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Shock ov•rprsasurs as a function of tias ha. bean measured by ‘~ati—
u sing an array of parachute-born, pressu re gages spre ad ov .r a mid.
rang. of distance. and altttndss above two atomic d.tonations. The
operation was acco mplish ed by deploying 16 parachute—borne canisters
from two &ircraf t at each shot. lach canister contained an altimeter
trans tuc,r , two dtff .rant ial pr..sur e t ransducer. , a radio telemet ry
tranuitt•r, a~d a radio t racking beacon. rb. tel.met .r.d pressur e
data we re record ed at a gro und statio n and th. position of sack cant.—
tsr wa s determined by radio rang. mea.ur..snts from thr e. multiple ob—
j .ct t racking stations. The dropping airc raft were guided to a pr e-
determined drop point with r.fersnce to both position and tim. by two
~~~ 584 re4ar stations.

The observed peak overpressures , cov.ri ng th. range from about
0.3 to 3.0 psi., oonfi ra existi ng th.ory on th. eff.c t of altitude on
shock overpr.ssur. to within practical accuracy r.quirensnts, end sup
pl...nt other free-air peak overpressure mse.iur.a.nts made at higher
overpressures by other me thods.

It is r.coma.nde’d that ad4itional asasuremints of thi. kind be
made at sn air burst atomic test to obtain irforaatlon on true free sir
peek overprt.uw .s, r.fl.cted shock overpr.s .ures , end the path of the
Mach triple point, which could not be obtained from th. presen t tests
becaus. of the low height of burst,
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CHAPTER 1

I1fRODt~ T10!

1.1 ~~~~~~~
Th. primary objective of the projec t wa, to measure the free air

peak blas t overp ressu r e of an atomic detonation over a wide range of
altitudes and di s tances to test the Fuchs scal ing law for altit ude ef-
fects . Secondary objectives wa rs to t.st operational procedures and
ina t rum.ntat ion to improve t echni ques and incrsase accuracy of measure-
ment. fo r a later operation involving an air burst ato ml o detonati on.

1.2 HISTORICAL

Tb. military reqn.irssents for an erpe rinen t al test of the Fuchs
theory were brought to th. att ention of the Terrestrial Science, lab-
orato ry , ear ly in 1950, At that ties a proposal was prepared for par-
ticipation in Operation GB~~~H0U~1. Rovsvsr, time factors for prepar-
ation and logistics of such an extensive project wer, insufficient and
no action was taken.

In December , 1950, the proposal was reinstat ed under Operation
V DgDST’ORM and the project was official ly included in February, 1951,
Af ter Operat ion W rRDSTOR)( was cancell ed, the project was ten tatively
included in Operation BUSTER but due to unsui table frequency require-
ments th. project was diverted to Ope ration JAB0L~ on a reduced opere-
tional scale.

Tb. operational procedure in JAJOIJ consisted of deplojasut of
sight pressu re inst rumanted psr chut..u~o~~e canisters fro. two air-.
craft. Conclusion, fro. thi. operation ~~ vere considered tentative
since the positions actually attained by the parachute—born, canister s
wa re inco nsiste nt with the intended vertical array and did not pvov ide
a clear out tes t of the Fuchs altit ude cor rection, There was ~ustifi—
catio n, however , for concluding that the data obtained supported the
Fuehs theory w ithi n the probable accuracy of the observations out to
overp ressures of about 0.1 psi,

I. A. Haske l l, J ,  0. Finn, The M.ssur sent of Free Air Atomic )la~1Zwj~iie
, Armed lore,. SPecial Vs.poaa Proj ec t , Operatio n JAJGIL

Project 1.30, Air Forc e Cambridge Res earch Center ,

!~~~~~DT ;G PA.~E BLAJE-NVT ?IL~~ D
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CHAPTER 2

lZPZRI~~JTAL P~~CL’U~~~

2.1 ~~~TRUP~~ !A!IOl4

Tb. instr umentatio n involved in Operati on SIAPPI.R was design ed to
accoup1iak~ four objectives : (1) radio telemetry instr umenta tio n to
obtain free air pressure data, (2) canister tracking instr umentation
to obtain ti me—space data of the parachute-borne canister s , (3) radar

instru mentation to position the aircraf t for deployment of 16 canister s
in the .nvi rons above the atomic detonation, and ( lö) the parachute—
bor ne canister instr umentatio n to suspend pro bes and electron ic equip-
ment in the blast field,

Reference is mede to Operation JAJOLZ Report, Projec t l.3o, for a
detai led desor iptio n of the basic desi gn of the radio telem etry system ,
oantster tracking syst ea and canister instrumentati on .

2,1,1 ~g~j o ?e) emetri Inst rume ntati on

Each parachute-borne can ister contained a pressure altime-
ter transducer , two differential pressur. t ransd ucers ( one having a
scale ratio of approxinstely 2 with respect to th. other ) and a radi o
telemet ry t ransmi tt in~ unit. Pressure sti mulus caus ed each t ransd ucer
in the canister to frequency modulate a •ub—carri. r; th, three sub—
canter ’ were mix ed and subsequently frequency modulated th. radio fre-
qusncy carrier , the data link between the canis ter and th. reco rding
ground statio n. The recording ground stat ion was instrumented with a
separ ate t)1 receiver for each p.rschute.-borne canister , The output of
each reosi v. r , a mixt ur e of the three freque ncy modulated sub-carriers,
was sep arated by filter netwo rks , Subsequently each sub—carri er was
channeled to a discriminator whi ch produced an electrical current pTO—
portional to the original pressure. These proportional currents were
applied to galv anom eters of the recording oscillog raph,

Tb. radio tele metr y syst em, pre s sure measuring instr uesste -
tion , ann parechute—bo rne canister were developed and fabricated by the
Pacifi c Division Develop.snt laboratory, Bendix Avi at ion Corporatio n,
~urbanks Cal i fornia, under Contrac t Al l9(122).k59.

2,1,2 Cinte ter Tracki ~~ Stitan

Tb. *~lt ip1e Obj ect Tracki ng (~~?S) Sy.t.m was used to 6.—
t.raine the ti me—space dat a of th. parachute—borne cani s ters , Tb. sye-
ten is based on tria ngulation by obtaining radio range nsasu rsassts

10
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fro. the canisters in space to three ground interro~~ting stations .
The sy stem baa been disigned for t racking 32 objects in space with an
accuracy of spproximately 100 feet.

All grou nd stations shared time during sach seco nd to al-
ter nately inter rogat , each parachu te—borne canister for rang, data,
Inte rrog~ati o n was accomplished by transmitting from the grou nd s tation
a binary øode train of five di~tts and a range pulse which simultan-.
eousl.y in itiated the operatio n of the range counting circuit. Bach
ai rborne beacon in the canister was designed for a select ed bina ry
pulse train which was est ablished in each beacon decoder. Tb. decoder
di ffer entiat ed betwse n the selected pulse train and all others so as to
modulate the responder only when the selected pu lse train was received,
After this series of even ts the responder initiated a single reply
pulse. Yhen received by the ground station, thi s reply mis. stopped
the rang. circui t counter and recorded the range coun t in inc rements of
0,1 micro—seconds , equivalent to 50 feet in rang. , Tb. recorded time
intsrval es tablished th. rang. fro. the ground station to th. pare-
chute-borne caniater, A separate time eark on the recording tape es-
tablished he referenced time of the canister position to st ss~ard time,

2,1,3 AIrcraz t Poettioniri l~istrusentat~j~~

Tb. two 1~..29 aircraft were guided over a drop point, both
in refere nce to ti n, and course , by using two SCIt 584 radar tracking
stations, Sixteen parachute-borne canisters we re deployed, eight free
each 3—29 aircraf t, at a computed drop tI.i and drop position, correc t-
ed for the integrated horizontal wind drift of the canister,

2,1.~I Canister Inst ru~asntatIoc

The electronic ins tr um,ntat ion in the can ister has been
described above , The dual parachute sys t. m consisted of two parachutes,
a 6~foot f ist ribbon parachute and a 28.-foot squ are semi—ribbon para-
chute, The latter parachute was designed for thi s test at WAX for the
speci fic purpoa. of minimizing parachute oscillation during descent.
As each caniste r was deployed fro m the aircraft the 6...foot ribbon para.-
chute was i ediately opened by the attach ed static line, Canister bal-
listic data and th. particular can ister position in the array deter ’-
mi ned the time of caniste r fall with the 6—foo t ribbon parachute. At a
pro—determined ti .., differ ent for each caniste r, an internal timer
fired a squib which tripped a cutter me h*.nlsa which in turn detached
the 6.-foot ribbon parachute, released the 28—foot sqnsre parachute. The

ii
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parschute—borne canister oo~ ,lete with dual parachutes weighed 275
pounds and was 86,25 inc hes over—all length, and 14 inches in diameter.

2,2 CALI~RLT1OJ~ PROC~D~JR1

Reference is made to Operation JIJOLZ Report, Project l.3c for a
detailed description of calibration procedures.

2.3 Q~~HA rIONs S~~T S

Tb. problees of the operation consisted of five phases : (1) the
guidance of tw c  3..29 aircraft over a drop point both in reference to
position and time ( two 5CR 5841 “ adar tracking units assis ted in this
operation); (2) the dets r.inatio n of th. integrated hortaontal drift
of the parachute—born, canisters in th. wi nd structure in order to de—

F termin. a corrected drop point for tb. aircraft ; (3) the deploym en t of
eight parachute- borne cani s ters from each of two 8-29 aircraft; (4) the
t racking of the 16 canisters with th Multiple Object Tracking System;
*M (5) th. recording of telemetered blast uressure profiles f roe each
canister.

The location of the radio telemetry station, the )C?S st ations and
the 3CR 584 rs4ar station ar. tndi:ated in Figure 2,1.

2.3.1 ~~w Aircraft ODersttQ5

The low aircraft operated at 24,4e00 feet ~SL at a true
ground speed of 300 feet per second. The expected speed of 350 feet
per asco nd could not be attained bectuse of high winds . Six practice
runs ver , made be tween 14-3 hour s and B-30 min utes , For purposes of
ch.ckine drift which was pr .rio u.ly calculated from meteo rological
data,, two canisters were deployed , one at H—2~ hour and one at a-il
bours• At time of deployment , inter rogation st ~nal s from both canis-
ters failed to reach the )()TS stations , Tb. cause of this failure is
not known , ~ecaus e of a malfunction in the bomb release mechanism,
10. 9 canister was deployed in th, place of the second drift measur e-
ment can ister, In the operational run the piers was 5 seconds ahead
of schedule res ultin g in & positional err’ r  of 3 500 feet The canis-
ter. were deployed at the scheduled time regard less of position . De-
ployment of canisters for the array positions Nos, 9 through 16 we.s
ini tiated at B-178 seconds and completed at B-76 seconds, The post-
tions of the canisters at shook wave arriv al ti ne are compared with
the intended position In Figure 2,2,

12
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2.3.2 ~~~~ Aircraft 0nerati~~
The high aircraf t operated at an altitude of 35,800 feet

MSL, and maintained a t rue ground speed of 317 f.,t per seooad instead
of the expected bOO fee t per second. Considerabis difficul ty was ex-
perienced in establishing radar contact with the aircraf t until 1—1
hour when the las t of several practics runs was coordinated with the
indar. In the final run th. plane was 9 .scond s late, causing the de-.
ploymeat of canisters los. 1 through 8 to begin 2800 feet short of the
•ch.duled positi on. D.plo7msat began at 5-137 secon d s and cencls4e6
at 1—51 seconds . Th. post ti ns of tb. caniste rs at shock arrival time
ar. compared with th. intended position. in Figure 2.2. Nt~oh of the
error in plac~~~ct can be explained by error in drop position. What
appears to be a great error is actually the r eult of leagth.e.iag the
entire array pattern to compensate for tb. high wind condition at shot
time,

2. 1.3 CanIste r ODeratlop

Pr.asur. data wer e not reco rded for canister So. 7 because
of failure of the canister ’ s internal power snppl,7. Data from tb. So.
9 posItion were not recorded because th. drift measurement oaniste~dropped in th i . posit io n bad no tele .et ry equipment Installed. The
28—foo t parachute en cani s ter Ic. lb tailed to open, result ing in a
free fall and impact time of 5—19 second.; all other parachute. de-
ployed satisfsctorily. Signals fro. cani ster So. 11 (pos iti os sd at
8000 feet ~~L and b500 feet slant range fyo. ground sero at .rc tin.)
teruisat.d at 5,10 seconds . Ths canister could not be fo~~~ aft er the
t ..t sad cay have been damaged bo th by thermal radiation and th , shock
wave. £3.1 other caaist.r survived t~~ shock wave sad th.rmal sidle—
tics , however , the bl~as sad black stenciled carting. were bur*ed em the
28-foo t whit, parachutes ef cani sters los . b, 12 , aed 13,

Pour canister s , identical is instr~~entation t the par.—
ohote—borne cani ste rs , we re placed on the j ro~~~ at various racg ee f rom
gro~~~ sero. Pressure data were rsoerded from esateter. 20 sad bG but
so data wer , obtained f ro. canisters 10 and 30 because ef be.ttery power
failure.

2 ,3,b ~~~~g~ !e2 eetri On’rat Ip~
The gro und radio telemetr y station recorded pressvre 4*ts

from canister, los. 1, 2 , 3 ,  b, 5. 6. 8, 10, 12, 13. 15. 16, 20 sad bO.
The canister 57 carriers we re recorded f ro. ti .. of deployment to 1.10
.Ir.utos except for the 2 second period when the base power failed after

lb
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detonation time. This failure caused the loss of some data of blast
wave arrival t ime fro, canister So. 11, and only the n.~~t ive phase of
the bla* t wave was recorded.

2,3.5 ~~At i~ le ObJ,c~ ?rsc ~~M ~~ j~qjJC? S) Qverat1o~

The ICTS stations NiL , KZA , aM 31 in itia ted recording
pv.o.dur.s at 3-1 minute. Th. canned stations NiL and ~~A r.øorded
canister positional data ua$I1 1.6 minutes . Tb. remotely controlled
stat i on . ii , recorded from 5—1 nimute until shook wave arrival time at
5.6 .•oonds. it wh ich time remot. control holding relay. failed.

2.1. OflSLTIOl Sa)?1

Tb. probl ems of th, operation were identical to Shot 5. lb. b —
cation of the radio te3e.etry s tation , the ICT~S stations , .iM the 5CR
584 radar statio n are indicated in ?igur. 2.3.

2.4 .1 Loy Aircraft O~erat!qj

Tb. low aircraft operated at 24 ,1.00 ft. ~3L at a tree
ground speed of 340 feet per seco nd . Seven practic. runs we re made be-
tween 1-4 hours and 3-30 minutes , and a caniste r van deployed at
hours and I—li hours for t he purpose of checking dri ft calculations.
Tb. infor mati on received checked th. c&lcui*ted drift figure. I. the
operation run tb . aircraf t was 1 second early r.su1t i~g is a positios—

*1 erro r of 350 fe.t. Tb. scheduled deployment of can isters los. 9
through 16 was started at 3—175 seconds and oonolnded at 5~47 •.oonds.
Tb. pos itions of ‘be canisters at shook arrival time are shown in Pig—
~&re 2,4.

2.4.2 3j~~~ Airoraft Omerstien

The high aircraft maintained a speed of 1.00 feet per sec
ond (trus ground speed) at an altitude of 31,800 ft. L. Jetwesm 1-4
hour. aM 1—30 sl ates, fly. practice rune we re made. Tb. final run
ma.. completed with a positional erro r of 400 test cansed by tb. ai r-
craft being .arly at the intended drop point . At 1-171 seconds the
&spboymsat of canisters los. 1 t.krou~~ 8 was begun and it was 0 0 -

plet.d st 5—89 seconds. The caniot•r position, at shock srrival tins

are pictured in Ptgnr. 2.4.

2.4.1 c.aiat,r OoeratI2j

Pi-e.enre data were not reco rded for can ister 1.. 3 me to
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pressure gag. asifunction. Th. ]ar~e parachute on canister 5 probably
did not open si nce both prt s su re gages were off scale, Power supply
failure in cani ster 12 prevented proper fu ncti on of the parachute sys -
tem. resultin g in a free fall and impact time of I~.l6 seconds.

Pour canlitsrs , ident ical in inst run entat ion to the para—
chute—borne canisters , were placsd on the ground at variou s range s
from gro und zero. Pressure data were recorded fro n all ground can—
is te rn .

2.4.4 Radio Telseetrx Qnorat~~~
The grou nd radio telemetry station recorded pressur, data

fr3s canisters los. 1, 2, 4, 6, 7, 8, , 10, 11, 13, 14, 15, 16, 10,
20. 30 and LeO, Tb. canister BY carriers were rscordsd fro. tim. of
d.ployment to ~o1O minutes . Power was obtained from P1—95 un its in
order to avoid base power failure at zero time.

2,4,5 M~1tiD ] e Obiect Trackl~~ Srst ca (~~TS) 0~eratio~

)C?S stations OR , P~ B and 12 isitiated recording proc .—
dures at 3-1 mi nute , All statio ns recorded canister positional data
to 5e6 minutes,

2,4,6 Canister Test D~~~~e Qneratina

In an att emp t to deter mine the sffect s of thermal radia-
tion and shock blast on the canisters , three cani sters were located at
tistanc.s of 300, 800 and 1500 feet fro. ground s.ro. Tb. canisters
we re plac ed in a vert ical pos ition at ,ach location and were braced
wi th four 1/8 inch steel cables. Investi gatio n of the canister s at
3s3 days indicated that the nearest canister was completely demolished
and parts scat tered to distance• of 1000 feet fro. ground s•ro, All
pieces showed rvt dence of being exposed to extremeLy high t emperatur es .
The nose and co ater section of th. canister locat ed 800 feet fron ground
s•ro were f ound st separate Locatio ns 2000 fee t f rom ground zero ,
These section. did not show evid ence of extre me An.—~ge from thermal
radiati on, Tb. after sec t ios of this can ister was not located. The
canister 1o~ated at 1500 feet from ground zero was found lying on the
ground 10 feet fro. the guyed position. The antenna van hrokem and the
paint on the ou tside fram. faci ng ground zsio was scorched. Jo &.~~~e
was discovered to a~~ Inte rnal instrumentation after a laborator y test
was completed. The nylon st raps attached to the out side of the after
section were partially melted.
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3.1 0T5

3,1.1 ç~~ ist er Positions

Althou gh some reliable )C~S data were obtained on Thot 5,
they were, in geasral, insufficient to determine accurate canister porn.
sitlons at shock arrival tim. without additional data from o ther
sources , It was accordingly decided to use the canister altimeters
and the measured time of fall for th. determi nation of altitude and
use the measured shock travel t ime for the det rni nati on of slant
range, with the ~~~ data used as a check, Table 3.1 shows the canis-
tsr altitudes at shock arriva l time as determined by (a) te ie.etered
ambient pressure conv erted to true altitud e in accordance with the rs—
d.ioso cd. meteoro logi cal data for th. ti n, of th. shot and by (a) the
times of fall on both small and large parachutes taken In conjuncti on
wi th th . previ ously calibrated rates of descent and the k~ovn alti—
t udes of the drop aircraft, Tb. means of these two , when bo th were
determined, are taken a.. the bes t •stins tes of canister altitudes.
The arithmetic ~~~ of the percentage differenc e between the two, which
me,y be taken as a rough measure of th. accuracy of th. altitude &ata~is 4.4 per cent,

The s lant ranges oO~~~ted from the shock travel times by
the method described in Appendix A are given in the seco nd colu of
Table 3,2, Pro. the nor. cowolete *ftS data obtained on Shot 8 th.
algebraic mean difference betv~en th. t ravel time ranges and the ~~‘rS
ranges vs. found to be $2.18 per cent. Sic, the PCTS ranges for Sho t

F 8 are considered t~ be less subjec t to possible smell syste matic ei~.rors than the travel time ranges, this is interpreted as indloatizig a
sys tematic error of $2.18 p.r cent In the method used for oo~~~ting
slant range fro. travel time, The thi rd com ma of Table 3.2 g ives the
trave l time ranges reduc ed by 2.1~ p.r cent and the fourth co1~~~ gives
the ranges as computed from the WITS data us ed in conjunction with the
drop—tin. altitudes’ given In colu.ma 3 of Table 3,1, Rowever, in view
of the uncertai nty in such of the ~~~S data for this shot, the reduced
t ravel time ranges (oo lu 3) sr. taken as the best values except in
th. case of canister Jo. 13, fop which this rang. is inconsisten t with
the altitude, In this cas. the itvrs data has been used,

the ~~~~~ computat ion s were carried out before the correc t altimeter
altit udes were available . Sines use of the final altitude figures
would not alte r the *)?S ranges significantly, these ranges have met
been recomputed.
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T1JI~ 3.1

Canister Altitudes at Shock Arrival Ti .., Sn)? 5

Alti tude (ft. above )1.S.L.) 
—

Yro m Canister Computed !ron
Canister Altimeter Drop Tim. Mean

(1) (2) (3) (4)

1 22,680 25,000 23,1540

2 23,000 22 ,750 22,1580

3 27,150 29,780 25,470

17,520 17,440 17,480

5 31,420 30,3140 30,880
• 

6 22,100 2l~1460 21 780

8 26,680 26,620 26,650

L 

10 14,780 flO data 14,780

r 
~~ no data 6,960 6,960

12 
- 

7,300 8,?4.o 8,020

13 13,500 13,500 15,~00

15 14,410 l’~,52O 
— __________

L 16 
- 

15,100 15,14.60 15,280

In Md.! tio n to the parachute—borne gage., shock pressu re
measurements w ere obt ained fro. two of the four grou nd canisters . The
slant range. fro m the bo~~ we re 6810 feet for Station 20 and l7~~7O
feet f or Station 140,

3.1,2 4~~~~k Vave Data

The telemet.red records of shock overpressures as functionS
of time are shown in Pigurs 3.1. These records are reproduced from the
traces on tb. origi nal te leaete rt ng records of Shot 5, Tigure 3.2, Tb.
principal numeric al data sri .~~~~rfsed in ?abl• 3.3. ~~~1l secondary

_ _ _
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TLBIX 3,2

Slant Hangs. at Shock Arrival Time, S~0T 5

Slant Range fro m Bomb (ft ,) Computed from
Columa (2) less ~~T3 with —

CanIster Travel Tine 2,18% Asmzasd Altitude
(1) (2) (3) (4)

1 33,250 32,530 32,Q00

2 25,420 24,870 25,150

3 31,6140 30,950 32,000

4 15,190 14,860 14,950

5 28,390 27,770 27,750

6 20,080 19,6140 18,500

8 28,600 27~980 25,250

10 l3,O~.0 12,760 —

12 5,240 5,125 5,500

13 8,700 8,510 9,100

15 14,810 14,490 13,350

16 22,980 22,480 19,050

shocks appear on th. traces from canisters Jo.. 2 , 5, and 13. That
from canister Jo. 2 appears in th. negative pressure phase of the ~~in
shock, but it I. questi ona bl. whether this represents incipie nt tsvel—
op..nt of the tail shock s in ce it is not found on traces fro. sti ll
large r distances. The secondary shoc ks Observed Ofl can isters lb s . 5
and 13, arriving 0.26 and 0,67 seconds respectively after the main
shock, are not considered to represen t the main ground reflection since
they do not appear on the traces f rom interm.diate and shorter di.—
tances , In particular, the nearest canister, Jo. 1.2, shows no India.’.
tion of a double penk, It is therefore assumed that the direct and
main reflected shocks have coalesced into a si ng le Pkch sho ck at all
canister positions .

20
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3.2 S~~T 8

3.2.1 CanIster Posi tions

Tb. canister altitudes ~t shock arrival time as given by
the ) )TS data, canister altimeters (corrected for prevailing meteoro-
logi cal co nd itio ns), and computation from drop time and rates of 4..—

F cent are given in Tab le 3,14. The last co1u~~ in the table gives the
preferred valus s used in furthe r discussion of the data.

For canisters Jos . I and 2 no record was obtained of the
time of release fro m the aircraf t, and for canisters Jo.. 4, 10, aM 11
the alti tudes co~~uted from th~ drop times were so mo.ch greater than
the *YI’S and altimeter altitudes that it was evident that th. pare—
chu tes failed to open properly and standard rates of descent could not
be applied.

The slant ranges at shock arrival ti .. dets rm in.d fro m the
)
~~ S data (R~a~~3) and by co mputation f ro. the observed travel t imes

are given in Table 3,5 toget her with tb. percentage di f f e rence
belv..n the two , Since there is no apparent reason to ~~p.ct a syste m-
atic error in the *Y!~S ranges , the fac t that the travel time ranges
tend to be larger is taken as Indicati ng a smell syste matic erro r in
the method used in computing th. travel tine ranges. The s.ljebr*Io
mean percentage difference, Including th. ground Stations 2G, 30, and
1e4, is 42 ,18 per cent, and this figure ha.. been applied as a correction
to the travel time ranges for Shot 5, Ground Station 10, which shows a

re lativel y large difference of opposite sign, has be.n om itted In com-
putIng the mean, sinc e at short dist ances th. co mputation of range from
t ravel time is relat ive ly more sensitiv , to the assu med form of the
overp ressure vs , distanc e curve in the high overp r.ssurs region, and
there I. also the possibility that the shock veloci ty may be abnormally
high near the grou nd at short ranges because of the pre-heating of the
air by thermal radiation.

3.2,2 ThOCk Vs ’s Data.

The teleastered shock overpressures as a functi on of ti me
after the explosion are shown in Figure 3.3. Figure 3,14 is a .a~~1e
t race from the tele.etsrsd records of Shot 8. Th. pri ncipal numerical
dat a are sum rlsed in Table 3.6, The occur renc e of email secondary
shoc ks is mo re fr.qmant than in the cas e of Shot 5, but again th.re is

L no correlation from one position to another , suggesting t~~t they may
• be caused by tnt.ru.ction of tb . main shock and turbulent motion s of

f relativel y small extent in the atmos phere,

_ _ _ _ _ _ _ _ _ _ _  
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TA$I1 3,14

Ca.ni .te~ Altittuiss at Shock Arrival Time, 
Shot 8

aa.ist er &ltit uds (ft, above N.S~~~L_ _  
______

Jo, )CTS Altimeter Drop TI.. Preferred Values

1 21,950 21,960 
— — 

— _____- 21,950

2 18,900 19,190 18,900

3 2S ,750 — 24,650 25,7)0

14 13,400 14,120 — 13,760

6 17.750 18,550 18e20° 18,150

7 25,350 25,920 24,700 25,’30

8 21,300 20,880 21 ,500 21,300

9 12 ,300 13,620 13,1,50 12,960

10 5,000 (1) 5,1180 a 5,240

1]. 5,700 (1) 6,720 — 6,210

1) — 13,700 13,400 13,700

-~ 14 — 14,750 11•050 12,900

15 7,200 7,180 8,500 7,200

1
6 

13,600 14,410 14,000 14,000

3.3 DISCU5$ I01

3.3,1 Sho t 5

The primary obJe~t~i-s of the present measurements was to
test the validity of th. 7uchs~~scsling law for computing the effect
on shoc~ cverpressures of the variation of atmospheric pressure and
temperatur. with altit ude. To accomplish thi s we use the Puchs and

Yi. Fuchs — k~s Alanos ?echnica1 3.rie. 1.Ai’.1021, Vol 711, Pt. I! ,
Chapter 9.
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?AJLI 3.6

Slant lange. at Shock Arrival ?i , Shet 8

Canist r 1t7TS range Travel ft .. 1 1 Pr.fe rrel Yelme
Bang. 

~‘~r,) 
..2~~~~~�~~u~1o0 

_____________

1 20,700 21,1180 •3.6 1*_rB
2 14,150 111,610 .3.1 1111100 (a1t.*500)

3 20,900 21,950(7)

11 12,950 13,1120 
— 

•3,5

_______ 

*0,3110 .3 .9

7 
— 

25,750 26,600 .3.2 U

8 ~0,800 31,560 ,?.11

9 19,500 19,910 52,1

10 8,050(7)  8,270 p2,7

il 9,200 9,1110 .2.2 U

13 — 
— 9,290 9200 (i1t.4500)

111 9,530 9320 (1yi~~1ess

i~~ 

••___

~~~

•_____ ____

~~

______

16 111,900 14,9)0 
— 

0.2

SiMian Bang.

ii — 3,710 3,160 
______________ 

l(Su.yv~~ed)

20 — 5,410 ~,240 •3,2 
— _ _ _ _ _ _ _ _

_______  — 10,200 9,950 2.5 
______________

4. __11i~~~_~ _ 17,640 
~~~~~~~ ~~~~~~~~~~~~~~~ ._ _ _ _ _ _ _ _ _

____________- - - 
Llgebrai c !_Zf ~~!!.t56e_g tf f . e2.1

~

- 
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Sachs2fscale factors to sc ale the obs.rved values of pressure and
range to equivalen t values in an ids alis ed isoth eras.1 atmosphe re at
cons tant ambient pressure of 14,70 psi. If the theory is valid , the
scaled overpr.ssure should b. a function only of th. scaled range,
V. introduce the following notation:

A P Peak overpressure. (psi.)

R • S lant range, (ft .)

I ~ Altituds at which .~P is measured. (ft. above ~~L)

h • Altitude of bomb, (ft.  shove ~~L)

V 0 Yiel d of bo.b (I’?), including reflection factor

P0 • Asbient atmospheric pressure (psi .~

• Lmbi .nt atmospheri c t emperature (O Absolute )

S • V ’ S Yield scale factor (relative to 1 tT)

~ 
a [P0(h)/ P0(o )]~ ’ Sachs scale factor

Xe exp
( 

r ( T(h) / ?( s )J ’/
~ ~Po(h ) / P 0(s))~’—1J dz/(s..h )

4 .  Scale
: A (?ft ~)/ T ( z )~}’4 [?o ( z ) / Po(b)~~~ Factors

4 P/k ’ .sc a Scaled over pr.seure

r C kXZ/S • Scaled range ( re lative to 1 1?)

Th. scale fac tor. A and i.~ , which are tabulat ed as fumo-
tion. of altitude in Appendix C~ hove been computed by anmerical tat...
gration using th . radioso nde meteoroloØcal data taken at the time of
the shot Ii given in App~~dix 3. Th. best eeti mate of the rndioohsmi—
cal yield of Shot 5 present ly available to the writer ii 11.7 1?. A
reflection factor of 1.8 will be ass~~ed. Th is is an arbi tra ry choice ,
but one which appears to u.k. the present data reanonabl.7 consistent
wi th me asurements taken by other methods at higher ov .rpress ur.s , Vs
then have S S (11.? x 1.8)” . 2,761. The scal ed overpr e.sures and

-
; 
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ranges are given in Table 5.7 and plotted in Figure 3,5, Th. solid
co mparison curve plotted in the figure is defined by the expressions :

f (r) a 1561 i 1o’+ ~k6.9z  ~ for f(r))1 pet (3.1)

f(r) a 365O/ rJ 1og ( r/ kk6~~) for f(r) < 1 psi. (3.2)

r ~ Soal.d range in feet .

This curve is not intended to represent ~.n attemp t at a
‘bes t fit ’ to the present data , but was derived as described in a pre-
vious report on the preli m~,nery parachute gage .eaaureuents carried out
at the JA*}LZ surfac e shobJ Omitting the ground stations, the root
mean square percentage deviation of th. obser v ed ov.r pressur e fro. the
comparison curve is 11,5 per cent and the algebraic mean percentage dif-
ference is —2.7 per cent, Tb. r.a.s, dev iatio n from some bypothettoal
‘true’ or ‘beet fitting’ ui-ye would not be larc ~r than that obtainedby removi ng th. systematic component, or J(1l.5)’ — (2.7)1 a .1.2 p.r
cent.

3.3.2 Shot e
Tb. scale factors A and ~ computed for the meteo rological

conditions prevailing at the time of Shot 8 are tabulated in Appendix
C. The yield fo r this shot is taken to be 1AI I’?, which, wi th a re-
flection factor of 1,8, gives $ a (14 x 1,8)”. 2.932. The sc aled da-
ta for this shot are tabulated in Table 3,8 and plotted in Figure 3.~with the same comparison curve defined by equation. (3.1) mad (3.2).
Omitting the ground station.5 the r.m.s, percentag. dev iation fro, the
comparison curve is 8.4 per cent and th. algebraic mean percentage de-
viat ion is — 3.8 p.r cent . ~...ovi ng the syst.eattc component, th. re-
sultant i. 7,5 per cent .

S’1. A. ~ .ske1l. 3. 0, Penn ~ha~~ ’aeuremant of Free Air Atomic 33e,si
Fressures, Operation JAXOIIi , Project 1.30, Air Force Cambridge B.—
search Center
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TAIIJ :3,7

Overpressures and Ranges Scaled to 1 1? in a h omogen eous
Unbounded Atmosphere at 14,70 pet Ambient Pressure, Shot 5

b — 4500 ft., k3 • 0.854, k a u.948, S a 2.761

Peek Scaled
Ove r-. Scaled Over—

a.nist•i Range Alti tude press ure Scale Factors Range pressuil
Jo, B a A ? 

_ _ _ _  _ _ _ _  

r~~~AR/$ 4P/k44

1 32,530 23,840 0.141 1.709 1,277 19,070 0.129

2 24,670 22,880 
- 

0.175 1.655 1.203 14,120 0.170

3 30,950 28,470 
- 

0.128 2.012 1.317 21,360 0.U)

4 14,860 17,480 0,425 1.399 1,124 7,130

5 27,770 30,880 0.14-7 2.206 1.371 2l,~)l0 0.125

6 19,bkO 21,780 0.310 1.597 1.185 10,760 0.306

8 27,980 26,650 
- 

0.168 1.883 1.277 ld~O70 0.154

10 12 ,760 14,780 0,604 1.293 1,088 5,660 0.650

12 5,125 8,020 2,69 1.080 1.016 
- 

1,900 3.10

13 9,100 13,500 
- 

0.817 1.246 1,073 3,890 0.892

15 14,490 14,470 0.486 1.281 1.084 6,370 0.525

16 ?2,480 15,280 0,307 1.31.1 l.09~ 10,110 o~~28

20 6,81.0 4,200 
- 
1,85 1,000 1.000 2,335 2.17

40 17,470 4,200 0.465 1,000 1,000 5,990 o.544

t .

_ _ _
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TABXZ 3.8

Overpresiur.. and kanges SCaled to 1 1? in a to~~gsneous
t~~bOuM.d Atmosphe re at 14,70 psI Ambient Pressure, Shot 8

h a 4500 f t . ,  k3 — 0.853, k a 0.948, S • 2 .932

Peak Scaled
Over.. Scaled Over .

anist.r Range Altitud.e pressur. Scale Factors Range pressu~.
Jo. R & r-~ Aa/s aP/k-?~

1 20 ,700 21,950 0.276 1,54-1 1.138 10,310 0,284

2 14,400 18,900 0.435 1.412 1.104 6,570 0.462

4- 12,950 13,760 0.624 1.228 1.053 5,140 0.695

6 19,950 18.150 0.314 1.383 1.096 8,920 0.336

7 25,750 25,630 0.207 1.725 1.192 14,360 0.204

8 30,800 21,300 0.205 1.512 1.130 15,060 0.213

9 19,500 12~960 0.370 1,203 1.046 7,580 0.415

10 8,050 5,240 1.38 1.013 0.999 2,640 1.62

11 9,200 6,210 1,033 1,032 1,002 3,070 1,21

13 9,200 13,700 0.810 1.226 1.052 3,650 0.903

14 9,320 12,900 0.800 1,202 1,01.6 3,620 0.897

15 4,550 7,200 3.235 1.053 1.007 1,550 3.77

16 14,900 14,000 0,~88 1,236 1.055 5,950 0.542

10 3,710 4,200 4.61 1,000 1.000 1,200 5,40

20 5,410 4,200 2.1.0 1.000 1.000 1,750 2,81

30 10,200 4,200 1.00 1.000 1,000 3,300 1,17

44 17,500 4,200 0,525 1.000 1,000 5,660 0.61.5
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4,1 C0bCLU510~~
4.1,1 YSUdity of the Fuob. Altitude CorrectIox~

Consid.rtrg Shots 5 aM 8 together, the r.n,s , perce ntage
deviation after removal of the systematic couponsut is 9.5 per cent.
This may be regarded as the st~tIstica.l resultant of errors of neaanre—
meat sad of any effects of atmo ”ph.ric inhomogeneity that are not cor—
rectly taken into account by us tng the Fuchs scale transformation.
Whi le no wholLy objective meas ure of th . erro rs of observations can be
given, It seems unlikely that they can have a standard deviation of
less than 5 per cent , and they might amount to nearly &l1 the observed
•oatt .r, in that cas s , errors attri butable to t~b,, use of tht ~~~~~~
scal e t ransfor mation sr. probab ly no more than J (9.5) ’ (5.0)’ • 8.1
p.rcent and may be consider ab ly less . In any cas e we concl ude that the
theory satisfi es practical accuracy requi rements for the prediction of
peek overpressures within the range of altitudes and ov.rpre..ure. cov-
ered by the present data.

4.1.2 Af fect Of Wind

Sinc e the total amount of air passed over by th. shock
front in reachi ng a given dista nce 1. slightly greater In th, upwind
than in the downwind direction, it is to be expected that the peak over—
pressur e at a given distance will be slightly smaller in the upwind di.
rection, In Figure 4.1 th. percentag. deviation fro. the comparison
cur’, is plotted against th. average component of wind velocity along
the direction from .xplosiom to gnge, a positive sign being taken for
th. latter when th . average vIM component Is In th. direction of shock
propagation and a negativ, si g n when it is in the o pposite it rect ton.
The deviations show some negative correlat ion with wind velocity, whi ch
is In the opposite sense fro. that which wa, to b, expec ted. However,
becanse of the a.symetry of the actual can ister position. , this appar-
ent correlation could be end. to disappear by a s light change in the
comparison curve used. It is the refore considered that the real effect
of wind in these tests is so snail that It Is masked by the random scat—
tsr of th. data.

4.1.3 ?rme Air Peak Qvernrsssurs vs. istanc.~
Becaus e of tb. uncertainty in the assumed reflection fac tor
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us ed in reduci ng the obs erv e -I data to equivalent free sir values for
1 rr, the result ant fre e air peak overpress ure va , dista nce curve must
be regarded as tentative, Neverthslosl3, it I. of interest to note that
the overproesure vs. distance curve given by equation t3.l) is rea~ark—
ab l.y c lose to the TtTh~~LAR composite curve baae4 on the Naval 0 ~dr.ance
laboratory ’s neasurenents in th. region of high ore rprs ss ures. J The
two curves are compared In Pigure ~~~~~~ Nquat lon  (3.1) falls about 9
ier cent above the TUNI3LAB composite curve at the 10 psi . level and the
difference diminishes at both higher .M lower overpreesures . The two
curves inters ect at about 270 psi . No significance is attached to this
agree ment at very high overpressure s , since there is no a priori reason
for ezp.ctin,g th. purely empirical formula (3.1) to be applicable so
far beyond the range of oveiproisures for which it was derived, but the
conv.rger.ce of the two curves in the range of overpr.svures between
those covered by the Naval Ordnance laboratory data and th. presen t re-
sults ind icate , very satisfactory consistency between the two sets of
da ta .

4 .2 Co~~~~~&~IO2J$

I t  is c~ r.s idered that the presen t results cor .ft ra the practical
validity of the Puchi scaliAg law for altitude effects , but the extra”
polation of the noraslised fre e air peak overpressur. curv s to lee’
overpres~ure may still be questionable becs.~tse of the n.c ..sity of us-
ing an assumed reflection factor i’~ the reduction of the data. This
extrapolation I. particularly Important in connection with the calcu—
lation of blast effects on aircraft , It is therefore recommended that
ii ~i lar blas t pressure asasurement $ be ui~d~ wi th parachute—borne g~w~e 5
d istr ibuted about an atomi c bomb fired at a. s iff ic i.nt altitude to give
a clear separation of th. direct and reflected shocks aver a large —

rango of distances . At the a~te tine tt v~uld be desirable to obtain
data on the path of the triple point at high altitudes, Since the
presen t tests ahoweti no detectable asymmetry in th. pressure pattern
beca~se of wi nd , it is considered that these objectives can be acco.—
plished with two vertical arrays, one placed approximately abov, the
bomb and one offset borisontal ly in a position to intercept th. expec-
ted path of th. triple point and to measure the blast pressure in and
above the ~mch st em,

~JC eration ?~TXBLSB. Prelimina ry Test Data ?irnished by Armed Porces
Special Yeapo ns Project

H
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APriauII A

Q~~~UTA!IQI ~7 2A101 P~~M ~aoci ?hTIL T11~

Por tb. pwpos. of oo~~ atiag slwt ranges from the observ ed tray-
el times tb. follow-tag preo.dmre ems adopted. ~e fi r.t co ns ider an
Isothermal atmesphsre at constan t pressure P~ and sound velocity 

~
with no wi nd, Th. travel ti e, of a shock wave to a radial diatamoe I
fro m the so urce is

t S 
(~~~~~~~~ )

wber U i. Lb. shock emve veloci ty given ~~ tb. ~~m~4ae~dug.niot sq~~~
ties

U c~ (~~~

+ 1~t~ ~~ 
(a,2)

~ 1.4 for air

~ P~ Peak overpreesur.

Zn order to evalua te the integral (A .1) a~~.ricsl lj, the depea—
demos of A P on B suit b. known, and thi s canmet In general be consid-
ered as given t~ advance. ~~v.v.T, if we ooastd.r on ly rang.. large
emou~~ so that A P/P~ Is a small quast tt 7 over a larg. part of the path ,
it is not necessary to ~~ov a? se a function of B with great pr.cisi .m
to obtain fai rly accurate val ues of t as a function .f I, emi it is
sufficient to us. tb. expected rather than the unknown actual value of
a)’(I) in calculating tb. iat~~va1. It Is possible them to co~~ute the
average velocity, V s  lit,  and me-press It as a functio n of wi ther I er
t. Ixpressed Ia ibi s emy, V depend s on the yield of the wa res , bat
If by uling the expeoted vaLues of o-verpr...are as a f unc ti om St rang..
‘V is .xpre.sed as a function of a?, the result is a relatiea that is
Indepsadeat of the yield of the source. This Is possible because the
yield scaling law lsavei ve]oci ty and pressure u ab~.iged and trauaforas
saly d istan ce and t a s.  Vith a measured value of $ and A?  from a
given ~~~e, it I. pos s ib le to deteraiae the value of ‘V oorrs.poMl ag
to the observed 4?, aM wi th th i s Imfo rmetiom the rang. oorrespond.Iaj
to Lb. obser ved value of t can be oo.puted without any prior knowledge
of tb. y ield of the source ,

to ge from the hypothetical hoengensous iso ther mal stuesphers be
the conditions of the actual atnes-pher., USO is ~~~e of a sI~~ lt fi ed
scaling 1 , ~~Ieh load baa shown to be approxima tely equivalent be

UNCLASSIFiED
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the more co~~lsz Fuchs seali ng lav ’ft.is consists .ss.nt ial1.y of us-
lug the Snobs seals fac tor computed for the altitude of tb. pressure
ga~g rather than Lb. a1tit~4e of Lb. aourc e. According to this law
ov .rp r.ssur. Is changed In the sane ratio as achiest pressure, so th&t

is unohanged, and the shock ve locity is ~hanged in the sams ratio
as tb. velocity of sound. ?hoa if 5 1. an average vain, of the sound
velocity over the path from source to gage, sb. rati o u/L ~~ss ex-
pressed as a functios of aP/p• is approximately tmt.p.Ment of the =
blent pressure sal tsmp.rature at eithe r source or gage a. veil as the
yield of the souros , This function , w hen computed f rom the ixpestad
ovePpr.aaur. vs. di steacs curve for 1 1? is a homogeneous atmosphere,
is then directly app licable to any y ield Is any atmosphere. Valves of
this fanatics obtained h7 aunertoal imtmgrsttoa using the averpreaeer.
vs. distasos function given by’ eq-oatieaa (3.1) a~d (3.2), are plotted
is Figure 4.1. Is using this relation to determine Lb. average shock
veloci ty for a given value of the ratio aP~P~, the ve.~ is which the
average sound velocity, ~, is defined is not particularly cri ties1 for
moderate a4c ira~y r.qutren.nts since o varies by only 14 to 15 p~r cent
botweem sea levsl and the trepapaus.. Per the present purpose, a is
takea to b.

~ 
(I) • (z — h)/ f C ’(i)  J: (4.3)

where a is the altitude of the gage and h is that of Lb. b ch . This
function was c~~~~tsd from Lb. meteorological data for each shot by mu
msrloal integrs tio a.

The effect of wind velocity ems taken Into cor~si*.ratio* b7 add .
lag to the av erage s.ho~k v.1 city the average component of wind isle—
city prvject.4 on tb. li ne from shot t. gag.. Since the wi nd coupon-
enS represents on ly a relati ve ly small correction is th. averag, ehock
velocity, the way In whi ch the aver age I. defi ned I. not erIj i~al, Ia
the present case th. ave rage is defined by w.ig~ttrig Lb. vied velocity
in s~h small increaact is altitud, in prop ortion to th. time that
would hi taken for a so und wav e to pass th rou~ i the given rang, of al-
t , Suds.

A. meatiosed is Chapter 3 of the present report , the rang.. cc.-
poSed fro m the •bservod travel $1..., altitudes , sad everpressure by
Lb. above procedure ar-s found to av e rage about 2.2 per cent larger
th*n the ~~~ ranges. YhIl. the accu raa7 of tb . baste data is sot euf—
ficiest to warrant a detailed anal~~ie of the esuro. of thi s small sys—

~~J. V. load. Jr.. ~~a lIa of Peak Ovsmress~r, is a Io~-w~ifori Lt~
~~~~~~~~ SC—1939 (Tv) ,  Sandia Cor poration , 1 July’ 1951.
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t atio error, it Is worth psiatiug out that its siga is oonsiste*t with
the YLISIZI free air peek overpr.senre ours’s. ft. ?1~SLIl curve falls
sli~~&tl.7 below the serve used in th. present com putations , end eat en.-
putod resgee shauld therefor, be sU~~ tly too lsi s.
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~~?ID~~1OGICAL DL2&

?AII~ 3,1

$hot 5 Iad.tosoede ~~ta for 7 )by 1952, 1200* (~05O0 PD?)

Sound Wind Wind
hme £lti tnd e Pressure Temperature Velocity Veloci ty Dtreo.’
(ft. above ~~L) (psi ) (°C) (ft/sic) (ft/seo ) t in

4127 1.2.78 18 1122 0 —

5000 12,28 18 
— 

1122 0 —

6000 11.87 17 1120 34 180

7000 11,42 
— 

14 1115 44 180

8000 11.01 12 1111 54 180

9000 10,59 9 1105 59 190

10,000 10.19 6 1099 61 
______

12,000 9.48 1 1090 76 390

i4,ooo 8,76 .4 1079 91 190

15,000 8.43 —7 1074 83 190

16,000 8.11 .9 1070 81 210

18,000 7.50 .44 1059 98 210

20,000 6.92 -.16 1055 1.13 220

- 

22,000 6,37 —21 1045 125 220

24,000 5.85 —27 1033 328 220

25,000 5.60 —30 1026 132 220

26,000 5,37 .32 1022 133 220

28,000 
— 

4 .93 -36 1013 160 220 
—

30 000 4.50 .43 1002 157 
— 

220

H 
-

~~~~~~ 
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tLII~ 3.2

3~ot 8 R&ttoeoud e Data for .5 J~~se 1952, 3 2002 (~~ 500 PD?)

Sound VIM VIM 1 - -

‘~‘ruo Altitude Pressure ?eepsrature Veloci ty Veloci ty Dt r.o—
(ft . *bove leL) (psi ) (°c) (ft/eec ) (ft/see ) lion

4127 12.68 15 1117 5 340

5000 12.2~ 18 11.22 3 340

6000 11.88 16 1118 3 270

7000 
- 

31.46 14 1115 8 180

8000 11,06 12 1111 1? 130

9000 10.68 10 3.107 27 140

10,000 10.29 8 1103 29 130

12,000 9.56 3 1093 32 130

14,000 8.85 —1 1086 34 120

15,000 8.50 .4 1079 34 130

16,000 8.17 -‘ 1076 29 140

18,000 7.56 —9 1070 24 150

20,000 6.98 -.10 106? 32 
— 

160

22,000 6.4* -.14 1059 35 170

24,000 5,93 —19 1~~9 42 190

25,000 5.67 -.22 1043 42 180

26,000 
— 

5( 47 .24 1039 44 
- 

160

28,000 5,03 .29 1028 39 170

30,000 4 ,61 —34 1017 32 160

35,000 3.71 .44 996 76 23,0

40,000 2.92 ..
~3 976 79 200

43,000 2,54 —57 967 74 
- 

200
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APP~~bII C

A1eI~~Ja SCAII

?ABIa C.)

~~t s  
_ _ _ _  _ _ _

Altitude Altitude
(ut . abcvs KJ.L. ) X 

— 
(kft. above K.S.L.) )..

4 ,5 1,000 1.000 19.5 1.487 1.15~
5.5 1.021 1,002 20.5 1.533 i.i6 ~
6,5 1.~~3 

- 

1.007 21.5 1.583 l.l8(

7.5 1.066 1,012 22.5 1.63* 1.197

8.5 1.092 1.020 Z3s5 1.689 1,211

9.5 3.120 
- 

1.029 24,5 1.747 1.23

10.5 1.149 1,038 25.5 1.800 1.245

11.5 1.180 1.050 26.5 1.873 1.27k

12.5 1.213 
- 

1.062 27.5 1.9*2 1.29~
13.5 1.246 1.073 28.5 2.014 1.31k

14.5 1.282 
- 

1.0k 29.5 2,091 1.340

15.5 1.320 1.097 30.5 2.173 1,362

16.5 1,359 1,111 31.5 2,260 1.3&

17.5 1,399 1,124 32.5 2.353 1.431

18.5 1.442 
- 

1.138
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LLfl!1~ 3 SCALE ?AC~0R3

?L$IJ 0.2

~~~t 8

Altit ude Altit ude
(kft, above L3.L.~ X ~~ (ut. above L8.L , >..

4.5 1.000 1.000 20.3 1.47? 1,121

5.5 1.018 0.999 21.5 1.520 3.132

6,5 1,038 1,003 22.5 1.566 1.145

7.5 1.059 1.008 23.5 1.614 1.160

8,5 1,082 1.014 24 ,5 1.664 3.173

9.5 1.107 1.020 25.5 1.718 1.190

10.5 1.133 1.027 26.5 1.775 1.209

11.5 1.161 1.037 27.5 1.834 1.226

12.5 1,189 1,043 28.5 1.897 1,243

13.5 1.220 1.051 29,5 1.98* 1,276

14.5 1.252 1.059 30,5 2,035 1,28*

15.5 1.285 1.068 31,5 2.110 1,306

16.5 1.321 1.079 32,5 2.189 1.328

17.5 1.358 1.090 33.5 2.273 1,352
18,5 1.396 1.100 34 ,5 2.362 1.375

19.5 1.436 1.109 35.5 2.456 1.401
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C~~~$er 9
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~~f 
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$p.ai.1 V.,1... Project
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