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ABSTa.ACT 

I 

This report is intended to crystallize the mortar location 
problem as of the present, correltt:ing the strategic need with the 
technical possibilities of fulfillin£ this need. In order to do this 
thoro..:.ghly, most of th~ report has o~en concerned with the develop­
ment of the various 1:lethods of nvrte.r location. It is pointed out 
that the r2.d~r imthod rew..c:.ins the best 2.pproach to tho oortar location 
problem. Pest attempts at the solution of the: problem and the nu.rnerous 
field tests ·nith existir.g equipr::-.ents a.re discussed. An analysis is 
rr..ad0 of th8 significnnce of 2.11 provious and conter;porary 1.·1ork. The 
precise fre~uency is riot determined, but the general frequency band 
between S-band and L-banG is recommended. A .T.Ortar loc~ting system is 
proposed. 
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SECTION I 

HJT.3.CDUCTIO:N 

1. Reference (1) estcblish~d a project at the Naval acsearch 
Laboratory to study the general problem of the location of the firing 
pcint of mortars with tl:c ultL"':.ate objactive of developing a mortar 
loce.ting: radar equipri:-0nt suitable for use by the u . S. r.arine Corps . 

2. In the fe.ll of 1945 a confer\;ncc 'Mas held 2.t the Naval .c?.csearch 
Le.'.X>ratory between roprescnt2.tivcs of the !-.arine Co:t?S .. tadc.r Design 
Secticn, Slcctronics Division of ths Bur8au of Shir-,s and peroonncl of 
tbJ ravP.l Resee.rch Le.ooratory. The puMose of the conference was to 
formulato c proc.;dure to '!x; followed in obtaining the desired objective . 
It •;;es dacided to divide the project into t·:.o distinct phasos, the first 
phc>.se to cover fundam~ntrl research and th-2: second prui.sc to cover 
equipment development. 

3. It was anticipated that as ~- result of th0 fir st phe.sc of the 
project a set of spccificc?tions ~·.ould be produced outlining the mili­
t2ry char2.ct.3ristics end specific mccre.nicc>.l and electrical design 
features dcsir2.bl0 for a solution of the problem. The second phase 
would result in the construction of e. brcadbo?.rd model of an equipment 
complying with the requirements of the specific~tions resulting from 
phase ono. Che.racteristics listed under reference (1) sp3cifically 
for invostigation during the first ph~s0 were: accurac;.,.- requirements, 
type of scan, type of presentation, typo of r·ilde.r, i. 0 . pulse, fl,:, CW, 
Doppler, or a combination of types an:l choice of frequency. Service 
r equircmrnts to be sc>.tisfi.:od were also list0d by tha 1:C,.rinc Corps. They 
wcr3: high mobility, li[ht 'Noight (approxirn.c>.tcly 1500 pounds maximum), 
e.bility to be quickly broken down into snlc'.11 packages for c'!.ir and pack 
tr?.nsport, anj 02.sc of field m>.intenc.nce. 

4. In gcnercl, this r~port is intended, firstly, to cover all 
previous work on mortar locatiorc up to end including 1945 in so far as 
this work might ~ffcct in my way the objectives of this report. A 
socond obj0ctivo is to describe those iooividual r csc2rch projects set 
up by this project c>.nd discuss contcmporcry research projocts elsewhere 
which bear upon the o::ij0ctivcs of this :roport. A third objective is to 
ane.lyzc the fc.cts presented by both tho study of previous vJOrk on mortar 
location and by thJ study of conto.crpore.ry, reL?..tcd r0se2.rch proj-octs 
c.nd to point out tho pro~r0ss m?.de tov1rrd the dctcrmina tion of these 
eon-:ir~l sp0cificc-tions r~ich ere the objoctivcs of this r~port. Finally, 
~ course of future <'.ction is rccon:-,mcndod. 

5. In presenting the report it is con.sidcrod worthwhile to 
discuss :>t length tho cx.::.ct na turc of tho problcr., i tsclf before pointing 
out possible solutions of the problem. For this rceson the nuthor 
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h:::i.s consultod with r:ri.lit:>.ry experts and civilim scientists in en 
at tempt to develop rot10 concept of th0 typo of -vr,Japons mticip.o.tGd 
for future use . (S00 S1;:ction III) . '1':1e type of redar which mi.::ht 
oost fit in with the anticipated milit2.ry organizc.tion, tc>.ctics and 
avr~ila!)lc tre.nsportation, 0tc. hc.s been discussDd w.ith these authori­
ties. Although it is irr,possiblc to }..no~?' prccis8ly what the milite.ry 
requirements of this cq_uiprrwnt ought to be, cortain conclusions ~.-y be 
dr2.wn froo ave.ile..bLJ inforr-:r. tion. 

6 . s~ction II chronologice.lly covers significa.>-it previous .<>nd 
cont,J~or2.r;r work on mort.?;r loct tion . A. rigorous discussion of the 
problem e.nd possible solutions 2.ro presented Pt lcn~th in Section III. 
S:..ction IV consists of conclusions <'nd rocommcnd2.tions . Tho biblio­
gr;,.ph~~ of ttis re.port e.nd th~ inforrr.ntion e.v2.il;:,,:;lo in A.!)pcnclix 1 
present c. roasonably corrplc.t..:i pictur,J of the scfontific i.!fforts rcl?ted 
to mort2.r loc<'.tion. 
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SECTION II 

':'HE HISTORY OF TIE DEVELOPr . .Ei'JT OF b.O.tTAR LOGi.TION 

O?..IGrn 

7. During World :7e.,r II one of the most potent weapons used 1:12.s 
too rrDrtar. Cvsualties from mortar fire in the Italie.n Alps were 
reported to have exceeded seventy percent of the totaJ . In the Pacific 
Thec',ter of Oper;i.tions, during the Island Cc>It1pe.igns, more thc>.n fifty 
percent of Eerine Corps c.:>.su.?.lties were sustained from rr.orte.r fire . 
On the be.2.ches -=1.t r,~ormzndy it was estiJTi2ted th?.t eD.ch enefl\Y norter in 
operation c~used 35 casu~lties to Allied troops during the landing 
phe..se, e.s compe.red to ll c?.suP.lties per opere.ting machine zun. Only 
~bout eight percent of enemy mort?.rs were knocked out by preparatory 
ne.v8J_ fire and approxin1ate ly tvienty percent by other wee.pons. It 
beceme c:uite .?..ppc1.rent th1:.t during 1·:orld • :e.r II effective counter-
mort?,r devices were urgently needed. Section II of this report presents 
the chronologicel picture of the development of the mortar locetion 
r..rt up to !'.Ild including 1945 . 

g. }~ortars r,.nge in cciibe r from 50 m.-n. to more th'.>n 300 mm. 
The smc.ller c2liber equipment (e. e. the U. S. 60 ?.nd 81 mm mortrrs) may 
be tre.nsported end opere.ted efficiently by three men, the operating 
period depending upon the c->.romunition supply. ;\ mortl'.r squad in the 
Ke.cine Corps consists of six ioon, three of whom are used for ~-JI::.l1U1ition 
and supply c:.uties and three for tr€.nspor ting rnd opere.ting the morte.r. 
:tortr.r shells weight from 1. 6 pounds to over 700 pounds. (See refer­
ence 50). The mortar ce.n be set up and opere.ted in a m?.t ter of seconds; 
skilled crei'\s h2.ve no difficulty in firing ten or more rounds e. minute, 
with c.t lef.st fifty percent of the shells fired fc?.lling within l'. circle 
of 10$ yards dic?1neter centered about the target1 The mortar is a high 
trajectory 'Aer..pon. The effective range of the 81 mm. m:;,rtar V?.ries 
from 200 to over 3000 yl'.rds, rnd the angle of dep.:-.rture varies from 
45 to 85 degrees . The trajectory of the morter is a ree.sonably close 
?.pproxmticn to e. pe.rabole. (refereoce 37), especic?.lly during the first 
two-thirds cf the trajectory. The initial velocity increases from 
approxirontely 400 to 600 feet per seoon~ as the firing chc'.rge is 
increo:1.aed., In this section of the report the prime.ry concern v1as with 
smaller enezy mo rte.rs, similP.r to the U.S. 6o mm. ;:i..nd 81 .ll'lll. mort.~rs 
m1d the Je.p,mese 90 ru1d 120 mm. mort,c1.rs, e:i,.nce it we.s the smeller 
ce..libe:r mortar which possessed those physical and 'oallistic qualities 
which 01:l.de the mort,->.r so effective durinr, ilorld ?.r II. In generc>.l, 
when the Cc'..liber of the mort.=-.r is not specified in this section it 
should be c>ssumed to be of smc1ller c e.liber, 

9. As pn.ra,graph 7 indicc'..tes, the urgency of counter;,cting the 
mort.r.r bec?.me intense in the summer of 1944 and reeched r-. pec>.k during 
the e~rly part of 1945. However, the location of ener.v we~pons is ~n 
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obvious objective in W?.rf.?.re, rnd methods h:we long been sought to 
ntt~in this objective. The first nBthods used were visuPl, but the 
dise.dventc>.ges of those ~thods f:-.r oubeighed the P.dvl'l.ntaies. Limited 
r:mge "nd ?.ccur;:,.cy and exposure to enemy fire were e.mon6 the disc>.dve.n­
t2.ges. Sound equipment wets used in ":forid ·:c1.r I as P. weapons loc?.tor 
-:nd continued in use in ~,orld ::.<>r II. HoweverJ the sound loc?.tor w?.s 
cener21ly used only r.g£.inst short rmge S!!k".ll c?.liber v;e~.pons, c. g. 
rr.:,chine Qln.S, etc. It ;/:".s not until 13 Septeffiber 1943, the.t c form:il 
report on the loc.:-.tion of mortars by sound m,.s recorded. (See reference 
2) . An e<'.rly memorandur:1 on this subject ~·•1?.s rr;.:.ortar Fire Location 
( Lortimer) 11 , md included five reports on mort<'.r loc::.tion (reference 
4). Ttree c•f these reports deelt with sound imthods <:nd two with rl'.dar 
methods. These enclosures ~,'el'e th0 earliest records discovered by the 
<'.uthor de,:..li.ng fcrmcll:0 ~-.'ith mortc'r loc~tion. 

10. On 13 3eptemb0r 1943, ~ :report vms circulded from 1>J.very, 
Ent;lrnd, .A.u ... {.iJ.3. , entitled, t

1The Loc,'.tion of Field Lortc>.rs b:r Sound" 
(one of the reports m.a,tioned c-.bove) dc2.line ,!ith tests commenced on 
20 Au6ust 1943. (Seo reference .2) . The purpose of thesa experirrents 
m.'s 11to c>.scertt>.in Vi'..ri?.tions in the tim0 of P.rriv,"'1. of ?. sound WP.Ve 

from th~ propellMt chc".rge of ;,_ Field mortnr due to c>.ccident s of pro­
P<'-£['.tion er.used by the lo.; eddy structure of th0 c'.t;nospher-.:: ;ind ground 
disturb,:mccs. This is required in order to r.sc0rt.. ..... in the rrini.mum b~.se 
lGngth th:-.t Cl".n possibly be used in the; Jre".surelil.Gnt of the direction of 
the norm,...,_l to the v1-.ve front to provide m rccure..cy of one degree for 

-1in0 in loc".'thm,. " The r.ctutl field tests -r10re C.'.'.rried out nt i:fothere..von., 
Engl;,nd on four p~rticula d,ys . The type of sound equiprrcnt (British 
~ortimcr type) used w:--.s not pt.rticule.rly importcmt in this report . 
Subsequent irrq:irovcm.6nts includ0d in the .finP.l models being used c>.t the 
end of the wP..r will be .rrentioned 1.--.ter. Opcr<tions ;:,,t Ncthcri'.von were 
with lh 2 2nd 3 incp. rri.ortc,rs using full chl'.rge;s. Jangcs were short 
(no ex0.ct figuro wr-s given), but results were f<lvore.ble for e.n initial 
test . A description of the four- pen recorder used vdth the sound 
loc?.ting equipment w<>.s <lso included in this report; however, types 
of rvcordcrs will b$ considered le.,tcr . The results of these exp.ariments 
were obviously preliminary; some practice.l suggestions were included 
in the report, but fe"N cone lusions could be drc>.vm. 

11. The first record of morte.r loc::>.tion by r?..d;:,.r discovered we.s 
;, brief repc•rt entitledJ u,1<1.dcT Loe2.tion of llortar Tric'ls ;::.t IR,rkhill, 
November 191,.3" ( rc.forence 3). i'.:ore specific eJ.ly thG purposa of the 
tests nt 1,,,,_rkhill were ''to determine the sign?.l s trcngth from :1. British 
3-inch mortr.r bomb usinz .Ah No . 3 .Uc. II" (-'!:. le.rgc British S-b,r,nd , 
anti-aircrr-.ft r;:,.de.r). This first report discusses r?.dr.r itsitint: 11 , 

which i•rs t!'lc subject of much discussion in l!k"nY subsequent reports on 
ground ;,ctiviti0s with r,.d:-.r. In fr.ct, the expcrimenttl test yielded 
uns~tisfcctory results due to the: siting of the rR<l<.r . The British 
immedi:-.toly r..pprccfr.tcd this, ,s shown by the following: "The r:>.d?.r 
w,s sited ir.. ,._ shtllow vdky with Lhc skyline in th-: dir..:ction of 
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rr.ort?.r e.nd tn.rget e.t O dcgr8cs c l cv2.tion c1.bout 400 ~.rds i:'Y.ny. This 
reduc0d the clutter ~round the mort~r to 2/1 ~t O degrees elevc1tion. 
At ~ e<"rlie r site: on top of ?. small rise vd. th n clec.r view in tha 
mort.o.r diNction th.:; clutt.::r v,.,_s 20/1 2.t O degr.ses elev<"tion, :-nd small 
sign<' ls woulj hr..v;:: bc;:;n undet,:::ct2 ol :-:: b"'low 8 degr.::os clevr.tion. 11 :!ith 
this siting proc.:::dur"' J ulr;vrtion 2.ngles of 1 degre::c ~nd lower were used 
s:,_tisfr.ctorily in deL:c tfa; the rr..ort r:.r shell in flict1t . The procedure 
used f er ;,cti1ally locc:-t inz t>e firing point i·,2.s u!P.t, is n01·1 generally 
c~lbd th<.: 11nultj_ -pc.:.nt $ysbm11 , ";hich consists ,. f ,::,lottint sev.Jrcl 
points :•lonD th-; risi.n; pc rtion of th,3 sh::11 tr.r.j-::!c!:.or~r, extr2.pol2.ting 
b~·.ck i:' curve to u-~..., 1 i -ing sourc.::: . A dct:-~iLd thcr-:rctic'.'J. discus sion 
of th0sc m::thods i O!' loc:-~ ti.11:;: th-:: firing points cf shells is riven in 
r c,f~r "'nc;J 37 '.'nd ori 0fl:; in 6ection III cf this report. .!-ictu~,11)', 
th;,, mothods by :·;hich the points v:..::rc o"'.:>t~in,;d 2.l on; the tr~js::ct o ry rierc 
quite crud..., - s corr{)--.rcd to the morG rcc.:::nt m0thods, but the :informc.tion 
sought ,P.s the s."'.r.l.;, -"nd the method of obtc.in ing the inforJLP,tion ~•\J"'.S 

li.mi ted pri!'il:->.ril:r b:0 the: cccur<'.c;y of thsi e½uiprn.cnt . Act ur.lly, the 
intc r ast in this test ,!?.s pri.-rerily to detcmnin.:.. v1h,::thcr mortr.r she lls 
coul d be dcbctcd r.t ::>11 ')? r:'.dP.r . }_ort.P.rs ;·;0r0 fired .;,.t diff0rcnt 
t'.nt,;les of fir.) with respect co the r."de.r nnd e constmt .?.ngl.G of 
dcp ;i.rturc of 70 degrees. Sign;,l to nois3 r;,.tios ~.Jbwen 4/1 :, nd 5/1 
;,e re observed P.t 5000 to 13000 yr.rc.s r2.ngo when tho shell :-;:-,.s dropping. 
Ccrt~in inco~sistcncic s c'.ppc~rcd ~uring th0 test ~s signtl strength 
w.:-.s recorded :-nd th:; ;,nglc of fir-c W'.ricd . VF.rying the ['ngl c of fire 
ch<'-nge:s the .:-spGct of th.:: sholl with respect to tho r::-.dr.r be;,.m. At 
the.t time the Eritish ,·;roto : "This discr~pti.nc:: (b sifp.?.l stronfth 
vs. shell e.spect,) cr.n cnly b·-3 cle?red up by direct ro!"surcm:mt of bomb 
pol:-r di;:,.gr2..r:1S, v::1ich is being undcrkkcn. 11 I n lcetc 1944 :-_ C?.nP.dic:.n 
N.-•.tionl'l .r'i.0s0;,rch Council report ( r Gfcrencc 19) rcp~::-.tGd this st;,tcment 
of the British su6gesting bomb pol?.r dir.g:r<'.r.ls be mP.de in the microwt.ve 
r egion. In ecrly 19l;5, rcflcctio'!l pa ttems of m.ort?.r shells for 
h, ~ , c>.nd s-·oc1.nd "1lectrolW'tnetic w;,,ve prop?.g:.tion w0re obt.:-.:L1ed ct 
Ohio Ste.t0 University n:::scf-..rch Founddion, Copies woro given to the 
CPnc>.di:,n a.ase?.rch Coun.cil. (See Pl?. te 1). These first trids of rctd"..r 
de tection of ruort~r shells were sufficiently successful th?.t some 
P.ction W?.s comr,,enccd to perfect the technic;ue s of mort:>.r loc?.tion .::,nd 
s 0ek r.ddition;,.l in.form?tion to fonn the basis for n o'.: design. 

12. De::velopnJ0nts continue d in the l oc .;:i.t ion of .mortc>.rs by sound, 
P.rrl s evcr;,l :-e:)orts ,:e re put out in Europe on this subject in ec1.rly 
1944. T-:m of these were enclosed in the ;., for0.mcntioned Ir,em.or;-.ndum 
(rcfer onc0 2). (Se:c p;,,r<'.;,;r,ph 9) . !?.ter in this r eport tha develop­
ments in sound. loc,->. tion t.chi"'vod ;,t C:F .. mp Evc.ns Sigrwl L.:,,~r~tory 1.:il l 
be described in sorr.c dct:ul . Cert."'in l:i.mit!'.tions \'!CN r.:ir..dily r'.pp.<:rcnt 
<" t t!:-1is til'fl-0 in the use of round ;,s ~- rucrt"r locc>tor. In general, the 
n·ngc of de t ection cf mort;-r fire, which w;:;_s ?. function of mctoorolo­
gicrl condit ions P.nd coulci not v0ry ·Nall. O'J controlled, wr.s limited t o 
2000 y~rds or less. Th::i rcn~e :,,nd ::,co.ring ,occur.,_cics wcr0 poor: 
1 dcgr..:e to 5 d3gr0,.;s in '.J.::.'.'.ring, <'.nd plus or minus 100 to 500 y.,.rds in 
r.~n;;..,. The pc rforwnc c cf the equipment W<'.S ".ffcctcd by the inter-
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vcming tGrr?.in Mel w,"'..s rondoNd prncticrlly usGlcss und,;r rc.ndom fire . 
It h?d the r.dv;intc.ges of being re.?.sonrbly light in weight .?.nd simple, 
Am cc:.SJ' to install c.rld opcr.?.t'-3. Tho reports ~ntioncd ( roforancc 2) 
dc:rl with I.~ortimer I, II, :-nd III, md tilr_.c r~c.suring devices code., 
cod;,r, cod.:,_t P.nd codrk. Precise inform,.,_tion is ?.vc>.il2.ble on these 
s ound ODLipmcnts .?.nd r~cordvrs in JEIA files, Although only tho reports 
consid0rir,[ the ;,,_r_?licr.tion of thes0 .,:;c_"t.lipr.Ents to mort-:.r loc.c-tion h;,.ve 
b,;cn listed D.nd com,ider.::d in this report. 

13 . On 25 J '.' ... .'1'Llc:.ry 1944, t. report Vic".S circulP. ted on thJ rlld?.r 
loc.:-· tio.::1 of raortccrs describing tri-<:-.ls f'.t Ncthcravon, Engh.nd, hdd on 
17 ;- nd 18 J~.nu:-r-.1 1944. It ·..-,ill be recrllcd thP.t rnort~r loc .,_t i on tests 
by sound h;,d b:.ien prococding for som.:: tim::: e.t Nethcr::.von, so some oxper­
i.:.nc~ in the prc~oss of loc.".ting mort?.rs by instruments might be 
oxp'3ctod. ~sin the L~rkhill tests, 3 inch c'.rrl 4 . 2 inch mortars were 
used <'.'.nd wor;;: obsarv.::d on the P . F . I. 's of the r<'.dP.r equipments SCR- 517 
and SCR.-584. ~;.ccording t0 the r-:::port 11Zvcry effort w::.s L.'.k"..de to choose 
sites for those r<'-d.?.rs giving the minimum grou..'1.d cluttor .'.'.long the 
p"'-th of the; mort2.r bombs11

• The SC.a- 5g4 site w;;,.s infc,rior, how.aver, to 
the SCR- 517 sit0. (See T:-.blc 1 for rl'..dc>.r ranges P.cp.inst mort;,.rs . ) 
Ti:e 1~nge w;,.s fixed b-3twcilll 2000 .2.nd 3000 y<'..rds f or SCR-517 tri,.,ls, 
Pn<l results w0ro positive . SignP.ls on the P. P.I. ~.n:1 the A-scope were 
saon, the signtl tc noise rr,.tio on the A- scope being t.round 1/1 t o 2/1. 
~.-ith the 86 rpm. seen r:-·.t0 , occ.'.'.sion:--1 shells v1cr0 ddcctcd on the P . P . I. 
The rc.ngc .for the SCB.- 584 wr.s hold ;:,_t 8050 y::i.rds for the rise ~.rid 5900 
Y<'-rds for th.J drop in the tr.:-.jectc .ry . Results were <'.lso positive with 
the SCF:- 584. The signc>.l to noise n.t io v,."S 0stimate to be 8/1 or 
bet tcr for both :-.scending ?.nd d(;scend.ing shells when the r::.de.r WP.S 
sc:--.rchlighted on the trc<.jec to F.f. '.·:hen the ~ntennc'.. W".S m<'.nue.lly scan..'1ed 
once ;,. scccn::l. through ?. 15 degrees sector, the echo from the mortc'.r 
shell could 3esily be soon en the P.P. I. The Briti sh seemed diseppoint cd 
thP.t tlthough the echoes of the shells were seen, the 11n;~rrow be~ms 
in the vcrticRl pl<'m rcndcrGd visible only sm~ll porti ons of the 
trP.jectory, 11 

14. Su.l'fl..:n;?.rizing briefly the origin of mort.:-.r l~.-.t ion by r<'..d-".r: 
the desire t:> loc;:,_te firing points w~s not no.-,, sound methods hr.virlg 
been used sinc.J ',~orld ,·,-.._r I. In the summer of 1943, sound locc>.ti.ng 
mathods were used e.gcinst rr.ortars, ·uhich i'iere i.>ocoming c:_uite a men;,ce 
r.s .:>.n enti- pJ rsonn0l i'ff,,!)on. The rast:.l ts ,·:ere positive but not complete­
ly s.,_tisf.".cbry. 3ubscquently, e.t L<>..rkhill, :;:;;ngl;,.nd, in l!ovembor 1943, 
"'. r~ct--..r v::.., s .1scd to locnt .:: m0rte.rs . These r e sults were successful 
P.nd v1ero f ollov1cd swiftly in J,mue.ry 1944 by even mo~c successful 
tosts y;ith the SCJ.-584 c>nd 3CR-517 c' t ~:etherc>.von, Engl~"'l.d. These 
field trfr.1s 'IJCro pri.'r.r.rily under the P.uthorit!r o f the British with 
s or::e U. s, -".id. iir .. ngcs of 8000 p.rds with si£r1<"l to noise of 8/1 were 
00s0rved on :.he SC~-584 P.[cinst 3 inch :md 4 . 2 inch mort.".r shells . The 
isport"'-ncC of ~itine ;,.nd the peculi~r cff~ct of ~hGll ~spcct on signrl 
strength v,cru noted. The c1ulti -point mcth::>d W<'.S used, though cumbcr­
SvrJ.Cly, t o l oc2.tc tho firing point of r-.. mortr.r~ 
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15. Tho discussion of the origin of mort?.r locrtion covGrcd the 
period through 8 April 1944. In this period two reports of field 
tricls by re>.d;:,_r h.".d been reported. Grr-.dudly tho ".dVl'nkgcs cf the 
r2.d-r .rmthod of rrcrt-.r loc,::,.tion becMt.:; <'-.pp:-.rcnt until intcr.:;st in the 
sound mtthoj :-•lmost c~<1scd, end ," grcr:.t detl of pr8ssurc -;1~s brought to 
b0<' r on tha us0 of rr.dcr methods. The possibilities of other methods, 
u , E, det-:::ction from heat rc>.di-.t..;d nround the mort,,.._r s~ell body, etc. 
wore not for-gotten. Hovwver, rc>.de.r shov;ed much promis,3 ?.t the time 
Pn.i ~Pf.D~rcj to offer th0 ffiOSt e;q)editious solution. Subsequently, 
u.r:;di2tion L"borc>.tory of l'IT, .::;;,J-np Evc.ns Signal Lt.borP.tor;s,· (CESL), 
fulnr.r, N. J. r:n:i British c'..Ctivities, to nuntion e. fm·;, consider;:;d 
othvr m-::thods t.nd Y1rotc p<'.pc:rs on their results, but rc1.de.r ro.11'.Ained the 
best i;:nr:ndii:-,te solution. The British ;,lreo.dy km,,;; th?.t ccrt2.in r,e,.dc:i.rs 
cculd d~to..;ct mort?.r shells in flic-ht c>.t r.?.ngos sufficient for t.<>cti-
c~l purposJs. The next move W"'.s to r>.sccrte.in th:)roch2.rr.ctoristics which 
should be incorporctcd in .-,. ri'..d,,., r to best fit it for the role of ;:,, 
mort;:,r loc~tor. 

16. The period of July 1944 through Septer.1~r 1944 produced 
scver;,.l reports in Europe directl;r portcinin~ tc rr.ortc.r loc-tion. An 
OSJ.D .3.cport ( see reference 11) in tha form of f'. Lendon I,,ission inter­
office nnmor-.'.'.ndum described thrE:!e rP.d"'.r sots reconm~ndcd for use with 
field ?.rtillGry to loce,te p:cojectil8s . The throe ec:uipments n".mcd were 
the 11.\rtill:::ry Shell Burst 3ct11

, the 11Pulscd Dop!')lcr ~;.:-.tchdog Sot 11

, 

r.nd th8 111.ortrr Loc:.tion Sct11 • The ;~rtillcr;- Shell Burst Sot w,_s an 
"'dc'.'.r:;t:-.tion of the X- bmd shell spl?.sh set d.3vclopcd b21 lillJ.DE. Rcfor­
,c;nc,:; 11 st.<-.tcs: 11This shell spl<'.sh set is used in tho Field Artillery 
rol0 elnost id-.,ntic.dly 2.s it is used in shell splc'.'.sh ·,10rk to correct 
both rc.nge ,-.nd <'.Zimuth errors by pro senting P. bursting shell on the 
c.1.thodo rc.y tube II when tho re.d,:.r is directed t owc.rd the k.rgct. 111n 
tho er.so of the Field !.rtilL,ry ?.pplic:-.tion, p0rm.e.n0nt 0chocs pl.?..y nn 
import".nt ,rnd confusint; p2.rt . It is of int"rest to note th ".t slowly 
moving vehicles ,c,ro distinguish.:-.blc from echoes r".thcr rc:>.dily11 , 

:·.nen the t,.rg,3t v;;-,s complctcl.y obscured by clutter, cn 11offsc t r~ngingu 
mctLod cf g::::tting en t.-:rgct wr-.s used. In th,c-t method r?ngi.n6 ;r.s done 
on som..:, ruit;:,blc rcforonce point which 1-rs clor.r of pcrmc,ncnt echoes, 
~nd which w,s only r. few degrees from tf!e prclimin.:-..ry t£1.rgot. ',':hen 
the rr.nge rnd v.zimuth on this refcr.:mce point wer0 corrected, the guns 
were turned to the primc'ry tc1.r~ -::t. !,pp?.rcntly this method ~-1:-..s st.:-..nd.o.rd 
~rtillory procedure. 

17. The second sat, the Pulsed Doppler ~:,,.._tchdog Set, ·11:-.s mP.dc up 
of st.<>.nd~rd British ?.irbornc S-bc1.nd components with <' few modific,,tions. 
Its prim'.ry us0 wrs the detecticn cf moving tergots. In principle 
it wr.s similP.r to the !:...K/TPS-7, c SporI"J GyroscoP3 Comp:-ny equipment, 
which supersedes the :_;c'.tchdog in dl respects. The rom.".rks concerning 
too h:ort.,r Locrting set in this refcr.:?nce were even r.,oro interesting. 
''For somo time h.DRDE h?:.s b-;.:m working on th.: problem of loc,:ting enemy 
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mortr>.rs by r:>.d".r tr?.ckir,g of the: shells therefrom, Their pr.:::lin:in"!"IJ 
oxporim0nts h:.VD been so successful thP.t they ?.re -.sking L0t-Vick5 t o 
produce six sots in :-, cr!.'.sr. progr;,.mm;; even bcfor.::: the trit'.ls on their 
CA"J)Crim:rnt.?l S<Jt, now ?.lmost cor:ipletcd rt i .J:PE) ..,,ro finished". Tho 
;,nt...,nnr>, of this sot v1r.s :-. 5 foot 6 inch p~r~.boloid;,.l di sh which spun 
in c;.Zi.filuth c't ti) rpm. It '::".S 2.n S- b?nd equipment with pe-u< pow.Jr of 
c>.pproxi.Jr:,t;;ly 500 kw, A second s tf'..tcment on this s ct w2.s: 11This rapid 
sc;:,nning is neccssr.ry since: t.l-1c rr.ortrr shells tr"'.vel with such high 
velocity th<"Lt their ochoes would ?ppa-'.!.r scp?,rc-ts;;d by too gre:>.t P. dis­
tmcc if e. slow scc>.nning 1~c>.tc wore used 11

• Later it w;-,.s hoped to develop 
P.n r . f. switch so th?.t two dishes could be mounted b?.ck- to-br.ck tnd 
thus the effective sct.nning r::-at <:. doubled. This we.s l?.tor done by both 
th0 British ~nc the U. S. The electronic switch w;:,.s dev;:ilopcd c>.t 
R.adir>tion L'"'OOrPtory, DT, ;,_nd prcliroin::,.ry experiments indict.tad that 
rnort,,_r sholls could be detected out to 9000 y~•rds . .-\noth..:ir st'.'.tcrncnt 
w'."s : "Th&y hopo l,'l,t0r to use the V-be.:un principle to obtc">in the hoights 
of the shell". ( Sec Section III). This, too, W<'.S l;:,.tcr done by the 
British "nd tho U.S. b secorrl report (s~e reference 13) enclosed 
photogrc..phs of the British mort~r loc-".ting equipment just described and 
r0pe~tcd th0 description clre~dy given . The ,mole equipmnt w~s 
mounted in <Il Intcrn?.tion..-.1 h.,_lf- tr..-.ck v-ehiclc . 

18. Frcm this cqt1ipo~nt cventu;,lly evolved the British mort~r 
loc:-,ting set knov;n c'.S 11Nonn2.n 11 (see T?.blo 2). The description ;,.nd 
history cf th::; ultira?..tc tform:-,_n is presented now. Nornrn finc>.lly 
bcc:-1au ..-. V- bep,m, two- di sh r<'..dt..r, simil :>.r in other rospccts to the 
e'l..rlicr prototype . Two dishes wore rrountcd b.'.'.ck- to- b~ck c..nd rot;itcd 
i'.t 60 rpm wi.th the trc..nsmi ttcd pcwcr switched from one dish to the 
other ;,,s -::2.ch dish swept through <'. given sector. This V- bcam should 
not be confused with the V- bc:un of tho U. S. mort.?.r locr.ting r2.d:-,r 
set AN/TP~- 2 or the C;;,ncdii".n mort!'.r locd ing r.?.d".r. ( See Pli'.tes 3 
~d 2) , The V-berm of Norm.,..,,n is similt..r to thG i..mcric~n :JJ/CPS-6 
systcF.i., Th<":: bc",rns c.ro such thc>.t <'. vcrtic;,.l plrnc norrwl to the 
diroction of prope.g-<'.tion of the system -".nd somG dist.,_nc,3 from thJ dish 
would h.?vc P V cut in its surfP.cc by the h1'.lf p0.-1cr contours of the 
two !Je;,,.r:i.s with tm O-"'.S.:! of tho V close to the ground . Unfortunc>,tely, 
!form,'"'n ncv3r n-".d much prr.ctic2l suc'cess, 2.nd .?.s extensive tests were 
ir~'"'.dc with tho SCR- 534 .:tnd its 1'.d;:-.ptc.bility to roortc.r loc-".tion bccc<>.mc 
mom <?.ppr.r,3nt, intcr•.)St in th'-3 !:orrr.?n project fcdcd. In ,'"' conference 
v,i th L::- j or Eoskins of the B1·itish :V•_d,,.._r 3...;s-:rrch ;,nd Development :".:st~·.b­
lisb..rrBnt in :.- shington, D.C. en 23 Cctober 1945, it '!1/".S le?.rn0d the.t 
c.ctivi.ty on tho Non'ln.n project h::i.d ce?sed bcfor~ VE D,'.'.y, P.nd only 
two equipM0nts wc:-o known to exist. These tivo cicµipmcnts were stored 
in Engl;,nd for cxporimcn t.'.'.l use if dcsiNd. App:',rcntly, in eP.rly 
1945, th~ British decided to conccntrt.tc on the modific~. tions of 
existing oquipmcmts c1nd to lc;,.vc the dcvelopri,cnt of new cc,_uipm.::mts f or 
mortc-.r loce.t ion t o Canc?.d". mid U.S. , '.'I here soma success with other d0sign 
ide.:;.s 112.d been met , The British h_-,d been cbing bc.sic work on prope.­
g.-tion du ring this period ¥:hich w:-s of definite v,.lue in the choice of 
frequency for mortr.r loc!'>tion, but since this prop~g~tion reser.rch 
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n:->t directly instig~.ted for mort:i.r loc:>tion it v1ill not be discussed 
here. (See references 58 ~n:l. 59. ) 

19. On 31 Aubust 1944, ~ report (reference 10) discussed the 
results of initi2.l British field trials m.?.de ?.t the front nec::.r the 
River Orne in June, 1944. Very poor results were obtr.ined. The rPdc>.r, 
the GLIIIB, w::-.s situP.ted 2000 to 4000 yc>rds from the enemy lines, but 
only a fe,·J mort2.r sh ells were identified. The e quipm.ent WP.S vri. thdr.?.wn 
fro.rr. the frcnt for further eJq_Jeriment, 2.nd 60C rounds (81 mm) were 
fired during the experiments, ell but three being detected. The 
.lll?.ximur.i v10 rLP.ble r.?nge W?.s found to be r.bout 8000 yc1.rds. The report 
str>ted : 11 Accurr.cy depends to certein extent on the n<'-tllre rnd the 
strcnfth of thG si[:ncl, but ;,,ppt):U-S to be within 25 ye.rds for rt.nge 
and 15 F~ls for be~ring. (It should be noted tl1ct further in~ccur~cies 
rrRy b,.:; c~used by the process of conversion frolli thB positivn of the 
bomb in the air to the position of the wort~r on the ground, due to 
lf'.Ck of knovrledge of the f'..ngle of projection. This should not, however, 
be in excess of ;,. further 100 yc>,rds error in range or bee.ring subject 
to further tri:>.ls. ) 11 

ACTIDTD3 IN THE 1:2DITKt..1MIB;J,'. THEATEn CF CP3R..~Timrs 

20. In the l.'.'..tter pc'.rt of l944 interest continued to incr0nse 
in the loc~tion c f nort.:~rs by rl'..de.r, cspecic>lly in the United States 
2.nd Cl'nc>.d?., V.'hich until this tim<? hP.d contribut0d little to the solu­
tion of the problcn. During the f:"ll of 1944 tho .\rmy Sign?l Corps 
commenced nction in the -United Str>.tcs on thG pro blcm of mort;:,.r location, 
c.'..nd C.".n".ditn rcprc sent:;.tives hold conferences with Je.dic'.tion L?.oorc'.tory, 
1.IT, on this subject. The Ccn~di~ns rn.n field tests on r..n experiniEntnl 
K-b:-.nd r;:-.drr t>.g:-inst mort:-.r fire at PotP.W?.w?., Cc.ne.dc:.. The United Stc>.tcs 
Army Sign;:,.l L:>.bor:-.tories origin?ted <'- progr,<,.m of field tests for ;,ll 
existing r r.d;- rs -.,hie!-! .:r.irh t possibly sorve e.s mort,,.r locc-tors, e.nd, 
in ~ddition, beg~n buildins th~ V- bcPm, K-b~nd prototype of the present 
At:/TP<;:-2, utilizing the consultative services of BTL. '.'.1hilc this 
r.ctivity wc1.s cc.rriod on in th-3 United St;1.tes nnd •'::-".n.?.d<'., extensive 
combined ~llied field tests ·,~,:: i"J co1icmcnced in the keditcrrrne.<in Theci.ter 
of Opcrdions. 

21. A corrq::>letc discussicn of tho r.ctivitfos on mortc>.r of ? 

Combined British f'nd Americ<'.n Field .?v::dc>.r Oper?.tions Section is included 
in c>. memorundum on file: .?.t the Office of the Chief Si[,!1c.'..l Officer. 
(See refere nce 17). The unit w-1 s formod j_n November, 1944, under the 
di roe tion of the l..'.".jo r Gcncrc>.l Royd h.rtillcry, 15 Arn~ Group, nto 
use r ;::.d.? r to loc?.t e ground tr.rgots on the 5th c'.nd 8th :·.rrcy fronts," 
The opcrtctions w3re divided into sevcr<=-1 phc>.s"'s: Comb2.t operations 
·with existing 0quipmcnt , modifiG:ition of cquipr.nnt for better operr-i.tion, 
expcrirr~nttl work, tr<'ining :ind the aupcrvision of use ~nd .m,.,intcn?.nce 
of equipment within forri,ticns in orde r to obt;,in the ~~st results, 
But it \·1:-.s stressed thc>.t tho spirit of the socticn v,--..s tc be offensi vc, 
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~,;:(: t :·.- i.mrr,sJdi?.te purpose Wc'.S t o be th:: opcr".tionc'.l loc:-..tion of enemy 
t~rg0ts in th0 priority(~) encn-;y .mrt"rs, (b) cn0!!lY ~rtillery, end (c) 
enemy moving t:,.rgcts. This r 0p ort discussas the t!ctivity up t o the end 
of the ltc".li?.n cr.n:p,-".ign. Survey r op 0rts were prep:--.rcd by 00th thl:! 
British Pnd Americ;-1n Forc&s. S0r;:e o f the more interesting inform;,tion 
frcrr. these rcp0rts follm1s in p,>.r?.grr.ph 22. 

22. The: British used prirr<Prily the ro.d-".r sets ,:..A !ru.•nber 3 1.J< II(GL), 
1-n r,:umb3r 4 Ek III(L'"f), Pnd the J,J. Number 3 kk V (SCrt- 5S4). Th,e f.u\ 
Nlli!lber 3 l.k II(GL), e.n S-bl'.nd, gu.n- lc'.ying re.dc?.r, rcs0r.1.blcs soirowhet the 
SCit-584 in t?ctie-2.l use end electric?l chcrr.ctcristics. The A;, Number 
4 1:k III (L;) is cY. light 'Noight system on .,_ fre quency low or thc>n L-bP.nd. 
It uses P.nt,:mn". 2.rr.:-ys n.thcr ti:!." n p~r:>.boloids. The ,.A Nu,.-r,.bor 3 t.k V 
is the US SCR-584 (S-bmd) ~ . .lsc us.:;d in conjunction with th'-'sc equip­
runts 'liure m:::ch'.-.nicrl 11plotters~' ,nd /".t the <3nd c,f thC:: C<...'.;ipaign thu now 
w01l kne,rm J.C- 300 11Tim.e Plott..::r11 W"s being used. This Tir:o Plotte r will 
be discusse d l-:'.tC;r . Both the U. S. P.nd British op::r".tio!1s v1cre, rr?..inly 
.:cgc>.inst the sm--" llcr cc>.lib0r mortP.rs d-.;:scribod cArliD r. Th0 .:.,qui~1:Pnts 
;ncntion3:l. wcr0 ult:b:r>.t0ly r:,odific,d to include s ector scr.n, the N gr.to 
t o produce rri.0ro P.ccur<'.tw r,"'.ng.:i tr-2..cking, c•.dditi.onr.l cryskl protection, 
<'-nd ;,, r omot..:: s,"Jlsyn ci::.tr-. box for r•::c.ding md recording dt.t:>.. ;,11 o f 
these modific0.tions vier..:: .7->.dc on th-:: SCR-584, Pnd en soro af the other 
rr-.dr.rs. Fcr.mt,l British trids we:r.; hdd in J~.nu.e1.ry, 1945, c::.lthough 
s cc-,.o prallii.inP.ry ;-:ork h~.d occn d0no prio r to this time. :.11 equipments 
detected the mort2.r shell in flight, <'.nd t'.ccur<".cios with the SCR-584 
r;:i.d:-.r usin6 th" roch'.:'.nic<".l plotter for loc:- ting tho firin,; ? ,:,int wore 
st;: tod t c- be en th_ orcicr of -Kl. 5 degrees in bc c.rin£ c.nd --t-50 yc>.rds in 
rc.ngc. However, det0ction rnd f'.CCUIT'.CY v1orc qui tc p::or when the lL-..c 
of fire of the mort<".r ;,;.:::.s dir;;;ctly towt:rd th0 r?.d-.r . The equipments 
were tried f'.g<'.inst r:1.Lwing tc.r-J.;:s but with n'--g"tivc re:sults. The GL 
rP.de.r, in gcncr;-l, ~-1,,,_s tho nost <'ccur?.te '-'.nd detected the gr3ctost 
nu!:ibc r c f mort-"rs . Hov:ovcr, like the SCR- 584, it wc1.s not USf'.blc in e.n 
t.dv:-.ncc since it wr.s not sufficie:ntly mobile. The 1·,1 r :1.d-r performed 
s;,.tisfrctorily in , .n <"-dV?.ncc , .~nd rmgcs wore roportcd up tc 17,000 
y.:-.rds ,~gcinst sm..,ll Cc'.libcr m::irtr.r shells . In .:.'.ddition t o this, the 
British desic'Tied f our <".ntenne; ;-i.rr:--.ys for th() L'f: r,:,.d::i.r, which, when used 
with c. novdy devclop.;;d electronic switch, pc,rcitt-.'.!d c>.utom..".tic rcngle 
tr;:i.cking. Using ci thcr vcrtic c~l or 45 degree pol<'.rize.tion (the only 
polPriz<>tions tried), shells could be trr.ckcd e.pproc".ching the rn.d"r 
from :-11 ruigles. Previously, when using horizc,nt,.,_l pol::>riz<'.ticn, 
tr<'cking \•1:--s limite d to those shells v.1hc sc ?ngle of fire, with respc•t 
t c, the r ,,d,.,r be8i.1, vns 1:1or e thP.n 35 dec:r1:;cs, ;:,__ r~.thcr importP.nt limi­
tr.ti..:.n . The L'V r ;-dc.r r.lso h.<>.d so.rm success in sup::,orting vehicle move­
ment nnd de t ected sorr.c gr ound t:-.rg.:i:.s such r s t"nl-:s .'.'nd ve hicles. 
The British sueg-.::sted in this r2su.i10 of ;,ll their ?.ctivitfos (rofcrvncc 
17) th- t .'.'. wvc length b::twecn 50 cm -nd 100 cm er~loying the split 
be;~m principl~ cignt well prove t c be tho best c ompromise: for ?. mort.<>.r 
l oc"tor s .:it . 11 

•• lthoufh th0 tNnd of r;i;)dcrn r;-.d,--.r dosii:;n is ;,11 in f,wo r 
8 f rtlcr.Jh.'.'.vc equip!!lcnt, it is :- f:--ct thr.t if P. s et on the lines of tho 
D: r ,".d".r Hith its grc,t r"'ngc rnd hit;h mobility wcr0 designed w;i.th ~ 
higher dcgr.::,c of .-ccu . ..-, cy "n~ requiring less m:-int cn.:>.nce to kvcp it working 
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·" m,:.Xi;ru;:.! efficiency, it wmild be the better e ouipncnt. It is -.lso 
worth noting th;-,.t the incrovr-.ve sets in e;::mcr--.1 :>.re unusc>.ble in he.1'vy 
r..,in while .:-n cquipncnt nith 2- longer wnv0 lc-.ngth is relc-"'..tively inde­
pendent o f wer.thcr conditions. 11 It is quite: c>.ppt'.rcnt tb·t British 
r.uthoriti.as in the l:TO were n~t in complotc t.gNemcnt with the st;:,te­
ments l:>.ter rr.:-.de ,:,.bout the SC:it-584, viz. th . .,_t this w.,_s the o.Jst rc.d.,.r 
1oet for counter-mort.:-r work in use Pt the -1nd of the w::ir . 

23 . The d.'illrict.n br.:-.nch of the Com'ainod Opcr:-.ticns Section opor-<'tcd 
prim:>.rily with the SCil-584, .:nd ,,t the end of the crm.p~ign in Italy, 
c.dded the J.C-308 to the SCR- 584. The SCrt- 584 is .:-n· ,.utomc .. tic trc..eking 
S-bP.nd r,.dr.r (:>. lr.t0r raodel -.,cs X-bc>nd) weighing 20,000 pciunds. The 
.rn.0difice..ticns c.c:.de on the SCR- 584 were those described in pnr;,.grc.ph 22. 
Results wer0 very Sc:.tisf:.ctcry with the SC,1- 584. Soventy- five ene.rey 
positions ware loc-:.t8d in cne b2ttle. Th0 modificc-tions proved successful, 
Pnd the P.ccur?.cfos recorded v,0re .:!:. 50 y~.rds (mP.ximuo) in r:mge ;;,_nd J: 1 
dcgre:e in b0,:,,ring. N:>.tur1.'.l screening r.s ;;n rid to oper;,.tion W"'.s used 
c>.nd found ~dvt:ntr.i;eous. Screening 2.ngles war-::, <'.pproxir,1£~tely 75 mils . 
In the fin2.l field trial s in ~"-Y l945, results ·,,ere reported very 
sP,tisf;,ctory. It W".S observed th?t 4 . 2- inch mort-.rs were en cosy 

t!'.rget "'S co.m.p..,rt!d with the 81 :nm mort:>.r. On the b<>..sis of this experience 
the i.meric<'.n Brt'.nch recom.--,1endod t.h..,_t future design be directed tone.rd 
lighter ;:md r:1.orc r:10bile equ.ip:~nt., sini.lrr to ths SC~- 584 Md cor..bimd 
with sane :1utcr.i ..... tic plotter such P..S t.10 .tC- 308 . 

. ;cTIVITIES IN THE EU.uP3.:'.J'-'. TH3 .. \TSJ. OF (PER.ii.TIONS 

24.. The field <'.ctivitics in E.riglc.nd rnd c?.t the front will be 
discussed now fro.:r. 3cptc~ber 191+4, the point when the previous discussion 
ended. InterC;st continued in Engv.rn. in the lrttcr p/';rt of 1944, 
prim:i.rily in the ;.,.1, Hl.l.lli>er 3 U: II(GL 3(B), r.nd during the.t time it w:'l.S 

spcciGlly modifi~d fer rr~rtcr loc~tion; the modific~tions were q~ite 
sir:1il;1.r tc those tlre;~.dy mentioned in p':r:>.Gr<'ph 22. The e,rly pr.rt of 
1945 through i .~rch cont.'.'.inod the gro~tcst n.1ount of .:o.ctivity, not only 
in Euro;,c, ~ t in the United 3t<'.tcs <1.s well. The SC11-584 nnd simil;-,r 
r:-cd:-.rs vier.;; used with some success to cxtI'r'.polc'..tc bt'..ck r.lone:, V-1 :1nd 
V-2 bonti tr.-,.joctorics to loor.t-: tho firing points. (See r e ference 60) . 
Fo r this purpose end for mort:!.r loc.:-.tion, the rtC-308 wc1.s designed ;,ni 
built, soma in Frt..mc c.nd some in Florence, lt;,ly. Although the ]Jll:)ricm 
r;-.d:-.r set SCR-584 continued in th8 fore -s the best r?.drr for .c1ortl'.r 
loc,ticn, reports pointed 0ut its rr.:- jor fdling Vl".S its size ;,nd weight. 
In the sor.rch fer E'.. lightweight systo .m, r. grc,".t dcr'l of interest w,s 
evinced in th:: .JJ/;.?S-3 r:-.dr.r sc.t. (Seo pr.r:,gmph 25). It w;,s gi vcn 
extensive field tosts in Zngl:>..~d, modifi0d slightly, <'.nd used rt the 
front in Eur'Jpe. The OP.in t!'Quble c~t the front se<'.'.;mcci t o be finding 
the cnor:iy while they WGrc using rn.ort<>rs. The .. N/f,PS-4 r.nd tho J.N/APG-16 
w::::rc r,,lso considered for f'.li... rt:>.r l ocPtion :, t this tirw, but results did 
n c- t vu-.rr;,nt continued interest, r-.lthough the :>.utor.'.~tic tr;,.cking properties 
of the _1N/:..PG-l6 w0ro worthy of ,"dditi on.,l study. The SCR-584 did not 
sec rruch ;,cticn ".t the fr0nt in the ETO :>.s r- r:.o rt.,-,.r l ocr>.tor, P.lthough 
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several interesting reports (see references 33 c.nd l.;,2) :·iere me.de on 
its successful use ;:,,s c. ro2.d sentinel (i.e. detecting moYing tnrgets 
rnd troops.) One :;oint is worth noting t.'bout P.ctivities 1·1i th the .SCit-584 
e.t the front~ In Hollmd, '.:>ecrnse of the fL->. t lMd, no sites sLTJ.10.r to 
those utili~ed elsewhere tc screen out stronf 1,.nd returr: ,'Jere av.,,.il.:ible, 
an:1 gre~t difficulty we.s experienced obtc1inin:; positive results . Prior 
to the use of the 1C-30S, this fc.ctor which r..e.de the detection of .mortar 
shells e?.rly in their tre.jectories impossible, rendered the r<'.dr.r 
useless. ;,.et~:ods of b~cY. oxtro..pol;,.tion t:.sing the ,iC-308 would hc.ve been 
sri.tisf::-.ct::lry, c.nd it is ?.ppr.rent tlw.t in sorr:e cc'.ses tho ?.ddition of a 
plott3r is~ necassity~ 

25. The SCl{- 584 h?. s beBn discussed sufficiently to d :'.te r.nd will 
C.f;.'.'in be referre:d to, but th~ Af'-r/ ,Ap;:;,_3 is f~ ne·:-: ri:.ember of tho r:.ortr-.r 
locP.ting rrdc>r grou:J . The /1N/APS-3 is en X-b:i .. nd, airborne sc;:-.rch rr.drr 
weighi.'1g 250 pounds without pr.L:Af:ry power sup:oly. E:.:.rly in 1945 the 
_t.JJ/.tPS-J w!\..s given cl short field test by the Fifteenth J,rey to detercd.ne 
whether it w::s fcr-'..sit>le to use the eq_uip,:ent in controlling counter­
r.1ortt..r fire. Op~r;,.tic.,ns Y1cre m?..d.e <'-8/'inst the 4,2-inch cheniceJ. mortr:.r 
c~'1d thG 81 f.'.'_'!i mort-"'.r. 'l\·10 ;;-,odific,ations were ri1 

.. D.dc on this set; one 
limited th6 szctor o.f scccn tc 60° ;;.n:i cli1ainr.tcd the vertic£1.l nod, 
::md the oth8r chP.ng::d the ;i:,lc'..riZ;'.tion of the r_..,di0..tion froi.:1 horizontal 
to verticr.:.. T'::o forrx.r Gcdific~.tion V!"'S in line ·with tc>.cticc>.l dcu?nds, 
;,nd th;:; 1:-tt-.::r ·11"'S ::-. r0sult oI th~ conviction th.".t the !i"a.;"n r:ort:'..r shell 
effectiV,;) r0;£'l8cti;)P. "'.r:.o:£.· incr-:i."'scd with this shift in pol<".riZ1.'.tion. 
This incr,.;".:Sc~ in c,:m:::.r.l, w:•.s l;-t"r .=;ho'.'!11 to be: ,.mch less th~ origi-
1<·.J.ly be;licv..,d. lisuc>.l si·::.ing ;--r;::c1..:d:.1z-,3s were used t0 reduce lr.r1d clutter, 
Th" norr..1t"l worko.blc re:-ngc with f.-=-v".Jr".ble ?.Spcct .::-.gainst the cc>liber 
st.ells n.;,0ntioned e.bove wt.s ."'.bout ,4000 rrds. ;; B- typc prosent"tion wqs 
us,:)d with r. vcrticrl C,D.rkcr lino which could be plcced by r. h--.nd control 
to bisect .'.".n echo, T:rn '.J::::c..ring on thG tt.rg0t wt s thGn rccl from the 
control knob. B.c"l'J.i;O Hc'..S qetormincJ by clcctrictl rc-1160 rr,....,rkers r.t 1000 
y:-.rd i..'1tGrvc1.ls. !3cc~uso of tm ir..cthod used t.o bring own fire to bo.?..r on 
enemy we,,pom,, e.ccurc.tc P.bs~lute rer.dings were not pc>.rticul," rly :inpor­
trnt. The: rethod used W<'-S to obt~in the mnge r-nd boP.ring of U,e CTortnr 
shell frr::n::. th~ control.I> rentioned "''.:iove F.nd prss this infcrr:w.ticn on to 
the countor-mort['.r fire tctr:i.. Th0 countcr-nortr..r fire shell pips wcro 
then seen on th,:,: sco;:,o ncrr the t ::-:q:et , ,.nd the o:.?s.:.irvor corrected the 
nev: shall ochc~s to coincide ':ii.th the o rigincl encr..y s.1011 echo . This 
(.;liminc..tcd ,c.uch effort or olr.bc.,r<'..te co.r.-:puting cquip:JZnt end still grve 
f<'..irly ?.ccur;i.t0 r..::sults. It was noticed nnd stc.tcd in :>. roport (see 
rofcrcncc 35) th.<>.t , 11In cont.on with ~11 r.:>.d;,rs oper?..tins in this frequency 
b~nd, this set is rander.;xi inopcrrtivo during certain types of rtin 
sta),t'.s. This ccndition w;-,s encount~red once during th~ present tri~J.s 
r.nd persisted for ~p:-irox:iJ,l'. t•.;ly one h1Jur 11 • Scvcrr.l methods of fire 
c.djustrn.ent w0ru tried, Tice intervr.ls wcr~ !OO"Surcd to determine the 
quickest P.djustmcnt, .".nd thl; f['.11 of she ts w;,.s plot t0d t.'1 d.ctcrwinc 
the nost :>ccur:>.tc r.djusk:cnt procoduro. Tias obtr.incd were in the 
order of <' fcx1 r.:inutos, Th.., firing in these t ests •,-.;-,_s ;,_t ;,nglcs ,:; f 
dep".rturo of ;.bcut 900 r,ri..ls, whi.c h is lower th;-n gcncr.'.'..lly used with 
r.i.::-rt:-,,rs , The cc nclusicns cf the s-c ksts wore th -~.t the JJi/i.J'S-3 w1s 

-12-

DECLASSI Fl ED 



c.c.pt:ble of being used for countor-nort?.r fire ccntrol within :-. r,"'.ngc 
cf r-.pproxi.r:'k:tcly 4000 y-"'rds, thet spotting w:-.s not ?rccisc, "nd th.,...t 
resulting ~;iunter fir3, w'.-.ilc it could be ?.djustcd t.pproximP.t.::ly to p2.ss 
thr:lU£h the s".r.:e pvir1t in sp~cc , .• the cnccy fir a, v;ould not be prc­
c1.SJ..on 11.:;:,e. TL:: tir.-.:) of c'cijustr.:.cnt c:,uld be considcr~.bly reduced by 
trc".ining -".nd th,J use of sevarr.l ccunter-r.,or~"'.rs . The :J./;,.ps-3 irs light 
enough ,"..'id smPJ.l Gnough to b~ t:,_ken well forw, ... rd ;:.nd w;,s suitc>.ble for 
use by ch,3r;d._c:>l r:-tcrt<'.r b£.tt:i.lions. 

26 . To describe briefly the RC-308: The plotter W;"S designe:d to 
opcr2.te in ccnjunction with the c>.utonmtic tr,".ckine; .fct>..turcs of the SC."t-5S4. 
It W<'.S cin nutor:r. tic recorder 1·!hich trp.ccd out on r: roll of p;,_pcr informa­
tic.,n concerning tho tr?.j ectory of tha !:lissilc :: s tho SCR- 584 followed it. 
Throe plots were ~.de: r.ltitudo vc. time ( this plot wr.s o sscnti,1,lly a 
p:.r£>.bolr.), ?.zir::.'Uth vs . tir.ic end r ;::n,gc.: vs. tir:,o (th0sc le.st two were 
csscntil'lly strl'.ight lines) . By fitting e. collubid pc.r:tbol" to the 
pc>r:>.bolic curve sf f'.lti tudc vs. t iJ.le <nd extr.:>.pol.:>.tin;;_; br.ck nlong the 
tho trl' jectory to zero nlti tude (known or <'.pproxiu:·. ted), z,:,ro tilile w::>.s 
dctcrr.tln·3d. .Extrc.pol-::-ting br.ck the strdght line r:,ngo ?.nd P:.Zirauth 
plots to this z0ro tii,ic with ::,, correctl;f grPdu.~.tod rule :;eve the r?.ngc 
r.n.d c:.zi.•nuth of the firing point directly. This unit vuc.s stc.nd:>:rdizcd 
by the Ar::w :,_s trie ~10-308, e.lth-'.)ugh 0<1.rly Nfcr,mccs to it v:cr..:: '"1.S the 
"time plottcr-11 • The cqui:)l':-::nt ,·;eig,.1·10d ?.bout 125 pounds. ;ill v.ccount of 
t'..ctivity :-g.~.inst the V- 1 [nd V- 2 bonb entitled 11 .. ~rr.iy .a.r.d.~r for Big Ben 
\'fr.rning ~nd JJ. ?rcdiction, .August 1944 through h"'rch 19li.5 11 (reference 
60) dcscribc:s t~c use of the SCR- 584 r.nd ,1C-30S for this purpose. 
Results ~einst V-1 ,.nd V-2 ocinbs Vi0rc quite successful considering the 
rcn6cs invulvod. 

27. T:::, sim up th.:, c.ctivit i cs in th0 :tTO An-1 the STO: R,c-dr--r 
opcr;-tions ,'.'.;_/'.inst .:~ortc'.rs cor.:Loncod fcrr.1r.ll;' in tl1;~ lc:-.ttcr p~.rt of 
1943 .:-·nd c.:...ntinucd with incrc:-.sins moocntu::: t;irou;h 1944 with r-.ctivity 
in botJ.1 tho l..TC ;ind E'l".:;. In c::-. rly 1945 this ccctivity boc,:r.1e intense. 
T:1e: 1x.st nc,dified '.Jritish oc,uip;;.:mts v1orc the rr.J;,.rs A . .t1., l'JurJbcr 3 !,J.: 
II(GL III) [~nd n . .'.I . 11:UJ-:ibor 4 Ll: III (L·.;). The only n0v0 British contri­
bution wr.s th,J nort"'.r loc:-ting r:-.d,.r }Tor,,rn . Tho best U, S. cO'..liJ,;rr.mts 
ove:rscr.s were, first, the SC,t-584, uspocic.lly v,hi::n used in conjunction 
with the JC-308, tnd second, the light weight :s/i,PJ-3 . The only new 
U. S. ccntribution vi.:-.s tho o.id in the design cf the 3.C-308. 

:'~CTIVITIE3 IN AMEP..IC., - INT.=t.GDUC'JXXff 

28. In the l?ttcr pcrt cf 1944 the U. S. Army inte.1sificd the 
r.ctivity cm r,.ort ... r loc,tion br rt'..d~r :,nd other ,,1crJ1S . Bcc."'.usc cf the 
f~vor;,.bb results obt.,imd by the Bri tis:i, r.:-d"'.r L,othods were cr.1ph.".sizcd 
.--s being r.::ore: pro::'..ising. Pr01.i.r:.in.".ry theurcticrl c.x<'.1'1.i.n,tions into uthcr 
possibL: ruth~Js wcro r.1.c~dc .o-.t CF'r.1p Evr:ns ,n.:J. <'.t 1t"'.di?.tion L.:bor"'tc ry, 
UT. Devel op:.,cn~s with r~.d-".r ,:,.s ;:, L~rt.~.r loc".tcr proceeded in the U. S. 
"nd Europ.::: in t.h_ sr .. L;c c!ir..,cti.:ln vtlth field tri~.ls 1.~.yin[ tho b,sis for 
u,st "lv.,nccr:xint . In Eurcpc, U. S. interest in the pr:J'qlcu h.,d been 
rpp--.ront C•"'.rly in 1944, L.;ruinf; into the combined u. S. and British 
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t..ctivity in the L:TO rnd the ETC. The first positive ncticn recorded 
in OCSigO files e n nortt.r loc..-,ticn in the United St2.tes v:e.s 2. d,;:scripticn 
of -". c onfe r ence held 2t R,.,_di :).ticn Lc1borgtory, r'IT, on 9 r:oveober 1944. 
The gist of this c.:..nference wP.s sur ... ":i.ed up ;- s follows: •rthe present 
st2.te cf the r 2.d:-r ~.rt :JrGvides no c:;mpletely f'.dcc:u.:':.te solution to the 
problem of loc?.tin;; ,~,_ort ~.rs 11 • The problem w::.s ulti;ne.tel~r c'.ssigned to 
CNnp Zvr..'1S with the .lP.diction Lc>bor2tory supplying consult:-.ti ve services. 
ribout this ti;j1e e. nur.t':)er of menore.nd;,. on mort~.r loc<'.tion (references 
15, 16 , end 19) \~ere issued 'by t he Radi2.tiun L<'!.bor c>.tor? pro::iosing vc>.rious 
r:,ethods of solving the pro::.le□ t..n:i suggesting the_t or.sic reser rch be 
undert£!.ken. On 21 t-:over1be r 1944, P. project t o construct the I<.-b;,nd, 
V- be;,.rr, p r ot ctype of .?. .r.:'.:-rt;-.r l oc,-,tir1g ec:ui.prnent w:-s discussed c? t Cl'.mp 
~vnns Sign;,.l LP.bor2tory. (See T~.ble 2 c>.nd Plc:-.te 3 . ) This r?.dP.r \'!ts to 
-::ie en6irleer.cd ~ by the B-aU Telephone LP.oor;,.torics ?nd produced under 
their directi0n. In r-.ddition t:i this 2.ction, t o quote ?. r eport c f 
B J amt•.ry 1945 concerning the 2.ctivities c?.t C;:,.r:p Svr.ns on morter loce.tion, 
"a progre.m for the investigetion of possible uses of c'.11 :;,.vailP.ble existing 
r l'.df..!" eq_uipr.\.mts c>.s 2n interi.li. rree.ns of r~ort"r l ocr-ticn wns begun et 
Cw.p Ewrns Signal Lt.=::>crr-.tory .?.round the first ~.rt of !':e,veraber 1944. 11 

It is 0uita svid,mt tt2.t the U. S,. we.s well- lc'.unched on M extensive 
effort in the '.-vi..'lter o f 1944- 45 t o produce b0 th the interi.r.1 md the longer 
rc:..nge s '_lutiot1 of the .:nort?.r loc<1tion pro'blan. 

29. '. i·:•r}: t'..t C<'.!.:ip .Ev"!ls on r<'..di".r c.nd sound e.i1d oth::: r .:.ethods 'Jf 

detecting shells v-d.11 be discus~od 12.ter. To corq:ilete the picture o f 
tl:c r<'.d:,rs spocific,::1.l;r designed f0r marte.r lccr.tion, it is necess.?.r y 
t c. renti::m the Cc'nr>.dic1.n K-bend c0rt~r l occ>.tor 2.nd the ~1.c~<li.£1.ticn L;-.borE>.­
t ory 1r:.1hirling Dcrvish11 • (S~c Tc:-.blo 2),. These Here thrc3 of the four 
rr.dc.r sots C:esigned spccificr..lly for mort,.r l occ:tion; 11Nor!!l.cri II wr.s the 
f ourth. In c'.ddit i cn, the sevcr,J_ stop-g.:-;p Ii,C!".sures used such ;:s modi­
ficc-tions c,f existing 0~ipr.1cnts e.nd dssi gn o f sup~,lcmonte.ry cquipraent 
for the r~d~rs, f or exGnple, the RC-308, contributed~ gr o<'.t dccl of 
csscnti:.l desi£n infor11:.2.tion. Tho r:i,')st inI-Jcrtwt of these r.n:~dificr>tions 
h;:,. v0 <'.lre;-dy be en !?.en ti or_a d , 

30.. In -;:-, c _nfcr~nce r.t ... v-dirticn 1:-.'oorr.t:::ry, : TT, it wes st:>tcd 
tht.t C£.l1c'.diw scientists he.d bo(,n in cs nsult£'.tion during 191..,', with 
.1:-·di e.tion Lr-.borr-..t ::)r:ir ;_lcm'oors en the design prcblor::.S o f , . lin0::!.r sct.nn~r, 

( <' scr.rmer .,,,hcso plot of n..?.;nitude of <'.r..[L: sc;:nned vs. tine v:2.s pr:-cti­
C.'.'.lly :,, s,.,,itooth, ~.s op:::-ioscd t o the usu."..l sine 'fi"VC plot of n ..,ciding 
-:!.ntenn2.s). I t W?..S felt thd this type o f sct.nnor r:J.ight s e, lve tho V-boNU 
r.ortc>.r loc:- ting rr.dr.r pre bl er.is . ( Seo ri.lso refer ence 57) . 

31. A report ~-,-. s pr~:.:ulg;, ted in ~;,.rly 1945 ;-,,y the :::en;,,dic.n ac s c;:,.rch 
Cc.uncil on 11£~'.)rt~r L-:-c<'.ticn Tri-"ls v1ith rn E.xpcri.i_ .. :mt~l K-Bt•.nd .b.d;,.r 
Set C,.,!lductJd rt Pet~Jn,:->nc". i.J..litt'.'cry C2~:rp, 4 D..'.!ccCT'.:>cr 191~4 to 9 DGconbcr 
194411 • (Rcfcr--nccs l9 ~nd 20) . The purpose of these: tri.:-.ls w...,s to dc­
t cr rm.no th.o effic iency of t his type A K- b:-nd r:>.d, .... r in loc-".tinz cner.;v 
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. :.··.:.",'3 1 ... :. :.:.~.~ -~' .. :• • . • :; ~ - technique of coopcr<'.ticn with such countcr­
mortP.r w'3apons e.s 3-inch mrt<>rs c.nd 25-p,:,undcr guns, ?.rrl t o dctcm.ine 
tho rnP.ximum re.ngc c>.t v!hich 25-pounder 2.ir c>.nd ground bursts could be 
detected. The cquipr.1ont u.SGd ·m0 s -". labora.tor.r set- up built l<'.tc in 
19h3 t.t liJT to test K-bend a. F. c::imponents. The set used ;,_ Foster 
Conicel sce.nner 2.ntenn.:1., the trcnsrcrl.tter cutput v12.s 2.pproxi1.1c>.toly 7 . 5 
kw pcc>.k, ~nd tm pre3entdion w~.s c'. B-sce.n on c>. ? - inch c~.thodc- r c>.y tube. 
The Fost0r Scc.nner sc£'nned horizont.?.lly in "- sawtooth f<'-shion through 
10° c>.bout thirty times p0r second. Pulse rates Qf 4000., 2000, .?.rtd 500 
pe r second c>nd ~ pulse length of 0 . 5 microsecond v,cre used. In the 
actw.l field trials, which were held en fip,t, treeless tcrr.<c.in, c'.t tcnpts 
vrnn.i nf' de to loce.te 3-inch nort<".r bombs c:nd artillery shells in flisht 
<'.I1d by ~::-.cb:r.rd cxtrapolc.tisn to loc:-. tc tho firing s ource, nlso to 
locr.tc grour!d :o.nd. cir bursts of shells. Accurt'..c:, ":! f loc:.:-.tion in flight 
w.:- s fot.L"'ld t o be ~ 50 yr.rds in range <'.nd _ O. 5 degroc in bee.ring. Extr n­
poldion 1'.CCUr£'..cy at 4000 y:--.rds rMge ,·;:,.s -+ 150 yards to -+ 70 yc>.rds . 
Artillery shells could be loc.?.tcd only when th0 b,:,.so of tho shell Wc'.S 

presented t o the radr.r bon,,. Twenty-five polL'"l.dcr c'.ir bursts were l oc.::tcd 
to ~· ffi:'.xi.mur.i. range of 3000 y4,rds vii th :-n nccurc.cy conp<'.rc'.blc t o mcrtc.r 
bomb loc2.tion, <1nd ground bursts ;•1erc detected to 2 . .mc:>.xi.mum. rN1ge of 
3900 yc.rds. Gr();-.t difficulty W<'.S cx;icri onced with the problcu vf shell 
<'.Spcct. At the time of these tests, r cflccticn pdtcms t'!cr-.: not 2.v;,,.il-
r.blc on mort:-.r bombs. This report, ?n 0t.rli.:; r report, end 1-. conforcncc 
with cognizmt Cmc>.dir-.n c.uthoritics en ~orkr lcc:-.ti0n (sec references 
18, 19, ~nd 20) constitute the mc'..in srnrces of inforrP.ticn on Cr.nl'.dfan 
;;.ctivities <'..S repcrkd here. It is <'.ntieipdcd, hct:cver, th?.t <'.ddition,:,l 
infcrr.P.tion will be obtl'incd in 1946 when tho mortt.r loc<"'.ting cquipccnt 
under dcvclo:x;,ent in Cc.nc'.d-'' should be re:-dy fer field test. 

32. It is believed tl1c.t tho i':',".jor contribution of the C.:>..n,dic>n 
invcstigAticr~, excluding inprcvcr.nnts in the sot now undor construction, 
wero the m:thods devised to study the v.:.l uc of screen persistence of P. 

r<'d?.r scop£; ,:,.nd to study :-.ethods of seP-.rchin6 for te.rgets. The oech;-ni sr.1 
cf this process is 1".Vc.ile.blo in rcforonce 20. A brief SU!'.',mc.ry of this 
r0port follows: Two noving pie turcs were rrP.dc . In one film, the fle:sh 
echoes were plc.ced quite rcnd.:imly in tir.0 P.nd position but VP.riod in 
dur·tion froc 0 . 2 to 2. 0 5oc·:mds. It W!'.S found th;-.t obscrv-".tions ir.crcc>.scd 
in r.ccur<'.'..cy with incrcc.sins dur;,..ti.::ms cf echo , up to r. dur~.tion of 1.5 
soccnds . Thus, 2- persistent screen ort vihich 11fl;,,sh 11 echoes :::-cr-1D-inod for 
b0b1ecn one P.nd t,,'IO scccnds vms dcsirr.blc . In th0 second filr;i pr.?.ctical 
condit bns ;10rc r::,_,rc closely sir.lul.?.t c c.. Fl~sh echoes were shc.'itl in 
series of six, with six-scc..:: nd intervr~ls between the fJ;,.sh.::s ?.t points 
en th0 screen representing t~c positi Jns uf shells fired frora hypotheti­
c:--.1 r::.::rt-?.rs. The height of the projected picturo v1c-.s th~ s;,.nc c1.s thr'.t of 
the B-scopc displ:-.y, ~ut the •:;idth Vl~.s nine tir.:.es ".s gr.Jt.t ( to r0prcscnt 
90° .--.zimuth of the 10v of the B-sccpc). ;,, blind 1trs fitted :in front of 
tho pictur.:::, cut s o th;-.t .:mly 10° could be s een r.t one tine, thus 
c.ssuring th;,.t the cpcnin[: in tho blind h..:.d the s;,r.ic physic~l dL'".:cnsion.s 
-~ s tho r ;,.d.". r scope. :z0ticn 0 f the bli..'1d by tho observer w:-s th;,,n equiv­
.:-.lcnt to se~rching with tho r ~.d.l'.r set. Usinz this fili,, it Wt .s found tht'.t 
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the most efficient method of see.rching for shells W<'-S to rot.<-te the 
r rr".y in jumps of 10° or ,. little less, w0ving once every six seccnds, 
the intervcl bet-.,een rounds. ";Iith this technique e.nd bursts of six 
rounds e.~.ch, 84/4 of t.11 0ursts over c". 50° sector were detected, £' lthough 
the :>..ngJ.e of scr.n we.s only 10° . Section III contcins more inforru..,,_tion 
en the. choice of seen. 

33. This report (refer~nce 20) e..nd the preliminc."'.ry one (refe rence 
19) seerr"t to be the only ones of :my sign if icf'.nce 1-iri tten by C:m;">_di?.n 
scientists on this su::ij ect. Addi t ionri.l tests were r:i2,ce on the Adr.lir;,,lty 
shell spl.~.sh loc-".tor type 9.31 K-b?.nd rrct~-.r s.::t r.t H~lifr.x, Novi'. Scoti~, 
r.gdnst rr,ort-"rs with ;:-esults simil<'.r t o thosE: irentioned . A corrplete 
report of thes3 t osts W-?.s not ;:,v;,,il,,ble. Gut of too recol:'.mend:,,tions in 
their report ( reference 20) on "· K-brnd mort,'.'r loc,,.,ting rr.d;,.r, rnd utilizing 
the experiences of Ctmp Eve..ns Sign:"'.l k.bo mtcry., the C~adicn scientists 
engt.ged in the d0sign [',nd construction of t-. K- br.nd, V-beNr. .crort~r loc,-.,ting 
r l'drr set. Using the info~~~tion obt;, ined by C:::.n:p Sv<1.ns with their V-beGm 
mort-'.'.r loc.,ting r;-..dr.r, the AH/TPQ- 2, the C!'..nr.di['n scientists were 2.ble 
to improve their V- b0~.m sot consider".bly over the AN/TPQ- 2) ::-.t lee.st 
theoretic<',lly. Field triels should give mere c ::)ncrctc inforiiiE,tion on the 
success of the C;,,IJP.diM .rr:ortn loc.-ting system. 

ACTIVITIES AT CM.P ZVb.KS SIGNJ.L LAB0ai,TORY 

34. The Army Sign;,.l Corps Ixtbor:i.t ory ~-t Cl',i'JP Ev".ns contributed 
he.-,vily to the oolution of the mort;,.r loc:-tion problcn :1er0 in the United 
Strtcs . The &.11 Telephone L;:,,bor2.torics worked in conjunction with CESL, 
r.nd the lengthy field tests t.t Fort Sill, Oklr>.hom-t., wore under C.<-.rup Evans 
direction. A threc- d0,y s0.r.1inc>.r .-, .... s .<-.rrr-11gcd r>.t Ce1.np Evc'.Ils for reprcscn­
t ,.,_tivcs of the Army, the H,:-.vy, r-nd the :;.,>.rine Corps. The ser;ti.n;,,r, which 
VI" s c.,lle:d spccific r>lly to discuss r<'.6-.r, sound, -"nd othe r methods for the 
detection of mort:-r shells, com.•;1cnccd 5 Novcn'.b0 r 1945. ( See rcfernnce 64) . 

35 . 1, mcraor::ndur,1 for filo en ti tlcd 11Ccnfercnce on Eneoy l,ort<1.r 
Loc~tion" (rcfcr-.;n.ce 25) discussco the ch".u.ctcristics of ;,.11 Amy rndc1,rs 
usad for mortr.r .loc".tion, their potenti;,litics r.s mortcr locntors, -"nd 
suggested L10dific ~tions 1.1hich r:i.ght bi., m.:-.de to irr.provc their pcrform.,"ncc. 
The report is dct:-.iL:,d c.nd discusses :-t length o,'.ch cquip1.:cnt. Amon6 those 
t..::stcd v;crc the :,[/TPS-lr. , .:J~/TPS-2, J-ui/PFS-1, SCR-584, J.N/TPS-3, l,IJ/TPS- 5, 
sci-720, rnd the C.i, r-~c . 1 H: rJ (Shcll S-?1:-.sh s0t). Progress continued 
:- t C:'c.p Evms with w.rious r.todific" tions of existing cquipr.nnt s, L':lprovcd 
t <:,chniques, :-nd the dcveloprr.cnt o f the .'.,.,'\J/TPQ~2. Of the existing equip­
ments, the SC-1,-584 with plottors, the ;'..;.\J/TPQ-3, end AN/TPQ-4, which 1·1~.s 

the of.fici..,l title e, f the previously r:cntioncd modified ,'.ll/ • .PS-3, v1cre 
the irrq:>ort..,~t survivors. 

36 . 1~ very complete 2.ccount of thC; mcdificd ,,N/TPS-3 (re-n.-ncd the 
/,N/TPQ- 3) is l'.vc'.il ;,.blc in:>. CZSL repsrt ( reference 41) . Bri e fly, the 
A~/TPS-3 is c?.n L-brnd porkblc s0r,.,rch r.,_dP.r, It wri.s modified by •"'.dding 
cnblcs so th=-t fo r pc rscnncl s;-foty the l.:>rgc l'ntcnn:-., v1hich w;,_s difficult 
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to cP.Jroufb.ge , could be separated about 100 feet from the r ;:,.d~.r c0nsolG. 
,;n r1.ccur?,te -r.ng.ing system ;md an of!'-center PPI were r.l~o ~ddcd. The 
off-center PPI displc>.ced the axis of rot?.tion of tho cA.thodc n.y beam to 
the bottom of the screen. 

37. ,',ddition-'.'l work of some interest .?.t Cl'.mp Evens wc>,s done on 
sound methods cf loc~ting mortars. In G CESL report of 12 October 1945 
entitled 111~ortc.r Locr.tion by Sound" (reference 56), the use of opticP.l 
£Ind seismic methods 2.s well ~.s sound arrival e.s ;:;. mct..ns of r.1crt?.r location 
were discussed. The ch?.r;:;.cteristics of the sound ?.rrivtls f'nd modificP.tion 
of existing equipments were likewise considered. The gencrtl conclusions 
fror~ these tests P..g['.inst 81 mm ruortnr shells wore the.t the use of the fle.sh 
r>.rrl the fl<'.sh-to-sound time to determine the rc?ngc of the mortc>.r we.s 
frequently n ot fcnsiblc b0ci'.'.us0 cf the low intensity of the flc>.sh. The 
use of the seismic €'.rrive.l w-~.s not fcc>.sible. No seismic c.rrivnl Wc".S de­
tected fror.1 mortr'.rs ;,.t 1000 yrrds or grc:i..tcr r?.nge. Sound rc'.nging on 
mortr.rs proved fc;,.siblo. nc--.nges up to 3000 yr,rds ware obtcined <'.gc>.inst 
the 81 mra .n:ort<".r nnd. up to 5000 y!'..rds en the 90 mm morter. Tho 
c'..Ccurc>.cy we.s fr-.irly 500d for ranges under 2000 yards, h2lf of the locations 
bcinf within 30 yf.rds in rc'.ngc "'nd 10 y;,.rds in dcfl3ction of the mortc'..r 
position. 

38. The sound equipments developed t'.t C<'IDp 3v~ns included the Gd-6, 
the h.N/TNS-2, nnd the /J.J/TND-2. Ir, ~;enerPl, the sound dctcct:ing equip­
m3nt w~s lightweight , 2.b0ut 100 pounds complete, c.nd tr~sportl'.blc by one 
or two r.i.cn. It W<'.S s:u.,plo tc inst."'.11 ;,nd op0rc>.tc r.nd w::,s reri.sonr.oly 
rugged. The dependt'.blc IT.nge: of the equipments c>.gdnst 60 mm mortars 
under favorable corrlitions (;:,.s indic.,,_ted in parP.gr?.ph 39) WP.s 2000 yards, 
md neither this rc>.nge nor the ,.ccur~cy was hampered too r:;uch by physic;o.l 
obstructions such ~shills between the mort;,r ?.n::1 the microphones. The 
accuro-cy of the equipments v:>.ried roughly e.s the product of too complexity 
~nd the weight, P.rrl since this positioning of the morte.r by sc,und w".s done 
by trie.ngul@.tion, the c>.ccurc'.cy wc>~s P.lso <'- function of tre number of sets 
in .?. network, increasing c>.s tho ng.rnbor of sets incrc<'.sed. A reason~ble 
<'.Ccuracy for the e::i_uipments WP.S 5 in bearing for <'.nY one becl.ring deter­
m,in;,.tion. Since t~ !'e'nge is determined by trie.ngul~tion, for c specific 
position the rffige accurncy .mc1.y be cc>.lculc".tcd from the bearing nccur;,.cy. 
The unfc>.vor;>.ble chP.r['.ctcristics of the sound eqiipments for rortc>.r loc-".tion 
were t;.hc limited rt'.ngc .?nd accurP:.cy c>nd the ine.bility to oper,0 .te s.;,.tisfP.c­
t orily under confused fire . It we..s clcr-i.r th;,t the s ound equipr.1ents, while 
s:i.tisfying ccrt:>,in .milit<".ry dc.r.?.nds, did not, inherently, conflict with 
tho r~d~r type of ~ortGr loc~tor. 

f;.CTIVITIES i~T F0:1T SIIJ, 

39. Since .tlort.:-.r loc,-tion by re.d.?.r WP.S e ssc11tirclly <'- now operP.tion, 
it W['.S necessc.ry to indoctri.n;,.tc :>nd trc>.in the ter.ms of men whc, would operA.te 
the c on::bc>.t jnfon:1c.,ti on cen tcr c>.nd to develop ef ficicnt, coordin.?.tcd 
tc:chniqucs. ~]ith represont r-.tivcs of Ce..cp Evms, e. progr:-.m w;,.s origina ted 
D..t the .. rcy :.rtillery Schcol, Fort Sill, Oklcl1o~, t o do this. Sevcrtl 
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tests were conducted, comrr.encing etrly in 1945 e.nd continuing until 
after VJ-Dt>.y. 

40. A report entitled "Test 2, &.}port of Tri?.l~ of R:-..d?.r Sets 
SCR- 584 2nd .Q·'/T?S-3 for 1Lort:i.r Locc.tion" ~1c>.s written describing the 
lri/:>.ls from 29 J-<>.nuc.ry to 16 Febru<'.ry 1945 (reference 29). The object 
of the trials w2.s to determine the accurccy of the c".bove-r.1entioned sets 
rnd their fe£>.sibility for use. After too tri~.ls it ,'lt".S concluded thi<t 
both the syste.cis v,;ould be se.t isf::.ctory P.S inter:il!l me2.sures, and it wr~s 
suggested that trc:.inin.:., rrE.nur.ls be written for the ec:_uipments as mort;:;r 
loc~tors. It c>.ppel'.red tlr.t t. previous test, Test 1, h:-.d bo,;..'1 m?.de siraply 
to determine the fo;-,.sibilit~• of the project, ;:,nd this hP.d proved s2.tis­
fr.ct0 ry. 

41. Test 3 ~-:~s entitled 11Tests of ~d;,.r Sets s:R- 584 n.nd .:UT/TPS-3 
for 1.:ort,.r LocP.tion Under Confused Condtions, 14 Lr.rch 1945n (reference 
30) . The object of the tests "tle.S to determine the effects of confusion 
conditions such c>.s r.rultiple mort,.,rs, ?.rtillery shells <'.nd 1'.ircr;-,ft in the 
s c'.me vicinity, ,:.nd .rn.ou..,tcinous terrL'.in on the efficient detection of 
mortr.r shells in flight. The conclusions were thL'.t multiple mort<'.I'S 
,;;arc) confusing when firing siL.lu.lt<'-neously, but the.t if tl1e z:.orL"'.rs were 
spc'..ced -ot 100 to 200 y;,.rds r.p".rt, indivi dur.l firin3 points could be 
loc,.ted. Ccntinuous or 11rr.pid fir,~" from single or multiple mort;:,_rs did 
not interfere ,ii th ef f~c ti ve nort:->.r loc;,.ti on. Secondly, P.rtiller,t fire 
in generP.l could be rec>di1.¥ difforcr.ti:>.ted fro.w mortr.r fire by both sets . 
h.ircr.'.'.ft, f:'.lling objects, or birds could be disting,uist~ed from r::ort.".r 
shells only by C:'.rcful study of tho echo r>.nd il',s behe.vior. Thirdly, 
raort-".r shells could be loc.:-.te,j in mount<'.inous terr~n provided that the 
shells w0ro fired so tJll'.t the !i'!?.x:.imum ordin;,tc v1?.s higher th:-.n the inter­
vening terrr.in. J... choice site v,ms one whic h h<'..d <'.n up,·1t.rd slope cor.t':l.encing 
2.bout 300 yc'..rds t?.':m.y frofil the r<-d<'.r . A dist~t crest does not :-lw,,..ys 
provide sufficient scrocning, due to diffr~.ction effects which m;;.y occur, 
;,nd the higher the screening 2.ngle thG lr.rger the loc,.ti on error. 

42. Test 4 w~s c:ntitled "TGst of .1?.dP.r Sots SCR-584 l'nd AN/TPS- 3 
for Adjustr:cnt of Fire, 21 Le.rch 194511 (reference 31). The object of the 
tests ;·;c>s to detcrnti.ne the degrea of r·ccurr.cy to 111hich field c'..rtillery 
fire could be e.djustod by the: use of the two ec:uipr.1.cnts mentioned. 
Oper;,tions were ?.g2.inst tho 4 . 2 inch raort?.r ;,nd the 105 mm howitzer. It 
we1.s concluded the. t the SCrt-584 '!J?.s SP.tisf2.ctory for hi:;h ;,ngle -".rtillery 
fire control when tho shell ~.sp0ct w;:,.s f2.vorablc. A fr>vor,ble ?.spcct 
ic':plies thtt when the :>ngle of the horizontcl line of fire Wc'.S grc.:i.tcr 
th:>n 400 ;Ji.1~ .dth respect to the r;:,.d;,~, the AN/TPS-3 would ddtect 
the shell ,•.t all ;,,spwcts ret.son~.blj' w-:,11. 

43. The fin".l test, test 5, ~:~.s entitled "Test of Rt:d"r 3;;ts 
SCR-584 ~d AN/TPS- 3 (llodificd) for Loe-"' ting Eneqy nrtillery, 22 11r>.rch 
1945" (refer _nc(; 32). The object of the test w:::.s to dctcrn,ino th0 
cbility of the se two ~c_:uipE:cnts to loc['.to ,:mercy ~.rtill..::r.f ;,.nd det:::rr:;inc 
the :>ccur~cy .... tt:-.in"'.ble ir1 this locr.tion. Tho conclusions were th :-t the 
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SCR-5$4 could not detect single Grtillcry shells fired in 2 direction 
towr..rd or very neF.rly tov:ard th0 1· :.i."r set, (Sec p.?.rc>.gr:--~:,h 40) . 
T!i--.J AH/TI-3-3, <-.s in t8st 4, how,3vcr, opcr?.ted s;-i.tisf.?.ctcrily in all 
•. st>-,cts . T:10 SCR-564 h.:-.ci c. E10;,.n c'.Vcrag-.: error of !+2. 5 rr>.rds rt ::. rr:ngc 
o: hOOO Y"'.rds, ·rh0 AI/'i'?S-3 had c. !:K~M ?vor~ge error of 32 Y<".rds in r?nge 
:.nd 15 mils in C'.Zi.ffiuth on high :>.n,gle fire c>.t D. rr·.nge of 8800 j'<:rds; on 
lo"; c>ngl0 ffre the errors were 222 y?.rds in r~ngc -::.nd 15 ;-,".ils in .'.!Zimuth. 
I r the consideration of :::.spcct !:Joth hoirzont2..::.. nnd verticc'.l polrrizl'.tion 
~,., .... r(: us cC. . 

CTHZ it ARl.-.Y .tBPC 3TS 

44, During July <"-nd August, 1945, r~.d2.r a"l.d sound oq_uipn:cnts w,,re 
field t1;;:stcd in ;,_ combined op0r .?tion which sir:n.1.lded tho bnttlc conditions 
;1nticip?.tcd in J,".pM, This cori,bincd opcrc>.tion w:0.s known r,s project 
SPHINX. The Sphinx progrt>J:. w<>.s carried out e.t C.<>.r.;p Hood, TcXE.s , In 
pc>.rticul~.r it wt.s r8quircd th;,_t a wr:.y be four..-d to reduce the Je.p?.nl..!S0 
type 0f Cr?.VG fortificP.tions. Bece.us€: th;:;se equipments were not being 
operated by sp•::c iAlly trr-.il10d personnel or in a gcncr~l loc-"'.tion chosen 
prir..?.rily to guar<'ntoe good r~.de.r performance, it is intcr~sting to noto 
the rl'..rlge obt".ined c'nd the co.:n.:,.ents r;JP,.de on the ~GrforL~:.ncc, The 
rnnges obt::incd -".gcinst the 81 r.-m faort<>.r shells for the SC3.-584 w3re 
5900 to 6600 ynrds; for the AN/TPQ- 3 they were 6500 y~rds to 7400 y . .,_rds 
2nd for ~he Ati/..PS- 3 they wern 2000 to 3000 yc>.rds . 'l'wo sound c~i,P::-:ents 
were also us,:;d , the Grt- 6, rr!ll.ge of 1700 to 3000 yards, P..nd the AN/PNS-1, 
r:>nge o.f 1700 to 3000 yc.rds , On the gcncr;:i.l pcrformnncc ths SCR-584, 
AN/T?Q- 3 PJ1d G.rl.- 6 wer0 clc>.ssified "good 11 • The .'_,;,;j;u>S- 3 and th8 ;,U/PNS-1 
were cL.,_ssifiod Hfcir 11 • 'Ihe .• N/FNS- 1 sound equipment Hr..s too in?.ccuratc, 
h;:, ving .:i range error of fro~ 280 to l30C :ic rds, mi:1 the ra!1ga of the 
AN/.4PS-3 v:r..s cansider0d too lir:u t ed, 

45. To cocplete the picture on thG U. S. Amy ,'.'.ctivitics the 
p;,.pcr titled ''1iorte.r Loc;,,tion by il.adn.r 11 ( refcrnrlce 37) discussing mathe-
rat'..tic,-:,.lly th,., gcncreJ. pro bler;, of the det ection o:f ::1.ort2.rs, the m:thods 
of detecting mort~rs by r~d.-ir Pnd the ~ccurR.Cies involved, mst be 
r7,0nti oned . The U.S. Army du.ring 1945 pro.culge.ted scvcr<'.l oth.ar papers 
on 1,1ortar loc-?.tion by r2d,-r . "Rndc.r vs . Enemy 1:ortc".rs" ( rcfcrenc(; 39) 
ruid the 11Trc>ining Circule.r #27 11 (reference 42) on the use of the SCR-5S4 
for r;,ort:u- :i..oca.tion <'.rs:; cY.£'.i:ples of those which e.re of interest. 

;.CTIVITY (;F THE NJ.VY .,N!) }..:A.RIMS CORPS 

46. Inter,...,st conce:ntrc".ted on the use of existing ii.nny and lic>rine 
Corps r::dars. In r.-.::ldition, howeve:ri, since the naw.-1 vessels in support 
of M.t'..rin.J l~ndings possessed J l;:,_rgG n1.1r.1ber of r<>.dars, in p;:i.rticuler, 
scme highly e.ccur:-.. tc fire-control rr.dars :md the mdhods for utilizing 
fire-control infor:r..:'.tion r.:-.pidly end effecti-vely, it was only n.<"_tural 
th<'..t <'. consider;:i.tion likewise be ;ivGn to the use of this equipment as 
r..ortcir and a r tillcl"'.f detectors in support of lr..ndin§,s. With the invasion 
of Jl'.pe.n i.tT.ri.nent to cl.dd pressure to these activitiesJ practicP.lly all 

-19-

DECLASSIFIED 



ey.isting !!.arinc: Corps rr.d.?.rs nnd shipborne radc.r v,,ffe ksted e.gainst 
r.tort::rs (s0e rcforonces 50, 53, 54, 62, 63) , "nd infcrrr"'-,_tion ?.lre::.dy 
obt,dr.cu ty t.he United 3t:>.tcs, British ".nd C:=1.n.::1dir..n Armies were reviewed. 
Ecw-::ver, while son0 pre lilr.in:-ry tests occurr0d e-:'.rliGr, th·~ ma.in body of 
thcs1.; I·>.rin0 Corps Pnd ikv:: 1 tGsts :··em conjucted durin~ tte sumrr:cr cf 
1945, sore after VJ-"Jay. ~-iifa the E.dver,t of VJ-Day t,he N~vy interest 
turned to oth-2:-r fields, ,:,nd <'. thoroUf;h study of the raort-:1.r problem Wc'..S 
net ev.mplew::: . f;iith this in mind the .f,12.rin0 C0rps set up this lc!13- r;:mgo 
project to dete:rrrj_nc the optirr:um. che.r~cteristics of a rade.r set for rr.ort 01r 

lo cc>. tion. 

47 , In ~~rch, 1945, the U?ri ne Corps interest i n mortar locrtion 
by rc1.de.r ,·ms evidenced in e. field test of existing Me.tine Corps rc.d"-rs 
r.t Car:-.p Lejeune to dctc::..~d..ne the suitability of these cquipi--:-.1-:mts ts r«ortt.r 
loc<'l t ors. (S..-;e refcrcncv 34) . The Gquipr::.ents tested were th0 sc-n:, 
SG- 12M, ,lli/TPS-lb, Lk 16 r.nd Mk 20 Mc,d 1. These fidd tosts Hnd e. sub­
sequent field t •Jst in July cf 1945 using the 11:. 20 1..od 1, 1:k 20 !.sod 2, 
S0-71~ ru1d the S0- 12& ~t Quc>.ntico, Va. constitute thr:;; Be.jcr contributi0ns 
of the k."'.rin0 Corps in ru:)rtn.r location. A nUJ:1ber of reports have bBen 
written on the ne.rl :;:n-oblcrr" of rr..ortt-r loc;-tion with s~iip'oome r2.d-"I . 
l;ppendix 1 c.f this report lists some of the field tests co!l.ducted by the 
Nav:t en ~,c,rtar loc<".tion. 1. N~vE.l ReseArch l...a00rc>.tory fuport (reference 
53) covers the fire cont rel prcblem with the shipbo me r,.d.:1,r, and an 
Op-::ratj_ons P.,:;s(,arch Rc_port ( reference 50) considers the overtll proble.c:-, 
of shipborne r.'.'.d.:,.r for f.lortc.r loc,.tion . ..:.ctu.:>.11:,r, t~e prc;1.)ler:: of .wrt.?.r 
locc'.tion by shi;>:10 rnc r!'.df-,r is diffcr...:nt in .~,:ny respects fror:--. the grou.rid 
r!'.(:?.r problem encl mo::;t of the differnnces I!'.a.1.-.e the shipborne ro luticn 
.raore d ifficult . For example, the echo froi:-. the land where the mortar 
is situ.s.tcd is net · 22.sked by sur:::-ounding tcrre.in. In c.n r.ctu.B.l tDst, the 
l obes of the 1'.k 12, 2. shipborne fire control :,.A. r?.d<'.r, w Gre such that 
l and ech'.)eS r.:Ver 5000 yri..rds fr0m the ship could sti ll l.Y,:) seen wi t:r, tha 
antenn~ Glcv2.ted w.c.r.e the.n 55 degrees c1.bove the ho rizon. 1'iost ship­
bornG r<'-dars were tested e.g<'.inst rriDrtc:r shdls. Th.:: SP e.nd 1v:k 12 ;c>.ve 
dependnble p :;rforn:.c!.!1Ce in the detection cf mortAr shells in flig-.t 
but not ;'.hen t1rnse shells were in tho close vicinitJ- of l211d echc,e;s. The 
SP dct,,cted 81 En mortar shells in flight ?.t ? r:,n~ of 19,000 yri.rds. 
The I-.k 12 consistently tr1:1.cked 81 .mt:1 rr.ort;u- shells at rrnges up t o 1;+,000 
y«".rds. Ccrt..E'in cc-nd usic.ns m:.ght be drr.wn at this pc int frorr. the w0rk 
de:ne with shipoorne re.Jr:rs. First , the rnpid azil.mth scc>.n type of prescn­
t.-.tion c>.nd axtreme ~ccurce.cy of the Mk 13 or the tlk 8 1iod 3 ?.re v10rthwhil e 
ch t- r ,,ct0ristics in 2. rc>.dar f o r mort~r loc?,tion. 3ccond, th~ S-b;..nd 
r ,o.J;,,r, SP, e.nd the 1-band r-2.d..,,.r, llk 12 g.:-'..Ve better perform?.nce with r egz.rd 
to r.,;, .. ximum r"ngc than t hz higher frequency X-b"'nd r;,.d2r sets. Thirdly, 
the E-scM prescnt;,.tion of the bk 22 :,,,c,d 1, provid::..ng it could be r:;:dc 
sufficiently accurnte withcut Si:>..crificing sor.:e other roquirenent, 
prnvides n mat r.:.eth~d of l ocating the f:lring i:x,int o f ? ~.ortP.r shell 
w:i. th-.:mt Cll.L.bersor..e plotting equipr:..ent. 

L.-8. :in the initia l field trials ?.t Cru:.p kjGune the ,~J.f.rine Cr.rps 
r 2.dr•r s ets as r::c!1ti.oned were t cste.:!., 1:.nd only the IB< Z) Lod l W".S r~co­
mr.:endcd as e. suitable .interim sot for r.1ortn.r locr.ticn. It W;\5 c stir.::.tod 
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tht-.t accur2.cies o:f the order of 250 yards in rcnge a.."'ld 15 mils in azimuth 
w~re obt<--inec in loc-".ting the f.:iring point of the mortar . Oper;:,..tion w"l.s 
s?.tisf~ctor-J in adverse terIT>.in conditicns, end the shall echoes P.ppea.red 
on the A-scopes 2.s 11extrenely strong sign2ls 11 , from 60 e.."ld 81 rr.m 
r:.ort".r shells. Subsequent tests ?.t Qu.'.ntico ~ Va. (refere~ce 52) made 
with the 00-~=, 30-121: and the la 20 :M.od 2 (laboretory n:odel) proved 
the ."bility of all three equipnents to detect n:ortr:.r shells. Th8 S0- 12E 
is on X-brnd, the E:£.;- ?E on S- b2.nd, find the 1.lk 20 11.od 2 on L-b2.nd. An 
,·_;:-proxim.,.,_te mexi.J:-,um r;:inge of 12,000 y;::,rds on the 81 r.im r.:ort::-;r shell 
w;is obtained with the SC- ?L. 2..nd the S0-121: 2.nd o renge of 6000 y.:!.rds 
vii th the Mk 20 ~c.d 2. 'Ii·1e S0- 121: ,m.s the most accurc"'.te of these three 
ec:t:ip.wents with the S0- 71! f!.nd tt.e !"k 20 Eod 2., follc·:1in£ in thc>.t order. 
Considering overtll pe:rforr-:P.nce it WP.s judged thr.t the S0- 71~ and S0-121° 
were 2.bout equ:1.lly suited for mortc>r locc>.tion ?..nd ;-;ere more suited 
thf.n the r:..:._ 20 1:":od 2. If enph.:>.sis 1:;ere placed on op3rr.tion through rain 
<1nd foliP.ge, the illk 20 I..od 2 vir.s better thP.n the s0-12-;.; :2.nd the ro-7t:. 
This report cont.?.ins r.n rnr.lysis of the d;:te obt:=-.ined with reference 
to the desi6n of £>. new rr,ortc.r- loc2tin6 r:-.ct~r, end sorr,e of the ch;,rP.ct"'ristics 
1:,tich, it w::.s jud6ed., should. be in:: luded and. v,ould be desire.ble in 2 

set for this purpose . These two reports do~ ·.10t agree . The discrepr-mcJ' 
is proaably clue to diffe.::-ences in siting. The prime w.e.tter of iri..porta.nce 
however is not the succ0ssful operP.tion of tJ-1e S0-7w. c>.nd S0-121.i. ['..t 
Qu.e.ntic,o but the c>.p:p:i.rent tu1favcrable .rrc?.Xir.mm re.ngc obttlnod with the 
?;;k 20 1.od 2 . FurthenT:.ore., the excellent results with the Arr:iy L-bc.nd 
AN/TPQ- 3 (17, 000 y2.rds r<"nga) and the N.?.V'J : . ._k 12 indicntcs that the 
frequency of the £1k 20 Lod 2 in the Qw..ntico tesLs was not the source of 
the discrepancy. Since the use of L- bc1.nd is c:.::nte11ipl?.ted ., the point is 
emph::,.sized. Future· tests are ph,nned with 1\ mora refined lab0r1.tory 
rr.od:;l of the U:. 2Q 1'.od 2 . Althoug.11 v,ork by BTL on this equip.rr.ent w~s 
cancelled after VJ- D~y, Nill.. is cc~letinb the ~foresentioned model 
with BTL ph.ns . 

SUllJ;.R.Y 

49 . The resume of the N::i,vtl e..'1d l-c..e..rine Corps [l.ctivities on morta.r 
loc~tion of 1945 cocpletes Section II of this r3port . All of the subject 
m::tt.er except f!. considcr~.tion cf t<'.rgcts and we'.:'.pons th1:.t should be 
include•:: for ;:,n "Ik">J.ysis of this problem ~t present h::i.s be0n covered . 
i1 considcro.tion of t2.rgets c>.nd ;1ecpons is the first topic of Section 
III. Tc sumr:.lc\rize Section II : Historicdly, morte.r lccntion by r;,dt.,r 
origin,,tcci in Engl<"nd in }1ovember 1943. In e2.rly 1944 field tests 
by conbined Allied Forces were cor:.c.cnced in the Mediterr~nec..n Theeter of 
Oper;i_tions on the SC~-584, sir..il;,.r British equipment, r-nd r.. lightweight 
low frvquenc~r British rn.dt.r. Both types of equipment were .raodified and 
r ecomr.:icndcd for futll!'o use. hctivi ties continued in the MTO until 
It'-"ly surr0ndernd. i;.bout the sD.r.-:c tim th;,.t this work w:''.S f})inl on in 
the L:'I'O, fiel d tosts v;crc co,...r.-:cnccd in 3nglc'lld on the SCR-584 he:,vy .A. h,. 
r.'.'.d,'.r ;.,nd the ligitv!ci~;,.tit, high frequency ;,.irborne r..,_dr.r sots., especially 
the iill/J.PS-3., UltiL.nt0ly fror .. the activity in both thet>.ters there W<'.S 

devE:lopc.d suf ficient C:.cr.:.::-.nc:, inf'.· rr;;:~ti on ;:,n d enercy for the jesign Gnd 
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devdopr:cn t uf the itC-308 auto:.:c..tic t ir":e r lott;:;r tc. f,c,.cili tate b!'!.ckviard 
extr<'.pClP.tior:. 1\>it!-', th3 e.ut,.:.T,tic tr2ckin~ .SCr1-584 for use ?._;ainst 
r:-:crt."rs _.,nd ':.h~ V-1 <'.nd V-2 bor.,bs. So:;-,e ir.prov~:.:ents were sug6ested in 
the . .:i'r/1,PS-3 for !!lc:rt2.r loc.?.ti,m,f,.nd ?. r;, . .J 0\r spccificc?ll~r dcsi[ned for 
r.:crt;,r loc"t::._..:m, l-n·:.wn es Nc,rm"n, .?.p:-0;,,rud. k.g;·int :..inly slifhtly b3hind 
thes-J ".cthi t.ies in Zurc;x, the Arr-.y Si~11e.l Corps rn :i the C"m.dim Arrr.y 
scientists took up this tr.st~ to oo .followed in 1945 by th0 i,.;,,rine C 0rps 
.:ond th\j t!P..V1J e.s ti·,e:;i,: toe felt the dem;1..rid f.:-r a counterr-;ePsure t.62inst 
.rr:01·t.J.rs . The 0i£11Pl Corps conducted extensive ffal,:i tests on existing 
eQuipn~ent ?nG Plso :k,si:3:ned and built £>. prototyp.:; for e. specific mortar 
J.ocr- tin,s radar v,hich w2s tc be the A.N/T'PQ- 2 . Of th2 r2.de.rs listed c..nly 
the SCR-584 with the RC-300, the ;,N/TPS-3 (r-..odified to bo the AN/'i"PQ-J), 
2nd the ;,N/;J'S-3 (codified to b0 the i.N/TPC:- 4) survived. The C,nadian 
scientists wi th the help cf l1E.dfation La:iorF .. tcry, i'.J:T, CC·!':':Jienced the design 
o.f a r..:crtB.r j_oc?.tind5 radc>.r si.p:il~r tc thG .-,.N/TPQ-2, ,,nd the .1..?.didion 
L"bor2t,: ry d-::5if.11ed a. nortar locator. kncv,n -".S th c rr\'11:irlin_; Dervi sh 11 • 

T}:.,; i,:.,.,_rin-e Cr rps field tested its rq,C:r.rs en:l fumd the !,ik 20 Kod 1, 
S0-12i\ ?.n:i S0-71.'. prcr:1isini;. The 'i:,,,vy perf::>r r:;-::J the same op,n-P.t i cn e,n 
ship';x::rnc r~d<'.rs. The ~,J-: 13 e.nd I;J., 8 ~~j 3 offered r..,:,st pror..ise. .All 
this infc,rr.,.:,,tfor! points c ut th2.t a sc..lution to the problen of rr,crtar 
l oc~ti on is still i.~ the offinc, S0cti~n III of this report is ce~nt 
to crystr-llize the prcblcm -9.nd solve at le".st pe.rt of it. 
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SECTION III 

50 . In gem r1.l> for the r,::~t;tlnder of tl1is n,port the sc1:iller 
c-iliber m:-rt~.r Md ~1ov,itzer (up to 155 mr.1) ·niJ.l "'.Je consid.-;red. The 
1,:il--r r.::flection _Ft'1.ttems of th2 shells the.t ~-'✓e ;Jeen r .. e:1.sur0d ·,,ill 
bt.: c-.:msidJred ir. thG chc.,ice uf frr:oquency. The tre.jec¼ry of the t::rget 
P.nJ the "CCUr-"Cj" of thG w:::P..;'.)Ons will be considered in the choice c,f r.-:ethod 
tc, te us-:?d in loc <'.L in6 the il:ort-=-r site . 

51. ;.n inci•:!entE'l but pr.:-ctice..l consider2.ticn in fixini:; the 
weight, si~-:; -.nd mcbility of the fin;,J. ccpipment is the deGc.nd pl/1ced 
urcn th~ 0c:_U:.),::,mt for r.:obility. T:10 r?.d:>.r equip!!:ent should be :::.s mobile 
~.s but nc.: r:.,:,r;:; r.,o'.:Jile than the weP.pc,ns with which it must operate. The 
r..ethod cf orientr'.ti::.n between the r::ci.,_r r-nd the we?.pvns r:.P.y perr.·.it thee 
tc: cper;,te fr0r,, widely sep:--.u.ted positions; hc.wcver, the r.:cbility 
dcmo.nd re.~.ins ,.pproxin"tely the sa~e. 

52. ';:'he origincl fc:ur requircr,."'nts pl,.cGd on the system by the 
1..P.rin~ Corps wcr:: th:ct the equip!'.:ent Y:ould o.:. l,it:;hly r..,obil e , lightv1ci_;ht, 
ec·sily h~ken du.n ink conp;:-ct units md C"o.]_'.X'.bl0 ~f discrimi.n1.ting 
rl[.?inst other t;:,..rgets . Thus any solution cf this probler. is concerned 
with ("') tho ~bility tc-, h<eJ:1:llu tr:>.ffic, (b) the -.bility to control a 
given tree., (c) the c>.bility to select and recognize the t.'.'.rget, (d) thB 
P.ccuriacy; a._•yl h.,,:ving fulfilled si:'tisfc>.ct0ril:,.· (aL (o) , (c) <'.nd (ct), 
(~) th.:; t·.bility to r.;e0t the generel der;2nds placed upon the equipeent 
bec.'.\use of its p."'.rticul<.'.r tactic.,_l use . 

TR.~FFIC H.:-lmLING PROBLEM 

53 . The tr2.ffic hMdlinr Rbility of the rrprt::.r locc:ting r~.de.r 
had ;,.lrec>.dy received cc;nsid-~rr.ble nttenti-::m. .~t ;,ny r:ite, the a":>ility 
tc hr.>.ndls tr:>.ffic is cle0rly ir.:port2.nt. Obvi0usly this a1.::.ility is a 
functi:m of the dele.y tirr.e in dete<>-':-inz v.hen a ;:;x.,rtcr is firing shells 
2.nd too tir ... e raquirod to c-0t:!.in the nocessary infor,,~?:C,ion fror. the detected 
shell ~nd pr,:sent this inforr;,? .. tion in t.he fon:, 1:1nd ~.t the pla.ce required. 
Let. us cnnsider first the d.elP.y time . Gne ap-:ii~oe..ch to the dalcy ti.rue 
probl0ffi is to require the.t the f irst. shell fired b0 detected durin[. its 
tr,jcctcry. The JJ.J/'i'PQ-2 rnrt2.r loc..':tin2, radc1r will detect the first 
sh.::11 fired within the sector w:u.ch it is sc~n..'lin.; as soon as the shell 
is n.J longer masked by terrtln. In 2-pproxiV.P.te l~r one sinute this infor-
rr."t ic,n c<>.n b1~ put in the: forr:: of 2. rmgc and be?..rin[; loc,tion with respect 
to the r~.der , corrected fer 'lITJ difference in hei£ht bebmen the ::-.ort~r 
:mu the re.da:.:-. ,\ctutlly 2t present th.., 2i:>ovo inforr:~.tion is unconfimed 
sinc..:i insuffici~nt field d:-..t:.> is c'.'.v~ilf.'ole OP. the ;,N/TFQ-2. Th€: seccnJ 
e..p:1ro,,_ch is t-0 pcrr:-.it svr.:-3 nucbcr cf shells to be fired before requiring 
dett)cti::.-n. The sc-:.-584 purforrnj quite S".tisfnctcrily in this fashivn ; 
th~t is, i',h,m c. shdl vr:,s Jetectci in the be:-,:,. of the SCil- 584, tho first 
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shell, in [0ncre.l, served only to •)ricnt the s-.1steJli,. The bc;elli W:'.S then 
s0£'rchlichte:i t>.nd the t:.ato used .fur ;,u!:.0r'P.t ic tr".ckin~; set up n.t th?.t p::iint. 
The nr...:xt shell fired '!12.S detected encl aut2r:.?.tically trr.cked. Operc>.ting 
ir: c1...njunct~on i.:ith the riC- 30S, :!.t tb ....:nd cf the scc0nd shall trt.jectory, 
r- ~ontinu:,us ,;r?pl-i of tho infcrr,r.ti on obtained frora. the shell v1E.s 2.ve>.il­
;,blc. Sy extr-:::.poli:'tion (;:,.s prcvi::usly described) tho r,'.'..n[~ ;,_nd be,,:,.rinc 
with r,3sp8ct tc the r:>dr.r of the .cort;1r shell v;a.s found. In general, 
this c.-perc,ti:::in ;·:hen the, r:ort:i.r fired in f~irly mpi-:1 fc.shicm tool-': less 
u-_f'n fiv., minut-.::s c'.Il-:i oft.:n:. ;:,_s little P.S two minut,:;s . lif ccurse, if tho 
cnei:-:;y nev.::r fircci !:'DrG the.n 8ne shell per position t!10 pcsiti '"ln v10uld 
never b& det.;;cted ,,y this m0thod, but too r;,.d:-•r h2.s c!.t le~,st h-"..rass,YJ 
the en0cy. Tc justL:y this rrethc<l further, it is c. fri..ct that in genernl 
severr,l shells xust be fired froc rs rr,ort~.r beforo it 11sc;ts 11 into its 
new positi,m, and ".n;,· £<.ttur.pt at c1ir..ing th0 mcrtar prier to this 
s.Jtting is hig1ly i.nPcctu.·2.te . In c'..dditit..n, 2,i;ai.nst the cr.ve warf2.re 
,•f the J?.p?.nese foj_s r-,ethod w::;uld have been effectiv0. The :r.:.eth-:id used 
by the ,~N/TF~-3 and the Li· 20 Lod 2 -::nJ 5(;- s-3ri0s ~'1<:,re GVen c,orc dependent 
.:::n successive shells beinz fired for they did not pc ssess Rutcr:.:,--.tic 
tr2.ckin.::, ['1:d ,1s31•c forced tc, d.etect b0th the rise end fe.11 cf the s hell 
trajectory fer ~,ccur..te c.zir..uth .:-nd tr:=i.jectory c:-.ppro.x.ir:-.2.ti::ns. It ccm 
be seen th?.t theoretictlly the .~r-:/TPQ- 2 r,1ethvc: S::escrib0d. is the better 
cet,Kd fr~'rT, the stan:lp:;int of del.:-y ti.Jue :md inL,r:.12..tion ti.ix. In 
:>.citiiti-.::n t0 th~ !J•:/TP(-2 the C,:,n;:,.C:frn wrta.r loc£ti:·n set, tht: British 
I~orr:.m ;,n(! the U. s. :llirlinf Jerv.:._,;:::.1. attcr.pte-.:1 the: s:4:.e appro;,.ch. For 
this re~.scn it ·;Jill be discussed c.t lcn;_th be ru. 

51~. The jJ,ijTFQ- 2 rn,1 the CP.nE'.dian L:Cl't?.r locntint.-: re.ci2.r now in 
development used the sc.:,n ::,rnerc'.l rr.ethixl of ;)btcinin::, :.he rc.pid sce.n. 
5oth employed :>. line er SC<',nner . ( Sec reference 21) . The MJ/TPQ-2 
arq:>loyed th0 Lewis Scrnner, end the C:,.f'.P.dir:n equip;,:ent er.-ployed the 
Foster sc-:-nner . The rt.~r bee.;:. is r.3.de to scan r1"..pidly fr02 c-ne side of 
th.;: c0ver;,,sc s..,ctor to the other s i de, then snap back with e . .:iinir..w-::i. 
tir.~e C.clcJ' tc the first pcsitiGn nnd repeat this proc<:..dure. ~ plot 

of PnG].e r.t-1..:nitude with respect to the first ber.m posi tiC"n vs .. tir.":e woul d 
produce ?. sr.wtooth function . In desi[:ninc the scc:nner for the ;.N/TPQ- 2 
the covere.:;t: s0ctor wc>.s c1e>.c.0 1'!.S lerre ns possible a,n.-l still sweep the 
rr.dc>. r beru!l thrGug1 the sector with sufficient frequency the.t ~ r::ortc>.r 
shell V/'.;uld alw.?.:rs be hit by five or nore pulses from the r.o.dt.r . These 
ccnsid,:;rc,ti.:,ns for the AN./7?Q-2 lod to a coverage sector of 2SJ0 

through 
which thu be?.m wA.s swert -8.bout 30 tiro:;s por sec.:.ind. Oovi::.usly the 1;:c.Ximum 
delcy time could be no norc th?.n l/30th of a scco nd. For the Cru1c"cdiM 
r:tdc'r the sector w::.s t0nt.2tiv:-;ly sot "t 10° ~.nd the swoop frequency 
2.buut 30 tir,es per second . It, w..11 ba r,:Jcrlle-.:1 th.."'..t in Section II 
p[:.r21:raph 32 the C,madian ?..pprco'.'.ch to tha covornco end dcl1.y tine probl.em 
w:,i_s C:iscussBd. The c.dv,.,_nt;:,.;;e of scn1ninJ 10° c>.s opposed tc, 2<:P with out 
r:uch loss in effectiveness is prir.Rrily ,m en;ineeri.~6 bnin, reducine; 
the r.cch~nic.~1 d~si.:_:-n prublen cf the linear sc.-:>..nncr considerc>.bly. This 
fHct w~ s reflacted. in the r<'.tio ,)f the wei.:;hts of the CM-?.dian scrmnin6 
r.tchc>.nisrr. t.: too iJJ/TPQ-.2 scannin.;; raechanisr:., 1-mch w~.s more thPn one 
to fvur. 
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55 . Tn,:• VI'."'lirlinf_ Dervish design solved the proble.r.-, in ,q slishtly 
(.lif fo:ron':. f~.s:.i.Jn, :;'here~.s the :JJ/TF(2- 2 ::1.nd Cf!.m.die.r.. oort~r ra~.r 
c.lf?V--.;l :Jp01. :. thd s ::>.wtcGt h b-:;c":m swe..:,p v1ith linear sc2nnin;; , the ~-ihirling 
J,J rvish prc,:~uc,:;cl the s2.:.,0 e ffect by r--Jt0 tini;, f ::iur re-:!o.r r eflector dishes 
physic=>.lly situzt,;;d bilck-t:::-b2.ck. ,. switch tr:!.nsr.:itted v..;wer t1.., c;c,ch 
cish ,'.'.s it S'nc_r,t ~hr ;,u:;h <'- ,;iven 90° sector . Practically the s ect::, r 
1'.'•~ uld be sl i -nt ly 1.0 s s tti'. n 90° du G tc thG ~ele.y tir:c ,;,f th G swi t Ch. 
The dish~s w3r,:; r ot2.t ed ~-t 60 I";)C',. Pc,rfect s .::ct or cove ra2e as obtc>.inod 
with the forn.er twc Gquiprc,,mts cJul:i not be :)btained with this slow 
r ctr1.ti a n sp0cd, but it would be t hc1; r ,3ticilly possible viith increased 
r0t ..... tion sp(:;0d . Practic.:lly it is dc•u~tful if cnGir1e0-rin13 conside r.?.tio ns 
w~ uld pe IT.it r.:uch l::rg•...:r rote!.tion spe0ds. It is obvious thc'l.t a sufficientl y 
1~r ce r;,,dc:r '.:J0t .r:t ·widt~ wc..uld ~ecr0a se th.;; rctr.tion speed tc, ;,ny desired 
,£.ount ~nd still insure perfect sector ex, v0r<>.r,0 . However, usin[: :1. V··b0:>.m. 
(;.?J/TPQ- 2 tY1')c) a rrr-n.:-er::.ent, t, narrow be::.fa is essenti:0l tc, produce suffi­
cient ,,,._ccur,.:::y fa thG pcsitionin~~ o f the r:o rt<'.r shell in sp2.cc: . 

56 . Usi n:. the r:.cthcd 01:lple,yad by these r"'.::12.rs fc r r .:>.pi d s ector 
sc2.n, the initi t"J. delr>.y tire in th-3 pickup of the rert~ shells ~fter 
f' r.:ortn.r h <". S cu:ma nceC: to f ire in a r_;iv-en sector is precticcllly ne[li£-ible. 
Th.') initial -:kl ?.:" tiu•.3 in the two point detecti ·:in r.cthcd of the ,~!'-J/TPQ-3, 
etc., and the .:>.uto!T'.?.tic tr!-lckin6 r::dr,r set XR- 584 w;:-_s discussed in 
par-'1 __ :rc{)h 53 . The infor:::.e.tion ti.r.:e r:nst nr-·VI bo ccnsidered. 

57. Essontially then:: 1.J.r0 three .nethGds o f trrnsl ating radar 
inforrr.ation ?.s obt.:>.in.:-:d in the usual fashion into useful infonn?..ti,.:,n for 
cc r,:b;,.t infor:.E.tion. It is not ir.,po;:tant t o this discussic•n whethe r the 
infc rrr.?tion is desired in f)•:.ilc-1.r c c;ordimtes with :-cspect to the r?.dr..r 
or in the :-ect2.n2,ulnr coordin.~.tes ~f .!;.. rr.e.p . These rriethods Arise out of 
the three po.ssi ble situatio ns : (a) the case where tha inf0rrr2.tion 
obtn.ined by t ho radr.r locc>.tes a lirritcd nwr.ber o f discrete points on 
the shell tr,,.ject0ry :>.s blips on P. r~dar screen, (b) t he Cf'.se whe re the 
r H-J;i.r contiEucudy locF.tes the rr.ort;;,r shell in .f'.licht but docs not store 
this inforr:ie.ti on in the r e.d,·r, (c) thc ce.se ii/here the r ;,_::l1:. r locete s in 
?,. ne.?.r ccntinucus fashicn the cwrtar shell in flibht ,,.nd stores this 
infon;:c>.ti on on the radc:r screen. 

58 . For the c2.se cf two disc1·ete p01.rn:, s e.s excr-,plifie:d by the 
r2.~,?.rs using the V-be<'.'.!'.'. principle, r.r,cht1.nic;il rn "'Suremen t opern.ted by 
.2.n obseI"\l'..:)r i s necesse.ry. The pr, .cedure is t o extr;:-.ct by s ->me rae<'..suring 
device t h0 info rrr,a.tion existing on the r;i.a,.,_r screen and ;,_t the s?.«,e 
tir:·t:; c?.utur.1.?.t i c?.lly corr~'Jute the ,".ppr"xirr,<i.te ,_--;~sition on the e?.rth ' s 
surfr.ce of V1c rr,:irt".r site in v;h,-:>tcve:t terr.,s desired. It is cl0<>.r th:>:.t. 
the infurn:r.ti cn t:ir.,c of 1!18thc,d (;:,.) is quite SI'."',"ll and the oper ation 
si.r-:ple. Tho prir-r.ry (.bj e ction to tho systefi'. lies in the innccur~cy. 
1:eth-d ( b) c Jnsists cf '.'.Ubr..£tict,lly tr<'ckin:, th\., shell in its trajectory 
e.nJ pl::lttin;:: this infcrr:::-l.i'Jn d the SPrLe tir:c . The tir.:G of flirht 
of a r:jrt'lr shell d.Jcs n0t, in __ enoral, exceed JO sec' nds. When .:i.ppr-:x­
i.r .. c'.toly ~ne- "..hir:::! 0r !:':::.re 'Jf the shell tr1.ject ry h ".3 been recGrdcd, f!. t 
thtc :liscr-s:ti. -n ...,f the up-.: .. 7-.k r , extr.pol~ti.:.n !:£.Y bl;; p~rf-:: n::ed to obt..1.in 
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the infcrr:intion c.S desired. This r:-.0thc•:! is cle~..rly faor0 corrplex 2.nd 
l ancer thm tho first .t:Bth)d, but it r.h:,es incrcr.se 2.ccuracy and decrease 
th" dopcndance on 0r,0r <'.t ~r reflex. The thir:l :::ot}1cd, which wt.s -".tt er.-.pted 
i!1 th(; British ~:or Ln, utilized A Jif f 0rent typ€l of V-b,:r-r.: frcm the 
ether s:vster:.s r•.s ..!..!s:::rib<:,d in SGcti1n II par~.;rtcph 18. The rosult cf 
us inc this type ,:,f -✓-ba,~.r.: wri.s ?. sat .:,f p:ints so1:x,wl1cct in th0 f c rr'-'- .:f 
;, pF'..r:-.b_,le. existin~; .. n the radcr sc:-Gen .£.nd c'.DothG r sct of p-:-,ints forrr.inz. 
=-~uroxir:F.tcly r- strai,:~t line . One set cf pi::,ints w?.s derived frc-,r:i e.=.ch 
b-~·.1Jr.. ;, s:i.:rplc ;Jr.c~··,:::.rC'. ~xtr"'.p0l,:ti c.m .:;n the screen itself of those 
L·:'1~ pcint s,3ts producc-d 2. sin[lc pc,int c f inter0.scctio::i which wri.s the 
posi ti :;n nf the !:,0rt2.r sit.::. The Ne m£•.n r es"r.1blcd in sc2n the i~11irling 
J0rvish, th~t is, it hr.d two r<'..dr,r r:it.,.:mntts br.:~l~- to- b.2.c}~ rotR.tin6 -~.t 
60 rpr1. 2.n:: it us0c: ,rn ekctr0nic switch tu c::.mtrol the sectcr sc~.nnod. 
Th0 initfol del£>.y tir...c w.-:,s thus si.r.i12.r tc th:•.t 0f the V,nirlin;.- Dervish. 
?r,,.J :: . .Jtr.od. ~-f trc.nslatin;: the 1'<'.~.r infurr:-£-.ti c:n into us<;ful inforr-,<ctie: n 
W"'.S oi.:i k s:i_ t,pliffod frcr.. ~11 st "ndp'.J i."1ts. The r:-:.:1.jcr dise.dvr,n t".1:::c c,f 
this i:.o thod is th" inr.ccurccy. Field trinls ·with K'.:nrcc:n in Enrl.?nd 
WEff8 ~!"'~".rcmtl;,r unsn.tisfoct::..ry. rtoccntly the i1N/CPS- 6, , ihich <'.lso utilizus 
this !>;,.1•ticul.::r "l-b,-.::u,: r;;oth.:-;d f:::.r heit:bt - fin:'.in~ h ".S b8cn fiel:i t cst0d; 
hc,v:,3ver nc, r-tt-::r:,pt 'N,'.1.S r.£.·'..:O t o ,:,;bt:--.in tho ::ccurr'.cics I'GC:Uired by the 
ffi(,rt".r rr::ibl0n, 2.nJ. o.s [). result th,3 fiGld r (3p:.:rt p rcscr:tly "'V<'ilr:blc 
(reference 67) ziv,::s e,nl:· c! quc-lit~tiv-;; picture . 3::.;:,lY'sis will not 
be r.-1:-ccd -.::n this s;ystei., here sinc-c: su.i.'.ficient infor;~!P.ti.,n is nc..t avnil­
r-1:-le. The i-:;.,rr,:,,:'1ll pre jDct h~s, h c,v,ev~r, bc'2!n r,3p.:;c'ctcdly menti:-..,mc.\ f or 
th0 srecific ;:c.int n .:w bdn,~ c-:.nsiJcred, i.e. the si::plicity :md 8;cis0 
,)f the r::et!lo•:l of extrcpolc~tion , 

59 . The rapid sc.'.'in s~?.rch .r:.cthc-d loficrlly dio1s itself with tre 
discrete p0int infc m.c,ti~n ttetl-wd t ') fon:. ;..ne system, ~nc. the slo,, sc,m 
S0[;.rch r.ethod ali6ns itself with tha autor. ... "tic tre.cl:ing info nr,_.., tion to 
forr:. ?nether system. The previously discussed r~crrac>n systerr. is on 
exception, since it cor.-bines a rc11id seen with '.'. CTultipoint method. 
From the st<'.ndpoint of trA.ffic hnndlin[ ['.bility Hlone the forn,er s-.tstem 
is better thc>n the second. Ho'never, frorr, n generc.>.l c1..msideretion of 
the prob le:,, it c?.n b.., seen th:: t the clif fercnc 0 is o n.a o f order r;,.ther 
t.h;,n degree, So thct it should not be particulf:'.rly in:'1orU1nt if one 
system c(,uld ~.t ;;.axirrum loc.c-,te 30 rr.ortr.r positicns in on,3 hour while a 
different system could loce1.te only 15 positions in one hour. WhfJ.t is 
importcnt is rather tbP.t the system be able to loc,.,_te 2 rr.iniL1wr. nUJ.ber 
which w.:>uld be a rec>scnable appr cxir!l1=·t Lm of tho r.n.xiwun nw:b-e r o f r.-:o rta rs 
ge nerclly net in P-'1 e re,>. which the syster;1 governs. According to the 
rci.litary !:'l.lth, ti.ties, 1 5 mo rtr·r l oc2 ti -ms ?.n hour would be s;::.tisfc>ctory~ 
In fret the c c>se v1here 30 r:-.::::rt,)r p0st i r,ns lry within the :->.rc.e. roverned 
by the sys t.,:r, 1'!:)Uld be exccpticn..:.l . Pr".c tic :--l tritls c,n t he: proi:Jle.m of 
trr·ffic ;-_re not c0i:prehons:i.ve .• but it is iniicatecl that v.ithin the 
sec tor s c.:::nncd the btr/TFr:- 2 c, ulJ. pre. or..bly deterr,:ine ove r 3rJ r:.ortr.r 
sit..,s :1n h.1,r \"P.'lil-3 tho SCil.-5&. ,;;,.,uld p:-01>2bly det(;n;...inc over 15 ncrt!"..r 
sites "D hu;.r. Considcr,..ti-.n (~) e.n::! (c) o f p:.-.rr>[r,?.ph 52 ir.1ri:edi:>.tely 
:rise :. t. t:-,is point . 
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60. I n the pr-.::vicus discussion n::, consi:ivr:-,tion w2.s .9-ven to 
th,:; prr..;bf'bility thn.t <' shcl l fired in a t;ive;1 ~~r-3~- vutld be dtdtected. 
Fron, c:iscussion with r.ilit.:-.ry persumel, a ~ n.:5id~r-:1.tion i;; f tlic 
geometry of :-!Ort<".r loc:>ti-:,n ;:,n-.:1 the r-aquircmcnt l:.h?.t this syterr: be 
lightvmigi ::., ;:,_ more or less ~.rbitr:,.ry fi~re fo r a rn,.,,.xir..UJ-1 rroige under 
r.ll types of conditions w;;,.s s et at 10,000 ye..rds ,,;a inst Bl r.r.. I.: 43 
raort:>.r shells e.t ell c.spccts ~nticip.'."!.ted in th0 fi0ld . This 10, 000 
y~:::-d rMgc fi5ure is ne.'.'.r the li'?.X.ifaum. co nceivc.O10 under the conditions 
stated, enc.i it is not e. t .J.11. c e rtl'.in that e. prob,,_bili ty :::f one cun 
'.:le t;u.":.r.::nt13ed even with the r:::.d."'r bee>..ra s ec'-rchlit_shted on the cc•ver<>.ge 
c1.ren. Pre viQU§ly the 1,,ili t<>.ry ch~.rc.cteristic s ro::;uired ?. soc t,, r 
coverc'.'.fe of 90° or more. Howeve r, it should be :x,inted r~-ut th.?. t the 
probP .. aility c- f detcctinc tll srells fir0d in ::. 90° s ectcr r1ith 0ne 
rr1..dc,r is l ess than unity. 

61. The fo.ctors tc be cc,nsidered are th0 usu..,_]. p:1r .... reters in the 
P::1c>.r systur::, those c>.ffoctin6 th:=; prc-p;--i.,s;:t i :n uf 1.acrc',;n.vcs, Pnd the 
type of tc>r get. Suitable refercmces ari:,; <!.V2.il~ble on the usu-" 1 p~r'l­
cctcrs. The nortcr p:rcble.rr., hCNVover, :b.ys speciP.l stress 0n the scan 
l oss, the effect on a wide frequency spread -:;f nicrow"VB trcmsrrission 
thr.JU[h acl.verse wee.tter co nditi ..:.:ns "nd the rel:--.tive reflection ,:,f these 
w:i.vcs frcr;, diff erent types of t err?.in ,:,nd frcn the speci.;-.,,1 target 
r.:cntic,ned. ReferencG 63, a ~rr.··r::rrlurr:, describes t n 2.p:-'.Jrol'lch t o the 
1r,e,sur8ment of the effective refJection of r;,.in /?.nd type s of terr ain 
f 0r discra t e wicrcwave transmission bP-'1ds . C.:>.lcule.tic-ns :ire being made 
en th& r eflection of rain in too microw2.ve r 0gi.on [lnd c>. series of 
experir..:en ts pl;,.nned t o check the results. The mc.<>.sure:rient cf the 
reflect i on f rem rr.i n is necess:>.ry s o th At the chcice of f r equcncy f or 
the system ra2.y gue.r.mtee operc>.tion thr: u?.,.'1 .<:.dv~rse weather conditiuns. 
It i s possi bl e th2.t sore device, such ;:,,s circular pol2.rizat i on of the 

radiP.ted energy, Ccc"..Y be employed so thc:.t the up;,er linii t uf frequency at 
which l'.dvcrse we.'J.ther cc, nditi ons becanes si;nificcnt ma y be raised. 
The use o f circul.2.r pol -'.'.r izr-. tion will reduce the sensitivity of the 
r :0.d2.r by a few db. , but .,.rl.11 serve to improve its per for filc'l.nce through 
rdn. If t:~ 10,000 y;-o.rd figure given f or £..r-.ximun.. rL:nge wer0 rete.ined 
wd operrtion thr ouj1 r:>.in JT'..ade ;,.n 2.bsolute requisite o f the r?..d:,.r 
systcit, prGsEnt infcr!.,t .ti..m indie<',t e s thA.t the hifrwst trc'..nsmission 
frequency t h<'. t shculd b-;:; used wculd be in the nei &l-i":Jorhcod c f 2000 
n-.egf'.cyclcs . The :1i:::11cst frec;uency is desir'!.ble t o l.in:it the weight 
Md si ze o f th o sys t0 m. 

62. The mec'.surcncnt of reflection fru.1 different types of t e rmin 
is desir.'clt: bcc .?..use it d.et~r t".'ir:cs th..; discri.0.ilir ti,,n between shell 
echo rnd tcrr'"·in ~ci!c c?..n:l inlic-tcs the ck:grvc t o which 1.;TI is needed 
arrJ :;.lso i~f2...uoncos the chcice ::I frGqucncy. The .m~:'.SUrGr.tenl:, of 
r cfracti,,n ;,nd diffr-i.eti,.n by t.er,·".in is ir:'.pvrt~:.nt in P.ccurr-c~r o.rnsid~rc­
ti')ns r.nc th0 toctic~l US() of the r-::ct.~ r . Sr:.rn preli.!r.in-... ry ·::ork h ?.S 

b-:;0n d,mc .:, n the r-0fl ccti )!1 from t or:rain7 but it is :-.t pr0scnt incon­
clusive . Slichtly mere h'ls be..3n di~ne by the British (reference 58) 
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on the diffr acti<.,n P..nd refrc.cti~n cf r.,icrow!'lve tr~nsr.d.ssion by terrcin, 
"n<l s-:;ro c::inclusiuns h.-.vv b8en dn>.vm. S,.;i:n -::, f the British we,rk w:\s 
perf·:>rrLcd spccificclly tc "id tho sduticn oi' th3 xrt".r pro~lcm. 
Inf-mn.r•.tivn Rv.~,il:-bL:: in th,.: Unitod St".t::s is li.m.it0d, .<'lld it is net 
kn•:wn if th .: British pursued their w: rl, rft0r the: surnx,r .:.,f 1945. 
ln:i.c ,tL ns ,·10ro t.hn t they intended w do sc.... 

63. 'frc effective reflccti0n ,!Corea, ,- , of th"° t.:i.rget h2.s b.:ien 
stujied by t he: Ohi-., St .... tc de:sc,:,.rch Found:>.tic·n. ~ ·c"'.sur,;,;;:cnts wero m,,da 
cm th~ t"'.rr;,,t r..entbred in p.--.r"'.;r<".ph 60, the 81 mn If 43 mort:>.r shell. 
Th,., r::c~ sur::;~c1.~nts v:ero cf ~Jhe reflecticn fron: the shell Pt .:i.11 ? spec ts 
,.nd Jn sav.:,r,.l fr0cuencios, vi.z . L- 'o.,nd, X-b.:>.nd 2.nd S- b?.nd. The infonn,,.,­
tiGn obt-:-.in,;~ w~s net exh!lustiv._ but rcvc::>.led s--:iverc.l int-::rc,$tinb f.s.cts . 
The t\~flect:...,J,! pattern fre,r., the shell in the }( - 0fmd resi:-;n indic:::.ted th:=-t 
thG .,. W:'.s ,.. t P r:J.inL1.1.m i..'1 the region wit:un 60° of the n0sc A.spect . 
Further::-,.cr0 the: ch::>.n;e in ;:r wr.s gr0dar then 100 db from. the side c s11ect 
t o this mrl o crcund the n0se r.spect . I n tho r,dl-.::ctfor: pnttern for 
X- b?.nd tho null ;>ngle dccrc? sed t,c., ;- b•,u t 30°, -?nd V10 o- of the nose 
,.sr,cct incr,::i:-~sec: . Th1;; refL:icti·:;n p."'.tt0m c.·f S- be.nd cc,ntinuod in the s-?Jne 
dirGcticn- These mor.sure~ents were the only ones to.k0n . It is prob,bl e 
th;,_t tho n.-"".ture cf the pc>t tern r>. t L- o...-i.nd will :;c entirely d ifferz.:nt f:ror;; 
thrt r.,c:- su_nd in the: X .:1.nd E- b;;.nds, since here the Jirr.ensions 0f the 
shell b_:,cc,w, ce-rr,p-,rt.hle to ;:,, h."lf wc>.velensth. No mol.',$Ur ~mE:.'1t in this 
regi~m h:-s been rrP.do c1.s yot . Ho\·;cver, experience in :>. qualit?.tj_ve 
fi:-.shi:Jn c.:r!'-:bore.tes this bolief, since it h~.s been re?.Jrted that on 
L-benrl the effect ,:if .?.spcct is n!UCh less thP_l'l ~t tho hijler frequencies. 
This fact coupled with the f a.ct th,.,t refl acti:--n fr::,m rain ?.t L- b:-i.nd is 
c,:,rr.p.nr;:i.tively sm:>.11 sug;ests th;, t ch.ii ce of frequencJ in this regi on 
sh'.)uld be s:;ri,·usly cons idered. 

6!+. 'l'he sc,:,.n loss problem has r eceived o; nsidc;.·;,_ble attenticn 
fr.~r:.?. nur:ber '".Jf sci.:nt i sts, esp::;cially t oward the enu of the :k.st 
w"'r when rc>.pid sc?.nning systcr:is •:.icr-c bcin~ b..lilt. Svltle i nf.Jrru:>.ti cn on 
db, loss ~s ~ functivn of db. p~rameter s i s ~vtll.?~le.* A nurrber of ~thor 
fi.'ct,Jrs t·ff·:icting scc>n loss h<:.ve ~mly oeen tcuchcd u:·,c,n . NrU.. end J ~hns 
Hopl:ins Univ.:.rsi ty, in po.rticulc,r, hrwe cor. ... r:Enccd 1\0 rk on the over nil 
prJhla:i c,f whA.t is ccnver.iently described :>.s sc.':.Il loss . NRL and ::. f:roup 
rit J c,hns li..J~kins University :>r~ cooperdinc 0n a thoroll£h study of this 
prc. blerr.. on·:.y tent~.tivc results he.ve as yet bo~n obti.'ined. 

65. :foglcctin~ ;;ropa, 2ti-..!'.l c ms:i.der-?ticns and .?.ssumin;:; thr.t t he 
mcrt-".r shell c,:,n be detected if it rem..;.ins in the rP.dc..r bec>n i.' certdn 
period ?.ml -j._, cs not exceed .::.. certain r~z::,:; fr.:.r.l tho rr.dr'.r, IDethods of 
se:.rchin&.; f r1 r the r.1crt.'.'r can be ~-nsid0red. Undor these conditi::;ns, with 
the ~~-:l.dition;.,l ~ssuq,tic;n :)f a. rc;,.scnr-.::ile tr".jgct, ry r:nd velocity c,f the 
rr_· rt--tr shell, th0 consider.:i.ti:,n is n. p.r0b~.bilit-J functi0n. To d.:>.te two 
lm.,·.m :-.tt.s..,·:r:,ts have been r .. ,1Je t.:; sclve p8.rts ··f this proole.r::.. Cm~ of 
these ,'1.ttcr..;:ts w· s ctiscussec! ;,.t lencth in p2.r-.Jrph 32 (reference 35) 
:->nd w:-is cc>rri.::cl _ut by the C;,n<1.dian scientists in c~ nnecti:::n with thoir 
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rapid scan nort;,.r rc\d2.r. The secvn:l. e.tterr.pt v1r...s m.,~de c\t mn,. In the 
lidL r eport functions were derived for prob~bility includins oe2.m she.pe, 
sc;:,.n spaed in degrees sc;~nned r;er second., pulse r;,etition fre<;u~nc~· 
(it ,yf'.S , ·ssurr.ed thP.t 5 pulses p,,,r b(;:?Jn width per kr~et insure:d e. prob­
ability cf C;nc for det ecticn), r,c,nge , end dead tii:i.e between sc;-ns. 
The derived functi.:>n f or probability is: (See r 1c;fcr ".lnce 68, p::>.~e 24) 

---/ 1 r ,,,( , e)r)... Q R,c( s 

:1 - r.:.n_::-;;, in yards 
0( scenr-...inf; rc1,te, ir.. ci~2;r ees por second 
S ( e.s .?.00ve ) 
A . VGrtical beer, .. width, de[.recs 
w' h-:-rizontoJ. '.:lc.,r.1 width, dc[rees 
g, sc,::-,min~· sector, de,erees 
V'- velocity cf shell, ft . per soc0nd 
(? r c!.G.,"r ;.iulscs r.:>,t0 , :;:-uls~s per S,'.3COnd 

t; · num:)Cff of :;,ulses required t.o strike the t.".r[o t f o r detcctir.n 
~ 19.10 (c'.. c,:-nversif..n fr.ctor) 
Q _ r,rob:::.bilitJ· c f detection r:-f th~ ;:K, rt~r smll. Since 

i s fixed ?.t 5, Q r.ey !:Je rr--~t-c,r th~n unity nu1:1e ric,:,lly. 

SZLECTION £ID 113:C()G~JTIOI>; OF TRE TAHGZT 

66. In the previous tWv consideraticns thG main conce rn was with 
tho mc rt;;i.r problen: specificru.ly. The c oncl usions dr~wn from the exten­
siva field tests hol d 2.t Fort Sill { see SectL·n II, parai,_rt•.r,h 39) should 
be rocnllecl . I n these t0sts different t A.rgets wer.., used to deter1;i.m 
whether they cullcl '::le detected ;,,t all and the n.c-rtar tt?.rgct was tested 
under C) nfused co nditi0ns t::i ci.eteri'line whether it c -:-uld be rccc,tnizcd. 
Test 3 c f the Fort Sill tests was pe rforrred specifically t L, detcr.;-Line 
the ,3ffocts of confused. conditir.,ns such r.s r.Rll.tiplc oort~r, artillery 
shells and t>ircre.ft in th0 s0.rnc vicinity ;,.rri rountc>.inous t,.,rrai.'1. The 
concltis i-.:ns are VL.1rth l'Gpo~tinr.:. re r0 . They ware th ,2,t multirlc mort~rs 
were: c:: nfusi n,::: •r1hen firinc s :irtJ.lltc'nc~~t..sly; however, if the rnortrrs were 
spr.cl3d -"l.t 100 t c 2:)0 yar ds :-.part, individuc1.l firini; p(;ints c ::., uld be 
l cc;,.ted . Cr;ntinuous ::r rcpid fire f rcr.1 sin.cle or i:11ltipl0 mort;:i.rs wa s 
nC't ~'1 eff0ctivc roe.sure tc pr0vent mcrt~r J.oc;.,tion. S3condly, ertilkry 
fire in geu,n'c'.l cc:uld ba r c:i.dily idantificd. i.ircr~ . .ft., f· lling 
obj e cts, o r birds c:>l'..ld be di stin_7.._:.shcd fr.;m Mortar sh.alls l-nly by 
c ·m.:lful s tudj' of the e cho r--.nd its ·0el-:P.vic,r. Tl:irdlt, mort:i.r m clls c culd 
oo located in r:Lunt::lin .. us terrain providod th.,t r.,:)rtu shells were fircc: 
so thc>.t the r.~iir.un. ordin;,. t 0 w,:i.s hi;•h~r th.::.n the intcrvcnin.,3 terrc> in. 
Test 5 indic ded tb:::..t c' rtill'"ry sJ-.e l ls c:.;ul::! be det ect ed ,1y r;:,dc-rs at 
.,_ r Pn t3e: c-f c,ver 5000 yards , ;::,_nd t e st 6 dcr:,onstr .::>;tcd tlv·.t r:r,-_und tarc:cts 
cculd be d~tccted '::>y the .S'Cd-584. ;~ctu"..lly, with rcJrd to mountm.nous 
t err::in, the c1.Utoill.c'.tic trt'ckin~ f cnturc of the SCR- 584 pcm.its ;, c r e".t e r 
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lib.arty in th~ selecti .:n cf the rad;:..r site then with the ).,."4/TFQ ... J. The 
J.I,;/TPr __ -2, b~ct',1.se of tne shr.rp cut-::,ff of its narrow be.,uns, is nlr:iost 
inJ_penJent uf sitinc difficulti~s. 

67. For tl)a detection o f rroving grcur.d tc>.r;;ets 1-md t o focilitnte 
the detection of lJirbc.rnc tr .. q;ets close t0 the cc.rt-n I s surf.:oce e. form of 
LTI ,'!Ould be V<" lueblt>. For t his reason 0th er types cf r .,ct rs such ;-s 
C '~, Fi.: ~nd Doppler rad,,_rs hcve 00en considered, a.nd in nddition :: 
c ,._,he rent pulse 1~ :is part of ?. pulse sys tern. Howev0r, tb~ C1.V, t'l~ r.nd 
Dcppler r-:dr rs presently in develo,,r::ent ~e prohioi tive from. the stan.d­
p.,int c,f either ~.cc,..;.rc>c:; or discrimin:o.ticn ::- .J?-inst ether moving tn.rr:;ets 
or both. TLcr., :i.s n") CY.Ce;:-tir.-n t 0 this rule Pl0ns these lines at_ present, 
c?.nd noni seens ir. th<> offing. The ;-lt:;;rnativ0 procedure is t o have ro.;re 
r·'.i'r scherr.e ;·;hich sr.y he used in conjunction with the ~ulse type rad.<>.r . 
Insufficient inforr,"£.tion on the perfc.rmcr.ce of ?TI docs n 1)t perr.d.t 
definite st-<" kffiants concerning it . A t the present tir.1e several scientific 
concerns are interested in developin[, LTI c>.nd .<:.n cxt-3.11sive field test is 
b0in~ cc rrluc tod en ETI by BTL under ?. Bureau cf Ships contract sponsored 
b;t the k?.rim Corps. Tentc1.tivc c:;rclusions fIT"-n these t osts tend t o 
corroborate th~ pessimistic thcoreticf? .. l ,:.,utl-::ok rec;2.rdi.!15 the use of 
}:TI with an~· rnpid se<.nninc c•r au torr. tic trr.ckin'- r<'.G".r. Viit'.1 reu•.rd to 
::-. more lirhtv;-ai ::ht ~nd ru,~·:Jcd ce, heron t oscille. tor l,~TI, further we rk 1B 

ba inf: d: nc c,n s olid delay lines rmd storasc tubes c·f different types for 
use with LTI ;,nd c.the.c purposes . The stcr~.ge tube still does not sc,lve 
the problem '-'f rapid sec.n and ?.utomP.tic t~ackin~ but is a step in the 
proper directir,n. Provicline.: this type of ~:TI docs not sc:.tisfy the S'JS ten 
requirements, ~ mor0 sicplc l.:.TI such as tllD Aurt:.l D0Vi-1ler could be used 
t o t.id in the search for grcund tci:-cots. It is hoped th;,t th0 coherent 
c.scillr-tor type t;.TI at tr.chncn t or some sirri.hr r:1cthcd will be perfected 
within r:. fov, ;p::-"'rs so th?.t most cf the prc'.Jloms roquirin.::.; LTI in this 
syst0m might be svlvcd. Th.:; c.:,rJbin.c>,tion cf the .!)Ulsc rP.dc'.r with !~I 
appears t o be the most sat:Lsf2.ckr7r type cf system for th-:;; purpcsc stated 
in Sccticn I pcra[r~ph 1. 

THE ..\CCUR.:,CY 

6$. Th0 "ccurc1.cy of the r..:.,rtrcr locc1.tin; r2.dc.r is cf fundn;:ient."lJ. 
impcrt;,nce. JP.:!a.rs e:xis t which c.?.n locc1.te morte.rs mc,re .?.ccur;,.toly than 
tho coun t.::r W.3?.pons c2.n strike a knov-rn fixed target in t hn. t area. ··;here 
vr-0i~ht and n:obi.lity ru'.-c n :J object thi:! desi[n philosophy nt·.y well be tc 
t-uild the ir .. ,.st ~.ccur2.te system. How~vcr, L . th::: c<1.sc cf th:: .G!.ortP.r loca­
ti.riL r"ldPr it is nece;ssr.ry to desi[I1. for th0 optimum relationship between 
thos<J f:,.ctcrs c.ff-.::ctin[ the t.-:.ctictl cm~loyment ::-.f thr.:! rcdflr and the 
r;,.dE·r "ccur,:1.cy, For this r c;,son it is nocess<'.!j' t:) ccnsider in d~t~.il 
th~ errors o.f tr.e probr.L:lc system of l ocatinc the r:10rt::r ._,f which the 
r~ d:i..r c:rror is but ,,ne ~<">..rt. 

69. ,,s brou:_·ht .-:.ut in r <Jference 37, for e ffective cwntcr fire 
the error in th.J r.ssu-:cd position of the tl'rfet should oo subst;,.nti.tlly 
eouc>.l t, c r less th;,.n th._ prob<> ble error of the oounter v,c~:pon, A 
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f.:i·t··,cr con!:i<lei 1.tion of the problem demonstrated thllt the opt:i.murr. 
arr~ngectent occurred w:1en these two ~rrors wer~ ec:u?.l. Bc>.llistic error 
is denoted by prob~bility curves. A ree.son,:i.ble a.c\ roxi.Inc.tion of tte 
0. 5 prob,:,bL.ity curves of the 105 mm. hcr<d.tzer is ci. circle cf i;:,dius 
50 ~,.,.rds. '1':-,is me~s thc>.t 5o;; of tte shells ±'ired fron P 105 rr .. rr howHzer 
,-,ill l~nd i·i:.thin 5;_, ynras of e knui.'Il t::rret position. It is now necess<cry 
to desi[;n tl,e rnJ.".r 2nd develop the techni~ue of loc;:i.tin,g mort::>rs end 
orientin.: the red::.r ~nJ counter we;:pon so th;:t tJ1e combined errors will 
be less thM ± 50 yr.rds in r;:,.nge 2nd ;:,..zimuth . 1n the i'ollo:.int discussion 
it is convenient to tc>ke the im.xinm.-n r.:1nge 2.t 10,000 J;.'.rds. 

70. The raili.r error is composed of t'No errors, the method error 
and the e'7uipr.-ent error. A thorough investigntion of the method error 
h"' s been c c:rried out (reference 37) . The results of this v1ork exclude 
the orient;,tion error and the equipment error but roerel;r equ~ted the 
method errc r c?nd the btllisti c error . The methods were compe red on the 
basis of the rel<1tive heig.rits at whic.1-i the mortnr shell must be detected 
in e"ch cr.se to locete the mort<'-r site within e. 50 yard rr.dius circle. 
The rr,ethod error exists bec~use the mortar shell is not detected e.djacent 
to the firing point, nnd some rrethod of extr.?.poJE.tion is necessary. There 
is r V?.riety of methods becc..use there is r. V<\riety of ways of getting 
information on foe shell tr:-.jectories ::.n::l of extr e>.pol:>ting this informetic17-. 
It can be seen th,t the lec>.st 2.moont cf info rrr.-,,,tion which a reeder could 
supply would be the loccl:. io:1 of the mort,r shell c,t one point on its 
tr;,.jectory while the !':'.Ost inform'>. tion would be P. continuous plot of the 
mort~ s.11.ell position on its trn.jectory. 

71 The previous three considemtions, th&..t is, tr.::,.ffic, control 
t~ren, .:-.n<l s,~lection, tend to limit the pre-riously 1-",novm number of 
methods which r,ti.f;ht prr.ctically solve the m.ort:ox problan to two . They 
;,_re the cont.inuous tr-<>cking method 2...'1d the V- be".m. instc:mtaneous locr:.ting 
system. Th,3se methods r.re exemplified by the latest mort;).r loc !!.ting: 
systems. From the st2.ndpoint of accur-:i.cy these two syste.r.is ,:tgain st.'.".nd 
out 2.s the most sr-.tisf;s.ctory. The conclusions dr2.vm in nn e?rlier 
study (reference 37) were that the continuous tre..cld.11£ method is the best 
nnd should be used ~vhenever the recuired ecµipment is 2.v.?ilable ;:,.nd field 
conditions permit. The two point .method m:.-.i.y be used under the l!'P..jori ty 
of field co :1ditions, especi,,_lly when f ull use is m?.de of all infonn.;,.tion, 
It ~-s 'oeen demonstrated m2.thematicc>lly th.:>.t with continuous tr~ckine, 
c?.s long as ,. rec.sonable percent2ge of the she 11 trajectory v,as obt:1ined, 
it ~-,.,,_s net necessc.ry to he.ve en upper limit on the first point of detection 
of the shell :>..bove the e.r.rth. Using t.11e two point fi.,ced rngle extr~­
pol:-.t.ion in order to obtAin the c>,ccurc.q,- described in pm-agraph 69., it 
would be mcessary to detect the mortr>.r :nell at the first point before it 
h~s risen more thnn 120 yards c2bove the firing point on its tr.?.jectory. 
At times this limit~.ticn could render the system useless . 

PEYSICAL H.EC;UI2.E!cENTS 

72. The L,::i.rine Corps hc::.s placed fc. ur require,1ents on the mort~r 
loc.,ting system in audition to the fundcment:>l requir0ment of lccc>.ting 
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mortars; of these requirements three were physic::i,l requirements. They 
wero light weight, hig1 rr:.obility, a..'1d e-<>.se of breakdov.n inm comp2.ct 
units. ~·!hat thd I.<>.rine Corps desires, however, is the lightest, most 
mobile syste.T. v;hich satisfr .. ctorily meets requirements (a), (b), (c), ~nd 
( d) of p.<>. mgr<>:,h 52. An example of ~ hc;-~vy system is the SCH.-5a4; :m 
eX?.lllple of a light-.,eigit system is the sourld equipment, Type GR6. The 
Al'i/TPQ-2 is t he closest appror.ch to the irodium weight rr-.d?..r system. 
J,. sufficiently light~•,eight system shculd sr>.tisf.:>.ct.o rily ireet the require­
.iren ts of high mobility <1nd simple bre2.kdown. 

73. From tr1e tactical use of this equipment certain other physictl 
dem:mds which s-,ould be met are apparent. The Gquipment w:iuld be placed 
within 4000 y:i. rds of the enemy lines, and a line of sight pc.th to the 
target v.~uld be necess.:1.ry. Since tha target must be locnted ?.s close above 
the firing point 2s possihle for Lhe desired e.ccurecy, the install~tion 
of this equipment would be in the view of the enooy. Thus, that pert of 
the equipment which must be so loc-:'.ted should be 1I1?.de as insignificant 
~s possible. Likewise bec~use of this position i_~ evmbat the simplicity 
of operation should be stressed. Any inst~ll.:~tion or elignment procedure 
must be h~ld toe minimum. After e.rrivel in position the system should b e 
opemting norrnc>.lly within c1. few minutes. 

?l,. Of existing systems only the ;.t,.;/TP:..t- 2 and the scrt-584 could 
possibly seet the requirements cf (a), (b), (c), and (d) . Actunlly 
·neither does reet th(;Se requirements in full, end neither ce.n meet 
requirement (e). However) it is appP.rent thc,t 'ACLth c>.dditione.l fundamental 
inforrr~ tion, a proper conbination of the properties of previous mortar 
locators .<1.nd expert engineering, it is quite probrble thc>.t e. eystem 
could be designed which ,·:ould st'..tisfactcrily meet cll five requirements . 
It is equclly probr.ble th:1.t this system would ·Neigh between 1000 ?.nd 1500 
pounds, c.nd the c:>nsiderc'.tion of weight would apply e. constr:nt pressure 
to th~ design cf the system e. t the possible expense of some feature. 
This, howevar, is one approach to the problm., and with this in mind 
e. survey w?.s m-?.de at N.RL (reference 66) on the application of automatic 
tr~cking to the mortar problem. The results of the survey indicate th~t 
a lightweight :-i.utomatic tracking unit could be constructed t.o satisfactorily 
meet the r equirements of this system. Anotrer survey into the epplications 
of the sub-mi.niF.ture tub0s and components into r:>.d'l.r circuits in:iic?tes 
that in the near future these ligi,tweight articles may be used in re.de.rs 
of the type 11I1der considere.tion, These surveys bear out the conjecture 
th.<>t e. iredium weight system could be engine\:Jred. Hm..ev0r, '!nether 
P.pproe.ch to the problem, of cours,3, exists) ~n'1 th:.t is to search for a 
new so;l..ution which might render the problem of meetjng the requirements 
more sirrple. An example cf thjs type is the triangul:1tion rreth:,d of 
l oc.., ting the mort?.r site ( r~ f ere nee 15) . 

SUI.J.:J.RY 

75. Frcm the p;,,s t discussion s.:ime c~r.~lusic.'ns concornir!g the 
system characteristics specifically listed (see paragraph 3) 1or consider-­
Ation in this project may be dr;n-m, 
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T::tAI:SLITTTElt p;p;rmr-iCY: Frc.:n the st2.ndpoint of systcit rotentie.lities nnd 
light weig.t, a frecucncy in the neighborhood of X-1.x,nd or higher seems 
the logic2•l choice. Hot!ever, frora the stendpoint of th~ reflcctjon 
from r".in ?.nd fro.-" ths sh"'ll reflection ch9r?..cteristics c>. frequency in 
the regjon bctwee~1 S .,n~ 1-:xind v;ould be the loi:Jc;-.l choice. Since 
2.t r;,ngGs of 10,000 yP.rds or less it is the refbction from r.c:in rather 
th,:>n the .?.ttenw tion through the r;,.in which is the more serious fc.ctor, 
then the voll.llre of the nu} se pi'l.Cket i s of grcc.t importc:.nce. This volume 
is ?. function of r.cnge, bc.?m shape :ind pulse width . The r2..nge is short , 
P.r,d the other two £actors for this problem ra:i.y be chosen to minimize 
the size of the pulse packet. Thooretic?.l calcul.-,.tions indic2.te that 
with proper bce.m width c>nd pulse length the effccti,r.e refl,3ction from 
rPin i:'i.ght be mede net:;lisible at .":)- bmd er.ct possibly higher fr0quencies . 
Pr?ctic:>l .axpericnce do0s not cor.cobor.te tho theoratical calcu:L-:-tions, 
but .,ctu;,lly no thorough e.ttempt. h"S be"3n .ui.?.de to checl~ th.::? theoretical 
cc:lcul:•tions for t"Gflcction from rc:.in. Such mee.sureJrents are essenticU.. 
to pror..-3r choice of frequency for this proc:;lem since the design philosophy 
on tr.i 3 point is to choose the high•Bst possible frequency comr..atible 
vlith s11ccc0sful OP31·ation through ricin . 1n 2.ddition to these m0,:sure­
ments, e sl,udy of tho o- of difi'.::.:"ent sized shells e.s illE:::=>sured for 
frequ.::rcies below 3- band should oe c.-.rried out . A period of nine 
nnnths or c1oro would be necessr1ry to perform these n1Je.surem,rnts • 

.ACCU?..ACY :CZ":UL?.Z:3NT3 : For the two-point system ,?.n accure.cy in :mgle 
of ± 1. 5 mils end in r;::ngc of ± 15 y~rds would be required . For the 
rr.ulti- point or ;:,uto::· ..... t:i.c tr'lcki.ng s;ystcm ?n f!.Ccur-:i.cy in ,angle of 
± 8 mils and in rMEe of ± 25 yards would be rcq;..irad. k,ss 2.ccur2.cy 
i s neaded in the l~tt,3r c2.s2 since more informe.tion is obte.ined on the 
sh0ll tr['..j(::etory. The £":oove f i gurGs c:.r0 approY..i.rr£.tc tut five the 
ord.0r of rccure.cy. 

TYPE OF SCAN: Additionr.l j_nformr.tion on the ex;,.ct militc~J requirements 
is nec<Jss:?..r;y b0fore scttinr the optinum type o.f sc-:1n . Sev0rc1l possi­
bD.ities e.re under considcr2.ti on. Gne possible choice is described 
in p?.r<'.gr?.ph 78 . 

TYPE OF FR~SZNThTI0};: The presentr>.t i on c;,n only be determined after 
th0 sc?n c'lld genc1"'.'.l dosi.gn of the system !1r..,v0 baen corurileted. However, 
th...: pr.:sent:>.tion should b..:: f.'Uch th"t onB or '.,wo lllGn rrey conveniently 
ope:::e.tG th,: systera t:nd obtain with 3. minimum of effort the loc"l.tion 
of the mort~r from the infom,;,tion ?..S pres,,mted to them. 

TYPZ OF RADAJ: ~ pulsed rRjPr syst~m is esscnticl to produce tho 
r,nge and ;:,_ccur;lcy required in this system. Howaver, some form of MTI 
or Aurel Doppler might well oc. added to the syst8m, should oth'3r d,~sign 
charPctcristics (such r-s sc~n) p~rmi.t . 

Pi1CPAGP.TION iiESUI.l::J/3NT9 Al':J ~- INIMu1... RANGS: 

It is rcqulr0d thGt the system bj c~pablc of detecting~ ruortPr shell 
~t 10,000 y~rds th.rough rr,in . 
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SZCTIO!-! IV 

76. The infor:rtatior. cont:.>.ined in Sections I, II and III indic?.te 
t.h~t • sysi:,er:: such ~s the follo,1ing might best solve the .mort2.r loce.tion 
problem. 

77. Tl1d follNr.ing tentative specific.?.tions were adopted for the 
proposed r-".dt.r: 

78. 

( :') 
(b) 

(c) 
(d) 

(g) 

(h) 

(i) 
(j) 
(!,) 
(1) 
(m) 

Tr,,ns,,d.ttar ?requency : 2000 IT'.Cg.<',,cycles 
ili.;.d~·.r 1'.;;cur2.cy: ·"':,or-oxi.rr:ately ± 25 yr1.rds in r2.nge 
end± f1 rr.ils in :-1.__:le (with A.utorc;;:-:tic rcrige tre.d:ing 
,~nd cont.umous engls: inforn.2.tion). 
T~'}')e of Sctn: electronic discrete sector sc~n 
'f:',~lx, of :'.-'res,:mt,,tion: A-scoix, e:xpr:.ndecl A-sec;,~ for 
r2n~u discrimination A.nd ~ccur2.tc pip rr~tching, - ~.nd 
t\'i.r,.;_ ;:,b.:se ~zimuth indic,"tor; to 1:io opero..ted by two 
F..<.:::n. 

T:0e cf !t..,rl,,.r: puls0d rc'J~.r with LTI 
Maxi1m1,:1 H.c;.nge : 10,000 yr1.rds .?t 2ll shell 8 spec ts 
t.hrou&, moder:, tely he;,vy rain, (Figi.re obtained by 
comoE'.d sen with field test d£>tc:. on existing systams.) 
P0.:- Pov:cr: "'PDro.xi..'tl?tely 100 KW (Avcr.->.ge Power: 
approY..imPte]y 30G W<'\tts) 
Pulse length. 1/2 microsecond (corresponding to a 
renge discrimn1.tion of less than 100 J?.rds) 
Verticr:l Be:.>_rrr Width: 5° 
Vcrtic2.l Be;-:-J:: Sepnration: z> 
Horizont:,.l P<:l:ira Y:idth : 1:2° 
Horizont:-,.1 B-3c'ID Sep,,ration: <:/ 
An ten.,?.: cllipsoid?.l 1~ s 
1. major c.xis ap pr'Oxi.rr~~ tely 7 feet, in the vertical 

plc,ne 
2. ~.cinor P .. xis ~pproxim.-:,cly 3 feet, in the horiztont~l 

pl.".ne 
(r..) Fuls-3 ~iepetition P,.,?.te: 6000 pps . ~ffoctively 1000 

fl)S. por '.JcMn position 

.Qp_0_r:- ting Ch~r:-~ctar:J,ctJ.cs: 

(P) Control £'.r0:n: 30° in azimuth by 10,000 yerds (or more) 
in r-'ng0. It i·1ill :Jc rossiblc to v2.ry this sector ;;._s desired c1t P.. rPt0 
l:lmitad ririrr"!rLLy by Lh0 officiant opcr:ttion of the 1:.TI. 

(L) Tr,,,..ffic: 
shells per rrinutG or 180 
two sh_lls pur minut~ or 
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(c) Selectivitv: 

] . for sir:'.il2r cl"'.ss.::s cf o!::>j~cts, e . ,-,. other shells, 
.:drcr,:i.ft, 0t•~., .i..n ge:nvr;:l s01-::ctivity 1,.;0uld be obtrdncd by r,1ngc 
discri.min:..,\ioJn, r r if nee 3ss-iry by not in: the tar0ct b,shv.vior 1-,,s presented 
en Lh.; tr".cer. 

2. for dissimilc1.r cless..,s of oojccts, e . g. 1?.nd clutt<i:r 
;-re v--,ry slo•v l!l("•ving tP.rg-=Ls, s~lcctivity would be obtrincd through the 
USe C•f "'I'l • 

(d) ?h.ysictl Deme.nds:. Th~ ,:eig:ht of th~ sysbm woulJ be in 
t:~ neir-hborhocd of 15CO pcunds or less , providing sufficient stress is 
rlr.ce:d on engineering for light v1eight ,url use is r.-t,~.de of r.;.odern light­
~·:.:d f,h t cor..pon<-n1 s. J,. light ,·;eieh t syst0m, in gaierr1l, c;,n be orsily 
r.,r>dc mobi__ 0 s rcquir'-'d. 

:J3S82IPTrm· OF TI-E 3YSTS: 

79. ;.nt.:mnn. Unit : The e.ntenn, .... of th0 propose:d syster" consists of 
six focds md ,,n ~llipsodi :il lens with e. 7 foot rrAjor ,'"'Xis in th.3 verti­
c.,l plP.nC:: v.1.d ::>. 3 foot r.:inor a.xis in tho horizont.tl pl:me. The: six 
fueds pi'oducc: si.,c ~~tms (so0 Plate IV), •"n u--::pGr and a low.::::r beeJU at 
(..p_ch of three ;:izi•·.uth beGI!", positions . The ;:,_zimuth width of 'J::>.ch be:o..;';l is 
12°, c1nd Lh-:: s(;;i:,.r.::.tion bct~Neen the 2.xis of these beams is 9°. This 
prodUCL:S r1. 30° cover:·.ge betv,een hn.lf power contours in 2.zirrnth, P.nd two 
::zimuth crocs-ovcr -;,oints ;,_t ~pp6oxirriD.tely the . B power contour. The 
vertic2l wic.th 0f 3.?.ch be;:,n is 5 , 2.nd the sap?r.?.tion between the r>.xis 
of these becms is 2°. This produces P. vertict.l covor.ge of 7° ?.nd one 
Y<:Jrt ic :c-1 c ros s-,,,vc;r point F" t :>pprox:im."'.t :-:::ly the • 85 power contour. 

~0, 1;:lectronic Oper.:-.tion: (Sec Ph.to IV for a simplified block 
diagr~.m of th:: systeo.) The basic tilr.ing reference of the rP.dAr m;,.y 
involv.) tlfo m,rcury dele.y line if used , The r..oduhtor is triggt.:r0d by 

• the kQyer pt.lse from the d~l".y line. Pul se 1 is switched by the trans­
mitt.,r switch to fe0d l wh i ch corresponds to bo~T, position <'-lower-

. Pulse 2 is switchc.->d to feed Z, be"l.m P'upoer· Pulse 3 is switched to 
feed 3, bvm b~ • Pulse 4 is switched to feed 4, buam cu· Pulse 7 is 
switch<i)d to feed 1, ce':m a_R , and the cycle rcpcets . Since the 
p . r.f. = 6000 pPS. then the ;.,ffective Dulsas per bea!t"t position per sec. ::::c 

l0CO. The t:n~reY rec0ived by fGcd 1 is that reflected from the energy 
trllhsmitted in oulsc 1 , be1'1.ll aJ e.nd so on. All the energy received 
pc>ssr..:s .b".ck through the S?J:,e 'i' . a. box e.nd receiver. This is possible 
since discrimirr.tion with r<asp;;;ct to bcem position is determined by 
the posit.ion of the pulse in the cycle ;,.nd occurs c1.t a lator stage. The 
r<Jsp ms..; of thv rccoivur should be r1,;-.oonably l'in0:2.r.. The returned 
~ncrgy is "..nplified ir.. the receiver r.nd fed into the ti'rl circuits. 
Part of the recciv~d energ.;1 pP.sscs through the delcy line Md part of 
the energy pr0c0..,ds to the mix0r ,•,here st,tionE.ry t;-.rgets P;:re ccncclled 
out -,_s f'lldws: Ti,0 d..:layud energy fr,.o.m pulse l is c?n:::olled out by 
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l:.h•3 Jnergy fro::· pulsi.:: 7, since bot"' these pulses cor~spond to the 
·•Jnc bec>m ;1osit1. ,n, "nd pulse 1 is d'-'l~yed ex?ctly p .~.f. seconds 
=: 1 millisecond) "" The l ength of the delr>..y line is thus equirlent to 

thc.t of ;, sinplc 1000 p .r.f . oystem. Tne resulte_rit. en~rgy from the MTl 
raix r is fed i!1to ~ receiver switch which is synched with the transmitte 
switch, ;mo .;witches tr.10 energy corraspond.:n~ to pulse 1 into ch~nnel 
l; pulse 2 into ch::1.nnel 2, d,c. The energy received from pulses 1, 
3 :mJ 5 is ":,plied to the lower pl2..te of ttc s ::r-,_ ch-re.nge sco,e. The 
cnerQ· in ei'!ch of these tl-.!'c~ ch:>nnc:ls is isolc.ted by buffers e.s shown. 
,he cn3rgy nceivcd fron: pulses 2., 4, end 6 in lihc rre.nner is applied 
to thd ur-;K:r rl- L of the se?.rch-range scope, etc. A rr~ted portion of 
the se£,rch-ranp scope is als0 "::,>plied to the fire control r-mge scope. 
(Seo Pl~te V) . Thu enorcr received from pulses l ~d 2, isolnted by 
buffers •"'.S sha:m is p~ssed throu,~h an inter.:rator e.nd Rpplied to the 
l<":fL plritc of tho azirr.uth scope . (Plr te IV). T:1e energy from pulses 3 
·nd 4, isol<>.ted b:r buffers, is likc·:1ise pcCssad thr.Jugh an integrdor 
... .rxi ;,.;,plh,d to the u:;IX:lr plr.t0 cf the 2.zimuth scope. The energy from 
puls,3s 5 "r,d 6 is n~plied tc the right hand pl.?.te of the c:.zllluth scope . 

81. Physic.:!.l Onere.t ion: ;.. descripti c.,n of the process of tre 
det(;:ction of :: morL<'..r shell will now best ,3xpL•.fo the fundao.3nt <-l prin­
cipL::s of the system. If ~ mortm- firos in the control e.rea of the r;,.d,q.r 
(30° in ::!.Zinuth by 10,000 y.=i.rds) c?..n indic;,.tion will ,?.ppe;;.r on the s3arch 
scopa in the form of an envelope, l~rge at first, then diminishing 
until the m.:.gnitude of the envelope b;:i...lances 2 s the shell passes through 
th~ cross-ovar point of the upoer and lower b2-?.ms . During this period 
oncr,,tor l (~t the search-elevation position - set..: Pla.t.e V) ,iill move 
<'. range g,1te of vc..ric>.ble width out to the t;:,.rgd echo. The presentc>.tion 
in this r&ige gate will appear at right on the fire control scope, 
Yihos., rf'.nge :iisplP.y equals the width of the g~te. Good r.-..nge discrimina­
tion is 2.chieved in this foshion . Opere.tor l locks th-3 gate on the 
t .I'f,.;t arn initiates c1.u tom,_..,_tic ra."1ge trc.cking. Operr.tors l and 2 
ther co.mr1ence to track the mortar shell wanually. Ope Ic'.tor 1 matches 
th, c-."'gnitud~ of the uppar ctnd lower envelope of ~argot echo on the 
fir control scope, thus ce.us:ing the 2ntenn2. to mcche.nically follow 
th1;; eleve.tion vriri~tion of the n-.ort;::r shell. The Azimuth scope indicP.tes 
the v;,.ri?.tion in "'.Zimuth of the shell for only the target g2.ted by 
up.:r"tor. 'This is done by matching the returned povmr in the three 
sectors corraspondi.r1g to the three c>.zimuth bee.Ill positions on the plc>.tes 
of tre scope. Since tha s\rnep on the scope will rote.te in ~roportion to 
t~; volt...~ge on the sccpe 21;,tos, an czimuth position is obtmned~_Jhis 
i~ .... ne·.-J nethod. c-.nd preseBts so1i,e co~.plications. Should it not be 
!) , ctic;,ble it ~'«'>uld be possible to use the returned infom.:!.tion to 
m~nu.,lly tr"d' in r.zw.uth, mtching the tc1.rgct strength c>.t either of the 
two ;,zimuth cross-ov8r ;xiints. In t~1e former Cc.Se Operator 2 would need 
tc ch;,ngc the r.nin e.z:L1mtl:'> diPJ. only fer sector s..,e.rch ercc.tcr than 
30° or in )rder to keep the shell in the r~d'3r beci.m 2..s it ch-:-.nged its 
n.zin1th. Tr.e .mttln c>.zimytr. cor..trol (Pl.<i.te V) rot"tcs the whole :-ntenna 
?.sscr.bly. The vernier -'!ziL"tuth control rotc.tcs .raecbznically ::,r otherwise , 
a nnrkcr which ~;h~n sureri=-r·se;d on the sweep of the scope indic"tes the 
.:i.zirr.uth o f th:; target. Tl1Us f'. corrbinr.tion cf the two infcrm1>.tions given 
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.?.bove givas th.:; ,. ctu::>l azimuth pos.ition of the mort£.r shell. In the 
l"ttc11 rr.:3thcd ixith c0ntrols would c>.g?in bl.:! used, but tl:k, vernier control 
vrould h?v8 "-ssanti;-lly cnly twc positions, r0pres0nting the ezimuth 
cr0ss- ::>v1;;r points. Th~ m~in azimuth control :•;ould then be us.::xi to n"I? tch 
the indic "'tion ~n the scoJX; with tho closer of the tiio vernier positions. 

82. Tracer: Finc'.lly, i'!. three- pen trrcer system s.i.n:ilrr to the 
RC-3O8 U5 3d in conjunction with the SCR-5B4 for mort:>.r loc,..,tion would e 
built into the indicator c;-binet. (See Plate V) . The three pens shown 

·v.,_ry only up end down, .?.nd <Cil m:-.y utilize the whole sc.?la, being 
displ~.ced to perrd.t this. A sheet of papa r rot? tes 1..u1dcr the pens .?.t 
ccnst2nt rr,: .. e . Pen 1 is proportiontl to .?.ZL"l;Uth , pen 2 to rmge, c>nd 
p.:n 3 to ,1h~v.?.tion. The: scale divisions .:'!.re c=>.rbitra.r;y . P0n 3 traces 
out " section a f e. pc'.r<'bvla. Since this P''r:>bol2. shaNs elcvP.tion angle 
versus " c0nstc>.nt time, ct singl~ uniform pA.re.~ ,le. n,ay be used to extra­
p0latc too suction of the ptc-rr-bolP to the tim.1:; (t0 ) cf the origination 
of the rrort?r shell. This point will be detem.irud by the point of 
interesection of th0 p:>.r<-bol/'.l. with the heig.1-\t of th.a ter:r-11.in in the 
region of the mortc.r. With t given, the P.Zir.:uti, ;-~nd r?ngc indic<' tions 
r:k"Y be i..:xtr;-!)Ol?. ted b:"d. to t~ ,md fac r2.:-,.ge c>nd azimuth of the mort;: r 
sit.., re~.a iri:medi ,tely. T:1 is whole operation should n,,.,t t?.kc rr,or1.: th;,n 
thirty se;c, .. mds fc,r the two oper2-tors n::mtioned. 

83. Prublero.s of the Systen:~ There :;.re three DP.jar problems of 
this system: ( a) tht: develo;>rrent of ,.,_ ;i:ct,hcd for switch:ing the trc'ns­
rtitt0r ::,c.-ner, (b) the devclop.rr.ent of sc>tisfactcry circuits for the 
compc.rison of energy to utilize thJ first r:P-thod suggested for obtc:i.ining 
P zinn.tth pe,si tions, ;,.nd ( c) the l ight weig:i t, ruu:;od engineering of the 
systen. .:.. ;n:,dcl switch for X:- b,,nd c:,p.ei.ble of switct.ing trc.nsmitter 
power up to 50 n at c:. ri'tc of 8COO times per second with less thP.n enc 
db. loss h? . .3 been d-:::velor;ed by Sylv.:->nie Electric Products ;:ind could 
pr"brbly b(.; sctlE:d to the requircimnts listed ebove. It is at least 
theor,;1tic~ .. lly possiblB to solve problem (b), Md pr2.cticdly, sufficiently 
fePsiblc to warrant developwcnt . C-cod cngine~ring end full utilization 

f lightwGight com;ionent s :>.nd mc.tcrir·l cPn solve problem (c) . 

84. Some Design Consider.7".t~2._fl_E : The infom,ation given in the 
oody of the report which le?.ds t::> ple.cing the fr,x;uency of tne mortar 
syst::m in th.:i r-~gion b.:~tv1een S-bc>rrl e.nd L- oand vJc>.s : (e..) thP.t operP.tion 
of existing systems on frequencies a0ove S-bc>nd through r;i in he.d been 
found to be wsatisf~ctory, and no satisfactcry rethod had been found 
fer overcoming these effects, (b) thP.t oper~tion through rain on L-band 
(25 cm) h;,.d been found st..tisfc>.ctc ry with existing systems against 
~rt('rs, (c) thi>.t design evnsidere.tions irn,_'1ly that t~ frequencies should 
oo 2.s high :>.s possible c0nsistcnt with (a) ?.h:.vc, .?.n:1 (d) the mortar 
shell aspect beccmcs a critictl f?.ctc,r 1'\bove S-lxmd . A. considcr:>.tion of 
t::l.ectrorr..-.gpctic propr.0 atior, through r::tin suggests the. t a Wc'.velcngth of 
15 cm c::..uld ba usad for oporP.tiun thrvugh rain. To gw.rantce that a 
v;r-vclcngth ~f 15 cm be s."'.tisfactory would require additiornl inforimtion. 
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In ~dditian, m..th~ds of discrim.inatinF ~gainst b:.cl:- sc.,tt~ring from r~in 
on 10 err. sh,_uld b0 inv1.-stigF-.tud, sine..;; this ,v.,,vcl .... nt.th pr0s~ts s0vvrrl 
,,dr.nt11ps c,·1ur 15 cr.1. E;,.vinf fixed th.: r-"c·· r fr..30u,rncy in the r.::gi-:in 
L-::!l,:,·,; ...,-.J'.'nd, ir, ::r,~; c::ts~, c :!rt~in c-:nclusi0ns necE:ss-rjly follc-w re;.,!':l.:­
ir,t1 ..... systJr: design. 

i. c~mtin'-1 US infc: rr:i.::.ti on 0p8rc' ticn is t!-x: Ci.:ly rlCPnS c,f 
rr.0r.:ting th..: -.ccur:c: !' cuir-:.~r.ts . 

n. ~:- sh"r:) ::ic<>,:-, furr::.in6 1.eth;)d fer cbt-, inin£ c0ntinu:,us 
inf.., rr.-. ti0r. is n-.rnnissiblt:: . 

llJ.. • Frvm (ii) ;:o.nd fr.:.im th.; fr.ct th· t ::t 1(.: ,Oc'O yards in ['. 
ncrr.al n..,rt"r tr..,::.ct•.1:.·:· :.>. e0rt.,r sr...,11 "t, r:,i-.x:inu::. hviJht subtunds ;,n 
~nr."? f' -1--. t·t 3:-• -t • l.. r., ',r "'"'I 1· s n,c..,-~.,r-- ..... r·-l·rc thn 1''"'•1--.r ~. c;;r!--•.. ..,._ ~.., ~ . Vi!.•.... ,.U . ) .J..i. l v •..,.-::, .;:,, -..,' Vv .. •!.-.•• ~...: ........ -

css 1.-rti -:lly in<l0r,;;n:!cmt o.f its sitv . 
iv. But fr ... r. (i) rnd (ii) SJr.,c fcrrr, 0f ;:i,utccitic tr.,ck:i.ng) 

n-.t d...:j>:nd,:mt .. n v,3ry sh"rr ":)v'r·:s, :T.Bst b.:: used . (iij) rruclud"'s th-z 
us,., \ f c: r:.ic:,l sc?.n -.r .ther ;r..3thws f..;,r fir0 e.ntrcl vr.er<-ti0ns ~nd, 
of cc urs . .;:, r".pi ! sector sc<?.n fer t;:,.rgct acquisition. 

v. It is S,:;;cn thr-t , discrete stJcLr scP..n for ti'rft,;t 
"'.cquisiticn ".nJ fira c:mtr0l Jr;crati .... ns is ruc1,;ssary . 

85 . ' .. <.?rits of_ the Syst,m: To d<'..rify th.J 2dv?ntages of this 
systorr., consider th.: pr0xnt two b~st possibilitL:s for murtc>.r loc2.tors, 
ttK, SCR-58~ :•nd the .AN/TPQ-2. Tho SC~- 584 is unsz.tisf~ctvry i:x.,c!>.Use: 
(.,.) it is tc: l,?.rg-.: {: 1.xiut t•.::n tons)., {b) it r,.ust sc.m fc..r firt; control 
inf._ m.:--ticn, (c) its Angle control arc?. is ine.deque.te (e.p:_Jroxirr.etely 
ccu:".l to th0 r.ntc:nnr. be.:'.ru. width, i.e. 6°)., {d) th0 tr2-.ffic h-:.ndling 
c.<>"c>.cit.:,- is .mc.__rtr, m, rnd m0rtc>.r si tc loc2.ti..:n is c!up.:.:r.dent on :;.t lot>st 
one sr.ell ocL--1g firoci by the :X'rte.r and lockoc. on .?.ft:::r one pr.Nicus 
shell h"'.S b~ an dctect0d. ?he ,..N/'l'P(-2 is unsr-.tisfactc.ry because ( 2.) the 
rc.ng1,; en m0rt"!r shells is in:>..dcquatc (;,.bcut 5000 ;yards) on poor nspccts, 
(o) 0p0r:-ti:m through even light r."'.in is impcssi;)le, (c) te.rgct Pcquisi­
tion is cbt~ in...,d thr..,u.;h c'. c-)1q,L .. x .r..::ch.,nic2l s·::ctor sec".n. T'nc multi­
bctm systc..::i f· r loc~ticn .:;f mort.?rs duscri wd here will (c>) bo light­
weight, (b) 11".V-.3 ?. oontrol ""ro<' c,f 30° within which any one shull fired 
will b:; detcctud :?nd sci.' fici,.mt info:rr.:t<'.tion obt'"'ir.wd frore this shell tr­
loc<-te t.he l!l.,•rl,.,r ~it•..: •;:ithin the accur"CY fer e:ffoctiv~ cc.unte;r- firc, 
(c) p:: ss.:ss i TI, thus ouitinf th0 syst,,,::r. id-3::ll;r fc.r the role of road 
s,.mtincl 0r th.? d0tectiLn c..f lov;- fl~1inp <'.ircr.:ft, (d) nossoss tho 
re,:-,uisite s,msitivity, indcp.Jndor.t ':lf \'!Oc.thcr conditi-·ns c;r shell es~act, 
(-.;,) s:>.~sfoc~?rily r:c-..t tr£: ">th1,;r rv~uirom::!nts ?.s d;::scrio..:d in _Sccti-n 
Ill of ti.is "'-:pc,rt . In Pddi ticn, the ti!Tl0 ?llottod fr r the dev..,lopmwnt 
Md pr:;ductinn ,,f r fll(.,l't,<'-r loc~.tion r:id1.r -".S indic,:1.tod in the body of 
this re:,•"rt (-,bjut 19;.B) is sufficfont fer the syskri.1 describ~d her~. 

86. .'.n ~ckn,_,,·,lcdgcr.:cnt is rrc.d, tr .. L'.i'!.j or C. L. P;>r~dy) U.S.&.. C. a .• , 
}. "rin .. c ... rps :~ ... ,:~r Dcsirir &.cti n, 3un:,-.u ')f Sh.i:1s; r "".j 1 E. ', ittin0, 
U. S,/. .0.C., 1,r.:y Lhis, n vffic0r, N~v.,l R s1.--,rch L?bor"t-.,ry; Pnd Lt. {jg) 
E. . Fischer, U.S. K. R., Elvctrvnic Sr,e;ci"l ik.st•ruch Divisicn, Ncl.val 
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Research Laborator,j·, for the assistance they have given the author in 
preparing thi s r€.Jort . The idea contained in the proposed i,,orta:r 
location system arose from numerous discussions with ~embers of the 
Naval Re-search Laboratory and these institutions mentioned in Ap;)endix 
I . 
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tfortar Location by Shipborne Fire Control RE,dm-- by H. Gerwin -
NRL 2653 
Tri;:-i.ls of Ship borne RF.dar Against Lort.2.rs, Ft , Pierce, Fla -
Nill, r,;emo for File by R. Cr~ne 
Detecticn of l,~ort2.r Fire by Shipborne Radar..-(Casco Bay) -
~UL 1,.:emo for File by tt. Crane 
1,ort?.r Loc.:>,ti.on by 5cund rnd Cther ;,.~ms - CESL Tlt T-,-35 
M.o rtnr Fire Detection - rlr-d.LD.b, LIT ~te;.)ort 1064 
A Prelicr.inuy ,.,tudy of Gccund Reflection ~:.i1d ::hf fraction 
Effects wilh Centimetric· rl?.<.:E,r Equiprrent - JEI;. 10774 
General Sl.lillt. ?..!'Y Covering the Work of the K, X c?.nd S-&,.nd 
Inter ... Service Trie.ls - THE rl.e:·ort T-l 77G 
;,~my R-"dt-.r f or Big Ren • .Rrning :ond .•. .11. . Prediction ;,ugust 
1944 - t:_.,-;.rch 1945 - JEIA 9464 
Choice of Freouenc.v for the l.ortar Locating :2.c,uipment ... JZL\ 3873 
L0rtc1r Locc'.tion by SrLipbvrnP- 1t::i.d2.rs - ;;1emo fo1• File by R.. Crnne 
T-3st of 1.ortc'.r Location at J.,,hlgren, V2., - 11/ierr.c for file by 
R. Crc>.ne 
1,.e.;,.surer.,ent of [-teflectir,n fr.:,m Re.in and L;rnd ... iuemo to J, P. 
H~gen by 1. Cre.ne 
rlurr.l Joppler .·,tv.'.chn~nt to 1,J{ 4 RE:.cill.r - R?J.i 411-170 
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REFERZNCES (Conti.nued) 

66. 

6S. 

7U. 

-

Lightweight ,\utom2tic Tr?.cking Systems ?S 1,pplied t,: the 
!,ie,rt~.r Problem - I.!eoo .for file by Lt. (jg) E . W. Fischer. 
'!;.P.ts-::in L:'.bor.?..tories TR. Ne . 13, Engineering Flight Test of 
rtad? r Set ~-,N/CFS- 6 
'Ihe L.e.tneme.tics of the Loc.'ltion ::,f Mortc:;r Sites by Jc>.d.?r -
KRL ,1.epcrt ~- 2823 
.t1.ustr2li-?..n Council of Scientific and In::iustrfr.l ~lese.P.rch -
'Ihe UltimP.te Visi bility vf Signt•,ls 0:1 a PPI Displ2.y and the 
Effect of Electrictl P~r~eters on Visibility - nP 252/1 
Jrnstrt..li2.n Council of Scientific and Industr-i,,l 1resec1.rch -
Cherts fc.r the Ce.lculation of the Srt:£•llest Signe 1 Visible 
on < PP! Displey - i?.P- 252/2 
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Sc.urces cf Inf0rrr..:-.t i::in 

.\. Fur the ccrnpil2.tion of thz bibliogrnph:f of this report and 
in • rder to permit tru study cf undistributed me.morc.,,;,du:r., ccrrespcnden:e 
.?.nd 0ther documents, tl:e f oll owing files were !ll"l.d.:: :>.vc>.ih.ble : 

1. Npv;:,.l Rese,rch L..,oor?tcry 
umcostie. Station 
Ti!eshington 20, D. C. 

2. Chief of the Buret,u of Ships 
1'h1.Vy Depe rtment 
::;.?.shingtsn 25, D. C. 

3. Chief 0 f the Burcnu of Ordn-,nce 
rJav-.r Depc>.rtaent 
11:;ishin6ton 25 , J. C. 

4. Chief of Ne.vd O_per;,.tfons 
Oper;s_ti~n2.l He se2..rch Gn:up 
Nf!.vy Dep=-.rtrr.ent 
"!, shingtun 25, D. C. 

5. Comrrr-.rrle r - in-Chie£, U. S. Fleet 
tfo.vy !);:ipc'.rtm.ent 
1:!-:'.shington 25, D. C . 
. ~ttn: Section F- 49 

6. Chief Sigfill..l (,fficer 
d.00m 4D23 5, Pen tc.gon Jldg., 
i;2..sh.ington 25, iJ.C. 

7 . Ordnr~ce Bri.".nch, USJ,. 
Pent~gon Building 
~ie.shington 25, J .C. 

s. Cmnp Evr'.!1s Sign-::i.l L?.b.::r;:,,tcr y 
Belm.'l.r, N.J. 

B• Conferences y..rer c held with the f c,lloVvi.ng orePniz.<>tions through 
the personnel listed. 

-

1. Place 

Sperr.{ Gyro sccpe Cc . , Inc. 
aese-:,_rch L~bcr~torJ 
Gt-.rden City, L.I. , N.Y. 
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~present.:=-. .t.i vas 

1. E. J. 0c1rlow 
2. W. L. B;,rrow 

D:'..te 

Janu;,,.ry 9, 1946 
J;rnue.ry ;l, 1946 

2. ~ 

Bell Telephone LAbcratGries 
1.;urr~y Hill, 
New Jersey 

Represent2.t ives 

1. " . P. 112.scn 
2 . H. J. LcSkimin 

D,,tc 

7 January 1946 

3. Place 

Bell T\;lephone L."'.oor?-to ries 
180 V2.rick St . 
New Y0rk, N. Y. 

iwprosente.tives 

1. 1. S. G~-..ruth3rs 
2. J.. Hough 

OP.te 

19 December 1945 
8 J £>nuc>.ry 1946 

4. Pl::>.ce 

Bureau of Sr·jps, Cede 919 
l-i.2.rinc Cc.,rp s Design Sect icn 
Ni'.vy Dcp:,rtmcnt 
'i!P.shington 25, D. C. 
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I!erre::.ent2.tive 

1. CLpt. C. L. Parod~-, USkCH., Cede 9393, Project En6inecr 
2. Lt. Col. 1t<1.msey, US!.Crt, C~de 919(903) 

Z7 .:.ugust 191;.5 

5. Pl.2.ce 

i)ir0ctor of .!1rtillei-.r 
Nr.ti .... ·ml Defense Headquc>.rters 
Ott,,_,·;~, C~n2..d.<". 

Representc1.tives 

1. Lt . Ccl. C. J.. . ,ic>.n3cn, Directer 
2. 1.!<?.jor C. H. Jervis - Ree.d. 

D~te 

7 December 1945 

6. Plc'.ce 

Co?Jn') Ev~ns Sign<'.l La bore.t ory 
Belruar, r-r . j. 

Ren resent:-.t i ve s 

1. J. T. Evers 
2. ~ . h. Stodola 

Date 

5 N0ve,mber 19I..5 
6 iloveJilher 1945 
29 i.ugust 1945 

i,::iplfod Physics I.K".ooratory 
Silver Sprin~s, ~d. 

Repre sent,,ti ves 

1. b aj..,r J. T. .,:assey 
2. Henry Pc-rtc r 
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• 
Drte 

2B rJover,:ber 1945 

Le.rine Corps St2.tion 
(:'Ue.ntico, Ve.. 

Jen re sen t_?,t i ve s 

1. Cart . 12.rrbert 

26 Noverr,b,~r 1945 

Wright Field, : .. \.F 
;,ir Taclmicr~l Conuw.nd, 
D-:>.yton, Ohio 

Representatives 

1. Capt. A. B. Mei er 
2. Dr . Bennet 

Tote 

2 November 1945 

10. Flace 

Robinson Laboratory 
Ohio State Universtiy 
Col u.mbus, Ohio 

Represent.a tive 

l. Dr . K. P. Yates 

19 October 1945 

11. Place 

oEClASS\f\ED 

Radiation Laboratory, MIT 
Bos ton, .Ji.ass • 
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• 
Representatives 

1. Leo Sullivan 
2. H. R. Worthington 

'D3.te 

31 August 1945 

12. Place 

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

Re pre sen ta tives 

1. Lt. Comdr. Bridges 
2 . Lt. Comdr. B/ I. Valentine 

Tu.te 

11 September 1945 

13. Place 

U.S. Atlantic Fleet Operational 
Training Command.,. (CO'lCLant) 

Representative 

1. Lt. Comdr. Mathews 

rate 

24 & 25 August 1945 

lL. . Place 

DECLASSIFIED 

U.S. Naval Proving Grounds 
!Ehlgren, Va, 

Representatives 

1 . Lt. S. C. Liscombe 
2 . Lt. W. J. Sntton 

!Ete ____._ 

6 August 1945 
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15. Place 

• Radar Research anl Jl:lvelopment Establishment 
R8presentin6 Gr2at 3ritain 

1800 K St., N. ~. 
Washington, J.C. 

RepresentatiYes 

1 . l:'iajor Hoskins 
2. G. J. Parkinson 

23 Uctober 1945 

16. Place 

Ordnance Branc1: , USA 
Pentagon Euiliing 
hashington 25, D. C. 

H€presentativ€ 

1. ~ajor Hansome 

Late 

October 1945 

C. Activities at ,;hich t.he author has been a consultant: 

1. Field t•~sts a ,ainst mortars the ,;eek of 6 Au -ust 1945 
at C2A. 

(a) 1:ortar Location by Fire Control Ra'.iar, BuOrd 
froblem O-l 76tt- S (See i.ffi.L Report ,,-a-2653) 

(b) 1-lemo from R. Crane to J. i. Ha6en, 8 Au-;ust 1945, 
"Radar .ctes:,arch :.ortar Location by the SG-1, S0-3, 
SU, S.r, Su, and S0-?r..: at C.i3A. 

2. Field test.5 a :;ainst mortars, 6 August 1945 at Cahlgren, 
Va. (See conference report S-390-327/45, 6 August 1945, 11 Use and Opera­
tion of 11<: 8 r;od 3 in Tutectin·~ . ortar Spells in Fli6ht and Locating 
the .. ortar Pos:i.. tion11 - performed at the Naval .t'roving Groun':ls, ;Jahlgr.an, 
in conjunction vtith Re4f, i3u0rd). 

-- -48-

DECLASSIFIED 



• 

J . Field tests against mortars, 9 August 1945 through 
J.L,. ~.u :ust 1945 at Ft. l-'ierce, Fla . 

(a) See 11Ra 1:<r ~tection of ~.ortar Fire Tosts'' 
report of 24 fiUgust 1945 by U.S. Atlantic fleet 
Operational 'l'raining Caru:.1an i. 

(b) Conference report serial C-390-359/45, 9 August 
1945 through 14 AUsUSt 1945, "wortar Location by 
Shipborne tU>.:iar11 (;Jc 22 ;·oj 2, L'.k 12, SJ-1) . 

4. Field tests aa,ainst mortars at Casco P.ay, ;ain, on 
'1 Septe;:iber 1945. 

(a) 

(b) 

DECLASSIFIED 

See report from Commander Operational :Jevelopment 
Force, U.S~ FJ.e;::,t on 11 Ietection of ! ortar Fire by 
Snipoorne ~ 1ar - neT~ort of '1.~sts" (1 k 8 ~.od J, 
f.:J< 13, $'.}, SG/, 'l'I, SF, ~.k 13-1, !:k 29-2) 

hlemo from rt. Crane to Lt. Comdr. Valentine, 5 
September 1945, "Report on 'Jests on Si- (,·nth 8' 
dish) Aboard DD Lr.;,..RY at Sea Island11 • 



TABLE I 

.fu. D.!Jl !iAID~ ;, '.}A.I: :ST 81 on : '.OR TAa SHELLS 

tta··ar 

~CR-584 

A:;/'IP,-J (r.:od. TrS- 3) 
J-.ii/J?F-S -1 
A:'/TI-'S- l A 

AN/TPS- 5 
602- T5 
SCR- 517 
AtV'.IPL- 1 
AN/TP"-t-2 
AN/AFG- 16 
At:/. P\.- 4 (!.iod. APS-3) 
AN/APS-4 
SCR-720 
11:tnirlinJ ~ r vish11 

::k 8 :.od O, 1, 2 
il<: 8 i:...od 3 
ik 12 
Lk 12 
~,k 20 t:od l 
SG-1 b, e 
SP 
S0-3 
SU 
s0-12;.; 
S0-?M 
Lk 20 lfod 1, 2 

31 lllB 
CA #1 .Jk IV 
11 atohdog" 
J...A . ,/3 itlk II 
A.A . ,. 4 L1k III 
'l;rpe 931 
Canadian K- San-i 

(hxpermental) 

-
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U. S . RADAltS 

Range Yards 

7000 
8500 

12000 
800 

10000 
11000 
12000 
12000 

2500 
25000 

J0OO 
5000 
5000 

negative 
3500 

necative 
2500 
6000 
2000 
5000 

12000 
5000 
4000 
9000 

2:0000 
3000 
4000 

10000 
1.2000 

6C<)O 

U • K . RA :):I.RS 

3000 
4000 
1000 
8000 

17000 
4000 
6000 

Shell Aspect 

poor 
good 
:;ood 
good 
poor 
~ood 
poor 
good 
good 
good 
good 
good 
good 

good 
good 
good 
;~ood 
300d 
jOOd 

~ood 
good 
good 
good 
JOOd 
:ood 
good 
JOOd 

good 
good 
good 
,~ood 
;;ood 
300d 
good 



T.',BLE II 

Canadic'..P Whirling 
;.,"J/TPQ-2 ¥-Band Norman Dervish 

Freq;,.ency (Le) 24,000 26,000 3000 10,000 

Pce..k Powt:1r (Kw) 20 50 

Bcc1.m Width (<') l X 1 1 X 1 3 X 3 1.5 X 1.5 

Sec Sec S:;e .See 
Be~ Position Plate 3 Plate 3 Flate 2 Pl?.te 3 

20,:: 10° 90° 9ou 
Scan Sac t o r S.zctor Sector Sector 

Rote.ting aotating 
Scan b.e t hod 11Lewisu 11F0ster11 Duo-dish Duo-dish 

Seen Speed 600 300 90 180 
(0/sec ) 

, 
Pulse ~·:idth ( ps I .1 .1 1 .5 

Presentativr1 B B FPl B 

ElectricP.l Slide· DirGct Slide 
C0mputing keth0d Me fre?.ding Rule 

1~ppro)ci,mate 
Weight (lbs) 3000 1500 3000 5000 

-
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