and T=— 2RI,
- VREH(2 7 n Ly

70

5

By the graphical ceﬂstru(-tlon for simple circuits, we

know that the right trlangle 0. C. B. upon B. as an

'_hypotenuse ‘represents the second‘xry electromotive

forces; O. C. representing that necessary to overcome

resistance, =R, Ig, C. B. that necessary m [ vu-mnv

the gself-induction =27nL,1,.

80

The relation between the primary and semndary |

cm:mta is- entirely a mutual vne.
in the Secondary induces an clectromative iuree in the

current in the primary is‘termed the “hack”: e]et;tm-
motive force, ‘and is ninety degrees behind the second-

A cutrent ﬂuwmg

Therefore, in Fig..

85
-:prlmary, ‘just the same as 2 current ﬂuwmu in the
primary induces an t:lvctmmﬂtiu.. foree in the second-
ary.. The electmnmuw* force set up by the secondary

90

1, we may represent the back electromotive force by -

ftht, line O. F., 90° behind the ::emndary current O. D,

Having assumed a primary - current, we have as hased
thvreupon (letvrmmetl the secondary electromotive

95

force, the secondary current, O. D., and the back elec-

tromotive force 0. F. It now remains to find ‘what

cause the primary current to flow.  Instead of having

ax would

induced in the pritary by the current in the secondary.

. The elee trumutwv force Loy overcome re SEST AT nl e

primary is always in phase with iho primary . current

and is represented by 0. H.; the éom ponent necessary

to-overcome the primary self-induction, is equal and
mppuutv to the clectromotive force of sell-induction

and is therefore ninety degrees ahead of the primary

current and is represented by the vector H. J., ninety
degrees ahead of O, A. and equal to 27, nl 1.

motive forcés when no current flows in the see mulary.

'In such a case the necessary impressed clectromotive
force. upon the primary is O, J.’

But, when the see-
ondary current is allowed to flow as in the case under
consideration,' there must he a component of the pri-

mary electromotive force to overcome the back electro-
‘motive force due to the secondary. current.

cleetromotive force must be equal and opposite to O:F,

and is rt-prva{*nted by the line 0. G. cqual to —27nMI,.

Having thus dewluped our diagram, the prlmary
electromotive fnrce desired is casily found, since it is
the geometrical sum of the three cpmponents, O. H.,

The
triangle O. H. J. is'the triangle of the primary ¢ 1: lro-

impressed primar}r"elct'truumtive' force "is- réquired  to

100
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110
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This .
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| mthv secondary cireuit l:ylht-prmmry{urrt ot When l H. I and 0 G The resultant of O. H. and H. I,. -
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, gms O I a.ml the requltant’of 0. J. ahd O G. glwq.‘

0. K, Whl(‘h reprehents the required primary im-
pressc(l electromotive force, heing in the case consid-
“ered, about 24 volts, and leadlnﬂthecurr{,ntby apprnm—
mately 12°. . - : |
From Flg 1,1t .1s rea.{hly seen Lhat since the cmn-u
ponent of the primary e. m. f. O. G.. necessary to over-
‘come the back e. m. {. due.to the secondary. is in the di-

' .I‘B(l'tl()n of the primary éurrent O. A., the effect of a cur-

10

rent in the secondary is to divide the primary e. m. 1.
into thrée components, whmh apparently reduces the

. self induction of the primary and increases ite resist-
~ance by bringing the resultant e. m. f. 0. K.. more in
: phase with the primary current, wherehy the puumry

15

20

current is increased and more power thus obtained.

- To further illustrate this point, Teference is again made

to Fig. 1. In'the case just considered wherein. the ReC-

ondary.of the coil was assumed to be.on short ¢ lrvmt it
will: be noticed that the e.m.f. of self-induction in the.

primary was apparently reduced by the back e. m. f.

~of the Bet,ond;u'y fromd H. 4 to H. X and the 1‘641*-.1‘111('(,_'
: uwreaﬁed froin O. H. to 0 Y., while the . m. f. came -

| '-qulte mtu ph‘lbe wnh the (urrent thus brmtrmg the

“power fac tor nigh unto umty Now, let us assume the
-bemndary to have a line in circuit of bll(‘h:l‘&hl‘ddll(‘ﬁ. |
.- that the total secondary reatstan( ¢ becomes 8000 ohms -
B lnstea.(l of 85 ohms.

This i& about the equwal{,nl of a

Ciwoe lhuumn{l milé circuit as mdlmrlly used for the

| jtpluphmuv transmiission of speech:

~in dot iind dash lines in Figs. 1 and 2, with prime and

o EG('{II](I m(h( s,
| i(mdary c. m. f.rises from 31 A5 wﬂia to 80 volts, as

45

50
. stant primary ¢.m. £ fo deal with.

55

The apparent result is that the sec-
shown by 0. (. 'whlle the sec und...u)r ¢arrent. falls from
30.78 volts-to .83 volt as shown by O. | O
The resul, is Hlmwu in the ]}u*«llluh of 0. G”.

wnh the l(‘hl!lhlllt of 0. 1. and 0 G/ vhlch is O. Ix"
A the nece owlry “Tmpressed pr umuy e m. [ eqlml to

| n,lmut 33. volts. and leading the current hy “.mut 72° in--
stead of 12° wnth&puwer factor proportionately reduced. |

The values of the various vectors just given are based

the primary, and that the power factor of the primary

remained the same as w]u,.n the .50(34111(1,.11*3( was on short

t-lmunf
In pmvtwo we have. a dwreamng, or at lw::-.t a con-

cumstances, let us consider the primary e. m. f. as 24
volts. Now with the voltage remaining constant, the.
¢ffect of increasing the Sl‘{_‘(llldd,ly resistance as aforesaid
is as follows. . The sccondary current is reduced pro-'

"'purtmna.lly io. the secondary resmtance and swings

fur
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nearly into phase with the secondacy e. m. f.; the back/
e. m. f. which is dependent upon the value of the sec- -

‘ondary current decreases with the secondary current

and is advanced by the same phase angle. “The com-

ppnent of the primary, necessary to overcome this back
e. m. f., is proportionately reduced in value and ad-
a V..H](‘Ld in phase.

Now as.the back e. m. f. decreases
in valuc and advances in phase angle, the primary.im-

The diagram of the
mnu., mduvtmn coil under these (-undltlum 1S uuhcated

37 ampete to .01 ampere; the back ¢, m. f. falls from-
- The lagin
‘the h{‘(‘{}llil‘u‘}( is also reduced from about 67° to about

1°, with an equal shift-in the plmhe relation of the hack |
¢ . 1.

upon the *Lahuml)tum that the primary e. n. {. ]1;15 heen_
raised g0 as to maintain a power current of 1 ampere in

Under thesb cir-.

p—r

- 23. 47 watts =FE,; 1, COS b,
| qpcmdmg reduction in the energy of'the secondary cir-

865,215

¢. nii. [. advances or leads over the primary current, by
a like angle. Im the case given, the primary impe-
dance is increased from 24 ohms on short-circuited sec-

~ondary to 33. ohms with the external secondary circuit

as given, and what is more Impostant the phase anglé

Detween the primary e¢. m. f. and the primary cuirent,
s incregged from ]‘?‘“ in the first mstq,nco to 72° in the

latter. Wlth the given prmmy voltage the- primary
(,um,nt 15 reduced from one ampere to .72 ampere,
which gives us for the sccondary e. mu. f. according to

‘the equation’59.8 volts instead of the apparent 80 volts.

The {,nugy of the primary circuit’ is reduced Imm
o 5.33 watls, with a carre-

cuit.or main line. ~ Since the magnetic field, by means
of wlhich alone energy is transferred from the primary

‘to the secondary of a transformer; is dependent upon.-
the vaiue of the primary current and its power facter,

and the secondary voltage is directly proportional to

the ‘energy of the magnetic field, it follows then that

any reduatwn in the secondary or line: cunuttr as a re-

which in turn operates to further reduce the secondmy

or line current by reducing ‘the: sewndmy p(}tehtl{l].
Wluch is cqual to 2?rnMIl,,

70

.'_75' -

80

-sult, of an. mcreased resistance or-length of 1ine, causes
a curreﬁpondmg increase in the unpedan{,e of the pri-
‘mary; and thercfore a -reduction in the primary current,

90

.Thus, itis seen that.to .
the primary iinpedance and secondary remstance isdue

most of the inefficiency of telephonic induction coils or

transformers.  On account of primary self-induction

and hysteresis losses it ‘is impracticable to avail our- -
'sdves of a magunetic field of sufﬁment intensity to war-

1.1111, a1 efﬁ(:lbllt Lmnsformatmn 011 account of sec-

“ondary resistance,—and long distance telephﬂmc n-
duction coils may be said to operate on resistances.

equivalent to open circuit—we are not allowed to take
advantage ut a back electromotive force which further
reduceu ﬂm iransformation ratio.

shows, by cumpumuun a loss of about 93 per cent be-

tween the prunary and -the sewndary (:1111{3111, even
~with the sccondary on short ciréuit,

" Having the pwblun stated, consider now the pwpu-
sition of controlling the primary self-induction, and

wndumtr it mdup(lndunt of the secondary or line
1 112!‘\'(_, fuund that thls can be done by t,h(,_
1 use of mpaclty in the primary circuit, or preferably
‘multiples thereof, whereby the primary self- induction
may be Wholly or partially neutralized in the given

carrent.

branches of the primary for any” ‘desired Frequency,
As is

It there-
fore follows that for any circuit containing. both seli-

95

This is true to such.
an extent that the tmubfarm(,r referred to in Fig. 1,

105
110

1156

- thus greatly i increasing the primary current and flwrcl}y |
| the secondary current in the main line.

,knuwn the I‘(“LLtIO'ﬂS due to self-induction and: elmtw- |
{ static- capa,mtv are diametrically opposed.

will -

120

mductwn and ‘capacity, it is possible to s0.adjust the

values of each as to make the one neutralize the other.
When this i 18 done Q curre,nt will flow through the cir-

cuit the same as 1f it' were free from any 1111peda,m,u'

This is the candmon oi resonance and
18 puss:.ble only when ' |

wlmtseever

2 ?I'?’bL

1 0

"'""Zerﬂ, -

] { : = -.q +

pedu nee: mcreases in value, and the 1111presbed pr1mary { for a,ny gwen permd or frequencg Ea; any penodm‘ty

125
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abové or below this the. two valueq Wln not c:.mce] and
perfect resonance will not obtsgn_ I have found, how-
. ever, 1th:1t when a circuit is made resarna.nt for any par-
ticular frequency, say 250.p.' P. 8., the effects are
_expenenced by -all frequenmes above 250, but in a
“eradually decreasing’ value, as wz]l be explamed later
~ in-this specification. . . - .

1t is prOpmed to neutrahze the lmpcdfmce of thc
. primary circuit, by dividing the primary into two or
10 more branched, or ‘nultiple circuits and inserting 2
| sufficient, capamty and mductance into cach branch -

_" czr'_'-' i

nance for the frequencies to be &ffected whereby larger
primary ‘currents ‘and more power may be’ obtained.

*sqa,s?iq

~Assuming, n

‘then' he im curren
~ or multiple thereof to satisfy the' conditions of reso: |- t pedance reduces 1o zero and the ent.

riges to the value given by, I=ge - o A

“Neutralizing the self-induction of the prlmal'v does
~not. affect the magnetic field of the coil or the fiutual
" induction upon-whlch depends the qecnndary e. m.f.
“and ¢ urrent On the other hand, it enables us to obtain
_']-*trfrm (*urrentq through the primaries, to utilize more"
- 20 iron in the maqnetrc circuit and to transform.more
.77 energy into the socondarv This will be better under-
- stond hy reference to Flg, 2 which is an enlarged por-
| tion of Fig. 1 ‘From this dlagram it will’ be seen that
. with the qe&hndary on short cireuig the primary. self-
25 m:luchon 8 erlucod by the haek e. m. f. O. F., of
o the: sec nndfmr fmm H J. tn H. K., whereas with the
| --vmmdary P(IHHECt(‘d lnto a circuit equallng 8000
ohms the h‘wk e. m. f. 13 re(luced to O. F., and so
advaneed. in phaw-thnt the primary self-induction’
hecomes I X7, whwh practmﬂlv equals that of
_qunml Iy on open cmmnt “The result of t]llﬂ has
,' _-.alr(-arl Yy ‘been described. ‘\Inw suppuse that a c-apac--
ity reactance bé . mcluded in’ the primary circuit to-

nppn% the r{-aotanrp of Qﬂlf-mduvtmn equal to the
er-t'tm T Z,”H"Tl [P A

-1y X.,
2%nc' | |

30

39

2 ?Tﬂ]:.l —

wlmh gives the mmg nnpedant;e f{)r the pritnary as
when tho secondary was on short circuit; 0. K’.-be-
comes (. K”.; the primary takes practically twice the.
 amount of (‘urrent as before and transformg an’ ﬂquwa--
“Tent amount -of energy into the secondary circuit,.
" main line, due to an'increased ratio of transformation;
and this as a result of only partial resonance.

I shall cousider now, some ‘numerical ‘examples for

e
~thie purpose of showing the operation of the general

rute Considor a primary cireuit including an indue-
Ction, or transmitter coil, of the following constants:.

C Iy =5 ol Ry external=9.5 ohm, [,=.022 henry.
50 [, =10 volts, I*uup the carves of Fig, 3, it will he
- seen: that this circuit and coil, listed therein as circuit

Nu. 4. offers an impedarce of about 34 ohms to a cur-

~rent-of 250 p. p.os;, and that for a frequency uf 750

. p. s, the impedance: ig over 103 ohmg. |

" Fig. 4 shows a series of curves, of current resulting
Arom the impedanees in the (riruuilts" riven in Fig. 3
Cebrrespording to the eircuits and constants - given,
- ender the impressed - mufL of 1) valts.  Thus in Fig.
4o erenit 1,
UI_I!{IH |

GO
| _ _!,_ ) .
VR +(.»37rnL,)2., |
and aclrequeney of i =250, we get only’ .29 ampere,
while for 750 2. we gel 097 ampere. This i
nlnt:‘ it ‘“HIITII]HII:I' nl q:-mnd.;tn ot line of ‘uﬂﬂl}nhnl
. _ : r; - r {! : .

!

!i. :-L.

‘ 1

H'I'

tion coil, together with the capacity necessary to tutie
it for any given frequency, as. lllustmted in Fig." 4,
_wherein . the. current ‘values for tdentlcal circuits—

‘with R. and L. constants the same in cach—are shown

siim of the curfents i the different coils.

tiple; curve “b”,
nected in multlple into the sccondary cirenit which is
considered under short circuit,*at a tranafnrmatmn --

termining {he qnm of these currents,

"wni*-: and their relative phase angles.

by currents 1, and 13, owing t:r their very high impe-
~danee for this froqm-n(*y ive ver} small values of ¢ur-
rent and of such relative phase relation as to. but

1

WA is meen llm,t, fur A 1111 odane ' uf 311
P , “impedances are go gredt for this f'u-:;m ney, and the

or 'apprbachi'né open ciréilith: " Let us introduce into the 65 -
primary a cdpacity, C. The primary 1mped‘mce is

| then ~determ1ned hy the equatlcm,

.y

5 Im /R2+(27I'nL“ = )2‘ I
- 27ne S .
---2501) P. 5,andthat

2:-mL— 1

. ..7(1.

=0, . .
2Tne .

R 75

F

In. the case mlder consldemtlon thlﬂ neutmhzatmn i%" '

approxlmately obtained by a capamty of 18 micro- '
farads and the primary current rises from .29 ampére

~to 1 ampere as a result of this capacity in the circuit. -
| Reference to Fig. 3 mll algo show that for a frequency
“of 750 p. p. s., |
‘resonance amounta to .108 ampere, against .097 ampere
for the same circuit without the capacity: thus indi- -

| cating. clearly the benefits of primary resonance for. -

_so_ff
the current resultmg from the partial -

telephomc currents, even where the circyit is attuned | 35 S
or syntonized to but one frequency. Now, we- may - _

divide the primary circuit into a plurahty of circuits,

and include in each branch the primary of an 1nduc- o

90

for dlfFerent periodicities, witheut capacity, and with -
the’ circiiits tuned for the frequencies. of 250 p. p.'s.,, * .
375°p. p- 8. and -500 p.- p. 8. respectively. . Figl 4 also 95

shows in dotted lines, curves representing the values .

~of current in the Eecmldary circuit, wherem the see-

ondaries are connected in multlple eiving the w‘ctor', -
Curve. a”,_
Fig. 4, represents the resultant of coils. 1 and 2'in- mutl-

100
the resultant of 1, 2 and™ 3 -con-

ratio of 1:1 neglecting low,am
cant. o | .
Figs. 5 and 6 I“thtl“lfﬂ the graphical methml nf de- -
each veetor of
which is drawn to a given seale repr montma the cur-
- vam nnfr {o
ig. 5, whprm n the values are hased upon a freqnon{-y
of 250 p. p. <., it will he noted that as a result of circuit,

']‘hmv curvoa are surnih- :

105

110

-1 being l‘f‘ﬂn‘ﬁ.ﬂ.lll for this frequency the cwrrent I; hasa

value of T ampere, whereas ¢ iwuim 2 and 3 represented
1156

slightly inc rease the resulfait current Ie. ‘The fact is

vlu_'ttml,_huwv er. that for a frequency of 250, only cir-
cuit No. T will give any material current into-the see-

umhly and- that Ilwug]* the coils are m_mulhplo the 120
phase relationg are sueh that coil 1 is reinforced instead
of heing short cirenited by coils 2 and 3. Now, as the
flt‘(|lll*ﬂ(‘!i“= advanee the currents from the différont
cotls come nearer and pearer into phase and ag a con-
seguence the resuliang il]l!ll‘t:;*_ll‘hi'ﬂ the simple QU of

1925
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| ,the ﬂéveral currents as is. Illmtmtod hy Tl& f‘

_-ci- )

'L .

~values may- also "be obtained analytically. Fm two

N ¢ mlq n rnulnple tho fnrmula for the rwﬂhnt current s

IH-— \/&-.-I—-d —|—"aa cnqqﬁ

where a, and o, r(‘prt‘qont ‘the: value of the hvu cur-
rents and @ the plnqv qng]v betwoeen, them. Tor the
resultant of three ‘or more currents, find the resultant

- of the first tw:: then mmlmw thh w:ult‘mt mth the

- mg plmn:'lploq upon wlmh the ummmnu {e unwa of lm

- invention are based, I shall now give, o far as may he
S necesmary the detail of mcthnd and Q]}p‘lmlllh for carry-
- ing this theory into-effect. P | .
.39 " Intheart of telephony, the me¢ hamm] onmm. of the
I vowe is traris’ated into, electric al energy through the

© . agency of & diaphragm in operative relation to a vari-

~ able resistance medium in closed cireuit wuh 2 constant
Lo -'f"potentml source of electrlcal energy and a {r ansformer.
~ 20 The changes in the variable resistance l'nlluwmg the vi-
.. bratione of: the dlaphrugm creates a unidirectional ya-
" riable current through the (]Oqu {'1r(=utt 111(*111(1111# the
" primary of the induction ceil.
-~ being umdlrectwnal it.follows that a condenser cannat
- 29 be placed In series wzth the. primary. coil,. 4 necessary

,thud and SO on for tlw fwum | |
IIfwuw 11111'==t1t1tvd the ﬂ'mwml tlunn aml unde 1h~

_This primary. current

- requisite under the given ("ﬂndlthI‘IB and the circuit

- “thecoil:

... being a constant potentlal one, nnthmg may he gamod
-~ by placing a condenser in mu]tlple with'the primary of
To transform:the primary unidirectional cur-
- 30 rent into an alternatmg second*try mrfent fnr the pur-
- poae of utlhzmg the principle of resopance in thé sec-
g Dndary, then transferring this.current to. line by means’

" of another transformer, invelves the losses of both trans-

" quencies.

. " {formers together with thﬂ dielectric losses of the con- -
. 85 densers which may more than equalize the gains, con-.
B sequent upon a proper tuning for the essential voice fre-
| These facts and the very mmplezx nature of
- the frequencies and phaqe relations of a voice-current
~have apparently ledsto the belief, by telephonic au-

on ies, that the principles of resonance cannot be suc-

“mission. . I hmre dlscovered ] methnd however

B _45 whemby a caphmt}r may be auccessiully placed in se--
' . ries 'with the primsry of a ttansmitter induction coil,

..and:the circuit tuned for any desired frequency, or fre-
" quencies, Whll’:h will be better understood by reference

- to'Fig. 7. Referring to this figure, it will be seen that |
| "-.____?_ 60 we have & variable resistance 1.,
| stant potentlal source of gnergy 2., in the maimr branch |

-of a eircuit which dwldes at 3 and 4 mtc} two branches.
One of these branches. contains a vanable resistance 1,
while the other branch contains the primary of an in-

- 55 duction coil or transformer 5 in series with a capacity 6,

. of such value as to° neutrah:re the mductance of the cir-

‘cuit and make this branch of the circuit resonant for a
- given fraquency It will be noted that while the cir-
- euit dividesat's and: 4 into two ‘branches, the source of

60 energy,. supplying & unidirectional current, can only |

_cause & current to flow  through the bhianch containing

'the varlable resistance 1., the current thmugh the other

branch being stopped hy the v{mdenset 6.
nnrnml mndltmn of the (11'01111; ~

TF”EO !

e c{ lly applied to telephﬂmc circuits E‘I(‘ept for the
~ Hurpoae of counteracting the.capacity of the main line-
it thereby reducing the attenuation factor of trans-.

in series. with & con-

Tluq is the

l

:

| I

F

o E,_; S R o 865,215

Consuier now the result of 1 varylng the remstance ]

65

Under normal conditions about 98 percent of the tatal.' o

- romstflnre of the circuit formed by 1, 8,8 and 4, lies in o

| .ﬂlt‘ ariable remqtﬂwe 1 1tﬁelf Therefore 98 percent-- -

of the drop of potential i in the circuit will be hetween -

the points 3 and 4; or in other words, there will be a

‘While no current ﬂowq nnrmally,

70
- difference of pnwnml Detween .these points eqmva-f‘ E
| Tent 1098 percent of the pnt9nt1al of the battery, or |

“souree of enerov 2.
through the lmmh of the circuit. containing the pri- -
mary coil 3. m}d mmlenser 6, the c'ondenqer is charged
10 the same potential that. exis{s hetween 3 |
:_'gitl]lnﬁbihdt 1f thme*«wtancel be suddenlv lowered, as

%
3and 4. It - -

s !he Case'w llll a telephonic transmitter, when a sound

111r.,u{* Htlll\(ﬂ th{? {]mphmcrm ihereof ’(he Pﬂtentlal be-'- L
Lween tlw pumt'-. ":‘1]1{1 1, I8 pmpnrt lﬁllﬂfﬁ'lylowered and

heing now of a lower putontml ﬂmn the condenser 6, the

vultage or potl?ntlﬂl of the semndary circuit.

.mmlomor fll'ﬁ("'h‘ll“"'{“- causing a current to flow, asshown
by the arrows, I]’llnllf"ll the point 4, the transmitter 1, the -
pont. 2 and the induc tion coil 5, to the other side of the .
« nudonqm 'md this. mn*: ont nnt only flows under o po-
- tential {‘qual to the maximum variation of the resmt-'ij' |
“ance.of the system, but-flows thmuﬂh a circuit whose .
f”unpedftm*e has heen neutralized or réduced by reso- =
nance to prm hoall} its ohinic equwalent and at a time S
_f_when the tmnsnntter reqlstance iz at its’ Immma thus
’"mmrlllmlsl}r increasing the available current in. the pri- .

“mary 'ml 8 which in turn prnpnrtmmtely increases the R
‘When "

‘the transmitter returns to its normal position tbe poten-

tial of the con tlenser § is agdin raised to equal the poten-.
{ial ‘between 3 and 4, and as the. dlaphmgm passes
-ihrougll 1ts nmmﬂl pnf-'.ltmn and 10 maxlma in the op-_-_-_.f |

95 .

posite direction, thereby raising the resistance of the o

-'rlrmlt there i is a propurtlﬂnally m(-reaaed difference .

'bf potential across 3 and 4 and also: aomqs ‘the condenser

‘terminals c'ulsmg it to take a maximum ‘charge, and to .
_fdlscharﬂe again, upon a decrease in the potentlal ACTOSS
'-'3 and-4, due'to another reduction in the resistance 1;

nd thus with mch excursion of the dlaphmgm to and
, the resistance of the transmitter 1'is alternately in-

100 |

105] -

creased and decreased _raising or. lowermg the dlffer--- ’

ence of potential across the terminals of the condenser

vwhich in being alternately chalged and discharged; pro- -
1 duces a current through the: primary coil 5. Itwillslso

bé ﬂGtEd that by this method an absnlutely alternatmg 1 IU .

‘current is ut 111zed in the pnmary coil, whmh varies

from a posltwe maxlma through zero to 8 negatwe' .

‘maxima, thus insuring better transformer efficiencyand
‘better- definition of wave farm, as a result of permit-
tmg the use of a greater hmount of iron in the core of the
primary coil, and the ‘variation of, the magneétic fluxin -

115.

" the core of the coil from 3 maxlma through zero to maxims
again, instead of merely’ reducmg the value of » ma.g-‘ .

netic flux of constant polarity frum maxima to a cer-
tam percentage of 1tself Thlﬂ Isa dlstmet st.ep in the
art. Ca

with the necessary induétance and capacity, requisite

From the c1rcults traced in Flg 7, 1t is evtdent that,._' E
. points 3 and 4 may bo divided into a _plurality of cir- -

cuits, each containing the primary of an induction coil .
125

‘to make each branch resonant for the desired frequency. . -

By winding the primaries of the induction coils with an

‘increased number of turns, the transformer efficiency

| may not only he increaﬂed' but the inductance of the
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reason that, by so doing. *-nmller capacities will be re-

. ,,}'qmred fGI' the- Mecesary tuning, and I‘(‘ll.lh]{'{unﬂ{‘ll*-{*rn ,

10

20

2anL— - =)
then by flﬂhﬁpﬂﬁ%ltioﬁ;_ R . _:
L=2mnc=— —=L, - = .
| _4-?1'%-(: R

| _.3.0

35

40
R r(aqnnanpp pnn{ IPIE““ to the prunarv {‘lr{‘ll“ fur am' df"— _'

55

60

-are not. nnh' ¢ tlmlwrmnw am[ lmlk\

| 'wlwro ! = numl:or nf tums in the rml, ,.\

| '_nlarrnetw circuit, i = permealnht}, of mum Ore.
| -('nnnectmn it ahuuld be stated that. Hathfa(‘lﬂr\ restilts
. Are ta be uhtamed in turting for resonance, only by the’
use uf mlm or air mndensers. nq I have fmmd by disap-

-ducing thé same. 1 shall now ddvance to the next step

S i the thrmtmn of in¢reasing: the effevtne main line
45

~well knnwn inorder to effect the. lnng distance trans-

: lmqﬂum of a Ivlophnnw 1ranﬂmltter current, it is neces-

b ;11--:: \(‘rv ex- -
pemwe. | . - |

As has been hl.ated in the iurﬁmunw ac 1r< un istuned
or m;ule oummm tor a trnvu lrvquvn{ ) when ' |

| Frum whwh by .an Casy trqnapnuumn “e may s 1lw for |
eltller of the thrf.- essential quantities n. 1 or C. neces-
' -;,_qai‘j, fur rpﬂrmanrv whon Ilw nthor o ar{- "‘]H‘Il

B
l
o "-As mduct'mw 18 a. factor whmh hnq to ho (loter- i
25 i
f’ﬂwrofnr lB hﬂré gn'on whuh ieU

mmod nr{lumrllv by - ('nmputatmn the O}..prmslml

_4meAM -
110" LT

S
‘

netic core in qquare . m. Cross section. (= moau lenﬂ'th.
Inthix

p.untmg and pamqtakmrr ekpenments that- paraffin’

Imm 2 Wit e hange-n of tempemt ure.
Havlng nOw.
ments of my xy stem. Pntormg into tho ‘lpphratmn of

sired frequency or frequencies, and the method of pro-

__lml\..wu very low,

, qpp:n\mmvh
" nature of the -r.=mml.1n e, f,=0 uht;umd as affecting

Ft lr »

* . = w ' *
Weppmiay  F we caf o o - .
P

oV erod the sev oral ﬁmdamental ele-' | '.operatmn.

port mllal s0 as"to-give & maximum line current.. As'is’

ATy to step up the low putential current of the primary.
Rut. there is a limit in thus nlrtammg the nec eREATY

“cuit.

main line pmontnl beyond which we ‘may not go. and l
'uhorvm ‘much is lost to telephony.

'upun llnﬂ pnmt let 11== briefly consider the secondarv l
-~ electromotive force in a transformer.
_- _hfurognmg this electromotive force ix equal to the pri-
mary e, m.f. mnltlphed by the ratio of transformation.

To thmw llght

As htated in the

This. however. i= not all, for the e. m. f so obtained is

merely an apparent ¢ m.f. Ther ratio of transfumm- i
tion 7"' nmv lw (*\l’ire=-.-ml d*« | | ‘ |
| | ) “?TnM - 1

1/4%} ALY R,

'.1’-111 in 11=lt‘llhumv Iransl'urnww “; o ll“"""‘" “(‘L’h"nﬂ

P

prtmary coil itself may Iqrgeh serve tumne the cire 1t. l ﬂuhlv as  compared with 1':«'1":1-,L ‘md the matrnetle"
It s prnl:ablv advisable. however, to insert separate in- '
‘ductances in the ¢ reuits so as to use the larwcnl amount
“of induct tance in the primary circuit that is praoht a- .
"hle mfhout undulv Incyeasing. its I'{"'-l'-!{lm{‘ for the

of lho numlmt of !um'-'-' We Inay say llmt

This 19&(1@- us to consider the fictitious

-~vf'uudan current. . By dmimtmn we may cdeter-
mmo the sée amlnn mmom m 2eNer: 1] lw Ihe eqlm-
lltlll | - | |
o | 't.}El o

'. 1. - . ., ! . ] L

’l‘h:{1i denummatnr In ‘llnq equatmn qhﬁwq us. the limita-
¢ tionsof zran--tm mation foreffective qet'nndarv potential.

hmhm more. it not only ghows usthat 1he- apparent sec-

- ondary mwnnal must be div ided lw the’ becunda,r},
' unpedam-e but that the- prumw resistance is a factor
-transferred to tlw qemndan and tlm the tmuqinrma-f
nun ral 10 is also a t...wtur in thq dn lsor Whlch ln(-rmqes. -
as the square, while the qemndarv resistance increases.

d’re{'th* ) 'l‘n Illu-ﬂtr‘lte (‘unmder a tmmfm et wuh

': . k . . A
11m400 1‘2::"’400 R.«,-—-—(‘O ohfns. |

~Suppose the secondary turns, f,. be doubled.

it ix readlly seen by quhqt itution, that in so0 far as sec- ,
"_mldary current i8 mncemed we hfwe lost. hv the
This is one redson. wh} t?lephnuw trans-
:_ fnrmers have nnt been uperated on a- transformation
..mtld beyond 4 ceftain rioderate v*‘llue.

“Another

it therefore fo dlows that the coefti-
cient of sell mduvnun being proportional to the square. .

Tt is qdnmf
~“ted that: we should obtain an apparent: semmhr\' po-
';telm..ll of twice the {H‘lﬂ'lﬂ‘ll value. but_since ‘we have
.mr'wuqed Ilw ~=£‘*mudar1 resistance m 1’0 ulnns, aml
| t'm qquare n[ tlw tﬂnhl'nrmatmn Tt 0, L

- -mndenserq aré not to be relied upon. nwmg to dielectric rl L tl SEEEE 11 o
o hyai eresis and lnw mqulatnm which varies WIthm w1de

70
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80

_me the equ‘umn we Wnuld t‘ret a certam qevtmd*m" |

'urrent

qrm of m;v,.__;-;, or made 4800 what would be the requ’lt"

90

95

100

reﬂ%n is, that, a hlgh transfnrmatmn ratio *has here-

tofore meant high secondary 1mped.-.mc‘0 which re-

sulted in a greater drop -of potenttal across the sec-
ﬂndary terminals, .than 8€To8s the receiver terrmnals,

consldermg the receiving station or terminal of the cir-
This not. only reduces ‘the. eﬂ‘ectwe current,

throuEh the receiver thus i impmrmg the transmission,

‘but Bendusly interferes wuh the voice harmonics or
overtones, as a resilt of wave reflection and dissym-
_metry of wave pmpagatmn due to the pu-f-utmn of the
-secondary impedance in relation to the receiver in .
the cireuit.
gineers that by shuntmn' out the secondary, of high -
pobtential coils, the efficiency of -the receiver IS mlqed

. And, it is well ' known.hy telephone en-

by.50 percent. or more. This again refers us to. and
accounts in part for,-the low efficiency transmitter

'lndu(‘tmn coils, in general use on the long distance .
lines of the Amertcan ’[‘elophmw and Telegraph Com-
| pmn. | E .

. Now, in my nvention, tlw v-':svmml vffectno tr‘mqf
formation ratio is ohtained by tuning the primary cir-

1_o=5_'

110

115

120



- &

'efﬁeleney of the teceiver.

¢ ulte fer lawer emrente wlueh from the LXpI‘O‘SSlmI '
lor sécondary e, m. {. E,= 27nMI, gives us the samc

rveulte as would be obtained by increasing the mutual
induction M, by raising ihe transfor nmllun ratio.

MorCover, thlS 15 rlene wnheut 111te1fe11ng v.lth 1he'“
In addition to thie I have”
discovered. thet by ple.t'mcr the sccondarick, of the plu-.

rality of primary circuits’ aIreedy referred to, in mul-

- tiple, and relatiag them to compensating transformers,
the terminal 1mpedences of the line may be 1e(1uced-
to practically zero and - the receiver cfficiency im-
This will be better un-

proved by about 100 percent
derstood by reference to Figs. 8 and 9. - .

| Referrmg now to Fig. 8, let us consider the a.lterne—
tor 10, as the eqmvelent of the eecendftry source  of
e. m. {. 10, in Fig. 9, and the.t 10, 18 another genereter

. “at the distant end ef the circuit, elmllerly arranged,

90

- the ATOWS.

.25

 shown in the diagram. Consider now -the current
- Upon reach-
ing the termmal 12 of transformer Tr, it passes threugh |
theJine coil, or primary, in a.direction around the core,
as shown, creating 2 meenetlc flux threugh the .core -{
~and an induced e. m. “f. in-the other, or secondary
winding which flows in the opposite direction around -
the core of the trenefermer and into the line at 14.

30
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" the rest of Fig. 8 being 1de11t1eel with Fig. 9-and with "'

similar mdrcee “Alternator 10, is euppoeed to be gen-

erating an e. m. f. whlcikle considered at the moment:

when the current is in a ‘positive direction. fellewmg

100 pereent efﬁmeney, pnmary and eecende.ry turns
wound together on thesame. core, and - connected as

ﬂewmg in the direction’of the arrows.

A simils. -action tekee place -in- tranefermer T‘rz

which generates an ‘e. m. f: in its secondary in
the- samie - direction as ‘that -in the secondary of
" Tr;, which on.account of the. two eecendanee be-
ing connected, places these two secondary e. m. f's.
~in series.

Now, it 1s. ev1dent that * the current

“{rom generator 10, upon reechmg 14 has two pethe the -

one- threu gh the main circuit, and the generetor 10/;

~and the other through the twe secondaries 15 and 16.
It is also obvious that the seeonda,ry path throu gh Wllld- |
ings 15 and 16, is 1mpesee,ble because this path con-
tains an ¢. m. L. of its;own, due to mutual induction,
opposed to the d1re( tion of the eurrent

“In fact, this
second pad h has an e. m. {. twice as great as the e. m. f.

in coil 13, and itself produces a ¢ urreni which is pl&ced
in muliiple with the eurrent in the lme primary. In
addition to this, it is evident that eeeendery coils 15
“and 16 heing in series andof a potential twice a8 great

as that in the main, a current is also forced baek threugh
the Imrmtry(eﬂ 13 and the genera.tel 10, and the poten-

tialof the generator reduced 1n the main ine by half1ts
Reversing the diagram and cenerderlng' '
1Y as the genecrator and 10 as the other terminal, we

shall also reverse the status of the system, and the
- potential through the cireuit between 11-and 12 and

former value.

through generator 10 will be {wice that given by gen-
erator 107, These results are of course predicated upon

1deal relations and efficiene ies, and in actual practice

“atants.

would he madified by the lnswe in the transformers and
the velative values of transforiner and generator con-
Thus if is scen that by the use of compensating
Cransformers, we may rmaise o lower (he line voltage,

" The transformers Tr and Tr; are taken
- as 1dent1cel with a ‘transformation ratio of 1:1, ‘with_

-
el

I B., in Figs. 9 and 10.

+ wiy

Fs

1o mwmmg currents tlueugh coils 15 and 16.

‘stances.

865,215

or hy properly adj justmg the tre.nefermere or their con-
stants of tr enefnmmtien we may maintain the or iginal

petentml of the source while reducing its internal im- -

pedem.e to incoming currents, as a result of the shunt

ehmfld he eheerved however, that m(mmtlﬂ' {‘urrenie

are not only shunted in multlple w ith the source 10,

but are raised in potential io iwice that of genegator WY,
thus reducing the impedance of the terminal from two

Causes, and thel(hy 111(11 aging the emwnt threugh 75_ |

tlle cueurt
It will Le ueted that 1 h...we elu wn and de H(‘I‘lb&d two

' enmpenmumg tr-me[urnwre in relatioe to the eeurce of
Now, this is not &
| sential, -:Ultl in practice’ ong transformer properly ad 80 .

e. m. f., one oft cach side thereof.

]uete(l as to constants and tre.mfermatlen ratio, so as {o-

‘equal the Hne e. m. {., is found preferable, ag shown at.
Both niethods, ‘however, are ef-
fective; and have t(thmhgee varying with circum- °
This brings me to Fig. 9 which is a diagram- 856

matic repres¢ntation of a local battery iype of my sys-

‘tem, in conventional symbols, which will be readily un-.
_derstood. From. this figure where similar references
“indicate similar parts at each terminal of the line, it «
will be seen that the principles disclosed and explained 90

with reference to Figs. 7 and 8, are applied to.the opera-
tion of Fig. 9. Reft-mng now to Fig. 9, epeelﬁcel]y, A.
and B. are the two distant terminals of the line; 1. is &
telepheme transmitter of any approved type; 2 is a..

1, derived from which, branching from points 3 and 4; ..
are two branch circuits, containing inductances Ly and
L*"1 , primary coils 5'and 7, and capacities 6 and 8; This
is identical with Fig. 7 e]rea,dy explained, ‘whereby pri-

quenmee ag disclosed and ﬂluetmted in'the feregelng

{ Now, primary coils 5-and 7 ect by induction upon sec-
| ondaries 9 and ‘10, eettlng up therein electremetwe
.t'urcee which act upon the cempeneeter transformers Tr,

and T7, in the manner prevreuely described in reference. 105

to Fig. 8, which:is" 1dent1eal with: the secondary ter-

‘minal system of Fig: 9 Th‘erefere, we have a systemn

wherehy the trenefermer%iﬁmency is increased by res-
onance 100 percent. or more, while at the same time,

It 70

‘source of constant petentre.l in circuit with transmitter- 95 --

‘mary coils § and 7 are made resonant for the desired fre- 100 |

neutralizing the effective anedance of the equivalent . 110

~secondaries and theteby increasing the -sensitiveness of
the receiver 19, by 100 percent., making.a net gain over

old miethods of at leaet 200 pereent 88 venﬁed hy my .
Lx.p(fl'lln(‘ntﬂ |

Figs. 10 and 11 are d1agrammet1c repreeentetlene of 115 .
central energy or common battel'g,,r types of my syetem
with distant terminals A. and B,, and eerreepondmg

central offices C: 0., which -will be readily followed.
from what has ah:eady been disclosed, and a knowledge
of common battery gystéms in general.

the prmuples of my invention to eubeenbere stations
e

- in a common battery system instead of at the central
“office, as under some circumstancés may be desirable. 126 -

I do not in this e.pplleatren claim the art or method of
telephony deeenbed ag that is claimed in my other
application, companion hereto, entitled ‘“Art of te-
lephony”, filed August 2, 1905, Serial Number 272375,

Like indices 120 -
refer to like or equivalént parts in Fig. 9. -Fig. 11,isa .
‘modification of Fig. 10, showing the method of applying

which application is a division hereof, pursuant to the 130



e

~requifement of the Patent Office, 80 8 to separate the |

~ apparatus from the method claims. - - |
"It will.be obvious that many changes and variations
can be made in the detail of my system without de-
parting from the epirit of my invention. A

. 7 shawn,—what Icla.lm and desire to secure by Letters
" Patent of the United States, is— . '

_..1_0

duction of ound, ‘means_for -producing resonance In the
' transmitter;cireult, substantially as get forth. Lo

1. In .j:he art of the-electrical "traﬁamlsslonj and repro-

L% -
'
H

".2. In the art of the electrical transmission and repro-

4 . " n

" duction of sound, means for producing ﬁnd-,détermining_i

15

25

. electrical consonance {n the transmitter circuits, whereby
~ the current is increased, substantially as set forth.

30

“duction- of sound, means for attuning the transmitter cir-
0 be trans- |

35

40

- electrical resonance in the tra_ngmltter eircult, substan-
' tlally as set forth. . - R S

_ductton of sound, means for preducing electrical resonance
.- in the primary circuit or -cireunits, whereby the current ls_*-'
- increased in the sald circuit or: circuits, _substautiallj as

20

‘duction of sound, means for producing electrical conso-
‘nance in the primary and gecondary circuits, substantially |
_asset forth. -~ . . T )

.- 5. In.the art of the electrical transmission and repro-

" . cuit to-the essential frequencies of the sound t
- mitted, substantially as set forth, - - =’

- duetion of sound, means for electrically attining the trans-
‘mitter circuit for the essential harmonic’ frequencies of
‘the sound to be.transmitted, whereby the current is in- |
.~ creased in the said transmitter cireuit, gubstantially as
. get forth. - - ¢ L e

| to e transmitted, substantially as set forth,

. 3..In the artof the electrical ‘transmission and repro-

set forth. - ..~ - R e s
4. In the art of the electrical transmission and repro- |

duction of sound, means for producing and determining

‘6. In ‘the artsof the electrical transmission and ;eprd-' |

. 7. In the art of the electrical transmiz'sioﬁ and repro-

8. In the art of the eleétrical -'tfansmi.ssioﬁ aind repro?-
duction of sound, means for electrically attuning’ the
transmitter and line circuits for the essential frequencies |

9, In the art of the electrical transmission and repro-

ThQrefOre',"' without limiting “myself to the details |

el

. .ses21s - . O

‘iiuction of so_und,' means for electrically attuning the
transmitter-and line circuits for the egsential frequencies

1" to be transmitted, whereby the ¢urrent Is lhcre_aaeq.ln‘ the

said dircuits, substantially as set forth. .
-+ 10. In the art of the elettrical transmisélon and repro-

" duction of sound, means for reducing the terminal impe-

dance.to incoming line currents; substantiatly as @et-’furth.-
11. In thé art of the electrical transmisgion and repro-
duction of sound, means for reducing the terminal impe-
dance of the line to. incoming volce or sound currents,

‘whereby the llne cirrent i increased, substantially as set

-fﬂl‘th.' : L L e . - . - _
12, In the art of the electriddl transmission and repro-

‘duction of sound, means

45
50

*l

55

for generating alternating cur-,

rents'in 8 branch of the transmitter circuit containing the

primary coil, substantially as set forth. ~ -
13. In the art of the electrical transmission and repro-

L]

-rents in circaits derived from the transmitter circuit and

| . 680
duction: of sound, means for generatihg alternating cur-

containing the primary coils of & plurality of trans!ﬁrmem B

substantially as set forth.

 14. In the art of the electrical transmission and repro-

86

duction of sound, the combination of a transmitter, & .-

cource of energy and a transformgr in a circuit .attuned - "

for the essential sound or volce frequencles and in opera-

‘tive relation to the main line and recelvers, substantially - .~
| 15. In the art of the electricgl transmission and repro- .

duction of sound, the combination of a transmitter, &
soufce ‘'of energy. and {ransformers - in' derived. circuits
attuned for the essentlal volce or sound frequencies and
in operative relation to the main line and recelvers, sub-

as sot forth.

stantiaily as set forth.

transformers in the main line,. substantially as set forth.

- | D, MACLAUCHLIN THERRELL.
Witnesses: . - -, . 0o

- GEO. T, CAREY, S

K:,;C. McCoy. .

*

SR

R L TR T T

16: ‘In the art of the electrical transmission and. repro-
duction of sound, the ‘combination of a transmitter, .a.
“source of energy and transformers In circuits attuned for-
the essential sound or volce frequencies and in operative’
relation to the main line and -fecglvem.and-_cumbe!lﬁﬂtlng'_-_

80

In testimony wheréof 1 have signed my ngme to this
specification in' the presence of two subscribing witnesses.
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