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This Project Cadillac Teport, ARW Interference Report A,
covers the work done by the NRL Airborne Interference Group in
satisfactorily reducing the interferences to the airborne pa tions
of the AZW systems. AEW Interference Repart B, listed asg refer-
ence (4), Covers the parallel work done for the shipboard portions
of the AEW systems.

The measurement techniques and corrective devices devel oped
by the MNRL group for eliminating interferences above 100 mc/ s
were extended and applied to the correction of the special equip-
ments installed in the ARy search aircraft. Investigations revealed,
as redicted, that most of the radio and radar transmitters aboard
the aircreft radiated strong spurious signals including harmonics,
outside of their assigned frequency bands. New types of antenna
networks with unusual Ccharacteristics and design factors were de-
veloped to suppress successfully these antenna radiations and
provide interference-free operation of the ARW system. These new
networks provide extremely flexible and useful correctives for

It is recommended that these new networks and other corrective
devices be further and extensively investigated, and that such cor-
rectives be installed as integral components of all airborne elec-
tronic systems in order to attain interference-~free operation of
basic equipments.
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INTRODUCTION

) The Airborne Barly Warning System (ARW) was developed by the Rad-
iation Laboratory at the Mrssachusetts Institute of Technology under the
code name, "Project Cadillac®, for the primary purpose of extending the
range of shipboard search radars to provide a greater area of coverage,

thus making possible the detection of surface craft and low flying air-
craft far bevond the radiation horizon of shipboard installations., This

was accomplished by instelling a high-powered micro-wave rader sct in a
carrier- based plane and controlling and presenting the search information
on shipboard by means of a Block III (295-315 mc/s) radar relay link.

The shipboard radar had, in effect, been placed on a mobile mast of vari-
able height, thereby gaining flexibility and range. At 5000 feet the plene'ts
rndar sesrches an area of 100-mile rndius, while at 20,000 feet the range

is extended to & radius of 200 miles, thus covering a sesrch area of 125,000
square miles at 20,000 feet. A functional chart of the system and its oper-
ation is included as Plate 1.

2 The secondary function of the ARYW system covered the same exten-
sions of range for the VHF communication and IFF equipments. The special
VHF equipment aboard the AEW plane provided for direct commanication not
only between the plane and its carrier, but also between the carrier and
other planes beyond the radiation horizon of the carrier by employing the
AEW plane as an automatic relay station. A special IFF interrogntor wes
installed in the AEW plene. The IFF operation could be remotely controlled
from the carrier, and its information was relayed back to the carrier on
the Block II link, thus IFF identification of surface and alr units was
possible over the same range limits as the radar search.

3 After the original AEW system, as described above, had been initi-
ated, a second ABW program, called "Cadillac II Project", was proposed and
initiated covering the following major changes:

(a) The total CIC (Combst Information Center) functions
were transferred to the AEW aircraft so that gsearch,
spotting of targets, fighter direction and dissemin~
ation of combat information took place in or from
the AEW aircraft.

(b) The radar relay was still used from plane to ship and
plane to shore, but only for the purpose of supply-
ing simultaneous information for individusl use by
ship and shore gtations.

(e) All controls of the aircraft equipment by ship or
shore facilities were eliminated. The only links
between the plane and ship-shore installations were
the mutual VHF direction and relay communication
ties, and the plane to ship-shore radar relay,

(d) To provide the needed space and flisht characteristics,
a B-17 type aircraft was used, instead of 2 TBM.




e In itself, the development of this system required many major,
and innumerable minor, technieal achievements so that each integral unit
of the system would operate efficiently. However, use of the entire AEW
system in the immediate vicinity of other operating shipboard and air-
craft transmitters has shown that spurious and interfering signals, rad-
isrting ot certain frequencles by these transmitters, regulted in mal-funct-
ioning and inefficient operation of the AEW. It was, therefore, of para~
mount importance to the entire system of AFW, and certainly to the secon-
dary function of the system, that the VHF and IFF equipments in the ARW
plane be continuously and efficiently operatives The existence of any
interference with the operation of these equipments causing interruption,
vlocking, or excessive radio noise, constituted a serious impairment of
required functions, and therefore compromised the entire ARW systems

BXISTING INTERFERENCES

5 Serious mutual interference between the VHF communications trans-
ceivers (AN/ARC-1, AN/ARC-4, AN/ARC-5) and the IFF equipments (AN/APE~1,
AN/APX~2) had been reported by verious fleet petivities. The VEF communi-
cation brnd covers the range 100 to 156 mefs (although 146 me/s is the
highest frequency used at present), while the IFF frequency band covers

the range 156 to 212 mds « A detalled investigation of thecauses of the
reported interference, and development of sultable correctives to eliminate
it, were undertaken by the Radio Interference Group of the Airborme Radio
Division =t NRL. The results of this investigation are reported in refer—
ences (6) and (7), which reveal that the mutuel VHF-IFF interference wns
slmost entirely due to radiation pick-up by the antenna of these equip-
mentse Thecuses for such antenna interference are:

(2) HEmission of (spurious) signals on frequencies other
than the fundamentsl by the transmitting sections
of these equipments.

(b) Inadequate selectivity of the receiving sections
of these ~quipments resulting in reception of
high level adjacent channel transmissions.

It woe shown that the equipments could be operated with a tolerable level
of intcrforence, provided that only the lower portion of the VHF communi-
cation bnd was used below 180 mc/s)s Suchr estricted operation, however,
gso compronised the tactical use of the VHF equipment that corrective
measures Were congidered imperative.

CORRECTIVE MEASURES EMPLOYED AND RSSULTS OBTAINED.

Be Attempts to correct the interference by relocating and varying the
spacing of the antennas resulted in a definite but inadequte amount of
correction as reported in reference (6) —~— useful only as a temporary mea-
surce Attention was therefore directed toward developing antenna network
correctives which would eliminate the interference irrespective of the
location of the antennass This development, d iscussed in reference (7)
involved the application and extension of network design equations to pro-
vide practical corrective netwarks in the 100-212 me/s frequency ranges
Novel techniques introduced by the NRL Interference Group eonsigted OI s




(2)
(v)
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An extension of the known filter design equations to
permit better impedance matching in the pass band.
Very careful measurement and assembly procedures

for reducing to a minimum the extraneous effects due
to lead lengths and for obtaining low tolerance cir-
eult components,

s The use of such networks with airborne VEF and IFF equipments re—
sulted in a reduction of the mutual interference to such an extent that:

(a)

(v)

(c)

()

The entire 156-212 mc/s operating band of the IFF
equipment was not blocked, folsely interrogated,

or interrupted in operation by the use of any VHF
communication channel from 100 to 146 me/s.

The entire 100- 146 mc/s operating band was mede avail-
able for unrestricted VHF communicntion use with

no interference from IFF equipmentss

Normal VHF-IFF operating was obtained irrespective
of the location of the antennas of elther equipment
on the plane,.

The average loss in sensitivity, or power output,
over the entire operating band of either equipment
caused by inserting these networks in the respective
antenna transmission lines amounted to less than 1.0
db. The greatestloss experienced (near cut—off)

was legs than 2,5 db,

Earlier investigntions of this problem were unsnccessful (references

(8) and (9)).

SCOPE OF PROBLEM

8. With this background covering the analysis and correction of air-
croft VEP-IFF interferences, the Airborne Interference Group was nssigned
by reference (1) the project of "design and supply” on an urgent basis of
a small quanti*y of antenna networks for IFF and VHF equipments during the
early portion of ABW program, until such time as final designs of networks

would be scttled and regular production started. This project also provided
the nuthority for NRL personnel to install networks, align equipment involved,
and obscrve operation on prototype airplanes. The problem was assigned en

4 December 1942 with the following requested completion datess

(2) Yecessary networks for one (1) airplane by
7 December 1944.

(b) Necessary networks for wwo (2) sdditional
airplanes by 20 December 1944.

(¢) Necessary networks for two (2) ndditional
airplanes by 1 January 1945.

Each of the sbove dntes wrs successfully met.
’
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9. In addition to the above provlem, which referred to the TBY-3W
tvpe aircraft used in the original air-to-ship ABW ovrosram, YRL was re-
cuested to provide similar services for the "Cadillac IT Prnject" which
broadened the AEW program to include an inetal lation of AEW egquinments in
a B-17 tvpe aircraft with CIC facilities abnard. ™his request anticinated
not only the VEF-IFF interference problem, but also "problems (which) will
arise involving radio interference between components of the AEW equipment
and items of electrical and electronic equipment normally installed in the
airplane". It was, therefore, requested by reference (2) on 7 July 1945,
that the ariginal problem be extended M"to provide authority for necessary
VRL personnel to (1) assist in analyzing the interference problem in the
Crdillac II airplane (B-17); (2) develop, build, and install experimental
corrective measures; (3) align egquioment involved and; (4) observe operation
of the equipment on prototvpe airnlanes".

10, A few days later on 12 July 1945, the airborne AEW interference
problem (A~7.11T-C) was incorporated into problem VOR-C by the NRL Prior—
ities Board, together with the other ARV interference problems assigned

to ¥RL. This wae done because "proper overation of the ARW svstem demands
trouble-free operation with all other airhorne and shipboard equipments
simultaneously. In order to place proper emphasis on *the whole problem

it was deemed advisable to include all pertinent problems under one dbroad
problem®.,

INTSRYERENCE SUFVEY

11. The type and amounts of major interferences that existed in the
TBM-3W type aircraft, used in conjunction with the ARW shipboard install-
ations, were 'mown =% the time the first AZW interference problem wasg
assigned. Most of the data on airhorne VHW-IWF interference had been
gathered and analyzed for the NRL problem reported in references (6) and
(?), and mentioned in paraersoh 5 above, entitled "Existing Interference'.
Therefore, no additi~nal extensive survey was necessary, the problem being
one of developing and supolying correc‘ive antenna net+works for these inter-
ferences. The assignment of interference clean-up on the B-17 airplane far
the "Cadillac II Project™, however, made necessary sn extenslve and com-
Plete survev of this airplane's electronic equipment. The ATW shipboard
interference surveys had been completed by this time so thet the same
methods and techniques of messurements were used, Plate II shows 2
summary of the results of the aircraft survey while the details, the data,
end the set-ups, are included in Appendix I. A more complete anslysis of
the messuring techniques is included in reference (4), (ABW Interference
Report B),

12, The results of the survey on Plate II show that a serious amount
of spurious radiation was emitted from the antenna of slmost every trans—
mitter tested. In the case of the ART-13 and ARC-1 communication trans—
mitters, these radiations were closely allied %o the crystal oscillator
harmonics and their heterodyne frequencies. The result wee & spectrum of
¢losely spaced radistions which varied considerably in emplitude. The in-
terference spectrum from the APX-1 and APX-2, IFF equipment, also showed

a considerable amount of supurious radiation outeid e of the assiened fre-
oty Vouds  Whauever were tne causes of the se interferences, it was

—i
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positively known by the careful measurement methods employed that they
were radiated from the antenna, and therefore were capable of auppress-
lon through the use of gspecial antemns networks. Two importent equip-
ments, the ART-24, Radar Relay Transmitters, and APX-13, Special Wigh-
powered IFF Interrogator, which opera*te in the Block III frequency region
werenot available for survev purposes, so that egsentially the chart is
incomplete. However, if interference= from these equivments are reported
from the B-17 ARW installation, the causes for it would be recognizable
and remedial methods would be available from the technical work alreadv

performed, and which is incorporated in this report and the various re-
ferences listed.

13. A very clear picture of the consequences of gerlous interference
is shown in the photogrsphs o Plate 3. These are photographs of the re-
sponse display to an IFF interrogator (APX-2). The interrogator was set

at 160 me/s and a nearby ARC-1 transmitter wes set at 144 mefs. In
seqrence, Figures 1, 2, and 3 of Plate 3 show the effect on the display

of (1) turning the ARC-1 transmitter completely off, (2) turning the ARC-1
trensmi®*er on with no corrective networks installed and, (3) leaving the
ARC-1 transmitter on, but with corrective networks installed in both equip-
ments. The to*al hlocking of *he diaplay shown in Figure 2 and the elimin-
ation of this blocking shown in Tigure 3 represents the dif ference between
disrupted and nnrmal 1dentification vrocedure. A residusl level of inter-
ferance can be seen in Figure 3 even after the corrective ne tworks have
been installed. This level is caused by non-antenna radirtions, such as
control lead and power-line pick-up, or case redistions which are capable
of correction by standard methods. GCareful bonding and filtering proced-
ures mist, therefore, be followed in addition to the installation of an—
tenna networks.

. In a like manner, the I¥F transpondor operation can he completely
srupted if ARC-1 tranamiscion blocks +he transpondor circuits at sny
particular frequency. Such mal-functioning of identification equipment
may esasily result in failure of an aireraft +o properly identify itself

to other interrogrtors.

=
[adl =

15. In »ddition to the B-17 survey, an inveastigetion of cagse =2nd
power-line radistions was msde of airborne eouipments and is included =s
Appendix II. ™his work supplemented the santenna radistion surveys and show-
ed that a considersble amount of various tyvpes of noise interference was
present. The interference above 100 mc/s was eaused mainly by the radia-
tions of the oscillators in the equipment directly through the cage., Ref-
erence (10) reports a study of aircraft ignition nolses made shosrd *he

CV-4 (7SS RANGER), Such interference wee heing gubjected to very inten—
sive investigation bv other Government and private groupe 2nd was, there-
fore, not vigorously prosecuted at WRL.

NETWCRK DESIGN

16, ™he original networks developed for the correction of VHP_TFW
iLvellerence au0Aare Maval aireraft were designed from basic network equa-

tions for lumped parsmeter circuits with an extension nf the besic eguations
to provide for irproved impedence matching within 1imited frequency ranges

<5 Anporimine Ly




and for sharper cut—of+ characteristics. Reference (7) includes a

summery of the brgic theory and the extension developed bv the NRL
Interference Group. The 1umpgd constent networks were found to work
satisfactorily at low powers {up to 10 watts continuous), and at freguen-
cies below 250 mc/s. The netWorks required for the I¥F squipment, however,
had to withetand at least 500 watts peak power when the interrogator was
operating., Calculations showed that the network components would build up
voltage resonance peaks and ceuse a breskdown of the condensers. In add-
ition, networks were required which would operate in the Block III band
with a special IF® interrogator designed for the AEW program which would
have 3700 watts peak power output. Such freouency an” power requirere nts
made 1t necesssary to design new types of networks using distributed constents
or transmission-line elements. Such network tvpes were developed by the

NRL Airborne Interference Group during the clean-up of the AEW shipboard
Interferences and are described in reference (4), (ATY Interference Report
B). e complete development of the theorv snd design factors for trans-
mission line networks is reported in reference (11). Plate 4 surmarizes

the theoretical ecustions »nd design factors for the specific anterms net-
works used in correcting the sirborne AEW interferences. Trom the inform-
ation given on Plate 4, the actunl networks were designed snd assembled,
Plate 5 shows the experimental freguency vs. attenuation curves obtained

for each network, with theoretically predicted curves also included. The
very close approximation, in each case, of the experimental to t¥e predicted
values indicates the proper behavior of esch lumped and distributed element
comprising the entire network. Actnally, the networks are closer to the
theoretical vAlues than the curves seem t0 show because the theoretical valnes
shown are for an ideally assumed condition of operation,

17 The attennuation characteristics of the YL-?8/ARC-1 and QH-202/APX-13
networks, shown on Plate 5 are such that normal VFF communication per-
formance is possible up to 150 me/s, or 4 full megacycles above the pre -
sent 148 me/s upver limit of the VHF band. In order to obtain this added
performance, it was necessarv to provide the unususlly sharp cut-off char-
acteristics shown for both the networks. In each case, the unusually low
percenftaze frequency change necessary to change from pass-band to attema-
tion band is approximately 3%. The complicated mechanical spnearance of
both networks as shown in the dhotographs of Plates 6 and 7 belies their
non-critical characteristics and ease of assemblv., ™he measurements nec-—
essary fto construct them are mostlv mechanical with comparatively wide
tolerances. All criticsl electrical measurements have been reduced to a
minimum. The YL-28/ARC-1 ig designed to operate with the AN/ARC-1,
AV/ARC-18, or AY/ARC-24 equipments, and the QH-202/APY-17% 1s¢ designed for
operation with the AN/APX-1, AV/APX-2, or AN/APX-% equipments.

18, The third network type, the Y-4(F-47/AP¥-1%), ig mechanically
simple as shown in the photograph of Plate 8 2nd provides the desired
Attemuation characteristic to prevent the AV/APX-13 1P% responsor from
receiving radiatiens from the Block ITI radar relsy transmitter installed
in the AEW aircraft, "hig unit wes not designed to have as sharp 2 cut-
off characteristic s= the other networks mainly becruse such a character—
istic was not necessary. Specification details and workine drawince fnr

the netrrmeals = . -

eluded dn Lol orence \Lis-0).
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194 The following characteristics are common %o each of the networks

and serve to summarize the sdvent-ges grined by their use:

(a) Fixed pre-tuned adaptor unit which reauires no in-
stallation adjustmente or maintenance.

(v) Fighly efficient eleetrical characteristics as
shown by the extremely 1low insertion loss in the
pass~band (less than 1.0 db everywhere) and high
rejection ratios in the attenuation band, (zreater
than 60 db.).

(c) Ability to withstand high power operation, involv-
ing up to 100 watts cantinunus or SN0 watts perk,
with adequate reserve power handline capacity.

(d) Eese of production and installation bw relatively
non-skilled personnel.

(e) Durable and stable units obtsined by eliminatine
adjustments of the elements, snd by eliminating
fragile components from the design consideratinns.

INSTALLATION

20, The first installation of interference correctives for the ATW
plane tnok place aboard a TBM-3ZW at Bedford Field, Magsachnusetts, nn 7
December 1% 4. A get of the lumped~constant type of low-pass and high-
pass networks developed and built by the NRL Airborne Interference Group
and described in reference (7) was installed in the antenna transmission
lines of the AN/ARC-1, AN/ARC-18 (relay communication) and AV/APX-1,

and AN/APX-13 equivments. The installation was reported as highly success-
ful, resulting in an estimated 909 elimination of the miturl interference
of these equipments. The residusl interference wae considered as caused by
(1) extraneous interference sources snd paths, and (2) deficiencies in the
networks. Subsequent installations were mede by the NRL group on 20 Dec-
ember 1944 and 1 January 1945. The last set of correctives was not per-—
sonally installed by the WRL Interference Group, dut wees shipped to the
proper location where they were eagily installed by relestively inexper-
ienced persnnnel. The results of esch ingtallation were individually
sucecessful,

21, The development of the transmission-line networks to hendle grester
powers and provide better frecuency characteristics further reduced the
smount of interference and eliminatgd ceuse (2) abave. ™ese transmissisn
line networks were used exclusively for the "Cadillsc IT ARW Program"
(sboard the B-17) since this program was congidered mnre permanent than the
original AEW, The first Cedillac II installation was made on 20 November
1945 and, the results of the test were reported as very satisfactory.

Slight modificationg were made in the mechanical ageembly of one of the
networks 0 comply with the space available in the B-17 aircraft.

CONCILIISIONS

22, 3ased on the results of the studies reported herein, it is

concluded that:?
L AQoICiEE S
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(a)

(v)

(c)

(a)

(e)

p——— .
“real AOOICIEN
Bl -’n‘i; ) o _,‘_:f}i_ i L‘,A-_-i..ﬁ

ﬁuj L_'_ o’ Ee =

Practically every airborne transmitter surveyed
for spurious frequency emigsion, radiates signals
from its antenna outside of the frequency band
Assigned to that trensmitter. Thess gignals are
both harmonics of the fundamentsl frequency snd
spurisus emissions unrelated to the fundemental.
(See Plate 2)
The new types of antenna n-tworks described in
paragraphs 16 through 19, and installed aboard the
AEW aircraft, suecessfully and efficiently elim-
inate the spuricue emissinns and provide inter-
ference-free operatinn of the ATV equipment
aboard the aircraft (see paragrach 7).
Other airborne electronic svstems would undnubt-
edly experience similar interferenca from spur-
ious transmitter radiatinns.
The techniques am corrective devices reported
herein can Ye spplied to effect a successful
correction £ such interferences tn other air-
borne electronic systems.
The special antenna networks develnped for cor-
recting interferences tn the ATW svstem equip-
ments provided: (See paragraph 19.)
1. A fixed, pre-tuned corrective, employed
as a single external attachment
2. Fighly efficient electrical character—
istics, i.e., low insertinn-lnss and
high attenuation.
3. High freouency, wide band applicatinn
4. Figh power handling capacities
5. Durability and stability
6. Base of productinn and installation
7. ¥o required installation adjustments
or maintenance.

RECOM!ENDATIONS

23. It i¢ recommnded thatt

(a)

(v)

The techniques anAd deviceg‘énployed bv the NRL
Airborne Interfereance Group for successfully
correcting interferences to the airborne ARV
svetem be applied to the correction of inter—
ferences which are comromising the performance
of other electronic svstems.

The tvpe of networks tha+ have bean developed
be incorporated as an integral part of the an-~
tenna coupling networks of all radio =nd radar
trensmitters, in order to reduce to a minimunm
the harmonic and spurious radiations from such
transmitters. This would eliminate at the source
A great percentage of the radio interferences

-

FTOSC4L in drveli erecrnronic eguipments.
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Further resesrch be undertaken to explore the
theory snd applica“ion of such networks, and
other interference correction devices, parti-
cularly for purposes of attaining interference~
free operation of basic electronic equipments.
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SanDiego Navy Yard.

(a) " from the Airborne Co-ordinating Group

and Electronic Field Service Group.
This, and other AEW Interference Reports, is intended to

represent the efforts and contributions of all the scientific and
non-scientific personnel associated with the problem.
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APPENDIX I

7 August 1945
Memorandum to: Dr. M, K. Goldstein
From: H. W. Chitty
SUBJECT: B-17 Interference Survey
1. This interference survey was conducted in order that inter-

action with one tvpe of equipment on another in the B~1l7 could be observed.
The test is not conducted as a system test but rather as a preliminary survey.
Interference so far as this test is concerned referes to spurious frequencies
radiated by the transmitting antenna systems.

2. The various equipments which are located in the B-17 AEW plane
are as follows:

Transmit*ing Equipment Antenna ‘

ART-13 2-18 Mec. L.F. Communications Straight Wire
ARC~1 100-156 Mc. UEF " Co-AX .
APX-1AM 157-187 Mc. A. Band)

194-212 Mc. G. Band) I.F.T. Co-AX

172-182 Mc. RD{ )
*APX~13 157-187 Mec. Interrogator I.F.7F. Co-AX
*ART-22 285-215 Mc. Radar Link
APN-1 420-480 Mc. Altimeter Co-A%
*APS-20 3000 Me. Radar Search

Receiving Bguipment

ARN-"7 (1) 100-200 ke.)
(2) 200-410 kc.)
(3) 410-850 kc.) Radioc Compass Loop Co-aX
(4) 850-1750 ke.)
Yote: The ARN-7 wes not available for this test, a substitute was

made which has the seme frequency range with the exception of the low
frequency r ange of 100-200 kc. This equipment is the BC-4336.

APN-4 (1) 1950 ke. )
(2) 1850 ke. ) Loran Co~AX
(3) 1750 ke. )
R2ZA~/RC-5 «19-.55 Mc/s.) :
R26-ARC-5 2-6 Mc/s.) Communications Straight Wire
R27-ARC-5 6-9 Mc/s.)
ARC-1 100-155 Mc/s. UHF Communications  (0-AX
i\ PE~13 157-187 Me/s. I.7. 7, Responsor ComAT
APX-1AM  157-187 Mc/s.)
194-212 MéE/s.) T.T.T. Reannneomr Ot

172-182 Me/fs.)

goen, PN e, g
: E_F ™1

[ 1

8 Ji :
Bun® Bosncn




APPENDIX I (cont'd)

Memo to Dr. M. K. Goldstein 7 August 1945

ARY-35 60-65 Mc/s  Radio Control, ten Co-AX
channel system, channels start at
200 cycles and are spaced approxi-
mately 200 cycles apart.

ARN-8 72-78 Mc/s. Marker Beacon Co—-AX
ARR-24 234-258 Mc/s.  7BX Navigation Co—AX
AARN-54 (1) 332.6 Mc/s.)

(2) 333.8 Mc/s.) Inst. Landing
(3) 335.0 Me/s.)

APN-1 420-460 Mc/s. Altimeter Co~-4X

*A1A~2A Inter Communication System

*ARD—4 VHF Direction Finder

*BC~-2348 Aarmy Low~Frequency Receiver

3. The above mentioned equipment was mounted on two benches specially

constructed as follows. Copper sheeting was placed on both benches and seams
soldered, heavy braid was used in bonding the benches together in several dif-
ferent points, A raised frame-work was constructed above the bench at a height
of epproximately five feet, over the top of this fram-work was laid a roof
constructed of 1/18" aluminum sheet. This aluminum sheet served as a grcund
plane for mounting various antennas, an effort was made to keep each antenna
directly overhead of its respective equipment. The distance between antennas
averaged about 20 inches. A sketch shovring the location of the equipment on
the benches is shown in Plates 1 and 2.

4. D.C. power was furnfshed to the equipment by Mallory recto-start=
ers. A separate supply beimg used for each bench. The supply line from

the recto-starter to the bench and along the bench was entirely shielded,
individual jur tion boxes were provided for each equipment and these boxes
were also completely shielded.

5. After satisfactory operation of the various equipments had
been ascorizined, surveys of each transmitter were mede. The surveys of the
transmittors cen be seen in Tablesl thsoungh 3.

6. After the surveys had been completed it was possible to pre-
dict what equipment would be interfered with and on what frequencies. Ex-
perimental tests were made to provide a double check on both interference
and the equipment which was interfered with. This was done in the follow-
ing manner. With a particulsr transmitter operating each piece of equip-
ment was operated geparately and tuned over its respective band and inter-
ference noted. The following is an outline of the interference encountered.

* Equipment not available.

SEE

A, A —
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. Memo to Dr. M. K.

(1) ART -13 (a7Tc)

1,
2
3
4,
S

7.

3000 kec.
5000 ke,
7200 kec.
3000 ke,
12000 kc.

Goldstein

Interference Outline

2-18 Mc/s.

6.
7.
8.
8.
10.

7 August 1945

10 pre-set channels.

15000 kc.
18000 kc.
Not Operated
Hot Cperated
Yot Operated

The oscillator in the ART-13 is either between 1000 and 1250 or
1250 and 1500 kc. depending upon position of tuning mechanism.

(a) BC4336 Radio Compass

The B2C4386 was interferefit with on each of the ART-13 preset channels.
However it was not the fundamental signal but that of the oscillator which
interfered with the B04336,
meke the compass in-operative at & tuned frequency which would be the same
as the oscillator in the ART-13.

The interference

was of such a nature as to

(v) APN-4 Loran (¥avigation)
ART-13 APN-4
CHANNEL 4 #1 #2 #3

1s 1950 kc. 1850 kc. 1750 kc.
2. Strong Strong ‘Strong
S None None None

4, Fone ¥one None

5. Yone None None

6. None Wealk None

7. None None None

Keying the trensmitter causes the traces on the APN-4 indicator to jump
Readings would be impm sible to take while transmitt-

ajproximately 1/2“.
ing with the ART-13.

(c)

Fluxgate Compass ~- The fluxgate compase did not give any indica-

tions that it was being interfered with while the ART-13 was being operated.

(a)

APX-Responser — Interference was obtained when the ART-13 was op-

erated on channels 2 to 7 throughout the tuning range of the APX receiver.
Thers was no interference when the ART-13 was tuned to Channel 1,

(e) ARY¥-8 Beacon Receiver —- fnterference on the AR¥-B receiver was
noted on all channels in the form of bad key-clicks, However, when the

ART-=13 was fnnad 4n cshonnale F and &
so as to operate the indicator lamp on the ARN-8,

(£)

AFR-2

al e

dlhm S dcmamonacams la e

- o

B e R |

Homing Receiver (23X) -- The receiver tone changes greatly
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when the ART-13 is keyed. The interference is great enough so as to cause
the receiver to be in-operative.

(g) APN-1 -~ No interference was found in the APN-1 as caused by the
ART-13»

(h)  ARC-1 -~ 100 - 156 Mc/s. w,g,¥. Communications —- No interference
was found in thie equipment.

(i) ARW-35 60-65 Mc/s. Radio Control —— No interference was found
in this equipment.

(2) APX-I.F.P. . 172 Mc/s. (Interrogator)

This equipment has a remge 157-187 Mc/a onwrvand. A frequency of
172 Mc/s was choses. as representative.

(a) BC-4336 —~ No interference fcound in this egquipment.

(0) APN~4 —- Yo interference found in this equipment.

(¢) Fluxgset e Compass —— No interference noted in this equipment.

(a) ARN-8 —-- Slight interference but of not great enough inten-
sity to key indicator lamp.

(e) ARR-2 -- No interference in this equipment.

(£) APN~]1 — 0 @ n n 1
(g) ARW-35 - # 1 n i "
(n) ARC-1 -- ] " n n #"
(3) The ARC-1 transmitter-receiver was set up t¢ operateson six channels,
Channel Grystal Frequency (Xc) Qutput Frequency (Mc/s)
1 5910 116.1
2 6370 124,38
3 6470 126.18
4 6610 128,7
5 7350 142.02
6 7680 148,16

Interfercnce survey wasg made on the following equipments to determine the
amount of interference radiated by the ARC-1.

(a) ARC-5 Receivers R-23, R-26 and R-27 —-- Strong interference from the
ARC-1 transmitter operating on all channels was heard when the receivers
wers tuned to the frequency of the crystal oscillator in the transmitter.
When the receivers were not tuned to. this frequency only key-click inter-
ference was noticed and this was not serious. -

(v) ARR-2 Homing Receiver 234 to 258 Mc/s. -- There was 2o interfer—
ence from the ARC-1 transmitter with this receiver.

(c) APV=4 T.oren Recaivar 1780 ¥a. 188N Ve, end 1080 Wa - Tha 4020
transmitter did not interfere with the operation of the Loran receiver.

= Sy
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Memo to Dr. M. K. Goldstein 7 Angust 1945
(d) ARN-8 Beacon Receiver (75 Mc/s.) —~ The receiver was interfered

with by the ARC-1 -transmitter when the transmitver was operated on chanmls
one through four. The interference was sufficiently strong to trigger the
indicator light. j

(e) APY~-2 I.F.F. Responsor —- The APX-2 receiver was tuned througzh its
range of 157 Mc/s to 187 Mc/s. while the ARC-1 transmlitter was operated on
each of its channels and the following interference was noted.

Channel

1, 3 and 4 Medium Interference

2 Very little interference
5 and 6 Very strong interference

This interference was measured by noting the effect on the receiver output

as viewed on a servoscope while tuned to receive an emergency reply. Snmall
interference merely increased the noise along the sweep. Medium interference
slightly lowered the base line and partially blocked the pulse. Strong inter-
ference lowered the whole base line completely obliterating the pulse.

(£) APN-1 Radio Altimeter (420 to 460 Mc/s.) -- No interference found
4n this equipment. '

(g) Flux-Gate Compass —— No interference found 4m this equipment.

(n) SCR-269¢ Radio Compass (250 Ke to 1750 Ke) -- No interference
found in this equipment.

(1) R146A-ARW-35 Receiver (60-65 Mc/s.) —- No interference found
in this equipment.

8. A Survey Chart hes been constructed which shows the survey of
the B-17 transmitters svailable and also the effect on various receiving
equipment in the B-17.

(4) 4777-1 —— Redio Altimeter 420-460 Mc/s. —- The operation of the
APY-1 did not interfere with any other equipment.
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i

p

R Y T e

4
t
H

.
£

Trané;
Freq.
Me/s.

1161
116.1
128.7
128.7
128.7
128.7
128.7
128.7
128.7
128.7
146.16
146.16
146,16
146.16
146.16
146.16
146.16
1<6.16
146.16

Trans.
Freq.
MC/SQ

172
172
172
172
172
172
172
i72
172

TABLE II

SPURIOUS FREQUE?CY SURVEY ARC-1

j Signal ' Trap .
Fr . i
116.1 ; 116.1 !
228 . 228 5
108 : 108 -
122 ! 122
128,7 ; 128.7 :
136 i 125 |
192 ; 192 :
232 : 232 :
252 , 252 :
125 i 125
145 ; 145
152 | 152
160 : 160
225 : 225 i
270 : 270 i
235 i 285 !
295 : 295 i
305 ; 205 ¢
445 : 445 f

I

Strengﬁ@

S
S
M
M
5
M
S
M
S
5
S
W
w
5
5
M
S
M
W

" Relative
Signal

TABLE III
SPUBIOUS FREQUENCY SURVEY APX-24
Signal i Trap f Relative
Freq. ! Freq. | Signal
Me/s. Me/s | Strength
105 105 W
128 : 128 ; W
147 g 147 ; M
170 . 170 s £o
235 235 5
350 : 350 : S 2fo
522 522 ' § 3fo
690 690 M 4 fo
850 850 M 5 fo
« I8 o
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APPENDIX II
7 August 1945
Memorandum to: Dr, ¥. K. Goldstein
From: Lt, J. M. Corbin
SUBJECT: Interference, Power Line and Case Radiations.
I. Equipment Tested
AN/ ARC-1 Receiver Component
AY/ARC-5 MEF Receiver
AY/ARR-2A Homing Receiver
AN/aPX-1 Receiver Component
II. Measuremen t Equipment
Receiver RDO 38 to 1000 Mc. Serial 703
Receiver RAX 0.2 to 27 Me. Serial 262
Noise Meter (Ferris) 0.16 to 20 Mec. Serial 195
Output Meter General Radio type B5B3-A
I11. Problem

This projeet is a survey of the above airdborne equipment
for noise between .2 and 1000 Mc/s which radiates from the cases and power
lines,and the best available solution 0 eliminate this noise,

Iv. Description of Work

When equipment is installed in a plane, the proximity of the
units will determine the final balance of the plane as well as the ease
of operation, mai ntenance and installation. If there is no electrical
interference due to the close proximidy. of the equipment, the ideal set-
up has been made., With this procedure in mind measurements of noise
radiating from the airborne equipment were made by obtaining the output
of the test receiver when its antenna was placed in a loop around the
unit under test. The connections made are shown in Plate 7., Instead
of connecting the loop to the Ferris meter, that instrument was used
with its dipole antenna installed one foot from the center of the air-
craft radio, In all cases where exact loeation of noise radiations
was desired a probe sntenna was used. The output meter was connected
directly to the audio output of the test receiver with full gain
amplification. A4ll power sources were filtered and the test was run
within a shielded space. During each test run the base noise level of
the test equipment was found to vary from one unit to another with
peaks ranging as high as 150 milliwatts. When there was &a large
variation in base level registered within the over-lapping frequency

AETERES ST RS
~ce— ELaieany
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Memo to Dr. M. K. Goldstein 7 August 1945

bands the results of the most sensitive measurement were used. In this
way nolse radiations of small value could be picked up which would other-
wise De lost in the base level noise.

The RDO was further modified so that neasurenents of the pure
R.F. noise voltage could be made., This was done by wiring a micro-
armmeter in the plate circult of the 2nd detector so that the audio
frequency modulation would not affect the amplitude of the radio freq-
uency noise voltage. It was found, however, that the audio output voltage
was proportional to the RFP voltage output in the measurements of noise
radiations.

In the majority of the tests the survey was conducted and then
attempts were made to reduce the noise level of the radiations from the
case and power lines. The acceptable level of reduction was the noise
level of the testing equipment. In all cases dynamotor hash could be
substantially reduced. However, it is believed that to reduce oscillator
radiations 1t will be necessary to redesign part of the internal circuit
or install f ilters in all leads that pass between Jjunection and control
boxes.

Ve Narrative

All surveys showed that dynamotor hash céuld be measured over
the entire band and that at certain frequencies the noise saturated the
test receiver. Osecillator radiations could be detected emanating fronm
the power lines, cases and control cables with the nolse signals strongest
when open wire cable was used. All charts show the difference between
the test receiver noise level and the noise signal received. To clarify
the result s obtained s-— : j :

The VHF receiver AN/ARC-1 radiated strong oscilla tor squeals
end dynamotor hash from 5 to 30 Mc/s. However above 40 Mc/s the
recelver was quiet except for hash around 70 megacycles.

To eliminate the dynamotor noise, capacitors were instdled
fronm each brush to ground. Other tests showed that grounding each
crystal holder and installing an RF tight cover over the front panel
eliminated nvise from the case. By filtering each lead running from
the unit t> the controls with an RF choke and capacitor, power line
radiations could be reduced., Results of the survey are shown in
Plate I.

The MHF units of the AN/ARC-5 gave off gtrong signals =t
different frequencies depending on the unit which was used. ZEach of
the receivers had a dynamotor constructed by a separate manufacturer
wich resulted in waristions in noise and variations in corrective
measures, The corrective measures applied reduced the dynamotor noise
until it disappesred in the noise level of the test set., This base
level was not reached in the reductisn of the ogcillator radiations.

=
[




APPENDIX II (Conttd)

Memo to Dr. M. K. Goldstein 7 August 1945

A plot of the difference between the noige level of the
receiver and the noise radiations, as well as a plot of the results of
corrective measures are shown on Plates 2, 3, and 4. The figures showing
the decibel reductions were obtained by using the noise of the test
receiver as the base level and obtaining the ratio of milliwatt and
microamp output before and after installing corrective measures. (See
addenda for further information concerning test equipment-)

The Homing receiver AN/ARR~2A was found to have strong
signel s emanating from the local oscillator which is tunable from .74
to0 1.03 Mc/s. There was also strong dynamotor hash which was reduced
by properly grounding the dynamotor and by providing adequate metal to
metal contact throughnut the case. Plate 5 shows the survey resultis
with decibel wvalues of noise reduction. In order not to disturb any
of the internal electrical circuits and because of the time limitations
the open wire connections between the unit and the control box were not
filtered but were shielded. The final figures of noise reduction are
based on this fact.

The receiver corponent of the AN/APX~1 was surveyed for case
and power line radiations by grounding out the antenna connections so
that no spurious interference could be radiated from the transmitter
section. With adequate grounding of the case and with open wire circuits
between the unit and the control box, readings of nolse radiations were
obtained and plotted. 3By placement of capacitors throughnut the equip-
ment the dynamotor hash was reduced to the noise level of the test
receiver, Leakage of the .3 Mc/s quench oscillator causes interference
for which no satisfactory method of elimination could be founde

VI Conclusions:

The following prm cedure should be followed on each unit
tested in order to reduce noise radiating from the case and power lines.

AN/ARC-1

l. Ground negative line of 24 volt power at brush
holder in dynamotors.

2. Connect .0l mfd capacitors from each of the high
voltage brushes and the positive low voltage brush
to ground.

3. Ground all crystal holders.

4, Assemble R.F. tisht cover over front panel.

5., All comnecting wires leading from main unit to
junction and control boxes should be filtered to
block ~scillator fundamental and harmonic frequencies.

AN/ARC-5

1. Connect ,25 mfd capacitor across input power leads
inside receiver rack. °
2. Place sronndine cormectinane {enringe ~nil B/at 1an-~

by a diameter from +1875 to .218 inches) on the
three pins beneath esch dynamotor.
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AN/ARC-5 (cont'd)

Be

4o

5.

6o

7
Se

AN/ ARR-24

1.

2.

3e

4o

5.

G

AV/APX-1

1.
2
Be
4.
Ge
Te
8-
10.
11.
12,

13.
14.

Connect one .01 mfd capacitor across pins 1 and 6 of each of the
terminals J18, J19 and J20 leading .from receiver rack to unit.
Connect .0l mfd mica capacitor betwszen high voltsge brushes of
dynamotors, Series 693A and 35X009B.,

Connect «01 mfd mica capacitor between low voltage brushes of
dynamotors series 6936.

Shield cs~ble between control box and unit and well ground both
ends of shield seperately from AN/connectors.

Scrope paint from 21l metal meting surfaces of case.

Tighten all screws on base, cover and sides.

Connect 1.0 mfd or 0.5 mfd capacitor between 24 volt positive
input terminal and ground.

Connect .0l mfd mica capacitor between the high voltage brushes
of the dynamotor.

Place grounding connector (coil springs 5/8" long by a diameter
from .1875 to .218 inches) on the three pins beneath each
dynamotor.

Scrape all pairt from the mating surfaces so there will be good
metal to metal contact throughout the case.

Install spring contacts beneath cover so that there is good
pressure contact at the mating surfaces.

Shield the cable betweesn the control box and unit, grounding
both ends separately from the AN connector.

Connect .01 mfd mica capacitor from contact B of switch §-502

to chagsis.

Connect 1.0 mfd 400 v. capacitor from pin #17 of J509 to ground.
Connect 1,0 mfd 400 v. capacitor from pin #6 of J509 to ground.
Connect a +O1 mfd mica capacitor from pin #15 of J509 to ground.
Connect a .0l mfd mica capacitor across 28 v. terminals of

sweep motor B-501.

Connect shorter ground wire 1/2“ from negative terminal of sweep
motor to motor frame.

Connect short ground wires to all destructor holders.

Scrape paiad from all metal meating surfaces of case

Scrape ypeaint and place copper wire gcreen acrogs louvres on
oscillator side of cabinet.

Scrape paint and place copper wire screen between upper and lower
section of APX-1,

Connect cepacitors from pin 7 to pin 1 of J101 to give a capaci-
tance of 1.28 mfd.

Connect a Ol mfd mica capacitor from pin #2 of Jl02 to ground.
Connect a 01 mfd mica capacitor from pin #3 of J102 to ground.
Connect a .01 mfd mica capacitor across 28 v. terminal of

Avsrmema -
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Memo to Dr. Ms Ke Goldstein 7 Auzust 1945

References: MISCELLANEQOUS INTERFERENCE SURVEY

(a) Pratt & Whitney R-2800 Engine Bulletin #113 of
14 January 1944 and supplement #1 of 4 December 1944,

(b) NRL -~ Interference Effects Ceaused by Ignition Systems
Letter C-F42-1/85 (312: PYN:OLW) of 13 July 1945.

(¢) ¥NAS Patuxent River report NA 83/F42-1/85 on project
TED #PTR-31508-1 of 6 December 1944 concerning
Ignition Interference tests on Wright R-1830 engine.

(d) ¥AS Patuxent River report NA 83/F42-1/85 on project
TED #PTR-31586-2 of 3 March 1945 concerning
Ienition Interference tests on Wright R-2600 engine

(e) WAMC Philadelphia report ARRL 265-45 on project
TED .¢#NAM 31292.0 of 28 March 1945, concerning
Ignition Interference tests on F6F-5 alrerafte.

(£) Uncompleted projects issued by Buder on NAMC Phil-
adelphia TED numbers NAMO 31299,1, & 299.2, 312993
covering ignition interference of flight deck equip~
ment such as tractors, Jjeeps, etc. and TED #NAMC 31298
and 3129841 covering plane starter induction vibrator.

Purpose:
To determine ignition noise levels present in Block III
frequency band (295-315 me/s) and ignition noise present
in receivinzs equipment of aircraft assocliated with Project
Cadillac,

Investigations
Liesearch as to previous surveys disclonged that references
(a) thru (f) cover the subject question regarding inter=
ference encountered and methods of eliminations

Conclusions

Due to the short time involved and due to the fact that it
would be a duplication of previovs effort, no survey of
gasoline engine iznition systems was conducted.
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FIGURE |

FIGURE 2

FIGURE 3

REDUCTION OF INTERFERENCE ON APX-2, IFF EQUIPMENT
FIG. |  NO INTERFERENCE PRESENT - '
FIG. 2  INTERFERENCE PRESENT - NO NETWORK |NSTALLED
FIG. 3 INTERFERENCE PRESENT - NETWORK INSTALLED
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ANTENNA NETWORK
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ANTENNA NETWORK
QH=202 /APX~13
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ANTENNA NETWORK
Y=4(F=47/APX~13)
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