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wtion-Ma""oni succeedod in picking up signals in
Newfourldland fror4.his siation at Poidh.tin C"ornwall.
Transmission of signtils thus far over tho earth's
surfaco requirod some explanation, because it was
known from Clork lVlaxweil's theories, and fr'om tho
experimental'work of'Ilertz, that radio waves norm-
ally travel in porfectly straight lines-that is, pro-
vided that thev travol all the time in a medium which
hd6 constant Ll6ctrical properties. Sinco thoy had
proved capable of bonding themsolves around tho
earth's.eUrfaco, and sinco the bending process could
not be oxplained i4 any other way, it became evidont
that thoy had beon guided rilong in a mannor similar
to that which Hortz lfad Shown possible bv means of a
metal sheet. 'So Oliver Tleavliside nn,i Dr. A. E.
J{ennedy came forward with the theory that the air in
the uppor atmosphore was not an insulator, but a
partial conductor, with olectrons capable of consider-
able movement. And so it eventually proved to be,
although it was somo years before tho exporimontal
proof was fully established. 'Ihat was in 1925, whon
Sir Edward Appioton succeeded in establishing tho
exact location of the l(enelly-Heaviside layer by
radar methods.

IIo discovered that the actual structlrrb of t]rs
ionospheric rogion was not so simplo as I{enelley and
Heaviside had supposod. There were, in fact, not one,
but several layers, Iying one abovo the othor in the
atmosphere. Furthermore, it was found. that not
only the ionisation, but also the actual height of theso
layers varied constantly and considerably, from night
to day, froin sumrner to wihter,' and also over tho
ll-year sunspot cycle.

Critical Frequency
l[he reflecting.powor of any layer depends firstly

upo?r the ionisation prevailing within it, s6condly
upon the frequency of the radio wave, a4d thirdiy
upon the angle of incidenco which tho wavo rnakog
with it. For a,givon.degree ofionisation, the reflegting
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J] ADIO communication over iong distances
l\across a spherically shapecl oarth is only' possible

because thero exists a meclium which is capable
of diverting tho waves from tho straight paths-they
would otherwise travel, and of so shaping these paths
that the earth's surfaco can be followed. That medium
is the atmospheric region wo call tho ionosphere.
Every time we sond ou1 a radio signal, we maie uso
of the ionosphere for the propagation of our signal.
S-o. it is important for us to 

.i<now 
something a6out

this region, and about, how it is likely to deal iith our
signal during its passage across tho world. Ilaving
evolved highly complicated and efficient receivers and
transmitters, with their equally olaborato and efficiont
aorial systems, wo wonld be extremoly unwisb to
n3glect one of the mosf vital and important links in
the chain of communication, and so-dony ourselves
the full roward for our technical achievements.

Since the classical experiment in ionosphoric
mea,snrement made by Sir Edward Appleton in 1925,
both the techniques-and the facilitii6s for making
such measurements havo been constantly improved
q1d expanded. There now exists, in posiiions widely
distributed over the oarth's surface, a network of
ionosphere measuling and recording stations, con-
stantly engaged upon the rvorh ofionosphere examina-
tion, so that adequate data shall be available for tho
b_enefit, not only of the scientific investigator, but
also of the short-wavo,gngineer and-perhaps inci-
dentaliy-i;he amateur radio man. It -is al:6ut the
work of these staf,ions, and about tho technique for
ap_plying the accumulated data obtbined bt their
efforbs, that this paper mainly deals.

Historical
The need for the existence of some sort of concluct-

ing region in the high atmosphore was first felt in Ig02,

- ,_ An ebri.dged aersiotu oJ a Tnpcr reatl to the So(iettr at a meetinll
held, -on May 30, 1e+7, ai thA iistitution ol Etectri;al Dngineirs,
London.
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power is proportional to the square of the wave-
Iength, or inversely proportional to the square of the
frequency; ff a wave is sent vertically upwards, and
the frequency is gradually increased, a frequency is
reached at which the layer is no longer capablo of
returning tho rn'ave to earth. This frequency is
called the " Critical lfrequency." As the ionisation
in the higher or " F " layer is always-at least undor
normal conditions-greater t'han that in the lower,
or " E " layer, tho critical frequency of tho formor is
higher than that of the lattor.

ffthe wave is sent, up obliquely instead ofvertically,
thon higher frequencies ano returned than is tho caso
for the vertically travelling wave., For overy angle
of incidenco on the layer-corresponding to overy
distance it is required to cover-there is a high
limiting frequency. When the obliquity of tho wave-
path is such that, it is leaving tangental to the earth's
surface, covering tho maximum possiblo dislanco,
then tho highest possible limiting frequoncy is
roached, and transmissions over a,ny further distanco
can bo accomplished only by making moro than ono
hop.

Ionosphere measuremenfg are most, conveniently
made by sending pulsos of energy vertically upwards,
so as to observe the height, from which they are
returned on any particular frequency. Then, as tho
frequency of tho measuring equipment is gradually
increased, the critical frequencies of the lower layors
aro observed and recorded. It is a fascinating sight

to see these measuring operations being perforrred
at a stafion such as the one operated at Datchet by
the Itadio Research Board, and to watch, upon the
screen of a cathode ray tube, the echo returning, as
it were, from.the sky. The height to which the pulso
has travelled is determinecl, of courge, hy its distance
to the right along the trace of the cathode ray tube,
for that is a measure of the time it has taken on its
jourirey. At first there appears the single and well-
defined echo, being returned from the " E " layer-
that is, of course, in addition to the ground pulse. As
the frequency of the transmittor is automatically
increased, there suddenly appears, at a point much
further along the trace, another well-defined eoho,
indicating the first return of energy from a layer
much higher in the atmosphere, in fact from the " F "
layer. Then the fir.st echo pulse gradually movos
along the f,race, decreases in size, and finally dis-
appoars, showing that a frequency has been reached
at which no more energy is being returned from the
" .E " layer. The othor pnlso, meanwhile, moves
slowly to the right, indicating that the height lrom
which it is being returned is gradually increaging.
Next, an interesting phenomenon occurs; tho pulse
becomes split in th"o Lenho, and two separate, 

-well-

defined pulses appear. 'fhis is in exact accordance
with the magneio-ionic theory of a wavs traversing
an ionospheric region permeated by a magnetic field

-tho earth's field, of course-and is causod by the
wave being split into two components. the so-called
" Ordinary " and the " -Exttaordinary " w&ve.
Finally, with the frequency continuing to increase,
the two pulsos move faster and faster to the right,
indicating deeper ponetration by the waves into the

2

medium, until ffrst one and then the othei diminishos
and vanishes entirely-the energy at, this frequency
penetrating into outor space,

The Solar Cycle
The ionosphere variations conform, in general, to

the ll-year cycle of sunspot activitf. These cyclos,
however, do not follow each other with a precise
degreb of regularity, either in timo or in magnitude.
As a matter of fact they differ considerably in both,
and here arises the necessity for tho accurate prodic-
tion of tho variations for somo time ahead, which is
one of tho main purposes of all this accumulation of
data. Although this prediction work is by no means
a simple operation, nor yet ono rvhich is Iikely to
yield precisely accrrate results, still, a study of the
solar cyclo tronds and their accompanying ionospheric
.variations dr.rring tho past fow years does yiold
information that we can a,pply with some mea,sure of
succoss to our futuro planning operations.

MUF's and OWf,"s
Tho effocts of the solar cyclo ero, of course, that,

at f,he sunspot minimum, the critical froquoncies,
and honco fhe maximum usable frequencies (MUF's),
aro relatively low, both by day and night, the world
over. At f,ho sunspot' maximum, they are rolativoly
high. The problem in forocasting is mainly to predict
exactly how the solaqactivity will vary, and to what

$I,\tg3

Fie. l.
General structure of the tonosphere, summer day-time condition.- Dashed lines indicate two possible paths for radio waves and show

' the maximum distances for a single hop.

MILESo

degree the critical frequoncy will respond, at, evory
hour of the day, during every month of the year, at
every poirlt on the world's surface. An indication of
the nature and extent of these changes in the charac-
teristics ofthe ionosphere will be obtained by studying
X'igs. 2, 3, 4 and 5, bearing in mind that all the
variations aro occurring simultaneously. If is
important also to note that these are the MUF's for
vaiious distances, etc., obtained from the measurocl
critical frequencies aueraged, for one particular month,
Ifence they shorv tho frequencies up to which the
ionosphero will sustain propagation, proui(l'i'ng aael'a7e
cotid,iti,ons preuu,il. But, as shown in X'ig. 5, there are
considerable variations from day to day; tho ionisa-
tion-and the critical frequencies with it-varies up
and down about the average from day to day. On
certain days, when it is well below the average for
the month, we shouid be in a dangerous position if
we worked on frequencies right up to this MUF. Tho
remedy, therefore, is to work on frequencies some-
what below the average MUF for the dist'ancos ovor
which we are communicating, in order to ensuro thei,t,

- on days whon the ionisation is belorv average, we aro
not working above the MUF. This lower froquency is
known as the " Op[imurn Working Frequoncy,"
or OWF.

I'hat, then, is the way the ongineer has to arrange
things, in order to bo suro that his sorvice is con;
tinuously maintained, But tho radio amatour's
requiroments aro difforent-namely, to get the best
oul of a parbicular froquency band, and to establish
contacts whonever the ionosphore happorrs to be
capable of doaling with his signal. I{o is not intorostod
in theso safety margins, or, if it conres to that, in the
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continent of Europo, Because the " E " layor is
much lower in the atmosphere than is the " tr'," it ip,
with a givon value of ionisation prevailing, able to
sustain propagation on higher froquencies over f,hoso
medium disfances than is even though tho
lattor has a higher degroo of ionisation. This is
becauge the anglo of incidenco on f,ho " E " layer is
much greator than that on tho." F," so that, during
& summer day, whon tho " E " layer ionisation is at a
particularly high level, that layer ofton-for those
medium distances-sets the high limit to the MUF.

, That is to say, tho i'E " layei, no matter whaf, wo
do, controls tho transmission, because any ray of
radio energy which travels at the necossary angle to
covor tho distance, will, if it is ablo to penetrate the
" S " layor, penotrate the " X'" layor as woll. fn
order f,o arrive af, the MUF for those distances, wo
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Dlurnal variation in critical frequency-F2 layer. Wdhington, D.C.
Lat.4Oo N-

a,vorago MUX', but is quite propared to work well
abovo the averago MUX' on tho moro chanco of his
signal getting through. An analysis of tho moasuro-
ments during ono particular month, shown in 3'ig. 5,
givss an. indieation of the nature of the difforonco
botweon tho roquiremonts of the ongineer and the
&matour, and shows what high MUF's might be used
if one desired to use only the vory highest froquoncies,
It is interesting to noto that the MUI' during the
worst storm day of that month was very much below
tliat prevailing on most days of tho month, and oven
below ths OWF. The subject of ionospheric storms
is dealt with later on.

'6 E " Layer in Control
When wo transmit over medium distances, say up

to 1,200 miles, tho waves ma,y travol to their desti-
nation by way oftho " E " layer rather than tho " Ir "
layer. This distance would include most of the

700

Fig,4.
Predicted MUF (Maximum Usable Frequency) for use in I (lnter-

mediate) zone-March, 1946. Lat, 50' N. Distances i n:miles,
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havo to take into consideration the critical frequencies
of troth layers, a simplo calculation enabling us to
say which layer is controlling'

" Short Skip " or .'Sporailic E "
Tho phenomonon l<nown among amatelqs.. ?s

" Short Skip," or propagation by " Sporadic E " is
caused by highly ionised " clouds " within tho normal
" E " layer.- Theso sometimes have a critical fre-
quency of up to 20 Mc/s,, and can givo riso to.somo
r-eally 

-phenomenal 
results in short -wave transmissi on

overmediurn distances' A "Sporadic E" critical
frequency of 15 Mc/s. means an MUF (for 2,30.0
kilometr6s) of 78 Mc/s., and this explains some of the
peculiar results which havo been noticed.

Using the Data
The method usually employed to portray the data

dopends on the fact that, since the world turns upon
itr geographical axis, it is possible to transposo
longitude for time. If, therefore, we iako a Mercator
mapi and along its horizontal axis, mark the twenty-
four hours of tho day, then we may plot, in the
appropriate position and under the correct local time,
a whole dav's meagurements as obtained at each
station. B51 drawing lines through all the equal
values, wo have a plot ofthe world critical frequoncy
cont'ours on one particular day, if we assumo that
the same valuos of critical frequency occur in differenf
geographical latitudes when thoy havo the same
iatius'of local time. tr'or example, on the parallel of
50" North, we assume that the same diurnal variations
will repeat themselves at different times-quite a,

Iogical assumption to make, it would seom, since fho

gun's zonithal angle in any one latitude wiII have tho
samo value af the samo valuo of local time, as the
world turns upon its axis.

If, instead'of ptottittg the actual values obtained
from the ionosphere rosoarch stations, wo use t'hom to
predict what the average critical froquency valuo at
-that 

stu,tiott will be during some future month, and
plot lhese upon tho chart, then Lhe chart will be a plot
^of the a-'e"i,ge predictod world critical froquency for
this future month,

l
i

. LOCAL TIME
Fi8 5'

Maximum Usable Frequencier durrng March, 1946' 4'000 Kilometres.

4

Zones
Ifnfortunately for us, thero is a furthor difficulty'

which increasos tho comploxity of the matter still
further. Tt has been found that the assumpt'ion wo
made, that the samo value of critical froquency would
apply all along any parallol of latitude at the samo
locaitime,is anincoriectono. In fact,the critical fro'
quencJ4 varies noi only according to the goographical
loneitudo and latitudo, but also according to tho
mainetic latitude and longitude as well, The com-
plexity arises because the inagnetic axis o,f tho world
has no rolation to local timo, and tho solution is to
mako a sort, of compromise between tho geographical
and the magnotic inlluences on tho critical froquencies'
We divide the world into separate zonos, and plot
separa,te charts for each zone. The boundaries of the
zo-nes aro cort'ain magnetic meridians, and all the
ionospheric measurements obtained from stations
lying-within a particular zone aro usod in the con-
siru6tion of thdchart for that zono' The chart will
then not bo quite correct for the whole of the zone,
since fhe magnetic influence wiII tend to vary across
it, but, it wilf shorv the average conditions prevailing
in that zone.

MUF Contour Map
This, thon, givos us a roasonable approxime,tion of

the critical frequoncy likely to provail within -anyparticular zone.- Ifowever, a comploto picture-of tho
predicted critical frequency is not necessarily wfrat we
wanL. Therefore, we fincl it more convenient to
calculato from the critieal frequency contours, tho
corresponding l\[UF's for tho maximum possible
distance coverable. namoly. 4,000 kilometres. Wo
then, as a final offort, plot a chart for each zono,
showing the predictod MUX' for 4,000 kilometros.

Those charts are drawn up on transparont papor'
so that they can be placod over a Mercator projection
map, upon which is drawn any particular transmission
path. -T'l""tr, by obsorving the transmission-.path
beneath the MUF contours, wo can soo the conditions
prevailing along the wholo of the path, and, further-
moro, by sliding the chart along, to represont.0he
rotation of the oarth, we can observe conditions
prevailing over the path a1 all times of tho day' irJ.any
-convenioit time standard, such as G.M.T. In Fig. 7

is shown one such contour map, for March, 1946'
placod over tire Mercator map, with transmis-sion
iath shown. The timo representod is 04.00 G.M'T.'
-as shom bv the fact that the Greenwich moridian
on the map"coincides with 04.00 hours on t'he trans'
parent contour-map.- ff our transmission path is exactiy 4,000 kilometr-es
in length, all wo need-do is mark off the l.roint ab the
centrJ of the path, this being the point, at which the
wave is in tho ionosphero' Then, by reacling off tho
MdlF for all hours oT tho day at that point,, in terms
of G.M,T,, we can congtruct a prodicted MUX' curve
for that particular transmission path. Lato-r, by
deducting-a certail percentage in order t,o allow a
salety margin. rve arrivo at the optimtrm working
froouoncv iOWnl. and bolou' that we can flt, our
alio'cated frequoncies, and so obiain a schodulo of
working frequencies for the rnonth in quosbion'
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Multiple Hop Transririssions
If tho transmission path is groator than 4,000

kilometres in longth, then f,ransmission will be by
multiple hops. Multiplo hop transmission cannot bo
treatod as a simple oxtension of singlo hop transmis-
sion theory, beca,uee, after tho first hop, the mode of
transmission becomes so complex that it is not
practicable to divide tl:o transmission path into a
number of differont hops anrl examino the ionosphore
at tho contro of each, Thero is considorablo scatt-ering
of the onergy oach timo it meets the ionosphere and
oarth, and_ thero is the problem of lateral deviation by
gradients in the ionisation, or by particular clouds in
the ionisation. All this results in ?ransmission over a
multiplicity of paths, so that when it comes to tho
pra,ctical application of the ionosphoro data to a
multiple lrop transmission path, a simple division into
soparate hops is impossible. Fortunately, howevor, a
mothod has been found-moro by oxporience than by
anything else-which seoms to fif the conditions very
yull: For all multiple hop transmission paths, ii
has beon found that it is onlv necessarv to-consiclor
tho ioqosphero at two points, each half tfre Iongth of a
hop of maximum possible length from the ends of the
tra,n-smission path. We mark points on our Greaf
Oircle path, 2,000 kilomotres froin each ond, and
examino tho MUT at those.two t' control points', by
sliding t-he trar-rslrarent contour chart ov6r the map
arrd reading off the MUiF at whichever control point
it has the lowost, value. This will tako account df the
goographical variation.in MUX' along tho f,ransmissionpaih. Should the twci control points lie in different
zones, then 'we road the MUF for each control point
on different charts. This involves two oporaltions
with the transparoncies, liut, having road thdse values
off, we then strike out the higher ol the two, and. wo
aro left with the MUF for tlie path, Wo then con-
sf,ruct a curve, showing the MUF and O\\ttr' for tho
whole path ovor tho 24 hours for tho month wo are
c.onsidorin_g, a1d fi in our allocatod frequencies in
tho way described for a single hop.transrriission.

Thore is also a lowor limit-the " Lowest Usoful
High tr'requency " or " LUHX'," which is not con-
trolled by tho ionosphere alono, Lrut deponds on tho
ionospheric absorption, tho atmospherid noiso levol,
tho-power radiatod and the requiied field intorxity
at, the receiving encl. ft can bo irriv6d at, bv tho uso
of world contour charts of absorption end of abmos-
phoric noiso, br1t, for most purpbsos, the hish limit
by itsolf is sufficient. R,adio amatours ar"o mrro
likely to work abovo tho MUF f,han bolow the LUHn'.

fn-ordor to plair our schedule for a particular path,
we should draw horizontal lines acioss tho curve,
corresponding to our a,llocated froquencies, fitting
those to tho curvo so that the timos-to chango to a
highor or lowor froquoncy are clearly indicaG-d.

Present Trends
At tho prosent timo, wo aro approaching a sunspot

. maximum, and, though it is inipossible to sav #ith
any .cortainty, wo might }ia,zatd a, guoss th;t the
maximum itsolf will occur this yeai ifO+21, Tho
critical frequoncios and MUF's atl ths world over
have beon incroasing vory rapidly indeod, over since
tho sunspof minimum in 1.944. With our improvod
and more widoly, extended ionosphore moasuring
arrangements, 'wo havo boen ablo to follow this rapid
incroase much more closoly than was ths case during
tho la^st cycle, and a verv-interesting point omorsos.
?roviously, tho froquencies actually-made uss of-for
Iong distanco f,ransmissions did not, exceod about
21 Mc/s. in fhe case of commorclal and broadcast
services,.alth.gugl amateurs did uso the 28 Mc/s,band. At tho last sunspot maximum, oven the
?! !"/". band was thought by some to bo raf,hor
high in froquoncy for bro=adcast transmission. Our
exporienco during fhis cycle,-horvever, shows that at
the sunspot maximum, verv much highor frequoncios
than- any of theso could be used successfiilly for
regular loag distance transmission. For oxampio, on
a. transmidsion running in sottherly diroction-s frbm

40 Mc^/e., and tho OWF about 85 Mc/s. fi appears,
t)rorefore, that at tho last sunspot maximum, wo
did not mako uso of such high froqirenciu. 

"r 
*u,oieht

havo dono; and wo sholrl-d alw-ays remember tfiat
ionosphoric absorption, of coursel becomes greator
with. decreasing froquoncy.

Still, there aro often obslacles-other than tochnical
ones -to the use of tho most officiont high froquoncv ;to givo just one, it is not much good broidcastins oi a
froquoncy which is not covorodLy the waVe ranE"o of&
majority-of the broadcast roceiv6rs. ft. is inter"esting-
!o not9, howor-or, .that theso high calculatod MUFt
have beon well borno out by'ictual results. Tho
reception of tho B.B.C.'s transmission on 26 Mc/s. is
qonsistontly goocl in tho parts of the world to which.
it, is directocl. Amateurs o-btain, more or loss rogularly,
$ur$S c-e${g months of tho yoar, vory goodresulis
in the.28 Mc/s. band., The rocoptibriof British
transmissiong round about 40 Mc/s. has frequontly
beon reportod in many parts of tho world,'whilst
reception in this country of U.S. Police arrd FM
transmissions is a froquont occurrenco during the
equinoctal and wint,er months.
- Finally, thoro is tho notablo caso of fho recoption
by . amatours in this country of a United Siafes
station on 50 Mc/s., and tho recoption of a Dutch
amatour station on 50 Mc/s. in S:uth.Africa. This
doos not rnearr to say that b0 Mc/s. will over bscomo
a regularly-trsable communication froquency, but it is
probablo that theso particular tran-smiss-ions wont
by the regular "F" lavei offhe ionosphere. and thev aro
certainly intoresting-examplos of how hieh t,ho .'VIUF
for that layor.can occasionally riso. ihe coming
auturnn should bo oven moro propitiou,s for the
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€stallliBhment of contacts on this frequency-
although even then, we should not expect them to
become evervdav occurrettces'--irh" iuliir'" "predi,cti'on h,as been proubd correct--
nii"rout transailant'ic comtacts hdDi,%g recentl'y taken
pto"u o* frequencies betweem 50 and' 54 Mc/s'* 4o'\

, TIME

I'hese solar flares are random occurrencos, and,
thereforo, thoro seems to be no possibility-of making a
.".rtto"tic of their outbreak, and, therefore, nono of
i""ti"tittg the onsgt of the fadeoub' Bub it will be
'"u*e*buied that, in tho days somowhat preceding
the outbreak of War, certain amateurs had noted a
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Maximum usable Fr"q":irlil;, I Zone, March, 19-46"

E Layer 1,600 kilometrii. F2 Layer 4,000 kilometres.

Ionosphere Disturbances

Tho ionosphere, althouglr it has often. boen com-
oared to a -reflecting mirror held high in tho sky'
hoes not at all times ietain unimpaired its mirror-liko
orooerties. At times, it becomes like an extromely
iir"ii"t"A piece ofmetal, having hardly-any roffecting
nronerties-at all. at loast to certoin radio froqtroncies.
ttt irthu* words, it is subject to storms and disturb-
ances, and these fail into two distinct kinds.

The 6'Dellinger Faileout "
The first class of dis0urbanco is known as tho

" sudden ionosphere disturbanco," or " Dellinger
Fadeout." It almost always occurs in connection
with a solar flare on some pa,rt of tho sun's visiblo
tlisc. lt appears that, from the flato, thore is a burst
of ultra-vio'let radiation, whioh, travolling with the
speed oflight, penotratos the atmosphere as far as tho
'iD" lav"er-]ust below tho "E" layer-sotting
up a bodj' of ionisation, in which the-sky-weves^from
ridio trdnsmitters are complotely absorbed. Short
w&ve cornmunication across the day-light zone of the
world.is, therofore, interrupted, eittrer completely or
nartiallv. accordinE to the intensity of tho distu-rb-

"t"u. 
fll"u,u.e thJfadeout of radio signals is clue to

t]no absorptiao effect of the ionised -rogion, the lower
freouencies e,ro most, affectod, and tho highor fre-
oue'ncies oflen escapo interruption' lArhen the fade-
drrt 

"uu,tu., 
as ib u-sually does within a,n hour, the

frqquencies return into use from tho high frequoncy
end downwards.

6

oeculiar hissins noiso in thoir receivers when one of
ihuru fadeout*s was boginning. . This " hissing
nhonomonon," as tho amateurs called it, has recontly
teon shown io bo an onhancemont in tho intensity of
that, solar noise which is moro or loss regularly ob-
servablo onvery short wavelengths, a,t loast during the
Dassase of a sunsBof, across tho sunls disc. In fact, it
is notiiing moro nior loss than roception of radio energy
boinE omil,ted from the sun.

It"is interesting to noto, howevor, that tho noiso
intensity is greatesf slightly boforo the -short wavo
fadeout-bogins, though whethor this-is of vory much
valuo to ariyone engagod in practical communicat'ion
is a, dou6lful p-oint. The intensity , of noiso
diminishes, of course, because, onco tho iolisod
resion has been built up, the solar radio f,ransmission
is;lso absorbed there, and cannot got through to the
earth. Wo may concludo, thorofore, that to all
intonts and puiposes the Dellinger fa4gout is an
unoredictatrld p[enomenon' Worso still, onco it
oc6urs there is ^vory lil,tle we can do about it from a
practica,l point of viow' By working on tho highest
irsable freiuencv, we should avoid tho worst of the
offects, at-loasi during all but tho most intenso of
theso fadoouts, but, foi the amateur, the best advice
seems to bo to sit still and wait for ii to subeido.
Fortunatol;', one does not have long to wait'

-
f-h_e_!.onosphere Storm

It is othorwiso, howovor, wilh t'he sscond class

of disturlranco, that which is callod tho " ionosphoro
storm," for this ofton Iasts as long as a foxtnight' On



the other hand, its effects aro not so sorious as are
those of the Dellinger facleout, though considerable
disruption to short wave services does occur, The
ionosphore storm seems to be due to the arrival in
the atmosphore of corpusclos ejected from the stur,
appg,rently from near the central zono of the disc.
The storm ssems to be connected with a sunspot
on the solar dise-or possibly an M rogion thereion

-and-the 
offending sunspot is, thereforo, often visiblo

just past the centro when the storm starts, ha.r.ing
moved a very considerable distance during the time
interval']:etweon the departure ofthe corpusclos from
the sun and fheir anivalin the terrestrial atmosphere.
Itreir effect upon the "F" layer is so to upsetits
structure that its reflecting power is diminished.

During ionosphere storms, transmission rvill,
therefore, often bo better on frequencies a little
lower than those on which it is best dlrring undis-
turbed days, and if two frequency bands can bo used
for the one transmission-as is often the case with
broadcast services-a certain measure of protection
against ionosphere storms rvill result. That is not
to say that reception will be as good on the lolver
froquency dr,rring the ionosphere storrn as it is on
the correct frequency during an undisburbed day.
For the radio amateur, if cornmunicaiion on a high
frequency band fails orving to an ionosphere storir,
tho only thing to do is to change to the next lowest
frequency band anci hope for the best.

It.would bo particularly useful, in regular com-
munication sorvicesn if the occurrence oflonosphere'storms could bo predicted, but, although the subject
has been under close study for some vears, we cannot
yet claim to be able to forecast the occurrence of a
storm with very great reliability. Both magnetic
and .ionosphere slorms tend to repeaL themselJes at
intervals of aborit 27.3 days, because at those
intervals, on the average, the sairre areas on the sul
are directed towards the earth. Thus, if corpuscular
stre&ms frorn thoso areas have caused one stoim, they
ma,y. be expected to cause further storms, if they
porsist. At the tirne of tho sunspot minimum, this
27.3 day recurrence was working very woll, and very
accurate forecasts resulted, but nowadays, the
recurrence tendency seems upset and obscrued by a
ma,ss_ of suaspots breaking out in difforent positions
on tho sun's disc, ancl giving rise to disturbances
during what should be perfectly quiet periods. .Ihen,

again, a clisturbanco which is expected will often
occur a day or so lato, and as to tho longth of time
for-.which.it will persist, there is no reiiable way of
telling this at all.

There are various indications which give short-
term warning of the onset of a storm. I'he critical
frequencies aro usually very high just before a storrn It_|q eg,rt-h's- magnotic field often becomes highly
disttubod shortly beforo a storm brea.ks o,rt; "Di"
boarings suffer lateral deviation early in a storm;
loutes- tra,versing poiar regiohs are aflected by the
disturbance bofore thoso- passing through iower
Iatitudes; a peculiar form of distortion-is ofton
observable on broadcast, stations within the skip
distance. So, whilst no highly reliable inclication df
the coming of a stormy day is possible, oif,her on a
long- or a short-torm basis, the Jubject is rvell undor
consideration, and.as time €loes orr v/o may hopo to
be able to forecast such storms with greater-a"",_iacy.

Conclusion
The subjcct of ionosphore data, and tho waV it is

obtained anrl applied, is a very large one, arr.l itg
study greatly facilitates the efficieni planning and.
oporation oflarge-scale short-wave servicds, Tliero isa great deal yet to bo learned, a,nd, both in the
acquisition of experimontal da,ta and in the develop"
ment of thc teclrnique for applying it, to practical
purposes, there is plenty of room for amatsur
activities. There are many interesting phenomena
which stiil require investigation-for exi,mple, the
causes, geographical extent, movemont, and othor
characteristics of " Sporadic E ."-and amateurs are
often in a better position than engineers to obsorve
and re.port upon sorno seemingly unimportant
happorring, which may, in fact, bo'of the freatest
scienf,ific significance. They are not bound-bv the
necessity of maintaining a continrrorrs comm-ercial
service, or providing an ulinterrupted broadcast,
prograrrune, as is the engineer, a.nd Lhus the scope of
their observations is less restricied-
. lnformation sec_urod by radio amateurs has ofton,
in the past, proved ofgreat value in ttre investiEation
of ceitain phenomona, and in the enlargoment"of tho
general field of scientific knowledge. And it has also,
uitimately proved t-o be of great help in tho ordinary
day-to-day work of the short-wave-engineer.
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A growing number of amateurs are using RGl-240A's
in their ' modulator' and ' final' power supply units.
And there is much to commend this half-waVe
mercury vapour rectifier. Its life expectation is well
above average; it has the advantdge of a constant and
small voltage drop; the use of zirconium reduces
positive ion bombardment ofthe cathode; every valve
is subjected to rigorous back-arc tests; its price is 20/-.

Here are a few notes which will help users to get the
best from this very reliable valve. The use of Correct
filter circuits and the careful observance of the
operating rules are essential if maximum life is to be
obtained.

Characteristics

0-50" c.

DYNAMIC

Circuit Output Input
Filters

L.
inH

c.
in pF

Single phase
full wave

1500v
500mA.

1670V rms
per valve 4.5

1000v
150mA

1120V rms
per valvg 10

4

4

If a double filter
section must be the

used the values in the first
same as those for a single filter

ft

flaNs
II{DUT

vr, v2, RGt-240A. Tr, 1200-0-1200v/l50mA.
Lr, 5-25H Swinging Choke 250/50mA.

T2

Cr' 4pF.

Condenser,filter input circuits must not be used or
the peak Ia will be exceeded.

Operating Rules
After transportation, all mercury vapour valves

must be run-in without H.T. for at lgast 30 minutes in
order to remove mercury from the electrodes. In
normal use, the filaments must be run for at least 60
seconds before H.T. is applied, to avoid cathode
sputtering.

Recommended Circuits
Final or P.A. Supply (suitable for use with a

QY2-100 or 813).
Modulator Supply (approx. 0.25o/o ripple) (suitable

for use with 2 QV05-25's or 807's).

FINAL or P.A. SUPPLY

STATIC
4.0v
2.7A
4.7KV
t.2sA,
25OmA
l6v

Filter Circuits
The values of L and C quoted in the table are for

the specific output cutrents stated. For operation
undei alternative conditions these values must be re-
calculated. L should vary in direct proportion to the
effect.ive load resistance:

": S (inout at 5o cYcles)

or, to allow safety. factor,

, - Ygot x 1.5 (L in henries; vout : required
" - Ioirt voltage; Iout: current in mA)

provided C rsmains constant al,4 pF.

e.s.-For 1000V at 100mA, L: # x 1.5 : 15.

If the ripple is too great and C has to be,increased,
then L muit increase in direct proportion. Conversely,
L may be reduced in direct proportion to any reduc-
tion in C.

MODULATOR SUPPLY

THE MASTER YATVE

!r't2
ltatNs

V',V?, RGI-240A. Tr,750'0-750V/250mA. Tr'2-0'2Yl6A.
R;, 15000 ohms 25 watt. L1, 5-25H Swinsing Choke.250/50m4.

Lr,20H/250mA. Cr,Cz,4pF.

Mullard
TIIE MULLARD WIRBLESS SERVICB CO., LTD'' TRANSMITTING AND

INDUSTRIAL VALVB DEPT., CENTURY HOUSE, SHAFTBSBURY AVE., W.C.2
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-= Veloeity Modulation Tubes fo,
Centimetre Waue Cornrnunieatiorts*

By A. F. PEARCEI

fntroduction
$ELOCITY modulation tubes may be usecl as
{ oscillators, amplifiers, ancl mixeri. The wave-' band lor which Ihev are mosl srritablo is o,pproxi-

mately from 2,000 to 10,000 ,Mc/s., or, in t'orms of
wavelength, from 15 to 3 cm. Wavelengths of this
order are very convenient for radar purposes, since it
is possible to employ highly directive beams using
an aerial of moderate size. Consequently, although
velocity modulation was in its infancv in 1939, much
devolopment was carried ouf both in this country
and in America during the war.

Owing to tho fact that, for radar purposes, pulsed
transmission has hifherto been usod almost exclus-
ively and that the magnotron has been found very
suitable for the transmitter, research on velocity
modulation valves has been largely confined to
providing a low power CW oscillator to act as a beating
oscillator in tho receiver. Consequently little work
ha"q so far been dono on high powor CW valves,
eithor as oscillators or as amplifiers.

The principle of velocity modulation was first put
forward by A. and O. Heil in 1935, and applied to an
oscillator at a wavelength of about 20 cm. fn 1939.
much improved osciilators for shorter wavelengths
rvere devised by Hahn and Metcalfe, and bv R,. H.
and S. T. Varian. The latter workers used hollow
resonators, which they called rfiumbatrons, the whole
osciliator or amplifier being termecl a klvstron.

Bofore describing the principlo of the hlystron
perhaps it, will bo appropriate to comment on tho
failrre of conventional valves of the triode class at,
very high frequencies,

X'ailure is due to the fact that electrons take a
finito time to pass from the cathodo to the grid. In
a conventional triode this time is of the order of
l0-9 of a second, which is negligible comparod with
the periodic time of an oscillatory potential applied
to the grid, if the frequency does not excoed a figure
of about 100 Mc/s. The current drawn from the
cathode thus faithfully follows the voltage impressed-
upon the grid. At, higher frequoncies however this
is not the case. The alternating voltage on the grid
may change appreciably during the transit of the
electron botween cathode and grid. ft may even
revorse its sign. Jt is evident that ulder these
conditions tho current will not follow tho grid voltage,
and the valve becomes less and less efficient as the
frequency is increased. By reducing the grid-to-
cathode spacing within tho valr'o, tho frequoncy
range may bo incroasod, but there are clearly
limits to this process. The limit appoa,rs to havo beon
reachod in triodos of the grounded grid type, which
may bo usod as oscillators at l0cm., although the
ofliciency is falling rapidly in that region.

Principle of Velocity Morlulation
Velocity modulation makes uso of transit time

effects to produce a charge density modulation of the

t E.M.I. Research Laboratories, Ltd'
* An s,bri.dged wrsion of a ysa4ser redd, to the Societu &t @ Meeting

hald, or\ NoDember 15th, 1946, et the InstitutliotL oI Ekctricatr
Ewineers, I'ond.on,

eloctron beam. The principle is most easily under-
stood in the case of a velocity modulation amplifier
(Fig. f ). Gl and G2 are a closely spaced pair of grids
between which is connectod a resonant' circuit LC,
t'uned to a frequencv/. This is the " buncher." Some
distance away is the " catchor," which consists of
:r, similar pair of grids, G3 and G4. with a similar
circuit also tuned to.the same frequency./, G2 and
GB are connected together and to a source of potential
Vo, the negative end of which is connectod to the
cathodo of an electron gun. The electron gun projects
a beam of electrons through both sets of grids, the
beam being finall;' collected in the collecting electrode
or: anode, which is usually run at the same potontiai
as the grids.

Suppose now that, the buncher circuit is couplod
to a source of high frequency powor of frequency
./, A sinusoidal voltage, such as that shown in the
lower figure. rvill appear bet'rveen Gl and G2. This
rvill accolerato elect'rons passing through during the
positive half of the cycle and will decelerato thoso
druing the negative half. Some electrons, such as
the ones represented by A and C, will be unaffected:
Consequently, electrons emergo from G2 with a
range of volocities; the beam is i;hen said fo be
volocity modulated.

Now the space between G2 and G3,-ca11ed the
" drift space:"-is field freo, so that each electron
'braversss it wibh a uniform speed equal to that with
which it leaves G2. It is easy to see that the chargo
density soon becomes non-uniform. Consider the

Burucree
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{
Fig, l.

The Velocity Modulation Amplifier Circuit used by the author to
descrlbe basic principles,
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l electrons represented by B, C ancl D. The electron
C has its velocity Lulchanged by the buncher. B will
be retardetl. bul iI pnsses lhrortqh the lrtincher
slightlv ear'lier tlran C. T'lrei'ei-ole. in moving aJong
the drift space the two get closer and closer together,
until, after a certain time, thev are equiclistant from
tho buncher. The electron D is accelerated, but
starts later than C and so catches up on it just about
when B and C coincide, so that, a1, a certain distance
from the buncher, a,ll three electrons pass bv together.
Elect'r'ons which start at other parts of the cycle
centering on C-that is between A and E-behave
somowhat similarly, so that, a,t a certain distance
from the buncher, the electrons pass b;z in bunches
once in every cycle. The electron density is high in
t'he bulch and low between bunches. Thus we see
that the mere drifting of the electrons in the drift
spaco converts the velocitSr modulation into a charge
density modulation. If now we place the catcher
at tho point of high charge density,,resonance will
occur (since the catcher is tuned to the frequencv
of the repeating bunches) ancl the catcher circuit
will be set into oscillation.

It wiII be noticed that owing to the high mean
velocity of the electrons, the transit timo problem,
which is the limiting I'actor in the case of triodes, is
largely removed.

In order that the onergy transferred to the catcher
shall be maximum, the bunches must, pass through at
the instant rvhen the high frequency voltage between
G3 and G4 is at its maximum val.ue and in the
direction which retards the electrons. The phase of
the osciilation in the catcher will automatically set
ifself so that this condition is satisfrocl. The exact
phase relationship between buncher and catcher
depends upon the drift length and the aYerage
electron velocitv, 'which in turn depends upon tho
input voltage, 76. This phase relationship is not of
importance in an amplifier, but is of more import'ance
in an oscillator, as will be soen later on.

Very littlo onergy is required to btrnch the electrons.
In the ideal case we have been considering, it is
zero, but in practice a certain amount, of enorgy is
lost in the resonant circuit, and some is absorbed by
the beam. In a woll designed amplifier this is small
compared with the energy given up to the catcher, or,
in other words, the high frequency input power is
amplified. 'Ihe power may be fed into a load in a
mannor similar to that emploved in tho buncher
circuit. In practico, power gains of between 5 an.d
20 times have been achieved at, wavelengths of
about 10 cm. l'he ef6ciency, that is, fhe ratio of the
hiEih frequency powor in the load, to the DC input
power, is about 20 per cent.

The picture so far presented of bunching and
catching is a rather simplifiecl one. OwinpJ to the
sinusoidal natru'e of the btmcher voltage, the bunches
are not perfectly sharp, One effect of this fact is
that the elficiency can never reach 100 per cent.
but is limited to a theoretical maximum of 58 per

' cent. Mathematically, the bulched-beam may be
regarded as an infinite series of alternating ctlrrents
of tlre funclamental frequency J a[d all its harmonics,
2f , .3f, 4J and so on. The intensity of the harmonics
i6 r6latively high. Consequently, if we tune the
catcher to a harmonic of the buncher fi'eqnency,
an output, of the higher.frequency may be obtained.
The 'device is thon working as a {requency multi-
p1ier.

'Tuned Circuits
At centimetre wavelengths inclr.rctances ancl capaci-

ties of the ordinary kind cannot be used, because of
excessive resistive ancl radiative Iosses. Instead, hollorv

, resonators, usually made of copper, are usocl. 'Ihese
may have & variety of shapes.

10

The particular shape used by the Varians is showrr
in Fig. 2 (a) but a more common shape is bhat shown
at (b). Generallv, the resonator: is of toroidal form,
and has a re-entrant, portion at the centre. The
electron beam crosses the resonatot through tu'o
apertures, across which there ane usually grids to
confine the high frequency field within the resonat'or.
The purpose of tho re-entrant portion is to allow the
electrons to cross the gap in a length of time which-,
is only a small fraction of that of a cycle of the oscilla-
tion, so that the magnitude of the electric fi,eld
across the gap does not change approciabiy during

Fig.2 (a).

Hollow Resonators are usdd instead of
capacities at centimetre waveJengths,

form developed by the

the
Th

usual inductances and
e illustration shows a

the electron transit. Such a resonator may be thought
of qualitatively as consisting of a capacity at the
centre, acr:oss which is connected a single-turn
inductance. The high frequency field is confined to
the interior, thus eliminating radiation loss, ancl.

the copper loss is low, so that a high Q and a high
shunt impedenco are obtained. The later in particrrlar
is very desirabie in a klystron. The electric field,
which is approximately parallel to the axis through-
out the resonator, is strongest at, the centre and falls
off to zero at the periphery, whilst the magnetic
field, rvhich is circumferential, increases towards the
outside. It is not essential to have grids in a tesonator
if .tho apertutes a,re small enough and the beam
voltage high enough.

Fig.2 (b).

Shcws a more usual {orm of Hollow Resonator.

In order to couple to a resonator of this kind it
is usual to insert a loop which couples with the
alternating magnetic fielcl within t'ho resonator.
This loop is connected to a balanced pair or moro
usually to a co-axial line, along which the powor is
fed. If it is desired to feed power into a rvave guide,

' this mtr,y be done by cutting a slot in the resonatol
wall and attaching it to the encl of the \r'aveguicle.

The Klystron as a Self-Oscillator
Clearly, all rve have to do to the amplifier to make

it oscillate is to feed back a portion of the energy of
the catcher irito the bturcher, in the correot phaso.
This may be achieved by means of a coaxial line as
shown diagrammatically in Fig. 3.

\zery often the drift-length required is such fhat

Varians

i
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the resonators may be placed back-to-back. Coup-
ling is ihen quite easy, by either of .two methods.
The first, is to havo a single loop partly in each
resonator and passing through a hole in the common
wall. Tho second is by means of a slot or slots in the
dividing wall. T'his allorvs the magnetic field of one
reson&tor to couple with that of the other.

'When resonators aro directly corU)lecl in this way,
there is a definite phase relationship botween the
voltage across their gaps, In fact they are eithor in
tho same phaso or in opposite phases, Referring to
X'ig. I again, if the resonators are in phaso a bulch,
the centre of lvhich passos through the buncher at

Reflection Oscillators
So far, only velocity modulation valves having

two resonators havo been mentioned, It is evident
that a single resonator can be made to serve as both
buncher and catcher by revelsing tho direction of
the electrons after the" first traisit, so that they
trawerse the rosonator a seconcl time in the opposiie
direction. 'Ihe principle is shown in Fig. 4.

Usually the electrons are reversed by means of a
reflecting olectrode, I-1,, which is held at a negativo
potential with respect to cathode. In that case,
deceleration occurs after the electrons leave tho
resonator, and they are roflected from a plane somo-
where between tho resonator and the reflector. Tho
reflector is so shaped that the electrons are focussod
back through the resonator aperture and not allowed
to spread latorally.

The most important advantage of having only
one resonator is that the tuning of the oscillator is
much simplified, since there is then no problom of
iuling two resonators to tho same frequency, as in
the l<lvstron. A disadvantago is fhat the efficiency
obtainable. is approximately halved. That is not,
however, of.much importance in tho usual applica-
tion of xeflection oscillators, whieh is to act, as
beating oscillators in suporhet receivors. .Using 

a
crystal mixer, a power of some 20 to. I00 milliwatts
only is required for bhis purposs, and this is well
rvithin the capa,bilities of a reflection oscillator.

In a reflection oscillator, the phaso condition is a
definite one, since the buncher and the cafcher are
one and t'he samo. Bearing in mind that the soconcl
transit is in the reverse direction, we find that the
transit time must bs rt, f f periods for usual shapes
of reflecting fiolds, whore rz is an integor. There are
nov', however, trvo voltages that can be used to
satisfy this condition, namely the resonator voltage,
Vo, atd the reflector vollage, Vi. Usually it is
easier to vary the roflector voltage and to leave tho
resonator voitage fixed. The effoct of this is to vary
the distance travorsed by the electrons before
reflection, At cortain values of the reflector voltage
the distance is such that the transit time condition
is satisfied. Oscillations are then obtained. IIonce,
as we vary tho reflector voltago from zero upwards,
'we pass through tho various modes in decroasing
order. The efliciency is not, of course, the same in
all modes, and mav bo zero in somo of them.

Electronic Tuning
Anothor propelty of reflection oscillators is that

their frequency may be controllecl to a small oxtont,L

.t.

{

I

I
1
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Fig. 3.

A klystron may be made to self-oscillate by feeding-back a portion
of the energy of the catcher into the buncher. The diagram shows
how.this can be done by means of a co-axial line.

C, must, in order to give up energy, pass through the
catcher at tine F, or any whole number of periods
later than F. I{ence the transit time must be } of
a period, or lf poriocls, or 2f periods, and so on. ff
the resonators are so couplecl as to be out of phase,
the transit time will be f, ft, 2i, etc. periods. In
oither case, it is clear that, since tho length of the
drift space is fixed, thore is only ono voltage that will
satisfy the phase condition for each modo. IIence
a velocity modulation oscillator rvill operato only at
a sories of discrete voltages.

The load, too, must be correctly adjustecl if there
is to bo a maximum transfer of power to it. This may
be done either by moving the loop, or, if the loop is
fixed, by suitable matching in the line leading to the
load.

Klystrons

The CV80 is an example of a l<lystron oscillator,
designed for a wavelength of 6'95 cm. and the. CV81
for 7 .4 cm. T'he nominal input is 6 kV 250 mA, and
the high frequency output is 100 to 300 watts, giving
anefficiency of l0 to 20 per cent. Mosi of the valve is
made of copper, and it is the usual practice to earth
tho resonator and anodo, and to have the cathodo
at a nogative potential.

R Fis.4.
lllustrates how a single
resonator can be made to
serve as both buncher
and catcher by reversing
the direction of electrons

after first transit.

I
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bv electronic means. If the reflector voltage is such
tiat the transit time condition is satisfied, then the
oscillating frequency is the natural frequoncy of the
resonator, If, 'however, the roflector voltago is
slightly differont from the optimum valuo, then the
electron bulches arrive at the resonator gap slightl;'
out of phase with the voltage across it. In other words,
the bunched.beam presonts a reactivo impedance to
the resonator in addition to the usual resist'ive
componenf. Now, in anv oscillating system, the
total reactance is zero; hen.ce, if oscillation is to
occur, this reactive component of tho beam must be
neutralised. I'his can be done by the resonator if it
oscilla,tes at a {'requency other than its truo resonant
frequency. lhe not result, therefore, is that the
frequency of oscillation changes. Thus, as the reflector
voltage is variod through the region ofoptimurn output,
the frequoncy changes continuously. Of course, the
power output docreasos on. either side of the optimum,
eventuallli dropping to zero. 'fhe magnitude of the fre-
quency change that, may.be produced dopends upon
various factors of the valve de3ign, prominent among
rvhich are the loaded Q and tho geometry ofthe reflect-
ing field. It is usually greater in low voltage than in
high voltage tubes. At a wavelength of l0 cm., the
magnitude of this frequency change is about, 20 to
30 Mc/s.

This property of the oscillator is useful for Anto-
'' rnatic Frequency Control, and has been so used in

radar recoivers, It, is not' uncommon for the frequency
of the transrnitter to vary appreciably, especially
if, it is a maghetron, owing to changes of impedence
a,t the antonna due to scanning, or for othe4 reasons.
lf this happons, for ellicient receptiol b)' the super-
heterodyne method, tho boating oscillator of the
receiver must also change froquency by the same
amount so as to maintain a beat frequency of 30
Mc/s,, or whatever frequency is chosen as the inter-
rnediato frequency, 'Ihis may be brought a,boub by
arranging tured circuits in the I.X'. stage to generate
a voltage, the magnitude and sign of which depends
upon how far and in what direcbion the intermediate
frequency has departed from tho specified vahe.
This voliage is applied to the reflector of the oscil-
lator, thus changing tho frequoncy until the inter-
mediate frequency is rest'orod to its nominal value.
Quite rapid changes of signal frequency may in this
rvay be followed.

Co-Axial Line Oscillators

This type of velocity modulation oscillator uses a
co-axial line as a resonator. The line will resonate
when its offective length is an odd number of {
wavelongths. In practice only the { and t wavelength
modes are usod,

In order to allow an electron stream to pass through
it, tho cross section of the line is modified at a point
a { wavelength from its closed ond. 'Ihe outer
conductor is turnod in to form fins, and the inner
conductor is flattoned to form a channel, through
which the flat, sheet-like boam can pass. In this way
two ga,ps aro formod, in oach of which the olectric
field is intonse and localised whero it intersocts with
the boam. Tho beam is formed bv an eloctron gun
consisting of a cathode, a " control grid " and a
" screon grid " which acts as tho primary accelerator.
The boa,m, after its passage through the co-axial line,
is caught on a collecting anode. In order to focus the
beam, a, magnetic field is necessary, and this is
provided by a small permanent, magnet surrounding
the valve.

t'ho mode of action is similar to that of any two-gap
kiystron, The first gap acts a,s the " buncher,t'
modulating the voiocity of the boam. T'he inner
conductor acts as a field-free " drift-tube " in which

L2

the velocity moduiation is converted into eloctron
density modulation by the rvell-knos'n formation of
bunches, whilst the second gap acts as the " catcher."
Three such valves are mentioned in tho table below,

Practical Examples
The following table gives a summary of somo V,M.

valves :
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i

I
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I
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i

I
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Applications
The tatrulated lisi of oscillators is not, exhaustive,

but it includes some of the principal typos that have
been developed in this country.

Very littlo has bosn said about amplifiets, becauso
oscillators aro at prosent, most, likoly to be of interest
to amateurs, and because amplifiers have not yet
been developed to any great, extent. As already
mentionod, klystron amplifiers have been made both
for powor amplification and for low level amplifica-
tion of weak signals. In the latber case, it has been
found that such amplifiors have excessive noise, and
are thereforo not, very useful. Velocity modulation
mixers have hithorto suffered from the same defect.

Coming now to the application of osciilators to the
communication of intelligonce, the available mothods
may be divided into throo broad classos. 'Ihe 6rst
two, which apply to CW transmission, are ampiitude
modulation and frequency modulation; the third is
pulse modulation. The lattor will not bo discussod
here,

With regard to amplitude modulation, tho two
principal ways.of doing this are by variation of the
resonatirr voltago or by variation of current,. llho
former involves change of input power in the klystron,
which has to bo suppliod by the modulating signal,

i
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I
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l

rl

til

l1

ll i
lrl I'€\

Typu

cv35

CV36

CV37

CVII6

aY%7

c\r238

cv272

cv234

CY228

cv230

CV87

CVT29

cv322

Description

Reflection oscillators. Wavelength
range coverecl 8'8 to lI'0 cm. Input
1300 volts, 7 mA. R,eflector -300volts. Output 0'3 to 0 5' watt.
Foerrssing electlode a rottnd cathode can
be rrsed as an amplitude conlrol. lor
modulation purposes. Frequoncy
stable type.

Low voltago oscillators. Wavelength
lange covered 8.3 t,o ll'0 cm. Similar
const'ruction to CV35 sories, but, with
larger apertures, ancl with grids. Input
250 volts, 30 mA. Reflector -100 to
-150 volfs. Output 0 2 watts. MaY
be usod for AX'C or frequency modula-
tion, because of electronic tuning rango
of about, 30 Mc/s. Ilsed mainly as
beating oscillator,

Co-axial Iine oscillators. Wavelengths
8-16 cm., 6-7 cm. and 9.75 10 15
cm. respectively. CV234 and CV228
are frequoncy stable type. CV230 is
designod for electronic tuning, and has
a tuning range of 20 Mc/s. All work at
250 voits and give an output of 0 5
watt.

3 cm. oscillators. High
frequency
about I50

stable types
milliwatts.

voltage,
Output

3 cm, oscillator, with resonator within
envelope. Low voltage type, for elec-
tronic tuning. Output 60 millirvatts.



either direcbly or aftor a,mplification. Consequently,
currgnt modulation at, constant, tesonator potential
is proforred. Most of the oscillators describod are
proividod with a, grid which may bo used^ for this
DurDose. a,nd it, requires no powor. $ome iroquency
irroadu,iiott invaridbly accoinpanies this amplitude
modulation, but if a' frequoncy stablo oscillator of
tho high voltago typo is usod, this is not oxcessive.
tr'or instanco, in the CV35, tho grid-swing required
for 100 per cont. rnodulation is about 30 or 40 

-volts,and tho frequency chango is only one or two Mc/s.
T'or higher powors, tho klystron CV80 requires a
grid-swing of several hundrod volts, and has a
frequency shift of 3 Mc/s. or loss.

Frequency Modulation
X'or froquency modulation, a low voltage rofloction

bscillator is most euitable. As wo havo already seon,
froquoncy changes of up to 30 Mc/s. aro available,
and the'rato at which tho froquency changes with
rofloctor voltago is about one Mc/s. per volt. If tho
full froquoncy iange of 30 Mc/s' is usod, tho ampli-
tude will fall to approximately ono.half at oach
extremitybutfor'a froqqency modulation of only a
fow Mo/s. tho amplit,ude chango is small.

Suitablo oscillators for froquoncy modulation
transmittors are tho CY116 class end the CV230 in
the l0 cm. band and btre CY322 in the 3 cm. band.
No valvos giving appreciably greater powers than
thoso aro at present availablo.

Conclusion
From this roviorr it would appear that for recop-

tion purposos, thoro is a roasonablo choice of boating
oscilfatois for wqvelengths in tho rogion of l0 cm.
and also at about 3 crn, It has recently beon an-
nounced that a wave band from about 12'3 to 13
cm. (2300-2460 Mc/s.) has boon allocatod for

amatour use. In this connection it may be of interssc
to noto that tho oporating wavolongth ,of tho high
voltage oscillator CV36 and of the low volta,go
oscitlator CY272 llnlay bs increasod by fitting a
largor rosonator fhan tho ono providod.

dn tho transmission sido, foi CW purposes, ono is
at presont, limited to tho same oscillators apart, ftorn,
tho- fixod froquoncy klystrons CV80 and CVSI'
Ifseful ranges o.f 3O 1o 40 miles have, howovor, boon
reported on powers of loss than half a watt, ustng-
gO- inctr paraboloids. Tn tho Radiolocation issuo of
b}oo Jowri,al, oJ the I .8.8. Mogaw roports transmissions
over dista,nces of up to 200 miles at, I om' on a, po'wor
of 0'6 of a watt, and over.a 57 mile link at, 3 cm.
using a r-eflex oscillator of, 150 milliwatts output.
fn both cases 4 ft. paraboloids woro usod.
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ETECTRIC & ]YlU$IGAL

- the Pioneers of
Electronic Teleuision

INDU$TRIE$ TI1llITED

- the Recording cente
of the World,

TRANSMITTER VATVES
A leaflet is now obtainable containing
details of the available range of
E.M.I. Transmitter Valves which
operate with a remarkable constancy
of characteristics throughout their
extremely long iife (the Application

This novel instrument is an essential aid
to all ulers o{ Short Wave Comrnunica-
tions. It is designed to sholl, cleaily
and easily the areas of daylight and
darkness over the earth at all hours in
each month of the year. It is particu-
larly useful for short
wave radio communica-
tions because it shows

at a glance whether day-

light or darkness waves

should be used for direct
communications be-
tween any two points.
The Solariscope consists

of a double Mercator
Projectio.n fiiap, on
which the land boun-
daries are repeatecl,

wound in cylindrical

The F/S/{ Solariscope

Report is.issued with each valve).
The leaflet also contains operating
data for the various conditione
under which the valves may be used.
Write E.M.I. Sales & Service Ltd.,
Hayes, Middlesex.

form round a rigid former. Over this
may be fitted the. transparent charts,
marked rvith the months for which
they are appiicable. Those not in
use may be kept inside the instrument.
These shadow charts enable:

(r) The areas of day-
light and darkness on
the world's surface to
be instantly ascer-
tained at any time of
the day or night.
(z) Comparisons of
Mean - Solar Time
between any two or
more places in
the world to be made
without any calcuia-
tions.

pnrcB I curNEA

1

I

If this instrument is not stocked by your local dealer it can be supplied direct from

E.M.I. SALES & SERVICE LTD.
(AMATEUR RADIO DtVISION) HAYES, MIDDLESEX-
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T.C.C. CALL'NG ALL ,, HAMS''' . . .

Have you got your T.C.C. Lists of Electrolytic,
Paper, Mica and Ceramic Capacitors. .Send . for
Lists' Nos. 123 and 132 enclosing a 2$d. sramp.
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AurrEuB
f.nnYSTONE ond tlre

\ A rE are all familiar with shortages-material shortages-but there is one

f f shortage that nothing on this earth can put right-and .that is TIME.' ' On every hand, one hears such remarks as " I haven't had the time."

Radio amateurs are no exception-in fact, it is true to say that radio
amateurs iack time more than most-to build or modify equipment-erect
new aerials-actually work " on the air "-and the host ofother complications
which attend a radio amateur's life.

ln " the good old days," there ivas little option but to build one's own
equipment. To-day, we say good luck to the man who still prefers to build his
own.gear-there is nothing like some practical experience. Many " hams "
will have learnt that, whilst i'straight " sets are not difficult to make, eventhen
many snags crop up and it is.,not easy to obtain a good performance over the
wide ralge of high friquencies allotted to amateurs

' 
.Few will qu6stion the necessity of using a highly selective superheterodyne

receiver in these days ofcongested bands. Those who have actually attempted
to build one will know that a lot of time is taken up in the actual construction
and usually even more in making adjustments, gefting rid of the " bugs " and.
obtaining adequate performance on all the usual bands.

Some amateurs (usually those with a professional background) have the
knowledge, and test equipment, to build an excellent receiver. To others we
say buy an Eddystone " 640 " Receiver. Commercial interests aside, we can'
assure you in allsincerity that you Will be well satisfied with its performance-
many receiv,ers are now in use and by every post we receive testimonials to the
excellent results obtained. You will get excellent value for your money-the
receiver is a solid engineering job, entirely British made, and costs f39. 10.0.
There is NO Purchase Tax.

Space does not permit the discussion of the finer points of the " 640 "
and of their relative importance,but we hope to do so in future advertisements.
lf you are not already familiar with the receiver, you are invited to get into
touch with one of our agents, or with us direct.

With a first-class communications receiver sittingon youroperating table,.
your problems on the receiving side will be at an end, and you will have more of '
that ihfinitely precious, if abstract, commodity-T|ME-to devote to your many
other interests.

Printed in Sreet Britaln for tho INc. naDlo SocIETy oF GRE,{.T BRrrLr& Nerv Ruskin Eorxe-Little Il,ussell Street, Londoq, W.C.1
by sir.Iossph Causton & Sons, Ltd., 72 Fleet Street, London,8.C.4.
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