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‘DETECTING CIRCUITS. 

Application filed July 8, 1920. Serial No. 394,768. 

To all whom it may concern: 
Be it known thet I, Herman A. AFFEL, 

residing at Brooklyn, in the county of 
Kings and State of New York, have in- 
vented certain Improvements in Detecting 

of which the following ‘is a speci- 
fication. 

This invention relates to receiving ap- 
paratus and more particularly to receiving 
apparatus to be used in connection with 
transmission systems in which carrier cur- 
rents are employed. 

One of the objects of this invention is to 
provide a detector circuit having improved 
means for separating the carrier frequencies 
from the detected signaling frequencies. 
Another object of the invention is to pro- 
vide a detector circuit having means. for 
eliminating comparatively low interfering 
frequencies caused by the reaction in the 
detector of frequencies from a closely ad- 
jacent channel with frequencies of the 
‘channel in which the detector is inciuded. 
A still further object of the invention is to 
provide a detecting arrangement in which 
the direct current component of the ‘de- 
tected signal impulse is eliminated. These 
objects, as well as other objects of the in- 
vention, are obtained by means of the ar-. 
rangements set forth in the following de- 
scription and illustrated in the accompany- 
ing drawing, in which Figures 1, 3, 6, 8, 9, 
11 and 12 are circuit diagrams of a number 
of different embodiments of the invention, 
while Figs. 2, 4, 5,7 and 10 are curves il- 
lustrating the operation of certain of the 
illustrated modifications. 

Referring to Fig. 1, D designates a vac- 
uum tube detector comprising a filament 1, 
plate 2 and a controlling electrode or grid 
3. ‘The input circuit of the detector is con- 
nected between the filament 1 and the grid 
‘8, and includes the secondary of a trans- 
former 4 through which carrier currents 
modulated in accordance with the signal 
may be impressed upon the grid circuit.. A 
battery or other source of potential 5 is also 
included in the grid circuit for adjusting 
the potential of the grid- to any desired 
value. The output circuit of the detector 

-ig connected between the filament 1 and the 
plate 2 and includes a source of space cur- 
rent 6 and a receiving or recordin device 
R. Since the circuit here described is pri- 
‘marily intended for receiving telegraphic 

-pass the carrier frequencies, 

signals, the receiving or recording device 
R is herein shown as a relay. 

‘It is desirable in a circuit of this char- 
acter to provide some means for separating 
the carrier frequencies from the detected 60 
signaling currents, so that only the latter | actuate the receiving relay. Heretofore it 
has been customary to accomplish this re- 
sult by shunting a condenser across the out- 
put circuit of the detector in ‘parallel with 65 
the relay, the condenser forming a by-path 
for the carrier frequencies. In order how- 
ever, that the condenser may effectively by- 

it has been nec- 
essary to make its capacity so large that it 70 
tends to resonate with the inductance of the 
relay R at some harmonic of the fundamen. 
tal dot frequency of the signal, thereby 
causing a distortion of the detected signal- 
ing current, which, as is well known, is 78 
made up of the dot frequency and harmonics 
thereof. By dot frequency is meant the 
frequency of a sine wave, one-half of whose 
cycle involves a period equal to the period 
during which the direct current impulse cor- 80 
responding to a telegraphic dot persists. 

In order to avoid this undesirable result 
in accordance with the present invention, a 
wave filter F is included in the output cir- 
cuit of the detector between the detector 85 
and the receiving relay R. This wave filter 
is preferably of the general type illustrated, 
and described in the U. S. Patent to George, 
A. Campbell, No. 1,227,118, dated May 22) 
1917, and is so designed as to transmit with 90 
negligible attenuation a range of frequen- 
cies of any desired width while substantially 
suppressing frequencies lying outside of the 
range. In the circuit shown in Fig. 1 the 
filter F is illustrated as being made up of a 95 
plurality of sections, each having a series 
inductance and shunt capacity. Such a filter 
may be caused to freely transmit frequen- 
cies from zero up to an upward limiting 
value while suppressing all . frequencies 100 
above the preassigned upper limit: Since 
the fundamental dot frequency is low in or- 
dinary telegraphic signaling, being perhaps 
in the neighborhood of 15 or 20 cycles per 
second, the limiting frequency of the filter 105. 
may be made comparatively low and still 
permit not only the ‘fundamental dot fre- 
quency, but a considerable number of har- 
monics thereof to pass through. It is de- 

‘sirable, of course, that the principal har- Ue
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monics should be transmitted to the relay 

in addition to the fundamental dot fre- 

quency. in order that the signal wave 1m- 

pressed upon the relay shall be substantially 

square-topped, as. indicated by the curve 7 

ot Fig, 2. 
Tf the upper limiting frequency of the 

filter is made relatively low as above indi- 

cated, it will serve not only to prevent the 

transmission of the carrier frequencies 

which appear in the output circuit of the 

detector, but it will also prevent the recelv- 

ing relay from reacting to relatively low 

interfering frequencies from neighboring 

channels. Thus if the carrier frequency of 

the channel including the detecting arrange- 

ment illustrated be 5000 cycles and the car- 

rier frequency assigned to an additional 

channel. be 5250 cycles, a frequency of 250 

cycles corresponding to the difference be- 

tween these frequencies would appear in the 

output circuit of the detector D, if the fre- 

quency of the adjacent channel should be 

admitted to the detector due to imperfect 

selection between channels. By making the 

upward limiting frequency of the filter 200 

cycles this interfering frequency will be 

eliminated, while a considerable. range of 

harmonics of the dot frequency will pass 

through the filter. . 
It will be understood that in the opera- 

tion of the detector the potential of the. 

source 5 may be so adjusted that no cur- 

rent will flow between the filament and the 

plate when signals are not being received. 

The principle in accordance with which 

this result is possible'is well understood 

in the art and need not be herein described. 

When carrier. frequencies modulated in ac- 

cordance with signals are impressed upon 

the grid of the detector the potential of the 

grid is varied and the impedance of the 

tube is changed so as to permit a space 

current to flow. Consequently pulses of 

current will flow in the output circuit and 

actuate the relay R, said pulses having the 

general wave form indicated. in Fig. 7 in 

which pulses corresponding to a dot and: a 

dash are illustrated. 
In the arrangement illustrated in Fig. 1 

a neutral relay is used as the recording in- 

‘strument. Fig. 8 illustrates a circuit ar- 

rangement in which a polar relay may be 

employed. The polar relay R’ is illustrated 

as comprising two. windings 8 and 9, One 

of these windings'is included in the output 

circuit of the:detector D in the same manner 

as the winding of the relay R in Fig. 1. 

The winding 9 of the polar relay is con- 

nected in circuit with the source of space 

current 6 of the detector D in parallel with 

the winding 8, a resistance 10 being included 

‘in this circuit for the purpose of adjusting 

the normal biasing current flowing through 

the winding 9. © | 

signal pulse. 

’ ferred to. 

‘plurality 
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In operation the detected signaling cur- 

rent is impressed upon the winding 8 1n the 

same manner as was described in_connec- 

tion with the winding of the relay R in Fig. 

1, and the filament I’ serves the same pur- 

pose as has been already described. The po- 

tential of the battery 5 in the grid circuit 

is adjusted as before, so that normally no 

current flows through the winding 8. The 

resistance -10 is so adjusted that the biasing 

current flowing through the winding 9 will 

have an amplitude equal to about one-half 

of the maximum amplitude of a detected 
The biasing current is indi- 

cated by the curve 11 of Fig. 4. Tf, now, 

the received signal impulses be assumed to 

be represented by the curve 7 of Fig. 4, it 

will be seen thaé during the non-signaling 

or no-current interval the biasing current 

holds the armature of the relay R’ in en- 

gagement with its lower contact, but when 

a signaling impulse is received the pull due 

to the upper winding is greater than that 

due to the lower and the armature will have 

shifted to.its upward position thereby clos- 

ing the local circuit. The effect is there- 

fore equivalent to passing currents of oppo- 

site polarity through the relay as indicated 

by the curve 12 of Fig. 5, which curve is 

a curve resulting from combined curves 7 

and 11 of Fig. 4. 
Tt is sometimes desirable to provide some 

means for eliminating the direct current 

component: from signal pulses such as those 

illustrated by the curve 7 of Figs. 2 or 4. 

_ Fig. 6 illustrates an arrangement in 

which the filter may perform this function 

in addition to the functions performed. in 

the case of the modifications illustrated in 

Figs. t and 8. In order that this additional 

result may be accomplished, the filter should 

be of one of the so-called band types dis- 

closed in the Campbell patent above re- 

Such a band filter, as is well 

known, may be arranged to transmit a band 

frequency lying between preassigned upper 

and lower limiting frequencies, frequencies 

‘lying without the preassigned limits being 

substantially suppressed. In Fig. 6 the 

band filter is illustrated as consisting of a 

of sections, each comprising a se- 

ries capacity-inductance element and a shunt 

element formed of an inductance and capac- 

ity in parallel. By properly proportioning 

the inductances and capacities ‘so that the 

lower limiting or cut-off frequency may be 

made a few cycles above zero, and the up- 

per cut-off frequency being made the same 

as in the case of the filters illustrated Figs. 

1 and 3, the same effect. may be produced as 

regards the suppression of higher frequen- 

cies, while the flow of direct current is pre- 

vented since a direct current is a current of 

zero frequency which is below the lower 

limit passed by the filter. - When the direct 
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current component is suppressed from a sig- nal wave such as is represented by the curve 
7 of Fig. 2, the resultant wave is of such 
shape as to produce a “kick” in one direction 

the pulse, as indicated at 13 in Fig. 7, a similar “kick” of opposite 
polarity occurring at the end of the pulse as indicated at 14. If now the receiving re- 
lay be a polar relay, such as R’” of Fig. 6, the initial “kick” of the pulse corresponding 
to 13 will shift the armature of the relay to its upper or marking position where it will remain during the steady state condition un- til at the end of the pulse the “kick” in the opposite direction shifts it back to its lower contact. Fig..8 illustrates a modi- fied - arrangement for securing the same result as is secured by the arrange- ment illustrated in Fig. 6. In this case the filter is of the low pass type illus- trated in Figs. 1 and 3 and is included be- tween the detector D and the receiving re- 
lay R”’ for the purpose of excluding the car- rier frequencies and interfering frequencies. 
In order to suppress the direct current com- ponent a transformer 15 is included in the output circuit of the detector, for example 
between the detector D and the filter F. Obviously since a direct current cannot flow through. the transformer, only the . two 
“kicks” at the beginning and end of the sig- nal pulse will be transmitted, and the result- ant wave form will be as indicated ‘by the curve in Fig. 7. Fig. 9 illustrates an ar- rangement in which a neutral relay may be employed and in which a portion of the di- rect current component of the signal pulse- may be eliminated. In accordance with this modification a condenser 16 is shunted across the‘output. circuit of the detector D, for the purpose of by-passing the carrier frequencies, while condenser 17 of small ca- pacity is included in series with the receiv- ing relay R to permit the passage of the al- ternating components of the signaling pulse. An inductance L is also bridged across the output circuit, this inductance offering a large impedance to currents of signaling frequency by offering a path of low resist- 

With the arrange- ment so far described the direct current com- ponent: might be entirely eliminated and a polar relay might be used ‘as in Figs. 6 and 
8. Where it is desired to use a neutral re-. lay, however, some arrangement must be 
provided to hold the armature in its attract- ed position after the relay has received the initial “kick” of a signaling p For this purpose a resistance 18 jis shunted about the condenser 17 thereby permitting a.small portion of the direct current com- ponent to flow through the relay R. . If then. we assume the signaling impulse to be of the character d#lustrated by the curve of Fig. 2, ‘the resultant curve representing the forces 

‘ance are formed for the 

condenser 16, and 

8 

operating in the relay R will be as repre- 
sented in Fig. 10. At the beginning of the 
pulse the relay receives an initial “kick” 19, 
which causes it to attract its armature. 
After the cessation of the initial “kick” a 
constant direct current of small value, as 
represented at 20, continues during the 
steady state condition of the pulse in order 
to. hold the armature in its attracted posi- 
tion. At the end of the pulse a “kick” 31 in 

70 

75 
the opposite direction assists the relay in | 
causing the retraction of its armature. 

Fig. 11 illustrates a slightly modified ar- | rangement operating on the same principle. In this case the carrier frequency is by- 
passed by the condenser 16 as before. 
receiving relay R, in this case, however, is 
made up of a plurality of windings. Of these windings the upper winding 22 passes 
the direct current component as well as the alternating current components. This wind- ing, however, is of such a character that the magnetic pull produced by the flow of di- rect current is relatively’ small. The. re- maining windings 23 and 24 have condensers 25 and 26 respectively serially included in their circuits, so that paths of low imped- 

alternating current components, and the windings 23 and 24 are of such character that a large magnetic pull results from. the flow of currents there- through, As a consequence a curve, repre- senting the resultant. forces acting on the armature of the relay R,, will assume a form somewhat similar to the curve illus-' trated in Fig. 10. . 
Where the necessity for preventing dis- tortion of a signal impulse due to resonance at one of the component harmonies is no¢” Sufficiently present to warrant the expense of a filter in the output cireuit of the detec- tor, the direct current component of the sig- nal pulse may be eliminated by the cireuit shown in Fig. 12. In this cireuit the ¢ar- rier frequency is by-passed by means of the 

a.transformer 15. is in- cluded in the output circuit of the detestor to prevent the transmission of the direct current component to the polar receiving re- 
The character of the forces act- ing on the polar relay R’’ will be similar to that illustrated by the curve in Fig. 7, ex- cept for possible distortion due toemphasiz.- ing one of the harmonics of the fiindamental dot frequency. 

many organizations widely different from those illustrated without departing from the Spirit of the invention as defined in the fola lowing claims, 
What is claimed is: 

1. A receiving apparatus comprising a de- tector, a relay energized detecte 
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electrical filter between said detector and re- 

lay, said filter being so designed as to have a 

substantially sharp cut-off and to transmit 

uniformly and with substantially negligible 

attenuation all frequencies within a band of 

free transmission, while _suppressing fre- 

quencies 
the band of free transmission being so set 

as to transmit to said relay a band of fre- 

quencies comprising the fundamental dot 

frequencies and harmonics thereof while 

suppressing frequencies above an upper 

limiting frequency. 
9, A receiving apparatus comprising a’ 

yacuum tube detector, a relay energized by 

detected currents. in the circuit of said de- 

tector, and a filter between ‘said detector and 

said relay, said filter being so designed as 

to have a substantially sharp cut-off and to 

transmit uniformly and with substantially 

negligible attenuation all frequencies with- 

in a band of free transmission, 

pressing frequencies outside of said band, 

the limits of the band of free transmission 

being so set as to transmit to said relay a 

band of frequencies comprising the funda- 

mental dot frequencies and harmonics there- 

of while suppressing frequencies above an 

upper limiting frequency. 

3, A receiving apparatus comprising & de- 

tector, a relay energized by detected currents 

in the circuit of said detector, and means 

for preventing the transmission to said re- 

lay of the direct current component of a 

signal pulse and frequencies higher than the 

most essential harmonics of the dot fre- 

quency, said means including an electrical 

filter, said filter being so designed as to have 

a substantially sharp cut-off and to transmit 

uniformly and with substantially negligible 

attenuation all frequencies within a pre- 

assigned. band of free transmission, while 

suppressing frequencies outside of said 

band. 
4, A receiving apparatus comprising a 

vacuum tube detector, a relay energized by 

detected currents in the circuit of said de- 

tector, and means for preventing the trans- 

mission to said relay of the direct current 

component of a signal pulse and frequencies. 

higher than the most essential harmonics of 

the dot frequency, said means including a 

so designed as to 

have a substantially sharp cut-off and to 

transmit uniformly and with substantially 

negligible. attenuation all frequencies with- 

in a pre-assigned band of free transmission, 

outside of said barid, the limits of. 

while sup- - 

detected currents in the 

1,554,190 

while suppressing frequencies outside of 

said band. 
5. A receiving apparatus comprising a 

detector, a relay energized by detected cur- 

rents in the circuit of said detector, a filter 

between said detector and said. relay for 

suppressing frequencies higher than the 

band including the essential harmonics of 

the fundamental dot frequency of a signal 

pulse, said filter being so designed as to have 

a substantially sharp cut-off and to trans- 

mit uniformly and with substantially neg- 

ligible attenuation all frequencies within a 

pre-assigned band of free transmission, while 

suppressing frequencies outside of said 

band, and a transformer between said detec- 

tor and said relay for preventing the direct 

current component of a signal pulse from af- 

fecting the relay. 
6. A receiving: apparatus comprising a 

vacuum tube detector, a relay energized by 

detected currents in the circuit of said de- 

tector, a filter between said detector and said 

relay for suppressing frequencies higher 

than the band including the essential har- 

monics of the fundamental dot frequency of 

a signal pulse, said filter being so designed 

as to have a substantially sharp cut-off and 

to transmit uniformly and with substantial- 

ly negligible attenuation all frequencies 

within a pre-assigned band of free transmis- 

sion, while suppressing frequencies outside 

of said band, and a transformer between 

said detector and said relay for preventing 

the direct current component of a signal 

pulse from affecting the relay. 

7. A receiving apparatus comprising a de- 

tector, a relay energized by detected currents 

in the circuit of said detector and responsive 

to signal pulses of unequal duration de- 

tected by said detector, and a transformer 

between said relay and detector for sup- 

pressing the direct current component of a 

signal pulse. 
8. A 

vacuum tube detector, a relay energized by 
circuit of said de- 

tector and responsive to signal pulses of un- 

equal duration detected by said detector, 

and a transformer between said relay and 

detector for suppressing the direct current 

component of a signal pulse. 

In testimony whereof I have signed my 

name to this specification this 7th day of 

July, 1920. : 

HERMAN A. AFFEL, 
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