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For humidity correction use virftual + smpevature

that & = C.
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selected souvmd voy.
For W £ oo e :
e+ w.= Acos © = V t)
T he horizontal range o‘f the shock wave is:
o
R= 2 S cote ah s)
Seo .
where R= vamge

G0 = |nitial ray imclimation

h= heght of ray froxt above greond

" Case I. Simple imvervsion.

h (hhvi)
(o,%) v —>
R = 2 hL Vn Lan 8a ~ zhl Vo so 6)
- vV, - Vo V= Vo
% [l '
Rm&x = th( V.+Va)/z -~ Z.a h, Va/é_ 7)
(V,-V,) ™ (v.-v.)y‘ -
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. Froem 4)‘ B S
) V sec & = Vo sec So
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V, = Va Sec 90
) ; and
) vi
) s ec (Qa)flma.y =
, ; | .V
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* .
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- CVi~Ve) Ve
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; » ) - ._hhl v.-V:
* )
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; General egoation foo Case IT
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—— ek
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| |
. where X |les  petucewm p end 2 ow the Vs h curve.
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Peak at h,:
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! - i

(6a)r3 = tai' Ly, (v.(v.-v.)[_'u;ﬁ,)lq- 1h,(hy-h,) ]}'/‘ 12)
Vo-V./ (Vo-VXVi-V.)

B LLNL

L ; T his qives fo:us‘fr]/ wi/trh bounds set é), P

' Fair of R,, R, Rs3.

I
i

:r):)v

T
€

\

-

o
L2




Sample calcuolation: Ranger Bi , Feb. 2, 195]
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( This shot breke unJ‘ remeved large plate ¢ /lass

windews in Las Vegas, a distance of ~ é5 miles)

Las Veya.s headihj ~/35°

? wWind

; P hNsL  hgd t dir speed  w K c v
90%mb t000f+ Oft =(00c Calm o H3°k 633kn 633km
: 855 5700 ' 1700 -15 180" #4kw ~LBkn 2705 A2 39

Joo 11900 7 900 L& 290 30 17.2 2746 (¥7 74
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o L . - A A A A

1060 iofe iieo e 11844 1160 /180

V, ft/sec

: frorn 7), ]_h,(V‘?Va)}:" _ 2. 7900( 1307) ?1,- /15800 - '36.1._

Rmax = (vi-vare T #)17~ = ¥ = 89100t

- = /7mc.

For 2e): .

, W= 72xi0 K+t LLNL

! Vi= 17140 ft/sec

Vo = 1070 ft/sec
| h,= 7900 ft -
l, R¢ = ¢5mi . ..
‘f v =0,8 -
a

N = # | , S,
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4T 790018 “4.54 1070 655280 | .5 | & 3 : ,

—~3

« i . -7Xieo
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5 = ‘ta)' Xlo M”’/“'"
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- 3 x

P= z((all.suo 3x:.|xaa 2 30,48 !4.7-@0»3
203

= 3(/,591:0‘ )& = lx/reo = 2520 ub
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' Tabular form iaf complicated cases:
|

Columna Title
! Level ()
Herqht (hj)
v
v;* = (col. 3)
I'Ij-rl"hj = A(col. 2} !
Viri= V) = Alcol. 3)
col.F/Co/. §
Vp* =V * = (col. 4)p — (col. #)j
(ve*-vi*)*= (col. 8)*% LLNL
A col 9 !
(col. 10) x(col. 7)

2

o m N & 4 x Ww
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Q

|
! ) )
T he total hovizontal tiravel disTance is

2
See page 30 for (A/49)h=o forrm .
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[ ; Then, «if .this (Qo)mm is greater Chaw Ccos ! 7 |
: ¢ - |
- | R, and R. 7I.V¢ boun daries . .. S
= : - o ’
o . L fF (8:lmiwm is less Thaw cos “Vi  the fecesed i
- 1 Enevay Lies between R awd [ZZ! ’ w here ,;
i 2 . 1 . 2 ‘/1 T
—- } Rs= % Vo __.b_L__ Taw (Qa)mm —-|_h: + hy - Jec (9¢)mm _._V_‘_ ]
. . v‘- Va V;‘VO VI- VL ‘ Vd’. ]
- ‘ 1 . 1 k& ‘ {
- +[hm."\n +63‘h1](3€¢ (ao)ml‘h_h} } l‘) :
o Vieva  Vi-va Vo ;
- | - !
L | This qives focus/img over a gemeral Tmeise f}'e/a’.
For complicated Cases :
B i Let subsc r,‘{p't J'q-r-cpv-esewﬂ" the J"f‘\- level . The'n_, l.f :
| i p 13 the Lleve/ where the ray 13 horizontal : ]
- j 3 P=1 - : b
. . 7 1 . A 4
8 . Xg-=Ko = Z [i’.u.x.;_b_;][( Ve - Vi) "’(VP'VJ*I) ] 17) l
{ , . Viti -V ’
L . where Xp-Xo s R/ for this particelar ray. »
) . If Vise = vV, ]
. ' ]
' o . ) D
g KJri = X ’(hju-/lj)(a‘l‘ejﬁ’(h{u"\J)VJu - IEL
- - | (Ve V%) s
! ' N LLNL |1
? : Uece hovs '/ cuvrve OMJ _i’i
i | : Vsecd =VosecHq ('fv-om 4)) :Jv ;‘!
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W Le3 ’p‘ 400
£ o R ar = 19)
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o seo - (S 300 »>500 300¢
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Peak-topeak overpressures of ~ Znb will break [arpe plate

glass windows . T he same ot /5 mb will break small windows,

. G enerval efaafiarz for energy de-ns/}‘/ :
[
| L w 4s

F= AR

>TR /9)

w here F ’5_ tﬂer;v/ .S'Urfd.(e Jers//;’, ‘e /
W= enevqy release of blast =44‘=‘¢ X(o ergs /ton TNT
R = ¢arth .rfu—//niaj distance .
90 never large. -

F =/75‘- d+ 20)

. w here P. = peak-to-—peuk overpressive = 2

§ = a.:';"de'nsify

V £ velocity of shock wave

t
T he l'-hf'egra.‘h'ou extewds over the signal dovatiod T,

time . R

l Ifa smusoidal Slﬁnad s assumed:

_ F = LBrmS)Lf]J = M ZI)

SV 2 rV
and 4
p= 2l 2z Frv/»)F 2e)
where p = peak-to- pak over pressvve. LLNL

-

For reflection of the wave ow a rigid suvface,

-

peak-to ~peck ouerpressore s Fwice that given  Iw  22)

ﬂ For 03 te L toxs TAT | agood “ﬂ’"”l"‘-{";" f"’ T s | se .
( For veuision of above, 3¢¢ page 1) ( ‘L)) 152 :
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Case I , (.T/'m'o/e inver.r/on)

For R <Rmax; from 19) and &) .

F= W(VJ"VO) 23)
4T R A, Vo

In general :

. W _ . V, -Ve r > S
}TOY’Q.L = 4‘”-&{' h, Vo (I+ 2 + 3 t- ¢ n +”') 21})
where R = distance of comcern
Y = earth rveflection coefficient ~ O-8, dependiwg
. . See P3 py vpen terrain
thew . ’ t
ME oo
— _W_ . Vc - Vo | -
Frotal = 7 A Vo Rf Z ey z2s)
NN+
— . I3 R{
where Y 7‘c_7r¢./ Por Fron of //?max
fay calcvl/atiouns ! . A

LY 4 "-i ,
;-fafa.l. T W V- [In (1-+) +Z_L_ ‘ 2‘)
4T b Ve Ry r rRx; M

Tf no wind ( inversion ouly) ; Rg < Rwmax ;

b =50 [ wiT-To)/erh TH mi

L4 LLNL -

where w = povm ds TNT =
T, = suorface 'te-m.f evatore, °C. 2
T, = /nvevsion Level fem/era‘{ vre, ‘C. =
Ef awd k, i« -Feet. “

For iU 7 Rmax ree reflection c‘aeff'r'rl'ex‘f a/’allt.d.f(a-'ny;‘ 1)
, (s¢
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Y
[( "é}t" s, ] zco.s 6s d h
.
Xivr =X, ¢ v,'::'-h ) ([ (IN fo ] [(co:a. = v;c]-:}

47
AR‘ _22( LYY —hz)[ 2+ v‘d“"i Vo tin®o,/ costde ¢ same )

Vel =~Vi T Vo - -+ 2 VVP; - Vo

+/

é hide- & ki n.O ( - | )]
2 Vips - Vc Cl) ‘0. v VP"-V‘” v \‘PL- V‘;é_
€
. ‘ - - V
siwn 6, ~ lg_‘l_’#g cos &o T 7Vp

. 0 3 Vel Yvpi-v,™
Ve trueéa G0 = . Vo

Thus 3)

. (“%)
. abylar Fcrm {'cr 48 /nzo

-

Column Title .
Level (()

l"“'ﬁs - R
Y = Vier= Ve

Vo (0 for VisVe)
a(3) (= +)

A - /
\'Z e ( vp* -ver) %
Vo

lz((o/ 5) (cof ¢) “ (Aza)u:o
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Ezuq.’h;nf and Techwigoes m Blast Fovecestrvy.

_ ( Jack Reed)

For bursts (nuclear) at or near the 1round~.

-4 "
P'O.Wbe"(#

where

pea k- te - peak

'(ﬁ)wwa )% l);

oy:r,res.rare nc/u.b

}
it

.
R SR

o ——
Rt S ek iy,

l
}
yl'l/J /v KT : w 21 . .‘
|

= 1.65 Xi10'
E a. 17

W

re flection coef. =
®x &= TIwt Rf/i?. =
Rf = distawce of comcern i miles.

g Ld-\rse 'fc'r S)‘\co'H\ Ferraru ) S wadl fcv ro:;?l- +err¢l.\|.
Exper]‘me'ntaL FréSSur& Fem'aJs:
T
T =aW¥ 2)

where ) a= 12 for | KTE W< 60KT
N a=0.4 for w £ T
W T yield im tons TNT fovr ) ¢ KTTUT fer 1)
Fer awy siTvation ¢

as (WHevade /eayn'nr Grnul) '

)‘
is
1.
i
i
i

P
AR | vpr Voo é Rive = hiYfe bt _ I |
(&9 ng-o P—-V;L—‘ [f,.. Vt.:l -V )(WP""Vg VVP"V"“') 3) :'“ s
Bl
where Vo = shock wave speed where’ ray horiyoxtal 4B
) s
H
. . . LNL i -
F::r a sn‘nple Imversion ; Rf £ fe.\nun L - .?4
H M
_ .
W L VieVe . b Cior) 1
f = T A.V: R¥ r (See )—‘f), P3 19) . = B
-
}dyne /;m"E ‘/u.b ::
'/Lb Corre:po‘KJs to 42 db over kur:ij ‘Hwer“f/-(‘_'.";‘f}“? =

| —
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45 30
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»00 3co &0 sTo (X3 ¢o Joo o [-LX) (tes ‘=00
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The “; Mov&f;cdm'u wovks i.ff-rmcka{»ek, fov 7v~au«~é Buvsts.
|
For am awr buyst

4 .
| P- J12sY & W o~ kT )
! ; o cec
f , A P PST
T 3ecyds

: P = iﬁﬁ(}_ w KT - i
| ; 4 P sec
® Ps2
R yds

LLNL

. fdfe 23 FOEM 7“29 4(&4&17‘ /"V +ke ¢ Py — ‘:
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i T = A/a‘M’/a"W"" W S | +o- /)
|' .~
ll WL"" w = y/e/( m er’_s
|
| 1183 4
. P = 2= w7 ‘( Shot oa 30rf¢(e) 2)
| r
|
where W= yel n ey pounds TNT W< | tew,

F® {'steonce m m//es

P /eglvf‘g-’rek pPressere sw /[.

T His

dees o1 accoourt -Fov CL\O\\?. yf'P(_,,;ﬂ‘ ‘ime .

( ﬁ om o'? 8 NeVH

A'!'was P[\ch )

Sovn d +rao¢l€n1 over J,)“f'evm’f fa'Hrs will Hhaye

different tramst Zimes amd resclt In more  thow

one “boow". This will be The cese whew winds
. are Presents
i
. Fov w Zz Ikt ( Groumd buyst )

_ﬁ_ - - W:‘“’!
| P - M/_ff_) = & X2 wE F o wilec]
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For rela‘('ive'y Loew burst heights :
1) Eavth absorbs much therwal ewevyy
%) Suvface rapidly veaches scveval Flhovsand degrees
3) Suvface vn Jev,,c; (x,o/aillke JQCOM/aI/‘f/a'n

5) Suvfue arr Lafcv absev bs vadiand enevgy

As a vesult of These enevyy Frvams fevs , erther

4) Dewx-pan}n% pn.lu'(’: ex,ae//ed o syrfate arr (100')

i/anefvauf of ov ™ CahJ'uw.'h'au with the i1wcidow! [last

 wave!
i ) A pyecurser prevssvre wave J oymeed
: 1) I+ precedes meldoyl wave alowp The Scrface
! 3) Picks vp 5urfa(¢ mateyvial '
l{) Tuyfa.(e rmatevial feJ mato fc//ow,:-r (1‘0:)'10(
ond v-rfhd«l wowes

—ne

R"Sulf/.nj /‘.K N
1) Lovgey rise Fimes /x wam shal wave

“ te ’t .

)‘) Loweyr fea“. /NSIUr-')

The cf'fec‘f J/}a//!av; at SsSome c¢vitical distonce

. q/uJ SLOCL way e vesomes [ts  morwel .Si'ﬂfe.
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- .
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hg

N

£_ v Ve fe—— R max e— S/lence ..
Ir'

| H
’ . |
‘ ﬁ ( Yo+VO )+ ') P
- Rmax = hg \ "Vo-vo : w;
] | | - i
'5 . E'ﬁ.'?’y S+Pl.l(|t.r tﬁe jrﬂ‘a‘kJ N 'tbp - c/l'bocﬁﬂ 4% -A
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l i | .
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Emevrqgy J?‘Vl'kn\j the 7r4u-nJ owce 15 That rwcle dad
\r'n the amgle

i Ve + cos”! ( v"/\/,) 7)

i L Omn Iy that r'vucv/uJoa' between +w5-l( VB/VI) a«m{
- 1 - CdS“( B/Va) is refeafecl/y rff/ecfed.

R max = v,-“:'v:[ (v,’—vo‘)"’-r( v,* -Va")*] )

For vays which o-ncferjo re/’ea)‘e/ ref/ecf/o:rf:

: | hVe > V%

. l R f«;—cf strike = V(- Vo [+61t 6o = (Sccleo - '%E?')z] : 5)
i. w here + 4qo¢s with rays startiny i the 4B fr. iaa/,

. | ; Af+er n ref/ec‘f‘l'c‘ns a ray sfarf‘/:xj m zhe
Lower ;uaJro«‘f' Lands al

hy Ve Va? ;
RV\. = V“\;o [(17\“")*“90- S.CC’eo’ a/Voz ] ‘)

(tax 6o)min Ru ~ Va, = Va: . ! : 7)
| 1 Vo Varined)
in \ (R“)M‘H\ = 1} hq C'h(\i—l)( VBI“ Va’) l,. 8)
(1 ; - VI- Vp

w Zonés df silemce will (1/5'7"/ wherpe n s The Lowes?

o e
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; ( Vi, hy)
i hg
,(-omsn A-~¢'(— SipucE -—)-M"—— SiLpuce —;Wuc'stﬂv
d
iy — B
i R3 gl
| Ry ——=

l . ) -t V8
P\ays with +ccs' Aie 2 60 = ‘(.o.s‘ e dare chawneled avd

}‘Meufr steike the grovmd o *vacvel h!éker tham hp.

de«warl S‘{‘aﬁf.:\v(' eucy’x‘ wlu'clv. s‘f’v-'kes ‘H\e ’roua./

l»c#tfl'c.uy s combaived within The a.««tlc,

V,
1T/J_ - Cos-‘ %o

| — —— - ) -t Ve .
Enev 9y = veh tUaet = (Cos ' /Vozeoa."tos ! /Uz. wi ll

U”\vayo rcfef'a.‘h’uc \vtf(cch}\.
a‘f twe evevygy sta~Tt ‘-"‘j Of wa~d, tHhet fw whick

- 7 - Vo
cos ! /Uo 2 éo 2 (,os‘ /Uz

Stv.kes the 7raavc{ cad 13 r«,efu}e/y vef/oc)‘rgl.

l —F—;c'usl'«»\’ Yo kes //are.
LQMJl:\l‘? Jc}fws :

) LLNL
)] 8o =-cos™! B/Vo , after n r«e*flocfwv..s.' -

R‘ = MCR‘)EQQ)P“ + he[ yo+Va] '0)
) Vo- Vo
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E 3) 6, = COS_‘ 't%; ( apex ‘1’) after ™ reflectioms

., Vs .
\}) G o.==C03 ! /Vz. a.f‘fov n re‘flecf'lots 2

\\ R, = " (QI)E’ o) pll + _ﬁ_;___[ﬁ?—"va' - fV,,“Va“] “)
! Ve~V
1‘3) Bo = ¢os - Va/Vo a:f{»-eu " r{flecfu&ls :

. . L
?N K3 = (’““)('2‘)63 7) oM il VI [Vc"Va‘]l (»)

Vo-V‘

4) Bo = cos” Y%, after m v<flec\‘/a;: v

| I
2
'\! R* = (“H) (lzx)gs to) pn "_.LL_ { V)v‘l -VBL] ‘3)
% .Va-'\./‘
| ) , ,
i Case _II, (] tP(aSIoh im tThe air “
= L
j (s, ha) |
5 *e
h r
é q
I i
| v Y 14
For hs* !
- Vg/ ] ?
.J) Go = — Cos Yo a.f ter T rcf‘ [ectioms |
1 U 'L.h—.——k—‘ 1 3 ‘ll et 0
', R, =( “*?)(Ql)gt 9) gt = vi- Y ( Vo - Va ) 14
| Ve
! 2) 6=~ cos™ T (apex hy) after ™ yeflections
l hy-ht -k —5_ )
“, R:," (1\+’;:)(RL)€’M)P" - V-V (Vz -Va ) LLNL‘S-) J
i‘l v, »

h;.-kc L
i Rz = (1\4» ")(R)C; §)pn t v,_-v, (Vc Vg") >
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Re = (‘h+}1)(l21.)g,u),,, + v,:t.‘ (v ‘Va‘){ 177
v hat*:
/15) awd 17) valid
Replace /#) amd () by:
Go =0 after n  veflections

Rs ‘(M-';-){[_h.._ +5_,._l._,]( va‘-v.‘){_.h_(V,,‘-v.,*)'£ 18)
| Vo-V,

V)" V. VO - V| ’ [

» Ceneval ray fn.'farc similar +o Cese IIL .
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For a vay trveauwg method usimg RA0B  see

: lza'“twcll, P d. J. Acowst, Soc. Amer. 11 105 (1947)

)
. _Dawmage : air boysts,

F - Kot 5 19)

Fov Cdse I peye ¥

hy Yo vs Vet ‘k :
R = v.lt/a Ve taw S8 7?3 sectog —-I) ] *a)
thys , s .
W SnETo Cos’ e Va 3
f - 4T R ™ (\Vo) LLNL 5, /)

RN NN
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w howe
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Ry

- I{EP&k Iu::'!!‘g Dose ( vol 2) %
- 1 For shots on 300 ff tewers: ( ¥ P&) o

i
r ! AV
| ZR = A 1)
' |

wheve
: ‘ D = Peak (if«lvify dese /m Yﬂ(ﬁ"‘"’v‘

, W Z Yieldd in kilotrns

| AV 5 diffevewe wixd speed betueen clood
i fop and /9000 {1 MSh in Sep—s kenots

| Ah = difference betwern effective clovd

‘ /141/1.14 ( sooe Tl belsw +of) amd 10,000 ff, MSL

% RKRila{ee+

/o000 Ft+ [evel chosen  as éw»'x; above Ferram
effe:f; and //}6* and varieble Llower wreds.

Recoed of‘ ljaa?‘l'o‘" A//J//t;‘llo;'.'

Shot —= 75-5 | 75-¢ | 75-7 | 758 ok |Uk-2lUk-¢C |UK-7 vk

. Yield kT —> |13 |12 |17 | /7 |27 |34 27 | s | 3¢
Max  Specd Sheav, kuets —> | o |[Fo | ks | 3O |67 |35\ ST | 4 55
Mav. Directron Slfay/ c/!frlf)—v #o /Po | o 120 | o | Po | 50 | }o |ro0

. Speed, cloed top, kwols — ol 35 |52 (a5 | 7o | 3P| # | #| 77
Speed, 10000 (F. M5k Jbnets —> |35 0 |/ | bo | 25| 2 | 15 7 | | LR
Effective ?/ooJ ie/}lf’ kfe.—= | }? 37 | 30 |37 | 37| 27|32 | 37 |57 3 :
Measyred dose, R —» |p5) [ (3) |re) | (D] @ Ty 7 \|\/s s fli

Dose | egwatrim ), R —> | 90 2.9 | o | Tr 60 |HE | ZC |4/ |12C

;T_c accoont fov AV =0 a swmall (U(ry) constant
E*QV“YK S‘taulJ 6e aJJeJ +a ‘). '
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: _ X, X _ 7‘_‘:/
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l\euﬂd -‘l‘o estimated tep of clov d (re‘ywr-f.‘ X

Sy cceossive a//rﬂ/' watien

; Xy = ﬁreca.:f éer,;lv" Of Fropepecsd " ir/cfee?“.
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| Avevage deviation frow fneas'f wend s‘pe‘m/ w0,

; P‘rv blew '3 641:\1.? ,{“!‘cu:[l.m:J by Pr, Ma.c/l'fa, uswia.
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