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REPORT OF
SURVEY OF AFRONAUTICAL RADIQO TECHNICAL DEVELOPMENTS IN EUROFE AND ACTIVITIES
IN CONNECTION WITH THE THIRD WORLD CONFERENCE OF RADIOTELEGRAPH EXPERTS.

SUMMARY

This report is the chronclégical record of the writer's movements,
activities, and observations in connection wlth en official trip as United
States delegate to the Third World Conference of Radlotelsgraph Experts
for Aeroneutics, which met at Paris, France, November 3 to &, inclusive.
Teking aedwantage of the opportunity thus presented to make a survey of
European radic technical developmernts ln the field of aeronmutical com-
munlcaticns, sn itinerary was errenged and officially approved which in-
cluded the principal centers of eseronautical radio research in France,
Germany, Belgium, Switzerland, Holland, and Englaend.

Through contscts previously made in the United States with viziting
forcien representatives, the offices of our local American Forelgn Serv-
ice officlals, and personal acquaintances made at the Paris conference,

I was everywhere accorded the utmost courtesy and consideration.

The results of the conference with comments thereon ers contalned
in a report to the Secrestery of State submitted jointly with Mr. Denis
Mulligen under date of November 9, 1938.

The detailed technicel deseriptions of European seronsutical radila
developments as contained in this report will further emphasize the in-
herent dissimilarity in the avlation communications and navigatlonal sys-
tems in use on the domestic alrways of the United States as contrasted
with equlipment deslgn and operating procedures-abroad. Radio directional
alds everywhere heve from the beginning been largely confined to the

medium long waeves because of their relative freedom from errors introduced
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by multiple-path wave propagation or "night effect.” The Unlted States
was first to recognize the advantages of high frequenciss for aircraft
cormunications. This resulted in our present systeam of radiotelephone
communications on chain or route frequencies. Abroad the tendency has )
been to concentrate all types of communications on the long waves and

to use radiotelegraph signaling instead of rmdiotelephone. The sole ex-
ception in the latter case 1a a limited use of radiotelephone tor
itinerant aireraft in Englend. Several reascons for this may be cited:
relatively short dlstances were involved; riiitary considerations die-
tated a navigationel system based upon directlion finding rather then
directional transmitting stations; tnere was comparstively little mnight-
time operation; the air traffic loed was rselatively llght; there were
no designated airwsys and thersefore ground alds possessing omni-directional
characteristics were preferred; =nd of course lenguage difficulties dic-
teted the use of the internstional telegraph code rather then voice. As
the volume of rir traffic grew, directlon finder stations which can only
serve one mirplene at a time hed to be supplemented by loecal radio fecil-
ities which like our own range atatlons were capable of simultansously
providing guldance to all aircrsft in the vicinity. Another recognltion
of the American system wes forced by the establishment of emplire routes,
over the entlre length of which for vwrious remsons cormunication had to
be maintained with home bases. The great distances thus involved called
for high freguenciea with appropriaste propagation characteristics, . Other
similar tendencies which indicate & growing convergence of Furopean and
American practice could be mentiovned, =1l of which denonstrate the grow-

ing recogniticn of the necesalty for sdopting mas nearly as possible a
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uniform aeronautical communication system throughout the world., The
Third World Conference of Radiotelegraph Exports for Aeroncutics gave
further evidence of this recognition when 1t deslgnated a subcommittes
on intercontinental alr route communlcations.

In goneral, European aeronnutical aids to nmavigation and comouni-
cations were considered to be remsonably efficient, considering the
limited number of frequencies available end the limitetions of the sys-
tem in use. Air navigetion by meens of ground direction finder facil-
itics whichb telegraphically transmit observed dmta to the airecreft —
once the primary system — 1is now definitely giving way to the use of
radiobeacons especially of the omnidirectional type, =nd ultra-high
frequency radio range locslizers, Thers is a decline in the number of
pllot requests for benrings slthough ground direction finders will un;
doubtedly continue as m valumble supplementary asid to reguler zir eerrier
operationa and a3 an esgenticl to militrry operations.

Omnidirecticnsl beecons are repidly being installed throughout
Euvrops. Therc being no prescribed airwaye, aircrerft mey approach e
terminal from almost any direction over whatever route may be approprieste
under the circumstances =t the time. TFor {thils reeson, the Europesna
have probebiy dirceted relatively more attention %0 terminal redio facili-
ties thon to iantermediate aids. As o« result, lnstrument landing systoms
consioting of approach lecmlizers snd rerxers are instulled at almost
every iwportant airport in Burope.

What would seem to be unlimited funds are apparently =availeble in
Gerimony for new meronmutical rrdio develop.ents, Soveral wll-metel tri-

motorsd alrplenes with highly tr-ined instrument pllots are availsble
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for conducting tests under the worst poesible flying conditioms, Well
equipped laboratorles are operated by the Air Ministry for developlng and
teating new equipment.

England 1is spending huge sums of money on instrument aﬁproach Bys-
tems ineamuch as she feels ;hat this 1s the most importent link in get-
ting plenes down safely at alrports under bad weather conditions.
Ungettled conditions in Europe have given thlas work tremendous impetus.,
It is of interest to note that the English have sdopled the Lorenz in-
strument landing system for use until esomething hetter ls available,
while on the other hend, the French have tested and discarded it and are
developing an improved system more in line with Americen principles.

The Dutch have also discarded the Lorenz system and heve developed m

greatly improved locelizoer unit.



REFPORT

Leaving Waskington, D. C., on October 18th, I embarked at New York
the seme day and arrived in Paris st 1:J5 p.m., October 26. On that date,
I visited the laboratories of Le Materiel Telephonique and was shown
through the vacuum tube depertment. Some very interesting tubes have been
developed there for ultra-high frequencies, Some were designed to operate
with water cooling. These tubas were spproximetely 2 inches long and
capable of between one and 2 kilowetts output. A televigion tranamitter
wag also on display in this laboratory. It had a very unique system of
neutralization, the gride being tied to ground, and the fllaments were ex-
cited. AB & result, the control grids acted as shield grids, inesmueh as
they were grounded and it wes therefore unnecessary to use neutralizing
condensers which are normally required. This errangement pert.ltted the
use of large water cooled tubes capable of delivering approximately 4u
kilowatts intc an antennsa at a fregquency of approximately 40 megacycles.

In other worda, it 1s possible to operate water cooled tubes, or any tubes
for that matter, at a frequency much hir~her when omitting the usual neut-
ralizing circuits.

I 2lso saw & very interesting rectifier of approximately 500 kilowatts
eupaclty which utilized 12 mercury vapor tubes. The filai.ent 1lighting
transformers, filter chokes, and filter condemnsers wers all immersed in one
large tank of oll. The only externsl elements were large insulators mounted
on top of this tank, They supported the sockets that held the mercury
vapor tubes 1n place,.

On October 27th, I presented my respects at our embassy and was

welcomed by Mr., Resgen, the Commercial Attache'. I again vislted the



L.M.T. Laboratories and met Pr. BPudignies and D», Lewla, *"A trip wdas then .made
%0 Trappe, which is a small radio ressearch development station owned by
this company on the outskirts of Paris approximately 20 miles from the
center of the city. At this station wes e large open field where reaesrch
on many types of directlon finder equipment 1s conducted. The most in-
teresting device obzmerved at this station wes a rotating redioc compass,
operating at ultra high frequencies on a rotating Adcock antenna made up
of a palr-of verticel doublets. The rate of rotation was essentially con~
stant at 5 revolutions per second. The horlizontal leads from the doublets
were shielded and belanced two~wire lines. In order that the physicsel
dimensions of the antenna system should be es =mall as possible, loading
coils were used 1n the center of eech vertical doutlet and the spmeing be-~
tween the doublets fixed et approximetely 5 fest. Proper balence of the
system was obtalned by extending & vertical rod on top of the roteting
shaft between the two vertical antennas. This arrangement was necessary
in order to reduce polarization errors whkich in turn greatly improved ths
aceuracy of aireraft bearings teken at high angles of elevation. A motor
was used to rotate the antennes and an indiecator simiiar to that used in
the Buslgnies compass was used to indieate the direction of the recelived
station, This equipment operated on frequencies betwsen 30 and 60 mega-
cycles. The cardloid pattern wes obtelned by connecting a condenserlfrom
the shield of the antenna transmission line to one side of the input coil
which 1ls connected to the receiver. This arrangement provided the
necesgary verticel pick-up through caﬁacitive coupling between the shield-

ing and the vertical antennas, thus giving sufficient in-phase current to
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create the necessary cardioid psttern. The antenna wms on top of a

wooden tower approximately 30 fcet high. The radio compess bullding was
almost immediately below this towcr. With this equipment, bearings taken

on transmissions from eireraft were mccuratc to 1 degree at 60 to 70 kilo-
reters at an altitude of 2000 metera., 1 was permitted to manipulate this
compass and was eble to obtain bearings on the Eiffel tower television trans-
mitter operating on 46 megacycles, which were ecourate to within 1 degree.
In order to demonstrete the errors which would be erussd by close-by hangars
or reflecting objects, a lerge chicken-wire sereen, mpproximately 15 feet
wide end 25 fest long was gradually reised between two poles which were
approximately 70 feet awny from the antonna. As the screen wes ralsed,
errors as great ns plus or minus 30 were obaerved.

An insgpection was mede of snother L.M.T. ground direction finding
Adcock systom developed for frequencies between approximatsly 150 and 1500
kiloeycleos and used at meny stoations throughout France. Emsch entenne con-
sisted of a mest approximntely 40 feot Ligh nnd supported by eguy wires which
were broken up with bekelite Insulntors, Symmetrlieal eround screens weare
loceted 2t the base of sach of those nntennes, The bmase of each antenna
mast rested on heavy springs on top of poreslain 1nsulatora. The springs
between the antenns and the insulstor preveantcd bremkege of the insulator
under conditions of mechenical vibration. TFive of these mersts wore disposed
in similar crrengoment to our standard S-tower TL trensmitting station an-
tenna systems in the United States, Howsver, the specing between these
antennes was congliderebly less, being only approximetely 300 feet between

diagonal antenncs. In order to belance the pick-up from each pair of



antennas, arrcngements were incorporated to Increase or deerense the height
of ¢ach antoenna. At the brase of ench antenna, a shiclded transformer wes
Instrlled to couple the energy from the ontenna to & balenced 2-wire
shielded radio frequency line. The randio frcqﬁency line employed a dlelec-
tric of high grade paper between the conductors which made its cost very
low. However, tkis type of line dsniands e very careful inatallation pro-
cedure, inssmuch ss eny leakage at the ends of the ¢nble permitting rmols-
ture to enter will render 1t useless. All jolnts ond terminels of the cable
have to be very cerefully Seanled. One of the outstanding features of this
ecuipment wea the possibility of utilizing romote control which pormitted
the loeation of the complete Adecoek array on the alrport at a distance of

as much es 3000 feet from the goniometer nnd recelver location. Recelved
energy vas fed through the cnblgs without excessive loss and besrings eould
be mede undsr such conditions without ony additionel error. The electrical
loss in these cables was 3 to 4 db per kllometer. The gonlometer used with
this system wes very simple in operation and the nulls obtnined with one

of these remotely controlled direction finders were excellen?. The method
of determining sense wrs to note whether the gonlometer dinml hed to be
rotated to the right or to the left 1n order to obtain 2 minimum ~fter the
sanse antenne wrs connectaed 1n the circult. If the goniometer hed to be
roteted counterclockwise to obtzin o minlmum =fter connseting the sense an-
tenna, the trensmitting station would be on thes buering observed without the
sense ~ntennr. However, if the reversc were true, thot is, if the goniometer
hed to be rotated clockwise to obtein a2 minimum after the sense antenno was
connected, then the direction of the stntion would be 180° from the bearing

cbserved before connecting the ssnse antenno,
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A portatle Army Adcock system was also observed. The equipment wna
Installed in on enclosed truck with the rntcnne systen mounted externally.
It wes designed to operate on the same freguenciss -8 the system just de-
seribed. It was impossible to obtein rceess to the inslde of the truck due
to the militery status of this egquipment, but it is understood thet the
apperatus wns identicrl to that used with the Ldzock systen nlrerdy deseribed.
It could be sewn thet the antennas actunlly wore identieal to those first
desecrived, excopt that they were doaignsd for portatility and were “rraﬁged
for ersy erection. The truck thant houscd the goniometer and receiving
equl pment elso ernrried nn engpine-generator power supply which furnished the
rower necessrry for the »ort~ble dircection finder stetion., This entire
egquipnent including sntennrs could beo instrlled by three men in approxi-
mately five.hours' time. Tris systen is dgsipnsd to surplerment the strndrrd
zearon~utie~l direction finder system uscd throughout Frence,

An inspecction wns rlso mnde of a dirzction finder loop ond vertienl
antenns connected to o cethode roy tubce. The pettern obtnined wng a very
thin Jlipse which pointed directly to the bearing of the station received.
Berrirgs wlth this arrengenent could te remd within 1 degrece. A very fine
seele was plrced dircetly over the cnd of the cathode rey tube, hls senle
wns illurinoted indireetly by projecting light through » window slirhtly
in front of end to the side of the cothode rnyv tube on o glerss sct nt 45
degrees to the nxis of vision. Tre outst-nding chrrrcteristic of this type
of direction finder wogs the erse wlth which the besrings could be read on
elther tolegraph or telephons stations.

On October 28, I met Mr, lullipgrn ond visited the Embnssy. Wc conferred

with Mr. Murphy, First Sceretary of the Embessy, the Militery Attache!,
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the Navel Attache', and Mr. Hugh Fyllerton, Culef of the Esonomlc Division.
Mr. Mulligen end I then visited the laboretories of L.M.T. ageln, and saw
a model of the Lorenz blind lending system. By means of varicus push-
buttone, this unit demonstrated the instrument indleations which would be
observed in the cockplt with the airplane in various positions above and
below the glide path, to one side or the other of the path and directly on
the glide path. This model has been carried out in considerable detall and
has proved to be a very veluable aid in demonstrating instrument lending
to both pilots and laymen, A discussion wes had with Dr. George Lewis
Director of European I.T.&T. Laboretories, Dr. Deloraine of the L.M.T.
company, and Mr, Mulligan, in connection wlth the results ocbtained by the
French Air Ministry on the curveture of the Lorenz glide path using verti-
cal polarization and the new type of horizontally volarized glide.path
desipgned by Dr. Perroux of the L.M.T. Laboratories. These results indl-
cated that herizontml polarlzation gave a fiatter glide path than wes ob-
tained with werticel volarizetion. An average of all the flights teken by
the Alr Ministry indicated that Perroux's antenna gave a slightly straighter
glide peth than that used in the United States. However, the path was still
definitely curved. Perroux's entenns differed from thse conventional antenna
in that one horizontal element was fed 180 degrees out of phase with another
cne directly over i1t so that s minimum of ensrgy was transmitted mlong the
locelizer path. Mr. Mulligsn and I were invited to lnspect the L.M.T.
instrument landing at Troyes the followlng day.

On October 29, we proceeded with Dr. lewis to Troyes. Here we moet
Dr. Perroux, Dr. Lair, and other engineers, who described the system which

they had developed for the Air Winistry in Fronce. The locelizer antenna
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consisted of two vertical antennas, one helf wavelength apart, excited
approximately 170 degrees out of phase by meens of balanced two-wire
open lines, In the center of each antenna was an inductance coll, One
inductance coil consisted of four turns, whereas the other inductance coil
consisted of five turns. Across the two inside turns of the latter induc-
tance, the contacts of a relay were connected for shbrting them. By open-
ing and closing this relay, a course was produced perpendicular to the
plane of these two antennes, It 1s apparent from the description given that
one antenna is slightly inductlive when the contmcts are open and the same
antenna becomes slightly capacitive with the contacts clogsed. The magnitude
of this reactive component contrcls both the sharpness of the course and
the field strength e¢btained along the course. The other antenna is normally
tuned to zero reactance. Courses as sharp es one-tenth of one dsgree in
width may be obtained. In Europe, it 1s stendard practice to key all
radio ranges with dot and dash signals in order to provide for both visual
end aursl indicetion of courses. The moximum emplitude ratic of dash to
dot and dot to dash occurs approximately 12 degrees off course on either
side of the course. A course width of one-tenth of one degrce has been pro-
nounced by French pilots to be too sherp and a8 a result the course width
has been lnereesed to approximetely one degree. Memsurenents were made on
the course width snd observations were made on key clicks at a distance of
approximately 400 feet from the antenna wlth a porteble monltor receiver.
Key clicks were negligible and the quality of keying was very good. The
course was also much sharper than observed on the Lorenz instrument lending
gystem when it was first tested in Amerien., The major advantage of this
localizer is thet only one relay is required, thus minimlzing key clicks

and the difficultlies involved in synchronizing two relays ms used in the
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Lorenz system. The major objection to this locallzer was that at right
angles to the main course, there were two very broad courses which were
approximately 30 degrees wide. It was noted that there was a small die-
placement of the main courses from a true reciprocal relation due to the
fact that the current in the resonated antenns was slightly greater than
thet in the antenna which remained reactive. This condition could have
been eliminated by inserting a fixed resistence in series with the non-reactive
antenne; however, this was gonsidered unnecessary and was not used.
Perroux pointed out that if it were necessary to heve reciprocal courses,
he would prefer to shunt the loading coil in the center of the antenna with
& reelstance rather then use a sgeries resistence. This method was con-
sldered more desirable from the point of view of resistance fallure, since
&an opening resistor would not cause a course fallure, but would only shift
the course one or two degreea, It was their experlience when testing the
Lorenz system at Le Bourget that key c¢licks were one of the major problems
encountered and considerable time and patience were required to eliminate
them. This system they claim gave no key click difficulties whatever even
though the circulating current through the relay wae approximately 10
amperes. (One of the relays which had been in service for approximately a
year carrylng e ecirculating current of 10 esmperes was inspected. It was
foupd that this relay was In excellent condition and the contaets were still
entirely satisfactory., Tpbis was contrary to what would naturally be expuected,
but apparently with proper design this is not B problem of any conseguence.
The glide path was produced by enother transmitter operating on a dif-
ferent redio frequency into s separate antenna. This antenna wee located
approximately 18 feet in front of the localizer antenna. It was thelr

ultimste plan, however, to locate this glide path antenna to ore side of
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the runway, with an arrangement such a8 was originally developed by the
Civil Aeronsutics Authority in order to completely divorce the two trans-
mission systems, thus enabling each antenna to be designed to best adven-
tage, The arrengement of the glide path antenna was a8 follows: Two
horizontel doublets fed in the middle ond located in a plane perpendicular
to the locmlizer course were gpaced a half wavelength and excited 180
degrees out of phase. In the same plane and one quarter wavelength below
the lowest antenna was located a reflector. Another reflector was located
one quarter wavelength behind the lowest excited antenna., The method of
ad justnent was to first tune the lower excited entemma to zero reactance 28
indicated by maximum current with the upper exclted antenna disconnected.
The upper oxcited antenna was then connected and its length =djusted for
minimum current in a horizontal doublet located seversel wavelengths 1in
front of the antenna at & height approximetely 1/2 wavelength above the
ground. In the particular lnstallatlion observed, the upper antenna was
approximately 5% shorter than the lower excited antenna, The two reflec-
tors were approximately 5% longer than the antenna. The height of the
lower rcflector above ground was epproximetely 1/4 wevelength.

The two antennas were physically identical in all respects, but dif-
ferent rodulation freguenciea were used., The localizer was modulated at
approximately 11560 cycles and the glide path trenamitter at 2000 cycles.
The localizer and the markera were all operated et a frequenay of 33 mega-
cycles; the gllde path at 38 megacycles., This differa from the Lorenz
system in which the localizer and glide path ere both on 33 megacycles,
inmsmuch as the same trensmitter is utllized to produce both the glids
path and the localizer signals. The markers with the Lorenz system are

operated on 38 megacycles. L.M.T. realizes the importance of having the
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markers on a frequenoy separste from the localizer and 1s considering steps
to be taken to obtzin a third frequency for the markera. In other words,
they feel that the three fundamental transmisgions requirsd for instrument
landing should be supplled on three different redio frequencles, In this
respect, they concur entirely with Americean practice.

It was Interesting to note that the tranamission lines to both the
glide path and to the localizer trensmlitter were made ol l2-gauge open-wire
trensposition insulators at frequent intervals. The transmitters were looat-
ed in a building spproximately 30 feet behind the glide path antenna,

The tubs line~up used in the trensmitters was rather unique in that the
fifth harmonic was taken directly off from the first oscillator tube and
sufficlent power was obtained therefrom to drive a 304-B, which was the .-
type of tube 1n the rirst doubler stage. A tube very similar to our 807
wag utilized in the crystal stage. Two 304-B Joubler stages were next in
the sequence after which came & 304-B push-pull fundamental amplifier stage
driving two lerge triode output tubes which delivered approximately 400
watts to the entenma, All tubes in this tranemitter were said to give at
least 3000 hours of life. The frequency of the crystal used was 3.8
megacycles, The crystal oscillator circuit was described as one which gave
"partials®. In other words, there was no circuit in the oscillator stage
which was tuned to the fundamental of the crystal; the plate ciroult was
tuned to the fifth harmonic direetly. A copy of this circuit was obtained
for comparison with eiprcuits which we are now utilizing. It should be
mentioned in this connection thet two watts output was cbtained from the
fifth harmonic of the first tube. The high voltege rectiflers used in

both transmltters were selenium tubes and heve been in operation for approx-'

imately two years without any difficulty whatsoever. It might be mentioned
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that the transmitter has been left unoperated for several months at a time
under relstively demp conditions. When monthe later the transmitter wns
again placed in operation, no difficulty hos been encountered due to mois-
ture on the disks of the rectifier, Experience with these rectifiers
indicates that they are very conservatively rated. The secret of thelr
success 1s partielly due to this fmet. In other words, the only mossi-
bility of dammging such a rectifier is to subject 1t to oxcessive overleoad
for a prolonged period or to apply excessive voltage across the rcetifler
elements.

The marker beacons we saw were very ingenlous in thelr construction
and the results cbtained with them were excellent. The thickness-to-
length ratio of the field pattcrn was enproximetely 6 to 1, which makes
this desipn of entenna ideally suited for fen markers and lnner or outer
markers of instrument landing systems. Brlefly, the antenna may be de-
scribed as consisting of a fan marker similar to our own with another set
of sntennas one-holf wavelength above the lower antennas and fed 180
degrees out of phese therewlth. The arrsngement devised to accomplish this
consisted of four syrmetrical loops in line in the same plene, each heving
a physicel dimension of one-hrlf wavelength on a side, The two central
loops were excited through connectione to the Inner lower adjecent corners.
The mutuel impedance betwesn the inner and outer loops resulted in voltages
being fed to the outer loops by the vertical members between the lnner and
outer loops which ware adjecent, Tho dimensions of the psttern at an
altitude of 450 feet were 525 feot in width by 3000 feet in length. The
Jutput of the transmitter and the sensitivity of the recelver were adjusted

in order to give & naximum service helght of 2100 feet, The maximm
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thickness occurred et 1200 fest where it wes 660 feet. In normal flight
the marker could be heard for approximately 5 seconds. Only one merker
beacon indicetor light was used in the cockpit; 1t served both the inner
and outer markers. The French felt that one light was sufficient and

that the visual difference between short dots end long deshes was enough

to enable the pilot to differentiate between them as he passed over the
inner or outer markers. This naturally simplified the equipment in that
only one output filter was required, since the same r.odulation frequency
was utilized on both markers. This differs from our practice in that sepa-
rate audio frequencies are used in Ameriea for the inner and outer marker.
Each has 1t8 own indicator light of different color, which gives the pilot
a still more positive check as to whether he is over the inner or the outer
marker. In this country, the pilot has three complementary possibllitles
of determining whether he is over the inner or outer marker. First, he haes
the difference in tone between the inner and outer merker, which may be
heard in the headphones; second, he has different colored lights which
operate only on their corresponding marker; and, third, he has the very
rapid dots which mre trensmitted aurally end visually on the inner marker
only and deshes which are transmitted only on the outer marker.

The sircraft receiving espparatus designed for use wlth the L.M.T.
system was interesting. It comnslsted of & single chessis on which were
mounted two superheterodynes. The total weight, including the power supply
end indiceting instruments totelled only 30 pounds, The localizer super-
heterodyne receiver consisted of the following general tube llne-up:
one radio frequency emplifier, one first detector and converter, two lnter-

nediate frequeney amplifiers, second detector, two audio amplifiers, =&
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crystal oscillator, end a crystal frequency doubler. Tae glide path
recelver wag ldentical in s8ll respects, except that only one T.F¥F. ampll-
fier was used end the first radio freguency tube was biased well back

in order to greatly reduce its sensitivity. The logallzer recelver had a
sensitivity of one microvolt with autormatic volume control. The glide
path receiver had a sensitivity of approximately 3000 mierovolts. IV was
noted that the plide peth 2nd localizer instruments were extremely light-
weight, thet is, mueh lighter® than those utilized in Americe.

A control was provided on the output of the glide path receiver in
order that the pllot as he passed the cuter merker might within definite
limits select the proper glide peth. This was accomplished by means of
a bridge circuit in order that the sensitivity of the gilde path rointer
will not vary at different settings. Tt should he pointed out that a shunt
across the plide patk meter would not be a satisfactory meens of accomp-
lishment, inasmuch ns the sensitivity of the instrument would vary widely,
depending upon the wvalue of the shunt reslstor as it is adjusted. For
this reason, a bridge circuit was devised so that the sensitivity of the
needle wovld renain constant regerdless of the mctuml glide path flown.
The circult diagrsm of this bridge arrengerent wes obtalned. Actual
experiments proved this to be essentisl. With this recelver, it wes pos-
sible %o come in over the outer merker at any altitude between definite
1llmits, say from 60Q to 1000 feet, mnd descend a% any rate which the
Tlight characteristics of the sirplane would permit.

4 lerge number of glide path curves obtalned with both the Lorenz
gystem and tho L.M.T. system were analyzed. It was noted that there was

considerable variation between the Lorenz glide path and the L.M.T. glide
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path. This difference 1s attributed to the fact that vertlcally polar-

ized waves were used with the Lorenz glide path, whereas the L.M.T. system
used horlzontally polarized waves. Man)y tcats were conducted on the L.M.T.
system by changing the phase relations between the upper excited antenna

and the lower excited antenna end it was found that this resulted in slight
differences in these curves. Thia indlcated that when the field in front

of the transmitting entenns waes at a minimum, the peth was slightly straighter.
The very bast condition which was observed followed the law of approximately
Xl'9 = py. This differs very alightly from the curvees we have flown in
thls country which indicete that the equation which the glide path follows
is squal to X2 = 7y. In order to provide s further reference of these
points, averages were computed. The following values ere given for horl-
zontal polarization utilizing the phase difference between the upper and

lower excited entennas which gave the stralghtest glide peth with the ver-

tically polarized Lorenz system,

Polarization X Y
Horizontal 4600 230
2800 106
Vertical 4600 223
2800 30
X = the distence from the antemna to a point immedlately beneath
the airplane.
Y = the height of the airplans.

Two methods of observing the glide path were used. One utilized a
recording barogreph. When directly over the inner and ocuter markera, the
graphio recording wasmarked. The plane was then flown down the glide path
and the curve obtained on the barogreph indicated the curvature of the

gllde path directly. This method is not considered sufficiontly accurete
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due to lag in response of the barometrle recording instrumeﬁt. Another
method whieh 1s considerad to be ruch nore satisfactory is to fly at e
congtant altltude, intercept the path and obssrve the point on the ground
over which the plane was at the instant the path wes intercepted. A bomb
alght 13 uged in noting this point as indicated by the exactly horizontal
position of the indicating instrument pointer. In addition to noting the
points at which the horizontel needle is centered for glven positiona of
the alrplane, points are teken for other positions of the glide path pointer
30 that the glide peth can be calibratcd throughout its entire range for
various positions of the indicetor. In other words, curves of altitude
against distance are plotted for verious receiver outputs. This gives a
complete graphical indication of the limlts and tolerances which would have
t0 be esteblished in order to clear sll obstructions along any perticular
glide path.

October 30 and 31 and November 1 were spent preparing for the sessions
of the Third World Conference of Radlotelegraph Experts for Aeronsutics.
On October 31, & visit was made to Mr. Giuste of the Alr Ministry of France,
who has charge of all cquipment for use in ell government alreraft. It
was learned that all fighting airplanes in the Army carry transmitters
which weigh 28 kllograms and have an output of 260 watts. Apperently, Mr.
Glusta'a greatest concern at the moment was the combating of ic¢e on air-
craft. He wes planning = trlp to the United States in order to study the
work done by the elvil airlines in America in order to obtain informatlion
which would assist them in eliminating ice from militery aircraft,

November 2, 3, 4, and 5 were spent in the sessions of the Third World
Conference of Rediotelegraph Experts. The entire work of this conference

1s covered In a separate report to the Secretary of State by the Delegation



of the United States, coples of which have been furnished the Authority.

November 6 was devoted to the preparation of that report end to the
inspection of inventions whlech were in the process of development by
Marcel Wallacos. One was a S-meter device using & cardioid pattern in con-
Junctions with a cathode ray tube. Another development was a recelver with
cathode rey tube for obteining simultaneously three hearings from three dlf-
ferent radic stetlons operating contlnuously on three different radlo fre-
quencles. HNeither of these developments was in operating order and so
could not be demonstrated; therefore, it wes impossible to obtaln an idea
cf their practical value, T alse saw an ultra-high frequeney pesnoramic re-
ceiver which operated on S meters. A rotating condenser operated by a motor
éwept the R.F. amplifier, the first detector, and the oscillater simul-
taneously through & given freguency renge while a cam on the same motor
shaft operated a switch in synochronism on a cathode ray tube so that the
putput of the recelver ignited the cathode ray tube only half of the time.
This was necessary in order to give 8 swaep in one direetion wlthout e Gon-
fused picture on the cathode ray oscillograph. A model of s radlo compass
was ohserved which worked on the prineinle of connecting first one loop
and then ancther %o the Input cf the receiver. A synchronous motor ac-
complished the switching through & pair of contects which alternately con-
nected flrst one then the other of two cross loops to the input of a re-
celver. By mechenically linking this errengement up with the ocutput of
the recelver, it wes possible to operate e cathode ray tudbe which would
indicate the direction of the station. This development was not yet com-
plete, but showed considerable ingenulty in epplication of the idea.

On November 7, I visited Villacoublay which is & military airfield

just outside of Peris, Permission for this visilt was obtained by our
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Military Attache' at the American Embassy. I observed a Morane-Saulnier
pursult ship with a complete ultra-high frequency transmitter and receiver.
Both the ftransmltter and recelver had a conftinuous frequency range from 5
to 10 meters. Ordinarily they were adjﬁsted to operate on two particular
predetermined frequencies which could ﬁe remotely selected in flight. The
trensmitting antenna protruded from the top of the fuselage about 2% feet.
The receliving antenna was projected from the bottom to a length of approxi-~
mately 2% feet. The mntenne undernssth the ship had to be retracted when
the wheels were let down for landing or takeoff. This was accomplished by
mechanically errenging for the antenna to be tipped up against the bottom
of the ship when the wheels were in lending position, end for extending
the antenna when the wheels were retrmsoted. This entlre equipment weighed
epproximately 38 kilograms. In this alrcraft which was equipped for instru-
ment landing, it was observed thet the marker beacon antenne was placed
inside a plece of stremmlined bakelite or wood which waa affixcd to the
bottom of the ship approximately 1% inchee below the steel members. This
gave an antenna post entirely protected from ice end one which presented
very little drag on the alreraft. It was mentioned that their tests had
proved this antenna to be entirely satisfactory.

I inspected alsp two complete two-way ultra-high frequency communica-
tion stations which were contained in trucks and trallers end entirely
porteble, They were used for communications from ground +to plens on ultra
high frequencies. Oné of these complete equlpments waa made by Thompson-
Houston and the quality of the workmanship wes found to be very good. The
manufacturer of the ¢other equipment is not kmown. The truck carrled the
trenamitting equipment and power supply for ithe entire unit lncluding the

receiver. Power and control cables extepded from the truck to a traller
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which could be located arproximately 300 feet ewey, This treiler carried
the ultra-high frequency receivers and microphone control apparatus. In-
structions from the ground were trensmitted directly from the trailer to

the sircraft in flight. In addition, equipment wes incorporated in the
trailer for communicetlon by wire line with a command unilt which could

talk back to the aircraft over wire line and unltre high fregusney radlo.

The transmitter of ome unlt was agperated at epproximately 50 watts output,
the other 200 watts., Tue recelvers were superregeneratora, which the French
like very much for telephone communicetion with aircraft, but do not
recommend for beacon reception due to their tendsney to overloed, giving

the effect of broed loemlizer courses. Both the transmitting end receiving
antennas were halfwave vertically polarized doublets arranged wso they were
entirely portable. In each of the trailers were located three ultra-high
frequency receivers, which could simultanecusly guard three different redio
frequencies, In one of the installations, 1 saw a rubber covered flexible
ultra-high frequency concentric ecable of very low loss construetion. It

was nade of flexible wlre, cup-shaped beads, copper brald, and rubber cover-
ing and very highly developed and entirely satisfactory for transmission
lines to portehle antennas.

I was next shown a complete porieble redic stetion for two-~way com-
munications =ith equipment for reception of freguenoles from 30 megacycles
to 30 kllocyeles. The staition was also equipped with a rotatable loop an-
tenna. Transmitting equipment covered both low frequencies and high fre-
guencles. They were located In a truck together with engine generator
equipment; the recelvers were carried in s separate traller after the

manner of the ultra high frequency units previously deseribed. Tiere was
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demonstrated also a very ingenlous portable mast which could be reised

in about one minute to & height of approximately 6C feet. The antenns
consisted of ebout six sectlons of concentric tube which extended 1tself
by means of compressed air foreed in ag the bottom of the hollow mast. At
three different points, sete of three guy wires »cre loocted. When i1t wes
degired to raiss the mast, a portable electrie =mir compressor, powered from
a 110-volt portable line, was brought to the bottom of the mrst. The con-
rressor forced alr into the bottom of the antenna and the mast mRutomatic-
ally projected ltself upward. Each of the sectlons was spproximately 10
feet long. This mast was used to support the long weve antenna., To dle-
mantle the nest, an air valve was opened and the seetions slowly teclescoped
wlthout eny ottention.

Probebly one of the most interesting things I =~w while in Furops wss
the demonstration of the S.A.D.I.R. ultra-high freguency direction finder
which covered frequencies from 30 to 60 megecvecles., This equirment was in-
stalled ir a trailer. It consisted of an ultre-high freguency eanged
superheterodyne recelver with tuning renge from 30 to 60 megacycles. It
incorporated a push-pull tusned radio frenucaney amplifier, a push-pull first
deteetor, and a single ended oscilletor, all of which employed the 954
type of tube. Its two intermediste frcquency amplifiers, second detector,
and two stages of audio amplification all uscd nmetal tubes. The power sup-
ply was cvxtornal to the recelver nnd operated from a 50 cycle, 110 volt
power supply. The antenne was very unlque, consisting cssentially of an
Adcock 1n one plane, cxcept thet cach of the dipoles waz @ U~-sheped antenna, .
Tue ontire Adcock system could be rotatcd in the sarme manner that a lonp is
rotated. The distance between the vertical U members of the Adcock was 4

to D feet. The separation between the two gides of esch U was approximetely
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5 inches., Betweon the two ends of each U section were connected a2 trens-
mission line r~rd o ruesigicace which was roughly equal to the surge impedance
of the line. This in effect eamve for each eantenne circuit a complete loop
which was terminated 2t {ts mlddle nortion by & series resigtence. The an-
tenna syster operated exaetly as any null type direction finder. In order
to obtein a ssnse ‘ndication, & bellows located nn the rein shaft mctuated

a pneumaticaelly operated relay which closed a pair of contaets in one of

the antenna junction boxes. This distorted the peattern and by rotating the
loop either tc the right or to the left 1t wag possible to determlne which
nul) gave the true stetion bearing. The claim made for these specinl U-shaped
antennas was that much greater accuracy could te obtained should it be
necessary to loeate them relatively close to reflceting objects such as
hangars, trees, or houseza. Thls cquipment was set up In a2 field mpnroxi-
xztely 400 feet from & netal hanger, yet an accuracy of within approxirately
1 degres wes obtained when taking besri-gs on the E1ffsl tower several miles
away. Iapny flights with Arny airceraft Zndicated that accurmcies of plus or
minus 1 degree could be ob*ained fron bearings on their trensmissions up to
distances of 100 to 150 niles depending on eltitude. The Air Ministry
officlals spoke very hirhly of the results obteined with this cquirment.
They of eourse reslized that 1t is still importarnt whenever mossible to keep
the equimment located roletively clear of surrounding objects.

Although conditions obtalnizng when I wos present were not cxceptionally
favorable in that there were many hangers end buildings st distances of 400
to 500 feet awsy, the bearings obtained were very sherp and could be eesily
read on the scele of less than ~jus or minus 1/2 degree. It was mentioned

that before I arrived they hed picked up & station in Ciechoslovekla and
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also vne on Long Islend. They hed neglected, however, to obtaln the
bearings of these signals. The mechanieal econstruction of this sgquipment
which wes manufectured by 3.A.D.I.R. was considered to be excellent.

The next gerwonstration was of a rotating redicbeacon of the two-course
type which 1n our terminclogy would be deseribed «s an omni-dlrectionsal
radioheacon. This equlpment was also manufactured by S5.4.D.I.R. Tre re-
sults obtained with 1% were most interesting. The prineciple of the rotat-
ing range consisted of producing alternately two pertlel cardiclds keyed
with dots and deshes respectivcly, These patterns were rotated clockwlse
at & constant rate ¢f one revolution per minute. Acsoclatoed with the re-
ceivers enployed with this syster is a gtenderd stop wateh which has 15
geconds converted to L0 degrees, 30 seconds converted to 180 degrees, and
45 seconds converted to =70 degrees. When the course heving the dots on
the right is in the trus north direction, the modulatien frequency is
changed from 1000 cyeles to 2000 cycles for sbout one second., At thia time,
the atop 1s sterted. When the extremely sherp course formed by the inter-
locked keying changes fror. dashes to dote, the watch is stopoed and the
bearing 1s reed from its disl dircetly in degrees. The course is very
sharp and the bearing may be talen within approximately onc-degree accurecy.
With the suporregenerative receliver which is normslly used in sireraft,

t.e detector if overloaded gives what appears to be two very brocd courses
at 90 degrees to each of the sharp courscs. ZEach of these eourses is
approximately 40 degrees wide £s8 compervd to the two sharp courses which
vre approximately one degree wide. It ls therefore a very simple matter to
differentiate between the nerrow snd wide courses. Actually the ratio of

field strength at these wide courses is spproximately in the retio of 1.06
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to .94. This was obteined by reading = calibrated fleld strength meter
which operated directly on the field strength recelved from the desh and
dot. It should be mentioned that with an ordinary receiver the two wlde
courses would not be heard, but either the daesh or the dot would easlly
predominate over the other signel, thus glving only the two sharp courses
during one complete rotation of the tranamitting antenna. It might be men~-
tioned that the two major reasons why superregenerative recelvers are 8o
populer in France is that the sipnel to nolse ratio 1a very ecod and that
they are very light and inexpensive., The mechanical construetion of the
rotating rediobeacon was similér to the direction flnder except for the
dimensicns of the rotating Adcock and the terminating resistors which were
ussd in the vertical U-shaped lcops. In addition to what might be desig-
nated es the major Adcock, there was another Adcock loecated perpendicular

to the plane of the former, which consisted of two shorter and more closely
spaced Adcociks. The major Adcock consisted of two antennss epproximately

10 feet apart and U's which were approximately 6 inches betwsen the vertical
seations. The shorter Adcocks were approximetely 6 feet long and roughly

5 feet apart. This equipment was all rotated on top of » small atesl mast
approximately 20 feet 1n height. The ectuating motor and gear box were
loceted at the bottom of the tower roteting the entire antenne structure

at 1 r.p.m. Mounted on this verticel shaftwed a cam which was used to trans-
mit the reference signal consisting of the one-second change in audio fre-
quency at the instant the proper course 18 lined up wlith magnetle north.

The object of the major Adcock was to produce a figure-of-eight pattern where-~
&8 the two smaller antennas wareused to produce an elliptical pattern 90

degmes out of phase with the major Adcock; the combinetion of the two pro-

duced a partisl cardioid. The inner msntennas were of course tuned 90 degraes
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out of phase with the major Adecock. A reley was mounted in & box at the
top of the tower which reversed the patterns by reversing the phase of the
current in the mejor Adcock mntenna. The reley was d.c. operated. A single
conventional 200-watt modulmted transmitter wes used. The transmitter with
ite power supply waé installed in a treiler located approximmtely 35 feet
from the base of the antenna. Tests condueted on this equipment showed
that the presence of the treller 4id not dlstort the pattern, thus indicet-
Ing that the U-type antenna constriction represented in this equipment was
of definite edvantege 1n obtaining accurmcy. The r.f. output of the trans-
mitter was fed to the antenna through a two-wire shlelded transmiasion
line. The construction was of 7/8-inch thick-wall copper tubing in the
center of which were located two No. 18 conductors. These wirea were held
in place by = white substence which was said to be mangénese. The transmis-
sion loas was rather high, but the length of the line was relatively short,
‘0 the efficiency was stlll cutirely satisfactory. It wes necessary in their
work to use balanced shielded lineg in order to achieve eccuracy. Thias lins
could be bent on approximately a S-inch radius. At the bottom of the ro-
tating shaft were two vertical contacts which dipped into two concentric
cups filled with mercury. Thess stationsry cups were connected to each side
of the belanced concentrie line from the transmitter. Conneetion of the
vertical contacts to the junctions of the antennss was also through & bal-
anced line. Every effort wus nade in the deslgn of this equipment to pre-
serve symmetry. My tests of this equlipment were very satlisfactory. With
about two minutes trnining, I was able to obtain bearings in space with an
accuracy of approximately one degree.

In the afterncon, a visit was made to Le Bourget eirport. The diree-

tion finder stetlion was first inspected. It wes found that there were
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three separate direction finder units., Two of these units used 30-inch
diameter loop antennas and the other was a very crude Adeock. The
latter unit was used for obtaining bearings et relatively great distancess,
The procedure was to teke bearings on ¢ pleane when it was anywhere from
30 to 100 miles from the ststlon. This wns accomplished on one pair of
low frequencies, When the plane came within the 30 mile area, the air-
creft chenged to mnother frequeney ond communigated wlth the loop direc-
tion finder unlts which kept him ~dvised at all times of the order in
which he would make & lending end also his positlon wlth respect to the
alrport. When the alrcraft was ready to meke e final approach to the
field, it was then necessary for the alireraft to change lts trensmitter
te still a third frequency end during the approach and landing, bearings
were taken from another radio compass station located sapproximetely
3000 feet from the edge of the field in line with the best approach to
the field. The frequency used on the aircraft for distances between

30 and 100 milea wes 333 kllocycles; 1n the air traffic control zone,

or within a radius of approximately 30 miles, the fregquency of 327 kilo-
cycles ms used. A third frequency was utilized for lending proeedure.
The precise frequency to be used depends upon the perticular airport

end country in which the landings are to be made, Communications from
ground to plane were handled on.transmitters and frequencies still dif-
ferent. At the time I visited the dlrectlon finder station, the celling
waas approximately 500 feet and there were five amirplanes stacked up

over Le Bourget walting to get down. It took 25 mlinutes tc land a
Spenish airplans which was not very skilled in the so-called "ZZ" pro-
cedure, During this timé the other pilots beeame very much concerned

and requested that the Spanish pilot be =zsnt out of the area asc that
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they could come down wlthout further delay. This request, however, was
ignored because by that time it appeared that the Spenieh pilet would get
down succesafully. This he eventually did after which the remaining pllots
sach took from 10 to 12 minutes to land under thess conditions. The land-
ing procedure, of course, depended entirely upon radic direction finding.
The receiving stetion on the ground transmitted its observed bearings cf the
aireraft to the pilots by means of radiotelegraphy. The frequency of these
reports was approximetely every 30 seconds. In =addition, it was the prac-
tice for an observer to stand outslde the radlo bullding end listen for
.motors of the alreraft in its finel approach to the field. If his aural
observations indicated the aircraft{ to be in proper position for landing,
the pilot wms informed by radio and advised to come on through and make a
try for the field.  If it appeared that the pilot was not llned up properly
and could not mske a landing, he was told to try another approach. The
2% procedure on the whole was very very cumbersome from the polnt of view
of the pilot, and also considering the large number of treined perscnnel
requlired to furnish the aircraft such a continuous succession of bearlngs.
It shouid alsc be mentioned that when flxes were regquired, bearings were
coordinated over land wires with simultansous observations from ancther
station approximately 40 miles from Paris. Ths intersection of these two
bearings gave the pllot a fix. All information was coordinated and trans-
mitted to the aircraft by the Le Bourget receiving station. 4As fest as one
plane would land, other alreraft would come intc the control ares and stack
up over the alrport. It was very confusing while the ships were in this
area to differentliate between the sound of the motor of &n airplane making

a pasg at the fisld and other airoraft at altitudes of 2000, 3000, and
4000 feet above the field. On one cccasion, I saw an observer who listened

for the Spanish eirplane's motors mlstake another airplene at e higher level
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for the one with which he was communicating by radioc. The obaerver reported
that the Spanish ship was over the airport and flylng west, whersas he was
actunlly some distance from the airport headed in approximately a southerly
direction. This may have caused the pllot some concern, but probably not
since he knew he was flying south and probably disrsgerded the report.
However, it is possible that if the misteken plane had besn flylng south
alsc, considereble confusion would have resulted.

The aceuracy of the Adcock system was claimed to be within one degree,
but I very much doubt this, judging from the general appearance of the egulp-
ment. The antennas were made of 7/8" copper tubing, supported by power type
inaulators mounted on the side of wooden poles approximstely 8 inches in
dlemeter. R.F. tranaformers with the external appearance of standard out-
door type power transformers were logated at the bottom of each antenna.
Symmetrical screen grounds were used with each antenna. Parkway cable trans-
mizsion lines comnected the transformer mnd the goniometer. It wasg pointed
out that they had difficulty during winter months due to moisture in the
transformers which gave bad errors. However, they were replaced with new
Improved transformers which elimineted this trouble.

The low frequency Loth inner marker operating on 397 kilocyeles was
next inspected. Its antenne consisted of two loops in the vertical plane
perpendicular to the axis of the low freguency radio renge. The loops were
approximately 150 feet in length, about eight feet hilgh, and separeted from
each other by about 150 feet, It was later indlecated by the Loth engineers
that this srrangement gave better results then the ultra high frequency
marker which they designed along similar principles. They said that it was
very sharp and also very effectivs to the epides. It operated on the seme

frequeney as the low frequency two-course range.
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The low fregquenoy range manufactured by Loth wes situated at the other
end of the field. It consisted of a single loop antenna perpendicular to
the course and well supported in four directlons to elinminete swayling.

The central vertical antenna was located in & plane projecting through the
center of the loop and perpendicular to i1t. Thls arrangement permitted
zero coupling between the vertical antenna and the vartical component of
the loop and made it possible to run the vertical lead dirsctly into the
tranamitter without any horizontsl component or coupling between antenmas.
The exact coefficient of coupling is not known although it is evident that
two partlal cerdicids would be expected and that they would interlock to
give on-course signals. Dot-dash keying is universally used in all rangs
systems In Europe. This perticular system 1s considered to be very good,
although rRther expensive. One advantage is thet since the same antenna
arrey is used for voth the dot end desh signels, changes in antenna char-
acteoristics wlll not change the position of the course, but will merely change
the sharpness or amplltude of the course.

The L.M.T. ultra high frequency instrument landing localizer was next
inspected. It was identical in =1l detalls to the localizer already de-
seribed as installed at Troyes. This equipment was situated in ldentleelly
the same location as the Lorenz equlyment which never had proved satisfactory
due to an excesgive number of multiple courses over a large area. 1% 1is
quite apparent that these multiple courses were caused by e long row of metal
hangars whiech extended along one side of the field. The nearest hangar was
approximately 250 feet maway from the antenns and at en angle of approximately
40 degrees to the range course, In order to eliminate the multiples, L.M.T.
made the course very sherp and in addition had to erect a screen approxi-

mately 60 fest sway from the antenna on & line to the closest hangar.
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The plane of the screen was perpendicular to this line. The sereen con-
siﬁyed of approximetely 20 verticsl wires spaced one foot apart. The wires
stretched between &8 rope stringer at the top and bottom which in turn was
supported by small wooden frames., The lower ends of the vertical wires

were about eight feet above the ground. It was explained that the distance
between the antenna and the screen was very critical, Using sharper courses
decreased the multiples %o only two. It took approximately nine months of
experimentation to c¢ompletely eliminate the multiple courses on this loca-
lizer. When the L.M.T. system was first installed, there were only two
courses separated by about £ degrees, whereas the Lorenz had several courses
apread over B l3-degree angle. It was the elimlnetion of this cne addi-
tional course which proved so diffieulst,

The communicetions center was the next point of interest. In one
room, teletypewriters handled ell message traffic, consisting of pasgsenger
lists, load information, times of teke-off and arrival, ete. In another
room wes a large number of teletype machines which handleil only sequence
weather information. Several radio receivers for recsption of synoptic
weather information wers in operation in another large room. All synoptic
weather trenamissions were also made from this same room. Slemens tape
printera were used for reception on the Berlin high frequency circuit. No
diversity antenns arreys vere used and 1t is believed that the radio printer
1s generally unsatisfactory.

On November &, I pald snother visit to the L.M.T. laboratories and went
through the micro-ray leboratory where waves down to 1.5 cm. were under
lnvestigation. They were measuring all of the propegation charecteristices,
I also went through the erystal laboratory. It was interesting to learn

that they wers using "partlels®; that 1s when the crystal circult 1s tuned
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directly to the third, fifth, or seventh harmonic. Staendard practic? at
these frequencies is to use the fifth harmonic. As much as 2 watts output
1s available on the fifth harmonic.

The design of the televlision antenna installed on the Eiffel tower was
algo Investigeted. It was gaid to have essentlally uniform cheracteristics
over a 3-megacycle band centered at 46 megacycles. Rods spaced about one
foot apart were used to make low impedance antennas heving broad resonance
curves, A quarter wave transmission line connected the entenma to lts
reflectors. Tuis reversedlthe reactance curve of tpe antenna with respect
t0 frequency at the junctionr of the reflector and the quarter wave line to
the entenns and elsc broadened the resistance curve. The array consisted
of' elght antennss and four reflectors arrenged in a circle.

On November 9, I 2slicd on the Loth company. We discussed the long
range beacons at Marsellles, where the service coverage is 600 to 800 mlles
at a frequency of approximately 140 meters. They were constructing two new
units for operation at 75 meters for transcceanic service, one to be in-
stalled at St. Peirre end one on the cwest of France.

We discussed range methods using a large circular carrier pattern and
a small amount of modulated signal trensmlitted directively. Thelr apparent
intent wes to create petterns by shifting phase releticnships. Their
ideas for eliminating multiple courses were to make the course as sharp as
practicable, to radiste as little energy to the side as possible, and vo
provide considerable signal 1n the on-course zones. We also visited the
television transmitter at the Eiffel tower. The installation was obviously
a difficult job, but very well done. Television pictures preduced here
were the best I had ever seen.

Loaving Paris at 11 p.m. on this dete, I arrived in Lyon, Fr.nce,

at 6:30 2,m. the following morning, November 10. First an inspection
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wag mede of the alrport facilities, They had peint-to-point low and bhigh
frequency circults for traffic and weather, end used the teletype for dls-
patching and ship notices. A Loth instrument landing system was located
only 50 feet from the slde of the steel hangar. The result was considerable
gcalloping of the field patterns, but only one course was present. ILoth
and Lufthansa pllots who flew the course claimed that key elicks were neg-
ligible.

A ground direction finder station had been installed here by L.M.T.

It wes of their U tyuwe previcusly deseribed. The mechanical Instelletion
was good. The correction curve was irregular, as much as 15 degree varia-
.tions beirg noted. A plane flying in each direction would cncounter about
8 4-degroe difference. The renerel curves are the seme, All transmitters
were 1n one building and remotely controlled from the field.

Leaving Lyon =t 11:50 a.m., I arrived at Geoeva, Saitzerland, at 3:20
p.m., and departed at 5:50 p.m., arriving in Berne, Switzerland at 8:20
p.m. the same evening,

The following day, November 11, I met Mr. E. Hofer, Director af Bell
Telephone Manufecturing Co., and visited with Mr. Gscll, Director of Air
Nevigation. Iater I visited the Berne Alrport and had & talk wlth the
maneger. The airport was small, but had approeches from two sides, there
being hills on the other two sides. A visit was made to the Berne Bureau,
where T telked with the Assistant Director, who had alsc attcnded the Third
World Conference of Radlotelegraph Experts for Aercmautlics at Perils.

I left Borne at 11:20 a.m. on the same day and errived at Zurich
at about 1 p.m. Tuere I also visited the sirpert. The manager was out of
the eity, but I talked with his seeretery. I wes shown through a DC-2
and a DC-% airplane, and inspected the radio maintenance shops. I was per-

mitted to inspect the radio equipment on all the eircreft then available.
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Instrument landing radio squipment had been installed on ell of them. The
usuel complement included marker rseelvers, together with two long wave
transmitters (one spare), and two long wave receivers {cw - code). One
recaiver was e Telefunken visual compass, the cther was capable of eaural-
null operation and non-directive reception. The lnstrument landling instal-~
lation at Zurieh was of the Lorenz type and was excellent, The course was
broad with no key clicks. Landings were made with & 90-ft. celling, and
occasionally under zZero-zero conditions. With the ZZ system (loop), about
8 300-foot celling is required. The loop stetion wme located about one
mile from the sdge of the field. No Adcock antennas were used. I was in-
formed that on one occasion, the loop antenna direction finder hed given an
erronecus bearing and a crasp had resulted. The Telefunken impulse system
is theoretically an excellent idea, but the power of the transmitter is in-
sufficient for use beyond 2 few miles. The greatest improvement had been
brought about by using a small fixed antenna on the plane and taking bear-
ings with loops. ZIrrors due to mountains were serious and averaged about
15 degrees. They varied with distance and height, even when taken in the
middle of the dmy.

A spring shock absorber was always inserted in the antenna imn ordser
to eliminate breskage of welghts. Long bekellte falrleads were used to
rrevent a wsight from ihipping and striking the ship.

Next I Inspected the communicetion center which was loceted about
one-half mile from the alrport. Both low and high frequencles were used
for communication. National type HRO receivers were preferred. Loop
recelving antennas were used on long waves to avoid interference from sta-
tions in directions other than the one desirsd.

The following day, I left Zurich at 6:50 a.m., and srrived at Munich

at 1 p.m. There discussions were had with Dr. Kramar end Dr. Hahneman of



- 3 -
the Lorenz company, and I met Dr. Boetcher and Dr. Grunhart of the Alr
Ministry. 7

On November 14, a trlp wes mede to the Munichralrport where I sew
the Germen "H" type Adcock antenna which 13 considered to be one of the
best in Furope. This Adcock was built by the Navy, but improvements and
modifications had been mede by the Alr Ministry. Null observations with
it wers very good. Telephone and power leads had been brought in to the
center through chokes end filters, Symmetry 1s preserved in every detail,
All transmitters were loceted in one large building. Four towsrs 300 feet
high supported seven long-wave T antennas. Some used transmlsession linés and
othera did not. Vasrtical polarizetion wes used on all low frequency an-
tennas. A very ingemnious type of variatle antenna was noted, which per-
mitted tuning by changing its physical length. It was used with & circular
counterpol se mechanically operated by remote control.

All large towsers were supported on insulatore of a novel design not
used in the United 3tates. Our lnsulators are considered far superlor both
mechanically and electrlically. These towers were not excited, but were
insulated to prevent distortion of long wave antenna patterns, This trans-
mitting station wes sbout slx miles from the present field which is: about
15 miles from the new Munich alrport.

A visit was8 pald to the new mlirport, which was on the eamst side of the
city. This was indeed impreseive. The fleld was approximately one mile in
diameter., It had no runways, but had lerge taxi strips running around half
the fiseld. The control tower was 90 feet high. The administration buillding
and hahgers on the north slde of the field were all inter-connscted.

I left Munich at 3 p.m. for Leipzig, arriving at 9 p.m., November 14.

On November 15, an inspection was made of a large 50 KW radio station at
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Leipzig. I was interested in the 500-foot wooden tower and antenna design,
The carrier was partlally controlled by eudio, thet is, normal carrier

without modulation was sbout 35 emperes and increased to 46 amperes with

70% modulation.

At the alrport, an inspection was made of the straight line glide path
antenna end transmitter. The weather was very poor with about a 300-foot
ceiling and visibllity of about one-half mile.

1 left Lelpzig at 8:10 in Air Winietry airplans end errived in Berlin
at 9 p.a. the seme evening., Tests were made on the ultra-high frequency
localizers at Leipzig and Berlin. Otservetions were made of the operatlon
of the fan marker at Berlin at 15 kilometers from the airport and the outer
and inner markera. The audioc frequency sbsclute altimeter was‘used for land-
Ing. The maximum height at which 1t eould be used was 240 feet. The acouracy,
however, was very good. The method of teking readings was s large improve-
ment over any acoustic altimeter in the United States. A non-directional
radlobercon stetion was located at the fan marker snd was used to home on
with the aireraft compass.

On November 16, I had a conference with Dr. Krazar on methods used to
give simultaneous visual and aural range, snd discussed their method of
moduleting the localizer. They used separate rotating condensers in the
center of each reflector. It was polinted out thet no cross coupling was ob-
tained. Courses were produced by exciting the venter entenna with unmodu-
lated carrier, and effectively keylng the reflectors wlith a rotary condenser
which alternately throws the reflector circuits into resonance and anti-
resonance at an audio fregquency rate. Another poasible method would be to
modulate the transmitter alternately st 90 and 150 cycles and to mechanically
gpen and close the reflector antemnas. It wes thought by Dr. Krawar that

this modulation frequency was not high enough to keep the course indicator
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needle from webbling, If the scheme were used, they would want to use
4000 and 5000 cyclea. I vointed out the necessity of using only one
motor with a shaft of bskelite and three slip rings ln the center. This
would preclude the possibllity of any eross coupling and would permlt the
teking of independent petterns.

On November 17, I visited the Telefunken lesboratories and saw the
Instrument lending receivers they wers using. Thsse were comblned loca-
lizer and marker receivers. The clircuits of eech were designed to uase
three tubes with provision for plate and fllasment voltage regulation. The
complete unlt was very light in weight. One dynamotor supplied both re-~
ceivers.,

Several different loop compasses and the impulse type of recelver
were sleso inspected. It was explaeined that the chief disadvantage of the
latter receiver wes that every airplane had to have an impulse keyer in
order to obtain bearings. It was also pointed out that the ides was belng
abendoned because with such a system they corld not take bearings on enemy
stations or aircraft. For thia reason, they planned to replace all im- -
pulse loop gystems with Adcock entennas, Another disadvantage of the Im-
pulse system is that the power on the aircraft is insufficlent to show the
ground wave on the cethode ray oscillograph.

Several of the new designs of radlo compass had a second loop st right
angles to the loop on which the null was observed. This was for the pur-
pose of taking bearings more rapidly. When sense was required after taking
the null bearing, the loop was not rotated, but a sense switeh autommtic-
ally connscted the seccond loop =rd the vertical sense antenna. By observ-

1ng the weeker signal when the phess of the vertical antenna was reversed,
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the direction of the statlon could be ascertained.

At & nearby field experiméntal gtation, still another "UY type Adecock
antenna 1nstallation was inspected. It conslsted of four 90-foot insulated
and guyed towers, two of which supported a vertical wire midway between
them. The distance between the dlagonelly opposite towers was 240 feet.
Bearings using this Adcock were very sharp. It was explained that "U" an-
tennas were only successful in very moist ground of a uniform character.
This station was located in marshy ground. The feedser cables had to he
placed about 6 feet below the surfece of the sarth.

The gonlometer design wag investigated in detmil. The rotor was wound
on & core of powdered iren. The coefficient of coupling was about 70%.
The stetor coils were wound on a torroidal form of powdered iron. The
permeability of the powdered iron was 45. The accuracy of the goniometersa
was sald to be better than 1/2 degres, which takes into account m1ll errors
in the sinusoidal mutual impedance characteristics.

on November 18, I visited the Templehof Airport, and went through the
new buildings which were then under construction, and alsc through the
model shope. The most outstanding feature of the alrport bullding wes the
tremendous cantilever construction of the shelter under which all loading
and discharging of planes will take place. Twelve to fifteen 40~ to 50-
passenger planes may be loaded simultaneously under the same roof. Over
three thousand separate rotma are avallable for various offices. Res-
teurants ocecupy most of the roof. Part of the Air Ministry will move to
the airport as scon as it 1s completed.

I next visited Lufthansa and inspected a Fokker-Wolf four-engine
26-passenger plane. Engines were equipped with ignition shielding, and
only two bladed propellers were used,  Duplicate lnstrumente were pro-

vided for the pilot and co-pllot. Standard alrcraft radio apparatus waa
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used and instrument lending equipment was included. A bakelite mast in-
gtalled forward fulfilled meny funetions. It supported the airspeed

pltot tube and another static tube together with the long wave "L" type
antenna, The ultra high frequency antemnna was inclosed inside the sup-
porting mast.

An inspection was next made of the laboratories on the alrport of
the Alr Ministry civil aseronautics engineering and testing department under
Mr. Boetcher. The building waes approximately 125 feet long, and 50 feet
wide, and conteined about thirty offices and leboratories. They had a
lerger and better supply of measuring and testing equipment than I heve
ever seen before. Everything was kept remerkably clean and neat.

A visit was next made to the "U" antenna located on the sirport and
purchased from Lorenz by the Alr Minlsetry. It consisted of insulated self-
supporting pipes about 40 feet high and speced approximately 240 feet
between diagonals. Around the bottom of each antenna wae an insulated
counterpoise. A very small box at the bottom of the antenna housed the
shielded coupling transformer and the condenser which placed the trans-
migsion line at zero electrle field. This was aceomplished by inserting
a condan%er In series with the counterpoise and very carefully tuning,

The trensmission line was balanced snd was contained in a plpe. The method
used for balancing the antenna was to induce a moduleted carrier voltage
into the sheeth of the transmission line and adjust the balencing conden~
ser of the counterpolse to give zero mudio output. Thia same procedure
was carried out for each antenna, The Air Ministry reported thet results
were vory satlsfactory.

I next flew to Leipzig accompanied by Alr Ministry and Lufthenss

officials to check the straight-line glide path developed by Lorenz.
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Several approeches to the fleld indicated the path was straight from eny
altitude down to about 90 feet, where it took a sharp curve to the poing

of lending. A rate of approximately 2 meters/second held the plame on the
path down to about 90 feet. At thla point, the rote of descent was changed
to about 1 meter/second. Even though thls rate of descent was msintained,
the polnt of contact with tke emrth was short of the indiceted polnt of con-
tact.

1 flew the Junkers three-engine test plane beck to Templehof on in-
struments, I found the ship very stable and easy to fly. All instruments
worked well, except the visusl type of radio compass, which was sensltive
in operation and generally erratie. This same difficulty was observed on
all Telefunken visual compasses, The Amerlcan visual compasses are far
Superior.

I had 2 very interesting discussion with Professor Von Hendel of the
D.V.L. with regard to ultra-high frequency propagaticn and rein statiec.

He mentioned that they had tried to duplicate the experiments made in this
country by United Alr Lines, but said they could fipd no value of resistance
in serles with the bleeder wires that had any effect in reducing rain static
interference. Their conclusiona were that two tungsten points should be
located in the bottom of the trailing antenna weight and permitted to trail
behind the plane by at least 40 feet. After an optimum length was found,

no appreciaﬁle improvenent resulted from the use of longer bleeder wires.
The antenne reel when used should of course be connected to the fusslage

of the ship to draln of static cherges.

Dr. Von Handel elsc pointed out that the two turn steel loops of very
low impedance manufactured by Telefunken were very effective in reducing

rain static when compared directly with en unshielded high impedance loop.
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However, if the low impedance loop is shielded, a further slight improvement
in the reduction of rain statie will be noted, indlceting the much greater .
necesslty of shlelding a high impedance loop.

I also visited Mr, Grobel of Lufthansa, aﬁd also the chief of itrans-
atlantic operations of that company. We discussed radloc navigation as
epplied to the north Atlantie. They indicated thet they were going to uss
direction finders on the ground at high frequencles up to 23 megacycles.
They seid that at the present time high powered bromdemst transmitters are
the most useful aids on the west side of the Atlantie. They indicated
that they did not use our range ststions chlefly because they couldn'’t be
heard at great enough distances, They indicated that beginning next year,
they are golng to change their base from the Azores to Lisbon, Portugal.
One trip each way a week is being made across the south Atlantic. Next year
they will begin schedules calling for two flights a week sach way. They
have completed 28 Atlantie croasings from a base northeast of Hanburg in
the Baltic sem to the Azores and to Port Washington.

On November 19, I visited the Lorenz company and discussed many prob-
lems relating to locellzers, the straight line glide path, and the Fort
Worth instrument landing installetion. I alsc made tests of thelr simul-
taneous visual end aurel renge. The visual operation was excellent and’
the N-A operation very good except for ringing and rounding of dots and
dashes which makes the signal less acute.

I vislted the Air Ministry and had@ luncheon 2% the Flyers' Club with
Dr. Eoch, Dr. Zetzmenn and Dr. Petzel's assistant, I also contacted our
Naval Attache' ond Captain Peel, his assistent.

On November 20, I left Berlin at 8 a.m, and arrived at Hamburg at

11:20 a.m. I met the Radio Operator in Charge and his essistant, Freddy
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Delllth, and visited radio and communlecation faeilities in the Hamburg

area. The radlo installations on the alrport were ldenticel to theose at
other airports. Teletype was used for messeges pertelning to dispatchling
of planes. All weather informatlon was hendled by radioc on low and high
frequencies. Communicatlon with planes in flight and direction finding was
handled on low frequencles., An instrument landing system of the Lorenz
type with inner and outer merkers was installed aslong the best axis of the
fleld. Along the same axis wes also loceted a2 long wave loop type direc-
tion finder to messist mircraft in landing by use of the ZZ procedure. About
two miles from the airport, a new long wave Adcock direction findor station
was in the process of construction. This equipment was being installed by
the Lorenz Company. The mests were approximately D0 feet high and 200 feet
apart. Although the counterpoises were not yet installed, it was under-
stood that the syatem would be a modlfied U with counterpolse similer to

the system used et Berlin. The transmitter station wes next inspected. It
was located approximately 12 miles from the airport and waa essentially
identical to that at Munich, except that all transoceanic transmitters were
also located at this point. The antennas were of several types including
"¥* cntennas, vertical guerter-wave antennag, vertical multiple hermonie
antennas, end horizontel half-wrve antennas. The englneering principles
represented in the antenna deslign for the high frequencies were not the besat
In that, with the exceptlon of the V antenna, no directivity was used. It
was obvlous that they relled entirely on expensive high powered transmitters,
5 to 10 KXW, to insure communication rather than the use of highly directive
beams with lower powered transmitters. All of the eapproximetely fifteen

bigh and medium high frequency antennas were located on a plot approximately
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BOO feet square, which obvicusly 1s inadeguate for such a number of direc-
tive arrays. The low frequency antennas on the other hand were very good
in that they were strung from four 300-foot insulated towers lecated in a
aquare approximately 500 feet on & slde., The transmitters were excellent
and their maintenance excellent. A 40 XW diesel engine generator plant
was used for steandby power in case of frilure of the regular supply.
Standby power was standerd equipment in prectically all stations vislted
in Furope. The redlicphare, & non-directional carrier radicbencon transmit-
ter operating on low frequencies wes synchronized by clock control installed
as en integral part of the transmitter. This operated one minute on and two
minutes off, sending in code the call letters of the =station before and
after each fifty-ssoond transmlssion, This stetion was synchronized with
two other asimilar stations operating on exasctly the same radic frequency
and arranged In triangulsr geographical relationship and separated by ap-
proximately 100 to 200 mlles. This permitted sircraft to obtein their po-
sitlon from cross bemrings without interference or retuning. This system
waB necessiteted by the limited number of frequencies aveilable for this
service, It works feirly well when a plane is a considersble distance from
each of the stations; however, when a plane is close to one of these sta-
tions, its pllot cen easily pass over during the two minute off pe?iod with-
out recognlzing thie fact which usually leads to losa of time and eonfusion.
The system used in America where our simultaneous type range stations operate
contlinuously and can be used for direction finding 1s considered far superior
to the European part-time radiophare system.

The transatlantle receiving station which was located epproximately

18 miles from the Hamburg field wes next visited. I was very much impressed
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by this installation. Apparently expense was not a consideration in its
design. It is estimated that this station cost approximately $500,000,
Seven 300-foot steel towers of hesvy constructlon were erected for the
support of six highly directive horlzontelly polarized receiving antennas.
The arrays consisted of either 24 or 32 helf-wave doublets fed 1n phase

and with a complete reflector system located one-quarter wave behind the
antenna system, both of which were supported from the same tower by means
of outriggers. Three antennas were used for the south Atlantic and three
wers used for the north Atlantie circult. Four towers were used for the
aouth Atlentie circult with an antenne between each of them whereas three
towers were used for the north Atlantic clrcuit. In order to support three
beem antenna arrays between three towers, it was necessary to hang two
arrays between one palr of towers. This was eccomplished by plgcing an
array operating on a higher frequency in between the antenna and reflector
of the lower frequency. It waes sald that this system worked very well with-
out inter-asction. It 1s obviously & good economic arrangement in thet it
geves the cost of & tower and the cost of additional land. On three of the
towers were located vertiecal receiving antennas with large cireular grounded
counterpol ses which were used to check the gamin of the arrasys. The receiv-
ing station housed the operators, standby power plant and receivers.
Weather reports were picked up from the various ships at sea and retrans-
mitted by mesns of autommtic equipment to the transatlantic planes and

bases. All the trensatlantic transmitters were controlled from this point.
Constant watch is kept on each plane crossing the Atlantic.

The next point of interest was & new Lorenz high frequency U-type
Adcock then nearly completed. It operated on frequenciles from 3 to 20

megacycles. The four antennes were large tubular mests epproximetely 8
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inches in diemeter. They were mounted on very large corrugated porcelaln
insulsetors and self-supporting. Esch was approximately 35 feet high and
spaced approximately 30 feet between diegonelly opposite masts, The re-
celving house consisted of a cement vault placsed entirely underground, The
apparatus therein consisted of a high frequency receiver and a gonlometer.
The null method was used to obtain bearings and an average of ten bearings
teken in gqulck succession was consldered the most accurate procedure.
Several bearings wsre taken on 5-, l4-, and l5-megacycle bands and the ac-
curacy aeppeered to be fairly good. Calibration curves had not yet been
made; in femct, the trensmission line catles had not yet been lnstalled.
The recelver was operated by storage batteries which were carried to the
station expressly for this demonstration. The feeders from each antenna
was burled 6 feet in the ground. The power and telephone cables which will
be laid to the underground stetion will be buried & feet in the ground.

The site gelected was very flat and marshy. Wooden fences were used around
this Adcock station as well me all other Adcock stations in Germany employ-
ing elther low or high frequencies. Thls is the direction finder staticn
which will be used to give bearings to aircraft flylng across the north and
south Atlantio and was scheduled to be completed in about three weeks' time.

On November 21, I errived at Brussels, Belgium, at 11:12 a.m., and
viglted the Embaessy there. 1 saw Mr. Lecomte, Director of Radlo for the
Belgian Air Ministry, and he perasonmlly conducted me to all the radio and
communication facilities at the emirport. They have a Philips two-course
rediobeacon situamted on the edge of the field and use it mlso for a loca-
lizer., A Lorsenz instrument lending system complete with markers ie also in
the process of installation.

An inspection was made of the firast receiving Adcock system installed

in Europe. It was a Marconl U type. A wooden fower supported each antenns
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whichk was hung between the four legs of the structure. The feeder was a
concentric line about one foot above the emrth's surface and connected
every few feet to a ground rod. The equipment was housed in a wooden build-
ing at the center of the plot and inciuded a goniometer, sense antenna, re-
‘ceiver, gtorags batterles and chargers. ZExcellent results were claimed of
the accuracy of this Adcock,

The transmitters were located together at a polnt away from the field
and were operated by remote control from the administration buiiding where
all the operstors and recelvers were sitﬁated. The standard of equlpment
maintenance was considered generally poor in Belgium. Obviously, there was
very little money avelilable with which to buy new equipment and as a result,
most of it was antlquated. Teletypes were located at the administration
bullding for hendling dispateh traffie. A loop direetion finder was aveil-
able on the alrport to ssgist pllets in landing using the ZZ procedure. Mr.
Leoomte also had charge of ell the rotating beacon lights in Belgium, which
only totaled twilve. Before leaving I peid a visit to the Director of Civil
Avietion, Mr. Doumerie.

On November 22, I arrived in Antwerp, Belgiim at 9:30 a.m. My first
call was upon Mr. Thonus and Mr. Wielmasns of the Bell Menufacturing Compeny.
An inspection wee mede of their plent where some redio equipment waes being
manufactured for military purposes in the French Army. This was primarily
portable equipment operating on ultra hlgh frequencies bhetween 30 and &0
megacyclea. The power supply was cbtained from a combination of batteries
end hand generator. Low power transmission could be accompllshed using the
battery supply and for higher power transmission, the hand generstor was em-
ployed. A number of radio telephone sets weres also heing constructed for

fishing vessels. Typical broesdcamst receivers were also being manufactured



- 40 -
along Armerican lines of production, Ieny of the perts used in the equipment
were of Arecrican menufacture. At this plent, lsrpe quantities of sclenium
rectifiers wcre mssenbled and sold for use in rectifiers for transmitters
of all types, particulerly broadeasting transmittcrs. Reetifiers of this
type were cmployed with great succoss in all machine switching apnlications.
After meking a study of thoe rcliability of selenlum rcetificrs in Europe
which hevc boen in usc for about ten years with apparcrntly indefinite life,
I am of the oplnion thet we should adopt them i1or 211 future designs of
ground radic trensritters. The only dissdventages of these rectifiers ars
theilr ineremscd bulk, weight, and initial cost whieb arc certninly overcome
by the long uninterruptcd nnd reliasble scrvice which they render. Like
any other electricerl device, however, they should not be overloaded.

The laboratory of the rechine switehing depnrtrent was inspected. Here
life ~nd meintenence tests were conducted on the rotary switches which were
menufactured by this conpany and used throushout Europe and other perts of
the world. Thelr construction is more rrasive rnd rurged than that of Strowger
switches. They c¢leired thet their mrintenrnce was much less than with
Strowger switches. They h~d o Western Ilectric cross brr system in the
1 boretory which they considered excellent from n rinintenrnce point of view,
but claimed thnt the initisl exvense of the eguirment wrs out of proportion
to the added relirbility. ALlso, it aprenrs that mony rdditionnl circult
compliceations mre necessery in order to use the cross her gyster.

I wos shown ¢ new piece of lnbor-tory eoulmment which hed just besn
recelved. It w8 n device monufactured in Engloand ond used for anrlyzing
the 2mount of pulse distortlon over any lengih of line of given cherrcter-
isties.

An ingpeetion wes made of #he Antwerp Alrport, which had very little

acetivity., A Marconi type loop direction finder wns being instrlled in the
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control tower. This consisted of two fixed crossed coll loops wlth a
goniometer and receiver.

On November 23, I vislted the Phllips plant at Zinéhoven, Hollang,
and hed a very profitable discussion with Mr. Volz, Mr. P. Zylstra, and
Mr. K. Posthumus. The Philips compeny in cooperation with the Loth
company in Paris has done the most progressive work in connection with
instrument lending. Their views on lccalizers dealt primarily with con-
sideraetions of flexibllity and simplieity. In order to reduce the possi-
bility ef multiple courses, they strongly advocaeted a very sharp course.
They also advocated transmitting es little energy to the side as possible,
but at the same time to emit sufficient energy to the slde to mesk eny
spurious lobes., In order to obtaln these patterns, they used two vertical
antennas fed 180 degrees out of phase and spaced 3/4 of a wavelength. In
line with these two antennas, two other were syrmetrically spaced 3/8
wavelength epart and fed in phese with one ancther, but 90 degrees out of
rhase with the outside sntennas. The phase of the outside antennas 1s
reversed by dot-dash keying. The result is two overlapping kidney been
sheped patterns wilth very sherp courses. Thers are no key clicks for two
fundamental reasons; first, when on-course the only energy received i
from the in-phese antennas which are unkeyed, snd second, slectronie bias
keylng with a single polarized relay is used, thus eliminating contact
arcing. Equipment of the type just deoscrlibed wes installed at Schiphol
Alrport, which was visited the followlng day.

They stated that = single antenna at the center of the system wms
proferred instead of the twe in-phase antennas, since this reduced the
mutusl impedence betwesn the antenna systems and mede them easier to handle.
The Dutch Air Ministry insisted however on the two in-phase sntennes in

order to get a stronger on-courss with less energy to the sides, so they

FAA T4 .
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had to construct 1t as specifled,

Thelantenna installed at Lyon end already described was discussed im
detail by the Puilips engineers. They sald they did not like this system
a8 well due to the reversel of signels as one passed over the station,

In one instance, however, they were able to eliminate multiple courses by
using this scheme when the kidney bean patterns were unsueccessful. This
test would definitely indlicaete that radiating less energy to the side wms
helpful in reducing multiple courscs. Some of the interesting features

of this system are that even though there are two channels, varlation 1in
amplitude of either channel does not affect the ecourse position, but only
affects the course width ond possibly the emplitude of the on-course sig-
nal. Relatively large varlations in phase of the two channels have a small
effeet on the course position and primarily affect the course width, Any
change in phase tetween the mntceonas which are normally 1680 degrees out of
phase will affeect the course posltion. In practice, however, thls is the
eesiest phase relation to mainteln. The various circuits which affect
these in the tronsmitter are deliberately loaded to have a Q leas then 10
80 88 to mske them as non-criticel rs possible.

With regerd to audio phrse, core must be taken to insure that the
audio frequency energy appllied to esch chennel is in phease. This requires
special networks when the loads presented by each channel ars different.

Another point of interest in the equipment which was mmds for Schiphol
was the fact that all antennos were housed in glass tubing about 2%'inches
in diameter to reduce the effects of weather and snow and ice. Spacers
were used to keep the antennas in the center of the tube. The feeders from
the transmitter wereo two-wire balanced transmission lines inside of 3-inch
round coppsr pipe., All lines were exectly syrmetrical in order to avold

ag far o8 possible balrnce and phasge difficultles.
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The use of radio frequencies in Europe was discussed and 1t was indi-
cated by the Philips enginsers that they were of the opinion that higher
frequencies than 33 and 38 megacycles should be employed in order to
eliminate interference which sometimes oécurred.

On November 24, I visited our Embassy at the Hague and elso called on
Mr. Selis, who was Mr. Hof's assistant. Mr. Hof is in charge of all
radio communicetion and nevigetion for the Alr Ministry of Holland. Mr.
Selis took me to the Schirthol Airport at Amsterdam and showed me all of
the redio equipment at the field. All the communicetion trensmitters were
located in one building about a mile from the field. As is the usual
Eurcpean practice, many antennas were strung up in e relatively smell area.
They had an o0ld 10 kilowatt low frequency tranamitter which they couldn't
use any more because of the excessive interference 1t caused. It could
only be used on very low power in case of en emergency. Most of the trans—_
mitters were rated between 400 watts and one kilowatt. The usual radio-
phare was in operation at this station. All tronsmitters were remotely
centrolled from the alrport.

(n the airport was located the usual long-weve Philips two-course
radiobeacon of the seme type used et Le Bourget and Brussels. The remark-
able feature of this station wes the fact that it operated on & strictly
unmoduleted carrier. For reception, an oscillating receiver wes used. In
order thet I might listen to the course, they let me take a portable moni-
tor receiver and ezplore the course on the opposité 3ide of the field. The
course width appeared to be very broed, approximetely 5 degrees, but the
key clicks werec negligibhle. In conjunction with this beacon were %wo mark-

ers. One was at the edge of the field on the same frequency with the radio-

beacon and was keying dots. The outer marker was operated continuously,
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but the frequenoy was wobbulated et the rate of once a second through a
five kilocyele band on botk sides of the carrier of the radio localizer
beacon.

A Lorenz beacon had at one time been installed end operated at this
airport, but hed bsen teken out and replaced by the Philips® transmitter
already desceribed. In e six months' period, they had 15 fellures of
various parts of the Lorenz transmitter, most interesting of which wms
the fact that the antenna releys would stick, resulting in a large dis-
placement c¢f courses. This confirmed the difficulties observed st Zurich
and leter observed in several instances 1in Englend.. Theze experiences
volrt definltely to the necessity for mechanical interlocking. The use of
only cne relay that can only be in one of two positions sueh as opened and
clecsed or connected to the back or front contact would accomplish this.

The Philips ultre high frequency locelizer coperating on 33 megacycles
was ilnspected and found to be an sxeellent installation. Eech chapmel had
a capacity of 500 watts. The distance range “on-course" was considerably
greater than that obtained with the Lorenz beacon at Berlin when making
comparlsons on the same ship with the same antenna end recelver. Using
a monitor, the course was checked at 150 feet from the antenna. It was
only about a foot wide and no key clicks whatsgever could be observed,
This was the smoothest keying T had ever obsesrved at such close proximity
to the transmitter. The marker beacons consisted of conventional low
power transmitters and single helf wave doublets a querter wave above
ground screens. Fouwr of these merkers were used, an inner and outer marker
on each gide of the fleld. This is!typlcal European practice to use one

locellzer for two wind directions although the pilets prefer to fly toward
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the locelizer rather then fly over it just before lending. This equipment
was being made ready for flight tests and approval by the Air Ministry.
I was invited to participate in these testsd which would take place the fol-
lowing week, but had to decline due to lack of time. From what I observed,
I believe that.thia will be the most satisfactory instrument landing loca-
lizer in Furope. By merely turning a knob on the transmitter, the course
width could be changed from 0,2 degree to 4 degrees. The optimum course
width in practice on other localizers hes been found to be approximetely
1.5 degrees. It hag been found in Europe that inexperienced pilots prefer
broader courses of 4 to 5 degrees, whorees experlenced pilots prefer courses
from 1 to 2 degrees in width.

The equipment at the administration building wes inspected and found
t0 be typical in all respects of that used at other alrports.

An interview was had with the operaticns menager of K.L.M., who
invited me to inspect the radio equipment on their DC-3 planes. The in-~
atallation on the ship was the best observed in Furope. The epparatus was
inetalled as if it actually belonged to the ship and was not a necessary
gadget that hed to be hung on ss an afterthought. The transmitter had a
rower output of 300 watts c.w., which enabled them to mairtain constant com-
municetion with their ships on the Dutch East Indles route. The radio equip-
ment wes 21l manufactured by the Philips Compeny. The asntenna gystems on
the elrplane were identical to those already described and used by Swiss
Alr.

On November 25, I wvlsited the Philips transmitter works at Hilversum,
which was mbout 15 miles from Amsterdem. I hed a discussion with the chief
engineer relative to equipment which they had built and were bullding for

alreraft ugse. It was discovered that they had made a complete radio range
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transmitter operating on 50 cms. for the French Air Winistry several years
ago. The power output was approximately 75 watts., Magnetons were used as
osclllators for the transmitter. Standard 954 tubes were used in the re-
ceiver with triple detcction. Distences up to about cighty miles were ob-
talned at an altltude of BO0D feet. The results obtalned were said to be
excollent and it is not understood by Philips why the French did not pursus
this development more diligently.

It was found that they were manufecturing several hundred aircraft re-
ceivers and transmitters for the French to operate in the band 195-200 mega-
cycles. The construction wes very good. Concentric lightwelght copper
tanks had been developed so that sll machine thread and friction contacts
were eliminated. This was accomplished through a corrugated flexible dia-
chragm permenently ccnnected to the inner and outer tubes of the conecentric
tank. It mllowed sufficient freedom of movement to perrit the inner tube to
be serewed in and out thus tuning through the fregquency range required. The
inner concentric tube hed the conventlonal disc attached to the end and was
designed to use metals which had differential coefficients of expansion thus
maintaining constant electrical capacity wlth varying temperatures. The
sockets which were designed to hold the 954 tubes were originel in deslgn and
the best that I had yet seen. I ordered one of these t¢ be sent to us for
further inspection end test,

Considerable time was spent in the Philips laboratory inspecting e
typical recelver which they brought out to compete with the one made by
Telefunken which is used on mest ships in Europe. The Philips receiver of
the typs used on all KIM aircraft is very flexlble in design. It has a six-
poslition switeh which enables the receiver to be used as follows: 58 a null-

type flgure-of-elght dlirection finder, as a cardioid for sense indiceticn, as

~



- 55 -

an orthodox recelver with & non-directionsl recelving pattern, as an
N-A type directicn finder of the aural type, as a visuasl radio compass
for homing, and as a dot-dash radioc range visual course indicator. The
first four of these applications worked very well while the last two worked
only fairly well. The major difficulty with the last two applications was
: considerable leg due to time constants which were necessary to give
9teady pointer indication. They had definitely taken the stand that a
kicking pointer was the wrong type of indiecatlon for the pilot, so under-
taock to develop a steady type of indiestor to work on the dot-dash keying
of radio range lccalizers which is standard throughout Zurope on both
ultra-high and lew frequencies. Tre indicator ~hich they flnally produced
wed inferior to the indiceter which we at one time developed for the same
purpose but flnally abendoned beceuse of inherent difficulties in the
rractical epplicaticn of the prineiple. Tests with this equipment showed
that a delay of from five to seven seconde occurred when crossing rapidly
from one side of the course to the other. The action of the pointer was
relatively smooth although it kicked approximately 3/16 of an inch when
operating at full deflection on either side of center. The usual 4dlffl-
culties wlth zero centering were also noted, They claimed, however, that
they had developed a new model in which thils difficulty is grsetly reduced.

In order to cbtaln & visusl compass that would swing right or left,
they reversed the phase of the loop antenna at a dot desh keylng rate
and combined this energy with that picked up by a vertiesl antenne., This
wes fod through the rccelver and stendard dot-dash visuel indicator cir-
cult and indicator which showed whether the sirplane was hesded to ths
right or the left of the stetion belng received. The method 15 very in-

genious in i1ts appllcation in that it i8 very simple and no phasing or

¥ - -
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synchronlzation is required between the input and output clrecuits. ETach
18 entirely independent of the other., The dots and dashes are produced
by a single cem and pair of contacts. The mejor difficulty here is still
that 5 to 7 second delay in recording the true heading of the plane as

a turn is belng mede. Also the needle kicks sllightly on either side of
center,

A switch is inecrporated in the receiver sc that the same indieator
and visual indlcator circult may be connected to the output of the ultra
high frequency receiver for use on the locelizers.

A brlef inspection wes made of a 50 kilowatt broadcast transmitter
operating adjacent to the factory. The two most unusual features ob-
gerved were the guyed radiator, which was supported on two small pleces
of barrel shaped porcelain sbout four inches long and three inches in
diameter, and the counterpocise system which wae only about 15 feet in
radius and yet was claimed to be better then using the ground. Special
wocden troughs about 2D feet long were used to catch all the water from
the tower 1n order to keep it from running over the insuletors. The
transmitter was conventional 1n all respects.

An inspection was made of PCT, PCl, and FC2, which wers three high
frequency stetions for reguler broadcasting to the Duteh colonles. I
saw three beenm antennas of conventional construction whiéh were supported
cn towers about 300 feet high, each with ite asgoclmted transmitter.
Another beam antenna of the most unusual construction was slso inspected.
It consisted of two 300-foot wooden towsrs placed adjacent to each other
and mounted on a circular rall track. An extensive beam antenna with fed

reflectors was supported by +these towers. With this antenna array,

beam transmission could be effected in any dlrection in a very few
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minutes. The towers were rotated on the tracks by means of two motors
operating on opposite sides of the c¢ircular track. In practice they
directed it toward the Dutchﬂﬁast Indles for certain hours of the day
and the rest of the time toward Dutch Guiana,

On Hovember 26, I arrived a% London end visited our Embagsy where
I met Mr., Homer Fox of the Commerclal Attache's office, and Mr. C. E.
Brookhart, American Trade Commlssicner. 1 mede arrangements through
the Embassy to visit the British Air Ministry, Crocydon and Heston Air-
ports, and the Marconl company.

Nn November 27, I met Mr. Spancletti of the Standard Electric
Company and Mr. Bullock of the Internstional Telephone & Telegreph
Corporation, and had a long discussion ccncerning instrument landing
systems, radio compasses for aircraft, and asir navigetion facilities.

On November 28, I visited Alr Commodore Nutting, Colonel Lywood,
Captain Chandler, and 3enior Signals Officsr Duncan of the Air Minlstry.
Instrument landing as applied both in England and in America was the
major topie of discusslon. MNr. Duncan then personally conducted me on
8 tour of both the Croydon and Heston Airports, which ere located on
opposite =sides of the c¢ity of London. At the Croydon Alrport, & Lorenz
syster: was installed for instrument lsnding. The localizer was in what
appeared to be e quite satisfactory location in that it was in the clear
from hangars and other objects by several hundred feet. An 1lron fence
close to the localizer hed been removed and replaced with a wocden fence.
The nearest hangar was approximately 600 feet to the right of the course
and at an angle cf aprroximately 50 degrees off courss. This course was

5a1d to glve entirely satisfactory results without multiple courses,

The control tower equipment was inspected and found to be quite
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similar to that used elsewhere in BEurope. Three loop antennas were located
in the immediate vicinity of the control tower and arrangsments had been
worked out whereby it wes possible to operate two receivers simultaneously
on a single loop nnd take bearings independently. The results obtained
under conditions of existing high levels of local interferencs were qulte
surprising. It wes oxplained that England was broken down into gpecified
control areas within which a&ll asireraft had to report to the central traffie
control tower in order to proceed within thet area. All traffic in the
Croyden control aresa which shcompmssed the southeastern portion of England
was controlled from the Croydon tower, whereas traffic bound for Heston
wnich 18 on the north side of London wes sll controlled from the Heaton con-
trol tower. It was very interesting to note that a narrow porticn of
designated airway led from the Heston Airport due south to the coast of
BEogland immediately west of the Croydon contrel area. This was done so
that shipe destined ror the Heston Airport from Frence could fly directly
into Heston without crossing the Croydon control area. This was neces-
gary in order to reduce the communicaticns burden on the Croydon control
tower., All ships are reguested tc contact the control station immediately
upen entering a given control zone., The size of each of these control
zones depends somewhat on the congestion and flow of traffie. England is
divided into epproximately 25 control zones. Two Adcock ground direction
finder stations are closely ceordinated with the London control tower and
furnish bearings upon request. These gstations are located 40 or 0O miles
from London. One i1s in a southerly directlon whereas the other is to the
northeast. It was very intereéting to note that the number of requests

for position fixes had been rapidly on the decling whersas the number of
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bearings had been on the inerease. This would indicate thet under ordinary
conditions aircraft are entirely satisfied with information on thelr bear-
ing wlth respect to the termlnmi station, Uﬁder conditions of low cellings,
aircraft are brought into the vicinity of the mirport on such bearings end
then generally utilizs the Lorenz ultra-high freguency localizer and marker
beacons for approaches to the field.

An inspection was next made of the Hesaton airport. Inasmuch as this
was the place where the flrst Lorenz locallzer was installed in England
and in view of the fect thet considerable difficulty with multiple courses
hed been experienced with this station, 1t proved to be of great intersst.
A locelizer was situated well out in the field clear of all hangars by
approximately 700 feet. There were a few trees sapproximately 400 feet
behind the locallzer and also somg small houses were In that vicinity. The
location appeared tc be quite ideal. Upon checking further into the his-
tory of the installetion, it was found that about three months ago it had
been moved from its orlginal location which wes slightly to one side and
nearsr the edge of the mlrport. I alsc learned that the remson for the
move was primarily to eliminete multiple courses. It was alsc determined
thet a portable instellation had first been made in the exact loecation of
the new antenna and that after numerous triale in different other locatiomns,
thisg finel slte had been selected, After completing the permasnent installe-
tion, however, 1t was found thet multiple c¢ourses were neverthelese present.
During the period between the time when the original tests were made with
the porteble equipment snd the installation and test of the final equlpment,
no new buildings or structures had been erected on the mirport. However,

a very large roinforosd concrete apron haed been srected in front of the
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administretion bullding and the heangars. It was suggested that poseibly
this apron may be responsible for the divergent results obtained.

Approximately one week prior to my arrival, the Air Ministry bad taken
steps to eliminate multiple courses on the loecalizer. They hed succeeded
through the device of erecting a director immediately in front of the
contral fed antenne and a reflector immediately behlnd the central entenna,
This gave more energy in a forward direction and decreased to some extent
the energy to the sides and at the same time greatly reduced the energy
in a beckwerd direction, The reports on the locallzer were sald to show
entirely satisfactory results. It was declded, however, that the loca-
lizer should bte removed entirely from the eirport, lnasmuch as it was con-~
sidered an ébstruction. A survey was made in the vieinlty of the alrport
and in llne with the runway and s more satigfactory slite was found epprox-
imately one rille back from the edge of the airport in a clear area in line
wlth the best approsch to the field. It is now planned to relocate the
entire locelizer in this new site, During the teste on the origipal loca-
liéer when multiples appeared on the back course, it was found that by cut-
ting down two trees at the edge of the airport, it was possible to elimi-
nate two of thess spurious courses. This Information is very slgnificant.
ir that it wes the first reported cese of 1ts kind. It would definitely
indicate that trees may act as reflecting objects. The controel tower

transmltters were Inspeoted and were typlcal of other installations In

Eurcpe.

On December 29, a visit was mede to the Hughes Company, where a sonic
eltimeter was in the first steges of development. Anothér device inspected

was a magnetic compass operated by a specially designed cathade rey tube
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which gave currents in two indicating instruments which were proportional
to poeition with respect to the earth's megnetic field. This also was in
its initial stages of development. fhe possibllities of using this gdevice
to messure angle of dip were being investigated., It was qulte spparent that
the two currsnts developed by the cathode ray tube could be used to operate
a differentlal type of meter which would show the true mmgnetic indication.
The greatest difficulty sppeared to be that it would be necessary to stab-
ilize the cathode ray tube with a gyro controlled device in order tﬁat it
would be unaffected in rough air, This would probably require a falrly
heavy gyroscopic mechanism.

A visit was made to the radio research board et Slough, where I met
Messra. Smith Rose and Barfield. I was taken to their development
field station where I inspected a modified Adcock U antenne using e
cathode ray indieating tube for obtaining bearings. Demonstrations were
made on this equipment end it wes found that telegraph signels could bse
used for obtalning bearings and also that it was posaible to repidiy take
a bearlng on & swinging null by visualily 1lntegrating the readings. In
order to measure polarization errors, they had erected a pole fairly closse
to the entenna end of conslderable height. It was therewlth possible to
trensmlt either vertically polarlzed or horizontally polerlzed waves arnd
determine definitely the polarization errcrs in esch case, It was with
this experimental equipment that they were eble to leern much about the
elimination of polarizetion errors and eventually succeeded in sliminat-
ing the undesirable effects of horizontal polarization. It was stated
that they were beglnning to do some very interesting work on ultre-high
frequency direction finding, but time was not then availsble to demon-

strate or show this equipment to ms.
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I met Messrs, F. 5. Berton and C-x Walker of the Air Ministry at
Slough end we discussed aeroneutical radio problems in England, They
explalned to me thet they were making test sst-ups of the Lorenz loca-
lizers at various alrports throughout Englend, Irelend, and Scotland.
They had mlready inspected 40 different alrports for their sultabllity
a8 localizer sites and had checked each one of these with an asirplane in
order to predetermine if the equlipments could be installed without multiple
courses. The group that was assigned to this problem consisted of nine
men ineluding an airplane pllot and eight redio engineers. It took ep-
proximately one week to thoroughly investigate each alirport and decide
upcen the proper location for the locelizer. They mentioned that they
were only pert way through the progrem, which indicated that they were
installing peseibly 60 or 70 of these Lorenz locallzer trenamitters, The
policy of the Alr Mlnistry is to establish exmect coples of tpe Lorenz
equipment throughout England so that low appreoaches and instrument land-

ings nmay be made under all corditions of poor vislbility and low éeil-
ings. Actually only sixz Lorenz beacons were purchased from Germaeny and
instelled in England; the remaining trensmitters are coples of the
Lorenz equipment being manufectured in Englend by the Standard Elsctric
Company.

On December 30, I visited the Standard Electrie plant at New Scuth-
gate, Here I met Mr. Strong, the chief engineer, and discussed with him
methods of construction of radio equipment and alsc polleies of the
company with respect to production of veriocus types of equipment. Thse
general scheme they have adopted is to use the penel type of construc-
tion of many units. Although 1t costs more to produce the separeste units,

the englneering costs are less and they are assured of more reliasble
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apparatus, since it is pcssidle to use the same unitg in meny different
types of transmitters, each of whlch has been highly developed and proved
by long experience to be rellable., In this connection, it is the general
nolicy of the company to use the seme design of component parts wherever
possible and never change to different or newer types of parts unless there
are some very good reasons. Furthermore, new parts are not accepted until
they have undergone every conceivable test to insure satisfactory service.

We discussed instrument landing at considerable length, end I learned
thet they are working on the problem for military reasons. At the present
time, they are menufacturing a lsrge number of exact coples of the Lorensz
ultra-high frequency instrument landing systems which are being instelled
at over forty different fields in Ireland, Scotland, and Englend. They
seemed qulte irked by the fect thet they were forced to copy the lorenz
deslgn which 12 inherently sxpensive., I saw some of the castings fer
this equipment and they were the typlcelly nasslve German design, The
entirs frame, side, back, and top, is a single casting; the front shields
are made of separete mechined castings. The cost of such construction is
obrviously excessive.

Mr. Earp, development engineer, showed me m new 360-degree radilo
compass, which works on the Busignies rotating principle, but which has
been converted to work with two fixed erossed loops end a vertical an-
tenna with electrically rotated cardlceids and synchronously rotated fleld
in the compass indicator. The result is a pointer that automatically and
gontinuously indicates the bearing of the station to which 1% is tuned.

In result this is similer to the 3Sperry~RCA compass recently developed in
the United States, but the principles used to obtein these results are
entirely different. ZFXach loop uses a2 separate modulator tube and these

tubes must be balenced. A simple switch 1s provided for belancing sach
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modulator. All other tubes in the receiver are common to both loop chan-
nels as contrasted $o the Simnon double-loop compass which uses separate
balenced channsls throughout. This compass should prove to be a very
valuable ald to alr navigation. It is recormended that we purchase ons of
these unlts for test and comparison.

Plans for the high-frequency Adcock system which the Standaré Elec-
tric Company is developing were next discussed. Eessentlnlly, they plan
use of the same general scheme as adopted by the Western Elesctiric Company.
The antennas will be H type Adcocks, each 1o bs modulated at a different
audio frequency. The modulation frequencles are 1500 and 2500 cycles
respectively. After deteection these frequencies are fed through an I.F.
emplifier, redetected, amplified, and made to operate a cathods ray tube.
The trace 1s a line which indicetes the direction of the aircraft from the
recelvling station. The fixed sense entenna is of course neceassry to eliml-
nate ambiguity effects, It is mrranged to operate sutomatically.

I made a general inspection of all radic equipment being manufactured
in the plant, The executlion of the mechapicel ideas in all the apparatus
I saw was considered to be excellent.

The entire plant of the Brltish Broedcasting Compeny televislon
station was next inspected. Among the features viewed were studios,
camera equipment, sound equipment, transmltters both video 2nd sound, moni-
tor equipment, low level amplifying equiyment, transmission lines, end
antennas. The results obtained with this equimment ere prohadly the best
in the world. Progrems are transmitted twlce a day; one hour in the
afterncon and two hours in the evening. The video carrier freguency is 45

megacycles. Sidebands cover from 42 %o 48 megacycles; volce 1s transmitted

on 41.5 megacyclss, The total band wldth is 6.5 megacycles, Average
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coverage is a 50-mile radius, although there are meny liasteners up to 100
miles and a few s far as 200 miles., The total number of lines is mctually
385, although the number available is 480, Synchronlzing pulses use up
some of the avallable lines. The size of the plietures in most cases was
gbout 7 inches by 10 inches and the detall was esmazing. One of the most
interesting things I learned was the fact thet televlslon slgnalis could be
transmitted over two miles of televhone eeble. This fact should give con~
siderable impetus to television. Already a high grade cable has been in-
stalled around the city of London, At one polnt in this ring, a repeater
19 Installed end any signals fed into the ring are carried over a high
grade line direct to the studio. This arrangement ensbles them to tle at
eny point in the ring, which 1s broken up at manholes wlth junction boxes
through which runs standard telephone cable, This means that programs may
be plcked up in any part of the ecity and transferred to the television
transmitter by means of both standard telephone cable end speciel high fre-
quency cable, It wes very interesting to note that the amcunt of light now
required on the subject being televised ls only 8 to 10 foot ceandles which
means that the subjects no longer object to being televised on that account.
This 1s in contrast to some of the work in Ameriea where 1000 foot candles
have been used on the subjects to thelr groet dlscomfort due to overheat-
ing. The technlcrl features in television have been highly developed in
Englend end are considered to be sulteble for public service,

The major question now confronting televislion is not the technical
difficulties, but the economic considerations. The cost of operating one
of these stations 1s tremendous as compared to a typical broadcast atation,
An indication of this cost maey be obtalned frnm the fact that there are

11C radio engineers on the payroll of this one television statlon. In view
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of the economie factors thus involved, it is believed that television will
not come as rapidly =8 the industry and the Federal Communications Com-
mission would lead one to bellsve. In short, I am of the firm opinion
that entlrely too meny frequencies have been seb aside for television,
frequencies which could be used more properly for seronauticel, and other
logitimate commercial services.

On December 1, I vislited Dr. T. L. Eckersley at the Marconl Company
in Chelmsford, England. Dr. Eckersley ls in charge of all fundamental
regsarch dealing with the propagation of redioc wavea. He pointed out
that with respect to transmission on ultre-high frequencies, horlzontal
polarization mey or may not be as good, but never better then vertical
polarization. However, 1f noise is present at the receiving locatiom,
then it 1s possible for the horizontal peolarization to glve a better sig-
nal to neoiss ratio. He also pointed out that an ultra-high frequency wave
will not follow normal line-of-site laws of propagetion uniess the streight
line drawn between the transmitting and recelving entennas misses the
highest point-of intervening earth by at least several waveiengths.

Cne of the major problems which they had enccuntered was the effects
of variasble refraction caused by variesble content and distributlon of
water vapor in the lower atmosphere, These effects have been observsd on
all frequencies; however, they become more apparent as freguency is in-
oreased. This applies particularly to frequencies between 10 and 50 cms.
Tor which circiits have been lnstalled and found tc give excellent service
for several months end then for no apparent reason all signals dlssippesr and
the circuit bécomes worthless for two or three months. Sometimes the cir-
cuit is good in the summertime and poor In the winter and at other times

the reverse 1s true. With regard to the reliability of signals in the 60
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to 65 megacycle band below line of sight, thelr experience indicatea thet
if sufficient power 13 used to get & good initlel average fleld stfength,
the ¢ircuit can be considered rellable for better than 99.9 per cent of
the time, They sxperience a few extremely deep fades of only a fraction
of a second in length throughout the yesr. Thia confirma ocur experience
on the ultra-high frequency circult between Baltimore and Washington.

Another general statement of consziderable imporfance made by Dr.
Eckersley was that the highor the frequency the more important it 1s to
obtein & site clear of loeal obhjects such as trees, buildings, hills, and
discontinuities in the ground., This applies to any problem where direc-
tional patterns are required for either transmission or reception such as
radic ranges, ornidirectional radio renges, and ground direction finders.

Before leaving Chelnsford we vislted the development station which
conelsted of several hundred acres of flet ground. Here I saw three dif-
ferent types of dirsetion finders all separated from one another to aveld
interaction. Q(ne was an H-type long-wave directlon finder which they were
investigating. Thls work has been prompted by the fact thﬁt thea U type
entennas which they have been manufacturing for years are not successful
when located where ground conditions are non-uniform or where ground con-
ditions are poor.

The next direction finder we saw wes a U type identical to the one
inatalled In Ireland and Newfoundland by Narconl for transoceanic service,
The system consisted of four steel masts each approximately 35 feet in
height and spaced approximately 25 feet bhetween dlagonally opposlte
antennas. A vertical sense antenna waes suspended from e polnt at the cen-
ter of the arrangement. The equipment wes located in a wooden building

which was electrically screened inslide, The feeders from the eerlasls were
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buried six feet and converged at the building in the center of the plot
where they were brought up vertically through the center of the floor to
the gonicmeter unit. The remaining egquipment was of conventional nature,.
The frequency range of this equipment wes approximately 5 to 20 mega-
cycles.

The third direction finder consisted of two spaced loops mounted on
a wooden turn-table framework. The plane of each locp was parallel to
the other and separated by approximetely 40 feet. Each antenna con-
sisted of a single turn shielded loop connected to the receiver at the
center of the tprntable by means of shlelded balanced two-wire lines.
Onposite loopm were connected in opposite phmse so that when in the plans
of propagation and each equidistant from the source of transmission, the
phase and empllitude of the received signal would be such thet absolute
canoellation in the cutput would occur. The outstending features of this
equipment are that nc night effect is obteinsd and accurate bearings may
be obtained with twe loop antennas using this prineipls. Another very
interesting application of this equlvment 1s to determine the angle of
arrivel of weves reflected from the Heoviside layer. This is done by
rotating the turntable 90 degrees to the position where the null gignal is
observéd and determining the phase differenrnce required in one transmission
lins to give & null. Xnowlng the frequency, the physicel distance betwsen
the rlene of the loops,and the phase difference in one line to give e null,
the angle of arrival mey be calculated. Ou one occemslon, simulteneously
meagurerients wers taken on the helght of the Heavieide layer end lkmowing
the angle of arrivael and the bearing of the unknown station, it was pos-

sible to determine the position of the transmitting station which happened

to be within 20 kllometers of Mugich, Guriany. This was later verified,
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Although such results appear optimistic, it does indiéate what can be
aocomplished under favorsble conditions with adequete equipment. This
gquipment is said to be so mccurate that bearings may be taken whlch are
correct to within one-tenth of a degree., It has been used to confirm the
bellef that sigznels 4o not always follow the great elrcle path, but under
soms conditions may deviate therefrom by ams much ag plus or minus 2 degrees.
Inasmuch as thls has now been showr $o0 be a faet, 1t indicates that there
will always be errors of this order on sll freguencies refleoted from the
Heaviside layer. In other words, these difficulties which are associated
with the Heaviside layer are inherently propegation charecteristics in-
dependent of squipment refinements. It 1s quite possible, however, that
ultra-high frequencies wlll not exhibit these inherent difficulties pro-
vided sufficlently high frequeneies are chosen to penetrate the Heaviside
layer and pever return to earth.

It is Interesting tc note thet originally the ground surfece under
the antenna system was not level and, therefore, calibration of the com-
rass was necegsary. Thereafter the ground was very carsfully levelled
off, resulting in the elinmination of calibretion difficulties.

Probebly the greatest disadvantege in the practical use of this sys-
tem i8 the difficulty in taking null bearings since the entire structure
including the antennms hes to physically rotete in azimuth. This is
obviously cumbersome and slower than roteting only a goniometer.

An application which would appear to have considerable merit would
be for aireraft use where fixed loops could be mounted on each wing.

The planse of emch loop would be parallel to the direction of flight which

would give a minimum eerodynamliec drag. This arrangement would permit
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alreraft to teke sccurate bearings et night by swinging the heeding of
the alrplana or to home on any statlion at night without experiencing the
usual difficulty due to swinglng tearings.

On December 2, I ssiled from Southampton for New York City, arriving

on December 9.



