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ABSTRACT

This report is intended to crystallize the mortar location
nroblem as of the present, correleting the strategic need with the
technical possibilities of fulfilling this need. In order to do this
thoroughly, most of the repcrt has been concerned with the develop-
ment of the various methods of mortar location. It is pointed out
that the radar method remains the best epproach to the mortar location
problem. Past attempts at the solution of the problem and the numerous
field tests with existing equipments arc discussed. 4n analysis is
made of the significance of 211 provious and contemporary work., The
precise freouency is not determined, but the general frecuency band
between S-band and L~band is recommended. A mortar loceting system is
proposed.
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SECTICHN I

INTRODUCTION

1 Reference (1) established a project at the Naval Research
Laboratory to study the general problem of the location of the firing
point of mertars with the ultimate objective of developing a mortar
lecating radar equipment suitable for use by the U. S. Larine Corps.

25 In the fall of 1945 a confercnce was held a2t the Naval Research
Laboratory between representatives of the Larine Corps ladar Design
Secticn, Electronics Division of the Bureau of Ships and personnel of
the Favael Research Lezboratery. The purnose of the conference was to
formulate 2 procedure to be followed in obtaining the desired objective.
It was decided to divide the project intc two distinct phases, the first
phase to cover fundamental research and the second phasc to cover
equipment development.

3e It was anticipated that as a2 result of the first phese of the
project a sect of specifications would be preduced cutlining the mili-
tary characteristics and speeific mechenical and clectrical design
features desirable for 2 solution of the problem. The second phase
would result in the construction cof & breadboard model of an equipment
complying with the requirements of thc specifications resulting from
phasc onc. Characteristics listed under reference (1) specifically
for investigation during the first phasc were: accuracy rcquirements,
type of scan, type of proscentation, typc of rader, i.e. pulse, Fk, CW,
Doppler, or a combination of types and choice of frequency. Scrvice
requircments to be satisficd werce also listed by the karine Corps. They
were: high mobility, light weight (2pproximately 1500 pounds maximum),
ability to be quickly broken down into smell packages for air and pack
transport, and eese of fiecld mmintenance,

fs In generel, this rzport is intended, firstly, to cover =211
previous work on mortar location up to 2nd including 1945 in so far as
this work might z2ffcet in any way the objectives of this rcport. A
sceond objective is to describe those individual rescarch projects sct
up by this project and discuss contemporary rescarch projccts clsewhere
which bear upon the objesctives of this report. A third objective is to
analyze the facts prescnted by both the study of previous work on mortar
location and by the study of contemporary, related rescarch projccets

and to point out the prorrcss made toward the determination of thesc
gencrael specificetions vhich are the objoectives of this roport. Finally,
a coursc of futurc action is rccommended.

5, In precsenting the report it is considercd worthwhile to

discuss 2t length thc exact naturc of the problem itsclf before peinting
out possible sclutions of thec problem. For this reeson the author
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has consulted with militery experts and civiliezn seicntists in an
attempt to develop somc concept of the type of weoapons snticipatcd
for future use, (Sce Section III). Tae type of radar which might
best fit in with the anticipated military organization, tectics and
available transportation, c¢tc. has been discussed with thesc authori-~
ties. Although it is impossible to know preciscly what the military
requirements of this equipment ought to be, certain conclusions mey be
drawn from availeble information.

6. Scction II chronologically covers significant previcus and
contemporary work on mortar locetion. A rigorous discussion of the
problem end possible solutions are prescnted st lencth in Section III.
Scetion IV consists of conclusions 2nd recommendations. The biblio-
grephy of this rcport and the information evailable in Appendix 1
prescent 2 rcasonably completce picturce of the scicntific cfforts related
to mortar location,
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SECTION II

ZHE HISTORY OF THE DEVELOPRENT OF LORTAR LOCATION

CRIGIN

s During %orld ar II one of the most potent weapons used was
the mortar, Casualties from mortar fire in the Italian Alps were
reported to have exceeded seventy percent of the total. In the Pacific
Theater of Operations, during the Island Campzigns, more than fifty
percent of Merine Corps casualties were sustained from mortar fire,

On the beaches at Normendy it was estimeted that each eneny mortar in
operation caused 35 casuclties to Allied troops during the landing
phase, as compared to 11 casualties per operating machine zun. Only
2bout eight percent of enemy mortars were knocked out by preparatory
naval fire and approximately twenty percent by other weapons. It
became cuite apparent that during "orld "ar II effective counter-
mortar devices were urgently needed. Section II of this report presents
the chronclogical picture of the development of the mortar locstion

art up to and including 1945,

a. kortars range in caliber from 50 mm. to more thon 300 mm.

The smeller caliber equipment (e.g. the U.3. 60 and 8L mm morters) may
be trensported and operated efficiently by three men, the operating
period depending upon the smmunition supply. A mortar squad in the
karine Corps consists of six men, three of whom are used for ammnition
and supply cuties and three for transporting ond operating the mortar,
Liortar shells weight from 1,6 pounds to over 700 pounds. (See refer-
ence 50). The mortar can be set up and operated in 2 matter of seconds;
skilled crews have no difficulty in firing ten or more rounds a minute,
with 2t least fifty percent of the shells fired falling within 2 eircle
of 108 yards dismeter centered zbout the target, The mortar is a high
trajectory weapon. The effective range of the 81 mm, mortar vories
from 200 to over 3000 yards, znd the angle of deporture varies from

45 to 85 degrees. The trajectory of the mortar is a2 reasonzbly close
approximeticn to 2 parabole (reference 37), especially during the first
two~thirds of the trajectory. The initial velocity increases from
approximately 400 to 600 feet per second as the firing cherge is
increased, In this section of the report the primery concern was with
smzller enemy mortars, similar to the U.S. 60 mm. and 81 mm. mortars
and the Jepanese 90 and 120 mm. mortars, since it was the smeller
caliber mortar which possessed those physicael and ballistic qualities
which made the morter so effective during World ar II. In general,
when the caliber of the mortar is not specified in this section it
should be assumed to be of smaller csliber,

9. As paragraph 7 indicates, the urgency of counteracting the

mortar Lecame intense in the summer of 1944 end reesched » peak during
the early part of 1945. However, the location of enemy weapons is an

G <5
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obvious objective in warfare, ~nd methods have long been sought to
attain this objective. The first methods used were visuzl, but the
diseadvantages of those methods fzr outweighed the advantages. Limited
range =nd accuracy and exposure to enemy fire were among the disadvan-
tages, Sound equipment was used in ¥World "ar 1 as - weapons locator
and continued in use in Vorld War II. However, the sound locator was
generally used only against short range small caliber wezspons, e.g.
nachine guns, ete, It wzs not until 13 September 1943, that =z formal
report on the location of mortars by sound was recorded, (See reference
2). An esrly memorandum on this subject was M"lortar Fire Location

( Lortimer)", =nd included five reports on mortar location (reference
L). Three of these reports deelt with sound methods =nd two with radar
methods, These enclosures were the earliest records discovered by the
author dealing formally with mortzsr location,

10, On 13 3September 1943, a report was circulated from Malvery,
Englend, A.D.X.D.E., entitled, "The Location of Field lortars by Sound"
(one of the reports mentioned sbove) dealing with tests commenced on
20 August 1943. (See reference 2), The purpose of thess experiments
was "to ascertain variations in the time of arrivel of a sound wave
from the propellant cherge of a Field mortar due to accidents of pro-
pagaticn coused by the low eddy structure of the stmosphers 2nd ground
disturbances. This is required in order to ascerisin the minimum base
length that can possibly be used in the mersurement of the direction of
the normal Lo the wrve front te provide an sccuracy of one degree for
“line in locntieon." The zctuzl field tests were carried out at Netheravon,
England on four particuler days. The type of sound equipment (British
Kortimer type) used was not particularly important in this report.
Subscquent improvements included in the final models being used at the
end of the war will be mentioned later. Opersctions a2t Netheravon were
with 4.2 and 3 inch mortars using full chorges. RA2nges were short
(no exact figurc wes given), but results were favorable for an initial
test. A description of the four-pen recorder used with the sound
locating equipment was 2lso included in this report; however, types
of recorders will be considered later., The results of these experiments
were cbviously preliminary; some practicel suggestions were included
in the report, but few conclusions could be drawn,

112 E2 The first record of mortar location by radar discovered was

a brief report entitled, "dadar Location of Mortar Triels at Larkhill,
November 19L3" (reference 3). Yore specifically the purpose of the
tests at Larkhill werc "to determine the signel strength from a British
3-inch mortaxr bomb using A4 No. 3 ik, II" (2 large British S-band ,
anti-aireraft radar)., This first report discusses radar "siting",
which wns the subject of much discussion in meny subseqguent reports on
ground activities with radrr. In fact, the experimentel test yielded
unsatisfactory results due to the siting of the rader. The British
immedintely appreciated this, s shown by thc following: "The radar
was sited in 2 shallow velley with the skyline in the dircetion of

e e
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mortar and target a2t O degreces clevation sabout 40O yairds sway. This
reduced the clutter around the mortar to 2/1 2t O degrees elevation.

At an earlier site on top of 2 small rise with a clear view in the
mortar direction the clutter was 20/1 at O degrees elevation, and small
signals would have been undetcsctable below 8 degrees elevetion,® With
thie siting procedure, clevetion angles of 1 degree and lower were used
satisfectorily in deteclting the morter shell in flight. The procedure
used for actually locating the firing point was what is now gencrally
called the "multi-point systsm", which consists of plotting several
points slong the risinz pertion of the shdll trajectory, extrapolating
back & curve to the firing source. A detailed theoretical discussion
of these methods for locatinzg the firing peints of shells is given in
reference 37 and briefly in  Section III of this report. &ctuzlly,
the methods by which the points were obtzined along the itrajectory were
quite crude ~s compared to the more recent methods, but the information
sought wns the scms, ond the method of obtaining the informetion wa
limited primarily by the accuracy of the equipment. Actuslly, the
interest in this test was primerily to determinc whether mortar shells
could be detected 2t 211 by radar. lortars were fired ot diffcrent
engles of fire with respect to the radar and = constant zngle of
deperturc of 70 degrees. Signel to noiss ratics betwsen 4/1 »nd 5/1
were obscerved 2t 5000 to 8000 yrrds range when the shell was dropping.
Certain inconsistencics appeared during the test 2s signol strength

was recorded and the angle of fire wried, Varying the anglc of fire
changes the 2spect of the shell with respeet to the rader beem. At
that time the Eritish wrotc: "This discrepancy (in signzl strength

vs. shell zspect) ezn only be clesred wp by dircet mersuremcnt of bomb
poler diagrams, which is being undertsken.” 1In late 1944 = Cansdian
Nationel fescerch Council report (reference 19) repeatced this statement
of the British suggesting bomb polar diagrams be made in the microwsve
region. In early 1945, reflection pattems of mortar shells for

K, X, and S-vand electromsgnetic wave propagztion were obtained zt

Chio State University Aescerch Foundetion. Covpies werc given to the
Canadizn Research Council, (See Plate 1). These first trisls of radsar
detcction of mortar shells were sufficiently successful thst some
action was commenced to perfect the technicues of mortsr locstion and
seek additionel informetion to form the basis for new design.

12, Developments continued in the location of mortars by sound,
aml severzl reports were put out in Europe on this subjeet in early
1944, Two of these were encloscd in the ~forementioned memorsndum
(reference 2)., (Sce paragraph 9). Later in this report the develop-
ments in sound location achieved at Jamp Evans Signel Laboratory will
be described in some detail, Certein limitations were readily sppearent
at this time in the use of sound #s » mortsr locetor. In general, the
renge of detection of morter fire, which was 2 function of metcorolo-
giczl conditions end could not very well bc contreclled, was limited to
2000 yords or less. The range and bearing accurscics were poor:

1 degree to 5 degrees in beoring, and plus or minus 100 to 500 yards in
ronge. The performence of the ecuipment wes affocted by the inter-

(R 5 S =
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vening terrain and was rendered practically uscless under random fire,
It had the adventzges of being ressonebly light in weight and simple,
and casy to install and operate. he reports mentioncd (refercnce 2)
deal with Lortimer I, II, ond IIT, and time messuring devices coda,
cedar, codat and codak. Precise informstion is aveilsble on these
sound ecuipments znd recorders in JEIA files, a2lthough only the reports
considering the application of these ecuipments to mortar locstion have
been listed and considered in this report.

i3, Cn 25 Jonuery 194L, = report was circulated on the radsr
locotion of morters describing trisls =t Netheravon, England, held on
17 #nd 18 Jonusry 1944, It will be recclled thot mortar loec=tiocn tests
by sound h~d been proceeding for some time at Netheravon, so some cXper-
icnce in the proccss of locenting mortars by instruments might be
cxpected. as in the Larkhill tcsts, 3 inch and 4.2 inch mortars were
used and were observed on the P.P.I.'s of the radar ecquipments SCR-517
and SCR-58L4. According to the report "Svery offort was made to choose
sites for thesc raders giving the minimum ground clutter zlong the

path of the morver bombs", The SCR-584 site was inferior, however, to
the SCR-517 site. (See Table 1 for radar ranges agninst mortars.)

The range was fixed between 2000 and 3000 yards for SCR-517 trinls,

end results were positive. O8ignels on the P.P.I. ard the A-scope were
secn, the signal tc noisec ratio on the A-scope being around 1/1 to 2/1.
Ydth the 86 rpm scen rote, ocensionsl shells were detccted on the P.P.I.
The ronge for the SCR-58L wes held =t 8050 yards for the rise and 5900
yards for the drop in the trajectcry. Results were also positive with
the SCE-584. The signel to noise ratio wns estimate to be 8/1 or
better for both sscending and descending shells when the radar wes
searchlighted on the trajectory. ‘hen the antennz was menuzlly scanned
once a second through 2 15 degrees sector, the echo from the mortar
shell could eesily be scen on the P.P.I. The British secmed diseppointed
that although the echoes of the shells were secn, the '"narrow benms

in the vertical plene renderec visible only sm21l portions of the
trajectory,"

14, Summarizing briefly the origin of mortsr locstion by radar:
the desire to locale firing points was not ncw, sound methods having
been used since Verld Yar I, In the summer of 1943, sound locating
methods were used ageinst mertars, which were becoming cuite a mensce
28 an anti-personnel werpon., The results were positive but not complete-
ly sotisfactory. Subsequently, st Larkhill, Englend, in November 1943,
~ rodor woes used to locate mortars. These results were suecessful

and werc followed swiftly in Jonuary 1944 by even more suceessful

tests with the SCR-584 end 3CR-517 2t Nethersvon, England, These

field trirls were primerily under the authority of the British with
some U. S, 2id. Ranges of 8000 yards with sign~l to noisc of 8/1 were
obscrved on the SCR-584 sgninst 3 inch and 4.2 inch morter shells, The
importance of siting and the peculiar cffcet of shell aspeet on signal
strength werc noted. The multi-point method was used, though cumber—
somcly, to locate the firing point of ~ morter,

e s 4~
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ACTIVITIES - JULY THROUGH SEPTEMBER - 19LA4

15. The discussion of the origin of mortar location coverced the
period through 8 April 1944, In this period two reports of fiecld
triels by radar hnd been reported. Gradu~lly the =dventages of the
radsr methed of mortonr location became apparent until interest in the
scund method slmost ceased, and = great deal of pressurc was brought to
bear on the use of rader methods. The possibilities of cther methods,
€.g., detection from heat radinted around the mortar shell bedy, etc.
were not forgotten. However, radar showed much promise at the time

erd =2ppeared to offer the most expeditious solution. Subsequently,
Radiestion Leboratory of KIT, Cemp Evens Signal Laborstory (CESL),
Belmr, N. J. 2nd British activities, to mention a2 few, considered
other methods and wrote papers on their results, but radsr remeined the
best immediste solution. The British slready knew that certein radars
could detect mortar shells in flight at renges sufficient for teoeti-
cal purposes. The next move wes to ascertein thos:characteristics which
should be incorporated in 2 rader to best fit it for the rcle of a
morter locrstor,

16, The period of July 1944 throuzh September 1944 produced
scveral reports in Furope directly pertaining tc morter loc-tion. An
OSRD Aeport (see refercnce 11) in the form of 2 london Lission inter-
office pemorandum described three rodar sects recommended for usc with
field artillery to locate projeetiles. The three ecuipments nomed were
the "irtillery Shell Burst Set', the "Pulsed Doppler Tatchdog Set!,

and the "bortsr Locction Set®. The Artillery Shell Burst Sct was an
adaptation of the X-bend shell splash set developed by ADRDE. Refer-
ence 11 states: "This shell splesh set is used in the Field Artillery
rolc elmost identiecally as it is used in shell splash work to correct
both range and azimuth errors by prcsenting -~ bursting shell on the
cathodc ray tube" when the rader is dirccted toward the target. "In
the casc of the Fiecld Artillery spplicntion, permencnt cchoes play an
importent and confusing pert. It is of interest to note thst slowly
moving vehicles arc distinguishoble from echoes rsother readily”,

Ulhen the target wes completely obscured by clutter, an "offset ranging®
method of getting on target was used. In thet method ranging wns done
on some suiteble refercnce peint which wes cloar of permanent cchoes,
snd which was only & fow degrees from the preliminary torgot. Vhen

the range and e2zimuth on this refercnce point werc corrected, the guns
were turned to the primery tarcct. Apparcntly this method wrs standard
artillery procedure.

17, The second set, the Pulsed Doppler “atchdog Set, was mede up
of standard British sirbornc S-band components with = few modificotions.,
Its primnry use wrs the detection cf moving targets. In principle

it was similer to the AN/TPS-7, = Sperry Gyroscope Compony cquipment,
which supersedes the Vatehdog in 211 respects. The remerks concerning
the Mortar Locating set in this refercnce werc even more intcresting.
"For some time ADRDE heas bcen working on the problem of locating cnemy

it =
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mortars by radar trecking of the shells therefrom. Their preliminary
experiments hnwe beeon so successful thet they are nsking hict-Vieks to
produce six sebs in 2 crash programme even beforc the trials on their
experimental sct, now 2lmost completed ot ADRDE, arc finished". The
sntennes of this set wes o 5 foot 6 inch parsboloidal dish which spun

in azimuth ot 60 rpm. It wns an S-band equipment with penk power of
approximetely 500 kw, A seccond statement on this set wes: "This rapid
sconning is necessary since the morter shells travel with such high
velocity that their echoes would sppear separsted by too great = dis-
tance if 2 slow scanning rate were used". Later it wss hoped to develop
an r.f. switch so that two dishes could be mounted back-to-back 2nd
thus the effective scamning rate doubled. This wes later done by both
the British and the U, 8. The electronic switch was developed at
Radintion Leborstory, MIT, and preliminory experiments indicated that
mortar shells could be detected cut to 9000 yards. Another statement
was: "They hope later to use the V-beam principle to obtain the heights
of the shell", (See Section III). This, too, was later done by the
British snd the U.S. 4 sccond report (see reference 13) encloscd
photographs of the British mortar locsting equipment just described and
repeated the description elready given. The whole cquipment was
mounted in an Internstional h=lf-track wehicle.

18, From this equipment cventuslly cvolved the British mortar
locating set knovn zs "Norman" (see Toble 2). The descripticn and
history of the ultimatc Norman is presented now. Norman finally
becrme 2 V-becm, two-dish radar, similser in other respeccts to the
earlier prototype. Two dishes werc mountcd back-to-back and rotated
at 60 rpm with the transmitted power switched from onc dish to the
other ~s cech dish swept through a given scctor. This V-beoam should
not be confused with the V-becam of the U. S, mortsr locating redar

sct AN/TPQ-2 or the {esnadicn mortar locating rader. (Sce Flates 3
and 2), Thc V-beom of Normen is similar to the imericen AN/CPS-6
system, The beams arsc such that 2 vertical plmne normel to the
direction of propegation of the system and some distnnce from the dish
would have 2 V cut in its surface by the half power contours of the
two beems with the bese of the V closc to the ground. Unfortunately,
Normrn never had much practiczl success, and as cxtensive tests were
mede with the SCR-584 and its adeptability to mertor location became
more apperent, interest in the lNormen pro ject faded. Inn o confercnce
with keojor Hoskins of the British Radar Hiscerch and Development Estob-
lisbment in % shington, D.C. cn 23 Cctober 1945, it wes learned that
cetivity on the Normman project had cezsed before VE Doy, and only

two eguipments were known to exist. These two eauipments were stored
in Englend for experimentel use if desired. Apparently, in early
1945, the British decided to concentrate on the modificntions of
existing equipments and to leave the development of new cquipments for
mortar location to Caneda and U.S., where some success with other design
ideas h2d been met. The British had been doing basic work on propa-
gation during this period which wrs of definite velue in the choice of
frecguency for mortar locotion, but since this propagation resezrch

vy e o b
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not directly instigeted for mortsr locstion it will not be discussed
here. (See references 58 amd 59.)

19. On 31 August 1944, 2 report (reference 10) discussed the
results of initial British field trials made at the front near the
River Ome in June, 1944. Very poor results were oblzined. The rader,
the GLIIIB, was situsted 2000 to 4000 yerds from the enemy lines, but
only a few mortar shells were identified. The equipment wes withdrawn
from the front for further experiment, and 60C rounds (81l mm) were
fired during the experiments, &ll but three being detected. The
moximum worksble range was found to be sbout 8000 yards. The report
stated: Miccurscy depends to certzin extent on the nature snd the
strength of the sign2l, but appears to be within 25 yards for range

and 15 mils for bearing. (It should be noted that further inaccuracies
may be caused by the process of comversion from the position of the
bomb in the air to the position of the mortar on the ground, due to
lack of knowledge of the angle of projection. This should not, however,
be in excess of a2 further 100 yerds error in range or bearing subject
to further trials.)"

ACTIVITIZS IN THE LZDITEARANEAN THEATER OF CPERATIONS

20. In the latter part of 1944 interest continued to increase

in the loecation of mortars by rader, cspecizlly in the United States
end Coneda, which until this time had contributed little to the solu-~
tion of the problem. During the fall of 1944 the Army Signel Corps
commenced acticn in the United States on the problem of mortar location,
and Conadisn representatives held conferences with ladistion Laboratory,
MIT, on this subject. The Canadians ran field tests on an experimental
K-bond roder agoinst morter fire at Potawews, Canada. The United States
Army Signsl Laboratories originated a progrem of field tests for 211
existing radars which misht possibly serve as morter locators, and,

in addition, begen building the V-beam, K~bond prototype of the present
AN/TPG-2, utilizing the consultative services of BIL. Uhile this
sctivity was carried on in the United States and Conade, extensive
combined a2llied field tests were commenced in the kediterranean Theater
of Operztions.

21, A complete discussion of the activities on mortar of 2
Combined British and American Field 3ader Operstions Scction is included
in 2 memorandum on filc at the Office of the Chief Signal Officer.

(See reference 17). The unit was formed in November, 194k, under the
direction of the Major General Royzl Artillery, 15 Army Group, "to

use rader to locate ground targets on the 5th and 8th Army fronts."

The opcrations were divided into several phascs: Combat operaticns
with existing equipment, modificrtion of cquiprent for better operation,
experimentsl work, training ~nd the supervision of usc 2nd maintenance
of eouipment within formaticns in order to obtrin the best results,

But it was stressed that thoe spirit of the section wns to be offensive,
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“n6 Lo immediate purpose was to be the operational location of encmy
targets in the priority (2) encry mortars, (b) cnemy artillery, znd (e)
encry moving targets. This report discusses the activity up to the end
of the Italian campaign. Survey reports were preprred by both the
British and American Forees. Some of the morc interesting information
from these reports follows in parsgraph 22.

22, The British used primerily the rader sets A4 Number 3 Mk II(GL),
Lh Humber 4 Mk ITI(L¥), end the A4 Number 3 Mk V (SCR-584), The A4
Number 3 bk II(GL), an S-band, gun-laying rader, resembles somewhst the
SCA~584 in tecticsl use and electrical characteristics. The AL Number
L ¥k IIT(LY) is a light weight system on a frequency lower then L-band.
It uses antenna arrays rather thon parsboloids. The LA Number 3 Mk V
is the U5 5CR-584 (S-bend). A4lsc used in conjunction with thesc equip-
ments were mechonicel "plottersy snd at the end of the campaign the now
well known RC-308 "Time Plotter" wes being usced., This Tire Plotter will
be discusscd later. Both the U. S. and British cporations were mainly
ageinst the smeller caliber mortars described carlicr. The cquipments
mentioned were ultimetcly modified to include scctor scan, the N< gote
to producc more accuratc renge tracking, additional crystol protectien,
and o romote sclsyn data box for reading and recording deato. 411 of
these modifications were mde on the SCR~581,, and cn some of the other
raders. Formal Sritish triels were held in January, 1945, 2lthough
scme preliminary work had boen dene prior to this time, A1l cquiprents
detected the morter shell in flight, and accuracics with the SCR-58L
redsr using tho mechenical plotter for loesting the firinz point were
stated to be on the order of #0.5 degrees in bearing and 50 yards in
renge.  However, detection ond accuracy were quite psor when the line
of fire of the mortar was dirsctly toward the radnr. The cquipments
were tried agoinst moving tanks but with negotive results, The GL
rader, in genersl, wa2s the most sccurste »nd detceted the greatest
nusbcr of mortrrs, However, like the SCR-584, it was not ussble in an
edvance since it was not sufficiently mobile. The L rader performed
satisfactorily in on advence, and ranges werc reported up tc 17,000
yords cgainst smell coliber mortsr shells., In 2ddition to this, the
British designed four antennz arrays for the L7 radar, which, when used
with a newly developad clectronic switch, permitted sntomotic angle
trecking. Using either vertical or 45 degrec polerization (the only
pelarizations tried), shells eculd be traecked approzching the rader
from 11 angles. Prcviously, when using horizontal polerizaticon,
tracking wos limited to those shells vhose angle of fire, with respcet
to the rader beam, wns more then 35 degrees, a rather important limi-
tation. The I reder a2lso hed somc success in supporting vehicle move-
ment and detected some ground targcts such 2s tanks ond vchicles.
The British suggested in this resume of 211 their sctivitics (rcference
17) th t o wove length between 50 em ~nd 100 em employing the split
beoam principle might well prove tc be the best compromiss for a mortar
locntor set, Milthough the trend of modern rador design is 211 in fawvor
of microweve equipment, it is » faet that if » set on the lines of the
I¥ rod~r with its great renge snd high mobility were designed with =
higher degrec of nccurney »nd requiring less mrintensnce to keep it working
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~L meximun efficiency, it would be the better ecuipment. It is slso
worth nocting that the microwave sets in general a2re unuszble in heavy
rain while on cquipment with 2 longer wave length is relatively inde-
pendent of westher conditions." It is quite apparent thet British
suthorities in the LTC were not in complete agreement with the state-
ments later mnde sbout the SCR-584, viz. that this was the best rads
set for counter-mortor work in use a2t the end of the war,

23. The American branch of the Combined Cperaticns Section operated
primerily with the SCR-584, ond ~t the end of the compaign in Italy,

added the 30-308 to the SCR-584. The SCR-584 is an-ocutometic tracking
S-band rader (2 later model wns X-band) weighing 20,000 pounds. The
modifications made on the SCR-584 were those described in paragroph 22,
Results were very satisfoctory with the SCR-584, Seventy-five enemy
positions were located in cne bettle. The modificetions proved successful,
and the accurscics recorded were + 50 yords (mexirmm) in ronge and +1
degree in bearing. Hatural screening as an 2id to operation wes used

and found advantsgeous. Secreening 2sngles wers approximately 75 mils.

In the finel field trials in kay 1945, resulis were reported very
satisfactory. It wns observed thet 4.2-inch mertrrs were en cesy

target »s compared with the 81 mm mortsr. COn the basis of this expericnce
the imerican Bronch recommended thet future design be direeted toward
lighter and rmore mobile equipment, similer to the SCR-58L and combined
with scme autcmrtic plotter such as the 3C-308.

ACTIVITIES IN THE EUICPZAN THEATER OF CPERATIONS

2L, The field sctivities in England ond 2t the front will be
disgussed now from September 1944, the point when the previous discussion
ended. Intercst continued in BEnglend in the latter part of 1944,
primarily in the 44 MNumber 3 ik II(GL 3(B), and during that time it was
specially mcdified for morter locstion; the medifications werec quite
similar to those 2lrcady mentioned in paragraph 22, The esrly part of
1945 through karch contained the greatest smount of ~ctivity, not only
in Furcpe, but in the United States as well., The SCR-584 and similar
radars werc used with some success tw extrapolate back along V-1 and

V-2 bomb trzjectorics to locatc the firing points. (See reference 60).
For this purpose end for mortar locztion, the RC-308 was designed ard
built, some in Framcc and some in Florence, Itsaly. Although the Americen
reder set SCR-584 continucd in the fore =2s the best radsr for mortar
locoticn, reports pointed cut its mejor feiling wns its size and weight.
In the search for a lightweight system, 2 great desl of interest wes
ovinced in the AN//PS8-3 reder sct. (Sce paragraph 25). It wes given
oxtensive field tests in Englond, modified slightly, =nd used &t the
front in Burope. The main trecuble =t the front secmed te be finding

the encry while they were using morters. The AN/4PS-4 and the &N/APG-16
were also considerced for morter locstion 2t this time, but results did
not warrant continued interest, slthough the rutomatic tracking propertics
of the iN/.PG-16 wore worthy of »dditionsl study. The SCR-58L did not
sec much scticn 2t the front in the ETO ~s 2 mortar locator, slthough
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severzl interesting reports (see references 33 and 42) were mede on
its successful use as 2 road sentinel (i. e detecting moving targets
and troops. ) One noint is worth noting about activities with the SCR=-584
at the front, In Hollsnd, because of the flat land, no sites similar to
those utilized elsewhers toc screen out sirong land roturn were aveileble,
and grest difficulty was experienced cbtaining positive results, Prior
to the use of the 20~308, this factor which mede the detection of mortar
shells early in their trajectories impossible, rendered the radar
useless. lLethods of back extrapolation using the RC-308 would have been
satisfactory, and it is apparent that in seme cases the addition of a
plobter is a2 necessity.

28. The SCR-58L hzs been discussed sufficiently to date end will
agein be referred to, but the AN/APS-3 is z new member of the morter
locating reder groun. The AN/&PS-3 is an X-band, airborne scarch radar

weighing 250 pounds W¢theut primsry power supply. Early in 1945 the
AN/8PS-3 was given z short field test by the Fifteenth Army to determine
whether it wrs feasible to use the equipment in controlling counter-
morter fire. Operstions were made agrinst the 4,2-inch chemical morter
and the 81 om mortar. ‘Twe modifications wers made on this set; one
limited the sector of scan tc 60° and climinsted the vertical nod,
and the other changed the polarization of the readiation from horizental
to vertical., The former modification was in line with tectieal demonds,
and the leo tu;r was o rosult of the conviction thet the me~n mortar shell
effective reflection arez incressed with this shift in yOILKIZZtlon-
This incresse, in dcnf'ﬁl. :n8 leter shown to be rmch less than origi-~
1211y believed. Usual siting proccdures were used to reduce land clutter,
Thc normrl workoble ronge with favorsble aspect cgainst the caliber
hells mentioned asbove was about 4000 yords. 4 B-type presentaticn was
usad with = verticsl morker linc which could be placed by o hand control
to bisect an echo, The bearing on the target wes then rezd from the
control knob, 2Renge was determined by elcectrical ronge morkers =t 1000
yord intervals, DBecause of the method used to bring own fire to bear on
eneny wenpons, accurate sbssclute readings were not particulrrly impor-
tent. The rethod used was to obtain the renge and bearing of the mortar
shsll from the controls mentioned ~bove snd pass this infometion on to
the counter-mortar firc team. The counncr—morth fire shell pips were
then scen on the sconc neer the torget, end the observer corrected the
new shell cchoes to coincide with the original enemy shcll echo. This
¢limineted much effort or cleborate computing cquipsent and still gave
fairly accurate results, It was noticed and stated in 2 report (see
reference 35) that, "In common with 211 raders opernting in this frequency
bsnd, this set is rendered inopereotive during certain types of rain
storms, This condition was encountered once during the present trinls
and persisted for aporoximetely one hour', Scveral methods of fire
sdjustment were tried, Tire intervals wer:s messured to doterminé the
quickest adjustment, and the fall of shcts was plotted to detcrmine
the most nccurate adjustuent procedurc. Times obtained were in the
order of & few minutes, The firing in thesec tests was 2t angles cof
departure of zbcut 900 mils, which is lower then genernlly used with
nortars., The cocnclusions of these tests were thot the LN/APS-B wWnS
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capable of being used for counter-porter fire control within 2 range

of approximstely LOOO yards, thet spotting wms not prccise, ~nd that
resulting eounter fire, while it could be adjusted approximetcly to pass
through the scme point in space a8 the aneny fire, would not be pre-
cision fire. The time of ~djustment could be considercbly reduced by
treining and the use of several counter-mortesrs. The 4li/APS~3 wes 1light
enocugh and sme~ll cnough to be token well forward and wes suitable for
us¢ by chemicel mortar bzttolions.

26, To deseribe briefly the RC-308: The plotter weos designed to
cperate in conjunction with the automatic tracking features of the SC3~-584.
It was an autommtic recorder which treced out on = roll of paper informa-
tion concerning the trejectory of the missile os the SCR-584 followed it.
Three plots were zede: altitude ve, time (this plot was cssentially a
parebola), azimuth vs. time ond ronge vs, time (these lest two were
essentially straight lines). By fitting 2 celluloid parabols to the
parabolic curve cf altitude vs, time =nd extrapolating back along the

the trajectory to zero altitude (known or approxirrted), zero time wos
determined, IExtropolsiing back the straight line ronge and azimmuth

plots to this zero time with a correctly graodurted rule zove the renge
and azimuth of the firing point directly. This unit was stendardized

by the Army ~s the 3C-308, 2lthough carly references to it were as the
"time plotter". The cquirment weighed asbout 125 pounds. An account of
activity 2gninst the V-1 and V-2 bomb entitled "Army deder for Big Ben
Werning ~nd AL Prediction, August 1944 through licreh 1945" (reference

60) deseribes the use of the SCR-584 and AC-308 for this purpose.

Results against V-1 and V-2 bombs vierc quite successful considering the
renges involved,

2. To sun up the cctivities in the ETO and the TTO: Reder
operstions against mortears comnenced formelly in the lattcer part of
1943 ond ccntinued with increcsing rementun through 1944 with sctivity
in both the UIC and 2TC. In early 1945 this cetivity become intensec.
The best modified British cquipwents were the raders A.4, BNumber 3 1k
II(GL III) and a.A. Number 4 ik III (L), The only new British contri-
bution wrs the mortsr locnting radar Normen. The best U, S. eouipments
overseas were, first, the SCR-58L4, especcinlly when used in conjunction
with the 20-308, ond second, the light weight iN/iPo-3. The only new
U. S, contribution wes the 2id in the design of the 3C-308.

ACTIVITIES IN AMERICa — INTRCOUCTORY

28. In the latter part of 1944 the U. 8. Army intensified the
activity on mortsr locaticn by rader and other mesns, Beczuse of the
favorable results obtnrined by the British, rodor methods were emphesized
»s being more promising. Preliminary theoreticel cxemin~tions into other
possible methods were made 2t Camp Evans and at Redistion Laboratory,
LIT. Developuents with rader as 2 mortar locator proceeded in the U. S.
snG Europe in the same direction with ficld trinls laying the basis for
Lest advoncement. In Eurcope, U, S, interest in the proklen had been
cpparent early in 1944, leading into the combined U. S. and British
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activity in the MTO and the ETC, The first positive action recorded

in 0CSig0 files con morter location in the United States was a description
of = conference held zt Radiation Laboratory, MIT, on 9 November 1944,

The gist of this conference was summed up =3 follows' "the present

state of the rader zrt provides no cunnletelv adecuste soluticn to the
problem of locating mortzors®, The problem was ultimstely assigned to

Camp Evens with the dadiation Leborstory supplying consultstive services,
ibout this time o number of memoranda on mortar location (references

15, 16, end 19) were issued by the Radiation Laboratory proposing varicus
methods of solving the problem and suggesting that basic resesrch be
undertaken., On 21 Hovember 1944, 2 project to construet the K-band,
V-beam prototype of & mortar locating eculpmenu was disecussed st Camp

Evans Signal Laboratory. (See Table 2 and Plate 3.) This rader wes to
be engineercd. by the Bell Telephone Leboratories and produced under
their dirsction. In addition to this action, to quote a report of

g Jeonunry 1945 concerning the activities szt Canp Evans on mortar location,
"a program for the investigetion of possible uses of 21l availeble existing
rader equiprents as ean interim meens of mortzr locztion was begun at

Camp Evans Signal Laboratory zround the first part of November 1944."

It is cuite evident that the U, S. was well-launched on an extensive
effort in the winter of 1944-45 to produce both the interim and the longer
renge sulution of the morter locstion problem.

29. Hork at Comp Fvons on rader and sound and other methods of
detecting shells will be discussed later. To complete the picture cf
the raders specifically designed for mortar lecation, it is neecessary
to mention the Canndian K-bend mortar locator and the dsdiaticn Labora-
tory "hirling Dervish". (Sge Table 2), These were three of the four
redar scts designed specifically for mortar location; "Normen™ was the
fourth. In addition, the seversl stop-gnp measures used such as modi-
ficstions of exdisting ercuiprnients and design of supnlementary equipment
for the radcrs, for example, the A-308, contributed & great dezl of
essentizl design informations The most important of thesc modificetions
hove already becn mentd ored,

ﬁ%TIVITIES IN CLMiDA

30. In?2 conference =t dedirticn Leboretory, LIT, it was stated
thet Canadisn scientists had been in consultstion during 1944 with
Rediation Leboratory members on the design preblems of 2 linear scanner,

(2 scamer whose plot of smegnitude of angle scenned vs. tlng was prrcti-
cally a sawtooth, ns cpposed to the ususl sine wave plot of nidding
antemnas), It was felt that this type of scanner rlght sclve the V-beam
rmortar locating radar prcblems. (Sec also refercnce 57).

3., A roport wes promulgated in early 1945 by the Canadian Rescarch
Council on "Horter Location Trisls with an Experirmental K-Band ader

Set Comducted et Petawana idlitary Camp, 4 Deecmber 1944 to 9 December
1944%, (References 19 and 20), The purposc of thesc tricls was to de-
termine the cfficieney of this type of K-band rader in loenting eneny
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TUnrs, oo Zrwesld oLz 2 technique of cooperaticn with suwch counter-
morter weapons 2s 3-inch mort=rs and 25-pcunder guns, =rd to determine
the reximum range a2t which 25-pcunder 2ir and ground bursts could be
detected. The cquipment used was 2 lzboratory set-up built late in
1943 =t MIT to test K-band R. F. components. The set used a2 Foster
Conicel scanner antenna, the transmitter cutput wes spproximatcly 7.5
kw pecek, znad the presentation was 2 B-sczn on 2 7-inch cathode-ray tube,
The Foster Scomner scanned horizontzally in & sawtooth fashicn through
10° about thirty times per second. Pulse rates of 4000, 200C, and 500
per second and 2 pulsc length of 0.5 microsecond were used. In the
acturl field trials, which werc held con flat, trccless terrain, attempts
werc nrde to loczte 3-inch mortar bombs and artillery shells in flight
and by beckward extrapolstion to locate the firing source, also to
locate ground =2nd air bursts of shells. Accuracy =of location in flight
wos found to be «+ 50 yards in range and . 0.5 degrce in bearing. Extra-
polation accura cy at LOOO yerds range we s 4 150 yards to + 70 yards,
Artillery shells could be located only when thc basc of the shell was
presented to the rader beem, Twenty-five pounder 2ir bursts werec located
to ~ meximum range of 3000 yards with ~n accuracy comparsble to mortar
bomb loceation, and ground bursts were detected to a2 maximum range of
3900 yards. Grest difficulty wes expericnced with the preblen of shell
aspect. At the time of these tests, reficcticn patterns werc not avail-
able on nmortar bombs, This report, 2n cerlicr repert, and 2 confcerence
with cognizant Canadiean zutherities on mortar locenticn (s ze¢ references
18, 19, and 20) constitute the main sources of informntion on Canadian
"ctiVitics as reported hurc. It is antieipeted, howeveor, that additional
informetion will be obteined in 1946 when the mortor locating ecuiprent
under develonment in Consds should be rerdy for ficld test,

A3, It is believed that the me jor contributicn of the Cancdian
investigaticns, cxcluding improverents in the set now under construction,
werc the petheds devised to study the value of screcen persistence of 2
radar scope and to study nethods of sesarching for targets. The mechanism
cof this process is avoileble in reference 20, 4 brief summery of this
report follows: Two moving pictures were mede. In one film, the flash
echoes were placed quite randemly in time and positicn but varied in
dur-tion from C.2 to 2.0 seconds, It was found that observations increased
in accuracy with incrceesing durations of echo, up to a duration of 145
scconds. Thus, o persistent screen on which "flash" cchocs remained for
between one and twe seccnds was desirnble, In the second film practical
conditions were rore ¢losely simulated. Flash echoes were shown in
scries of six, with six-second intervals between the fleashes at points

on the sereen represcnting the positions of shells fired from hypotheti-
col rertars., The height of the projected picturc wes the ssame as that of
thc B-scope displey, but the width wes nine tines ns greot (tc represent
90° 2zimuth of the 10° of the B-scope). 4 blind wes fitted in front of
the picturc, cut so that only 10° could be scen 2t one time, thus
assuring that the cpening in the blind had thc ssmc physical dimensicns
»s the radnr scone. liction of the blind by thg observer wss than equiv-
alent to searching with the redar sets Using this fils, it wes found that
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the most efficient method of searching for shells was to rotste the
srroy in jumps of 10° or = little less, moving once cvery six seccnds,
the interval between rounds, ¥ith this technique and bursts of six
rounds ench, 845 of 211 bursts over 2 50° sector were detected, although
the angle Pf scen wes onlj 10°, Section III contains more information
cn the cheoice of sce

33. This report (refersnce 20) and the preliminary one (reference
19) seem tc be the only ones of any significence written by Canedizn
scientists on this subject. Additional tests were mede on the Admirnlty
shell splnsh locator type 931 K-bend redor set at H-lifax, Nova Scotia,
sgeinst mortsrs with results similer tc those menticned. 4 conmplete
report of these tests was not aveilnble. Out of the recommendotions in
their report (reference 20) on n K-bond mortor locating rader, ond utilizing
the experiences of Comp Evens Signal Leborstory, the Canadian scientists
engrged in the design ond construction of ~ K-band, V-beom mortsr locnting
radsr set. Using the informstion obteined by Comp Zvans with their V-beam
mortar locnting rader, the AN/TPQ-2, the Canndicn scientists were sble

to improve their V-beom set considersbly cver the AN/TPG-2, 2t least
theoretically. Field triesls should give more concrete informstion on the
success of the Canadian mortar lecclting system.

ACTIVITIES AT CAMP AVARS SIGNAL LABCIATORY

3l The Army Signel Corps Laboratory nt Consp Evens contributed
heevily to the s¢lutﬂon of the mortar loc~tion problem here in the United
Stetes. The Bell Telephone Laborstories worked in conjunction with CESL,
and the lengthy field tests at Fort Sill, Oklehoms, were under Canp Evans
direetion. A threc-doy seminer w=as "rrﬂﬂgpd 2t Cemp Evens for represcn-
tatives of the Army, the Howvy, and the iiarine Jorps. The seminar, which
wes called specifically to discuss reder, sound, ~nd other methods for the
detection of wmortsr shells, commenced 5 Hovembur 1945, (See reference 6L).

35. 4 memornndun: for file antitled "Cenference on Enemy kortar
Locotion" (reference 25) discussed the charncteristics of 2ll Army radars
used for morter locotion, their potentislitics zs morter locstors, and
suggested modificntions which might be mnde to improve their performence.
The report is detailed ond discusscs -t length each cquipment, Among those
tested were the AN/TPS-1eo, J'/TPS-Q AN/PPS-1, SCR-58L, EN/TPS-3, AN/TPS-5,
SC3-720, »nd the Ci No. 1 ik IV (Shecll splesh sct), Progress continued

at Corp Evens with verious modifiCﬁtions of existing equiprents, improved
techniques, and the development of the AN/TPQ-2, Of the existing cquip-~
ments, the SC3-584 with plotters, the AN/TPQ-3, =nd AN/TPQ-L4, which wos
the officinl title of the previously rentioned modified AN/iPS-3, were

the import-mt survivors.

A very complete account of the modified 4N/TPS-3 (re-nomed the
hN/TPQ—B) is availsble in a CESL report ( reference 41). Briefly, the
LN/TPS-3 is an L-band portoble search rader. It wns modificd by ~dding
cables so that for pcrsonncl safety the lerge entenna, which was difficult
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to camouflage, could be scparated about 100 feet frem the radar console,
4n accurate ranging system and zn off-center PPI were alsc added. The
off-center PPI displaced the axis of rotation of the cathode razy beam to
the bottom of the screen.

3. Additioncl work of some interest at Camp Evans wes donc on

sound methods of locating mortars, In z CESL report of 12 October 1945
entitled "orter Location by Scund" (reference 56), the use of optical

and seismic methods as well as sound arrival a2s o means of mortar location
were discussed. The cheracteristics of the sound arrivels and modification
of existing equipments were likewise considered., The general conclusions
from these tests agoinst 81 mm mortar shells were that the use of the flash
ard the flash-to-scund time to determine the renge of the mortazar wes
frequently not feasible because cf the low intensity of the flash. The

use of the seismic arrival wos not feasible. No seismic arrivel wes de-
tected from mortars at 1000 yrords or greater rsnge. Sound ranging on
morters proved feasible, Ranges up to 3000 yards werce obtained ageinst

the 81 mm mortar and up to 5000 ynrds cn the 90 mm mortar, The

accuracy was foirly good for ranges under 2000 yerds, helf of the locations
being within 30 ysrds in range =nd 10 yards in deflection of the mortar
position.

38. The sound cquipments developed at Cemp ZIvons included the G2-6,
the LN/TNS-2, and the AN/TND~-2. In ;cneral, the sound detecting equip-
ment was lightweight, zbout 100 pounds complete, 2nd transporteble by one
or two men. It was simple to install ~nd operete and wes rezsonably
rugged. The dependable renge of the ccuipments sgeinst 60 mm mortars
under favorable conditions (2s indicsted in paragreph 39) was 2000 yards,
and neither this range nor the accuracy was hampered too muich by physical
cbstructions such as hills between the mortsr and the microphones. The
accur=cy of the couipments varied roughly as the product of the complexity
and the weight, and sincc this positicning of the mertsr by scund was done
by triangulstion, the 2ccuracy was 2lso a functicn of the number of sets
in 2 network, increasing 2s the er of scts increased, A reascnable
accuracy for the equipments was 5 in bearing for any one bearing deter-
minzation. Since the range is determined by triangulation, for a2 specific
positicn the range accuracy may be caleculated from the bearing accuracy.
The unfavorable characteristies of the sound equipments for mortar loecation
were the limited range and aceuracy and the inebility to operate satisfae-
torily under ccnfused fire. It was clear thet the sound equipments, while
satisfying certsin militeary demands, did not, inherently, conflict with
the rader type of mortar loeator.

ACTIVITIES AT FORT SILL

39. Since mortar locrtion by rader was essenticlly a new operatiocn,

it wns necessary to indoctrinate and train the teams of men who would operate
the combat informetion center and to develop efficient, ccordinated
techniques. 'With representatives of Cecp Evens, 2 progrom wes criginated

at the .irmy JSsrtillery Schcol, Fort Sill, Oklahome, to do this. Several
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tests wers conducted, commencing early in 1945 2nd continuing until
after VJ-Day.

40. A4 report entitled "Test 2, Report of Trizls of Radar Sets
SCR-58L =n AF/TPS—B for Lortar Locetion" wes written describing the
trials from 29 January to 16 February 1945 (reference 29). The object

of the trials was to determine the accuracy of the sbove-mentioned sets
end their feasibility for use. After the tris=ls it was concluded that
both the systems would be satisfactory ~s interim measures, and it was
suggested that training monuals be written for the ecquipments as mortar
locztors. It sppeared that ~ previous test, Test 1, had begn made simply
to determine the feasibility of the project, and this had proved satis-
factory.

L Test 3 was entitled "Tests of Reder Sets SCR-58L and AN/TPS-3
for liorter Location Under Confused Condtions, 14 Larch 1945" (reference
30). The object of the tests was to determine the effects of confusion
conditions such 2s rmultinle morters, srtiliery shells and aircr~ft in the
seme vicinity, and mountesinous terrain on the efficient detection of
mortar shells in flight., The conclusions were that multiple mortars

were confusing when firing simultaneously, but that if the mortars were
spaced =t 100 to 200 yards spart, individunl firing points could be
located, Continuous or "repid fire" from single or multiple mortars did
not interfere with effective morter location. Secondly, artillery fire
in gener=l could be resdily differcntioted from mortar fire by beth scts,
Aircreft, feolling objects, or birds could be distinguished from mortor
shells only by carceful study of the echo and its behavior. Thirdly,
nortar shells could be located in mountainous terrain provided that the
shells were fired so that the msaximum ordincte was higher than the inter-
vening terrain. A choice site was one which had an upward slopc commencing
about 300 yards =2way from the rrdar. A distant crest does not ~lways
provide sufficient screcning, due to diffraction offects which may occur,
and the higher the screening angle the larger the locstion error.

L2, Test 4 was entitled "Test of Rader Scts SCR-58L and AN/TPS-3
for Adjustrent of Fire, 21 Larch 1945" (reference 31). The object of the
tests wes to determine the degree cf rccurscy to which field artillery
fire could be adjusted by the use of the two ecuipments mentioned.
Cperations were against the 4.2 inch mortar 2nd the 105 mm howitzer. It
was concluded that the SCR-58L was sstisfactory for hish ~ngle artillery
fire control when the shell aspeet was fovorable. A favorsble aspect
implies that when the esngle of the horizontal line of firc was greater
then 400 milss +ith respect to the radar, the AN/TPS-3 would ddtect

the shell 2t all aspects reasonably well,

43, The final test, test 5, wes cntitled "Test of Roder Seots
SCE-58L, and AN/TPS-3 (Zodified) for Loc~ting Enery Artillery, 22 karch
1945" (refer.nce 32), The objcet of the test was to determine the
ability of thesc two ccuipments to locste cnemy artillsry and detcrmine
the ~ccurrcy attnineble in this locstion. The conclusions were that the
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SCR-58L4 could not detect single artillery shells fired in z dircection
toward or very nearly toward the r-d=r set. (Sce paragraph 40).

The AN/TF3-3, 2s in test 4, however, operated satisfactorily in all
aspects, The SCR-584 had 2 moan average error of 42,5 yards at a range

of 4000 yards, The AI/TPS-3 had 2 mean average ervor of 32 yerds in renge
and 15 mils in azimuth on high angle fire at a ronge of 8800 yards; on
low angle fire the errors were 222 yards in rgnge =nd 15 mils in azimmth.
In the consideration of =spact both hoirzontal and vertical polerizstion

Sl e
Were useéd.,

CTHER ARNY HEZPORTS

L, During July and August, 1945, radar and sound cquipments wore
field tested in a combined operation which sirmuisted the battle conditions
anticipated in Japan. This combined operation was known 2s project

SPHINK. The Sphinx program wa2s carried out at Comp Hood, Texas. In
particular it wes required that a way be found to reduce the Japanese
type of cave fortifications. Because these ecuipments were not being
operated by specially trained personnel or in 2 general locntion chosen
primerily to guarentee good radar performance, it is interssting to note
the range obtained and the comments made on the rnerformance, The

ranges obtained against the 81l nm mortar shells for the SCR-584 were
5900 to 6600 yards; for the AN/TPG-3 they were 6500 yards to 7400 yards
and for the AN/APS-3 they were 2000 to 3000 yards. Two sound equipments
werc also used, the GR-6, range of 1700 to 3000 yards, and the AN/:E’NSwl,
range of 1700 to 3000 yards. On the general performance the SCR-584,
AN/TPQ-3 and GR-6 were classified "good". The AN/APS-3 and the AN/PNS-1
were classified "fair®, The AN/PNS-1 scund equipment was too inaccurate,
having a range error of from 280 to 130C yards, and the range of the
AN/APS-3 was considered too lirmited.

L5, To complete the picture on the U. S. Amy activitics the
paper titled "Miortar Location by fedar" (refercnce 37) discussing mathe-
matically the general problem of the detection of mortars, the m:stheds
of detecting mortars by radar ond the accuracies involved, rust be
mentioned. The U.S. Amy during 1945 promulgsted scversl other papers
on mortar location by radar. "Radar vs. Enemy liortars" ( reference 39)
and the "Training Circuler #27" (reference 42) on the use of the SCR-584
for nortar location are examples of those which are of interest.

ACTIVITY OF THE NAVY AND MARINS CORFS

46, Interest concentrated on the uss of existing Army and Marine
Corps radars. In addition, however, sincc the naval vessels in support
of Marine landings possessed 2 large number of radars, in particular,
some highly accurnte fire-control radars and thc methods for utilizing
fire-contrel information rapidly and effectively, it was only notural
that ~ consideration likewise be giwven to the use of this equipment as
rortar and artillery detectors in support of landinzs., With the invasion
of Japan imminent to add pressure to these activities, practically 211
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existing Marine Corps raders and shipborne radar were tested against
mortars (see refercrces 50 53, 54, 62, 63), =nd information =lready
obtained by the United 3totes, British =2nd Canadisn Armies were reviewed.
However, wnile some prul.mm'\r" tests occurrcd earlier, the mein body of
these Marinc Corps and Nawvol tests wers conducted duﬂinc thke summer of
1945, some after VJ-Day. Tith the advent of VJ-Day the m»v“'lntarest
turned to other fi€lds, =nd 2 thorough study of the mortar problem wa

net completed., With this in mind the farine Corps set up this ¢cnu—rdngc
project to determine the optimum characteristics of a radar set for mortar
location,

L7. In Mareh, 1945, the Merine Corps interest in mortar locrtion
by rader was evidenced in a field test of existing Marine Corps raders
a2t Camp Lejeune to determdne the suitebility of these equipments 2s mortar
locators. (Sce reference 34). _The cquipments tested were the SC-TL,
5G-12%, AN/TPS-1b, Mk 16 2nd Mk 20 kcd 1. These field tosts and 2 sub~
sequent field test in July of 1945 using the Mkt 20 kod 1, Mk 20 Mod 2,
S0-7h and the 30-124 at Guantico, Va, constitute the majer connrﬁoutl
of the karine Corps in norbar location. 4 number of reports have been
written on the navsl probler of morter locotion with shipbome radar,
ippendix 1 cof this report lists some of the field tests conducted by the
Navy on nortar location. 4 Naval Research Laboratory Report (ruferuﬂCe
53) coyers the fire control preblem with the shipborne redar, and an
Operations Research Report ( refersnce 50) considers the overall problem
of shlpoorne radar for morter location, Actually, the problem of morter
location by shirhorme radar is different in many respects from the ground
ragar problem and most of the differences make the shipborne soluticn
more d ifficult. For example, the echo from the land where the mertar
is situated is nct masked by surrcunding terrein. In an cctual test, the
lobes of the Mk 12, 2 shipborne fire control A.A. rader, wers such that
land echoes cver 5000 yards from the ship could still be seen with the
antenna elevated more than 55 degrees above the horizon, BMost ship-
borne radars were tested zgeinst mortsr shells, The SP and Mk 12 gave
dependable performance in the detection cof meortar shells in flight
but not when these shells were in the close vicinity of land echoes. The
5P detected 81 mm mortar shells in flight ot 2 range of 19,000 yards.
The ¥k 12 consistently tracked 81 mm mortar shells at renges up to 14,000
yards., QCertain conclusions might be drewn at this peint from the work
dene with shipborne radars, r;rat the rapid azimuth scen type of presen-
totion and extreme accuracy of the Mk 13 or the lk 8 Liod 3 are worthwhile
characteristics in 2 radar for mortar location. Second, the S-band
redar, SP, and the I-band radar, lk 12 gave better pgrformance with regard
te meximum range than the higher frequency X-bsnd radar sets. Thirdly,
the E-scan presentaticn of the Mk 22 Lod 1, providing it could be made
suf ficiently accurate without sacrificing some other requirenent,
provides a neat method of locating the firing point of 2 mortar shell
without cumbsrsome plotting equipment,

48, In the initial fiecld trials t Carmp lejeune the iarine Corps
radar scts as rentioned were tested, and only the Mk 20 LJH 1 was reco-
mmended 2s a suitable interim set for mo t ir logation. It was estimated

eaaasnot OB ~20-

DECLASSIFIED



that accurscies of the order of 250 yards in renge and 15 mils in azimuth
were obtained in locating the firing point of the mortar, Operation was
setisfactory in adverse terrain conditicns, and the shell echoes appeared
on the A-scopes as "extremely strong signels", from 60 and 81 mm

mortar shells., OSubsequent tests at Quantico, Va., (reference 52) made
with the SO-7k, 30-12K and the ¥k 20 Mcd 2 (laboratory model) proved

the =bility of all three equipments to detect mortar shells. The SC-12&
is on X-bznd, the S0-T7¥ on S-band, and the ik 20 kod 2 on L-band. A&n
approximate meximum rahge of 12,000 yards on the 81 am morter shell

wns obtained with the SO-Tk and the S0-12i end 2 renge of 6000 yards

with the Mk 20 kod 2. The 80-12L was the most accurate of these three
ecuipments with the S0-7if and the 1k 20 Hod 2, follcwing in that order,
Considering overall perfomence it was judged that the S50-7l and S0-12Y
were about equally suited for mortsr locsiion and were more suited

then the Ik 20 ¥od 2, If emphasis were placed on operaticn through rain
and foliage, the Lk 20 Lod 2 was better than the S0-12k and the S0-7i.
This report contains an anaiysis of the date obtained with reference

to the design of 2 new mortar-locating red-r, and some of the characteristics
which, it was judged, should be included and would be desirable in 2

set for this purpose. These two reports dog not agree, The discrepancy
is probkably due to differences in siting. The prime matter of importance
however is nct the successful coperation of the S0-7i and S0-12L at
Quentico but the apparent unfeverable meximum range obtained with the

¥k 20 rod 2, Furthermore, the excellent results with the Arny L-band
AN/TPQ-3 (17,000 yards range) and the Nevy 1k 12 indicates that the
frequency of the ik 20 kod 2 in the Quantico tests was not the source of
the discrepancy. Since the use of L-band is contempleted, the point is
emphasized, Future tests are planned with a more refined laboratory
model of the 1k 2C kod 2. Although work by BTL on this egquipment ‘was
cancelled after VJ-Day, NZL is ccrmpleting the aforementicned model

with BTL plans,

SULLARY
LK9. The resume of the Navel and karine Corps activities on mortar

location of 1945 completes Section II of this report, All of the subject
metter except 2 consideration of targets and weapons that should be
included for en =nalysis of this problem at present hes been covered.

A consideration of targets and weapons is the first topic of Section
III. Tc summarize Section II: Historically, mortar location by radar
originated in Englend in November 1943. In early 1944 field tests

by combined Allied Forces were commenced in the Mediterranean Theeter of
Operations on the SCR-584, similar British equipment, and a lightweight
low frequency British rader. Both types of equipment were medified and
recomnended for future use. Activities continued in the MTC until

It=ly surrcndered. About the same time that this work wns going on in
the 170, field tests were commenced in England on the SCR-584 heswvy A.A.
rodar and the lightweight hich frequency airborne radar sets, especizally
the AN/APS-3, Ultimately fros the activity in both theaters there was
developed sufficient derand, information and energy for the design and
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evelopment of the i0-308 autcmatic time plotter te facilitate backward

extra DClﬂl}lDI". with the automatic tracking SCR-584 for use against

merbe and the V-1 and V-2 bombs, Scme improvenents were suggested in
the Al 'r/:.rS-" for mortar location,and 2 radar specifically designed for
mortar location,kncwn es Norman,apreared, Lageing only slightly behind
these activities in Burcpe the Lroy Signel Crups and the Crnadian L rmy
scientists tock up this task, to be followed in 1945 by the Marine C orps
and the Navy es they tos felt the demand for a countermeasure against
mortars. The o'ie-qaL Corps conducted extensive field tests on existing

equipment and also designed and built 2 prototype for 2 specific mortar
loce ting radar which was to be the &N/T rQ— Of the redars listed only
the SCR-58L with the RC-308, the AN/TP3-3 (r‘;o"lllud to be the 4K/TPG-3),
end the AN/iPS-3 (modified to be the 1“T/"}["3 -4) survived, The Cznadian
scientists with the help of Radiation Laboratcry, ¥WIT, commenced the design
of a mortar locating radar similar tc the aN/TPQ-2, ~nd the Radiztion
Laboratory designed 2 mortar locator.known =s the "ithirlin: Dervish",
The #arine Corps field tested its raders and found the Mk 20 Mod 1,
S0-12% and S0-Ti promising. The beavy performed the same operation on
shipocerne radars. The Mk 13 2nd kK 8 iod 3 offered rost promise. All
this informaticr points cut that a sclution to the problem of mortar
location is still in the offing. Secticn III of this repert is meant
to erystallize the nrcblem and solve at least part of it.
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SECTION IIT

ANALYSIS
DESICN FUNDALT
50. In gereral, for the remainder of this report the smaller

caliber mortar and howitzer (up to 155 mm) will be considered. The

polar reflection patterns of the shells that heve been measured will

be considered in the choice of frequency. The trajectory of the target
and the sccuracy of the wsapons will be considered in the choice of method
to be used in locating the wortsr site.

3 4#n incidentel but precticzl consideration in fixing the
welght, size and mebility of the final couipment is the demand placed
upon the ecouipment for mobility. The radar equipment should be azs mobile
s but no pore nobile than the weapens with which it must operate. The
rethed ¢f orientation between the radsr =nd the weespuns maey permit thenm
to cperate from widely separated positicns; hcowever, the nebility
demand remsins sporoximetely the same,

52, The original four recuirenents pleaced on the system by the
Yarine Corps were that the ecquipment would bs highly mobile, lightweight,
easily broken dewn intc compzct units and capoble of discriminating
against other targets, Thus any solution of this problem is concerned
with (2) the 2bility to handle traffic, (b) the nbility to control a
given area, (c) the ability to select and recognize the terget, (d) the
ceuracy; and heving fulfilled satisfactorily (a), (b), (c¢) and (4),

(e) the ability to meet the genersl demands placed upon the equipment
because of its particular tactical use.

TRLFFIC HANDLING PROBLEM

h3n The traffic handling ability of the mortsr locating radar

had alresdy received considersble attention. At any rate, the ability

to handle traffic is clearly important, Obvicusly this ability is a
function of the delay time in detecting when a mortar is firing shells
and the time required to cbtain the necessary information from the detected
shell sand present this information in the form and at the place required.
Let us consider first the delay time., OUne aporoach tc the delay time
problem is to require that the first shell fired be detected during its
trajectory. The AN/TPQ-2 morter locating radsr will detect the first
shell fired within the sector which it is scanning as soon as the shell
is no longer masked by terrain. In zpproximstely one minute this infor-
metion can be put in the form of a renge and bearing locrtion with respect
to the radar,corrected for any difference in height between the mortar
and the radar, Actually ot prosent the zhove information is unconfirmed
since insufficient field data is availeble on the AN/TFQ-2, The secoend
approach is to permit sonc nurber cf shells to be fired before reguiring
detecticn. The 3CH-584 perforzed quite satisfactorily in this fashioung
that is, vhen 2 shell was detected in the beam of the SCR-58L, the first
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shell, in general, served only to orient the systep. The beam was then
searchlishted and the gate used for autoretic tracking set up at that point.
The next shell fired wes detected and automatically tracked, Operating
in ccnjuncticn with the RC-308, ~t the end cf the second shell trajectory,
a continucus sreph of the informntion obtained from the shell was avail-
ahle. By extrapoletion (s previcusiy deseribed) the range and bearing
with respect to the rador of the mortar shell was found. In general,

this cperation when the rortar fired in fairly repid fashion took less
thon five minutes and often as little as two minutes., Uf course, if the
enemy never fired more than one shell per position the pesition would
never be detected by this method, but the rader has a2t least harassed

the enemy. To justiiy this method further, it is a2 fact that in general
several shells must be fired from a mortar before it M"sets" into its

new position, and ~ny attempt at aiming the mortar pricr to this

setting is highly insccurate. In additicn, azainst the cave warfare

of the Jdapeneses tnis method would have been effective. The fethod used
by the sN/TPG-3 and the Kk 20 liod 2 and SU-serics were gven more dependent
on successive shells being fired for they did not pessess autcmatic
tracking and were forced to detect both the rise and fall ¢f the shell
trajectory for accurate azimuth and trajectory spproximations. It can

be seen that theorsticslly the AN/TPQ-2 method Jescribed is the better
method from the standpeint of deley time and informetion tire. 1In
addition to the AN/TP(-2 the Cenadisn rortar locstion set, the British
Norman and the U, S, Vhirling Dervish attespted the sans approach. For
this reasen it will be discussed at length here,

5L, Th AH/TPsz and the Ceznadian rerbtar locating radar now in
development used the same reneral method of cbtaining the repid scan.
Eoth cmployed =

{ 44]

linear scanner. (Sec reference 21), The AN/TPQ-2
empioyed the Lewis Scenner, and the Conedian equipirent employed the
Foster scanner. The rader beam is rade toc scan repidly from one side of
the coveraze sector to the cother side, then snap back with 2 minimum

tire delay to the first pesition and repeat this procedure. a4 plot

of angle racnitude with respeet to the first beam position vs. time would
produce a szwtooth function. In designing the scenner for the LN/TPQ-2
the coveraze sector was made as large as possible and still sweep the
reder beam through the ssctor with sufficient frequency thet a sortar
shell would always be hit by five or more pulses from the rader. These
considerations for the AN/TPG-2 led to a coverage sector of 20° through
which the beam was swept about 30 times per secpnd. Obvicusly the maximum
delay time could be no more than 1/30th of a second. For the Canadian
rader the sector was tentativsly set =t 10° cond the sweep frequency

about 30 tires per second, It will bz recalled that in Section II
paragraph 32 the Canadian apprcach tc the coverage and delay time problen
was discussed, The adventase of scanninz 10° as opposed tc 20° without
ruch loss in effectiveness is primarily an engineering gain, reducing

the nechanicrl desiyn problem of the linear scanner considerably, This
fact wos reflected in the ratic of the weights of the Canadian scanning
mechanism to the AN/TPQ-2 scanninz mechanisn, which was more then one

to four.
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55 The Vhirling Dervish design solved the problem in 2 slightly
dif ferent fashion. Vhereas the msfiP,;— and Cenadizn mortar radar
;“-hl:mar,~ the sawtooth beam sweep with linear scanning, the Whirling
Dervish produced the same effeet by rotsting four radar reflector dishes
physi c*‘l*r situated back-to-back. 4 switch transmitted power to each
dish as it swept throuzh a ':wLn 90” sector, Practically the sector
would be slig .LtJ._f less then 90 duge to the celzy tire of the switch
The dishes were roteated ot 60 rpm. Perfect sector coverage as ubt?.ln{;d
with the former twoe cquiprents could not be chtained with this slow
rctation speed, but it would be theoretically possibl with inereased
rotation sn;;d, Prectically it is doubtful if engincering considerations
weuld permit much larger rotation speeds. It is obvicus that a sufficiently
lerge radar beonm width would decrease the rotation speed to any desired
smount and still insure perfect sector cvverage, However, using a V-bea
(iN/TPG-2 tyne) arrangement, 2 narrow beam is essential to produce suffl-
cient sccuracy in the p531t10n1ng; of the rmorter shell in space,

56, Usin; the rethed emplcyed by these radars for repid sector

scan, ‘the initial delay tire in the plckup of the mortar shells zafter

& portar hos commenced te fire in a given sector is practicaliy negligible,
The initial delay time in the two o detection method of the AN/TPQ-3,
etc., and the automatic tracking radar set SCR-584 wes discussed in
paracraph 53. The informaticn time must now be cansidersd,

57 Essentially there are three methuds of trenslating radar
information as obtained in the usuzl fashion into useful infomation for
cepbat infornation., It is not impoitant tc this discussion whether the
infermation is desired in polar ccordinmates with respect to the redar
or in the rectangular coordinates of 2 map. These methods arise cut of
the three possible situations: (a) the case where the information
obtained by the rader locates a limited number of discrete pcints con
the shell trajectory as blips on a radar screen, (b) the case where the
radar contirucusly locates the mortar shell in fligsht but does not store
this information in the rader, (c) the case where the radar loestes in
& near continucus fashion the mortar shell in flight and stores this
informetion on the rader screen.

58. For the case ¢f two discreie points as exerplified by the
radars using the V- be v, principle, mechanicel ressurement cperated by

an observer is necessary. The procedure is to extract by some measuring
device the informaticn existing on the ragsr screen and a2t the same

tire esutcmetiecally compute the spprovimste position en the carth!
surfece of the morter site in wheotever tems desired. 1t is clear that
the informetion time of method (2) is quite smoll and the operation
simple, The prirery cbjection to the system lies in the inaccuracy.
Methad (b) consists of sutorstically trockinz the shell in its trajectory
and plotting this information at the s2me tine. The tine of flicht

of 2 mortar shell does net, in eneral, exceed 30 seccnds. When appr-:'xw
imetely cne-third or mcre of the shell trajectory has been recorded, at
the discretion of the operstor, extrapolaticn may be perforred to obtam
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he information as desired. This method is clearly mors cosplex and
nger then the first nethod, but it dees increase accuragy and decrease
dependance on cperator reflﬂx.. The third methed, which was attezpted
in the British Norman, utilized a different type of V-beam from the
cther systems as icscribed in Sectiun II paragraph 18. The result of
using this type of V-~beam was a set of points somewhat in the form of

a parzbole existing on the rader screen and another set of po: nts forming
thrleﬂntely a2 strﬂl““t line., One set c¢f points was derived from each

1y i

b-:r_a_r;'.. L simple backward extrapolstion on the sereen itself of these

twe point sets produced a single point of intercsection which was the
positiosn of the mortar site. The Norman rescmbled in scan the Whirling
Dervish, that is, it had twe radar antennas back-to-baek rotating at
60 rpm. and it used an elsctronic switch to control the sector scanned.
The initial delay time was thus siriler te that of the ¥Whirling Dervish.
The method ¢f trenslating the rader infurmsticn into useful informeticn
wos quite sinplified from 2ll standpsints, The major diszdvantoge f»f
this rethod is the inaccursey. Field trinls with Noman in Englen
were appsrently unsatisfactory. IHecontly the LN/CPS~6, vhich "1&, utilizcs
this particular V-beam method for heisht-finding has been field tested;
however no atbempt was mode to obtain the accouracies reguired by the
rertar problem, and 2s o result the field repert presently sveilzble
(reference 67) zives cnly 2 guelitative picture., ZErnphrsis will not
be plzeed on this system here since sufficient informetisn is not avail-
sble. The Horman pro ject has, however, been repestedly mentioned for
the specific noint nw beins considered, i.e. the simplicity and ease
of the method of extrapolaticn.

59. The rapid scan scarch method logicelly aligns itself with the
discrete point infomation method to form Cne system, and the slow scan
scarch method gligns itself with the autemotice tracking information to
form another system. The previcusly discussed Normen system is an
exception, since it corbines a rapid scen with o multipoint method.
From the standpoint of traffic handling ability alone the former system
is better than the second. However from a Qener?l consideration of
the problem it can be seen thst the dif ference is one of order rather
then degree. 8o that it snould not be particularly important if one
gystenm could =t maximum locate 30 mortsr positicns in one hour while a
different system could locate only 15 positions in one hour. What is
important is rather that the system be able to locate 2 minimum nusber
which would be a ressonable approximetion of the naximum nurber of mortars
generally met in 2n erea which the system governs. According to the
military authorities, 15 mortar locations an hour would be satisfactory.
In foct the case where 30 mertar postions ley within the area governed
by the system would be excepticnal. Practical trials on the problem of
traffic are not comprehensive , but it is indicated that within the
scctor scanned the A?I/'TP"'«-z could probably determine over 30 morter
sites an hour while the SCia-58, ccould probably determine over 15 mortar
sites »n heur. Comsideraticn (b) and (c) of paragraph 52 immediately
arise ot tnis point.
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CCT WL OF & GIVEN AREA

G. In the previcus discussion no considerntion was given to

he probability that o shell fired in a given area would be detected.
rom discussion with miilitary personnel; a consideration cf the
cometry of seortar locztion and the reguirement that this sytem be
lightweight, » more or less arbitrary figure for a mexinum range under
all types of conditicns was set at 10,000 yards ~z2inst 81 mm K 43
mortar shells at 211 aspects anticipated in the field. This 10,000
yoerd range figure is near the meximum conceivable under the conditions
stated, and it is not at 211 certein that a probability c¢f one can

be guaranteed even with the rader beam searchlighted on the coversge
area. Pr‘uviougly the military characteristics reguired a sector
coverage of 907 or more. However, it should be apinted cut that the
probability of detecting all shells fired in 2 90" sector with one
rader is less than unity.

ke o O«

9

61, The factors tc be considered are the usunl paremeters in the
radar system, those affecting the propazeticn of microwaves, and the
type of target. Suitable refercnces are available on the usurl para-
neters., The mortar problem, however, lays specizl stress ocn the scan
loss, the effect on a wide frequency spread of micrownwve transpission
through adverse weather conditicns =2nd the relsative reflection of these
waves from different types of terrain ond fronm the special target
nenticned, Reference 63, 2 mem-randum, describes an 2poroach to the
measurement of the effective reflsction of rain and types of terrain
for discrete microwave btransmission bands. Calculsticns are being made
on the reflection of rain in the microwave region and a series of
experinents plamned to check the resultsy The measurement cf the
reflection from rein is necessary so that the chcice of frequency for
the system may guarantee operation through adverse weather conditions.
It is possible that scre device, such as circular polarization of the
radiated energy,may bc employed so that, the upper limit of frequency at
which adverse weather conditions becames siznificant may be raised.

The use of cirecular polarization will reduce the sensitivity of the
radar by a few db., but will serve to improve its performance through
rain. If tle 10,000 yard figure given for neximum range were retained
and operation through rain made 2n absclute requisite of the radar
system, present informetion indicates that the hishest transmission
frequency that should be used weuld be in the neizhborhood cf 2000
negacycles., The highcst frequency is desirable to limit the weight

and size of the systecm.

62, The measurement of reflection from dif ferent types of terrain
is desirnvle because it determings the discriminsticn between shell

echo rnd terrain echo and indicates the degree to which MTI is needed

and also influenccs the choice of freguency. The measurenent of
refracticn and diffraeticn by teriein is impoertant in accurscy considera-
tions ~nd the tactical usc of the radrr., Some preliminary work has

been daone on the reflection from terrain, but it is ot present incon-
clusive. Slightly more has been done by the British (reference 58)

AETERE Al | .
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on the dif fractiun and refraction of microwave transmission by terrain,
and some conclusions have been drawn, Scme of [the British work was
p«arern.\,:i specifically tc =id the scluticn of the mortar problem.
Information aveilcble in the United States is limited, and it is not
kncwn if the British pursusd their work after the sumier of 1945.
Indicaticns were thai they intended to do sc,

63, The effective reflection area, o~ , of the target hes been
studied by the Ohic State Rescarch Foundsticon, Yeasurements were made
on the target rentioned in parsgraph 60, the 81 mm M 43 mortar shell.
The mersure: -buta were of the reflection from the shell at all aspects

and on seversl fr\.,c.ur.,nc:‘ ies, viZz. K-band, X-bend and S-band. The informa-
tion obt" inca was nc exmustiv‘_ but rcvezled several interesting facts,
he refleetion '*atuprn from the shell in the I'\—.,‘.nd reginn indic=ted that
he - wos at 2 miniamm in the regicn within 6G° of the nose aspect.,
Furthermore the change ingo- wes greaber than 100 db from the side zspect
to this engle zround the nose :ss*moct In thu reflection pattern for
X-band the null angle decreased to rbout )O and the o~ of the nose
asrect increased, The reflecticn pattermn of S-—Jem continued in the same
dirccticn. These meesurements were the only ones taken. It is probeble
that the nature c¢f the pettern ot I~band will be entire ely different fronm
that mecsurezd in the X ond KE-bznds, since here the uir'*ens:m.ns of the
shell becoms: comparaiole to a half wawvelensth, No measurement in this
region has been mrde as yet. However, experience in a2 qualitative
fashion ccrrocborates this belief, since it has been reported that on
I1-band the effect of aspect is much less then at the hi‘her fregquencies,
This fact coupled with the fact that reflecticn from rein at L-band is
comparatively sm2ll suggests that choice of frequency in this region
should be scriously considered.

¢ i

64 The scan loss problem has received considersble attention
from a number of scientists, especially toward the end of the last

war when rapid sce2nning sys t.cns were being uilt, Scme informsticn on
db, loss as a function of db. parameters is available.® A number ¢f sther
factors affscting scen loss have only been touched uron. NRL and Johns
Hopkins University, in particular, have commenced work on the over all
problem of what is conveniently described as scan loss, NRL and & group
o2t Johns Hopkins University oare cooperating on a thorough study of this
problem. Only tentative results have as yet been cbtained,

65 Neglectinc props; ation c ‘nsiderr ticns and assuming thet the
mortar shell cen be detected if it remmins in the radar beer 2 certeain
period and does not exceed o ccrtaln ronge from the rader, methods of
scarching for the mocrisr can b, considered. Under these conditi ons, with
the additicna) assumption of a reascnrble trejectory and velocity of the
mortar shell, the considemt.ia—n is a probability function., To date two
known '*ttc:'l"-ts have been rade tc sclve parts of this problem, OUne of
these attempts wrs discussed at lencth in parc_roph 32 (reference 35)
snd was carricd cut by the Canadian scientists in connection with their

#* See refercnces 69 and 70,
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rapid scan mortar radar, The second atterpt was made at NRL, In the
NEL report functions were derived for probsbility including beam shape,
scan speed in degrees scanned per second, pulse rzpetition frecuency
(it was assumed that 5 pulses per beam width per ter:et insured a prob-
ability of one for detection), range, and dead time between scens,
The derived function for probability is: (See reference 68, pace 24)

; b e

~ - _Bas : Ly
S :
b/e;b—' :,r ;{'MJV'\&I
where VR AR/
i = rfnge, in yards
& scanning rate, in degrees per second
S :.(as above
& -vertical bean width, degrees
w horizental besm width, degrees
@ - scamning sector, degrees
y— velocity cf shell, ft, per second
@ rader pulses rate, pulses per second
-number of pulses required to strike the target for detecticn
@& - 19,10 (a conversicn factor)
Q .probsbility of detection of the mortar shell, Since
is fixed at 5, §Q mey be grester then unity numericelly,

SELECTICN AND RECOGNITION OF THE TARGET

66. In the previcus two consideraticns the main concern was with
the mortar problem specifically., The conclusions drawn from the exten-
sive field tests held at Fort Sill (see Section II, paracraph 39) should
be recalled. In these tests different tarpgets were used to determine
whether they could be detected at all and the meoriar target was tested
under confused conditions to determine whether it could be recognized.
Test 3 of the Fort Sill tests was performed specifically to determine
the effccts of confused conditions such as multiple mertar, artillery
shells and eircraft in the same vicinity and mountzinous terrain. The
conclusiocns are worth repeating here. They were that mulitiple mortars
were cenfusing when firing simmltanecusly; however, if the mortsrs were
spaced at 100 to 200 yards apart, individual firing points could be
lceated. Continuous or ropid fire frem single or mltiple mortars was
not =n effective measure tc prevent meortar locstion., Sccondly, artillery
fire in general could be readily identificed. Adrcraft, frlling

cbjects, or birds could be distinmcished from mortar shells cnly by
carcful study of the eche and its behavior, Thirdly, mortar shells could
be located in mountaincus terrain provided thot mortar shells were fired
so that the meximum ordinate was hizher thon the intervening terrain.
Test 5 indicated that ertillery shells could bel detected by reders at

a renge of over 5000 yards, and test 6 demonstrated that ground targets
cculd be detected by the SCR-584. Actually, with regerd to mountainous
terrain, the autometic trockinz feature of the SCR-58L4 pemmits a greater
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liverty in the selection of the radar site than with the AN/TFQ~3. The
el f - s s

AN/TP(~2, because of the sharp cut-off of its narrow beams, is alumost
independent of siting difficulties.

67, For the detection of moving ground targets and to facilitate
the detection of sirborne targets close to the earth's surfece a form of
ETI would be wveluable, For this reason cther types of radors such 2s

C%, Fii and Doppler raders have been considered, and in aadition 2
coherent pulse MTI as part of a pulse system. However, the C¥, ¥ and
Deppler radors presently in develovrment are prohibitive from the stand-
point of either zccuracy or discriminstion s7pinst cther moving targets
or both, There is no exception to this rule slong these lines at present,
and nore seems in the offing. The alternative procedure is to have some
V71 scheme which may be used in conjunction with the pulse type radar.
Insufficient information on the perfurmance of MTI does noi permit
definite statements concerning it., A t the present time several scientific
concems are interested in developing LTI and an extensive field test is
being conducted on MTI by BIL under 2 Bureau of Ships contract spensored
by the karine Ccrps. Tentative comclusions from these tests tend to
corroborate the pessimistic theoretical ocutlock regerding the use of

MTI with any rapid scanning or sutometic tracking rador. With regard to
2 more lightweicht and ruszed ccherent oscillator MTI, further work is
bzing dcne on solid delay lines and storage tubes of different types for
use with KTI and cther purposes. The storage tube still does not sclve
the problem of rapid sceen and autemstic tracking but is a step in the
proper direction, Providing this type of LTI does not satisfy the systenm
requircments, a morc simple EKTI such as the Aursl Doppler could be used
to 2id in the scarch for greound tergets. It is hoped that the coherent
gscillstor type NTI attochment or some similar methed will be perfected
within a few yoars so that mest of the prcblems recuiring MTI in this
system might be sclved., The combination ¢f the pulse rader with MTI
appears tc be the most satisfactory type of system for thes purpcsce stated
in Secticn I paracraph 1,

THE ACCURACY

68, the accuracy of the rmortar locating rader is of fundzpental
importance. 23adars exist which can locate mortars more accurately than
the counter weapons can strike a known fixed target in that area, There
weizht and mobility arce no object the desiszn philosophy mey well be to
build the most accurate system., However, in the case of the mortar loca-
tings rader it is necessary to desism for the opbtimum relationship between
those factors affecbing the tactiezl cmployment of the radar and the
radar accuracy. For this resson it is necessary to consider in dstail
the errors of the probable system of locating the mortar of which the
radar error is but cone part,

69, 48 brought ocut in reference 37, for effective ccunter fire

the error in the sssuncd position of the target should be substantially
equal to cr less than the probable error of the counter weszpon, 4
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further consideration of the problem demonstrated that the optimum
arrangement occurred when these two errors were equal. Ballistic error
is denoted by probability curves. A ressonable approximation of the

0.5 probability curves of the 105 mm. howitzer is a circle of radius

50 yards, This means that 50% of the shells fired from a 105 mn howitzer
will iland within 50 yards of 2 known target position. It is now necessary
to design the radar aznd develop the technigue of locating morters and
orienting the radar znd counter wecpon so thst the combined errors will

be less than 4 50 yards in range and azimuth, In the following discussion
it is convenient tc take the meximum range 2t 10,000 y=rds.

70. The rader error is composed of two errors, the method error
and the ecuipment error, A thorough investigation of the method error
h=s been carried out (reference 37). The results of this work exclude

the orientation error and the equipment error but merely equated the
method errcr and the ballistic error. The methods were compared on the
basis of the relative heights at which the mortar shell must be detected
in esch case to loczte the mortar site within a2 50 yard radius circle,

The method error exists because the mortar shell is not detected a2djacent
to the firing point, and some method of extrapolation is necessary. There
is » variety of methods because there is & variety of ways of getting
information on the shell trajectories and of extrapolsting this informaticn.
It can be seen that the least amount of information which a2 radar could
supply would be the locstion of the mortnr shell zt one point on its
trajectory while the most information would be o continuous plot of the
mortsr shell position on its trajectery.

71 The previcus three considerations, that is, traffic, control
area, ond selection, tend to limit the previously known number of

methods whieh might practically solve the mort=r problem to two. They

are the continuous tracking method and the V-beam instantaneous locating
system. These methcds are exemplified by the latsst mortar locating
systems, From the standpoint of accurscy these two systems =again stand
out a8 the most satisfactory. The conciusions drawn in an esrlier

study (reference 37) were that the continuous tracking method is the best
and should be used whenever the recuired equipment is zveilable and field
conditions permit. The two point method may be used under the majority
of field conditions, especi=lly when full use is made of 21l information.
It has been demonstrated mathematically that with continuous trocking,

a2s long as 2 reasonable percentzge of the shell trajectory was obtained,
it w=s not necessary to have an upper limit on the first point of detection
of the shell above the earth. Using the two point fixed cngle exira-
polation in order to obtain the accuracy desccibed in paragraph 69, it
would be necessary to detect the mortar shell at the first point before it
has risen more than 120 yards above the firing point on its trajectory,

£t times this limitation could render the system useless,

PEYSICAL HECUIREMENTS

T2 The Marine Corps has placed focur requirements on the mortar
locating system in addition to the fundament2l requirement of locating
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mortars; of these requirements three were physical requirements. They
were lisght weight, high mcbility, and ease of breakdown into compact
units, ‘hat the karine Corps desires, however, is the lightest, most
mobile system which satisfactorily meets requirements (a), (b), (c), and
(d) of paragroph 52. 4n example of 2 heavy system is the SCR-584; an
example of a lightweight system is the sowd equipment, Type GR6. The
AN/TPG-2 is the closest approach to the medium weight radar system.

A sufficiently lightweight system should satisfactorily meet the recquire-
ments of high mobility and simple breakdown.

T3 From the tactical use of this ecuipment certain other physical
demands which should be met are apparent. The squipment would be placed
within 4000 yards of the enemy lines, and a line of sight path to the
target would be necessary. Since the target must be located z2s close =2bove
the firing point as possible for ine desired accuracy, the installation

of this equipment would be in the view of the enemy. Thus, that pert of
the equipment which must be so'located should be mede as insignificant

as possible, Likewise because of this position in combat the simplicity
of cperation should be stressed. Any installistiocn or alignment procedure
myst be held to 2 minimum. After arrival in position the system should be
operating normally within a few minutes,

Th. Of existing systems only the AN/TPw-2 and the SCR-584 could
possibly meet the requirements of (2), (b), (¢), and (d). Actually
neither does meet these requirements in full, and neither can meet
requirement (e). However, it is apparent that with additional fundamental
information, a proper combination of the properties of previous mortar
locaters and expert engineering, it is quite probcble that a2 system

could be designed which would satisfactorily meet zl1 five requirements.
It is ecually probable that this system would weigh between 1000 and 1500
peunds, and the considersation of weight would spply 2 constant pressure

to the design of the system at the possible expense of some feature.

This, however, is one approach tc the problem, and with this in mind

& survey was made at NRL (reference 66) on the applicaticn of automatic
tracking to the mortar problem. The results of the survey indicate that
a lightweight ~utometic tracking unit could be constructed to satisfactorily
meet the requirements of this system. Ancther survey into the szpplications
of the sub-ministure tubes and components into radar circuits indicates
that in the near future these lightweight articles may be used in radars
of the type under consideration. These surveys bear out the conjecture
thaet 2 medium weight system could be enginesred., However, another
approach to the problem, of course, exists, =nd that is to search for a
new solution which might render the problem cf mesting the requirementis
more simple, An example c¢f this type is the triangulation method of
locating the mortar site (reference 15).

SURLARY
15 Frem the past discussion some conclusicns concerning the

system characteristics specifically listed (see paragraph 3) tor consider-
ation in this project may be drawn,
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TRANSIITTER FRICUENCY: From the standpoint of system potentialities and
light vﬁlg'u, a freouency in the neighborhood of X-bend or higher seems
the logicel choice. However, from the stendpoint of the reflection
from roin and frowm the shell reflection characteristics 2 frecuency in
the region between S »ndé L-band would be the logical choice, Since
at ranges of 10,000 yerds or less it is the reflactlon from rain rather
thon the attenuetion through the rain which is the more serious factor,
then the volums of the nulse packet is of great importance. This volume
is o function of range, beam shape and pulse width. The range is short,
and the other two factors for this problem may be chosen to minimize
the size of the pulse packet. Theoreticeal calculations indicate that
with proper beam width end pulse length the effective reflection from
rein might be mede neglipible at S-bend 2nd peossibly higher frequencies,
Practical experience doss not corroborate the theoretical calculstions,
but qctu'*l]" no thorough attempt heas been mede to check the theoretical
alculstions for reflection from rain. Such measurements are essential
to prower choice of frequency for this proslem sinces the design philosophy
on thiz point is to choose the highest possible frequency compatible
with successful operation through rain. In addition to these measure-
ments, ¢ study of the & of diffcrent sized shells as mezsured for
frequerncies below S-band should be carried cut., A period of nine
months or more would be necessary to perform these measuremcnts,

ACCUZACY RECUIATAENTS: For the two-point system 2n accuracy in angle
of + 1.5 mils and in renge of + 15 yards would be required. For the
multi-peint or putonstic trachlno system an accurscy in angle of

4 8 mils and in range of ¥ 25 yards would be required, Less accuracy
is needed in the latter case since more informetion is obtained on the
shell trojectory. The =zbove figurss arc approxierete tut give the
order of asccuracy.

TYPE OF SCAN: Additioncl information on the exact military requirements
is necessary before sectiing the optimum type of scan. Several possi-
bilities are under consideration. Cne possible choics is described

in paragraph 78.

TYPE OF FRISENTATION: The presentation can only be determined after
the sean =~nd gencral design of the system hrwe been completed. However,
the prosentation should be such that one or iwo men may conveniently
operate the system and obtain with 2 minimum of cifort the location

of the morter from the informstion as presented to them,

TYPE OF RADAR: 4 pulsed rader system is essentizl to produce the

renge and accuraey required in this system, However, some form of MTI
or Aural Doppler might well bL added to the system, should other dusign
charscteristies (ﬁuch =5 scan) permit.

PROPAGATION REQUIAFMENTS AND R INIMUM RANGE:

It is required thet the system bc capable of detecting a mortar shell
at 10,000 yards through rein.

[ TR L8
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SECTICON IV

PROPOSED MULTI-BEAM KORTAR TOCITION SYSTEM

76, The information contained in Sections I, II and III indicate
that - system such as the following might best solve the mortzar locaticn
problem,

SYSTR SPECIFICATIONS

T2 The following tentative specifications were adopted for the

(a} Transmitter Frequency: 2000 megacycles

(b} “Radar Accurscy: anoroximately + 25 yards in range
and + & nils in an_le (with automatic ‘range tracking
end continuous sngle infornetion).

(e} Twpe of Scan: eclectronic discrete sector seqn

(d) Type of Presenbtstion: A-scopc, expanded A-scepe for
renge discrimination and accurate pip matching,.and
three phese azimuth indicstor; to e operated by two
men.

(e} Type of Ledar: pulsed radar with MTI

(f) Maximum Renge: 10,000 yards 2t 211 shell aspects
through moderately heavy rain, (Figure obtained by
compariscn with field test data on existing systems.)

(g) Pes Power: approximetely 100 KW (Average Power:
apgx‘o}{iﬁl"tﬁ}y 300 '«mttvS)

(h) Pulse length: 1/2 microsecond {corresponding to a
range diserimination of less than 100 yards)

(i) Vertical Beam Width: 5°

(j) Vertical Berm Separation: 2°

(¥) Horizontal Beam Width: 12°

(1) Horizontel Besm Seperation: 9°

(m) Antenna: ellipsoidal lens
1. major axis approximately 7 feet, in the vertical

plane
2. minor exis °pproximalcly 3 feet; in the horiztontal
plane

(n) Pulse depetition Rate: 6000 pps. ZAffectively 1000
pPps. per beam position

8. Oper-ting Characteristics:

(2) Control srea: 30° in azimuth by 10,000 yards (or more)
in renge., It will be possible to vary this scctor as desired at 2 rate
limited primariiy by the efficient operation of the KTI,

(b) Traffic: The equipment will hendle a meximum of three

shells per minute or 180 sitas locrted per hour if three men are used;
two shclls per minute or 120 sites per hour if two men are used,
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(¢) Selectivity:

1. for similar classcs of objects, e.g. other shells,
aircraft, etc., in generzl selectivity would be obtained by range
discriminasion, or if necessary by noting the target behavior as presented
on the tracer.

2, for dissimilar classes of objects, e.g. land clutter
ard very slow moving targets, selectivity would be obtained through the
use of MTI.

(d) Physical Demends:. The weight of the system would be in
the neighborhood of 1500 pounds or less, providing sufficient stress is
placed on engineering for light weight and use is mnde of modern light-
weight components. A light weight system, in general, can be ecesily
made mobils as required.

DESCRIPTION OF THE SYSTSL

9. Antenna Unit: The antenns of the proposed system consists of
six fseds ond an ellipsodial lens with 2 7 foot major axis in the verti-
cal plane and 2 3 foot minor axis in ths horizontal piane. The six
feeds produce six teams (sce Plate IV), »n usper and z lower beam at
cach of three agimuth beam positions. The azimuth width of each beanm is
122, and the separation between the axis of these beams is 99, This
produccs a 30° coverzge betwesn half power contours in azimuth, and two
azinuth croes-over points at approximotely the .8 power contour, The
vertical width of cach beam is 5 , and the separation between the axis
of these beems is 2°, This produces a verticel coverage of 7° and one
vertic~l crogs-over peint 2t epproximstely the .85 power contour,

80, Flectronic Operation: (Sece Plate IV for a simplified block
diagram of the system.) The basic timing reference of the radar may
involve tHe mercury delay line if used. The modulzstor is triggered by

. the keyer pulse from the delay line. Pulse 1 is switched by the trans-
mitter switch to feed 1 which corresponds to beam position 2),yerps

. Pulsc 2 is switched to feed 2, beam 2ypper: Pulse 3 is switched to
Feed 3, besm bp . Pulse 4 is switched to feed L, beam cy. Pulse 7 is
switched to feed 1, veam ap , and the eycle repeets. Since the
p.r.f. = 6000 pps. then the effective nulses per beam position per sec.
100, The energy received by feed 1 is that reflected from the energy
transmitted in pulse 1, beem a4 and so on. All the energy received
passes back through the same T.{. box and receiver. This is possible
since discriminstion with respsct to beam position is determined by
the position of the pulse in the cycle and occurs at a later stage. The
responsc of the reeciver should be rcasonably lincar. The retumed
energy is amplified in the roceiver and fed inte the MTI circuits.
Patrt of the reccived energy passes throygh the delay line and part of
the enérgy proceeds to the mixer where stationary targets are concelled
out as follows: The dclayed energy from pulse 1 is ceneelled out by
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the cnergy from puls¢ 7, since both these pulses corrgspond to the

game besam position, end pulse 1 is delayed exactly ﬁfgff. seconds

{=1 millisecond). The length of the delay line is thus equivrlent to
that of 2 simple 1000 p.r.f. system. The resultant energy from the MTI
mixer is fed into & receiver switch which is synched with the transmitter
switch, and switches the energy correspondinz to pulse 1 into chamnel
1; pulse 2 into channel 2, etc, The energy received from pulses by

3 and 5 is spplied to the lower plate of the scarch-range scope. The
energy in each of these threec channels is isclated by buffers as shown,
The energy received from pulses 2, 4, and 6 in like penner is applied
to the upper plate of the search-range scope, etc. A gated portion of
the search-range scope is also spplied to the fire control range scope.
(See Plate V), The energy received from pulses 1 and 2, isolated by
buffers ns shown is passed through an integratcr and applied to the
left plate of the azimuth scope. (Plate IV). The energy from pulses 3
and 4, isolated by buffers, is likewise passed through an integrator
and applied to the upper plate of the azimuth scope. The energy from
pulses 5 and 6 is applied to the right hand plate of the azimuth scope.

81 Physical Operation: A4 deseription of the process of the
detection of = mortar shell will now best explain the fundamentsl prin-
ciples of the system, If = mortar fires in the control area of the radar
(30° in azimath by 10,000 yards) an indication will appear on the search
scope in the form of an envelope, large at first, then diminishing

until the magnitude of the envelope balances 2s the shell passes through
the cross-over point of the upper and lower beams. During this period
¢perator 1 (at the search-elevation position - see Plate V) will move

a range gate of verisble width out to the target echo, The presentztion
in this renge gate will appear at right on the fire control scope,

whose range display equals the width of the gate. Gocd ronge di scrimina-
Lion is ochieved in this fashion. Operator 1 locks the gate on the
target and initiates eutomntic range tracking, Operators 1 and 2

then commefice to track the mortar shell mamually. Operator 1 matches

the megnitude of the uprer and lower envelope of target echo on the

firec control scope, thus ceusing the antenna to mechenically follow

the elevation variation of the mortar shell. The azimuth scope indicates

the variation in azimuth of the shell for only the target gated by
operator. This is done by matching the returned power in the three
Sectors corresponding to the three azimuth beam positions on the plates
of the scope. Since thes sweep on the scope will rotate in proportion to
the woltage on the scope plates, an szimuth position is obtained. This
ig = new _method and presemts soue complications, Should it not e
practicable it would be possible to use the returned information to
manually track in azimuth, matching the target strength ot either of the
two azimuth cross-over points, In the former case Operator 2 would need
to chenge the main azimuth disal only for cecter scarch greater than

300 or in order to keep the shell in the radar beam as it chsnged its
azimuth. The main azimgth control (Plate V) rotstcs the whole sntenna
assembly., The vernier azimuth control rotates mechenically or otherwise,
a marker which when superimposed on the sweep of the scope indic-tes the
azimuth of the target. Thus a combination of the two informations given
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above gives the sctual azimuth position of the mortar shell. In the
latter method both controls would agein be used, but the vernier control
would have essentizlly only twe positions, representing the azimuth
cross-over points. The mrin azimuth control would then be used to metch
the indicostion on the scope with the closer of the two vernier positions.

82, Tracer: Finally, a three-pen trecer system similer to the
RC~308 used in conjunction with the SCR-584 for mortar location would e
built into the indicator csbinet, (See Plate V). The three pens shown
‘vary only up and down, and 211 mey utilize the whole scele, being
displaced to permit this. A sheet of paper roteztes under the pems at
constant rate., Pen 1 is proportional to azimuth, pen 2 to range, and
pen 3 to elevation., The scale divisions are arbitrary. Pen 3 traces
out » section cf a parsbola, Since this parabola shows elevation angle
versus = constant time, a single uniform parabola may be used to extra-
polate the section of the perzbole to the time (to) cf the origination
of the mortar shell, This point will be determined by the point of
interesection of the parabola with the height of the terrain in the
region of the mortar, With t given, the azimuth and range indicotions
may be extrapolated back to tg and the range and azimuth of the mortsr
site rend immediately., This whole operation should not take more than
thirty seconds for the twc operators mentioned.

DISCUSSICH OF THE SYSTEL

83, Problens of the System: There are three major problems of
this aystem:__fa) the developrent of 2 method for switching the trans-
mitter powsr, (b) the development of satisfactery circuits for the
comparison of energy to utilize the first method suggested for obtaining
szimith positions, and (c) the light weight, rugged engineering of the
system. A model switch for X-band cspable of switching transmitter
power up to 50 Ki¥ at 2 rate of 8000 times per second with less then cne
db, loss has been developed by Sylvanis Electric Products and could
probebly be sceled to the requirements listed above. It is at least
theorctically possible to solve problem (b), and precticelly, sufficiently
fersible to warrant develonment. Ccod engineering and full utilization
«f lightweight components and meterial cen solve problem (c).

8. Some Design Considerzticns: The information given in the
body of the report which lezds to placing the frequency of the mortar
system in the region between S-bend and L-band wes: (&) that operation
of existing systems on frequencies above S-band through rain had been
found to be unsatisfactory, and no satisfactcry method had been found
for overcoming these effects, (b) that operation through rain on L-band
(25 cm) had been found satisfactory with cxisting systems against
mortars, (¢) that design cunsiderations imply that the frequencies should
be 2s high as possible consistent with (2) above, and (d) the mortar
shell aspect becomes a critical factor above S-band. A consideration of
electromagnetic propagation through rain suggests that a wavelength of
15 em could be used for operation through rain., To guarantee that a
wavelength of 15 em be satisfactory would require additional information.

A N S g
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In addition, methods of discriminating against bacic-scattering from rain
on 10 em shculd be investigated, since this wavelength presents seversl
advrntages over 15 cm. Having fixed the reder frequency in the region
below S-oend, in any casc, certein conclusions necesscrily follow regerd-
ing a systerm design.

i. Continuous information operaticn is the only means of
meeting the accursey recuirements,

ii. No sharp beam foming method for cbtanining continuocus
information is permissible.

iii. From (ii) end from the fact thet at 1C,000 yards in a
normal morter trejectory o mortar shell at meximum height subtends an
angle of about 3% at the redar, MTI is necessary to moke the rader
essertially independent of its site.

iv. But from (i) and (ii) some form of automatic tracking,
not dependent on very sherp beams, mast be used., (iii) precludes the
use of conical scan or other methods for fire control operstions and,
of course, repid sector scan for target acquisition,

ve It is seen that o discrete sector scan for target
acquisition and firc control cperations is necessary.

85. Merits of the System: To clarify the adventages of this
system, consider the present two best possibilitics for mortar locators,
the SCR-584 and the AN/TPQ-2. The SCR-58., is unsatisfactory because:
(2) it is too large (2bout ten tens), (b) it must scan for fire control
information, (¢) its angle control arca is inadequate (approximately
ecual to the antenna beom width, i.e. 6°), (d) the traffic hendiing
caracity is uncertein, znd mortar site locaticn is dependent on at least
one shell being fired by the mortar and locked on after one previous
shell hes been detected, The AN/TPC~2 is unsatisfactery because (a) the
range on mortar shells is inadequate (about 5000 yards) on poor aspeects,
(b) operation through even light rain is impossible, (¢) target acquisi-
tion is cbtzined through 2 complex mechenicsl sector scan. The multi-
beam system for location of morters described here will (2) be light-
weight, (b) have 2 contrel area of 30° within which any one shell fired
will be detected and suf ficient information obtzincd from this shell to
locate the mortar site within the accurrcy for effcctive counter-fire,
(c¢) possess MTI, thus suiting the system ideally for the role of road
sentinel or the detecticn of low-flying aireraft, (d) possess the
recuisite sensitivity, independent of weather conditions or shell aspact,
(¢) satisfactorily meet the other requirements as described in Secticn
IIT of this report. In addition, the time sllotted for ‘the development
and production of 2 morter location redar as indicated in the bedy of
this report (absut 1948) is sufficient for the systen described here.
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APPENDIX I

Sources of Information

L}

A For the compilation of the bibliography of this repcrt and
in crder to permit the study cf undistributed memorendum, corresponderce
and other decuments, the following files were made availeable:

1. DNevel Resesrch Laborstory
anacostia Station
Washingten 20, D. C.

2, Chief of the Burezu of Ships
Navy Department
Washingten 25, D. C.

3. Chief of the Burean of Ordnance
Navy Department
Weshington 25, D. C.

4. Chief of Navzl Operstions
Uperaticnal Research Group
Navy Department
Weshington 25, D. C,

5. Commander-in-Chief, U.S. Fleet
Navy Department
Weshington 25, D.C.
Attn:  Section F-49

4. Chief Signal Gfficer
Room 4D235, Pentagon 5ldg.,
Washington 25, D.C.

7. Ordnance Branch, USA
Pentagon Building
Washingten 25, D.C.

g, Camp BEvans Signal Laboratory
Belmar, N.J.

Be Conferences were held with the following orgenizations through
the personnel listed,

1., Place

Sperry Gyroscope €c., Ine,
Aesezrch Leboratory
Garden City, L.I., N.Y,

G is-
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wpresentabives

1. E. Jd, Bariow
2. W. L, Barrow

Date

January 9, 1946
Januery 31, 1946

2. Plece
Bell Telephone Laboratories
Murrey Hill,

New Jersey

Hepresentatives

1, %W. P. Mason
2. H. J. ¥cSkimin

Date
7 Janusry 1946
3. Place
Bell Telephone Loaberatories
180 Varick St. :
few Tork, N, Y.

itepresentatives

A, . 2. B, Gomithers
2, . Hough
Date

19 December 1945
8 January 1946

L. Place
Bureau of Ships, Cocde 919
arine Corps Design Secticn

Navy Depsrtment
Washington 25, D. C.
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1, GCept. C. L, Parod;, USMCR, Ccde| 9395,
2. Lt. Col, Ramsey, USLCR, Cocde 919(903)

27 iugust 1945
Place

Director of Artillery
Naticnel Defense Headquarters

Ottawz, Canada

Representatives

. Lt, Ccl, . A, Renscn, Director
2., 1lajor C. H. Jervis - Read.

Date
7 December 1945
Place

Camp Evons Signal Laborsatory
Beimar, N. d.

Representotives

J. J T Bvers
2 e K Stedols

Date

5 November 1945
6 MNovember 1945
20 Lueust 1945

Place

Applied Physics Laboratory
Silver Springs, ld.

Representatives

1. Kajor J. T. hassey
2. Henry Pcrter
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10.

1L,
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Dete

28 November 1945
Place

liarine Corps Station
Quantico, Va.

Representatives

1. Capt. Lambert

Date

26 November 1945

°lace

Wright Field, AAF

4ir Technical Command,

Dayton, Chio

Representatives

.

1. Capt. A. B. Meier
2. Dr. Bennet

Date

2 November 1945

Flace

Robinson Laboratory
Ohio State Universtiy
Columbus, Ohio

Representative

T s K P Yotes

Tate

19 October 1945
Place

Radiation Laboratory, MIT
Boston, uass.
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12,

13

14,
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Representatives

1. Leo Sullivan
2. H. R. Worthington

Date

31 August 1945

Flace

Bureau of Ordnance, Re4f
Navy Department
Washington 25, D. C.

Répresentatives

1. TLt. Comdr. Bridzes
2. Lt. Comdr. B/ I. Valentine

Date

11 September 1945

Place

U. S. Atlantic Fleet Operational
Training Command, (COTCLant)

Representative

1. Lt. Comdr. Mathews
Date
24 & 25 August 1945

Place

U. S. Naval Proving Grounds
Dehlgren, Va.

Representatives

1. Et. 5. €. Liscombe
2. Lt-. W. J. Sutton

Date

6 August 1945
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15: Elase

Radar HResearch anid Development Establishment
Representing COrsat Britain

1800 K St., N. W.

Viashington, J. C.

Hepresentatives

1. major Hoskins
2. G. B. Parkinson

Bte

23 Uctober 1945

16. Place

Ordnance EBranc:, USA
Pentagon Building
washington 25, D, C.

Hepresentative

1. Lajor Ransome

Date

October 1945
C. Activities at which ihe zuthor has been a consultant:

1. Field tcsts a2 ainst mortars the week of 6 Au-ust 1945
at CEA.

(a) liortar Location by Fire Control Radar, BuOrd
Froblem 0-1765-5S (See HRL Heport ,R-2653)

(b) liemo froam R. Crane to J. i, Hazen, 8 August 1945,
"Radar Reszarcn iortar Location by the S4-1, S50-3,
8U, Sk, Si, and SO-7i at C3A.

2. Field tests azainst mortars, & August 1945 at Dahlgren,
Va. (See conference report S-390-327/45, 6 hugust 1945, "Use and Opera-
tion of ¥k 8 liod 3 in Detectin< .ortar Shells in Flight and Lacating
the ..ortar Posjition" - performed at the Naval rroving Grounds, Dahlgren,
in conjunction with Re4f, BuOrd).
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3. Field tests against mortars, 9 August 1945 through
12 au st 1945 at Ft. Fierce, Fla.

(a) See "Radar Jetection of Mortar Fire Tests”
report of 24 hugust 1945 by U.S. Atlantic Fleet
Operational Training Commandi

(b) Conference report serial C-390-359/45, 9 August
1945 through 14 Auzust 1945, "wortar Location by
Shipborne radar® (ik 22 liod 2, Uk 12, S31).

4. Field tests against mortars at Casce Bay, iain, on
7 September 1945.

(a) See report from Commander Operationzl Development
Foree, U,S, Flest on "Detection of :ortar Fire by
Shipborne Radiar - Heport of Iests" (ik 8 kod 3,
¥k 13, SG, S5/i11, SP, Lk 13-1, 'k 29-2)

(o) Memo from . Crane to Lt. Cemdr. Valentine, 5

September 1945, "Report on Tests on SP (with &'
dish) Aboard DD LzaRY at Sea Island".
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RaDAR RANG2S

TABLE I

AZAIIIST 81 mm I'ORTAR SHELLS

Ha-lar
SCR-584

Ali/TPG-3 (ifod.TFS-3)
Al fPPS-~)
AY/TPS-1A

AN/TPS-2

AN/TPS-5

602-T5

SCR-517
AN/TPL-1
AN/TPL-2
AN/APG-16

AN/ Pu~4 (liod, APS-3)
AN/APS-4
SCR-720
Winirling Dervish”
ik 8 kod 0, 1, 2
ik 8 iod 3

ik 12

Lk 12

1k 20 tod 1
SG-1 b, e

SP

S0-3

sU

S0-12ii

S0-"7u

ik 20 Mod 1, 2

GL 111B

CA #A ik IV

" atehdog"

L.A. /A3 ¥k IT

Aciie 44 dk TII
Type 931

Canadian K-Band
(lixperimental)

DECLASSIFIED

U. 5. RADARS

Range Yards

7000
8500
12000
800
10000
11000
12000
12000
2500
25000
3000
5000
5000
nezative
3500
negative

2500
6000
2000
5000
12000
5000
£000
9000
20000
3000
4000
10000
12000
600

U.K. RADARS

2000
4000
1000
8000
17000
4000
6000

Shell Aspect

poor
good
good
good
poor
Tood
poor
good
good
good
good
good
good

so0d

good
good
zood
zood
zo00d
z100d
zood
good
good
good
zood
zood
good
zood

good
good
good
cood
zood
zood
good



Canadian Whirling
LN/TPQ-2 ¥ -Band Norman Dervish
- }H 14 r # .
Freqgyency (lic) 24,0600 26,000 3000 10,000
Peak Powsr (Ew) 20 20 50
Beam Width (°) i1 1 xl 3%3 o8 % 1e5
Tiin o +3 Sece See Sce see
Hoam Fosketon Plate 3 Plate 3 Flate 2 Plate 3
20° 10 90° 90"
Scan Szctor Saetor Sector Sector
Rotating Aotating
Scan hethod "Lewis! "Fostert Duo-dish Duoc~-di sh
Scig Spead 6o 300 90 180
(%/sec)
Pulse Width ( as) 1 S 1 5
Presentation B B EPL B
; an e " Slide’ Direet Slide
Computing kathod Hlectrical Bute RanAiE Bile
f-‘;ppI“GXAE‘RtE 3000 1500 3000 5000

Weight (1bs)
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