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ABSTR\CT

The siqni~icant role of Mach reflection and the l“f
1/5

sc41ing

law which is used to relate the blast pressuras fron chemical explo-

sio~s and nuclear explosions is discussed; the sirnploacalinq la-wcan

!
lW expodtod to fail at dist~fleesnear the explosions becauso of the

vnstly dii%’eren5energy densities involved in tho two cases. A new

se$ of valu~s for rofloctod prossuros in the Mach rcqion is presented

as n f%nc%ion of incident pressures and anrles of incidence. These

values are based on Von Heunann’s theory of re~ular reflection, semi-

enpirical considernt,io~sat extremely flat anrles, and Taub?s experi-

mental data in the reqion or Mach reflection. ArIattempt was made iio

eliminate from the data t’neeffect of certain experhnenkal conditions,

such as Ceomotq of char,:e,a factor recently shown to be of corisider-

able importance. A free air curve is deduced for an atomic bomb and a

new set of height of burst curves for atomic bombs is presented. ‘i’he

Fmost strikin~ ch~nge in the hei~ht of burst tables resultin~ fro the,
~.:

present study arises’fron the observation that in the re~ion fron~-20
~- “’”

psi peak overpressure tho blast from an atomic bomb of ‘#kilotons total

enor[y release is nest nearly oaual tiothe blnst resultinq fron a scaled
2VU

%

(1). kilo+,onsof a spherical ?a~tolita char};e. The inn~curacies and ‘—

<oficiencios In present dat~ are sunrwirizod. Tho st~n3:Tindicates that

% requirement exists for a bro~d experhnental progrm, prior to and

‘~1~ Since data of’the same order of accurracy was not available for
.—

spherical THT char~es as it WCLSl-or pentolito, the latter was
chosen as R reference. The difference between T?!Tand pentolite
ie posyibly of the order of 5$ in pressure ( 15$ in blast enerLqy)
from two char~es of the same weight. In comequence the factor 0.6
would be raised somewhat if TNT were used as the reference chemical
explosive. ●** ● ●9* ●90 **
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an atomit boub can be maximized by choosing t}Iepropor heicht of burst.

This report oontains the results of B study of tilefaotors

into this ohoice of the burst hei@lt with special enphasis

sure distribution to be expected from a bonb t’urstabovo a

whj,oh enter

on the pros-

rigid surf~oe

ab6ence of 8trUCtUP38.

It is, of course, nece8s8ry in applyinc tho results to actual

configurnti,:nsto allow for t}lediminutiotlin blast energy at a

<iven position by ta~qet destrl~ctior.ant!the shieldinn of one target

elatent by snot!ier. “here is, at prmwnt, no accuratc quantitatim

h-t}ie~ore, due all owanco should be nade for tie neteoroloqical

oonclttionsat the tirm of delivery sinco it is ham that eneriy 5s lost

(2)
iiothe blast if’the weapon is detonated in rain or fog . ‘1’Impossiblo

lmportanco of the effeot of the altitude of the target on ihe blast v,ave

warrants further study. Fiwally, the present study is restricted to the

blast ef]”ectsof air burct atomic bombs and ttoesnot attempt to deal with

Radiological~larfareaspects of’the problem.
1~

2.1 Mach Reflection—— —.——

Tn t?lere~ion of pnctjcal interest (2 to 50 psi) the peak

nres*m-efj(3), alon~:antin~ar the cround arc closely reletd to tlie
“

phenorwnnn of Maollreflection. Intuitively, one might guess that in ~.--

‘~j~.~ Penney, LA*-2 17. There is reoent evidenoe that this effeot
it3not so important in fox.

(3) Only peal:pressllresa~o.tjs$llss~~.b~~.%l~snof the sole dependence
of chmage for largo ~g+l~s!.$.n.s~n~jl;i$~a[:atltitid*Ocf reference (2).
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order to raxinize the pressWe at a

explosive charge located at a fixed
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tar@ area by neans of an

distance from tl!etar~ot

area one should placed tb.oexplosive directly above tllcarea tio

Go-ta “broadside” effect. It is a peCU1i[l.rcnnsoquenco of !~nch

rnfleotion that such is not the case: to achie-~erwxirwrl+3ffect,

one places t‘m char~e at an anflleQ to t}w tar~y:tarea (FiC. 1).

I “
8

Fig. 1.

This phenomenon I-FLSbeen doscritod in some c’etailin

(4)
nany previous papers . Briefly the picture is tliis: Initially 8.

spherical shock.r~’vediver~es fron tb.oexplosivn source, foilowed by

the fmiliar pattern of a re~lected wnve, Illustrntnd fn Fi~ure z.

r~~ion behind tho incident WEVe is hoatd by t}-.epassa~e of t}ie
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/-----”+- “-m;%7~f fxfi=r~

Fi,p.2. Re?ular Ref’lec’ttonof a Shock \{ave.

Ah ~ Certain critic~l angle of incidence (whic}ii9 a

function of t}Lepressure), the reflected shock actually overtakes

the incident shock and the two fuse forming a Y l~ke pattern
*a-@ +

(Fi&. 3). r
The triple point which l~mit6 tho fused re~ion continues

to rise as tl.esk,.ocksmove outward until eventually the incident

and rcflectod waves are evcr:vdwre fused into orw. The prossure

in the fused rc?ion behind t!~estem o!’tb.c1’,cr !rachstem as it

is called, is roughly double tb.epressure behind the incident or

reflected wave slow.

Althou@ there is evi.denao

vary along the !!achsten decreasing

that the prtssure ciiy

by ~ l!Y~in passi~g from

the+ ground to the tripb point, we neglect this variation in the

‘

pre6er&tdiscussion. ~lhenmore accurate data are obtained this
... .

refinement might well be made.

.
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Stages:

A.
B.

c.
D.

Regular reflection
?Jachstem barely

formd
~.fa~hstem
Maoh stem completely

clo,sed(Fusion
oomplete over
hemisphere)

W?lere :

I - T~oidefitwave
3 - ?efleoted vave
;,!- Fusion wavr (:hck stem)

A
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L>; re d. ?mrsl~ra I+stribution in Reflection Pattern-. .
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..achsten is formed, and at which the

obtainod, is Tory sensitive to the hei@~t

of burst.

At the present titxrthe rolation8 in the region of ro~ular re-

flection aro reasotlablywell understood. as a result of the theory of ,T.

vordfouman.(’).lktailed calol)lationsbased on t!~is%?leorywere carried

(6) (7) ati
out by Polac!mk nnd See~er , an~ tested and verified by Taub

others. However, t}lereis no adequate theory presently available for

the raKi& of iiachreflection. In this region, w*3will depend primarily

/
%.*

t]ponexperimental data obtained from small scale explosive shots (TN’f,

:xntolite). The work by Taub in t}lisregion is basek in part on shock data of

L. G. Smith(o). ‘!’hereis, however, reason for believing that shook

tube results are not ~enornlly applicable to explosions because of the

one dtiensional character of the shock tube data (cf however remarks on

nage 12 below). Hor is sufficient data available from atomic bombs

because of the small nunber fired and the low hei~ht of burst emplq-ed.

The only possibly reliable existinfipro8sure di8tance data aro from

13ikiniAble. ‘lofree air pressures are as yet available for atomic

bomb explosions although Iiiis understood that coneidorable effort will

be put forth to obtain this basic information in the next series of

bomb tests.

(5) “Oblique Ibfleo%ion of shocks”, J. von?!oumann,~xplosims Research

Report No. 12, !IavyDept. Board, Oct. 12, 1943, Confidential.

(6) “ReflllarReflection of Shocks in Ideal Gases”, H. Polachok and R. J.
nJ,>cecer Explosives Research Report “Ho.13, Navy Dept. Hoard, February
1~, 1944, Confidential.

(7) “Peak Pressure ‘~ependenccon HeiGht of Detonation”, A. ?{.Taub, NDRC
Div. 2, Interim Report ?Jo.1, NDRC A 4076.

(8) ?’Reflectionof ~%ock “:!m~a:itAir#,:i~:St Smith, PllRHo. 5, l!arch1944,
and F’MlYo. 19, April ~~4: ~Gin@*#D l$n$versit:yStation.

9 ● ● ,
●0 ●:* ● *9 9:9 :99 ● m

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●

ri~
:.O :Oe ●Co ● ●s: ●.O

● 90 , ●

● 9 ● *. e~-.oo ● am .8
● . . . . .8

● 000 ● emo
● * :0●:00 ::●:0 :.*●*

A considerable ~or”{;o; of t!,ispaper is devoted to an analysis

of *]KJavailable snail char~e data for l!acllrefleokior.,a study of its

applicability to atomic bonbs, and the makin~ of a compilatim designed

for uso in hei~ht of burst charts.

2.2 Scalin~ Laws

The forced dependence on small ahar~e data attaches a KW*

@ ‘
imporianuo to the so-calledW

&
soa ,nglaw, w?liohstates that F or two

explosims of different wei~ht, equal ~ak presswos are observed when.

the volumes involved are prqortional to the i-assesand !lenceto the

enerry rolcascs v~land ~~2. From this it follows that the distances Rl
(!2)

and R. nro related as the cube roots . ‘IhatiS

P = constant

Another inportant scalin~ law is

~.
.

(1)

that whioh relates the tim~s for similar

events to occur e.~. for tht)pressure to reach a given value.

(2)

The fac?ithat tho scalin~ law has been found to be appl!cable

over a considerable ran.~eo?’ener~ values for two chonioally identionl

geonetricnlly sim%ler =plos iVOS is taken m evidence of’its validity.

In t!]ispaper i::orl;tliefaniliar ass~m~pti~nis nade that for similar

r
~+QJ.x‘

explosivo arrangd’din similar initial ~eorwtries all details of t!leshock——

phenorlem both in space and tim wl.11scale accordinq to the oubo roots
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It is instructive”in con3ideri2C t}ler~19vance 0? the scaling

from }!.S.tO atomic bombs to oonpnre tile conditions attending

the detonation of t}~esetwo sources o? blast.

Assuminr a density of 1.6 P/cn5 , 20 kilotons of T!J’Iwould Ilave

a rac~iuaof 4G feet. An ator,licbonb has a radius of the order of a few

feet, tho exact size depending cn the model. It is olear thal;the initial

ener~ density ih an atomic bomb explosion w}lenthe shock has reached the

s,wface of’the bomb is sonet}linKlike 103 to 104 timOs that in the chemical

explosivo vrhic!lliberates the sane detonation nner~ and that the pressures

close to an atomic bomb are onnsequentl:Jmush flreatert!ianthose fron

d
chemicnl explosives. FArtlmr out one mi~ht hope that the blast waves

bocone nore nearly similar in Tlew of the decreasin~ spatial extent of

the chemioal explosive relative to the distance fron tht?oxplosion, i.e.,

the tendency for fihe.true sols~tionbo approach the point sourco sol’tiion.

Tkre is an arlvment which rakes it plallsiblethnt energy losses’

due to surface rou@ness may be considemble in the case of the small

charg08 at leaSt. tho best small char~e data has been obtained fron

oharge fired onr ooncrete; it is not unoonmon to have !~rojeotionsof
,flcti+

Fgravel as high as 1/16” quite generally istributed over the “smooth”

surface. For a 20 KT bomb an equivalent roughness would be something

like 2 feet. In other words, to obtain conpar~blo conditions, one would

ham to measure the pressures fron an ato[liobonb over a ~ield liberally

strewn with 2-foot boulders. On this view, t% data obtained over a

sandy beach at ~nivmtok is nore typioal of a “snooth surface” than the

small charge data with which it can bo compared.
eee ● ●9* ●** ●*
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A study was rwle of the snail charGo pressure reflection
\___,.

,$ v“

data available to the authors.. In order to prwide the bcsk possi- +’;.,?

ble basis for heiflhtof burst C}”IN%S,
,&\,

an effort was rd,e to elim:nate A J
/

a nwnber of distortin~ factors wl~ichinitia] study shove{?to be

inportant.
(lo)

RecentLy, lJloaknoydononstrnted thn.tfree air curves

differ rmrkedly for differeti c?.ar~es%pes rnnctori:-!<i.rival?d tl-.e

assumption employed in roferenco (4) th~~tn+,<rea-.cistances, any

c~r~e geomt~ ce.nbe treat-d as a poir.t sourco. :~lcln~mjyf s curv~s

show that, in @neral, non-s!:,hericalchar~es caws~~hi;;;~er;jea]:pressures

close up tbxm do spherical char~es, that these yvssurcs later fall

to as much as 3Q~ lower (in the case of TI.Tblocks, in t~ter!~ion of

3 psi) ant!Cn.dually rise aflainbut are still 2Q; low in tho region

of 1 psi. Differences for oylincl.ricalskipes were less rm”l~c!,sone

15X low at 4 psi, risinf;
(11) ~

to abollt55 low at 1 psi. Re:molds‘ ~

shovrnthat the free air curve from a rectan,~lar ??ncineorblock is

(

n-r
qllitecomplex, shows two pressure ;wd:s, as a ~sl.)lt of’ the ~r~in~ of

dif’fore]ltpeak pressures f’rm-.the side and butt onc?sof the block.

Accordirwly we l’~veattempted to co’’.sil]eranclelirt~l.tite, as far as

possi?)lc?, t?le Cfff?ctsof’difforont fr<o air curVCS.

‘Tk,oreflected pressure nt any point on t}lcground is a
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It is, of course, recognized that in the region of the h!!ch

effeot - the reflection phenomenon does not take place in an infini- /’”

j /“testil region of space but is, M it were~ a pheno~non in the large

the pressure on the ground is probably also a funotion of the past

history of the shook pattern and consequently should in prinoiple
.~r~l *

Idiffer if the pressure versus tinw ard distance surface differs for

the explosions under comparison. The earljest part of the IIaohphenomenon

(1.2)
is of greatest interest to us and in this region it seems reasonable

to expeot that “history effects” are small. In addi+ion, we lack ex-

perimental informationbearing on this questim. In oo~~q~nce Vre

will noglaot

explosive to

For

the differences in these effeots in sealing from one

another.

conveniencewe define a quantity~ ~f~aalled ~he Pres8Ure

multiplication, as
Pr

Ma
(4‘f r = oonstarrt

wherez

Pr a reflected pressure measured on the ground

‘f = free air (or inoident) pressure

As stated abom$ m as8~@ tkt
*

%,
Pr uf(Pf,O) -“%,

or in view of (3) that

M- g(pf,e)

(3)

(4)

(12) The scaled stem heights comnonly considered as optimal for the
production of d~$e:a~ l~~eo~~or a 20 H bomb or x3”.

88G**-O*O ●* ::
● ● * : SD
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Another usefil quanti+s~;~.t~ &:$Q$t~O& faotor K, which is defined
.— ,/s-tzzt-

to be the ratio of the apparent tonnage as indioated~by the refleoted

7’pressure distance ourve to tha indioated by the free air pressure

distance ourve. #
R3Z”[4Ku r (5)

‘f p = oonstant
t-oz o =ma// ,ofe/w.9/

I~Athe free air pressur< distanoo relationship is of the

form

c
‘f = --’ii-(%)

(6)

then K and M are related by the equation

~ * @l
(7)

Experimmtal data has been oompiled on Fig. 6 where the

free air pressuras are plotted as a funotion of the reflected pres-

sure and 00S9 . The bulk of this data, based on the firing 1/2 lb.

TNT blooks, is taken from Tables I -IV of Taubts paper
(7)

. J3aoh

reotangle represents the average of the group of shots (2 to 4 ) in

which the data were taken at a certain distante and angle frornthe

charge. ~se were ccmpared with the free air pressures for 1/2 lb.

TNT blooks as given by Taub; &d are plotted together with the asso-
3

ciated value of 00S@ . In-these experiments the long exis was kept

(11)
perpcindioularto the line of gaugep. Reynolds reports that the

variation was not very marked along an equatorial plane so that the
.“

uncertain ies in refleotim faoto-rsdue to oharge orientation are

r<m r
judged to be small.

free air ourves for

but TaubTs free air

There is oonsiderable difference betimen the

TNT blooks as given by Bleakney(lo)
and ‘Taub(7),

ourves wer% used, despite the fact that Bleakney~s
●8* ● ●*8 ●mm b*99* ● ● ● 9
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it is felt that this quantity is best obhined by using the same

experimental techniques in detcrmininflthe free air an?.reflected

pros= ures.

As stated pre~tiously, re@ar reflection theory provi.dos

R qua~titntive relationship botweon t!leincident and reflected pros-

suros and.the angle of incidence,t3 . “1’}~egeneral features of refiular

roflected pressures are given by the WV1l known rolntio?w???p

wk. re:

(8)

Pr+?o ‘f+]’o
f“ ‘–r=’ f=~

pressure in the

ovcrprossure in

overpressure in

un8hocl-odreqion (taken ~ 14,7 !>si)

Lhe once shocked re~ior:

the tvfioe s]Iocked re ~:iOIL i .Q. the
refloctod pressure

1.4 j.s ths mtio of speoific heats for !iir

Vonl!eurrann~sregular rfiflectiontheoy: wxisused to define the lines
,&@

of uons@mt Pr in +J}mrcqion of r.zqlzlarreflection. For ~eacllvalw of

.?fthere exists a critical anzle, @c, indicated by tk.o?otto$ line,

beyond which regular reflection ceases and irre~slar reflection sets

rhdn
in. 1n t?;eabsenco of Tiara dotailcd evidence _ is !r~sently

availnblo we td:e this to bc l“achreflection. @c a!>;nwac~’esa

linitinq value of S9.9’7° as the inciclontpressure increases. ‘1’he

l,h,eo~ticaltreatr.xnknf rcrulnr reflectim is verifie~?b:,-e::~erirwtlt

—
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reflection sots in. Tlf@:s&~~~ rd.wh?.l~a~ values were taken to be

b ~~~a‘~.noted by @c ●centinr.rousacross the bon a~:

For e= 90°, another boundary oondition waa enploye(l. In the

refloction from a smooth rigid surface, the.refleotionfactor K should

be exaotly 2 at larl;edistanoos, becauso the energy whioh would normally

have gono into the lowar }mmisphoro is conoontrated in the upper herni-

sphere, with a consequent do~lblin~of the oner.m~density. Since the ~”

~round even if substantially ricid is not smooth, enerf-y10ss0s will

occur and the rofleotion factor will bo r~duced from 2. Tienalcothe

assumption th~t the curve~ I’r=constantara ortl~o,~onnlto tho vertical

axis n% cos@ = ‘~. T}lisseens reasonnblo ir.view nf tileextent of the

fusinn of incident nnd reflooted shock waves w!lichhas oocurrerlby the

tine slJohcxtrwne obliquity has been rmchcd by ths ex!]andinfishock

Wt-tves. },scan be se~n by inspeotiol~of ]ri&ureG t}mra were two

T
?~ ~+

experimental points in the noi~hborhocd of cos0 = O arxlP - 1.75
f-

psi, i.e. P a 2.0 at cos@ = 0.075 and pr = 1.5 at COS@ = 0.f~5s. For
r

the two points mentioned aniithe neasurod dependence of Pf on distance

r (Fifl.7), we find that

l&
s Cos@ = 0.075 /--”-

H = 1.4, COSQ = 0.058. --------”

Accordinl;lyit appears tih!iteven on tho best rigid rt:fleotingsurfaces

used, snooth concrete, tho refleotiot?factor is less than 2 and not

Sar different fror~1.5 at these pressures. In other words, about 1/4

the appnrent onor<y of tho blast wnve has been lost to tl~ereflectin~

surface.

Vith the boundary conditions on left and richiifixed by

rewlar reflection thoo~”:a;{lg~ = “~t5~%?~l&ckively,smooth curves
● ,,@ ●**9

● : ● 0
●0 ●:0 :00 ● 0* :00 ● *

● ☛ ● *9 ● ● *

● b ● -***** ●
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,,le ,ife’”sorwwhat m-bitrary beca$~soof t?m erratio natlre o!’the ex!mri-
$WUPS o-f dah

r%ntnl vallles. Somo whcdxrrum seen to be &enernlly low.
J

on the olnwe which applies to the region just after I!achreflection
SO-6

sets in, is particlllarlypoor; here one notes thnt +A-RToxporinerrtal

po:.nts in this region, if aocur~to, WOIIM mean that tl’ere is prac-

tically no increase in reflected pressure o-rerthat at Q SO s
C Idse n PSS

The _ss OF fik of the curves to the experimental data /“””
.%%’ an Ifi+erval

of[Taubwas test~””din—e—%rn@ fron ~c to an angleS where (COS90 - cog 63 ) /-’”

&

s 0.2. For the 34 @xperincntal points involved, tho smoof?ledcurves

are 4:;hi~her than ttioexperimental PO:nts w?lichhad lar~e fluctuations.

Ta~.lbquotes t!m overall accuracy of his (!atato be of t!leorder * s-j,

anclhence the curve can be taken as a friirrepresentation of his data.

The probnhle error of’ t}le curves just a%er !!achr~flection sets in,

is somtl~inflliJceA 5::in pressure corrospondin~ jn tho pressure ran~e

+ M;; in yield.studied to k - ‘l’hescarcity of datn for nore oblique

incidenco rlnl:esa cotlparisonhetwuon experirwl]taml the curve even

less reliable.

W. FRYE AIR PRESSIJREDISTANCE CIIRVEFOR A?:ATO?;I()BO1!B.

In the attenpt to apply the small char~e results to t},>,g?l:*
* &&&QE&. M#%Z& v

distanco curve for hn atonio bonb we recognize thatAthe ratio of energies
A

in the form of biast is different for an atomic and chemioal explosion
~/.

-*
~a ;

g+

, ti~..e~-$~%hia -~povb the pressure distance __
J

—

characteristics for the two ay~-also difforont.

In this section we will give the results of applying the

reflection fac~torsfliveni~lc~i.~ureG from small char~es to the Bikini9** ●O* ●*●’. ● ● ● 9*
● :0

● : ;* ●* ::
● : ● *

●* ●:0 ●*9 ●em :90 ●*
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burst wnployed in this case (520’) it is expeoted that relatively

little energy was lost to the surface and that the blast ener~ and

henoe free air pressure so deduced is in faot related to the total

yield in muoh tho ssne manner as in nest comlmt drops in w}lioh

(13)
burst hei~hts bdnw% n 1,000 and 4,000 feet aro contemplated .

After the deduction of the freo air curve the res’~ltsare applied

to determine the soale factor for pentolite required to produce the

best match in thb region in which data is available (2-20 psi).

&
First a ~tatement as to tho blast rmasurermnts at Bikini

Able (Fig. 8). Involved in t}lisdata are preesures calculated frcxn

shook velocities; these are reasonably dependable but do not go below

reflected overprossurcs of about 7 psi. At lower pressures, no data

were available exoept through such detioes as foil gauges. In the

region of 2 psi, the pre8sures oan easily be in error by 2@0, with a

consequent error of about 5@ for tonnages deduood from it.

The Bikini Able measurements have been combined with the

small charge information of Fi~ure 6 to give the free air curve for

an atomio bomb plotted in Figure 9. Bleaknoyrs ourvu for spherical

pentolite has been included for oonparison. (Note that two separate

distance scales are used, one for the 1 lb. pentolite o!,argo,and

one for the Bikini Able bonb.) This is the free air curvo for an

atomio bomb, assuming that the rolativo energy loss is exactly the

same as that for small charges fired ovor concrete and that history

effeots are small,

—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



\

● ● ☛

●

● **em ● ● bb
● **

?.-&y: :“:..:’.● 9*
● O O** ● ●

● ☛ ● ☛☛ ● *m ● O9 :00 ●:
● *em

9 :**:*::—”: ● ● 0● : ● *
● ●:6 : de :09 ● 0

\,

. 3. A

i
/

o

..,

—

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



Rmmm’
● *9 80. ● -0:
““ -%i?i- “ ● ****9

● * .:. ● *. ● .* ● . . ● *

The blast tonn~;~s~in~~oa~ec~”at~&y peak ovmrpressure
9 ●09 ● ●00 ●O* se

are readily obtained f’ronFigure 9 and t}leseresults are plotted

on Figure 10, which ~ives the indioatcd tonnafieat various re-

fleoted pressures ~r,. The faot that the lin~ i$ liOt

horizontal might be.taken to indicate that the free air pressure

distance characteristics of Rn ato]flicbomb and pontoliiiespheres

are sli.qhtlydifferent in the range considered or that the pro-

codure used to derive t

o

tomic bonb our-vuis in error, except

that the dif’f’erence
~

s oorisideredto be within experirrmntial
/

error.
#

In the region of interest, from~to 20 psi, the averaf;e

value for the indioa’tedtonnage in terms of pentolite is:

Table I.

I?ikini.Able

Total ‘!ieldKilotons

n

22 23

Average Indicat~d Blast Yield Kilotons l’ontolite 42H- /43”8
Fractional Indicated Illast‘r’ield &!5t3 -/74
}IiflhIndicated Tonnaqe Xilotons Pentolite

I
13.9 /7sr

1.o@Indicated ‘1’onna,~Kilotons I’cnfiolite 11.6 /&*O

.

expected total

scaling up the

that they best

atomic bomb in

pressures).

:rieldOf an atomic bomb by a factor ol? ~ln

free air peak overpressure curves of pentolito so

natoh the free air peak overpressure curve frun an
4

the region of interest (20 to~psi reflected ovor-

.

d
If any true free air ourves for atomic bombs were available,

together with the collected experience of rofleoted pressure distance .,

curves over mapy taotical tarflets,one OOuIc1,no doubt, use a much

more refined procedure

while, its use permits
@

,4
t~a; .~ka& rasu?:%irgi.in th 6 aotor. Kean-

● ::0 ::
sL?~li&$&@w~$rKelu.3harge data in what seems to
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v. HEIGHT OF BIIRSTCIIARTS.

● b
●

●

●
● m

●

● ✍

✚✚
● e
● O
● *

5.1 Chart for 1 Kiloton Atonio Bomb—.— . —.

In the practical determination of height of burst, refleoted

pressurt?smay be presented in a useful form through the parameters,

hoi~ht of burst, ho, and horizontal distance d. An hc vs d chart

requires the use of a specific free air curve; spherical pentolite

was ohosen as a useful approximation.

Tho result of o~bining Figure 6, with the free air ourvw

for sp!lerical pentolite, FiE. 9, after the trar+sformaticms are made

“s
to ho and d, and a soale factor (

~ 1/3 .
2X1O) was applied, ,=’----””

appears as Figure 11. This then is the height of burst chart for an

atomio bomb of 1 kiloton total :~iold. This 3.sthe same form of pre-

sentation as given previous ly by Von??eumann and Reines (Fig. 42 refer-

ence of footnote 4 ), and is intended to supercede it.

Inoluded on the chart are curves for several U!ch

kti
heights. These were obtained principally from Halv~rson?s

Woods Hole (14‘. The data presently available for such low

heights is extremely meager and inaccurate. The experimental procedure

ordinarily used is to plaoe gauges at several heights in a vertical line;

the time lag At betmen incident and reflected pressures is measured,

plotted against gauge height , and the corresponding Maoh stem height

found by extrapolatingf3t to zero. This prooedure is quite aatisfaotory

a A@/p&*
for high stem heights;- W-Y ~ 1.0 agrees within a few per oen-li

with othor sources, but on &i80fAbd basis , it corresponds to several

hundred feet for atomio bonbs. The procedure is no% hatisfaotory for

(14) “The Effect of Air Q6~ti”o% tll~~!~s~:fron Bombs and Small Charges”,
R. R. Halvers63n, Di~s”2@~W A:3~, vi Report 4889.

●0 #ma 8De ●mm ● 90 ● m
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ve~~ low hei~hts, about 0~”~{$~ O.[* :vrhfc#.when scaled is in {●0+90 ..

region of interest for atomic bombs. For example, the line Y ;

may be in error by 50 to l~a,”~e

To appl;~Figure 11, one rmrely

1/3
the scalinfi factor W , where “W is the

(1 kiloton TNT is defined as 4.2 x 10
19

——

multiplies all distanc(

total yield in kiloton

er~s ). V[e now proceed

semral illustr~tions of how it can be used,subject of course “

limitations cited in Section 1 of this report.

(1) !faxinize the area coverocl~a certain ~eak presl—— —— -—

T:~is is given by the nexinum horizontal distance

by any of’t}leref’lecked prossuro curves.

(~) Stem height roquirad to cover a struature.——— -.—

Ono scales down

scaling factor,

s-ken,and rec.ds

the height of the structure by W

selects the pressure desired in “

directly tileheight of burst w?~i~

Tives this combir!ation, and the distance at whit]

occurs.

(3) Areas covered~ improper heights of burst.— .—— ——

For a given hei@rt of b~u-st, and a selected pre”ssure,

read the horizontal distanco at whioh th~s occurs.

This can be compe.redwith the distance for the nxiximun,

and squaring tho r~tio giw$the $ of maxinum area covered.

(4) Small tarGets.

If a given cirou::nrmea is to ho dama~ed, ~nd no damafle

is desired beyoncl a certain radius fro]lGround zero,

one can i~crease the clama~e inside that radius, and

minimize itoo~ti:+ b~;%@+@9Je adjustment of the
● ● 0.::: ●0

height of bu&&s:tt!%u3ue~&e sm:itical radius by the

—
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pressure will be naxin.ized, obbained by interpola-

tion on a line joining all the naxina. A somewhat

similar procedure would be used if the pressure

~?~tsidethe critical radius w~s de~initely not

winced to e.xceeti~ certain pressure.

2SU0
feet, and the relevant horiz ontizldistance is W&3 feet. For a

//s0 e%
hei~ht of burst of J@QW’eefi,*+ low, the horizontal distance is

~ +“ 2 ~~ ,4;%
ohanged to 34-10,a chnn~e of @ in radius or reduction of M--in

area.
d3-

On the other hand, an increase in heizht of burst of %!57:to

Firwi-e 11 SY,O-VSquite sloarlj-t}m insensitivit:,’of’daaa

area to heizht of burst in the re~ion of’the maxira. For exampl
6

the arm covered by +&psi is ma~inizei with a height of,bvrst of

J

/“~~ 24’20 - s
lld&ft?et, decreases the radius to +3-50fe~+tby
& ~/@

.* , a reduction of

.44$? In area. This emphasizes t!w fact that in ~enaral no great
//>.$6/,r’/o/ /&

accuracy is reqI.Iiredin heifl]”ltOf burst: -is ~pys,i,derably

better to err in the direction of 10V;hei~hks, than to err in the
&4bv+= ;s -A* &l& CQ7-Z&

rlirec-kiooof hi~h hei~htsfi~ tm~

. .,. \ \
AM-5A ,Jlb G1 .l. hbi L UIJ /. J., N

.

We note further than the sane hei@ of

f’acto~ for s$voral peak ?ressures near it; that

7

!

burst is fairly satis-
4

is, maximizin,q 8 psi

very nearly maximizes both 10 and 6. Also, if’Mach sten heights wero
>J k7-

&e~~&~~~~erio~l, snY3~’ ninimum, forabomb oftotialyield=x

,*

*

A . feet, and sl.lcha vulue passes close to all the naxj.m in the nei,qhbor-
#

h$od Of 8 psi.
/+’.’..c-&

Ja=kbmmH3 *
Cw

it is inte~estin{: that#i
*“T.?.oc/”#

atomic
~/e i@”

bomb4has ab~ut the correct blast ton?~~~-zce~oo$hatthe Y hoiflhtiand peak
●*a ●●000::: ::

pressuro
(

~equired to riamaceae$hc;oBt ire %%e: o%>B structure requirin~

)

●* .:,,.09 ,00 ● 09 ● *

4$ psi.is obtained ●041 ..0 ● 8
● *e ●eb ● . ● ●**

*-

●

:0
●

●e

I

I
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“with the

naxirnizethe area oovored by tk.at pressure.

It is to be noted that the requirement that stem height

have a proscribed vcJue

infithe hoight of burst

Frt?ssurebe achieved on

is a mvch nore stringent criterion in fix-

khan is the requirersent that a given peak

the grcund. In viev of this fact it is of

inter~st to inquiro a~ain into the validity of the sten heicht criterion.

~~ho m~ore, in view of the considerable experimental error in measuring

the lcw stem heights here employed , it is not ~elt that a hei~ht of

burst should be fixed b:~ this oriterion except in a roll~hmanner unhil

he%ter experimental evidence becorms available.

5.2 BURST HEIGHTS FOR ATOMIC EIOMRS.— — —.— ,

l’i~s.1:!,13, 14 and 15 ~ive the hoiqht

0“ bomb tonna~e for several selected pressures.

The criterion chosen in makinfl up these

.

of burst as a function

curves wa s height of

burst which will maximize t“;ea;~eafor the pal%icular pressure, as

obtained from Fig. 11. The yields shovm are the expected rated yield

of the bomb. The 10CUS of points for such a proper height oi’burst

is th central 10($: line on each graph. As a FuMe to the accurac::

required, lines are also given vrhich show the heights of burst at which
,..

only 90 ancl80Z of that area is covered. Ou the left mnrl;in arc also

scales for the corresponding? horizontal clisttincoin feet for maximull

covera~!e, and the nmximu~. area in sqllaremjles. It nust be cautioned

that the distance and area scales ref~r only to the 10WX lines. For

heights of burst which are too hirh or too low, t?lc$ factor f~r nroa
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vary from shout 10 ft. for the 5 kiloton cases to about 35 ft. for the

50 kiloton bombs, this for the 10@ lines.
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V1. R5CtJl!!51fl)ATTO?PG.A!{7SOW’./T!SIOiiR

1. It is su,:flostedthat exlmriments des iqned to measure

the reflection pattfirnbe cani”lctedusinr lar;:er (~ 500 lbs.) ?[.E.

c?lar,-es.Lar;’er charroc l,}~~nused in tho paz-;aro required in ordor

<e-/
to ?’wcilitntemensuremenk of the I’ach pa+;tern and nininize the &fect

0!’surface irrenllarities. Chw:es should bc s!horical in shape and

de~onated at the center. The inportallco of this ?!.E, proqram is in

part based on econonic cons iderntions whj ch will probab~< always mnke

necossar,ydependence on SC31 ~nr on small ckr~~e data.

.7O* In view of Lhc absence oi’free air pressurn-distance

curvvs for atomic bmnbs , it is sllrrestedt}mtiall Fossible sup!lort

be civon tmvards neasuromerits of this quantit:r at Rniwftok in the 1951

tests as well as to calculat ions wi~ioh can be carried out

of these tests.

. ~,’=nsllr~Ihachphenomenon in conjunction with\-l.

testisof atomic bo~bs .

4. The role o: the Mach stem in the production

in adv~nce

full scale

of damafize

should be ro-i.nves%igated, espcciall:: in ~iew of

preoise in~ornation of sten !mirhts which result

5. In any practioal use o:-the heicht
.

our present lack of

in a flivenburst heiflht.

of burst curves herein

derived one nust oonsidor a rumh nor-oconplex situation than that in

which a sinqle struoture is set by itself on an infinite rigid plane.

In an actual tar$et array ono has a group of struokures, eac!l one in

general requirinfia different peak over pressure to he destro:?ed and

each one shieldinr others and absorkinq ener~ from the blast.
It is
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W)re , a cmparison ot The ol)sermd prcss~~re curve and curve which CR3

:)? “predicted” usin,: firuro 1.1 anti the hei(:ht of’ burst and bomb r.loael
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