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Formulae for the Conservation of kpergy and Mamentus in Nuclear Reactions.

1. Séatteri.ng.

An incident mucleus of mass A and energy £p is scattered by a
target nucleus ol mass /Yz initially at rest. (Figure I illustrates a
scattering of this kind, the left hand side representing the situation
shortly before, the right hand side the situation a short time after the
collision. For the discussion of the system after the collision we need
some additional notation, i7e therefore let 5 and & denote the enercy
and scatterin~ angle of the incident nucleus, 5 and ¢ the corresponding

data for the targzet nucleus, and X2 and /80-52 the respective scattering

anrles in the center of gravity system,

|
Figure T [
|
|

-

7
=

Since the ricsht hand side of Figure I represents the situation a
given time after the collision, the sides of the two triangles are clearly
propertional to vel~cities. Specifically we have:

The side (/%/2f) aw to the velocity of the incident nucleus,

the side (A#§/%) A~ to the velocity of the target -ucleus,

the side (/4 C ) A to the velocity of the center of . ravity of the
system,

the side (€, ) /~w to the velocity (in the:center of gravity system)
of the incident nucleus, and

the side (C/z ) ~» to the velocity (in the center of zravity system)

of the tar;et micleus,

RS




Once “he above-mentioned velocities have been found the problem is
essentially solved, for it‘has then been reduced to the application of
trigonometric formulae to tie two triiniles in Fizure I,

In the derivations which follov we shall use the following basic

formulae frequently: .

) r w— - e h Bowng M ’ 1 . + 2 f
(a) Yomentum = Y2 x}ass xtner:sy, inergy = (lomentum)</?lass,
(B} Velocity == !ropentum/Yass, Momentum = YassxVelocity.

Using the formulae given above we can readily constiruct the fol lowing

two tables, 1In these we understand »y the center of israovity the whole

wo-particle svstem rega s one with its mass concentratec the
two-particle srstem regarded a th it centrated at th

center of zravity,

Table I. 2efore the collision {(laborator: system).

rarticle liass Lnergy 7 L omentun Velocity
molews | /% & | Vg | /E -
metess | % | O 0 o
iy | A% | Bm s | 1205 |G /A

Table II., :ifter the collisior (laloratory system),

Particle Yacs sneryy vomentum Velocity
Incident 9———- 75
nucleus %A £; 4/ 6 @_ £
Target Voo

nucleus M 4 2/’3 ‘l. / ‘i

w, Vi

ooz U I

11

ﬁ
N

Center of Y,
gravity /% 4“""&"5 4]

The entries for the center of rsruvity ir Tatle 1 are derived from

its vnown mass AeM and froc the fact that its momentum in this case




is simply'the\sum of the individuel momenta, Oirce the momentun of the

system is conservad the collision does not affect the center of zravity.

T™e entries for the center of sravity in Table II are therafore identical

to those in Table T.
‘that & » &7 = £p -

Furtiermore, the conservziion ol enerzy requires

Two of the required velo¢ities have to be expressed in a different

coordinate system, viz. the center of ;ravity system.

momenta of the two particles have the same magnitude.

In this system the

je denote this by M.,

In addition, the total energy available in this coordinzte systen emels

the total energv of the two particlegless the energy azsociated with the

center of rraviiy. 7iith this in rind we can vrite dowm the following

equation, the solution of which will enable us to construct Table IIT:

2
(e) L

270, T i
or
(D) m =

Since momenturm and energy i3 conserved Table

e W
o

well as before the collision.

Table TII, Before and after tre collision (center of gravity srstem).

2 ,
2 = £ - Jigsﬂf‘ﬁ; p)

/Y £y .

Particle

Mass

»amentum

}
Velociﬂy

Incident
nmucleus

ZS):

Tz /A%

XA

Tarzet
nucleus

b 73]

Ay

/%

Center of
gravity

O

o




To simplify tke trigonometric calculations which follow we introduce

the following notation;

2 MR
= -~ ——-——i-——'
(1.1) S 4 Mrr2)R 7
' I 2 3 - B
%= gart? SR ey SR

We also redraw Figure I (see Figure II below) and assign lengths .
to the sides of the two triangles, proportional to the appropriate
velocities, which are now aveilable in Tables I, II, and III., Since we
are going to discuss the upper and lower triangles in Figure II separately
we need not use the same factor of proportionality. It turns out to be

Y,
convenient to use the factor / ?‘ for the upper triangle and the factor

ﬂ; for the.lower.

Figure 11

Using Figure II and the law of cosines we obtain:

(1.2) E/ by = [ = 28 (7~ cas),
(1.3) £, /L = 28, (7 cos2),
and using the law of sines and the relationship, a = b cos C 4 c cos B, :
. - ,’T
(1) w8 = fze e,
(1.5) s P = YR Sindl
S S R e A L
= JE7& -/
(1.6) 8052 -é,:—-{coyﬁ =
(1.7) OS2 =~ %@ cosP » /
A

Je can now eliminote J2 between (1.2)and (1.6), between (1.3) and
(Le7), and between (1.4) and (1.5), snd combine (1.2) with (1.4) and (1.3)

with (1.5), obtaining:




R R ]

«;

&

«

=/ ¥
(1.8) 5/%, '/m«/&)e o8 8 Z/W

vy aE =fEEs casts,

SINRL
(1.10) Zone = =
,—f,"; - cos P |

(1.11) Nm r-2p= 6 * eﬁ:.r//;@’;.rmo) |

The relative intensities .f-%?//f/&/and ]/-Q,Ware defined below
and are obtsined by differentiating (1.4) and (1.5) regarding & &, and
j‘;’%‘o’ as functions of J2

) A% %/y?"“'
SNETP _ Fge) e — /738

a2 & / 7 / = 22 T [/z.f,:

(1.13) J/Q/-/f//-%" m

Formulae (1.8), (1.9), and (1.10)can also be obtained from the set
of equations given below, which is a straightforward statement of the
laws of conservation of energy and momentum, But to proceed from this seti

would be mch more difficult,

AT

IM& = JamE cos8 * JRAG cos P
= JoME S8 + /2 kg sm P

(1.14)

Note, If the incident mucleus is heavier than the target nucleus
it can scatter with two different enerzies in a given direction & ,
depending on how it vwas scattered in the center of gravity system, The
two energies are referred to as the slow and the fast component of the

scattering.

yl]se both signs if /‘Z ?/‘72 s in wnich case %ax=dﬂ(f//;/gi

Use only the plus sign if /‘Z £ /V,a s See also note above.



2 Reactions.

in incidentrnucleus of mass 299, and energy f; reacts with a target
nucleus of mass /MMy initially at rest, giving rise to two muclei of

masses /z and /72 , vhere /y/denot.es the heavier nucleus. The energy

released in the reation is denoted by @ , which in the case Q is negative
is interpreted as the energy required for the reaction, It is customzry
to take Af»/fp =M, #/M,even though this is strictly speaking not
correct, the mass defect being &/931.

Figure III illustrates a reaction of this kind, the left hand side
representing the situation shortly before, the right hand side the
situation a short time after the reaction. For the discussion of the
system after the nuclear reaction we need some additional notation. e
therefore let f; and & denote the energy and scattering angle of the
heavier nucleus, 6 and ¢the corresponding data for the lighter
mucleus, and L2 and /80~52 the respective scattering angles in the

center of gravity system, Also f} = ,_é; *é .

|
Figure ITT |
|
]

Since the right hand side in Figure III represents the situation a
siven time after the reaction, the sides of the two triangles are clearly
proportional to velocities, Specifically we have:

The side (M‘IZ) ~~ to the velocity of the heavier emerging nucleus,

the side (myMh) A to the velocity of the lighter emerszing nucleus,

the side (”Zt Q) A to the velocity of the center of gravity of the

system,




-

the side (€77 ) A~ to the velocity (in the center of gravity system)
of the heavier micleus, and
the side ((‘%) ~s to the velocity (in the center of gravity system)

of the lighter nucleus.

Once the above-~mentioned wvelocities have been found the problem is
essentially solved, for it has then been reduced to the appplication of
trigonometric formulae to the two triansles in Figure ITI.

"le repeat here Formulae (A) and (B) which will be used frequently

in what follows.

D
(A) zomentun = J2IassxEinergy, inerszy = (Yomentum)~/2«l'ass,

(3) Velocity = lomentum/'ass, " tomentum = llassxVelocity.

- Using the above formulae we can readily construct the following two

tables in which we understand by the center of gravity the whole system

regarded as one with its mass concentrated at the center of gravity.

Table IV, Refore the reaction (laboratory system).

Particle Vagg neray ' Momentum _Velocity
Incident l V2 pr
nucleus m/ 5 2’," 5 m, [0'
Tarcet ’ !

micleus (L ' 0 0 I 0

Zenter of /7 4
ravity | M| mim L | (M4 | mmdems

Table V. After the reaction (laboratory system).

rarticle Mass Znergy Momentum Velocity
Heavier |
nucleus | M £ /RS /x4

lighter
nucleus /72 4‘:2

N
X
N

} /”-t /
Center of ”
cravity | 47% /‘;*QLY‘FO‘ Rmy £o ‘/‘/f-/‘/; /—’ /%




The entries for the center of =ravitv in Table IV are derived from

its known mass /), #/77; and fron the fact that its momentum in this case
is simply the sum of the individual momenta. Since the momentw: of the

system is conserved the collision does not affect the center of gravitv,

The entries for the center of gravity in Table V are therefore identical

to those in Table IV, except that »,+/7, has been replaced by /‘z?“%

Two of the required velocities have to be expressed in a different
coordinate system, viz. the center of zravity system. ''e denote this
magnitude by 279 . In addition, the total energy available in this
coordinate system equals the total energy of the two particles less the

enerzy associated with the center of gravity. However, enerzy is not con-

served in the case of reactions, the total energy of the two particles
being é; hefore the reaction and 42"¢’5after. we can now write down
the equation for /2?2 , the common momentum of the two particles emerging

after the reaction:

2 2
m m* _ -
(c) v T 27 /f‘:ﬂ?) G+ 4o

the solution of which is given by

Y/ =~
(D) = ﬁ”fﬁg_ %?/‘44'; .

We can now construet @ table which applies to the syrstem afteyr the

reaction has taken place,

Table VI. After the reaction (center of gravit' system).

f’article ¥ass Enercy Moment wn Velocitv
moien | 11\ (B8 BB 1 (L R Rl
il | 7% |l 8 5\ BRI L T
ot e | o o |o




To simplify the trisonometric calculations wnich follow we introduce

the following notation:

= %

4 '/%?//’gj) ‘z"ﬂﬁ%/zﬂ"fﬂ@:‘g):
- Q&f! X - 2t

’?2 - 4*/2)2/“257—)J Ji?—/;i,‘&jz Mg g—/

Y2 also redraw ricure TIT (see Figure IV below) and ascign lengths

(2.1)

to the sides of the two triangles, proportional to the appropriate
velocities nrow avzilsble in Tables IV, V, and VI. Cince we 2re going

to discuss the upper and lower triangles in Figure IV separately we nead
nrot use the came factor of prroportionality. Tt turns ovi to Le conveniert

to nse the !‘actor/g-t for the upper trianzle ond the factor z/zz for

the lower,.

Fisure IV

Heiny Fizure TV and tine law of cosines v ontain:

(2.2) &4 = (4+8)+ 2155 20512 ,
(2.2) &4 = (4 &)~ NGB cos 22,

and using the lawi of sines and the relationship, ambcos 8 4 Cccos B, ¢

/,/‘”é_ S/ L2

(2.5) sn¥ = JeBe 5782
(=) 52 = JE2L rp5 9 /;;7

(2.7) (0582 = '/’;7::/05? 71.///—92—'

L]

(2.4) S/ B




-

el

%o can now eliminate S bebueen(2,2) and (2.6), between (2.3) and (2.7),

und between (2.4) and (2,5), obtaining:

(2.82) f,'/[,'- = /ﬁﬂd‘ﬁ.‘t /ﬁ - S/
(2.9) E/5 = 4 flosp 2 /E—W"/ w2/

(2.1¢) S8 = f% L5
% g Y

“he relative intensities J/Q)ﬂ'é/:md I/g)/f/ﬁlare definad below
anl are obtained by differentiating (2.4) and (2.5) regarding 1,"/5}'—

and & /% as functions of {2 .
) ZVeE) = Smlds o MELE-onisT

Sn242 T £ /,4-'
(2.12) ]ya)/f/p} f”_’g g/g = /.’4"' ifj[-x//ﬂ;ﬂ
7

The values of Q used in this report are uncertain since they
were computed from the cxperimental masses of n, p, D, T, He3, and Hel“
(see page 1h4), leverthelecs the tables and figures in this report may be used

for modified values of Q uain; the following formulae:
(2.13) @ =@ »2Q
(2.14) AR NN %Q/
2.15) £ G507 %)
vihere Q s &5, und Leare the values used in this report.
Suppose Q for the reaction D+ D—3n +He3+ Q is actually
3422 ¥EV instead of the v'»lue, 3.24 YV, which was usel, then AQ =(.,04 TV

ani for f;zr’\ iy owe have;[i = (.07 ¥RV and ET 5 YWy,

The tables and corgiponding. ficures will now give the desirad values

;’,"A A' ] I ' /
simply by replacing th¥*cdwss £ and E‘T | X's E; and Ef .

Use hoth sizns if 4 >4, in which cese Gaa = 20517 /f&-

Use only the nlus siegn iv 4, £ Af o Cce also note under formula (L.14).
. Sy w3 e " - 2.
Use both signs if /{,)éé, in which case Huar = aﬁ(.r/ﬂ/&}—

Use only the plus sign if 4 £ @. See also note under formula (1.1:).
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Untherford testtipiay,

~

The crosseciion for Rutherfor '@ 3csatterina in the @=-interval, (& 3 &)
i= given by: 25 &
(3.1) R [ZZQ sin da = 27,_"/‘] (B)SInSdb
(3.1) 2, 8
where £2 is the znvle in tne center of gravity system, and O is the angle
i the liboratory syrsten, an! the relauticnship between £2 =nd @ is riven

by (1.4) and (1.A), Ta (3.1), =which we refer to as the partia? erossection,

the f‘mwtioné, f/) i f/) e 7iven by

2
(3.7) ]m)_. £ -Q/ﬁ/i)m (2)

S//?
(+.3) ]-//: _é- /d.rﬂt//- %”’”"9/ ()
whe: Joe 6' /= %‘r//’g

{3.0) <= 27[/—?:"6/ = .0325'(/;-%)253/%:‘

In the ahove formulae A , & , ~nn £, “anote mass, eiarse, and enercy

of the incident pucleus; A% =n. £, denote the masz anl chareve of the Lerget
ot etds =1
muclens, which is initizlly assumed to he .t rest; and a%s 1.42G7910 BP.TEV-cm.
Subsistuting (2,2) into (Z,1), inte rating, =0 omitting the facto:‘,c s

we obtain what wa Lo the rel-tive paptisl erosse~tion, The foraulae ore

;2iven below:

(3.5)  FLeot’E ~ oD [, re<tt, O<8484

I»

7

(3.6) ""g"/*"”fé//-gifm“’// /"'(“a//’ ‘5-‘/”2‘% o <%, )
S8 2 0848, &7
N pfert B~k ) ath, T A%, I<g <4 F, (e

G058 CO88, A |
342 ///7'&/ /-2 .;‘75’3://'7’;*‘(””?/ 7% - M

(\) “ee G. farow, ATO¥IC-RUCLEI M) NUCLEAR 'IPANSFO}?NATIONS, pages 162-163,
(f.) The second term in (3,6) arproaches 2(//* ;93/ _.ppro'vcnea 7.
(2) In (3,7) it should he noted thah the fornula is valid only vien 2,#2‘2.
&
. . £/ Lop L /'ms , /z )
It £24 « L0 il T /)d.w hove f= i ﬁgf/‘@%

(1) O<GLE aresmn’k
7/
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(See the Figure with number correspondin; to the
Tzable number for the graphs of the tabulated functions.)

Scattering: ¥; = 1.

Teble 1: Ey/EQ a3 a function of © for various U2,
Table 2: E./Eq as a function of ¢ for various s,
Table 3: I'(J-)?I(O) as a function of © for various
Table 4: © as a function of ¢ for various M,. *

e
d
»

Secattering: L. = 2.

1
Table 5: Ey/3, as a function of © for various H..
Table 6: [./Z, as a function of @ for various ¥5.
Table 7: 1 .&)?I(B) as a function of @ for various M.
Table 8: o 28 a function of ¢ for various l,. *

Secttering: My = 2,
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Table 10: En/E4 as a function of $ for wvazrious M.
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Table 12: © as a functioa of ¢ for various ¥,, ¥

)
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Table lk: E%/E) as a function of @ for various tine
Teble 15: I a)?I(O) as a function of © for various N,.
Table 161 © 25 a function of ¢ for various M., * 7

# NOTSs SINCK S = 180 -~ 2 ¢ s THH TARIES AND CORRUWSPONDING FIGURES
ALSO GIVE © 45 A FUNCTION OF 2 .

Particle Uass
n 1.00893 [ 0083F2 b
p 1,00812 a3
D 2,01472
T 3.,01703
el 3,01703
HQA' l4 00‘0387
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Table 1
W =1
M2 Ma
: 1 N 2 3 L 6 7 8 9 10 11 12 14 16

e e

0 1.000 0 1.000 1.000 1.000 1,000 1.000 1,000 1,000 1,000 1,000 1.000 .000 1,000

5 992 10 .985 990 .992 .995 «996 996 .997 <997 .997 «997 998  .998
10 970 20 KTAl .960 970 .980 .983 .985 .987 .988 <989 «990 991 .992
15 «933 30 .873 Il .935 956 .962 .967 97 STh 976 .978 .981 .983
20 .283 40 786 854 .£89 0925 935 943 949 <954 .958 .962 967 971
25 .821 50 .689 .785 .835 .887 .503 9L 92 .931 .937 OL2  .950 956
30 .750 é0 .589 JT1L 776 846 866 .882 .895 .905 .913 +920 «931 939
35 671 70 L9L  .636 16 .802 .828 848 .86l .876 .887 .896 .910 921
40 587 80 407 1565 .656 157 789 .813 .832 847 .860 .87 .888 2902
Ix] 500 90 333 .500 600 S 750 778 .800 .818 .833 8L6 .867  .882
50 413 100 <273 A42 549 YA N3 Jhh  JTT0 .790 807 822 .845 .863
55 329 110 .225 393 .503 .636 .680 S T J6h 783 .799 .825 845
60 +250 120 .189 352 NAIA .603 649 .686 .75 L0 761 778 .807 .829
65 ,179 130 161 319 431 575 .623 661 693 .719 JThl 760 790 814
70 117 140 BIA .293 405 0552 601 b2 6Tk 702 725 SN 777 .802
75 067 150 .127 2Th .385 534 .58 626 659 .688 .12 132 766 192
80 .030 160 .118 «260 371 521 572 N3TA H49 678 702 723 758 784
85 .008 170 .13 .253 363 .513 565 607 642 b7 .696 718 753 .780
90 ,000 180 2111 +250 360 .510 562 .605 650 669 694 16 .151 179

91




Table 2
(See Fiz. 2)

W =1 TABLE (F Ep/Eq
3 <A 2 3 | 6 7 8 9 10 1 12 14 16
o |1.000 .88  .750  .640  .490 438 .395 360 331 .306 .28, .29 .22

s | lgo2 - lse2 .k 635 486 43, 392 357 328 303 .82 A7 .20
1w | o Tees 7w w62 a5 u2h .383 .3k9 .32 .96 .25 W2l .25
e | 933 1829 700 .597 457 408 369  .336  .308 .85 .65 .32 .207
20 | Ce@  7es .62 .565 433 386 349 318 .292 .20 .251 .20 .196
25 | lel 730 .66 .526 402 359 .32, .296 .22 251 .33 204 182
30 | 750 667 .2 480 367 328 .296  .270 .28 .29 .23 .87 .16
35 | 6 o896 .53 429 329 .20, .265 .22 .22 .05 L9l 167 L9
10 | lser %@ ko 376 287 257 .22 .21 .19 179 .67 L6 130
45 | 300 kah 375 320 .45 .29 .198  .180 165 .53 Jlk2 W12 .l
2 | 3 367 310 .26k .02 .8 .63 .49 .37 .26 .17 .03 .09
s | 329 292 .27 .21 .61 .4 .30 .18 .09 o1 .09 .082 .07
% | 25 2% 1es .60 .22 .09 .09 .09 .08 .07  .07L  .062  .055
6s | 179 159 .3, .14 087 .07 .0 .06,  .059 055 .05l  .Okk .00
% | 7 10, .ose  .075 .05 .05  .0k6 .02  .039  .036 .03  .029  .026
75 | 067 060  .050 .03  .033  .029 .02 .02,  .022  .020  .019  .017  .015
8 | 1030 027 023  .0l9 .15 .13 .02 .0l .00  .009  .009  .008 007
85 | o8 007  .006  .005 .00k  .003 .03  .003  .003  .002  .002  .002  .002
9 | J000 000 000  .000  .000 .00 .00 .00  .000  .000  .000  .000 .00
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TABLE OF I W/ I (8)

Table 3

(See Fig. 3)

Ml: 1
M2 M ’
1 2 2 3 4 6 7 8 9 10 11 12 1 16
o) 0250 0 ohlidy 0562 «640 «735 o766 +790  ,810 «826 o840 #852 o871 «886
5 o251 10 o450 567 oOhhy .738 .769 J793  .813 «829 S42 o854 873 887
15 «259 30 493 607 679 766 o794 .85  .833 848 1,860 «371 387 .900
20 .266 40 535 643 711 <790 815 835  ,851 364 875 .885 »900 911
25 «276 50 596 .693 «752 821 <843 860 874 .385 894 »903 915 <925
30 .289 60 .680 .758 .805 .860 877 .890  ,901 «910 .918 924 934 942
35 305 70 $795 .839 +869 +905 917 926,933 «939 9y 948 «955 960
40 326 €0 .950 <940 945 957 .961 965 968 971 .973 975 .978 .980
45 354 90 1.155 1,061 1.033 1.014 1.010 1,008 1,006 1.005 1,004 1,003 1,003 1.002
50 +389 100 1.418 1.201 1,131 1.076 1.062 1.053 1.046 1,041 1,037 1,033 1,028 1.02,
55 436 110 1.742 1.360 1.237 1,140 1,117 . 1.100 1.087 1.077 1.069 1,063 1,053 1.046
60 500 120 2,124 1.531  1.347 1.205 1,170 1.145 1,127 1,113 1.101 1,092 1,078 1.067
65 592 130 2.546 1.707  1.457 1.267 1.221 1.189 1,165 1146 1,131 1,119 1,100 1.087
70 «731 140 2.97¢ 1,877 1,560 1,32, 1.268 1,228 1.,19¢ 1.176 1.158 1,143 1,120 1,104
75 .966 150 3.3%0 2,028 1,649 1.372 1.307 1,261 1,227 1,200 1,180 1.163 1.137 1,118
80 1.440 160 3.709 2,147 1,719  1.409 1,336 1,285 1.,2,2 1,219 1.196 1,178 1,149 1.129
€5 2,868 170 3.924 2,22, 1,763 1.432 1.355 1.301 1.261 1.231 1.206 1,187 1.157 1.136
90 o0 1€0 4,000 2,250  1.778  1.L40  1.361 1.306 1.266 1.235 1.220 1.190 1.,16C 1.13¢

3T




Table 4

*

TABIE OF © AS A FUNCTION OF ¢ (see m‘ k)
M}_ .= 1

2 3 4 6 7 8 9 10 1 12 U 16
160,00 . 180,00. 180.00 18C.00 180,00 18C.00 180.00 180,00 1€0.00 1£0.00 180.00 180.00
160.33 165.08 166,70 168,02 168,35 168,58 168.76 168,90 169.01 169.10 169.2, 169.34
L4212 150.58 153.62 15613 156,77 157.23 157.57 157.8, 158.05 158.23 158.50 158.70
126.21 136,81 140.9% 1lhhJhh  145.34  145.99  146.48  146.87  147.17  LA7.43  147.82  148.11
112,48 123.95 128,76 133.00 13411 134,92 135.54, 136.02 136.41 136,72 137.22 137.58
100,56 112,00 117.15 121.86 123.13 124.06 124.76 125.32 125.77 126.1 126.72 127.14
90.00 100,89 106,10 111.05 112.41 113.41 114.18 114.79 115.28 115.69 116.33 116.80
80,46  90.53 95,59 100.57 101,97 103.00 103.81 104.A4 104.96 105.39 106.06 106.57
7167 8079  85.57  90.41  91.79  92.83  93.63  94.28  94.80  95.2k  95.93  96.44
63.4L  T1.56  75.96  80.54  B8l1.87  B2.88  83.66  8L.29  8L.81  RA.2,  85.01  86.12
55.63 62,76 66.72 7094 7218  73.13  73.87  ThAT7  T75.18  75.38 76.02  76.52
48,14 54,30 57.79  61.57 62,71 63.57  64.26  6L.BL 65,26  65.65  66.25  66.71
40,89 4610 49,10 5241  53.41  54.18  54.79  55.28  55.69  56.04  56.58  57.00
33.84, 38,12 40,63  43.42  LL.26  Lk.9h  LS.46  45.88  46.2L,  46.53  47.00  47.36
26.92 30,32 32,32 34.57 35.27 35.81 36.2, 36.58 36.87 37.12 37.51  37.80
20,10  22.63 24,13  25.8, 26,36 26,77 2710  27.36  27.59  27.78  28.07  28.30
13.36 15,04 16,06 17.18  17.53  17.81 18,03  18.21  18.36  18.49  18.60  18.84
6.67 7 50 8000 8.58 8.76 8089 9-% 9.09 9.17 9023 903“‘ 9.'01
0.00 ©0.00 0,00 0,00 0.0 0.00 0.00 0.00  0.00 0.0 0.00  0.00

6T




Fig. 1 (See Table 1)
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Fig. 2 (See Table 2)
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Fig. 4 (See Table 4)
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TABLE OF Ej/Eq

Table 5

(S:2e Fiz. 5

My = 2

21 1 1 2 2] 3 L 6 7 8 9 10 11 12 1 16
o rast Slow €

0 1,000 J11 | 1,000 0 1.000 1.000 1,000 1,000 1,000 1,000 1,000 1,000 1.000 1,000 1.000
5 .985 113 .992 10 .980 .985 .990 .991 .992 .993 <994 «994 .995 .996 .996
10 939 .118 970 20 .922 JILL .960 966 .970 97h 976 .978 .980 .983 .985
15 .863 129 933 30 .832 .873 O .926 935 942 948 952 .956 962 967
20 756 J47 .883 40 .720 .786 854 87 .889 .901 .910 .918 .925 .935 943
25 612 .182 .821 50 .598 689 785 .813 .835 .852 .866 .878 .887 .903 .91
30 2333 333 .750 60 L76 .589 711 JIL8 776 <799 817 .833 846 .866 282
35 : 6T 70 365 49 .636 681 716 oThi .766 .786 .802 .828 848
40 .587 80 .273 407 565 616 656 .689 716 738 757 .789 .813
L5 .500 90 .200 2333 .500 556 .600 .636 b67 - 692 ST 750 778
50 413 100 J47 273 42 .501 549 .588 621 649 67 .13 JThhy
55 329 110 109 225 393 453 503 545 +580 610 .636 680 JT1h
60 .250 | 120 .08l .189 $352 413 L6k 507 S5U 576 L603 JO49 686
65 179 130 067 161 319 «380 431 LTS5 .513 546 575 623 661
70 117 140 056 JA41 »293 <353 405 450 488 522 552 601 JOh2
75 067 | 150 048 127 274 333 385 430 L4690 ,503 «534 58l 60
£0 030 | 160 043 .118 .260 <319 Ryl 416 455 490 .521 .572 Bl
85 .008 | 170 041 113 +253 .31l .363 .408 AN 182 .513 .565 OO
90 .000 | 180 040 J11 +250 .309 .360 405 by A479 +510 562 N
© max, 30,00
ByfBo for| 333
© maX,.




