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SUMMARY OF EXPERIMENTS IN CONNECTION WITH DESIGN AND
PRACTICAL TRIALS WITH SERVICE MARK II

In November 1906 two sets working at 250 cycles were set up, one in “ Vernon”
and one In “‘ Trurious,” and “ Furious” went to sea for a six weeks cruise to Madeira
and Gihraltar,

These were nominally 12-K.W. sets, and great difficulty was found in keeping
them in sufficiently good order to carry out the programume, the spark gaps being a
continual source of trouble.

In these sets the spark took place at two gaps in series between three rapidly
revolving discs.

The results of these trials were very irregular, due to the numerous small
breakdowns, but some of the results were very promising, especially the ease with
which the note could be picked out from among other blgndls or atmospheries.

(See AR, 1906, W.T. Appendix, p. 40.)

As soon as Vernon’s 400-cycle set was set up a series ol experiments was carried
out with Secilly, the first set being to determine the best frequency out of the
cousiderable range provided by the 250 and 400-cycle machines.

350 cycles was selected as giving the most distinctive and penetrating note.

The next set of experiments was carried out with Scilly, with a view to finding
the best way of developing the note clearly.

The theory which led up to the revolving dises is that unless the point at which
the spark leaves the surface of the balls is changed for each spark, an arc will be
formed whenever a high frequency is used.

The three discs were arranged to vevolve very fast, their circumferences passing
in opposite directions, but this was complicated, aud the electrical connections very

difficult.
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Changing the atmosphere in which the spark took place was then tried, the
discs bOan et stopped, and a blast of air directed on the spark gap. A marked
improvement was at once obtained, and a long series of experiments was gone into
to settle the best form of spark plug.

A simple calculation shows the pressnre of air necessary to completely change
the atinosphere in which the spark takes place for every spark, and blowers capable
of giving a pressure of 8 inches of water arve used.

It was found, however, that when using the double spark gap that the note
could not be got when using a short spark, because the gap between the plugs
becomes so short that a sufficiently rapid stream of air cannot be got through 1t.
A single spark gap was then iried, and a further general improvement in note
resulted.

At the same time laboratory cxperiments were going on (o determine the Dbest
dielectric for Service conditions. It must be boine in mind that the limitations are
peculiar, and that condensers ot simple design and equal efliciency had to he
discarded on account of lack of space, and that other types had to be discarded on
account of the great cost.

The glass plate condensers used in C tune, Mark II., having shown themselves
too Hable to injury from shock, a series of experiments was commenced to find some
more suitable dielectric.

Some previous experiments had shown the high electrical efficiency of mica,
and mica condensers had been tried in the first destroyer oscillator. It was found
that mica of suitable quality could only be obtained in sheets about the size of a
playing card, and also that even that was not reliable. A mica condenser had
therefore to be built up in a large number of small sections which could afterwards
be joined up, and it was found that the losses in all thesc connections more than
counterbalanced the gain due to the electrical efliciency of the mica.

Still, the mica condenser was light and compact, but the price was very high.

A large selection of manufactured insulators was bought, and trials started.
The whole series of oiled and varnished fabries was found to be quite useless, and
the artificial micas, though some of them were of considerable dielectric strength,
were found to be incflicient.

Ebonite was then tried, and the first set of experiments with it was so satis-
factory that a large number of plates by different makers and of different qualities
were purchased, and steps taken to compare their dielectric strengths, efficiencies,
and specific inductive capacities.

It was found that all except the very worst cbonite was superior to glass in
dielectric strength and efliciency.

It was also found that ebonite has a much greatér dielectric strength per unit
thickness with thin than with thick sheets.

Many attempts were made to build a condenser up solid with Chatterton’s
compound and some similar compounds, so as to avoid the use of oil, hut though all
visible brushing could be done away with, there still remained numerous losses, and
this type had to be discarded as unsgerviceable.

Onc great source of loss was eliminated by doing away with all adhesive
§ubst'1n(es hetween the tin foil and the plate, and to I\eep the foil 1n place it was
rubbed on to the ebonite with a thin {ilm of vaseline oil, when it was found to stick
well enough for building up, and was alterwards ]\epl in place by being tightly
compr essed

It was very early (hs('o\eléd that even the most minute trace of air bubbles
hetween the foil and the ebonite could not be tolerated.

The scheme of conpressing the condenser answered very well for small plates,
as in a destroyer’s condenser, but with the large plates (24 inches by 22 incles)
used for Service Mark 11., it 1s not suitable.

In the large plate condenser eacli piece of foil has two tabs, which are rigidly
supported, so keeping the foil in place.

The complete condenser consists of four elements, each of which is complete in

itself, which stow firmly in an oil-tight steel tank, which must be kept completely
full of vaseline oil.

anh element consists of 92 ebonite plates with tinfoil on each side, the plates
being 5%, inch thick. They are built up in four sectlons each of 23 plates in
parallel, and the four sections are permanently joined in series.

The plates are lightly packed in a thin steel box, and when the element
is completed, packing is put in if necessary, to fill ‘the box, and the lid is
screwed on.
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Summary,
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Thécbox, complete, is packed tightly in the tank.
Fach element is tested to the equivalent of a 16-mm. spark, and they are
arranged so that they never have to stand more thahhalf that pressure.

It has been found that if ebonite is worked. continuously near its limit serious
heating takes place, though no sign of heating has becn found at the normal working
pressuaro.

All experionce has shown the advantage of using the largest possible trans-
mitting capacity.

Tho capacity chosen is 160 jars, as this allows of any wave above S tune
being used with the 40-jar elements composing the condenser joined up in
parallel,

By arranging the elements, two in series, two in parallel, a capacity of 40 jars
is obtained, which will stand double the spark.

This allows of thie primary being tuned down as low as 70 L.S., thus allowing
for R tune and Q tune.

The full working spark is 8 mns, with elements in parallel, and 16 mms. with
them two in series, two in parallel.

The primary has been so arranged that it will give an unbroken chain of L.S,
vadues, with the four elements in parallel from 1,000 L.S. to 240 I.8., and with
elements £ in series, 2 in parallel, from about 70 I.S. to 260 L[.S., at the same time
keeping sufficient inductance in the primary for coupling.

By making temporary connections it is also possible to send a 1,000-foot wave
(I.S. 23°5) as a harmonic of the aerial.

This makes the avatlable tunes.

Tune. ‘ Wayc-longlh. 1.5, ] Elements. 1:11\‘1[1;1\5 i Remarks,
P 1,000 feet - 235 | Two in series - - - 12 | Short commercial.
Q 2,000, - 94 | Two in serics. Two in parallel 16 | Long "
R 2,600 , - 159 | » " " . | 16 E Scrvice waves,
8 3300 ., -| 236 l 4 in parallel - ; - 8 | . .
| 4200 ,, - | 415 | . - i 3 | .
U ' 5000 . - 500 |, . - . ; 8 | a .
’I 5,700 - i 760 " " - - - 3 I Proposed new wave,
w6503 . - 1,000 .. - . - 8 ! " .

Recent trials have shown that directly the feeders commence to brush, no
further increase of power will give any further increase of range.

As the largest aerial that can be carried in a Man-of-War can hgsmade to brush
with far less power than is now available, experiments were tPfed with looser
couplings than have hitherto been found most suitable when the aerial was not
brushing.

It was found that when using maximum power, signals increased in strength
as the coupling was tightened till the feeders hegan to brush. After that no more
improvement could be obtained, and signals usually fell off.

The couplings at which *“ Vernon’s " aevial begins to brush (¢ = 1'2)—

IR tune - - - - 8 per cent.
S tune - - - - - 4
T tune - - - -4,
U tune - - - - - 2%

It was also found that when using these loose couplings that the range could be
regulated to a considerable extent by varying the spark length, the note being easily
kept good all the time, the voltage ol the generator heing reduced by 1its field
regulator as necessary. '

It was also found that the D.C. input also varied approximately with the square
of the spark length, as would be expected.

To sum up, it appears :-—
(1) That the present receiving circuit is best suited to collecting energy from
the form of waves transmitted with the 8 per cent. coupling.
(2) That when the aerial commences to brush, the limit of effective power,
with the particular coupling then in use, is reached.
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(3) That to take advantage of the extra power available, the coupling must be
loosened until the aerial just ceases to brush.

(4) That there is at present a considerable range of couplings which will
give equally good results in range provided the aerial does just not
brusl.

(5) In order to obtain (4) the power must be increased as the coupling is

loosened.

The conclusions arrived at from the above are, that although by loosening the
coupling the receiving circuit is getting less and less suitable for the _reception of the
more persistent waves, yet owing to the total energy received increasing, due to more
power being used wnth the looser couplings, the range remains constant. IHence
1t follows that an increase of range may he looked for in the direction ol making
the receiving circuit more suitable for collecting the energy from the form of waves
emitted by a looser coupled transmitter, and experiments are now heing carried out
in “ Vernon” in this direction.

EXPERIMENTS TO INVESTIGATE CHANGE IN CAPACITY AT VARIOUS
FREQUENCIES.

It has often been stated that the specific inductive capacity of most dielectrics
except air, changes with the frequency, and experiments were carried out in
“Vernon " to inv estlgat(\ to what extent this apphied to the dielectrics in use for
transmitting condensers in the Service.

The capacities of glass and ebonite condensers were measured at frequencies
between 25 and 400 cycles, at the frequencies of various Service waves, and also at

still higher ones.
: It was found that there was no measurable change between the low frequencies,
and also no appreciable change between one high frequency and another, but there
is a great difference between capacity at the high and low frequencies.

That is to say that in designing a set so as to give a resonance at a certain
frequency, a different value must be assigned to the capacity of a condenser to that
which must be used when caleulating the I.S. of the outgoing waves.

Thus, the comparative capacities were found to be :—

| Charging Frequeney, Ose lating, 100,000 to
Diclectric. 25 to 400 cycles 1,000,000 ¢yeles
I per second, per seconed. i
Glassg - - - 180 jars. 160 jars. :
| |
Ebonite - - - l 200 , 160 ., <
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