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ABSTRACT |

_ The equations of internal ballistics of composite charges

~ are solved with cubic form function and including thé co-
volume -correction term following Hunt-Hind system. Results

-are obtained in terms of algebraic functions or in terms of
~tabulated functions (Incomplete Beta Function) by making
suitable approximation in evaluating the integral arising

~out of the inclusion of the co-volume correction term,

Introduction - a B ' - '

The problem of composite charges has been tackled by, Corner! and
H.M.8.0.2 by reducing the problem to one of an equivalent single charge. A direct
treatment of the same problem has been given by Venkatesan and Patni®
under the simplifying assumption that the co-volume of the gases-equals ‘their
specific volumes. In this paper an attempt is made to treat the problem under a
less restrictive condition viz. that the co-volume is not necessarily equal to the
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. specific volume, Further this treatment is an extension to the case of cubic form

function. The treatment is based on the assumption that the law of burning

is linear and that the ratio of the specific heats for the two propellants is_the
same. : ’ > ’ v . L

- Basic Equations N B B
Non-dimensionalisation of the equations leads to

— 1 A :

2+ Loy = & (§-~ By — Byzy) o+ Loy T ¢))
1 .

df : N

N Tfl=,.-:1 e R e ..»(2a,)

ar, o o o o ,

o= R SR oL @b)
dy, N7

N =MG .. - .. (3a)

‘ ill..dE . 11\‘1 N R S

M 3%=4M2.?2 e T T et L (3D)

a=1—Hl+06+0) . L ()

2y = (1 — £)(1 + 6,8, + 0,f2,) . .. .. ..+ (4b)

where ‘
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i

—_ 2
" FEC,
Al

. §l= FJ.CI P M (53)
Al

L= m‘P - (3)
_ AZD?, |

W= waow, ‘ eo
__Amy | : .

1\{[‘2 = szozwl e - .o . .o .o .0 el (511)

)\ — Flclﬁ’l e

, ﬁ’1=f1/D1 , .. o

vf),9= p2/DZ . (X} e, .o
-G _ 1 :
e g(h-a) ¢ -

_ G _1 '
Bz—-' ‘Ij’(bz —8‘2’) te LX)

Hence 'nz = )\7)1 . es ~ ‘ee .o v . ) .e (6)
Initial conditions PR r
2y = Zyp; Zp = Zoos {1 = G108 L=l b=Ln=12=0

Hence : _ .

Zy9 + Lzgg = §101 — Bizj0 — Bazgg) . oo N ()
Now from (24) and (2b) on integration
(1—f) _ (1—1%)

: v F1 Fa , LT
1€y ﬁ'z —py = P — B f = Pofy — B f29 S ®
ise., fm ﬁ’l — p’z ( 1 -— f]o ) e o; .o (9)

Substituting (9) in (7) gives us a cubic equation in f,,. However since this is
~ a physical case there will be only one admissible value of f,, (that lying between
0 and 1). )
Solution of the equation .
From (24) and (34) on integration we get
‘nl = Ml (flo e ‘1) ve - .s .o T e (103:)
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and similarly from (2b) and (3b) we have
e = My (f, — £,) .. . .. .. (10b)
Substituting (10a), (10b), (6) and (3a) in (1) we get
dg, |
Wym b (BB = a—m) (b+m) (—ln) )
where S : .
abe = M3 ( 2,5 + Lzag ) e G (12a)

— be + ac — kab = le[ (1 —0,) + 2 (8, — 0 fio + 36'3 ¢ |

+ LLML&{ 1— 0, + 2 (6, — 0'y) 5+ 36, £25, }] . (12b)
. ) ML L
—C—ka+kb=M1 [91'—‘61"}‘3611f10+ Mzz X
O =0, +38, 8+ 5 | . (20
s M2
and kK = @, + —)‘-%—I-‘—'e'z - .. .. (12d)
2
BEquation (11) can be written as :
' dg Ml E M . _ly['lz M (B]zl + Bzzz) (13)

dg, — (a—m) (b+m) (C—k’h) (a—my) (b+m) (e—kny)

- Hence on integrating and substituting initial conditions we get
M’la, M,*b M2, e

S r = CER(CER D ks — o) kb T
M3, a M2 M',o
(a+b)(0~—k&) b(&+b)(°+kb‘) cxka—c)(kb +‘0)
I , -
- . D (14
o (14) -
where

M '
I= f [M8 (Byz19+Bazeo) + n1M21{ B,(1 —6; + 26,— e'ffm‘l‘36 £ 10)1

+ Bﬁﬁﬂ (1-—62—|—202—— 6,— f20+36 f220)
M7 (007,30, m)}
3 M, B —‘——"'tp‘& B
+ 031(1310’1+ Lﬁs—i L )]x “71(9"”7)(&4_ Yok
. 2

M’],b .—'l _—.—NE_EB_— '—'1
GT VT - x(o —kn) CERIEER)

"‘M”h 1 {Bl (91 — 9' + 30", fm) ‘|‘

:  ->< (b-Fﬂ:) Xdn, ’(1‘5)
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Now from equation (3a)

3 1M dag
& o ET: .
= M?, E— M3 B1 Z1+Bz Za) e ' (16)
(ai—my) (b+ 1) (C—k”h) o s

Equatlons (15) and (16) give £ and ¢, as functions of 77, and with (10a),“; i

£ and ¢ are known as functions of f,. These equations are valid so. long as both-
the propel]ants are bummg

- From (8) we see that if

(1) P'o>p', then f, cannot become zero E)efore f,." Hence- oharge C, is
burnt earher

- (2) P’2<Blthen £, cannot become- zera: before f;.
Hence charge C, is burnt earlier.
3) B ,==B’; then both the charges ‘are bumt out together: -
Hence two different cases arise viz.,
(A) Both the propellants burn oub together
(B) The propellants burn out at different times.
Let us call that propellant which will burn out first C,.
Case A
This has to be dealt within two parts
" (a) When the propellants are burning
(b) When the propellants are burnt otit.

Of these (a) has already been dealt with and if we denote the values at a]l
burnt’ by the suffix B we have

by

=M flo ‘ “~ ) .o .o . . .‘ ' LK . oo (1ﬁ Y
and B is given by o - “
Mg ‘ o M%b A ' M=1e
(o + (a + b) (c— ka) (a + b + b) (¢ + kb) (m
fB (a— ) (btng) o (k)
' M2s M2,b M2,c
LEFRC—®) @ FB)eF ) (o) (b
: —a s N T G
i I . '
-TM, e o (18)
‘and _ “. ' T, :
‘ J;__z ME (g — B, + B?) NS BN )
L. (a—m) (b —I—'qlB) (c — ky;lB) e - (19)

After ‘all-burnt’ o
Equa.tmn:»(l) becomes .

V+L=§(8—-B,—B,)+ Y2M,,'; 7, 5 gl +(20)
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On mtegmtmn thls gwes

<s B]—B)Y'_ (1+L—- Yle 711) const—~® (ssy 21)1

and

_ B,— B, Y =1,y et
@ EB'_— 1 3 ’ 1+L_ 2M1 "IIB ey ‘m

Now from equation (20)

‘—-1
(1+L-—~ i 7h) = G E—B—B)

;Hence , :
S I c b
4 ((—B,—B;) =& - ;.‘  e .. 83) -

i e. . . . , ‘
@ Y _2M, ‘
e = + L— oo(24)
| { (—B,—By) ' jv—l ( )
\Hence» , . iy g
1/2 v_' 2—'&—]{11 {1 +L— > y;i 1. | (28) |
- A v . (EE'—'BI—B2) ] . .
Case B " . : ‘ ’ :

(@) When both charges are burning
- (6) When G, is burnt out
(¢) When C, is also burnt out.
Case B(a) has already been dealt with.

If we denote the values at the mstant when charge is burnt out by ‘the

suffix B, we have o

nziBg = M2 f20 ve . 3 . . s ) .o . (26&)
and ) My.. = Any

- Hencen, p = =2 £, (26b)
';.nd £p, is given by the relation o ' . .
" ‘ M2a : M2,b ' M,%
- @+ b‘)'_“‘(o —ka) (a + b) (c + kb) (ka—c) (kb+c
. EBI (a'——'nl:Bz) 3 (b + 771 ,Bs ) : (c-knliBz) ‘
M, % : M2 ) M,2¢c
(a+b)(c—ka) (a+ b)(c+ kb) (ka—c) (kb + ¢)
— ' ’ ' b c . N

‘/ . —ﬁz— ‘on tyry B ‘ "". o ‘vv- ' L ""' (27)
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and : o o
R T N &, — B, z8, —Bs) , 9
{13, - (a—mp,) (b+ms,) (e—kuip, ) L
« Equation (1) becomes =~ = : e Y
z, + L=¢E— B1Z1""Bz)+ rsz My
Substltutmg we geb ‘ - b

M13‘ /) E (§— Bz — Bz) = (8, — ’71) (by + m) (cx - kl"h) (30)
where .
a by, = M3, (2,0 + L) .. T —_ et .. (31a)

—byey + a6, — kpaghy = M {1642 (5 ;‘"e'l)flﬁ;l—ge, f21o} . (31b) -

—ka, + kb, =—M, (61 — b + R17% A + Ml ) (310)
k=6 . c .. (31&) =
Hence v ' - i
- dE le&’ll ‘ M2y, (Blzl“l"Bz) (32)1‘ i
dn, — (ar—m) (bytm) (o— k1"11) (31—’)1) (by+my) (01—‘k1"71)
On integration and substitution of initial conditions we have
M2, S e ' Mzb,

£ (341'__.,)1) (a;+b,) (cl—'klal) (b ) (a1+b1) (°1+k1b1) o

Mz3c,
X (o—kymy) (kxar*‘h) (kyby+c;)
: I\J"’]al.1 _ Mz b,
'—EB. (8—n1,B,)- (8r1-by) (01——k]a,1) (b; 4 nu.3,) (81+by) (ey+ksby)
: M?0,
X (er—1,8,) (k ) (kibyt-e;)
= — I*/M1 .. ee .. e '~«,,A-T~(33)

where

r= [M%(Blzm+ By) + Meym,B, { 16+ 2el—elfm+ 301 fﬁm |3

71,8, : o
— Mn%B,(6; — 6’y + 30"f,0) + B, 7% ] X T \‘
. M2,a, . M2,b, - . ;
ey —y) (T O Basa) >< (b1+ )(al F by)e; F Kby

%0y

% (01 "—k'l."]]) (k}a’l — ;) (kybyF-cp) T

><dln1 . . L (38)

%
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S i — ME3 —M3Bz + By)
(e — )by + m)(e; — kymy)
- ‘All-burnt’
g = Mfo
and £p is given by

)

M, ' M3b, .
Es (8, — 7 )(a'1 + by)ley — kyay) (b + ,,7 )(&1 + by)(e; + kby)

_ M30; -
(¢, — "7 )(kla‘l — oy)(kgby +¢4)

— EB (a, — )(a., + by)(e; — kyay) (b + 71 )(8‘1+b1)(°x+k1b;)

M20,
( S klnl )(kﬂl — ¢y)(k;by 4 ¢y)
__ 1 . s9)
k . M1 L ]
camd o e R
! '= M'(&s — B, — By) .o .. (37)
&1 (8y— "}m)(bl + ”)13)(01 k1")1]3) S '
After ‘all-burnt’

The form of the equa.tloms are the same as in (20) o (25) and hence

i(’c’-—Bi'—_-Ba) (1+L-- )—«b‘* SRR (38) |

where

. ‘, - . . 1 .
o* = (§3 — B, —B,) (1 +L-2Y M,f2,, ) . .. (39)
+ and §yis given by equation (36); - .
t . - B
(W(—B,—B)=o* .. .. . .+ (40)

Maximum Pressure-

The following cases may arise viz., the maximunm pressure ocours when
" (@) Both the charges are burning - ' :

(3) C, only is burning

(¢) At the position of. Aﬂ-burnt -

Both charges are bm'mng

In this case the pressure is glven by equatlon 18y
1 = e E — Msl(Blzl + Byz,) 4 '
G (a—J(b+ e—Tk)
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At the positions of maximum pressure d¢,=0. Hence differentiating (16)
and puttmg dg‘l 0 we get if we denote values-at maximum pressure by the
suffix ‘m’ - :

dE) Mslfm{‘%k'qm——2mm(ka.—|—c——kb)+ac——bu—kab}
dnym (8 =—=2m) (b—+ Nm) (c*k’hm)

M3,

" Bya M, ST
+ [Mlz {Bl (1 — 0,426, — 0, f S +3 6’1 f’m) + 2£1 F(1—ty)

B AM
,—"2M17llm{B1( —6' +36' 1o)+——2“—‘2‘

2 MY

( "'612 + 3 el eo)}
+ 3 7im (Bl 6 + M, Bz e'ﬂ)]

B AM
+ P 00+ T T et 36, f'20>}
Bza M2,

"-”_1\&,,21{31(91_9' F30 )+ 2 (0 f.—-e'2+3e fz,)}

, st 1
R B B 0 >]

FE N

T sk P — 2 (kn 4+ ¢ —~'kb) 4 ac — bo — kab} -
(3’—"'11m) (b + mm) (c—knm) P
’.-‘i, ----- , R . E X .e (41)
But from equatlon (13) ‘ B L _
48 ) M B g — My (Brzam By 7am) B
dm - (a"""hm) (b+”hm) (e_k"hm) .. (42)

‘Substituting (42) in (41) and mmphfymg weget . . . - -
Mltm[3(e: ~M81 Le, )mmﬂlemm{ 61-6 +3e f10

A2 M2 , ) M
TR (=0 430 60+ miR }

+ M {1 - e1 ?""‘2 (61 -—ﬂ 1) flo "l‘ 3 6l1 fgj_ﬁ +

2 o F, i +.30_.,. fa.,)}]

ALMI

(1——es+
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EMEA T Z Ut TN A o
= |75, % f1—9; 4 2 (6, — 0'5) f0 + 3 675 £/5} (B; L —By)
+ M%:’zgo' {126, +2 (0, — ) fig 3, £} (B, L— Bz)]
M s, [ zlo{ 2% M1 (6, — 0+ 36, b)) (By— B, L)— Y}

.+ Z9g {M_ “(91— 01+ 30,1 (B,L— Ba);* Y}]
A3 ME, O . ; !
+ 1\11'111m[:‘——1‘/1—32—‘l z (ByL —B,) +- 3 ¢ 1% (By— B, L)
+ M (0, —6", —1—30' 10){1—0 4 2(0, —0’2)f20+3 0 fzgo}(B L—B,)

A2 M2 ' -
+ M221 (0,—b6'2+3 e'2f20){1 —8,+2(6, ‘—‘6'1) fio+3 0'1 leo}(Bz — B,L)

. L
—B, {1 6, + 2(0,—8',) £,,+3 O fzm}”';

o aAM 1

—B, - {1—02+2(6—0')f20+36' f'zo}”+ ]

. . an ’ e L
+ M9y, Tel 1"‘62"‘2(62“'62')f20+392f20 N,(BJ.L::Bz)

28
4 3, MZ, 6, {1—61+2(61—0’1)f10—]—36 f'm}(B L-~Ba)

+Bl(0,—61+36 fi0)

Bz M
2 ] (62'—6"!'36’ 20)]

o

._|_

Tt [_M_zl_ o, geé; 9’2 i 36’2 fzo) (B1 L_ 325 SR

e , -
s Msl 0%, (6, — el+3e £) (B, — B, L)

— B, A3 M3
—|—————~(B o', —|=-———7‘—3~—— 6' )] ‘ (43)
Equations (14) with 9, = 5, and (43) glve E and fql and from (16)

we can get {im

Cyonly is bwrmng T ARTEREEL L ' 3‘
~ Inthis case the pressure is glven by equa.hon 35) o '
oo _1'*_,‘; CMBE— Msl (BIZI + B,) E

?1 (e _—"'21)( 1+ m) (e, — 1"71) .
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 Hencae differentiating (35) putting d¢;==o and proceeding as in the case
when both charges are burning we get after simplification

Mt [ 30, 271 — 200, i (e 0y - 36'4E + ”%Ml—)
+ le{ 1— 0, + 28, — 0,) £ & 30/, fém}]
- Msl{ 1— 8, + 2 (8, — 0,) £ + 30 1£% } (B, — B,L)
+ M21~};1m {2 (0, — 0 4 306",fy) (B, — B,) — M B2y }

+ M17721in [36'1 (Bz - B_lL) - B1 {1 f‘ e1 + 2(4)1 - ellfm :

=+ 36'1le0]L x -1 —2|- d M1}]

+ 7Pim By (6, — O’y + 3674f50) M,

’ 7—3 ' ' |
+ nhm BibY S5 L .o (44)

Equation (33) with 5, = »;s and equation (44) give &, and n, and from
(35) we get tym - . ' .
‘At-Burnt’

The maximum pressure is given by equation (19) and (37) in the two
cages, : : ' '

Approzimate solution when B, and B, are small

Ina number of systems of internal ballistics the co-volume b of the gases

is taken equal to the specific volume, so that B = .1% (b — ~;-) becomes

equal to zero. In this section B, and B, are not taken to be zero but are treated
as small quantities and as correction terms. Hence gecond and higher
powers of B, and B, are neglected. The treatment here also has, one of necessity,
to be divided into two parts ..

) P 2 = By ‘ ’
(@) B2 > B S
Upio ‘All-Burnt® B’y = P,

£ is given in terms of 5, by equations (14) and (15). In order to evaluate . -

the integral either in terms of algebraic or tabulated functions we make some
simplyfying assumptions. The approximation is not too drastic since they are
made only in I every term of which is multiplied by one or the other of the small
quantities B, and B,.
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If we are interested in evaluating the integral T in terms of tabulated func-
tions only it is enough if we made the assumption that the shot-start pressure
is zero or ¢';=6',==o0. Then it is possible to express I in terms of Incomplete Beta

- Function. However for the sake of simplicity and for the sake of bringing this
treatment in line with the onme for single charge* we shall make use of
both of the assumptions in evaluating I. But in the case where both the
propellants burn at different times we shall make only one assumption viz. that
6’y = o. : '

Before ‘Burnt’

In evaluating I we put

Po=0 .. . e G e . 1
ell=6,2=0 ’ .. .. '.. J t

If we denote by primed letters the values when equation (45) holds good

(45)

we have

M {1 6 L (1+6 } e
wo SUTHT R AW .. (46a)
AZLM2 Ty —1
6+ M, = 6, + ! 9 M,
=0 . . e .. (46b)
i ax COMLME, w—1
¢ =M ( 6, + Mz, 0, + 5 M, ) (46¢)
and 0 : i
l\g—,l + 1 N
, 1 . [ rs .
I'= o ,of[Bl‘iMlm(l‘i‘61)_M1’7161 v
M2 CAMSE
+ B, T:" (1 4+ B5)ny — —I\Tzls- 021)21}],. -
Mp2je, — 14 .
oy oy .. (46d)
=B+ BJI, (say) .. .. R . o (47
- where e
1 % T1 ﬂ} | | v —!
L=(5) J LM%mv.-H%)—-Mm*ﬁl}(a"*m S O
,. ‘ .e . e (48&) -
and o

My o L ' M
_(1NT Tl e AR
w=()7 S A 0+ 0am — gt fom) ©

.. P (11
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I-Ience
e I_' M1 “c’b ¢ ¢ K . S i ... (49a)
~ . TR ) ST
1"2; Ma ¢ ¢ YK, .. o ... (49b)
where : A
K, = [ 1 2M, 0,038/ — ) (ML 46— 2M,6,91)(a'—n,)¢’
. Msl (M2 + )M + 2¢) S (M2 )
- (Mz 14 e].”ll - M.I.Gl'q 1) }(1 —— 30 :
2M,6,a°c" - - Tl
+ 3 (M2 + ){ = 3 1 ae }] o (o
and’ ’ S
';«(1 46— 2" B2 (a, )
[ 20%%(a’ — m)? = "
W, M21+ c')(M2 oy (M2 E o)

¥

1 1+ 0y — M 64")1 )}(1 —‘.’—

a'c’ 2, SRR
+(M2 o). M{ e M(M2-|-2c) ] e )

Ha‘hce -

Mz,b
E (1 M )"‘ @+ b)(c —ka) (1 + rpl T b)'(cl+ kb) ><
M21c B A28
1 — kny. )" (ka — c)(kb + ¢) 1 —. Ry a“,', (& + b)(c— ka)
¢ M, :
M2,b M2,0
b— (a 4+ b)(e + kb) - (ka —o)(kb + ©) ] (51)
- Since B, and B, are small we put Po.= 0} 01 = 0/ = o in terms
multiplying I’
Hence
M32.a M2,b
f (1_ My )" (a+b)(c—ka) (1+ 2 )" (a,+b)(c+kb)
‘M, ’ b

(1” L ) e “5E, ——BZKJ )
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If B, 9,0), g1 ete.” represent the values of' E, 2 and ;‘1 when B, and B2
are zero then

£ = ¢V (1 —BK, — BK,) R S 1))
Mowimum Pressure |
Equation (1) glves o R S . o

L&(‘-—B 7, —B, zz)—-;‘,_(l)g(l) - (64)

ie.
f =t {14 B (Klm + )+B (sz . ot )} o)

neglecting second and hlgher powers of B, and B,.

Here also we.can put p, = 0; ', = 6’3 =o01in evaluatmg K 10 and sz
since they are multiplied by B, and B, reapectlygly_‘: o
“All-Burnt |
=801 —BKs—B,Ks) .. .. . (5
. In evaluating K;p and Kop we make the ;isual assumptions,
< After “All-burny’ S
£, n, and §, are connected by. the rélation o

gl(f B —"Bz) _(E Bl""Bz) (1+L—— 2M1 q)%),:@.
1

where
= (bo—B—B)’ (1+L—~2M11n2m)_
.'—1 ‘ ¥, ‘ ’
\E'B) (H"L—-—'—-M: 4B )[I—B (y—1)¢’ 1——Ba(’Y—l)c AL (57)
l“where v ‘
1B + fﬁ; T S .o Vo (b8a) .
c’a = KaB"""‘l“’_" .. .. oo o L, ’ 4. 58b
~ Hence " IR o
D= qp(l)[l——Bl(y—l)cl—-—-B (ry——I)cz] . . (69)
where

—1 1 R
o) = ¥y Y A1+ L— y—1 7B ) ile L . (60)
2M,
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The pressure. and velocity after all-burnt are therefore g1ven, cﬁ Bomg
,known by equation (59) by . :

‘ =@(—B,—B, )Y L ST T a0 (6])
7——-
The muzzle velocity ﬂlE is given by | _ |
' . 2M 1—y o :
= —2 [1- 0 —B—B) ] (63
P > B ‘
In evaluating I* we make the followmg apprommatlon viz, o e
B
If primed letters denote the correspondmg thmgs when equatmn (64)
holds .
Ky =0 .. e e L (65&)»
0’1 = M]_ (01 + v M_]_) .o o ) ‘ .o (65b)
oy — b, =M (1—0, +20f) .. e (8%
a'b’ M12 ((Z10 i‘ lL) b';‘ : i '"6:(1 o
- ‘Hence - : ‘ v o, 'J,fj
I* = f { 3 (Blzm—[-Bz)—;—M2 B, (1———61—1-261 1(,)——Mlmﬂ‘B 61}
K : .
- 19B2 St W ey - ;
Mo, Mz b, M2, ] 8
L N T (a’ +b’)c ;T Tl ay,
'm(a';f—;m) (31+ ! § (b + o) VT c'}‘ v J M
M2 | | _ M 31 .;,“ N R
— o (a +b' ) ¢
cl f ¢ (n') (a. 1—n) o
LB _ -
(a’ 1+b' )0 1 i

X- (b1 +1's) e gy - ’ : (67)
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where , L .

‘4’ (m) = Ma). (szlo + Bz) n+ + M%B, (1“91+261 10)”) 1—'MlB 61") L. (68)
Mz, X M2,

>.If* = c']- ET %l/al 1_—1[\]r(a,)-—(——~)a, a.l(I—-')()‘ |
L aew '

1
L fayy L e e
+3 (), 0= W"( & sT‘*‘@“**’O’] X
M2, b ,' M2,
A Y l_"l 1 /1 —&
(BT B ‘1 ax (69)
where X = ———o(l + "’\) . N (70)
R T y
'58 I,* - a’ 1 . 0’1 lﬁ(a‘ 1)( Bm,n, X— Bm,n. XBg )

( d"h )a 1( Bm,n-i-l, - Bm,n+l XB, )a, 1

o 4% a2,
+ ( d") ) ) ( Bm,n+2, -— Bm,n+2 XB, 2,

—~(d3¢) (Bm,,,+3 X— Bunts xB,) ] .. (T1)

wheré Bunx is the I_ncomplete Beta Function.

: WX '
Bu,nix '-’—"f xm—1(] — x)—1ldx .- .. (T2a)

M, b '
me=._ 171 .. e .. v (720
- (a.l—l—b)c1 : (72b)
—_— .. . L .. (72¢
(a1+b1)01 (72¢)

Hence §, 7 relation is obtained in terms of tabula,ted functions ‘and ‘All-burnt’
values are got by pusting

M=mNpmie X =Xg.
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