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% ( Development Ffor
t

Shock wave ve/cc/f'/

(See also wT -303)

X ) - [
F | c= c(i+ o0857P)%, )
- J %for P< tpsi: o = c( 1+ 0. 428 7.?).
. : | where BEST AVAILABLE COPY
- ‘. T = slhock ware veloc/7y
- ; ¢ = specd of sounm a ——
L- p = peak overZLressvrea JJ\/\/\———
~ ; P= ambient air pressuvre -
. ; . |
i ;’ Divergence . vapidly reduces feaxk cuvergvs. sy, s
- | p= | Fs¢ €cc 4 fvem one Ten  TAT ow gyeeme
‘ F= gl 27 ml frem 37 8T burst o0 lT og.
| LAP“-"“‘ » o bt et
| T e (% B)E (v rk g )n LI
! b4 wbhionl Pvots, M3yl wr.
L. : e = 35 %5 K : kws?s £ = dousipy R+ gas cowsT.
B = o5 gk K2 free . z)
L : = Y. 7 H"/.; ™ fsec
. } = 44 g9 K ‘> =T m! //ér‘
. |
. wheve K = air ‘ﬁe—rnf:era.ture , degrces Keluiw @ "2 + 273
: - C = velsci?y oF sevmd , st/ dvy air. ( .‘::m'.:-'.',‘/ ‘
: , cerrec Tioxw 15 small) ]
i’ For humidity covrection yuse ui'rtual’ tempevatvre ;
. The ens ving developmenmts assome that o= cC. :t
. f
: C + W cose = A cos S (Sneli’s Law) '3) %‘
‘ LLNL |
WL"\-‘— ¢ = uc/ac/f)' of soomnd A ":
= L e = U = Cohpone'ﬂ' c-r/’ wiwd U(!ac:’?‘y n b€ar}«: Consideres =
L B = irclination of shock vay frowm ."’.ari_z_--.«.“.‘.t; :‘)3
A Cniesection T “

UC!&CE'.")« el ave Frvow?




3 éfyoacfxbn 3) come. frem Fermatl’s Principle of leas? Cime.

' d
. ! f'l'/j =2 minimal,
Devivation of %aaf/éms ¢) and 7). :

: : dh [Zecavse of fvaJ'ec‘favy t)/mme:?'rj:
. ' dR 2 o
N 2o '/2 =6/ro‘f9 o A 5)
4
N , , From (nversiomw diaa ram , To (‘h, v.):
. h
Vi, M
&Y ( lh) V - Cl h .t CL
- . - fov k’o‘ V=I/o"
5 ; (Y“O) v Ct < V‘
N V= Ch+Ve .
'fOP A e h] J Vs ‘/‘ ;
C| - V",h.—'vo
ancd Vi-ve

vV« 'T._——h- + Ve =A coseo fr)m 4)

" ? Vi - V. )
. | i dh = - Asinede
- N h‘ '
X - dh= —y-ve Asineds
. a-')\d 3
R, _ _ hA .
/2 = Vi-vo s (058 46 - {:‘(??\lﬁ
= AVAILABLE =7
= v :‘T— Sin Eo BEST_
e
From 4) A = Tos Go
and so .
2hiVo SiwBa _ LAV
f ) R = Vq"V: CO:O: = v, “V: tabh 90 3 Q)
|
For small 8o, tam 80 ® 8o LLNL -
amd ¢) =

1A, Ve &0

R = Vi-Ve “ 11*3

i
!
|
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R= L2h Vo tan B4
- V, - Vo

v
Rmax = 2 h, (v, +Va)?

(V,—V,) '/,__

No focu:ing

~ 2h Vo8,
V“'Vo

LLNL

is:

3) ‘ISSUmGS sSmall 6. A s imvay, awl fa-' oy
selected Seuwnd vay.
For u £ oo e :
¢+ w.= Acos © = V t)
T he horizontal range o‘f the shock wave
o
R = 2 /Cafe A 5)
=
where R= vamge
Go = |nitial vay 1velinaTion
h = hegtt of ray frowT above greend
" Case T. Sf'mp}e imvevsion .
h (hhvi)
(o, % >
o)) V

6)

'7)

1
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. For KRmaxr, &8 = o0 (at /l) for V=1V,
. From 4), : o
: V sec & = VYo Sec Go
So
V' = Vﬂ Sec 90

; and v

s oc (@a)ﬂmcy = v

_ Ve

(50)Rm¢¥ - ces v
; and s hy Vecos=' Yorv,
i Izma‘y = V.-Vd -
{
'; 3 hq Vo ga.u S,
. = Vot Ve ( 6a)

_ th‘\/p(v,“\/o")y"
! - CVi-Vve) Ve
’ - ( Vi2-vo=) "L
‘ - -hhl Vi~ Vo
s h (Vi4Ve) ¥
= (V‘-V.)V$- - -

! Gene ra.l egoq,fl.on ior Cgég ZZ

"R _  _h L 4
—ﬂ- - Ve =V, [(VOLSCCLGo -V¢ )‘-( Vo‘.Sccleo ‘Vot) *

(= hx) r o, . "
- L‘:'.-V:) [(VoLSec‘ao‘VxL)L ~(Vo sec* @ ‘an) ]
where X [ies betucen p awd 2 on the VYV vs A
H

t For gra.t.iuj ray

Fov Llevel ot hp , X2, séc Oo* o

7)

Curve.
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N Case TL .
- i . A f«
] h (hay Vi) - :
l (hl)y|) 1
T
Co, Vo) =
- ’ b
’Iah; h‘_ 2/’.2 I'P =
. R -
) /2 = f coto dh + h.( cot’e dh g) J
- ~

- | C--—a.z.f-uj :

R.: 1.8 VQ&(VO"VIJK[___&_A___- -+ ﬁ,_"ht] 7) -
Vo'vl V)'Vl

B . N

Peak at h,:

o ) —— % “

= ' ‘t RL= I.BV;/‘.{ht[(vl‘Va) '(VL’VG) ]+ hh'h' } - IO) -
. ; Vo 1 1w ‘
- dg/i@ =0: |

( Va - Vl)( Vl- Vl

X R -z.a{vc.(v. v[(i..__.) +__2=.b.._£.fl_..__/‘\_l.]} i) j

! - 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
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Sample calcuolation: Ranger Bi , Feb. 2, 195]

-

( 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
508 Ho3p /7030 —=[{77 305 H#s5 444 1553 L23 Le7
:/ogx 20

"“

1&
. hft

]

*

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,




ica.se I=
- |
- | \ (hs, 1y)
. . h
n |
|
u |
— . | ]( o
: y Ve
. | w oy
%
B ?
N  Apex at hp:
i ? % - h
. ; R,= 2.8V, ..._Lu___y +(hx‘hg+ h}‘ﬁx](\/.—l/;) } . 13)
— i (v-va)* Vi-Va Va-Va
| Apex al Ay
- : Py y 1
Ra = 2.8 V;’v"{{(v;-v,.l’-(V.—V,)/‘]h.
X Vl’Vo :L
- ; D oy . . ‘-
| : - [(VJ-VL) 1-LVJ"VI) L] (h:."'h.) "f) ,"
- | Vi-Va '
[ , v }
| 4 (Vs-wva) (ko) } | , i
: - Vi~V :
: l
‘ | :
L |For Ri : Fimd (Bo)min svch that: it
I 1 2 % 3
- __ﬂx_.. - A +_ﬁz._:‘_h1.}[l - M 9(0'{ (ée)m[n] =
- éVa‘ VO V.- Vo V; - vi. Va‘ . /5) -'
' 2 -4 LLNL 1
L}_[h;"h. 4 ha- h;][l __(_M:_- l) Cot (eo)m'm] - 0 - -
L ‘! Vi-Va. Va-Va Vol ) :;)
| | -
: | ey s
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fkem: -
B T A A L
: o4 2Xx10 M Jild Z /ﬁifd ‘&—'-;“,1 +._€_+;€_r._,_
‘ +T L 790012 454" 1070 « 65+ 5280 ds | £ 3 +J
— —_— s
L. . -7x10~3
from which

F= trxio’

: L
P= z(( 2 X 1.3“0—3:(:.1,‘403,:30.#9 x M, ];xta.»g >
2.3

+ .

= 3(/,5iua‘ ) Lx/reo = 2520 u b

-

' Tabolar form iaf cermplicated cases:
|

Column Title

f Level ()

A Heiqht (hj) )

3 v

* ;" = (col. 3)2'
‘ s hjet —h; = Alcel. 2] !
; ¢ Vel =V = Alcol. 3)
i 7 COI.F/CO/. §
| 8 Ver =V * = (col. 4)p = (col. #)j
* q (ve*r=vi")*= (col 8)* LLNL
! 10 A col 9 !
| " (col. 10) x(col. 7) -

T he total haw‘zontg.l tyavel disTawce
: &
’ S’ee page 0 fov( 49}}\:0 fon’m-



h 15
) 3 | T y %
- ; T hen, ~-if Fhis (Qo)mm s gqreater Lhaw cos //3 : |
,. 4 | |
- , R, and R 7fn Cbovwmdaries . . R
b— ; - . v, ’
= . I F (6olmin s less Than cos 4z the feocesed f
-  enevgy Lies between R awd K3, wheve iz
| 5
L. ! ‘/ }
2 | - . 1 . 1172 1
- IRy= %Ve /_h:i taw (6o)min _[__‘:u__ + ha-h, H:ec (60) min _.__‘_"_} i
b . ' V-V, V.~ Ve vVi- i ‘ %1. !
= E . 4
f n >
| ;+[h\.'}\n +h;—h«.](:e;‘(9°)mim__\/;] } l‘) :
f-.' i}‘ VA'VL v3' V‘L V,} ‘
| : .
- | - ,
_ | This qives focus/img over a gemeral Teise f;'e/c/.
C For complicated Cases : «
_ | Let  subscript J'q:epreseuf‘ the jth |evel . Then, if
| ' p (3 The Leve/ where fhe ray (3 horizontat : ]
- j je Pl b P Y i
g . Xg-Ko = Z [ﬁm_:_b_;][( vr- vt ) = (v 'VJ"'I) 7 (7) l
{ . ' Viti = Vi ’ l
L . where Xp-Xo s R/l ‘for this /Jarft;u/ar ray. r
L . . :
)  TF VSTV
0 ‘ ' _ R
s ?XJ'-H'XJ' ’(hjil‘/'lj)(dfejil=(hf4l-'\_])\/,1+l LT
" VRV ER ]
i . - LLNL |
? : Vece hovs '/ cuvrve OMJ _i’i
| | !
A | : VsecO =VosecHg ('fv-ow- 4)) |
+ +o fl"«é Vs far Level Fay.. ) 40 - .
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Shock anrucd
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eriyation of { ) .

The ewcryy /’455/‘;1! .ibrm,?,‘ am e/?bvh:.fa/‘,ay‘et of ﬂwfa/er c/!/?‘(
48, ow the spheve al [atitude 4«7/4 Go and ,/ﬂn’-,‘lff//( awple s :
AW = W tesBo - d#, - 485 /1T

{Vow; w\uEL
Fooy s de

> R 4R

Shock wave ¥ime of aryiyal Wz=»okT air buysT

e

//

=

e

/

o Seo {000 ($00 3800 >500 300¢

Slasl vowge (y&s)

At shock wave bveakaway Come (aboeT (5wms L, R=300ft)
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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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CO.Se I . ( :/m'p/e inverr/an)

For R <R max; from /19) and &) :

F= wilvi-v) 23)
4T R h, Vo

In qeneral :

] W, VYoV N r
}nr..f. = 4IrRf h, Vo ("" 2 t3 tot7x +) 2¢)
where Re¢ T distance of concern
Y = earth veftection coefficient x 0.8, depending
. . See PI Py vpen terrain
thew ) ’ '
ME o0
— _\M_ . V.-Vo V""
gr.hu. T 4T A Vo Ry Z " ZS‘)
NN+
— . ¢ R{
where V= imtegral por Fron of //?max
Fov calcvlatious : . .

w=Ny
F‘fofal. S - W . V- [ln (1-v) +2__[_:‘¢ ‘ 2&)
4T h Vo /af r R=; M

ITf ne wiwd | imversion a‘uly) ;0 R < Rwmax

’

p = 50[ W(T.‘To)/ﬂfh.JlimL

where w = F"‘”‘JS TNT " LLNL —i
T, = Su»—fa,ce 'te-m.f erature, °C. '
T, = (avevsion Llevel f"m/era‘{ vre, ‘C. =
Ef awd k, i« -feet. “

Fov p—f g Rwax see reflection c‘atff'r;‘l'ex'l a”hc‘d(a"&y;‘ ll.)
. Is¢




= 2R e, e gt

) ":*;;4 &' t o-x\ R IT AR o __,3.:";: = _-_‘*:‘_i,‘r..:;_.; B A R L S I AR L hets. % o, T 1 e T T i o Y
20 ?
| N
/ .
1-Qerlvatt'on of 3) o
| N }
‘ -4
v e 8 r 3
- I dR = [(ﬁ)"ws“eo] cos 846 dh
| | ,
I |¢l -hs 2 3
1 Xivi =X 2\ Vist =V )([(co:éc ] [(‘0390 - Vc'cr] }
. 4/
3 ! :‘_._R" - P( A R i — A - ki [ . V‘é“‘&; * Vosiw®o,/ costde _( same e
: 3 : Py -é Vt*l "VL + 2 Wplov‘-é +’~ VVPi -—V.""
5 ' +7
o !
?h 4= k( V, t;\oc —— 1
:. ! 2 é V:’l"Vc -:;3“. (“ VP“’V"”"' - V‘.,_ )]
! =t
. VUpiues v
- | Sin &, = L yfv Cos &o T 7Vp
i
| :
: ! . VE,' {V—-_— pd=Vo™
‘ | Ve'sr Goéa 560 = . Vo
- i '
' | Thus 3)
. , i &R/
. , Tabolar form fecvr ( 48 Jk=o
. 4 == ——————————————
: - Column Title ]
|
| 1 Level (() ,
Ry o 't - R
2 V’\' = Vier~ Ve
3 Vet -vit (Z 0 for V¢'=Vp)
‘. 4 a(3) (= +)
: Y a -
i ) V;t( Vp“Va"]/b
i . - b Vo 2
E . 7 1 3(co/ s)leet ¢) = (Za)uzo
i
1 - : LLNL
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Ezuq.‘/'l;ns and Techwigoes m [Blast Fovecarstrvy.

_ (Jack Reed)

For bursts (nuclear) at or near the qrovm

-4 A
Pp= a.Wbe * (-‘ﬁ% '(ﬁ)nw)i

where

P = pen.k-'i'o-f:ed.k over pressore -~
Wz yield /« KT : w 21|
1.685 X107

c. >»7

W w

o
b
-

W

% = TIwt Rf/f?.-, i

d-

/y.b

Qf 2 distewce of concern 1 miles,
v lavgye fer Smooth Fevraru , Swatl  fov rocgh ‘tervamw .

Experimental pressure periods:

T =aW¥

Luh"fp 1)) a=- 1+ 2 fOV IKT_‘. Wé- &eo

F-or a‘\\y
(é_fi. -
A48 /nzy

wh

F-OVQ Sl.

N a=0.4 for w £ T

2)

KT

W = yreld in tons TNT fov 3) 1 KTTIUT fer 1)

si1Tuation ¢

VYiee = V/

e X7 2 PRI Y S E—
e NETE [ (b e ) 9

c*s

ere  Vp = shock wave speed where’

mple 1nversion; Ry K Rwaz

W VieVe . b B Ci=v)
f‘ FT I'..v: R_; r (See

} dyne
'/gb

/sm> = ‘/u.b
Corre:po'st Fo 42 db over ku”-‘f +

ray ho n} avtal

LLNL

)—‘f), P3 H) )

nr

e~

kveshold (o-000 2

— f

re flection coef- = as (Hevade /eayn.lr Grnul) '

- b e b
Y e, SRS
R ! LY
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’ H o 1), 4). ¢€S) ,use 3D fvm jrqpk below , %o matter
L éwl‘d' Wis , them 'nr\uH-\]o\Y eyaa,\‘(&'u.s by L)
‘ r 1*5( 30
i 7 S—

b Dw-ia.o* /l/

- of

Pc! teve Phase .35 r/

| D,{:«'— /
) " 3¢ //
1 3 (Frf.tdr) /
' X //

b , ko /

15 /
»roc 3co “®iv seo oo co Yo o (oc e tiee =00

o

|

Slawt Qa-v..‘ <

For am awr burst

P:

175 Y #

i

yds WwikT

The “, Mocﬁ‘f;cdm'\g wovks a.pr-rwﬁwa{»e(\, fov
‘ N

W m kT

o cec

Pu P35I
< = Sé‘c‘yJS

w kKT

A ser
® P32
R yds

7 raumé bo vats.

LLNL

_/VOhQ Uf f’he e[t/ﬂ-ﬁms 3('ve1 hey e lm! -
Soem Fo  accoenT o Fhe

faye 23

fr\o ssvses as /ao/e{
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Jl.ffernd Cransit Times amd rescit iIm  more +*hom
one "“boow" This will be the cese whew winds
are pPresexts
 Fo- w Z 1 kT - (é'rouné buvsT )
f N ~é W\.\IUQ$
'P = zzzaé z ﬁ/;“) - é ?Z Q !’t:\;\u.c‘n
r /R r 3)

Y= s iwd
mp—

-

w ¢ 1)

l 1‘0‘\.—0

whave w = ),,'e/( m ergs
1183 1
P = 22y w3 ( Shoet o Sarfate) 3)
r/
where w s y/e'U m exgs pounds TNT w < | tow,

3 distasce m m/ /e

P = /(‘t'f‘o"eek pressere /G-/a‘.
77](3 dees ot accoouxt 'F"" cl«aurc vf’?’a,;.ﬂ Eime .
( /1o‘m s0 8 neovs Atwos Pl\uc)

Sovn d +ru¢livﬁ over c‘ff’f'evn‘f paths  wil/ kave

—F:_w oM Aty bUVS_r- ; w A [ KT
- s
P = 4£P2 w3 W o Abs
- v e il +)
p~mb. '
. LLNL
p= 07 X 10 32‘5 Waw kT
Y Yo T \es s/
P ub f
I.Z"W"'S

For D < 3600 f+ ., See

he alove 3 olhel by\ 30 158

o~ | KT,

6C 10

£JD1

3




Lee2n ¢tuo

'
!
.
.
B
.-
- * -
-
.
'
’
’
-
. »
& =
| . ) . , R . . . '
)H . . . . : ) ‘ H H ‘ H H .
[y s S

PO M



wave !
) A pyrecvrser /WISure wave (7 cvmeed
2) T+ precedes mecilayl wave 4/01«7 The Sarfare
3) Prc&s vp Surfa(e meteviel
‘f) Tvvfa-(e atev al feJ mte fc//ow,:-r cwerden?
omd v-ffhd«l woy es
R"Suﬁ'/nj -
1) deirev rise Fimes /x mwam shal wave
)‘) Loweyr /sea‘: pressores t . 4
The cf'fec‘f J/';a//eau at some c¢ritical distonre
e d Shkock wave vesomes ts  morwal simfe. _ B

. -f«vr-

Pr-eCUr;_ar .Effff"’ TM 23 -3r00
(ot 1952)
For vrelatively Low burst heights ; )
1) Eavth absorbs much thernwal ewevyy A ]

As
inrde/mlvmf of ov canJuu-Hau with the 1wcedowd [ last

5(__4/4%7 Laws and mochamisn on kmoww

Fov |)dv7/ dus‘fy soir'l
N Homnal bembd buvsT _
2) berst lgw',ﬁ-/ L a4 / ]

#) Suvface vapidly veaches seveval thovsemd degrees
3) Suvface vn Je»’.,e.f (x,o/oif;( J¢(0mpa¢f/‘7‘/0'n
1) Deumpan}n'u predects expe//ed to syrfa(e arr (100')

5) SUYfMt air L(.?tcv abkavﬁ.f raJu't'f (ntrﬁlv

@« vesult of these euevyy Fvawsfevs , either

the cvitical distanuce 15 1500’

LLNL

Deue(vfmeu_f' af frecar.‘:wr eff?r+ e kwown

other Tervamn cow difrans,

| bd




1 Frank Wity weuld expect o precovser effet for bPuyst on

| waeler as well &4 on /414

e R, IR



f

|

V
'

!

Salaininl 2i

Precvrser /gnﬁ/e .

The precerior exerls a fuf-ce nevmad to itfs .S‘arface (U/)a.:vJ),

|

|

Thys results /n more damage Chan waold be expec! el
ek Moveable objects soch as Yan ks

7—146 precorsor wrll /ra(erc/ m,_//v as ar 5 :)zrn/.
| Aea.fn'r, has occered.

(
1
I
1

"
N

|
i
I
|
i




L SR PR &) YT




B B O e T | g et At £ - .

M N

-

H

Lee2s oogs

)

.

LLNL




a.ﬁ.ﬁ bas ﬁ?:o

[65

LLNL

30

o A A -— . PO N W SN pm VN S W N‘r
© s o - - . o




oy

PO o1

o | _ %
] i_g Dauai:'ﬂL Ay _Shocks at Lavge Distawuces Lrom Gxnlosiors . o
[ | oo .
i ]
L { Case T. Ez,o/o:/ou ‘v the Adr. <
! «]
|
! h ‘Ig T
S , 1
i | -~ 7
n 3 v Ve e—— R max >— S/ jence 1
i
- ? ve+ve )% | .
- R'ma.x = h B8 ( Ve-Vp ) . ') ;15
?i' I . "1%
o . Elvvay S+w'lnir the jrﬂ‘a:u/ m the Sirechon 4% .
i,_, ‘ /;| fgy(;f ‘4 (mfalﬂ;(e/ w/.f‘n:\ fhe /Kl fm./ ar’v /C. \f
! !
' T -1 (Ve f
| 72— cos ( /VO) g) 4
I | This +heory will hold fOr rec eab:%j J'f‘a.flq:n.f
l { Located ot qreat dustawes with vre spect Yo hg3. A
| | | S 8
| iCase ILC . Ewmplosion 1u the air. : g
\ | '
!f *4
i . N
]& Ny (Vi,h)
. AB
.‘ 5 (vg, hg)d .
f VQ v . 1[4 amax A‘JJ:—\S(“CRCG J ’
! -
i f | —————— (R ) min : >
Limits fer este R
9? 1 — ;‘":‘fffch'o-u:.P —4 LLN,I: ‘1
| ; 2
| ; b -




1oeIn peyn

T LY FEVPNFIWEN 9o

e TP FTTNE S—r—l I TCIER SO R T —r—




PRI ) AR e N P~ - - T A T a1 g e

R RE PN ﬁ-u‘:‘:’?‘;

- | 33

E‘nﬂv?y J?H'kn\j the 7r4u<nJ 2rce 15 That 1rwc/e dod
| m the amgle

% + s ((Y8,) 7)

)

0 ; (%, ) and
. | ‘nly that mcv/uJoc/ betweenn <+ cos vil] am
i} ‘ — Co5 -‘( B/V.) is re/ee.ﬂ‘ec//y rff/«fec/.

|

!

i

" [}
R max = ‘V.—f'\'/-o-[ ( V,I‘VQI)A‘P(V.L"VBL)*] 4')
Fer rays which U?‘lc/frfo repeafed reflectons ;
Ve 2yt
R fc;—:‘f strike = Vi~ Vo [+dt =P (Stcleo - %E;)zj . 5)

. w here + qoes wrth ray s :f‘arf‘:i«, i the up/rr.iamf,

. | After m  veflectiens a ray s ‘/‘ar?‘/:xj m  Zhe

r Zawer /Uotc(ra‘n‘f LamJ’ a,t

! ‘ h Ve - Va? 3

: i R)\. = Vi—=Vo [( 2 +.)+¢« Go — S'ec‘eo - a/Voz ] ‘)

: i .

f{: { (*4\ éo)miu Rw = )[Vn;"' Va’- . w4 : 7)

i ’ 2 Vo Voilned)

| (Ru)m'n‘ = 1 h, Cn(hh)( VBI“ Va;)],. 8)
N VJ" Vo

v zones of silence &l w5t , whepe M s The Liwes?

L integer Sa‘h'sfy/'y the /ﬁre/aa/z'/y :

| s Vv Vaime) 2 GugYve? syt 9)

LLNL

—
g
o
w
o

6t aQ




IR 'Y

L IS VAN SR SO 3%
Y

N R

1.¢f uﬂ cne 9

LLNL

o~
S

——




e R L S GO

e

v 7

=

CMC I . E"p/aw.an im the a/r.

R, 4
R > o
Ry —»|

. - VA - Vi
P\a.ys with  tces }Vo 2 G = ~cos %c dre chawneled am../
neyer 5 sz'kf ‘l’hc 7rlu~ud [7a o ‘f‘vueL hlé“f" ‘f‘\“ ‘lf.

Dﬂwﬁwﬁ"J Y+Mf1V9 eutv’x‘ Wl\:ck S‘+Pl‘kt$ The ’roua.J
:«Mti'l'c.uy s contaived withiy The ouw(lc,

V,
1T/J_ - Cos-‘ %o

- —— _ ve - Va .
Enewv 9y = ve h that = (Cos ' /Vozeaa."tos ! /Vl- w.ll
U”\Jtv7o rcfef‘a.‘h'uc vtflcch}\- )

O‘f ﬂc e'nevgy S'faw‘( 1'%3 Uf wo—.!, 'f""cq f"" u-L(L.(\
cos™ Yo 2 €0 2 ws”' Y
S._‘fv“k!f the 7)’00‘\&:{ Cu-\t‘ l.J V’,f‘{'u.rl/y folvcffc/.

"F?c‘us:inf Yo kes //ere.

Lamding 4(51‘@:«* . _ LLNL
1) o = -cos” /Vo , after n r!*flochw&f e

R‘ = th‘)EQQ)P“ <+ ha[ ko*’VG] lO)
) Vo- Va

rlmsl MV.‘:(— SuspucE _—M__ siLpace _;wue.:tm




e L

R IR

i

S el e e e e e o e

LLNL

oo prny

[ AN}

e b eten b



—- Vs .
x) 64,=—905’ . after w  reflections :
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;' ' . For /0kT £ w £ 30 KT
|
i X, x >
’ hy, = r#2 + /3"73‘3/#1-4.7;@. s)

‘ . where -
! h,3 hﬂ;,k‘f of clovd Top /n Kkilefee? above Bovst }5!/;;4-/
hy = hel:yh‘f af clovd top ~ I,Ygferf a bove A"S'L
Y = y/é/./ in Kileteus
X> 2 Mean [fapse pale e a/efrer: C betwern (oo
and %00 mb Fakew at 59U mb sxtervwals. (ofo/kf")

P X3 = meam wnd specd im kwots fv-m-\ bovst L1
i N ‘\ e uﬂd t o 4.‘3'7‘/ )na)‘n./ faf of ('/au d (r 7«/;?5 [F“
; : Sv ccossive  apProms Fxaliom lu
' ; Xy = ﬁr ecas? éer}‘f ’f Vrepepecse Im h'/.fepf . 3
! \ '
b | . . . ]
:! ' 3) o7/4 lres /}(‘ J—) /)’fét s e« boc e T(Ycla./oaoje , ™ E
L . whickh case 3) is met? applicabse. ~ »
i | - u
g | LLNL .
| .;
| 7 &




g -
&y

LLNL

F PR R VS

4
.
. .
!
-
\) '
RO . - > — T
+ y = -+ + S - ¥ ~ * L e S
* ¥ -_ ed n - < - 4+ n ¥ -y N d hdl . N = - b .
A A Pul ol 4 Pl e A A A e b -
e - e P L~ el - . —— - o e e AL R ST ST rai
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