effectiveness.

Operation of the entire system was to teke place in the
follewing manner:t Detection of the target was first to be made
by the redio equipment. Dats transmitters would then transmit
electrieaily the azimuth, angular elmtim,- and renge of the tar-
get to the in&iaa.tar penel at the thermal locator. Here an operator
would mateh pointers by veristion of the szimuth snd elevation con~
trols, thus rointing the thermsl loecator at the target. 42 soon as
& thermal pickup was made, control would be _t:manemd tc the ther-
mal operstor, who would continue tracking the target. When the radie
data indicuted thet the target was within rsnge, the sesrchlight would
be thrown on. On illumination of the target, coantrol of the thermal
loeator would be traneferred to the teleseope operstor, who would cone
tinue to track the airplaune visually, thus keejing the searchlight
beam on the plane,

If no thermal pickup was made, the target would be tracked
by radio until it came within range, when the searchlight would be
thrown on. If the target was illuminated, control would pase lmme-
distely to the telescope operator, and visual tracking wouid ;roceed

a8 before.

As & result of the intensive research, the service-test
system began to take final form. At this stage of development, the
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equipment comprised a radio detector mad locator system, and &

combinstion thermal snd control-station umit.

The radio elements of this system, Rsdio Set ECR-268-Tl, were
mounted on three trailers. One of the trailers contsined the trans-
mitting equiprment, another cerried the szimuth receiving ejuiyment; and
the third mounted the nlmﬁm and renge-determining equipment, Suit-
eble cables interconnected the three trailers.

During October 138 the modifications were completed on the
thermal loestor end \thc mtiﬁ radiu-_t.hsml gyster was tested, The
characteristics of the system were investigated, trackers were trained,
end by November the entire detector-locator equipment wes virtuelly com=
plete and ready for service test..

After a demonstration test before two members of the Coast
Artillery Board st Fort Haneoeck, Radio Set SCR-268-T1 and the thermal
locator were moved to Fort Honroe, Virginis, by & Coast Artillery De-
tachment for service-testing, A few difficulties were encountered while
moving the radio equipment, because of the grest gize of the antennas
and of the long period of time required to dismsntle &nd resssemble the
equipment, These were not considered t.oo much of & handieap, however,
eince it wes assumed thut the size of the antennss could be reduced
satiefactorily,
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The performence of the radio set during the test for the
most pert was highly sstiafactory. It did not meet fully the mili-
tary charscteristics set up for it, but it proved to be a long step s
forward from the sound locator, which was the only other type of de-
tector in use st the time. It detected approaching alreraft under
&1l conditions of visibility, pointed the gun control to insure

visusl plekup beyond eye range, tracked targets obscured by eclouds,
and spotted for antisircraft fire against obscured targets.

Although there still remsined certain things to be said in
favor of the sound lecstor, such eg its smaller size, lower dolt.,
and need for fewer snd less skilled jersonnel, these favorable points

were believed to be minor considerstions in view of the results desired.

The military charscteristice set up for the set weret

*(1) Detect the rresence of aireraft & sector of approx-
imately 120° in asimuth, elevation O to 90, This sector rep-
resents the sone which the device must be able to cover by rapid
sweeping in asimuth snd elevation; the spperatus to be actuated by
the heat radistion or radio waves set up by the airplane.

#(2) Register, or indicete, in proper units of messure the
position of the located airplane with reepeect to the detector or
some other designated reference point; this indiestion of dats
to be continuous so that the airereft while in motion may be fol-
lowed by a- seerchlight or observing instrument laid on such data,®

The first of the two wus fully served by the equipment, &2 the

radio unit alone detected aircraft to & maximum sltitudeof 32,400
feet and & maximum range of 50,000 yards. However, the tests did not

show completely satiesfectory resulte regarding the second charscteristie,
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Neither the szimuth nor the elevation date was scourate enough to
allow- the searchlight to be laid on the target, at once, without
seerching.

The asimuth receptor was the least sucecessful, showing an
absolute aversge error of 70.9 mils. There wes no recson to believe
that this recertor wes affected in sny wey hy either the elevation or
the slent range, though the location of the equipment, with a variety
of ground obstructions in the vicinity, msy have had some sffect.

Algo & percentage of error probably wee due to some insccurscy om the
part of the resder, ae well as from the effort necessary to traverse
and elevate the sntemns arrays.

The elevation receptor wasz not completely satisfectory. BSinece
the aversge lhcolu-u error wasg 45.4 mile, there was obvious nced for
improvement. It wans felt that both azimuth and elevation receptors
could be modified with comparative ease to schieve & much highar ll.i-

gree of acoursey.

The slant range finder slso was erretic at sll ranges, having
an sverage error of 672 yards,

However, the set immediately furnished date after it began to
operste, it was so designed thet it could be opor'atui by the aversge
skilled enlisted personnel, and its power requirements were such that
it could be installed in the average santiaircraft defense system af.u

&rea.
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A difficulty met by all three operators was that of keep-
ing on the proper target. No doubt this wee due to a considerable
~ extent to the long distances between them. Also the tremendous ef-
fort necesssry to iraverse and elevate the reception antemns a&tyc
and the lack of mechanicul means for smooth, essy tracking made for
considersble error, Lack of s slip ring complicsted metters, t@r the
cable serviag the control station unit had to be unwound for sllkrousd
traverse, and the transamitter antenna speed was too slow. But hoﬁ
again modificstions were suggested that seemed to offer the mlut‘!,ni :
for improved functioning. . "
On the other hand, the performance of the transmitter, tho\ |
control station unit, snd the searchlight was very satisfactory, and
the performance of the set ‘its-olf offered few difficulties. Only
two hours were lost in trouble-shooting throughout the entire two-
week period of testing, and rmrnbly little attention wes neces-

sary from Lsboratory technicisns.

The thermal locetor could be tested only at night when it
was clear and cold., Under such favorable conditions it Manul :
: well up to 8,000 yards, but being affecdted by olimstic cenditions and
of little value in the daytime, 1ts usefulness was decidedly limited.
Also the comparatively lhort.mga of effectiveness wus & distinet’
drawback, In spite of its limited usefulness, lmufor, snd the faet

that it increased the cost of the equipment by approximately 50%, it

255
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was considered unwise to dispense with it until the azimuth cecuracy
of the radio equipment could be greatly improved.

During the firlng tests it was discovered thet little trouble
need be snticipated from shook to the equipment. No demege was done
by the bursting shrapnel used for preliminsry tests bttor.. firing the
gune., Nor did the firiung of the guns themselves do any demsge. Soue
itconvenience resulted from shock from the gunfire, whieh influenced
an overload switeh in the pulse-projector equipment. This could easily
be resedied by the installation of & velsy switech. The entire set,
both radio eguipment and thermsl locator, showed itself to be rugged and

. servicesble-standing up under field service and withstanding the shoek

of gunfire as well.

It was felt by those who were testing the apparatus that, with
a few modifications, the radio set ss 1t was would serve a great neede-
and thet its possibilities for future development were tremendous.
Among the modifications suggested weres substituting a wooden antenna
frame for the steel antenns fraze on the llilﬂth\- receptor used im the
test; supplying more sultsble traversing snd elevating mechsnism to in-

pure easy and smooth tracking; instelling slip rings for umrestricted

ell-round traverse; doubling the treversing speed on the pulse-projector
antennej using snother hookup on the pulse-projector tramt1n§ mwé

so that voltege fluctustions would not affect the oseilloscope ploturesy
installing some mesns of intercomsunication between the three operstors

11
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for more positive ildentification of the target; adding fine horizontal
lines at guarter-inmch intervals to aid in qualising the pulse-echo
images on the oscilloscope; adding reley switches in insure operstion -

without interruption during gunfire; providing mesns for mtinmﬁj
directing either sesrchlight or antisireraft gunfire.

Improvements tnat were suggested for lumediate attention in
the developuent program were: first, incressed direction-finding se~
curacy in sszimuth as well as in elevation below 275 nilnj pacond, in-
qron.ud accuracy of the slant range finder; third, reduction in the size
of the antennaj; fourth, reduction in the number of componentej fifth,
reduction in the time required for installation in an operating positionj
sixth, eventusl production of a radio-deteetion device which would pro-
vide acourate szimuth, accurate angular height, and sccurate slant renge
for use as basle firing data for mmimﬁft m&\

So far as “jamalng® was concerned, the \appnum wag not oonw
sidered immune, since all radio receivers are subject to jamming. How-
_ever, 1t was belleved at that time that successful jamming of this equip-
ment conld be made s very difficult problem.

The two greatest advantages of the radla oquiméa‘c. over gound
locators wers the marked incresse in the range covered and the much greater
scouracy schieved. Also, the equipment wus not dependent on noise output
from the target to insure efficlent operation, it wes unaffected by loud
noise and wind, and it hed e wider tacticsl sppliestion,

i
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ALl 1in all, this first shoFt-range service-test redic equip-
sent for airevaft detecting and tracking wus highly successful, the
forerunner of long-range development, and showed rsther conclusively
that radlo equipment was & real answer to sn urgent need for a longe
range detector. It slso polnted out the direction for future develop-
ment in gaining more far-resching and sccurate data.

Bsrly im 1939 the report on this service test of Radio Set
SCR-268-T1 was received from the Coast Artillery Board. The Board
felt that the resulte of the test were very intiaftetory and that
great laprovement in azimuth sccuracy snd & redical reduction in the
size of the antennas aight msémhlq be expected. It recommended that
the equipment be standardlzed as a development t.:rpo and suggested the
procurement of & limited number of the sets for extensive tests. Be-
lieving that an energetic development program was warrsnted, the Board
further recomsended that the equipment should be given & high priority
a8 well as a liberal allotment of funds for continued development l'oﬂ_.

After carefully studying the report, the Leboratories forwarded
their comments and recommendations to the Chief Signal Officer. Since
no funds were immediately available for procurement, the Laboratories
undertook the job of developing a unit which would correct the defects
that had showed up on the mﬂ.u.tu't of the 110 me Radio Set SCR-268-T1,
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reconstructed to maie Radio Set SCR-268-T2, It was decided that
this new set should be a 205 megacycle set with three mm,‘m
trensaitting snteana and two recelving antennss. =

Fork on the thermal locstor was discontinued, since it had
proved of such limited value in its service test. All attention was
directed towsrd obtaining grester accurscy, longer ramge, and more ¢o-
ordinsted results from the promising radio equipment. Industzy cooper-
ated fully with the Laboratories in the development of components for

use on the radio equipment.

Verious transmitters were designed and tested with the variocus
types of tube aveilable, resulting in & service-test transmitter using
& double-ended Eimac 100 TL tubes. This particular tube had been de-
veloped specifieally for the Signal Corps, whose engineers were lurgely
responsible for its design. Experiments with television tubes in the
receiver proved unsuccessful because of the tubes' long recovery period,
but single intermediate froquency was tried successfully. 4 receiver
employing double input was constructed snd proved very successful when
teated. m« llnor emmgn found nmcnry to minimize tho -:rm
of regeneration in ordar to secure o umadiar output picture in the
oscilloscope, this receiver was made a part of the service-test model
of Radio Set SCR-268-T2.

A new antenns wes constructed for this set, incorporating a
director system to marrow the antenna pattern in the vertical plane.
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This system showed so slight & gain in signal strength that it was
nbt used in the final service-test model.

Several modificstions were made in receiving antennes glkeady
developed. The presence of lobes on both thg elevation end the szimuth
antenns patterns sceounted for thelr erratic behavior, and modificstions
were made to reduce the loﬁes. The data-transmission systems of both re-
ceiving entennas likewise were modified to provide for the transmission
of data to the Hark IV sntiaireraft director. On both receiving sntennas
s mechanicel sngular displacement was introduced between the two halves
of each to replace the electrieal displacement praviaﬁnly used to secure
double trncking.. fht éata-trunsnitting system of the elevation recelving
antenna also was modified to adept it for use with the Msrk VI seerch-
1ignt controller, snd the gearing of the thermal-locator chassis modified
aceordingly to permit use of the optical lysfen of this unit for sccursey
measuring purposes in comnection with the redio-detector system,

Two entenns mounts were the original models of K-28 and were

ordered to handle the &zimuth and elevation parts of 3-mount 205 me job.

¥hen the first model arrived, steps were immedistely teken to make a

single mount 205 me job. These efforts culminated sueccessfully in April
1939. All necessary perts were delivered, ;osy the required sntennss, frames,
bn@aa,.und witﬁout ant;nna uet;l wafk. '

Alihoujh gll the modifications plenned had not been finished,
a complete service-test model of Radio Set SCR-208-T2, using en experi-
mental transmitter snd antenna, was turned over to the Coast Artillery

Detachment in Mey 1939 for field tests. These tests showed that the sys-

‘tem had great sccuracy, but difficulty was experienced in tracking




because of the existence of false Lracking points. The antennas
were adjusted to minimize these false indications, snd work was
continued on other improvemenis snd modifications for grester ease

in operation, improved accurscy, sad seore {ar-regching data,

Lute in 1928 directives from Fashington had indicated that
work on a device for the deteciion of alreralt at long range for
purposes of alreraft warning service be given an active development
status on the development program, rather than e research and study
classificstion, A spervice-test long-range unit was requested as
early in 1939 as practicable.

i development contrget with ihe Westinghouge Eleetric and
Nenufacturing Compsny for high power tubes netted results for the
long-renge development program in Jenuery 1939 with the delivery of
tubes capeble of givimg 100 kw per peir at 100 sic.

Another development contract was signed for procuring a
mobile antemne support which would be suitable for use with a mobile
long-range detection atation,

Fork om thie antemna support progressed during the early
months of the year, slong with progress in the development of other
components. The major advance noec#ury in tﬁs construction of the
unit wes the developwent of & technique to permit &« sensitive receiver
to operate an the same antenna with a 100 kw transmitter without the
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receiverts being damaged, yet to have the rmiﬁr in & sensitive
condition during the periods when the transmitter was inoperative.
This wes finally schieved by the careful selection of receliver time
congtante to ingure rapid recovery t.iu and by using & transmitting
tube an an input r-f tube of the receiver, with a spark gap scrose
the receiver's input. Various other nﬁcdimt.s, such as the use of
a mechanical shorting device, mliro tried but abandoned —- :}M be-
cause they seemed impracticable but because the pressure placed on
finishing the project forced the adoption of the first method that
pecured ressonably satisfactory nml;.a. :

Various models of other componenis were constructed and
tested before it was felt that they were sufficlently satisfactory
for installation in the service-test unit. DBecause of the need for
haste, & reasonable degree of good performance was all that could
be demsnded for inclusion in the nrﬁeo-tut set. Of the several
trangmitters tested, that employing two 3007 tubes was found to give
& greater power output. This transmitter, with & previocusly tested
gingle~input superheterodyne receiver, was install d on an experimen-
tal antenna, & horizontally polarised arry 4 dipoles wide end 9 di-
poles high.

This antenns had & similar reflector parasitically excited

and was constructed to rotate in esimuth and be adjustedble in elevatiom

when in an operating position, and also to collapse for transporistion
purposes. The method of feeding this antenna was changed from feeding
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