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4doroballistic Resoarch jfleport If

\RAMETERS FOR THE EXPANRSIOH OF PRCE
GASHS IN AL IDEZLIZED GUN

SIGNIFICAN]

s 1

. Heyley

LRSTRACT: In & provious memovendom {NCIM 10819), & wethol was
vhich peruite oo %o ealeculate the wmizule welocity anl accelsra:
projectile in an idealiwed gun, In that report it wae shown the
gecurate method i3 svailable and tha’, given the ratio of sharge
te projectile maes, G/M, the wiun of the excluded welume 1L
squation of state, and the initicl veluss of the pregsure and te
turw, the motion of the projectile withiw ihe gun bervel could i

A U0 5 cific hosts, The ore:

s
PRALE

csuiated for all ol the retio of sy
report deals witll problen of uimplifyling the culoulaticns by
ing the mumber of peramsters Lo & mintmum, It is shown bere the
jivan gas or ges mixture ths problem esn bta Dormulatec dn svch e

1
!
the only arbitrary peremster is the ratic G/M. Ar & resuit of t
investigation it ie poersible to calculate, by the method devalop
NOLE 10819, a single curve gliving the veloclty of the projsctile
1dealisad gun berrel for a givon wodue of G/¥. This singls onrw
by & slumple changs of scalu. ylalds the welocity cf ths pivnjectud
the gun for different initial (istances betwean a projectils ani
for different values of excluded veiwse, aad for different initi
stives i tenperaturs The redustion in the oalicvlation labor

vignificant.
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This repert containg informetion cbtained during an 1lmv
of the poesibiiritiss of u kigh-velocity two-stege gun.
phases of ths wek were repertsd in Naval Ordnanze Labn
Memorandum 10,81’ . The wxork wmas carriad out criginally
Task Nuzber N0L-15¢ and letar under M-~10 throuvgh the
Burau of (-dnanca. The raport leg an interim report; ¢
ontinuing.

Yi. G, SCIHINDLER
Rear Admirsal, USI
Comssander
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5, In what follows, the equations gouverning the problem will Le
writisn in dimensionlass form, It will e shown that the gquantitliae
used to maxe » variables Umunsionless cen be selected 8
nanner that only tnrae persmeters ars retained in the eguations:

T ?‘/"Q and g,
where i is the mass of the huliet., Of there, ¥ 1s unessential i t
gsame powder is employed for dilferaut shotr, Furthermore, 1% will
shown that tho computation cen re arrangad so that the pouition of
bullet becomes Llnlepzndent of tihe paramstoer, Sos , (although the
characteristic net doos not), This leaver us wit!l only one sasential]
paramoter , &/ . Thus, Lf & single setl of curvos for verious values
of &/ is computed, the bullet's path and rotlon is Jmown for all sue-
binations of othser paramst:rs whare the sana values of (’/M eatar, Trs
real quantities for a specifiad problem, of course, ars obtained by re
transforming thoe dim:nsicnless cnos

JIVTINGL ONLESS EQUATIONS

5. In dealing with the Lagronge preblem, it is convenlent tc intro-
luce a guentity, § , defined by ¢ (ﬂ
£ s .E‘.’ l-ls;:-'; (2 VI C
;
where "a" is the lecal accusbic speed. The density ¢  uzay ha removed
from this equation tc give a rolation batween "e&" and ¢ only:
& " = i
P (£)7] [11]

& = {
..A-()’, > o

The index "o" reflers to the conditlons at rast (¢ = 0). It is seen
that ¢ has the dimension of a velocity.

luss L and V fer length and velocity,

7. Using opticnal rafarence v
iadles (denoted by a bar) as follows:

we I introduce dinansionless vart

x= o #
u=s Voo | ae V& | 6 VT (1)

> S E

t; \ ]
The quantity u is th2 lecal r2locity of the gas particles. 4t the heck
{ the bullet, it is identieal with the bulietifs speed. Since

o B 3

”"’-’.«.J.a}: - :} ’Ab\A/__lLT
the refereirre valus for the {ime is necesssrily ‘*/v ., Saivable valu:s
for I, and V will b2 given subseguently.

(&

8. Ths fundamentzl hyelrodymaorical equations Elo] for the metion of
the gas become with [11]  and (1):
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1 They contain tho parsmoters y i’ V/cﬂ he boundary corditfon
u = 0, at the breech transefores into 0 = O, ahere no paramstor enler
The boundary condition at the back of the bullet in

2x
d’""’ o A Co‘ )5’—:
e )

%

at M

Sinee relaticn [21] may be weitilen
1’ (\(,_, -.J- 3 ._L _,1,5',{1 3
A ofl RS . gl
sadie b 3RO -l
it follows, by introcucing dimensionless wnriables, that
" S L
/
£8 . B85 | it
: ot : [
. 5 v
B~ k(i L, W e ALY
A 3.) ™ L=t €, ) '

). EBven if the parsmeters sppearing in equations (2) and {4) are
equal for two axpansion processis Lhere aro still infinitely many
possible solutions for § , & doeponding on the dimnenslonlasg initial
lepgth, X, , of the gas cclumn, ae will e soen ut onos. The tine re-
gquired for the first expansion wsvelet te reach the tree e

s

0
o

- b1
toa = FA , whera froz [ !] s
= _ Y=/, é

ab L *E \—'g't) AT

In a(h,x-diagram the path of %he first expansion wavelet is representec
by the first dgecending charscteristic line P8 . (idg. 1). I¢ intersects

TS 2 - L] > ﬂ % .

the t-axis at t = ¢, . Dven if °/\, end ?v,/‘.. e kept constant the

elue of t,,, i.e., the Yength of the first descanding characteristic
. saries with ¥,; hense, infinitel; meny solutions through changs of x,

nlone can be shtalnad.

s 10. The first ascending characterietic, §,,7%, represants the pat
cf the first oxparsion wavelat altes its reflasction abt the ureach

— ——

————
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DETERYI RATICH OF SUITABLE VAILUES FOR
.
1. Consider now two casss wlith ldenticel valves of apnd YW .
Is 5% then pospible Lo obtain tim fLirst part, P#, of the¢ ullet’s path
in & form whizh is Indepencdent of all ovher partmo‘. re? Along that first

port
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ig evids fron P
X P* location of the polint ! n t
: { vllet's path, wil]l also v
| ol Xo. This will be abown na td
} T The exprassions |29] ant [ X 7]
I Oy / in refercnce (b) toy tie o { matei
B e of I involve the ryoduc o
- i —
Xo i"\‘d / g where
[ “ I / U
! \w J A = ;1.1 R P )
. \1.‘ _'l - ~1 M TD
j \,f-. f d 7
i W [ & , o
L "\:ﬁ ﬂ’ “w :00 . _x_‘: = _.2_ 3"?( Py
L o} = -
’ \ }I A, T-! B o
i
SR  — - —
. :
- v o' »
igh (37, one ob ns Lrome theoe
Fig. 1 - Begioning of reiations that
# S cernte et q M,
the Characteristliec Ne e It G
AR = ,-: se
' L3
If wo now deal with the distancy:, Y = X =X, , of the mullet fro
its originsl sea® rather than with that from the breech (distance k). re
find thet, at I2:
2 A 3
~ v ! -y ] - ¥
e -Ll_.‘(.\"[‘f_‘;l L (H Y+ _G:— N (( ! & \““]
¥=' B e iy ™ dy M 4 =
A " (
I* ,L'i.l.{(—i)“ {-( 4 13! .(-?) P )
el MUY M /
_ G 7 g\l =
F* e =2 (|4 BRI &) " !
: \ 25 ™ |
> o % J
-— % Sy - 4
A - s
The last two forsmiiun are dorived "on | 31 7 The influ 4 of X, appear
NOENAT N In sdditicn to G/ the pevameters 3, % ad
ro material tu ihe Iocalticn of P* and 4o the valuas ¥ and &
aterial ocaticn of P* and o the valuas of 211
(g .
ot P, Of these peremeters, neither e nor y  ecan be removed from
the fermula 'v, vhatever valuos for V arki I, one ney adopt. Honce thesse iwo

anter into any scomputation of h.grnnge‘f problan and

4

i, AND V




Nl‘;'. L u) R\. [‘01 L 1 5?2,

Adi ) -
= = -7V

At

Bquation (6) is deduced fyou '_—TZ’)L;] and describes the ra ff ehewe
the quantity § on P, P*. it must be solved in such a manner Shet
T s = C’,"/ for € = o, This initial condition, if the soluu!o
to be parameter-fireo, requires that ¥V should be vroportional t
choouing the proportiomality factor as unity, we uev

Vg,

Honce the coefficient B eppearing in (6) and {4) is now fros of ¢
tut i% continues te Cepend on
wtg ﬂ & -_|- Q
'\1 ﬂ—)u "‘ be /ﬁ»-fq
Howewer, the ireference valus L sbill avallabls for alimlraticn of ur ted
parameters, can be chosen so thei B becomes a numericel constent
say B = 1:

el M B, S
L, = }{ ) T (—vﬁ-« Yo Ba=d

A
-~

W
™
-~
o
o’

Lith shae cond!t ons {7) and (8) Lhe solution @ : tc ecuaticy (6

i: indopendent of all psrameters excepting . The sano Jje tras o 1
I F I Ve
(beceuse u = {~& an Py P') and of § (aince ;‘Z"E‘ e and U = C for
T=0), It is not irue of a which is giwen by -
2
—— AT I = P
& = o) < {' i i Pl el ]
4 3=30 y

it msy ve noted that, with the ai

é of (1), (7), (8), equntion | 24) fus
whe first part, Py FP¥, of the path may ve
= o

written ts

-~ & G T ek &\ 1

)/ = 1 L(,' ":I m) &)
This relecticn hetwesr the builetv’s time- and space-coordinstes does
rdeed depend on y cnly. The influence of (’/;.q ie felt only in thet .
the terainating point P* and tho va'ues of T and ¢ at P* are differer .

for Aifferent values of G4 a3 ahown by (4).

10 The perersl zquationc 2) and (4} sre 21a0 simplified ly the
eorditions (7)1 end (8). Howewwr, tho parsneter Y i# not renoved
frow the system (2). Corsequentiy, it also occurs in ithe pertinent
characteristic equations [12a)], [i2b] which mey ko writfen as

> 4 P .l 33' [ 4 . . F e ] (G )
' - A ¥ \ o8,
y 1 Ise -0 <

RIN R
ke
i
Y
)
<
H
- O
-
| -
~
0
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The clircumflex is used here instead of the bar, 1n order Lo irdicat
clearly that the equaticns reofer to dimensionlens quantit alo
spacific curves, nawely slong churacteristic lines
13. The walue of i.0., the divwensionless *sngth the prs

coluin for t = 0, du;ond e ?"41, ; feom (8):

- X‘ - 2' S ’;

e E e ) E A o

. £ s

In other worcs, even though the first part of the huilet's path, ) o

cen be made indepandont of g"//5 the charscteristic net determined by
P_P* cacnot; the slops of the m.lmractz_orlst ic lines varies with ?u/,,

and so does the lowsr boundary y = =i . (Compare Fipg. 6 at the end of
the report.) Since the vontirxuvulcn of the path beyond P? deponds on Lae
centimuation of the characteristlic net, it appears tnat beyord the pelat
P* the path will differ according to which value of °/3 is selectad.
This Lt not trus, howmewver, as %11l % shown by the jiual_!t(. investipetion

glvan in the next section.

I BULIET'S PerH

14. Suppose thau some initial pert, B, # , of ths peth (se2 Fig. 2)
ard the valuea of v and ¥ 1in that part huve baen

of ?“/Ie. » The two disferent cheracteristic lines origlnating for tvo

e

Fig. 2 - Coarecteristic Lires for Different Values "qia)r
and (9%)!’. and Jdonticel Initial Fa:zt P :’1

shown to be indepandent

JA
) P ,_..--f"\'r
Ay
P‘ B et _.::.i":-:"?:." p—— .._:..\...-___.... .-.-__E'IL-. P — .
WEa .-T\ \
\ oA \
\ ." IIL".\ 1-.} “r \
\ / T ¢! = \
| \.‘ f ‘\,\'\ ’fr}j 51
{ \ 4 N\ ?—J'r . \
¢ r, /1 \
/ AN \
llr \ / ;T L
ST I {._... A S ..‘..1 i _".:..-.._...._.-_,........,... — }‘.._ ot
E'cl & s :";,r / 5 : i
\ / ¢
LA ;
\ / T
1 SRR e UL . — A i




different valuso of " et I pel on Foby alil be o oo

ing lines; they wi be differentiated by 1 T ftor
reaflection at the breech the i f'o o Moor gt ascendd
linas 1 and X1 (compars ¥i 2)

I5. PFirst, the followling lewss will be proved:

LAy two corresponding characterietic lines | sect at
s 8 = y
points SI and 5p where
the va'ues of the wilocitios ¥ at ¢ ars independont

\)J‘.‘ “c ( A g "'A& 61‘ (';’}.'. 5 and

b. the abscisma 4 is independent ot /s (e Tx
{ el

*
1o. de &n Immediate consequence, the rate of change of u amd ¢
along ons characteriastic Ting j= ll-; RS Ap on ALY cor'reaponding 1
i.0., the differentisl gquetioent "*‘;' and  A8/% along oy
characteristic lins of the domain I¥P; S48, are indey it of %ey,
{whereas, hy (9) the slops JT 36 not).

i7. Part (e:, ef the lemsa g readily demcnstrated since on sach
1

. 2 - ~
esconding line U -~ § = const., ard on esch ‘m'vdlr;. ine u + & = copns

G C
This fact {(taken from refercmcs b), and the conditieca ¥ = O &l the treocch,
yial ralations

o~ { / 4 b = N

p3 ERART R e

¢ S a5

] : = =8 L

nwoe (8- -8y » A )
where the indlces rafer to Iy and ¥y on IgP; (Fig. 2). According fo
assusption, the r] h’--‘xunr rides, ard hence 7 and X ara independar

o r~

of ')“I s O 2’4 = (‘ ' P
/l ? F ) R A

o

i8. Part {b) is wuch nore difficnit to prove.

1
19. Al11 the points, & . in qusstion are loceted within and on the
boundary of tu- x‘a icn PAP 85, of Fig. 2. Ths abscisss t does not
depfnd on €2/, along the pdriion, Sy PHPs, of the toundary. This is trus
cn PEP, by "3:";‘;" on agein, On S, P the ins8, T, riven 1
-~ fr.
et ! Tel G - & /-
| 4 xf..“,;'::(‘l-.- :"!.)(*2:‘\ \il}
( 1 “ 5, M o 1
]
It has been pointed cut ia raference {b) tha WA Pig. 2}, ti
valus of th antity ¢ 18 identical with its value &t Py. Th o

it does not wvayy with QL/\ . the abscissa T,! do2s not vary eijther
. - % i 4 A 1 y
Relabion (11) follows firom 28] with the eid of (1), (3}, (5). (7), 8)
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20, The sune inferenece, however, cannot be fmwdictely drawn
rogarding the values of % on the rewairin portic f the bogmxiary c
iz the interior of the domein P*P.S S¢,. Por e conciusl iomony
vo will have to investigute in deotall the warlation o t etting
ind discussing a differential equation for thit variable. The gua e
tanl § will be chosen ae indevendent variable: in thiv equation. )
mathematics will be given in the next section; the resulins mmy be br v
sumaed up as tollows,

21. The domain P*PjS}SOO i3 wspped onto & dommin Lt ¢ =

: in a{&,T) -plape (Pig. 3).
The warinble ¢ satisfies the
differertiel aquation
ohe U v %,
it Tk b é.‘ "s £
Jbwiously, this ejuaticn dees
aot 'vary with ”97 ther
dces the baundary
- :
r# 7‘ 0 2 -
oy Jo the comiitions impoeed
there on the function t, =zs
will be shcwn in the next seckh:
». |/ The soluvicn of (12) then is
O e e e g e nacessarily independent of 5343
Pig. 3 - The{A, ¥} ~plane
2 Lond

22. The two "corresponding™ pointe Sy and  Sgp Mg. 2) mey be
viewed a8 spewcisens ol a set of infinitely nany such points differe: ted
by the valus of %%3 ari each daterminod by 2 palr of charactaristics
r¢g;natlng at Py anc Py. Deaspite the differsnce i ?%% the waluoe
of Wand § av all theea points are ths egame, eni all ero hersefore
wapped into the same point g (Pig. 2 17 the value of £ at this
noint varied with %%/ the polute T would > differont sbscissas;
sinco it doss not, 211 these abicissas are idsistical, as stazed in
part (b) of the lewma.

23, Congider ncw, in particuler, some poirt  S{¢ J) o the
descending ckarrcturi tic 1ine ”'oi (Pig. 2). The path, 1 centinusd
ayond P, and the sacerding chafadteristic throwh ¢ may intersect at
Lhe wo;lé P (T ¥), where the dinersionless velocltles wre ¢ ardu

~

:ii:. 4)s The abscissm, T, of § will bo chesen 2g the indepencent,
of whe vari

varicble. The rate of changs, in terms cf t
wlll be investipgated in the vicinity of P..
pendent of
successor of P on the path, would be the same

Likewise the quantities T and § a% F would not. depenmi o

8

] Shoulid
, thea the location of ¥,%1f wisunlised

for

les 4, ¥, u, &
r inde-
muediate

it prowe o
18 the
all W =238 al

.4 .
that DATATCLEY
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po rallel to
V-6
-u_‘ # 4
> k :L
~ 2| ;
At Y o\
R o e e b - s
¢ \,‘3 o avallel
V4 o~
e\ ’  -ax\ s
P
\-c\ ' ”
ul\ { -
> M
= Ny
4N
; N
. k= Gon ition of th ath Bevon
24. The sidez of the triangls PSP (Fig. 4) can be taken as stralsh®
lines 3 =/ <L e v ";i _ + tha 17 .
line At = ¢ -t 8 sufficiontly = It th 0 Bt
e ometry of Flg. 4 8 :
i g = V
ol = - S v abav 2
-t - ! . 1\ t -~ P etttk -'---‘—"E S
4 fﬂ\\' t;‘\.*‘ o
ro 3 a
Thon ad 0 wa have

e of

= 1i7 3
4

{n cther woxrds, the slopes of fhe

yporoach the wgiuves Lhalt prevall
g A+ Lf
P T S —-’: == (....-.. ’
Av 30 at ag T

v is romarkanie that the quant!
|l

*luence of O orgnls [_'

e 5
c)). & 1 4
s I

A

e 1748

—
>
>y

—
1%

T —
.- §
]

~
Loy

4 AT o3/ P,

y ®; has canceled out, 8
{s disa Leex
et Sy ] 3 , . L
3 ¥ and © in the vie y of P, we
]
e
-4”
‘.
l"" -y
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Soth right-bnnd siden, aocordiny to amsumptic do not ciunce with ‘7%

- ad

2. In ordev to deteramine ( < /P itwo facls  cust b
lirked topether gl d

L ~ 6 I
a. Snce 'l, t, ¥ denots digonpionless values g Lh

craractoristic P.5, the gtove Jomm: caa be spplied, f.e., differe 1

P A
quotlents 44/ 7 ¥ Jnd (4 ae independent of %y

. R 2 . Pad lv‘ .. e
b. From reference (i), the values ©, ¢ &t S and U, ¥ at
are interconmcted by

~ ~ — -
Wb G e o T,

27. It feilows that
. ~ —
o< - hE. A€ . AL
‘.:? )' - o+ ¢! E »'i' / IJ," \
/]

‘, ’
0

whore ths right side 13 nct affucled by chaunges of /;

vorLent frnferencs esn rawn Lha

41
&5, From these ragnlts tho

n
if som® initiel porticn :'OPJ of “he path a2 zhe saiues o end ¢ o
it are independent of ’,’/“.4 , At 1z also trus for the imseciate puoces:

P ol F; opn the path, The sume roesoning then can be applivd to the peint
I 1'!,0'.vzfng the suocessor, and so forth; in short, the entire path does nc

£ vary with %2, As an indtis) portien we any iske the arc P % for
which indersuodency of °°//_; cait he attsined, we shown ip Lhe third section.

tirces one is cniefly interested in the bullet's positiun and

9.
eloelty, a wunusraa le amount of coynpuaing lsbor can be saved Ny simpl)
_)ui,u..cg Sofy 20 i.e,, Amew then the idesl sguation of stiate

is substituted for [1], and the v .T?i_caldy relation [11] which iy used A%

svery coopatatiomal step for deleraining the local acoustic speed is
simpiified into & = '3 bo churacteristic net of course will
levelop differently whon it weuld with tho corract value of /A . )
(Compare Fig. 6 a% the end of the repor t.; llowever, the dinesesiocnless
AF dira'l....c'ﬂ 1 veiocity

patii will be the wa vivd mo will the bulle

f The dimensicme] wvalues for positicn and vel ‘.L”L,Y w1131 be found from
s guontities I aml V as defined by (5] am Tt

‘1), inserting there the

In (8) the correct wvalus of »o/,, et ba en loyach

0. It ies of interest 1o ncts ')rt the important result derived in
section far “he exnmct soiutic 1 off ILageangets probl lon nas been fouw
s4dducit-Kent spesial solution, (Com-

7 EBR:

¥ wleo Lo ba true for the se-cailed
ware reference (o), pupe 7.,

-t
)
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THE BEQUATION FOR ¢

31. The equation (12) for t holds else fo» d imansional varial :

¢ therufore procead to derive it for t instead of ¢, with u and &
18 independent variables. The forml reletions

avyg = D ts JLEN . PR | . -t iy = DXy, e

essums that

-, ’tl x 14 .4: =
_)) L \ \ -_{: J
Oy ¢

end transform the systom [10] POyt MG LA M, w0, MM R, 0
‘nto ’

. . "
X,, = At —aTg ) (14)
RG- 3 -a,-tH, +4L.t\$' . K

If the first amd ‘s second of theso eovations are partially ¢if-
fereontiated vwith respact to & and 4 , respectively, we obtain:
X - e
— X = E . oA 1+
“_{'S ‘S a G(S ‘ll(, -'- 6 :
Sines by LIIJ
A _ ¥y & _ |

AS ¥t &
the relation just derived may bw written

b o~
- J.t:. X wmDs (15)

This 1s equetion (12} in dimensionsl wariables, Tt iz indeperdent of
rny parameter excopt Y - "hu characteristic cwrres associatec with
(i%) are glven by ‘L saquatic

kA = conzh, , =L = conet. (16)

lu-n’ .t-(.f.:E'h{: T:K’,CE :01'

£ rectenguler sysinnm mling 45 “ugu a8 angles
with the sxea v = € and & =

) ';hm is indicated on ¥ig. 3.

32, Rewrning now to dinensionless variables we soe at once thau
Sool* (Fig. 2) corresponds to .2, lT’\" (Fig. 3), this segwent being part
of the charscterictic line ﬁ’+ T = 1, a condition sati isfied on SgaF*.

o ¢ -
There is no dependency on >"’{ here. The valuas ii*, § * at ¥, i.c.,
‘LhJ coordinates of [ ¥, by force of assurpticn are 8lso indopendent |
"/r- , und 8o are the coorcinates of all the points on the arc !l * T
i }..,, fs eapscially true for the coordinates uj, 'r:'-j of T and, therefor

for the charactsrisiic line JR-¢€ = A'td‘,'- '1' = const. The segment ”

11
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of that line is tho image ol F .. Thus seo thet th e
of tho domain § > : S tj. t6Hvn lae fer So/
£ doziain _ J'J renaiy he same \ vilue ¢ ,/
bu selectad.

33. The boundary conditions lmpesed on the soluti 0
unchanged, too. There 1s no such conditica slong K . tn 2
however, we must prescribe the valueas of { or Voapl 4: Lil e {

3

_ i

the abscissas of the rolnts on SgoP:.  On 5, P*, thoge e given
'o«.‘mt,ion (1)) and do not vary with® o/ . (Jn PP, tho sbscisnas
independant of "/z simply by vsnunptlm. Inally, the siraipht-

sogment Sa. 2 is' the image on the 1line S48 ui-ng; snich 1 = 0.
condition recessitatus that

‘bi-l: 0 o o
’b :‘;. - o s)ocu “. .

Then, from the second equetion (2)

e X I

e s on f)ﬂ 73
D .~
Tiis transforme, Yy (13), into
(;v“-( } e ’ - —
= = I, Ak = . @ ¢ > >
5. 5% 0, tie.y on 2, =
v - v

Again there im no dependency or

34, Vidth this, all statements used bat noh proved in the previo

gaction have been shown to 29 trua.

CONCLUDING REMARYS

15, We have asan that, az far gs the tu1letl’s moticn is concarne

enly two paraneters ezsential to lagrange’s problem are left

)

of epecific heats { ¥ ) end the mass retio ( -Z ). Marther, in dims)

Jess varlalbles ths llstis position ard velceity can be found

s

influence when, by (") end (8), dimenegienal varinbles are deter
the dimonsicnlesns Gues,

‘ 36. Sinmce by (6] the refevoncs value V may be wrilien
2 f,g
V & == I 9 afo
- A

it is immedimtely seen that any velocity s ¥ %il1 insreass
the initial vafue of the acoustic speed '"hl‘ z true, in purticula“

the muszle welocity. A rearrangoment by 3] and [1] c"va

\‘/ - H %- V‘*’" et DY

¥

P

" [ . . .
e perfect gas Jaw lsstesd of ’1}. The imperfectness of the gas
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Jther things teing equal, the ith the hipher speaific faps conet
i.e., with the lower moleculnr weight, will provide the r U
velocity. It wil} 30 requlre the groater bay length, 1nl

initial pressure i 1 ised. Tl be seen f
D2 written

L ey (&) 8 A=t

2. w2 1 R,
N = T b ST
¥ [N {5? B(

glexl B gy e

Por two gases vith tne specific ras constants R, wnd K. EUEE) 1oeity
. "‘ Sl 2 =
18 in the rotio K] : TRy whercus the barrel Zength, ¥u,..1 . A -
s in tha ratic Ry : Ra (»u'ir’.(( thit ¥, &, M, v, T, n, 2re fiden !
the two cases). !
37. For g surwey with a given va’ue of Yy ,i @ omly ontial
mrareter 1o &, I we first teks the valuc r-% = GO .€ P E R
no reflectec wevelat will be sent back to the bulliet. Flolting the
dlmensionlscs velocity of the Wwilet agerinst its dimeneionlesa "50',.:1 t3
wa will obtzin the main curwe or Fig. £. For finits valuss cf 1 tho
dimengionless Jistanen, given by {10), of the bresch from the criginal
ont of the Hlst will be finite too, Hewewer, the {§,®)-curve will b
change bhefore tha first refloctel wavelet arrives at the BN The
portivent wvaluss of ¥V and T car to found frow the s=2i of ‘nulee on
pese 4; they are
<k ¥ [ y= el
N i . AR e @2
) o L T % ]
- -
AT a L= e T
IZC 9 Y ad s: o ,:I-\
’ / ™
" -
-.u-"-.
| =7}
{ A 3
o M
! L
| /ll{/
r/;‘
= =
| ‘_f.-
| y g
-
F
L
{
| /
i
]
i/
| S — - - c—tee = v s e D 5,'

Tite Bullet’'s Dimensionless Velocity Plietiad

Fig. 5 =
ﬂ.('uin st Its Dimensionless leceaticn

13
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1101

/‘(:‘-’ “l &-.' .é:
(s B

M )

It is easily ssen that both 7% Tt iacro iith k, f.0., ® =
Honce the smllor % the econor the portinent curve brancles of
he main curve on Mig. 5.
AL FERL NS
1) lagrange, J. J. Recherches sur la force lu pon
£ D, Peisson, Jourmal de llicole rlolytechrigue, Part 27, 13 (7334,
) laybey, if. 4 Siolubion of ipirapge's Froblem of Interior bal :
by Means of ity Characterstic Lings. NOLY 10819 50,
) Viati, John P., and Kravitz, Sidray. Jables for the Pidduck-i
sxacdal Sojutlog for the tovion of the Pomier Gag n a (un. I
llatic Rescarch Laboratceziss, Abardesn, Report No, 693 (1949),
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PATN OF THE BULLET, P / 7

X N
X
7
/%

T' 0.4

N

-
>
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BREECH \ h

/
/
\

/

<

FIG.6 TWO CASES WITH IDENTICAL PATH BUT DIFFERENT
G

CHARACTERISTIC NET ~ ( —=024, 7 =5 )
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