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EQUALIZATION OF CARRIER SYSTEMS
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This invention.relates to the equalization
of carrier systems so that all of the channels
will be brought to substantially a common
transmission level, and if desired, the com-
mon level may be maintained constant with
changes in transmission conditions.

In a transmission system employing line
conductors; the attenuation of the current
varies with frequency, the attenuation in-
creasing as the frequency goes up. This be-
comes a,very serlous matter in a multiplex
carrier system ‘as the channels having the
higher carrier frequencies will be much more
attenuated than the channels transmitting at
5 lower frequencies. If,in such a system, the
attenuation is plotted against frequency, the
resultant curve wiil, within reasonable fre-
quency limits, approximate a straight line
having a slope depending upon the character
of the circuit and the existing transmission
conditions. This slope varies with different
transmission conditions, and the variation in
slope will, moreover, be different for differ-
ent types of circuits.

Obviously, it is desirable that some form
of compensation be made so that the trans-
mission at a given frequency be maintained
at a desired level, and that some further com-
~ pensation be made to bring all channels at
9 all times to that level, In other words, some
compensation should be made so that the re-
sultant slope will be horizontal, and will be
maintained horizontal at a desired transmis-
sion level. .

In the case of a carrier telephone system,
the term transmission level is generally
understood to signify, not the absolute power
‘in a particular frequency band, but the rela-
tion between the power transmitted past any

' point in the system and the power at some

arbitrary reference point, usually at the
transmitting end of the system.
Heretofore, it has been proposed to ac-

complish these results by transmitting a pilot

> frequency over the circuit, observing the level
of the pilot frequency at one or more stations
(usually at each repeater station and at the
terminal), adjusting a potentiometer which
treats all frequencies alike to compensate for
the observed change in level at the pilot fre-

quency, and at the same time making a level
equalizing adjustment of some network in
the circuit to compensate for the slope of the
attenuation frequency characteristic assumed
to exist at the particular pilot frequency
amplitude observed. :

Unfortunately, lines constructed with

" different gauges of wire and different types

of insulators give different changes in slope
for a given change in the over-all transmis-
sion equivalent. Furthermore, changes may
occur in the gain of the repeaters due to va-
riations in the battery supply, and as these
changes in gain produce no change what-
ever 1n the attenuation frequency slope, it is
evident that an adjustment of a potentiometer
over a certain number of steps to bring the
transmission level back to normal, accom-
panied by a compensating slope adjustment
for each step, will not necessari’(l{y result in’
a compensating slope corresponding to the
particular slope of the attention frequency
chgracteristic of the line existing at the time
the received current was measured. In short,
an identical change of slope on.two differ-
ent types of circuits may be accompanied by
a different change in loss on the two circuits,
and under certain circumstances an identical
change of slope on a given circuit may be
accompanied by different changes in loss at
the same frequency at different times. Such
a condition obviously makes the control of
the equalizing slope according to changes
in the over-all attenuation observed at a sin-
gle frequency more or less unsatisfactory.
Accordingly, it is proposed, by means of
the present invention, to so arrange matters
that the equalization or slope correction be
controlled by means of two pilot frequencies
transmitted over the system, one or both of
these frequencies serving also to control the
adjustment of a potentiometer or other de-
vice for bringing the circuit back to a normal
transmission equivalent. By transmitting
two pilot frequencies and observing the dif-
ference in the amplitudes at which they are '
received, the attenuation-frequency slope is.
determined. Suitable adjustments may be
then made in an equalizer or slope corrector
to bring the over-all frequency-attenuation 100
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curve for the system, including the equalizer,
to a common horizontal level. This adjust-
ment meay be made either manually or auto-
matically. An independent adjustment of
the gain of an amplifier may then be made by
means of a potentiometer or equivalent de-
vice to change the gain equally at all frequen-
cles to such extent as to bring the now com-
mon level of the cireuit up to the normal level
By this method of compensation the same
equalizing and level adjusting apparatus may
be used for all circuits in the plant, regardless
of their character, and the adjustments will
approximate an ideal condition under various
conditions of any given circuit.

The invention will now be more fully un-

tion when read in connection with the accom-
panying drawing in which Figure 1 shows a.
series of curves illustrating.the attenuation-
frequency characteristics of two different cir-
cuits under variable weather conditions; Fig.
2 shows a series of curves illustrating the
changes in slope corresponding to the various
conditions illustrated in Fig. 1; Fig. 3 shows

a series of curves illustrating how compen- -

sating slope adjustments may be made by
using equalizer networks having attenuation-
frequency characteristics whose slopes pass
through & common point at one freqiwency;
Fig. 4 shows a similar set of curves by means
of which the same slopes may be obtained but

in which the curves do not pass through a

cominon leve] at one of the pilot frequencies;
Fig. § illustrates a type of network which
may be used for obtaining any of the desired

slopes illustrated in Figs. 3 and 4; Figs. 6 and
62, taken together, illustrate a circuit ar-

rangement for carrying out the principles of
the invention ; Figs. 8 and 9 illustrate two dif-

ferent forms of adjustable equalizers which

may be used in connection with the invention;

while Fig. 7 illustrates a modified form of
pilot receiver apparatus enabling simultane-

ous adjustment of the potentiometer and slope
compensator. : ‘ :
Referring to Fig. 1, let us suppose we have
a transmission line which we will call- M, and
that we transmit over this line several fre-
quencies each having the same level at the
transmitting end. If we measure the re-
ceived current at the several frequencies un-
der dry weather conditions, it will be found
that the attentuation loss with frequency will
progressively increase, as shown by the curve

‘M, of Fig. 1. Under wet weather conditions,

the attenuation will be greater at all frequen-
cies, but the increase in attenuation will be
greater for the higher frequencies, as indi-
cated by the curve M, of Fig. i. The curves
M, and M, have different slopes, and at inter-

‘mediate conditions between wet and dry, the

same circuit may have the attenuation curves
indicated at M, and M; of Fig. 1, each of these
curves having still different slopes,

1,748,141

Now, if we observe the transmission loss
for some pearticular frequency at 2 given in-
stant, it is possible to adjust & potentiometer
and increase the gain to bring the transmis-
sion level at that %reiguency up to the level at
which it started, or to any other level that
may be desired. If, furthermore, the con-
struction of the line remains unaltered and
no changes oceur in the repeaters due to bat-
tery fluctuations, or the like, it will be possi-
ble to associate with each step of adjustment
of the potentiometer a corresponding step in
the adjustment of a network or combination
of networks by means of which the proper

compensating changes will be made for the
.other frequencies involved, so that all fre-

uencies will be adjusted to the same level.
n other words, & network may be cut into

‘the circuit each time s compensating change

is made in the gain of a repeater, which net-
work will have an ' altenuation-frequency
characteristic whose slope will be just the re-
verse of that of the line, so that the combined
slope of the network and, the line will be hori-

zontal. This involves the assumption that

the slope adjustment corresponding to each
setting of the potentiometer is known in ad-
vance. A system involving this principle is
disclosed in Affel Patent No. 1,511,018 of
October 7, 1924. . S :

Suppose, now, we have another transmis-
sion line which we will call N having at-
tenuation frequency characteristics, as indi-

cated at N, N,, N; and N, of Fig. 1. If
we-assume that the pilot frequency, whose

loss is measured in order to determine the
potentiometer and other adjustments, be 20
kiloeycles, for example, it will be evident that

" while the attentuation measurement will en-

able us to adjust a potentiometer to control
the level at that particular frequency, the
corresponding slope compensating networks
which were used in the case of line M will
not fit the present case at all. In fact, an
inspection of the curves at Fig. 1 shows that

* a knowledge of the transmission loss at 20,000
-cycles, for example, gives us no information

whatever as to the slope compensation which
should be made, as the slope will vary from
that of the curve M, to that of the curve N,
even under the same transmission conditions.

Furthermore, let us suppose we are meas-
uring the loss at 20 kilocycles over the line
N under dry weather conditions, and that due
to some sbnermal condition of a repeater,
(which changes the gain at all frequencies
alike), we get a measured attenuation loss
of 2014 units instead of 1214 units. The ob-
server will then, knowing he is working with
the line N, assume that he should meake a slope
compensating adjustment corresponding to
the curve N; of Fig. 1. Now, the facts are
that under these conditions the slope would
be the dry weather slope represented by curve
N, the only difference due to the repeater
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being that the loss at all the frequencies in-
volved would be increased eight units, so

that the actual attenuation frequency curve

for this particular condition would be as rep-
resented by the curve M, of Fig. 1.
curve M;, while drawn for the line M, is
parallel to the curve N, and happens to accu-
rately represent the assumed abnormal con-
dition on the line N,.) Obviously, if we
make a slope adjustment corresponding to Ny,
it will be incorrect as the slope adjustment
should correspond to M (or N,).

It is therefore clear that measurements of
the attenuation loss at one frequency will
not afford sufficient data from which to de-
termine both the necessary potentiometer ad-
justment and the necessary slope compensat-
ing adjustment. Therefore, in accordance

“with the present invention, it is proposed to

make measurements of the attenuation loss
of the circuit at two frequencies. This will
give data from which we will know at any
time the slope of the attenuation frequency
curve and the actual attenuation loss at each
frequency over the range with which we are
concerned,—this regardless of the nature or
character of the circuit over which the meas-
urements are made, and regardless of changes
either in the character of the individual ele-
ments of the system or in the external condi-
tions which affects the transmission of the
circuit. Co ‘
For example, if in Fig. 1 we use 15 kilo-
cycles and 25 kilocycles as the pilot fre-

5 quencies and measure the attenuation loss

at each of those frequencies, such attenuation
measurements fix at once the slope of the
attenuation frequency curve for the circuit
at that time. If we make measurements at
these two frequencies and find that at 15
kilocycles the loss is 9 units, and at 25 kilo-

Cffcles the loss is 18 units, we know the-
s

ope for which compensation must be made

is that represented by the line N,. If, onthe

5 other hand, the observed attenuation losses

- are 16 units and 25 units, respectively, we

€J

know that the slope for which compensation
must be made is that of the curve M;, which,
as it happens, is the same as that of the curve
N.. It 1s unnecessary to learn anything
about the nature of the line over which the
measurements are being made, or anything

about the weather conditions. ‘The two meas- .

urements fix the slope of the curve absolutely.

Having made the necessary slope compen-
sating adjustment so that now all frequencies
are received at the same level, such level may
be shifted up and down by means of a po-
tentiometer to bring it to any desired level at
which the transmission equivalent of the
circuit is to be maintained. Such potenti-
ometer adjustments, or changes in gain or
amplifiers. produce no change in the slope of

the over-all attenuation frequency character--

istic of the circuit. Consequently, the slope

(The

3

or equalization adjustments may be made
quite independently of the over-all transmis-
sion level adjustment, '
The various slopes represented by the
curves M,, M,, etc., and N;, N,, ete., of Fig. 1

‘are shown in their relationship to each other

in Fig. 2, where each of the curves is drawn

with the same slope as in Fig. 1, but through-

a common point of origin. The curves of
Fig. 2 show that for the two circuits M and N
there are two slopes for each circuit which
are the same. For example, curves M, and
N,, representing wet weather conditions of
the two lines, have the same slope.. Also it
happens that the curve N,, representing the
dry weather condition of the line N, has the

same slope as the curve M, of the line M. .

Therefore, so far as bringing all of the chan-
nels to the same level is concerned, it will be
necessary to have adjustable networks capa-
ble of producing compensating slopes corre-
sponding to those slopas numbered 8, 6, 9, 10,
11 and 12 of Fig. 2 in order to take care of the

-several conditions illustrated in Fig. 1 for the

two lines M and N, _

Assuming that the compensating arrange-
ments are to correct for intermediate weather
conditions not indicated in Fig. 1, or that
they. are to be used with still other lines hav-
ing different characteristics, it might be de-
sirable to have compensating adjustments

varying by frequent steps all the way from

slope 1 to slope 14 of Fig. 2.

A convenient way to obtain the desired

range of slope adjustment would be to have
a set of networks, each so designed as to have
an attenuation-frequency characteristic cor-
responding to a different one of the curves of
Fig. 8. These networks may be of the type
illustrated in Fig. 5 and would preferably Ee

a common level at one of the pilot frequencies.
The characteristics of this type of network
are discussed at length in the patent to Zobel,
No. 1,608,305 of October 19, 1926.. If desired,
instead of using a separately designed net-
work for each slope, a series of identical net-
works, each having a slope indicated by the
curve » of Fig. 4, may be designed and, by
connecting different numbers of these net-
works in tandem, various slopes illustrated in
Fig. 4 may be obtained. C

In the foregoing discussion, it has been
assumed that the
curves are straight lines, as indicated in Fig.

1. While this is approximately true over the

limited range of frequencies employed for
all of the channels of the carrier system trans-
mitting in one direction, in actual practice

there 1s a slight curvature in these lines over .

the entire nseful frequency range. This does
not introduce any material complication,
however, as the curves all have the same gen-
eral form, and the networks making up the
adjustable equalizer can be designed and, in

attenuation-frequency.
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practice, are designed to take care of the slight

- amount of departure from the straight line
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involved at each slope for which compensa-
tion is to be made.

Figs. 6 and 62, when placed side by side,
illustrate schematically a circuit arrangement
for carrying out the invention. The two ter-
minal stations A and B are shown with an
intermediate repeater at station C, the re-
peater being connected with the terminal sta-
tion by line sections L, and L, respectively.
Tt will be understood, of course, that in prac-
tice any desired number of intermediate re-
peater stations will be provided.

At station A, the various carrier transmit-
ting channels are combined through band
filters such as BF, (only one of which is
shown) in a transmitting amplifier TA,, the

various frequencies used for transmitting
then passing through a directional filter WE, .
to the line.. The receiving channels are

branched from the line through a similar di-

rectional filter EW,. The pilot apparatus at

station A comprises two generators G, and; .
for producing the pilot frequencies f, and f.
which are passed through pilot filters or se-

lecting devices PF,, and PF.,,, respectively.

These pilot frequencies then pass to the line
through the transmitting amplifier and di-
rectional filter which carry the carrier chan-
nels. “Only the transmitting apparatus is
shown at station A. -

At each repeater station, the usual repeater
apparatus will be provided and at the termi-
nal station B carrier transmitting and receiv-

‘ing apparatus of known type will be em-

ployed. Also there will be provided at the

‘terminal station B and at suitable interme-

diate points, such as repeater stations, pilot
apparatus for controlling the adjustments of
the potentiometer and frequency equalizer.
For example, at station B, the carrier channels
pass threugh directional filters WE, to a com-
mon receiving amplifier RA, from the output
of which the carrier channels are separated
into their respective terminal circuits through

band filters as BF;, only oneof which is illus-

trated. The gain of the amplifier RA; is con-
trolled by means of an adjustable potentiom-
eter TP, as will be described later. ‘An ad-
justable equalizer EZ, for compensating for
the slope of the attenuation-frequency char-
acteristic of the received range of frequencies

is also interposed in the circuit. The nature’

and operation of these devices will be de-
scribed in more. detail later. The transmit-
ting apparatus at station B is not illustrated.
it being understood that this apparatus will
be similar to that at station A and that the
various channels (including pilot frequen-

cies for transmission in the reverse direction)
- are combined in the common transmitting am-

plifier TA, and pass to the line through the
directional filter EW,,.
At the repeater station C, the two line

1,748,141

sections L, and Ly ate connected by two paths,

one for transmitting in each direction. The
east-west path selects all the channel fre-

. quencies transmitted in that direction by

means of filters EW, and EW,’. Similarly,
the west-east path selects all of the channel
frequencies transmitting in the opposite di-
rection by means of filters WI, and WE,".
A transmitting amplifier TA, is included in
the west-east path for amplifying all fre-
quencies transmitting in that direction, the
gain of this amplifier being controlled by
means of a potentiometer EP, similar to that
described in station A. The east-west path
likewise includes an equalizer EZ, which

‘may be similar to the corresponding equalizer

at station B. Similarly, the east-west path
includes a common amplifier RA, controlled
by the potentiometer WP,. The path also
includes an equalizer WZ, similar to the equal-
izer EZ.. - : s

In order to adjust the potentiometer
EP, at station C,-one of the pilot frequencies

7. is selected by means of the filter PF,; and"

is transmitted to an amplifier-rectifier AR.,’

70

5

80

86

80

to produce a direct current proportional to

the amplitude of the received pilot frequency.
'This current operates a relay Re,.

When the transmission conditions are nor-
mal at this pilot frequency, the armature of
the relay R, is adjusted so that it will be in a

‘neutral position. If, however, the transmis-

sion level departs from normal, due to change
in weather conditions or what not, the arma-
ture will be shifted to one or the other of its
back contacts; depending upon whether there
is an increase or decrease in received current.
This operates the mechanism PZM, to shift
%1}; adjustable switch of the potentiometer

As the potentiometer and control mecha-
nism at station C are in detail similar to the
potentiometer EP, and control mechanism
PZM, at station B, it will be obvious that the
operation of the armature of the relay R,
will energize one of the relays corresponding
to X and Y of Fig. 6,, thereby operating the
motor corresponding to PZM, in either a for-
ward or reverse direction, depending upon

which way the armature of the relay. is act-.

ing. This motor is mechanically arranged
to set the switch of the potentiometer EP, to
any desired position. The switch is there-
fore shifted until the gain of the amplifier is
increased or decreased to such a point that the
received pilot frequency is restored to its nor-
mal amplitude. '

Since the potentiomeéter EP, consists of re-
sistance steps, it produces the same change in
gain at all the carrier frequencies involved.
In order to compensate for the difference in
the level of the various channels, or, in other
words, in order to compensate for the slope of
the attenuation-frequency characteristic, the
adjustable equalizer EZ. is arranged to be
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-controlled by a control mechanism ZCM, sim-

ilar to that already described. Frequencies

/1 and £, are selected by the pilot filters PF.,

and P¥., and are then separately impressed
upon amplifier-rectifier units AR.; and AR.,,
respectively. The rectified direct currents
from these amplifier-rectifier units are com-
bined in opposing relation upon the windings
of relay R., to actuate the control mechanism
ZCM.." The pull upon the armature of this
relay will be proportional to the difference be-
tween the magnitudes of the two pilot fre-

quencies as received at station C. The pull’

upon the armature will therefore be a meas-
ure of the slope of the attenuation-frequency
curve for the circuit extending from station
A to station C and will be independent of the
absolute amplitudes of the two pilot frequen-
cies. ‘ v
The control mechanism ‘ZCM, will, of
course, be similar to that illustrated in Fig. 6
at PCM, and will automatically adjust the
switch of the equalizer EZ, to bring all of the
channels to the same level as will be described
later. It will also be understood that ar-
rangements. will be provided in connection
with the east-west path of the repeater to
control the adjustmerit of the potentiometer
WP, and the equalizer WZ, through simi-
lar pilot frequencies transmitted in the'oppo-

site direction. These arrangements will, of
‘course, be in all respects, similar to those de-

seribed in the west-east path. So, also, at
station B, the received pilot frequency f; will
actuate the relay Ry, to operate the control
mechanism PCM, to adjust the potentiometer
EP,. Likewise, the pilot frequencies f, and
% will be combined in opposition at station

to operate the relay R,. in a manner simi-
larly described in R.. at station C. - The re-
lay R, will actuate the control mechanism
ZgMb to ‘adjust the equalizer EZ,. In the
arrangement above described, the pilot appa-
ratus at station C produces the necessary
eqaulization and potentiometer adjustments,
to compensate for the variable transmission
losses between station A and station C, while
the corresponding apparatus at station: B per-
forms a similar function with respect to the
section of the circuit extending from station
C to station B. )

Where the adjustable equalizers such as
EZ. and EZ, are to function to accordance
with the principles discussed in connection
with Fig. 3, such equalizer may be made up
as illustrated in Fig. 8. Here a switch S
may be adjusted to any one of a number of
contact positions, the number of contact po-
sitions being for
shown as comprising fourteen. . Each of
these contact positions corresponds to one
of the curves 1 to 14, inclusive, of Fig. 3.
Switching relays 1 to 14, inclusive, are asso-
ciated with the contacts 1 to 14 of the con-
trolling switch for the purpose of switching

the purpose of illustration, .

i{ldivjdual networks N, to N,, into the line
cireuit. Eaph of these networks will be dif-
ferently designed so that each will have the

.attenuation-frequency characteristic whose

slope will correspond to a différent one of the
curves of Fig. 8. :
The effect of the adjustment of switch S

5

0

of Fig. 8 is to successively bring different .

networks into the circuit until a network is

.selected whose slope is just complemental

to that of the existing slope of the line cir-

-cuit. When the proper network has been

selected, both pilot frequencies will be re-
ceived over the line and through the net-
work at the same level so that the relay R,
or Ry, as the case may be, will have its ar-

(]

86

mature restored to its neutral position and -

further adjustment of the equalizer will not

-take place. '

~ Where the slopes of all of the networks N,
to Ni,, inclusive, pass through a common

point at one of the pilot frequencies or, in

other words, the loss introduced by each of
the networks is the same at one pilot fre-
quency different networks may be switched
into or out of the circuit without changing
the amplitude of that pilot frequency as re-
ceived. Asshown in Fig. 3, the networks are
all designed so that they have a similar loss
at, for example, 35 kilocycles. If this figure
is to be used as the frequency £, of the sys-
tem, as above described, the adjustment of
the equalizer will have no effect upon the
amplitude of the pilot frequency f,: There-

-fore, if the actual amplitude of the fre-

quency /. as received is above or below nor-

90
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mal, the relay R., at station C and the relay

R,, at station B, as the case may be, will
operate its corresponding control mechanism
to adjust the potentiometers EP. and EPy,
respectively. This results in raising or low-
ering the then existing level at the pilot fre-
quency f, to a desired normal level.

- Briefly stated, the operation of the equal-
izer at each station is to bring all of the chan-
nels to a common level as received at that
station. The potentiometer at that station
is also adjusted so as to raise or lower the
common- level to a preassigned normal level
for the system. Since the adjustment of the
equalizer does not affect the amplitude of the
pilot frequency which controls the poten-

tiometer, the adjustment of the potentiome-

ters and equalizers may take place simul-
taneously and are wholly independent.
Instead of having the slopes of all of the
equalizer networks pass through a common
point, as shown in Fig. 3, it will_facilitate
the design of the networks to have the slopes
pass through different points at both pilot
frequencies and make up the desired com-

pensating slope from different combinations -

of networks of identical design. For ex-
ample, as shown in Fig. 4, each network
might be designed to have a slope indicated
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by the curve # of Fig. 4 By combining in
tandem various numbers of these networks,
the various equalizer slopes of Fig. 4 will then
be obtained. - : S ,
Where the equalizer networks -are to be
combined in tandem, as above described, the
equalizer circuit might be arranged as shown
in Fig. 9. ‘Here, again, thé switch S ma
have fourteen contact points, one correspond-
ing to each desired slope. Each contact point
contrels the circuit of one of the relays 1 to

- 14, inclusive. The relay contacts are so ar-

ranged that if none are energized, all of the

" networks N; te N,,, inclusive are connected

15

20

-in tandem over the back contacts of the re-

lays. The network N, is permanently con-
nected to the line terminals at the left. When-
ever a relay is operated, all of the networks
to the left thereof are disconnected from the
networks to the right and are connected di-
rectly over the front contacts of the relay to

~ the line terminal at the right.

25

- terminal at the right. If the switch is moved
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. ing of the meter is normal.
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For example, if it is desired to compen-
sate for the slope indicated at 1 in Fig. 2, the
switch S will be moved to position 1 thereby
energizing relay 1 which disconnects network
N, from all the remaining networks and con-
nects said network N, directly to the line

to position 2, relay 1.is deenergized and relay
2 is actuated. This results in disconnecting
network N, from the networks to the right

thereof and connecting it to the line terminal.
- at the right. Network N, is, of course, con-

nected in tandem with network N, by release

of relay 1. This combination will compen-
‘sate for the slope shown at 2 in Fig. 2. If

the switch is moved to position 18, relay 13 is
actuated, all of the relays to the left of 13
being deenergized. All of the networks N,
to Nys, inclusive are connected in tandem.

‘The relay 18 disconnects the networks from

network N** and connects them directly to
the line terminals at the right. This gives
a combination which will compensate for the
slope 13 of Fig. &. ]

s above described, the operation of adjust-
ing the potentiometer and equalizer.are ac-
complished automatically. In some cases,
however,. it may be desired to adjust the
switches of the potentiometers and equal-
izers manually. For example, at the ter-
minal station in Fig. 62, the switches 3, 4 and
5 may be opened. The control mechanism
will now cease to function and the attendant
will merely read the meter My, and adjust
the switch of the equalizer EZ, until the read-
The meter My,
will then be read and the switch of the po-
tentiometer adjusted until the meter M, in-

~dicates a normal reading. The adjustment

65

of the equalizer brings all channels to the
same level so that pilot frequencies have the
same amplitude. The adjustment of the po-

1,743,141

tentiometer brings the now .common Ievel of
all the channels to the desired normal level.
In a similar manner, the switches' corre-

-sponding to 8, 4 and 5 in Fig. 6 may be
opened and the adjustment of the potenti- ;

ometer and. equalizer at station C be accom-

.plished manually from the readings of the

meters M,; and M,;,. In general; of course,

where the adjustments are to be made manu- .

ally, the station nearest the source of pilot

frequencies would make the adjustments first,

70
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so that from each station the pilot frequen-

cies, as they are sent out towards the next.

station, will have the same amplitude. If
this were not done and one of the stations fur-
ther along the line as, for example, the termi-

nal station should attempt to make the ad:

justment first, such terminal station would
necessarily have to make adjustments for the
entire change in level throughout the system.
Notwithstanding this adjustment at the ter-
minal, however, the slope would still be ab-
normal at intermediate stations such as C
and if the attendant at such intermediate
station should thereafter make a compensa-
tion to render the slope horizontal, the slope
would be correspondingly changed at the ter-
minal and would have to be readjusted there.

It will be clear that when the system oper-
ates in accordance with the principles of Fig.

4, the equalizer adjustment will change the

loss at the pilot frequency 7, and hence change
the received amplitude of the pilot frequency
fi which controls the potentiometer.” In
order to avoid any interference between the
operations of adjusting the potentiometer
and the equalizer, the pilot receiving circuit
may be arranged as in Fig. 7. Here the pilot
frequencies f; and £, are separately impressed
upon the amplifier-rectifier units AR,, and
AR.: which comprise vacuum tubes whose
output circuits are connected in a push-pull
relation. The two windings of the relay
R.. are connected respectively in the output
circuits of the devices AR., and AR...
Therefore, the armature of the relay R, will
respond to the difference between the ampli-
tudes of the frequencies 7, and #, as received.
The relay R.. functions to actuate the control
mechanism to adjust the equalizer until the
slope of the overall attenuation-frequency
characteristic becomes horizontal.

The potentiometer controlling relay R01,~

however, is connected in the common branch
of the two output circuits and is therefore
actuated by the sum of the two rectified
currents produced from the frequencies f,
and f,. The response of the relay R, is
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therefore, in effect, proportional to the ampli-

tude of a frequency midway between the fre-
quencies f, and f,. A consideration. of the
curves of Figs. 1 and 4 will show that if the
pilot frequencies be taken as 15 kilocycles and
25 kilocycles, respectively, this medium fre-
quency will correspond to 20 kilocycles and,
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in-effect, the losses at this frequency will de-
termine the setting of the potentiometer.
Such potentiometer setting may take place
simultaneously with the setting of the equal-
izer without the one interfering with the
other. o .

It will be understood, of course, that where
the system is to be operated according to the
principles illustrated by the curves-of either
Fig. 3 or Fig. 4, the apparatus of Fig. 7 may
be employed at both the repeater station and
the terminal station.

It will be obvious that the general prin-
ciples herein disclosed may be employed in
many other organizations widely different
from those illustrated without departing
from the spirit of the invention as defined in
the following claims. = - '

What is :laimed is:

L. In a multi-frequency transmission sys-
tem comprising a plurality of line sections
connected in tandem, the method of equaliza-
tion of the transmission over a range of fre-
quencies, which consists in transmitting two
pilot frequencies over the entire system, ob-
serving the amplitude of each of the pilot
frequencies after transtission over each sec-
tion to determine the slope of the attenuation-
frequency characteristic of each section, and
introducing losses into each section which
vary, with frequency in accordance with
curves whose slopes are complemental ‘to
those of the observed attenuation-frequency
characteristics of the several sections, to

make the transmission equivalent of any sec-

tion of the system the same for all frequen-
cies. . I :

2. In a multi-frequency transmission sys-
tem comprising a plurality of line sections
connected in tandem, the method of obtain-
ing a constant transmission equivalent for a
range of frequencies, which consists in trans-
mitting two pilot frequencies over the entire
system, observing the amplitude of each of
the pilot frequencies after transmission over
each section to determine the slope of the at-
tenuation-frequency characteristic of each
section, introducing losses into each section
which vary with frequency in accordance

50 with curves whose slopes are complemental

to those of the observed attenuation-frequen
cy characteristics of the several sections, to
malke the transmission equivalent of any sec-
tion of the system the same for all frequen-

cies, and adjusting the gain of an amplifier

in each section in accordance with the ob-
served amplit: de of at least one of said fre-
quencies after passing over each section.

3. In a multi-frequency system, a plural-
ity of line sections connected in tandem,

‘means to transmit two pilot frequencies over

all of the sections of said system, means as-
sociated with each section to indicate the am-
plitude of each of said pilot frequencies after
transmission over each section to determine

7

the slope of the attenuation-frequency char-
acteristic of each section, and means to inter-
polate in each section a combination of net-
works, each combination having a slope to
compensate for the indicated slope of the
corresponding line section.

4. In a multi-frequency system, a plurality
of line sections connected in tandem, means

70

to tramsmit two pilot frequencies over all of

the sections of said system, means associated

with each section to indicate the amplitude °

({3

of each of said pilot frequencies after trans-

mission over each section to determine the
slope of the attenuation-frequency character-
1stic of each section, means to interpolate in

~each section a combination of networks, each

combination having a slope to compensate
for the indicated slope of the corresponding

line section, an amplifier in each section,

and means to adjust the gain of each ampli-
fier in accordance with the observed ampli-
tude of at least one of said pilot frequencies
aftet passing over the section corresponding
to the amplifier,

5. In a multi-frequency transmission sys-
tem - whose attenuation increases with fre-
quency, means to transmit two pilot frequen-

cies over said system, means to indicate the .

amplitude of each of said pilot frequencies
after transmission to determine the slope of
the attenuation-frequency characteristic of
the system, a plurality of networks the at-
tenuation of each of which decreases with in-
crease in the frequency, and means to inter-
polate said networks in said system in such
combination as will compensate for the ob-
served slope of the attenuation-frequency
characteristic of the system. ]

6. In a multi-frequency transmission sys-
tem whose attenuation increases with fre-
quency, means to transmit two pilot fre-
quencies over said system, means to indicate
the amplitude of each of said pilot frequen-
cies after transmission to determine the slope
of the attenuation-frequency characteristic
of ‘the system, a plurality of networks the
attenuation of eacli of which decreases with
increase in the frequency, means to interpo-
late said networks in said system in such com-
bination as will compensate for the observed

slope of the attenuation-frequency character-

istic of the system, amplifying means: asso-
ciated with said system, and means to adjust
the amplifying means in accordance with the
observed amplitude of at least one of said
pilot frequencies.

7. In a multi-frequency transmission sys-
tem whose attenuation increases with fre-
quency, means to transmit two pilot fre-
quencies over said system, means to indicate
the amplitude of each of said pilot frequencies
after transmission to deter. 'ine the slope of
the attenuation-frequency  characteristic of

-the system, an equalizer including a plurality

of networks, each of said networks having an
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attenuation which varies with frequency but
which is the same for all of said networks at
one of said pilot frequencies, and means to
interpolate said networks in said system in
such combination as will compensate for the
observed slope of the attenuation-frequency

-characteristic of the system.

8. In a multi-frequency transmission sys-
tem whose attenuation increases with fre-
quency, means to transmit two. pilot fre-
quencies over said system, means to indicate
the 'amplitude of each of said pilot fre-
quencies after transmission to determine the
slope -of the attenuation-frequency char-
acteristic of the system, an equalizer includ-
ing a plurality of networks, each of said net- -
works having an attenuation which varies

~with frequency but which'is the same for all
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of said networks at one of said pilot fre-
quencies, means to interpolate said networks
in said system in such combination as will
compensate for the observed slope of the
attenuation-frequency characteristic of the
system, amplifying means associated with
said system, and means to adjust said ampli-
fying means in accordance with the observed
amplitude of at least one of said pilot fre-
guencies. ' ' ‘

9. In a multi-frequency transmission sys-
tem whose attenuation varies with frequency,.
an adjustable equalizer adapted to be ad-
justed to compensate for the variation of the
attenuation of the system with frequency, an
adjustable transmission device for raising -
and lowering the transmission level of the
system, means to transmit two pilot fre-
quencies over said system, means to indicate
the difference between the amplitudes of the
pilot frequencies after transmission, means
to control said adjustable equalizer in accord-
ance with the indicated difference, means to
indicate the sum of the amplitudes of the two
pilot frequencies after transmission, and
means to control said adjustable transmission
device in accordance with the indicated sum.

In testimony whereof, T have signed my
name to this specification this 27th day of
January, 1928, : .

LESTER M. ILGENFRITZ



