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PROJffiT 1*4 

MSTEMOT 

Beoords of a i r o^erpreggtir© Tersus tlm@ ir@r@ m&&j» a t 0ss@atiallj 
groimd-lerel stations for loth mrfac© aad tudsr^o'tiBd atomie esplosioag 
of approadaiately on@ kilo ton yi@ld as part of %wation JM@U in 
IsTeraber 1951« lor th@ gorfae® abot 80f®ral instmn@nts w®r@ plBe@d @A 
a lin® extending from an OTerpresatir© region of l i psi to a region of 
less than one psli tb© a i r aeasurements for the tmdergrotmd idsot ranged 
from 1^ to 3 psi» 
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SlOt lOl 1 

^^mmm 

l a m^mM 
Ih© responsiliility ®f ̂ ©ject 1»4 was t© record the presaisre^tlm® 

naTe form of the air Uast at stations throti^iout th® areas where 
struet'oral daiaage was to "b© iarestlgatedi meastirisg stations were t© "be 
set lap along a radius (th© major llast line) froa the predleted edge ©f 
the erater-throwout to a press'ore region of approximately 2 psi» Tm 
meastiring system was to have aa over-all response ©f KXJ ̂ s or 'better 
and an aootaraoj of 5 per e©&t« 

Althon^ not a part ©f the mission assi^ed to Projeot 1»49 a ro'ogh 
examination of the syamet^T- of the diTergwat air sho^ waT@ was imde '^ 
means of Ifa-ral tednane® lalJoratoiy iadenter ^•ages,* 

1»2 MEmOB Of QBgAIHIia M S i 

free air pressure was meaimred along the groimd from an ©T©r pretsw® 
region of 13 psi to a region of less timn ©ne pai on the @arfae@ Aot BM, 
froa 38 to 2 psi @n the 'onderground sh©t» H I pressiire aeastirements war® 
!md@ Is^ means of Wiands© presstire gatiges @x@spt that for the 4^200 foot 
station whleh was fiiade "by means ©f a self reoordijig intarf wometer ga'^@« 

In general two flanok© gaogas were used at each iaitrmaent station 
to ©"btain dt^lioate pressior© oeagarementss Sata transmission from @ac^ 
gauge was effeeted either 'b̂  a wire link or Isj a radio telMieter llnk« 
Unless otherwise noted, the data presented in b U e a Sal and 3e2 were 
transmitted 0T@r a wire link. 

All 'wiT@-l±vk. ohannels ha¥@ an ©Ter-^all system freqtien^ response 
whioh is flat from 0»500 &p® %Mle the radio telemeter channels hare an 
©Ter-all system fre^uenej re^onse which is flat from 0 •- l^SOO ̂ s , Tt.® 
linearity of hoth systems was within 1 per @@nt» Signal a^lit'oies for 
the wir@»li^ ohannels were a^r©zlm.t©]y twiee tho^e of the radio t©l#» 
aeter @liannels« 

*aafer» P, Jl,̂  Operation S4»StOSB, Part II^ Sh 9̂  f©l 31^ 1948 

- 1 -

laHiriteJaltiaiBtii»» A T O M C ENERGY A C T ig4s 



PROJECT 1,4 

At the time of detonation a burst of noise occurred on all chamiels 
(figure 3»l)t and the beginning of this burst of noise was used as sero 
for the time base« 

fo easamin© the @^sm®tTj of th® divergent air shock war© fiT© instru­
ment stations consisting of four I^ral Ordnance laboratory indenter ^uges 
each were placed on th© circumference of a circle having a radius of 1,700 
feet about ground zero» for th© underground shot four instrument stations 
consisting of four indenter gatsges each were placed on the circumference 
of a circle hariag a radius of 1,200 feet about ground zero» 

locations of all instrument stations for th© sxjxfac© and undergrotuad 
shots with respect to ground zero are shown in figures 1«1 and 1»2, 
Instrumentation is discussed in Section 2, 

..-̂ f.. . ^ t i o n 3 

I—J5° 

Station 

4200 ft 

f ig . 1.1 Sorfac© Slot Plan 
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-^Station 3 
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fig« 1.2 Underground Shot Plan 
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2*1 fLUOEO PMSSOBB ftAUCTS 

I@r ol©s®«»ia pressure meastirgmaats, •ariabl^^reluctaac© gaugeB. 
aaaufaotured "by the Wian^o Corporation were chosen for two reasons® Wm 
Weapons Vf aots Bi^artment ©f &uidls Corporation ^ ^ 0 an axtensiTe surrey 
of tiM entire f ield ©f preiror»»aeaiuring inatrunents in ooaneetion with 
participation in de ra t ion QBMK0Q'SI»<̂  I t was fo'ond that <&« Wian^o 
tn® 3-B4D i^iibitad desirable ch^aeter i s t ies for this typo ©f operatl©a» 
sam@ly» short r i se time with adequate iaoplagt good re^onse t© near s tat ic 
pr®smr©i sudi, as occur in the negsllTe phase of a shock wa-rot hl^>«l«rel 
sigM^lt and relatlTely l i t t l e re^onse to acceleration® &e last eharacter»» 
i s t i c Indiaated that the f ian^o gauge would be aa ene l l en t choice for 
dera t ion J.^&IS since large aooeleratione resulting from earth ^odk vwe 
anticipated® MortoTW^ the Tarlable-reluotaaoe ^uga readily leM.8 I t se j l 
t© applications Isrolfiiig carrier current patens such a t the Oonsoliteted 
Sg-utm ]^^ t ^pmea t atmilable a t the ftadia 0@xp©rati©a« 

ft« second reatoa for dioosisg th© WianA© graga was i t s aTallabill%'» 
• ^ttber of these ^ugee v«-e procured for %eration &B8̂ B0IISB» &e ^ogea 
were returned fr©a th© Pacific ProTtag Grounds In tia© for use la th© I©T@»-
le r te@ts» Oas the oJtoic® of this gauge gare a satisfactory solution to a 
aajor l©glsti0 problem ©f proaaresent without farther ©Terloading instrtment 

b e Wiaa^o gauge consists of a twisted Bourdon tube» an iron Tane» a 
small l»0©ilt aM the associated oanister neeeasaxy to s^rport and house 
these eoi^oneat®, Wa» iron Tao© i s laounted ©a th© free end of th© Bourdon 
tub® and ©riented in s u ^ a way that the twist of the Sourdon tub© glTes 
r i se t© an a^a l a r motion @f the r&m^ thus iacrwslag the IMuctance of 
@n® leg ©f the B»e©ll while deereasiag the intectanc© of th© other® 
l i r^ r^<^ has giTea a eoii^lete desoriptioa of th® Wlaa^o gaug@» 

81n0@ a relati¥@3y saall mwber of &e srailable ^uges was required 
for Operation JAMUj I t was possible to glTe considerable attention to 
s@l@©ting those pi.ug@8 haTiag optimw charaeteristicse So dete^lne the 
gauges haTing the best etajea>act@ri«tici» a conrentional four«>am iM.'o^tanee 
tolig® was @t̂ l©y@d in which the ¥ian^© l»oolls fomed the two adjacent 
aetlTt amt» & t tei%0 was ezeited from a lO k̂© source^ and proTision 

*'""^^S^5r'5®"°^®7''%^*i®a ^MliOtJSlg Soieatlfic Mreetors l ^ o r t » 
laa«c 38 4g Part 1^ Oh 1^ 1951* 

•^•Statlc-^male lacordlag loasureartt ^ s t m Bg Oonsoliaated togiaeeriag 
OoxporatioAt tendstta^ Oalif©raia# 

- 4 -
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n.g. 2*1 Sampliig Jig with Shodc Talje - Upper Fihotos are DEutplng Jigs Alone 

- 5 -

ATOMIC ENERGY ACT 1946 



PROJECT 1^4 

was ^ide for amplitude aM. ^ae© balance of tke bridge. Application of 
presB'ore to the gauge resulted ia a teiige uabalaac© proportional to tto 
applied pr©88tire# Bressur© staadarda wore fallac© and flernaa aaeroiA-
typ© gauges and Heia© &«'4on-ttt'be ea'afies which wer© calibrated by the 
&adia Corporation Stanflarts laboratory# 

Using this ^ s t ^ , a l i a ^ r i t y ch©* Mas made of a l l ga-oges® fta 
ou%iUt ©f the bridge was observed aa pressure was changed from atmoi^erie 
izwo) to the aaxi^im gauge rating and baA through zero to a ae^tiT© 
presEur© approxfaately on© fourtt th© ^irf.^tm ^»g« rat ing, Callbratloa 
«»T0s relating om^ut and pressure were i r s ^ , aad from these the pei^ 
eeatage d0flatlea froa l inearity was determined, ttes© calibration runs 
were repeated from tiae to tin© to sheck r ^ ^ t a b i l i t y ^ At tii© saae t iae 
the staalt iTity aM hysteresis of the gauge were detoraia04# A catalog 
wag Bade of the ^uge s«asitiTiti©s, a ^ th© aost seasltiTt gauges were 
r e t i r e d for Qioi© poiitions im which the sheeted peak oTorpressures were 
relatively « M 1 1 (1/6 to l /2 ©f the aaxiis« ga^« rat iagi)* 

la e«a«al a l l gauges wtr© wit t ia the gpeeifitd ^aulaeturer^ s t o l«> 
aacts of l«88 than 1,6 p « cent of th© aaasured presgor© with respect t© 
total ^ g t e r e s l i t ix i f t , aoar^eatabi l i ty , aad noi0.inearlty# 

i f t « a BtwJy of c l i^ to log ica l data for the l«¥ato fett Site i t was 
decided that th© mw» should "bo fro« 60 to 90 (75 aoalafll) per oeat 
er l t lea l ly flailed a t a t ^ e r a t e r e of ^^I» MoreoT«r, th« to^iag dwuld 
rem.ta ©ggtatially the aaae over a range exteadlng froB » ° to 60°I If 
possible® TM-ious mtxtures of silicone oi ls were t r ied aad rejected be-
cause 'ttieir us© led to e x t r a s oTeri^^ine® Bi© beat results were obtsinr-
ed % applying a BMIII amoaat ©f to»-Ooraiag DC-4 silicon© gr^s© between 
th© MWfttur© aM. the i ^^ ing plat© secured to the cor© of th© &»coil® 
Aetaal temperature moasureaents a t the tes t s i te on surface and under^ound 
Aot iays Aow«4 tht 20® to 60®f r a ^ » to be aMM^m.%»m 

l ig^ 2»3 ^£fte« fcot—68a.£t Station 
- 6 -



PROJECT 1»4 

lo fac i l i ta te the dashing adjustmeatt a f e c i a l iaa^lag Jig was 
constructed (lig® 2»1) in whi^ a i r under pressure i s introduced into a 
reserroir enclosed by on© or more sheets of colloi^ae^ Itoea th© desired 
pressor© i s reached^ the cellophane i s puactw>edt and a rapid deorease of 
pressor© rasalte« &e 2oQrd@»«tube assembly i s clashed in ^ « Jig in suds. 
a way that -&e reswroir pressure la applied to the tube while the a r ^ t o r e 
and aaaaplag plat© are accessibl© to the ©perator^ Both r i se t iae and daa^ 
ing can be determined from aa analysis of the i^tograph of th© ^ug@ re ­
sponse as presented on an ©solll© scope screeue ^oTlslon was imde for the 
igndironization of th© cellophane punotur© with th© star t of the oacillo-
scop© traces 

Ihen S0»4 grease i s used as th© damping agents a gauge property 
dashed a t 40®f M.s an orershoot of about 15 per cent a t 7501* a.® gaog® 
and das^iag J ig w@r® placed in a Bowser presswe-tes^eratur© chamber 
operated hj th© mectro»M@chanical fest B^artaent of Sandia Cdrporatlon» 
fh© gauge rei^ons® was examined at 10® steps fr©M 70® t@ 0®r» laterml® 
Tarying from one-half to on© hour were required for theriaal equilibrium 
a t eadi @t^» Bie relat ive hoaidlty wa© held coastant a t 14 per e@nt» 
She shift in th© balance point and ehaageg in seas i t i t l ty were n ^ l i g i b l e 
0T@r this t^E^erat^r© ranges 

fig® 2»3 Pip® » o b © 
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PROJECT 1.4 

Analysis of the oacillographa of the dynaalo responses of the gauges 
at these temperatures showed that th© ga'uges were somewhat overdaj^ed at 
^Of and somewhat uaderdaaped at gO^J* When 10«»psi gauges were checked 
dynamically in the Bowser chamber, the damping ranged between 70 and 80 
per cent critical at Ho^Ft and a rise tiae of O.^t 0,10 msec to 95 per 
ctnt of th© fin^ preasur© M&B observ8d# fkus it was concluded that this 
damping criterion was Justifiedt l.©#t th© dancing should allow a 15 per 
COTit overshoot at 75°y» 

figure 2®2 gives a represeatatlTe trace froa th© oscillographio 
record of th® surface shot, Aa average curr© drawi through the overstoot 
and th© noise envelope is Bi:̂ 0riiipo8ed on this record® fh© intersection 
of this curve with a vertical line drawn from the point of initial trace 
deflection was takea as th© p e ^ overpresBure, Sttbs@q.t3«nt points were also 
obtained from the average curves ©a those channels in which th© sigaal-
to-̂ aoise rati© was low. 

2,2 nm aoBB 
fh© desi^ of a baffle for aeaauriag true ^fre© air* pressures was 

orlgim^ly predicts on ̂ ©ration VlllSSOffl using a aoainal i»>>bomb« for 
ooavenienc© th© tested and accepted fUll-seala baffle i«8 iM©d for 
Operation JAKOJ® 

A search W M i»d© for a statloaa^ platform that wuld not change 
attitude as a result of blast buffeting or th© ground iwtion anticipated 
froB th© boret of a full-̂ scal© weapon® fh© baffle which seemed t© fill 
the r©c|.ulrMients best was a on»"dimenslon baffle havlBg a large fineness 
ratio and supported at the estrM© ^ds to ainimlg© pitch angle variatloa 
reacting fw»a ground wstioa (Ilg» 2^3)^ By using a U-ft support an added 
advantage was resized in that aeasuremmts were sad© in the medium where 
the rffects of si»fac©-»fl©w goalies were less pronounced^ Th© us© of 
6-lneh steal pip© provided a rigid structure having a convenient iwimting 
spac« (Inaid® the pipe) for electronic g©ar» Using a 20-ft length of pipe 
ia which the sensing eleaoit is at the top center of the spaat calibration 
teats were made using high-eaploeiv© charges as great as 1#6 tons of TIT» 
lo ieteetabl© discre^acy «M.st©d between measurements mad© using Wlancto 
gaoges in th© pip© l»ffl© and uwunted flush with the ground in a plane 
baffle, these data ̂ reed within 1 per CMit with interferometer ga'og©® 
r^^ings tvom the same dlatance. 

Oholce of footings for th© pip© was aad© on the basis of observations 
from prwioiM testSt where penaaa^t diBplaoeaents were noted ia the earth*B 
aurfao® a ^ large craters® Cons©t^6a*ly ^^® front lag of 6-lach pip© was 
welded to a foot 18 inehas in dlaaeter and buried to a depth of k feet® 
the rear leg rested on the ground and terminated In a sled nwmOT" to pexmit 
SOT face a©tloa» 

<» o " 
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PROJECT 1*4 

Th© face of th© Wiaaofco gauge was contoured to conform to th© surface 
of th® pipe* All gauges faced w since th© pipe was more likely to change 
orientation because of yaw than because of pitch and since it was desirable 
to stay as far away froa ground-ro^taiess perturbations as possible* 

2»3 imSHfrnOMlTIE &ATOB 

Self-recording interferometer gauges war© installed at distances from 
surfac®«»shot ground zero at which the ̂ ticlpated radiation level was 
sufficiently l©w» To further minimize radiation effects and to provide 
alr»baffling for aueh Mlkj ^uipaent the gat^es wer© burled fliwh with th© 
©arth (flg« 2«^)« 

o ground zero 

/2-in. steel plate 

.^.............. 

>>•,••'.;Vil/i''.';.-''.'.'-.-..-'.'.,-; ••• 

Pig. 2.^ Interferometer Coffin 
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PROJECT 1«4 

Llnegraph Orth© 35»iim film in 100-ft spools was chosen as the recording 
a«dium becatw© of its high contrast^ relative low sensitivity to radiation 
contaffllnationt and availability* Tests conducted by th© Bureau of Standards 
using Is^OO-kv X-radiatloa indicate that data could be easily reduced after 
a 20-r radiation dose aad could be reduced with some accuracy even after a 
IW-r dos©# 

Using quartz sensing elements having a maximam range of 3 to 5 Psl 
and a recording speed of p-to ft/sec^ a systan rfspoaa© ia ©SBCOSB of 
2000 cps was assured* 

fh© control syst^ used for th@ interferometer received a tuxa"»oa 
signal and a 1000«»opa timing pulse froa the manned statlottt deliver^, over 
one pair of W-llÔ 'B wires serring all ga-uges» The coffin for each gaug© 
eontalaad batteries aad del^-tlm© relets set to insure film operation at 
the correct time* lo tl0»»la to zero time or tim© correlation to th© other 
recorder system was effected^ 

Two laterf0ron»t©r gauges were the only iaotrmietttation ©alloyed at 
each 3tlOO aad ̂ ^ao-ft station for th© surface shot® Sine© th© radiation 
hazard t© film « s uadatermineds one additional gauge waa installed at 
both 2t300 and l^fW feet to establish the narginal point for operation 
of the underground shot» However^ results from the surface shot were so 
discouraging (exteaslv© coat^natloa mad© data reduction i^jssibl© ev«i 
at 3tlOO feet) that the ajutem. nas scra]ro«4 for th© undergrotmd shot aad 
the re«it©-recording Wlancto equlpmeat ua©d throughout» 

2.^ iMBEMfM amms 

A collet© dlsorlption ©f the laval Ordaance Laboratory indenter 
gauges used by this project is given in the Final Se^rt of Operation 
SMlBfOSlt Part lit Chapter 9» Volume 21t l^B^ lo attaapt was mad© to 
baffle th© gauges* Th© assembled instrumeute were installed flush with 
the ground on steel-atak© mount a # 

2#5 TRMSMISSIOI ASP EEroBBIHS SYSTBM 

for the surface stot^ two parallel intelligence-transmission syateas 
wer© used® At each pressure-aeaaurlng 8tatlon» two pipe probes were spaced 
BO aa to minimis© the danger of missile damage, (A sin^e pip© probe was 
located at 500 f©et» but ao record was obtained*) On© probe wa3 linked by 
radio teleaeterlng eq'^paant to a mamed 135 trailer outfitted aa a mobile 
recording laboratory® fhe other probe was linked to th© same trailer % 
twisted-pair steel-copper telephone cables (Signal Corps ¥-110-3)# Mv© such 
Instrument stations were spac^ logarlthalciaiy froa 6»-2g 30O tmU The 
positions of these stations relative to ground zero are given in figure 1®1# 

- 10 -
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for the underground shot eight instrtuaent stations war© spaced log-
arithaieally from 3l^3t 100 feet. The positions of these stations relative 
to ground zero are given in Figure 1,2# Single pip© probes were used at 
each of the other stations, Badio tel^eterlng van naei only at the ItJOO-
ft station sine© preliminary ©valuation ©f the surface shot data 1 ^ to the 
conclusion that th© wire II3& was awK-e reliable® The pip© probe at 5OO feet 
contained two Wlancto gauges in the wire llA, one at % 8 and on© at 5OO 
fe©t» 

2®5®1 Wire fransaission System 

A Statie-^ynamlc Eecording Meaaurasent Syst^ Dt aaaufactured 
by th© Consolidated Engineering Oorporatlont '»^ u.eed to oxclt© th© Wiaack© 
gauge and demodulate th© returning slgaa!® The Consolidated ©q,uipa6nt pr©»» 
vides a 3000»cpa carrier and a m«ns of null^balanclag th© return carrier 
both In magnitude and phase® Ih© Consolidated ©qtripment ̂ as located in 
th© K35 trailers fiv© miles west of th© blast areas» 

Signal Corps Type I-110«-B field tele^ion© cabl© was used to 
carry the carrier wiv© to the gauge and to rett»n the motolated ©ignal 
to th© recording equipment. 

Ih© ©qulpmentf which was located in probes using this wir@>» 
llnk^ system^ consisted ©f the gaoge aad a coupling tmlt» A circuit 
diagram of this ©^uipmeat is shown in Figure 2®5® 

UTC-M© 

Iig# 2,5 Coupling Unit 
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Because of the uausually long lines used with th© Consolidated 
equipment aad the necessity of ©â ploying a carrier generator having very 
low output lip»edaaeet a pOO-cps p-watt amplifier was used to deliver at 
least a 6«volt carrier to the gaue©# ^ 

A slmlated pressure was obtained for calibration purposes by 
means of a r©l^ in the coupling unit. The rel^ inserted fixed electrical 
c©apm«ts into the bridge circuit aad caused mi unbalance equal to that 
which would result from a known applied pressure® The calibration pressures 
were based upon pressures predicted "ty Stanford Eesearch Institute® 

following th© original calibration in the iMtrument trailer, 
the coupling tmlt was installed in th© probe aad th® calibration checked 
by applying pressure UBlng a toad pu^» 

fh© decision to replace th© telaneterlng syetea by th© wire 
systea for th© uadergroond shot r^ulred further edification of the 
Beaaurlng tysten. Ibur carrier line® stipplled four gauges directly from 
the carrier amplifier® A second Mipllfler at WOO feet from ground ^ero 
supplied the remaining eight gaugesg each of which had a separate carrier 
line* 

la additlont a single tube amplifier was placed la each signal 
return line at a distance of approximately 40W feet froa ground zero» 

It ̂ 8 found that th© Consolidated ^ulpment did not provide 
a sufficient degree of adjtwtment t© bring th© outgoing and return carrier 
into pliase* f© ©vercome this difficulty a ̂ lase control was inserted in 
the grid input of the signal lln© ai^llfler® fM® adjustments with that 
©a the Consolidated ^uipmentt gave the necessary degree of control® 

A linearity check of the entire system froa gauge to galv«^ 
aoaeter was aade lesg than twelve houra before each sh@t» 

2«5»2 Badi© Telimeter System 

Simplicity aad availability of ©t̂ Pffl®̂ * w®^® tt® primary 
coasldtratlons which resulted la tt© clioie® of aa AM-fM radio telemeter 
syst^* Ihe Wlancto emg® •m.s used i& the usual four-«m inductaaee 
brl%«® f© indicate pr®Bst3r© ̂ larltyj provlsioa waa nade for operation 
with soae imbalance of the bridge elrcuit» 

fhe bridge mm ©xoit@d by a 10-te smbc^rriar oscillator* fhe 
^i^ltude of the brldg® uabalaac® current corresponding to zen pressure 
W M adJuBted to about one-third the aatlei^ted Mgainaa uab^aace current* 
fhe aoplitude-^dulated unbaleace signal was allied to a r#actaaee tmbt 
aotolatort which modulated the fr^uancy of a traaBolttar la th© 70«»90 
ttO-pez«»seo baiid» 

- 12 » 
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The transmlttar consisted of a Eaytheon 0I-«»5702 reactance tubet 
a CK»5702s aKmc oiclllator-doublerg and a 01-5702 ̂ ->mc b«ff«wdoubler 
driving an EGA 5763 SO"»mc final anpllfier® fhe v^t p©w#r output was ap­
proximately three witts® A q,uarter««ave vortical shunt-»f0d antenna ̂ as 
used» 

Ihe receiving BXktmm&B consisted of 3->eleoent vertical Tagl 
arrays* The receivers w©ro M&ry Sonobouy BlF-»3*s wb©8© auM.© as^liflers 
were modified to provide approxinately 10 imtts of a-f power® fhe 10-ke 
signal was f@d to a full«»'wave brldg© coi^rised of II39 ganwalua dl©dei» 
The d^wdulated sl^aal was £»& to th® recorder through a l * ^ cps low« 
pass filter* 

fh@ Wlancto gauges used in the radio link were calibrated th 
through th© emtire radio t0l@ai®t®r syBte®i# Linearity of the ayst^ waa 
withiatl p®r c@nt* Cî libratlon signals were obtslnad ly means of relays 
whleh shunted th® bridg® arm® ty suitable reactances which «®T® chosen to 
sixtmlat© the ma^amm ©ip@ct@d preBsure# 

The subcarrier OiClllatort transmitters calibration box» and 
battery power pack w@r® located la th® pipe pr©be» Power was applied to 
th© electronic systaa ly relays actuated 'ty th© -IJ-ffliffate oontrolt aad 
the calibration relays were actuated ^ the »3̂ »8ee control sigosl® bes® 
control signals ©implied by Bdgerto&t Oeneshaa8«» aad drier w«r@ traas«» 
mlttM from the recording trailer t© th© pipe probes "^ aeaiwi of a 5«-all® 
length of W«ll«l cable* 

2*5*3 Becordw 

All Wian«A» gaug© data wwe recorded using on© Consolidated 
Ir^lne^lag Corporation type 5^1l^P3 yecordlng oscill©^«.]^® the 28«»v©lt 
power supply for the oscillograph consisted of a tei* of fiv® 6»«volt 
heavy-duty lead-acid storage tettaries, lecordlng mm initiated %• th© 
«l<»sec control signal supplied %- Bigertont demeghauaeiit and Q-rier® 

Consolidated Snglneerlng Corporation type 7'»223 gadvanoaeters 
were used to record th© output of the wir@«>lii& system* These galvanometers 
have a flat (±5 P « emt) frequency response from © t© ^0 cps® The ©utpttt 
of the radio telemetering systen was remrdM by Oonsolitoted Bagineerlng 
Corporation type J-«22S galvandmeters having a flat (t k per cent) fr^uency 
response from 0 to 3^00 cps and were 00 per e^t critically da^ed* 

f© r»llse the hi^er frequimcy response inherent la the radlo«« 
telMseter syst^ a recording speed of 73 i&#/8ec was ch0@^« fh© rMord--
ing medium was IbdA Linagrafh Ortho fl3A« 
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^•5«^ Qgitique of l^t»»graa8mi8sioa Syatema 

Tb.® infonaatlon-transmissloa systan aoployl^ copper«»8te©l 
field wire (.H-llO-B) proved reliable aad practical althotJgh somewhat llmlt«» 
ed la frequ«icy response* TtB cr©BB«*talk problan from a total of as i^ny 
aa 26 pairs burled ia the sane trench was lasigidfleant® & e us© of field 
wlros which was procured froa the military -services* had th© advantages 
of availabllil7» eoonofî » and mecbanical strengths Splices and teminations 
were of the Staton type^ therefore any lia^^ai^s crew could lay th® 5-inile 
lengths of wlr@» aad field terminations could be rapidly and rffiol^tly 
made la adverse weather condltlonB without special equlpiaait or techniques^ 
IrafflCt the blast wave» dust-control spriiia,lng» and i(^ttor proved to be 
no serious hazard to the wire since th© tmnt vulnerable portions were 
bwied 1 to 3 feet below the surface* IHixther Investigation of mettods 
for transmitting hi#!«fretuency carrier signals on field wire will probably 
result in considerable iisprovement of the ̂ <-cp@ resolution lisit. 

I¥etu®aoy«»a©dulated telwieterlngs despite the neaiocre showliag 
In this projectf deserves some conBid©ration» ^^0 systtta employed re» 
q.uir@d on control lln© t© each transmitter for turn-on aad calibration* 
lv@n w h « using this syst^s but especially w h « using aa all r-̂ f setup 
(tom«««n « M calibration -Ming a ©n©«>tub@ receiver)» mialram preparation 
would be r^ulrrt t© instnment a test* Ind instrasj«it-transmltt©r packages 
could b© placed in the test area as late as on© day prior to the te8t» 
usedt recoreredt aad stor^ for the next test# 

Howevers It Is doubtful that any atonic test will take place 
wltl»ut la8t»mlimto unforeseeable radio lnt®rfor«ace that would seriously 
l»pair the reliability of a r-f system* Unless considerable attention 
is giv«B to the problem of radio interferences the full advantage of a 
radiO'»tela^etered systan with respect to iwbllity and econoi^ of tim©» ex­
penses ^Ad. personnel cw& not be r©gtll!ied» 
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STOfT® 

SECf101 3 

HISULTS Am COICLUSIOIS 

3.1 mSk OBIAIIBD 

Pres8Ure-tlm©»»distanee data for surface and underground shots are 
presented in Isbles 3»l aad 3«2# Peak ove^ressure, time of arrivals 
and positive phase duration are plotted against distance from ground 
ssero in Figures 3«2, 3»3 ̂ ad J»k» Pressure-tla© ^reforms for the sur» 
face and underground shots are sumarlzed ia ligmfes 3#5 and 3»6® 

fables 3®3 ̂ ^ 3»^ contain indenter diaaeter data for the surface 
and underground 8hots« It is not necessary to rationalize indent-̂  
diameter with ©verprasaur© % deterainlng the force constant for rapid 
rise time phenomena* The tabulation of diameters is sufficient t© 
indicate that the measured phenom^on (r^ardless of its compononts) 
shoire a «arfc^ symmetry® from analysis of the variants it is apparent 
that th© symmet^ of the measured ph«iomenott is greater than th© pre­
cision of the meaauriag systoa® 

We® 3»1 Zero-f i«« loise B^st 
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PROJECT lA 

TASLS 3 a 

Pr®88Xir©~Tlin@»Dl8taac0 Data* S^rfaee Shot 

l)lstanc@ 
(f t ) 

6S0 ^ 
&0(t®l) 
920(t®l) 

1250 
I250(t®l) 
1700 
I700(t@i) 
2 ^ 
2300(t©l) 
^a)0C.lnt) 

n t 
% 

%k 

7.3 
9.95 

13.5 

l g ,2 

33.3 

Peak Of©iTpr®ssure 
(pel) 

17*76 
17.85 
10»S0 

7.02 
7.53 
KQ7 
KQZ 
2M 
2,9^ 
0.S3 

Tia© ©f I r r l - m l 
(lasec) 

a)3 
a)2 
35^ 
593 
593.^ 
9^7 
9^6 

im6 
i^m 

PoBitiv© Phase 
Duratioa (msec) 

197 
22^ 
222 
303 
322,6 
381»5 
3^*7 
410*0 
390*0 
^ 2 , 0 

T ® A bastd oa a eharg© weight of E x 10® l^s TUf 
T®1 ^ t©lw@t@r l ink 
l a t "̂  i n te r f @r@met@r 

fABM 3.2 

Mstane© 
(ft) 

3 1 ^ 

5CW 
660 
6^ 
9a? 
920 

1250 
1250 
1700 
I700(t©i) 
2300 
3100 

Preism-e-SiMe-Distaoice to,ts. 
* 

2,5 

\f 
7.3 

9.95 

13.5 

1«*2 
2^*6 

Peak Overpressur® 
(psi) 

32.39 
13.5? 
W.39 
9.90 

10,09 
7.30 
7«07 
^.95 
5.20 
3,0i* 
3.^7 
2aif 
l»70 

Uad«rgro\md Shot 
f im© of i j - r iTSl 

(msee) 

122,5 
22S,2 
2 ^ . 0 
3^.7 
3 ^ . 0 
5a),5 
521,5 
775.0 
77^.5 

113^.5 
113^.0 
1636.3 
2322,0 

Positive Phase 
Soration (msec) 

100,2 
i70,s 
ia3,o a)6,8 
a^i.0 
23S.5 
287.5 
27^.0 
25^.5 
31^.5 
335.0 
363.0 
387.0 

*^ «Abased oa a charge weight of 2 x 10^ Ihs fW 
f©l - t@l^®t®r l ink 
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40,0 
2.5 3.96 

PROJECT lA 

Distance (A) 

5.4 7.3 9.95 13.5 18.2 24,6 33.3 

Si 10.0 

5.0 

•S 
S 

1.0 

0.3 

4 

J^^I 
\ Y 

*-X^ 

200 500 1000 
Distance (ft) 

5000 

Fig» 3,2 Peak Oirerpressur® TS Sistane© (Maes soanestiag data 
points are arl̂ itrary,) 

Qrouad acceleration may haf© iatroduaed a systaaatic error into all 
readings of indenter gauges, Bowmw^ a K-factor (fore© eonstaat) of 50 
psi/mm^ can he derived fnm surface® shot indenter data and the lt700«ft 
peak air pressure, as measured %- the Wiaaelm system, Ihis same I-fastor 
applied to the underground data resulted in agreement betweoi indenter 
aad Wiaaoko data at 1,250 feet, where ground accelerations were higher. 
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S i i ® ^ 
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Distance {\) 
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1r 
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/ 
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ti /T" h# / ir/ 
kf/* 
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1 
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/ 

/ 
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Distance (ft) 

Fig. 3,3 Time of Arrival vs Distance 
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200 
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Fig. 3.4 Positive Phase Duration vs Distance 
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Fig . 3.5 Surface Shot P re s su re -T ime Curves 
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,-— 
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Fig. 3.5 Wnderground Shot Pressure -Time Curves 
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TABLE 3.3 

Indenter Qaug© Î ta» Surface Shot 

Station 

1 

2 

3 

4 

5 

Gauge Ho, 

1 
2 

I 

1 
2 

I 

I 
2 

I 

1 
2 

I 

1 
2 

I 

Mam©t®r 
(mm) 

.255 
,256 
,306 
,271 

, 2 ^ 
,290 
.237 
,274 

,263 
.273 
*296 
,29g 

,304 
,2gg 
*26g 
•302 

* ^ 2 
,2@4 
. ^ 7 
.299 

Mam©ter2 

•06^ 
,0655 
,0936 
,073^ 

,07g4 
.0g4i 
,0562 
«0751 

*069l 
,0745 
,0876 
•oggg 

,0924 
, 0 g ^ 
,07ig 
,©912 

•0853 
,0W7 
,0882 
,OS94 

Pressure 
(psi) 

3.25 
3.2g 
4,68 
3.67 
3,72 (ave) 

3.92 
4«21 
2,gl 
3.76 
3M (av®) 

3.1̂ 6 

4l3g 
4.44 
4,00 (ave) 

4»62 
4,15 
3.59 
4,56 
4,23 (ave) 

4«27 
4,04 
4,41 
4,47 
4,30 (ave) 
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fABLl 3,4 

Indenter Oauge Bata» Underground SiBt 

Station 

1 

2 

3 

4 

Gauge Ho, 

1 
2 
J 
4 

1 
2 

1 
2 

1 
2 

Diameter 
(mm) 

.336 

.30? 

.339 
*337 

* 3 ^ 

• 3 ^ 
.3̂ *6 

1340 

'Ml 

.339 
«33^ 

Biameter2 

!094 
.115 
•114 

«n6 
•116 
•117 
•120 

•114 
,116 
• 1 ^ 
•118 

•U0 
•112 
•115 
•UO 

Pressure 
(PSl) 

5.65 
4,70 
5.75 
5.70 
5«45 (ave) 

5.80 
5.» 
5.S5 
6,00 
5»S6 (ave) 

5*70 
5.80 
6,25 
5.9© 
5.91 (ave) 

5.50 
5*60 
5.75 
5.50 
5.59 Cave) 

fhe data gathered are useful for correlating hlaet strengths with 
ohserved damage to structures of Program fhree, for distinguishing air» 
iadufif^ ground shodbi from true ground phenomena (air-to ground coupling» 
and as seuree material for anjr application study. 
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3,2 COHCLUSIOHS 

It is apparent from the pressure^tlm© curves for "both uaderground 
and surface shots that the shape of the shock wave conforms generally 
to the classic form as described in ghe Bffeota of Atomic ¥eap©ae#* 
Th© system (including data reductlony""'pOTmittSr"'tt5e~rTO©lHti0n~to 
0»5 msec* Within this limitation the pressure discontinuitj at th© shock 
front appears Instantajaeous in msst instances® "̂  

Pressure-distance data were within 10 per cent of anticipated 
values» hased on Stanford Research Institute extrapolations from scalrt 
TM blasts at WmM and early JMfiM tests,** fatrapolatlon of air 
shock data from surface and underground TM tests appears valid for 
surface and underground atomic blasts. 

* fhe Effects of Atomic Weapon8» Section 3®ll» lios Maaos Scimtlfic 
Laboratory* U, S, QoverMient Printing Office» 1950, 

•* Jor a discussion rise-time phemomaaa from other atomic blasts see 
Murrey, B, f,» Operation WBTM - Some Measurements of Ovexjo'essur©-
fime vs Distance for Mrburst Bombst Sandia Ooi^oration report I©, 
se-2ll^ (tr) (to be published), 

*® Dollg B, B, Interim Eeport - Part II KB tests - Operation JM&llt 
Stanford Eesaarch lMtitut®t October 1951^ Jigs, 5 aad 6# 

-23 -

ATOMIC ENERGY ACT 194® 





PROJECT 1*4 

iPPMDIX A 

piRSoraiL PMfioiPAfiia I I raojicf i , 4 

From Sandia Corporatio&s AlbatUBrque® I, M® 

a, W, Burnside 
W« J* toward 
J, C, Hughes 
R» Be Jones 
f, W« Loomis 
B, &• Palmer 
1# Je fulgaii 
I* 1, Waldorf 

from Armed forces Special Weapons Prajectt WasMngton B« 0« 

Lt» Cols. L# f, Lawson 

l^a i 1st faetioal Si^port Stuadroi&t Saadla MB®^ M.lmiumqm$ I , N# 

M/Sgt, B» ! • Smith 
Sgt# L# r# Bobersoa 
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