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SHORT WAVE
SUPER-HET

Extremely robust and
saundly made. Hexagonal
shoulder, which, by being

held with a spanner while
F II the nut behind is made

Insulated and non-remov-
fis o able head. Provision for
h I g h_t e n s l o n secure, solderless connec-
tion. Clear and easily read

tight, greatly [facilirates
mounting.

markings.

Twenty-one years of steadyhigh-tension

from one umt, without renewal or CLIX PANEL
replacement, is the amazing record of TERMINAL
THE WESTINGHOUSE METAL (Type B)
RECTIFIER. '

Users of Westinghouse METAL
rectifiers state that their units
have given 2, 3, 4 and 5 years
continuous service without break-
down. But. .. our own official
non-stop life test figures go further.
They PROVE that, even after
46,500 hours continuous use on
full load, no falling off in output
sets In. This duration 1s
equivalent to 21 YEARS OF
LIFE WHEN USED 6 HOURS
PER DAY : and no other method
of rectification can show the
smallest approach to such a
standard of performance and
efficiency:.
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CLIX
vountine VALVEHOLDER

Although of the skeleton type, s sturdily bhuilt
and suitable for metal, wood or ebonite mount-
ing. Turned Resilient Sockets guarantee full
surface contact without fear of collapse. Solid
or resilient valve pins are taken with equal
efficiency, and no arcing is possible when mains
are used. Sockets move laterally to align with
valve pins. Screw terminals for connections.

tod 8d. Vode 9,

WESTINGHOUSE

METAL RECTIFIERS

are suitable for mains operation of
transmitters. Sendforfull particulars

TO-DAY!

The Westinghouse Brake & Saxby
Signal Co., Ltd., 82, York Road, King’s
Cross, London, N.1.

gy ——p——y _§F ¢ u § 5 ¥ N 5 _§ N _§N ] EEm B vt e PR TN SR T T

LWHEAPES | PEAFECT CONTAC
LECTRO LINX LTD. 79a, ROCHESTER ROW, S.W.1.

1



iv. The T. & R. Bulletin. March, 1933.

e - —_— —

THE INCORPORATED
RADIO SOCIETY OF GREAT BRITAIN

AND THE

BRITISH EMPIRE RADIO UNION

53, VICTORIA STREET, LONDON, S.W.I. CPHONE: VICTORIA 4412)
PATRON: H.R.H. THE PRINCE OF WALES, K.G.

R.S.G.B. CALENDAR.

Unless otherwise announced, all meetings are held at the |
Iratitation of Electrical Engineers, Savoy Place, W.C.2, :
commencing at 6.15 p.m. Tea is served at 5.30 p.m.

March 19. District 3 Conventionette
at Birmingham.

March 31. Film Lecture by Bakelite
Ltd. “The Story of Bakeloid
Resinoid ” (at the [LE.E.)

April 5. London Districts Dinner at
Pinoli’s Restaurant.

April 9. District 1 Conventionette |
at Liverpool.

April 26. “Recording Sound on
Film,” by Mr. J. Paddon,
A.R.LE. (at the LE.E.) |

OFFICERS FOR THE YEAR 1933

President : H. BEVAN SWIFT (G2TI)

Acting Viice-President - - - - - - - A. E. Waus, (G6UN)
Honorary Secretary and Treasurer - - - E. Dawsan Ostermeyer (GsAR)

COUNCIL

A. W. Alliston (GsLA), J. D. Chisholm, (G2CX), J. J. Curnow (G6CW), E. A.

Dedman (GzNH), A. D. Gay (G6NF), J. W. Mathews (G6LL), H. B. Old

(G2VQ), H. C. Page (G6PA), T. A. St. Johnston (G6UT), J. C. Warts (BRS2406),
H. V. Wilkins (G6WN).

Secretary: J. CLARRICOATS (G6CL).

All correspondence should be addressed to The Secretary (or other officer concerned), The Radic
Society of Great Britain, 53, Victoria Street, London, S W.1. Insufficiently addressed letters may be
considerably delaved.



THE T. & R. BULLETIN

CONTENTS.

Page
Test B.E.R.U. .. 273
All l'Elialns Short-Wave Superhet—
erodyne Receiver . 274 o -
Hon. Editor :— Measurement of Radio Frequency 278 Editorial Commitiee :—
G W. Th (G YK) Directional Signals S .. 281
! 5 O111as Station Description—G6NF . .. 282 1
) Valves in Parallel S e .. 283 A. W, alliston (GSLA)'
e A Universal Aerial ~ . .. 284 -
Advertising Manager :— Hic et Ubique 286 J. D. Chisholm (G2CX).
R.A.F. Flight and Mount Everest ,
H. Freeman Expedition 290 J. J. Curnow (G6CW).
Calibration Section -+ N « 291
Apparatus Reviewed .. .. 291 J. W. Mathews (G6LL)
VOI 8 NO 9 A Novel Po';ver Amplifier System e 292
: Grid Modulation e . .« 293 13
The Month on the Air,, - - .. 294 A. O. Milae (Gn\ﬂ)'
Contact Bureau Notes 296
Notes and News from the British
Isles .. =i .. 298
Empire Notes and News ‘e .. 304
|
|

TESTF-BER Y.

EST B.E.R.U.! Little did we think in 1931, when our first Empire Contest was staged,
T that in the short space of two years this event would become the most important annual

milestone in Empire Amateur circles.

We visualised that a handful of enthusiastic DX members would perhaps give up an hour
or two of their sleep in order to * work ”’ a new part of the Empire. We fully expected the
high power British stations and a few well-known Australian and New Zealand stations to run
up ten, maybe twenty or thirty points, but nobody, not even our optimistic Publicity
Manager or Neville Shrimpton of ZL4AO—who moved the initial contest proposition at the
1930 Convention—could foresee that the Contest was to become such an integral part of our
life as Empire Amateurs.

[t 1s early yet to comment, even briefly, on the Contest, except in a general way, but we
feel that no time should be allowed to pass before a word of appreciation is given to those who
have contributed to the overwhelming success of the Contest. By their help, by their per-
severance and by their example they have made a contribution to Amateur Radio, the effects of
which will be far reaching. A body of Empire Amateurs united under the somewhat mystical
title B.E.R. U, will, we believe, be a force to be reckoned with in the near future. It is our own
obvious duty to stand firm in the support of our Home Society, but we should, when opportunity
arises, make greater use of the B.E.R.U. as a means of promoting better understanding between
Empire Amateurs.

From its inception the keynote of the B.E.R.U. has been the improvement of relationships
between the executives of the many Empire organisations. That we have succeeded is evident
from the whole-hearted co-operation given by every single Empire Society and Group. Let
us, then, in the months before us, do our utmost to interest our colleagues in an event and an
organisation which will provide the greatest opportunity in our history of fostering Empire
friendships.

What of the future Contests? In the way that the 1932 Contest surpassed the 1931
Contest, so did this year’s surpass last year’s but in a higher degree. Greater interest was
shown by all concerned. More stations were on the air and longer hours were spent on the
key. When the results are published we await with interest the report of the statisticians
showing in which year the B.EE.R.U. Contest, following its present rate of progress, will prove
of such absorbing interest that a/l Empire members will maintain their stations on the air for
the duration of the Contest !

Having thus looked into the future, please rest assured that the results will appear in these
pages at the earhiest possible moment. In the meantime we prepare for the next Contest—on
paper for ourselves, and, for yvourselves, in your respective stations, so that it may be an even
more outstanding success.
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SHORT-
WAVE

SUPERHETERODYNE RECEIVER.

HE recent revival of interest in the super-
heterodvne method of reception has been
prompted, no doubt, largely by the over-

crowding upon the broadcast bands and the neces-
sity for improvement in selectivity. Those who
worked with superhets in the early days when
frame aerials were used and the H.T. current was
drawn from batteries, were only too glad to discard
the principle when the screen-grid valve made 1ts
appearance. The expense of running a super In
those days was no small matter, and three stages of
intermediate frequency were considered essential
to produce results which could justify the outlay.
With the improvements eftected

BrrLreTin, Other writers upon the subject have
evidently had similar difficulties.

The writer started with the idea that the two
main tuning controls could be ganged in order to
provide a single tuning knob as in a broadcast
receiver. This idea had to be scrapped at an early
stage, for 1t appeared utterly impossible to get
two short-wave circuits to tune in step together
over even the lhimits of one of the amateur bands
Consequently separate condensers will be found in
the set, and the writer believes this to be the only
means of operation. Others may, however, have
been more successful than the writer in this respect

to-day, the super has risen to a very
high degree of perfection ; the charges
of bad-toned output have been amply
met, and the use of all-mains operation
has overcome the cost of running.

[t is this latter feature which has
prompted the writer to devote his
energies to this field during the past
winter. He had already constructed
two supers to operate upon the broad-
cast band, which produced results
which offered no cause for complaints,
so it was decided to see what could be
done on the higher frequencies. Now
we have had three or four supers
alreadv described in the DBULLETIN,
but only one was arranged for all-
mains operation. In fact, the In-

directly-heated valve seems to have

been somewhat neglected for short-wave receiving
sets. There appears to be an 1mpression that
these valves give a noisy background which prevents
the clear reception of faint signals upon the higher
frequencies, especially when used in a super. It
will be admitted that the fact that an oscillating
valve is used in the set will alwavs produce a certain
amount of hissing, but the ratio of signal output
to this i1s so great that it is negligible. Furthermore,
a loud-speaker can be used which provides far more
comfortable reception than the constant wearing of
headphones.

While 1t 1s comparatively simple to construct a
super to operate upon the broadcast bands, the
adaptation for operation upon the short waves is
not so easy as it looks. The set described below
has been altered quite a number of times before 1t
was thought to be worthy of page space in the

[t is a great pity that it cannot be managed, for it
still gives the -double tuning upon the oscillator
condenser, but this difficulty is easily overcome
when the user gets into the habit of working both
condensers together.

[t had originally been intended also to use two
stages of intermediate frequency. This, however,
introduced a difficulty in preventing C.\V. signals
getting through to the second detector, and further-
more produced a certain amount of mush. With
the single 1.F. valve ample amplification is obtained,
while the control is much simpler.

Another matter which does not affect the broad-
cast super is the fact that C.W. signals have to be
received. Various proposals have been made for
doing this. One way is to let the second detector
oscillate by fitting reaction. Others provide a
separate oscillating valve which can be cut in and
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out of circuit as required. This certainly is the
ideal method, but it introduces complications which
hardly justify the added complication. The use
of the Variable MU valves in the present set, which
can be made to oscillate by raising the screen
voltage, was finally decided upon, and this has been
found the simplest method to employ.

Fig. 1 shows the circuit used, which will be found
to follow, in its principal features, ordinary super
practice. The aerial is tapped in upon the plug-in
coil I.;, which 1s tuned by the variable condenser
Cy- A compression type of condenser C, is placed
in the aerial circuit. The first valve V, 1s the detec-
tor, and here a Variable MU valve is used. The
screen voltage is controlled by the 350,000-ohm
potentiometer P, with the usual stabilising con-
denser C; connected to earth. The cathode of this
valve is connected to the pick-up coil L, which
1s wound upon the plug-in coil of the oscillator
valve. This valve V, is a triode (Mullard 354),
with its grid circuit tuned by the variable condenser
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as this valve 1s used in an oscillating state for
C.\W, reception. The bias of this valve also serves
the first detector by the use of the potentiometer P,
used as an adjustable resistance in this case. There
is also a fixed resistance Rg of 600 ohms used as a
safety device. The plate circuit 1s fed through the
primary of the second Colverdyne, with the decoup-
ling resistance R, and stabilising condenser C,,.

The second detector is a Mullard 354, with grid
condenser C,, and leak R;,. This was also found to
work better with further bias resistance in the
cathode lead R,,. The plate is fed through the
100,000-ohm resistance Ry and the H.F. choke
HIFC,. It must be remembered that operating at
the low frequency of 110 kec. the latter must be
somewhat larger than usual. The writer preferred,
in this case, to make a special H.F. choke, though
no doubt many of the better makes upon the market
for broadcast use will be quite suitable,

The low-frequency end of the super follows
conventional lines, having a Ferranti intervalve

-y —

L1, L2, L3, L4. Colvern formers, Type CF (see text).

Note.—The screening grid control for VI should be
marked P\ in the diagram, and the secondary winding
The condenser
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Condensers 1 and 4, .0001 mf. tank-Vernier. Pl, P2, 30,000 ohms. Varley, power potentiometer.
Polar Type A. P3, 5,000 ohms, Varley power potentiometers.
. 2, .0001 mf. max. Polar Preset. :
s 356 7 9.'1F 01 mt TCC IT Ferranti AF6,
8, 13. 1 mi. 3 OT Varley Pentode Output Transformer,
e 12 15. 0.001 mf. o IFT1&2 Colverdynes, 100 K.C.
i 10, 11. 2 mf. Vi & V3 Mullard, Variable Mu Valves M M.4V.
. 16. 6 mf. . V: Mollard Pon. Jg‘ypf:mv
—os L o 5 Mullar entode, :
Resistances 1, 2, 3, 4. 20,000 ohms. ‘:nrfcy. tag Gl Tarmiily. Pansl Tive.
5 12 50.000 ype Eddystone Valve-holders.
”» 6' ' IOO:MO P2 »» Colvern 6-pin Bases, with covers.
. 8. 1,000 ,, 7
5 9. 11,12, 13 600 ,,
A 14. 300 Varlcy.? walt of IFT! should be connected to HT .
- e P 0.25 megahm Dubilier shunting R+ should be marked Cs.

(,. The latter for short-wave work i1s the most
important of the two tuning controls, and the
method of operation will be referred to later.
This valve is biased by the 1,000-ohm resistance
Ry in the cathode lead, bridged by the bye-pass
condenser C,.  The plate coil Ly is fed direct from
the H.T. + mpph The plate of the first detector
V, is fed from the supply through a decoupling
resistance R, thmugh the high- frequemv choke
HFC,, and the primary of the first intermediate
frequency transformer IFT,. The latter is one of
the well-known Colverdy nu operating at 110 kc.,

and provided with self-contained trimming con-
densers. The secondary feeds the gnid of the
intermediate frequency valve V,.  This 1s another
variable MU, with its screen voltage controlled by
the 50,000- ohm potentiometer I’,, with additional
resistance R, This latter was found necessary in
order to make the potentiometer control smoother,

transformer with its primary parallel fed from the
detector plate through the condenser Cu,, A
50,000-ohm decoupling resistance, R;,, 1s inserted
in the secondary circuit. The output valve is a
Mullard Pentode, tvpe PEN.4V, with its auxihary
grid fed through the decoupling resistance Rg.
lhe biasing of this wvalve 1s dual, partly being
performed by the cathode resistance R;q and partly
by the resistance R,, in the negative lead. The
plate is fed thmugh the Varley pentode trans-
former, which is, in turn, connected to the loud-
:-apeaker.

The photographs show the general construction
of the set. The base is a deep box in which all the
fixed condensers and resistors are placed. The
depth is sufficient to allow all the condensers to be
mounted vertically. The anode choke for the
second detector and the short-wave choke are also
placed underneath., The other fittings are mounted

2*
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upon the upper side of the base, a thin copper foil
sheet extends over the whole surface and up the
back of the front panel. This provides all the
screening necessary, and there is no evidence of
hand capacity effects. The coils are provided in
Colvern screening cases, while the two Variable MU
valves are of the metallised type.

The valve holders are of the Eddystone type,
-which are particularly easy to fix and connect up,
as the terminals can be manipulated with a screw-
driver while the connecting legs can be bent into
position to suit the solid pins of the valves, and can
also be closed up if they open and fail to make

valves were chosen because they appear to be
singularly free from threshold howl.

There are many tips which soon become evident
to those dealing with super work. The principal
of these is the method of tracing trouble. The set
can be considered as consisting of a number of
separate portions, each of which can be tested
separately to see if it 1s functioning properly. Ior
instance, a milliampere meter in the H.T. feed, to
the oscillator, with all other valves removed, will
drop in reading if the grid terminal 15 touched.
This, of course, stops oscillation. Should there
not be a drop it may mean that the plate coil 1s
connected the wrong way round.

Again the flex connection to the top
(anode) terminal of the first detector
may be removed and a pair of 'phones
inserted. This then becomes a one-
valve receiving set and signals should
be heard.

To prove if the L.I'. end of the set
is working, connect the aerial to the
secondary of the last Colverdyne,
when signals upon 110 kc. will be heard,
proving that the second detector and
pentode are operating correctly,

The H.T. used bv the writer is about
160 volts, and this is found to be better
than a higher voltage for short-wave
work. The plate current when working
1s 25 to 30 m.a., and with this value
the signals are clear and distinct. It
i1s possible upon the 7 mec. band to

proper contact. This advantage is not evident in
all valve-holders, and is of particular merit in
short-wave work.

The coils are wound upon standard Colvern
formers (type CI), with Colvern 6-pin bases. The
coils shown in the table have been made so far.

——— ———

Band || Aerialcoil L;. ||  Oscillator coil

| Aerial tap B s

Turns | from earth |(pickup)| Lg . Lg
3.5 mc. 15 6 | 7 17 17
7.0me. || 7 14 It 7 7
14 mc. 4 1 24 A 4

|

For constructing the set it is very convenient to
make up a pair of coils for the broadcast band, as
these enable adjustments to be made very easily.
In this case I.; has 60 turns, with the aerial tapped
in 10 turns from the earth end. The oscillator coil
has 60 turns in the grid portion l.;, 40 turns in the
plate portion L5, and 10 turns in the pick-up portion.
The wire used for winding all coils 1s No. 28 silk
covered. Spacing between turns is only necessary
upon the 14 mc. coils.

The three potentiometers are all mounted at the
back of the front panel. That upon the left controls
the screen voltage upon the first detector ; the centre
one is the adjustable resistance for the intermediate
and first detector cathodes, while that upon the
right controls the intermediate screen voltage to
valve V;. When it is desired to receive C.W., the
screen voltage 1s raised so that the valves just
oscillate. It should be explained that Variable MU

separate the conglomeration of over-
lapping signals to a much greater extent than
with a straight set. Upon the 20-metre band the
set produces splendid daytime work. So far not
much success has been achieved upon 28 mc.,
but the writer is hoping to obtain better results
with coil formers of smaller diameter.
In operating, the tank portions of the condensers
are moved until the 110 kc. tuning is obtained.

This will be noted by a rushing sound. DBoth
condensers are then turned together until the band
required is reached. The tank portions of the
Polar (tvpe A) condensers are at the back and
provided with a separate dial. The verniers are
in front and operated by the Utility dials. When
the photos were taken these condensers had not
vet been fitted, two small short-wave condensers
being then used. There was only one Utility dial in
use then upon the oscillator, it being thought that
such fine adjustment was unnecessary for the aerial
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tuning. However, it was found that fine adjust-
ment was necessary, and the writer suggests that
slow-motion dials be fitted to each portion.

Workers with ordinary sets may be puzzled at
first with the working of the oscillator dial. When
working upon the lower of the two positions, where
signals are available, a reduction of capacity increases
the wave-length. It 1s best, therefore, to work
upon the upper position when the dials both turn
in the same direction for wave-length increase.

There is also one point which affects super all-
mains sets in ham use, that is switching off while
transmitting. Owing to the length of time taken
for the cathodes to heat up, it 1s impossible to
switch them off while transmitting. There the
H.T. alone must be switched, with the cathodes
left on.

With this set the use of headphones is not advised.
If a strong signal is struck suddenly the effect is
painful. The writer has therefore adopted a plug-in

—&H.T.
v
er L | Ve
4“I-f._ = =
+HT ' é
i |

To
HEATERS

S SR SRS

FIG. 2.

Mains Transformer, K-P secondaries
200-0-200 4V (1 amp), 4V (5 amp).
Choke, Ferranti, B.1.

Ci7—T.C.C., 4 mfd. 600 v. test.

Ve Mullard DWA4.

arrangement for ‘phones (not shown upon the
drawing) in the second detector plate circuit, which
1S convenient when a weak signal is being taken.

A point which must be taken care of is to keep the
flexible twisted together for the heating circuits
to each valve. The Eddystone holders are par-
ticularly suited to this condition, as the base is a
ring of moulded material. The flexible connection
can be brought through a central hole and then
separated out to each terminal. Each valve has a
separate twin flexible cord brought back to the
heater terminals. Glazite wire has been used for
the remainder of the connections.

In the photographs, a lot of holes will be observed
through the copper foil. These are the result of
various alterations made as the set proceeded. It
1s intended to rebuild the set with new foil when
time is available.

The resistances used are of Varley make with the
exception of the low wvalue cathode resistances
and the negative bias resistance, which are home-
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made and were not replaced in the set, as they
acted effectively. It is suggested, however, that
bought resistances can be used everywhere.

The mains unit is separate to the set, and follows
conventional lines. The connections are shown 1n
Fig. 2. The transformerin the setis made by K-P
and proved very satisfactory. The rectifier valve
is a Mullard DW4, which gives ample output.
The smoothing consists of a Ferranti iron-cored
choke, type Bl, and two condensers, the latter of
which is placed in the set. The heater connection
should consist of heavy radiator pattern flex to
prevent any drop in voltage, and it is advisable to
earth one side of the heater circuit. It was found
that this mains unit gave a perfectly smooth and
silent output without a trace of mains hum any-
where.

THE 1932 LOW POWER
CONTEST.

As in former years, the support given to this
interesting little contest was much below expecta-
tions, but judging by the appreciation expressed
by the fourteen members who took part, it seems
that considerable enjoyment was obtained.

Once again Scotland has provided the winner,
and we heartily congratulate Mr. Stove (GSZX)
upon having brought the third R.S.G.B. award to
his country this vear. It is interesting to note
that the winner and several other entrants took
full advantage of the modified rule which allowed
contestants to use any input, providing the source
of supply did not exceed 100 volts.

From Mr. Stove's entry it is learnt that, by
using a push-pull circuit, he was able to obtain an
input of between 3 and 4 watts.

The first seven stations in order of merit were (—

Mr. Stove (G3ZX), Glasgow, 278 points.

Mr. Scarr (G2ZWS), Leeds, 211 points.

Mr. Cargill (GSLR), Salford, 185 points.

Mr. Robb (GI6TK), Belfast, 176 points.

Mr. Taylor (G3TL), Birmingham, 110 points.

Mr. P. H. Dutton (G3IX), Skegness, 98 points.

AMr. R. D. L. Dutton (G6QQ), Headington, Ox-

ford, 98 points.

The following also entered and are recorded in
order of merit: GS3STU, 6TO, 5LO, 6CD, 6KI,
GISUR and 6XN.

Seven mc. was the most used frequency, although
a fair number of contacts were made on the 1.7,
3.5 and 14 mc. bands. Mr. Stove made 43 contacts
and used two S.P.55R. valves in push-pull, whilst a
conventional Zepp aerial was employed throughout
the tests. Two contacts with Budapest represented
his DX. Mr. Scarr, the runner-up, effected 36
0OS0s, and also used a push-pull transmitter with
an input of 1.6 watts. His best contact was with
CT3AB, a distance of 1,650 miles.

Mr. Cargill, who finished third, made 23 QSOs,
with CT2AA (1,620 miles) as best DX. His
average ORB per OS50 was 745 miles, Here again a
push-pull C.C. arrangement was favoured.

The Contest Committee in their report drew
attention to the “ scrappy "' manner in which many
of the logs were prepared, and ask all competitors,
in future tests, to make their entries clear and
legible.

In concluding this short summary of the contest,
we wish to thank all members who co-operated.
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MEASUREMENT OF RADIO FREQUENCY

A Paper read before the Society by E. H. RaAyNER, Sc.D.

N December 20, 1932, Dr. E. H. Raynergave

a very interesting lecture before the Society,

entitled °° International Co-operation in

Radio Research.’”” The greater part of the lecture is
reproduced here in full.

There is, said Dr. Ravner, an International
Research Council acting as a co-ordinating au-
thority for a number of International Unions
devoting their time to different problems. The
Radio Union, which is of chief interest to us, has
held meetings about every two years. Dr. R. B.
Goldschmidt, ot Brussels, acts as Secretary-General,
and until his untimely death General Ferrie was
their President.

The International Radio Union is supported by
nations each with a National Committee, so that
there 15 a very large amount of knowledge and
experience available for the work of the Union
At present it divides its work among the following
five committees :—

(I) Standards—Chairman : the late Dr. Dye.

(2) Propagation of Waves—Chairman: the
late Dr. I.. W. Austin.

(3) Atmospherics—Chairman: Prof. E. V.
Appleton.

(4) Laaison—Chairman: Dr. A. E. Kennelly.

(3) Theory—Chairman : Dr. Van der Pol.

The work of the Standards Committee has been
largely concerned with the consideration and de-
velopment of methods of generating frequencies of
great steadiness and with methods of comparing
the performance of standards of frequency, par-
ticularly from the international point of view. The
late Dr. l)u did much to bring the art of what may
be called ** frequency ' generation to its present
very wonderful perfection.

Continuing, Dr. Rayner said that in the utilisa-
tion of radio propagation the range of frequency
made use of 1s very large. Audio-frequency may be
taken as roughly 10 to 10,000 cycles, a ratio of
1-1000, covering the whole musical scale, and
including the subtle differences associated with
variation of harmonic content by which we differ-
entiate one person’s voice from another's.

The art of radio transmission already utilises
frequencies from 10,000 to 10,000 times 10,000 =
108 (=3 metre wave-length). Another power of 10
1s well in sight, making a ratio of 100,000 in the case
of waves of the order of 30 ecm. The range is one
hundred fold that of the ear.

In the measurement of frequency we have then
the problem of determining the value of a very
short interval of time to a very high accuracy. Let
us Jook at the problem as it stood before the ther-
mionic valve, with its manifold uses, was developed
by groping experiment, bupplemuntcd by the wit
and wisdom of man. The only method of generat-
ing high frequency was by charging a condenser
electrically, until a voltage was reached which
broke down the insulating property of air. After
this has happened the resistance of the path is
reduced to a low value; and, with a suitable
inductance in the circuit, an oscillatory discharge

is obtainable, giving rise to two bright flashes in the
arc path in every oscillation. A fair number of these
sparks can be obtained for each charging up of the
condenser. The luminous effect of these sparks
was, 25 years ago, one of the few phenomena which
could be utilised to measure their frequency. The
method adopted at the National Physical Labora-
tory was to photograph the sparks after reflection
in a concave mirror 2 metres from the plate. The
mirror 4 cm. diameter was rotated about a vertical
axis at a high speed, in order to separate the images
of successive sparks. The time between successive
sparks, 2 per cvcle, was determined from the speed
of rotation of the mirror, the distance of the mirror
from the plate and the distance between the images
of successive sparks. The speed of rotation was
about 60 cvcles, and was maintained constant by
incorporating a commutator for a Maxwell capacit-
ance bridge on the mirror mounting. Trains of
about 20 sparks were obtainable on the plates in a
length of 10-15 cm., and by moving the plate ver-
tically during exposure 5 to 10 spark trains could be
recorded at one operation. Individual spark trains
varied in length by 0.2 per cent. to 0.6 per cent.,
but the averages of the records of a considerable
number of plates would give closer agreement. It
naturally all depends upon the measurement of a
length on the photographic plate separating images
somewhat ill defined, as the luminosity of the spark
is not an instantancous event. By this means
frequencies from 300 to 1,200 kilocvcles were dealt
with. It was done by Mr. Albert Campbell, to
whom the National Physical Laboratory has owed
much in the way of developing alternating current
methods and instruments. The frequencies so
determined were compared with the observations
of a wavemeter looselv coupled to the circuit. The
natural frequency of the wavemeter was calculated
from the measured values of I. and C. The results
agreed very closely.

The difficulties in computing frequencies to a high
accuracy are that every inductance has distributed
capacity, and capacity to its surroundings, and
every part of the circuit has inductance, so it was
necessary to find out by direct measurement how
these might affect the oscillation frequency, as their
effects vary with frequency and disposition of the
circuits and are very difficult to allow for when
high accuracy is required.

This work was done in the days of the spark and
arc transmitters. The shortness of the wave
trains in a spark transmitter made it useless to
attempt any high accuracy of frequency main-
tenance. Arc generation could make more effective
use of precision, if it had been necessary, but no
accuracy comparable with modern requirements
was dreamt of. The thermionic valve with its con-
tinuous operation has naturally entirely altered
matters. Instead of being restricted to using
only a few oscillations for the measurement of the
period, we can use an indefinite number, provided
we know what the number is and also know that
the oscillation frequency is sufficiently constant.
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In one set of apparatus at the National Physical
[Laboratory we can use about 12,000,000,000
oscillations, taking a week for their duration. If
we can measure the week to (0.1 second, an accuracy
attainable without difficulty, we know its value to
I part in 6 million, or 1.3 in 107. An accuracy of
this order, 1 part in 10 million, is what is becoming
necessary for standards for the world’s commercial
requirements.

The simplest form of radio frequency governor
15 a suitable arrangement of capacity and inductance.
Electrostatic energy and electromagnetic induction
are the stiffness and inertia of the vibrating system.
Experience shows, however, that schemes of this
sort have not as vet the operational stability
necessary for the highest accuracy. Much funda-
mental work has been done and much more will be
done on these lines ; but the subject in its essence
1s of great analytic difficulty, complicated by the
operational characteristics of valves, etc., whose
distributed reactances, varying with voltage and
filament temperature, enter into the problem. It
has been found that the flywheel effect of the
inertia and stiffness of solid matter provides a
better type of oscillation governor.

We are not particular as to what that frequency
15 within quite wide limits. It might be as slow
as a seconds pendulum (it should really be called a
2 seconds pendulum), or it might be 100,000 times
as fast, Physical properties of matter and ex-
perience will lead to the most suitable contrivances.
At the present moment a fundamental frequency
of 1,000 cycles is in very considerable use, but it
seems quite possible that for the best results fre-
quencies of the order of 10,000 to 100,000 will
become common. We are talking of the use of
solid bodies as frequency governors, and an interest-
g point 1s that the mass of governors developed
by various people, which have been found effective
as regards precision and constancy, vary from less
than 0.5 gram to more than 1,000 times as much.

Multivibrator.

A great advance in the art of measurement of
radio frequencies was made as a result of the work
of Abraham and Bloch in developing their multi-
vibrator. The object of this equipment was to
produce very rapid electrical impulses at regular
intervals of time, the pulses being short compared
with the length of lntenal Such a scheme can be
made to give electrical * kicks " to an oscillatory
circuit having a frequency n times the period of the
kicks where n is a whole number. The oscillatory
circuit receives a kick every nth oscillation, which
15 sulficient to keep it going. In practice n may be
from 1 to 100 or more, and a small amount of de-
tuning does not affect the frequency which is forced
to keep to n times the fundamental, even if just
before a kick it 1s slightly out of step. Putting
1t further out of time will cause the circuit to respond
to the (n-+1) or (n-1)th harmonic. The process of
picking out a high multiple can be repeated, the
nth harmonic of the basic frequency caused to
give the " kick ' characteristic, and so to form the
basis of another series of a much higher frequency.
Comparisons of a known with an unknown frequency
are made by observations of beat frequency.

In the original multivibrator the frequency, for
which 1,000 cycles is commonly used, has no
definite stability of an inertia kind, electric or
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mechanical. It is produced by a relaxation type
of oscillation, and a high degree of constancy is
hardly attainable with oscillations of this kind.
The scheme was made into one capable of very
high precision by governing the fundamental
“kick ' frequency by an electrically maintained
tuning fork. This development was due to the
late Dr. Dye, and equipment of this tvpe forms the
basic apparatus for the determination of frequency
in more than 50 laboratories, some in this country,
some in the Dominions, and others in several
countries of the world.

The other oscillator of the mechanical inertia
type in common use Is crystalline quartz. Some
account of the very wonderful and complicated
tvpes of vibration to which it gives rise has been
given to the Society at a previous meeting. Both
tvpes of oscillator are valve driven. Regulation of
temperature and pressure are of first importance.
Quartz 1s often operated in vacuo.

Tuning Fork Oscillators.

At the National Physical Laboratory the funda-
mental tuning fork oscillator has a frequency of
[,O0O cveles. It is of a form dev eloped by the late
Dr. Dve. A fork of 1,000 cycles is very stiff com-
pared with the more usual 512 ; and the amplitude
is very small for a large amount of stored energy,
a property which facilitates satisfactory operation.
The tuning fork is kept in a vault in the centre of
the basement of Bushy House at Teddington,
which has very thick walls and a temperature
variation of about 2°C. during the vear. The fork
is in an airtight box which is kept at constant
temperature. From it circuits are available for
transmitting the 1,000 cycles to different parts of
the laboratory or for connection to the public
telephone system. The fork operates a phonic
motor and gearing, which finally rotates a chrono-
graph drum at 1 revolution per ‘' fork "' second.
A clock dial is also incorporated in the mechanism.
On the drum time signals from a standard clock
and other time-keeping apparatus are recorded
electrically.

There is little doubt that a tuning fork of 1,000
cveles per second will keep steady to a few hun-
dredths of a second a ‘week. The limiting con-
ditions appear to be the maintenance of steadiness
of temperature and pressure, and of the driving
conditions. These conditions include the steadiness
of characteristics of the valve driving the apparatus
—a point of serious importance—and of the anode
voltage and filament temperature.

Quartz Oscillator.

Though the tuning fork can equal the best types
of clock, it seems probable that the piezo electric
properties of quartz, combined with its other
phyvsical properties, will enable it to be used as the
most perfect time-dividing machine at present in
sight. You all know that when crystals of quartz
are electrified in certain directions, change of
dimensions takes place, and as the cause and effect
can be interchanged quartz mayv be used as a
detector of a particular frequency or number of
frequencies, and also as an oscillator for the pro-
vision of one or more frequencies.

Again | should like to draw yvour attention for a
minute to the size of the qualities made use of.
We talk of vibrating plates and bars of quartz, but
what i1s the amount of the alteration in size in-
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volved 7 I confess that in looking into the subject
the result was rather surprising. If we take a
piece of quartz 1 cm. thick cut in one of the usual
directions (Curie cut) from a crystal and electrify
it across the thickness with 300 volts, it will alter
in length about 6.3 parts in 100 million, an amount
difficult to realise. If the bar were 1 kilometre
long, the change in length would be 6.3/1000 of a
centimetre, 24/1000 of an inch. The effect is pro-
portional to the potential gradient and I have
taken unit ES potential gradient 1ESU/cm.=
300 Volts.
Cm.
thick and possibly put the voltage up to, say,
3,000. This would make the combined effect of
voltage gradient and alteration in length 100 fold
as great, so that the rod of 1 kilometre would alter
6.3/10 of a centimetre, 2.5/10 of an inch.

In practice one might use a slip 0.1 cm.

&

Here we see the late Dr. Dye’s method of mounting a
quartz ring between six pairs of electrodes.

It is this type of alteration, causing changes of
form reckoned in millionths or fractions of a
milhonth of its dimensions—which is so perfect in
constancy and absorbs so little power—that has
provided new possibilities for the measurements
of time. These will have a wide application and
open up roads to new knowledge of the greatest
interest.

I propose to give a short description of three
types of oscillator, which have been developed,
suitable for radio frequency standards and used for
clock driving, so that, as timekeepers, they are of
an '’ absolute’ nature and can be compared
directly with astronomical observations, if desired.
They do not need a frequency of a similar value for
their calibration.

The Ring Oscillator of Dr. Dye.

A consideration of the physical properties of
quartz led the late Dr. Dye to devise a ring form
of oscillator with the axis of the ring parallel to
the optic axis of the crystal. This i1s to be