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THIS DOCUMENT CONTAINSPLP’AG_E“S_-

) ' TRE EXPOMENTIAL SH
m 1 Robert Levi?
. ﬂhe following curvee give the results of the
pusericsl solution of the eaustions of wotion of the
one dimensional shock snd rarefsction waves derived
by R.Serber.” These wavee occur 8t the interface of
‘two materials, one of whioh (the core) is heated by
sn epergy relesse, the spatial distribution of which
is constaat per grem, and which imoreases exponentially
with tiwe. Bach of the two materiasls is assumed to
have sero initisl temperature amd to obey the equation
of state of a perfect gas. The calculations for the
shock wave have been carried thru for two values of
the ;ratio of speeific heats, Yy = 1.4 -apd 1.67 .
The tlrotactioi wave hse been treated only for v = 1.4 .
With inoressimg tiwe the scale of linesr dimen-
sions imoreases exponentislly, as do the scales of
pressure ond tempersture. If the scales are s0 changed
the grophe giving the spatisl distribution of pressure,
tespersture, and displacement are inverisnt. The deneity
ss 8 funotion of the exronentially increasing scale o(
length is inveriant. The escale of length which hae
been used is the co-moving coordineste, i.e., the initiel
distsnce from the interfesce of the wasterisl et the
point considered, normelised to umity at the head of
the vave., This length, denoted by ¥, hes the ronge
0 to 1 for the shock wave snd -1 to O for the rarefasct-
jon wave, For the rsrefaction wave the letter 8 hae,
been Jeed in plece of =,
ﬂhe sctusl pressure or temperature at any etage
of the expansion can be determined by meking use of
the fact that the head of the rarefsctior wave movees
{th sound velocity, [P/pl% ., For a specified rate
~9f inqrease of energy denmeity, preuureX and temperature,
—e4At  apd of poeition and velooity, e t . thie con-
aditiow detereines the pressure and tesperature st the
he.d qr the rarefection wave in terms of its poeition
and dqnalty. The pregsure is contlauoul acrose the
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interfece. Thie determined’the’ prgglu;s * bence s [ £5
the temperature, in the ehock..meve..- R B
The chasrscter of the shodk [wavie fe dstermined by
Ytemwper 3lone. The characterdf the FTafetaction wave
ie then determined by the interface boundsry condition
which equatees the pressure snd dieplescemsent on the two
pides of the interfsce, hence slso the invarjant rastio,
preeesure over dieclacement equared. Thie condition
-depende on the two vsluee of v and on the ratio of

initisl densities, & = piagper/Pcore :

20¢ p(0) - Pe E(C)
(vt+1)E(1) e2(+C) Yo E(-1) ¢3(-0)

In the curves given here Y hae been taken to be 1.4

is both waterisle,.

The notstion used in the graphe ie as followe:

initisl deneity of core or tamper -

¢ = pet/Pec

z = : ini{ po fﬁ (! urgg 0;02 :h. rial
A RTREE R R T

- actual poe1tion io uaitg of the head pcaitjon

’
X = the displacement, ,,

P = preseure in units of preseure at head of wave

p = depsity in unite of po -

T = F/p , temperature -

It should be observed thet the uaits in which z,9,F,p,8nd T
are measyred are npot necceasarily the gawe in the tamper

#8 in the core. The relattnnehia between the two sets

of upite is deterwined by the equality of rressure and
position at the interface,.

©
[
]

-CONTENTS
1. Fosition in shock wave .
2. Lensity in ehock wave, p vs. x ii?

3. Lengity in shock wave, p ve. 2 i:?
4. Temperature in shock wave i:;
5. Fressure in shock wave ey
€. Fressure at interface ve. tamper density - o
7. Cierlacement in rarefaction wave . é::

8. Lensity in rarefsction wave =

9. Pressure and temperature in r _9q§10n vave ;:P
1C.Ceneity 1in rarefaction agd,phock,-é ves for &« = ]

' s S g AR

APPROVED FOR PUBLI C RELEASE



He

/

APPROVED FOR PUBLI C RELEASE

|

I - RS RS
[ S e E LR Y I RN B RS 1 v
W WG BESNE P EEEEERE R 1 i :
R R S RER SRS + ' ' !
M T
_ -

' !

i

'PUBLI|C RELEASE] |-

!

cordina

APPROVED FOR

. L
Ang
-

[..

schion n

MAdz ivV WA

Engraving, 7 X 10in

_bost

KC&;-[

10 ¥ 10 to the half inch, 6th lines accented

f
KEYFSEL & ESSEA CO., N, Y, NO, 36811

O Emmm s SRR

| Z = inifial dosi

i I
[}
P I
: |
t
| |
T
| | |
| !
T
1
{ L
|T
i
A
T
] H
|
| 1
oo
l f
’ 1
.
lf B
IR
T
o ,
Py .
; T
'1’_'_/_:_,_———'*!'—' ]




APPROVED FOR PUBLI C RELEASE

va
new Ve

MY mo sons

K
oo
w

e

REUFFEL & ESWEH CU
~

Vo ta

M

.

beoiem

L
3

ro

motion) |

e

N
£5

{

T

Dinferfac
nleriaca

{aca

“ontalok. Wby
=it

S

Vo
i

i

gl

v

h:f

100

oot

ISR SN D

L.

Q O
[N

A




veee
(X2 XX 1]

. .VI vease
.
L4

: @
P e
e

L AR X KiX W T

i

Y T Y Y

7

I
!
)
i
t

o
s
Yo

na

{
A

)

s

e

r

o
H |

foYe)

”ID g f

]
i

|

,..-4

Jetes

1
i

10

T

forz—
ook

T

N Unt

.

-
i

rerhy b

:ﬁ

/i

!

Vo

‘54It' ‘

12l pos:

o

Y

LEM

Y

APPROVED FOR PUBLI C RELEASE

i he

.
T

lines acuented, cwm. lines heavy

WA R

o

“;iﬂq

/¢ns|

T oum

A

KEUFFEL & ESSER CO., N. Y. NO. 380-14

Millimecars,

!

T -

T
'
1
L

A

I C RELEASE
7

APPROVED |FOR, PUBIL




¢ctoe
.
saarve

APPROVED FOR PUBLI C RELEASE

ESSEA CO M. Y NQO. ISR-'4

1€ B T

CELFEEL &

e

U e P DR RS DU U P :
| ; ' i |
| | i i

| | W

! ! ;

,
—
<,

Sar

A‘ARe]

¥ ﬁ‘.‘!’gl_.,-j._ —

of

—

=R

o
R
e
: !
Pl
i b

|
_
| —

o 'T"""*“f_
p— -
|

+

3

{

|

]
T
| S——
B

1
|
s
-
D)
~

of urcomrn

PROVED"

X i ..+\
T 3 -
" | | v/ B <
. ;4 “yﬁ . ,
[T . [ [ i
! ! Lo GRS R
L *.\.. RN DU = < .. :
i g g’ .
! bE s s
! bt e e
[ ol .
e P .
1 ) |L_ i

: w ” M : ,
' i ! :
CIR IR R T
oo N o o
, | i ; P
PR | A
oy i i | . poe
o , : I _
Codl R fl‘ - S -
o ; I : ! _
(ERRENNNEE |
; i
e i i . ——
b mu PR “41! AA ..
ol M g o o
i 1y 4
. Lo¥ !
IO IO SO T A m o
. ! ! ¢ R
i e e L N L
o _ H .M;ﬁ w
g ! + 4q 3G ,
o ; _ o oa
R T B A e i e _
s wE 5
I O~
R EE:-E: i
B I O e IO ,
2




APPROVED FOR PUBLI C RELEASE

MNQ. 258-11

Lu ¢ I to the half ineh, Sth lines wecknivd
» 10in

Ne AA

0

YALZ

KEUF EL A ESSER CO. AN Y,
Engraving,

"

[ ]
.
L ]
B e . s R W<
| T T e d " ~ A8
. . t i ’
. . i H . .-
J-- RS DRI g S PN [P el P A b ». vﬂfu mee dos-Lo e AR S L
. X . ! - . b i i "4
. I - L S Bd 2 s . ‘7Y Y { iy
_ 1 RN SERL S I e N J-*fi LS G-
0 P ' | L ICT LI B u.u.o 4N ! 1 K
! _ } ! H ) }
e Y I DU SR - I G L - . H SR
‘_ | “ ,. A
- S - o= b - —— — - ‘%x; e
\ ! f A
1 i ' b
| 1. ! i
-t R IS - g :
' i fd o I - . -
' ! by ! :
! ¢ T H
P —— o — - - —— - - —— b — “ i \‘ o B m
i A i S |
I R U DR SN W R AU NV SR SRRSO
i VA P ! |
. '3 ’
RS ENRI EO S NETNS [N ISR N : e | IR
. ) | . r ; t
. ] ! # Lo, _ ;
m ..... —te IR IS S H B SRR SN - R T JUUR-PUV S
. | X\ \ H
4 i ;
I ] - % . (NS RN U QU SIS - . . P A
r L L ﬁ
i i : ‘
fomre e e e F - -l [ERER

EENEEEES
of fwad motion

e

1 '

|

|

+
!

N

|

‘uhﬂ"s

of
I
|
L

’ |

- i
Ty
I,
i N
H
f

T _.,f, _._‘_.__r._
i
|
|

?
i
i
1

DI

V-
| Y S iy lcl_\\JI_

b
;
1
t
t
|
i
!
!
!
i
|
A
=
& _pElLEACE

LB C
2

T
)
t
i
i

4
1
H
+

e P N URESPUUS GNPV SRS S S B,

’
T
.

B D

R

SN
|
Shock Wa
L L
hial PO S xonm
ressuce in units

|
SRR ‘[h\ ]
T
|
|
|
!
ADan\v/ED EOR
i

AEERS o S 1 R ST o] \ - ,\. | S N . .
! ,_ \4 \\ ._ L
_ A 12 | I —
4 A : Sl P N 1
e s S L — be ] — \w \ . 7 T B R w T VR 2
. 4K . I % |f\\ . | %
= —- 20 SO S S R : S TR BV O P
I B . . |’ . o . ' . _
b e e A b e g m ;
J!!.axy:,. TSR . v I \ el B S P BT e . w 4 ..
— - o B 4 - - ., =t B s s S ~
1 R T PR U A R4 N PO . | : ﬂ
1 B ’ . |
\_‘ M ! | __
L — - Y U 08 S - UL ISR - R R - T S — SN
A.,x i ! | i

el e e

.
-
i

i

i

|
1
!

SN SR VSR I V U

| JC U U m
! | ) MO I i i
¥ | i c_ [ (34 ! :
+ - s FT} - T s -lnl.utm m B -t
; | \ | I ; 1
! i ; | [ LN ] ! 1
i / ," ! aln ol wfe : | ﬁ :
L/ ! _ | Ll | |
Ll g dodebg o 5 o hoedel
~ ~ ~ ()3 = - - ~ - = -
. ’ 0 s oEEEN—




APPROVED FOR PUBLI C RELEASE

. s , B v oow
- A J . FELT OEL w GanEH G N v N . .
B Tttt Ttie

= | A T T
L .t | r I e
. :» B » R N + — - ‘F . E —————— o e — - - — AL : - .
- I, " ' i z
{ : : i
- e | ] — ‘ _ ‘ o : 1o :/ R R T
LG ‘_._,, e e —— i i - 1 ) ! I [ | .. L
Cy ; i S S P S ; pooh e b
FE S A O e e | : ! / i SENN SRR
! i {

" | _PRESSURE AT INTERFACE VS\TAMPER DENSITY |[ |+ | |

o‘ SV S OO L wl e ' o

I SR B

— _.._”If'_QC‘__JQ{)?Sf'Z‘g)_ AN R I /
N NT' ; ; ; % i ‘ | g . i : o :

1iCqaco

L et e
v
‘ . -
4 :
|
|
;
4
i
L

Y= 14 Fer

| ' .
l.ll. | H ; . / t ' : RS o ,
| | oo o ) ; R SHEE SRR RIRIE Lape f .
Peces ] | . | T T A T PO D N EO LR D R r s ey i =
% : i i ; ‘ i ! T > =
t
[

e
® ® &
aee *
‘eoe|nos vod sse oo

. !
. _

i
(X}

Lo i ‘ 7 IRrAR R N I S E e 1




APPROVED FOR PUBLI C RELEASE

T T : ; T
.- .1‘ P ?_. . JOUUIUR [N R - ‘_ S _ ,4?“
: 3 !
L 7$,“1:v,.., N ; " . )
; DISPLACEMEWT 1Y RABAFAL ThoN| WAVE | 7] L |
; ] o S B il el ; N
: R T A :Eaintiai'iﬂ}é' T P T O S R O R | '
FUURT AR R , 1 , pa )mwr d {in same it i
o | 13 | X du;pa’act:{ym“ /| , e T : _
! ; X H(td e nﬂtﬂ/ﬁmv derncdtin
de s

11
Ed

l R R Y J L4 .ﬁonM core qmdjmm,m .

~

a-| -o - : [N [ SR R R I AN Bty e e e BT SR A :
- .n : : ! H
i sodbee ; F i ‘r
Poe i ; i I ! : i ,f‘
Cesdesw i ‘ i - T R et —T
T | | R
[ . ¢ - F [ . | 2. !
ssdeen! ; ! ! [ k !
» . i 4 ; e - — — i A )
sedase: ! I ; : v
1 | ! I A
aescso: I - / / ’
T T T Bt o . T 1 ‘ B ] ; - i ' "/ “ //
; : : : { o E . .
. i ; i i i i "/‘ f‘/ .(‘-l. /”r
- = [ (A A SEPSa R s
H ! : o P Y :
i i ( - /",/‘ //f" . “//;:'/ JRRS AN FRTTN SR ,. —
- : i - ,_"’z' TR > :
o = . I e " _ o e ; s SN
: o B
BRI L LA -
1 |
- - — ¥

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

- .. *
” K
[ 4 e
. e b T oy -
5 . -
!
- .
” * -
-~ i
ke i ”\\\t
A
G D
.\\.
\.\w
iy 4
3 ] +
3 3 3y
130 > 3
3 1 3213
bl b} 3
11 3 P33 ¥
) LI
3 ¥
IRER] 3 ]
3 3 L
> 3 L]
1rraY 2 ¥
3 i w
L] 1 » N 3 ) I
3 H) » 3121220 2 !
» » » 3 3 )
(¥ ] R :
EE DA _
1 N
3} bl L
13333 J
3 FO
IEERRE) L
I, '
3 ] 4 '
333112 1 ¥
3 3 3 1 p)
112 1 ’
ug >
[~
_ _ _ W B L. .
o JrV . mf 700, PR
- : X M )Ud.J m Sodenyp . u»
: o 2 . *
J r.a -3 e e w2 "U27
m . g =3 -+ LA R EY e
. - -] = ., . ) »
. [ ﬂ = .d ™ "--- [
—ll.. - ) m o P 5 Ressaa
. ey : W < vor Wt
......... . .. llall1‘w\% u/Fl.V\ ”-.- . —_— —— YY) ..-O.,.
R : ] N S . 2 . .
3 . e o L) O 283221 » s .
5y < IWJ » ] RN Y]
' . = ,o ~ yar < Y] » “nns
. ' = 4a As L R »
LY
Iﬂ S m o T
R N S S ~Q
POy - ” / pl i T
b, = 3 erml| e e = oy
LIS | Py - —
he3 s
u VA -
3 ) = o -
N 28 <
raaa .,...CJ..... " . . = . . . ‘
onal ﬂ UL IO L IR I
. —— — l : m Rt i
L “ > : ; - I_n
- - ..... I|1 B z
3 - i _ o 1 - 3
| N S b
- S — : i i i
. » . ' e w

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

q — t - -
e B 7
L e e S U VAT I At
__,___#D"Z\\i':itg.&f\;,[ﬁt@fa Clion ang 7
i | RIS ,:;fti’f
—_..,._._7_.;_‘, : R P, e - : [ +-_"
. core d(mle*q tamper da,r\sr\'u‘ (bafm axpansion) S R
o _ 1 ¥= 14 forboth _care and thonpet o :
x = fistance from c»mc;ma\ m“tarfa:g;_ N
- ~‘ | } - ‘ o . . '
| i | L - A
! ) i ~ o
e B e _ . ;
| |
o ; B * i
& — :
; P i 4 { ]
O '__i___.-__T — i ; e ]
e : | —
- | - | | 3
v IR N 2 Y | A R T
® SR ,
——— :.A__T e - - - 4, — ]
P : L
: S
o | . |
5 : . ' B . - ]:,
4 JR N, i \ o l
N B K= A2 70 = \‘\ >
‘; f,_ir,_h-_ G ' s - o f '\\ o ~
i ‘. | :
a_ ; ; +~ - V,pd__,; :
3 N I - In*w?a Q. R R
@ ; P B Ongidal |
' ! N Ty T T T In“ecfnst "f— N T
i 1 - _
' ! f 4 ,,,' i _
| | A R T i
i S Bl Rt et S Sl SCRIE I OO PO S
i T.' :'. -.- : w? : : n.'- z
A | S| S EY L —
_ A -2 ¢~ 2. A

-6
-APPROVED FCR PUBLTC RELEASE




APPROVED FOR PUBLI C RELEASE

iy
e,
. s
* 0 »
. e ¥
» ] '
ssvsen :
L . , -
crasue BN EEE )
0 K » !
- ) .u
» . 3 )
shndad 23224 4
L] . . 3 ]
(RN RN ) LR R 4 4
[ ] . M . 3
. . . H 1 '
sansne TR R] 2 N
2 >
-oe-.c _ -:o-- uw,
H —
)
3 2
] P «
i R AT s
.....,.. ! ....\. ' w w .\lu./la. m.a.nU._f-
Fi Lz - S L g
enee . \\. Iw O ..w nw -..-- --u
L] b PP H s -+ s0eany 3
IEFEDE L ‘ Lo
A . 0 - .Ang L% * ] 3
’ i ] Ll -~ 3 T .o.._ S
i g i . 3 i
: i R 1M . W D wy s s
g SRS 1 T B
N 7...\ ”|: T o r! * .//1:!\ “W.
5 g o> e 3 S
‘“.. m \.P:W o . . p
'z _ . . Pr-) T £ P,
3 L} - : 3
\ - 3 s 3
!/ : 1
e

o

énﬁti p | Positibn e
a4
5

: ‘ IT.. A TN e i ”
; v W W iw oa :
- [ S IR " SO = . S- L . _ .,
- - : - - S T ;

i
t

t
N
M
'

]

o
!
i

T 1
L ” ” !
R — : : 1
3 S Lo . ‘ o IR AL W . "4
i I P i A R :
\. e [} e
T r Ly

APPROVED FOR PUBLI C RELEASE



PU

APPROVED FOR

BLI C RELEASE




