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ABSTRACT
1/3
The significant role of Mach reflection and the W scgling

law which is used to relate the blast pressures from chemical explo=-
sions and nuclear explosions is discussed; the simple scaling law can
bo expedted to fail at distances near thg explosions becauso'of the
vastlv different energy densities involved in the two cases. A new
set of valués for reflocted pressures in the Mach recion is presented
as a function of incident pressures and anpgles of incidence, These
values are based on Von Neumann's thoory of regular reflection, semi-
smpirical considerations at extremely flat anrles, and Taub's experi-
mental data in the rerion of Mach reflection. An attempt was made to
eliminate from the data the effect of certain experimental conditions,
such as geomotry of char.e, a factor recentlv shown to be of cousider-
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. The
most strikinz change in the height of burst tables resulting frgm/%:?7‘
present study arises fron Lhe observation thut in the region fron/;ézo o
psi poak overpressure the hlast from an atomic homb of W kilotons total
ennri% release is nost nearly eaual to the blast resultine fron a scaled
%gﬁéﬁ;kilotons nf a spherical nentolite charnei The inancuracies and -
deficiencios in present data are swimarized. The studr indicates that
2 requirement exists for a broad experimental progran, prior to and
"{1) Since data'of the same order of accurracy was not available for
spherical TNT charges as it was Tor pentolite, the latter was
chosen as a reference, The difference between TIT and pentolite
is posribly of the order of 5% in pressure ( 15% in blast energy)

from two charpes of the same weight. 1In consequence the factor 0.6
would be raised somewhat if TNT were used as the reference chemical
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during future tests qf}atbm;é wéap?hsi gnd the nature of such a progran

is briefly indicated.
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To IUTRODUCTTICM. )/ .

As is well known the damare arew produced by the blest fror

:

an atomic boub can be maximized by choosing the proper helpht of burst,
This report ocontaius the results of a study of the factors which entor
into this ochoice of the burst height with special emphasis on the pres-
sure distribution to be expected from a bonb turst above & rigid surface.
in the absence of structures,

It is, of course, necessery in applying the results to actual
tarret configuratii:ns to allow for the diminution in blast energy at a
siven position by target destructior and the shielding, of one taxget
elenent by another, There is, ai praesent, no accurate quantitetive
nrocedure for making such allovances,

Purthermore, due allowance should be made for tle metecorological
conditions at the timo of delivery since it is Vnovm that ener-y is lost
to the blast if the weapon is detonated in rain or fog(z). The possible
importance of the effect of the altitude of the target on the blast vave
warrants further study. Firally, the present study is restricted to the
blast effects of air burst atomic bombs and cdoes not attempt to deal with

LT

Radiological VHarfare aspects ol the nroblem,

3

IT. TFEORY OF REFLECTION ATt SCALTG LAWS, \>”

2¢1 Mach Reflggyion

In the region of practical interest (2 to 50 psi) the peal

(3)

bressures alons anc near the sround are closely related to the

phenomenon of Hach reflection, Intuitively, one night guess that in _

(Z) de G. Penney, 1LAW-217. There is recent evidence that this effect ‘,,v*‘“*""

is not so Important in foz.
(3) Only peal: pressures ap» ddspussed Jeaanse of the sole dependence

of danage for large &3hblésins onsthiiguantitys Of reference (2).
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order io raxinize the pressure at a target area Ly means of an
explosive charge locat«d at a fixed distance from tle target
arca one should placed the explosive directly above the area fo
ot a "broadside" effects Tt is a peculier conseauence of lach
rnflection that such is not the cese: %o achieve maxirun effect,

ore places L1e charse at an anr;lee to the targnt area (Fipe 1)
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Fig. 1.

This phenomenon has been desarited in some detail in
nany previous ;‘-apors(q). Briefly the picture is this: Initially a
spherical shoc)l: v-ve diverges from the explosive source, followed by
the fanillar pattern of a reflected wave, illustrated in Fipure I,
The region in which the two shoclis intersect nnly on the around is

called the rerion of rejular rellection, The once-shocked air in the

rerion behind the incident weve is heatrd by the passare of the

(4)es " vhe !aoh Effect and the leisht of Rurst", ., vonlieunann and Fe
Reines, Chapter 10,.%Yo%’ 1, 1A 3 s st
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incident shock and ip gogsesiende ¢tH¥ 3r vlected shock roves more

rapidly than sk incideitt shock (sfeishemgermm—strontthy
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Fire 2. Remular Reflection of a Shock ‘iave,

At a cortain critical angle of incidence (which is a
function of tle pressure), the raflected shock actually overtakes
the incident shock and the two fuse forming a Y like patiern

8t
(Pire 3)s The triple point which limits the fused region/_c:t;ntinues
Lo rise as tre shocks move outward until eventually the incident

and reflected waves are evervhere fused into omes The pressure

in the fused rczion behind the stem of the ¥, or Mach stem as it
is called, is roughly double the pressure behind the incident or
reflected wave alone.
Although there is evidence that the pr:ssure may
vary along the Mach stem decreasing by o~ 157 in passirg fron
the ground to the triple point, we neglect this variation in the
.

preseg‘t discussion, When more accurate data are obtained thls

refin'er;tcnt might well be made,
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hemisphere )

..: .5.-5?.. .;. §:. §.§
& r Stages:
. \ / A. Regular reflection
5’;;‘:‘:{;‘;" I R I \ /) ' B. Ir‘ac};;::g barely
* / v/ e C. Mach stem
K& o - pent path, (M LA ‘
N ' - D. Yech sten completely
l‘t \/ \/ -7 M closed (Fusion
rrre—gs s complete over
Tt ——

where:
I = Inocident wave
R = Refleoted vave
' - Fusion vauve (llach stem)
Fire 3a }‘nvelopncnt of imch TFattern.

M pressureas recorded at s certauin height h above the points
t, ¥ and C as a function of time, would be sonewhat as in

Pioure 4,
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Lire 4, Prarsura iistribution in Reflection Patterne
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Tho point at which the :hch’s%tem is formed, and at which the
advantage ot' the fused shock is obtained, is very sens;tive %o the height
of burst,.

At the present time the rolations in the region of repular re-
flection are reasonably well understood, as a result of the theory of J,

(5)

vonNeumann'' ‘o4 Deatailed calcoblations based on this theory were carried

(6) 7)
out by Polachek and Seeper ,» and¢ tested and verifiod by Taubdb and

others, However, there is no adequate theory presently available for
the rezion of ilach reflection. In this region, w: will depend primarily
HlaX
upon experimentallhata obtained from small scale explosive shots (TNT,
ventolite)s The work by Taub in this region is based in part on shock data of
Le Gq Smith(s). There is, however, reason for believing that shook
tubte results are not generally appliocable to explosions because of the
one dimensional character of the shock tube data {cf however remarks on
nage 12 below). Yor is sufficient data available from atomic bombs
because of the small numbcr fired and the low heisht of burst employed,
The only possibly reliable existing pressure distance data are from
Bikini Able, ’lo free air pressures are as yet available for atomic
bomb explosions although it is understood that considerable effort will
be put forth to obf%tain this basic information in the next series of

bomb tests,

(5) "Oblique Reflection of Shocks", Je vonlleumann, Explosives Research
Report No. 12, llavy Dept, Board, Oct. 12, 1943, Confidential,

(6) "Rerular Reflection of Shocks in Ideal Gases", M. Polachek and Re J,

Seew Explosives Research Report Mo, 13, Navy Dept. Board, February
1z, 1944 Confidentials

(7) "Peak Pressure “ependence on I'eight of Detonation", A. '. Taub, MDRC
Dive 2, Interim Report No. 1, WDRC A 4076,

(8) "Reflection of Shock ° reroBedry Alede, sde, 065 Snith, PHR No. 5, March 1944,
and PMR 'To. 19, Aoril 3344' ‘cinqpt n Hu:v9r51ty Station,
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A considerable portion of t':is paper is devoted to an analysis
of the available small charme data for Hach reflectinn, a study of its
applicability to atomic bombs, and the making, of a compilation designed
for use in height of burst charts,.

2,2 Scaling Laws

The forced depsndence on small charge data attaches a great e

1/3 o 7
importance to the so-called W sca%%yg law, which states that Eor two
explosives of different weisht, equal peal pressures are observed when

the voluries invoelved are proportisnmal to the rasses and hence to the

enerry roleases Wy and Wiy From this it follows that the distances R1

(g "
and R? nre related as the cube roots « <that is . .
' 1/ P
R W .
...L)H (1)
\ Ry w2
p = constant

Another inportant scalinp law is thal which relates the timrs for similar

events %o occur e.#. for the pressure to reach a given value.

1/3
by ) I W
- (2)
ﬁé \W, /

p = constant
The fac% that the scaling law has been found to be applicable
over a considerable ran-e of energy values for two chomioally identiocal

peonetrically similar ewplosives is talen as ovidence of its validity.

In this naper %Shon, tle faniliar assumptisn is made %hat for similar
. St :
explosive arrangdd in similar initial [reoretries all details of the shock

phenonena botl in space and time will scale according to the cube roots

(9) For & disoussion o scatingenr apyelse ¢m hirh explosives see R.V, Cole
"I'nderwater anlosions“,ir;rcgﬁon:“inﬂyqity Press(1948), Vole II and
ITI of the Scientific 3jraghudis. bt qris,for Sanqstone contain remarks
rolative to the scaline laws as arplied to atomic bonbs,
[ ]
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Tt is instructive in considering the relevance of the scaling
of blast fron M., %o atomic bombs to conpare the conditions atiending
the detonation of these two sources of blast,

Assuninr a densityv of 1.5 p;m/cm"5 , 20 kilotons of TNT would have
a radius of 46 feet. An atonic homb hés a radius of the order of a few
fret, the exact size depending on the model, It is clear thai the initiel
enerrsy density in an atomic bomb explosinn when the shock has reached the

surface of the bomb is something like 103 to 10% times that in the chemical

explosivo which liberates tle same detonation energy and that the pressures
close to an atomic bomb are conusequently much greater than those fron éé?—_’,»f””'
chenical explosives, fﬂgther out one might hope that the blast waves
bocorie rmore nearly similar in view of the decreasins spatial extent of
the chemical explosive relative to the dissance fromn the explosion, 1.0,
the tendency for the true solution to approach the point source solitbion,
There is an arpument which ralies it plausible that energy losses-
due %o surface roughness may be considerahle in the case of the small
chargos at least., <The best small charge daina has been obtained fron
ocharge fired over concrete; it is not uncommon to have wrojeotions of

~<Tan
gravel as high as 1/16" quite generally Pistributed over the "smooth"

surface, For a 20 XT borb an equivalent roughness would be something I
like 2 feet., In other words, to obtain comparable conditions, one would

have to measure the pressures fromr an atonic bLomb over a field liborally

strewn with 2-foot boulders, On this view, the data obtained over a

sandy beach at Eniwetol is more typical of a '"smooth surface” than the

small charpe data with which i% can be compared.
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I7I, REFLECTLD PRESS“_”&.‘.:.‘QK Séd' Sed> I'l.?\th.
hul
D ‘\
A study vias made of the small charge pressure reflection ¢ v Lr
data aveilable to the authorse 1In order to provide tre best possi- ' W

ble basis for height of burst charis, an effort vms macde to elim’nate /HJ"\
a number of distorting factors wvhich initial study shovred to be ’
important,

Recently, Bleakney demonstrated 10) that free eir cwrves
differ marlkedly for different charpe shaves renderine invalid the
assumption employed in reference (4) thnt at rrea. cistances, any
charge geometry cen be treatad as a poirt source, slonkiuev's curves
show that, in general, non-stherical charges causn hi:ier pesk pressures
close up than do spherical charges, that thesc mressures later fall
to as much as 30 lower (in the case of TiT blocks, in the r gion of
3 psi) and grudually rise again but are still 20, low in the region
of 1 psi. Differences for oylindrical shapes vere less rarled, sore

% low at 4 psi, rising to abont 575 low at 1 psi, Re;'nolds('u) has
shown that the free a.ir curve from a rectansular Fngiuveor block is
STenT .
quite complex, shows two nressure peal's, as a Fsult of the rorging of
difforent peal: pressures fra- the side and butt ends of the blook.
Accordinesly we have attempted to corsirer and elinfirate, as far as

possible, the cffercts of diffaront freo air curves,

Tre reflected pressure at any point on the ground is a

R'c{-kcécd\./ N (cid ot

Jave - ,’9 W
.' PR R I)d.ra.”(.( . '.CO'LV\CtdCJ ..nm jre nd
Macn% - sre wLl (n Yelw of rc Jar
She w ! re(/cdv nJ

y A oy av ey aw v A bl o A S AU AU AL AR A sround (1w

Fig,e 5« l!ache mni‘n::lroig.on 5'
(10) 1r.é."t,cnua.tl\ol'l of Sph%'m&'{ I oshtis: "&v’e’o in Air", "Journal of Applied
PhyS'iOS JU1V 19495 ?0.6700 see o 2 o

(11) G. T. I’”"“ﬂ?’PR@ﬁ’}SF@‘Q‘%t‘JBEPX‘E-ﬁEE’EASEm JKC, Yioe 1532,
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function of the free d;i' J_‘:?ceésm;g.a:q.tgqsh point, and the angle of
ineidenoce, e .(p':?- 5)

It is, of course, recognized that in the region of the Mach
effeot ahere the reflection phenomenon docs not talke place in an infini- /
tesimal region of space but is, as it were, a phenomenon in 1.:he large} /
the pressure on the ground is probably also a funotion of the past
history of the shock pattern and consequently should in principle

ot

differ if the pressure versus time}and distance surface differs for
the explosions under comparison, The earliest part of the lMach phenomsnon
is of greatest interest to us 12) ard in this region it seems reasonable
to expeot that "history effects" are small, In addition, we lack ex-
perimental information bearing on this guestion, In consequence we
will negleot the differences in these effects in scaling from one

explosive to another.

For convenience we define a quentity, M, called the pressure

P
" -(_.X)Pr 3)
£’ r = constant

P. = roflected pressure measured on the ground

multiplication, as

where 3

Py = free air (or ineident) pressure

As stated above, we assume that

)
P. = £(Pg,0) el
or in view of (3) that
Hw S(pro) (4)

(12) The scaled stem heights commonly considered as optimal for the
production of depmgesare 100 fsetpsfor a 20 kt boxb or ~3".
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Another useful qua.ntity- gs the ref otfidn faotor K, Whic_rh is defined
. [ X 1] .. < o o

to be the ratio of the apparent tonnag;e as indicated\by the reflected

pressure distance ocurve to tha‘h(indioe.ted by the free air pressure

distance ocurve,. /
3

R -, ‘
X u(_r% ' (5)
Rf P = oonstant

for o Srmosl /.u‘zfya/
IﬁAthe free air pressure distance relationship is of the

form

P, = ......(‘."..... (8)

(Re)"

then K and M are related by the equation

Ka MS/B (7)

Experimental data has been compiled onvFig. 6 where the
free air pressures are plotted as a function of the reflected pres-
sure and c08®@ . The bulk of this data, based on the firing 1/2 1b.
INT blooks, is taken from Tables T —»IV of Taub's paper "), Each
rectangle represents the average of the group of shots (2 to 4) in
which the data were tallen at a certain distance and angle from the
charge. These were compared with the free alr pressures for 1/2 1b,
TNT blocks as given by Taub;l b:nd are plotted together with ths asso-
ciated value of 00s@ . In these experiments the long axis was kept
perpendiocular to the line of gaugep. Reynolds(ll) reports that the

varlation wes not very marked along an equatorial plane so that the

uncertainties in reflection factors due to charge orientation are

I st b
judged to be/small, There is oonsiderable difference betwsen the
free air curves for TNT blocks as given by Blealmey(m) and Taub( 7)

but Taubts free air curves were, used despite the fact that Bleakney's

APPROVED FOR PUBLI C RELEASE
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curves are probabl: mm:i .tigci'.rax‘ﬁ‘ Eb.e:c.&.lﬁe we seel:r a ratio, !, and
it is felt that this quantity is best obtsined by using the same
experirental techniques in detecrmining the free air and reflected

pressures.

As stated previously, repular reflection theory provides

a quantitative relationship between the incident and rflected pres-
sures and the angle of incidence,® . The goneral features of regular
reflection are these., !irectly bencath the bomti (& = 0) the

reflected pressures are given by the well known relationship

(3¢ -1)f -(¥ -1)

E = T¥gy (840 (8)
where:
g” ) Pr'ﬂ“o Pf{-I’o
= e, = ———
Pf+P0 Po

P = pressure in ihke unshocked rerion (taken = 14,7 psi)

Pf = overpressure in the once shocled region

St
v
]

overpressure in the twice shocl:ed rerion i.24 the
reflected pressure

¥ = 1.4 is ths rotio of specific heats for air
Vonlleumann's regular reflection theor: was used to define the;’ lines
of constant Pr in tie renion of rasiular reflection. Ilor );i?n value of
I-"f therse exists a criticel ansle, 80, indicated Ly tlke Aotted linse,
beyond which regular reflection ceases and irrepular reflection sets
ine I''n the absenco of riora detailed evidence zhfwis nrosently
availahle we tal'e this to »ec lach reflection, ec avproeches a
linitineg value of 39.9'?0 as the incident pressure incresses, 'The

theoretical treatrent ol recular reflection is wverifies by experiment

and constitutes the bollif.lt-.(s.i smv&fi:’:’oas:n.t; thie rogion ‘here lach
[ ] [ 3
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reflection sets in. ThHo' 'sdbdc ndvdll 8% values were taken to be

continuous across the bl’&{h'}adxg-rzranoted by Sc.

For &= 950°, another boundary condition was enmployeds In the
reflection .f‘rom a smooth rigid surface, the reflection factor ¥ should
be exactlv 2 at larje distances, becauso the energy which would normally
have mono into the lowor hemisphere is concentrated in the uppor hemi-
snhere, with a oonsequent doubling of the energzy densitys Since the
rround even if substantially ricid is unot smooth, energy losses will
occur anrt the reflection factor will be reduced from 2, We make the
assunption that the curves P.z constant are orthosonal to the vertical
arzis at cos @ = 9, This seens reasonable ir. view of the extent of the
fusion of incident and refleoted shocl: waves which has oocurred by the
%ine such extreme obliquity has been reached by the expanding shock
waves, /A5 can be seen by inspection of Figure 6, there were two

s

experimental points in the neighborhond of ':ose = 0 and Pf = 1475
PSl, i.©a Pr 2 2,0 at cos®@ = 0,075 and Pr = 1,5 at cos® = 0,058, For
the two points mentioned and the measured dopendence of Pf on distance

r (Fige 7), we find that

g -
K =-1\%5K, cos © = 0,075 —
K= 1.46, cos© = 0,058, e

Accordingly it appears that even on the best rigid reflecting surfaces
used, snooth concrete, the reflectior factor is less than 2 and not
far different fron l.5 at these pressures., In other words, about 1/4
the apparent enorry of the blast wave has been lost to the reflecting
surface,

{7ith the boundary conditions on left and rirht fixed by

L ] o0® O 000 e0o o0
refular reflection thoordy gandl ¥ = B.58rvegppactively, smooth curves
. [ ] [ ] [ X ) [ ] (X ] L I
... .:. :.. .:. :.. :..
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were passed tnrourh theo 6xIv~ Snnn.al. wo.xﬂ"q. This procedurs is
. L] (X X ] ... (X J
soriewvhat arbitrsry becauso of the erratioc nature of the exneri-
groups of data
nential values, Some mholto—rTums seen to be generally lowe The fit

on the curve which applies to the region just after ilach reflection

Somr & /

. sets in, is particularly poor; here one notes that the experimental

points in this region, if aocurntn,'would mean that tlere is prac-
tically no increase in reflected pressure over iLhat at @50
The é%ég%f;;eii fit of the curves to the experimental data /””//(
PO an in+erval
of \Taub was tostrd m-ec—btfrzr! fron G Lo an angle © where (cose - cos8) /
= 042, Tor the 34 experimental points involved, tho smoothed curves
are 47 higher than the experimental points which had large fluctuations.
Taub quotes the overall accuracy of his rata to be o“ tle order % 5%,
and hence the curve can be taken as a fair representatinn of his data,
The probahle error of the curves just after MNach reflection sets in,
is sorpthing lile ¥ 5 in oresswe corresponding in the nressure range
studied to ~ % 15 in yields The scarcitv of data for more oblique

incidence nalies a couparison between exporiment and the curve even

less reliable,

IV, FREE AIR PRES5URL DISTANCE CURVE FOR Al ATOKIG BOMBa

In the attempt to apply the small charge results to 2‘3 vressure

w&m 50 conlis, fosa ‘;‘\W

distance curve for an atomic bomb we recornlze that the ratxo of energies

in the form of blast is dif‘f‘erent for an atomic and chemicel explosion 05 7‘:&"
Leve 1t 5
and—Flreh—-as—-ind ted"emm'-in“thia*»pe»pom:? the pressure distance —

e P
characteristics for the two are.also difforont,
In this section we will give the results of applying the

reflection f‘aczj;or fiven in Flgure from srnall charges to the Bikini

:.. :.. !.. z.‘ : : ..
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oo T oo see s
Able peak pressure dista;ﬁ:qgguizve.sfzsz: hs and deduce a free air
ocurve for an atonic bomb of known yield. BRecause of the height of
burst emploved in this case (520') it is expected that relatively
little energy was lost to the surface and that the blast enerpgy and
hence free air pressure so deduced is in faoct related to the total
yield in much the same manneyr as in nost corbat drops in which
burst heiphts between 1,000 and 4,000 feet are contemplat'ed(m).
After the deduction of the free air curve the results are applied
to determine the scale fachor for pentolite required to produce the
best match in ghe region in which data is available (2-20 psi).

First a itatement as to the blast neasurerents at Bikini
Able (Fig. 8). Invblvéd in this data are pressures caloulated from
shook velocities; these are reasonably dependable but do no% go belaow
reflected overpressurecs of about 7 psi, At lower pressures, no data
were availablé oxcepl through such devices as foil gauges. In the
fegion of 2 psi, the pressures can easily be in error by 20f%, with a
oconsequent error of about 5&% for tonnages deducod from it,

The Bikini Able msasurementis have been combined with the
small charge information of Figure 6 to give the free air curve for
an atomio bomb plotted in Figure 9. Bleakney's curve for spherical
pentolite has been included for comﬁarison. (Note that two separate
distance.scales are used, one for the 1 1lb, pentolite olarge, and
one for the Bikini Able bomb.) This is the free air curve for an
atomic bomb, assuming that the rolative energy loss is exactly the
same as Lhat for small charges fired over concrete and that history

effects are sneall,

(I3) The Trinity and Sapfig#gnes shegis srsia too close to the ground
in tha* the flrebalﬁ?tbudhed at.and Henoe are omitted from the
present dlSCuSSiOI’l.oo 020 200 ate see oo
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The blast tonnqrgs tlna'ioaia& ato sm; peak overpressure
[ ] o000 o o0 ooo ..

are readily obtained fron Figure 9 and these results are plotted
on Figure 10, which gives the indicated tonnage at various re-
flected prossures 2§r«d=3zF+ The fact that the linq 1§ 1ot
horizontal might be taken to indicate that the free air pressure
distance characteristios of an atomic bomb and pentolite spheres
are sligchtly different in the range considered or that the pro-

cadure used to derive the.gtomic bomb curvo is in error, except

that the difference s cousidered to be within experimental
error,
In the region of internst, from/G/to 20 psi, the averare

value for the indicated tonnage in terms of pentolite is:

Table 1.
Bikini Able
Total Yield Kilotons 22
Avorage Indicated Blast Yield Kilotons Pentolite A2t /68
Fractional Indicated Blast ‘Yield 8558) o 76
Hifh Indicated Tonnare Filotons PPentolite /785
Lo¥ Indicatad Tonnare Filotons l'entolite 11.6f /& O

nvo/fqo
Following the result indicated in Table I we »re

expascted total yield of an atomic bomb by a factor of &2 in
scaling up the free air peak overpressure curves of pentolite so

that they best natoh the free air peak overpressure curve from an

P4
atomic bomb in the region of interest (20 to 8 psl reflected over-

pressures ).

8 If any true free air ourves for atomic bombs were available,
together with the collected experience of roflected pressure distance
curves over many taotical targets, one could, no doubt, use a much

more refined procedure than ..aat ras&ﬂ .zm*..ln th 6 aotor. Mean-
. . [
[ ]
while, its use permits sdleur::; r:'.nm.srhlldmarge data in what seems to
e e0e ° ode o o [
* 9 o0 e @ o L I ]
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V. HEIGHT OF BURST CIIARTS.

51 Chart for.l Kiloton Atomic Bomb

In the practical determination of height of burst, reflected
pressur:s may be presented in a useful form through the parameters,
height of burst, h,, and horizontal distance ds An h, vs d chart
requires the use of a specific free air curve; spherical pentolite
was ochosen as a useful approximation,

The result of oombining Figure 6, with the free air ourve
for spherical pentolite, lFige. 9, after the transformations are made
to h, and d, and a soale factor ¢ b 2 x 106)1/3 was applied, /4,f””“
appears as Figure 1ll., This then is the height of burst chart for an
atomic bomb of 1 kiloton total yield, This is the same form of pre-
sentation as given previously by VonlMeumann and Reines (Fip. 42 refer-
ence of footnote 4), and is }ntended to supercede it.

Included on the chart are curves for several lach Y stenm A{///
heights, These were obtained principally from Halve#ée%:s vork at

VW oods Hole(14).

The data presently available for such low stem

heights is extremely meager and inaccurate. The experimental procedure

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

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

plotted against gauge height, and the ocorresponding lMach stem height

found by extrapolating At to gero. This procedure is quite satisfactory
a hergtr ¥

for high stem heights; <ehe }énU‘Y 21,0 agrees within a f'ew per cent

with other sources, but on a scaled basis, it corresponds to sevoral

hundred feet for atomic bombs, The procedure is not satisfactory for

(14) "The Effect of Air B&rs‘c'oh tN8° BI&st ofron Bombs and Small Charges”,
Re Re Halversén, Dive®2 SND}C AS339, WD Report 4889,
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very low heights, about Q;Ogtto()(h owhsoﬁ when scaled is in the
Fo

A .
region of interest for atomic bormbs. For exanpls, the line Y = 0468, 7’9““9 

may be in error by 50 to 100/%.

To apply Figure 11, one merely multiplies all distances by

1
the scaling factor W /3, where W is the total yield in kilotons TWT
19 .

(1 ¥iloton TNT is defined as 4.2 x 10 ergs)e Ve now proceed to give
sovaral illustrations of how it can be used,subject of course to the
limitations cited in Section 1 of this report.

(1) ‘laxinize the area covered by a certain peak proessure,

Ti:is is given by the mexinum horizontal distance reached

by anv of the reflected pressurs curves,

(2) Stem height requirad Lo cover a structure,.
One scales down the height of the structure by the
scaling factor, selects the pressure desired in the
ster, and reads directly the heipght of burst which
cives this combiration, and the distance at which it
occurs.

(3) Areas covered by improper heights of burst.

For a given height of burst, and a selected pre‘ssure,

read the horizontial distance at vhich this occurs,

This can be compered with the distance for the maximun,
and squaring the ratio givesthe ¢ of maxinum area covered.

(4) Small targets.

If a given circular area 1s to bo damaged, and no damare
is desired beyond a certain radius frowu ground zero,
one can increase the damage inside that radius, and

minimize it ou’ogq Ce> ysgita;’ale adjustment of the

height of ht&s.,,.n‘&»dncﬂ *9100 Q?l'lt'\ cal radius by the

o0 [ L NI} L] eee o ¢ ]

R
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scaling factor®}® 'b AL .d!.h.u.tlhbe, some peak

pressure will be naximized, obtained by interpola-
‘tion on a line joining all the maxina. A somewvhat
similar procedure would he used if the pressure
putside the critical radius was definitely not
wanted to exceed a certain pressure, |

Firure 11 srows quitie clearly the insensitivity of damare

area to heisht of burst in the rezion of the maxima, For exanple,

6 I2SO
the area covered by & psi is maxinized with a height of.burst of X025

Psed
f.'eot, and the relevant norizontal distance is 1850 feet., For a
1450 § %
height of bLurst of @@~Sevt, 3% low, the horizontal distance is
2450 2% F %
ohanp'ed to 110, a change of 2% in radius or reduction of #%-in

£,
area., On the other hand, an increase in height of burst of I to

25D 2H20 Z
1146~ feet, decreases the radius to 1350 fe=t bv@’ a reduction of

oA ,
447 in arca. This emphasizes the fast that in gensral no great

e Svsicral s
accuracy is required in height of burst) wwimsseeis ebnsiderably

better to err in the direction ot low heights, than to err in thse 'd"‘““)A
&L{‘C\W—Mcg ls Mdl_"a uiu.,_ ao-wvaoLy\, ‘\lo Q‘,& 2 s
direction of high heirhts, %WML ; J

!
3 LI S . 2 hY *
O IGIT T Ite T IO, ., .

Ve note further than the sare heirht of burst is fairly satis-

factory for several peak pressures near it; thas is

, Maximizing & psi

very nearly maximizes both 10 anc 6. Alsb, if Mach sten heights were 7
> 27 K

Al =10 X : g tal yield = |

‘ selected S a criterion, say 30' ninimum, for a bomb of o

A@-ﬁ‘or‘t, and such a value passes close to all the naxina in the neirhbor-

/7.. e 8

hﬁod of‘ 8 psi. EsEsEermore, it is interestinr that z"éﬁdm}.mun atomic
ST Swers eprel? '

bomb has about the correct blasst tonnag: So0,5hat the Y height and pesk

.

[ ]

presouro required %o dama('e -u)w:o eg&,lre’ ’hv H
(X ]

*
LRY
od’ A s-,ructure(requlrim:

4"" PSi.>is obtained ee seq o ses o




APPROVED FOR PUBLI C RELEASE

0..-28":.. (X Y] :oo (X

with tre same heipht of -blrse*whiickswoedd

*

%e required simply %o

mximize the area covered by trat vressure,.

Tt is to be noted that the requirement that stem height
have a prescribed value is a much more stringent criterion in fix- I
ing; the height of burst than is the requirernent that a given peak
rressure be achieved on the grcund. In view of this fact it is of
interest to inquire apain into the validity of the sten heipht criterion.
Rrtsherore, in view of the considerable experimental error in measuring

the low stem heights here emploved, it is not felt that a heipht of

burst should be fixed by this eriterion except in a rough manner unkil

better experimental evidence becomes available.

5,2 BURST HEIGHTS FOR ATOMIC HOMBS .

Figse 12, 13, 14 and 135 pgive the hoirht of burst as a function

o” homb tonnage for several selacted pressures,

The criterion chosen ia making up these curves. wea.s height of
burst which will maximize t'e area for the particular pressure, as
obtained from Fig. 1l. The yields shown are the expected rated yield
of the bomb. The locus of points for such a proper height o burst
is the central 1005 1line on each graphs As a ruide to the accurac;’
required, lines are also given which show the heights of burst at vrhi}h/
only 90 and 807 of that ar=a is covered. On the left narsin are ai;o
scales for the corresponding horizountal distence in feet for maxirmua
coverare, and the maximum area in square miles. It must be cautioned
that the distance and area scales refer only to the 10(%; lines, For
heights of burst which are too hirh or too low, the 4 factor for area

. o0 ‘
can be internolated and a:r.'.’gic'e? t';o 1".‘:%*. 57).0'3 $rea, The stem heirhts
e o6 oo ’
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vary from atout 10 ft. for the 5 kiloton cases to about 35 ft. for the

50 kiloton bombs, this for the 1005 lines.
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V1, ROCUIPEUDATTONS-A!D CONCLUSIONS

1, It is surrested that experiments desizpned to measure
the raflection patiern be conilucted usine larier (;EXX)lbs.) e Ba
charres. Larrer charren than used in the pas+ are required in orcer

<

to facilitate measurement of the llach pa%Sern and mininize the @rfect
of surface irremlarities, Char~es should be svherical in shape and
detonated at the centere The imnorsance of this Y, Fe program is in
part based on economic considerations which will probably always male
necessaryv dependance on scalins on small charpe daSae

2+ In view of the absence of free air prassuro-distance
curves for atonic bombs, it is surrested that all vossible suprors
he riven fowards measurements of this quantit: at Uniwe%ok in the 1951
tests as well as to calculations wiiich can be carried out in advance
of these tests,

e Teasurs Mach phenomenon in conjunction with full scale

tests of atomic bombse

4e The role o” the Mach stem in the production of danage
should be re-investigated, espccially in view of our present laclk of

precise information of stem hinirhts which result in a riven burst heirht,

5« In any practical use o” the heieht of burst curves herein

derived oune rust consider a mich more complex situation than that in

which a single structure is set by itself on an infinite rigid plane,

In an actual tarset arrav one has a group of structures, each one in

general requiring a differeat peak over pressure to be destroved and

ocach one shielding others and absorbing energy from the blast, It is
e oeo o e0e o0 oo :

. . e o
clear that in view of t;hese'}Eusiesspne?sifqulsi Eoptimize hirher pressure
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thian those felt to be nocestary at the tarret poin% under consideration,

In this connection it might te well %o study the taryet confirurations

actually encnuntenﬁén firoshinma art Ia-isaka in tho attempt to learn

sonatliine about the problems of shieldins and eneriy aksorbtion by
ha /

shidyving the pre- and post-shiot pnntorraphsflare available, Further-

more, a comparison of the obserwmd pressure curve and curve whiclh can

ve “predicted' using; tifure 11 ani the heirsht of burst and bomb nodsl

employed may five some indicetion as to Lhe ereresr loss. Some wnrk has

already heen donc in conparingm these pressuras,

:.& bigh) e 5’"'. ‘.‘.. oy
v r.’ = R . °
— LB Lo uibeindaiil 144

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

DOCUMENT ROOM

.,ZQ(L- W’

REC. FROM

7

~ 4
REC....... NO. REC.aeeenv

7.4

DATE ..

Corr




