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The Practical Aspects of the Propagation of
High-Frequency Electric Waves

Along Wires

By John Stone Stone*

OR the past three years or more
Major Geo. O. Squier, of the Sig-

nal Corps of the United States Army,
has conducted a systematic investiga-
tion of the propagation of high-fre-
quency electric waves along wires, and
of the practicability of their use in the
transmission of signals and of speech
along actual telephone cables and air
lines. His investigations have also dealt
with electrical resonance as a means of
segregating, at the reciving end of the
line, high frequency currents of different
frequencies simultaneously propagat-
ed along the line, and the selective re-
ception of the energies of these differ-
ent currents, each in a different receiver
circuits made responsive only to the va-
riations in the amplitude or strength of
the current it is resonantly tuned to re-
ceive. The results of his labors are to
demonstrate that not only Morse signals
but speech may be transmitted over the
ordinary telephone cable and pole line
circuits, and to very considerable dis-
tances, by means of high-frequency
clectric currents or waves, and that a
large number of telegraphic or tele-
phonic messages may thus be transmit-
ted simultaneously over a given tele-
phone or telegraph circuit without in-
terfering with each other through the
use of electrically tuned or electrically
rcsonant receivers. Moreover, he has
shown that the new high-frequency
multiplex telegraph and telephone sys-
tem may be superimposed on the older
systems or the new high-frequency ap-
paratus added to lines equipped with
the usual telegraph or telephone appa-
ratus without interfering in any way
with the operation of this older appa-
ratus, or being interfered with by it. .
Major Squier has dedicated to the
public his patents relating to this new
art—an act which, though laudable in
the spirit it displavs. is nevertheless un-
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fortunate, as it is more likely to retard
the progress of the new art than to
advance it, since what is everybody's
business is nobody’s business, and capi-
tal may hesitate to enter a new field and
promote an undertaking in which it is
led to believe that it will meet with un-
restricted competition as the reward for
its enterprise.

The frequencies of the electric waves
or currents propagated along the wires
in this new art are, so to speak, ‘“above
the limit of audibility of the receivers”
or are ultra-sound frequencies. In other
words, each of the electric currents
propagated along the telegraph or tele-
phone line is of so high a frequency
that it can produce no audible effect in
the telephone receiver through which it
passes as long as its strength or ampli-
tude remains constant. In fact, the fre-
quencies of the currents used in this
new telegraphy and telephony are 20,-
000 or more alternations per seccnd,
and correspond, therefore, to the fre-
quencies of the air vibrations of sound:
whose pitches are above the limit of au-
dibility of the human ear. In the new
telegraphy and telephony the tele-
graphic signals and the voice are trans-
mitted over the line wire by suitable
variations in the amplitude or strength
of the otherwise uniform high-fre-
quency current, and the signals and the
voice are received in a magneto-tele-
phone receiver connected in a local cir-
cuit which includes a device capable of
rectifying the high-frequency current
uced. The rectifier employed is prefer-
ably an Audion, though a Wollaston
clectrode, and perhaps other radiotel-
egraphic detectors, particularly the <o-
called crystal rectifiers. may also prove
serviceable.

The rectifier in the local circuit at the
receiver converts the high-frequency
current of the line wire into a pulsating

*Abstracted from the Journal of the Franklin Institute,
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be only to make successive faint clicks
in the telephone receiver, R, as the cur-
rent on and off, except for the periodic
interrupter, B, which may be of the na-
ture of a revolvmg commutator or a
mere buzzer. This interrupter serves to
break the incoming wave trains con-
stituting the Morse signal elements into
a succession of much shorter wave
trains having a frequency of about 450
impulses per second, which, when recti-
fied, give rise in the telephone receiver
to a high-pitched musical tone of great
audibility. The Morse signals are now
audible as a succession of long and
short intervals of a high-pitched musi-
cal sound, as in radiotelegraphy. From
the foregoing and the diagram of Fig.
1 the essential difference between tl.e
new telegraphy and the new telephony
will easily be seen.

Some of the more essential charac-
teristics of the simple system shown in
Fig. 1 may prove of interest, particu-
larly as they have not as yet, so far as I
am aware, been clearly set forth. The
induction coils, I, and 1., are wound
without any iron in their cores, since in
the first place the presence of iron is
not needed to secure a large mu*ual ‘n-
ductance between the primary and the
secondary circuits, because a high Je-
gree of coupling between these circuits
is not desirable, and, in the second
place, the presence of iron in the rore
of the coils would introduce a loss of
energy, through hysteresis, owing to the
high frequencies used, which
would give rise to an cffect A
equivalent to the presence of
a considerable dissipative re-
sistance in the primary and in
the secondary circuits. The
arrow through the symbols
for the coils
these coils are adjustable with
respect to their degree of
coupling in the same way and
for the same reason that the A
coupling of the corresponding
coils is made adjustable in
radiotelegraphy and  radio-
telephony. Similarly, the ar-
rows through the sy mbols for

the Londencelc C'.’C’,.C_.and =

lHeates that these
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densers are of adjustable capacity.

The function of the variable conden-
sers at the transmitting and receiving
stations is to electrically “tune” these
stations. In the transmitting station of
the system shown in Fig. I the so-called
tuning is quite different in the case of
the telephone and telegraph systems. In
the case of the telegraplf the coupling
of the coil I, and the capacities of both
condensers at the transmitter are ad-
justed with reference to the production
of a maximum current in the line wire,
as indicated by a hot wire ammeter
connected in the secondary circuit. In
the case of the telephone system the
coupling of the coil I, is made very
small, and each of the condensers at the
transmitting station is then independ-
ently adjusted to make the current in
the circuit in which it is included a
maximum, as indicated by hot wire am-
meters connected in each circuit. The
coupling of the transmitter coil is then
increased till the tuning adjustment of
one circuit interferes with the tuning
adjustment of the other, and the cir-
cuits are readjusted, each by its own
condensers, for a maximum of current
in itself. The reason for the radical
difference in the tuning of the transmit-
ter station in the telephone and tele-
graph systems may not be obvious. It
is due to the fact that in the telegraph
it is the actual amplitude of the high-
frequency waves propagated along the
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line that determines the strength or
loudness of the signals heard in the re-
ceiver, while in the telephone system it
is the magnitude of the variations in
amplitude of the high-frequency waves
propagated along the line that deter-
mines the loudness of the received
speech. Moreover, in the case of the
telegraph the loudness of the received
signal 1s the sole object, while in the
case of the telephone a still more im-
portant requirement is excellence in the
quality of articulation of the transmit-
ted speech. In the case of the tele-
graph, therefore, the adjustment of the
transmitter station is such as to pro-
duce the maximum amplitude of the
transmitted waves, while in the case of
the telephone system the adjustment is
primarily adapted to securing the best
quality of the transmitted speech, and,
incidentally, to produce the maximum
variation in amplitude of the transmit-
ted waves.

Thus, by loosely coupling the pri-
mary and secondary circuits at the
transmitter and then adjusting the pri-
mary circuit for a maximum of cur-
rent, the reactance of the primary is
made zero, and the impedance of the
primary is reduced to the mere resist-
ance of that circuit, so that the resist-
ance of the telephone transmitter be-
comes practically the sole factor in
determining the primary current. Ob-
viously this makes the variations in the
amplitude of the high-frequency cur-
rent due to variations in the resistance
of the telephone transmitter a maxi-
mum, and, on the other hand, telephone
engineers will realize that the elimina-
tion, so far as possible, of all reactance
and resistance except that of the
telephone transmitter, from the primary
circuit at the transmitter station, is a
requisite to good quality or articulation
of the transmitted speech.

At the receiving station of the system
shown in Fig. 1, whether it be used as a
telegraph or telephone system, the tun-
ing of both primary and secondary is
directed merely to the production of a
maximum current in the secondary cir-
cuit, and for this tuning the telephone
receiver is used as the indicating de-

vice, since-the curent _at the receiving
GoUgle

PAGE
347

LINE WIRE

Fig. 3.

station is not sufficient to permit of the
use of a hot wire ammeter. A sensi-
tive galvanometer may sometimes be
used with advantage for tuning pur-
poses in place of the telephone receiver.

Having thus outlined the fundamen-
tal ideas of the method in the simplest
form, Mr. Stone goes on to describe its
application to a pair of duplex stations
for two-way transmission for each sta-
tion, which he illustrates by Fig. 2, and
then proceds to the “more complex, but
more perfect” multiplex shown in
Fig. 3. ‘

In Fig. 3 the receiver circuit is shown
alone, and it is to be noted that in the
branch from the line wire there are two
loop circuits, 1 and 2, each consisting
simply of circuits which are each made
resonant per se to a condenser and a
coil. These loop one of two frequencies,
currents of which frequencies it is par-
ticularly desired to exclude from the
receiver. Thus, if this receiver were to
be used at stations A or B of Fig. 2, its
loop circuits 1 and 2 would be indivi-
dually made resonant each to one of the
two frequencies generated by the trans-
niitters of stations A and B; while if it
were used at one of the stations A’ or
P, its loop circuits would individually
be made resonant each to one of the
two frequencies generated at the trans-
mitters of stations 'A’ and B'. The ef-
fect of the presence of one of these
looped resonant circuits in the receiver
branch is practically to make the branch
electrically opaque to currents of the
frequency to which the loop is made
resonant.
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the frequency n, the diameter d of the
conductor and its specific resistance p.
The following table gives the values of
k for different values of nd® This
table is calculated for copper and the
product nd®* must be divided by the
ratio of p for any other material to p
for copper.

Thus, if the conductor has three
times the specific resistance of copper,
nd?

-— should be used instead of nd>
3

nd? k
o 1.0000
20 1.0000
8 [.0001
180 1.0258
320 1.0805
500 1.1747
72C 1.3180
980 1.4920
1280 1.6778
1620 1.8628
2000 2.0430
2420 2.2190
2880 2.3937
5120 3.0956
8000 3.7040
18000 5.5732
22000 7.3250

The value k for intermediate values
of nd? can be found by interpolation or
by constructing a curve from the above
table, with nd? values as abcissas and
k values as ordinates. By keeping the
frequency n constant and varying d,
ctirves can he plotted, showing the va-
riation of k with d for a given fre-
quency, or d mav be kept constant and
n varied, in which case the curve will
show the variation of k with a variation
of frequency.

While the above is not of great prac-
tical importance when frequencies of
the lower order are used, it becomes of
considerable importance when frequen-
cies of higher order are used.

By using stranded conductors made
up of small wires this change of re-
sistance with frequency is prevented
to a great extent.

Tn the above table the permeability u
is considered unity, and the formula
onlv holds for non-magnetic materials.
Tf iron ic_used as a conductor, k is

Google

greatly increased. If materials having
greater value for p are used, then the
value for k is decreased.

Conductors made of materials hav-
ing a high specific resistance do not
vary in resistance with the frequency to
as great an extent as copper.

The resistance of a conductor ex-
pressed in terms of C.G.S. absolute
clectro magnetic units is:

pl
R=— (16)
S .

Where [ is the length in Cm. and S

the cross section in sq. Cm. S = d? X

= d?
.7854 or —— d = diameter of the
4
conductor.
rd?
Substituting for S in (16) we
4
4pl
get R = (17)
wd?

This formula enables us to calculate
the resistance of a conductor when we
know its length, diameter or cross
section and the specific resistance of
the material of which it is made. The
result obtained from the above formula
will be in centimeters and must be di-
vided by 10° to reduce it to ohms. For
copper wire p is 1600 and the resistance
in ohms would be:

6400 [
R =

/10°
w d?

For high frequencies of the order of

10" the resistance (R') is expressed by,

/ pwS
R = R}~ or (18)
2p
R!'=R /purd®
1 — (19)
8p

For non-magnetic wires or conduc-
tors p will he unity and
R'=R /prd®

or

rd / n

17 — (20)

R'=R
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then the pin plate 48 is removed from
the underside. This renders unneces-
sary disturbing the interlocking bar
action and levers arranged above the
frame plate.

The slider of the punch mechanism
for forcing the punches down through
the paper tape is operated by electrc-
magnetic means, and while I employ in
ny present machine solenoids, it will
be  understood that the substantial
equivalent, 1. e., electro-magnets, may
be employed instead. .\ pair of these
solenoids are used, one of which is
skown in Fig. 11 at 52 attached to the
under side of the top plate 51 of the
frame. e cores of these solenoids
are attached to the cross bar 53, which
has connected thereto the rod 54 which
operates a lever 55 pivoted to a bracket
56, and forked to connect with the pit-
man 37 of the slider, as before re-
ferred to. When the solenoids, or the
electro-magnets, as the case may be,
are operated, the connections will be
cperated to draw the slider down to
force the group of selected marking
and spacing punches and all the feed-
hole punches through the tape. and in
the form shown the connections ure
operated by the coreq of the solenoids

pulling é&ﬂf 3 ‘3 tbar 53 and operat-
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ing the rod 54 and lever 55. The cen-
nections are returned to raise the
punches by a spring 57, and in order to
assist this spring in starting the with-
drawal movement of the punches, 1
employ a reinforcing spring 58 of leaf
form which is borne upon by the cross
bar 53 when this nearly completes its
upward movement, thus adding its
force to that of the spring 57 to start
the upward movement of the punctes
at the time when they might have a
tendency to hang in the tape.

I provide means for adjusting the
connections to alter the position of the
punches in relation to the tape in a ver-
tical direction, especially to provide
means of readjustment when the
punches have been shortened by re-
sharpening. This means consists of
the screw threaded shank 54’ of the bar
54 entering a screw threaded socket
in the coupling member 59, which is
connected with the lug 60 of the cress
bar 53 by a pin 61. This pin is held in
place by a sleeve 62 held on the coup-
ling by a split pin 63, the sleeve having
side portxons reaching over the pin 61.
By removing the pin 63 the sleeve €62
can be slid back to uncover the pin €1,
which may then be removed, and then
the bar 54, with the coupling, can be
swung out from between the two
solenoids, so that access may be had to
the coupling to turn the same on the
screw stem 54’ and thus adjust the
connections to properly operate the
ranches, the parts being attached again
by bringing the forked end of the
coupling 59 to embrace the lug 60, in-
serting the pin 61, sliding the sleeve
62 over this pin and securing it in place
by the split pin 63. The cross bar,
when down, rests upon the stop 04,
which may be of rubber.

The connection described provides
for adjustment without requiring much
space. and thus the solenoids can be
piaced close together to secure the best
results.

Tape and tape fecd.—The tape 05
coiled into a roll, as shown in Fig 1.
is mounted upon a holder 66 consisting
of a rim 66’ and spokes 66”, which is
mounted to rotate freely when the tape
is drawn, whence it passesiraround a
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