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To all whom it may concern: - :

Be it known that I, Harry NYQUIS’I_—’,‘ resid-

“ing at Elmhurst, in the county of Queens
and State of New York, have invented cer-
5 tain Improvements in Means for and Meth-
ods of Reducing Interference, of which the
following is a specification. :
This -invention relates .to multiplex sig-
naling, and more particularly to means for
10 and methods of: reducing -interference be-
. tween the channels of a multiplex signaling
_system. o o T
Heretofore; in the. operation of multiplex
carrier systems, it has been found that the
15 .repeater tubes employed at points along.the

line for transmitting the carrier frequencies,

where the same tube .is used to-transmit the
frequency of a number of channels, tended to
impose a limit on the number of channgls

20 that might be employed over a single cir-
cuit. Tgis is for the reason that the tubés de
not have a straight line characteristic and
a certain amount of distortion occurs, which
produces second harmonics of the carrier
5 frequencies and also sum and différence fre-
quencies. These harmonics and sum-and dif-
ference frequencies, in many instances, as-
sume such amplitudes as to cause.interfer-
ence in the channels whose frequencies are
30 near those of the interfering harmonies, etc.
Interference of this character becomes espe-
cially serious in a carrier telegraph system
involving a« large number of channels em-
ploying carrier frequencies within the usual
voice range, for in such a case it is almost
essential to economic working of the system
that the channels be narrow and closely
spaced, and that all the channels be amplified

" by the same repeater tube. R
In accordance with the present invention,

it is proposed to overcome this difficulty by
cloosing the carrier frequencies so that they
will bear a relation to each other such that
the harmonics and sum and difference fre-

35
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carriers with each other will fall in a posi-
tion in the frequency spectrum substantially
half-way between adjacent carrier frequen-
cies. For example, the carrier frequencies
may be made odd harmonics of some funda-
mental frequency, say 125 cycles per second.
In this case, all sum and difference frequen-
cies and all second harmonics of the carrier

frequencies will be even multiples of this:

-multiples of the fundamental.

5 quencies produced by modulating the several

fundamental frequency. It is therefore pos-
sible to design the selecting filters in such
a way that they will transmit the major part
of the band between two adjacent even mul-

‘tiples of the fundamental frequency without

transmitting the even multiples themselves.

As a still further refinement of the inven-
tion, it is proposed to adjust the initial phase
angles of the carriers of the various chan-
nels in such a manner as to reduce the inter-

fering frequencies to relatively small ampli-

tudes. S :

. The various carrier frequencies involved
may be generated independently without at-
tempting to maintain them in exact numerical
relations. - While this will substantially sat-
isfy the first condition by bringing the in-

5
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terfering frequencies substantially midway =

between the carriers, it will be apparent; that
even though the individual carriers be main-
tained of constant and of invariable fre-
quency, the. difference frequencies and sec-

-ond harmonics will not all be the same if

the carriers are not all exactly evenly spaced.
As a result of this, the composite wave made
up of the interfering frequencies will vary
in-amplitude from instant to instant, even
though the individual carrier frequencies
from which these components are derived

are.not. varying. It is possible, however, to

maintain the relation between the various
carriers exact by deriving .the carriers as
harmonics "of the same fundamental: fre-
quency. In this case, all of the difference
frequencies will be the same, and the sum
frequencies, difference frequencies and har-
monics will, as previously stated, be exact
When the

75

80

85

90

carriers are generated.in this manner the

phase ‘relations” between the different car-

-riers:may be controlled or adjusted-with re-

spect to each other to determine the ampli-

-tude of the disturbing frequencies just men-

tioned.. = - v _ ’
If, for example, the odd harmonics of

some fundamental are to be used as carrier-

frequencies it will be seen that the initial
phase relations of each of ‘the carriers may
be made such that when the fundamental
wave is of maximum value and of a given
sign all of the carrier waves will be of maxi-
mum value at that instant, and of the same

"sign as the fundamental. In order that this
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condition may exist at any instant, it will be
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found that the carrier waves must bear to
each other a definite phase relation so that
for each complete cycle of the fundamental
each of the carrier waves will have a maxi-
mum positive value when the fundamental
wave has its maximum positive value, and
each carrier wave will also have a maximum,
negative value when the fundamental wave
attains its maximum negative value. Also,
each of the carrier waves will pass through
zero when the fundamental wave . passes
through zero which will, of course, occur
twice Tor each cycle of the fundamental .

- T have discovered by analyzing the inter-
fering frequencies above referred to that
the amplitudes of all of them will be great-

«est when the several carrier frequencies from

which they are obtained bear the phase rela-
tions with respect to each other which have
just been described, and by adjusting the
phase-relations of the individual carriers in

various combinations to aveid these coinci-

~ dences of phase I am able to reduce the am-
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plitudes of the interfering. frequencies to
quite small values. ' '

The invention may now be more fully un-
derstood by reference to the following de-
tailed description, when read in connection
with the accompanying drawings, in which
Figure 1 is a schematic diagram of a circuit
arrangement embodying the principles of
the present invention; Fig. 2 is a circuit ar-
rangement showing the harmonic
tor employed in the system of Fig. 1 in more
detail; Fig. 8 is a diagram showin% the de-
tailed arrangement of the type of lter em-
ployed in Fig. 1; Fig. 4 is a series of curves

. showing the characteristics of the filters of
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a plurality of channels;
trate in simplified . form a phase changer
which may be employed in .the circuit of
Fig. 1; Fig. 7 illustrates the circuit-arrange-
ment of the phase changer in greater detail,

and Fig. 8 illustrates a method of deter-

mining how to change the phase angles of
certain carriers in order to produce the best

. results.

50
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Before discussing in detail the theory un-
derlying the present inventiom, it will be
well to outline the system to which the in-
vention is applied. The invention is of par-

ticular utility when applied to & multiplex’

carrier system having a large number of
channels, each employing carrier frequencies
within the ordinary voice range, the indi-
vidual channels being used for the trans-

_ mission of telegraph signals. Referring to

- 60
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Fig. 1, L designates a transmission line up-
on which the several carrier channels may

‘be ‘superposed. - The carrier frequencies

themselves are derived from a fundamental
source S, which may be, for example, a
vacuim tube oscillator generating a funda-
mental frequency of say about 125 eyeles
per second, |

genera-

Figs. 5 and 6 illus--

1,570,771

The frequency generated by this source

may be impressed upon a harmonic gen- .

erator HG.  This harmonic generator may
be of any well-known type ot distorting ar-
rangement, such as a distorting vacuum
tube, which, as is well known, will produce
harmonics of the foundamental frequency
impressed upon it. Inasmuch, however, as
it is desired, in accordance with the princi-
ples of the present invention, to use only
odd harmonics, a special .type of distorting
arrangement may be employed, the circuit

arrangement of which is shown in greater

detail in Fig. 2. _ :

Referring to Fig. 2, two vacuum tubes 10
and 11 are shown, having their input and
output circuits connected in parallel. The
grid circuit of each tube includes a resis-
tance, as shown at 12 and 13, and the resis-
tance in the grid circait js so adjusted with
respect to the plate and grid potentials as
to produce a distortion of the wave im-
pressed upon the tube in a manner which is
well understood in the ‘art. The distortion
of the wave impressed upon the input cir-
cuit of the tube produces harmonics of the
impressed wave In the output circuit. By
connecting the tubes in parallel as shown,
and impressing the fundamental wave from
the source S upon the two grids serially
through the transformer 14, the even har-
monics will be balanced out so far as the
secondary of the balanced transformer 15
in the output circuit is concerned.

This action may be better understood
from a brief consideration of the theory of
a distorting vacuum tube. Assuming that ¢
represents the voltage of the fundamental
frequency and 4 represents’ the current in
the output circuit of the tube, the current
may then be expressed as an_exponential
series in terms of the impressed voltage, so
that if the imipressed voltage ¢ is positive;
the current in the output circuit will be

iy=a+betcer+de +fet, étg. (1)

If now.the same -wave is impreséed upon
the other tube in opposite phase relation, as

80
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is the case in Fig. 2, ¢ will in this case be -

negative and the current 4, in the output

“circuit of the tube 11 may be expressed

iy=a—be+ce® —ded+fe, ete,  (2)

It will be apparent from the cireuit arrange-
ment of Fig. 2 that the output currents in
the two primary windings of the trans-
former 15 oppose each other with regard-to
the secondary winding. The resultant cur-
rent may then be obtained by substracting
the second equation above given from the
first one, so that the resultant output cw*
rent may be expressed

i/ =2be+2dé*, ete.  (3) - »
It will -be observed that all of the even
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g powers balance each other and only the odd

10

powers remain in the last equation. -It is
well known ‘that the expression 2be, which
is a first power term, corresponds to. the fre-

‘quency of the fundamiental, and that the:

expression. 2de® corresponds to the third
harmonic, and similarly, other odd powers
correspond to other odd harmonies. Couse-
quently, the arrangement of Fig. 2 will pro-
duce only odd harmonics. _ S

- Again veferring to Fig. 1, it will be noted

- that the output side of the harmonic gener-

15
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ator HG, whose operation has just been de-
scribed, is connected to a pair of bus-bars 20,
from which branches through channels TL,,
TL,, TL,, etc. are led: Each ehannel in-
cludes a suitable filtering arrangement, as
indicated at F,, F,, F,, etc., which may be a
simple tuned circuit sharply tubed to-the
particular harmonic which is to be used as
the carrier for that frequency.” The next
element in each channel comprises a phase
changer indicated at PC,, PC,, PC,, etc., the
function of which is to adjust the phase re-
lations of the carriers applied to the different
channels with respect to each other, so as to
reduce the amplitudes of the interfering har-

monics and.sum and difference frequencies

~ -described hereafter.: .-

38
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in a manner which .will be described later.
The detailed constructionof . the phase
changer is illustrated in Fig. 7 and will be

The various f;'equencie's"as‘:signed to ‘the
channels may be-amplified by amplifiers such

“as A,, A,; Ay etc., which may be adjusted to

bring the generatedcarriér .frequencies to

- the same amplitude: .These amplifiers may

be of any well:known 'type, such for exam-

" ple, as vacuum. tube amplifiers. - The ampli-

1.

45

line,. . - - -
.. The construction

50,

fied frequencies may now be impressed upon

a common line L over bus-bars 21 and-

through band filters such as BF,, BF,, BF,,
ete. Suitable transmitting devices “T,,:T,,

T, etc., may. be arranged to interrupt the
carrier frequency applied to the band filters,,

thereby causing signals to be transmitted by
means of the earrier currents applied to the

of the filters such as BF;,
ete., is"illustrated in Fig. 8, which shows a

.. band filter of the Campbell type, compris-

- clements and shunt” anti-resonant elements.:
" In order to give it as great an impedance as

ing two sections each having series resonant

possible to..currents outside of the range
which it is-desired to transmit, the section

" which is connected next to the bus-bars 21

- is made a full seriés section.

60

" “ties.of a number of band filters of thistype, -
arranged to transmit bands having a width
of ‘about” 200 cycles. and corresponding to.
_carriers of 375 cycles, 625 cycles, 875 cycles,

65

The other end
of the, filter is connected to the trahsmitting
side of the circuit. ' L -

“'Fig.:4 shows the transmission characteris-

ete., these being the successive odd harmonicsg
of a fundamental frequency of 125 cycles.
It will be observed that the transmission loss
for any one of these filters over a range of
about 200 cycles is less than 2-miles, while
the loss for frequencies which are even mul-
tiples of 125 cycles is about 14 miles. If
then the earrier frequencies are so spaced
relatively to each other asto produce inter-
fering frequencies falling at points where
the attenuation curves of the filters in Fig. 4
~cross cach ‘other, the interfering frequencies
will be so greatly-attenuated .as to produce
but little effect upon the adjacent channels,
Let us.assume, for example, a fundamental
fréquency N. The odd harmonics generated
by the harmonic generator HG and selected
into the various channels will then be 3N,
5N, TN, etc. If these waves be impressed
-upon some device having a non-linear char-
acteristic, such for example, as a vacuum
tube amplifier in the line circuit, the several
carrier frequencies will tend to modulate
with each other, thereby producing. disturb-
ing frequencies which are principally due to
the square term.and gare consequently made’
-up, as is well known; of second harmonics

3
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‘of the carvier and sum and diffevence fre-

quencies produced by the several carriers.
" The second harmbonic frequencies, for exam-
ple; will be 6N, 10N, 14N, etc. - The differ-
-ence frequencies due to the beating action of

each pair of adjacent carriers will be 2N;

-the difference frequencies due to the beating
action between every other carrier will be
4N, etc.
the beating action of the first: and second
carrier will be 8N; that resulting from the
* beating action of the first and third carrier
* will be 10N; that resulting from the beating
action of the second and ‘third .carrier will

 frequencies-set up as-a result of the distor-
“tion-are 2N; 4N, 6N, etc., all of which cor-
respond fo even multiples of the fundamen-
tal ffequency N. Therefore, for a funda-

100

The sum frequency resulting from

be 12N; ete. It will thus be seen that the

110,

mental frequency of 125-cycles, as was as- ~

. from the distorting action of amplifiers and
~the like'will all fall at the points of greatest
“‘attenuation of the. filter arrangement.
Tt is, .of course, not “absolutely necessary
that the frequencies be produced by the har-
‘monic method, 4g very good results may be.
obtained where the ‘spacing of the channels
“is: maintained approximately the same, but
the best results will be obtained.if the spac--
_ing is -absolutely accurate,” as is the -case
"where. the carrjer frequencies are produced

as harmonics of 4 fundamental.

is the case where the carriers are harmonics

Where the spacing of the carrier frequen- -
cies is maintained constant and accurate, as™ .

- sumed in the case of the filters illustrated in - .
Fig. 4, the interfering’ frequencies resulting |

o

120
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of-a fundamental frequency, it is possible to -'*”
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~ combine the carvier frequencies in such phase

elation with respect to each other that the

resulting distortion is reduced to a minimum.
“In order to understand the marner 1in

_which: the interfering frequencies muay be
“controlled by controlling the phase relations

of the several carriers it will be necessary to

- analyze the peculiar relations existing be-

10°

15

© cos (pt-+6y) +cos (3pt+0s) +

20

tween a number of waves which are odd har-
monics of a common fundamental. If we let
N represent the fundamental frequency the
composite wave resulting from the superpo-
sition of a number of odd harmonics upon
the fundamental wave may be represented as.
follows: '

icos (5pt-+0s) +ete.  (4)

m‘ which p is 27N and ¢ is the time. In the
above equation the first term represents the

.- fundamental, the second term the third har-

925

30

monie, the third term the fifth harmonic, etc.

It will be readily apparent that if the fun-.

damental and the several harmonics be so re-
lated to each other that the phase angles rep-
resented by 6,, 8, etc., become zero all of
the harmonic terms will have a maximum
positive value whenever the fundamental
wave has’a maximum' positive value, and
each will have a maximum negative value
whenever the fundamental has a maximum
negative value. Also each of the harmonic

- waves will pass through zero whenever the

40
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fundamental wave passes through zero,
which will oceur twice during each cycle of

‘the fundamental. In other words, there will

be a coincidence of the cyclic conditions of
all of the waves four times for each cycle
of the fundamental. If, however, the initial
phase angle of one of the waves be shifted,

_this relation will be disturbed, and the four

coincidences per cycle of the fundamental
will not occur. This is for the reason that
each time a eoincidence occurs for all of the
waves except the one whose phase has been
shifted, the particular wave which has been
shifted will have passed beyond the condi-
tion corresponding to the coincidence by an
amount determined by theinitial phase angle
to which. the wave was shifted. In order
that the four coincidences above referred to
may occur, therefore, it is necessary that the
fundamental and all of the odd harmonics
simultaneously start their ¢ycles under con-
ditions corresponding to one of the points
of coincidence.

I have discovered by analyzing the inter-
fering frequencies, such as the sum and dif-
ference frequencies and harmonic terms re-
sulting from intermodulation of the indi-
vidual carriers, that these interfering fre-
quencies will attain their maximum ampli-
tude when the phase relations between the

' earriers are such that the coincidences above

referred to occur. By shifting the initial

14570,771

phase angles of certain of the carrier‘s,vthef

components producing the interfering fre- .

quencies will, to some extent, tend to op-
pose each other, and, consequently by a
proper adjustment of the initial phase

angles, the components may be reduced to a:

minimum, _ .

While there is no general rule applicable
to all cases, the manner in which the phase
relations may be determined may, in general,
be best understood by reference to a specific

70
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application. Suppose we have a number of

carrier waves corresponding to odd multiples
of a fundamental wave, which may be repre-
sented as cos pi. The composite wave re-
sulting from the nine carriers corresponding
to the odd multiples from 8 to 19, inclusive,
may be represented as follows:

cos3pt 4 cosbpt + cosTpt + cos9Ipt +
cos1lpt + cos13pt + cos15pf +-
cos17pt-+ecosl9pt. (5)

In the above expression, » may be taken to

be, for example, 125 times . I.et us now
consider the following wave, which is equiv-
alent to it except that a phase shift of 180
degrees has been introduced into some of the
component waves.

¢0s3pt + cosbpl +.cos7 pt—cos9pt +
cos 1l pi— cos13pt +.cosilbpt +-
cosl7pt +cosi9pt. (6)

85
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The frequencies in the interfering range

due to the square term and their magnitudes

in arbitrary units in the two cases, are given-

in the table below. .

1,000{1, 2501, 500(1, 75(| 2, 000|2, 250{2, 500

2501500| 750

Frejuency

Amplitude, first '

€SB aioaeo o 71(6.5 6556 5145 4 3.5 T4
Amplitude, sec-

ond case..__._.. 01315 1.5 3125} 0|1L5 0

[S]

_ The manner in which the results set forth
in the foregoing table may be obtained will
be understood by referring to the chart

100

- 105

110

shown in Fig. 8 of the drawing. In this

chart, the frequencies of the nine channels
involved in the specific case assumed are ar-
ranged along the two sides of a square, as
indicated. For the purpose of simplicity,
only the number rvepresenting the harmonic
relation of each carrier to the fundamental
is given. A diagonal line ¢b may now be
drawn from the upper left-hand corner of
the square toward the lower right-hand cor-
ner. Upon this diagonal line may be writ-
ten the second harmonic corresponding to
each carrier, this harmonic being written

upon the dizgonal line at the point where the-

vertical line drawn through each carrier fre-
quency in the horizontal row intersects the
horizontal line drawn through the corre-

-sponding frequency in the vertical row. For

example, the second harmonic of the carrier

116
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130
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designiated 3 will be 6 and of the carrier

designated 5, will be 10, etc. . _
Components, such as sum and difference.

frequencies resulting from the reaction of

.any two frequencies, may likewise be set

down at the points where the vertical and
horizontal lines drawn through the two
beating frequencies  intersect. It will" be
seen that the sum and difference frequencies
will fall either to.the right or to the left
of the diagonal line @b, and we may ar-
bitrarily set all difference frequencies to the
right. of the diagonal line and all sum fre-
quencies to_the left. For example, the ac-
tion resulting from beating 7 and § together
produces a difference of 2. 9 in the hori-
zontal row intersects with 7 in the vertical
row on the right of the diagonal line ab,

while 7 in the horizontal row and 9 in the-

vertical row intersect at the left of the said
line. Either of these two points of intersec-

~ tion may be used for writing the difference

25

frequency, and in. accordance with the ar-

bitrary ~convention previously stated, the

difference frequency 2 will be written at
the intersection on the right of the line, and

the corresponding sum frequency 16 will be

" written at the corresponding point of in-

© 30

¥
“t

tersection on the left of the line.
Following this convention, it will be seen
that a series of difference frequencies rep-

resented by 2 and corresponding to the dif--

ferences between successive carriers, may be
written on the first row of diagonal inter-
sections t6 the right of the dotted line. An-

“other diagonal row of 4’s corresponding to

the differences between alternate carrier

&5
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frequencies will be set down in-the next row
of diagonal intersections, etc. No frequency
higher than 20 need be put down as frequen-
cies higher than this frequency will be so
far above the highest carrier, which is 19,
as to be of substantially no .effect. When
all of the sum, difference and harmonic
frequencies which are niot higher-than 20 are
set down in the chart in.accordance w.th the
plan given, the chart will contain the num-
bers indicated in Fig. 8. -

‘Suppose now all of the carrier frequen-

cies are positive at a given instant, as will

be. the case under the condition represented
by the first = algebraic™ expression. above
given. All of the numbers in the chart will
then be positive. It will be scen that the
same number occurs at different places in

- the chart. For example, all of the numbers

60

corresponding to difference frequencies ap-

pear in the diagonal row to the right of the

diagonal line @b, but the same number may

- also appear in the diagonal 1'ne and also at

one .or more points to the left of the diag-

..onal line.

If we take the number 6, for

. example, we see that it occurs six times in

65"

the diagonal row to the right of the line
ab and once on the diagonal line ab, but it

does not, occur to the left of the line ab. As
this number occurs altogether seven times,

it would seem that the frequency repre-.

sented by this number would have an am-
plitude seven times that of one of the dif-
ference cornponents which make up this fre-
quency, assuming, of course, that all of the
carriers ‘involved have the same amplitude.
It must be noted, however, that while cor-
responding sum and difference frequencies
resulting %rom combining any two frequen-

.cies will each have the same amplitude, the

same rule will not apply to those numbers
wh'ch represent harmonics. | '

For example, in the case of the number
6 now being discussed, the wave represented

by the number 6 at the top of the diagonal

70
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column to.the right of the dotted line ad

results from the beating action of two
waves, one numbered 9 in the upper hori-

zontal row and the other numbered 3 in the"

vertical row to the left of the square. The
number 6 appearing on the dotted line, how-
ever, is a harmonic resulting from the

energy of a single wave represented by 3.

and not by the corabined energy of two
waves. ~ Consequently, the amplitude of the
harmonic terms appearing on the dotted line
will only be one-half of the amplitude of a
wave of the same- frequency appearing as
either a sum or difference term. Thus the
total wave made up of all of the 6’s in the

-chart. will have an amplitude of 614 ar-

bitrary units instead of 7, and assuming
that 6 represents a single harmonic of a
fundamental frequency of 125, or .ir.other
words, a _frequency of 750, we find that the
amplitude of this frequency will be 6.5 as
set forth in the chart previously given.

Let us now consider the case of -the fre-
quency represented by 8. This frequency
occurs five times to the right of the dotted

‘line and once to the left of the dotted line,

but does. not occur upon the dotted line it-
self. In other words, the frequency corre-
sponding to 8 will be made up of five differ-
ence .components and one-sum component,
and will, consequently, have an amplitude
in arbitrary units of 6, as indicated in the
chart above given, for the frequency of 1000
cycles. Aguin; taking the frequency 14, we

find that it occurs twice to the right of the

dotted line, once upon the dotted line, and
twice to the left of the dotted line, so. that
the corresponding wave will have a total
amplitude of 414 arbitrary units, as indi-
cated under frequency 1780 in the  table.
Again, in the case of the frequency repre-
sented by 16, we find that it occurs once to
the, right and three times fto the left, but
does not occur upon the dotted line, so that
the total amplitude of this frequency will

Obviously, these are the greatest ampli-

85
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110

125

_be 4 arbitrary units, as indicated under the
coluran representing 2000 cycles in the table.

1390
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tudes that any of these disturbing fre-
guences may assume, and by changing the
phase angle of certain of the carrier fre-
quencies represented in'equation (5) by 180
degrees, some of the individual components
making up a given interfering frequency
will cancel each other, so that the total am-
plitude of a given interfering frequency will

‘be reduced. Let us assume that the carrier

10.

15

20
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frequencies represented by 9 and 13 in the
chart of Fig. 8 are 180 degrees out of phase
with the other carrier frequencies when the

- other carrier frequencies are in a condition

of coincidence, or in other words, are of
maximum negative value when the other
carrier frequencies are-all simultaneously
of maximum positive value. It will be seen
at once that each time a negative 9 in the
chart of Fig. 8, for example, reacts on any
poritive frequency, the corresponding sum
or difference frequency will also be negative.
Whenever, the negative 9, however, reacts
with another negative wave, the sum or dif-
ference frequency will be positive. See, for
example, the frequency represented by 4

. at the intersection of a vertical line through

30

3
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13 in the horizontal column and the heri-

zontal line through 9 in the vertical column.
The harmonics of 9 and 13, which would
appear on the diagonal line ab, will also be
positive, notwithstanding the fact that the
wave from which they are derived is neg-
ative. This follows from the fact that the
harmonic results from the square term. In
short, if the carrier frequencies 9 and 13 are
negative, all of the numbers in the vertical
.columns below'9 and 13 and the horizontal
columns to the right of 9 and 13 will be
negative, except those numbers occurring at
points where the vertical and horizontal

columns intersect each other.

Let us now determine the amplitude of the
waves represented by the numbers previous-
ly considered. The number 6, for example,
which occurs 614 times, has four negative
components corresponding to difference fre-
quencies, so that the algebraic sum of the
several components is 114 and the total am-
plitude of the wave of this frequency will

_the column below frequency 750 in the table

given above. The number 8 occurs four
times positive and twice negative, so that
the algebraic sum will .be 2,7 and thus we
have a positive amplitude of 2 units, as'is in-
dicated in the column below 1000 cycles.

The frequency 14 -occurs 314 times positive

60

and once negative, so that the-total ampli-
tude will be 214 units, as indicated in the
table under 1750 cycles. The frequency 16
occurs four times, twice negative and twice
positive, so that its amplitude will be zero,
as indicated in the column in the table un-

" der 2000 cyeles. Comparing the amplitude

65

in the table for the two cases, we find that

1,570,771
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in the second case, where frequencies 9 and
13 are made negative, some of the interfer-
ing frequencies will be eliminated, and all
of the others are materially reduced in am-
plitude.. - . _ ,
While a. certain amount of cutting and
trying is necessary in any given case to de-
termine which waves should be 180 degrees
out of the phase relation corresponding to
a condition of coincidence with the others,
it will be more or less evident from a chart

such as is shown in Fig. 8 that by making

70
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certain waves negative, a very large num-

ber of components of a given frequency will
tend to cancel each other. For example,
the frequencies 9 and 13 in the chart of Fig.
8 will obyiously have the desired effect when

‘made negative, by reason of the fact that

they produce in the chart substantially -as
many negative components as positive com-
ponents. At any rate, it will be a fairly
simple proposition, for any given set of odd
harmonic carriers, to prepare a chart such
as above given and work out the results for
all of the combinations of positives and neg-
atives which might arise, or at least, those
which will apparently produce the great-
est effect. TIn this way, the desired phase
relations for a given set of carriers may be
readily obtained and the phase adjustments

80

90

made by means of the phase adjusters shown -

in Fig. 1.

So far we have considered the results

which will arise by arranging certain car-"

riers to. be 180 degrees out of the phase re-
lation with the others which should exist at

100

a &ime of coincidence. - A desirable reduction

in” the ‘interfering frequencies will result
from other phase relations involving angles
other than 180 degrees, and in fact, any
phase adjustment'w’filich brings one or more

.of the carriers out of the phase relation with

others which produce the conditions of coin-

_cidence’ above mentioned, will result in a

diminution of the amplitude of the interfer-

ing frequencies. As.a practica] proposition, -

the best results in a given case might be ob-
tained, for example, by testing in the line

freque _circuit for interfering frequencies and by
be 114 arbitrary units, as is indicated in

manually adjusting the phase changing de-

“vices in the several channels until such an

adjustment is reached as will produce the
least interference. - o

This will, of coursé, involve the use of a
phase changing device which may be readily
manipulated by hand, so that by turning a

knob, for example, the current correspond-

ing to a given frequency may be set out of

phase with the electromotiveforce produc-

ing that frequency by any angle throughout
the whole range of 360 degrees. A phase
changing device which may be operated in
this manner is illustrated 1n detail in Fig.

7, and in schematic form in Figs:’5 and 6, 1.3,0'

Referring to Fig. 5, for example, the
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~ right and the movable switch 21 in its ex:-

10
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phase of the current at I may be advanced
with respect to an electromotive force ap-
plied at E by including capacity-in series

with the line and inductance in shunt thére-’

with: With the switch 20 thrown to the

treme right position, the electromotive
force and current will be in phase with each
other, as there is no shunt inductance, and
“the switch 21 being serially connected in the
line, the series capacity may be considered

“infinite. If the switch be moved one step:to

15
. ahead of the electromotive force.

20

25

30

' the left, there.will be a large series capacity

in the line and a large inductance in shunt
with the line, so that the current will be

switeh 21 is moved still farther to the left,

- the series capacity and shunt inductance are.

decreased step by step  with continued ad-
vaneément of the current with respect .to
the electromotive force, until at the extreme
left, position of the switch 21, a small series

capacity and & small shunt inductance will

be_associated with the line, having such val-
ues that the current will be just 90 degrees

- ahead of the electromotive force. By this

-arrangement, the phase of thé current with

respect to the electromotive force may- be
adjusted throughout the first quadrant. By
throwing the switch 20 to the left, the con-’

. nection to the line wires will be reversed, so

35

40

that for any setting of the switch 21, the

current at T will be just 180 degrees out of

phase with the curtent for the corresponding
setting of the switch 21 when the switch 20
was thrown to the right. With the switch
90 thrown to the left, therefore, any ad-

justment of the phase of the current with

respect to the electromotive force may be
made through the third quadrant.
Fig. 6 shows an arrangement for adjusting

~ the phase through the second and fourth

45

5
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60

quadrants. ~ Considering the switch 20 in
this instance thrown to the right, it will be
seen that the switch 21 will cut in series in-
ductance and shunt capacity. Such an ar-
rangement, as is well known, operates as a

phase retarder, that is, operates to retard

the phase of the current with respect to the
electromotive force. With the switch 21 in
its extreme left-hand position, it will be
seen that all of the series inductance is short-
circuited and the shunt capacity .is open-
cirenited, so that the current is.in phase
with the electromotive force, s was the case

under the condition first described in con- .

nection with Fig. 5. By-moving the switch

91 one step to the right, a small series induc-*
tance and a small shunt capacity will be con-

nected in circuit, thereby retarding the cur-
rent with respect to the electromotive force
by a small angle. By moving the switch
still further to the right, larger series induc-

tance snd larger shunt capacity will be con-
nected in cireuit, still further retarding the

- second quadrant.

7

“current, until at the extreme fi\é'ht;hahd po-

sition of the switch 21, large series induc-
tanee and a large shunt capacity of such
values as will retard the curcent 90 degrees

-behind the electromotive force, are connect-
‘ed in circurt. In other words,

1 _ by setting the
switch 21 in’ its extreme right-hand position
and moving it by successive steps to the left,

the current may be shifted from 90 degrees
‘behind the electromotive force unfil it is

exactly in phase with the electromotive
force, so that the phase angle between the
current and the electromotive force may
shift throughout the ' fourth - quadrant.

g - Here again, by throwing the switch 20 to the
‘As the -

left, a relation will'be produced between the
current ‘and &sectromotive force which is
just 18- degrevs out of phase with the cor-
responding relation- . when  the switch -is

‘thrown to theé right. This will enable any

phase relation-desired to be produced in the
It now remains to co@bine these four ef-
fects so that by one continuous adjustment,
the phase angle of the current with respect
throughout 860 degrees., . - -
Referring to Fig. 7, a switching device is

shown' for connecting various. amounts of

inductance and.capacity either in.series or
in shunt with the line: This device com-
prises four switching elements, 25, 26, 27
and 28, which may be rotated by means of a
common shaft. Switching element 28 com-
prises two switch arms 29 and 30, which
may be moved over two segments 31 and 32
connected to two sides of the outgoing line.
These two arms 29 and 30 are 180 degrees.
apart. The switching device 25 comprises
two arms 33 and 34, 90 degrees apart, which
may wipe over four quarter-segments 35,
36, 37 and 38. “One pair of opposite seg-
ments of this group of four is eonnected to.

.one side of the.generator or other device

for supplying an.alternating -electromotive
force, and the other pair of segments is con-
nected o the other side of the source.’

A connection 39 extends from the switch
member 33 to a terminal 40, to which a num-

‘ber of different capacities C, to C;, inclusive,
are connected. These capacities- are con-

nected to a number of corimutation points
or contacts, which may be engaged by arms
41 or 42 of the switching device 26, these-
two arms being 180 degrees apart. A con-
nection 43 extends from the arm 84 of the
switching device 29 to a terminal 44 of a
series of .inductances I to L., inclusive.

"These inductances are connected to commu-

tatiol: points or contacts to which connec-
tions may be made by switch arms 45 or 46
of a switching device 27, these arms being
180 degrees apart, ‘ ' h

The arms-41 and 42 ‘ave electrically con:
nected together, and produce the same result,
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“to the electromotive force. may be varied
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"~ one arm being operative during one half ro-

- 10

15

20

tation of the switch, and the other arm being
operative during the other half rotation.
Likewise the arms 45 and 46 are electrically
connected together, so that one arm is oper-
ative during one-half rotation and the other
arm during the other half rotation. The two
switches 26 and 27, which comprise these
four arms, are electrically connected to-
gether and are connected in common to tlie
switch arm 80 of the switch device 28. The
switch ‘arm 29 of the same switch is con-
nected to the lower conductor 47 of the pair
of conductors 47 and 48 connected to-the
source. »

The arrangement of the switching element
98 is such that when switch arms 29 and 30
rest upon seztors 31 and 32, respectively, line
conductors 47 and 48 will be connected to
line conductors 49 and B0, respectively.
When, however, the switch arms 29 and 30

" rest upon sectors 32 and 31, respectively, the

25

- 30

line connections are interchanged so that the
current I will be 180 degrees out of phase

“with the current when the switch is in the

former condition.- The switching element 25,
on the other hard, is so arranged that when
switch arms 83 and 34 are on segments 35
and 38, respectively, capacity may be con-
nected in series with the line wire 48 under

" the control of the switch 26, and inductance

e
<

~may be connected in shunt between the line

wires 47 and 48 under the control of the
switch 27. When switch arms 83 and 84 are

3 arranged on sectors 36 and 35, respectively,

inductance may -be connected in series with
the line and capacity may be connected in
shunt therewith. With-the switch arms 33
and 34 on sectors 36 and 37, respectively,
capacity may again be connected In series
with the line and inductance in shunt there-
with, while with these switch arms on sec-
tors 37 and 36, inductance may be connected
in series with the line and capacity in shunt
therewith. ‘

‘With the various switches in the positions
shown, the current I will be in phase with

. the electromotive force K, as a series circuit

85

may be traced from conductor 48 to con-
ductor 50, over segment 33, switch arm 33,
conductor 89, terminal 40, first point of
switching device 26, switch arm 41, switch
arm 30 and segment 32. Line wire 47 is also
directly connected to line wire 49 over con-
ductor 51, switch arm 29 and segment 31
The inductance under the control of the
switching element 27 is open-circuited and
the capacity controlled by the switch 41 is

- eliminated.

60. -
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Suppose we now rotate the switch clock-
wise 90 degrees, which will correspond to the
condition of affairs at the beginning of the
fourth quadrant of phase - adjustment.
Switch arms 46 and 42 of switching devizes
27 and 26 will rest upon their seventh con-

1,570,771

tacts, and switch arm 33 of switching device -

25 will be upon segment 38 and switch arm
34 upon segment 37.- A large inductance L
will now be in series with line wires 48 and
47 over a circuit from line wire 48, segment
37, switch arm 34, conductor 43, terminal 44,
inductance L, seventh contact of switch 27,
switch arm 46, switch arm 30, segment 38
and sector 82 to conductor 50. A large
capacity C; will be shunted across the line
frem junction point 52 of the switching de-
vices 26 and 27, over the arm 42 of switching
device 26, seventh contact thereof, through
the capacity C;, terminal 40, conductor 39,
switch arm 33, segment 38 to line donductor
47. Under these conditions the current will
be retarded 90 degrees behind the electro-

‘motive force. :

_If the switches now be moved counter-
clockwise one point, the condition will be

-the same, except that switch arms 42 and 46
rest upon their eighth contacts, so that a

smaller inductance I, is connected in series
and -a smaller capacity C, is connected in
shunt.
by step in a counter-clockwise direction, the
series inductance and shunt capacity are re-
duced step by step with a consequent reduec-
tion of the retardation of the current, until
at the end of the fourth quadrant, switch
arms, 46 and 42 on their twelfth contacts.
Under these conditions the shunt capacity

As the switches are advanced step.
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will be open-circuited and all of the induc- -

tance eliminated. The direct series connec-

-tion will be extended from conductor 50,

over switch arm 30, terminal 52, switch arm
46, twelfth contact of switch 27, terminal 44,
condctor 43, switch arm 34, segment 87 and
line wire 48. The current will now be in
phase with the electromotive forze. The
conditions above described correspond to
various adjustments throughout the fourth
quadrant, so that the current will be any-

where from 90 degrees behind the electro-.

motive folce to exactly in phase with the
electromotive force.

As the switches are stepped one additional
step in a counter-clockwise direction, switch
arms 46 and 42 rest upon their seventh seg-
ments and we have the condition previously
described at the beginning of the first quad-
rant, with the current in phase with the elec-

tromotiye force. Upon stepping the switches

one step further in a counter-clockwise di-
rection, switch arms 45 and 41 rest upon the
second contacts of switches 27 and 26, re-
spectively, so that a large series capacity is
connected in the line from wire 39, terminal
40, capacity Cs, second contact of switch 26,
switch arm 41 to terminal 52. A large in-
ductance Ly is connected in shunt across the
line between terminal 52 and line wire 47,
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from terminal 52, switch arm: 45, second

segment of switch 27, through inductance
L, terminal 44, conductor 43; switch arm 34,

130~
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and se’gm'ent 38, to line wire 47. This will

advance the current ahead of the electromo- -

" tive force by a small angle, and for each

10

15

20

successive ‘step of the switch in a counter-
clockwise direction, a less series capacity and

shunt inductance is included in the circait.

with a corresponding advance in the phase
of the current with respect to the electro-
motive force, until switch arms 41 and 45
rest upon the sixth contacts. In this case,
a small capacity C, is connected in series and
a small inductance L, in shunt, these values
being so chosen that the current will be just
90 degrees shead of the electromotive “force.

‘When the switch arms 41 and 45 rest upon’
- the seventh contacts, we have the-same con-

dition, so far as capacity and inductance are
concerned, as at the beginning of the fourth
%}ladrant, namely, a large series inductance
Ly

serially connected between wires. 48-and -

50, and a large shunt capacity C, bridged
across the line from terminal 52 to wire 47

_through switch arm 33 and segment 36.
~Qwitch arms 41 and 45 will now be effective

30

‘result is the same.

to wipe over the contacts instead of s witch

arms 46 and 42 .as described in-connection -

with the fourth quadrant; but the efectrical
The circuit; as a whole
differs from the circuit-condition existing
ag described in connection with the fourth

uadrant, however,.in that switch arm 30
rangement of Fig. 7, it is possible to con-

of switch 28 now rests:on sector 81 .and
switch arm 29 upon sector 32, thereby revers-

. ing the connections from the phase ‘changer

85

to the outgoing circuit 49—50. This throws

- the current 180 degrees out. of phase with

50

.13

the current existing under-the similar con-

ditions described at the ‘beginning of ‘the
“fourth quadrant, and consequently, the cur--

ees behind the

rent, instead of being 90 deg

electromotive force, is,-in effect, 90 degrees

ahead of the electromotive force. In other
words, nc-change in the phase of the current
with respect to the electromotive force takes
place in moving from the sixth to the seventh
points of switches 26 and 27. As the switch
arms 41 and 45 inove over on the. eighth,

ninth, tenth and eleventh contacts, the cur-

rent is advanced over the quadrant between

90 and-180 degrees ahead of the electromo--
switch arms rest on

tive force, until said
their twelfth contacts. Under these circim-
stances, the shunt capacity is open-circuited

and the series inductance ¢liminated, so that, .

remembering that wirés 49 and 50 are now
transposed, the current is 180 degrees out

* of phase -with the electromotive force.”

" 80

The next movement of the switch will.
bring switch arms 42 and 46 upon the first

contacts of switches 26 and 27, and switch
arm 38 of switch 25 will, rest upon segment

© 87 and switch arm 34 upon segment 36.

‘We now again revert to the conditions of
series capacity and shunt inductance, but
the series capacity is eliminated and the

shunt inductance open-circuited. This would
bring the current in phasé with the electro-
motive force, except for the fact that switch
98 is still in such position-that switch arm
30 rests upon sector 31 and switch arm 29

‘upon sector 32, reversing the-outgoing con-

nections and thereby bringing the current
180 degrees out of phase with the electromo-
tive force, as just described with the wipers
of switches 26 and -27 resting upon the
twelfth contacts. As the switch 1s advanced,
the same conditions are repeated as de-

"seribed in connection with the first. quad-
‘rant, except that a phase “difference of 180

degrees comes in, because of the reversal
of the connections of wires 49 and 50. - When
wipers 42 and 45 rest upon’ the seventh con-
tacts, we will have 4 small series capacity
C, and a small shunt inductance L,. This
brings .the current 90 degrees plus 180 de-
grees, or 270 degrees, ahead of the electro-
motive force, which is merely another way
of saying that the current is 90 degrees be-
hind the electromotive force, the condition
which obtained. at . the beginning of the’
fourth quadrant. ‘When switches 42 and 46
rest upen the seventh contacts, the same
phase conditions will still exist, and the-con-
nections are identical with those described
at the beginning of the fourth quadrant.

It ‘will be seen that by means of the ar-

tinuously adjust the phase angle of the cur-

rent with respect to the electromotive force -~
through 360 degrees. '

using -phase shifters of .this character, or

equiva. ent’ arrangements, in the circuit of

ried until the interfering second harmonics
and sum .and difference frequencies are re-
duced to the lowest magnitudes. e

Tt will be understood that in some cases it

will be sufficient to merely employ the prin- -

ciple of so choosing the carrier frequencies

midway hetween the adjacent carriers, as set
forth in the description of the first feature.
of the invention, without having recourse to
the additional advantages obtained by regu-

Consequently, by 1
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' Fig. 1, the phase relations of the various .
“carriers applied to the channels may be va-

bt

05

110

a8 to cause the interfering frequencies to fall -

15

ot

lation of the phase relations of the individ- -

ual carriers. In other casés it may be ad-
vantageous to employ both principles in
combination, so that.either or both of these
expedients are within the scope of the pres-
ent invention." : '
. It will also
principles herein disclosed may be.embodied
In many other organizations widely differ-
ent from those illustrated, without depart-

120

be obvious that the ,’general 3

125

ing from the spirit of the inventionas de-

fined in the following claims. . -
What is claimed is: -~ .
1. In a multiplex signaling system em-
ploying different carrier frequencies for a

130
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‘plurality of channels, the method of reduc-

ing interference between the channels due to
interaction between frequencies of différent
channels, which consists in generating car-
rier frequencies for the various channels so
related to each other that the second har-
monics of the carrier frequencies will fall
substantially midway between two adjacent
carrier frequencies. :

2. In a multiplex signaling system em-
ploying different carrier frequencies for a
plurality of channels, the method of redue-
ing interference between the channels due to
interaction between frequencies of different
channels, which consists in generating car-
rier frequencies for the various channels so

related to each other that the sum and dif-

ference frequencies resulting from inter-
modulation of the carrier frequencies will
fall substantially midway between adjacent
carrier frequencies,

8. In a multiplex signaling system em-
ploying different carrier frequencies for a
plurality of channels, the method of reduc-
mg interference between the channels due to
interaction between frequencies of different
channels, which consists in generating car-
rier frequencies for the various channels so
related to each other that the second har-
monics and sum and difference frequencies
resulting from intermodulation of the car-
rier frequencies will fall substantially mid-
way between adjacent carrier frequencies.

4. In a multiplex signaling system em-
ploying different carrier frequencies for a
plurality of channels, the method of redye-
ing interference between the channels due to

- interaction between frequencies of different

channels, which consists in generating car-
rier frequencies for the different channels so
related to each other that they will be odd
harmonics of some one fundamental fre-
quency. : _

5. In a multiplex signaling system, a plu-
rality of transmission channels, means for
supplying different carrier frequencies to
each channel, and means to so relate the fre-
quencies of the channels that the second har-

monics of the various carrier frequencies

will fall substantially midway between ad-
jacent carrier frequencies, thereby reducing
mterference due to interaction between the
frequencies of different channels.

6. In a multiplex signaling system, a plu-

rality of transmission channels, means for
supplying different carrier frequencies to
each channel, and means to sq relate the fre-

- quencies of the channels that the sum and

60
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difference frequencies obtained by intermod-
ulation of the various carrier frequencies
will fall substantially midway between adja-
cent carrier frequencies, thereby. reducing
interference due to interaction between the
frequencies of different channels.

7. In a multiplex signaling system, a plu-

1,890,771

rality of transmission channels, means for
supplying different carrier frequencies to
each channel, and means to so relate the fre-
quencies of the channels that the second har-
monics of the carriers and sum and differ-
ence frequencies obtained by intermodula-
tion of the carrier frequencies will fall sub-
stantially midway between adjacent carrier
frequencies, thereby reducing interference
due to interactiori between the frequencies

-of different channels.

75

8. In a multiplex signaling system, a plu- .

rality of transmission channels, means for
supplying different carrier frequencies to
each channel, and means to so relate the
frequencies of the channels that they will
bear the relation to each other of odd

80

harmonics of one common fundamental -

frequency, thereby reducing interference due
to interaction between the frequencies of
different ‘channels.

9. In a multiplex signaling system em-
ploying carrier frequencies bearing the rela-
tion of harmonics of a common fundamental
for a plurality of channels, the method of
reducing interference due to the square term

85

90

components resulting from intermodulation -

of the individual carrier frequencies, which
consists in impressing the several carriers
upon the transmission circuit in such phase
relation with each other that a coincidence
of phase conditions will occur in less than
all of the channels, - .

10. In a multiplex signaling system em- |

ploying carrier frequencies bearing the rela-
tion of harmonies of a common fundamental
for a plurality of channels, the method of
reducing interference due to the square term
components resulting from intermodulation
of the individual carrier frequencies, which
consists in impressing certain of the carrier

frequences upon a common transmission cir-

cuit 180 degrees out of phase with the phase
relation resulting in phase coincidence of all
of the carrier frequencies. :

11. In a multiplex signaling system em-
ploying carrier frequencies bearing the rela-

tion of harmonics of a common fundamental .

for a plurality of channels, the method of
reducing interference due to the square term
components resulting from -intermodulation
of the individual carriér frequencies, which
consists iri individually adjusting the initial
phase angles of the carrier frequencies rela-

tive to each other, so that the component.

electromotive forces making up the different
interfering frequencies will at least partial-
ly oppose each other. :

12. In a multiplex signaling system hav-
ing a plurality of transmission channels,

means for supplying carrier frequencies to

each charnnel, said carrier frequencies bear-
ing the relation of harmonics of a common
fundamental, and means for impressing the
carrier frequencies of the different channels
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_‘upon a common transmission circuit in such
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. ing from the square term component due to-
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phase relation with each other that a eoin-

_cidence of phase conditions will occur in

less than all of the channels, whereby inter-
fering components due to the square term

resulting from intermodulation of the. in--

dividual carriers will be reduced . in mag-
nitude. .- " : P
18. In a multiplex signaling system hav-
ing  a ‘plurality of transmission channels,
means for supplying carrier frequencies to
each channel, said carrier frequencies bear-
ing the relation. of harmonics of a common
fundamental, and means for impressing the
carrier frequency from each channel upon a
common transmission circuit in such phase
relation that certain of the carrier frequen-
cies will be 180 degrees out of phase with
the phase relation resulting in phase coin-
cidence of all of ‘the carrier frequencies,
whereby the interfering frequencies result-

intermodulation of the individual carrier
frequencies will be reduced in magnitude.

14. In a multiplex system having a plu-
rality of transmission channels, means for

 supplying carrier frequencies to each chan-

carrier frequencies bearing . the

nel, sal
nda-

relation of harmonics of a ¢ommon

mental, and means ~for impressing the.

various carrier frequencies from the several
channels upon a common transmission cir-
cuit, said last mentioned means including
devices for adjusting the relative phases ot
the individual carrier frequencies, so that
the individual components making up the
interfering electromotive forces arising from
the square term due to intermodulation of
the individual carrier frequen_cies with each
other will at least partially oppose omne
another. . : K

15. In a multiplex signaling system em-
ploying different carrier frequencies for a

lurality of channels, the method of reduc--

ing interference between channels, which
consists'in generating carrier frequencies for

. the various channels so related to each other

- 50

that the second harmonics of the carrier
frequencies and sum and. difference fre-
quencies resulting from intermodulation of
the carrier frequencies will fall substantial-

- ly midway between adjacent carrier fre-

. 65

quencies, and in impressing the carrier fre-:

quencies so related upon a transmission cir-
cuit in such phase relation with each other

"that a coincidence of phase condition will

- oceur in less than all of the channels.

60

~ consists in generating carrier. frequencies.

86

16. In a multiplex signaling system em-
ploying different carrier frequencies for a
plurality of channels, the method of reduc-
ing interference between channels, which

for the various channels so related to each
other that the second harmonics of the car-
rier frequencies and sum and difference fre-

g B
Tllencies resulting from intermodulation of
the carrier frequencies will fall substan-
tially midway between adjacent carrier fre-
quencies, and in impressing certain of the
carrier frequencies thus related upon a com-
mon transmission circuit 180 degrees out of

phase. with the phase relation resulting in .
phase coincidence. of all of the carrier fre-

quencies. C :

17. In a multiplex signaling system -em-
ploying different carrier frequencies for a
plurality of channels, the method of reduc-
ing -interference between channels, which
consists. in ‘generating carrier frequencies
for the various channels so related.to each
other that the second harmonics of the car-
rier frequencies and sum and difference fre-
quencies resulting from intermodulation of
the carrier fréquencies will' fall substan-
tially midway between adjacent carrier fre-
quencies, and in individually adjusting the
phase angles of the carrier frequencies rela-
tive to each other so that the component
electromotive forces making up the different

interfering frequencies will'at least partially
“oppose each other. ' ;

.

18.-Tn a multiplex signaling system em-
ploying different carrier frequencies for a
plurality of channels, the method of reduc-
ing interference between channels, which

consists in generating carrier frequencies .

for the different channels so related to
each other that they will be odd harmon-
ics of some fundamental frequency, and in
impressin

the carrier frequencies of the
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different. channels upon a common transmis-

sion cirenit in such phase relation with re-
spect to each other that interfering. com-

.ponents due to the square term i'_e,sultin%

from intermodulation of the individua
carriers will be reduced in magnitude..

19. In a multiplex signaling system, a.

plurality of transmission channels, means
for supplying different carrier frequencies
to each channel, the frequencies of the chan-

‘nels being so related that the second harmon-

ics of the carriers and sum and difference
frequencies: resulting from intermodulation
of the carrier frequencies will fall substan-
tially midway between adjacent carrier fre-
quencies, and means for impressing the car-
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rier frequencies of the different channels

upon 2 _ecommon transmission circuit in such
phase Telation with each other that & coin-
cidence of phase conditions will oceur in
less than all of the channels, whereby, inter-

fering components due to the square term

resulting from intermodulation of the in- .
‘dividual carriers will be reduced in magni-

tude.

- 90. In a multiplex signaling system, a plu-
rality of transmission channels, means for
supplying different carrier frequencies to
each channel, the frequencies of the chan-
nels being so related that the se&ond harmon-

o
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12

icg of the carriers and sum and difference
frequencies resulting from intermodulation
of the carrier frequencies will fall substan-
tially midway between adjacent carrier fre-
quencies, axd means for impressing the car-
rier frequencies from the several channels
upon a common transmission circuit in such
phase relation that certain of the ecarrier
frequencies will be 180 degrees out of phase
with the phase relation producing phase co-
incidence of all of the carrier frequencies,
whereby the interfering frequencies result-
ing from the square term’component due to
intermodulation of the individual carrier
frequencies will be reduced in magnitude.
21. In a multiplex signaling system, a
plurality of transmission channels, means
for supplying different cariier frequencies
to each channel, the frequencies of the chan-
nels being so related that the: second har-

monics of the carriers and sum and difference -

frequencies resulting from intermodulation
of the carrier frequencies will fall substan-
tially-midway between adjacent carrier fre-
quencies, and means -for impressing the va-
rious carrier frequencies from the several
channels upon a common transmission cir-

L,E76,771

cuit, said last mentioned means including

“devices for adjusting the relative phases of

the individual carrier frequencies, so that
the individual components making up the
interfering electromotive forces resulting
from the square term due to intermodula-

.tion of the individual carrier frequencies

with each other will at least partially op-
pose one. another. :
22. In a multiplex signaling system, a plu-

30
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rality of transmission channels, means for -

supplying different carrier frequencies to
each channel, the frequencies of the channels
being so related that they will bear the re-
lation to each other of odd harmonics of a

40

common fundamental-frequency, and means
for impressing the carrier frequencies of the -

different channels upon a common transmis-
sion eircuit, in such ‘phase relation to each
other that interfering components due to the
square term resulting from intermodulation
of the individual carriers will be reduced in
magnitude. S ' ’
In testimony whereof,.I have signed my
name to this specification ‘this 18th day of
March 1929. : T
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HARRY NYQUIST. '




