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lnpnt cn'onlt a,nd S0 that sznd condenscrs
- may qubseqnently surrender their electrical

gp
- of condensers upon a device or output circuit
- employed in transmission to a distant pomt
"~ One way to introduce time delay in ac-
“cordance with the. pI‘lIlClplGS of the inven-

45
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~ and particularly to arrangements of a me-

~ chanical nature for introducing delay in
such as. 1?01(36'_"-7_;-;
"fseqnently surrender ity and so on.
1t becomes appar ent that it is one of the'_}

~This is a division of spphcsnt S CO pendmg'{-f’ objects of this invention to. introduce time

epphoatlon Serlal No 900 420 ﬁled J une 21 }

" the transmission of signals,

“Tfrequency signals Wthh Insy be transrnt ed -

over telephone circults.

1927,

In a,ccorda,nce Wlth th1s IHVGHbIOIl there is
provlded a commutator having a plnrahty',
of segments. to each ome of wlnoh 2 Con-
" denser is connected or: assocmted in & snlts,ble
_circuit arrangement so that all of said con-
- densers may progresswely receive an elec-

trlcal chsrcre froln an electucal sonrce snch

point. -
tlme delay

oressively charge the condensers associated
“the electrical variations correspondlne‘ to the

Wlth the setrments of the commutator, or:to
‘speech - impinging upon the microphone S.

maintain the commutator stationary in posi- -
tion and to rotate the brushes about 1t.  The
prush connected to the input circuit trensmlts )

eleotrlcsl charges to the condensers in- pro-

oression as a resnlt of the relative rotation

,of the commutator with respect to that brush,

~output clrcnlt transmits, in the same pro-

- gression, the electrical oher es 1n1pressedf.'f acts like a condenser in its capacity to

= 50 A thlrd brush may,—

upon these condensers

“Thus,. in this in-

“will be. 1ntrodnced in -
“ing the 1nvent10n 1n which a’ rotatable dlsk‘ij__“

‘electrical varlatlons

“transformer T,

- . - .

GHARLES H. FETTER OF MILLBURN NEW JERSEY ASSIGNOR TO AMERICAN TELE-'- L

Thls invention rehtes to delay clrcmts,ff'flif des1red be prowded to short olrcnlt the;:f'f"

- Various . oondensers after each charge and dis-
‘charge, therehy preparing these . condensers .

to again receive a similar charge a,nd to sub- o

“delay in electrical circuits by chargmg a plu- .
- rality of condensers in progression and by
discharging these condensers thereafter in-

the same progressmn after a predetermlned-'
| nmerval of time has elapsed RO
Tt is another object of . this. 1nventlon to-__:
"_1ntroch1cc tnne delay of a definite value by
suitably spacing brushes associated with the-

T S

commutator, and further, to change - the in-

lowing,’ when read .in connection with -the -
accompanying drswnlos, in which Flgnre 1
‘represents one circuit a,rrangement embody- |

tion is to associate with a cornmutator a num- ~rotatable Wlth respect to" the dlsk or com—;_"i

~ber of brushes of atype to be snbseqnently
" described, one of which 1s connected to the
~electrical source or input circuit, and an-
~other one of which is'connected to the trans-
“lating or amplifying device or output circuit.
“To carry out the invention with such appara-;

Inntator

Referrlng to Flg 1 of the dmwmﬂs, there_ R
"is shown a microphone S in series relation-
"'shlp 'Wlth a battery G, so thet speeoh 'Va,rm-}'_g -8
_tions may be translated into corresponding 85 -

‘These eleotrlcal varia- .

tus it is necessary either to rotate the oom-.:_"tlons are then. ninpressed upon an amphﬁer’:f?: -

mutator about -its axis and to thereby pro- < A of any well-known. type preferably of'a

~ vacuum tube ty Pe, amp! 1ﬁer A amplifying
:._Bt‘ 3

“terval of delay, as desired, by chenglng the‘-,-. L
distance between these. brushes R
This invention, as well as its fnrther ob-_;
charges in the same progression ‘to a trans- jects and festnres, will be better understood.:
lating or amplifying device, or_ an ontpnt ~from the detailed description hereinafter fol-
~ circult, employed in the tr ansmission of sig-
“nals to a distant.
“yention,

‘the impression of the charges of a plurality =
.or ~ commutator end stationary brushes are

‘provided,-and Fig. 2 represetits another em- |
‘bodiment of the invention, in which the disk -~ -
or commutator is stationary and-the brushes . -~ §
g0 M

The amplifier currents are then tr&nsn:ntted .
through a transformer T, to a brush B,
which is connected to- O'ronnd through a re-

‘sistance R, and -the seoondery Wlndlng of -
The brush B, is associated . .

“or vice versa, while the brnsh connected to the'_':_l’W1th . commutator or rotatable disk K hav-

ing a plurality of. segments, each of which

'ground Some of these condensers are des1g- _
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- electmcal

80 maintained in a stationary position.

- .
- =
' L}
r
r
- .. '

nated by .the reference character C. Twolf

other brushes, B, and B, are similarly asso-
ciated with the commu‘catm K. As the com-
‘mutator K revolves about its axis its seg-

5 ments, which act like condensers, make con-
tact Wlth brushes B,, B, and-B, in the order
stated. As each oo*ldenser makes contact

“with brush B, a charge is mmpressed thereon
-corresponding to a variation in the signals
10 originating in the microphone S.  This con-
with

brush B., which receives the - charge and
transmits it to an output circuit, as. will be 1

denser subsequently makes contact

“described more fully hereinafter. The third

ers throucrh a resmt&nce Rq as each condenser
_passes brush B.. '

The electrical charﬂ'es Whlch are. Surren-z;
| dered to the brush. B, as a result of the rota-
op tion of the commutator K cause variations in
~the potential impressed across a recistance

R,.

Accordingly, corresnondmfr potent: al

variations are effected betw'ﬂen ihﬂ arid a 1(1_'"'
uum tube V,
. ‘.25 which may be employed in this invention to

filament of a tnreﬂ-elwurode va

‘act as an amphﬁer The resistance I, is in
‘séries with a battery
filament of Vacuum ‘tube vV, ‘and these ele-

“ments provide the bias necessary for the

.80 proper operation of vacuum tube V as an

~amplifier.
.V 1s heated to an electron emitting temper@.

“ture by the flow-of current from a battery O 30
The potential

cor respondmg variations in the current flow-
1ing between the

plate and filament including the primary

40 Wlﬂdll’l‘-?" 0:[:' Q transmrmer T-;. and’ a battery

G These amplified current variations are
“then transmitted through the transfor mer T,

‘to an electrical wave filter F which may be

of any well-known type, preferflb]y of the

45 type described in the pwtent to 5. A. Camp-

bell, No. 1,227,113, dated May 22, 1917. The

wave filter 1O preferablv freely
“transmits -currents of frequenmes below a

defimte Iimit, while substantially suppress-

r"__'ao ing currents of frequencies above that defi-

nite limit. * Currents of frequencies above the
" definite limit may be considered distortions,
~such as harmonics of the signaling currents,
~and. are clearly undesirable. The output of

15 the electrical wave filter F is then trans-

‘mitted to an output circuit O, which ‘may
termmate at a distant point, =~

"Fig. 2 shows another embodlment of the'_

mVentlon 111 thh the commut ator K 1is

Ttach

-of the segments of the. commutator is con-

‘nected to a separate condenser C. These con-

~densers are preferably of the same capacity
fmd have one termmal in common.

‘the same progression.
ployed: to shom-c;wrcmt these conde‘lsers n

i'fmd brush- 1101(1@1‘ H, to brush B..

brush-holder H| is mnned or othermse per-
- manently fastened to the slip- -Ting SRI.}1 brush

Gq between the grid and

The filament of the vacuum tube -

variations between the orid
35 and filament of the vacuum tube V produce

plate and filament of that

‘vacuum tube, the circuit inter L.om}ectmﬁ' the

‘SR.. Brush B,

or otherwise fftstﬂned to the
"Brush B,

‘through the resistance R}, thereby placing

Slip-
i3 11110‘3 SRI, SRQ and SR, rotate about 2

' '-1,351,092 |

common axis and obvmusly at the same

speed. These slip-rings carry brush-holders

H;, I, and H,, reapectlvely 1n rotation
about the common axis. Brush-holders H;,

H, and H; hold brushes B,, B. and B., I'e—

-,specbwely Brush B, causes the condensers

C to be promesswely charged and brush B,

causes these condensers to be dischar ged in
The brush B is em-

the sume progression through a resistance R..
The apparatus of Fig. 2 is otherwise similar
in all respects to the correspondmf‘“ appa-

ratusin Fig. 1 and its descri ptmn therefore,

'. 15 brush B, short-circuits each of the condens- neednot be repeated.

- The Opera,tmn of the appamtus oi Fig. 2
, wﬂl now be briefly described, it being under-
‘stood that the general prmf:lples of the oper-

ation may be fmphed equally well to the ap-

]’)amtuq of Fig. 1. The output of the ampli-

fier A is transmi
T, a,nd through a resistance Rl, slip-ring SR,
Smce

B, will rotate about the common axis at the

same speed and progressively make contact
~with the various condensers C. The entire
‘potential transmitted by the amplifier A
through transformer T, is not 1mnressed.__
upon. each. condenser C because of the pres-
ence of the resistance R,. Resistance R, de-

creases -each voltage bv a definite amount,
though these decreased voltages correspond
in every respect to the voltages transmitted

by the amphﬁer A, Condﬂnsers C retain the

charges impressed upon them by brush B,

until brush B, makes contact with them
- Brush B, : is held by brush-holder H,, which

is pinned or otherWIse fastened to slip-ring
rotates at the same speed as

brush B, and about the same axis though
having an angular displacement with 1‘espect

to brush B,. the ango 1_11*11' displacement deter-
mining the time delay to be effected by the ap-
paratus, Brush B. plcks up the charges of the
_varmus condensers in the same progression
in which they were charﬂed and 1mpresses
corresponding . voltages across the termi-
‘nals o the resistance R, and between the grid.
~and filament of the vacuum tube V. Brush
B, follows brush B., brush B, being held by

brush holder H,, whj ch 1s snmhrly pinned
slip-ring SR..

short-circuits  each
each eondemer in proper condition to receive
an electrical charge and thereafter to sur-

‘render it. Tt will be obvious that the resist-
ance R, is of a suitable magnitude to thereby
‘prevent the circuits assocmted with the vac-
uum tube V from sustaining oscillations.
-_each condenser were short- mrcmted without
_semes resmtance the tendency for the produc—

If

condenser
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- ly.be very great. -

. In order to show hcw the deley device of
thlS invention may be constructed, assume, .

for illustration, a commute,ter two feet in di- .
‘The 1 1mpresswn of such a voltage across-each

" ameter having commutator segments. about

o "".'_.'One-smteenth of an inch in width, separated
o -;.by very small drstsnces

ecccrdmﬂly, have acprommately-

If it tween definite limits the charge on each con- 135;;"__ .
denser is almost directly. prcportmnel tothe

Tt 1s necessery-

10

" the drawings.

1,200 seorments in ats c1rcumference
o fbe essumed that the commutator is stationary
~_and that the brushes rotate ten revolutions -
. per seccnd 1. e., 600 revolutlons per. minute, .
'- -'1'5_-éthe11 ecach brush would in effect pass 12, OOO
% _denser would be

Such ) commntstor
Wcurd

“condensers in a second, - In fact each (3011-.:-';-_
passed. by esch brush ten. -

- times per second. Wlth such a commutatcr;:

~ and . with such a brush speed, it-will be ep-'_;The Values cf R a‘*ld C mey then be tsbuleted

 _parent. that frequencies belcw 6,000 cycles,
20_approximately,  would be - trsnsmltted el-— R
- though those frequencies near the 6,000 cycle e
- Iimit would be somewhat distorted. Yetsat- -
fﬂflsfsctcry transmission could be cenvemently' R
~ attained over.a band of 4,000 or 5,000 cycles. -
. 1_25.__'.The higher frequencies Wthh become distort-
S ed” fmd still other frequencies. introduced by
- the rotation of the brushes about the commil- -
__}_._ftetatcr could be. easily. removed by an- elec- -
trical ‘wave filter, particularly a 10‘%r ‘pass
. 30 filter; ‘which may be connected as shown in
| If, in a particular arrange-

" ment, a set of brush-es rotates e,bcut 9, commil-

| '-_tatcr ten times per second, it is obvious thst

. I_4‘-5"’_. narrower or by i increasing the diameter of the
B Obviously, by, changing the

~commutator.. .
- be applied to a.radio secrecy system ih which

S itas pcss:thle to attaln a . maximum. de]ay m
- 3b

40 greater than the maximum, then two or-more -
S of these. arranﬂements mleht be connected in

~ :tandem, or;on the other hsnd, a greater num-
_ber of. seo'ments mlght be previded on each.
-ccmmutetcr, as by making these segments .
swithin - practlcsl limits.

o brush speed: the maximum delay: attainable

. ‘may - be correspondmgly chsncfed w1th1:n'

“practl ical limits.
time delsy 1s decrea,sed as the brush sceed 1S -

. mcreaseJ ‘and vice versa.

50
L

65

Each voltage transmitted by the emphﬁer

A to each of the condensers passes through -
TIf it be assumed that there - 1 el
exist the ideal conditions of no leakage and -4UC®" time. delay

no 1ncluctence.J then the vo]tan'e 1m13ressed
- across eech condenser wrll be -

the resistance Ry.

TRol -

ol

in which Bis the vclta oe cutput cf the e*nph-_
fier A, R, is the magnitude of the resistance 1n -
series with the seccndsrr winding of the
transformer Tl, C is the cspaclty cf each con-

._amphtude dlStOI‘thIl. _
'e——O 1 E then

per -

e mifting ‘station: o
'- - -Imay. be subjected. to delay at the recewmg sta- .
tlon for similar time intervals.- *. -

. tion of sustamed csclllatlorls Would cbkus-?': :denser and t 1s the tlme durmg Wthh brush
- | B, makes contect with each condenser. In

‘the- example given . heretofore, for illustra-
tive purposes, the time ¢ would, at a maxi-

mum, be’ one twelve-thousandth: of a, second

1 .
T '.53
m

o_: :.

condenser brings. about its. charge- a,t an 1111--.-. o

-even rate, the rate of charge be*ng very great
“at first and much slower. thereafter

Yet be-

voltage impressed thereon. -

to ocerete between these limits to prevent -
If 1t be assvmed that

RC’ 7 0><10 -6

aS fcllcws* -

S R C (mlcrefareds) -
9 'OOO_ 01
790 000,, oot
7 900,000 - 0001
o 9. OOO OOO. 00001

The vslves of R and C may be chosec Wlth

i "= . - - . - Lo
. _ .- . )
- -

[ - - -_' -
r - .- ‘. o . L

' FL .- R .

. - _

Coa

psrt].cular regard to the type of structure em- - S

‘ployed and ‘the-:convenient. and practical
values of its constants. Ashas already been
stated, after each condenser becomes charged
through; contact with brush B,, the- voltage
_across each condenser is then impréssed upon
the grid circuit of the vacuum tube V through

ft]ﬁ"tIlSIl’llSQlOIl of one-tenthof a second. If the -_;{,ccntftct with brush B..
. arrangement. ‘made fifteen revolutlcns
, ;”,seccnd the maximum delay attainable would

be one-fifteenth of -a second, ete.

~ comes desirable to obtain delsys whlch are .
s

'Thus, the orid c1rcult

‘of vacuum tube V will receive a fixed percent-
age of the output of amplifier -A, thereby
If it be- . IIll'Illlelllg the 1 gessrbhty of smphtude dlS-

f'_:tcrtlcn..__ .

‘By. smtsbly chocsmg comrement vslues fcr

" The. - principles
underlying this invention me;y, for- example,

a band of frequencies corresponding to voice
~In- o*eneral the mtervel of ”_.frequencv signalsissub-divided into a plursl- :
1ty of sub-bands; the sub-bands being inter- -
. ...chenged ‘in- the -frequency spectrum ‘to
render -the unauthorized receptmn of the
-’srgnsls prsctlca,lly 1mpcss1b1e

a: system 1t mev be ~desirable - to~ 1ntro_ -

In such

“in the trsnsmlssmn of

“-one-or. more: of the sub-bands at the trans-

The. remammcr sub-bands

- The -particular values. steted. heremabove

are given merely for illustrative purposes and .
AR practrce other values may be chosen WlthlIl .

the scope of the invention..

“While this invention has heen pcmted out |
_111 certem pertlcular e.rrano*ements merely for 130

'the constants of the type.of structure em- - -
ployed, the time-delay may be made:substan- -
~tially mdependent of frequency; emphtude .

or other characteristic of the electrical eiremat. .
0.
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“the purpose of illustration, it is to be dis-

- of this:invention'may be applied to other and

10

15

30

| W1dely varied. organizations without depart-
ng from the Splrlt of the mventmn oT" the

Seope of the appended claims.

‘Whatis claimed is:

1. The method of deleylnﬂ the ir ansmission
-_- of electrical waves representing speech, which
comprises progresswely converting the elec-_
trieal waves oif varying qmphaude ntc a
~plurality of electrical charges which vary as
~do the amphtnde variations of said waves,
“maintaining each of these electrical eh‘lroee
undisturbed for a predetermined period “of
time after the beginning of said conversion,
‘and procrresswely reconverting the electrical
-charges 1nto the: cerresponcuncf eleetrleel

- 2'0 'waves representing speech.

2. The method of deleﬁymo. the tmnernis-
sion of electrical signaling waves of varying

amphtudes representing. speech, which con- .

sists in producing & plurelmy of electrical
charges which vary by magnitudes corre-

signaling waves and arranged in progression,

3. Ina eystern 1nclnd1nﬂ a plnra,hty ef sim-

' ':'11a1 surfaces all adjacent ‘o one another and

-speech, which:

- al

- emty
B 1

“opposite to another larger surface, the meth-
‘od of delaying the transmlssmn of swnahng |
currents-of varying emphtndes representing -
In.  progressively
‘.-eharo*lnﬂ' said similar surfaces to potentials
with reSpect to said larger surfece correspond-
g to the continuous variations in amplitude
_',-'ef the signaling currents,

consists.

retaining the
charges on said surfaces a predetermlned 1M~

terval of time: and in the same relative mag-
‘nitudes,; and discharging all of said surfaces
in the same progression to reproduce the sig-
~naling currents ha‘ﬂnﬂ the proper emphtude

armtlons
4. In a delay syetem a plumhty of sm'nler

feleetrleal condensers, a'source of s1gna,11ng
current of varying amphtude representlno'

irst moving element which: p

speech, a

_o-resswely charges s-’ud electrical condensere

1N aceordance with the variations in amph-—- S

- tude of the si gnahnn current, an output cir-
& second moving element which dis-

¥ ebruarjr 1928.

11,851,002

| -euhput circuit, and three movmg elements,
‘tinctly understood that the. general prineiples

one of which- pmgreeswely charges said elec-

‘trical condensers 1n accordance with the am-
_plitude variations of the signaling current,.
another of which procrresswely dleeharges

‘said electrical condensers and 1mpresses these
electrical charges on the output circuit, and

the last of Whlch thereefter short crcemts sald

'eleetrlc‘ll condensers.

6. The method of dela,ylng the Lrenenns—

sion of electrical waves of varying Voltages
T epreeen‘tmn' voice frequency signals with ap

paratus 1nelud1ng a plurahtv of similar elec-
“trical condensers, which consists in progres-
sively charging all of said electrical conden-

sers: correspondlng to-the voltage variations

of the electrical waves, and reconverting said
electrical charges into the corresponding elec-
“trical waves of varying voltage a predeter-.
mined interval of time. after the begmmng of

said transmission.
7, A transmission dele}?r system COIIIPI‘ISIIlg

a commutator ha,wng a plurality of segments,

a plnrehty ot condensers, one condenser be-.
3pondmg to. the amplitudes of said electrical -

ing connected to each segment means for pro--

: greeswely charging all of sald condensers in
and reconverting all of said el lectrical charges a

into ‘the corresponding eclectrical si gna,hnﬂ'-
‘waves.a. predetermmed 1nterval of tlme th ere-
after. . - -

rdanice with the variations of speech sig-

-nahnO‘ waves, and means for reconverting the

charges of eU of said condensers in the same.

' "pronl ession into the corresponding variations
~of speech signaling waves a predetermined
“anterval of t1me after said charges have been
'1mpreseed upon said condensers.

A wave transmission system comprising.

a p]nrahty of condensers, three brushes Wthh
‘rotate at the same speed about 2 cOMMon axis
“and: which are separated from each other by
predetermined distances aleng a circumfer-
ence of said axis; a source of speeeh signals,
“means associated Wlth one of said brushes for |
progressively charging said condensers in ac-
-cordance with said signals, means associated
‘with another of said brushes for progressive-
~ly-dischar roing said- condensers ] 1n-order to re-
produce- said swnels and means associated
with the third of sald brushes for progres-

swelv short- circuiting said condensers. -

In testimony Whereof I have signed my
name to this Spee1ﬁeat10n

CHARLES H FETTER

ch fn ces said electrical eondensers in the same

progy

© moving element which: proeresswely short-

CII‘CllltS said condensers after they have been
discharged and after their charﬂes have been

. -11npreesed on the output circuit.

5. In a delay system, the combmatlon of )

ession and successively i impresses these =
:eheroes on the output circuit, and a third

plurahty of similar electrical condensers, a

source of signaling current of varying ampli-

tude 1‘ep1*eeent1ne' voice frequency signals; an

{0

80

83

90

95

100

105

110

this 6th day of_,. _
115

120

125



	Drawings
	Front Page
	Specification
	Claims

