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WoOUSA
Radio Amateur Exhibit
“A CENTURY of PROGRESS "—1934

P

The Worli's Faw Radio Amatear Council, sponsor of the 1933 Radio
Amateur Extibit, will agan be host 10 all vaung hams 1n our 1934 Display
This year you will Gnd our interesting {eatures In the Travel and Transpost
Building at X Century of Progress, Chicago
Nerly 1000 square feet—crawded with Radio Amateus Exhibils and dis-
plays—a show you will sever forget
Amateur Radio—presented to you in 2 New Way —colorfully and artss
trcally handied o true 1934 style
WOUSA 15 our call {or all transmitters m use at the Fur We will go on
the air about May 1%th, on 7030 K C  Watch for us and give a call or
send 2 repont when you hear us  Thanks
There wall be sx transmitters of vanous powers and types. You may
come over and work one of the ngsif you being your Boense with you (This
w5 absolutely necessary mnce no one will be to operate without bis
License) HRemember this—for your own sadsfaction
Yes, the Acrl 18 100% with the World's Fair Radic Amateur Council We
are not only afibated with Ard bout QST 18 doing everything possbie to
help us present the story of Amateur Radio to the Public
,Radic manufacturers will have thew latest and best materal on display
and it use 1n OUr trantmitters
~  There will be prizes for the best manufachurer’s exhibit and pruzes of zll
k.nds for attendanee of radio amateurs from everywhere
Something doing every minute the Fair 1s open—for fve months. Special
fearutes and srunts will be maintained and there will be plenty of activity.
Among the Special Features of the Radic Amateur Exhibit, will be the
wansmatter i operation in the Court of the Hall of Science A Century
of Progress™ is cooperating in this activity and every afternoon -an audience
of 10,000 will see our feature performance consisting of sctual radio wans-
mysmons conducted in true amateur radic fashion. 1
Contact will be made with radio amateyr stanons thraughout the world
pamanly on the 7000 and 14,000 K C. Bands. i
Both Code and Voice wall be used, on the proper bands, and both sides
of all conversations will be presented o our iu e qudience stated m the
Court By giving the complete conversauons to the audience, with the ad
of an intncate Joud speaker system, our guests will be enabled to “listen in™
on an Amaseur Radio Station at work and get the feeling of an acrual “Q80."
Many will thue have their frst opportunsty to see an Amateur Radio Station
in acton
“The World's Fair Radio Amateur Coundil is building 3 Special Transmitter,
for the purpose, conusung of two 203-Az Class B modulating two 211s in
the ocutput stage. Complete control of the station 15 m the bands of the
Council and the Call Letters WOUSA will be used .
The Radic Amateur Exhibit 15 for “the Amadeur™ and “the Public" and
we aim to bong the two doser to one gnother by the presentation of amateur
» radio in graphic display method. Will you be there? .

World’s Fair Radio Amatenr Council

FEEREREN 0 ROCEBZWAHELHR
EREANZEREGWIUSA
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PRESS RELEASE

CUBLICITY COMMITTYEE
Warld’s Fair Radio Amatsur Council - Suite 1005 - 19 S, Wells St. - Chicago, il

Preas Rolease No., = March 29, 1934

W9USA - WOUSB

The World'e Falr Radio Amateur Council has appiied for
Amateur liceuses W9UBA and W9USB to be used in the
Radlc Amateur Exhibit at the 1934 World's Fair.

WoUSA wx1ll bs uaed for all code work and WSUSB for all
volce work,

OFERATING POLICY

At & Special reeting of the World's Fair Radio Amateur
Council the followlng pollcy was adopted in regard to
itrapamitiing operations at WaUSA and W3USB -~ Radiloe
Apeteur Exhibit,

ADy properly licanaed radle transmitting emateur may
operate mtatlons WYU3K epd WSUSB provided he brings hia
license with him for identificatior purposes. Without
proper license no amateupr will be allowsd to operate
the mtatioga.

A few sure fire reliable schedulss will be maintained
w1th certain poijnts of vantage but as much time as
posaible ahall he kept free for general operating by
guent operators visiting the Exhibit.

WOUSA end WIUSE will be located in the Loungs Room of
iho Radlo Exhipit and any amateur way stay as lopg as h$
,likea and meet his frisnds from “over the air®,

The Radic Amateour Exhibit is for "the Amateur® apd
"the public® and we aim 10 bring the two closer to ons

another by pressGlation of smateur radie im graphie
diaplay method.
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kA AT A B E R
RADIO DIRECTION FINDING SYSTEMS
FOR MARINE NAVIGATION

Reprinted from the Marconi Review

The wmportance of duection finders w marine wuvigation has long been 1e-
cognised by companies exploiting marine wueless gear, who have developed their
marine direction finders in the past few years to a very high degiee of efficiency.

The general schemes of dwection finding at present used wn marine practice
fall info two distinct groups:—

(1) The Marcom-Belimi-Tosi system exploited by

mgg%’gg;ﬁ?;ﬁég the Marcont orgawmisation, who are the holders

AR RS » RE% of the Bellini-Tosi patents.

égg'ﬁgﬁﬁ:égg (2) The rotating frame wethod exploited by S.F.R.

oA T in France, Telefunken in Germany, and R.C.A.

REHRTT » BgRIT > AR o ‘

DERFEBRTE - Fl n Americd.

“E‘H‘?ED:#ﬂ‘Eu The above classification does not include the
&3 (Beaoon Station) NEiE 2 Robinson Rotat.ng Frame System, which was orginal-

RAZURE > BHHEM- W I ; :emgner . ; .
s <y y designed for aireraft working, and which has been
2B R & - B used at sea for some years.

{ » BB EURARAET IR
o RSEFITRNR ¢ RSN The object of the jollowing article is to give soms
WZ“ R ) adea of the relative merits of the twe systems as
’ regards marme practice.

The past few years have conclusively proved what an extremely valuable
navigational aid a marine direction finding receiver can be. There are numerous
examples of wireless direction finders having been the means of saving life at ses,
a fact which has been s¢ far recoghised that the Safety of Life at Sea Convention
has demanded all passenger ships of 5,000 tons above to be fitted with direction,
finders,

Although the importance of direction finders as an aid to navigation is now
appreciated to the full, it is & regrettable fact that there 15 widespread ignorance of
the fundamental principles and hence of the comparative merits of their various
applications; it is the purpose of this article briefly to explain and compare the two
systemz in general use, namely the Marconi-Belhini-Tosi system and the rotating
frame aerisl system marketed by various other companies interested in marine com-
munication.

None of the many possible variations of these systems has been adopted to &
sufficiently large extent to merit consideration; nor need we confuse the subject by
discusging the different systems of directional irapamission. In passing, however 1t 1s
perhapt worthy of mention that the purpese of the ever-growng number of wiceleas
beacons is merely to ensure the provision of wireleas signals from known points of
reference, that is to say, they are not themselves directional transmmtters, they et
no beam and they exist solely for the benefit of ships upon which direction finding

receivers are 1nstalied.
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Apreciating the potential importance of direction finding in marine navigation,
and having 1n mind the fact that the higest possible degree of accuracy was essential
if the system were to become that indispensable safeguard 1t has, the Marcom
Compang were very early occupled 1n designing apparatus suitable for marine
use. Holders of the Bellini-Tosi patents, the Company had already demonstrated
1in other fields the unquestionable superiority of the Marconi-Bellini-Tosi system,
and it was obwvious that there could be no decision but to incorporate Bellim-Tosi
principles in the demign of their marine apparatus. The pre-eminence of this system
has heen continuously maintained, throughout the rapid developments of recent

years,

Basic Principles

The basic principle upon which all systems of directional reception depend
15 that an aerial conssting of & simple loop of wire has receptive properties at a
maximum in the plane containing the loop and at a minimum, or 1n the 1deal case,
zero, at right angles to this plane. Lattle consideration is necessary to realise that
by connecting & suitable wirless receiver to such a loop, the latter being rotatable
and fitted with compass scale and pointer, a very symple form of direction finder
1¢ obtained. Rotation of the loop through one complete revolution will produce
two positions of maximum and two of mimmum strength of signals from any con-
tinucusly transmitting station to which the receiver 1s tuned. It will be found that,
unlike the maxima, the mimma are extremely sharply defined; for this reason,
observation of minima 38 the generally accepted method of reading wireless bearings.

A simple direction finder of the type described has the failing of 180° ambigumity;
that 15 to say, during one revolution of the loop two positions of mimimum strength
will be observed on any one transmtfing station. These two positions should
obviously be 180° apart and of course, only one indicates the correct bearing of
theé transmitting station.

Obviously such ambiguity could have very serious consequerres 1n certain
circumstances, but fortunately it 18 possible to embody a device for the purpose of
indicating or “sensing” the correct bearing of the two observed,

General Marine Considerations

All direction finders are subject to certain factors which are hable to influence
the recepiive pruperties of direetive acrials and hence the accuracy of ubservations,
It will be sufficient to state here that mm the case of marine systems a quadrantal
error as great as 12° may be obtained due to the effect of the metal hull fo a vessel
and that overhead wires, 1:gging, derricks and the hke may produce appreciable
errors 1n bearmngs,

Naturally, signals received by any source other than the D. F. aenal system
will cause naccurate observation, and it 18 therefore necessary to screen carefully
all wires, cous, and other parts of the associated apparatus.

Another pomnt of some importance 18 that when taking a bearing not only 1s
1t necessary to observe the relation of the pointer to the scale around which it moves,
but to note at the same 1nstant the “head of the ship.” In other words, bearings
are obgserved with reference to the fore and aft hine of the vessel, for which due
allowance must be made. In anything but a very calm sea it i1s naturally diffieult
to keep the ship’s head steady to within one or two degrees and the importance
of rapid and easy mampulation of the direction finder wiil be appreciated,

Deseription of the Systems

The systems in general marine use at the present time fall 1nto the two following
groups.—

W
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Modern marine directional aerial systems of either tvpe are robust and weather-
proof,

N

Connections between Aenal System and Receiver

It will be obvious that a rotating frame introdueces complhcated problems :n
the matter of connections to the recerwver. A solution. upon which some manu-
facturers rely, 1s that of slip rings and brushes after the manner of electrical alter-
nators, but brush gear nearly always produces parasitic noises particularly when
dealing with weak, high frequency currents It may be said that the adoption
of brush gear tends to reduce the effective range of the apparatus

Other manufacturers prefer to make permanent connections which hmat the
rotation of the frame., In this case the noise problem 1s avoided, but it becomes
necessary to make special provision for sudden stopping of rotation n one direction
and allow for rotation in the reverse direction

Neither of these problems arises in the Marcom-Bellimi-Tos: design

Screening of Connecting Leads

It has already been mentioned that reception of signals from any source buf
the aerial systems must be avoided, and 1t will be realised that special precautions
are necessary to prevent the leads from the frames acting as aerals Special cava
must also be taken to ensure freedom from induction from electrical machinery.

Here agamn the Marcom-Belhm-Tos1 system has the advantage; with this
system special low capacity sereened cable 15 used and the efficiency of the apparatug
18 not impaired.

The rotating frame system, however, 1s tuned, that 15 to say, the loop also acts
as a tumng coil, which precludes the use of the symple lead-covered cable The
greater the distance between frame and receiver, the greater the danger of vertical
errors and of electrical induction, or, alternatively, the greater the expense 1n
eliminating these dangers.

Frame Site

In all systems, to obtain maximum efficiency the aerial systems should be
placed-—

{1} In a position as far as possible from local ship’s structures, for
reasons stated earlier

(2) As near the centre line of the ship as possible.

Te fulfil conditien (1) the usual site chosen is the bridge. This may not be
convenient on ships carrymg only one operator where the fitting must be such that
operation can be performed from the wireless cabin. Fitting near the wireless tele-
graphy cabin may be 1mpossible owing to ship’s structures. In the Marcom Bellim-
Tos system the frames may be placed at any distance up to 100 feet from the receiver,
which fact permuts a wide chowce of frame site.

The roiating frame system has very hmited flexability in this respect Driving
the frame at a distance of 100 feet would generally be mmpossible and even 1f pos-
sible the elaborate mechamsm necessary would be very costly, as also would be the
screemng of the cables between frame and receiver. Agaln, 1t 13 doubtful 1f any
mechamsm would be sufficiently accurate over distances greater than 20 feet,

On some ships 1t 18 quite impossible to instal rotating frame apparatus sat.s-
factorily.

E—AH iR 1934 11
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Calibration

In every case it 1s essential, after installation of a directiin finder on a shup,
to calibrate the deviation of incoming waves due to the ship’s struclure. Provided
the apparatus has been correctly installed, the calibration usually consists of taking
‘a number of wireless bearings and checking them against corresponding visual ob-
servations. The necessary corrections for different observed beisrimgs may then be
recorded for future use. The corrector may take the form of o table or curve of
corresponding observed and true bearings to which reference may be mhde, or a dis-
torted scale or other device for direct reading of the correct observation

In the B}arcom Bellim Tosi1, a simple adjustment 1s made within the nstrument
and no corrections are necessary thenceforward, the readings observed being “true ”
Some rotating frame systems incorporaté a mechanical corrector w the hand-wheel

Owing to the fact that the Marconi-Bellini-Tos: frames mawntain a constant
relationship to the ship’s structures, the system has enormous sdvantages over the
rotating frame system, which varies its relationship for each drection of incoming
signal. It 1s this constant 1elationship which permits the use of the Simple correcting
adjustment ieferred to; for instance, the gieater receptive properties of the system
in the fore and aft line of the vessel! would lead to a cramping »f bearings towards
that hne but for the fact that the fore and aft frame aerial 1s proportionately smaller
than 1ts partner. This course 1s obviously mmpossible with the sugle rotating frame

Comparatively few observations are necessary to calibrate the fixed frame
system 1n the general case, the work occupying about five minutes The usual practice
when calibrating the rotating frame system is to swing the shiy through 360° and
to observe some 30 or 40 bearings before constructing a curve This procedure 1n
all cases vccupies at least 45 to 60 nunutes and entails considerable expense to the
shipowners,

Operation

There are two methods of taking D F. bearings, namely “Swing” and “Pont’”
methods The Swing method consists of matching readings of equal strength on
either side of the minimum and taking the mean reading, The arc of swing with
the Marcom-Bellini-Tos system 1s only about 5° on a normal shore station st U
nules distance. Improvements 1n receiver design have made this possible; a few
years ago a swing of 20° to 40° was more usual,

Point bearings, which are a feature of a number of rotaiing frame systems,
are obtammed by means of & specal exterior vertical aerial and sn additional man:-
pulating knob enables the operator to reduce the “arc of swing.” Under ideal
working conditions the arc would be approximately 3° at the same distance from
the shore station, )

In actual practice, however, owing to interference, eonditions are rarely ideal,
and it 18 seldom that shore stations send for long enough t6 permit manmpulation
of the compensating knob. Consequently, under normal marine conditions, the re-
finement of point bearings i3 not so valuable as would at first sight appear; in
fact, aithough 1t 18 used when taking observations om continuois wave signals, it
18 rarely used on Spark or I. C. W. transmissions.

Experienced operators have strongly condemned the point bearing feature as
unsoudd, taking th.s standpo.nt from the follow:ng cona.deration. —

(1) Swing bearings may be taken much more rapidly.

{2) Less adjustment and manipulation necessary for swing bearings.

A S O e
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(3) The swing bearing method permits direct reading of the beanng
in the Marconi-Bellini-Tos: system without the necessity of making
quadrantal error corrections. (This applies equally to the rotating
frame systems 1f a mechanical correcting attachment is provided).

(4) The point bearing of say 8° arc 1s of little more value than the
swing bearing of say b° arc obtained under similar conditions.

The “Sense” Device

It i1s neither necessary nor desirable to dwell upon the theoretical principles of
the device previously referred to heremn for the purpose of surmounting the difficulty
of 180° ambigwity. Suffice 1t to say that by arrangmg for signals to be received at
one gnd the same time from both the frame system and a non-directional aenal,
provided that certain precautions are observed, an indication as to which of the
fwo nunuma 1s correct may be obtained.

It w1ll occur te the reader that the constant use of this device would pernut
correct readings 1n the first instance 1in a single operation Unfortunately, however,
appreciable errors are liable to be experienced if that course were adopted and
steps are necessary to discourage any attempt to read “sensed” bearings directly.

The “sensing” operation proves to be seldom necessary in praclire, owing to
the fact that the direction of a transmitting station, unless on another vessel, 1s
generglly known to wathin limits  Obviously, resort need oniy be had to the “sense”
device, when doubt exists as to which bearing of two, 180° apart, 18 correct

Only the following two operations are necessary to “sense” a bearing in the
Marconi-Belllm-Tos1 system.—

(1) Move a small Key Switch from “Beaiing” to “Sense” pos.tion
(2) ‘Rotate the search coil, with which a mimmum has already been
found and to observe whether this minmimum exists in relation to
the *“sense” pointer; if not, 1t will be found that the opposite
minimum does, but that may be assumed if desired wnthout
examination.
The total operation is extremely simple and occuples but a few seconds.
A very complex procedure 18 necessary to ‘sense” rotating frame bearings
in the systems developed Ior Mercantile Marmme use. Having taken a bearing
by rotating the frame, in the normal manner, the following operations are required -

(1) Put couphing pointer off zero position
(2) Switch tuning switch to the appropriate waverange

(3) Tune the vertical aerial to the incoming wavelength.

(4) Move coupling pointer to zero and further adjust the point.

(5) Rotate the frame through 90°.

(6) Move coupling pointer to find- the mimmum position and observe
the reading on the coloured pointer on the handwhesl comnciding
with colour on the ecouplhing pointer.

It will be agreed that there 18 no comparison between the two system in the
matter of simpheity of operation of the “sense” dewvice, In fact, this 13 conceded
to the extent that ceriain rotating frame systems developed for other than Mereantile
Marine use, are being simplified, the modification following the Marcom-Bellim-Tost
lines,

Vertical Aerials

That 8 “vertical” aeral, for non-directional reception, is an essential addition
to & marpe direction finding instaliation, will now be apparent. An exception would
imply omssion of the “aense” feature.
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Modern Marconi-Bellini-Tos: 1installations do not require a separate aeral,
the metal screeming of the frame acting in its stead.

The saving 1n expense, the avoidance of unnecessary deck citting and the
elimmation of unsightly additions to the aerial array are a few of the advantages
claimed for this innovation.

Electrical Induction

Successful operation of directional receiving apparatus on shipboard depends
to a very great extent upon the amount of interference experienced from the ships’
electrical machinery. Sparking of commutators of running machinery the operation
of stvitches, varying contacts 1n apparatus of all descriptions, all add their quota
to the backgiound of noise above which the operator must hear his signals. With
any direction finder the operation requires the location of a reading of hittle or no
signal strengih but 1n searching for this reading the operator has to face a constant
nose level.

The problem yearly becomes more formmdable, owing to the increasing use of
electrical machinery in marine practice.

Actual expenenee{ shows 1n this respect also the undoubted superiority of ihe
Marconi-Bellim-Tos: system and in fact, cases have occurred in which the rotating
loop system has been an impossible proposition, 1ts rejection in favour of the Marcon
Bellmi-Tost system having resulted 1n thorough satisfaction.

The latier system owes 1ts superiority to the following.—

(1) Cheap, simple, yet efficient screemung. (The relative difficulties
1n screening adequately the leads from frame to receiver have been
discussed earher 1n this article).

(2) Flexibihity of frame site, which permits the installation of the
frame at the most induction-free position, within 100 feet of the
receiver, provided of course that due regard 1s paid to the two
requirements previously mentioned

Receiving Apparatus

Although the necessary amphfying, tumng and detecung apparatus 15 not
strictly concerned with the function of direction finding and, within limts, any
suitable receiver could be used with either aerial system, 1t 1s extremely important
that any amphfier designed to work in conjunction with a direction finding systemn
should not affect 1n any way, the operation of the aerial system. 1t 1s the policy
therefore, of the better-known wireless companies to design the associated receiving
apparatus according to their own discretion and to satisfy a standard of selectivity
and amplification which should meet most requirements. Unguestionably they
shouid continye to market complete installations rather than to leave the onus of
choice with the user. Not the least umportant advantage of this policy 1s standardisa-
tion and conseguent economy.

In these circumstances, a brief comparison of recewving apparatus would appear
to be justified, Receiving apparatus included in the majority of marine direction
finding equipments falls generally within cne of three classes, under the following
headings .—

€1) “Sereered Grid™ Receivers

(2) *“Straight” Receivers

{3} Superheterodyne Receivers.
-}
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The first class represents the very latest development in modern valve design.
Valves of the screened grnd type, when used in properly designed receivers, are
so far superior to valves of the conventional type that the comparative ments of
receivers can no longer be judged by the number of valves used.

For various reasons, an appreciable amount of ligh frequency amphfication 1s
necessary 1n a marine direction finder and the first mentioned class of receiver, as
standardised with the modern Marcom-Bellim-Tosi system, comprises two screened
grid stages, amply meeting requirements of amplification and selectivaity. A detector
and a low frequency amplifying stage follow.

Rotating frame systems generally employ receivers of the second or third
Nasses Dealing with the second class, 1.e., the “siraight” receivers, these frequently
comprise as many as four high frequency stages and three low frequency stages, in
addition to the usual detector. The high frequency stages, however, do net employ
screened grid valves, the circuits are complex, mampulation difficult and faults are
by no means easy to locate

Superheterodyne receivers while possessing the advantage of simple manipulation
—simmpler even than those of the screened grid class—have the following serious

drawbacks.—

(A) They are extremely sensitive t0 1nterterence from the ship’s
electrical machinery. (In some cases their rejection on this score
has been essential. (On a certain ship, for instance, 1n order to get
results 1t was necessary to replace the rotating loop-superheterodyne
combnation with Marconi-Bellim-Tost fixed frames and special

TECELVETS)

(B) They are peculiarly susceptible to interference fiom unwanted
stations, even though the recmiver may be tuned to a wavelength
remote from that of the mnterfering stations. (Tests made over
one year by one shipping company resulted in superheterodyne and
rotating frame equipment being replaced by Marconi-Bellimi-Tosi
frames with special apparatus)

Waverange

The waverange over which a direction finder is capable of working does not
depend upon the type of frame system employed, but, as 1n the case of receiwvers
various manufacturers have standardised their instruments in this respect and the
subject 18 therefore entitled to mention,

In the latest Marconi-Bellihi-Tosi marine system the very wide range of 180
to 1,600 meters 18 covered. Thi.s feature renders the apparatus equaally valuable
for use on trawlers where the 220 meters wavelength 15 used. Further advantages
are that the direction finder can be utilised for the reception of gale warnmngs, weather
reports and other matter transmitted on various wavelengths by broadeast stations,
and for the purpose of taking bearings on these stations. Transmitting as they do
throughout many hours of the day and night they may well be regarded as additional
wireless beacons.

Whilst emphasizing the fact that there 13 no fundamental reason why othér
systems should not offer equal facilities, it 18 beheved that as regards the Mercantile
Marine the Marconi-Bellini-Tos1 system alone covers a wider range than 450 to 1,2000
metres.

o
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Headihg

Marconi-Bellini-Tosi
System .

. Rotating Lo_op Systems

Frame Design ..

Mechanics . ..

. Sereening ..

Site of Frame ,

Flexibility

Receivers .. .-

SES
|
|
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———————— -

. selectivity,

" Clear ﬁeld. required.
_ Centre -line of ship requ:red_

s e e e

Two fixed metal shrouded|

loops approx'lmately 2 ft.)

6 in. diameter at right
angles to one another (aj
smaller unit
where Space is confined).

Rotation of small gonio-
meter search coil by finger
and thumb. No wind pres-
sure to contend with.
‘Ideal for Marine work.

No brush gear  troubles,
No contact troubles,
minating all  electrical
noise due to varying con-
tacts.

Complete, efficient and in_—
expensive, :

if possﬂ)le

Frame can be fixed at au:ly1
distance up to 100 ft. from
receiver without any' com-
plex mechanism or costly
- screening of leads between)

is availablel .

eli-|

 ing

transmitter and receiver. - :

stages, offering maximum:
amphﬁcatmn’
and '~ manipulative ease,
with -minimum of troub [
-maintenance cost .and in-
terferenee from
- electrical disturbances.

One metal shrouded "loop
about 2 .ft. 6 in. diameter
capable of rotation on ‘ball
bearings,

Rotation of whole frame

- irrespective of wmd pres-

sure. _
Brush gear trouble ~and
maintenance if frame is

continuously rotatable, .
Mechanics much more com-
plex.

Screened cables cannot be
used and effective screen-
is not only difficult
but expensive and becomes
more, g0 as distance he-

tween frame and receiver
. increase,

Clear field required.
Centre line of ship required
if possible,

Frame must be driven, and
if far from receiver this
means’ a costly  fitting of
frame drive mechanizm
and elaborate and expen-
sive screening of leads

. from frame to receiver.

.E 4-valve, including S.G. -HaF-'L(A)- Straight circuits “have

eight valves which = in-
crease maintenance costs,
render manipulation dif-
ficult, and necessitate a
‘large nmumber of econtrols,

Iocal (B) Super heterodyne re-
1 - ceivers passess very simple
. controls but suffer from

drawbacke of interference

and shipg’ noises, also
barmonics  from outside
stations.
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NO. 1'_’2
Heading
Wave Runge e
§
|
Calibration e ol

i’_’akz‘ng of Bearingse .

“Sense”

Vertical Aericls

or True Beuring

LR}

L)

.l Wave range on marine de-

© possibility

5
1)

(2) Necessary for

- Marconi-Bellini-Tosi !

System |
sign 180—1,600 m. This
allows D.F. to be used on

Rotating Loop Systems

Both (A) and (B) above
450——1 200 m.

trawlers working on 220|°

m. .and on broadcast sta-
tions for weather reports
and as beacons.: .

In the general case visuali
and D.F.
points very quickly and
cheaply carried out. Fi\re|
minutes usually suﬂ‘lclent
time required.

Calibratien choke set and
bearings read quickly.
Re-calibration can be done
easily and quickly.

The Marcom—Belhn‘i—Toaii

t

_ system once installed re-
mains & constant relative

to ship structures irres-
pective of direction of in-
coming signal. '

Swmg .beafi_ngs over narrovj
~ares (0°--10°).

This i
found  quickest un
Marine conditions.
spark and I.CW.
beazings almost as good as

point bearings on rotatingj

frame system.

checks on 45 °5-

Q.

Extremely. simple and mno
of = making
erTor.

Not necessary for taking’
bearings.
mae. i
bearings. '
Incorporated in frame de-

sign and do not 1~e¢:mu:ei
expense of separate ver-
tical seripl fittng. i

In all cases a complete Q.E.
ecurve must be taken and
this takes at least 4560
minutes. All bearings must
be corrected by Q.E. curve
and 2 mechanical corrector -
must be fitted and adjust-
ed. Re-calibration means
a repetition of the above
process and is laborious.
The rotating frame sysiem
varies its coupling relative
to ships’ steuctures for
each direction of incoming

signal.

Point bearmgs (0°0—2¢°) on
c' - . ¥

These involve (A) addi-
tional adjustment; (B)

more time to take bearing.
On spark and LC.W. the
additional adjustment for
-point bearings does not
greatly reduce are of
swing against that on

Marconi-Bellini-Tosi  sys-
tem. -

Extremely -compléx and
slow in  the Mercantile

Marine design and quite =
good | gharce of making

. errors unless well wversed

in manipulation of - set.

Necessary for both point
and “sense” bearings.
Not incorporated in frame’
design necessitating addi-
‘tional expense of A sepa-
rate vertical aerial
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THE MARCONI BEAM SYSTEM

FOR LONG-DISTANCE COMMUNICATION

a revolution in present-day practice

The Marconi Beam System of Wireless Communication
Forward

The rapid progress made in the art of long distance wireless telegraphy has
been of the outstanding achievements of the past five years, thanks largely to the

development of the thermionie valve and 1o the perfection obtained in the organisa-
tion, admimistration and handliing of telegraph traffic.

The techmcal experts who have been responsible for this development of the
art have, however, for a long time realised that the scope of wireless was approaching
ihe limts imposed by certain fundamental characteristics peculiar to present-day
practice. It has, in fact, become evident that if the ever-increasing requirements of
long distance commumnication are to be met and provided for by wireless, some few
principle would have to be exploited and a new avenue of development opened up.

Looking back at some of the earlier periods in the history of wireless, we find
that it has, on several occasions, been threatened with stagnation by some apparent-
ly insurmountable obstacle in the path of progress. But always the genius of 1its
onginal inventor has enabled the boundaries to be broken down bringang large areas
of fresh ground within the scope of the techmcal staff of the Marconi Company to
work out and explowt for commercial purposes,

Although Senatore Marconi may not have been personally responsgible for
some of the epoch-making inventions which have had so important an influence on
the later progress of wireless, his genius for grasping the essential points on which
the future must pivot and his courage, tenacty and perseverance i face of great
difficulties and disappointments have enabled the art to reach iis present state of

perfection and have brought to an immense practical importance what might other-
wise have become a miere scientific achievement.

As in the past, so. agamn has Senatore Marcom’s foresight forged &8 new im-

plement which, with one stroke, promises to demohsh the boundsries to which we
have just referred.

More than 28 years ago, when wireless telegraphy was in 1ts earliest mfancy,
Senatore Marconi investigated to some extent the practicability of the use of reflec-
tors with the object of increasing the range of a station. In those days, however,
when little was known of the electrical theory of matter, when absolutely no data
concerning the behavieur of electrical waves over useful distances wsas available and
when even a wavemeier was hardly imagined, the diufficulties in the path of scientifie
research were enormous and commercial considerations made 1t necessary to carry

the develiopment of the art along hnes which give the best results 1n the shortest
length of time.

-

The very great improvement obtained by the use of an earthed aeral system
and the greater freedom from attenuation which was observed with the longer wave-
lengths, coupled with the fact that the first important application of wireless was
in connection with communication between ships and between ships and shore where
directional tiansmssion would be more of & handicap than an advantage, led to the

temporary abandonment of the experiments on reflectors in favour of the develop-
ment of high power long wave stations.

The wonderful latent possibilities of a reflector system were, however, never
lost s'ght of by Senatore Marconi and as more and more information regarding the
bebaviour of electrical waves was collected from gbserved phenomena and wmore
St et
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perfect apparatus became available, experimental work was agam started in this
direction. During the war, with the object of developing a means of communication
by wireless which would make i1t 1mpossible for the enamy to Intercept imessages,
Senatovre Marconi devoted his energies to this work With the assistance of Mr,
C 8. Franklin, experiments, using & reflector system with very short wave lengths
of the order of & few metres 1n length, were carried to a sucessful conclusion

The results obtained and the information gained, were of the greatest im-
portance from & commercial point of view The system using these extremely short
waves of only & few metres in Tlength had an immediate practical application for
navigational purposes in the form of what has now become generally known as the
“revolving beam” or “wireless highthouse™ and apparatus for this purpose has already
been developed on a practical scale. It was however evident that for long distance
commumnication purposes a longer wavelength was desirable,

The details of the necessary plant for the directional radiation of wavelengths
100 metres long were therefore worked out and the plant was constructed and erected
at the Marconi station at Poldhu, Cornwall, in 19238. To test the efficacy of this
plant for commercial purposes and also with the object of determining the general
laws governing the use of short waves and therr attenuation factors over long dis-
tances, Senalore Marcon: arranged a series of experiments between Poldhu and his
yacht the “Electra.” The resuits of these and later experiments exceeded even
Senatore Marcomi’s most sanguine expectations and incidentally disproved many of
the preconceived ideas generally entertained by technical authorities on the subject
of short wave radiation.

Up to the present time the general impression prevailling amongst most
techmcal expects 1n regard to the behaviour of short waves was that thear range
during daytime was variable and short; that the might ranges were exceedingly
variable and “freaky” and altogether too unrehable to allow of commercial working,
and that any considerable amount of interveming land or mountains very seriously
reduced the distance at which it was possible to communicate. Tests carried oul
bhetween the “Eletira” and Poldhu proved that these impressions or conclusions must
be erroneous, at least in so far as they might concern waves of about 100 metres
long, for 1t was observed that the day ranges proved to be rehable and not incon
suderable; that the night ranges were much greater than anyone had anticipated
and were 1n no sense freaky or unrehable and that intervening land and large
portions of continents did not present any serious obstacle to the propagation of
these waves.

Later expermments between Poldhu and Sydney (Austraha), Buenos Aires,
Rio de Janewro and Montreal, proved beyond aill doubt that economical and efficient
low-power statiops could be established which would maintain diect high-speed
services with the most distant parts of the globe during a considerable number of
fixed hours a day. Moreover, it became evident that by means of comparatively
small stations a far greater number of words could be Lransmitted between England,
India and other distant Domimons than would be possible by means of the previously
planned and expensive stations.

With the new “beam’ system of wireless transmission and reception, the results
already obtained are so sensational, and the prospects so brnilliant, that 1ts ipmortance
can scarcely be over-estimated.

Limitations of the Long-wave Broadcast System

Before describing the essential features of the beam system, 1t may be helpful
briefly to review some of the more important factors of the present broadcast method
of transmmsion which tend to limit its usefulness for long distance comimumnibation.
By so doing we shall be in a better positicn to appreciate the extraordinary advant-
ages offered by the new system.
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Telegraphy can be regarded as the art of transfering sufficient electrical energy
from the point of transmssion to the receiver to produce an intelligible signal at the
distant receiving point The amount of energy required for this purpose at the
recaving station depends upon the rate of signalling and upon the freedom of the
receiver from interference from other sources but 18 in any case extremely small

By the ordinary methods of broadcast wireless transmission, electrical oscilla-
tions are generated in an aerial system from which the energy 1s radiated in the
form of electrical waves which spread simultaneously in all directions. The energy
which each wave or train of waves carries 18 thus dispersed more and more widely
&s the waves travel further from their source and only a very minute proportion of
the total energy carried by each wave can be intercepted at the receiving point It
follows naturally that an immensely grealer amount of energy must be radiated at
the tiansmitting station than 1s required to operate the receiver and that this dis-

parity will gel repidly greater as the distance between the two communicating points
1mcreased.

Apart irom the question of ways and means of generating and controlhing
sufficient power to produce the required result at the receiving station, this charac-
teristic mtroduces an entirely different problem when several transmitting stations
are working simultaneously to different receiving points, Owing to the fact that
the radiations from each transrmtter are spread indiscriminately n all direction, 1t
becomes necessary to provide a means whereby each receiving station can pick out
those signals comung from the right source to the exclusion of all others. In
practice, this is accomplished by allocating to each transmitter a certain definite
wavelength and by tuning the circuits of the receiver to respond only to the wave-
length of the particular transmitter from which 1t 1s intended to receve.

This power of selection, 1s, however, limited. Due to the rapid interruption
of the transmitted wave representing the marking and spacing periods of the Morse
code, the carrier wave becomes broadened out mnto a series of slightly different
wavelengths with the result that each transmitter occupies, not a single wavelength
but a band of wavelengths, According to the frequency of the Morse interruptions,
which in turn, 1s governed by the number of words per minute at which the messages
are transmitted, this wave band will become wider or narrower. At a speed of 200
words per minute, the variation 1n the frequency of the wave 1s approximateiy 100
cycles per second above and below the frequency of the carrier wave and therefore
the width of the wave band cccupled by the transmissjon can be taken as 200 cycles,
At 100 words by minute the wadth will be double and at 100 words per minute the
width will be half the figure given. Allowance must also be made for possible acei-
dental variations 1n the length of the carrier wave radiated from the transmitter
due to the swinging of the aerial in a heavy wind or to defects 1n the controlling
and goverming gear of the plant employed. A badly installed transmitter may vary
its wavelength more, but with a properly equipped nstallation 1t should be sufficient
to allow an additional valation of 200 cycles on this account. Thus, 1n all, 8 margin
of at least 400 cycles should be allowed between each wavelength allocated to a high
power station,

Translating these frequencies into terms of wavelength, we find that if a station
18 allocated a wavelength of say, 10,000 metres (30,000 cycles), 1t will actually occupy
a band of from 29,800 to 30,200 cycies or 10,067 metires to 9,933 metres -a vaiation
of 13 per cent. Since the wavelength varies mversely as the frequency, a still
wider band 15 covered on the longer wavelengths. Thus, on a wavelength of 30,000
metres {10,000 cyciea} the band will be 9,800 cycles to 10,200 cycles or 30,600 metres
to 29,400 metres <a variaticn of 4 per cent.

If the whole gamut of wavelengths from say, 100 metres (3,000,006
cycles) to 30,000 meters {10,000 cycies) were available for long distance communica-
tion, there would be no particular signiticance in these figures as the number of 100
R e e ]
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cycle bands lying between these Limits i3 7,475, and therefore this number of stations
could work mimultaneously each on a different wavelength without mutual 1n 1nter-
ference

Unfortunately, with the preseat broadeast transmusmion system, practical con-
siderations limit the band of wavelengths available for long distance telegraphy.
Firstly, short wave are more rapidly attenuated than long waves during daylight
due to the greater absorption of their energy in the iomised atmosphere. Secondly,
the difficulties in the design and construction of very high-power plants are very
much enhanced aa the wavelength is reduced.. Thirdly, the lower wavelengths from
200 metres upwards, are required for ship and aircraft services, for short distance
point-to-point services, for “broadcasting” and for military and eother government
sErVICes.

As a result of these somewhat conflicting factors, long distance telegraphy 1s
at present restricted to wavelengths of from 10,000 metres (30,000 cycles) to
30,000 metres (10,000 cycles).

A simple calculation will show that within these limits there 15 only room
for about fifty 400-cycle wavebands and consequently the long distance transnmtter
of the world are more or less restricted to this number. This number of stations
18 Quite inadequate to meet the present day traffic requirements unless nieans can
be found greatly to increase the speed of working.

The readebility of a signal, and therefore also the speed at which it 18 possible
to work depends rot sc much upon the strength of the signal itself as upon its relative
strength compared to that of any interference which may be affecting the receiver
from other sources. By means of the thermionic valve, & weak signal may be
magnified to any requred extent but this is useless if the interference is equally
magnified. The speed at which it is possible to work depends therefore essent.ally
upon what is known as the “Signal to interference ratio.”

Modern receivers employ elaborate tumng and filter circuits by means of which
interference from all sources is enormously reduced, but the process of resonance
on which the tuming of the recewver depends tends, when carried to an extreme, to
slur over the spacing periods of the Marse signais, thus hmiting the speed of signal-
Lng. This is especially noficeable when the wawve frequency 1s low, as 1n wavelengths
of the order of 10,000 metres and upwards. Moreover, atmospheric disturbance,
owing w0 their extremely high energy values and to their highly-damped characteristics
become more ard more difficult to deal with as the wavelength to which the receivinz
circuits are tuned is increased. As a result, in long-wave working, complete freedom
from 1nterference may be regarded as an urnattainable ideal. With the present-day
practice of broadcast transmission we are therefore compelled to fall back upon the
expedient of increasing the power of the transmitter in order to increase the speed
of signalling

Already the size and power of some of the most modern high-power stations is
becoming & serious gquestion, and every day need for a mumpler and more economical
means of long distance communication 13 becoming more pressing.

It 18 significant fact that stations working on the new Beam Systemn ave being
erecied by the Marconi Company on behalf of the Bnritish Government in connection
with the Imperial Chain of Wireless Communication, to supplement the high power
station 1n course of erection at Rughy, and that corresponding beam stations are
to be installed immediately in Canada, India, Australa and Scuth Afnca.

(To be continued)
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Qs»e Vol, VIII

Sunspot May Disrupt Radio Communications
(Reuter’s Agency)

CHICAGO, (By Mail).—A sunspot, which in four days has m-
creased in diameter from 16,000 to 35,000 miles, may send wireless
reception back to the days of the crashing static disturbance; cause
magnetic storms so intense that they would disrupt overhead tele-
graph wires; bring about & magnificent display of the aurora borea-
lis; cause a marked decrease in ultra-violet radiation from the sun;
and cause & slight increase 1n rain and a decrease in average tempera-
tures.

Professor Phillip Fox, Director of the Adler Planetarium here,
who made the above prediction'a, declares that for the next four
years sun spots, which are the visible evidence of terrific cyclonic
storms of flaming gas vapors in the sun, will increase 1n size and

frequency.
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