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EFFECT OF TENSOR RANGE I N  

N U C L M  TWO BODY PROBLEMS 

c 

Herman Feshbaeh, BBassaehuse%ta I n s t i t u t e  of Teehnofogy 

Julfan Schwiagefl, H a m a a d  University 

John A. H a m ,  Hamard University 

BBSTRACT 

The in t e rac t ion  between neutron and proton i n  t h e  t r i p l e t  state has 

been invest igated,  

be o f  the  wrnesonts type but o f  possibly d i f f e ren t  panges. 

iterational method has been u t i l i z e d  %o determine Vo, %he s%mng%lh o f  the 

The cen t r a l  and Ptenaor poten t ia l s  have been assumed t o  

The var ia t iona l -  

e e n t ~ a l  potent ia l ,  and IfVo, t he  s t rength of %he t ensor  potential .  

imrigkion i n  the values of both cen t r a l  and tensor  ranges were included, 

Calculations of this type have p~oved diffieult i n  the past  prfncfpadlly 

A wide 
<- 

t C 

beeause of t h e  sens f t fv f ty  of t he  results t o  t h e  quadrupole moment Q of  the 

deuteron for whfah w e u ~ a t e  wave funct ions are neaessary. I t  would be 

*PPofessoP Schwfnger has not y e t  had the  opportunity of reading t h i s  manuscript, 
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desirable  tS have a more accurate value of Q deduced from expsrfment. 

percent D state i n  the deuteron and the  e f f ec t ive  t r i lp le t  range have aPsa 

been computed, The r e s u l t s  are applied t o  the dfscussion of the magnetic 

The % 

moment of t he  deuteron, the photse lec t r le  dfsintegratfon of the  deuteron, and 

neutron-proton sea%tePing, 

neutron-proton in t e rac t ion  a% t h e i r  present amuracy  doe^ not determine the 

range of %he t ensor  forces except within rather broad lfmfta,  A dearease 

i n  the uncertainty i n  the triplet range by an o ~ d e ~  of  magnitude would be 

required, 

1% is conoludld t h a t  experimental fnfomatfon on 

Finally it is ~onePuiled %hat ehmge fndependence of nualem forces 

i 

can be maintained with the  meson well, : 

UN CUSSIFI ED 
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EFFECT OF TENSOR RANGE I N  

NUCLEAR 'lW0 BODY PROBLEMS 

Introduction, Determination of %he Force Constants, 
Results, Applfca%ions 

Herman Feshbach, Massachusetts I n s t i t u t e  of-Technology 
Julian Schwfngea, Hamard University 

Comput a t iona l  Details 

John A, H a r p 8  H t i w v a r d  University 

bY 

b -  

1, Introduct ion,  

The  discovery of t he  quadrupole moment of the deuteron required t h e  

introduct ion of non-central ( %ensorfl) forces  i n t o  t h e  phenomenological 

deser iptfon of t h e  neutron-proton in%erac$ion, 

t o  compare the  experimental da ta ,  par t fcu lar ly  f o r  t h e  two, three, and 

It  then became necessary 

four-body sxstems, with the  predict ions following from the inclusion of 

such forces ,  For several  years, %he necessary constants  f o r  both the  

c e n t r a l  and tensor  const i tuents  of the  neutron-proton poten t ia l  energy have 

been avai lable  f o r  only one well shape, t h e  nsquare" well employed by 

-ita and Schwfnger(l). The analysis of  experimental da t a  indicates ,  

however, t h a t  t h i s  well leads t o  predfctions whfeh are fn eontradfction 

with experiment (2)9(3)9(4)o 

of phenomenological theory upon well shape, 

We are thus led t o  inves t iga te  t h e  dependence 

I 

n 
1, W, Rarita and J, Schwinger, PoR. 2, pp. 436 and 556 (1941) 
2, Do Bohm and C, Riehman, P,R, a, 567 (1947) 
3. 

H. A. Bethe, P.R. E,  38 (1949) 
4 ,  E, Gerjuoy and J. Sehwfngea, P A  Q, 138 (1941) 

H, Feshbaeh and W e  R a r i t a ,  P.R, 2, 1384 (1949) 
R, E, Clapp, PoRo s, 873 (1949) 

4 

8 J, M, Blatt and J.D, Jackson, P A  s, 18 (1949) 
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The general form of the  in te rac t ion  p t e n t f a l  is: 

I 

Hem P i s  the  fn te rp&ic le  dfetance, J(P) the po ten t i a l  well f o r  t he  cen- 

tral fonoee par% of  the poten t ia l ,  K(r) the poten t ia l  well f o r  the t ensor  

par%; Vo, g are constants and 

Since OUF i n t e r e s t  l i e s  only i n  S and D states of t h e  two-body systems 

we have not specif ied the  exchange properties of V(P), 

sized %hat this pa~tfeulm choice of non-eentral force  has been made under 

the  assumption t h a t  the fo rces  ~ b p 8  not ve loc i ty  dependen%; them i s  of COUPSQ 

It  should be empha- 

no a priopf j u s t f f i e a t f o n  f o r  this praeedupe. 

W t a  and Sefnvfnger employed J I K; J = 0 f o r  r>r0, J = 1 for  

P <  r0. In resent  years other  wells have been discussed. h indon(  * )  em- 

ploys square wells for both J and K but permits s l i g h t l y  d i f f e r e n t  values  

o f  p0 for J and KO 

changes which m e  more e o n s f s t a t  with present day evaluation of neutmn- 

p t o n  s e a t b r i n g  experiments, 

late the constants  far a nmnbep of wells fneludfng'the square well, the-  

Bledenheen(6) and P a ~ W f e l d ( ~ )  have made more extensive 

Hu and IbIassey(') place J s K and then edcu- 

- 

wpp20 Chew and exponential well J D e ", and %he Gaussfln J(P) B e 
0 

5 *  1, Go Gufndon, P.R. B, 145 (1948) ' 
6, 
7 0  Do Padfield, Nature 3, 22, (1949) . 
8, 

L. C, Biedenharn, JP,, Thesis, WI,I,T. (1949) 

Hu and Iassey,  Referred t o  fn,E,H,S. &hop, He N. Yadav, Nature &, 
p. 738, (1948) 



. . . . . . - . . - - . - - - - . . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . .. - . .. . . . .- . 

* -bP 
Goldberger ( 9 )  place J D K and employ J = -- e .- Jauch _and Hu"'), and Wu 

and Foley 
I' 

employed the  J and X predicted by the  Sehwinger mixture theory, 

Rarita ('I) placed J = K and employed the exponential well. The calculat ions of -- 
Hu and NIassey are l imited i n  scope by J = K; those of Biedenharn and Padfield 

t; are l imited t o  a square well which i s  a ra ther  un rea l i s t i c  po ten t ia l  well shape 

and gfves rise t o  the  discomfiting necessity o f  introducing several new con- 

w 

s t a n t s  since the  charge independence o f  nuclear forces  fails f o r  t h e  square 

w e l l  potent ia l .  

f o r  the  neutron-proton in te rac t ion  i n  the t r i p l e t  and s ingle t  states: these i n  

turn d i f f e r  from those determined f o r  t he  proton-proton interact ion.  

Th$s it becomes necessary t o  have d i f f e ren t  Vo9 J and ranges 

I n  the  present  paper t he  meson well w i l l  be employed. The assumption 

J = K i s  dropped so t h a t  

where b and t a r e  constants. 

t h a t  preliminary ealculat ions( l2)  showed t h a t  t h i s  eombinatfon of wells w f l l  

successfully predic t  the expepimental results f o r  ( 1) neutron-proton scatter- 

The use of t h f s  well i s  suggested by the fact 

fng a% low and moderately high neutron e n e r e e s ,  (2) neutron sca t te r ing  by ortho- 

and para-Rydrogen, (3) deuteron binding e n e r e ,  ( 4 )  quadrupole moment of the  

3 deuteron, (5) binding e n e r a  of H , (6) photoelectr ic  and photomagnetic d i s in te -  

gratfon of' t h e  deuteron and, f f n d l y  (7) will preserve approximately the  charge 

independence of nuelear forces,  

n 

9. 
10, 

11. 
12, 

G, F, Chew and I, Lo Goldberger, P.R. 2, 1408 (1948) 
J. W, Jauch and N. Hu, PeR. 6 , 289 (1944) 
Wu and Foley, P.Ro a, 1305 Td 1949) 
BQ, RaPita, PoR. 3, 1799 (1949) 
H, Feshbaeh, P,R, & 185A (1949) 

f 
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Poten t i a l  ( 1 )  eontafns four cons%ants Vo, f , t, and b. For charge 

independence of nualem forces t o  hold, b must be taken from proton-proton 

sca%%erfng da$a(13)0 The remaining t h e  oonstants are determined by 

= binding energy o f  the deuteron (14) 

Q o Quadpupole moment of the deuteron (15) 

2.23 MeV 

2,73 x 10 -27,,2 

I Cross-section f o r  tihe sca t t e r ing  of 
=0 

thermal neutrons by protons (16) 20-1, 1 0 ~ ~ 4 ~ ~ ~  

Calculatlons have been made for a su f f f e fen t ly  wide range f n  the  values of 

t, b, and y s o  as t o  include t h e  effects of possfble changes i n  the  experf- 

mental da%a, 

2, Determination of the Force Constants, 

As has h e n  jus% fndfaated, the de$emfna%fon of the constants i n  (1) 

is made by comparison with t h e  known p r o p r t i e s  of t h e  neutron-proton system 

fa  t h e  s ing le t  and k f i p l e t  states, 

are from (1): 

The po ten t i a l s  f n  each of these  states 

s ing le t  V = - V, (1-2g) J(P) ( 4 )  

13, Jackson and B l a t t  - i n  press  
H, A, Bethe, P,Ro &, 38 (1949) 
G o  Breit and W, G, Bowicius,  P,R. 2, 1029 (1949) 
R. E. B e l l  and L o  G. E l l i o t ,  P,R. a, 1552L (1948) 
A, V, Tollestrup,  F. A,  Jenkins, W, A. Fowler, and C. C,  Lauritsen, 

J. M. B o  Kelloggp I ,  I,  Rabf, N o  F, Wsey ,  and J. R. Zacharias, 

R, Melkonian, Lo J, Rafnwate~, and W ,  W. Havens, J P . ~  Bul l e t in  Amerfean 

rl l& 

15* A, No~dsfeck, P.R. 2, 310 (1940 Y 
16, 

Bu l l e t in  American Phys, Soc. 

P,R, z, 677 (1940) 

Phys, Soc, 3, G 1  (Jan. 26, 1949) 

, T2 (Apr i l  28, 1949) 
f 
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a For a gfven value of b, L e  eonstan 
J \ 

5 )  is .,atemine by . .  ,he neutron- 

proton sca t t e r ing  cross-section a t  thermal energies. 

parameter have been tabulated by Jackson and Bla t t (3)  f o r  t h e  meson well, 

FOP gf-n values of b and t, Vo and y am determined by the proper t ies  of 

t he  deuteron, E and Qo The ealeulatfona whieh eons t f tu te  the main body of 

thfs paper wem eappfed out on t h e  Sshroedfnger equation f o r  the  deuteron 

The values of t h f s  d 

c 

I 
1 

fop fpow values of b, five values of t f o r  eaeh b, and three values of 

f o r  eaah p a i r  of values of  t and b, making s i x t y  values a l together .  

We employed the vaPfational-StePational method (17)0 This method is 

papt isulaply valuable i n  the present problem because it provides (1) a 

method for est imat ing the e r r o r s  f n  the  eigenvalue by giving upper and lower 

bounds t o  them, (2)  a method for systematically improving the wave funct ions 

by i teratfon,’(‘3)  a method for exhapola t fon ,  Inasmuch as the quadrupole 

i 

P 

’ \  

moment i s  a ds%emining quentfty,  and inasmuch as it depends r a the r  c r f t i -  

oally upon the wave-funetfons and i n  qu i te  a d i f f e ren t  manner than the 

deuteron binding ene~gy ,  f t  was essential t o  have the  safeguards j u s t  

mentioned i n  order  t o  be seeupe i n  the r e l i a b f l i t y  of the f i n a l  numerical 

values ob%&ned 
\ 

The deuteron wave function f o r  a given Z component of  t he  angulaP 

momentum M j  is a l i n e a r  combination of  an  S and D state: 

where Xmr is a neutron-proton spin h n e t f o n , w i t h  Z component of angular 

momentum M J o  The d i f f e r e n t i a l  equation determining u and w a re  given in 

30 

17, 

J, M, Blatt and J. Do Jackson, P,R, ‘& 18 (1949) 
H, A, Bethe, P,R, & 38 (1949) 
H,  Feshbaoh and J, Sehwinge~, i n  preparation 



terns of the independenti variable: 

Then 

FOP the Po given fn (7) = 064, 2 = 4 We s h a l l  later employ 

the symbol X =  A/? so that  - VO = A . 
E T  

The followfng equations are then obtained: 

a'?, + [- 7' + AJ] u = - 2 3f2 YAKw 
ax2 

AnMePes%ing integral connection exists between the behavior of u and w 

at large and small distances,  F ~ s m  d i f f e r e n t i a l  equations (9a and b) w e  have 

Upon placing x Z, o 

# 

-10- 
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c 

g 

The quadpupole moment is 
00 

To obtain a proper form f o r  the i t e r a t ion  i t  i s  necessary t o  replace 

equations (9) by equivalent i n t eg ra l  equations: 

where 

/+ Theref ore  

A t  t h i s  point it becomes possible t o  describe the i t e r a t fon  pax% of the  

calculation, 

whose ehoice will be dfseussed below, a f f r s t  i t e r a t e  ul and wl may be 

Star t fng  from an i n i t i a l  pair  of trial functions uo and wo 

yg f+  -11- 
\d 



* 
obtsfned by i n t  uclng uo-and wo i n  the r i g h t  hand s ide -o f  equation (11). 

The f a c t o r  h is a common propor t iona l iQ fag tor  so t h a t  it may be dropped 

i n  eomputing ul and wl. 

i n  t he  r i g h t  hand side of (11) and so on for the higher i t e r a t e s ,  

To obtain the sesond iterate introduce ul and wl 
* -- 
s The wave funct ions developed f n  this manner a m  then employed as trial 

funct ions i n  a var i a t iona l  pr fne ip le  for k Equations (11) are a palp of 

i n t e g r a l  equatiions with eigenvalue )c; i.e.,,the depth of the po ten t i a l  Vo 

required t o  y i e ld  the exppimental  binding energy as included i n  the  para- 

meter fs now the salutfon of an eigenvalue problem. 

featupe of &he"iterational scheme corresponde r a the r  nicely to  t h e  present 

T h i s  c h a r a c t e r i s t i c  

state of knowledge f n  the theoPy of the  deuteron fop t h e  binding energy of 

t h e  deuteron is known f r o m  emtpedment and one is looking fop a comempandfng 

value f o r  the potentfal .  
3 

The nesessary var ia t iona l  pr insfp les  may be obtained f r o m  t h e  o r fg ina l  

Soboedinger  equation. However, it is somewhat sfrnpler t e  work d i r e e t l y  

f r o m  (9) and (10). L e t  u s  def ine  a matrix 

rvry (P = (3 
and mat- opwtsto~e, 

- ( 0 -  

/ 

/J - = tl \23'2yK 

Then equations (9) and (10) may be wri t ten  



s, 

c 

*. 

l- 

Fpom (16) and (17) two var ia t iona l  pr inc ip les  may be obtained. 

be the eigenvalue of least absolute value. 

L e t  .Xo 

We adjus t  the operators  so t h a t  

it is posi t ive,  Then 

and 

A where the  symbol ( 9 ,  y) s i g n i f i e s  the  sealap product of t h e  matriees 

and y i n t e g r a t e d  over x fmm o t o  infinity, 
-- 

Upon fntroducfng t h e  suceessfve - - 
U /uLuv 

iterates $m z(w$into (18) a set of values X o ( n )  which are approximate values 
’k 

of Xo is obtained: 

where 

ete 

/4 
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It may be shown (I7) t h a t  the sequences a':), (n+1/2) converge t o  a. 
The manner i n  which t h i s  occurs i s  complicated i n  t h i s  case by t h e  non- 

pos i t ive  d e f i n i t e  chazacter of 3 o r  i n  equation (11) one may say t h a t  the  

kernel  of t he  i n t e g r a l  equation (Llb) i s  not pos i t ive  def in i te ,  

feature i s  of importance f o r  t he  l a rge r  values of y. The non-positive - 
behavior of B has the  consequence t h a t  the eigenvalues h a r e  both posi t ive 

and negative extending t o  +@ The pos i t ive  sequence of eigen- 

This 

- 
and - @ 

values  corresponds t o  those states f o r  which t h e  S state i s  the  pr inc ipa l  

component; i o e o ,  it gives the  values of the po ten t i a l  Vo for which a state 

mostly S i n  character  has t h e  bfndfng energy 2,23 MeV. The ~- smallest posi- 

t i v e  x, &, i s  that poten t ia l  - fop which 2.23 MeV i s  the binding energy 

of t he  ground state. The negative sequence of eigenvalues correspond t o  

those states f o r  which the D state i s  the pr inc ipa l  component. 

Two quant i ta t ive  consequences of the above are of importance i n  the  - - !  

calculat ion,  The inequa l i t i e s  sa t i s f ied  by a'"' and>o(n+1/2) as n -3 00 

a m  considerably less spec i f ic  when B i s  not posi t ive de f in i t e  compared t o  

when it is, 
- 

Thus f o r  the non-positive de f in i t e  case 

I f  xl i s  t h e  next eigenvalue whose absolute value is greater  t b n  & then 

i f  n i s  so l a rge  t h a t  

~ ~~ ~~ 

17. H. Feshbach and J, Schwinger, i n  preparation 

-u- 



then 

I 
'T 

1 Lower bounds as well as upper bounds t o  ho may__be.ibbtained. 

several of these: 

We give 

L 
If h, is known t o  be negative then 

c 

L J 

a considerable improvement over (22b) ., 

1, may be than another upper bound which is  useful  mag be 

Because of the  poss ib i l i t y  t h a t  
(d 

obtained : 

xoL, xo t ( 22d 

To apply these inequa l i t i e s  some.method f o r  obtaining a lower bound f o r  

1, is necessaryo 
0 

Here we have employed t h e  re la t ion :  

-15- 
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f -\ 
where 

~ ( ~ ) ( x v $  ?. x s p )  G q  ' ( 2 )  ( X I @ ,  x u )  [J (x") - 2 ' f K ( ~ " ) ] ] ~  (24) 

A s i m i l a r  method(17) is avai lable  f o r  determination of & i n  (22c) 

Another remark should be made with regard t o  t h e  convergence of t he  

P 

product sequence i n  (21) ' o r  t h e  sequence i n  (22) , 

is bes t  when the  r a t i o  lko /kllis very s m a l l  compared t o  1, For some 

values of the  parameterg t h i s  r a t i o  is very close t o  1 eorrespnding t o  an 

approximate degeneracy i n  t he  eigenvalues of t he  b t e r a b d  opsrator i n  (17), 

(A-lB)2, which has eigenvalues, Lo , 

The range of eonvergenee 

2 2 
1 . . . . . . . , One m a y  then employ 

the  usual procedures of degenerate perburbation theory; or equivalent t o  t h i s ,  

after a sufficient number of i t e r a t i o n s  so t h a t  u and w are fixed, t h e  ampli- 

tude of  the D state is intmduced a s  a vapiqtfonal parameter, 

i t e r a t i o n s  produced prac t ica l ly  no change, 

Further 

I n  pract ice ,  it was found pss- 

i b l e  t o  employ a simple extrapolation technfque which, it may be shown, is 

d i r e c t l y  connected with the methodl taken f r o m  degenerate perturbation 

theory, 

ne& degeneracy produced s izable  f luc tua t ions  i n  Q w i t h  successive i t e r a t i o n s  

T h i s  was particulaply neeessaq  f o r  the determination o f  Q f o r  the 

1 so t h a t  it was no longer clew what t o  take f o r  the f i n a l  value for Q with- 

out ftwthor f t e r s t ions ,  

method 

This was avoiiied by use of  the  extrapolation 
9' 

170 H. Feshbach and J, Schwinger, i n  preparation 

-16- 
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 et ~ ( 0 )  ~ ( 1 )  ~ ( 2 )  . , , be successive values of a quant i ty  

F obtained by successive i tera%fons.  

the value of u o r  w a t  a given point, 

have proceeded far  enough it m a y  be assumed t h a t  

The quant i ty  F may be >, o r  Q o r  

If the  i t e r a t i o n s  a t  stage F ( O )  

where f i s  the  e r r o r  a t  stage F(O) while 

%he rate of convergence, 

comes from the  admixture of the  eigenfunetfon of x, t o  t h a t  of 1,. 

is the  parameter which gives 

We have e s sen t i a l ly  assumed t h a t  a l l  the  e r r o r  

&om 

these th ree  equations me may determine F: 

If two sets of numbers F and G depend on e i n  the  same way (e.g. h a n d  

&) then it i s  possible t o  obtain from one sequence and use it i n  t h e  

o ther  so *ha% 

The extrapolat ion method was checked by comparison wfth successive 

i t e r a t i o n s  i n  some of the worst cases which occurred and proved t o  be 

very accurate 

Details of the  calculation. 

The first s t e p  i n  the  calculat ion involves t h e  determination 

of a proper i n i t i d  t r i a l  function 4 o o  

this was avai lable  from some i n i t i a l  t r ia l  runs by hand computers 

I n  t h e  present ca lcu la t ion  
-Y-.- 

-17- 
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f o r  one set of paPamatem ( @,r)  and various y l s e  

were employed f o r  other  sets of (p,, r)  and similar LJ 

usual  not t o  have any trial funct ions given a-pr ior i .  

on t h e  use o f  t he  Rftz Rayleigh method which showed t h a t  simple one parameter 

(one f o r  u and one f o r  w )  having proper x dependence a t  x = o and x = 

gave good i n i t i a l  wave functions. 

obtained f r o m  them were i n  e r r o r  by a few percent. 

t o  a consfdsrable e r r o r  i n  t h e  bindinrr energy of the  deuteron of t h e  order 

of more than ten  percent. 

be concluded t h a t  discussion based on the Rits method employing t h i s  simple 

type of function is not r e l i ab le .  However after one o r  two i t e r a t i o n s ,  the 

r e s u l t s  were general ly  sa t i s faa toryo  

i t e r a t i o n s  were used, 

employment of extrapolat ion fpomulas (25) and (26) , 

These and t h e i r  i t e r a t e s  

However, it i s  more 

Some tests have been 

, 
The values o f A o  and therefore i n  Vo 

However t h i s  corresponds 

The e r r o r  In  Q was considerably la rger  a n d ' i t  must 

I n  the  calculat ion reported on here two 

This provided a good i n t e r n a l  check and permitted the  

a 
The i t e r a%ions  were performed numerically employing Simpsonss Pule over 

most o f  the range i n  x, 

f o r  the calculated r a t i o s  f o r  1, (18) of 1 par t  i n  1040 

cu l ty  i n  t h e  Pegfon for x - o  f o r  in tegra t ion  ( l l b )  involves a rap id ly  varying 

function of x behaving as l /x as x + o o  

fails, 

the  known proper t ies  of u were u t i l i zed ,  

(A, + Alx + Apt2  4 ...), The coe f f i c i en t s  A. may be expressed in terns of 

the tabulated values of uo 

performed and t h e  f i n a l  i n t e g r a l  expressed i n  terms of  tabulated values of 

u multiplied by known numerical coef f ic ien ts ,  

The mesh was chosen so as t o  provide an overa l l  accuracy 

There was some d i f f i -  

Under such conditions Simpsonos pule 

A special integrat ion formula f o r  t h i s  region was devised i n  which 

I n  the  region of t h e  orfgfn,  u = x -  

1 

The in tegra t ion  f o r  each power of x may be then 

-18- 
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30 Results. 

A t o t a l  of s i x t y  cases were computed, a %and Q being-obtained f o r  each. 

The parameter 4, the .inverse of the  cen t r a l  fo ree  range was gfven fou r  values, 

It has been customary t o  r e l a t e  these t o  an equivalent meson mass by the  

r e l a t i o n  b =kf!2 ,/i t meson mass, The four  values and the corresponding 
K 

masses are gfven i n  Table 111. 

Table I11 

Values of 4 and corresponding Meson masses 

& H m  
2,86 4.00 

2,50 350 

2033 326 

2.0A4 286 
m electron mass 

(18) The value o f , & =  2,33 corresponds then to the range suggested by Bre i t  e t  al , 
from proton-proton scat ter ing,  Morg recent analyses (19920921) suggest t h a t  a 

somewhat sho r t e r  range ( l a r g e r  values o f / )  may f i t  t h e  da t a  somewhat more 

closely,  

are gfven i n  Table IV, together with t h e f r  coprespondfng meson mass. The 

values of ??chosen were < 4 ; t h i s  choice was indicated by the theory of 

The parameter T was given f i v e  values for each value of ,e3 ; these 

7'.  

18, Hoisington, Sh&e and Bre i t ,  P;R, s, 8&ds.(1939) 
19, J, De Jackson and J. M. Blatt, in press.  
20, H, A. Bethe, P O L  &'.38:(1949) 
21, G. Breit and W. Go Bourfcius, P.R. 3, 1029 (1949) 

-19- 
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Table I V  

Values of and corresponding Meson Mass 

‘c M/m 

2.33 326 

2000 280 

108 252 

103 182 

l e 0  140 

Fina l ly ,  three values of f were employed f o r  each#, t pa i r ,  
3 ( 4 )  

H 

The values of Ywem chosen so t h a t  t he  ensuing values  of Q should cover the  

possible  values  of Q which may deviate  as much as two and one-half percent from 

the  quoted value of 2,73 x 

prec ise  in te rpola t ion  on “to obtain any desired value of Q. 

and Q f o r  each value o f  c ,  p, and f a r e  given i n  Table I.* 

a m  c e r t d u l y  accurate t o  one p a r t  i n  lo4$ while the third figure i n  Q is re l iab le .  

We now discuss  the  qua l i t a t ive  features which a m  apparent from Table I. 

cm20 Three values of Q a l so  permit a f a i r l y  

The values of 

The values of ;h 

The eigenvalue 

it na tu ra l ly  decreases with increasing 3’; f o r  a given 4 and Q it i s  a decreas- 

ing function of c 9  the  sharpest change oacurring between 7; = 2,OO and E = 20330 

For a given 75 and Qo X d e c r e a s e s  as ,& decreases, while 3 / increases ,  These 

qua l i t a t ive  descr ip t ions  m e y  be summ&.Pfzed by a set of d e s  which were found 

v e q  valuable i n  predict ing new values of ” / f o r  a new 

i s  a f b a t i o n  of 4, t and Q o r  y e  For a given ,& and c9 

o r # .  They, of 

C O U P S ~ ,  hold only  very roughly, 

while (27d) may be off  from constant by as much as t e n  percent. 

Relations (27a) and (27b) hold r a the r  well 

z 4. E, Gerjuoy and J, Schwfnger, P,Ro Q, 138 (1941) 
H, Feshbach and W e  Rapita, P,R, z, 1381, (1949) 
R, E, Clapp, P.R. @, 873 (1949) 

drs *Tables I and I1 are at the end of the report .  
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For a given P a n d  

For a given /g and Q 

For a given rand Y 

For a given r a n d  Q 

2_xN Q constant (27b) 

N e  s h a l l  conclude t h i s  sect ion by discussing the  s e n s i t i v i t y  of the  

The most force constants y a n d  >to changes i n  t he  experimental data.  

ser ious changes may occur f o r  Q since it has been determined with a n  
-27 2 9. accuracy of two and one-half permnt ,  2.73 x 10 cm two and one-half 

percent covers t he  ~ e g i o n . 2 ~ 7 8  x 1OY2'em2 t o  2,68 x 10'27cm2. For small c, 
1.0, 1.3, a change i n  Q of f i v e  percent would r e s u l t  i n  changes i n  

and y o f  a s i m i l a r  order, For l a rge r  T; , TZ 2.33, such a change i n  

Q produces a similar change i n  3/h( see 27b), but an enormous change ,a  

both '>/and bo 
of  1 MeV i n  f .  

i n  t h e  ca lcu la t ion  of t he  proper t ies  of other  systems of nucleoqs. 

emphasizes two things,  

accurately determined value of Qo 

r a the r  fnvolves improving the  evaluation of t h e  exper i  

(a l ready one percent accurate) ., 

An error of a few p r c e n t  i n  

Errors of t h i s  magnitude have fafrly large s ized repereassions 

(or )/x> is  of t he  order 

This 

One, t h a t  it would be important t o  obtain a more 

This i s  n o t  a n  experimental matter but 

n t a J  r e s u l t s  

Seaondly, t he  method f o r  obtaining and 

must give Q with sufficient accuracy or again the  values  of x and )/will 

be f a l s i f i e d .  

A change in the  proton-proton sca t te r ing  would correspond t o  a change 

in ,&.  

and (27f)  e 

The consequent changes i n  > and y a r e  given qua l i t a t ive ly  by (278) 

A change i n  the binding energy of the deuteron w i l l  require  a 
I $--% -21- 2'0 8 QZ'O 



-. .. . . .. . . . . . . . . . . .. . . . . . . - . . . . . . . . . . . . - .. . . . 

112 
change in rol the un i t  of length,  i n  such W i l l  

remain a t  A. To keep the-  same b and Q, it would _be necessary t o  change ,8 

and the tabulated QIs would have t o  be decreased by one percent. 

consequences of a change i n  E mw be readily obtained f r o m  Table I* and its 

qua l i t a t ive  effect f r o m  formulas (27); t he  answer w i l l  depend upon the i n f t i a l  7: 
/, rp f o r  f n  this cam 

Thus the  

4 .  Applieations. 

& Mametic loment of t he  Deuteron. 

T h e  admixture of t he  D state gives  a contribution t o  the magnetic 

moment/YD of the  deuteron so that 

where the  magnetic moments a m  expressed i n  terms of nuclear magnetons and 

pD is t he  percentage of  D saste deffned a8 

r” 

*Tables I and I1 a m  found at the end of the repor t ,  4 
-22- 
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HOW~VBF, because of other  contributions t o  the magnetic moment of t he  deuteron 

a r i s ing  from r e l a t i v i s t i c  e f f e c t s  (22) equation (28) i s  not cor rec t  and may only 

be employed t o  obtain an upper and lower bound on bo 
r e l a t i v i s t i c  e f f e c t s  ,Oh; r e l a t i v i s t i c  e f f e c t s  are of t he  order  of 0015r 

so t h a t  .,04 - ,015 seems t o  be reasonable upper and lower bound on p ~ ,  

Table V* we give the  values of p corresponding t o  each value of Y and Z. 

It i s  seen t h a t  almost all t h e  values from G = 1.3 t o  t I 2.33 give 9~ 
which fa l l  within these l fmi ts ,  

and t 7 > 2 are excluded, 

I n  the absence - of 

9 I n  

D 

It  seems c l ea r  however t h a t  the Pedons  T<L 1 

bo Neutron-Proton S c a t t e a .  

Recent analyses (23)(24)(25)(26) have shown t h a t  it is possible  t o  

express the  theo re t i ca l  predict ions on neutron-proton sca t te r ing  f n  terns of 

s ing le t  range rS and a t r i p l e t  range rtO 

i n  t h e  la t ter ,  Jackson and Blatt 

that 

We s h a l l  be primarily in te res ted  

have analyzed the  da ta  and have concluded 
i 

The parameter rt 

tha t  i f  k is the 

neutron-proton m 

is determined by comparison with t h e  zero energy solut ion 50 

w a v e  number fn t h e  center-of-mass system of t h e  relative 

t ion  and L t  is the  phase s h i f t  

k cot  st : -dt + k2 (5  1 r t )  - P rt3 k4.., 

where d t  is the  inverse of t r i p l e t  sca t te r ing  length ; P is a parameter. I n  

this paper w e  employ the  bound state (deuteron) wave functfons, and thus must 

22. 
23, 
24, 
25, H, A, Bethe ahd C ,  Longmire, i n  press  
26, 
*Table V i s  a t  the  end of the report .  

H. Primakoff, P,R, 72, 118 (1947), Go Bpeit and I, Bloch, P.R. 72, 135 (1947) 
J, Schwinger, Notes5n a c o u ~ s e  i n  Nuclear Theory (1947) 
J, Do Jackson and J. M, B l s t t ,  P,R, s, 18 (1949) 

G. F, Chew and M, Lo Goldbergep, P,R, a, 1637 (1949) 

-23- 
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replace P by i t s  analogue Pt. Then t 

/ \  

Comparison of these  %wo expressions shows tha t  

I n  the  case of t h e  meson well employed here, and i n  the absence of tensor 

--D-. f o r e 9  pt is several percent higher so t h a t  (28) becomes 

4 - .  

We s h a l l  assume t h a t  the value of P and hence of Pt does not change appreciably 

when tensor  fo rces  am included (28)o 

meter P may be somewhat larger when t is very much smaller than @. 

It m a y  be expected t h a t  t h e  shape para- 

The def in i t ion  of Pt for the  t r i p l e t  state ineluding tensor forces 

has been given by Schwinger(27)9 Biedenharn ( 2 8 )  and Chris t ian (29). It is 

where 

Generally 4 4  1, 

27. 
28, 
29, 

J. Schwinger, Notes on a course i n  Nuclear Theory (1947) 
L. C. Biedenharn, Jr., M.I.T. Thesis 
R, S, C h i s t i a n ,  P.R. 2, 1675 (1949) 

-24- 
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I n  Table V we have tabulated /?t/roo 

creases;  f o r  a given f l  , Bt decreases as T increases:  

independent of yo 

expertmentally i s  required before it would be possible  t o  choose a best 

FOP a given 7; , pt decreases as,& i n -  

pt iS r e l a t i v e l y  

I t  i s  seen t h a t  a much sharper del imitat ion o f  pt 

for a given Fa 
diminished by a f ac to r  of 10, the  value of pt would be '@etewfned, provided, 

of  course, the  pa r t i cu la r  well ehapes discussed here are empl-oyed, 

However, i n  pr inciple ,  i f  the uncertainty i n  pt were 

We alss 

note t h a t  Pt is, f o r  a given ,d? and 

determination i s  independent of the precise  value of Q. 

T , independent of y s o  t h a t  I t s  

- c. Photo Disintegration of %he Deuteron. 

The cross-section f o r  the  pbtoelectpic-disintegration of  t h e  

deuteron may be expressed i n  terns of the  cross-sectfon f o r  aero range 

nuclear f ~ ~ o e s ,  c ( O )  multiplied by a fJ~ange correctionn-(%). 

of  tensor  forces:  

I n  the absence 

where k i s  the re la t ive  momentum o f  the ffnal neutron-pyoton system and 

where E is t he  find. energy i n  the center-of-mass system of neutron and proton, 

m e n  tensor f'o~ees QPB included, formula (31) must be multiplied by 1/( 1 + c2) 
This is, however, a mall correct ion,  

possible t o  deduce the range correct ion 1/(1 - 
From Table V containing Pt, it i s  now 

p t )  ,, T h i s  correctfon i s  

~ 

300 H. A. Bethe and C o  Longmire, i n  press 



F 

appreciable over t h e  e n t i r e  range of Pt given, However, s ince these  ptsS 

are generally smaller than those obtained f o r  t he  Rarita-Schwinger square 

well, t he  cross-section i s  reduced below t h a t  given by t h e i r  ca lcu la t ion  

but i s  considerably above t h a t  obtained f o r  zero range. 

The cross-section f o r  photoe lec t r ic  cross-section may be u t i l i z e d  t o  

determine ,Qt. 

so t h a t  as y e t  no reliable value of  pt may be deduced from it, 

A t  present, t h e  experimental evidence i s  contradfctory, 

Comput a t iona l -  Details 

For Mark I computation, equations ( l l a  and b) were w r i t t e n  as follows: 

b J 

and 

4 L 

L d 

-26- 



R(x) e =+ %) s inh  q x  - cosh p)x 
( qx’ 

It  was des i red  t o  obtain b t o  an accuracy of one par t  i n  10 4 

Analysis of several trial runs made by hand computers showed t h a t  it would 

be su f f i c i en t  t o  compute t h e  wave func t ions  u(x) and w(x) i n  the i n t e r v a l  

o ,L x t 5000 with a mesh of A x  = .036 near the  o r i g i n  and then doubled 

a t  x = 0.936, 1.512 and 2.664. 

The first s t e p  was the  computation and recording on value tape of t he  

T h i s  values of L(x), M(x), P(x) and R(x) a t  the  mesh poin ts  s ta ted  above. 

computation was performed only once s ince these functions are independent 

of t h e  parameters 4, c, and yo 
The func t ions  J(x)  and K(x) were computed and recorded on cards  f o r  

each of t he  ,& and ;G combinations shown i n  Table I,  

T r i d  func t ions  uo(x) and w0(x) were introduced, along with t h e  pre- 

viously computed values of L ( x )  , M( x) s P ( x )  , R(x) , J ( x )  and K( x) , i n t o  the 

r i g h t  hand s ide  of equations (32a and b) anc 

were performed using Simpsonss one-third PUI 

U,(x) and w (x)  were introduced i n t o  equatic 1 
obtained. 

quired accuracy, 

Two i t e r a t i o n s  were generally sui 

The seeond i n t e g r a l  i n  eqt . 
of  x which behaves as - 1 as x+o. Hence Sin 

/ X 

or ig in , -  A special quadrature formula based c 

integrand was employed i n  t h i s  Pegfon, 4 
-27- 

t h e  indicated in t eg ra t ions  

e, Then t h e  first i terates 

n s  (32a and b) and second iterates 

f i c i e n t  t o  obtain k t o  the  re- 

a t ion  (32b) involves a funct ion’  

psonOs r u l e  fails near t he  

on t h e .  known behavior of t h e  



E 

'. 

After two i t e r a t i o n s  approximate values of h were obtained from 

equation (19) which may be wr i t t en  i n  t h e  following form: 

where 

The i n t e g r a l s  i n  equations (35a,b and c) were obtained by use of Simpsongs 

rule.  

i n  equations (35a, b and e)  s ince they were previously computed as parts of' 

t h e  integrands i n  equations (32a and b). 

Table I ,  were computed by t he  extrapolation formula: 

I t  was not necessary t o  compute t h e  functions shown within the braces 

The f i n a l  values of  s, shown i n  

This ex t rapola t ion  method was checked by computing t h e  t h i r d  and fou r th  

iterates of u(x) and w(x) for several of t he  more slowly converging cases  

and found t o  be accurate  t o  one p a r t  i n  10 4 

The value of Q a t  t h e  end of each i t e r a t i o n  was computed by use of 

t he  equation: 
i 

" 1  
, I  

-28- 



The numerical in tegra t ions  were performed i n  the i n t e r v a l  05 x 64.968 

by Simpson's r u l e  and then correct ion terms added f o r  the value o f  the 

i n t e g r a l s  from x 0: 4.968 t o  0 0 .  These correct ion terms were computed from 

t he  formulas: 

where 

and xo = 4.968. 

Equations (38a,b,c and d )  are based on t h e  known asymptotic behavior of  

n(x)  and w(x). 

the  tabulated values  of Q shown i n  Table I: 

The following extrapolat ion formula was employed t o  compute 

s- 
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where 1'2 2 and b?I2 correspond t o  G('), G ( l )  and G ( 2 )  i n  equation (26) 

respect ively,  

The values of k a n d  Q tabulated in Table I are believed t o  be accurate  

Co one uni t  i n  t h e  last place printed. 

tabulated i n  Table I1 were obtained from t h e  last i t e r a t i o n .  These func t ions  

The wave func t ions  u (x )  and w(x) 

a m  estimated t o  be accurate ta one p a r t  i n  10'. A t  each s tage of t he  eompu- 

t a t i o n  t h e  func t ions  were cheeked by use of simple i d e n t i t i e s  obtained from 

t h e  assoc ia t ive ,  d i s t r i b u t i v e  and commutative laws of mult ip l ica t ion  and 

addition. An ove ra l l  eheek was made by comparing successive values of h. 
FOP each p a i r  of values of t h e  parameters ,& and G, h a n d  Q were 

computed f o r  three y v a l u e s .  

t o  t h e  next were estimated by use of equations (27a and b). 

se lec ted  so t h a t  t he  three va lues  of Q would cover approximately the  range 

2.73 x 10-27cm2 p lus  and minus two and one-half percent. 

u(x) and w(x) f o r  t h e  prev%ously computed case with c loses t  y v a l u e  were 

used as t h e  first approximation t o  t h e  wave functions. 

3 ' t o  be used f n  eomputfng b a n d  Q fop a new ,&' and ZT combination was ob- 

The values of 3/ used i n  going from one ease 

They were 

The las t  iterates 

The guess value of 

ta ined fmm equations (27a,b and f )  

and Yset were used as t h e  trial wave funct ions,  

The v d u e  of 

The las t  iterates f o r  a neap &, 

obtained after the first i t e r a t i o n  was usua l ly  within 

0.1 pereent of  i t s  f i n a l  value. 

func t ions  and after two i t e r a t i o n s  of ten  had not completely s e t t l e d  down, 

I n  t h e  few cases where two i t e r a t i o n s  and the use of equations (36) and 

(39) were i n s u f f i c i e n t  t o  y i e l d  t h e  des i red  accuracy i n  L a n d  Q, wave 

func t ions  u,(x) and w (x) were computed by use o f  the followfng ext rapola t ion  

formulas obtained from equation (26) I 

However, Q was q u i t e  sens i t ive  t o  the  wave 

3 

-a- 



and 

Then u,(x) and w3(x)  were introduced i n t o  equations (32a and b) and the  

iterates u4(x)  and w ( x )  obtained. 4 
A case, i n  which t h i s  process was employed i s  shown i n  Table vi. 

Table V I  

I t e r a t i o n  x Q 

4.52261 

4 52118 

4G052257 

1 2.5870 

2 2 . 6647 

4.52186 

4 , 52186 

4 . 52186 

4 2 e 6246 

5 2.6258 

The extrapolated value o f  k9 after two i t e r a t ions ,  i s  4.52188 and the 

extrapolated value of Q i s  2.6264. I n  t h i s  case the  extrapolated values 

of k a n a  Q were within the  desired accuracy and therefore  served as a check 

on the extrapolat ion process, A t yp ica l  case i n  which two i t e r a t i o n s  were 

su f f i c i en t  i s  shown i n  Table VII, 



I t e r a t i o n  X 

9 57282 
1 

2 
9 o 57259 

9 57270 

3'. 1.3392 

2 7078 

2.6797 

The extrapolated value of' "h i s  9,57266 and the  extrapolated value of Q 

is 2,6888. 

and Q(2.6950) were computed, The agreement between the extrapolated and 

and thfpd i t e r a t f o n  values of h a n d  Q i n  t h i s  ease along with several  other 

test cases served as a check on t h i s  method of  computation. 

The values o f  X and Q were computed for s ix ty  /3, t and 

I n  t h i s  p a P t i d a r  ease th i rd  f t e r a t foa  values of X(9.57265)  

combina- 

%ions, The total time required was approximately six weeks, 
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TABLE I' 

t 

1.00 

1.30 

1.80 

2.00 

2.33 

~ 

1.00 

1.30 

1.80 

2.00 

2.33 

$ = 2.044 

Y 

0.1140 
0.1300 
0.1350 

0.2400 
'0.2700 
0.3000 

0.8550 
0.9300 
1.0000 

1.5600 
1.7000 
1 8400 

6.3400 
9.2000 
13.0000 

0.1000 
0.1040 
0.1080 

0.2239 I 

0.2400 
0.3000 

0.7107 
0.7660 
0.7820 

1.3392 
1.4280 
l.5600 

4.7300 
5 8000 
9.2000 

x 

14.048 
13.719 
13.614 

13.140 
12.727 
12.329 

10.072 
9.651 
9.283 

7.982 
7.556 
7.170 

3.404 
2.453 
1.787 

$ = 2.33 

17.388 
17.260 
17.131 

15.842 
15.504 
14.302 

12.411 
11.935 
11.804 

9.573 
9.177 
8.644 

4.522 
3.792 
2.504 

Q 

2.52 
2.78 
2.86 

2.53 
2.74 
2.89 

2.62 
2.72 
2.79 

2.67 
2.74 
2.78 

2.65 
2.72 
2.77 

2.64 
2.71 
2.78 

2.72 
2.83 
3.18 

2.63 
2.71 
2.72 

2.69 
2.73 
2.79 

2.63 
2.67 
2.75 

i 



T A B L E  I’ 3Y- 

t 

1.00 

1.30 

1.80 

2.00 

2.33 

1.00 

1.30 

1.80 

2.00 

2.33 

p = 2.5 

Y 

0.0920 
0.0978 
0.1140 

0.1900 
0.2100 
0.2400 

0.7300 
0.8100 
0.8550 

1.2000 
1.3392 
1.5600 

6.2400 
10.5000 
13.0000 

B =  

0.0740 
0.0770 
0.0850 

0.1550 
0.1700 
0.1900 

0.5800 
0.6240 
0.7107 

0.9500 
1.1000 
1.2000 

4.7300 
5.8000 

10.5000 

x 

19.562 
19.325 
18.652 

18.180 
17.641 
16.855 

12.985 
12.231 
11.841 

10.751 
9.992 
8.977 

3.605 
2.234 
1.827 

2.859 

24.814 
24.623 
24.102 

22.940 
22.301 
21.467 

16.474 
15.799 
14.603 

13.649 
12.364 
11.629 

4.742 
3 943 
2.265 

Q 

2.67 
2.80 
3.08 

2.64 
2.79 
3.00 

2.76 
2.85 
2.89 

2.69 
2.76 
2.85 

2.70 
2.77 
2.79 

2.62 
2.71 
2.97 

2.61 
2.77 
2.94 

2.72 
2.81 
2.91 

2.60 
2.75 
2.81 

2.69 
2.72 
2.78 

i 



35- 
TABLE II 

I 3.6531 I 0.4751 

f l :  2.044 t = 1.000 

y =  0.1300 I y =  0.1140 I 
X 

0 000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 

0.576 
0.612 
0.648 
0.684 
0,720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1,008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

0,540 

0.0000 
3.3171 
6.1406 
8.5319 

10.5526 
12.2492 

13.6684 
14.8450 
15.8140 
16.6014 
17.2333 

17 .'I293 
18.1090 
18.3872 
18.5785 
18.6941 

18.7452 
18.7401 
18.6872 
18.5930 
18.4638 

18.3044 
18.1198 
17.9137 
17.6896 
17.4505 

17.1992 
16.6678 
16.1121 
15.5418 
14.9670 

14.3932 
13.8261 
13.2687 
12.7242 
11.6791 

10.7 02 0 
9.7932 
8.9540 
8.1811 
7.4715 

6.8209 
6.2255 
5.1830 
4.3136 
3.5888 

2.9855 
2.4833 
2.0655 
1.7178 
1.4287 

0.0000 
0.0583 
0.2333 
0.4403 
0.6667 
0.8920 

1.1152 
1.3214 
1.5134 
1.6852 
1.8394 

1.9738 
2.0910 
2.1903 
2.2741 
2.3425 

2.3977 
2.4402 
2.4716 
2.4926 
2.5048 

2.5086 
2.5053 
2.4954 
2.4800 
2.4596 

2.4349 
2.3742 
2.3035 
2.2240 
2.1398 

2.0519 
1.9628 
1.8731 
1.7844 
1.6104 

1.4487 
1.2973 
1.1599 
1.0344 
0.9219 

0.8206 
0.7304 
0.5771 
0.4576 
0.3625 

0.2881 
0.2292 
0.1828 
0.1459 
0.1166 

0.0000 
1.7269 
3.2023 
4.4565 
5.5201 
6.4164 

7.1690 
7.7955 . 8.3136 
8.7368 
9.0783 

9.3484 
9.5570 
9.7118 
9.8205 
9.8889 

9.9228 
9.9267 
9.9048 
9.8606 
9.7976 

9.7181 
9.6249 
9.5198 
9.4049 
9.2817 

9.1517 
8.8754 
8.5852 
8.2862 
7.9839 

7.6815 
7.3820 
7.0871 
6.7986 
6.2439 

5.7242 
5.2401 
4.7926 
4.3800 
4.0009 

0.0000 
0.0337 
0.1348 
0.2544 
0.3853 
0.5157 

0.6449 
0.7643 
0.8756 
0.9752 
1.0646 

1.1426 
1.2106 
1.2682 
1.3168 
1.3566 

1.3886 
1.4133 
1.4315 
1.4437 
1.4508 

1.4530 
1.4511 
1.4454 
1.4365 
1.4246 

1.4103 
1.3751 
1.3340 
1.2879 
1.2391 

1.1881 
1.1365 
1.0845 
1.0331 
0.9323 

0.8387 
0.7510 
0.6714 
0.5988 
0.5337 

3.3347 
2.7768 
2.3113 
1.9231 

1.5999 
1.3308 
1.1069 
0.9206 
0.7657 

0.4229 
0.3341 
0.2650 
0.2099 

0.1668 
0.1327 
0.1058 
0.0845 
0.0675 

7=  0.1350 

0.0000 
0.9246 
1.7158 
2.3895 
2.9616 
3.4444 

3.8504 
4.1889 
4.4693 
4.6987 
4.8843 

5.0314 
5.1453 
5.2303 
5.2904 
5.3287 

5.3483 
5.3516 
5.3409 
5.3182 
5.2852 

5.2433 
5.1938 
5.1379 
5.0767 
5.0109 

4.9413 
4.7933 
4.6375 
4.4768 
4.3142 

4.1513 
3.9900 
3.8310 
3.6754 
3.3761 

3.0955 
2.8340 
2.5922 
2.3692 
2.1643 

1.9762 
1.8040 
1.5023 
1.2505 
1.0405 

0.8656 
0.7200 
0.5989 
0.4981 
0.4143 

0.0000 
0.0185 
0.0742 
0.1402 
0.2125 
0.2846 

0.3561 
0.4223 
0.4840 
0.5393 
0.5890 

0.6324 
0.6703 
0.7025 
0.7297 
0.7519 

0.7699 
0.7838 0.7941 

0.8011 
0.8052 

0.8066 
0.8057 
0.8027 
0.7979 
0.7915 

0.7837 
0.7643 
0.7417 
0.7163 
0.6893 

0.6611 
0.6325 
0.6037 
0.5752 
0.5192 

0.4672 
0.4184 
0.3742 
0.3337 
0.2975 

0.2648 
0.2357 
0.1863 
0.1478 
0.1171 

0.0930 
0.0740 
0.0590 
0.0471 
0.0376 



X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.2400 

0.0000 
1 .'I426 
3.2388 
4.5157 
5.6010 
6.5174 

7.2873 
7.9285 
8.4584 
8.8907 
9.2388 

9.5132 
9.7242 
9.8796 
9.9875 
10.0538 

10.0846 
10.0845 
10.0580 
10.0087 
9.9401 

9.8549 
9.7557 
9.6446 
9.5236 
9.3943 

9.2582 
8.9704 
8.6691 
8.3600 
8.0484 

7.7375 
7.4304 
7.1287 
6.8341 
6.2693 

5.7418 
5.2519 
4.8000 
4.3841 
4.0027 

3.6532 
3.3336 
2.7744 
2.3085 
1.9203 

1.5973 
1.3285 
1.1049 
0.9189 
0.7642 

y =  0.2700 

0.0000 
0.0451 
0.1765 
0.3289 
0.4920 
0.6511 

0.8059 
0.9457 
1.0732 
1.1844 
1.2818 

1.3640 
1.4332 
1.4893 
1.5343 
1.5684 

1.5934 
1.6097 
1.6187 
1.6209 
1.6175 

1.6088 
1.5959 
1.5790 
1.5591 
1.5363 

1.5112 
1.4553 
1.3951 
1.3313 
1.2666 

1.2013 
1.1371 
1.0740 
1.0131 
0.8972 

0.7931 
0.6988 
0.6154 
0.5413 . 
0.4763 

0.4190 
0.3690 
0.2862 
0.2235 
0.1750 

0.1377 
0.1087 
0.0862 
0.0686 
0.0548 

0.0000 
0.6907 
1.2867 
1.7978 
2.2342 
2.6042 

2.9165 
3.1777 
3.3946 
3.5724 
3.7164 

3.8308 
3.9194 
3.9856 
4.0324 
4.0622 

4.0774 
4.0800 
4.0716 
4.0539 
4.0282 

3.9955 
3.9570 
3.9135 
3.8659 
3.8147 

3.7607 
3.6458 
3.5252 
3.4009 
3.2754 

3.1499 
3.0257 
2.9036 
2.7842 
2.5550 

2.3406 
2.1413 
1.9574 
1.7880 
1.6326 

1.4902 
1.3599 
1.1318 
0.9418 
0.7834 

0.6517 
0.5420 
0.4508 
0.3749 
0.3118 

0.0000 
0.0193 
0.0758 
0.1414 
0.2117 
0.2804 

0.3475 
0.4082 
0.4636 
0.5120 
0.5545 

0.5905 
0.6208 
0.6455 
0.6654 
0.6805 

0.6917 
0.6991 
0.7033 
0.7045 
0.7033 

0.6997 
0.6943 
0.6872 
0.6787 
0.6690 

0.6582 
0.6342 
0.6082 
0.5806 
0.5525 

0.5242 
0.4963 
0.4689 
0.4424 
0.3920 

0.3466 
0.3055 
0.2691 
0.2367 
0.2083 

0.1833 
0.1615 
0.1253 
0.0978 
0.0766 

0.0603 
0.0476 
0.0377 
0.0300 
0.0240 

y =  0.3000 

0.0000 
1.1020 
2.0557 
2.8756 
3.5770 
4.1731 

4.6772 
5.0997 
5.4513 
5.7403 
5.9750 

6.1619 
6.3074 
6.4166 
6.4945 
6.5450 

6.5718 
6.5781 
6.5667 
6.5399 
6.5001 

6.4490 
6.3883 
6.3195 
6.2438 
6.1624 

6.0762 
5.8926 
5.6992 
5.4997 
5.2979 

5.0959 
4.8958 
4.6989 
4.5063 
4.1362 

3.7899 
3.4677 
3.1701 
2.8960 
2.6445 

2.4139 
2.2029 
1.8336 
1.5258 
1.2693 

1.0558 
0.8782 
0.7304 
0.6074 
0.5052 

0.0000 
0.0333 
0.1297 
0.2415 
0.3609 
0.4774 

0.5908 
0.6932 
0.7866 
0.8681 
0.9395 

0.9997 
1.0506 
1.0919 
1.1250 
1.1502 

1.1687 
1.1808 1.1876 

1.1894 
1.1871 

1.1809 
1.1716 
1.1594 
1.1449 
1.1284 

1.1101 
1.0694 
1.0254 
0.9788 
0.9315 

0.8837 
0.8367 
0.7905 
0.7458 
0.6608 

0.5844 
0.5150 
0.4537 
0.3992 
0.3513 

0.3092 
0.2723 
0.2113 
0.1650 
0.1292 

0.1017 
0.0803 
0.0637 
0.0507 
0.0404 

i 



3 )  
TABLE II 

4. 

7 .1  

n 

B = 2.044 T = 1.800 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.8550 

uod 

0.0000 
3.1931 
6.0035 
8.4486 

10.5509 
12.3430 

13.8574 
15.1239 
16.1723 
17.0281 
17.7 162 

18.2571 
18.6708 
18.9733 
19.1804 
19.3044 

19.3575 
19.3492 
19.2888 
19.1834 
19.0404 

18.8650 
18.6628 
18.4378 
18.1942 
17.9350 

17.6635 
17.0921 
16.4978 
15.8911 
15.2826 

14.67 79 
14.0828 
13.5001 
12.9330 
11.8495 

10.8420 
9.9092 
9.0510 
8.2629 
7.5412 

6.8808 
6.2774 
5.2229 
4.3448 
3.6138 

3.0057 
2.4998 
2.0790 
1.7291 
1.4380 

0.0000 
0.1540 
0.5756 
1.0481 
1.5337 
1.9908 

2.4214 
2.7941 
3.1211 
3.3924 
3.6182 

3.7961 
3.9348 
4.0351 
4.1039 
4.1430 

4.1580 
4.1508 
4.1259 
4.0848 
4.0312 

3.9664 
3.8931 
3.8123 
3.7261 
3.6353 

3.5415 
3.3468 
3.1512 
2.9556 
2.7660 

2.5824 
2.4078 
2.2419 

1.8008 

1.5560 
1.3429 
1.1611 
1.0047 
0.8714 

0.7569 
0.6591 
0.5023 
0.3868 
0.2999 

0.2343 
0.1841 
0.1456 
0.1156 
0.0922 

2.0860 

y =  0.9300 

0.0000 
3.3983 
6.3989 
9.0161 

11.2704 
13.1954 

14.8242 
16.1882 
17.3188 
18.2428 
18.9868 

19.5725 
20.02 14 
20.3505 
20.5768 
20.7135 

20.7738 
20.7677 
20.7053 
20.5944 
20.4427 

20.2560 
20.0403 
19.8000 
19.5394 
19.262 1 

18.9713 
18.3588 
17.7215 
17.0706 
16.4174 

15.7682 
15.1292 
14.5035 
13.8943 
12.7305 

11.6482 
10.6461 
9.7241 
8.8774 
8.1020 

7.3926 
6.7443 
5.6113 
4.6680 
3.8826 

3.2293 
2.6857 
2.2337 
1.8577 
1.5450 

0.0000 
0.1710 
0.6391 
1.1643 
1.7045 
2.2135 

2.6935 
3.1092 
3.4745 
3.7778 
4.0306 

4.2300 
4.3860 
4.4989 
4.5768 
4.6215 

4.6393 
4.6322 
4.6053 
4.5603 
4.5013 

4.4296 
4.3484 
4.2588 
4.1631 
4.0622 

3.9579 
3.7412 
3.5232 
3.3052 
3.0936 

2.8887 
2.6938 
2.5085 
2.3342 
2.0156 

1.7418 
1.5034 
1.3001 
1.1250 
0.9758 

0.8477 
0.7382 
0.5626 
0.4333 
0.3359 

0.2624 
0.2063 
0.1631 
0.1295 
0.1033 

y =  1.0000 

0.0000 
3.8932 
7.3421 

10.3589 
12.9627 
15.1904 

17.0784 
18.6619 
19.9764 
21.0523 
21.9200 

22.6043 
23.1300 
23.5166 
23.7838 
23.9469 

24.0209 
24.0177 
23.9489 
23.8236 
23.6507 

23.4370 
23.1894 
22.9129 
22.6129 
22.2932 

21.9578 
21.2507 
20.5143 
19.7618 
19.0064 

18.2554 
17.5160 
16.7918 
16.0868 
14.7396 

13.4867 
12.3265 
11.2590 
10.2787 
9.3809 

8.5595 
7.8089 
6.4971 
5.4048 
4.4955 

3.7390 
3.1097 
2.5863 
2.1509 
I .  7889 

0.0000 
0.2016 
0.7533 
1.3724 
2.0093 
2.6096 

3.1758 
3.6665 
4.0978 
4.4560 
4.7548 

4.9908 
5.1754 
5.3093 
5.4019 
5.4553 

5.4769 
5.4692 
5.4380 
5.3856 
5.3164 

5.2323 
5.1368 
5.0314 
4.9188 
4.8001 

4.6772 
4.4219 
4.1649 
3.9077 
3.6581 

3.4162 
3.1860 
2.9672 
2.7613 
2.3847 

2.0611 
1.7792 
1.5387 
1.3317 
1.1551 

1.0035 
0.8739 
0.6661 
0.5130 
0.3977 

0.3107 
0.2442 
0.1931 
0.1533 
0.1223 



TABLE II 

B = 2.044 T = 2.000 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  1.5600 

0.0000 
1.6823 
3.1810 
4.4944 
5.6256 
6.5900 

7.403 1 
8.0805 
8.6384 
9.0905 
9.4510 

9.7311 
9.9421 
10.0929 
10.1924 
10.2475 

10.2650 
10.2500 
10.2078 
10.1422 
10.0572 

9.9556 
9.8405 
9.7140 
9.5783 
9.4350 

9.2858 
8.9742 
8.6526 
8.3265 
8.0009 

7.6788 
7.3628 
7.0544 
6.7548 
6.1844 

5.6554 
5.1668 
4.7179 
4.3062 
3.9294 

3.5849 
3.2703 
2.7206 
2.2631 
1.8823 

1.5655 
1.3020 
1.0828 
0.9006 
0.7490 

0.0000 
0.1054 
0.3881 
0.7010 
1.0176 
1.3113 

1.5842 
1.8160 
2.0160 
2.1779 
2.3094 

2.4092 
2.4836 
2.5332 
2.5632 
2.5745 

2.5713 
2.5546 
2.5275 
2.4911 
2.4477 

2.3981 
2.3439 
2.2860 
2.2256 
2.1631 

2.0994 
1.9698 
1.8422 
1.7169 
1.5971 

1.4826 
1.3750 
1.2738 
1.1796 
1.0097 

0.8659 
0.7425 
0.6385 
0.5498 
0.4750 

0.4112 
0.3571 
0.2710 
0.2081 
0.1610 

0.1256 
0.0986 
0.0779 
0.0619 
0.0494 

y =  1.7000 

0.0000 
2.9239 
5.5398 
7.8403 
9.8264 
11.5235 

12.9568 
14.1531 
15.1398 
15.9408 
16.5804 

17.0784 
17.4545 
17.7243 
17.9035 
18.0039 

18.0378 
18.014 1 
17.9421 
17.8287 
17.6808 

17.5035 
17.3022 
17.0806 
16.8427 
16.5913 

16.3294 
15.7820 
15.2 169 
14.6434 
14.0709 

13.5043 
12.9485 
12.4060 
11.8791 
10.8756 

9.9452 
9.0858 
8.2963 
7.5722 
6.9097 

6.3039 
5.7505 
4.7840 
3.9795 
3.309? 

2.7528 
2.2895 
1.9041 

1.3170 

I 

1.5836 

W(x)  

0.0000 
0.1851 
0.6796 
1.2269 
1.7801 
2.2934 

2.7706 
3.1759 
3.5258 
3.8092 
4.0395 

4.2 146 
4.3453 
4.4328 
4.4858 
4.5064 

4.5014 
4.4729 
4.4261 
4.3630 
4.2876 

4.2013 
4.1071 
4.0062 
3 .go07 
3.7917 

3.6806 
3.4543 
3.2312 
3.0120 
2.8023 

2.6020 
2.4135 
2.2363 
2.0712 
1 ;7733 

1.5211 
1.3045 
1.1218 
0.9663 
0.8347 

0.7227 
0.6276 
0.4764 
0.3658 
0.2830 

0.2209 
0.1735 

. 0.1370 

0.0868 
0.1088 

y =  1.8400 

0.0000 
0.5633 
1.0690 
1.5149 
1.9006 
2.2306 

2.5097 
2.7428 
2.9353 
3.0917 
3.2167 

3.3141 
3.3878 
3.4407 
3.4759 
3.4958 

3.5027 
3.4984 
3.4846 
3.4627 
3.4341 

3.3998 
3.3607 
3.3178 
3.2716 
3.2228 

3.1719 
3.0655 
2.9557 
2.8443 
2.7330 

2.6229 
2.5149 
2.4095 
2.3072 
2.1122 

1.9314 
1.7645 
1.6112 
1.4705 
1.3418 

1.2242 
0.9290 1.1167 

0.7728 
0.6427 

0.5346 
0.4446 
0.3697 
0.3075 
0.2557 

0.0000 
0.0363 
0.1331 
0.2403 
0.3486 
0.4491 

0.5426 
0.6219 
0.6904 
0.7460 
0.7911 

0.8254 
0.8510 
0.8682 
0.8787 
0.8827 

0.8818 
0.8763 
0.8672 
0.8549 
0.8402 

0.8233 
0.8049 
0.7852 
0.7646 
0.7433 

0.7215 
0.6773 
0.6336 
0.5907 
0.5496 

0.5104 
0.4735 
0.4387 
0.4064 
0.3480 

0.2985 
0.2560 
0.2202 
0.1897 
0.1638 

0.1419 
0.1232 
0.0935 
0.0718 
0.0555 

0.0433 
0.0340 
0.0269 
0.0213 
0.0170 



TABLE IT 

B = 2.044 + = 2 . 3 3 0  

y =  9.2000 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 

1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

1.368 

y =  6.3400 

0.0000 
0.5543 
1.0599 
1.5079 
1.8927 
2.2188 

2.4904 
2.7133 
2.8934 
3.0359 
3.1461 

3.2285 
3.2872 
3.3257 
3.3473 
3.3545 

3.3496 
3.3347 
3.3114 
3.2812 
3.2454 

3.2048 
3.1606 
3.1133 
3.0637 
3.0123 

2.9595 
2.8513 
2.7418 
2.6325 
2.5246 

2.4189 
2.3161 
2.2164 
2.1201 
1.9380 

1.7702 
1.6160 
1.4747 
1.3455 
1.2274 

1.1195 
1.0211 
0.8493 
0.7064 
0.5875 

0.4886 
0.4064 
0.3380 
0.2811 
0.2337 

0.0000 
0.0495 
0.1760 
0.3124 
0.4455 
0.5652 

0.6733 
0.7614 
0.8346 
0.8907 
0.9336 

0.9632 
0.9826 
0.9322 
0.9942 
0.9894 

0.9793 
0.9646 
0.9466 
0.9255 
0.9024 

0.8776 
0.8517 
0.8250 
0.7978 
0.7705 

0.7432 . 
0.6892 
0.6376 
0.5882 
0.5420 

0.4987 

0.4218 
0.3879 
0.3280 

0.2784 
0.2366 
0.2020 

0.1486 

0.1282 
0.1109 
0.0838 
0.0641 
0.0495 

0.0386 
0.0303 
0.0239 
0.0190 
0.0151 

0.4588 

0 . m 9  

0.0000 
0.9137 
1.7522 
2.4985 
3.1407 
3.6858 

4.1404 
4.5137 
4.8152 
5.0538 
5.2384 

5.3762 
5.4744 
5.5386 
5.5744 
5.5860 

5.5776 
5.5522 
5.5129 
5.4620 
5.4017 

5.3335 
5.2593 
5.1800 
5.0968 
5.0107 

4.9223 
4.7414 
4.5584 
4.3757 
4.1957 

4.0195 

3.6821 
3.5218 
3.2187 

2.9397 
2.6833 
2.4486 
2.2339 
2.0377 

1.8587 
1.6952 
1.4100 
1.1728 
0.9754 

0.8112 
0.6746 
0.5611 
0.4666 
0.3881 

3.8481 

4 

P 

0.0000 
0.0826 
0.2928 
0.5196 
0.7407 
0.9396 

1.1191 
1.2655 
1.3871 
1.4803 
1.5517 

1.6010 
1.6332 
1.6491 
1.6526 
1.6447 

1.6281 
1.6038 
1.5739 
1.5390 
1.5008 

1.4596 
1.4167 
1.3723 
1.3273 
1.2819 

1.2367 
1.1470 
1.0613 
0.9792 
0.9025 

0.8306 
0.7642 
0.7027 
0.6463 
0.5466 

0.4639 
0.3944 
0.3367 
0.2883 
0.2478 

0.2137 
0.1850 
0.1398 
0.1070 
0.0826 

0.0644 
0.0505 
0.0399 
0.0317 
0.0253 

y=13 .OOOO 

0.0000 
2.8489 
5.4756 
7.8201 
9.8407 

11.5580 

12.9906 
14.1674 
15.1178 
15.8697 
16.4510 

16.8843 
17.1927 
17.3938 
17.5053 
17.5404 

17.5124 
17.4310 
17.3058 
17.1441 
16.9529 

16.7373 
16.5024 
16.2519 
15.9894 
15.7175 

15.4390 
14.8686 
14.2925 
13.7177 
13.1518 

12.5979 
12.0597 
11.5383 
11.0352 
10.0845 

9.2093 
8.4056 
7.6700 
6.9972 
6.3827 

5.8217 
5.3097 
4.4164 
3 A732 
3.0550 

2.5407 
2.1131 
1.7574 
1.4615 
1.2 155 

0.0000 
0.2592 
0.9162 
1.6246 
2.3139 
2.9338 

3.4932 
3.9488 
4.3274 
4.6174 
4.8396 

4.9928 
5.0930 
5.1425 
5.1534 
5.1285 

5.0769 
5.0012 
4.9081 
4.7996 
4.6805 

4.5524 
4.4187 
4.2806 
4.1405 
3.9991 

3.8582 
3.5789 
3.3118 
3.0561 
2.8170 

2.5929 
2.3858 
2.1942 
2.0182 
1.7070 

1.4491 
1.232 1 
1.0519 
0.9007 
0.7743 

0.6678 
0.5780 
0.4368 
0.3343 
0.2583 

0.2013 
0.1580 
0.1248 
0.0991 
0.0790 



TABLE II: 

e- 

/ \  

B = 2.330 T = 1.000 

y =  0.1000 

X 
~~ 

0 000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

0 0000 
0.6115 
1.1259 
1.5564 
1.9159 
2.2140 

2.4602 
2.6614 
2.8247 
2.9552 
3.0579 

3.1364 
3.1947 
3.2353 
3.2611 
3.2740 

3.2760 
3.2687 
3.2536 
3.2318 
3.2043 

3.1721 
3.1358 
3.0963 
3.0541 
3.0096 

2.9633 
2.8667 
2.7670 
2.6656 
2.5642 

2.4636 
2.3647 
2.2679 
2.1736 
1.9934 

1.8255 
1.6697 
1.5262 
1.3942 
1.2731 

1.1622 
1.0607 
0.8830 
0.7349 
0.6114 

0.5086 
0.4231 
0.3519 
0.2926 
0.2434 

0.0000 
0.0115 
0.0458 
0.0860 
0.1296 
0.1726 

0.2149 
0.2536 
0.2894 
0.3211 
0.3494 

0.3737 
0.3948 
0.4124 
0.4271 
0.4389 

0.4482 
0.4552 
0.4601 
0.4632 
0.4646 

0.4646 
0.4633 
0.4608 
0.4573 
0.4530 

0.4479 
0.4359 
0.4221 
0.4069 
0.3909 

0.3744 
0.3578 
0.3411 
0.3247 
0.2927 

0.2630 
0.2354 
0.2103 
0.1875 
0.1671 

0.1487 
0.1323 
0.1045 
0.0829 
0.-0656 

0.0522 
0.0415 
0.0331 
0.0264 
0.0211 

y =  0.1040 

0.0000 
3.9580 
7.2902 
10.0803 
12.4117 
14.3461 

15.9450 
17.2533 
18.3159 
19.1657 
19.8352 

20.3488 
20.7302 
20.9973 
21.1678 
21.2547 

21.2710 
21.2266 
21.1311 
20.9917 
20.8157 

20.6084 
20.3753 
20.1204 
19.8476 
19.5602 

19.2610 
18.6360 
17.9901 
17.3333 
16.6758 

16.0233 
15.3812 
14.7526 
14.1402 
12.9692 

11.8780 
10.8656 
9.9323 
9.0736 
8.2859 

7.5640 
6.9036 
5.7475 
4.7835 
3.9799 

3.3109 
2.7540 
2.2907 
1.9052 
1.5845 

0.0000 
0.0772 
0.3065 
0.5751 
0.8660 
1.1531 

1.4354 
1.6938 
1.9325 
2.1442 
2.3328 

2.4955 
2.6360 
2.7538 
2.8520 
2.9310 

2.9936 
3.0404 
3.0737 
3.0944 
3.1043 

3.1043 
3.0958 
3.0795 
3.0568 
3.0281 

2.9945 
2.9142 
2.8227 
2.7214 
2.6152 

2.5051 
2.3942 
2.2830 
2.1735 
1.9595 

1.7615 
1.5766 
1.4090 
1.2563 
1.1196 

0.9965 
0.8869 
0.7007 
0.5557 
0.4402 

0.3499 
0.2784 
0.2220 
0.1772 
0.1416 

y =  0.1080 

0.0000 
2.3267 
4.2878 
5.9317 
7.3069 
8.4492 

9.3946 
10.1691 
10.7990 
11.3036 
11.7019 

12.0082 
12.2365 
12.3972 
12.5007 
12.5547 

12.5670 
12.543 1 
12.4889 
12.4087 
12.3066 

12.1859 
12.0497 
11.9006 
11.7407 
11.5721 

11.3963 
11.0288 
10.6485 
10.2614 
9.8736 

9.4885 
9.1094 
8.7379 
8.3760 
7.6836 

7.0380 
6.4388 
5.8862 
5.3776 
4.9110 

4.4834 
4.0920 
3.4069 
2.8356 
2.3593 

1.9627 
1.6326 
1.3580 
1.1294 
0.9393 

0.0000 
0.0468 
0.1856 
0.3483 
0.5246 
0.6986 

0.8697 
1.0264 
1.1712 
1.2997 
1.4141 

1.5130 
1.5984 
1.6700 
1.7298 
1.7779 

1.8161 
1.8447 
1.8651 
1.8778 
1.8841 

1.8842 
1.8792 
1.8695 
1.8559 
1.8386 

1.8184 
1.7699 
1.7146 
1.6533 
1.5890 

1.5223 
1.4550 
1.3876 
1.3211 
1.1913 

1.0711 
0.9587 
0.8570 
0.7642 
0.6810 

0.6062 
0.5395 
0.4263 
0.3381 
0.2679 

0.2129 
0.1694 
0.1351 
0.1078 
0.0862 



TABLE It 

' \  

. 

, y =  0.2239 

X 

0.000 
0.036 
0.072. 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 

0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656r 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

0.432 

4.1960 

4 .Q758 
5.0710 
5.3939 
5.6538 
.8509 

'6.0192 
6.1387 
(1.2236 
8 ,2790 
8 4089 

6.3173 

6.2808 
6;2412 
6.1903 

6.1297 
6.0611 
5.9857 
5.9047 
5.8102 

5.7300 
5.5433 
5.3501 
5.1534 
4.9564 

4 .7609 
4.5686 
4.3804 
4.1971 
8470 

5212 . 
2 193 
9413 

-2.685 8 
2.4517 

374 
415 
989 
135 

1 ; 1758 
0.978Q- 
0 .'8 134 
0.6765 
0.5626 
0 A679 

6.3069 

0.0000 
0.0331 
0.1279 
0.2367 
0.3518 
0.4630 

0.5705 
0.6667 
0.7537 
0.8289 
0.8942 

0.9488 
0.9943 
1.0308 
1.0595 
1.0808 

1.0959 
1.1052 
1.1096 
1.1094 
1.1055 

1.0982 
1.0880 
1.0754 
1.0607 
1.0442 

1.0263 
0.9869 
0.9448 
0.9006 
0.8560 

0.8113 
0.7674 
0.7245 
0.6831 
0.6045 

0.5342 
0.4705 
0.4143 
0.3643 
0.3206 

0.2820 
0.2484 
0.1927 
0.1505 
0.1178 

0.0927 
0.0732 
0.0581 
0.0462 
0.0369 

t = 1.300 

y =  0.2400 

0.0000 
3.0101 
5.5810 

' 7 -7619 
9.6039 
11.1482 

12.4365 
13.5007 
14.3727 
15.0769 
15.6375 

16.0730 
16.4016 
16.6372 
16.7937 
16.8813 

16.9 107 
16.8895 
16.8257 
16.7251 
16.5936 

16.4358 
16.2560 
16.0576 
15.844 1 
15.6178 

15.3815 
14.8855 
14.3709 
13.8462 
13.3200 

12.7972 
12.2823 
11.7780 
11.2868 
10.3474 

9.4725 
8.6614 
7.9142 
7.2274 
6.5978 

6.0213 
5.4943 
4.5724 
3.8044 
3.1647 

2.6323 
2.1894 
1.8209 
1.5144 
1.2595 

0.0000 
0.0913 
0.3533 
0.6547 
0.9742 
1.2836 

1.5826 
1.8505 
2.0932 
2.3031 
2.4857 

2.6383 
2.7659 
2.8680 
2.9489 
3.0090 

3.0519 
3.0784 
3.0913 
3.0915 
3.0812 

3.0614 
3.0337 
2.9990 
2.9585 
2.9130 

2.8635 
2.7541 
2.6374 
2.5147 
2.3907 

2.2662 
2.1440 
2.0244 
1.9090 
1.6899 

1.4936 
1.3158 
1.1588 
1.0193 
0.8970 

0.7893 
0.6951 
0.5393 
0.4212 
0.3298 

0.2596 
0.2050 
0.1626 
0.1294 
0.1033 

y =  0.3000 

0.0000 
3.6440 
6.7869 
9.4782 
11.7708 
13.7090 

15.3384 
16.6955 
17.8 169 
18.7312 
19.4670 

20.0461 
20.4907 
20.8176 
21.0437 
21.1817 

21.2446 
21.242 1 
21.1840 
2 1.0779 
20.9311 

20.7494 
20.3024 20.5384 

20.0458 
19.7719 

19.4839 
18.8753 
18.2392 
17'. 5870 
16.9301 

16.2751 
15.6284 
14.9934 
14.3736 
13.1856 

12.0766 
11.0465 
10.0965 
9.2222 
8.4203 

7.6856 
7.0135 
5.8375 
4.8574 - 
4.0408 

3.3612 
2 -7956 
2.3252 
1.9338 
1.6083 

0.0000 
0.1267 
0.4874 
0.8952 
1.3637 
1.7992 

2.2213 
2.6007 
2.9456 
3.2451 
3.5064 

3.7261 
3.9106 
4.0593 
4.1780 
4.2675 

4.3323 
4.3738 
4.3959 
4.3998 
4.3886 

4.3636 
4.3273 
4.2807 
4.2257 
4.1633 

4.0950 
3.9430 
3.7798 
3.6072 
3.4323 

3.2561 
3.0827 
2.9126 
2.7481 
2.4353 

2.1543 
1.8992 
1.6737 
1.4729 
1.2967 

1.1414 
1.0055 
0.7805 
0.6098 
0.4775 

0.3160 
0.2970 
0.2356 
0.1875 
0.1496 



c 

TABLE IT 

B = 2.330 t = 1.800 

y =  0.7107 

X 

0 000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.2 16 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

1.368 

0.0000 
1.4336 
2.6843 
3.7624 
4.6809 
5.4562 

6.1050 
6.6417 
7.0809 
7.4345 
7.7146 

7.9303 
8.0912 
8.2043 
8.2769 
8.3144 

8.3224 
8.3048 
8.2659 
8.2087 
8.1363 

8.0510 
7.9551 
7.8504 
7.7386 
7.6210 

7.4988 
7.2443 
6.9824 
6.7174 
6.4532 

6.1922 
5.9363 
5.6868 
5.4446 
4.9837 

4.5566 
4.1624 
3.8004 
3.4685 
3.1648 

2.8872 
2.6337 
2.1910 
1.8225 
1.5158 

1.2607 
1.0485 
0.8720 
0.7252 
0.6031 

W(x) 

0.0000 
0.0707 
0.2632 
0.4778 
0.6969 
0.9018 

1.0938 
1.2587 
1.4024 
1.5206 
1.6182 

1.6942 
1.7527 
1.7940 
1.8214 
1.8358 

1.8397 
1.8339 
1.8205 
1.8002 
1.7745 

1.7441 
1.7102 
1.6731 
1.6339 
1.5928 

1.5505 
1.4633 
1.3762 
1.2895 
1.2057 

1.1248 
1.0481 
0.9753 
0.9070 
0.7824 

0.6756 
0.5828 
0.5038 
0.4358 
0.3779 

0.3282 
0.2858 
0.2178 
0.1677 
0.1300 

0.1015 
0.0798 
0.0631 
0.0501 
0.0400 

y =  0.7660 I y =  0.7820 

0.0000 
0.7467 
1.4006 
1.9662 
2.4492 
2.8579 

3.2006 
3.4847 
3.7177 
3.9057 
4.0549 

4.1702 
4.2565 
4.3176 
4.3572 
4.3782 

4.3834 
4.3752 
4.3555 
4.3262 
4.2887 

4.2444 
4.1944 
4.1397 
4.0811 
4.0195 

3.9554 
3.8217 
3.6840 
3.5445 
3.4054 

3.2678 
3.1330 
3.0014 
2.8737 
2.6306 

2.4053 
2.1972 
2.0062 
1.8310 
1.6707 

1.5242 
1.3903 
1.1566 
0.9621 
0.8002 

0.6655 
0.5535 
0.4603 
0.3828 
0.3184 

0.0000 
0.0380 
0.1416 
0.2573 
0.3755 
0.4862 

0.5899 
0.6791 
0.7570 
0.8211 
0.8740 

0.9153 
0.9472 
0.9698 
0.9848 
0.9928 

0.9951 
0.9922 
0.9851 
0.9743 
0.9606 

0.9443 
0.9260 
0.9061 
0.8850 
0.8628 

0.8400 
0.7930 
0.7459 
0.6990 
0.6537 

0.6100 
0.5684 
0.5290 
0.4920 
0.4245 

0.3667 
0.3163 
0.2735 
0.2366 
0.2052 

0.1782 
0.1552 
0.1182 
0.0910 
0.0706 

0.0551 
0.0433 
0.0342 
0.0272 
0.0217 

0.0000 
4.5946 
8.6221 
12.1085 
15.0879 
17.6109 

19.7274 
2 1.4828 
22.9230 
24.0859 
25.0095 

25.7238 
26.2589 
26.6381 
26.8846 
27.0162 

27.0505 
27.0011 
26.8814 
26.7014 
26.4713 

26.1986 
25.8910 
25.5540 
25.1934 
24.8133 

24.4181 
23.5938 
22.7445 
21.8838 
21.0254 

20.1765 
19.3442 
18.532 1 
17.7437 
16.2428 

14.8517 
13.5672 
12.3876 
11.3058 
10.3 162 

9.4115 
8.5852 
7.1420 
5.9408 
4.9411 

4.1095 
3.4178 
2.8425 
2.3640 
1.9661 

0.0000 
0.2362 
0.8798 
1.5982 
2.3330 
3.0212 

3.6665 
4.2214 
4.7059 
5.1049 
5.4347 

5.6920 
5.8906 
6.0314 
6.1257 
6.1758 

6.1906 
6.1727 
6.1291 
6.0621 
5.9770 

5.8759 
5.7626 
5.6388 
5.5076 
5.3700 

5.2284 
4.9358 
4.6431 
4.3516 
4.0698 

3.7975 
3.5392 
3.2939 
3.0638 
2.6436 

2.2833 
1.9701 
1.7031 
1.4735 
1.2779 

1.1100 
0.9666 
0.7366 
0.5672 
0.4397 

0.3436 
0.2700 
0.2135 
0.1695 
0.1352 

1 

, 



4 3  
TABLE II 

:r 

i '  

. 
" \ 

I 
~ 

y = 1.3392 

B = 2.330 

y =  1.4280 

t = 2 .ooo 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0,900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

U(x1 

0.0000 
0.7048 
1.3302 
1.8757 
2.3430 
2.7392 

3.0711 
3.3457 
3.5700 
3.7502 
3.8923 

4.0011 
4.0815 
4.1373 
4.1722 
4.1892 

4.1910 
4.1799 
4.1580 
4.1269 
4.0882 

4.0431 
3.9928 
3.9381 
3.8801 
3.8192 

3.7562 
3.6256 
3.4919 
3.3570 
3.2231 

3.0910 
2.9620 
2.8363 
2.7146 
2.4834 

2.2697 
2.0727 
1.8920 
1.7265 
1.5751 

1.4369 
1.3106 
1.0902 
0.9068 
0.7542 

0.6272 
0.5216 
0.4338 
0.3608 
0.3001 

0.0000 
0.0445 
0.1626 
0.2927 
0.4234 
0.5439 

0.6553 
0.7493 
0.8300 
0.8948 
0.9470 

0.9862 
1.0151 
1.0338 
1.0446 
1.0480 

1.0454 
1.0375 
1.0255 
1.0099 
0.9914 

0.9706 
0.9480 
0.9240 
0.8990 
0.8732 

0.8471 
0.7941 
0.7421 
0.6911 
0.6425 

0.5962 
0.5527 
0.5118 
0.4738 
0.4054 

0.3476 
0.2980 
0.2562 
0.2206 
0.1905 

0.1649 
0.1432 
0.1087 
0.0834 
0.0645 

0.0504 
0.0395 
0.0312 
0.0248 
0.0198 

U(X1 

0.0000 
0.6156 
1.1640 
1.6438 
2.0558 
2.4057 

2.6994 
2.9428 
3.1420 
3.3022 
3.4287 

3.5259 
3.5978 
3.6480 
3.6797 
3.6954 

3.6976 
3.6884 
3.6695 
3.6425 
3.6087 

3.5692 
3.5250 
3.4770 
3.4259 
3.3724 

3.3169 
3.2018 
3.0838 
2.9648 
2.8466 

2.7301 
2.6161 
2.5051 
2.3976 
2.1935 

2.0047 
1.8307 
1.6711 
1.5249 
1.3913 

1.2691 
1.1576 
0.9629 
0.8009 
0.6661 

0.5540 
0.4608 
0.3832 
0.3187 
0.2650 

W(x1 

0.0000 
0.0390 
0.1421 
0.2555 
0.3693 
0.4741 

0.5710 
0.6527 
0.7228 
0.7791 
0.8245 

0.8585 
0.8836 
0.8999 
0.9093 
0.9122 

0.9101 
0.9033 
0.8929 
0.8793 
0.8633 

0.8452 
0.8256 
0.8047 
0.7830 
0.7607 

0.7379 
0.6919 
0.6466 
0.6023 
0.5601 

0.5197 
0.4819 
0.4463 
0.4132 ' 

0.3536 

0.3032 
0.2600 
0.2235 
0.1925 
0.1663 

0.1439 
0.1250 
0.0949 
0.0728 
0.0563 

0.0439 
0.0345 
0.0273 
0.0216 
0.0172 

y =  1.5600 

0.0000 
1.0627 
2.011 1 
2.8422 
3.5564 
4.1636 

4.6734 
5.0962 
5.4424 
5.7210 
5.9412 

6.1103 
6.2358 
6.3234 
6.3788 
6.4065 

6.4109 
6.3952 
6.3629 
6.3162 
6.2579 

6.1896 
6.1132 
6.0301 
5.9417 

. 5.8489 

5.7528 
5.5533 
5.3489 
5.1426 
4.9376 

4.7355 
4.5379 
4.3455 
4.1590 
3.8049 

3.4775 
3.1757 
2.8989 
2.6453 
2.4134 

2.2015 
2.0081 
1.6704 
1.3894 
1.1556 

0.9611 
0.7993 
0.6647 
0.5528 
0.4598 

0.0000 
0.0709 
0.2593 
0.4669 
0.6757 
0.8685 

1.0470 
1.1978 
1.3272 
1.4314 
1.5154 

1.5787 
1 A253 
1.6558 
1.6736 
1.6793 

1.6756 
1.6634 
1.6445 
1.6196 
1.5903 

1.5572 
1.5212 
1.4829 
1.4430 
1.4019 

1.3601 
1.2753 
1.1921 
1.1104 
1.0326 

0.9583 
0.8885 
0.8229 
0.7620 
0.6521 

0.5591 
0.4794 
0.4122 
0.3550 
0.3066 

0.2655 
0.2305 
0.1749 
0.1343 
0.1039 

0.0811 
0.0637 
0.0503 
0.0399 
0.0318 

I 



"".CY 
TABLE II: 

. 

= 2.330 ~=2.330 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 

0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

0 684 

y =  4.7300 

U(X) 

0.0000 
1.4328 
2.7343 
3.8835 
4.8674 
5.6985 

6.3888 
6.9532 
7.4074 
7.7651 
8.0403 

8.2443 
8.3882 
8.4806 
8.5302 
8.5432 

8.5262 
8.4836 
8.4203 
8.3396 
8.2448 

8.1385 
8.0231 
7.9002 
7.7717 
7.6389 

7.5029 
7.2247 
6.9441 
6.6643 
6.3890 

6.1196 
5.8579 
5.6045 
5.3600 
4.8980 

4.4720 
4.0823 
3.7249 
3.3981 
3.0997 

2.8272 
2.5785 
2.1447 
1.7838 

1.2338 
1.0261 
0.8534 
0.7097 
0.5902 

I .4a35 

0.0000 
0.1240 
0.4389 
0.7775 
1.1068 
1.4020 

1.6680 
1.8840 
2.0630 
2.1995 
2.3037 

2.3749 
2.4209 
2.4429 
2.4465 
2.4332 

2.4073 
2.3701 
2.3247 
2.2721 
2.2146 

2.1530 
2.0888 
2.0226 
1.9556 
1.8881 

1.8208 
1.6878 
1.5608 
1.4395 
1.3261 

1.2201 
1.1221 
1.0316 
0.9486 
0.8018 

0.6804 
0.5783 
0.4936 
0.4225 
0.3632 

0.3132 
0.2710 
0.2048 
0.1567 
0.1211 

0.0944 
0.0741 
0.0585 
0.0464 
0.0370 

y =  5.8000 

0.0000 
1.3332 
2.5495 
3.6266 
4.5505 
5.3321 

5.9818 
6.5137 
6.9419 
7.2793 
7.5392 

7.7319 
7.8680 
7.9556 
8.0027 
8.0154 

7.9997 
7.9600 
7 .SO07 
7.8250 
7.7361 

7.6363 
7.5278 
7.4125 
7.2918 
7.1670 

7.0392 
6.7780 
6.5144 
6.2517 
5.9932 

5.7403 
5.4947 
5.2568 
5.0273 
4.5938 

4.1949 
3.8286 
3.4934 
3.1869 
2.9070 

2.6514 
2.4182 
2.0113 
1.6728 
1.3913 

1.1571 
0.9623 
0.8003 
0.6656 
0.5535 

wod 

0.0000 
0.1180 
0.4179 
0.7408 
1.0549 
1.3370 

1.5912 
1.7979 
1.9693 
2.1003 
2.2003 

2.2689 
2.3133 
2.3347 
2.3386 
2.3263 

2.3019 
2.2667 
2.2236 
2.1736 
2.1188 

2.0601 
1.9989 
1.9358 
1.8718 
1.8073 

1.7431 
1.6160 
1.4947 
1.3786 
1.2702 

1.1688 
1.0751 

0.9089 
0.7684 

0.6521 
0.5543 
0.4731 
0.4050 
0.3481 

0.3002 
0.2598 
0.1963 
0.1503 

L 0.1161 

0.0905 
0.0710 
0.0561 
0.0445 
0.0355 

0.9884 

y =  9.2000 

0.0000 
0.6953 
1.3342 
1.9028 
2.3919 
2.8065 

3.1517 
3.4347 
3.6626 
3.8424 
3.9810 

4.0838 
4.1564 
4.2033 
4.2285 
4.2355 

4.2273 
4.2064 
4.1750 
4.1349 
4.0878 

4.0349 
3.9774 
3.9163 
3.8523 
3.7862 

3.7185 
3.5802 
3.4406 
3.3016 
3.1648 

3.0311 
2.9012 
2.7754 
2.6541 
2.4251 

2.2144 
2.0209 
1.8439 
1.6821 
1.5343 

1.3994 
1.2763 
1.0616 
0.8829 
0.7343 

0.6107 
0.5079 
0.4224 
0.3513 
0.2921 

0.0000 
0.0643 
0.2276 
0.4035 
0.5745 
0.7281 

0.8665 
0.9789 
1.0722 
1.1435 
1.1979 

1.2352 
1.2594 
1.2711 
1.2732 
1.2666 

1.2533 
1.2342 
1.2108 
1.1836 
1.1539 

1.1219 
1.0887 
1.0544 
1.0196 
0.9846 

0.9496 0.8805 

0.8145 
0.7514 
0.6924 

0.6371 
0.5861 ' 
0.5389 
0.4956 
0.4191 

0.3557 
0.3023 
0.2581 
0.2210 
0.1899 

0.1638 
0.1418 
0.1071 
0.0820 
0.0633 

0.0493 
0.0387 
0.0306 
0.0243 
0.0193 



TABLE 71 %- 

... 

B =  2.500 T = 1.000 

X 

0.000 
0.036 
0.072 
0. io8 
0.144 
0.180 

0.2 16 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.084 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.0920 

0.0000 
4.8153 
8.8337 
12.1676 
14.9292 
17.1989 

19.0575 
20.5626 
21.7717 
22.7260 
23.4667 

24.0236 
24.4263 
24.6964 
24.8553 
24.9187 

24.9022 
24.8173 
24.6753 
24.4848 
24.2541 

23.9893 
23.6967 
23.3809 
23.0464 
22.6960 

22.3350 
21.5853 
20.8 167 
20.0401 
19.2663 

18.5013 
17.7509 
17.0181 
16.3057 
14.9469 

13.6837 
12.5138 
11.4365 
10.4462 
9.5383 

8.7067 
7.9461 
6.6151 
5.5053 
4.5804 

3.8105 
3.1696 
2.6363 
2.1926 
1.8236 

0.0000 
0.0940 
0.3709 
0.6934 
1.0407 
1.3814 

1.1149 
2.0184 
2.2976 
2.5439 
2.7622 

2.9495 
3.1105 
3.2440 
3.3556 
3.4441 

3.5135 
3.5646 
3 .€I001 
3.6210 
3.6296 

3.6267 
3.6143 
3.5929 
3.5643 
3.5289 

3.4881 
3.3916 
3.2827 
3.1629 
3.0380 

2.9089 
2.7791 
2.6493 
2.5210 
2.2726 

2.0424 
1.8277 
1.6334 
1.4563 
1.2977 

1.1550 
1.0280 
0.8122 
0.6441 
0.5103 

0.4056 
0.3227 
0.2573 
0.2054 
0.1642 

y =  0.0978 

0.0000 
1.8214 
3.3454 
4.6131 
5.6658 
6.5333 

7.2456 
7.8241 
8.2903 
8.6597 
8.9477 

9.1655 
9.3244 
9.4324 
9.4977 
9.5263 

9.5240 
9.4953 
9.4445 
9.3748 
9.2895 

9.1909 
9.0815 
8.9628 
8.8369 
8.7048 

8.5680 
8.2838 
7.9917 
7.6960 
7.4009 

7.1088 
6 .a220 
6.5416 
6.2089 
5.7482 

5.2636 
4.8145 
4.4007 
4.0201 
3.6710 

3.3512 
3.0586 
2.5465 
2 a 1196 
1.7634' 

1.4670 
1.2203 
1.0150 
0.8442 
0.7021 

0.0000 
0.0372 
0.1470 
0.2752 
0.4134 
0.5493 

0.6824 
0.8038 
0.9157 
1.0145 
1.1022 

1.1777 
1.2426 
1.2968 
1.3419 
1.3779 

1.4063 
1.4273 
1.4421 
1.4510 
1.4550 

1.4543 
1.4497 
1.4416 
1.4305 
1.4167 

1.4007 
1.3620 
1.3194 
1.2717 
1.2219 

1.1704 
1.1185 
1.0665 
1.0153 
0.9154 

0.8230 
0.7367 
0.6585 
0.5873 
0.5234 

0.4659 
0.4147 
0.3277 
0.2600 
0.2060 

0.1637 
0.1302 
0.1039 
0.0829 
0.0663 

y =  0.1140 

~ 

0.0000 
0.6635 
1.2214 
2.0770 1.6878 

2.3994 

2.6655 
2.8830 
3.0595 
3.2004 
3.3114 

3.3964 
3.4595 
3.5036 
3.5318 
3.5461 

3.5488 
3.5414 
3.5256 
3.5026 
3.4735 

3.4392 
3.4007 
3.3586 
3.3135 
3.2660 

3.2105 
3.1132 
3.0063 
2.8975 
2.7886 

2.6804 
2.5738 
2.4694 
2.3676 
2.1728 

1.9910 
1.8221 
1.6662 
1.5226 
1.3908 

1.2699 
1.1593 
0.9654 
0.8036 
0.6687 

0.5504 
0.4628 
0.3850 
0.3202 
0.2663 

0.0000 
0.0152 
0.0602 
0.1120 
0.1690 
0.2244 

0.2787 
0.3281 
0.3737 
0.4139 
0.4496 

0.4803 
0.5067 
0.5287 
0.5470 
0.5616 

0.5731 
0.5817 
0.5912 0.5876 

0.5928 

0.5925 
0.5906 
0.5873 
0.5827 
0.5771 

0.5706 
0.5550 
0.5374 
0.5180 
0.4977 

0.4767 
0.4556 
0.4345 
0.4136 
0.3730 

0.3354 
0.3002 
0.2684 
0.2394 
0.2134 

0.1900 
0.1691 
0.1337 
0.1060 
0.0840 

0.0668 
0.0531 
0.0424 
0.0338 0.0270 



TABLE II u-6. S 

Grs 

i. 

1)- 

f l =  2.500 T = 1.300 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.1900 

U(x)  

0.0000 
3.3348 
6.1500 
8.5 106 

10.4828 
12.1175 

13.4659 
14.5660 
15.4558 
16.1635 
16.7173 

17.1377 
17.4457 
17.6564 
17.7853 
17.8435 

17.8424 
17.7904 
17.6958 
17.5648 
17.4036 

17.2 168 
17.009 1 
16.7838 
16.5443 
16.2933 

16.0332 
15.4929 
14.9380 
14.3767 
13.8173 

13.2641 
12.7216 
12.1920 
11.6775 
10.6970 

9.7866 
8.9447 
8.1704 
7.4596 
6.8086 

6.2129 
5.6685 
4.7169 
3.9243 
3.2643 

2.7151 
2.2582 
1.8782 
1.5620 
1.2991 

0.0000 
0.0934 
0.3610 
0.6676 
0.9916 
1.3039 

1.6048 
1.8730 
2.1150 
2.3234 
2.5037 

2.6536 
2.7781 
2.8770 
2.9546 
3.0115 

3.0511 
3.0746 
3.0846 
3.0821 
3.0694 

3.0473 
3.0176 
2.9811 
2.9391 
2.8922 

2.8415 
2.7304 
2.6124 
2.4890 
2.3648 

2.2404 
2.1185 
1.9995 
1.8847 
1.6674 

1.4730 
1.2971 
1.1421 
1.0043 
0.8836 

0.7774 
0.6845 
0.5310 
0.4147 
0.3246 

0.2555 
0.2018 
0.1601 
0.1274 
0.1017 

y =  0.2100 

0.0000 
3.4794 
6.4279 
8.9095 

10.9896 
12.7198 

14.1518 
15.3245 
16.2767 
17.0376 
17.6361 

18.0938 
18.4322 
18.6673 
18.8 152 
18.8877 

18.8967 
18.8511 
18.7595 
18.6287 
18.4652 

18.2739 
18.0597 
17.8263 
17.5773 
17.3155 

17.0436 
16.4772 
15.8936 
15.3019 
14.7111 

14.1260 
13.5515 
12.9901 
12.4441 
11.4026 

10.4345 
9.5385 
8.7140 
7.9567 
7.2629 

6.6278 
6.0474 
5.0324 
4.1870 
3.4829 

2.8970 
,2.4095 
2.0040 
1.6667 
1.3861 

0.0000 
0.1046 
0.4037 
0.7463 
1.1082 
1.4571 

1.7934 
2.0932 
2.3639 
2.5971 
2.7989 

2.9669 
3.1066 
3.2177 
3.3049 
3.3691 

3.4140 
3.4407 
3.4525 
3.4502 
3.4365 

3.4123 
3.3796 
3.3391 
3.2925 
3.2404 

3.1841 
3.0603 
2.9288 
2.7910 
2.6523 

2.5132 
2.3770 
2.2438 
2.1154 
1.8720 

1.6542 
1.4570 
1.2830 
0.9930 1.1285 

0.8737 
0.7694 
0.5970 
0.4663 
0.3650 

0.2873 
0.2269 
0.1800 
0.1432 
0.1143 

y =  0.2400 

~~ 

0.0000 
1.0545 
1.9535 
2.7147 
3.3560 
3.8924 

4.3388 
4.7064 
5.0068 
5.2486 
5.4403 

5.5885 
5.6997 
5.7787 
5.8303 
5.8583 

5.8662 
5.8567 
5.8327 
5.7961 
5.7490 

5.6929 
5.6294 
5.5596 
5.4847 
5.4055 

5.3229 
5.1500 
4.9709 
4.7887 
4.6062 

4.4249 
4.2466 
4.0721 
3.9021 
3.5772 

3.2747 
2.9944 
2.7361 
2.4987 
2.2812 

2.0819 
1.8997 
1.5810 
1.3155 
1.0943 

0.9102 
0.7571 
0.6297 
0.5237 
0.4355 

0.0000 
0.0345 
0.1329 
0.2456 
0.3646 
0.4792 

0.5897 
0.6882 
0.7772 
0.8538 
0.9202 

0.9754 
1.0214 
1.0580 
1.0868 
1.1080 

1.1228 
1.1318 
1.1357 
1.1351 
1.1307 

1.1229 
1.1122 
1.0990 
1.0838 
1.0668 

1.0483 
1.0078 
0.9647 
0.9195 
0.8739 

0.8283 
0.7835 
0.7397 
0.6975 
0.6175 

0.5458 
0.4808 
0.4235 
0.3725 
0.3279 

0.2885 
0.2541 
0.1972 
0.1540 
0.1206 

0.0949 
0.0750 
0.0595 
0.0473 
0.0378 



b 

*' 

n 

B = 2.500 t = 1.800 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.7300 

U(x) 

0.0000 
1.3040 
2.4427 
3.4244 
4.2599 
4.9644 

5.5528 
6.0384 
6.4348 
6.7529 
7.0038 

7.1961 
7.3384 
7.4373 
7.4995 
7.5300 

7.5338 
7.5147 
7.4764 
7.4218 
7.3536 

7.2740 
7.1850 
7.0882 
6.9852 
6.8771 

6.7651 
6.5324 
6.2937 
6.0526 
5.8128 

5 -5762 
5.3445 
5.1189 
4.9000 
4.4840 

4.0990 
3.7438 
3.4178 
3.1191 
2.8459 

2.5962 
2.3682 
1.9700 
1.6386 
1.3629 

1.1335 
0.9427 
0.7840 
0.6520 
0.5423 

0.0000 
0.0693 
0.2570 
0.4657 
0.6783 
0.8766 

1.0622 
1.2211 
1.3595 
1.4729 
1.5664 

1.6389 
1.6945 
1.7335 
1.7592 
1.7723 

1.7754 
1.7692 
1.7558 
1.7357 
1.7105 

1.6808 
1.6478 
1.6118 
1.5737 
1.5340 

1.4931 
1.4088 
1.3247 
1.2412 
1.1604 

1.0825 
1.0087 
0.9386 
0.8729 
0.7531 

0.6503 
0.5611 
0.4850 
0.4196 
0.3639 

0.3161 
0.2752 
0.2097 
0.1615 
0.1252 

0.0978 
0.0769 
0.0608 
0.0482 
0.0385 

y =  0.8100 

U(X) 

0.0000 
2.1588 
4.0544 
5.6965 
7.0994 
8.2864 

9.2809 
10.1045 
10.7788 
11.3218 
11.7517 

12.0828 
12.3295 
12.5027 
12.6136 
12.6706 

12.682 1 
12.6545 
12.5941 
12.5057 
12.3941 

12.2628 
12.1154 
11.9546 
11.7829 
11.6024 

11.4151 
11.0253 
10.6247 
10.2 195 
9.8160 

9.4174 
9.0271 
8.6467 
8.2776 
7.5756 

6.9256 
6.3259 
5.7753 
5.2707 
4.8091 

4.3872 
4.0019 
3.3291 
2.7691 
2.3031 

1.9155 
1.5931 
1.3249 
1.1019 
0.9164 

W(x) 

0.0000 
0.1190 
0.4407 
0.7985 
1.1628 
1.5029 

1.8211 
2.0938 
2.3314 
2.5263 
2.6870 

2.8118 
2.9077 
2.9753 
3.0199 
3.0430 

3.0488 
3.0387 
3.0160 
2.9820 
2.9393 

2.8888 
2.8324 
2.7710 
2.7060 
2.6379 

2.5680 
2.4237 
2.2796 
2.1363 
1.9978 

1.8640 
1.7372 
1.6168 
1.5039 
1.2977 

1.1209 
0.9673 
0.8363 
0.7236 
0.6275 

0.5451 
0.4747 
0.3618 
0.2786 
0.2160 

0.1688 
0.1326 
0.1048 
0.0833 
0.0664 

y =  0.8550 

0.0000 
3.2117 
6.0412 
8.4992 
10.6034 
12.3876 

13.885 1 
15.1275 
16.1465 
16.9688 
17.62 13 

18.1252 
18.5020 
18.7681 
18.9402 
19.0308 

19.0527 
19.0153 
18.9282 
18.7987 
18.6339 

18.4392 
18.2200 
17.9802 
17.7239 
17.4542 

17.1739 
16.5900 
15.9892 
15.3810 
14.775 1 

14.1762 
13.5896 
13.0174 
12.4623 
11.4062 

10.4281 
9.5253 
8.6965 
7.9367 
7.2418 

6.6065 
6.0263 
5.0132 
4.1700 
3.4683 

2.8846 
2.3990 
1.9952 
1.6594 
1.3800 

0.0000 
0.1784 
0.6589 
1.1928 
1.7357 
2.2423 

2.7161 
3.1221 
3.4757 
3.7658 
4.0049 

4.1908 
4.3336 
4.4341 
4.5007 
4.5351 

4.5438 
4.5289 
4.4953 
4.4449 
4.3813 

4.3062 
4.2224 
4.1311 
4.0344 
3.9332 

3.8292 
3.6145 
3.4000 
3.1865 
2.9802 

2.7810 
2.5920 
2.4127 
2.2443 
1.9370 

1.6734 
1.4441 
1.2487 
1.0805 
0.9372 

0.8141 
0.7090 
0.5404 
0.4162 
0.3227 

0.2521 
0.1981 
0.1566 
0.1244 
0.0992 



B = 2.500 r=2.000 I 

0.8496 
0.7066 
0.5877 
0.4887 

?r 

I' 

0.0658 
0.0520 
0.0413 
0.0329 

,,' 7 

f 

I 
X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1,152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  1.2000 

Ti-pG- 
0 0000 
1.1813 
2.2247 
3.1309 
3 .SO39 
4.5563 

5.1006 
5.6487 
5.9129 
6.2037 
6.4313 

6.6040 
6.7301 
6.8158 
6.8676 
6.8900 

6.8880 
6.8651 
6.8248 
6.7697 
6.7026 

6.6253 
6.5398 
6.4476 
6.3500 
6.2481 

6.1429 
5.9257 
5.7042 
5.4814 
5.2607 

5.0436 
4.8316 
4.6256 
4.4262 
4.0480 

3.6988 
3.3772 
3.0824 
2.8125 
2.5658 

2.3405 
2.1348 
1.7757 
1.4770 
1.2284 

0.0000 
0.0757 
0.2763 
0.4966 
0.7174 
0.9205 

1.1078 
1.2654 
1.4002 
1.5081 
1.5947 

1.6593 
1.7065 
1.7368 
1.7537 
1.7581 

1.7528 
1 .'I386 
1.7176 
1.6905 
1.6589 

1.6233 
1.5850 
1.5442 
1.5020 
1.4585 

1.4145 
1.3252 
1.2379 
1.1524 
1.0710 

0.9935 
0.9208 
0.8526 
0.7892 
0.6750 

0.5786 
0.4959 
0.4263 
0.3671 
0.3170 

0.2744 
0.2383 
0.1808 
0.1388 
0.1074 

1.0216 I 0.0838 

y =  1.3392 

0.0000 
1.3413 
2.5322 
3.5710 
4.4599 
5.2 125 

5.8419 
6.3614 
6.7848 
7.1236 
7.3897 

7.5923 
7.7410 
7.8429 
7.9053 
7.9337 

7.9337 
7.9092 

7.7266 

7.6387 
7.5412 
7.4357 
7.3239 
7.2071 

7.0864 
6.8368 
6.5819 
6.3255 
6.0712 

5.8210 
5.5766 
5.3390 
5.1090 
4.6727 

4.2697 
3.8986 
3.5583 
3.2468 
2.9621 

2.7019 
2.4645 
2.0500 
-1.7051 
1.4181 

1.1794 
0.9809 
0.8158 
0.6784 
0.5642 

7. a645 
7. a026 

0.0000 
0.0887 
0.3237 
0.5820 
0.8410 
1.0795 

1.2996 
1.4849 
1.6436 
1.7707 
1.8729 

1.9493 
2.0053 
2.0414 
2.0617 
2.0674 

2.0616 
2.0454 
2.0210 
1.9895 
1.9527 

1.9111 
1.8663 
1.8186 
1.7691 
1.7181 

1.6665 
1.5618 
1.4591 
1.3587 
1.2630 

1.1718 
1.0862 
1.0059 
0.9312 
0.7966 

0.6830 
0.5855 
0.5034 
0.4335 
0.3744 

0.3241 
0.2814 
0.2136 
0.1640 
0.1269 

0.0990 
0.0777 
0.0614 
0.0488 
0.0389 

y =  1.5600 

0.0000 
1.3 153 
2.4914 
3.5229 
4.4091 
5.1622 

5.7938 
6.3168 
6.7442 
7.0874 
7.3579 

7.5648 
7.7174 
7.8231 
7.8889 
7.9204 

7.9231 
7.9012 
7.8587 
7.7988 
7.7244 

7.6380 
7.5418 
7.4374 
7.3266 
7.2106 

7.0906 
6.8421 
6.5880 
6.3320 
6.0781 

5.8280 
5.5837 
5.3460 
5.1159 
4.6793 

4.2759 
3.9043 
3.5637 
3.2517 
2.9665 

2.7060 
2.4682 
2.0531 
1 .?OW 
1.4203 

1.1812 
0.9824 
0.8170 
0.6795 
0.5651 

0.0000 
0.0895 
0.3258 
0.5857 
0.8463 
1.0864 

1.3082 
1.4950 
1.6552 
1.7837 
1.8871 

1.9646 
2.0216 
2.0585 
2.0796 
2.0859 

2.0805 
2.0646 
2.0406 
2.0092 
1.9725 

1.9309 
1.8860 
1.8382 
1.7885 
1.7373 

1.6854 
1.5800 
1.4767 
1.3754 
1.2789 

1.1868 
1.1004 
1.0192 
0.9437 
0.8076 

0.6925 
0.5938 
0.5106 

0.3799 

0.3289 
0.2856 
0.2168 
0.1664 
0.1288 

0.1005 
0.0789 
0.0623 
0.0495 
0.0395 

0.4398 



Ir 

*- 

y = 10.5OOO 

= 2.500 ~ ~ 2 . 3 3 0  

y=13 0000 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  6.2400 

0 * 0000 
0.4955 
0.9483 
1.3497 
1.6939 
1.9849 

2.2266 
2.4243 
2.5831 
2.7081 
2.8041 

2.8750 
2.9248 
2.9566 
2.9733 
2.9773 

2.9707 
2.9553 
2.9326 
2.9039 
2.8703 

2.8327 
2.7919 
2.7487 
2.7035 
2.6568 

2.6091 
2.5116 
2.4134 
2.3156 
2.2 194 

2.1255 
2.0343 
1.9460 
1.8609 
1.7002 

1.5524 
1.4167 
1.2926 
1.1791 
1.0755 

0.9810 
0.8947 
0.7441 
0.6189 
0.5147 

0.4281 
0.3560 
0.2961 
0.2462 
0.2048 

0 * 0000 
0.0449 
0.1587 
0.2811 
0.4001 
0.5067 

0.6026 
0.6805 
0.7450 
0.7942 
0.8316 

0.8572 
0.8737 
0.8815 
0.8827 
0.8778 

0.8684 
0.8549 
0.8384 
0.8194 
0.7987 

0.7764 
0.7533 
0.7294 
0.7052 
0.6808 

0.6566 
0.6086 
0.5628 
0.5191 
0.4782 

0.4400 
0.4047 
0.3721 
0.3421 
0.2892 

0.2454 
0.2086 
0.1781 
0.1524 
0.1310 

0.1130 
0.0978 
0.0739 
0.0565 
0.0437 

0.0340 
0.0267 
0.0211 
0.0167 
0.0133 

0.0000 
0.9843 
1.8906 
2.6979 
3.3921 
3.9806 

4.4703 
4.8712 
5.1939 
5.4480 
5.6435 

5 ."I882 
5.8901 
5.9554 
5.9901 
5.9989 

5.9863 
5.9556 
5.9102 
5.8525 
5.7850 

5.7093 
5.6273 
5.5401 
5.4490 
5.3548 

5.2586 
5.0620 
4.8639 
4.6667 
4.4728 

4.2833 
4.0994 
3.9214 
3.7498 
3.4259 

3.1280 
2.8546 

2.3758 
2.1671 

2.6045' 

1.9765 
1.8026 
1.4993 
1.2470 
1.0371 

0.8625 
0.7173 
0.5966 
0.4961 
0.4126 

0.0000 
0.0898 
0.3165 
0.5604 
0.7971 
1.0095 

1.2008 
1.3561 
1.4848 
1.5830 
1.6580 

1.7093 
1.7425 
1.7585 
1.7613 
1.7519 

1.7335 
1.7069 
1.6745 
1.6369 
1.5958 

1.5516 
1.5056 
1.4582 
1.4102 
1.3617 

1.3135 
1.2179 
1.1267 
1.0395 
0.9579 

0.8815 
0.8110 
0.7457 
0.6859 
0.5800 

0.4923 
0.4185 
0.3573 
0.3059 
0.2630 

0.2268 
0.1963 
0.1483 

' 0.1135 
0.0877 

0.0683 
0.0536 
0.0424 
0.0336 
0.0268 

0.0000 
2.9533 
5.6800 
8.1145 

10.2 109 
11.9904 

13.4723 
14.6870 
15.6654 
16.4368 
17.0304 

17.4704 
17.7808 
17.9801 
18.0869 
18.1149 

18.0780 
17.9864 
17.8501 
17.6766 17.473 1 

17.2449 
16.9974 
16.7342 
16.4592 
16.1751 

15.8844 
15.2906 14.6922 

14.0965 
13.5108 

12.9384 
12.3828 
11.8452 
11.3268 
10.3482 

9.4483 
8.6225 
7.8670 
7.1764 
6.5458 

5.9702 
5.4450 
4.5288 
3 .'I666 
3.1326 

2.6053 
2.1667 
1.8020 
1.4987 
1.2464 

0.0000 
0.2677 
0.9420 
1.6669 
2.3700 
3.0005 

3.5682 
4.0292 
4.4113 
4.7031 
4.9258 

5.0784 
5.1774 
5.2251 
5.2337 
5.2064 

5.1522 
5.0737 
4.9778 
4.8665 
4.7447 

4.6139 
4.4776 
4.3370 
4.1945 
4.0508 

3.9075 
3.6240 
3.3530 
3.0939 
2.8515 

2.6245 
2.4148 
2.2207 
2.0426 
1.7275 

1.4665 
1.2469 
1.0646 
0.9115 
0.7836 

0.6758 
0.5849 
0.4421 
0.3384 
0.2614 

0.2037 
0.1599 
0.1263 
0.1003 
0.0800 



L 

' i 

B = 2.859 T = 1.000 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1 .'65 6 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y = 0.0740 

0.0000 
2.3217 
4.2229 
5.7696 
7.0271 
8.0400 

8.8532 
9.4972 

10.0024 
10.3899 
10.6807 

10.8892 
11.0301 
11.1136 
11.1498 
11.1459 

11.1090 
11.0443 
10.9568 
10.8501 
10.7280 

10.5929 
10.4475 
10.2938 
10.1334 
9.9679 

9.7986 
9.4520 
9.1013 
8.7505 
8.4037 

8.0630 
7.7303 
7.4067 
7.0932 
6.4974 

5.9452 
5.4351 
4.9661 
4.5354 
4.1409 

3.7796 
3.4493 
2.8714 
2.3897 
1.9882 

1.6540 
1.31.58 
1.1443 
0.9517 
0.7915 

W( x) 

0.0000 
0.0461 
0.1798 
0.3332 
0.4961 
0.6538 

0.8066 
0.9439 
1.0688 
1.1777 
1.2733 

1.3542 
1.4230 
1.4794 
1.5254 
1.5614 

1.5889 
1.6083 
1.6209 
1.6272 
1.6283 

1.6244 
1.6165 
1.6049 
1.5902 
1.5727 

1.5529 
1.5074 
1.4569 
1.4021 
1.3454 

1.2872 
1.2289 
1.1709 
1.1140 
1.0033 

0.9013 
0.8063 
0.7204 
0.6422 
0.5722 

0.5093 
0.4533 
0.3581 
0.2840 
0.2250 

0.1789 
0.1423 
0.1135 
0.0906 
0.0724 

y =  0.0770 

0.0000 
1.4182 
2.5820 
3.5307 
4.3036 
4.9275 

5.4294 
5.8279 
6.1414 
6.3827 
6.5645 

6.6958 
6.7853 
6.8393 
6.8641 
6.8641 

6.8435 
6.8057 
6.7536, 
6.6896 
6.6159 

6.5341 
6.4459 
6.3522 
6.2545 
6.1534 

6.0499 
5.8377 
5.6226 
5.4071 
5.1939 

4.9842 
4.7793 
4.5799 
4.3866 
4.0190 

3.6781 
3.3630 
3.0731 
2.8068 
2.5628 

2.3394 
2.1350 
1.7774 
1.4793 
1.2308 

1.0239 
0.8517 
0.7084 
0.5892 
0.4900 

0.0000 
0.0290 
0.1132 
0.2100 
0.3130 
0.4128 

0.5096 
0.5967 
0.6761 
0.7454 
0.8063 

0.8580 
0.9019 
0.9380 
0.9676 
0.9908 

1.0085 
1.0211 
1.0295 
1.0338 
1.0347 

1.0325 
1.0277 
1.0205 
1.0114 
1.0004 

0.9881 
0.9594 
0.9275 
0.8929 
0.8570 

0.8201 
0.7831 
0.7463 
0.7101 
0.6397 

0.5748 
0.5143 
0.4596 
0.4098 0.3652 

0.3250 
0.2893 
0.2286 
0.1813 
0.1437 

0.1142 
0.0908 
0.0724 
0.0578 
0.0462 

y =  0.0850 

0.0000 
0.8441 
1.5398 
2.1097 
2.5760 
2.9544 

3.2604 
3.5048 
3.6985 
3.8487 
3.9632 

4.0471 
4.1057 
4.1426 
4.1617 
4.1654 

4.1566 
4.1369 
4.1085 
4.0725 
4.0304 

3.9831 
3.9317 
3.8769 
3.8193 
3.7595 

3.6980 
3.5715 
3.4426 
3.3130 
3.1844 

3.0575 
2.9333 
2.8122 
2.6946 
2.4704 

2.2621 
2.0691 
1.8914 
1.7280 
1.5781 

1.4408 
1.3151 
1.0950 
0.9115 
0.7584 

0.6310 
0.5249 
0.4366 0.3631 

0.3020 

0.0000 
0.0186 
0.0726 
0.1348 
0.2009 
0.2652 

0.3275 
0.3836 
0.4348 
0.4795 
0.5188 

0.5521 
0.5805 
0.6038 
0.6229 
0.6378 

0.6493 
0.6574 
0.6628 
0.6656 
0.6662 

0.6647 
0.6616 
0.6570 
0.6511 
0.6441 

0.6361 
0.6176 
0.5971 
0.5748 
0.5516 

0.5279 
0.5041 
0.4804 
0.4571 
0.4118 

0.3700 
0.3311 
0.2959 
0.2639 
0.2351 

0.2093 
0.1863 
0.1472 
0.1168 
0.0925 

0.0736 
0.0585 
0.0467 
0.0372 
0.0298 
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TAB LE II 

B = 2.859 z = 1.300 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.1550 

uod 

0.0000 
2.8767 
5.2639 
7.2308 
8.8469 
10.1628 

11.2296 
12.0832 
12.7599 
13.2853 
13.6849 

13.9769 
14.1798 
14.3063 
14.3697 
14.3791 

14.3439 
14.2708 
14.1665 
14.0360 
13.8840 

13.7141 
13.5298 
13.3336 
13.1281 
12.9153 

12.6968 
12.2484 
11.7933 
11.3370 
10.8854 

10.4413 
10.0077 
9.5859 
9.1773 
8.4011 

7.6826 
7.0195 
6.4106 
5.8520 
5.3408 

4.8733 
4.4461 
3.6996 
3.0778 
2.5602 

2.1295 
1.7711 
1.4730 
1.2251 
1.0189 

0.0000 
0.0830 
0.3164 
0.5800 
0.8547 
1.1159 

1.3648 
1.5838 
1.7794 
1.9455 
2.0876 

2.2040 
2.2992 
2.3734 
2.4303 
2.4704 

2.4969 
2.5104 
2.5135 
2.5068 
2.4922 

2.4705 
2.4430 
2.4103 
2.3735 
2.3332 

2.2901 
2.1967 
2.0989 
1.9974 
I. a958 
1.7946 
1.6959 
1.5997 
1.5072 
1.3325 

1.1766 
1.0358 
0.9118 
0.8017 
0.7053 

0.6204 
0.5463 
0.4238 
0.3310 
0.2591 

0.2039 
0.1610 
0.1277 
0.1016 
0.0811 

y =  0.1700 

0.0000 
1.4837 
2.7210 
3.7452 
4.5905 
5.2820 

5.8452 
6.2982 
6.6592 
6.9415 
7.1579 

7.3179 
7.4308 
7.5035 
7.5426 
7.5530 

7.5395 
7.5057 
7.4552 
7.3904 
7.3140 

7.2278 
7.1337 
7.0331 
6.9272 
6.8172 

6.7041 
6.4710 
6.2336 
5.9949 
5.7583 

5.5251 
5.2971 
5.0750 

4.4502 

4.0706 
3.7200 
3.3978 
3.1021 
2.8313 

2.5836 
2.3572 
1.9616 
1.6320 
1.3575 

1.1292 
0.9391 
0.7811 
0.6496 
0.5403 

4 -8597 

W(x)  

0.0000 
0.0455 
0.1737 
0.3188 
0.4702 
0.6144 

0.7521 
0.8734 
0.9820 
1.0743 
1.1535 

1.2185 
1.2719 
1.3136 
1.3457 
1.3685 

1.3838 
1.3918 
1.3940 
1.3908 
1.3832 

1.3716 
1.3567 
1.3389 
1.3188 
1.2967 

1.2731 
1.2217 
1.1678 
1.1117 
1.0555 

0.9995 
0.9447 
0.8913 
0.8400 
0.7429 

0.6562 
0.5778 
0.5087 
0.4474 
0.3937 

0.3464 
0.3050 
0.2366 
0.1848 
0.1447 

0.1139 
0.0899 
0.0713 
0.0568 
0.0453 

y =  0.1900 

0.0000 
0.7207 
1.3254 
1.8292 
2.2473 
2.5915 

2.8736 
3.1021 
3.2856 
3.4303 
3.5425 

3.6268 
3.6875 
3.7280 
3.7516 
3.7607 

3.7576 
3.7442 
3.7221 
3.6926 
3.6571 

3.6165 
3.5716 
3.5233 
3.4722 
3.4188 

3.3637 
3.2495 
3.1326 
3.0146 
2.8972 

2.7813 
2.6676 
2.5567 
2.4490 
2.2438 

2.0532 
1.8769 
1.7147 
1.5657 
1.4293 

1.3044 
1.1902 
0.9905 
0.8241 
0.6855 

0.5702 
0.4743 
0.3944 
0.3280 
0.2728 

0.0000 
0.0237 
0.0902 
0.1654 
0.2438 
0.3185 

0.3898 
0.4526 
0.5088 
0.5566 
0.5976 

0.6312 
0.6588 
0.6803 
0.6969 
0.7087 

0.7166 
0.7207 
0.7218 
0.7201 
0.7162 

0.7101 
0.7024 
0.6932 
0.6828 
0.6714 

0.6592 
0.6326 
0.6047 
0.5757 
0.5466 

0.5176 
0.4893 
0.4617 
0.4352 
0.3849 

0.3401 
0.2995 
0.2637 
0.2320 
0.2041 

0.1796 
0.1582 
0.1227 
0.0959 
0.0751 

0.0591 
0.0467 
0.0370 
0.0294 
0.0235 
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TABLE II 

b 

a- 

(-\ 

B = 2.859 t = 1.800 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  0.5800 

0.0000 
1.0081 
1.8778 
2.6188 
3.2424 
3.7621 

4.1912 
4.5409 
4.8227 
5.0453 
5.2 179 

5.3471 
5.4397 
5.5009 
5.5357 
5.5479 

5.5412 
5.5185 
5.4825 
5.4353 
5.3789 

5.3148 
5.2445 
5.1691 
5.0896 
5.0070 

4.9219 
4.7468 
4.5686 
4.3898 
4.2128 

4.0389 
3.8692 
3 .7042 
3.5446 
3.2420 

2.9625 
2.7051 
2.4692 
2.2531 
2.0556 

1.8751 
1.7103 
1.4227 
1.1834 
0.9842 

0.8186 
0.6808 
0.5662 
0.4709 
0.3916 

0.0000 
0.0538 
0.1980 
0.3568 
0.5171 
0.6653 

0.8029 
0.9197 
1.0205 
1.1023 
1.1690 

1.2201 
1.2586 
1.2849 
1.3014 
1.3088 

1.3090 
1.3025 
1.2909 
1.2746 
1.2547 

1.2317 
1.2063 
1.1790 
1.1502 
1.1204 

1.0898 
1.0271 
0.9649 
0.9033 
0.8440 

0.7869 
0.7329 
0.6817 
0.6338 
0.5465 

0.4718 
0.4070 
0.3517 
0.3043 
0.2638 

0.2292 
0.1995 
0.1520 
0.1171 
0.0907 

0.0709 
0.0557 
0.0440 
0.0350 
0.0279 

y = 0.6240 

0.0000 
2.6940 
5.0299 
7.0290 
8.7178 
10.1305 

11.3010 
12.2587 
13.0331 
13 .647 8 
14.1265 

14.4873 
14.7483 
14.9234 
15.0261 
15.0668 

15.0556 
15.0000 
14.9077 
14.7843 
14.6353 

14.4649 
14.2771 
14.0750 
13.8615 
13.6390 

13.4096 
12.9362 
12.4536 
11.9687 
11.4881 

11.0152 
10.5536 
10.1047 
9.6701 
8.8456 

8.0837 
7.3819 
6.7382 
6.1487 
5.6098 

, 5.1174' 
6 4.6678 
3.8829 
3.2297 
2.6862 ' 2.2341 
1.8580 
1.5453, 
1.2851 
1.0688 

0.0000 
0.1475 
0.5423 
0.9778 
1.4176 
1.8245 

2.2026 
2.5237 
2.8012 
3.0266 
3.2107 

3.3516 
3.4582 
3.5312 
3.5775 
3.5986 

3.5997 
3.5826 
3.5511 
3.5068 
3.4527 

3.3898 
3.3205 
3.2457 
3.1671 
3.0852 

3.0014 
2.8295 
2.6587 
2.4894 
2.3264 

2.1694 
2.0208 
1.8800 
1.7481 
1.5077 

1.3018 
1.1231 
0.9708 
0.8399 
0.7283 

0.6327 
0.5509 
0.4198 
0.3233 
0.2506 

0.1958 
0.1539 
0.1217 
0.0966 
0.0771 

y =  0.7107 

0.0000 
0.7352 
1.3772 
1.9298 
2.3987 
2.7928 

3.1206 
3.3899 
3.6085 
3.7829 
3.9194 

4.0231 
4.0988 
4.1503 
4.1815 
4.1952 

4.1943 
4.1807 
4.1567 
4.1239 
4.0837 

4.0374 
3.9861 
3.9307 
3.8720 
3.8106 

3.7472 
3.6162 
3.4822 
3.3474 
3.2136 

3.0818 
2.9530 
2.8277 
2.7064 
2.4759 

2.2629 
2.0666 
1.8865 
1.7215 
1.5707 

1.4328 
1.3069 
1.0872 
0.9043 
0.7521 

0.6255 
0.5202 
0.4327 
0.3598 
0.2992 

c* c r )  J (3 0 

0.0000 
0.0423 
0.1557 
0.2810 
0.4079 
0.5257 

0.6354 
0.7288 
0.8098 
0.8759 
0.9300 

0.9717 
1.0034 
1.0254 
1.0396 
1.0464 

1.0474 
1.0431 
1.0345 
1.0221 
1.0068 

0.9890 
0.9692 
0.9477 
0.9251. 
0.9015 

0.8773 
0.8275 
0.7780 
0.7288 
0.6813 

0.6356 
0.5922 
0.5511 
0.5126 
0.4423 

0.3820 
0.3296 
0.2850 
0.2466 
0.2139 

0.1858 
0.1618 
0.1233 
0.0949 
0.0736 

0.0575 
0.0452 
0.0357 
0.0284 
0.0226 

r' 51  
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6.3 
TABLE IT 

/3 = 2.859 r=2.000 

X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

0.756 

y =  0.9500 

0.0000 
3.1481 
5.9016 
8.2703 
10.2728 
11.9472 

13.3311 
14.4591 
15.3663 
16.0813 
16.6330 

17.0434 
17.3348 
17.5241 
17.6280 
17.6588 

17.6290 
17.5478 
17.4243 
17.2651 
17.0770 

16.8648 
16.6333 
16.3862 
16.1268 
15.8579 

15.5818 
15.0154 
14.4415 
13.8675 
13.3011 

12.7456 
12.2049 
11.6803 
11.1735 
10.2143 

9.3302 
8.5172 
7.7727 
7.0914 
6.4690 

5.9005 
5.3818 
4.4764 
3.7232 
3.0965 

2.5753 
2.1418 
1.7813 
1.4814 
1.232 1 

0.0000 
0.2022 
0.7329 
1.3117 
1.8875 
2.4132 

2.8954 
3.2976 
3.6393 
3.9102 
4.1257 

4.2843 
4.3981 
4.4685 
4.5052 
4.5102 

4.4909 
4.4493 
4.3908 
4.3173 
4.2327 

4.1386 
4.0377 
3.9312 
3.8212 
3.7085 

3.5946 
3 -3648 
3.1406 
2.9219 
2.7142 

2.5166 
2.3316 
2.1582 
1.9971 
1.7076 

1.4632 
1.2540 
1.0778 
0.9280 
0.8014 

0.6938 
0.6024 
0.4571 
0.3510 
0.2716 

0.2119 
0.1664 
0.1315 
0.1044 
0.0833 

y =  1.1000 

U(X) 

0.0000 
0.4636 
0.8723 
1.2261 
1.5265 
1.7789 

1.9882 
2.1595 
2.2978 
2.4073 
2.4921 

2.5557 
2.6013 
2.6313 
2.6484 
2.6544 

2.6511 
2.6399 
2.6222 
2.5991 
2.5715 

2.5402 
2.5059 
2.4692 
2.4305 
2.3904 

2.3491 
2.2643 
2.1782 
2.0920 
2.0068 

1.9232 
1.8418 
1.7628 
1.6864 
1.5417 

1.4084 
1.2857 
1.1734 
1.0705 
0.9766 

0.8908 
0.8125 
0.6758 
0.5621 
0.4675 

0.3888 
0.3233 
0.2689 
0.2236 
0.1860 

~~ 

0.0000 
0.0309 
0.1119 
0.2004 
0.2885 
0.3690 

0.4430 
0.5048 
0.5574 
0.5991 
0.6325 

0.6571 
0.6748 
0.6859 
0.6918 
0.6929 

0.6901 
0.6840 
0.6752 
0.6641 
0.6513 

0.6370 
0.6216 
0.6054 
0.5886 
0.5714 

0.5539 
0.5187 
0.4843 
0.4508 
0.4188 

0.3885 
0.3600 
0.3333 
0.3085 
0.2638 

0.2261 
0.1938 
0.1666 
0.1435 
0.1239 

0.1073 
0.0931 
0.0707 
0.0542 
0.0420 

0.0327 
0.0257 
0.0203 
0.0161 
0.0128 

y =  1.2000 

0.0000 
0.8681 
1.6375 
2.3066 
2.8769 
3.3576 

3.7577 
4.0862 
4.3523 
4.5638 
4.7285 

4.8526 
4.9422 
5.0021 
5.0371 
5.0507 

5.0465 
5.0270 
4.9950 
4.9524 
4.9010 

4.8425 
4.7781 
4.7090 
4.6361 
4.5602 

4.4821 
4.3213 
4.1577 
3.9938 
3.8317 

3.6724 
3.5173 
3.3666 
3.2209 
2.9449 

2.6903 ' 
2.4561 
2.2415 
2.0451 
1.8657 

1.7018 
1.5521 
1.2911 
1.0738 
0.8931 

0.7428 
0.6177 
0.5137 
0.4272 
0.3553 

0.0000 
0.0583 
0.2107 
0.3771 
0.5427 
0.6943 

0.8335 
0.9499 
1.0490 
1.1279 
1.1908 

1.2374 
1.2710 
1.2922 
1.3036 
1.3058 

1.3009 
1.2895 
1.2732 
1.2525 
1.2286 

1.2018 
1.1730 
1.1425 
1.1110 
1.0786 

1.0459 
0.9797 
0.9149 
0.8517 
0.7915 

0.7343 
0.6806 
0.6302 
0.5833 
0.4990 

0.42'78 
0.3668 
0.3153 
0.2716 
0.2346 

0.2031 
0.1763 
0.1338 
0.1027 
0.0795 

0.0620 
0.0487 
0.0385 
0,0305 
0.0244 



t. 

c 

i 

TABLE 

I 6 = 2.859 T =2.330 

I 
X 

0.000 
0.036 
0.072 
0.108 
0.144 
0.180 

0.216 
0.252 
0.288 
0.324 
0.360 

0.396 
0.432 
0.468 
0.504 
0.540 

0.576 
0.612 
0.648 
0.684 
0.720 

0.756 
0.792 
0.828 
0.864 
0.900 

0.936 
1.008 
1.080 
1.152 
1.224 

1.296 
1.368 
1.440 
1.512 
1.656 

1.800 
1.944 
2.088 
2.232 
2.376 

2.520 
2.664 
2.952 
3.240 
3.528 

3.816 
4.104 
4.392 
4.680 
4.968 

y =  4.7300 

0.0000 
1.4313 
2.7344 
3.8857 
4.8699 
5.6997 

6.3868 
6.9466 
7.3951 
7.7464 
8.0148 

8.2118 
8.3487 
8.4344 
8.4776 
8.4846 

8.4620 
8.4144 
8.3465 
8.2618 
8.1635 

8.0541 
7.9361 
7.8111 
7.6809 
7.5466 

7.4096 
7. 1303 
6.8494 
6.5703 
6.2963 

6.0287 
5.7692 
5.5 182 
5.2763 
4.8199 

4.4004 
4.0156 
3.6637 
3.3420 
3.0483 

2.7802 
2.5356 
2.1089 
1.7540 
1.4587 

1.2132 
1.0090 
0.8391 
0.6979 
0.5804 

0.0000 
0.1295 
0.4568 
0.8080 
1.1482 
1.4524 

1.7255 
1.9465 
2.1290 
2.2676 
2.3727 

2.4439 
2.4892 
2.5099 
2.5120 
2.4968 

2.4689 
2.4295 
2.3819 
2.3271 
2.2673 

2.2035 
2.1372 
2.0689 
1.9999 
1.9304 

1.8613 
1.7248 
1.5946 
1.4703 
1.3543 

1.2459 
1.1458 
1.0532 
0.9684 
0.8185 

0.6945 
0.5903 
0,5039 
0.4313 
0.3707 

0.3197 
0.2767 
0.2091 
0.1600 
0.1236 

0.0963 
0.0756 
0.0597 
0.0474 
0.0378 

y =  5.8000 

0.0000 
3.1954 
6.1165 
8.7049 
10.9221 
12.7949 

14.3480 
15.6156 
16.6324 
17.4303 
18.0410 

18.4903 
18.8040 
19.0016 
19.1028 
19.1221 

19.0741 
18.9695 
18.8187 
18.6296 
18.4097 

18.1645 
17.8996 
17.6188 
17.3259 
17.0239 

16.7154 
16.0864 
15.4536 
14.8245 
14.2066 

13.6032 
13.0179 
12.4517 
11.9060 
10.8764 

9.9299 
9.0616 
8.2674 
7.5415 
6.8787 

6.2738 
5.7218 
4.7590 
3.9580 
3.2918 

2.7377 
2.2769 
1.8936 
1.5748 
1.3097 

0.0000 
0.2907 
1.0252 
1.8138 
2.5781 
3.2621 

3.8768 
4.3747 
4.7863 
5 .0992 
5.3369 

5.4985 
5.6019 
5.6497 
5.6555 
5.6225 

5.5607 
5.4730 
5.3667 
5.2440 
5.1102 

4.9671 
4.8183 
4.6651 
4.5100 
4.3538 

4.1984 
3.8913 
3.5983 
3.3184 
3.0571 

2.8126 
2.5870 
2.3783 
2.1870 
1.8488 

1.5690 
1.3337 
1.1384 
0.9746 
0.8377 

0.7224 
0.6253 
0.4725 
0.3617 
0.2794 

0.2178 
0.1709 
0.1350 
0.1072 
0.0855 

y=10.5000 

0.0000 
0.5783 
1,1110 
1.5856 
1.9934 
2.3389 

2.6261 
2.8610 
3.0498 
3.1984 
3.3123 

3.3965 
3.4555 
3.4930 
3.5126 
3.5171 

3.5090 
3.4904 
3 -4633 
3.4289 
3.3889 

3.3441 
3.2956 
3.2441 
3.1904 
3.1350 

3.0784 
2.9628 
2.8464 
2.7307 
2.6169 

2.5059 
2.3981 
2.2938 
2.1933 
2.0037 

1.8294 
1.6694 
1.5231 
1.3894 
1.2673 

1.1558 
1.0541 
0.8767 
0.7292 
0.6064 

0.5043 
0.4194 
0.3488 
0.2901 
0.2413 

W ( x )  

0.0000 
0.0550 
0.1943 
0.3442 
0.4896 
0.6201 

0.7375 
0.8328 
0.9117 
0.9718 
1.0176 

1.0488 
1.0690 
1.0785 
1.0741 1.0800 

1.0626 
1.0461 
1.0260 
1.0028 
0.9774 

0.9503 
0.9220 
0.8928 
0.8633 
0.8335 

0.8039 
0.7453 
0.6893 
0.6359 
0.5859 

0.5391 
0.4959 
0.4560 
0.4194 
0.3546 

0.3009 
0.2558 
0.2184 
0.1870 
0.1607 

0.1386 
0.1199 
0.0906 
0.0694 
0.0536 

0.0417 
0.0328 
0.0259 
0.0205 
0.0164 



*\ 
.>e *- e C- Table V* 

Percent D S t a t e s  and Tr ip le t  Scat ter ing Length 

P pfio 
695 
.71 
a 71 

0 68 
.70 
e 70 

65 
65 
65 

e 62 
62 
.62 

55 
055 
o 55 

. 67 
67 
67 

65 
66 
67 

.62 
62 
62 

60 
e 60 
60 

55 

54 
0 55 

Y pD 

.016 

.019 

.020 

0 021 
0024 
026 

032 
0035 
036 

042 
.Oh2 
.042 

.054 

.O54 
o 054 

T 
.. 

Y 

1.0 

1.3 

108 

200 

2.33 

,1140 
1300 
1350 

e 2400 
.2700 
e 3000 

8550 
o 9300 

1 0 0000 

1.560 
1 700 
1 840 

6 e 340 
9 200 
13.000 

,0920 
,0978 
0 ll.40 

,1900 
.2100 
.2400 

., 7300 
8100 
.8550 

1.2000 
1.3392 
1.5600 

6,24 
10.50 
13 00 

,020 
e 021 
025 

* 0245 
e 027 
.030 

o 039 
.040 
.Ob0 

,043 
e 045 
.046 

.055 

.054 

.052 

.65 
65 

., 665 

63 

65 

61 
61 

., 62 

.59 

.59 

.59 

9 54 

0 64 

0 54 
0 54 

1.0 

1.3 

1-8 

2.0 

2.33 

1,o 

1.3 

1.8 

200 

2.33 

.loo0 

.lo40 

.lo80 

2239 
.2400 
., 3000 
e 7107 
7660 
7820 

10 3392 
1 4280 
1 5600 

4 7300 
5 8000 
9 0 2000 

2033 .07@ 
.om 
.0850 

.l550 

.1700 

.1900 

.5800 

.6240 

.7107 

095. 
1.10 
1.20 

4.73 
5.80 
10.50 

1.0 

1.8 

20 0 

2.33 

0 018 

a 0205 

e 025 
0 027 
.O34 

0195 

0034 
,036 
,037 

3 042 
,041 
,046 

,051 
053 
,056 

2.859 .61 . 

.61 
,63 

,60 
,61 
,625 

t 58 
‘59 
59 

57 
57 
58 

53 
54 
53 

.om 
0 021 
0235 

.025 

.028 

.030 

o 039 
.040 
0 044 

0 044 
.046 
.045 

.055 

.,0545 

.O59 

‘ATable V was hand-computed a t  M.I.T. 
Irs 


