


Patented Dec. 15, 1931 

UNITED STATES 

1,836,804 

PATENT OFFICE 
WILLIAM E. KAI-IL, OF WEEHAWKEN, NEW JERSEY, ASSIGNOR TO BELL TELEPHONE 

LABORATORIES, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION 91‘ NEW 
YORK v 

eamunn nnrzea'rme SYSTEM‘ 

Application ?led September 10, 1930. Serial No. 480,836. 

This invention relates to wave transmis 
sion systems, as for example carrier tele 
phone. repeaters. , 
An object of the invention is to increase 

3' the load capacity of such systems. 
As an example of applications of the in 

vention, to accomplish this object in a car 
rier telephone repeater of the type having 
a common ampli?er for oppositely directed 

10 transmission of different frequency ranges, 
a band elimination v?lter is inserted in the 
input circuit of the ampli?er to provide the 
major portion of the loop attenuation (re 
quired to prevent singing) over the non 

16 transmitting frequency range of the repeat 
er. The band elimination ?lter thus re 
lieves the direction ?lters of the burden 
of attenuating wave in this frequency range 
forming the gap between the upper fre 
quency group and the lower frequency 
group of the carrier telephone channels, 
in the general manner of the tuned cir 
cuits of Shea Patent 1,743,691, January 
14, 1930. The cut-off frequency of the high 

25 frequency direction ?lters can then be low 
ered, and the cut-o?t‘ frequency of the low 
frequency direction ?lters be raised, while 
the transmitting frequency ranges of the 
repeater remain unaltered, with the result 

30 of lower loss in the direction ?lters at the 
frequencies limiting the non-transmitting 
range of the repeater. This lower .loss in 
the output direction ?lters‘ means lower 
load (lower transmission output level) for 
the repeater ampli?er, for a given level of 
transmission output from the repeater, pro 
vided that the band elimination ?lter is lo 
cated in the input circuit of‘ the ampli?er 
and therefore does not reduce the ratio of 
the repeater output level to the ampli?er 
output level. Thus by locating the band 
elimination ?lter in the input circuit of the 
ampli?er, as for example in Campbell Pat 
ent 1,227,114, May 22, 1917, instead of in 
the output circuit of the ampli?er as for 
instance in Rose Patent 1,642,749, September 
20, 1927, and relocating the cut-off frequen 
cies of the direction ?lters, the load capacity 
of the carrier repeater-is ‘materially in. 

5" creased over that of thetype of carrier re 
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pea'ter of the Shea patent mentioned above, 7 
for example. 

Other objects and aspects of the invention 
‘will be apparent from the following descrip 
tion and claims. . 
The single ?gure of the drawing shows 

a carrier telephone repeater embodying the 
speci?c form of the invention referred to 
above. 7 . 

The repeater of the ?gure is of the gen 
eral type shown in Fig. 1 of H. S. Black 
Patent 1,762,953, July 10, 1930. Elements 
designated in these two ?gures by the same 
referencecharacters are substantially alike, 
except as to features described herein. 
A unidirectionally transmitting ampli?er 

1 transmits carrier signaling waves in both 
directions between sections 2 and 3 of a car 
rier transmission line. _ , 

The carrier signaling waves may be carrier 
waves modulated by speech or other modu 
lating waves. The carrier signaling waves 
from line section 2 lie in one carrier frequency 
range. They pass through a small portion 
10 of an input high pass ?lter (or high fre 
quency transmission band ?lter), thence 
through a transformer 9, thence through an 
attenuation equalizer 40 which equalizes the 
attenuation of line section 2 (and ?lters 10, 
48, 13, 14 and 14’ and transformers 9 and 
19) over the one frequency range, thence 
through the major portion 13 of the lnput 
high pass ?lter, thence through a band elimi 
nation filter 60, thence through the unidirec 
tionally transmitting ' ampli?er 1, thence 
through the major portion 14 of an output 
high pass ?lter thence through a transformer 
19, and thence through a small portion 14’. of 
the high pass output filter, to the line section 
3. The carrier signaling waves from the lat 
ter line section lie in a second carrier fre 
quency range, below the ?rst carrier fre 
quency range. They pass through a small 
portion 20 of an input low pass ?lter (or 

. lowv frequency transmission band ?lter), 
thence through a resistance pad or attenuat 
ing network 21, thence through. a transformer 
9’, thence through an attenuation equalizer 

' 50 which equalizes the attenuation of the line 
section 3 (and ?lters 20,23, 24and 24’ and 
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transformers 9' and 19’) over the second car 
rier frequency range, thence through the 
major portion 23 of the input low pass ?lter, 
thence through ?lter 60 and the unidirection 
ally transmitting ampli?er 1, and thence 
through "the major portion 24 of an output 
low pass direction ?lter, a transformer 19' 
and a small portion 24’ of the low pass out 
put ?lter, to the line section 2. 
'Th?r?liliQHll?blOIl- network 21 compensates 

for the lower attenuation of line section 3 over 
the frequency range of the carrier signaling 
waves transmitted to the repeater from line 
section 3 than over the frequency range of 
the carrier signaling waves transmitted from 
:the ‘repeater to line-section 3. 

The cut-off frequency of ?lter 48 is pref 
erfablyyj-ust above the upper limit of the fre 
quency range of the signals transmitted over 
the circuit. Thus since the usual grouping 
?lters (not-shown) in lines‘ 2 and .3 prefer 
‘ably have a cut-o? frequency just below the 
lower limit of the carrier signals transmitted 
over the circuit, the repeater ampli?es only 
waves of frequency within ‘the frequency 
range of the carrier signaling waves trans 
mitted over the circuit. As explained in the 
Black patent referred to above, ?lter 48 pre 
vents overloading of the repeater by inter 
ference from power line carrier waves, which 
ordinarily are of high power relative to the 
powerof; carrier signaling waves in carrier 
t'elephone'transmission lines and lie in a- fre 
quency range somewhat above the frequency 

‘ = range of the latter ‘waves. 
The ?lters 10,13, 14, 14’,{20, 23,‘ 24 and 24' 

are direction'?lters, for separatingthe oppo 
sitely directed‘signals in the repeater; but 
over‘ the, non-transmitting frequency range: of 
the repeater their a'ctioninpreventing waves 
‘from theoutput circuit of the repeater, am 
pli?er from "reaching the input circuit of the 
ampli?er is supplementedby the band elimi 
nation ?lter 60,-whi'ch offers-sufficient attenu 
ation over that range to assure that the loss 
between the output circuit-of ampli?er 1 and 
the input circuit of the ampli?er will be great 
enough togua-rd against singing in the re 
peater. - Filter, .60, by thus sustaining the loop 
attenuation or providing the major portion 
of ‘the loop attenuation’ (required to prevent 
singing) over the nonetransmitting frequency 
range of the repeater, relieves-the direction 
‘?lters of the burden of attcnulatingiwaves of 
this frequency range forming the gap be 
tween" the upper frequency group and the 
lower‘ frequency group of, the carrier tele 
phone channels. "Filter 60 thereby renders 
itqpracticable to .lower ‘the cut-off frequency 
of the ?lters 10,“ 13, 14 and 14’ and raise the 
cut-oif‘frequency ofthe ?lters20, 23, 24 and 
'24’, so that they need not operate so close 
to (their cut-o??v ‘frequencies, orin other. words, 
so ‘that the transmitting frequency ranges of 
the repeater, or ‘the operating ranges of the 
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direction ?lters, do not approach so nearly 
the cut-off frequencies of the direction ?lters. 
Thus, ?lter 60 without introducing attenua 
tion in the output circuit of the ampli?er, 
makes it possible to meet a given commen- 70 
ciall'y desirable low attenuation requirement 
for the repeater output ?lters (including the 
transformers 19’ and 19) at the frequencies 
limitingwthe non~transmitting range of the re 
peater and, at. the same time maintain this 75 
range desirably narrow. 
The relocation of the direction ?lter cut~ 

off frequencies referred to above improves 
the impedances of the repeater facing the 
lines 2 and 3, so that in some cases it becomes 80 
unnecessary to provide impedance correct 
ing-networks which would otherwise be re 
quired at the line ends of the ?lters in order 
to'obtain a su?ciently low re?ection coe?icient 
at these points. 
Any loss caused by dissipation which the 

band elimination ?lter 6O introduces over 
the transmitting ranges. of the repeater need 
not a?ect the overall gain of the repeater since 
this loss canbe subtracted from the resistance 7150 
pad 21 in the lower group of channels and 
from the equalizer 40 in the upper group. 
"7 Since ?lter 60 operates to insert loss in 
both of the repeater loops, in some cases its 
use enables a reduction to be made in the 5-55 
number of elements otherwise required in the 
band pass direction’?lters to sustain the loop 
attenuation. 
Insteadof-providing transformers to ter~ 

minate'the line ends of the repeater as shown “199 
at 9 and 19in the Black patent mentioned 
above, the transformers 9 and 19’, and 9’ and 
~19'mentioned above are provided, these trans~ 
formers being grounded at the mid~points of 
their windings vnearest the lines 2 and 3, 7105 
transformer 9 being located between the di 
rection ?lters 10 and 13, transformer 19’ be 
tween the'direction ?lters 24' and 24, trans 
former‘ 9’ between the direction ?lters 20 and 
‘23, and transformer 19 between the direc-T110 
tion ?lters 14’ and 14. This feature is 
claimed in the application of A. G. Ganz, Se 
rial No. 489,578 ?led October 18, 1930, as 
signed to the assignee of this application. As 
explained in the Ganz application, the por- a 115 
tions of the direction ?lters between the trans 
formers and the lines 2 and 3 (i. e., the por~ 
tions 10, 24’, 20 and 14’) are of the balanced 
type, so that they do not cause unbalance of 
line 2' or line 3 with respect to ground, where- / 129 
as the remaining portions of the direction ?l 
ters can be of the unbalanced type, so as to 
economize with regard to the number of ele 
ments in the ?lter; andv placing the repeatingv 
coils after a ?lter such as 10, 24’, 20 or 14’ (of1 325 
one ?lter section, for example) instead of im 
mediately next to the line 2 or 3, greatly re 
duces deleterious effects of modulation prod 
ucts generated in the magnetic core material _, 
‘of the transformer. ‘ 430 
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What is claimed is: 
1. Atwov-way transmission system compris 

ing a unidirectionally transmitting path, a 
band elimination ?lter and an amplifying de 

5 vice included in said ath, said ?lter being 
in the input circuit of said device, and fre 
quency selective means for transmitting 
transmissions of mutually exclusive frequen 
cy ranges oppositely directed over said system 

10 in the same direction through said path, said 
?lter having low attenuation for waves of 
said ranges but high attenuation for waves 
of frequencies between said ranges. 

2. A carrier wave repeating system com 
15 prising a two-way two-wire circuit, a one-way 

path feeding said circuit, a second one-way 
path fed from said circuit, a unidirectionally 
transmitting amplifying device common to 
said two paths, two band pass ?lters in said 

20 ?rst path passing a given frequency range, 
one of said ?lters being in the‘ input circuit of 
said device and the other in the output cir 
cuit of said device, two band pass ?lters in 
said second path passing a frequency range 

25 exclusive, of said ?rst range, one of the lat 
ter ?lters being in the input circuit of said 
device and the other in the output circuit of 
said device, and a band elimination ?lter in 
the input circuit of said ampli?er between two 

30 of said band pass ?lters and said ampli?er, 
said band elimination ?lter having low at 
tenuation in said ranges and high attenua 
tion between said ranges. 
In witness whereof, I hereunto subscribe 

35 my name this 8th day of September, 1930. 
WILLIAM E. KAHL. 
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