
CHAPTER VII

TRANSMITTERS OF DAMPED OSCILLATIONS

101. The Different Types of Transmitter. There are two methods,

customarily applied for producing the oscillations in the antenna, viz.,

a. A spark gap is inserted in the antenna and the latter is charged by

means of an induction coil or its equivalent. The antenna discharges

across the gap, during which discharge the antenna oscillates in its

natural period. This is the "simple" or "Marconi transmitter.' *

b. The antenna is coupled to a condenser cir-

cuit. This gives rise to two possible cases, viz., .

1. Two coupling oscillations are produced in
both the condenser circuit and the antenna the

"Braun transmitter," or

2. The oscillations of the condenser circuit are

quenched after a few cycles and the antenna con-

tinues to oscillate with its own damping the

"quenched spark gap" or "Wien transmitter."

1. THE SIMPLE (MARCONI)* TRANSMITTER

102. General. a. The antenna has a spark

gap, F (Fig. 209) at the bottom.

It is advantageous to have an anti-node of FlG 2 Q9.

current at the foot of the antenna, for, with a given

voltage, this will make the current amplitude of the fundamental oscil-

lation a maximum and the spark damping a minimum, with the spark

gap lying in an anti-node of current. This condition is no doubt

always obtained in practice by grounding.
b. The combined or multiple forms of aerials [see Art. 92] increase the

effectiveness of the MARCONI transmitter. For the same height, their

effective capacity is much greater and if their form is properly chosen, the

current distribution along the antenna is much better than with the

simple aerial. Both these differences are factors favoring increased

distance effect at a given voltage [Art. 93d.

* MARCONI now also uses the coupled BRAUN transmitter exclusively or at least,

mainly, for damped oscillations. However, it was with the simple form of transmitter

that he attained his first successful results and demonstrated the possibility of wireless

telegraphy by means of electromagnetic waves over great distances.
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103. The Damping. a. Any of the spark methods of excitation inher-

ently involve a consumption of energy in the spark in addition to the

energy losses occurring in antennae without spark gaps. Accordingly,

the efficiency is not as high as for an antenna without a gap. If we

define the efficiency, as in Art. 99cc, as the ratio of the energy radiated by
the fundamental oscillation in useful form to the total energy consumed

by it in the same time, we have

d?

where d is the decrement of the antenna without the gap and d is the

spark-gap decrement.
If, however, we conceive the efficiency as the ratio of the useful energy,

radiated at the fundamental oscillation to the total energy supplied to the
antenna by charging, the result is even less favorable. In the MARCONI
transmitter there necessarily exist at the start not only the fundamental,
but also a series of partial oscillations. These are of no use so far as the
distance effect is concerned, as the receivers are always tuned to the
fundamental oscillation. Hence the energy consumed in one form or
another by the upper partial oscillations represents a further loss which
causes an additional decrease in the efficiency.

6. From observations made to date, it appears that with a given
antenna, the effect of the oscillations and also the distance effect do not
increase as the spark length is increased beyond a certain point, in fact,
they decrease beyond this point.* Apparently this turning point occurs
earlier, according as

1. The effective capacity of the antenna is smaller (hence in this
respect a multiple. antenna is preferable to a simple antenna);

2. The radius of curvature of the gap electrodes is smaller (hence large
spheres or plates are better than small spheres).

c. In tuned telegraph operation, the MARCONI transmitter is at a dis-
advantage on account of the great damping of the oscillations, although
this is in part only a factor of strong distance effect. MARCONI trans-
mitters can be constructed with decreased radiation damping [Art. 98]
and a total decrement of about 0.1. But the weak distance effect of
such a transmitter requires a very high potential if long distances are
to be attained in telegraphing. This leads to such insulation difficulties,
that the reliability of such transmitters becomes uncertain for regular
operation, even though they may have shown good results under first
tests.

* It is questionable whether this is due solely to the influence of the changed gap
length. Presumably brush discharge, and circuit losses played an important part
in these experiments.
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2. THE BRAUN* TRANSMITTER

104. Nature of the Coupling. The coupled (BRAUN) transmitter

consists of a condenser circuit, the u excitation

circuit" as primary and the antenna as

secondary circuit. The primary and second-

ary circuits are tuned so as to be in resonance.

a. The coupling may be purely magnetic,

inductive, or it may be direct, conductive [Art.
526]. The former is shown diagrammatically

in Fig. 210, the latter in Figs. 211 and 212.

With direct coupling the secondary circuit is

comprised of the aerial proper (plus BA in
Fig. 212), a portion (BE in Fig. 211 and AE
in Fig. 212) of the condenser circuit and the

line to ground, or, if a counterpoise is used,
FIG. 210.

1.0

FIG. 211.

this and its leads.

In addition to these, mixed

or combined forms of these

arrangements have been used

or are still partly in use (e.g.,

Fig. 213).

_^ 6. The direct and the in-
^ -^ p ductive connections do not

give materially different re-

sults. The direct coupling

has the advantage of simplic-

ity; above all it avoids the

necessity of insulating the

primary and secondary turns

from each other, which to say

the least involves considerable inconvenience
for the inductive arrangement. Direct
coupling is now in very wide use; the in-
ductive or mixed form is possible only for
very close coupling.

105. Coupled Transmitter for Antennae

having High Damping. Very Loose Coup-
ling. Under highly damped antenna are

to be understood such whose decrement
FIG. 213.

* F. BRAUN was probably the first to introduce the coupled transmitter into the

practise of radio-telegraphy. His patent is dated in 1898. In the same year E.
DucRETET 164 made some tests in France using an "Oudin resonator" (in its essentials

arranged like Fig. 212) and thereby already recognized the importance of tuning.
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(as that of a simple antenna) is 0.2 or more. Very loose coupling

we may define as such that the complications discussed in Art. 58

(two frequencies even with tuned primary and secondary) are not
noticeable.*

a. So far as the frequency is concerned, the primary and secondary cir-
cuits must be exactly in tune.

b. The time change of the oscillations in the aerial is similar to that
shown in Fig. 123. Only one oscillation (i.e., one frequency), whose
amplitude first increases and then falls off, exists. The looser the coup-
ling, the more nearly the rate of the decrease or falling off of the amplitude is
that which would be obtained with an oscillation having the decrement of the

condenser circuit, i.e., 0.06 to 0.1.

The current distribution along the antenna is the same as for the natural
oscillations of the antenna. It may at times be advantageous to so shape

the current distribution, by inserting a condenser, as to bring the current
anti-node quite high. The fact that this reduces the degree of coupling
between the primary and secondary circuits as compared to having the
coupling at the point of the anti-node of current [Art. 536] is not detri-
mental in this case.

c. Very loose coupling is used when it is essential to produce very
slightly damped oscillations. In practice, however, there is always the
accompanying requirement that the distance effect should be as great as

possible without seriously increasing the damping. Now from Art. 88 it
appears that the current effect in the receiver (circuit III) at very loose

coupling is rapidly increased by making the coupling slightly closer.

Hence for good distance effect it is important to make the degree of
coupling as high as the sharpness of resonance will permit.

106. Coupled Transmitter for Antennae having High Damping. Close
Coupling. When the greatest possible distance effect is desired with-
out regard to high damping, close couplingf is in general advantage-
ous because of the increased current amplitude it provides.

a. We then obtain, whether the primary circuit is in tune with the
antenna or not, two distinct oscillations of different frequency and hence

[Art. 24] different current distribution along the antenna, different current
amplitudes at the current anti-node and different decrements. As a mat-
ter of fact the primary is probably always tuned to the secondary circuit.
Then, from Art. 58, et. seq., we may conclude: the oscillation having
the higher frequency (shorter wave-length) has

1. A greater current amplitude at the anti-node of current.
2. More favorable current distribution along the antenna; the cur-

* That is K2 <
(
dl

2

~^ 2

)
2

[Art. 57].

f That is K*> (^F^-
2

)
2

[Art. 58].
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rent distribution curve for a simple antenna will be of the form of curve /,
Fig. 214, for the shorter wave oscillation, but like curve II for the longer
wave oscillation. With antennae having increased end capacity the two

curves are not much different from each other.

3. A decrement which may be either greater or less than that of the

longer wave oscillation, but never much different from it.
Hence the effect upon a receiver is better, in fact much better in some

respects, if the receiver is tuned for the oscillation having the higher frequency

(shorter wave-length).

b. Whether it is best to tune the con-

denser circuit exactly to the antenna appears

questionable according to Art. 89. It is

probable that a better effect of the more rapid
oscillation upon a receiver is obtained by

giving the condenser circuit a frequency

slightly higher than that which the antenna

had before coupling. The author does not

know whether this has been tested in prac-

tice. An increase in the effect of more than

a few per cent, can, however, hardly be ex-

pected, judging from the laboratory results.

c. According to Art. 88 the current effect

in a receiver (which here corresponds to the

measuring circuit) tuned to the higher oscilla-

tion, is greatest when the coupling is between
4 per cent, and 10 per cent. However in Art. 88 the tests were made
with a condenser circuit as secondary, while in practice we have an

open circuit transmitter, whose current distribution must be considered.
With antennae having increased end capacity this can make but little
difference, but with others, the current distribution for the more rapid
oscillation is improved as the coupling becomes closer. Hence we may
conclude that a fairly close coupling is advantageous for antennae.*

d. The current amplitude at the anti-node of current in the antenna,
which largely determines the distance effect, is given, for the shorter
wave oscillation, by the expression [Art. 61a],

FIG. 214.

* Widely varying degrees of coupling have. been and still are used in practice.
The TELEFUNKEN Co. formerly used up to 10 per cent, coupling, in special caseshaving
obtained excellent results with much higher degrees of coupling. The Eiffel Tower
transmitter operates at 4.7 per cent, coupling. 48 FLEMING 1 states the usual range of
coupling to be from 30 per cent, to 70 per' cent. Presumably the degree of coupling is

of very little importance as long as it is kept over a certain lower limit. It would seem

as if the worst effects of very close coupling are compensated by the resulting advan-
tages in other directions.

12



178 WIRELESS TELEGRAPHY

Hence, the frequency (wave-length) being given, it is advantageous to
use antennae having large effective capacity. Similarly the primary cir-
cuit should have as large capacity as possible, compatible with the avail-
able energy. A limit to the amount of capacity is encountered in that,
with a given frequency, increasing the capacity requires a reduction in the
dimensions of the current path, which may make it impossible to obtain a

sufficiently high degree of coupling.*
This same reason may at times make inductive or mixed coupling

necessary, in such cases where it is impossible to make pure conductive
coupling sufficiently close without sacrificing the advantages of large
capacity.

107. Coupled Transmitters for Slightly Damped Antennae. a. The
case of very loose coupling need not be considered for antennas whose decre-
ment is less than 0.1; for the object is to produce oscillations in the an-
tenna which have not the high damping corresponding to the natural
oscillation of the antenna, but the low damping of the condenser circuit.
In the case we are considering, in which the condenser circuit has the
same or only slightly lower damping than the antenna, this would have
no practical value.

b. The effects of varied degrees of coupling are qualitatively the same
as for more highly damped antennae. The tests of Art. 88, conducted
with a condenser circuit as the secondary, indicate that 6 per cent, is

about the best coupling for the current effect. However, for antennae

whose current distribution varies widely at different points it must be

remembered that the closer the coupling is made the more advantageous
for good distance effect does the current distribution become. How
much this factor tends to displace the best degree of coupling is a question
which has probably not been answered to date by actual tests.

Practical experience seems to lead to the conclusion that either the
degree of coupling is quite immaterial or its choice depends upon the
special conditions of the particular case to such an extent, that no generali-
zations can be made. The TELEFUNKEN Co. reports excellent results
with a 60 per cent, coupling, yet this same company used a 4 per cent,

coupling at its Nauen high-power station.
c. As regards the kind of coupling it should be pointed out that for

umbrella type aerials having very large effective capacity the direct

(conductive) connection can be applied even for very close coupling.
This can be made clear from a consideration of the equation [Art. 536]

K :

If the entire condenser circuit is used for the coupling and the coupling

* The arrangements which F. BRAUN 165 has devised to meet this condition, under
the name of "

Energieschaltungen" (i.e., " energy connections") obviate this difficulty.
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is located at the anti-node of current in the antenna, then Z/i 2 approxi-

mately = LI and

i.e., the greater the effective capacity, C 2, of the antenna, the closer will
be the coupling.

108. Commercial Form of the Braun Transmitter. a. Condensers.

The requirements of the condensers used are :

1. High breakdown resistance.

2. Small volume, convenient form.

3. Low energy loss due to dielectric hysteresis.

4. No brush discharge.

These requirements are best fulfilled by air, particularly compressed-

air condensers. MARCONI formerly used air condensers at atmospheric

pressure at the Clifden and Glace Bay transatlantic stations, which were

equipped with a tremendous battery of air condensers totalling 1.6 mf.,

and which were charged to a potential of about 80,000 volts. Compressed-
air condensers of the form shown in Figs. 68 and 69 have been in use by

the Nat. Elec. Sign. Co., on the recommendation of FESSENDEN. The
disadvantage of air condensers lies in the relatively large dimensions

necessitated by the low dielectric constant of air. In this respect con-

densers of good flint glass are preferable. These are used either in the

form of plate condensers, which are submerged in oil to prevent brush

discharge (DE FOREST, F. DUCRETET, E. RoGER 166 and apparently also

now in use by MARCONI in his transatlantic stations), or else in the

form of Ley den Jars (the battery of jars shown in Fig. 70 is part of a

TELEFUNKEN station of about 500 km. range). The Eiffel Tower station

has Moscicki condensers [Art. 396].
48

In order to minimize the brush discharge the jars are sometimes

(e.g., as by the Nat. El. Sign. Co.) immersed in oil, or at least they are de-

signed so as to be long and narrow (Telefunken) and are arranged in
series-parallel combinations. For example, the Nauen station formerly
had three batteries, each consisting of 120 jars in parallel (each battery

having a capacity of about 1.2 mf.), joined in series (Fig. 215).
b. As to the design of the current path of the condenser circuit it is

hardly possible to make any general statements. Fig. 216 shows a

construction of the TELEFUNKEN Co. As formerly used for a station of
1000 km. range, it was made of silver-plated copper tubing, some of the
turns being joined in parallel.

In the arrangements illustrated by Figs. 211 and 212, the contacts
A and B are made so as to be movable, allowing a convenient adjustment
of the frequency and the coupling. Needless to state, the current path
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should be so designed as to avoid eddy currents in the condenser coatings

and other metallic conductors as much as possible.

c. The spark gaps may have either stationary or rotating electrodes.

Gaps with stationary electrodes should be designed with as large a

radius of curvature as possible so as to avoid undue heating. The ring-
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FIG. 216.

FIG. 217.
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shaped electrodes introduced by the TELEFUNKEN Co. (Fig. 217), have

apparently been very satisfactory. Frequently the spark gaps are en-

closed in a case so as to reduce the terrific noise which accompanies the

discharge of very large capacities at high potentials. Enclosing the gap

furthermore permits the use of gases other than air and above all makes

the use of pressures higher than atmospheric possible. 167

In regard to rotating gaps and the use of air blowers see Art. 118.

3. QUENCHED SPARK-GAP TRANSMITTER. WIEN'S TRANSMITTER

109. Impulse Excitation. If we understand this term as covering all

those methods in which the action in the primary exciting circuit lasts

a shorter time than the resulting oscillations in the secondary, we may

distinguish between the following kinds of impulse excitation.

a. Attention to one method has already been called in Art. 5662.

If a relatively highly damped primary circuit is caused to act upon a less

damped secondary circuit very loosely coupled to it
,

there will result in

the secondary not only an oscillation of the same decrement as that of

the primary circuit, but also one having the lower decrement of the sec-

ondary circuit. This latter oscillation continues long after the highly

damped primary oscillations have disappeared.
This method, at one time, before other methods of impulse excitation

were known, was proposed (E. NESPER 121

) for use in connection with
measurements. It should not come into question, however, in radio-

telegraph practice. High damping, i.e., high energy consumption in the

primary, in conjunction with .loose coupling, i.e., with only a small part
of the energy transferred to the secondary circuit, must necessarily greatly
reduce the efficiency.

b
. The quenched gap method is far more satisfactory. Here, after

the primary circuit has had the opportunity to give up the most of its

energy to the secondary, the oscillations in the primary are quenched.
The principle of this method was discussed in Art. 62 e

t

seq., its practical
application in Art. Ill e

t

seq.

c. Regarding a kind of mechanical quenching by means of a rotating
spark gap see Art. 1186 and d

.

d
. An impulse excitation in the true sense o
f the word is represented in

Figs. 218 and 219. If the circuit from the cell E is first closed and then
abruptly opened by means of the interrupter A, the resulting current
curve will be about like that marked / in Fig. 220. This will produce an

e.m.f. of the form of E in Fig. 220, in the coil S. The current resulting
from this e.m.f. charges the condenser, C

,

which discharges in its natural
period (G. EicHHORN 168 ). Hence, while with the quenched gap method
we have regular oscillations in the primary which are quenched fairly
rapidly, we have in this case of true impulse excitation, an aperiodic
action which produces the oscillations in the secondary.
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The advantages of this method for measuring purposes have already

been pointed out in Art. 78d. A good interrupter is of course essential;

those having the contact fastened to a stretched string or wire which is

vibrated by an electromagnet are well suited to the purpose.*

A practical application of this method is in the form of the so-called

LfiflfiM

E

FIG. 219.

"station-testers," condenser circuits of adjustable frequency, which can be

made to oscillate with the aid of very low amplitudes.

Fig. 221 illustrates one of these as made by the TELEFTJNKEH Co. The
connections are those of Fig. 218. The "make and break" of the direct

current is accomplished by an interrupter (at the right of Fig. 221) similar

to the ordinary electric bell or buzzer. Frequently wave meters, as for

instance that of C. LORENZ and the newer type of the

TELEFUNKEN Co., are arranged for use as "station-testers"
also.

e. Pure impulse excitation (as described in d) or else a

condition lying between the cases of the quenched spark

gap and pure impulse excitation can also be obtained with
a condenser circuit as primary, if its oscillations disappear FIG. 220.

at the first passage through zero or at least after a very

few oscillations. This condition obtains under certain circumstances with

hydrogen spark gaps (B. GLATZEL 169
) and especially with unsymmetrical

gaps,f also to some extent with mercury arc lamps, in fact even when the

condenser circuit is not coupled to any secondary circuit. The quench-

ing of the spark therefore is not dependent on the reaction of the

secondary.

* These are made especially for this method by the TELEFUNKEN Co., C. LORENZ

and ROB. W. PAUL (New Southgate, London).
t S. EiSENSTEiN 170 heated cathode, cold anode; L. E. CHAFFEE aluminium cath-

ode, copper anode in hydrogen, also at times with gaps having symmetrical elec-

trodes. 93
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Furthermore, in this case the occurrence of pure quenching action is of
course independent of the degree of coupling. The latter may be made as

high as the arrangement of the circuits permits.

FIG. 221.

E. L. CnAFFEE2 has succeeded in obtaining continuous oscillations with

such a gap,* in fact even with a frequency of about 3 X 10 6 per sec.

(X = about 100 m.). For this purpose
he so regulates his primary circuit and

his current supply that after say three

cycles of the secondary oscillations there

is a discharge of the primary circuit.

The first primary discharge excites the

secondary oscillations, which fall off

slightly during the next two cycles, but
are given a new impulse in the third
period at the right instant (in phase).

110. The Connections. a. These are

in general the same for the WIEN trans-

mitter (Fig. 222) as for the BRAUN

transmitter. The antenna is coupled

either inductively or conductively with
the condenser circuit containing the quenched gap. 171

But the degree of coupling, while it may be chosen between wide limits
* R. C. GALLETTi 1700 seems to have obtained the same result by means of a peculiar

combination of a number of condenser circuits and spark gaps which act successively
one after another.

FIG. 222.



TRANSMITTERS OF DAMPED OSCILLATIONS 185

with the BRATJN transmitter, must in the case of the Wien transmitter be

adjusted as nearly as possible to the critical degree of the particular spark
gap in question in order to obtain the maximum efficiency. For good
quenched spark gaps this critical value is usually about 20 per cent.*

In order to obviate the necessity of varying the degree of coupling
whenever the wave-length is changed, the TELEFUNKEN Co. has devised
the following arrangement (Fig. 223) : In the condenser circuit there is
placed a coil, LI, of much greater self-induction than the rest of the
primary circuit. This coil is used for a direct coupling of the antenna.

FIG. 223. FIG. 224.

The wave-length is changed by varying the coefficient of self-induction of
this coil (which in the actual construction is in the form of a Rendahl
variometer), and the tuning of the antenna to the primary circuit is
effected by means of the special tuning coil L 2.

Under these conditions the coefficient of coupling remains constant
and independent of the wave-length. We have

'LiZ*

as after tuning CiLi must = C 2L 2 [Arts. 3 and 27].
As a matter of fact, it is advisable to make the coupling somewhat

looser for the shorter waves. For this purpose an additional coil, L f

(Fig. 224) , which is not used for the coupling and whose self-induction is

of no consequence for the long waves (Li being very large) but comes

* In Art. 646 it was brought out that some quenched gaps have several critical
couplings. That one which gives the greatest current effect in the secondary is of

course chosen. With the gaps described in Art. 109, the coupling may be increased
far above 20 per cent., in fact to 40 per cent, or even higher. So far, however, it has
not been demonstrated that this has resulted in higher efficiencies than have been

obtained with ordinary quenched gaps.
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into importance for the shorter waves (Li relatively small), is inserted
in the primary circuit.

b. The oscillations sent off into space are virtually the natural oscil-

lations of the antenna. Their damping should be kept as low as possible

to secure sharp resonance in the receiver. Accordingly it is universal

practice to use antennae with greatly decreased radiation damping [Art.
98] and make provision for reducing their losses as much as possible in
order to maintain a good efficiency for the antenna [Art. 99].

If it were desired to use antennae with strong radiation and the attend-

ant high radiation damping and yet keep the damping of the oscilla-

tions radiated into space fairly low, this could only be accomplished by

FIG. 225.

means of the arrangement shown in Fig. 225. The primary quenched
gap circuit, /, is coupled to a very weakly damped condenser circuit

(the "intermediate circuit" //) which in turn acts inductively upon the
antenna through a very loose coupling. The relation between the inter-
mediate circuit, II, and the antenna, ///, is the same as for a loosely
coupled BRAUN transmitter [Art. 105], so that the oscillations of the
antenna can be made to have the same low damping as the intermediate
circuit.

The intermediate circuit, which adds a material complication to the
equipment, has been dropped in radio practice. 160 It has been found
preferable to secure low damping for the radiated oscillations by reducing
the damping of the antenna itself. An intermediate circuit would then
be of value only if its decrement were much less than 0.05, say at least
0.01-0.005. This to be sure can be attained in the laboratory, but hardly
in practical installations.

111. Practical Construction of Quenched Spark Gaps. Their short
life stands in the way of the commercial use of the mercury arc lamp and
the quenching tubes mentioned in Art. 63, unless some more durable
form be devised in the future. Such quenched spark gaps as have
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found application in practice (some however only for a short time), have

all belonged to the class of very short metallic gaps.

Some of these spark gaps a number of them have been called "high
frequency generators" were believed by their inventors, who worked

with a very high spark frequency, to produce undamped oscillations.

As a matter of fact, however, under the actual working conditions these

gaps all acted as quenched spark gaps.

FIG. 227. FIG. 228.

a. The gap made by the Badische Anilin und Sodafabrik (VON
KocH 172

) has two concentric metal electrodes (Figs. 226, 227), very close

together, between which a whirling eddy of air is blown.
This eddy is obtained by blowing the air into the cylindrical or con-

ical space between the two electrodes tangentially, as shown diagrammat-
ically for a simple case in Fig. 228. This whirling of the air has the
following advantages:

1. Intensive cooling of the electrodes.
2. The spark is blown about all over the elec-

trode so that the discharge is constantly taking
place at new spots, not heated by the preceding
discharge. Hence we obtain in this way much

the same advantages as are obtained with ro-
tating electrodes, viz., regularity of the dis-

charge, increased breakdown potential and

thereby increased energy.
3. The spark gap is rapidly deionized, thereby

raising the breakdown potential and preventing the formation of arcs.

Ordinary fans or blowers generally are not sufficient for increasing

the quenching action (H. RAU SS); the air velocities obtained, unless very

special means are employed, are not great enough to renew the air fully
in the short time available for deionization [see Art. 656]. To be sure,

the use of extremely powerful blowers makes it possible to materially

increase the quenching action and also to obtain quenching in gaps

several millimeters long, under conditions which without a blower would

give rise to the different coupling waves (B. GLATZEL, PicnoN 173).
b. In the "plate spark gap" 174' devised by E. v. LEPEL 175 the electrodes

FIG. 229.
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are two metallic plates having a very narrow and finely adjustable space

between them. They are separated by a paper ring (Fig. 229) made of

FIG. 230.

FIG. 232.

carefully chosen material. The spark which passes over the gap in the

space left open by the hole in the paper ring, tends to choose points along

the edge of the paper, which is gradually burned away by the spark.
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Presumably the paper provides against the non-passage or at least the

irregular passage of the spark, which would otherwise result with the low

JL*

FIG. 233.

potentials (sometimes only 220 volts, D.C.) used by v. LEPEL. Fig.
230 illustrates the exterior construction of one of these gaps as arranged
for water cooling.

c. Particular credit is due the TELE-
FUNKEN Co. 176 for its work in the construc-

tive development of the quenched plate

gaps. Its gap, a diagrammatic cross-sec-
tion of which is shown in Fig. 231, has
electrodes of silver-plated copper. Be-
tween the rims of these plates is a mica
ring which serves both as an insulator and
an air seal. The widened space AA, is
intended to prevent the spark from dis-
charging at the rim of the mica ring.
The distance between the faces of the elec-

trodes is very small, about 0.2 mm.
As only a comparatively very low

FIG. 234. FIG. 235.

voltage, and hence low energy in the individual oscillations, can be ap-
plied in view of the shortness of the gap, the TELEFUNKEN Co. always
uses a number, say 10 or 12 of the gap elements or sections shown in
Fig. 231, joined in series, so as to form "series spark gaps" (Fig. 232).
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Excellent results have been obtained with these quenched gaps. Nor

is it surprising that this form of gap should offer such advantages. The

plate gap probably provides the most favorable conditions of all quenched

spark gaps, certainly of all those employing stationary electrodes, As

the ions are emitted from the metallic circuit, they always find themselves

FIG. 236,

in the immediate vicinity of a conducting surface toward which they are

driven either by absorption or by the action of the electric field existing
between the gaps. Consequently the degree of coupling may be brought

as^high as say 20 per cent, even with relatively large amounts of energy and

thereby a high efficiency can be attained.
These gaps moreover have the great practical advantage of requiring

hardly any attention or re-adjustment. The spark moves about over the
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surface of the electrode so that the latter is worn down very evenly and
very slowly. Hence it need be cleaned only at very long intervals. The

FIG. 237.

series of gaps, moreover, offers a simple and convenient method of varying
the radiated energy; to reduce this simply requires the short-circuiting of
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one or more of the individual gaps as may be necessary, for instance,
when suddenly called upon to work with a much nearer receiving station.

d. The gap made by C. LORENZ (O. ScHELLER 177
) (Fig. 233) instead of

having flat plates, consists of two concentric or almost concentric spherical
surfaces. In this construction the gap length is practically the same at all
points.

e. The gap devised by W. PEUCKERT 178 also belongs to the plate-gap
class, differing from the others in that at least one of the two electrodes is
rotated.

Two forms of this gap are shown in Figs. 234 and 235. In the former
the plates, A and B, are vertical. One of these, A, is stationary, and
through this oil is kept flowing, which then spreads out in the space

between the two plates. In the second form (Fig. 235) the plates are in a

horizontal plane. An atmosphere containing hydrogen between the
plates is procured by allowing alcohol to drip from a holder on top into the
gap. The Peuckert gap, which for a short time was made by the so-called
Polyfrequenz-Elektrizitatsgesellschaft, is distinguished by great regu-
larity of the oscillations.

112. Commercial Construction of the Wien Transmitter. a. Figs.
236, 237 and 238 illustrate three quenched spark-gap stations of the Tele-
funken Co. 179 The explanation* given below for Fig. 236 is probably

* 2. =40 amp. D.C. fuses.

3. = D.C. switch.
4. = Voltmeter switch.
5. = Voltmeter 250 volts.
6. = Motor starter.

7. = Field rheostat (motor).
8. =4 HP, 110 volts, 1500 r.p.m., D.C. motor.

10.1

11.
f

= High frequency protective devices (condensers).
12. J
13. = 2 kw., 250 volts, 500 cycles. Alternator.
15. = Slide rheostat for alternator field.
16. = 30 amp. A.C. fuses.
17. = A.C. switch.
18. = A.C. ammeter, 50 amp.
20. = Key.
21. = Choke coil for main supply circuit.
22. = 220/8000 volts transformer.
23. = Quenched spark gap 8 sections.
24. = Primary capacity 27 X 10~ 3 MF.
25. = Primary self-induction.
26. = Aerial hot-wire ammeter, 20 amp.
28. = Aerial variometer.
30. = Antenna shortening capacity.
33. = Receiver.
34. = Primary transformer coil of receiver.,

42. = Telephone.
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sufficient for an understanding of the other two figures. The simplicity
of these stations is at once evident. One need only compare Fig. 238,

illustrating the quenched gap transmitter of the Nauen high-power station
with the former BRAUN transmitter (Fig. 215) of the same station to appre-

13
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ciate this. This simplicity of quenched gap sets is made possible by the

comparatively low potentials, e.g., 8000 volts in the 2 kw. station shown

in Fig. 236, which can be used; this removes the necessity of connecting

the condensers in series. In fact the use of the extremely convenient

mica or paper condensers has become possible. The one disadvantage of

these last-named condensers, namely, their high energy dissipation, does

not come into question so much here as it does in the case of the BRAUN

transmitter. For, as the oscillations of the primary circuit are quenched

after the first few cycles, it is not so serious that the condensers consume

somewhat more energy per cycle, particularly as this loss is very small in

comparison to that in the gap. Nevertheless, as long as there are no

special limitations to the space available, good Leyden jars, air or oil con-

densers are always given preference in order to keep the efficiency as high

as possible; and this can usually be done, as the moderate potential makes

it possible to keep the dimensions of such condensers comparatively small.

b. The circuit connections have already been discussed in Art. 110;

they are probably as shown in Fig. 224 in most cases. When changing of

the wave-length between wide limits is desired, this is frequently obtained

by inserting a condenser (the smallbattery of Leyden jars marked 30, in

Fig. 236) directly in the antenna for the shorter waves and connecting it in

parallel to an inductive coil in the antenna for the longer waves [Art. 98c].

4. GENERAL CONSIDERATION OF TRANSMITTERS OF DAMPED
OSCILLATIONS

113. Operation by Means of Interrupted Direct Current. The use of

spark coils (induction coils) operated by inter-

rupted direct current is quite frequent in small

stations.
The induction coil must be able to give a

relatively large amount of electricity at

moderate potential rather than very high

potential. The requirements are therefore

quite different from those for the operation of

X-ray (ROENTGEN) tubes.

The usual electromagnetic interrupter suf-

fices for small currents. It is economical of

both room and energy, and hence continues

to be used for small portable sets and air-
ships, and also for quenched gap transmitters

on shipboard as shown in Fig. 237 (particu-
larly in the form of emergency equipment,

operated from a storage battery), in which
case however a higher frequency of the interruptions is required.

For larger currents the mercury turbine interrupters have given good

FIG. 239.
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service. Fig. 239 shows one of these as made by the Allgemeine Elek-
trizitatsgesellschaft. The advantages of the mercury turbine interrupter,

particularly for use in measurements, are: 1. It interrupts relatively
large currents with great regularity; 2. the speed of the motor and hence

the frequency of the interruptions are independent of the amount of
current to be broken.

114. Alternating-Current Operation. The disadvantage of induction
coils with interrupted direct current lies mainly in the difficulty of ob-

taining sufficient quantities of electricity to charge large condensers to a

high potential. The use of alternating-current and commercial trans-

former designs at once suggests itself. A.C. operation differs according

to whether

1. Ordinary spark gaps (BRAUN transmitter) or

2. Quenched spark gaps (WiEN transmitter)
are used.

a. In the first case (BRAUN), where in general very high potentials are

used, if we were simply to connect the primary (low-tension side) of the

transformer to the generator and the secondary (high-tension side)
across the spark gap, the following difficulties would result:

FIG. 240.

1. The A.C. transformer would continue to deliver current after the

oscillations in the primary circuit had died out. That leads to the forma-
tion of arcs, which heat the electrodes, ionize the gap for an unnecessarily
long time, thereby lowering the breakdown potential and the initial
amplitude of the oscillations.

2. The high-tension side of the transformer is almost short-circuited
by the spark. This may damage the winding and also cause a disad-
vantageous reaction upon the primary of the transformer (low-tension
side).

This second difficulty can be overcome, at least in part, by inserting
condensers (dC 2 Fig. 240)* or choke coils in the leads from the trans-

* The connections shown in Fig. 240 are those formerly used in the Marconi
Station at Poldhu.
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former secondary to the spark gap, also by placing sufficiently large choke

coils in the primary side ($ 2, Fig. 240) of the transformer.

AS to the first-named difficulty, much depends upon whether a very

high discharge frequency e.g., 500 to 2000 per second for "tone trans-

mitters" or a low frequency, say 5 to 25 per second, is used. With the

FIG. 241.

higher frequencies, the use of rotating spark gaps [see Art. 118&] is probably

not feasible, if the energy handled is large.

With the low frequencies, the various operating difficulties can be

very ingeniously overcome by the arrangement 98 employed by the TELE-
FUNKEN Co. under the name of "resonance inductor" or "resonance

transformer."

Spark

FIG. 242.

The transformer (or induction coil) has an open core; its terminals are

connected to the condenser circuit in the usual manner (Fig. 241). The
spark gap, E, is so adjusted in length that the normal secondary potential
is far below that necessary to jump across the gap. We then have the

case discussed in Arts. 67 and 68: an undamped oscillating primary
circuit (armature of the alternator, coil D, and primary coil, Si, of the
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resonance transformer) coupled to a condenser circuit (secondary coil,
$ 2, of the resonance transformer and ABCDE). If these two circuits
are adjusted so as to be in resonance, then the oscillations which result
upon completing the primary current path, will be about as shown in Fig.
242. The current amplitude and hence also the potential amplitude in-
crease with each cycle, the potential rising far above the normal value
which would correspond to the ratio of the transformer, until, after a

number of periods, a spark jumps across the gap, F, thereby causing the
condenser circuit FABCDEF to oscillate rapidly.

Due to these oscillations, the energy which has been accumulated
in the condenser circuit S^ABCDE, is quickly consumed. Consequently
there is a rapid fall in potential, no arc is formed and there is no great
increase in the primary current.

FIG. 243.

This series of events then repeats itself, beginning with the next
period. No spark occurs until, after a number of cycles, sufficient energy
has been pumped [Art. 61c] into the secondary circuit (S^ABCDE) to
bring the potential to the necessary amplitude.

The advantages of this method are, therefore: avoiding of arcs and of

short-circuiting of the secondary coil, low spark frequency and much
higher voltage than would correspond to the transformer ratio.*

* With an initial frequency of fifty cycles per second the spark frequency, if so de-

sired, can easily be reduced to five per second and the secondary potential raised to
three times the normal transformation value.
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For a given transformer and at a given frequency there is a best degree

of coupling. In order that this may be secured, it is advisable to introduce

adjustable inductive coils (D, Fig. 241) in the primary (or secondary)

circuit or to use a BOAS resonance transformer (Fig. 243)
* so as to allow

variation of the coupling between the primary and secondary circuits.

In the Telefunken Station at Nauen (Fig. 215) which formerly was

operated with a resonance transformer, the high potential was obtained

by means of four transformers in parallel (right front of Fig. 215). Two
inductive coils (left front of Fig. 215) were placed in the primary circuit.

6. With quenched spark gaps (WiEN transmitter) the deionization of

the gap [Art. 65] is so intense that the danger of the formation of arcs is

far less than with ordinary gaps. Hence with quenched gaps there is

nothing to prevent the use of A.C. generators and transformers, nor of

machines for tone transmission, whose frequency is between 250 and 1000

cycles per second.

It is advisable to so regulate the current that at most two or three par-
tial discharges, preferably only one takes place during each half period. 176

With several partial discharges the tone in the receiving telephone [Art.
165] is apt to lose all its purity. And while a flute-like tone free from
upper harmonics has no special advantage (in fact a tone having some

pure upper harmonics seems to be better for receiving 180), an impure dis-
cordant tone, as produced by numerous irregular partial discharges is

certainly not favorable for good results. Moreover such irregular, partial
discharges tend to weaken rather than strengthen the effect upon the tele-
phone diaphragm, as it may often not have time to return to its posi-
tion of equilibrium and in any case is forced into extremely complex
movements.

If the current is further weakened, the same effect as is obtained with
a resonance transformer can be secured, a spark passing only every second

or third half period; the tone heard in the receiver is then at the corre-
spondingly lower octaves.

c. One danger to which the alternator, and, under certain conditions,
also the motor driving it are subjected, consists in the high frequency cur-
rents induced in the leads by the primary circuit or antenna currents.
These may produce very high potentials endangering the insulation. To
counteract this as much as possible it is customary to connect condensers

(those marked 10, 11, 12 in Fig. 236) or sometimes non-inductive resist-
ances (incandescent lamps) in parallel with the motor and generator.

115. Direct-current Operation. a. Direct current at high potential
may also be used in the supply circuit for charging the condensers, espe-

cially when quenched spark gaps are used. The arrangement for these

conditions is very simple (Fig. 244). The quenched gap circuit, /, is

connected to the D.C. generator through series resistance, RQ, and induc-
* These are particularly recommended for measuring purposes.
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tance, Lo. If the voltage, the gap length and the supply current are

properly adjusted with respect to one another, instead of an arc resulting

across the gap electrodes we obtain a varying potential like that illustrated

in Fig. 291 (lower part). The direct current charges the condensers and

their potential rises until the breakdown potential of the gap, F, is

reached. Then the potential falls through a series of oscillations reaching

zero or almost zero, whereupon the process repeats itself. The number of

discharges per unit of time depends upon the size of the supply current, as

this determines the time necessary for bringing the condensers to the

breakdown voltage of the gap. The discharge frequency can accordingly

FIG. 244.

be varied between wide limits by regulation of the current supply. In
order to secure regularity of the discharges, it is important to bring the

voltage up as high as possible, at any rate not lower than 1000 volts.

The series resistance in the supply circuit should preferably have a

rapidly rising characteristic. The Nernst resistances, consisting of iron
wires in a glass bulb filled with hydrogen, are particularly well suited to

this purpose; metal filament lamps may also be used.

b. The inductance, L , should be wound without iron ; if for any reason

an iron core is desired, it is advisable to keep the magnetization above the

saturation point.
The effects of the self-inductance are as follows: 181

1. It greatly reduces the fluctuations of the supply current.

2. The maximum gap potential is greatly increased by the inductance,

at times even rising considerably above the dynamo potential.*

3. The increased maximum potential improves the irregularity of the

discharges and, finally,
4. The series resistance, and hence the energy consumed in the supply

circuit, can be less than would be required without the self-inductance,

without endangering the generator.
c. The supply source is usually a D.C. generator several of these being

connected in series if necessary. In the Marconi transatlantic stations

* In the transatlantic Marconi stations (Fig. 255), the actual maximum gap

potential, with 12,000 volts normal generated (storage battery) potential, is stated to

be about 18,000 volts. 191 This is apt to be dangerous for the generator. See Art,
114c for methods of protection against this.
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at Clifden and Glace Bay, a storage battery of 6000 cells, corresponding to

a potential of about 12,000 volts (see Fig. 255), is in parallel with the

dynamos or can also be used alone.

116. Measurement of the Energy Supplied; Determination of the

Efficiency. To measure the efficiency of a radio transmitter, it is neces-

sary to find the energy used in the secondary circuit on the one hand and

that supplied by the current source to th.e primary circuit on the other.

a. Measurement of Energy Consumed in the Secondary Circuit. If the

kind of secondary circuit is optional, it is advisable to choose a condenser

circuit and to determine its effective resistance, R, by measuring the

decrement [Art. 77, et seq.]. It may be well to construct the current path

of braided conductors having individually insulated wires and to insert in
this a resistance, R, of very fine constantan wire (special resistance

material) which has the same resistance for oscillating as for direct cur-

rents [see Art. 366] and which should be so large that the resistance of the

rest of the current path becomes negligible in comparison. If a hot-wire

ammeter is then inserted in the secondary circuit and /22
e// is measured,

then Rl^e/f is very nearly equal to the energy consumed per second in the

secondary circuit. If the indications of the hot-wire meter are not con-

sidered reliable, the resistance can be placed in an insulated (against heat)
vessel, filled, say, with oil and the heat developed measured calometric-
ally, 71 from which the energy consumption per second in the secondary
circuit may be determined.

If the secondary circuit is an antenna, the current effect, /2
2 //, is

measured by means of an ammeter inserted in the antenna and the re-
sistance, R, of the antenna is measured by one of the methods given in
Art. 1006. Then the product RI Z

2 // = the energy consumed per second

in the antenna.
6. Measurement of the Energy Supply.
1. In the case of low discharge frequency, as, e.g., with a Braun transmitter

when operated by an influence machine, an induction coil with D.C. in-
terrupter or a resonance transformer, the amount of energy supplied is
found as follows: if V = the discharge potential and C = the capacity
of the condenser, then the energy in the condenser at the instant just pre-
vious to its discharge is H CV 2

. If now there are f discharges per second,

it follows that the energy which the condenser receives from the supply
circuit in each second must be f .%CV 2.* The discharge voltage, for
slow (static) charging of the condensers, can be determined by means of a

suitable electrometer, 182 or from Table VI if the spark-gap electrodes are

spherical. This, however, applies only if the discharge potential is the
same with a static charge as under operating conditions; this condition

* The assumption is that the condenser actually gives up its entire charge. If
the condenser coatings after the discharge still retain a difference in potential, Vi
(residual charge), then the energy supplied per second is f . %C(V

2~ 7i2
).
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can be approximated by projecting ultra-violet light upon the gap
electrodes and using a very low spark frequency.

2. With a high discharge frequency it can not be assumed in general

that the discharge potential is the same as the breakdown potential ac-
quired by means of a static charge. In this case, if the discharge poten-
tial is not too high, the energy supplied to the primary circuit can be meas-

ured by an electrodynamic wattmeter connected either at the point W or
W (Fig. 245), according to whether or not the energy consumed in the
series resistances and inductances is to be included.

W

FIG. 245.

As the frequency of the supply current is usually much higher than that
of commercial alternating currents and as its form is far from being sinu-
soidal, the ordinary commercial wattmeters are not to be recommended
for this purpose. They generally possess phase errors which, at the
lower commercial frequencies, approximately sinusoidal currents and
not too great a phase displacement between current and voltage, can

be roughly corrected for by means of compensating coils of some sort,
but which otherwise may become quite considerable. Hence, we are

limited to the use of special wattmeters 183 in which such errors are care-
fully avoided, unless it is preferred to use a laboratory wattmeter,
consisting of a fixed current coil in which is suspended a potential coil,
very small compared to the current coil, made of very fine wire and carry-
ing a small mirror attached to it. The suspension and current lead are

best made of a bronze strip, while a telescope and scale serve for reading
the deflection. The usual commercial wattmeter multipliers (series re-

sistances are not suitable, as they are not free from capacity and self-in-

duction; incandescent lamps* or liquid resistances! may be used.

3. Another method is based upon the use of the quadrant electrometer.

A known resistance, R (Fig. 246) which must have practically no induc-

tance or capacity and be independent of the frequency (e.g., a straight,
thin constantan wire, placed in a quartz tube filled with oil for cooling) is

inserted in the supply circuit, and across its ends, P and Q, the two quad-

* But they must be used far below the point of incandescence.

t e.g., the special boracic acid mannite resistances of MAGNANINI, with platinum
electrodes as large as possible. Formula: 1500 g. water, 181 g. mannite, 62 g. boracic

acid; to this add a little potassium chloride, the quantity being such as to give the

resistance a very slight temperature coefficient.
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rant pairs, aa f and bb' of the electrometer are connected. The needle is
joined to T (Fig. 246).

Then the theory 184 will show that the deflection of the needle,

The proportionality factor, a, of the instrument having been de-

termined by calibration with static potentials and the current effect J 2
e//

by an ammeter / connected in the circuit, then from the deflection, #, we

Electrometer

To

Generator

obtain the energy consumption per second between the points Q and T,
and hence the energy supplied per second to the condenser circuit/.

117. The Key. a. Just as in ordinary wire telegraphy, keys are used
for telegraphing. In radio work, however, the difficulty of breaking cir-
cuits carrying heavy currents and having high self-induction presents it-
self. This may at times give rise to large sparks, which rapidly destroy
the key contacts.

FIG. 247.

These sparks can be reduced by not entirely breaking the current
path. This, for instance, is done in the arrangement of Fig. 240 in which
closing the key short-circuits the inductive coil, Si, and opening the key
again causes the full current to flow through Si; in short the current is

alternately increased and decreased, but never entirely broken. This
method can be reversed by leaving the inductance, in circuit (Fig. 241)
and short-circuiting the primary side of the transformer with each closing
of the key. 185
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A simple solution of the difficulty for moderately large currents is the

construction (shown diagrammatically in Fig. 247) formerly used by the

TELEFUNKEN Co. and the MARCONI Co., as designed by F. BRATJN and

A. GRAY, respectively.*

Underneath the key proper (i.e., the lever arm of the key) a spring, F,
is placed, to which an iron armature, E, and a platinum contact, Ci, are

attached. If the key and hence the spring, F, are pressed down, contact Ci
touches contact C2 and the path of the primary current of the induction

coil or transformer, as the case may be, is completed. The current passes

not merely through the key, along the route AFCiC2, but then also flows

through the winding S. If now the key is released so as to move upward,

contact Ci will nevertheless remain touching C 2, as the magnetic action due

to the current in S continues to hold down the armature E and hence the

spring with the contact C\. Not before the primary current has become

reduced to virtually zero, is the armature and hence the contact Ci re-

leased from Czj at which time of course no spark is formed.

b. In large stations "key relays" are probably always used. An
ordinary key, manipulated by hand, closes an auxiliary circuit which

(similarly to the remote control switches used for commercial high-tension

work) operates the key or contactor opening the main circuit. The con-

struction of good key relays, or " relay keys," as they are sometimes called,
is by no means a simple matter, owing to the very rapid and frequent
interruption of heavy current demanded in telegraph service.

c. Where extremely rapid operation is required, as, e.g., in the Wheat-
stone rapid method, automatic keys can be used.

The principle of these is essentially as follows : The message is punched

in telegraph code into a strip or tape of strong paper or other insulating

material. For instance, the letter a would

appear as in Fig. 248. The strip so formed

is then pulled between the contacts of a key

suitably designed, thereby completing the

circuit as each perforation passes through the key. The actual con-
struction of such rapid telegraph apparatus and automatic keys is

usually very complicated. 186

118. Spark Gaps with Rotating Electrodes. -,a. In gaps having
smooth electrodes, as in the MARCONI gap shown in Fig. 249, the spark,
which always chooses the shortest or approximately shortest path through
the air, will constantly jump across from different points of the electrodes,

B, A and 5'.f This prevents harmful local heating of the electrodes,
which heating, with fixed electrodes, tends to reduce the breakdown
voltage of the gap and causes a rapid deterioration of the electrodes

* These designs of the key also prevent the formation of very high potentials
at the sudden breaking of the current.

t A is a very rapidly revolving disc, while B and B' rotate slowly.
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and consequent irregularities in the oscillations. Furthermore, the air

currents caused by the rotation assist the deionization of the spark gap

and the cooling of the electrodes. In the spark gaps of F. DUCRETET
and E. RoGER 188 (Fig. 250) which have
a tube, C, as one electrode and a rotating
sphere, S, as the other, a special strong
air current is provided by the ventilator

{*, or blower, V. The advantage of such
provisions becomes more evident as the
spark frequency and the current are in-
creased, i.e., as the tendency to form arcs

increases.

b. The action of spark gaps having
small projections on the electrodes as,

e.g., that shown in Fig. 251 (R. FESSEN-
DEN, NAT. ELEC. SIG. Co.) or in Fig.

252 (MARCONI Co. 189
) depends largely upon the shortest distance be-

tween the electrodes, their width and their velocity. Let us first
assume that the minimum distance between the electrodes is such that

Bo

FIG. 250.

the highest potential occurring across the gap will be just sufficient to
create a spark discharge. Then

1. With moderate speed and moderate width of the electrodes, the gap
will have the advantage, for A.C. operation, of good cooling of the elec-
trodes and the prevention of arcs, for the gap length grows so rapidly
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after the oscillations have died out that there is no opportunity for an

arc formation. In this case then, the spark gap is mounted directly on

the shaft of the alternator (Fig. 251) or of a synchronous motor and the

number and location of the projections or sparking points so chosen that
they are nearest together (minimum gap

length) at the instant when the A.C.
voltage is at its maximum.

With D.C. operation a gap of this
type secures regularity of the dis-

charges, the frequency being regulated
by the speed control of the driving
motor. If this frequency is high
enough an audible sound or tone (tone

transmitter) is obtained in the receiving

telephone.
2. If the electrodes are very narrow

and their speed very high, the result

may be as follows: The oscillations of the condenser circuit commence
at just about the instant when the electrodes are closest together. While
the oscillations continue, the gap length increases very rapidly. At the
same time the potential amplitude in the condenser circuit, if coupled at
all closely to a secondary circuit, rapidly falls off [Art. 59c]. The effect
of both these factors, i.e., increasing gap length and decreasing potential,

FIG. 252.

FIG 253.

may be to disrupt the spark after a very few periods, even in such cases

where, if the electrodes remained stationary, the spark would not be auto-
matically quenched after half a cycle. (This is sometimes referred to as

"mechanical quenching.")
Whether or not a mechanical quenching results, depends largely upon

the velocity, the wave-length and the coupling [Art. 59c] used. If the
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peripheral velocity of the electrodes is taken at 200 m. per second

(a speed which is obtainable [see d]), and a 5 per cent, coupling employed

so that the potential amplitude in the primary circuit will be zero or

nearly zero after ten periods of the oscillations, then the movable elec-

trode will in this time have covered a distance of 2 cm. with a wave-

length of 3000 m., and a distance of 4.4 cm. with a wave-length of 6700

If the gap is properly constructed, however, the distance between them.

HHHHHHHHHHH
Storage J3attery

- Inductance

FIG. 254. FIG. 255.

electrodes will have become so large by that time that there is very little
chance for the spark to form again during the next few periods, particularly
if the minimum gap length is very small.

In all cases the effect of increasing the gap length is assisted by the

strong air currents formed. In order to fully take advantage of this,
spark gaps with rotating electrodes have been constructed in the form of
actual ventilators (Fig. 253, Balsillie System 190

).
c. Another possible case consists in having the gap length less than

the length which the potential used can just jump across (Fig. 254,

"short-circuit spark gap") and to revolve the electrode projections at

very high speed. When a projection of the rapidly rotating electrode,
F, approaching the stationary or slowly rotating electrodes FI and F 2,

comes sufficiently close, a discharge takes place. While this discharge
is occurring the electrodes come nearer together and the gap length, the

* MARCONI'S transatlantic stations [d].
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gap resistance and the energy consumption are reduced to very low values

[Art. lid]. Such spark gaps combine the two advantages of compara-

tively high initial voltage with a relatively short average gap length and

a very short gap length at the time when the oscillations of the discharge

have already become very low in amplitude. The best results are ob-

tained, other things being equal, with the highest speeds and, for a given

speed, with the greatest retardation of the discharge [Art. 426]. Ac-
cordingly ultra-violet light is to be avoided as much as possible.

d. The spark gap shown in Fig. 255, which is use d in the transatlantic

MARCONI stations at Clifden and Glace Bay, 191 is a combination of a

short-circuit gap and a mechanically quenched gap. The electrode pro-

jections on the wheel F are so shaped that the gap between the discs FI
and F 2 is very small only while there is a projection between the two discs.

On the other hand, the peripheral velocity of F is so great (about 200

m. per second), the degree of coupling so low it is reported as being

approximately 5 per cent. and the width of the projections is so meas-

ured, that the spark is disrupted after half a cycle and does not again
form until the next projection comes into play.

The discharge retardation seems to be used to excellent advantage
in these gaps; at a potential of 15,000 volts and a frequency of 45,000

cycles per sec. (X = 6700 m.) it is claimed that the spark occurs only about
one period before the instant at which the projections of F are at their
minimum distance from the discs FI and F 2. The result of this short

spark gap combined with the heavy current due to the relatively high
discharge voltage and capacity, is a very low energy consumption in the

primary condenser circuit. The total decrement of the primary circuit,
when not coupled to the secondary, is claimed to be only about 0.03 to
0.06.*

6. COMPARISON OF THE DIFFERENT TYPES OF TRANSMITTERS

119. Difference between the Coupled and the Simple (MARCONI)
Transmitter. a. That the coupled transmitters are more complicated
and that it costs more to construct them is self-evident. In addition, a

relatively small induction coil with mechanical interrupter and a few stor-

age battery cells usually suffices for a simple transmitter with its low

capacity; the operating costs are therefore exceedingly low. Hence, if
only comparatively short distances f are to be covered in telegraphing
and if it is important to keep the energy consumptionf as low as possible,

* The equivalent resistance of the entire condenser circuit with its spark gap is

given in one case as 0.022 ohm.

t Ranges of 100-150 km., with masts about 30 m. high have been attained, with
the simple MARCONI transmitter.

| e.g., stations which are difficult of access or light portable sets (such as light-
ship stations or portable military stations).
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the simple MARCONI transmitter offers great advantages, which in fact
have caused it to be retained in use to the present day and which will
perhaps keep it in use for quite some time to come as an emergency

transmitter.
b. But it is in relation to the question of energy that the simple

MARCONI transmitter is at its greatest disadvantage. To be sure, it
does not require much energy, but the only way in which the energy can

be increased is by raising the initial voltage (see e). On the other hand,
it is possible to radiate much greater quantities of energy in the form of
electromagnetic waves from a coupled transmitter, in view of the large
capacity available in the primary circuit, than from a simple MARCONI
transmitter at the same potential.

Closely related to this is another advantage of the coupled trans-

mitter, viz., the oscillations can be so modified, one may say, so formed,
as to be best adapted for a particular receiver. If it is important to have

great amplitude for the waves emanated, this can be secured without
bringing the damping so high as to be prohibitive. Again, if very low

damping is desired, this also can be obtained without causing too, great
a reduction in the amplitude of the wave. It is for these reasons that in
the one extreme case, where the greatest range is the object, as well as

in the other, where the sharpest possible tuning is the desideratum,

coupled transmitters are always used.

c. As regards the energy losses it should be borne in mind that in the

simple MARCONI transmitter, the spark gap lies in the antenna, while in
the coupled transmitter the gap is transferred to the condenser circuit.

As to which is the preferable location depends upon the particular
circumstances.

One thing is certain: when the object in view is to radiate oscillations

having the lowest possible decrement from a given antenna, the coupled,
and above all, the WIEN transmitter is far superior to the simple MARCONI

transmitter. In both cases, with the simple as with the WIEN transmit-

ter, we obtain practically the natural oscillations of the antenna; but
in the case of the simple transmitter, the spark decrement, which in

itself is about as large as that of a weakly radiating antenna having
no spark gap, is added to the decrement of the antenna of the WIEN
transmitter.

d. The additional advantage of BRAUN'S coupled transmitter is that

the upper partial oscillations of the antenna are not produced with an

appreciable amplitude. This energy loss is therefore not involved. But
in the BRATJN transmitter, at least when closely coupled, a second wave is

obtained, which consumes energy, but is of no value for the distance

effect in the customary receiving arrangements.
e. A further material advantage of the coupled transmitter lies in the

fact that the antenna is charged, not directly by the induction coil or
14
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transformer, as is the case with the simple transmitter, but only by the

oscillations. The result is that the insulation of the antenna becomes a

much simpler problem and that when slight faults occur in the insulation

these have but little effect upon the oscillations [Art. 43]. In the simple

transmitter, the slightest defect in the insulation suffices to endanger the

entire operation.

There is a natural tendency to belittle this last element and to assume

that good successful insulation can present no serious technical difficulties.

The fact remains that insulation troubles, especially in the tropics, are

often so great, that they have caused the failure of entire installations 192

[see Art. 126].
120. Comparison of the Braun and Wien Transmitters. a. The main

advantages of the WIEN transmitter as compared to the BRAUN trans-

mitter are as follows :

1. In the BRAUN transmitter the oscillations and hence the energy con-

sumption in the primary circuit last as long as in the secondary. In the

Wien transmitter they last only for a few periods.

2., The BRAUN transmitter produces two waves in practice, of which

only one is fully made use of in the receiver. The WIEN transmitter

emits practically only one wave from its antenna [Art. 78c].

As regards this second point it is of course possible to prevent the

formation of two waves by means of very loose coupling [Art. 105], but

then the transfer of energy to the secondary circuit becomes very ineffi-

cient. The former frequent practice of making the coupling just suffi-

ciently loose to make the two coupling waves only slightly different in

their wave-length, is of little or no use. The two coupling waves in that

case act upon the receiver like a single wave of much higher damping,

which makes the advantage of the coupled transmitter more or less

illusory.
As to the first point, this would absolutely fix the superiority of the

WIEN transmitter, so far as efficiency is concerned, if the same potentials

and the same spark gap were used in the BRAUN and WIEN transmitters.

But, as a matter of fact, a relatively long spark gap, with resultant low

gap decrement [Art. lid], is used in the BRAUN transmitter, while either

low potentials and short gaps or high potentials and a series of gaps^'.e.,

in either case, a high gap decrement [Arts, lid and 12] are used in the

WIEN transmitter. Hence the energy consumed per cycle is much greater

in the WIEN than in the BRAUN transmitter, so that the total energy loss

in the gap circuit of the WIEN transmitter may be quite considerable in

spite of the short duration of the oscillations.*

* This no doubt is also why it is so important to have the coupling in the WIEN
transmitter as close as possible, thereby minimizing the duration of the primary
oscillations, without, however, making the coupling so close as to impair the quench-

ing action.



TRANSMITTERS OF DAMPED OSCILLATIONS 211

Nevertheless the modern WIEN transmitters seem to be much more
efficient than the old BRAUN transmitters.* But in acknowledging this
it must be remembered that formerly fundamental principles in the con-
struction were often disregarded either for the sake of convenience or for
other specific reasons; some of the old transmitters actually appear as if
they had been intended not merely for telegraphing, but also for warming
the room in which they were located by the heat developed by the eddy
currents. In the meantime experience has taught the necessity of
applying the principles discovered in the laboratory to commercial sta-
tions so as to minimize all losses of energy. Hence we should not compare
an old, poorly constructed BRAUN transmitter with a new, WIEN trans-
mitter designed and constructed with the proper care.

It is readily conceivable that the mechanically quenched gaps should
have high efficiency, as the use of long sparks and therefore low gap decre-

ments is here possible. In any case, MARCONI'S combination of mechan-
ical quenching with short-circuiting the gap must be very efficient, for it
unites good quenching action 191 with low energy consumption in the con-
denser circuit.

Quenching tubes also permit the use of long sparks with low gap decre-
ments. Their use can give very good efficiency M. WiEN 92 obtained
80-60 per cent, efficiency (ratio of secondary to primary energy) at 30,000-

80,000 volts primary although the energy loss in the tube is added to
that in the spark.

b. The use of high initial voltages and long sparks in the BRAUN
transmitter is not accidental. Nor does the reason lie solely in the lower
decrements of the long sparks-. For in the BRAUN transmitter, of the two
possible methods of increasing the energy of the transmitter (i.e., increas-

ing either the initial voltage or the spark frequency) only the former can be

done in a simple way, the latter involving considerable difficulties. If
the gap has stationary electrodes, then, even with such large dimensions
as belong to the spark gap shown in Fig. 217, local heating of the elec-

trodes, with all its attendant disadvantages (arcs, reduced breakdown
potential), is unavoidable, if the spark frequency is brought to the region
of 1000 cycles per sec. The use of rotating electrodes, however, is in-

* COUNT ARCO IGO claims that the efficiency (energy of the secondary divided by
the primary energy) of the TELEFUNKEN quenched gap transmitters is about 85 per
cent. 193

M. WiEN 17 obtained the following figures from a very carefully designed BRAUN

transmitter at an initial potential of 72,000 volts: di = 0.034, d2 = 0.175, K' = 0.032,

77 = 82 per cent, and for di = 0.034, <22 = 0.087, K' = 0.024, rj = 66 per cent.

(i
) = efficiency). Such high efficiency, however, is attained only by the most careful

construction of the primary circuit; as soon as WIEN replaced the compressed gas

condensers he was using by MOSCICKI condensers, the efficiency dropped from about
80 to about 69 per cent. The efficiency of the BRAUN transmitters which were used

in practice was much lower.
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herently a complication, so that this means is hardly apt to be chosen

except for large stations [see Art. 114a].

In the WIEN transmitter these conditions are more favorable. Here

the oscillations in the primary circuit are only of very brief duration, so

that the heat developed in the gap, at the same .current amplitude, is much

less. Furthermore the deionization of this type of gap is in itself so

rapid, that there is but little tendency to form an arc. Hence, the use

of high discharge frequencies involves no difficulties in the Wien trans-

mitter [see Art. 1146], and the result, namely, a high, pure note in the re-

ceiving telephone and a lowering of the antenna potential, thereby reducing

insulation difficulties, has proven its value in daily practice.

c. In the WIEN transmitter, there is an important advantage, particu-

larly for portable stations, in conjunction with the short duration of the

primary oscillations, namely, the possibility of using condensers made of

mica or similar dielectrics. The doing away of the series connection

means a general simplification, not only for portable sets, but for all other

stations as well [see Art. 112a].

The brush discharge on the condensers, which is very harmful in the

BRAUN transmitter and necessitates undesirable complications [Art. 108a],

is of no importance in the WIEN transmitter.


