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The Use of High-Frequency Alternating Currents
in Telegraphy, Telephony and for Power
Transmission

By A. MAIOR

The Electrician, February 6, 1914

The theory of the propagation of alternating currents shows
that the attenuation of a simple periodic current travelling along
a conductor depends upon a quantity z* called the attenuation
constant in such a way that the amplitude of the wave decreases
in the ratio 1/¢® per mile of transmission. The value of the attenua-
tion constant is given by the equation

= l/%’-’i(v(m T p*Ly) —pL (1)

Here a is a function of the frequency of the current and of the line
constants K, L and ¢ which are respectively the resistance, induc-
tance and capacity per mile of line. The speed also, with which the
wave is transmitted, is expressed by W = P/8 where, if n is the
frequency, p = 27n. Also B is a function of the line constants and of
p, the wave length constant; the wave length constant is given by
the equation _

¢
g = !/53 (JB*+ p* %) +pL (2)
The velocity of the transmitted current is then
w=P _ 2 (3)
g EC

From equations (1) and (3) we see that the different harmonic con-
stituents of the complex wave form, which in our case may represent
the sound, travel at different speeds and attenuates at different
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rates as they move along the line. The effect of the different atte-
nuations and speeds of the harmonic components of the complex
wave-form, representing a sound, is a change in the wave-form of
the current-wave sent along the line ; this is also called the distortion
due to the line. But, when p[L is large as compared with R, then we

have
R0
& —= ?V_*L‘*, (4)
B=p|CL (3)
and the wave velocity is
1
= . 6
o (6)

We see from (4) and (6) that if pL is large as compared with
R, the attenuation constant and the wave velocity W are indepen-
dent of the frequency, hence the different simple periodic waves of
all frequencies, which are the harmonics of a complex wave-form,
would travel along the conductor with the same speed and attenu-
ate at the same rate, i.e., in the above case, when pL is large as com-
pared with R, the wave-form of the complex wave would travel
without distortion. One method of increasing the product pL so as
to make it larger than R, is to load the line artificially with Pupin
coils; in this way we can get a nearly distortionless circuit. But
there is another method of increasing the product pL, which, with
special regard to the necessities of telegraphy and telephony, has
also many other advantages. Instead of increasing the self induction
of the circuit we can increase the frequency of the alternating current
transmitted along the line, i.e., employ the high-frequency alternat-
ing current as a vehicle of speech and telegraphic messages.

In the case of high-frequency alternating currents the tele-
graph equation has the form

2 2
A AN Yo
e an
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which, when R is very small or negligible, is reduced to the form

2 2.
d2v OLdL

da? a2’
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This is the equation of the vibrating cord, and means that if
we apply at the end of the line high-frequency alternating currents,
then all these currents will travel along the line without distortion,

and with the same velocity, namely, 1/J/CL. If we now use 2as the
vehicle of speech the high-frequency alternating current, which has
a frequency p, that is, if we act on the alternating current with the
microphone, the resistance of which varies with the frequencies of
speech, then it must be proved that the resulting vibrations are of
the order of p, and that they would propagate along the line with
the same velocity and distortion as the fundamental current.

To consider the nature of microphenic action in the special
case of alternating currents, we shall do so by the same method as
was used by Mr. Barckhausen? in the case of direct-current telephony.
Let us consider a circuit containing self-induction I, and resistance
7, which includes the resistance of the microphone; an alternating
EM.F.Esinotacts at the ends of the circuits. Then we have

] . ds
Fsinet =7t +1-—. 7
wt=rtly ()

The variations of the microphonic resistance, corresponding to
speech, are functions of time. Instead of integrating directly the above
equations we split up ¢ and + so that ¢ = (4, + 4;) and r = (r, - 7).
Let r, be the constant part and r; the variable part of the resistance.
In the same way we suppose i, to be derived from the alternating
E.M.F. H, whilst 4, is derived from the variations of the microphonic
resistance ; then we have from (7)

. ' . . d . .
Fsin ot = (ry + ;) (4 -+ 4;) + l‘('l't“(?o + i)
or

dz di
L+l -t =FHsinot —1 —2 —{r —ir 7A
1 + dt dt o' 0 1712 ( )

the value of 7, may be now chosen so that it is derived only from
the acting E.M.F., then
de
Esinot —1—2 —ip, =0 8
d_t 6" 0 ? ( )
and we have from (7A)
dq :
Wbl =— i =e. 9)
1 di 0’1 1 (

—_—

1) Barckhausen, ‘“‘Das Problem der Schivingungserzengung®’, Leipzig, 1909.
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Whilst equation (8) defines the value of i, equation (9) deter-
mines the variations of the microphonic resistance ; this means that
the variable microphonic resistance can be considered as an E.M.F.,
é;; proportionate to the current i,, defined by equation (8), and to
the variations r; of the resistance. From (8) we have for ¢, if we
neglect the exponential term

i — _Dsinot (10)

VT‘% 4 wz_lzr

i, cannot be determined in such an easy way from (9), because it
does not contain the constant resistance r,, as was the case in equa-
tion (8). To determine it we suppose i; = 4, - i3, then we have
from equation (9)

o a . . . ‘
(g + i) 7 + l“a‘t" (12 + 1) = —igr; » (10A)
and if we take again 4, so that
X di, .
ire +1 dt“ = — Iy, (11)

then we must have from (11) for the value of i,

l % A+ igr=— i1y, (12)
d¢ '

From (11) we are now able to determine the value of 15, To
determine 1; from (12) we must take 4; = 4, 4 4, and proceed as
before. We obtain in this way the series

= Ay 4 iy + 4y + g, (13)

representing the current resulting from the action of the microphone
on the alternating current; 7, is determined by equation (8) and is
given by

Esin ot

" Yriten
From (11) we see that 7, is derived from the E.M.F. iy, but
as 7, = R, cos al, where « is the frequency of speech, then we have

)

= K3in wf. (14)

. . 1 . .
1¢t; = Hsin wt cos at = ?ROEO[sm(m + )t 4+ sin(ew — «)t],
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which is an E.M.F. containing the frequencies (v + «) and (o — «);
then the current 7, must contain the frequencies (o + «) and (& —a).
In the above way we have for the current i, the equation

' di,
Ly, 1 —2 = — i,1,. 15
44+7 Y ot | (15)

This equation determines the current i, by the EM.F. i
containing the frequencies (o - 2a) and (o—2«); for the current
is we have an E.M.F. i containing the frequencies (o + 3a) and
(0 —3a) and so on. The series (13) is a convergent one. If we suppose
that the variation of the microphonic resistance is small, then we
may take from the series the first two members and neglect the
others; we have then as the resulting current '

i = Tysin ot + Tisin(o + «)t-+Tysin (o — a)t.

Accordingly, there are alternating currents of various frequen-
cies o, (o-4a), and (0—a) as the result of the microphonic action;
but the order of these frequencies is that of the fundamental alter-
nating current, if its frequencies are high enough; all frequencies
propagate thus with the same velocity along the line and there is no
distortion of the speech. If the variations of the microphonic resis-
tance were greater then we should have to consider some more terms
of the series in equation (13), but this does not alter our former con-
clusions. The above deductions also show the etfect of wave distor-
tion due to the microphone. "

This distortion is shown more clearly in the case of direct-
current telephony. In this case we have in equation (8), instead of the
alternating E.M.F., the value ¥ ; then we have i = I//ry, the value of
igy T4y 4. . . is expressed in the same way as above as by the equations
(11}, {13), and we have

Y S WP Y Y S—

e = g = A 272

VT?) + 22 Vg + o2

and as i = 4y + i, + 45 + ..., we see that the resulting current in
the case of direct-current telephony is equal to the direct current
Efr, upon which is superposed the current

i i - sin at
g = — W T
VT&—!—ocle
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This varies in the same manner as the microphonic resistance ; the
other components of i, namely i,, 4. ..are only the effect of distor-
tion, due to the microphonic action, and introduce higher harmonics,

.o . . 1 \
for example, 7, is proportional to sin*«i :E(l + cos2al) and

introduces. the second harmonic ; ig introduces the third harmonic, &e.
As the microphone introduces by its action higher harmonics of the
speech so it is necessary to introduce into the circuit an amount of
self-induction, which will damp them. This is effected by the indue-
tion coil used in common telephony, which not only transforms the
alternating current to a higher voltage but also helps to the clearness
of speech. -

The high-frequency alternating current not only transfers the
modulations of speech without distortion but renders also multi-
plex telephony possible in the most direct and easiest way. Indeed,
if we have an alternating-current eircuit containing a self-induction
I, and a capacity C, then the intensity of this current is

T = . Es;n("’t“c") - (16)
Voo (o =)
With
s
¢ = arc tan ~—~»-~——°’3—~,

P

then a certain variation dr, of the microphonic resistance, eorresponds
to a variation of the alternating-current intensity

BV {Vrz + (mL—%~)2 cos (ot — @) dep -+
72 4 (wLm—«) ¥
©e

+7r Vr2 + (mL-'-uo%;r sin{at — cp)} dr,

in the case of electric resonance we have ¢ = 0, and ol = lj/eo¢,
and so

) e
di =

di = — ———dr. (17)



The Use of High-Frequency Alternating Currents
in Telegraphy, Telephony and for Power Transmission 95

The above equation shows that if we adjust any given circuit
to resonance then this resonance remains for the superposed varia-
tions corresponding to speech. This is the theoretical reason why I
proposed and employed early in the year 1906 the high-frequency
alternating current for long- distance and multiple telephony and for
Jong-distance and multiple telegraphy®.

The method of arrangement which I found the best for double
telephony is shown in Fig. 1. In this case only one source of high-
frequency current can be used, the other current being the common
telephone current. Let E;, E, be the E.M.F.s which are switched into
the circuit either directly or by means of a transformer. Station B
corresponds on the other end of the line to station B; and the
self-inductions and capacities of B, B,, are adjusted for resonance
to the E.M.F.E,. It is not necessary to mention that the inductances
at both ends of the line do not only permit the simple telephonic
current to pass the apparatus of the stations B and B, but also to.
arrive at its respective stations A and A,. By the use of high-frequen-
cy alternating current I was able to transmit simultaneously five
messages on the line. Later Colonel Squier® repeated these experi-
ments, and he also found that for the purposes of double telephony
the arrangement of Fig. 1 was the best. But, on the other hand, the
use of high-frequency alternating current permits the fine altera-
tions produced by the speech to give a greater amount of energy than
is possible in the ordinary method of telephoning, and this can be
effected by acting directly or indirectly on the self-induction or capa-
city till it is in resonance with the high-frequency current. Indeed,
1f we consider the alternating current from equation (16), a varlatlon
d L of the self-induction preduees a variation of the current equal to

. E cos ot
di = 0. ~——dL.
gt B o=
Fig. 1. — Arrangement for mul- — D
tiplex telephony and telegraphy - o
with alternating currents.

P ) -
v

21 A. Maior, “Elektrotechnische Zeitschrift’’, 1907, p. 484 ; THE ELECTRICIAN,
Vol. LXVIIL, p. 65 ; “Comptes Rendus’’, de la premiére conference technique des adminis-
trations, des postes et des télégraphes a Budapest, 1908, p. 31. A. Maior, ““Elektrotechni.
sche Zeitschrift,”” 1909, p. 902.

8 Tug ELectrician, 1911, Vol. LXVII, p. 65.
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This shows that the superposed microphonic current is the greater
the higher the frequency of the current, and the greater the varia:
tion of self-induction or capacity. We suppose the alternating current
to be in resonance. This action of the microphone on the self-induction
or the capacity of the circuit may be an electrical one, by convenient-
ly adjusting the microphone to the seli-induction, or a mechanical
one, by causing the sound waves produced by the microphone to
influence the distance of the condenser plates, or to alter the di4
mensions of the coil used as self-induction. !

But there is another method of multiple telephony or tele-
graphy I have tried, and this is based on the use of the well-known
property of electric valves (as often used in electrolytic cells and in
the mercury lamp) to let pass only one half wave of the alternating
current in one direction and to stop the other. As shown in Fig. 2,
the valves V;, v, and V,, v, are so adjusted to the source of high-
frequency current E that, say, the positive waves pass through the
path marked by T,, V;, M; and the line, v, ¢,, m,;, then the negative
half-wave will pass through T,, V,, M,, and the line, vy, 15, m,. Here
T, Ty, t,, t,, arve telephones ; M;, M,, m,, m,, the microphones, V,, Vy,
v;, ¥, the electric valves; by means of this adjustment the hali-wa-
ves of the one alternating current are separated at both the ends
A and B, of the line, and so messages sent in the branch «, are heard
at the branch b,, and those sent at a, are heard at b,, and vice versa.

Fig. 2. — Arrangement for
multiplex telephony with
electric valves.

The alternating current must only have such a high freequency that
the interruptions occurring may not produce any sound in the tele-
phones. Atthe stations A and B are the branches a b and d ¢, as in the
ordinary method of telephony ; the adjustments must be such that,
neither the high-frequency current passes through the branches ab
and ¢ d, nor the lower frequency current arrives in the branches ¢ &
and d ¢ of the high-frequency current. '
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The methods described above of multiple telephony permit

one to profit in the highest degree from the existing long-distant
telephone ecircuits. When the question of submarine telephony comes
to the front then I think the ahove methods of multiple telephony
would have to be taken into consideration even from the commereial
point of view. Mr. Weinberg ¢ proposed this method in the year 1909
for the solution of the still unsolved problem of transatlantic tele-
yhony.
! 1 must observe that in the above cases even the line can be
rendered suitable for high-frequency currents by distributing capaci-
ties and self-induction at certain points of the line as I have shown
elsewhere ®.

The engineer of to-day does not use all the elements of alter-
nating currents in the same way as the telephone engineer. The wave-
lengths he uses are very long and the frequency very low, so that
the required phase modification cannot be arrived at in such an
easy manner. If we were to employ in the power transmission higher
frequencies, i.e., shorter wave-lengths, and these frequencies need
not be very high, many problems of heavy current engineering would
find a more natural solution. The problem of power transmission
would have an easier and more useful solution if we employed high-
frequency alternating currents. Let us consider the case of an induc-
tion coil to be connected to a high-frequency alternating current
source as shown in Fig. 3. Let the current in the coil and connecting
line be I,, if a condenser ¢ of the capacity C be connected in parallel

Fig. 3. — Power transmission L v
with high-frequency - alterna- , ¢C 5= R S R’
ting currents.

to the induection coil, then the current in the line is i. The theory
shows that if the capacity C of the condenser is '

L
s (18)
| R2 4 I2e?
then the current in the line becomes a minimum 4, and the ratio
- 2‘ -
a2 v (19)

1 VE® T oiL®

1) Weinberg, ‘‘Elektrotechnische Zeitschrift,” 1909, p. 160.
5 A, Maior, ibid., 1912, p. 421.
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Here L and R are respectively the resistance and self-induction of
the coil. By this means we can diminish the current charge of the
line without diminishing the current in the coil.

Suppose, now, the induction coil to be the primary coil of a
conveniently constructed transformer, the secondary of which has
a resisance R’ and self-induction L'. In this case the primary acts as
an induction coil, the resistance p and self-induction 2, which are
given by the following expressions

M2e?

P e e &
72,2
N G T (21)
R24-L'%w?

By this means the current charge in the line connecting the
transformer placed at the receiving end, can be greatly diminish-
ed, and thisaction is intensified the higher the frequency used. A re-
sonance transformer placed at the receiving end of the line acts in
the same manner. If there is resonance in the secondary then the
ratio of the primary current to the secondary is

L E (22)
I, Mo

Here R’ is the resistance of the secondary. This ratio is smaller the
higher the frequency of the current used, and if the resistance of
the secondary is so small that it can be neglected then the current
charge of the line is almost equal to zero, whereas in the secondary
the intensity of the current is a maximum. In both these cases the
primary and the line seem to have a resistance equal to infinity,
and the line connecting the source to the transformer is only used
for guiding the Poynting flow of energy.

The above formula shows that we can reduce the current charge
of the line independently of the constant of the line. In using only
moderately high voltages and moderately high frequencies we can
choose for the trnsmission of power from the source to the primary
a conductor as thin as possible. In this case the line guides only the
energy through the space without absorbing it. Experiments I have
carried out completely justify the above conclusions; the results
of these experiments will be published later.



