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ABSTRACT 

Radar equipments operati.ng on L, S, ard. X 
frequency ban'.'.l.s ·were teste'l for suitability f or use as :;ortar 
locators . '.the 1 - band radar v-ras the >"ark 20 Eod. 2, the 
S-'oand radar was the S0- rW, an-:l. the X-band radar was the S0-12M. 
These three were found suitable for adaptation as mortar 
locato:::-s. The tests were made at ranges np to 12,000 yar ds and 
under con1itior.s simulating as closely as possible battle 
conditions. ./ortar shells of 60 anj 81 mm. diameters were 
fired at various angles of departure. The larger shells present­
ed better targets and t he higher angles of departure gave 
'}etter target pick-1.:.p al:Jove l an:l. return. Vertical polarization 
of the radar beam was found to be slight ly bett e r than 
horizontal polarizatl.on on t be 1:asis of echo strength. The 
l:leam shape, pulse width and range and bearing in:iication of 
these three radars were sue:., that the order of accuracy was 
the S0-12?,~., S~'t, , and the idk.20 tiroct.2. Al so, the ')earn shape 
produced sharper cut off above land return in the same order. 
The maximum range on mortar shells for the S0- 121'1 an-:1 the 
50-7)!! was approxi:nately dou'..:ile the range for the j,J-c 20 i.o:1. 2 . 
The S0- 7M presentation was clearer and the si;1nal strength 
greater thar, t he ,i0-12'.,: at the longer ran·ses. In otter desir­
abl e feat·.res of a ,nortar locator, witr~ one exceptj.on (see 
below) , the three equ,_ ~Jment::: were a'.;ont the same. Considering 
overall performance, the S0- 12H and the S0- 7:~ ,i,iere about 
equally suited for mort ar locat.i.on an 1 were :nore suitable than 
the },,'.k . 20 ;'iod. 2. If emphasis is }Jlace d on operation throu;:;h 
rain and foliage the J ark 20 ~'.od. 2 was better than the S0-1211 
an :l. the SO- 7l·t. 
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IWfRODUC TION 

1. The pur pose of the probl em of Re f erence (a) was 
to test the suitabili ty of L- , S-, and X- tian:i radar equip­
ments for :ietection of ;nort ar shells . The addi t ion to t he 
pr oble:r,, as out lirn:id in _-_Appendix 3 . , gave the procedure 
t o be used in mor e detail arl'.1 a l so expanded the scope of the 
or iginal probl em for the pur pose of l aying the grom;dwork 
for design of a fut ure mor tar locat or. 

2. Tests were conducte d at Quantico, Virginia . 
Twel vc radar locati ons were used, spot ted ar ound one mor tar 
pos i tion . A total of 54 tests wer~ run, and an ave rage of 
10 to 15 mor t ar shells were .fired per test r un. 

3. 'The 1- ban l radars used WP.r s the Mark 20 7.~od 1 
and a simul ate d I;Jar k 20 :fod 2 obtaine d by modifying the 
J ark 20 ;:od 1. The S-ban-.i radar used was t he S0- 7!>1, and 
the X-band radar used was the S0-12~.1. 

4 . The S0- 7,ii and the S0- 12i{ wer e modi f"ie-:i oe fore 
the tests as follows : (See Plates 11 through 18 and 23 a ., d 
24). 

(a ) In order to make j_ t possibl0 to r otat e t he 
antenna rcfl.E,ctor through 90 de gr eti5 so that the long 
dime nsion would be vertical, a shaft was welded at right 
angles with the e xi sting shaft . The new shaft was made 
approximately one foot longer, but had the same outside 
diamete r so t hat i t could fit i.nt o the pedestal . T:io 
difference i n l engths was necessarT since the r eflector is 
two feet h :i.gher than wide . The re flect'.)r was bra cad to the 
s ha f t to maintain suf fic i e nt r i gidi t J . 

(b ) The original waveguide was cut, and. a piece 
apl)rn:imately one foot l ong was i nserted to bring the nozzle 
of tki i•<a,iegu.U.e to the cent 2rline of the para)ol a . Vlhen 
it H&.S .l,::,sir ud to o:.,tain vertical polarization a rn,w pi ece of 
waw)711:ide ,,i t h a 90 dw~ree twi st c oul j b e i ns2rted . 

5, Tha sys tems were car efully t une ::l , a n 1 the s ensi-
tiviti e s of' the sy s t ems were peri odi cally -:-he ckr=id by e cho 
signal str e ngt h of distant air era -''t throughout the t est . I t 
was found necessary that thr~ s 0nsi tLvity of t h, systems be at 
the optimum val ue t o ;_nsur e detecting the mor t ar shell with 
t h(o radars . 

6. J-.,ta was co3.lc-ctcd. tc obtain i nformation on the 

, ·.: ) r;ffcct of radar si tc a n'.i o:: trees . 

1. 



(b) Effect o:· waather . 

( c) :i or tar shell trajcictori-.•s . 

(~J) Types o.f mortar s]·1ell. 

( e) Position and shape o,. radar bealli for maximum 
accuracy and f or opt i mum signal return . 

(f) Polariz.ation of ra'.:12.r '.:>earn . 

( g) rfaximum ranges of radars . 

(h) Accuracy of raia~s in spottjn - the mortar . 

(i) Technique . 

D~SCP.1?1'10.' CF 'f~:STS. 

7 . f-osition iO - 250 _yard.s . (::~a Pl ates 1, 2 , J, and 
21) . The thr..:c radars Herc situated on o sEght incline 
St;rroun-1,d by tr0,~s and bushes , but v1ith an open vi,-··,: tt> the 
mortar si t r &.n::i to t ho :;;,ath 0f the morte.r sht:11 . Th1;, shell 
w:-;.s above th-..: ];_,rirnr: for ab0ut ,:;ne - half its fli6ht . i'rc­
li•-inary tests \i1:.r,~ 1:;c>.dc at this sit•." · They .-tor-·= of short 
duration (2 hours) and tmsatisfactory for all three radars; 

DECL!tS3iFIED 

in the cas,,: of thE:: ~,:ark 20 ;,ol 1 bGcausu of its .,,in.i:nurn range 
of 1500 yards , whil"-'~ th.:; SJ-7. : ani S0- 12~0 wera U..'1:oatisfact ory 
b0cause of land clutter. It is ,:oE·s:i bk that this land clutter 
migi1t havu bc:0n Gli;-;,inat;.3d by adjusti.n,~; th2 ant ,.,nn" uL;vation 
angle, but the metho-:i l ::tttor e:mploycd of o.djustin? th1, anknno 
pudestal jack t o eh.vate the: antra~a was I!)t them known . This 
radar posit ion was considered imr:racti cal in viGw of th.:: radar 
n1ortar locator 1 s tac ti cal. us-2; . 

. •. Position ,/1 - 2,150 yar ds . T'nc thre,:, radars were 
~:i V, +,~,d on n hi.11 slopinz dawn tmva r d the rr,ortar . About 250 
:•:..r -~- ·· .-1a y-, on a line tow2r d th.} mor tar, was a fr ~ngr1 of tre~s 
·,; i~:-. 0bstructc j the initial path of th·-: mortar shell tra­
.jc,ctcry . TI1s:rc wer e no other· obstructions to the radar b, am 
al,Jng this 1::t: th, with t he 1;;,xcr-.ption the.t ·_nj tially tlk; SC-12ift 
was si tuat.--:d so that a tn::e , 200 yar:ls distant anJ projecting 
through the radar beam, "as dirE;ctly in t!)~ l •n-3 o ' sight- to 
thG mortar. Signals vrl:r w,-=: k but :lsf.i ni t e . Th<-'· SO-l2!i was 
move d i:!l ord9r to ha v,, a clear b2a.:1 pa th, and th,.' r em1l ts im-
1)roved 1is tine Uy. 

""" 2 . 



9, At thj.s sit0 a.11 thre€ radars picked up the shells, 
but t he S0- 7:·1! an:l the S0-12!-i w,sre Ui"!S 0,t isfac tor y until a meth­
od to elev2.te t hE?· ant enna by adjustin; the ant ,, ,ma eleva t i on 
j ack v,as piscov<:.·nod, Trial s were made with bot\1 horizontal 
and vGrtical polariza tion o ··, all three equj_prnents, a rd wit h the 
l ong dimcmsion o f the ant enna i n both the vertical Emd the 
horizontal position on the S0-rh\ ~nd the SO-lZ:,i. It was 
r:,0 c -1ss a ry t o place a wire scr een over the entenna r ofloctor 
to insc:r ,· t hat it would re:flsct ,oqually ·,,ell when the 'Jcara was 
eithor verticiJ.lly or horizont ally polarize d. (Se e Plzt2 20) . 
T.-lis was duG to t h:-: ±:"act that the r c..flecting surf ace i s , norm­
ally, meta l s lc.,ts runni ng po.r allcl to the longer dimension of 
th,., c:nt0nna :-lish. 'r.""!e me t al screen vros l o. ter cliscsrded, as 
tfos cr ibe:i i n po.ra6raph 21 . 

10. Wi th t he l on;::r dimens ion of t l_-:e antenna i n the 
hcrizont B.l posi tion and ~sing hori zont.'.ll polariz3t i.on (nor mal 
:oosition nnd pol .[l.r ization), no rr.orf.-3.r shel ls were picke d up 
on the SO-%: and S0-12N. Ther E: v,o.s Gxcessive 12.n·l clu t ter 
which could n-::it be el irr;i r.:-. ted by :.ncn·asing th,; antenna ele­
vat i o:1 angl e . 'Ihis position of the ,rntenna was not used 
c'.gain. 

11. With t he l on~ di:nens i on oJ the antenna i n t he vert i -
cc1l position and using; vertic2.l poLe::rization, r "sults wer e 
fairl y sat isfactory 'Jut no quanti t ative dat a w,~r e taken . The 
S0-7M perf:irmed better than with the lone; iirr,ension vertical 
2.n :i using hc,ri~ontel polarizat:on, 'Jut thG per formance of' t he 
S0-121<. we.s appr oximately the sam& under :)otl-; coniit-i::·ns . 

12. Pos i t ion #2 - 1840 yar::ls. 'I'hci t hn .. ,-, rD.dc.rs wer e 
sit uated on a hi ll :500 yards fr ·-:.,,., the naC'rsst trc'.)S ?.long the 
path t u tlk mor tnr site . 'l'he ,,1ortar s!•wll t rajector y wns 
a bow the horj zon by c:·1:-proxi.;T12toly JD0 yar ds at t he rnaximu.m . 

13. Only th-s i:-0- 12 .. pj_ckcd up the, target at this sit e , 
du-::. : i t :Ls !Jc l icv,.d t0 i t s nar row beam 2:ngle i n th,:: ve rtical 
:rn:.i ~1 _;r :c zo;-it:11 plane. '£he bcc:m was sufficiently narrow to 
minimiz-:: gr c•uhd clut ter while op,.orat ing at :rn elevation angle 
lo,, an-1ugh t o p:L ck up the mort~!r shell. Various ant (::mn,1 
t:l&ve t i..m ::ngles ~nd both types of pcb.ri7.a t ion wcr:, trisd 
wi t h .:211 three r a dars. 

14. Position #J - 4800 yards. ThG r a dars ware 
si t UBtcd on the down s l ope ~ a h:Lll with r espcct to t he 
mort a r site . There , r::;.s a di r ec t l ine cf sight t o th'-' mort,2r 
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po~i t i .:in , but t he up slop8 of the hill at that time an•j t he 
fairly hi ih horizon bcl1ind t he morL: r c2 us,;,d such str ong 
l and r ::,turn t h2t t he mortar shell echo w:1s bLrnke :i out. lfo 
rcdar pick1:: d up an i ndica. t ion of t he t.nrg--t. Both verti cal 
and h·.:ir i zonta l pol a r i zati on w0r o used with vari.ous antc;::na 
elev.: t ion 2.ngles . Land echv·:::s ,,,, re s trong on all three 
equipmer,ts. 

15 . Position #4 - 3100 yards. rne r Dd~rs were 
si tuGL-:l on e. slight hill about 500 yarJs from the nearc,st 
trt:BS in th>? iir 0c tion of the mortar s i to. At t :O.a t r e.nGe 
the trees pr oject e '.i .:-;.b,)ut 30 fee t above the antenna height . 
.,,;ortar shells clear E:d the horizon by appr0Y..imat ely 600 yo.rds 
at normal mortar el e va tion. 

16 . No qu::mti tr,ti ve t ests were carrieJ ou t 2.t this 
position since there was no curn.munication, an::l also bccc.use 
i t had )Gen deci ded that onl y in!.·ormation obtained ·-,-..it:: the 
morto.r f iring at t he r2 iars, wi t:, i.n a p l us or rn.inus 20 
'.iegrecs azimuth wotl-i be useful, i. C"~ ., sufficientl y close to 
act v.al batt le conli t ions . Thi s din:,cthin of mor t:1r firco w2.s 
not obt eincd i n this positi~n nor in positions# O, 1, and 
2, '?ut was obtn.i nc".1 i n pusit i on #3. T·11c i::ortar sh0ll pre sents 
a differnr::t r8flccting surface at differ ent azimuths . Position 
#5 and fol lowing posi t i0ns w,crc chosen t o satisfy t !-d.s con- _ 
di tion, i . c ., wj_ t h tho mort!.'. r fi ring at th..-, rn.dr,r s within a 
plus or mi nus 20 degrees azimuth . Some sh0lls w1-;r(:: fi.r: d a !'.!d 
picked up clearly by .? 11 t h", rad,:rs 2.t position 1/L. . 

17. :i·osihon /15 - 2500 y::i.r".is . ThE. rad:.rs w,:r e 
situate d on a hil l about JOO ycr :is from t he near0st t r c::es 
in th0 direction of' t he ,;-sor t2..r site. About two- t hirds of 
the t r a j e c tory u f tho mortar shell a.t ,,_ normal firing angle 
Wfl,S above thra inkrvening t errain , .'.!.nJ th<:: m::>rtar shel l max­
imum ordi nc:t2 w;:s approxim;;itGly 400 yar'.:ls 2.b0vs the horizon. 

18. The :.:2.rk 20 Mod 1 wa~ 1no::ii fiGd by tempora:ty 
.ad:liti.J:1s tu n~sE;n;blo effoctivdy t he ik,r k 20 i,:od 2 , i.e. , 
a sc..:: _ :' scc.n and an off- cenL)r PPI were i rnrtelld. Tl18 :110 '.i 
2 c-.i t·.,:.l ;,f;: rk 20 'Nas dt,sign0d spe ci f'ical]y to 2.dapt this 
equipment for use .'.ls an intermin :nortnr l 0cat0r. TGst2 -..-10r e 
c_;int ir.ud using the :.tark 20 :Jod 2 and th..: S0- 7,.~ and S0- 12L 
Tncse three t:;qu ·_pmcnts ,fi;:; r e use d for the r c.rnainck,r of tlY fos t s . 

19. The r esults were 'air at ths site for tho S0- 12~S 
an i the t::ir !< 20 ifod 2 . The; SJ-7:,i we,s 1) l ankcid ou t by a str ong 
land r eturn wh-i.ch c...:uld not bo eliminated. The S0-12}I ¥,as 
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-free from this str on:_;; land 'l'"l'lturr~ b y vi rtue cf its narrcw 
beam in t he vertical plane, which permitted adjusting its 
antenna angle so that t he radar beam woul j pass a bove the 
land yet low enough to ;,ick up t he 1;1ortar shell. A stron6 
land ret urn with the t,ark 20 lfod. 2 was avoided by incr easing 
the a ntenna elevation angle, while t he high power provided 
sufficient sensi ti vi ty to :.J.etect t he shells wi th the r e ce ive r 
sensitivity reduced. With t :i.ese adjustments the mortar shell 
coul d be clearl y seen on the off- center FPI. However, the 
echo itself was more clearly define :i on the S0-12~,; than on 
t he ;,;ark 20 ii,!od . 2 • 

20 . Position #6 - 4100 yards. The radars were 
situated at the base of a s light i ncli.ne with r e spect to 
the mortar. The rise t o the base o f t he trees which were 
about 200 yar:is away was JO mils; t he rise to the top of 
the trees was about 40 mils (readings taken from the antenna 
hei~ht) . This site was chosen with ~ore attention to r adar 
char a cteri stics than any of the ea r l i er s i tes. Calculations 
made by i'fr . if.i . T. Rea of Bell Tel ephone Laboratori es t o 
determine the ideal s i te for the h!ark 20 ifod 2, utili zing the 
r ofl ectei l and wavA as well as the :iirect r eturn, indicat<" 
t hat the ideal site is a 10 mil r i se over bush or crairi e 
l and, i . e., a contour pr esenting a smooth surface to L- band 
frequencies and cont im~ir,g for at least 200 yards in the 
mortar site direction. This si te actuall y ha i a 40 mil r i se 
in 350 feet from t he base of the radars. 

21. The mortar shell was picked up unier varied 
condit ions of mor tar fir e angle, and with both 81 rmn a nd 60 
m.'Tl shells. Hori zontal polarization was used, but again the 
change from vertical polarization was not noticeable for t he 
S0- 7lf and SJ-lW. Tbe Mark 20 l,'.od 2 signals, as measur ed 
ro-.igbly on the A- scope, showed a J db drop when using 
horizont al insteai of vert i cal polarizat i on . The wire screens 
on th, S0- 7h': and S0-12~,I previous ly mentione d in para graph 9 
wcr,:; re::nowd to det er mi ne whether they ha::i introduced . any 
appr0c-Lable loss . This r emoval was possible beca use i t was 
d13cido-"i t 0 use vertica l polariza tion e xclusively f or the 
remainJer of the t,,sts, since it was· found slightly better 
than horizontal p•:)l ari za tion . With t he wire scr eens removed 
the signal strength of t he mortar shE.:11 did .ot i mprove 
noticeably, but it was noticed that for bot h t he SIJ-7M and 
the S0-12M, especially thG lat ter, th,:; ti.me dur1. ng whi.c:1 the 
mor tar shell Geho was seen on the scope Jecrc;a se-i . Apparently 
the s creens had to some extent wid~nci th8 beams. 

22 . The intfffVal of time from the mortar sh;,lJ. fir:i.ng .. 5. 



to the first pick-up on tht: 1fori-- 20 i.:o:l 2 was measur e d. The 
m.i nir•,;J.,'li time: was abcu t J . 5 secon::ls. At a later dato at t!r.s 
same position this time was ;ncas~rc d for the S0- 7':5 and th,::, 
S0-12K. I n aJ:i,ti on t h0 time of the second pick-up. i.fl..._, tho 
Si1mal r ,-turn from tha mortar -shell as i t .:ircps .back d:-;wn throu"'h 
t h~ radar beam, was measure d. The timG that t he sh0, l l was · " 
in the radar beam, was estimats:i for the S0-71f, but for tho 
S0-12M this time was too short, usually the shell being 
picke d up on·· only 1 or 2 sw2::;ps . A comparison of these 
r ~sults can be seen in Table 4 and Plates 4, 5 and 6. 

23 . Th8 antenna pedestal, elevation ja ck burred and 
j amme d. Thi s was partly caused by the method of a d j usting thG 
ant,--nna ,0.levation angle, which plac,:.:s an additional s train 
on the jack. This was corrected by r2-grinding the b·aring 
joint, plactng a stt,el washer at thG base of the joint, and 
using graphi k as a l ubricant. 

24 . The kark 20 ]Yiod. 2 was placed be hind l eafy foliage 
about 8 :~eo t thick and 5 t o 10 foe t fr,)m t \~: ante nna . The 
effect on tho operat ion was founl to b0 negligible, by clear­
ing away the folia;Je a nd continuing the t ests. At a l at,~r 
dak· the S0- 7:;i an.'!. S0-1 2io!I wer,-, s et up behind similar fol '.age, 
and t he mor tar shell could not be picked up at an. (See 
Plate 22) 

25. Two days' t 8sts Wtor8 carried out at this position 
with th-c: l'vl..ar k 20 Mod 2. On th,: l ast day of t he t ests tho 
S0-T.: an l S0-12M wer;;:; r e t urne d to this site and t este d further. 
ThG r csul ts wore very satisfactory, ani froi:. the□ s cv:.ral _;:•l ots 
we re made• . (Seo Plat es 4 through 10) . These; 1attc r ts s ts 
utilized all th~: experience gained in three weeks r practice, 
as wel l as a :;;ood radar site. 

26 . In these tests with the S0-?M and S0-12~'. , a 
t e chnique: for picking up the mortar shell using sector scan 
and th,:m stoppin,-; on the, 111.!p- pip11 or 11 do,m- pip11 in bear in6 and 
·Hatchi n:I for the• e cho to come in was used. I t was found 
sE,tisfactory anj a defini t c improvement over continuous soc tor 
scam::i.ng whi ch tir2s t ho ope r a tor an.:i also causes the mortar 
shell echo to appear at different positions in its trajectory. 
Usir;g t1:--.is method on the S0-12H and the S0- 71:, the 11up- pip11 

was a lways clear a nd easily distinguishable . On t he S0-12M 
the 11 down- pip" was occasi onally picked up when on t he 11up-pip11 

bearing. On the S0-7M thG echo could be seen moving do·,m t h0 
sweep as tho shell progresse d t oward th2 radar. (See Plates 
4 through 10) • .. , 
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27 , A defi nite effort was made with both the S0- 7M 
and the S0-1 2M to deterrr.i:1e the best ant,,nna el evation and 
the l owest e l evation angle at which the mortar shell could 
be pick.=d up. The r esults are listed in Plates 4, 5 and 6. 

28. Position #7 - 1900 yards . The r a dars were 
situated on a hill inan open clear ing. There were t r ees 
about 500 yards away on another ridge '1.n the di.r ectior. of 
the mortar site, risi ng aoout 60 mils above the antenna 
level. Tests Nere made at this location both in t he cl earing 
and behini t r ees . 'Tho lfark 20 1fod 2 :ii-:l. not oper ate due to 
mai ntenance faults . 

29. In t he. ·opc.n the SO- 7E 'Opdra-ted -shghtly ··be.t .ter ,than 
tn,:, -S0- 12.\1, .Hith r 8s pe_ct to -si~al s t rerigt h-. Both radar s 
observed H. E. shells bursting on a ridge cl ose by . The 
echo from the burst was distinct, and part icle s could be 
s een flying i n all directions. 

30,. The radars were moved behind a fring2 of trees 
about 50 to 75 f eet away and projecting JO to 50 feet above 
t he radar antennas. Sky could be s een through the trees 
al though t he f r inge was several trees deep. The S0- 7i,; 
coulJ still pick up tho mortar s hell , but t he -")Cho was 
definitely weaker. The S0- 12tr, co;.:ld net pick up the shell 
at all. 

31 . Position #8 - 6050 yards . The radars wrcr e 
s i t uat e d in an ope n~· spac0 with very l ittle masking . Tlle 
radars we r e over 1000 yards away fro:ii the closest trees . At 
t his r ange t he :1fark 20 :fod 2 did ,,ot pick up any she!l s , 
whi..le the S0-7E and S0- 12}:i: performed satisfactorily. It 
a ppear e '.'.l that t he !fark 20 Jiod 2 had r eache::l its maximum range. 
Signal strengt h on the, S0- ?i,; and the S0-12H was good. 

J.2 . Position //9 - 9100 yar::ls . The radars 1,mrc 
s : t 0 1;:: t,,; ·1 i n anopen pl,1in about - ·600 yar is fro11, a high hill in 
tiv; ,:.v,t;i r si t G direction. T.ne hill had abo ,;t a 5 mil r i se 
above the S0-71J an:l. S0-12i:•. ant cr,nas . 

33. Th,, r esul t s wc~re sa tis ' Li.c t orv on the S0- 7i'''. a n ::l. 
thE: s::•-121\,, 'mt the ;-·:::rk 20 ;.-od 2 nd not p_ick up the mortar 
shell . Th2 r ,'"·sul ts w~~,rc not q uanti t a ti W '; sine;; the r-:, was no 
communicat ion . The shell e cho on the S·J - 71'c! was picke d up on 
t he 20 mile scale and ca.11e i•· clear ly. The signal on the 
S0-12M was compantivdy -,veal-. , but still ·i,~fioitG . The fac t 
that any ,,c hvc s we.re pich;d up i s r ,cimarkabl2 since ther,0

• was 
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a 50 roil mask, an :1 t he ri:-l:-1ge v,a s 9100 yard;:; . However , the 
s,1ells ;1ere fi!"ei a t a maxlmum ordi nate , rising approximately 
1000 yar:ls , a:-:d cleared the !nask. both radars operated v,it:1 
approximately 120 mil antenna elevati on angle, it r aving been 
de t er. l.ned that t;·i s angle gave optimum signa l r ettirn . (ifo 
acc'Jrate lnstrw:ient .,as availa:1le t o 1,,easure t i•,i s aw!le at 
this site . i,.n inclinometer was useJ at other sites . ) 

34. Position !I 10 - 12000 yar is . The S0.-?i.{ and t he 
S0-12: . were situated in an open clear in~ and 200 yards from 
t r ees wh~ ch formed a 30 ,11.i.l mask . .~ark20 :,'.od 2 was situated 
at the '.,ase o ' a 20 mil incline about 200 yaris ir. len.~ ·h 
'.)ordered by trees . The mortar shells reached well a'.Jove the 
horizon. There was no comrn •_micat 1.on, and since t he .:-.:ark 20 
rio :l 2 had picked up no shells at 6800 a nd 9000 yaris , these 
positions were chosen to provide a c loser ran3e of a::iout 5000 
yards for t"le ::ar k 20 while tests were continued at 12000 
yar ds on the S]- 7:: and S0- 121~ . 

35 . The S0- 7}.'. and S0-121£ wen~ able t o pick up scattered 
echoes . Because of the lack of' comm uni ca tLon, the rP.sul ts ·.-1ere 
not quanti tati. VP. . The very weah return on the S0- 7.'I,' an.:l the 
S0- 12, ; indi.cated tt,at 12000 yarjs ·. s &.pproximately their 
JT:axim'Jlll ran:~c . The echoe:: were so ,,.;eak as to ::ie or no practical 
value . T-le S0- ?f!. again ha i the clearer presentation . 

36. Position rrll - 5150 y~.rds . The ra :l.ar s ,.,ere 
situated i.n a clear::.n ,; , 'lhree hundred yar::L away i . t he 
direction .:,f ti1e mortar :;i te wc:..s a fringe o.: t r ees about 50 
feet l":i.gh . Re sults were sati:o-"actory for all t!"lree rad2.rs . 
The SJ- 12l. ha-i • .. a.i.ntenat,ce c.rouol,'.! ,,i. t h its mechanical antenna 
drive w!-iic:1 was corrected. Tir:1es o ·" first pi ck-up of the shell 
wen~ taken , an j «er e very similar t ·.) the r As ul ts r 1.,cor ied ; n 
'l'able 4 , 

J? . Tes1.s ·,:;ere made i n a rain storm. The rain be3:an 
ajo1;t 1500 as the t r,r e~ ra :lar s we r e oi)er n. ting in one tes:. . 
All t:•!·•~·3 radars w,ff? pickin:s up the target satisfactorily 
pr:i.c•r t ·, th-~ r .3.in . The rain storm varied f rom very heavy 
ra.i.n and :5Usts o'" win:!, through me dium or l ight rs.in , to a 
drizzle, ,9.ni stopped, passi ng through each s ta ~~e e venl y in 
time , anJ lastin6 about 40 minutes . aounds were fired during 
each sta~c . The gain was c ~t down in all radars to eliminate 
rain cl utt8r as much J.~. possible . 

38, The 1:.ar k 20 ~·o:.i 2 performed 1-1e ll i n all rain 
condi tior.s .-.:xce pt for the first fi v;; minutes when , it is 
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bel.i.eve::l, ionization of t h8 rai.n drops caused the saturation 
nois8 noted. E:ch0es were seen through heavy rain s.:?.tisfacto­
rily. The S0-?t!: 1~icked up scatt0red echoes ::luri.ng the light 
rain drizzle, Also, with rain betwee n t he r adar and t hr 711ortar 
b::1t not :;;ncompassing t he morfar shell, the shell was picked 
up in a me :lium r .e.in . The S0- 12i!-I was unable to pick up t he 
target at any tims- juring the rain. 

39, The experimental data, Tables 1 , 2, 3, give a 
fair j_ndication of t he test results. Only on the last two 
::12.ys of testing, 6 July and 9 July, -were the tests con:iucted 
mainly frmi, the sV·ndpoint of picking up tar0ets . At othBr 
times e xper i mentation with antrmna el evation angle, poor 
s ligr.ting- in, or inexpG:ri.ence d coservers cause ::l the number 
of picked- up t a rgc:ts to 'JE: small with relation to the number 
of r ounds fired. 

ANALYSIS OF TESTS 

40. The radar sit:· s h.:mld be chose n bearir:g t hese · 
facts in mind: 

(a) T'ne antenna b :'P.!'il. width in -the v,-rtical plane 
shoulJ ba kno-.-m, -with S- and 1.-=~and equi pments the anter:na 
an:;le should be ~ruch t:1c1t t;, c; lo;ve.:-- ,die of the ant"<nna beam 
at the half-power poj_nt 'Ni ll clez.r by ab01..i.t 10 mil s t ½.e h:i.gh­
est intGrvt;ni.ng mask. 

(b) TnE. approximate r2n ge an i bear i.nG from t he 
t a.r'.se: t should bt, knm\11 , so tl12 t t.'I8 ma s !, to t he r a dar ')earn 
will not be so hi gh as to rtnder t h(! radar us e l ess. 

(c) A masking effect t hat cuts out strong lani 
return but does not pr ev-,mt t ho radar from p:i_cking up the 
,,,ort."r shell fa i r l y low. down in its trajectory is i deal; 
·'or •::x2r:1p l8, about ,~ J O mil mask i n JOO yards and at a range 
of f,GOO :rar Js fr OM t he ,;. or t a r . 

(d) :l::filade will not affect th€ ralar ope rat.ion 
if con:litions (a), (b) and (c) are r ,omGmbe r e d. 

(e) Only the L- band e qu. •pment gains much by 
choosing a sit-:.: to utilize th, r :Jfle c ted «ave. ~n ideal sik 
for 1-band radars is one which ~i ves about a 10 !:iil r ise and 
prE,sents a fairly smooth sur fac0 tc th2 t frequency, for ex­
arnple, sand, bush, e t c . .. 9, 
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(f) Foliage does not i nter ·ere appreciably with 
1-band ( thi s doe s not include tree t r unks). S- :md X- band 
eq1:i pment will not work thr ough heavy f olia ~e. All three 
equipnents will operate fair l y well a t short ranges t hr ough 
t hin foliage. Thus some thin non-metallic camouflage placed 
over t he r,dar s would be permissa ble. 

41. The Mar k 20 i:od 2 wi l l operate in any weather. 
T'ne S0-7M, will operate fairly well through a n-i 7zle or light 
rain . T'ne S0- 12E ·will not operate through rain. 

42. The mortar s hell t r ajectory has little effect on 
signa l r eturn. Its major effect is simpl y that if a low angle 
of fire is used, the mortar shell will be farther from the 
mortar ·Mhen it r ises into t he rada r beam and is detected . I f 
the t rajectory i s ver y flat , the shell might not be detected 
a t an. (See Appendix 2). The geometry of mortar location 
must be c l ear l y understood by the mortar l ocator crew car,t ain. 

43. The types of mortar s hells have t he obvious effe ct 
of i ncreasin6 or dec r easing the signal return for larger or 
smaller shell s except when the s t z.e of the sliel l is ;-;ear 2 , 
or les s . The type mainl y used in these tests was t he M43 
Trainin C; or a. E. (81 mm), whi ch is smaller than the average 
Jap mort ar shell and much smaller than the l a rges t Jap mortar 
s hell in use . (a J20r,-m projectile . ) (See Pl a te 25) . 

44. As pr eviousl y stated, t he shape i n s pace op the 
radar beam should be clearly held in min'.l by t h.e operat ors . 
They shoull r emember tbat the lowest anter,.na elevation angl e 
at which th'-' target may '.:le picked up is the '::)est fo r optimum 
accuracy, but tha t the best angl e for signal r et ur n is usuall y 
higher . The ra,ie.r beam s houl j be aime d well a bove the mas k , 
and move d down in reasonable increments until tre lowest 
an :,;le has been r8ached, if t ime permits. Tne ra~lars should 
be pci.nting opproximately a t the morta r site to facilita t e 
'..'!djus t.m~-m t of t he antenna angl e . 

1.5 . ?or S0- 7M and S0-12I'.: , the problem of polarizatton 
was nc,t solve .: except to i ndicate that bott horizontal and 
vert icnl pol ar izati..on ga"·e about the same results . 'lbe :·':ar k 
20 1,,;od 2 t e sts indicated that vor t ic2.l polari zati on was 
slightly oet ter on L- band. It is ~el i eved f rom other tests 
t hat t he type of polarization has ~: greater e ffect ,vi th lower 
frequenci.Es. 

46, (a ) The maximum range on the S0- 7;::i a nd S0-12:t~ was ,.. 10. 



approxim:.:.kly 10,000 yards. Stron:s echoes werE- r eceived on 
the S0-W, at 9100 yards , with weak:Rr but stu:;_ definite 
:::chocs r 2ceive::l on the S0-12:li. at this range . At 12,000 yards, 
both the S0- 7M and S0-12M ag:.in picke d up occasional echoes 
from the mortJ.r shells but too weak to guarantee pick-up 
under b2ttle conditions . 

(b) The maximum range on the ;1{ark 20 Hod 2 was 
approximately 6000 yards on 81 mm mortars . The Mar k 20 ,fod 2 
used in t}:lese tests was a temporc!r y fiel i modification of the 
i!;;ark 20 }fod 1. ~iowever, since an 11A 11 scope r.·as availc-lble, 
this range ,.-a s considered fairly conclusive . 

47. There are a series of errors which a f fect ths 
accur.:: cy v,i. th which radars can loca t s mortars . In these tests 
all errors were not equall y e f: . .phasized and consequently the 
act ual results are not conclusive; however, Plates 4, 5 and 6 
give tje results of one day 's tests. The actual error l s due 
mainly to 11s:i. 5hting-in 11 error , since other resi.,lts a r ,·! consis ­
tent and the major apparent err or lies :in, the poor bearing 
indicati on. 

(a) Error f/l - Radar .t!;rron This is the range ~rn'i 
bearing error inherent in a particular radar . 1<rom sys t ems­
test work tn.s error for t he S0- W. an:l. S0-12I1C; is c1pprox.i.mately 
pl us or minus 200 yar ds in range and plus or minus 1 degre e 
in beari P.g. 

(b) Error # 2 - Sigh t i ng- i n Rrror : 'This is the 
error develope d :i.n the process of l ocuti.ng the radar site 
and bearing indic:1 ti on w-i th res pect to a de fini. te r ,'.l fen,nce ; 
for example , an accurate map . I t depends upon th2 exper tness 
of the survey team us e d and/or t he c ompass installed on the 
radar itself. The aliJnment is between th;;J ra;far and mortar 
or artillery it governs . 

(c) l~rror #3 - ··ariable Range Error: 'Ih:is is 
thi., ~T:::-or introduce d by the estimate from pick-up position 
of th :, ;'lE;ight 2. t which the nortar shell is picked up with 
respect to the earth benea th it . If a mean angle , for e .'(c.mpl e, 
65 degrees, wa re assumed for the mortar el evetion angle, this 
error would vary as the mortar eleYation differed from 65 de­
grees . This e r ror could be decreased by experienced mortar 
men aiding at the radar. 

(d) trror #4 - Variabl e &>ari~g ~rror : This 
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error is c.l so a. n,sult of: the estim:tt':. of t he hdght a t which 
the ~ortar shell is picked up. I t can ~e :lecr eased to~ very 
small amount i f th0 up <lnd down pips ar-·, "'icked up for the 
same mort2.r shell, an:l if this i s done r, .. peatedly. 

48. A techni que (for two or more men) for ,;icking up 
tho mort;clr shell, after c: plausibla sit , has beE::n chosen is: 

(a) Y-nowing approximat ely the mortar location, 
i.e ., range + 1000 yar ds - bearinfE: -t 15 degrees, estimate 
the height of the mask presente::l a nd set the antenna elevation 
angle to clear t he mask by about 10 mils . 

(b) After the gear has warmed up, sector scan 
through the JO degrees witt,in which the mortar is located 
until a pip is picked up. If none. is picked up, incr ease the 
sector sc-'.lnned and alter the antenna angl e as described in 
p3.ragr-"lph 24. When c. t argot i s pi cked up, sector scan over 
it an::i cbtain its r.:mge and bearing . 

( c) Stop sector sc ·0nning on th,· beari.n 12; of the 
up pip. Set accurat: range i nform2.tion in this p-)siti.on. 

( d) Sector sct:n again anj search for the ,:lown pip 
and/or mcrtnr burst, ut ilizing any information of sector being 
shelled, etc. 

(e) If firing continues , return to the up- pip 
point and, as described in Paragroph 24, ascertain the lowes t 
point 2.t which the morta r shell can be pickt.:d up . Using t h<J 
ant,,mna eleva t ~on angle, known radar be.:un widt h and t c,rgr~t 
range from the radar, n good approximation of the mortar shel l 
h8i1ht at this point m2y be n,ade . 

(f) Knowing the mortar shell height , r ange and 
beclrir,6, ,rnd c0nsidering the; k.rget- of the mortar, possible 
;r:or·t-::.r· si t.:::s o.nd int ervfmi.ng tcrrian, drop a l ine fron, thi s 
he i.E;h t,) th0 ,-::1rth at an estimat:,d J~_ortar firing angl e 
and rot,i .tion th2 1::ortar. Another method of finally gett ing 
on th-.; t2.rg2 t is : If fri.E:ndly .fire can b~ ide r:.t :Lfied, adjust 
ths fall of the fr:i:endly fi r ~, so that i t coincides with the 
obs,~rved posi tion of the ,mcmy shell on the scop3. This 
latte r· method has :::,een very effecti vc j n the field, cxpecfall y 
w.-ith equj,.pments having a larg.z j;lroc.:1·~1.) error, of th,"' ordor of 
-t 200 yards. 

Some desirable que.lities of a mor t2.r l ocator a r e : .. 12 . 



(a) An overall radar accuracy of the order of . 
0,5 percent in r ange; plus or minus 2 . 5 mils in bearing; and 
plus or minus 3 mils in el evat i on. 

(b) A minimum dependable range , under all 
conditions, of 5000 yards. 

( c) Radar informat ion which v.'ill give the most 
accurate position of the enemy mortar in the fas t est and 
simplest way. 

(d) Since t he l crnest height at which the mortar 
shel l can be detected directly affects the ultimate accuracy 
of t he mortar l ocator the ra:iar beam should be as close to 
the i nter vening terrain as possible. Consequently good dis­
cri mination against land targets is needed, possibly MTI or 
a narrov, beam. A method for discrimina tion against other 
moving targets is also needed • 

. (e) (d) suggests another qualit y immediat ely, 
t hat is t he adaptability of the system for ground tar ~et 
search. 

( f) A simple and precis e methoi for orientation 
of the radar . 

(g) Ease of opera1,ion is emphasizej, since the 
equipment may ~e oper ated ur.der fi r e wher e a complicat ed 
operating t echnique woul:l be i.mr,oss.i.ble . 

(h) Because of the tact ical uses of the ifarine 
Cor p troops , (attack a :cd i':igh mobility) the unit must have 
hi:;h mobility . It must be easily i nstalle d and r e- installed 
and it must be light weight , a i r transporta!Jle anl pack 
transpor table . 

(i) These tactical uses also imply t hat the 
zquipment bi=. even mor e s turdy and ,nor e weat her-proof than 
in pr evious designs . 

( j) 1'he syst Eim must possess cer tain safej;y 
featurr:,s to pr ot 2ct the operating personnel as much as poss i ­
ble. The mortar locat or radar will be vulnerable to enemy 
attack and easil y spotted because of the nature of microwave 
pr opogation and the cl ose range t o the enemy at wh ;_ch the 
radar must be s ituated. Separati on of the ant enna and 
controls has alr eady been used; i t permi ts t he operating 
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personnel to dig in some distance from the antenna . 

50. There are three funda:.rnntal problems involved 
in obtaining the qualities l ist ed. They are: frequency, 
beam shape, and polarization . 

(a) The best frequPncies , excluding weather and 
foliage consideration, would be X-bani or higher. Includ.i.ng 
weather and foliage, some compromi~e point between L-b?.nd 
and S-band would be desirable; or two fr.=,que.mcies, an L!-band · 
a nd K-band. The K-band equipment co, ld satisfy the major ity 
of the desirable qualities much better than the 1 - band. 

(b) The beam would narrow i n the vertical plane 
and in the horizor,tal plane to have sufficiently accurate 
bearing an3. e levation indication. Two beams , forming a 11V11 

in the vertical plane, separated by a const,rnt elevation and 
sector scanned r apidly t ogether, (as i:1 the Army's TPQ-2) 
migi":t be used. The narrow beam is also advantageous in 
iiscriminating against other targets . 

4WM'. ~ 

(c ) The rad2r beam polarization should be adjust~ 
able. Vertical polarizatioc is better for mortar de t ection, 
but this a:ivanta,-se :iecreases 111;ith ·an increase of frequency; 
at X- band li t tle advantage is apparent . It i s rPported, 
hovmver, that land targets can be more e?.sily picked up with 
horizontal polarization, for this seems to gi ve l ess }frand 
r eturn while ~till pic!_<iilg .up the:target. 

REFERfi2-JC E: 

(a) BuShips ltr S- S67-5(919) Ser. S-002624/8Fc5 
of 9 June 1945 to lliractor NRL (Secretary Radio Probl em 
Pr.ioirtie s Board) 
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APPENDIX 

1. An a deli tion to the S0- 7M of a see tor scanning 
mechanism was t r ied after field t ests wer e completed. A 
simpl e mechanical system adde2 to the antenna switch al l ows 
t he radar to s can through a sector of thirty degrees . A g'"ar 
r eduction motor was mounted on a brackE-t to the side of the 
indicator case . A f lywheel on the motor shaft was attached 
to a crank ·iR"hich ope~ated_. the antenna control switch on t he 
indicator panel. The cr<!nk threw t he switch alternately 
clockwise and counterclockwise . A list of t he parts necessary 
is - induction rr·otor with gear reducer, 110 1J AC , output speed 
J6 rpm; a bracket for supporting motor; flywhPel ; crank adjust­
able to correct for drift; and a switch. (See Plate 19) . 

2. Parasraph #42. does not mean to imply that t he 
aspect of t he mortar shell vn t h r espect to the radar source 
does not affect power r. fleeted by the shell. Investi-~ati on 
by other r es"-'arch groups has i ndicated that a variation in 
excess of 20 db (inflected power) may be experienced as an 
Sl mm M43 mort ar shell aspec t is changed and if the frequency 
of · the radar i s such t hat 'V2 is appreciably l ess than t he 
diameter of t he shell . 

J. Tests at Quantico 

ThR addition to this problem as l is ted by Major 
Hazel USJC at Quantico, Virginia, June 20, 1945 follows: 

(a ) Set up radars (S0- 7M", S0-12rii and Mark 20 Mod 
1) and mortar batter y to simulate as closely as poss i ble 
combat cor.iditions,; i.e . wit h mortar shells approaching radar 
in t rajec t or ies whose planes make angles with line of obser­
vation of mi_nimum safe values up to forty-five (45) desr ees. 

(b) Conduct tests at ranges up to 10,000 yards , 
if possible. 

(c ) Use 81 mm mortars f or most of the t ests, as 
t his is cl osest to widely used enemy mortars , but include 
sufficient data with 60 m.rn mortars to make comparisons. 

.,, 
(d) Vary angl e of eleva t i on of mortars as follows; 

1 Tests at 45 degrees . 
2 Tests at 65 degrees. 
3 Test s at 85 degrees • 

15. 



( e ) r:=ak-, o. f.>w t,, s ts wit~ SO-71:i .::rn -1 SC·-12Li 
horizontall y polarized. If t hes,:o conf irm p!."s,•j_ous obs ·:cr­
vati ons that ver tical polerization is bc-tt ,::r , coll ect r : .. :'f'.ain­
i ng data with latti::r polarization . 

(f) ·,Vit h vertica l polar iso.tion on S0- '7:,,; a nd S0- 12\:­
makc; t ::;sts as follo-~vs ! 

1) 'Ni t h lonz dimension of antenna .horizo:1tal 
(using scn1e n ove r r e flector - smooth2d out i r, 
compo.rison with 1/ 4 i') 

2) With l ong dimension of antenna vertical 
(remove scr Gen to ,?,et undistorted bBam unl ess 
expE;rience shows thi s is negli gible) 

( gJ Tes ts shoul.:l be made wit h al1_ three equipments 
~ wide v.;1.ri2ties of weather con ;itions incl uding rain . 
Careful records shoul d bo kspt with s ufficient data t o compar e 
tl'w ,.:,quipments I op; r a t i on u..ndor ths:,se varyinr; cordi tions. 

(h) 
forn~ance of the 
::la t 2 on .aor ta rs 

-

tlaintain vigi l ant che ck of corr:para ti v 2. Q,~r­
t hrG.sa equipments on a i.rcr aft t arge t s so that 
can be propc:r l y i nt erprc·t t· J.. 

16. 



~ ---... ... 

Test Posi- Date Diam . of Typo El . Anglo Mag . Range of · 
tTcin' 1945 Shell Azi- Shell 

m.'11. muth Approx . 

1 1 6/21 81 M43T 55.75 230 550 yds . 
2 " II 81 J.!43T 65 230 1,125 
3 II II 81 ltu3T 7!... 5 230 775 
4 II II 81 M43T 65 230 1,125 
5 II II 81 M43T 74.5 230 775 
6 2 6/22 6o/ao T/Il43T 57.5 230 550/700 
7 II II 81/6o 1'.43T/T 74.5 230 775 
8 " II 81/60 T/T 74-5 230 1,120 
9 II II 6o/81 T/M43T 57 .5 2?,0 550/700 

10 3 6/25 81 M43T 65 230 775 
11 II II 81 M43T 65 230 1,120 
12 II II 81 M.43T 78 -75 190 550 
13 II II 81 ¥43T 78 ,75 190 550 
lJ.. 5 6/27 81 l543T 74-5 226 775 
15 II II 81 ftu3T 74.5 226 775 
16 II II 81 .1,:431 74.5 226 'J75 
17 6 6/28 81 Ml.;JT 74.5 241 .5 750 
18 II " 31 !.1437 85 241- 5 200 
19 II II 81 Mu;!! .E. 74 2.41 . 5 800 
20 II II 81 M1~3T 74 241.5 750 
21 II II 81 M43Il.E. 65 .75 ?.20 400 
22 II II 81 M43T 65.75 220 400 
23 6 6/29 81 ll43T 74.5 240 750 
24 ti II 81 M43T 65 240 400 
25 " II 6o T 74.5 240 750 
26 II II 60 T 65 240 1000 
27 7 7/2 81 J.!43H.E . 74.5 230 800 
28 II II 81 M43H.E . 74.5 230 800 
29 II II 81 M43H. E. 65 230 400 
30 II II Bl H.E ./'Jt' 74.5 230 800/750 
31 8 7/3 81 Mu3T 11...5 240 750 
32 II II 81 ~3T 65 240 1050 
33 II II 81 M43T 85 240 250 
34 II II 81 M43H.E. 74.5 240 525 
35 " II 6o H.E. 82.5 240 6oo 
";I, ti II 81 1143T 84-5 240 450 ,, 9 7/4 81 M43T 84.5 240 450 
3d " " 81 1T 84,5 240 450 
y:; ti II 81 T .E. 74.5 151 750/800 
~o " II 6o n 80 151 300 . 
41 10 7/5 81 J!56 74.5 157 800 
42 II " 81 M43T 84.5 157 450 
43 ti II 81 1.!43H.E. 74.5 157 750 
.:+ II II 6o H.E . 84.5 157 6oo 
i.5 II II 81 M4_3H .E. 74.5 157 525 
116 " II 6o ,H .E. 74.5 157 400 
47 11 7/6 81 W-13H .E. 84.5 224 525 DECL"-;..:iJC;:o 
148 " II 6o T 84-5 224 450 
119 II II 81 Uh3H .E. 74.5 224 800 
"f) II . " 60 T 74.5 224 700 
51 " II 61:J T 84-5 240 550 

( 6 7/9 Sl M56H .E. 74.5 245 800 
II II ,.,, 

M43T 65 245 1150 -... 

I 
" II ·n M56 74.5 245 800 

61:J mm R.3. - If.E.M83Al @ 6o mm T - TI:69 



Fired !!£ Dn !!£ Dn ~ Dn- Up Dn !!£ Dn Up Dn Ver t . Hori. 

10 3 8 2 4 5 4 4 4 3 3 * 
10 6 3 10 8 7 3 3 .5 2 . 5 4 4 3 3 * 
10 6 lJ 10 10 6 2 1. 5 4 . 2 4 4 3 3 * 
10 10 5 8 2 3.5 3 .0 2 . 5 2 . 5 "' 
10 9 10 7 9 9 9 3. 5 4 . 5 2 . 5 2 . 5 4 4 * 
5/5 1 3 2 2 * 
10/5 2 2 * 
10/5 1 3 1 1 * 
15 12 - 2. 2 - * 
10 * 
5 * 
5 * 
5 * 
10 5 1.8 - * 
10 2 3 l 1.8 3. 5 3 .5 * 
10 1 8 8 1 2 2 * 
10 l 2 2 10 10 1 1 1 3. 5 3. 5 * 
10 10 5 8 10 10 1.8 1.5 - 3 3 3 * 
10 3 5 6 10 10 1 1.2 2 . 5 - 3 3 * 
10 1 11 10 10 1.1 1.2 - 1.5 1.5 * 
10 10 2 2 . 5 1. 3 - * 
10 4 3 10 - 1.2 1.2 3 . 5 - * 
10 1 7 8 7 9 9 1.5 1.5 4 4 2. 5 2 .5 * 
10 out out 8 8 out out - 4 3.5 - • 
10 out out 9 8 out out - 3 2 .5 - * 
10 out out 9 9 oot out - 3 3 • 
10 2 10 - out out . l 3 * 
10 10 9 10 6 out out 1. 5 1.5 4 3.5 - * 
5 C: ,, C: ., 5 5 out out 2 2 4 4 * 
10/5 ~ ., 3 8 7 out out 1.5 1.2 3 2 .5 - * 
10 ? 9 1 l * 
10 10 - l * 
10 9 9 7 :i: ., 3 . 2 2 * 
10 6 9 10 · - l 2 2 * 
10 3 5 8 3 2 2 2 2 * 
10 9 9 10 9 2 2 2 . 5 2 . 5 - * 
30 11 7 8 2 . 5 3 4 0 * 
':O 5 4 15 - 2 . 5 3 4 * 
5/5 2 3 * 
5 2 1 * 
10 C 'c C C C C 2 2 2 2 2 2 * 
15 C C C C C C 2 2 2 . 2 2 2 * 
15 C C C C C • C 2 2 2 2 2 2 * 
15 n.o n .o n .o n . o n .o n .o - * 
30 n .o n .o n .o n .o n .o n .o - ,. 

30 n .o n .o n .o n .o n ,o n . o - * 
7 out out 7 7 7 5 2 . 5 3 * 
13 out out 12 11 12 12 4 2 . 5 3 3 * 
12 out out 12 12 10 10 4 . 2 4 . 2 3 3 * 
!.. 10 7 1 7 9 9 2.5 2.8 2 2 . 5 3 3 * 
2:. 3 2 20 20 2 2 . 5 2 . 5 2 . 5 t 
19 · 18 13 19 19 3.5 3 . 5 4 4 * 
23 16 19 23 23 2 2 4 4 * 
10 * 

I 
Shells Picked Out Si,5nal Stren~th Ant. Pol. o-cw c--·-·-o 
Out- .Out of,o tder s ~rong Signal - 5 For S0- 7M and L "'::,h.:h-L.:. 
n.o . - Not Operating },tedium Signal - 3 S0-12M 'only 

C - contact but no Weak Signal - 1 €) definite number 
n .d. • No data 



.es-c lcM {i.li. 1''11\C:..U .LC::J.:~1 ' '" HU\.C.V J.'l.o.u.eo .UCQ.J. .LU.h 

Up-Dn Up- Dn U-p-Dn Up-Dn Up -Dn U-p-Dn of Mor tar 

2500 2200 2200 2700 2700 - 273 280 280 265 275 2150 26o 
2200 2400 2500 2500 2700 2700 272 264 260 260 265 275 II II 

} 2200 2400 2200 2200 2700 2700 270 264 274 260 265 270 ft II 

L 2200 2400 2150 2150 - 270 264 272 272 II II 

5 2200 2500 2250 2500 26oo 26oo 271 262 265 272 262 260 IT " 
6 1700 1850 - 169 172 1840 170 
7 - 1950 174 " II 

l - 1950 - 2100 174 176 II JI 

I 1650 168 II 

10 4800 020 
!l 

II 

12 ,. " " 
13 

II II 

14 26oo - 53 2500 038 
:5 26oo 2250 1650 53 n d n d rr JI 

!6 2600 2250 1650 53 n d n d 11 II 

17 4000 3900 - 4000 3950 3930 6o 72 73 n d n d 4100 062 
18 4100 4100 4100 n d n d 75 73 70 n d n d 11 11 

19 4000 3500 4000 3420 4000 70 70 70 n d n d " 11 

,'() 4000 3500 - n d n d 700 70 n d n d II II 

a - 4000 2900 70 74 " JI 

2'2 4200 4000 4000 - 70 70 70 II II 

23 4000 3800 4000 3800 - 80 80 73 73 n d n d II 

1 4000 3500 72 73 II " 
25 - hQOO 3800 72 72 II " 
~ - 4000 3600 72 72 Tt JI 

'[/ 1100 - 1900 - 70 59 1900 051 
28 1950 1800 1850 1250 - 70 68 6o 62 II II 

1') 1200 1200 1850 1200 74 72 60 66 " II 

;O 1200 1200 1850 1500 74 -72 60 62 ... 11 " 
31 66oo - ~~:oo 67 71 6850 060 

~ - L -. :'!0 67 67 71 II II 

)) 6800 6700 t,(') 50 - 72 73 
II II 

i 6800 6600 6700 - 72 74 71 II 11 

35 6800 66oo 6800 6600 - 72 73 71 71 !I " 
'P 6800 6600 6800 66oo - 72 73.5 71 71 ti " 
ii 9000 8900 9200 - 331 332 329 9100 321 
;s 9200 8900 9200 - 331 332 328 !I II 

;l - 9500 328 II " 
~ - 9100 329 11 II 

.;l 1200 329 
J. " 11 

:3 " " 
I II " :::i 

.5 .. II II 

J, 11 11 

out 5200 4900 5300 - out out 63 63 5150 053 
out 5200 4950 - out out 63 63 11 II 

out 5200 4550 4780 out out 62 63 11 II 

~ 5200 4700 5200 4500 - 63 64 62 63 II II 

51 - II 11 

4115 ,3800 4080 3885 - 71 72 66 68 4100 062 
ho70 3540 4100 3565 - 71 72 68 70 ~ell f _.,. ..,.11 ..-,~o - DL. u-... ..>,:;~~- 1 .... .. 

out - Out of order 
n d - No data 

19. 



Table 4 
1 T R S0- 12M 

Timing Res·J.l Ls 
I S0-7L 
I 

:Ak 20 - Efod 2 
I E o 

i s u --------..-- - - ---- - ---"+--- ---- - -~ 
1 !:l., . 1 Time ' Ant. 

T N 
D 

iUP ~ -------
I 49 

l 
! 
' 

I 
I 
' 

i 
I 
! 52 
I 

I 
I 
I 

i 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

5 

6 

7 

8 

9 

Time 
secs . 

i down. 
I 
.1 

El=..x~ secs . , EL L , 
Time 
secs . 

Ant . 
El. .£ 

.----, -- - i 
¢' UF down ~ 

6-11 

' 
! 5- 11 12- 16 

'3-9 
l 
; 4- 10 · 10- 15 

., 
. 1 40 
I 
I 1 40 

i! 
·i 140 

140 

140 

I 
, 5- 11 
i 

· 25- JO ~ 130 . 
I 

:J-9 
I 

. 25- 30 : 130 
! 

13-9 
! 

20-24 f 13C 
I 

[6- lJ · 24- 29 1.30 
' 
'6-13 -22-26 
I 

15-12 25-30 

I "-10 20-25 I, 

19. 5 

: 130 
I 
j 130 
' l 1.30 

' - 'JQ I .L_,, 

130 

· 130 

130 

, 120 

;130 

!i.30 

130 

I 
up I down 

3 I 15- -20 120 

· 3 . 2 ,. i. 21- -321;3 ; 150 

' 2 i 17- 21 i' 150 

i 21 1/2 150 
I 
l 

8 . 5 i 20 1/2 ' 150 

1.8 

6 

150 

150 

I 150 

150 
I 

1150 
I 

t 150 

At this same site, 
Pos . #6, :,-Jc 20 , :o"i 
2, :b.ad a min . Time '. 
of pick up '= J . 5 
sec. Ant . EL<.--:;; 
150 p{ 

Av . P. U. Time . .._. 
4. 5 sec . 
Av. A. E.L..- ~165\i 

(Test 19) 

20. 



Table 4 (Cont ' d ) 
Timing Results 

T 
E 
s 

! T 

, 52 

i 

I 
! 53 
j 
i 
! 

R 
0 S0- 12i'lf i S0- 7M 
U , Time I Ant. 1 Time I Ant • . 
. ; ___ - oecs . _ I tJ. . / . ~ s ecs . 1 EL L \ 
D up i down J v{ · up I down! JI{ j 

; I ' t I - I : I t 
10 5. 5: 22 . 5 33 ;2 .0 ! 19 . 5 :130 ! 

I - I I 

I I ; ! 
11 · 4. 5121 . s 100 :J .3 22. 5 1135 I 

• l f I 

12 · 5. 5i 24. 5 ! 100 i2. 5 27 . 5 i135 ! 
I 

lJ, 2. 5; 2J. 5 
i 
' 14 2 .1: 2J . 5 
i 

I 

16 i 
i 

1 . I 2 7 1 . 51 4 . 5 
I 

i 
18 2. 6, 

19 2 . s! 
i 

20 3-51 

1 

2 

5 

6 

7 

8 

I 
I 

4. 5i l Q. 5 
! 

i l ; I 
i 60 :3. 5i 2l. 5 1135 

55 

55 

75 

75 

75 

75 

75 

97 

97 

I 97 
I 
! 120 

! 110 
I 

I 100 
I 
I 90 

80 

: i i 
' j3 , 5 i 22 . 5 

! I 
:5-5 i 27 , 5 
i i 
IJ . 0 21. 5 

;3. 5 ! 18 . 5 
I I 
13 .1 i 19. 6 
I I 
i I 

12. 5 i 1a. 5 
i I 
t i 
I . 

i j 
!4.1 j 16. 5 
l I 
13-5 ! 16 . 5 
l 
p . 5 :i..6 .. 5 
! 
1'3 7 16. '7 . -
14.0 17. 0 
I I 
i i IJ. 4 I 16 . 0 
I I 
!L •• O 116. 5 

I 
I 

!135 
I 
1135 
I 
1135 
l 
1135 
I 
I 

135 

135 

135 

130 

l JO 

130 

. 130 
I 
!130 
I 
I 
il30 
I 

! 
1130 
i 
1130 
I 
I 

?lfk 20 - :•, od 2 
Tine An t . 

secs. El.L'--
up dovm 9i 

' as before 
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Table 4 (Cont'd) 
Timing Resul ts 

1 I{ 

E 0 S0-12Iil 
s u-·~ 
m 
l N secs , 

D- .,_ '.Y;: . - ·:1c.t,(f1' 
,.~ . ? . 

/; 

·------~-
: ;;-7]: 

- -- -~--.... 
; 

; : ,,,. 
':68 . A, -~·- ~1.mc: 

·-· up ---, <low:n· - ·· 
,?-l/! ~-------·-- -- -· -- - .....,.. __ --- --·- --- ----· 

J :> 

..LL'.,, -, , _ -·-

11 :2 , 3 

12 

13 

14 2.4 

15 ; /4 . 7 

16 
: 

17 !2 , 3 

13 :2 . 7 

1 -.) 
. L , 

i 
; 3 . 5 

2(; 
i 

jl . 5 

1-.,1 I I 
I 
I 

I : 
• I 
I . 
i I 

I 

1 r · 'l ·- . # 

1~1.) 

17.5 

17,5 

l" r , b .,__, 

18. 5 

Li.5 

80 l+.2 17 .0 lJO 

70 J.5 16. 0 130 

60 4.5 17. 5 130 

50 4.0 16.5 130 

50 J . 5 11, . 5 130 

70 J . 5 15. 5 130 

70 I 3.5 17. 5 130 

]_I) 130 

70 130 

,60 2 . 0 15. 5 130 

so 2.7 13. 0 130 

L" vv lJO 

L , • Ti.11e se~. A. E.-
'.lP do,;,-i / .. µ{ 

As befor e 

22 . 
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:] 
_--j 

I 

:J 
_J 

_ _J 310 
$0 

- __ j 

7 
_j 

--f 
-3 

I 

-=i 
_j 

210" 
150" 

200• 
I 60" 

190° 
170° 180° 

170" 
/90° 

160° 
200" 

340° 350• Q .30" 
}0° 20° 10° 3~• 340• 330° -10 

iTrTTflTTTflTi ITflTTjTTTll~l l~i..,..I ~11~1~,-~11~1-r-1~1,~1-,-r-11m1yiTTfTTI 1111 111 I 11 ri 

100" 
UH' 

90" 
270° 

80" 
2eo· 

70" 
290" 

60· 
300" 

SO° 
310° 

~ 
320" 

D-CU..3J:;=;~D 



RAOA~ BEAM PLOT POS. "~ 
So -12ln rEST .5J 

I 
T/Me l:,t PICK(.)f':; 2S£C. (sEcro~ 3CAN) 
MA'X , ltA/VGF:; 40'?0 YO$. 

TIM£ 2,,d PICK/l,O'c/8 ,3£C. 
MIN. RAN8i = 35"40 1"~8. 

NO Tc : C'AL C LIL AT/ON OF 

M0R70/c SHELL PC JI ilOIY 

A3 lt,;/)IC'A7'£0 BY I,~ J' -'EC., 
ETC, WAS MAO£ WITH OUT 

CCNoS'll)£/?ING ANY £,'~£C T 
8U T fi RAV/TY. 

VUTICAL S • t(VSIN8)-z~ta 
HO/el Z . S = t (V CC~~) 

I-_ t• TIM£(9EC..) 

L£8EIVD•' 
LOWES , 8£ANI />t:)S, F'()~ £CHO~ "?0 "'1 
srsr 61:A,+1 l"OJ. FOA!. £CNt, .·lt)t),,,, 

1i
0 8£~ WIPTII IN /lt~T/C,llt. I 

yr VFL. ( l't/,Uc.) 
S' SEC.-,. 8 ~ J 2rt/.s-• o. ~ 

\ 
~SEC . .\.. . .--- -----

,-.--ciS''ii}>~~~ - INLJ. flcl 

- 1/?0 FEET 

--... __ 

~AOIIR 

170 ... ,. 
OFr, -\,00 Y&JS. TO 

rl~~T TREES 

~ 
~ 

~ 
"' 0 

r1 
C-,} 

C: ,,. 
(i) 
(..) 

S] 
f :1 

ci 

,'\\~~'\\•\\\\ \'\\~t:::--/ POW £fl . 

\~-i~'~,\~ ~»_½~ ~~ ~ I --\}-- ' •, ,,·,.-✓-:-•/?}) ~ ' \-. ,, , , ... -<\r,,, , • , '. < . ./ ,,,, '7 
• • -- ' ,, ,I ,. / ,, oC ....... ... ,. . , / ,, / 

' ' .. . ,1/ ✓,.; ,. / / /. / / ·· " .. ,, .. ,,:~~~/ ~ JffJ:;-,:;r:;: ~,;/p~ mo YOS 
·.')\,,,,.-,.,.,,,.. , · .. c:;,;:;:?'1//..1/-"_,,/',;('" . ,,-MORTAR TltA.J£C ro•" 
~/ :,,-.. _ · · · • -// " .'!OOOYOS' . .-.--.-.-.--...---~- ~r 

-- . . - _,. , ,.:,o,.f::&~~~lli~ - - /J'£(:'~ -
T~cE~?,'.,;~: ;/~-'~ /, ~:/·£~/ 

/000 YOS. 

./ ;;✓: _, _;;;4 :;d ~~:{ . .' ,· 1/,j,?;,~:. ½~1//UL.///_/_/,,·½ '/ • . ._.__ (M) 

L,1/Nt): :JO,iJ FROM //!Yr. 
rA:££S•40,.;i 

6S 0 al) zzo FT. ALT. 

c:, 
m r, ,-~ 
'> 
(;J 
C,;J . ...,. 
:~1 
' ('"'J 



~ n 
0 
r.: 
~ 

(.;) 
( .) 
&..-. 

"I J 

f ' 
t;i 

I lfADAfl BE/tun PL OT FOS. =#=(o 
so-71n resr .53 
Tim£ /.ll, PICK Ur~ J .S SEC. 
mAX. /T,,:/NGE =- 4/00 YOS. 
T/fnE LOST ~ 17 SEC. 
ln/N. flflNGE = 'JSTO YDS . 

LEGENO: 

/ 

_ -- LOWEST - - SES PERtn 5 o T BE Am POS. FOfl 
/3EAm Wl/?T:~i. FOR E~~~0-=130 ,-ry', 

/( \ \ \ . ~ ' ~ 'V\ \,R\Y,. """--· 

/ 
/ 

/ / // 
/ 

------
,,,.,.,.,,. 

---
VERT/C/."lL - /'9-0 /Yf, I""\ 

:\ \ \ \ \ ~ ' 

,<S'i :::;,}:~- 1k.,' 
'\ ·, \ . y' , ' ,,,....,,.... \\:'· , , , -. -~ . . - / ~ 

-----
.. 1170 FT. 

"'\\ · ' V .. . , . .... v-- . . L . . . ~ '' . ' .. ...... ·,\ ' •, . / 

,(\\l',-,,/✓\ ·/ \\•.',,,i<\A - , ✓-~- . . 

~~
,1,-;\ \:~<~::§t~i~¼&7 -1z~ 

~ --~-,~~~- // ,_ ~-~ 

17() FT. --0 FT. f--

~ 
"}. 

~ 
~ 

@ 

. . . / 1 / -~ ----- -··· .3 7SO 

, ,, / ,, ,,- , , - ' , I YOS, , ' -✓ - ,,:J__,,,, , - _ ,, : 
3

ioo YOS f- 2 - S ,:2,-~ ,, -- - \ EC 
I 
; y mOlfT/Jfl Tl'i'RcJ 

~ --- £CTO/f Y 

/000 YOS. 

'7' /;v" / ' 
LAND . . I/,/ 

----- - - ·-- )i; / ' JI / / I I I I I 

LAND = 30 ~} nwm ANT. 
TRE ES ::, "rOnfi 

~fflOfiTRff 
• 220 FT. ,'/LT 
(b.) 0 

0 
r:1 
0 
r­
j~ 
( , j 
( ,iJ 
•- ' ~1 J 
ai:!; .. .. 

f-·1 
0 



I n,qo,qrr BEl'9m . PLOT POS . .:,PG 
mK 20 moo. 2 TEST I</ 
TlmE I£! PIC:f( UP ,..,__ 3 . .S SEC. 

m.c1x. fl~NGE = 4-000 VOS. 
TI/Y!c LOST ,..., 2.fc .S SEC. (rF10m FIRING 
ml/'\f Rt<iNCE = _3q_so YOS. 

I..EG£NO: 
- - LOWEST ANO BEST BE~ll? ros. 

FOR £CHO =o /GO n-f, 
9 °!3EAIYI W/DTfi IN VERTICAL 

nm£) 

,<(.-; 

', ' ~ "· ', ' ' 

", 

// 
.// 

/ 
,/ 

,/ 

/r~ --- - . 
__ ./~/ ~~~~" " 
'~-· 1'~0~ ~"S ',. ',.°"' ✓ ·: .~ """ ... , " 

·, "· ~ •. ·,_. I '--~~""' 
i • 'x.S .SE: '"· i •._ , I , . 

•, ' ... ' 
I . . ' . ' . ', "' .. 

' ' \. \._ ' '• 

' . ></r-.$'Ec"' . '· 
' I •. '. ' I ',, 

, l ' ' 
' '-:_ ', \'· " , . '-, ',' ,, "--' 

~ 
IND. fit:L 
POWER 

-l170FT. '",, ,, 

_- .. _"!' •.,_'- ,,,_x 3SEC -­
, -~" .,Y ~-~ 

. '- '>--'::-- ,--. '~~"·* 3 500 YO." \ 4-000 YCJS. 

170 FT. 

OET. -

~ 
CJ ~ 
m ~ 
{"j ''l 

r· °" ,,,, 
b 
f ,; _, 
~, 1 
= , 
F! 
t'J 

,< 

,,,,.-··,' 
,<·, 

·<'·,·' ' . 

'~ . ', 

. ',. '"' '< 
-----

', .>- ',-- I .., - I -,.:.z SEC 

I \ I \..---'-- rYIOR TAfi SHEL l 
I \ TffAJEC T ORY 

. - ---- x~ - ---- .. -----.... --
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REC ONil"YIENDA TI ONS 

1. Recommendations regarding carbon-rayon f abrics must in­
clude the factors of protective value and wearability which 
h a ve n o t been discussed in this report. Sep a r a te r eports 
being ¼r itt~n·on chamber tests and wea ring trials of c a rbon ­
r ayon clothi ng will bear recommendat i ons which will t a k e into 
conside ration the a a ta presented in thi s r e port, 
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APPEND IA 
Table XVIII 

Description of Carbon-Rayon Fabrics 
Received f or Evaluation at NRL 

A - WOVEN SAMPLES 

Cloth No. 110 . 

Filling - Rayon containing 30% CWS-N44 mic ronized 
carbon, 340 denier, 200 filament, plied 
60/1 cotton dyed green . 

warp - Unfinished 60/2 cotton dyed green, 100 sley . 
Construction - double 2 x 1 twill, 104 picks . 
Carbon content - 4 .3 mg/cm .2 

Tensile strength of Fabric - Warp 110 lbs. dry and wet . 
Filling 110 lbs. dry, 52 lbs . wet. 

Dry strength Carbon- Rayon yarn - 0.75 g/denier 
Extensibility - 18% . 

Cloth No. 124 . 

Filling Rayon c ontaining 45 % CWS - N44 micronized 
carbon, 350 denier, 200 filament, plied 
with 60/1 cotton dyed green. 

riarp - Unfini shed 60/2 cotton dyed green. 
Construction - double 2 x 1 twill , 104 picks . 
Carbon Content - 6.4 mg/cm .~ 

Cloth No. 127 . 

Filling - Rayon containing 30% Ci"iS- N44 micronized 
carbon , 340 denier, 200 filament , plied 
60/1 cotton dyed green. 

warp - Unfinished 60/2 cotton dyed green, 100 sley. 
Construction - double 2 x 1 twill, 118 picks . 
carbon Content - 4.9 mg/cm .~ 
Tens ile Strength of Fabric - Warp,-110 lbs . dry and wet . 

Filling 110 l bs . dry, approximate ly 60 lbs . wet . 

Cloth No. 131. 

Fil:.ing - Rayon containing 30% CiriS- t-l44 .rnicr onized 
~carbon, 350 denier, 200 fi lament , plied with 

60/1 cotton dyed OD-7. 
Warp - Unfinished 60/2 cotton dyed green , 92 sley . 
Cons true tion - double 2 x 1 twill , 124 picks. 
Carbon Content - 5 .2 mg/cm.~ DECLASSlrl::O 



Table XVIII (Continued). 

Description of Carbon-Rayon Fabrics 
Received for Evaluation atNRL. 

Cloth No . 133 . 

Filling - Rayon containing 30% C½S-N44 micronized 
carbon, 350 denier, 200 filament, plied 
with 70/23 nylon (finish l eft on). 

Warp - Unfinished 60/2 cotton dyed OD-? . 
Construction - Double 2 x 1 t will . 124 picks . 
Carbon Content - 5 .2 mg/cm .2 

Cloth No. 133W. 

same as #133 except washed in Nacconol NR. 

Cloth No. 136. 

DtCLASSIFi'-:C 

Fill ing - Rayon containing 30% C½S- N44 mlcronized 
carbon, 350 denier, 200 filament, plied 
with 70/23 nylon (scoured and dyed OD- 7) . 

Warp - Unfinished 60/2 cotton dyed OD- ? . 
Construction - Double 2 x 1 t will, 124 picks. 
Carbon Content - 5.2 mg/cm .2 

Cloth No. 137 

Filling - Rayon containing 36% CWS- N44 micronized 
carbon, 350 denier, 200 filament, plied 
with 70/2 3 nylon (sc oured and dye d OD- 7) . 

Warp - Unfinished 60/2 cotton dyed OD-? . 
Constr uction - Double 2 x 1 twill, 124 picks . 
Carbon Content - 5.2 mg/cm .2 

Tens ile Strength of Fabric - Warp 111 lbs. dry, 103 lbs . 
wet; filli ng 174 lbs. dry, 153 lbs . wet . 

Cloth No . 138 .• 

Filling - Rayon containing 36% C½S- N44 micronized 
carbon , 350 denier, 200 fi l ament, plied 
with 60/1 cotton dyed OD- ?. 

warp - Unfinishe d 60/2 cotton dyed OD-? . 
Construe tion - Double 2 x 1 twill, 124 picks . 
Carbon Conten t - 5.2 mg/cm.2 

Tensile Strength of Fabric - W~rp - 109 l~s . dry 
filling 111 l bs . dry , 70 lbs . wet. 

and wet , 
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Table XVII I (continued ) . 

Descripti on of Carbon-Rayon Fabrics 
Rece ived for Eva luat i on at NRL 

Cl ot h No . 139 . 

Filling - Rayon containing 36% CWS- N44 micr onized 
carbon, 350/200, plie d wi th 70/23 nylon 
(scoured and dyed OD- 7) . 

wa rp - Unfinished 60/ 2 cotton dyed OD- 7. 
Cons true tion - Double 2 x 1 twill , 116 picks . 
Carbon Con t en t - 6, ? mg/cm.2 

Cl oth No . 140 

Filling - Rayon containing 36% CWS - N44 micronized 
carbon, 350/200, pl i e d with 60/1 cot t on 
dyed OD- 7 . 

V'/ar p - Unfinished 60/2 cot ton dyed OD-7; 
Constr uction - Double 2 x 1 twill - 116 picks . 

Cloth No . 148. 

Fil ling - Rayon containing 32% CWS- Nl82 mic roni zed 
carbon, 350/200, undesulfurized, plied 
with 70/23 nylon (scoured and dyed OD- 7) 
S twist . , 

Warp - Unfinished 60/2 cotton dyed OD- 7. 
Construct i on - Double 2 x 1 t wil l , 116 picks, 
Carbon Content - 5 . 7 mg/cm .~ 

Cloth No , 148a. 

Filling - Rayon cont aining 32% CWS - Nl82 mic ronized 
carbon, 350/200 , plied wi th 105/34 nylon 
(scoured and dyed OD- 7) . 

~arp - Unfinished 60/2 cotton dyed OD- 7 . 
Construction - Double 2 x l twill - 108 p ick's . 

Cloth No . 166 . 

Filling - Rayon containing 22% C~,S - Nl82 m.1croni zed 
carbon, 300/200 , pl :i.ef. with 105/34 nylon . 

Warp - nnf'inished 60/2 cott-on Dye d OD-7, 
Con s tructi on - Double 2 x 1 twill 100 x 116 picks . 

DECLASSirJi.::[; 



Table XVII I ( Continued) . 

De s c ription of Carbon- Rayon Fabrics 
Received _f or Evalua t ion at NRL 

Cloth No. 167. 

D::CLASSiFICD 

Filling - Rayon containing 2 7% CWS - Nl 82 mic r onized 
c a r bon , 330/200 , plied with 1 05/34 hegular 
nylon. 

War p - Unf i ni shed 60/2 cotton dyed OD-7 . 
Con~truction - Double 2 x 1 twill - 100 x 116 p icks . 

Cl ot h No . l ti8. 

Filling - Rayon containing 37% CWS- Nl82 micronized 
carbon , 380/200 , plie d with 105/34 regular 
nylon . 

Warp - Unfinished 60/2 cotton dyed OD-7. 
cons t ruction - Double 2 x ~l t wi ll - 100 x 116 p icks. 

Cloth No . 169. 

Fill ing - Rayon containing 32% CWS - Nl82 micronized 
carbon , 350/200 pli ed with 58/1 cotton . 

Warp - Ur.finished 60/2 cotton dyed 0D- 7A •. 
Construotion - Double 2 x 1 twill , 100 x 116 pick s . 

C 1 o th No . 173 . 

Filling - Rayon containing 32% CWS - Nl82 mi~r onized 
carbon , 350/200 , plied with 70/23 nylon . 

Warp - Unfinished 70/23 hylon. 
Construc tion - Double 2 x 1 twil l , 150 x 1 18 picks . 

C 1 o th No • 1 74 • 

F ill ing - Rayon containing 32% CWS- Nl82 micronized 
car bon, 350/200 , plie d with 30/10 nylon 
5 turns S , then plied with 58/1 cotton 
(dy ed OD- 7) 5 turns s . 

warp - Unf i nished 60/2 cotton. 
Construction - Double 2 x 1 twill - 100 x 108 p icks . 

Clot h No~ 175 . 

F illing ,._ Rayon containing 32% CWS- Nl 82 micronized 
carbon , 350/200, doubl e wra pped with 
100/1 cotton . 

Warp - Unfinished 60/2 cotton. 
Constru ction - Double 2 x 1 t will - 100 x 116 picks. 



Table XVIII (Continued) . 

Description of Carbon- Rayon Fabrics 
Rece ived for Evaluation at NRL . 

Cloth No. 176 . 

Filling - Rayon containing 32% CWS - Nl82 micronized 
carbon, 350/200, plied with 30/10 nylon 

. ( undyed) 5 turns Z, then plied with 1 05/34 
nylon (dyed OD- 7) 5 turns Z. 

Warp - Unfinished 60/2 cotto n dyed OD- 7.,._ • 
Construction - Double 2 x 1 twill - 100 x 108 picks . 

C 1 o t h No • 177 • 

Filling - Rayon containing 32% CWS -Nl82 micronized 
carbon , 350/200 , plied with 70/23 nylon 
(dyed OD- 7) 5 turns Z , then pl i ed with 
70/23 nylon (dyed OD-7), 5 turns Z , t hen 
plied with 70/23 ny l on (dyed OD- 7) 5 turns Z. 

Warp - Unfi nished 60/2 cotton dyed OD- 7 . 
Construc tion - Double 2 x 1 twill - 100 x 1 16 picks . 

Cloth No . 190. 

Filling - Rayon containing 34% PCI carbon, 350/120, 
double plied with ?0/.23 nylon . 

War p - Unfinished 60/2 cotton dyed OD- ? . 
Construc ti on - Double 2 x 1 twill - 100 x 108 picks . 

Cloth No . 191. 

Filling - Rayon c oritaining 34% PC I carbon, 350/200, 
double plied with ?0/23 nylon. 

Warp - Unfinished 60/2 cotton dyed OD- 7. 
Constructi on - Double 2 x 1 twill - 100 x 108 pick s. 

Cloth No . 192. 

Filli ng - Rayon contain ing 28% C~S - Nl82 carbon, 
350/200, singl e p l ied with 70/23 nylon. 

warp - Unfinished 60/2 cotton dyed OD- 7 . 
Construction - Double 2 x 1 twil l , 100 x 108 picks . 

Cloth No . 1~3. 

Filling - Rayon contain ing 28% CWS - Nl82 carbon , 
350/200 , double plied with 70/'23 nylon . 

Warp - Unfi nishe d 60/ 2 cot ton dyed OD-7. 
Construction - Double 2 x 1 t will - 100 x 108 picks. 



Table XVIII (Continued). 

Description of Carbon- Rayon Fabrics Received f or 
Evaluat ion a t NRL 

Cloth No. 194. 

Filling - Rayon containing 32% CWS- Nl82 micronized 
carbon , 350/200, plied with 70/23 nylon. 

Vlarp - Unfinished 60/2 cotton ·dyed OD- 7 . 
Construction - Double 2 x l twill - 100 x 54 pick~. 

Cloth No .. 195. 

DECLASSIF1ED 

Filling - Rayon containing 32% CWS- Nl82 micronized 
car bon , 350/200 , plied with 70/23 nylon 
alternated with l ~/1 cotton (2 picks each) . 

Warp - Unfinished 60/2 cotton dyed OD- 7 · . 
Construction - Double 2 x 1 twill - 100 x 108 picks . 

Clo th No . 196. 

F i lling - Rayon containing 32% CWS - Nl82 m1cronized 
carbon, 350/200 double plied with 70/23 nylon . 

Warp - Unfinished 60/2 cotton dyed OD- 7. 
Construction - Double 2 x 1 twill - 100 x 108 picks. 

Cloth No . 197. 

Filling - Rayon containing 32% CWS - Nl82 micronized 
carbon, 350/200 , double p l ied with 70/23 nylon . 

Warp - Unfinished 60/2 cotton dyed OD- 7 . 
Construction - Double 2 x 1 twill - 100 x 100 picks . 

Cloth No. 198. 

Filling - Rayon containing 32% CWS - Nl82 micronized 
carbon, 350/200 , double plied with 70/23 nylon. 

·:iarp - Unfinished 60/2 cotton dyed OD - 7. 
Construction - Double 2 x 1 twill - 100 x 92 picks . 

Cloth No . 199 . 

Filling - Rayon containing 32% C1S - Nl82 micronized 
car bon , 350/200 , double p lied with 70/23 nylon. 

Warp_ - Unfinished 60/2 cotton dyed OD-7. 
Construction - Double 2 x 1 twi l l - 100 x 84 picks . 



DECLASSiFJED 

Table XVIII (Continued) 

Description of Carbon- Rayon Fabrics 
Received for Evaluation at NRL . 

Cloth No . 200 . 

Filling - Rayon containing 32% C'.',S- Nl82 microni zed 
carbon, 350/200, double plied with 70/23 nylon. 

warp - Unfinished 60/2 cotton dyed OD- 7~. 
Construction - Doubl e 2 x 1 twill - [00 x 76 p i cks . 

Cloth No . 201. 

Filling - Rayon containing 32% CWS- Nl82 microni zed 
carbon, 350/200, double plie d with 70/23 nylon. 

Warp - Unfinished &0/2 cotton dyed OD- 7 . 
Construction - Double 2 x 1 twill - 100 x 54 picks. 

B - .KNIT SAMPLES 

Cloth No . 128. 

Rayon containing 30% CWS- N44 carbon , 150/100, plied 
with 120/2 cotton and knit on a tricot machine without 
fini sh . 
4 .8 mg/cm .~ 

Clo.;h No. 170. 

Rayon yarn containing 30% Ci1S-Nl82 car bon plied 
with 70/23 nylon . 
1 end 350 denier carbon-rayon yarn pl us 24 singles . 
2 ends 14 single in baek . 
Knit on a TomKins knitting machine. 

C 1 o th No . 1 71 . 

Rayon yarn containing 30% CW- N44 carbon . 
1 end 350 denier carbon-rayon yarn , plus 2 ends 2 4' s inf ront. 
1 end 350 denier carbon- rayon yarn plus 2 ends 24 1 s i n back. 
Knit on a Tomkins knitting machine . 

Clot:r~ No . 172. 

Rayon yarn co.:1taining 30% CWS- Nl82 car bon plied with 
70/23 nylon . 
2 ends of 350 denier carbon- rayon yarn plied with 70 
denier nylon plus 1 end 24 ' s . 
Back of 2 ends, 24 1 s cotton . 
21 oz ./sq . yard before washing ; 15 oz ./sq .yard af t er washing 
Knit on a Tomkins knitting machine. 
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Table XVIII (Contin ued) 

Descript ion of Car bon - Rayon Fabrics 
Receive d f o r Evaluation at NRL . 

C 1 o th No . 1 78 • 

Rayon yarn contain ing 30% c ·,i1s - Nl82 car bon , 200/120 , 
is plied with 60/1 cotton and knit on a Tomki ns 
machine ~1 t h 2 ends of 30/1 cott o n . It has a 
weight of ·10 . 1 02 . /yd.~ unwashed a nd 12 . 9 oz ./yd2 washed . 

Cl oth No . 180 . 

Rayon yarn containing 30% CWS - Nl82 carbon , 350/ 200 , 
is plied wi th 60/1 cotton an d kn i t on a To~~ins 
machine with 2 ends of 24/1 cotton . It has weight 
of 15 .3 oz . /yd2 unwashed and 17 . 6 oz . /yd2 wa shed . 



APPENDIX Table XIX 

Vesicant - Resis tance Properties of Carbon- Rayon Cloths 

Cloth No . 

110 
124 
127 
131 
133 
133W 
136 
137 
138 
139 
140 
148 
148a 
166 
167 
168 
169 
173 
174 
175 
176 
177 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 

128 
170 
171 
172 
178 
180 

H Penetration Capacity 
Time (Mins.) 

NRL MIT 

12 4 

252 
310 
266 
194 

358 
37 

395 
441 

5 4 

372 
436 

235 

441 
426 
480 
545 
191 
205 
660 
563 
618 
562 

% Leakage 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
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