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This invention relates to transmission systems. 
More particularly, it relates to arrangements for 
controlling the gain as well as the equalization o 
trainSmission systems. - 
One of the objects of this invention is to main 

tain the attenuation for a signaling system con 
Staint under variable conditions of weather by 
changing the attenuation characteristic of the 
System in accordance with changes in weather. 
This invention involves the operation in parallel 

of tWO amplifiers which have different gain fre 
quency characteristics. The resultant character 
istic Will be given a shape dependent upon the 
characteristics of the individual amplifiers. This 
Sitape may be controlled within certain limits by 
the proper design of the amplifier characteristics, 
for by shifting these characteristics simply by 
Varying the gain of the two amplifiers, the re 
Sultant characteristic inay be made to simulate 
either a continuously variaiole artificial line or a 
continuously variable equalizer, as desired. This 
invention nay, therefore, have a number of appli 
cations in telephone systems and other systems 
eSpecially. Where continuously variable attenua 
tion or equalization is desired as against variations 
step-by-step, or where variable attenuation or 
equalization is desired without mechanical de 
ViceS or noving parts. 
This invention will be described with particular 

reference to a pilot channel for a carrier telephone 
Syste(X) in which one side band representing 
Signals is transmitted, the other side band and 
the carrier being suppressed, but it will be clearly 
Under'stood that this invention is applicable to 
other systems as well. 

It is well to bear in mind that the present appa 
ratuS for automatic control of gain and equaliza 
tion at repeater and terminal stations of carrier 
signaling Systems, makes use of several types of 
mechanical devices including selectors, relays and 
control meter's. It is believed that considerable 
improveinent in Such equipment, in the direction 
of simplifying the operation of the circuit, in 
proving its reliability, and decreasing the cost of 
Iaintenance could be obtained if all the me 
chanical control equipment were eliminated and 
its functions performed by vacuum tube equip 
nent having no moving parts whatever. The cir 
cuit.S of two parallel ainplifiers which form the 
basis of this invention, have been set up to meet 
these conditions. 

this invention Will be better understood from 
the detailed description hereinafter following, 
when read in connection with the accompanying 
drawings in Which Figures 1 and 7 represent cir 

(C. 178-44) 
cuits suitable for carrying out the principles of 
this invention and Figs. 2 to 6 show curves em 
ployed to explain certain of the features of the 
invention. 

Fig. 1 shows a transmission circuit having an 
input at a and an output at C. The input at C. 
may be considered to consist of currents of a 
number of different magnitudes and frequencies 
within certain limits, as is the case in a carrier 
telephone system. The input at a might also be 
considered to include a pilot current, i. e., a cur 
rent having a frequency ordinarily beyond the 
limits of the frequencies comprising the trans 
mitted side bands, and the pilot current generally 
has a constant frequency and magnitude at the 
transnitting terminal and is transmitted for the 
purpose of automatically regulating the gain and 
equalization at the Several amplifying points of 
the System. 
The currents transmitted at a pass over a sec 

tion of line which may be either open-wire or 
cable. In the following description the line has 
been assumed to be of the open-wire type and is 
represented by a box designated C. Upon arriv 
ing at b the transmitted currents have ordinarily 
become subjected to the attenuation-frequency 
characteristics of the lines C. Assume that the 
characteristic de of Fig. 2 represents the one for 
maximum wet weather conditions. Then the 
function of the equipment at the repeater or re 
ceiving terminal is to equalize this characteristic 
by means of a base equalizer which is generally 
shown by the reference character F, the base 
equalizer being employed for producing a result 
ant characteristic such as fg of Fig. 2, and in that 
event, all frequencies will be amplified uniformly 
by means of an amplifier in order to properly 
restore the original. Output level. It is also the 
function of the regulating equipment to maintain 
the same resultant uniform attenuation fg when 
the weather conditions in prove, in which event 
the attenuation characteristic of the line may 
drop to the curve hi of Fig. 2. This may be ac 
complished by adding artificial attenuation equiv 
alent to the difference between the magnitudes 
determined by the lines de and hi. Hence, the 
level at c will be maintained practically identical 
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at all frequencies With that at a... In accordance 
with this invention these functions will be per 
formed by vacuum tube equipment which will be 
free of moving parts. 
The input at b enters a transformer T1 and 

then divides into "two branches A and B. Each 
portion passes through an amplifier which in 
cludes two tubes W. and W2 in the A branch, and 
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two tubes W3 and V4 in the B branch. The Out 
put of the amplifier of the A branch passes 
through an artificial line D, and that of the am 
plifier of the B branch through an equalizer E. 
The artificial line D and the equalizer E are so 
designed with relation to certain chosen gains 
of the amplifiers of the A and B branches, re 
Spectively, that each of the various frequencies at 
b Will be equally amplified and transmitted 
through the transformer 3 to the point it. In 
other Words, if m n of Fig. 3 represents the at 
tenuation characteristic of the A branch between 
the points b and u, the attenuation of the B 
branch being assumed to be infinite, as would be 
the case if the B branch were open-circuited with 
out changing its input and output impedances, 
and if Op be the attenuation characteristic of the 
B branch between the points b and u, attenua 
tion of the A branch being considered infinite, 
then the combined attenuation characteristic be 
tween the points b and u will be represented by 
the line qr. The outputs of the A and B branches 
are combined and passed through the base equal 
izer F and through the amplifier G to the point, c. 
It is to be noted that the characteristic op of 
Fig. 3 is not a straight line but rather a curve 
which is concave upwardly. In that respect, it 
differs from the straight line character of the 
true equalizer characteristic ordinarily used for 
a Section of Open-wire line. 

ASSurine now that maximum wet weather con 
ditions prevail. As stated hereinabove, the at 
tenuation of the line C is therefore represented 
by the characteristic de of Fig. 2. Since the char 
acteristic de is the one which the base equalizer 
F must equalize, the portion of the circuit be 
tWeen the points b and u must have zero loss at 
all frequencies under these conditions. This Will 
be the case if the resultant characteristic is rep 
resented by the line qr of Fig. 3. 
ASSume next that the weather conditions in 

prove to Such an extent that the attenuation 
characteristic of the line C is represented by hi 
of Fig. 2. In order that the conditions at the 
point c may remain the same as before, the cir 
Cuit must introduce additional attenuation Sufi 
Cient to raise the overal attenuation between 
pointS. a. and u to the level determined by the 
characteristic de of Fig. 2. This operation may 
be considered to consist of two components, the 
first a distortionless increase in attenuation as 
shown by the reference character at of Fig. 2 
which Will result in raising the characteristic hi 
to the position shown by the dotted line cl, and 
the Second an equalization adjustment resulting 
in tilting the characteristic kill counter-clockwise 
to the position de. 
The first of these components may be accorn 

plished by decreasing equally the gain of the 
amplifiers in the A and B branches by an equal 
annount corresponding to the magnitude up which 
is the vertical distance representing attenuation 
between the lines hi and kil. 
The Second component which requires an 

equalization adjustment, may be accomplished 
by disturbing the proportions of the energy trans 
mitted by the A and B branches. If a larger por 
tion of the energy passes through the equalizer 
E. than through the so-called artificial line D, 
the attenuation characteristics of the circuit as 
a Whole between points b and u will partake of 
that of the equalizer E. If, on the other hand, 
the greater energy passes through the artificial 
line D, its effect Will predominate and cause the 
circuit between the point b and u to look like an 

1927,128 
artificial line. The latter condition is the desired 
one in this case since the line kil of Fig. 2 must 
be tilted counter-clockwise to coincide. With the 
line de. This may be accomplished by increasing 
the gain of the amplifier of the A branch and de 
Creasing that of the amplifier of the B branch. 
The result of these two corrective operations, 
namely, first an equal decrease in the gain of the 
branches A and B, and Second Small increase in 
the gain of the A branch and a Small decrease 
in the gain of the B branch, is in effect a larger 
decrease in gain for the B branch than for the 
A branch. 
Should the weather conditions improve still 

further, both of the required components of gain 
correction would be correspondingly larger for 
the amplifiers of the two branches. It will be 
Seen therefore, that in all cases the actual char 
acteristic of the line C must be supplemented by 
an artificial characteristic So as to always bring 
about the conditions replesented by the line de 
of Fig. 2. 
To establish these principles more rigidly, fur 

ther reference will be made to Fig. 3. Here, the 
curve qr, as previously stated, represents the 
resultant characteristic of the A branch contain 
ing the artificial line D and the B branch contain 
iing the equalizer E, for the condition. When maxi 
nun. Wet Weather prevails. 
The change from maximum Wet Weather to 

maximum dry Weather may involve, for example, 
a decrease of about 15 db. Of attenuation at 28 kc. 
and about 11 db. at 18 kc. for a section of tele 
phone open Wire 300 Iniles long. The frequency 
range between 18 and 28 kc. is approximately 
that of One of the side band groups of One form 
of carrier telephone System which is used here as 
an example. Maximum dry Weather conditions 
will therefore require that the characteristic gr 
be raised to the position q ' ' r'' in order that the 
Overall attenuation between points a and u may 
remain unchanged and exhibit the character rep 
resented by the line de of Fig. 2. It will be noted 
that '' is 15 db. above r, and q' ill db. above g. 
g' ' ' ' is the calculated resultant of the curves 
ni' n' and o' p' ', mm having been raised 10 db. 
to the new position by a decrease in the gain 
of the amplifier of the A branch by 10 db., and 
Op having been raised 19 db. to the new position 
by a decrease in the gain of the amplifier of the 
B oranch by 19 db. (Throughout this disclosure 
the term “db.’ designates an abbreviation for 
decibel or decibels.) 
The characteristic q, r represents a condition 

intermediate between the two extremes. It 
should be particularly noted that q r is obtained 
by raising, the curve min 5 db. to the level m' m' 
and sinilarly raising Op by 9.5 db, to the level 
o' p', and that the ratio of these decreases in the 
gains of the two airplifiers is proportional to 
those required for the establishment of the char 
acteristic q r. In other Words, the ratio be 
tween the decreases of the amplifier gains may 
be represented as follows: 

5 10 
9.519 (1) 

A more general equation may be expressed as 
follows: 

AGA1 AGA2 
AGBTA Gre (2) 

In Equation (2) AGA and AGB are the gain changes 
of the respective amplifiers. It is to be noted 
that in the case described hereinabove all values 
of AGA and AGB are negative, this condition being 
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1,927,128 
one which necessarily follows from raising the 
loss frequency characteristic, and this corresponds 
to a falling gain frequency characteristic. It 
should also be noted that when the ratio of AGA 
to AGB is less than unity, and the ratio is always 
required to be less than unity When the Weather 
conditions improve, the resultant characteristic 
Will be that of a truly variable artificial line cor 
responding to a section of actual line when AGA 
and AGB are negative. When the ratio of AGA 
to AGB is greater than unity, both increments re 
maining negative, the resultant characteristic 
Will be that of a variable equalizer employed for 
equalizing a variable Section of Open Wire line. 
It will be apparent that the slope of the character 
istic, is, of course, always dependent upon the 
ratio 

AGA 
AG 

The further this ratio departs from unity in 
either case, the greater will be the slope. 
When AGA and AGB both have positive values, 

the resultant characteristic will show a gain and 
the circuit becomes equivalent to the amplifier 
having a gains frequency characteristic of va 
riable slope. If 

AGA 
AGB 

equals unity, the resultant characteristic merely 
rises or falls, and the slope of the characteristic 
remains constant. In , the matter considered 
hereinabove, AGA and AGB are always referred 
to the condition determined by the characteristic 
qr which represents the overall attenuation ber 
tween the points b and at of Fig. 1, and this at 
tenuation is Zero at all frequencies. 

It Will be understood that although the two 
components mn and op, of which gr is the re 
sultant, are chosen so that inn is a straight line 
and Op concave upwardly, moreover, other com 
ponent curves having different slopes and shapes 
may equally well be employed and these may be 
So chosen that their resultant Will vary closely 
approximately the straight line character of the 
various curves qr, q r and q' r'. If, for a dif 
ferent purpose, it is desired to produce a true 
equalizer characteristic instead of an artificial 
line characteristic, more satisfactory results may 
be obtained by arranging to have op a straight 
line and mn concave upwardly. So, it will be 
seen that there is considerable latitude in the 
choice of the individual components which will 
satisfactorily produce any desired result, and 
there will be no difficulty in designing the ele 
ments forming the branches A and 3 so that their 
characteristics may be properly combined for 
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75 D and the equalizer E. Or, if desired, both of . 

any purpose. 
not be straight lines if the resultant is to be a 
straight line and this will be apparent from the 
description hereinafter following. 

It will be evident that if the two component 
characteristics of the two parallel branches are 
to be connbined as described hereinabove, so as 
to produce a desired resultant, there must be no 
difference in the phase distortion between the 
branches A and B. In other Words, the con 
ponent of voltage at the point u contributed by . 
the branch. A must be in phase with that contrib 
uted by the branch B. This condition will not 
ordinarily be difficult to obtain. If necessary, 
however, phase correcting networks of any well 
known type, may supplement the artificial line 

However, both components can 

3 
the latter elements may be designed to include 
proper phase correcting networks. - 
The formula for determining the character. 

istics gr, q r and q r may be calculated as 
follows: 

Let Ei =total input voltage at b. 
ER=resultant output voltage at u. 
EA=portion of output voltage at u contrib 

uted by A branch. w 
EB=portion of output voltage at u con 

tributed by B branch. 
IA= Overall loss of A branch from b to u, 

B branch attenuation being in 
finite. 

IB=Overall loss of B branch from b to u, 
A branch attenuation being in 
finite. 

LR=resultant overall loss from b to, u. 
If the voltages contributed by the A and B 
branches are in phase, then 

ER=EA--EB (3) 
as is well known 

E. 
- LA = - 20 logio f (4) 

and 
E LB = -20 logio f (5) 

and 

EA. -1 LA E=log (6) 
and Similarly 

Eli-1-1 - B f=log' - a (7) 
and then 

L = -20 log f: (8) le- Og E. 

O 

LR = -20 log E. E. (9) 
O 

- LA - Lt. : - -1 - IR 20 log (log 20 +log-1 20 ) (10) 
It will be seen that when the loss of either 

branch, say branch B, is infinite, LB representing 
the loss of the branch B, then 

- Lt. -1 slrol ?-- log 20 log (- oo) (11) 
O 

- LB - log go-0 (12) 
Substituting Zero for the second member of 
the parenthesis in Equation (10) we get 

Li = -20 log (log-li-) (13) 
O 

Li = LA (14) 
Also, when LA=LB, both members of the paren 
thesis of Equation (10) become equal and 

L= -20 log (2 log-14 (15) 20 
or 

L = LA - 6.02 (16) 
So it will be seen that the resultant loss can 
never be greater than the smaller of its two 
components, nor more than 6.02 db. less than the 
smaller component. . . 
The resultant of two curves as determined by 

Equation (10) is of course not necessarily a 
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part from a straight line slope. 

4. 
straight line. In the particular case which has 
been described, it is desired, referring again to 
Fig. 3, that the resultant qr shall be a straight 
line for the reasons noted. It is also desired 
that the other resultant curves g’ r", and q' r' 
shall be as nearly straight lines as possible, al 
though of different slope. The slopes of the 
COmponent curves m1 and Op are chosen in this 
case to secure this objective as nearly as possible. 
ASSunning a resultant qr, as a straight line for 
chosen positions of min and op, the resultant 
for different positions of inn and op tends to de 

It is therefore 
of interest to note in connection with a case 
requiring a greater range of variation than that 
shown in Fig. 3, how accurately the straight 
line slope of the resultant can be maintained over 
a Wide range of variation of positions of the 
components, by properly choosing the slopes of 
the components. 

Referring to Fig. 5, curve is the same desired 
resultant as qr of Fig. 3, under the worst weather 
conditions. Curves 8 and 9 are the component 
curves, and it is evident that neither of them is 
a straight line. The plotted points close to 
curve 7 are the actual calculated resultant of 
Curves 8 and 9, and deviate not inore than 0.1 
db. from the desired Straight line. Curve 10 is 
the assumed desired resultant, a straight line, 
for an extreme attenuation range; it is 28 db. 
above curve 7 at 28 kc. and 20.6 do. above at 18 kc. 
In order to obtain curve 10 as nearly as possible, 
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curve 8 is raised 23.7 db. to its new position 11, 
and curve 9 is raised 36.7 do. to the new posi 
tion 12. The plotted points close to curve 10 are 
the resultant of 11 and 12, the maximum devia 
tion from the desired resultant being less than 
0.2 db. over the entire range. For intermediate 
positions between the two extremes, the devia 
tion is of course leSS. 
A more convenient form of Equation (10) for 

determining the resultant of two loss frequency 
characteristics may be obtained in terms of 6L 
and AL, which are quantities shown in Fig. 5. 
In this figure the ordinates of curves 7, 8 and 9 
represent, respectively, the attenuations LR, LA 
and LB in db. 6L and AL are inherently positive 
in value, their purpose being to aid in calculat 

1,927,128 
Equation (10) and dividing by the member 20 
We get . . . . . 

- Li - L.A . . . . . . --LB 1 - T = - A -1 log 20 log 20 --log 20. (21) 

Multiplying both sides of Equation (21) by 
LA -la. logo 

We get 
LA - L. L - i. log-14E=1 +log- "20 B (22) 

Substituting in Equation (22) the values of 6L 
and AL given by Expression (17) and (18) we 
get 

8L. --AL 
logi =1 +log- 20 (23) 

By taking the logs of both Sides of Expression 
(23) it follows that 

6L = 20 log (1+log--it ) (24) 
The same expression results from a similar 
derivation. Whenever TADLB and there is no need 
to distinguish between the two. It need only be 
noted that for convenience in dealing with actual 
curves, Al should always be taken as positive, 
as indicated in Fig. 5. Fig. 4 shows a curve for 
6L and AI, plotted from Equation (24). 

it has been suggested hereinabove that the 
Woltages EA--EB Were Ordinarily in phase and 
that Substantial phase equality between these 
Voltages might be attained by the proper design 
Of the netWorkS. Of the artificial line D and the 
equalizer E. However, substantial phase equality 
is not a necessary condition for the practice of 
this invention. 

If there be a phase difference between the 
Voltages EA and EB the resultant voltage has been 
found to be represented by the following expres 
SO 

E=VE2a+E+2E, Encos B (25) 
If both sides of Equation (25) be divided by 

Eithen . . . . . 

Et E-(E)-(E)-(E)(i), ) cos 8 (26) 
Substituting the values given by Equations (6) 
and (7) and (8) for their equivalent terms in 
Equation (26) We get - 

- Li -L - R -1. log 20 w (log 20 
al 

- L. 

a) +(log- 5) +2 cos g(log- 4)(log- ...) (27) 
- LI uA B - - LA - LB - - al?o 1 - A or-1 i - - - log O log 10 --log 10 +2 COS g(log 20 ) (28) 

By taking the logarithms of both sides, it follows 
that . . 

- - L. - Li - L-L Li = -10 logog- 4+log- -it?--2 COS g(log- -Igle) - (29) 
ing and plotting curves. 
therefore stated as follows: 

Their equations are 

6L=LA-LR (17) 
and 

AL=LB-LA (18) 
When 

LBLA. 
Moreover, w 

8L = LB-LR (19) 
and 

AL=LA-LB (20) 
when 

LADLB. 

Taking the anti-log of the expression given by 

. A more convenient form of Equation (29).. for 
actual calculation can again be derived in terms 
of 6L and AL, as previously Suggested, - 
By multiplying both sides of Equation (27) by 

we get - 

LA-Li . . -LA- LB -1 - log 10 1.--log 10 -- 

- L 2 cos 3 (log- 4. 2) (30) 
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1,927,128 
and 

6L - AL - AL - -1- cy logo 1--log 10. --2 cos (log 20 ) (31) 
and 

- AL 
O -- 

i) (32) 

&L= 10 log --logi 

2. cos B(log 
Fig. 6 shows curves between 6L and AL for 

different values of 3. The curve for f3 equals 
10 might be compared with the curve for AL 
in Fig. 4 which, of course, is for 6=0. It Will be 
seen that the maximum divergence of these two 
curves will occur when AL=0 and is equal to .08 
db. This divergence decreases as AL increases 
and there is practically no divergence When AT, 
is 40 db. In other words, a phase difference of 
10 degrees between the voltages EA and EB Would 
have a practically negligible effect on the resulti 
ant characteristic. The maxinuin divergence 
between the curves for 3-30 and 6=0 is about 
0.3 db. for the Smaller values of AL, and this di 
vergence is practically eliminated When AI =40 
db. A divergence of but 0.3 db. of the resultant 
characteristic while not entirely negligible, is of 
very small effect however. It imay be concluded 
therefore, that phase differences between the 
values of EA and EB of less than 30 would not Sub 
stantially affect the resultant characteristic. In 
other words, for phase differences up to about 30 
Equations (24) and (32) are practically identi 
cal. Phase differences beyond 3) oecome notice 
able, however, and it is necessary to take then 
into account, Equation (32) giving appreciably 
different results from those of Equation (24). 

It has been ShoWn herein above that propor 
tional reductions in the gains of the amplifiers of 
branches A and B may be made to sinulate the 
effect of a variable artificial line or a variable 
equalizer, or both. The automatic means for 
controlling reductions in the gains of the tWO 
parallel branches Will now be described. 
The transformer T2 is bridged across the cir 

cuit at the point band its secondary Winding is 
connected to the tuned input circuit of a pilot cur 
rent amplifier H, which selects the pilot current. 
The pilot current becomes amplified and is then 
delivered to the unipotential tubes W5 and W7 in 
proportions Which may be varied by the po 
tentiometers. P1 and P2, respectively, which are 
interposed between the tubes V5 and V7 and the 
amplifier H. The tubes W5 and W7 act as recti 
fiers and therefore the plate current of each of 
these tubes Will increase if the amount of the pilot 
current increases. Resistances R1 and R2 are 
connected in the plate circuits Of the tubes W5 and 
Wit, respectively, in series with the corresponding 
anodes and cathodes, and therefore, the drop in 
potential across each of the resistances R1 and R2 
Will increase as the magnitude of the pilot current 
increases. AS the potential drops across the re 
Sistances R1 and R2 increase, the potentials ap 

increase and thereby lower the plate impedance 
of the latter tubes. 
The plate circuit of each of the tubes W6 - and 

W8 is connected as a shunt member of an inter 

comprising the airplifier of each of the branches. 
In other Words, the plate-filament circuit of tube 
W6 will form the shunt member of the T network 
interconnecting tubes W1 and W2, and similarly, 
the plate-filament circuit of tube. We will be the 

5 
shunt member of the T network interposed be 
tween the tubes W3 and W4. Hence, the gain of 
the amplifier of each of the two parallel branches 
of the arrangement shown in Fig. 1 Will be de 
pendent upon the plate impedance of the COrre 
sponding tube, and therefore, the gain of each. 
branch aimplifier will correspond to the magnitude 
of the received pilot current. This special inter 
stage network for the two parallel branches by 
which their gain is controlled by aSSociated 
vacuum tubes, is desirable because it permits a 
very wide range of gain with a minimum of dis 
tortion. 
The Settings of the potentiometers P1 and P2 

Snown in Fig. 1 are Such as to transmit the effect 
of a larger portion of the pilot current to the 
rectifying tuike W7 than to the rectifying tube W5. 
Accordingly, the shunting effect of the plate cir 
cuit of tube Wa. On the interstage network of the B 
branch will be greater than the effect of the plate 
circuit of tube W6 on the interStage netWork of the 
A branch. Moreover, the gain of the amplifier 
of the Bibranch will be reduced to a greater extent 
than that of the A branch amplifier. The rela 
tive effects upon the two parallel branches Will, 
of course, become greater as the magnitude of the 
pilot current is increased. 

Let it again be aSSurned that maximum Wet 
weather conditions prevail and that a section of 
the line C is exposed and requires correction with 
weather changes as represented by the curves of 
Fig. 3. It may be also assumed that the po 
tentiometers P1 and P2 are set so as to give proper 
gain reductions in the respective amplifiers of the 
A and B branches. Under these conditions, as 
stated hereinabove, the gain must necessarily be 
zero for all frequencies transmitted between the 
points b and u. The rectifiers W5 and Vi will re 
ceive the minimum of pilot current, and the 
shunting effect of tube V8 on the interstage net 
Work of the B branch will be greater... than the 
shunting effect of the tube W6 on the interstage 
network of the A branch. The greater gain re 
duction of the amplifier of the B branch must, 
of course, be compensated for elsewhere in the 
circuit if it be assumed that the annplifiers of the 
two branches generally have the Sane gain. In 
Order to provide the overall equality of gains of 
the two branches, the potentiometer P4 will be 
set at a higher point than the potentiometer P3, 
and therefore, a greater voltage will be impressed 
upon the amplifier of the A branch than that 
which reaches the amplifier of the B blanch. If 
weather conditions improve, the amount of pilot 
current reaching the rectifiers W5 and Vi Willin 
crease, thereby causing a corresponding decrease 
in the gains of the respective branch amplifiers 
to properly compensate for the change in the 
attenuation characteristic of the line C. The 
greater the improvement in Weather conditions 
the greater Will be the magnitude of pilot current 
and the greater the corresponding correction by 
gain reductions. 

If the changes of gain of the amplifiers of the 
A and B branches, i.e., the reductions in the gains 
of these amplifiers from the gains under maxi 
num. Wet Weather conditions, be represented as 
AGA and AGB, respectively, then the functions 
described hereinabove may be performed if the 
circuit operates in accordance With the following 
relations 

AGA=-1AR (33) 
and 

AGB=-E2AR (34) 

In these equations AR represents the increase in 
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db. of the level of the incoming pilot current, 
and K1 and K2 are constants each having a posi 
tive value. The ratio 

K 
K 

is determined by the position of the characteristic 
q’’ r' of Fig. 3 which depends upon the type of 
line facilities, that is, one or another type of 
cable or open wire. The numerical value of K1 
depends upon the frequency of the pilot current, 
as does the value of K2, Since the ratio 

K 
K 

is fixed. For the specific case numerically given 
hereinabove with reference to Fig. 3 it WaS shown 
that min rose 10 db. to its new position in m'', 
while Op rose 19 db. to its new position O' p'. 
These movements in this fixed proportion deter 
mine the slope of the characteristic q' r'. Con 
sequently, the following ratio becomes fixed 

K1 10 ax.19 (35) 

The values of K1 and K2 may be determined 
from a particular value of the frequency of the 
pilot current which may be assumed to be, for 
example, 28 kc. Inasmuch as r'' is 15 db. above 
r, then when AGA = -10 and AGB= -19, AR be 
comes 15 at a pilot frequency of 28 kc. Substitut 
ing these values for AGA and AR, in Equation (33) 
it will follow that A1=%. 

It is to be noted that in the arrangement shown 
in Fig. 1, the pilot current is picked up at the 
point b before being transmitted through the tWO 
parallel branches. This is done in order that the 
range of pilot current variation available to COn 
trol the gain may be as great as possible, it being 
aSSumed that it is desired to hold the Output at C 
Within limits too narrow to permit Satisfactory 
gain control. Let it be assumed, however, that a 
range of variation of pilot current Output at C 
sufficient to provide satisfactory gain control may 
be permitted. Under Such conditions there would 
be a distinct advantage in bridging the pilot cur 
rent apparatus at the point c in that it would 
obviate the necessity of establishing an accurate 
linear relationship between changes in the level 
Of the inconing pilot current and changes in the 
gain of the amplifiers of the A and B branches 
in accordance with the Expressions (33) and (34) 
given herein above. By changing the circuit, as 
suggested, it becomes merely necessary that de 
partures in the level of the pilot current above 
and below its normal value, shall cause corre 
Sponding decreases and increases, respectively, in 
the gains of the amplifiers of the A and B 
branches So as to maintain the level of the pilot 
Current Within the prescribed limits. It will be 
evident that the narrower the desired range of 
Variation of pilot current output becomes, the 
more Sensitive the gain control circuit must be 
to changes in pilot current output. The gain 
control circuit becoiles more Sensitive as the gain 
Of the amplifier H is increased, accompanied by 
corresponding changes in the constants of the 
circuit of the tubes W5 to Wa inclusive, in accord 
ance with well known principles. 
Even if the pilot current is picked up at the 

point c of Fig. 1, a linear relationship of the gains 
in the amplifiers of the two parallel branches 
ust Still be properly maintained. This must be 

1,927,128 
obtained mathematically by dividing the Equa 
tion (33) by Equation (34) So as to obtain 

AG A K1. 
AGB K2 

If these relative changes in the gains of the 
amplifier A and B are maintained, the proper 
resultant characteristic will be obtained from the 
voltages transmitted by the tWO branches. 

It will be apparent that the only physical 
change in the circuit as shown in Fig. 1 required 
for picking up the pilot current at the point C 
requires that the leads to the primary Winding 
of the transformer T2 be bridged a CrOSS the Cir 
cuit at point c instead of at b. None of the other 
circuit elements need be changed. ... 

It is of interest to note that the formulas de 
rived hereinabove for obtaining the resultant of 
the two component attenuation frequency chair 
acteristics, one for the A branch the other for 
the B branch, are based on the fact that each of 
these branches is a one-way transmission path. 
The amplifiers make it impossible for a portion of 
the output, of one branch to be fed back through 
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the opposite branch, or to be reflected back 100 
through the same branch from the output trans 
former, Winere, with the arrangement shown in 
Fig. 1, a correct termination of each branch in 
its characteristic impedance cannot be obtained 
without the use of a balanced hybrid coil, if the 
common output at u is correctly terminated. (The 
same situation regarding termination existS also, 
of course, at the input transformer T1.) Such 
oppositely directed energy is dissipated in the 
plate circuits of the output tubes of each ampli 
fier, thus preventing echoes and distortion of the 
resultant characteristic as calculated by the above 
mentioned formulas. However, it is to be noted 
that the presence of amplifiers in the A and B 
branches is not a vital feature of the funda 
mental principle involved, namely, the production 
in a circuit of a resultant frequency character 
istic of variable slope from two component cir 
cuits in parallel whose frequency characteristics 
are dissimilar and whose gains (or loSSes) are 
variable. In other words, the amplifiers could 
both be renoved, any difference in their gains 
compensated for by the insertion of a resistance 
network in One oranch and the net loSS of gain 
recovered by the insertion of additional ampli 
fication in tile common portion of the circuit. 
Such a rearrangement of Fig. 1 might result, for 
example, in the circuit shown in Fig. 7, in which 
branch. A contains only the so-called artificial 
line, the gain control network, and a resistance 
network R. representing the difference in gain be 
tween the A and B amplifiers. Branch B con 
tains only the equalizer and the gain control net 
work. The gain of the output amplifier in the 
common portion of the circuit is assumed to be 
increased to compensate for the removal of the 
A and 3 apifiers. The circuit of Fig. 7 is there 
fore equivalent to that of Fig. 1 in all respects, 
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except for the fact that in Fig. 7 the A and B . . . 
branches are not One-Way paths. 
the resultant characteristic cannot be calculated 
accurately from the two component character 
istics by means of the formulas derived for one 
Way branches. The derivation of the more in 
volved formulas applicable to this case is not es 
sential to illustrate the principle involved, name 
ly, that the shape of the resultant characteristic, 
although somewhat different from that obtained 
with one-way paths, is nevertheless dependent on 
the shapes of component characteristics, and can 

For this reason - 
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be varied in slope by varying the attenuation in 
the two branches. . 

Furthermore, the substitution of a balanced 
hybrid coil for each of the transformers T1 and 
3 Will eliminate the lack of proper termination 

of the inputs and outputs of the A and B branches 
and, depending on how Well each coil is balanced, 
Will reduce the feeding back of energy in either 
branch. The resultant frequency characteristic 
may thus be made to approach more closely that 
which would result from the above-mentioned 
formulaS, due to the absence of fed back energy, 
in spite of the fact that the two branches of the 
circuit are not one-Way transmission paths. 
What is claimed is: 
1. An arrangement for maintaining the atten 

ulation of all of the transmitted frequencies of a 
Signaling system constant under variable condi 
tions of Weather which comprises two coupled 
parallel paths having different gain frequency 
Characteristics, variable attenuation means in 
cluded in each path, and means for simultane 
ously changing the attenuation of said aforemen 
tioned attenuation means in accordance with 
changes in Weather conditions. 

2. In a Signaling System, the combination of 
tWO parallel paths, means for simultaneously 
Waying the gains of said paths by different 
amounts, and imeans for coupling said paths so as 
to produce an overall gain frequency character 
istic whose gain at different frequencies depends 
upon the gains of said two paths. 

3. In a transmission System, the combination 
Of means for "endering the overall gain frequency 
Characteristic constant under waiiable weather 
COrlditions, Said means comprising two parallel 
paths which are coupled to each other and have 
different gain-frequency characteristics, and 
means for simultaneously varying the attenuation 
of each path. 

4. In a transmission system, the combination 
of means for rendering the overall gain frequency 
Ciharacteristic constant under variable weather 
Conditions, Said means comprising two parailel 
paths which are coupled to each other and have 
different gain-frequency characteristics, means 
for simultaneously varying the attenuation of 
each path, and means for simultaneously chang 
ing the attenuation of both paths by different 
predetermined amountS. 

5. The combination of two interconnected par 
allel paths having different gain frequency char 
acteristics, a one-way amplifier included in each 

55. path, and means for simultaneously changing the 
gains of the two paths by different amounts which 
are in a fixed proportion. 

6. The combination of tWO interconnected par 
allel paths having different gain frequency char 

60. acteristics, and means responsive to weather 
changes for changing the gains of the two paths 
Sinultaneously by different amounts which are 
in fixed proportions. 

7. An arrangement for controlling gain, con 
65. prising two interconnected parallel transmission 

circuits which have gain frequency characteris 
tics of positive and negative slopes, respectively, 
two rectifying circuits coupled, respectively, to 
said transmission circuits, means including said 
rectifiers for controlling the gains of said circuits, 
and a source of pilot current Supplied simul 
taneously to both rectifying circuits. 

8. Gain control apparatus comprising a SOUrce 
of pilot, current the amplitude of which varies 

75 with weather changes, two parallel rectifiers re 
ceiving said pilot current simultaneously, two 

7 
variable impedance devices connected, respective 
ly, to said rectifiers and controlled thereby, two 
parallel transmission paths having gain fre 
quency characteristics of positive and negative 
slopes, respectively, said variable impedance de 
Vices being coupled to said transmission-paths, 
respectively, and means for coupling. said two 
trafismission paths for obtaining their resultant 
effect. , 

9. Gain control apparatus comprising two par 
allel circuits having different gain frequency 
chairacteristics, gain adjusting means for each 
Circuit, two variable impedance devices coupled, 
respectively, to the gain adjusting means of each 
Circuit, a Souil'ce of pilot current producing an 
effect On both of Said impedance devices, and 
Inearis for coupling Said parallel circuits so as to 
change the resultant gain frequency characteris 
tic by a desired amount. 

10. The combination of two parallel circuits 
having different gain frequency characteristics, 
a pair of amplifiers for each circuit, loss adjusting 
ineans coupling the amplifiers of each circuit, a 
Source of pilot current, means responsive to the 
Variations in the level of pilot current to simulta 
neously change the loSS of the adjusting means 
of both circuits by different amounts which are 
in fixed proportions, and means to couple said 
circuits So as to change the resultant gain fre 
quency characteristic by a desired amount. 

11. The combination of two parallel circuits 
having different gain frequency characteristics, 
means for coupling said circuits So as to obtain 
a resultant gain frequency characteristics differ 
ent from that of either of the circuits, and naeans 
for Sinultaneously varying the gains of both cir 
cuits by different amounts So as to change the 
shape of the resultant characteristic. 

12. In a Signaling Systein, the combination of 
a line Subject to variable attenuation due to 
Weather changes, two parallel circuits having 
different gain frequency characteristics which 
transmit the energy foWing over the line, means 
for coupling said circuits to Said line, and means 
for Sinultaneously varying the gains of Said cir 
cuits by different amounts, whereby the overall 
gain frequency characteristic of the system will 
be maintained constant. - 

13. Gain control apparatus connprising two 
parallel circuits having different attenuation fre 
quency characteristics, said circuits being cou 
pled to each other, and means for Simultaneously 
changing the attenuations of said circuits by dif 
ferent amounts so as to produce an overall char 
acteristic simulating that of an artificial line. 

14. Gain control apparatus for a line trans 
initting signals the attenuation of Which changes 
With different conditions of weather, comprising 
two parallel circuits having different attenua 
tion frequency characteristics, Said circuits be 
ing coupled to each other, and means for simul 
taneously changing the attenuation of both cir 
cuits by different amounts so that the overall 
characteristic of said circuits will compensate for 
the changes in attenuation of the line. 

15. Gain control apparatus including two par 
allel circuits which are coupled to each other and 
have gain frequency characteristics of positive 
and negative slopes, respectively, and means for 
reducing the gain of one of said circuits with re 
spect to that of the other so that the resultant 
gain frequency characteristic of both circuits will 
resemble the gain frequency characteristic of the 
circuit having the greater gain. 

16. Apparatus for compensating for the loss 
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in a line transmitting signals during weather 
changes, comprising two parallel transmission 
circuits coupled to the line and transmitting the 
energy received over the line, an artificial line 
Connected in one of Said transmission circuits, an 
equalizer connected in the other of said trans 
mission circuits, a loss adjusting device con 
nected to each of Said transmission circuits, a 
source of pilot current the amplitude of which 
Varies in accordance With the Weather changes, 
two rectifiers both connected in parallel with 
respect to the source of pilot current, and two 
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1,927,128 
Variable impedance devices connected respec 
tively to said rectifiers, said variable impedance 
devices changing in impedance by different 
amounts with any change in the amplitude of 
the pilot current, said variable impedance de 
vices being coupled respectively to the two trans 
mission circuits, the loss incurred by the conjoint 
action of the two transmission circuits compen 
sating for the loss incurred by the line transmit 
ting signals. 

RUSSELL. H. LINDSAY. 
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