
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Masters Theses Graduate College 

4-1970 

Elastic Scattering of 1.33 MeV Gamma Rays from Uranium Elastic Scattering of 1.33 MeV Gamma Rays from Uranium 

Joan Sue De Vries 
Western Michigan University 

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses 

 Part of the Nuclear Commons 

Recommended Citation Recommended Citation 
De Vries, Joan Sue, "Elastic Scattering of 1.33 MeV Gamma Rays from Uranium" (1970). Masters Theses. 
2942. 
https://scholarworks.wmich.edu/masters_theses/2942 

This Masters Thesis-Open Access is brought to you for 
free and open access by the Graduate College at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Masters Theses by an authorized administrator of 
ScholarWorks at WMU. For more information, please 
contact wmu-scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2942&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/203?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2942&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/2942?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F2942&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


ELASTIC SCATTERING OF
1.33 MeV GAMMA RAYS 

FROM URANIUM

by

Joan Sue De Vries

A Thesis 
Submitted to the 

Faculty of the School of Graduate 
Studies in partial fulfillment 

of the
Degree of Master of Arts

Western Michigan University 
Kalamazoo, Michigan 

April, 1970

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENTS

Gratitude and appreciation are expressed to Professor Gerald 

Hardie for his guidance in performing the experiment and theoretical 

calculations discussed in this thesis. Thanks are also due to the 

staff of the Western Michigan University Computer Center for their 

advice and cooperation.

Thanks is also expressed to Mr. H. Heystek of Kalamazoo Radiol

ogy for developing our x-ray films.

The help of my co-worker, Chwan-kang Chiang, was also greatly 

appreciated.

Joan Sue De Vries

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



MASTER'S THESIS M-2282

DE VRIES, Joan Sue
ELASTIC SCATTERING OF 1.33 MeV GAMMA RAYS 
FROM URANIUM.

Western Michigan University, M.A., 1970 
Physics, nuclear

University Microfilms, A XEROX Company, Ann Arbor, Michigan

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

CHAPTER PAGE

I INTRODUCTION ................................  . 1

II THEORY......................................... 3

III APPARATUS AND PROCEDURE ....................... 5

IV CORRECTIONS................................... 10

V RESULTS AND UNCERTAINTIES ....................  11

VI COMPARISON WITH OTHER EXPERIMENTS ............. 14

VII THEORETICAL CALCULATIONS ......................  16

VIII COMPARISON WITH, THEORETICAL CALCULATIONS . . . .  20

IX\ CONCLUSIONS   25

APPENDIX I - Calculation of L-shell Form Factors 26

APPENDIX II - Calculation of Various Scattering
Amplitudes................................ 35

APPENDIX III - Calculation of Various Theoreti
cal Cross Sections........................  50

BIBLIOGRAPHY.................................. 61

iii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLES AND FIGURES

TABLES PAGE

Figure I - Experimental Arrangement .................  6

Figure II - Lithium-Germanium Spectrometer ......... 7

I Composite of Results and Uncertainties   . 13

Figure III - Differential Cross Sections of Other 
Workers and Our O w n ...................................  15

Figure IV - Comparison of Form Factor Calculations
with the Exact Rayleigh Amplitudes for Z = 80 . . . . 18

II Summary of Notation for Theoretical Cross Sections . 19

Figure V - Comparison of Theoretical Cross Section^,
CRSCC and CRSCI, Two Methods of Rayleigh Extrapolation 20

Figure VI - Various Theoretical Cross Sections . . .  22

Figure VII - Variation of the Index n with Momentum 
Transfer  ...............   23

III K- and L-shell Form Factors and Their Ratio - Mercury 32

IV K- and L-shell Form Factors and Their Ratio - Lead . 33

V K- and L-shell Form Factors and Their Ratio - Uranium 34

VI Thomson Amplitudes - L e a d ............................. 40

VII Delb.ruck Amplitudes - L e a d ........................... 41

VIII Rayleigh (K-shell) Amplitudes (R-̂ ) - L e a d ...........  42

IX Rayleigh (K-shell) Amplitudes (R2) - L e a d ...........  43

X Rayleigh (L-shell) Amplitudes (R^) - Lead . . . . . .  44

XI Thomson Amplitudes - Uranium .................... 45

XII Delbruck Amplitudes - Uranium ,  ....................  46

XIII Rayleigh (K-shell) Amplitudes (R-̂ ) - Uranium . . . .  47

iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



XIV Rayleigh (K-shell) Amplitudes (R2> - Uranium ......... 48

XV Rayleigh (L-shell) Amplitudes (R^) - Uranium ......... 49

XIV CRSCA, CRSCB, CRSCC - L e a d ............................. 53

XVI CRSCD, CRSCE, CRSCF - L e a d ............................. 54

XVII CRSCG, CRSCH, CRSCI - L e a d ............................. 55

XVIII CRSCJ, CRSCK, CRSCL - L e a d .................................,56

XIX CRSCA, CRSCB, CRSCC - Uranium .  ...............  . . 57

XX CRSCD, CRSCE, CRSCF - U r a n i u m ........................  -.58

XXI CRSCG, CRSCH, CRSCI - Uranium ........................  59

XXII CRSCJ, CRSCK, CRSCL - U r a n i u m ........................  60

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



INTRODUCTION

In the early part of the twentieth century, it was thought that
I

the elastic scattering of gamma rays from an atom arose from Thomson 

scattering from the nucleus and Rayleigh scattering from the elec

trons. With the development of quantum electrodynamics it was postu

lated that an additional process, called Delbruck scattering, would 

occur. However, this has yet to be verified experimentally.

Delbruck theory predicts that, upon entry into the strong Coulomb 

field surrounding the nucleus, a photon may create either a real or 

a virtual electron-positron pair. The pair annihilates creating a 

photon which leaves at an angle 9 with respect to the initial pho

ton's direction. The real pair corresponds to the imaginary part of 

the Delbruck amplitude and the virtual pair is associated with the 

real pare of the Delbruck amplitude; the latter pair is of special 

interest. Such an effect, if present, should make a small contribu

tion to the elastic scattering cross section.

Establishment of the presence of this small effect requires that 

the experimental error be less than the magnitude of the effect and 

that accurate calculations of the contributions of the other processes 

to the elastic scattering cross section can be made.

This thesis presents a more accurate cross section measurement 

done with a lithium-drifted germanium crystal for higher energy reso

lution than was possible in previous experiments. The accurate cal

culation of the contributions of the other scattering processes

1
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continues to be a major problem. Two problems must be solved: how

can the Rayleigh amplitudes, which have been calculated for an energy 

of 1.31 MeV and a mercury scatterer, be extrapolated to the present 

case and which amplitudes should be included in the cross section.

Cross sections composed of different amplitudes and extrapolations were 

calculated and compared to the experimental data to determine which 

amplitudes should be included in the best theoretical curve.
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THEORY

When gamma rays react with matter they can be either absorbed, 

scattered elastically or scattered inelastically.

The absorption consists of two processes. The first, the photo

electric effect, occurs when the incoming photon strikes a bound elec

tron in the target atom. The electron, leaves the atom with the energy 

of the incoming photon less the binding energy of the electron. This 

effect is predominant at lower energies. In the second process, pair 

production, the photon annihilates into a positron and an electron in 

the field of the nucleus. Although this effect increases with in

creasing photon energy , it is much less probable than the Compton 

effect at 1.33 MeV.

The inelastic scattering consists mainly of Compton scattering,

which is scattering from a loosely bound or a free electron. The

photon collides with an electron losing some of its energy. The

Compton scattering cross section can be calculated by the Klein- 
1

Nishina formula . Conservation of energy and momentum permit one to 

calculate the energy of the scattered photon; the energy approaches 

the incident photon's energy as the scattering angle approaches zero.

The elastic scattering consists of four processes: nuclear

Thomson, Rayleigh, Delbruck, and nuclear resonance scattering. To 

obtain the elastic scattering cross section, the amplitudes of these 

processes must be added coherently.

Thomson scattering is Compton scattering of the photons from the

3
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nucleus; since the mass of the nucleus is so large, the photon scat

ters with negligible energy loss. Rayleigh scattering is elastic 

scattering from tightly bound electrons; the electrons remain bound 

and in the same shell. The Rayleigh amplitudes are usually calcu

lated only for the electrons in the K-shell although it has been 
2

shown that the L-shell also makes a contribution to the cross sec

tion. Delbruck scattering, sometimes called "nuclear potential scat 

tering", is due to electron-positron pair creation and annihilation. 

The amplitudes of these three processes are discussed in Appendix B 

for lead and uranium scatterers.

There remains a fourth type of scattering, nuclear resonance 

scattering, in which the incident photon excites a nuclear level,

with the subsequent reemission of the excitation energy. This was
3 4investigated both by Levinger and Chiang and found to be negligibl 

for lead and uranium scatterers.
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APPARATUS AND PROCEDURE

The apparatus consisted primarily of three parts: the source of

gamma rays, the uranium target, and the system detecting the scattered 

gamma rays. These are shown in Figure I.
60

The beam of gamma rays was provided by an 111 Curie Co source 

housed in 1.5 tons of lead. The beam was controlled by a mercury 

shutter. The mercury, which normally blocked the beam, could be 

forced up into a reservoir by compressed nitrogen gas, thereby ex

posing the source. To block the beam the gas was released, causing 

the mercury to return to its original position.

The target consisted of a slab of uranium of dimensions 16.5 cm 

by 14.5 cm which was hung a distance r from the source. The target 

was suspended from an aluminum bar which was located above and in 

front of the source. This bar could be pivoted over an aluminum disc 

which was marked in degrees and previously aligned with the photon 

beam using a laser. A final check on the position of the target 

in relationship to the beam was made by placing a piece of x-ray film 

behind the target and opening the source. The exposed film revealed 

the shadow of the target and the area of the beam.
3

The gamma ray detection system consisted of an 11 cm active 

volume, lithium-drifted germanium crystal and a conventional arrange

ment of electronics. The electronic arrangement is shown in Figure

II.

The differential scattering cross section at a scattering angle 0,

5
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Figure I. Experimental arrangement for scattering angle 9 = 60°.
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Figure II. Lithium-Germanium Spectrometer
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(«£\ , was obtained by making two measurements. First the number of daJQ
events per second, n , in the full energy peak was obtained. This isa

related to the cross section by^

« * —  %  N  ( to * C

where a is the number of gamma rays emitted per second by the source 

at 1.33 MeV, r is the source to target distance, Nq is the number of 

target atoms, ui is the solid angle subtended by the counter at the 

target, € is the probability of the gamma ray elastically scattered 

within the solid angle losing all its energy in the detector, 

and C is the correction for absorption of gamma rays in the target 

and variation of gamma ray flux over the surface of the target.

The measurement of u> ana fc , which is difficult to perform ac

curately, was eliminated by making a second measurement using an 

auxiliary source. This auxiliary source consisted of a piece of

cardboard, equal in size to the target, which had been painted uni-
60

formly with a liquid containing Co. When this is hung in place of

the target, the main source being closed, the counting rate, n^, is

given by oJ
A a D "  4lo ‘MTT

where b is the auxiliary source strength.

The and fcin both equations are the same because the geom

etry is identical and because the gamma rays from both sources have

the same energy. Therefore the two equations can be combined to give

dc ^ A* b_ 'f1 \

dCl «■
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» £
where /a. had to be determined in a separate experiment.

At each angle for which the cross section was measured, the de

tector was aligned using the machined disc and the laser. To mini

mize the spread in scattering angle due to the finite size of the 

detector, the target was positioned at an angle <fi which satisfied 

the relationship^ fitnu 0  ^ **

Shielding was positioned to minimize the detection of photons which 

were not scattered from the target. A sufficient thickness of lead 

was placed in front of the detector so that pile-up, caused by large 

numbers of Compton scattered gamma rays, was negligible.

At each angle the collection of data consisted first of a run 

with the auxiliary source in the target position, then two or three 

runs with the target in position and finally another run with the 

auxiliary source in position. Each run consisted of counting for a 

given live time, then subtracting background for the same live time. 

The total counting time for each target varied from 800 live min

utes to 200 live minutes depending on the angle and the amount of 

lead absorber in front of the detector. This was sufficient to in

sure that counting statistics contributed an uncertainty of less 

than 3% in all cases.
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CORRECTIONS

There are only two corrections which were significant in the

calculation of the cross section. The first correction is for the

variation in the source to scattering center distance over the sur-
6face of the target. This has been previously calculated to be

where 2b is the height of the target and 2a is the length of the 

target. This correction is found to be negligible for our geometry 

The second correction is for the attenuation of both the inci

dent beam and the elastically scattered gamma rays in the target.

The actual number of counts in the peak, NQ , must be modified to 

obtain the number of counts which would be obtained if there were

where p. is the attenuation coefficient , u> is the target thickness 

^ i s  the angle the plane of the target makes whith the beam direc-

■o

7
no absorption. This correction is

tion where 0 is the scattering angle.
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RESULTS AND UNCERTAINTIES

One of the largest uncertainties in this experiment occurs in 

the measurement of the strength of the auxiliary source relative to

the main source. The first auxiliary source (I) used has been pre-
6 -7

viously measured to have a strength of (1.14 + .04) x 10 times

that of the main source. The ratio of the second auxiliary source 

(II) to the main source is (1.47 + .05) x 10

All the targets and the auxiliary sources have dimensions of 

16.5 + .05 cm by 14.2 + .05 cm. The mass of the first uranium 

target(l) used was 288.04 + .02 gm; while the mass of the second 

uranium target (2) was 243.00 + .02 gm. Thus the number of ura

nium atoms in the first target was (0.73 + .01) x 1 0 ^  and the num-
0 /ber of uranium atoms in the second target was (0.61 + .01) x 10 

The uncertainty in the number of atoms is small, however a 2.% un

certainty is introduced by the fact that spectroscopic analysis of
6

the target reveals less than 2% by weight of impurities.

The distance from the main source to the target was 148.7 + 1 . 0  

cm. In most cases this was the distance from the detector to the 

target. As a check at the smaller angles, a distance of twice this 

magnitude was used between the detector and the target.

Counting times were sufficiently long so that the counting sta

tistics were better than 3%.

Another possible source of error was introduced by the electronic 

drift which caused the position of the peak to drift slightly. The

11
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peaks of each run were aligned and assigned the same channel number. 

The other channels were adjusted accordingly and the ratio of counts, 

, was then calculated. This ratio and its uncertainty are list

ed in Table I .

The uncertainty in the scattering angle is the root mean square 

variation of the scattering angle over the target. In all cases this 

is less than or equal to + 1°.
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TABLE I. Summary 
of 1.33

of Present 
MeV Gamma

Results of the Differential 
lays from Uranium at 12°, 20°

Cross Section for 
, 30°, 45° and 60

Elastic ScatteringO

Scattering 
Angle (deg)

Target Auxiliary
Source

Geometric
Arrangement

Absorption
Correction

Counting 
Ratio (na/nb)

Differential 
Cross Section (mb/sr)

12 No. 2 II R = 2r .582 + .009 1.886 + .036 203 + 10

No. 2 II R = r .615 + .009 1.955 + -039 200 + 10

No. 1 II R = r .537 + .008 2.132 + .043 

Average:

206 + 11 

203 + 10

20 No. 2 II R = 2r .712 + .011 .441 + .015 38.8 + 2.6

No. 2 II R = r .738 + .011 .496 + .017 36.5 + 2.0

No. 1 II R = 2r .647 + .010 .454 + .016 

Average:

37.2 + 2.1 

37.5+2.2

30 No. 2 I R = r .812 + .012 2.236 + .093 11.3 + .6

45 No. 2 I R = r .863 + .013 .368 + .014 1.72 + .09

60 No. 1 I R = r .870 + .013 .108 + .004 .430 + .026



COMPARISON WITH OTHER EXPERIMENTS

The measurement of the elastic scattering cross section at 1.33

MeV for a uranium scatterer has also been performed by Bernstein and
2 10 Mann and Eberhard and Goldzahl . However the uncertainties of

their measurements were approximately 20% and hence considerably

larger than ours.

Figure III gives a summary of all the experimental cross sections. 

The fact that the cross sections measured by the other groups were 

higher than ours at larger angles is most likely due to some inelas

tic events under the elastic scattering peak, since the resolution of 

their detector was much poorer than that of the present work.

Included in the experimental values in Figure III are those

obtained with our experimental arrangement at larger angles by 
6

Schwandt.

14
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THEORETICAL CALCULATIONS

The theoretical elastic scattering cross section is calculated 

from the Rayleigh, Thomson, and Delbruck scattering amplitudes. If 

this is to be compared with our experimental cross sections, these 

amplitudes must be known for a gamma ray energy of 1.33 MeV scat

tered from uranium.

Although there are several ways of expressing the polarization 

of the various scattering processes, the non-spin flip (NSF) and 

spin flip (SF) polarizations were chosen. All amplitudes were then 

expressed in this circular polarization.

The Thomson amplitudes are calculated exactly in Appendix II.
11

The Delbruck amplitudes have been calculated by Ehlotsky and Sheppey 

and can be easily adapted to any Z. These are calculated and listed 

in Appendix II.
12The Rayleigh amplitudes have been calculated by Brown and Mayers 

for a gamma ray energy of 1.31 MeV and a mercury scatterer. The 

difficulty in calculating the theoretical cross section arises in the 

extrapolation of these amplitudes to our particular energy and scat

terer since the dependence on Z and E is unknown.

The simplest suggestion is to use the form factor approximation

for the Rayleigh K-shell amplitude. The form factor is defined as

the ratio of the radiation amplitude scattered by the actual electron

distribution in an atom to that scattered by the actual electron
13

distribution localized at a point . The form factors for both K-

16
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shell and L-shell of mercury are calculated in Appendix I and illus

trated in Figure IV. As can be seen, the agreement with the exact 

calculations is very poor.

However, the similarity in shapes of the form factor curves to 

those of the exact calculations suggests that a ratio of the form fac

tors should be a fairly reliable method of extrapolation to a differ

ent Z.12 Thus ,e] e  <£[««>.'Si,6]
v K U o . u » , 0

These amplitudes are also calculated and listed in Appendix II, while 

the ratio of the form factors is calculated in Appendix I.

An attempt to determine the Z dependence of the cross section was
14 , 5made by Anand and Sood. They found it does not vary strictly as Z

as is stated in most of the literature but that it varies as Zn where 

n depends on the momentum transfer ,Aq. An extrapolation of the 

Rayleigh amplitudes based on this Z dependence appears in Appendix II. 

Since their work was done with energies up to .662 MeV and scatterers 

of Z less than or equal to 82, there is some question as to the appli

cation of this dependence to higher energies and atomic numbers where 

Delbruck amplitudes are not negligible.

To compare the experimental results with theory and to determine 

the contribution of any one process to the differential cross section, 

it is convenient to calculate the theoretical cross sections for vari-,- 

ous combinations of the individual scattering processes. The program 

used to obtain the cross sections from the scattering amplitudes and 

the calculated values are found in Appendix III.

The following notation is used; denotes the extrapolation of
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the Rayleigh amplitude obtained by a ratio of form factors, and R2

denotes the extrapolation of the Rayleigh amplitude obtained using
14the Z dependence suggested by Anand and Sood.

TABLE II

Summary of Notation for Theoretical Cross Sections

AMPLITUDES INCLUDED

Rayleigh (K-shell) and Thomson CRSCA
added coherently

Rayleigh (K-shell), Thomson and CRSCB
Delbruck added coherently

Rayleigh (K- and L-shell), Thomson, CRSCC
and Delbruck added coherently

Rayleigh (K-shell and L-shell (SF only)), CRSCD
Thomson, and Delbruck added coherently

Rayleigh (K-and L-shell) and Thomson CRSCE
added coherently

Rayleigh (K- and L-shell) added incoher- CRSCF
ently to Thomson and Delbruck

CRSCG

, CRSCH

CRSCI

CRSCJ

CRSCK

CRSCL
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COMPARISON WITH THEORETICAL CALCULATIONS

As can be seen from a study of Figure V, the difference in the 

theoretical cross section CRSCC due only to the difference in the 

method of extrapolating the Rayleigh amplitude is very large. This 

uncertainty due to extrapolation is much greater than the effect of 

Delbruck scattering.

Four possible values of the theoretical elastic cross section are 

illustrated in Figure VI. By comparing a theoretical cross section, 

CRSCC, composed of Thomson, Rayleigh (K- and L-shell), and Delbruck 

amplitudes to a theoretical cross section, CRSCE, composed of only 

Thomson and Rayleigh (K- and L-shell) amplitudes, one can see that 

the inclusion of Delbruck scattering varies the theoretical cross 

section slightly.

A further study of Figure VI shows the importance of including 

the Rayleigh L-shell contribution to both NSF and SF polarizations at 

smaller angles. The NSF. Rayleigh L-shell amplitudes can be safely 

neglected only at large angles.

Part of the discrepancy in methods of extrapolation may be the
14assumption that the Z dependence determined by Anand and Sood can 

be extended to higher energies. Figure VII illustrates the Z depen

dence of the cross section which they determined for energies of .280 

MeV, .412 MeV, and .662 MeV. Also included in this figure is the Z 

dependence of the cross section for an energy of 1.33 MeV determined 

from our experiment using the same method which was employed by Anand

20
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and Sood.*^ As can be seen, the latter values are much higher than 

those used in the extrapolation of Rayleigh amplitudes by the second 

method.

The experimental data at 20° is lower than any theoretical cal

culation. This value as well as the value at 12° has been measured 

under a variety of experimental arrangements and consistent results 

have been obtained.
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CONCLUSIONS

As can be observed from a study of Figure VI, no definite state

ment can be made about the existence of Delbruck scattering. The mag

nitude of the Delbruck amplitudes is much less than the uncertainty in 

the Rayleigh K-shell amplitudes. The Rayleigh L-shell amplitude, which 

is at least as large as the Delbruck amplitudes, has not been calcu

lated exactly. Until this is done, one can simply observe that the 

experimental points coincide more closely to the curve which includes 

the Delbruck scattering amplitudes.

The Z dependence of the cross section determined by Anand and 
14

Sood , which was used as one method of extrapolating the Rayleigh 

amplitudes to a higher Z, could be invalid for energies greater than 

1 MeV. As can be seen in Figure VII, the Z dependence of our exper

imental cross sections was considerably higher than the Z dependence 

which they determined.

A study of Figure VI also reveals that the inclusion of the 

Rayleigh L-shell contribution to both the spin flip and non-spin flip 

polarizations is important at smaller angles.

Thus a more accurate experimental value for the differential 

cross section at angles of 60°, 45°, 30°, 20° and 12° has been obtain

ed. However the existence of Delbruck scattering cannot be proven 

experimentally until the theoretical calculations of Rayleigh K-shell 

and L-shell amplitudes have been done.

25
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APPENDIX I

As mentioned previously, a calculation of the L-shell form fac

tor is necessary to obtain an estimate of the Rayleigh L-shell am

plitudes. This calculation of the L-shell form factor has been done 
15by Woodward . However since there were numerical errors in his 

work, the calculation has been redone and corrected in this appen

dix.

The densities given in Woodward's work are expressed as 'V̂ Y’ .
* 1 , _ 73L<*-

For a Is electron ‘V’V  1 Z> < •     -f e. •
Z. v) I

The corresponding radial density ^ , which must satisfy | ^

is O * 2 .  . iv> -r ........ —  ■ v e.

r  A  M  •<LM . a > M ,In general V ^ ® } 1

J*
For the 2s electron

* * 1 U v  + 0 U * W e . )  ‘ r

where *, *

- 0 * 0  ZotwuT ^ g V * ™ *  ̂
(Zt.-Oe,

Z»>+l -Zv-» ,
(2.^1(°*p d< • . Zv4t (_ i ± n A

'lS J 2* Cl*.*^ p 1

f \ v e  - U  » €.1 (. Zi> t l) (2.V4 0(2.y 1
x l * ( M x- 0  J

26
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27

it, L 2 «'-' J
For the electron ,

<u»u .  1 C l v »  O te o fc r n /O  ^ -Z o t,Y y ,y /6 | ^  2 v>

1 '  '  A T Tr1 C 'Z v )4. *2.6,CZfet-  D

, [(,-«.>, , * ~ r l _ l .
L 2.(2* . *  i f  6,j

f  P*p ^  »C — 1  Z m Y 1-*'1
' f‘4  <2v)l 24,U «  - 0  V 6, )

^  + Uv+fr)(2v*fl
( Z e A O  Z ( j L e + \ ) *  J

jU
It

j \ ' - <

N I I - £. + ( l - O U * - &  +, (2*,- o L (2fc, + ») .
None of the 2p electrons have a spherically symmetric charge 

distribution; however, their average density, which is symmetric, is

calculated. Is quoted to be 4 (Zotrw) ^  2ot'f«v
/ r—  AXT<-' 2.1*U2M

where q ■ /A-'Zat*.
1 2.

However, it can be shown directly from Dirac wave functions that this

should be „ \ (jtM'cn) *• ^~^ot'rn'r
M W /

Then ^ V * 6

The form factors were calculated from the general formula 
^  e.xf>( Ifik^'CCo^ ©} d Y

Afl r 2if>V ® S 2 l̂ 2- % iV» © .
® vnc1- 2. .<ovi5 f̂ 4*rr<*x « c f ^

MTV '0 r '<?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T . r d w f r( Xv-t
\ r  e S\«
Jo

This and the following form factors are all integrated using the

identity ( -p.
n , tn < V >  * d ' * ( . p . ^ V x --------

r . g c t w  sift f Zv U u \'(

*  * » n  t \ * ( £><i/i.t«(mV]v
1 oAs noted in an earlier paper the system of units used is one in 

which <h = c = 1 and momentum is measured in units of m. To compare 

this form factor to the formula used in the computer program, sub

stitute A. , •
.SUetX ^ t m C .

c - I Zv t a ^ 1 iVt.)] 
w " ^ h > m xY

and ^X9 are grouped together. The average density is

I v i i l W O 1 "'1 iv
Pvs* Pip,A - z«, e 'f

Then ? * lv-»» (XoCYn/fet̂ tf»v

X [ f  i,.

‘ j" _ tvo lilt i T  Stlvt

S ^ 1' ■ o a y r  I «  ■ I' * '
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where T -  W ( - ± ? L -  \ *

In terms of A

_ _ % t f" ̂ w l y T  „ £ IjT %v<n(lv*OT 1
if,A L 2*v \.\»r^^aV ^  |

u j l ‘"  C  / v ' ( A.r'l dr
Vl?v Jo b

te&ssil* ‘

^Sw> y^av* (^^/^A*r»V\ 
tv + (ak̂ /i^yT»Vp*i

15This differs from Woodward's calculation by a factor of 1/4. 

^  *___J__ *‘vn Ufelia<?^>)

Then the total form factor for the K-shell, F , is equal to 2.V andK *»
the total form factor for the L-shell is 

Then the L-shell contribution is obtained by

whereCVv^i s listed on pages 32, 33, and 34 for mercury, lead and 

uranium respectively.

As a check, the ratio at 0° will be computed:

4i I*^ ^ t y W 1 (V̂\ + 4tf 1 —  f ̂ \nTv*T _ %1-n 1i>hT  ̂ i»Y\ T* *|̂
U f e T L v ^  k v **-) U . i v ^ v r  J /

Syn^lyfaui* Nz\ 
v *  Vv *LMzfy

If 9' = 0, 0 and T = 0. Then the expression becomes

y*• < ’>■»> CH&tbq.y\ ** _2./fejij[̂ \r>'2.vT/Z'>>'̂  * Sw 2.V* \T  •» ̂ volyJt-ZT ^

\ *  te./vHavtavr'cM'J.V)
V *

Applying l'Hopital's rule ^  ft— * ©  « a* ft— ► ©•
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n 
j 

-r
t

k *
cot ( * t A  4fcv cot  Cxv’to.-n* c , ^ 2.v c.

fe> (t»A*) 6,
it ZCcosiZ vtowi'ĵ Y) ^  _i»

V Z  (v*CA/i)*) Z

to--Q &tbl(?.V» Qfe, y COS cmfe.kClV V2̂ fcl\\
»fe\ tnfe.^n__________________t\*u,^l___________ J

2: ( cos Civ ta-o'^Vi ^
V 1 (.wlM'tf) 1

ivW* * --(m + “2.[ 1 -C2w*0 * 2.V + 2) « % , >4
*— *o 2-

A computer program which computes FR , F^, and the ratio FK/FL 

is found on page 31.
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TABLE III

ANGLE F I X )  F ( L ) RATIO
5 ,  1 . 8 8 5 7 7 1 4 E + 0 0  4 . I 0 8 5 8 1 8 E + 0 0  2 . 1 7 8 7 2 7 3 E + 0 0  

1 0 .  1 . 6 0 0 8 7 6 7 E+00 7 . 0 8 3 7 8 7 0 E - 0 1  4 . 4 2 4 9 4 2 2 E - 0 1  
1 5 .  1 . 2 6 1 18 0 5 E + 0 0  7 . 4 9 1 0 0 2 0 E - 0 2  5 . 9 3 9 6 7 4 7 E - 0 2  
2 0 .  9 . 5 3 0 1 7 0 6 E - 0 1  5 . 8 3 0 9 2 7 4 E - 0 2  6 .  1 1 8 3 8 7 2 E -0 2  
2 5 .  7 . 0 9 0 0 8 7 9 E - 0 1  7 . 3 9 4 6 8 1 4 E - 0 2  1 . 0 4 2 9 6 0 4 E - 0 1  
3 0 .  5 . 2 8 1 7 9 8 7 E - 0 1 7 . 1 6 2 3 6 0 8 E - 0 2  1 . 3 5 6 0 4 5 7 E - 0 1  
3 5 .  3 . 9 7 7 8 1 7 4 E - 0 1  6 . 1 5 3 8 5 6  l 'E -0 2  1 . 5 4 7 0 4 3 3 E - 0 1  
4 0 .  3 . 0 4 2 8 9 2 2 E - 0 1  5 . 0 5 5 7 0 7 4 E - 0 2  1 . 6 6 1 4 8 0 9 E - 0 1  
4 5 .  2 . 3 6 8 6 7 4 6 E - 0 1  4 . 1 0 1 1 7 3 2 E - 0 2  1 . 7 3 1 4 2 1 1 E - 0 1  
5 0 .  1 . 8 7 6 7 7 6 0 E - 0 1  3 . 3 3 2 1 0 8 7 E - 0 2  1 . 7 7 5 4 4 2 9 E - 0 1  
5 5 .  1 . 5 1 2 7 4 4 0 E - 0 1  2 . 7 2 8 9 8 8 0 E - 0 2  1 . 8 0 3 9 9 8 5 E - 0 1  
6 0 .  1 . 2 3 9 2 4 6 4 E - 0 1  2 . 2 5 9 2 0 2 8 E - 0 2  1 . 8 2 3 0 4 5 6 E - 0 1  
6 5 .  1 . 0 3 0 6 7 5 0 E - 0 1  1 . 8 9 2 3 8 8 7 E - 0 2  1 . 8 3 6 0 6 7 3 E - 0 1  
7 0 .  8 . 6 9 3 3 0 5 9 E - 0 2  1 . 6 0 4 0 5 5 8 E - 0 2  1 . 8 4 5 1 6 2 0 E -0 1  
7 5 .  7 . 4 2 8 4 0 7 3 E - 0 2 1 . 3 7 5 4 6 7 6 E - 0 2  1 . 8 5 1 6 3 1 9 E - 0 1  
8 0 .  6 . 4 2 4 4 7 5 2 E - 0 2 1 . 1 9 2 5 7 8 8 E - 0 2  1 . 8 5 6 3 0 5 3 E - 0 1  
8 5 .  5 . 6 1 8 6 5 7 3 E - 0 2  1 . 0 4 4 9 1 5 9 E - 0 2  1 . 8 5 9 7 2 5 2 E - 0 1  
9 0 .  4 . 9 6 5 2 5 2 2 E - 0 2  9 . 2 4 6 5 6 3 9 E - 0 3  1 . 8 6 2 2 5 4 6 E - 0 1  
9 5 .  4 . 4 3 0 5 9 4 6 E - 0 2 8 . 2 5 9 2 4 9 7 E - 0 3  1 . 8 6 4 1 4 0 2 E - 0 1  

1 0 0 .  3 . 9 8 9 5 7 3 6 E - 0 2 7 . 4 4 2 7 7 2 0 E - 0 3  1 . 8 6 5 5 5 5 7 E - 0 1  
1 0 5 .  3 . 6 2 3 2 4 3 9 E - 0 2 6 . 7 6 3 2 3 1 0 E - 0 3  1 . 8 6 6 6 2 3 1 E - 0 1  
1 1 0 .  3 . 3 1 7 1 5 5 6 E - 0 2  6 . 1 9 4 5 5 7  I E - 0 3  1 . 8 6 7 4 3 0 3 E - 0 1  
1 1 5 .  3 . 0 6 0 1 7 4 7 E - 0 2 5 . 7 1 6 5 3 5 2 E - 0 3  1 . 8 6 8 0 4 2 1 E - 0 1  
1 2 0 .  2 . 8 4 3 6 5 1 5 E - 0 2  5 . 3 1 3 3 7 6 1 E - 0 3  1 . 8 6 8 5 0 4 6 E - 0 1  
1 2 5 .  2 . 6 6 0 8 0 6 0 E - 0 2  4 . 9 7 2 6 5 9 8 E - 0 3  1 . 8 6 8 8 5 4 7 E - 0 1  
1 3 0 .  2 . 5 0 6 2 9 0 6 E - 0 2  4 , 6 8 4 5 5 3 8 E - 0 3  1 . 8 6 9 1 1 8 3 E - 0 1 
1 3 5 .  2 . 3 7 5 8 6 5 3 E - 0 2  4 . 4 4 1 2 4 2 8 E - 0 3  1 . 8 6 9 3 1 5 9 E - 0 1 
1 4 0 .  2 . 2 6 6 1 5 3 3 E - 0 2  4 . 2 3 6 4 8 9 9 E - 0 3  1 . 8 6 9 4 6 3 0 E - 0 1  
1 4 5 .  2 . 1 7 4 4 6 2 8 E - 0 2 4 . 0 6 5 3 1 4 1 E - 0 3  1 . 8 6 9 5 7 1 6 E - 0 1  
1 5 0 .  2 . 0 9 8 6 5 0 0 E - 0 2 3 . 9 2 3 7 4 3 9 E - 0 3  1 . 8 6 9 6 5 1 3 E - 0 1  
1 5 5 .  2 . 0 3 7 0 1 5 7 E - 0 2  3 . 8 0 8 6 2 5 2 E - 0 3  1 . 8 6 9 7 0 8 3 E - 0 1  
1 6 0 .  1 . 9 8 8 2 2 9 3 E - 0 2  3 . 7 1 7 4 9 0 2 E - 0 3  1 . 8 6 9 7 4 9 2 E - 0 1  
1 6 5 .  1 . 9 5 1 2 7 0 0 E - 0 2  3 . 6 4 8 4 3 8 9 E - 0 3  1 . 8 6 9 7 7 6 5 E - 0 1  
1 7 0 .  1 . 9 2 5 3 8 3 2 E - 0 2  3 . 6 0 0 0 7 0 5 E - 0 3  1 . 8 6 9 7 9 4 2 E - 0 1  
1 7 5 .  1 . 9 1 0 0 5 0 7 E - 0 2  3 . 5 7 1 4 2 0 9 E - 0 3  1 . 8 6 9 8 0 4 2 E - 0 1
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TABLE IV

ANGLE F ( K ) F (L >  RATIO
5 .  1 * 8 9 2 5 1 3 0 E+OO 4 . 2 6 6 4 5 7 5 E + 0 0  2 . 2 5 4 3 8 7 4 E + 0 0  

1 0 .  1 . 6 2 1 8 3 7 9 E + 0 0  8 . 1 2 9 9 2 0 8 E - 0 1  5 . 0 1 2 7 8 2 5 E - 0 1  
1 5 .  1 . 2 9 3 8 1 9 5 E + 0 0  9 . 5 0 5 7 1 9 0 E - 0 2  7 . 3 4 7 0 2 0 9 E - 0 2  
2 0 .  9 . 9 0 6 0 0 8 5 E - 0 1  6 . 0 0 9 8 9 5 0 E - 0 2  6 . 0 6 6 9 1 8 8 E - 0 2  
2 5 .  7 . 4 6 0 5 1 2 4 E - 0 1  7 . 6 0 8 4 1 5 0 E - 0 2  1 . 0 1 9 8 2 4 7 E - 0 1  
3 0 .  5 . 6 1 8 1 0 8 1 E - 0 1  7 . 5 4 9 3 5 8 8 E - 0 2  1 . 3 4 3 7 5 4 6 E - 0 1  
3 5 .  4 . 2 7 0 6 1 1 6 E - 0 1  6 . 6 1 0 0 5 3 5 E - 0 2  1 . 5 4 7 8 0 0 2 E - 0 1  
4 0 .  3 . 2 9 2 9 0 5 3 E - 0 1  5 . 5 0 7 3 0 4 6 E - 0 2  1 . 6 7 2 4 7 5 8 E - 0 1  
4 5 .  2 . 5 8 0 7 4 5 5 E - 0 1  4 . 5 1 5 7 1 1 3 E - 0 2  1 . 7 4 9 7 7 0 0 E - 0 1  
5 0 .  2 . 0 5 6 7 6 5 0 E - 0 1  3 . 7 0 0 1 0 3 4 E - 0 2  1 . 7 9 8 9 9 1 8 E - 0 1  
5 5 .  1 . 6 6 6 2 0 6 5 E - 0 1  3 . 0 5 1 2 4 5 8 E - 0 2  1 . 8 3 1 2 5 3 0 E - 0 1  
6 0 .  1 . 3 7 0 9 7 8 8 E - 0 1  2 . 5 4 0 4 0 0 0 E - 0 2  1 . 8 5 2 9 8 2 7 E - 0 1  
6 5 .  1 . 1 4 4 6 4 4 9 E - 0 1  2 . 1 3 8 1 7 6 5 E - 0 2  1 . 8 6 7 9 8 2 3 E - 0 1  
7 0 .  9 . 6 8 7 5 4 7 3 E - 0 2 1 . 8 1 9 8 6 6 5 E - 0 2  1 . 8 7 8 5 6 2 6 E - 0 1  
7 5 .  8 . 3 0 3 0 6 9 5 E - 0 2  1 . 5 6 6 0 9 7 3 E - 0 2  1 . 8 8 6 1 6 6 6 E - 0 1  
8 0 .  7 . 2 0 0 3 3 3 8 E - 0 2  1 . 3 6 2 1 0 2 0 E - 0 2  1 . 8 9 1 7 2 0 6 E - 0 1  
8 5 .  6 . 3 1 2 4 3 3 8 E - 0 2 1 . 1 9 6 7 3 2 5 E - 0 2  1 . 8 9 5 8 3 3 7 E - 0 1  
9 0 .  5 . 5 9 0 4 6 7 4 E - 0 2  1 . 0 6 1 5 8 2 2 E - 0 2  1 . 8 9 8 9 1 4 9 E - 0 1  
9 5 .  4 . 9 9 8 2 3 7 0 E - 0 2 9 . 5 0 2 8 7 8 6 E - 0 3  1 . 9 0 1 2 4 6 0 E - 0 1  

1 0 0 .  4 . 5 0 8 6 3 9 8 E - 0 2 8 . 5 8 0 0 4 9 8 E - 0 3  1 . 9 0 3 0 2 4 0 E - 0 1  
1 0 5 .  4 . 1 0 1 1 5 0 0 E - 0 2  7 . 8 1 0 1 8 4 7 E - 0 3  1 . 9 0 4 3 8 8 9 E - 0 1  
1 1 0 .  3 . 7 6 0 0 6 0 8 E - 0 2  7 . 1 6 4 5 7 8 7 E - 0 3  1 . 9 0 5 4 4 2 2 E - 0 1  
1 1 5 .  3 . 4 7 3 2 3 6 3 E - 0 2  6 . 6 2 0 8 8 6 7 E - 0 3  1 . 9 0 6 2 5 8 6 E - 0 1  
1 2 0 .  3 . 2 3 1 2 1 9 7 E - 0 2  6 . 1 6 1 5 8 9 3 E - 0 3  1 . 9 0 6 8 9 2 7 E - 0 1  
1 2 5 .  3 . 0 2 6 5 8 4 7 E - 0 2 5 . 7 7 2 8 6 5 7 E - 0 3  1 . 9 0 7 3 8 6 1 E - 0 1  
1 3 0 .  2 . 8 5 3 4 5 8 5 E -0 2  5 . 4 4 3 7 4 3 0 E - 0 3  1 . 9 0 7 7 7 0 1 E - 0 1  
1 3 5 .  2 . 7 0 7 1 7 6 0 E - 0 2  5 . 1 6 5 4 7 9 0 E - 0 3  1 . 9 0 8 0 6 9 1 E - 0 1  
1 4 0 .  2 . 5 8 4 0 1 5 8 E - 0 2  4 . 9 3 1 0 7 9 5 E - 0 3  1 . 9 0 8 3 0 0 8 E - 0 1  
1 4 5 .  2 . 4 8 1 0 0 6 6 E - 0 2  4 . 7 3 4 9 5 0 5 E - 0 3  1 . 9 0 8 4 7 9 6 E - 0 1  
1 5 0 .  2 . 3 9 5 7 7 8 2 E - 0 2 4 . 5 7 2 6 2 3 2 E - 0 3  1 . 9 0 8 6 1 7 0 E -0 1  
1 5 5 .  2 . 3 2 6 4 4 9 7 E - 0 2 4 . 4 4 0 5 4 4 5 E - 0 3  1 . 9 0 8 7 2 1 4 E - 0 1  
1 6 0 .  2 . 2 7 1 5 4 8 7 E - 0 2  4 . 3 3 5 9 3 0 0 E - 0 3  1 . 9 0 8 7 9 9 0 E - 0 1  
1 6 5 .  2 . 2 2 9 9 4 0 9 E - 0 2 4 . 2 5 6 6 3 2 9 E - 0 3  1 . 9 0 8 8 5 4 5 E - 0 1  
1 7 0 .  2 . 2 0 0 7 9 0 5 E - 0 2  4 . 2 0 1 0 7 1 7 E - 0 3  1 . 9 0 8 8 9 2 1 E - 0 1  
1 7 5 .  2 . 1 8 3 5 2 2 1 E - 0 2  4 . 1 6 8 1 5 4 4 E - 0 3  1 . 9 0 8 9 1 3 3 E - 0 1
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TABLE V

ANGLE FCIO F ( L )  RATIO
5 .  1 . 9 2 0 4 0 4 7 E + 0 0  4 . 9 7 8 0 4 4 8 E + 0 0  2 . 5 9 2 185 2 E + 0 0  

1 0 .  1 . 7 1 1 7 8 7 4 E + 0 0  1 . 4 2 0 7 4 3 6 E + 0 0  8 . 2 9 9 7 6 6 6 E - 0 1  
1 5 .  1 . 4 4 0 9 9 4 5 E+00 2 . 7 0 2 4 0 1 6 E - 0 1  1 . 8 7 5 3 7 2 5 E - 0 1  
2 0 .  1 . 1 6 9 3 0 4 2 E + 0 0  9 . 2 1 1 2 2 8 0 E - 0 2  7 . 8 7 7 5 2 9 2 E - 0 2  
2 5 .  9 . 3 1 3 1 3 4 9 E - 0 1  9 . 0 7 5 7 0 7 0 E - 0 2  9 . 7 4 5 0 6 1 2 E - 0 2  
3 0 .  7 . 3 7 8 1 9 7 6  E - 0 1 9 . 5  9 5 0 0 0 0  E - 0  2 1 . 3 0 0 4 5 3 1 E - 0 1  
3 5 .  5 . 8 6 4 8 4 2  3 E - 0 1 9 • 1 1 8 2 1 2 0  E—02 1 • 5  5 4 7 2 4 I E —01  
4 0 .  4 • 7 0 1 4 7 8 6 E - 0 1 8 . 1 2 9 8 2 3 3 E - 0 2  1 . 7 2 9 2 0 5 6 E - 0 1  
4 5 .  3 . 8 1 1 1 8 2 7 E -0 1  7 . 0 3 6 3 0 8 5 E - 0 2  1 . 8 4 6 2 2 7 0 E - 0 1  
5 0 .  3 . 1 2 7 8 8 9 8 E - 0 1  6 . 0 2 2 3 6 1 6 E - 0 2  1 . 9 2 5 3 7 5 2 E - 0 1  
5 5 .  2 . 5 9 9 7 9 0 0 E - 0 1  5 . 1 4 7 3 7 6 9 E - 0 2  1 . 9 7 9 9 2 0 2 E - 0 1  
6 0 .  2 . 1 8 7 9 0 5 9 E - 0 1  4 . 4 1 5 9 1 0 4 E - 0 2  2 . 0 1 8 3 2 7 3 E - 0 1  
6 5 .  1 . 8 6 3 4 3 3 8 E -0 1  3 . 8 1 2 5 0 0 6 E - 0 2  2 . 0 4 5 9 5 4 4 E - 0 1  
7 0 .  1 . 6 0 5 2 0 8 6 E - 0 1  3 . 3 1 6 7 2 6 7 E - 0 2  2 . 0 6 6 2 2 7 8 E - 0 1  
7 5 .  1 . 3 9 7 6 5 4 5 E - 0 1  2 . 9 0 9 0 4 6 8 E - 0 2  2 . 0 8 1 3 7 7 6 E - 0 1 
8 0 .  1 . 2 2 9 2 4 9 0 E - 0 1  2 . 5 7 2 6 7 7 2 E - 0 2  2 . 0 9 2 8 8 5 3 E - 0 1  
8 5 .  1 . 0 9 1 4 0 3 8 E -0 1  2 . 2 9 3 8 6 2 4 E - 0 2  2 . 1 0 1 7 5 4 0 E - 0 1  
9 0 .  9 . 7 7 6 6 2 6 9 E -0 2  2 . 0 6 1 5 7 6 0 E - 0 2  2 . 1 0 8 6 7 8 1 E - 0 1  
9 5 .  8 . 8 3 1 2 8 3 5 E - 0 2  1 . 8 6 7 0 6 1 8 E - 0 2  2 . 1 1 4 1 4 5 4 E - 0 1  

1 0 0 .  8 . 0 4 0 5 1 7 5 E - 0 2  1 . 7 0 3 3 8 8 2 E - 0 2  2 . 1 1 8 5 0 5 6 E - 0 1  
1 0 5 .  7 . 3 7 5 3 7 8 8 E - 0 2  1 . 5 6 5 0 6 5 3 E - 0 2  2 . 1 2 2 0 1 3 4 E - 0 1  
1 1 0 .  6 . 8 1 3 3 1 7 8 E - 0 2  1 . 4 4 7 7 3 2 3 E - 0 2  2 . 1 2 4 8 5 6 5 E - 0 1  
1 1 5 .  6 . 3 3 6 6 3 4 8 E - 0 2  1 . 3 4 7 9 1 3 1 E - 0 2  2 . 1 2 7 1 7 4 9 E - 0 1  
1 2 0 .  5 . 9 3 1 3 3 6 8 E - 0 2  1 . 2 6 2 8 2 6 0 E - 0 2  2 . 1 2 9 0 7 4 8 E - 0 1  
1 2 5 .  5 . 5 8 6 2 9 2 2 E - 0 2  1 . 1 9 0 2 3 6 6 E - 0 2  2 . 1 3 0 6 3 7 9 E - 0 1  
1 3 0 .  5 . 2 9 2 5 9 4 1 E - 0 2  1 , 1 2 8 3 4 2 0 E - 0 2  2 . 1 3 1 9 2 6 1 E - 0 1  
1 3 5 .  5 . 0 4 3 0 9 2 6 E - 0 2 1 . 0 7 5 6 8 5 9 E - 0 2  2 . 1 3 2 9 8 8 5 E - 0 1  
1 4 0 .  4 , 8 3 2 0 2 9 8 E -0 2  1 . 0 3 1 0 8 9 2 E - 0 2  2 . 1 3 3 8 6 3 4 E - 0 1  
1 4 5 .  4 . 6 5 4 7 6 6 9 E -0 2  9 . 9 3 5 9 7 5 9 E - 0 3  2 . 1 3 4 5 8 0 7 E - 0 1  
1 5 0 .  4 . 5 0 7 5 8 0 1 E -0 2  9 . 6 2 4 4 1 8 I E - 0 3  2 . 1 3 5 1 6 2 9 E - 0 1  
1 5 5 .  4 . 3 8 7 4 9 2 5 E -02  9 . 3 7 0 0 5 6 4 E - 0 3  2 . 1 3 5 6 2 9 0 E - 0 1  
1 6 0 .  4 . 2 9 2 1 5 8 7 E - 0 2  9 . 1 6 8 0 2 1 0 E -0 3  2 . 1 3 5 9 9 3 0 E - 0 1  
1 6 5 .  4 . 2 1 9 7 6 6 8 E - 0 2  9 . 0 1 4 5 4 3 3 E - 0 3  2 . 1 3 6 2 6 5 7 E - 0 1  
1 7 0 .  4 . 1 6 8 9 7 4 4 E - 0 2  8 . 9 0 6 8 2 9 4 E - 0 3  2 . 1 3 6 4 5 5 7 E - 0 1  
1 7 5 .  4 . 1 3 8 8 5 6 1 E -0 2  8 . 8 4 2 9 4 5 8 E - 0 3  2 • 1 3 6 5 6 7 5 E - 0 1
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APPENDIX II

This appendix lists the amplitudes of the various elastic scat

tering processes. All amplitudes are given in units of r , the 

classical electron radius.

The program listed on pages 38 and 39 was used to obtain the 

tables of scattering amplitudes.

The Thomson amplitudes have been calculated from the following
& «, „ C«£ c) 0 + *

l o n s .  S- ^   £ ----

(Ee)' -co»9 + 1

T* | L
where M is the mass of the nucleus. can be written as***n Mfl

_7*/ / M«i\ , „  . — I —  / — jwhere — -

a value of 5.446 x 10 \  Therefore the Thomson amplitudes may be

or «* JSiaLl'c4 . This can be expressed as ^  where 5̂ 3. has

written as * \o ) C0HT^ (cosfc + i'')

OV') « ( z.T Z<b xio 1 fo“ ^ - c o s 0 + 0

where fA^/Np = 205.55 for lead and 236.15 for uranium. The program 

uses the last two equations to calculate the Thomson amplitudes.

Tables VI and XI give these amplitudes for lead and uranium 

respectively at an energy of 1.33 MeV.

Ehlotsky and Sheppey^ have listed the parallel (U) and perpend- 

iculare (J.) components of the Delbruck amplitudes for scattering 

angles less than or equal to 120°. These were converted to NSF and SF 

polarizations by using equations

35
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for both real and imaginary amplitudes. To obtain amplitudes in units
2

of r , their amplitudes had to be multiplied by (ctZ) where oi, the
_3

fine structure constant, has a value of 7.2971 x 10 . These values

were then plotted as a function of the angle and the values at 5° in

crements were read from the graph. These graphs were extrapolated 

to obtain amplitudes to a scattering angle of 135° <, Table VII and XII

give these amplitudes for lead and uranium respectively.
12Brown and Mayers have made numerical calculations of the

Rayleigh K-shell amplitudes for a mercury scatterer and an energy of
161.31 MeV. These were plotted (with all signs changed ) as a function

of angle and the values at 5° increments were obtained from the graph.

These values then had to be extrapolated for lead and uranium

scatterers and an energy of 1.33 MeV. Two methods were used. In the 

first method, the extrapolation was done using the form factor ampli

tudes as follows:a l<.«>Wg_M*l . V l / W ^

In the second method, the mercury amplitudes were first adjusted from

1.31 MeV to 1.33 MeV by using form factors:

a fe**o, _ a  1/4»
*- fit**©, *■ 14

Then, following the suggestion of Anand and Sood , for a particular 

9 «■

where n is a function of the momentum change of the photon due to the 

the scattering. This momentum transfer is given by:

with Eq in MeV. This value was used to obtain the corresponding n from
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the paper by Anand and Sood . The Rayleigh K-shell amplitudes ob

tained by using the first method of extrapolation (ARNSF, ARSF, BRNSF, 

BRSF) are given in Tables VIII and XIII for lead and uranium respec

tively, while those amplitudes obtained with the second method of ex- ' 

trapolation (CRNSF, CRSF, DRNSF, DRSF) are given in Tables IX and XIV 

for lead and uranium respectively.

The Rayleigh L-shell amplitudes were obtained from the Rayleigh - 

K-shell amplitudes in the following manner:

•i •
The form factors are discussed in Appendix I. The L-shell amplitudes 

listed in Tables XV and XX were obtained from the Rayleigh K-shell 

amplitudes ex rapolated by the first method.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

DIMENSION A D S F ( 3 7 ) * B D N S F ( 3 7 ) * B D S F ( 3 7 ) * ATSF( 3 7 ) »ATNSF(37)
DIMENSION ARNSF<3 7 ) » A R S F (3 7 ) * B R N S F ( 3 7 ) »B RSF(3 7 ) *ADNSF<3 7 ) *

1 ANGR ( 3 7 ) »R N (3 7 ) » R A T IO (3 7 ) *CRNSF( 3 7 ) »CRSF( 3 7 ) *DRNSF( 3 7 ) *
1 DRSF( 3 7 ) » ANGS{ 38 )

READ 20 ,Z »R A T  
20 F O R M A T (F 4 * 0 » F 9 * 5 )

READ 10 * ( ARNSF( I ) » I = 1» 3 7 )
READ 1 0 , <ARSF<I ) *1 = 1 * 3 7 )
READ 10 * ( B R N S F ( I ) » I = 1 » 3 7 )
READ 1 0 , ( B R S F ( I ) , 1 = 1 , 3 7 )
READ 1 0 » < R N ( I ) , I = 1 * 3 7 >
READ 1 0 , ( R A T I O f I ) , 1 = 1 , 3 7 )

10 FORMAT( 1 1 F 7 « 4 )
ANGS ( 1 ) = 0 •
DO 30 1 = 1 , 3 7
A N G R ( I > = . 0 1 7 5 4 3 * A N G S ( I )
ATNSF( I ) = ( - * 0 0 0 2 7 2 3 ) * ( Z * * 2 ) * ( COSF( ANGR( I ) ) + l *  ) /RAT
AT SF( I ) = ( - . 0 0 0 2 7 2 3 ) * ( Z * * 2 ) * ( COSF(ANGR( I ) ) —1 « ) /RAT
CRNSF ( I ) = (ATNSF ( I )+ARNSF< I - ) * R A T IO (  I ) ) * ( Z / 8 0 * ) * * ( R N (  I ) / 2 * )
CRSF( I ) = ( AT SF( I ) +ARSF( I ) * R A T 1 0 ( 1 ) > * < Z / 8 0 . ) * * ( RN( I ) / 2 « )
DRNSF( I ) = ( BRNSF( I ) * R A T I O ( I ) ) * ( Z / 8 0 * ) * * ( RN( I ) / 2 # )
DRSF( I ) = ( BRSF( I ) * R A T I 0 ( I ) ) * ( Z / 8 0 • ) * * ( RN( I ) / 2 . )

30  ANGS <I + 1 ) =ANGS( I ) + 5•
90  READ 2 0 , Z , R A T

READ 1 0 , ( ARNSF( I ) , I = 1 , 3 7 )
READ 1 0 , ( A R S F ( I ) , 1 = 1 , 3 7 )
READ 1 0 , ( B R N S F ( I ) , 1 = 1 , 3 7 )
READ 1 0 , ( BRSF( I ) , 1 = 1 , 3 7 )
READ 1 0 , ( A D N S F ( I ) , I = 1 » 3 7 )
READ 1 0 , ( A D S F ( I ) , 1 = 1 , 3 7 }
READ 1 0 , ( B D N S F ( I ) , 1 = 1 , 3 7 )
READ 1 0 , ( B D S F ( I ) , 1 = 1 , 3 7 )
READ 1 0 * ( R A T I 0 ( I ) , 1 = 1 , 3 7 )
ANGS( 1 ) = 0 •
DO 40 1 = 1 , 3 7

OJoo
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ANGR( I ) = . 0 1 7 5 4 3 * ANGS( I )
ATNSF( I ) = ( - . 0 0 0 2 7 2 3 ) * ( Z * * 2 ) * ( C O S F ( ANGR( I ) ) + l . ) /RAT  
A TS F( I ) = ( - . 0 0 0 2 7 2 3 ) * ( Z * * 2 ) * ( C O S F ( A N G R ( I ) )  - 1  • ) /RAT  
CRNSF( I ) =CRNSF{ I ) - A T N S F ( I )
CRSF( I ) = C R S F ( I ) - A T S F ( I )
PUNCH 1 1 ♦ ANGS( I ) .A T N S F ( I ) . A T S F ( I )

11 F O R M A T ( F 6 . 0 . 2 F 1 1 . 4 )
4 0  ANGS(1 + 1 > = A N G S ( I ) + 5 .

DO 50 1 = 1 . 3 7
50  PUNCH 12 » A N G S ( I ) . A D N S F ( I ) »A D SF (1 ) .BDNSF( I ) * B D S F ( I )
12 FORMAT( F 6 . 0  * 4 F 1 1 * 4 )

DO 60 1 = 1 . 3 7
6 0  PUNCH 1 2 .ANGS( I ) . A R N S F ( I ) » A R S F ( I ) . B R N S F ( I ) . B R S F ( I  )

DO 70 1 = 1 , 3 7
7 0  PUNCH 1 2 .  ANGS( I ) .CRNSF( I ) » C R S F ( I ) , DRNSF( I ) ♦ D R S F ( I )

DO 80 1 = 1 , 3 7
A R N S F ( I ) =ARNSF( I ) * R A T 1 0 ( I )
ARSF( I ) =ARSF( I ) * R A T 10 (1  )
BRNSF( I ) =BRNSF( I ) * R A T I 0 (  I )
B R S F ( I ) =BRSF( I ) * R A T 1 0 (1  )

80  PUNCH 1 2 , A N G S ( I ) .ARNSF( I ) .A R S F ( I ) .BRNSF( I ) »BRSF<I )
PUNCH 1 0 » ( CRNSF( I ) » I = 1 » 3 7 )
PUNCH 1 0 , ( C R S F ( I ) , 1 = 1 . 3 7 )
PUNCH 1 0 , ( D R N S F ( I ) , 1 = 1 . 3 7 )
PUNCH 1 0 , ( D R S F ( I ) , 1 = 1 , 3 7 )
CALL EX IT  
END

u>VO



TABLE VI

ANGLE ATNSF ATSF
0 . - . 0 1 7 8 0 .0 0 0 0
5 . - . 0 1 7 7 0 .0 0 0 0

10. - . 0 1 7 6 .0001
15. . - . 0 1 7 5 .00 0 3
20 . - . 0 1 7 2 .0005
2 5 . - . 0 1 6 9 .0008
3 0 . - . 0 1 6 6 .0 0 1 2
35 . - . 0 1 6 1 -.0016
40 . - . 0 1 5 7 .0021
4 5 . - . 0 1 5 1 .00 2 6
50 . - . 0 1 4 6 .00 3 2
55 . - . 0 1 3 9 .0 0 3 8
6 0 . - . 0 1 3 3 i0 0 4 4
6 5 . - . 0 1 2 6 .0051
7 0 . - . 0 1 1 9 .0 0 5 9
75 . - . 0 1 1 1 .0066
80 . - . 0 1 0 3 .0 0 7 4
85 . - . 0 0 9 6 .0081
9 0 . - . 0 0 8 8 .0 0 8 9
9 5 . - . 0 0 8 0 .0 0 9 7

100 . - . 0 0 7 2 .0105
105 . - . 0 0 6 5 .0112
110 . - . 0 0 5 7 .0120
115 . - . 0 0 5 0 .0 1 2 7
120 . - . 0 0 4 3 .0 1 3 4
1 25 . - . 0 0 3 7 .01 4 0
130 . - . 0 0 3 1 .0 1 4 7
135 . - . 0 0 2 5 .0152
140 . - . 0 0 2 0 .0158
145 . - . 0 0 1 5 .01 6 2
150 . - . 0 0 1 1 .0 1 6 6
155 . - . 0 0 0 7 .0 1 7 0
160 . - . 0 0 0 4 .0 1 7 3
165 . - . 0 0 0 2 .0 1 7 5
170 . - . 0 0 0 1 .0 1 7 7
175 . 0 .0000 .0 1 7 7
180 . 0 .0000 .0178
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TA B LE V I I

ANGLE
0.
5 .

10.
15.
20.
25.
30 .
35 .
40 .
45 .
50 .
55 .
60 .
6 5 .
70 .
75 .
80 .
85 .
9 0 .
95 .

100.
105.
110.
115.
120.
125.
130 .
135.

ADNSF
• 0856 
. 0415  
. 0 2 3 4  
. 0173  
. 0132  
.0103  
. 0081  
. 0066 
. 0053  
.0042  
.00 3 4  
. 0 0 2 7  
.0022  
. 0018  
. 0015  
.0013  
. 0 0 1 1  
.0009  
. 0007  
. 0006  
. 0005  
. 0 0 0 4  
. 0003  
. 0 0 0 2
•  0 0 0 2  
. 0 0 0 2  
. 0 0 0 1  
. 0 0 0 1

ADSF 
0 .0000  

. 0020  

. 0027  

. 0028  

.0029  

.0028  

. 0027  
• 0024  
.0023  
.0023  
. 0 0 2 2  
. 0 0 2 1  
. 0 0 2 0  
. 0 0 2 0  
.0019  
.0018  
.0018  
.0018  
. 0017  
. 0017  
. 0017  
. 0017  
. 0017  
.0016  
.0016  
.0016  
. 0016  
.0016

BDNSF
0 . 0 0 0 0

.0 1 6 0

.0 1 9 8

.0 1 9 4

.0 1 7 9

.0 1 6 3

. 0 1 4 9

. 0 1 3 3

. 0 1 1 7

.0 1 0 4

.0 0 8 9

.0 0 7 7

.0 0 6 6

.0 0 5 6

.0 0 4 8

.0 0 3 9

. 0 0 3 3

. 0 0 2 6

.0 0 2 2

. 0 0 1 8

.0 0 1 5

. 0 0 1 2  

.0010

. 0 0 0 7

.0 0 0 5

.0 0 0 4

.0 0 0 3

. 0 0 0 1

BOSF
0 .0 0 0 0  

. 0001  

. 0 0 0 2

.0003

.0004

.0007

.0009

.0012

.0015

.0018

. 0 0 2 1

. 0024

.0027

.0031

.0035

.0038

.0041

.0043

.0046

.0048

.0050

.0052

.0054

.0056

.0057

.0058

. 0 0 6 0

.0061
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TABLE VIII

ANGLE ARNSF ARSF BRNSF BRSF
0 . - 1 . 6 9 8 9 0 . 0 0 0 0 . 0 4 7 4 0 . 0 0 0 0
5 . - 1 . 4 4 2 4 . 0 0 7 8 . 0 4 6 9 - . 0 0 2 3

1 0 . - 1 . 1 1 9 7 . 0 1 5 7 . 0 4 1 0 - . 0 0 2 8
1 5 . - . 9 8 2 1 . 0 2 3 6 . 0 3 1 9 - . 0 0 4 1
2 0 . - . 7 2 9 8 . 0 3 0 7 . 0 2 3 1 - . 0 0 6 4
2 5 . - . 5 0 8 9 . 0 3 6 6 . 0 1 7 7 - . 0 0 7 9
3 0 . - . 3 0 0 6 . 0 3 8 7 . 0 1 3 8 - . 0 0 8 1
3 5 . - . 1 7 7 0 . 0 3 8 5 . 0 1 1 8 - . 0 0 8 0
4 0 . - . 1 1 3 0 . 0 3 7 6 . 0 1 0 3 - . 0 0 7 8
4 5 . - . 0 7 8 0 . 0 3 5 9 . 0 0 9 0 - . 0 0 7 2
5 0 . - . 0 5 2 8 . 0 3 4 3 . 0 0 8 4 - . 0 0 6 6
5 5 . - . 0 3 1 8 . 0 3 2 6 . 0 0 7 8 - . 0 0 5 9
6 0 . - . 0 1 4 1 . 0 3 1 2 . 0 0 7 4 - . 0 0 5 4
6 5 . - . 0 0 7 8 . 0 2 9 7 . 0 0 6 9 - . 0 0 4 9
7 0 . - . 0 0 2 1 . 0 2 8 4 . 0 0 6 4 - . 0 0 4 4
7 5 . • 0 0 2 7 . 0 2 7 2 . 0 0 6 4 - . 0 0 4 3
8 0 . . 0 0 5 5 . 0 2 6 4 . 0 0 5 8 - . 0 0 3 7
8 5 . . 0 0 6 4 . 0 2 5 6 . 0 0 5 4 - . 0 0 3 4
9 0 . • 0 0 6 7 . 0 2 5 2 . 0 0 4 7 - . 0 0 3 2
9 5 . • 0 0 6 6 . 0 2 4 9 . 0 0 4 5 - . 0 0 3 1

1 0 0 . . 0 0 6 3 . 0 2 4 6 . 0 0 4 1 - . 0 0 3 0
1 0 5 . . 0 0 5 7 . 0 2 4 3 . 0 0 3 7 - . 0 0 2 9
1 1 0 . . 0 0 5 2 . 0 2 4 1 . 0 0 3 3 - . 0 0 2 8
1 1 5 . . 0 0 4 7 . 0 2 3 8 . 0 0 2 8 - . 0 0 2 7
1 2 0 . . 0 0 4 1 . 0 2 3 4 . 0 0 2 5 - . 0 0 2 6
1 2 5 . . 0 0 3 6 . 0 2 3 6 . 0 0 2 0 - . 0 0 2 6
1 3 0 . . 0 0 3 1 . 0 2 3 6 . 0 0 1 5 - . 0 0 2 6
1 3 5 . . 0 0 2 5 . 0 2 3 8 . 0 0 1 1 - . 0 0 2 6
1 4 0 . . 0 0 2 0 . 0 2 3 3 . 0 0 1 0 - . 0 0 2 5
1 4 5 . . 0 0 1 5 . 0 2 3 2 . 0 0 0 9 - . 0 0 2 5
1 5 0 . . 0 0 1 2 . 0 2 3 7 . 0 0 0 8 - . 0 0 2 4
1 5 5 . . 0 0 1 1 . 0 2 3 1 . 0 0 0 7 - . 0 0 2 4
1 6 0 . . 0 0 1 0 * 0 2 2 9 . 0 0 0 5 - . 0 0 2 4
1 6 5 . . 0 0 1 0 . 0 2 2 9 . 0 0 0 4 - . 0 0 2 2
1 7 0 . . 0 0 0 9 . 0 2 2 8 . 0 0 0 3 - . 0 0 2 4
1 7 5 . • 000 8 • 02 2 6 . 0 0 0 2 - . 0 0 2 4
1 8 0 . 0 . 0 0 0 0 . 0 2 2 6 0 . 0 0 0 0 - . 0 0 2 5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE IX

ANGLE CRNSF CRSF DRNSF DRSF
0 . - 1 . 6 9 5 5 0 . 0 0 0 0 • 04 7 3 0 . 0 0 0 0
5 . - 1 . 4 2 7 9 . 0 0 7 7 . 0 4 6 4 - . 0 0 2 2

1 0 . - 1 . 1 6 7 5 . 0 1 5 3 . 0 3 9 9 - . 0 0 2 7
1 5 . - . 9 4 0 0 . 0 2 2 5 . 0 3 0 5 - . 0 0 3 9
2 0 . - . 6 8 5 7 . 0 2 8 9 . 0 2 1 6 - . 0 0 5 9
2 5 . - . 4 7 0 2 . 0 3 3 8 . 0 1 6 3 - . 0 0 7 2
3 0 . - . 2 7 3 7 . 0 3 5 2 . 0 1 2 5 - . 0 0 7 3
3 5 . - . 1 5 9 1 • 0 34 6 . 0 1 0 6 - . 0 0 7 2
4 0 . - . 1 0 0 5 . 0 3 3 4 . 0 0 9 1 - . 0 0 6 9
4 5 . - . 0 6 8 5 . 0 3 1 6 . 0 0 7 9 - . 0 0 6 3
5 0 . - . 0 4 6 1 . 0 3 0 0 . 0 0 7 4 - . 0 0 5 7
5 5 . - . 0 2 7 5 . 0 2 8 3 • 0068 - . 0 0 5 1
6 0 . - . 0 1 2 0 . 0 2 7 0 . 0 0 6 4 - . 0 0 4 7
6 5 . - . 0 0 6 5 . 0 2 5 5 . 0 0 5 9 - . 0 0 4 2
7 0 . - . 0 0 1 6 . 0 2 4 2 . 0 0 5 5 - . 0 0 3 8
7 5 . . 0 0 2 4 . 0 2 3 2 . 0 0 5 5 - . 0 0 3 6
8 0 . . 0 0 4 8 . 0 2 2 5 . 0 0 4 9 - . 0 0 3 1
8 5 . . 0 0 5 6 . 0 2 1 7 . 0 0 4 6 - . 0 0 2 8
9 0 . . 0 0 5 8 . 0 2 1 2 . 0 0 4 0 - . 0 0 2 6
9 5 . . 0 0 5 6 . 0 2 0 9 . 0 0 3 8 - . 0 0 2 5

1 0 0 . . 0 0 5 4 . 0 2 0 7 • 00 3 4 - . 0 0 2 4
1 0 5 . . 0 0 4 9 . 0 2 0 4 . 0 0 3 1 - . 0 0 2 4
1 1 0 . . 0 0 4 5 . 0 2 0 2 • 002 7 - . 0 0 2 3
1 1 5 . • 0 0 4 0 • 0199 . 0 0 2 3 - . 0 0 2 2
1 2 0 . . 0 0 3 5 . 0 1 9 5 . 0 0 2 1 - . 0 0 2 2
1 2 5 . • 0 0 3 1 . 0 1 9 6 . 0 0 1 6 - . 0 0 2 2
1 3 0 . . 0 0 2 6 . 0 1 9 5 . 0 0 1 2 - . 0 0 2 2
1 3 5 . . 0 0 2 1 . 0 1 9 7 . 0 0 0 9 - . 0 0 2 2
1 4 0 . . 0 0 1 6 . 0 1 9 2 . 0 0 0 8 - . 0 0 2 1
1 4 5 . . 0 0 1 2 • 01 9 1 • 000 7 - . 0 0 2 1
1 5 0 . • 0 0 1 0 . 0 1 9 6 . 0 0 0 6 - . 0 0 2 0
1 5 5 . . 0 0 0 9 • 019 0 . 0 0 0 5 - . 0 0 2 0
1 6 0 . . 0 0 0 8 . 0 1 8 8 . 0 0 0 4 - . 0 0 2 0
1 6 5 . . 0 0 0 8 . 0 1 8 8 . 0 0 0 3 - . 0 0 1 8
1 7 0 . . 0 0 0 7 . 0 1 8 7 . 0 0 0 2 - . 0 0 2 0
1 7 5 . • 0 0 0 6 • 018 7 • 0001 - . 0 0 2 0
1 8 0 . 0 . 0 0 0 0 • 01 8 5 0 . 0 0 0 0 - . 0 0 2 1
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TABLE X

ANGLE ARLNSF ARLSF BRLNSF BRLSF
0 , - 6 . 7 9 5 6 0 . 0 0 0 0 . 1 8 9 6 0 . 0 0 0 0
5 . - 3 . 2 5 1 7 . 0 1 7 5 . 1 0 5 7 - . 0 0 5 1

1 0 , - . 5 6 1 3 . 0 0 7 8 . 0 2 0 5 - . 0 0 1 4
15* - . 0 7 2 1 . 0 0 1 7 . 0 0 2 3 - . 0 0 0 3
2 0 . - . 0 4 4 2 . 0 0 1 8 . 0 0 1 4 - . 0 0 0 3
2 5 . - . 0 5 1 8 . 0 0 3 7 . 0 0 1 8 - . 0 0 0 8
3 0 . - . 0 4 0 4 . 0 0 5 2 . 0 0 1 8 - . 0 0 1 0
3 5 . - . 0 2 7 3 . 0 0 5 9 . 0 0 1 8 - . 0 0 1 2
AO. - . 0 1 8 8 . 0 0 6 2 . 0 0 1 7 - . 0 0 1 3
4 5 . - . 0 1 3 6 . 0 0 6 2 . 0 0 1 5 - . 0 0 1 2
5 0 . - . 0 0 9 4 . 0 0 6 1 . 0 0 1 5 - . 0 0 1 1
5 5 . - . 0 0 5 8 . 0 0 5 9 . 0 0 1 4 - . 0 0 1 0
6 0 . - . 0 0 2 6 . 0 0 5 7 . 0 0 1 3 - . 0 0 1 0
6 5 . - . 0 0 1 4 . 0 0 5 5 . 0 0 1 2 - . 0 0 0 9
7 0 . - . 0 0 0 3 . 0 0 5 3 . 0 0 1 2 - . 0 0 0 8
7 5 . . 0 0 0 5 . 0 0 5 1 . 0 0 1 2 - . 0 0 0 8
8 0 . • 0 0 1 0 . 0 0 4 9 . 0 0 1 0 - . 0 0 0 7
8 5 . . 0 0 1 2 . 0 0 4 8 . 0 0 1 0 - . 0 0 0 6
9 0 . . 0 0 1 2 . 0 0 4 7 . 0 0 0 8 - . 0 0 0 6
9 5 . . 0 0 1 2 . 0 0 4 7 . 0 0 0 8 - . 0 0 0 5

1 0 0 . • 001 1 . 0 0 4 6 . 0 0 0 7 - . 0 0 0 5
1 0 5 . . 0 0 1 0 . 0 0 4 6 . 0 0 0 7 - . 0 0 0 5
1 1 0 . . 0 0 0 9 . 0 0 4 5 . 0 0 0 6 - . 0 0 0 5
1 1 5 . •  00 0 8 . 0 0 4 5 • 000 5 - . 0 0 0 5
1 2 0 . . 0 0 0 7 . 0 0 4 4 . 0 0 0 4 - . 0 0 0 4
1 2 5 . . 0 0 0 6 . 0 0 4 5 • 00 0 3 - . 0 0 0 4
1 3 0 . . 0 0 0 5 . 0 0 4 5 . 0 0 0 2 - . 0 0 0 4
1 3 5 . . 0 0 0 4 . 0 0 4 5 . 0 0 0 2 - . 0 0 0 4
1 4 0 . . 0 0 0 3 . 0 0 4 4 . 0 0 0 1 - . 0 0 0 4
1 4 5 . . 0 0 0 2 • 0 0 4 4 • 0001 - . 0 0 0 4
1 5 0 . . 0 0 0 2 • 0 0 4 5 . 0 0 0 1 - . 0 0 0 4
1 5 5 . . 0 0 0 2 • 0 0 4 4 . 0 0 0 1 - . 0 0 0 4
1 6 0 . . 0 0 0 1 . 0 0 4 3 0 . 0 0 0 0 - . 0 0 0 4
1 6 5 . . 0 0 0 1 . 0 0 4 3 0 . 0 0 0 0 - . 0 0 0 4
1 7 0 . • 00 0 1 . 0 0 4 3 0 . 0 0 0 0 - . 0 0 0 4
1 7 5 . . 0 0 0 1 • 0 0 4 3 0 . 0 0 0 0 - . 0 0 0 4
1 8 0 . 0 . 0 0 0 0 . 0 0 4 3 0 . 0 0 0 0 - . 0 0 0 4
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TABLE XI

ANGLE ATNSF AT SF
0 . - . 0 1 9 5 0 . 0 0 0 0
5 . - . 0 1 9 4 0 . 0 0 0 0

1 0 , - . 0 1 9 3 . 0 0 0 1
1 5 . - . 0 1 9 1 . 0 0 0 3
2 0 . - . 0 1 8 9 . 0 0 0 5
2 5 . - . 0 1 8 5 . 0 0 0 9
3 0 . - . 0 1 8 1 . 0 0 1 3
3 5 . - . 0 1 7 7 . 0 0 1 7
4 0 . - . 0 1 7 2 . 0 0 2 3
4 5 . - . 0 1 6 6 . 0 0 2 8
5 0 . - . 0 1 5 9 . 0 0 3 5
5 5 . - . 0 1 5 3 . 0 0 4 2
6 0 . - . 0 1 4 5 . 0 0 4 9
6 5 . - . 0 1 3 8 . 0 0 5 6
7 0 . - . 0 1 3 0 . 0 0 6 4
7 5 . - . 0 1 2 2 . 0 0 7 2
8 0 . - . 0 1 1 3 . 0 0 8 1
8 5 . - . 0 1 0 5 . 0 0 8 9
9 0 . - . 0 0 9 6 . 0 0 9 8
9 5 . - . 0 0 8 8 . 0 1 0 6

1 0 0 . - . 0 0 7 9 . 0 1 1 5
1 0 5 . - . 0 0 7 1 . 0 1 2 3
1 1 0 . - . 0 0 6 3 . 0 1 3 1
1 1 5 . - . 0 0 5 5 . 0 1 3 9
1 2 0 . - . 0 0 4 7 . 0 1 4 7
1 2 5 . - . 0 0 4 0 . 0 1 5 4
1 3 0 . - . 0 0 3 3 . 0 1 6 1
1 3 5 . - . 0 0 2 7 . 0 1 6 7
1 4 0 . - . 0 0 2 2 . 0 1 7 3
1 4 5 . - . 0 0 1 6 . 0 1 7 8
1 5 0 . - . 0 0 1 2 . 0 1 8 2
1 5 5 . - . 0 0 0 8 . 0 1 8 6
1 6 0 . - . 0 0 0 5 . 0 1 8 9
1 6 5 . - . 0 0 0 2 . 0 1 9 2
1 7 0 . - . 0 0 0 1 . 0 1 9 3
1 7 5 . 0 . 0 0 0 0 . 0 1 9 4
1 8 0 . 0 . 0 0 0 0 . 0 1 9 5
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TABLE XII

ANGLE ADNSF
0 .  . 1 0 7 7  0 .
5 .  . 0 5 2 2  •

1 0 .  . 0 2 9 4  •
1 5 .  . 0 2 1 7  •
2 0 .  . 0 1 6 6  •
2 5 .  . 0 1 2 9
3 0 .  . 0 1 0 1  •
3 5 .  . 0 0 8 3  •
4 0 .  . 0 0 6 6  •
4 5 .  . 0 0 5 2
5 0 .  . 0 0 4 2
5 5 .  . 0 0 3 3  •
6 0 .  . 0 0 2 7  •
6 5 .  . 0 0 2 2  •
7 0 .  . 0 0 1 8  •
7 5 .  . 0 0 1 6  •
8 0 .  . 0 0 1 3  •
8 5 .  . 0 0 1 1
9 0 .  . 0 0 0 8  •
9 5 .  . 0 0 0 7  •

1 0 0 .  . 0 0 0 6  •
1 0 5 .  . 0 0 0 5
1 1 0 .  . 0 0 0 3
1 1 5 .  . 0 0 0 2  •
120. .0002 •
1 2 5 .  . 0 0 0 2
1 3 0 .  . 0 0 0 1  •
1 3 5 .  . 0 0 0 1

BDNSF BDSF
0 . 0 0 0 0 0 . 0 0 0 0

. 0 2 0 1 . 0 0 0 1

. 0 2 4 9 . 0 0 0 2

. 0 2 4 4 . 0 0 0 3

. 0 2 2 5 . 0 0 0 5

. 0 2 0 5 . 0 0 0 8

. 0 1 8 7 . 0 0 1 1

. 0 1 6 7 . 0 0 1 5

. 0 1 4 7 . 0 0 1 8

. 0 1 3 0 . 0 0 2 2

. 0 1 1 2 . 0 0 2 6

. 0 0 9 6 . 0 0 3 0

. 0 0 8 3 . 0 0 3 3

. 0 0 7 0 . 0 0 3 9

. 0 0 6 0 . 0 0 4 4

. 0 0 4 9 . 0 0 4 7

. 0 0 4 1 . 0 0 5 1

. 0 0 3 2 . 0 0 5 4

. 0 0 2 7 . 0 0 5 7

. 0 0 2 2 . 0 0 6 0

. 0 0 1 8 . 0 0 6 2

. 0 0 1 5 . 0 0 6 5

. 0 0 1 2 . 0 0 6 7

. 0 0 0 8 . 0 0 7 0

. 0 0 0 6 . 0 0 7 1

. 0 0 0 5 . 0 0 7 3

. 0 0 0 3 . 0 0 7 5

. 0 0 0 1 . 0 0 7 6

ADSF
000 0
0025
0033
0035
003 6
0035
0033
0030
0028
0028
00 2 7
002 6
0025
0025
0023
0022
0022
0022
0021
0021
0021
0021
0021
0020
0020
0020
0020
0020
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TABLE XIII

ANGLE ARNSF ARSF BRNSF BRSF
0. -1.6989 0.0000 .0474 0.0000
5. -1.4638 .0079 .0476 -.0023
10. -1.2641 .0166 .0432 -.0028
15. -1.0937 .0263 .0355 -.004520. -.8611 .0363 .0248 -.0075
25. -.6350 .0457 .0221 -.0098
30. -.3946 .0508 .0181 -.0106
35. -.2429 .0529 .0161 -.0110
AO. -.1613 .0536 .0146 -.0111
45. -.1149 .0529 .0133 -.0106
50. -.0803 .0522 .0128 -.010055. -.0496 .0509 .0122 -.0093
60. -.0226 .0497 • 0119 -.009065. -.0127 .048 3 .0113 -.0080
70. -.0035 .0470 .0106 -.0073
75. .0045 .0458 .0108 -.007280. .0094 .0451 .0099 -.006285. .0110 . 0443 • 0093 -.0059
90. .0117 .0440 .0083 -.0055
95. .0117 .0439 .0080 -.0054100. .0112 .0438 .0073 -.0053
105 o .0103 .0437 .0066 -.0053
110. .0094 .0437 .0059 -.0051
115. .0085 .0434 .0052 -.0050
120. .0076 .0429 . 0046i -.0048
125. .0066 .0432 .0036 -.0048130. .0057 .0437 .0028 -.0048
135. .0047 .0443 .0020 -.0049140. .0037 .0435 • 0018 -.0047145. .0029 .0435 .0016 -.0046150. .0023 .0445 .0014 -.0045
155. .0021 .0435 .0012 -.0044160. .0019 .0432 .0010 -.0044
165. .0019 .0433 .0008 -.0041
170. .0017 .0431 .0006 -.0045175. .0016 .0432 .0004 -.0045180. 0.0000 .0427 0.0000 -.0048
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TABLE XIV

ANGLE CRNSF CRSF DRNSF DRt
0 . - 1 . 6 9 3 8 0 . 0 0 0 0 . 0 4 7 3 0 . 0 0 0 0
5 . - 1 . 4 2 6 1 . 0 0 7 7 • 0 4 6 4 - . 0 0 2 2

1 0 . - 1 . 1 6 5 8 . 0 1 5 2 . 0 3 9 9 - . 0 0 2 7
1 5 . - . 9 3 8 3 . 0 2 2 5 . 0 3 0 5 - . 0 0 3 9
2 0 . - . 6 8 4 1 . 0 2 8 8 . 0 2 1 6 - . 0 0 5 9
2 5 . - . 4 6 8 5 . 0 3 3 7 . 0 1 6 3 - . 0 0 7 2
3 0 . - . 2 7 2 1 • 0 3 5 1 . 0 1 2 5 - . 0 0 7 3
3 5 . - . 1 5 7 5 . 0 3 4 5 . 0 1 0 6 - . 0 0 7 2
AO. - . 0 9 8 9 . 0 3 3 2 . 0 0 9 1 - . 0 0 6 9
4 5 . - . 0 6 7 0 . 0 3 1 4 . 0 0 7 9 - . 0 0 6 3
5 0 . - . 0 4 4 7 . 0 2 9 7 . 0 0 7 4 - . 0 0 5 7
5 5 . - . 0 2 6 2 . 0 2 8 0 • 00 6 8 - . 0 0 5 1
6 0 . - . 0 1 0 7 . 0 2 6 5 . 0 0 6 4 - . 0 0 4 7
6 5 . - . 0 0 5 3 . 0 2 5 0 . 0 0 5 9 - . 0 0 4 2
7 0 . - . 0 0 0 4 . 0 2 3 7 . 0 0 5 5 - . 0 0 3 8
7 5 . . 0 0 3 5 . 0 2 2 6 . 0 0 5 5 - . 0 0 3 6
8 0 . . 0 0 5 8 . 0 2 1 7 . 0 0 4 9 - . 0 0 3 1
8 5 . • 00 6 5 • 0 2 0 9 • 0 0 4 6 - . 0 0 2 8
9 0 . • 006 6 . 0 2 0 3 . 0 0 4 0 - . 0 0 2 6
9 5 . . 0 0 6 4 . 0 1 9 9 • 00 3 8 - . 0 0 2 5

1 0 0 . . 0 0 6 1 . 0 1 9 7 . 0 0 3 4 - . 0 0 2 4
1 0 5 . . 0 0 5 6 . 0 1 9 3 . 0 0 3 1 - . 0 0 2 4
1 1 0 . • 00 5 0 . 0 1 9 0 . 0 0 2 7 - . 0 0 2 3
1 1 5 . . 0 0 4 4 . 0 1 8 6 . 0 0 2 3 - . 0 0 2 2
1 2 0 . . 0 0 3 9 . 0 1 8 2 . 0 0 2 1 - . 0 0 2 2
1 2 5 . . 0 0 3 4 . 0 1 8 3 . 0 0 1 6 - . 0 0 2 2
1 3 0 . . 0 0 2 9 . 0 1 8 1 . 0 0 1 2 - . 0 0 2 2
1 3 5 . . 0 0 2 3 . 0 1 8 2 . 0 0 0 9 - . 0 0 2 2
1 4 0 . . 0 0 1 8 . 0 1 7 7 . 0 0 0 8 - . 0 0 2 1
1 4 5 . . 0 0 1 4 . 0 1 7 6 . 0 0 0 7 - . 0 0 2 1
1 5 0 . . 0 0 1 1 • 0 1 8 0 • 0 0 0 6 - . 0 0 2 0
1 5 5 . . 0 0 1 0 . 0 1 7 4 . 0 0 0 5 - . 0 0 2 0
1 6 0 . . 0 0 0 9 . 0 1 7 2 . 0 0 0 4 - . 0 0 2 0
1 6 5 . . 0 0 0 8 . 0 1 7 1 . 0 0 0 3 - . 0 0 1 8
1 7 0 . . 0 0 0 7 . 0 1 7 0 . 0 0 0 2 - . 0 0 2 0
1 7 5 . . 0 0 0 6 . 0 1 7 0 . 0 0 0 1 - . 0 0 2 0
1 8 0 . 0 . 0 0 0 0 . 0 1 6 8 0 . 0 0 0 0 - . 0 0 2 1
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TABLE XV

ANGLE ARLNSF ARLSF BRLNSF BRLSF0. -6.7956 0.0000 .1896 0.00005. -3.7943 .0204 .1233 -.005910. -1.0490 .0137 .0358 -.002315. -.2050 .0049 .0066 -.000820. -.0677 .0028 .0019 -.000525. -.0618 .0044 .0021 -.000930. -.0512 • 0066 .0023 -.001335. -.0377 .0082 .0025 -.001740. -.0278 .0092 .0025 -.001945. -.0212 .0097 .0024 -.001950. -.0154 .0100 .0024 -.001955. -.0098 .0100 .0024 -.001860. -.0045 .0100 .0024 -.001865. -.0025 .0098 .0023 -.001670. -.0007 .0097 .0021 -.001575. .0009 .0095 .0022 -.001480. .0019 .0094 .0020 -.001285. .0023 .0093 .0019 -.001290. .0024 .0092 .0017 -.001195. .0024 .0092 .0016 -.0011100. .0023 .0092 .0015 -.0011105. .0021 .0092 .0014 -.0011110. .0019 .0092 .0012 -.0010115. .0018 .0092 .0011 -.0010120. .0016 .0091 .0009 -.0010125. .0014 .0092 .0007 -.0010130. .0012 .0093 .0005 -.0010135. .0010 .0094 .0004 -.0010140. .0007 .0092 .0003 -.0010145. .0006 .0092 .0003 -.0009150. .0004 .0095 .0002 -.0009155. .0004 .0092 .0002 -.0009160. .0004 .0092 .0002 -.0009165. .0004 .0092 .0001 -.0008170. .0003 .0092 .0001 -.0009175. .0003 .0092 0.0000 -.0009180. 0.0000 .0091 0.0000 -.0010
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APPENDIX I I I

This appendix lists the various theoretical elastic scattering 

cross sections. All cross sections are given in millibarns per 

steradian.

50
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TABLE XXIV

ANGLE CRSCA CRSCB CRSCC
0 .  2 . 3 4 2 0 8 4 3 E + 0 2  2 . 1 I 4 5 1 6 0 E + 0 2  5 . 6 4 3 3 2 6 9 E + 0 3  
5 ,  1 * 6 9 4 9 2 2 2 E+02 1 . 6 0 1 4 7 2 0 E + 0 2  1 . 7 3 4 4 8 3 7 E + 0 3  

1 0 .  1 . 0 2 8 8 1 12E+02  9 . 8 8 6 5 0 2 9 E + 0 1  2 . 2 3 4 5 2 4 3 E + 0 2  
1 5 .  7 • 9 4 7 5 3 4 6 E + 0 1 7 . 6 8 9 1 8 5 0 E + 0 1  8 . 8 5 9 4 4 3 3 E + 0 1 
2 0 .  4 . 4 4 4 3 2 2 3 E + 0 1  4 . 2 9 9 6 6 5 8 E + 0 1  4 . 8 3 3 5 7 3 2 E + 0 1  
2 5 .  2 . 2 1 0 1 3 1 8 E + 0 1  2 . 1 3 3 2 8 5 0 E + 0 1  2 . 5 8 2 8 5 1 3 E + 0 1  
3 0 .  8 . 1 3 7 1 8 0 0 E + 0 0  7 . 8 0 1 2 0 2 1E+00 9 . 9 6 1 6 0 4 9 E + 0 0  
3 5 .  3 . 1 0 7 7 1 4 5 E + 0 0  2 . 9 6 1 9 8 5 7 E + 0 0  3 . 8 8 5 6 3 9 0 E + 0 0  
4 0 .  1 . 4 5 3 9 7 9 4 E+00 1 . 3 9 1 1 2 2 4 E + 0 0  1 . 8 4 2 5 5 5 9 E + 0 0  
4 5 .  8 . 1 7 9 5 2 7 7 E - 0 1  7 . 9 3 3 4 7 7 0 E - 0 1  1 . 0 5 1 178 5 E + 0 0  
5 0 .  4 . 8 1 5 7 5 0 1 E - 0 1  4 . 7 5 9 0 0 2  I E - 0 1  6 . 2 6 8 5 4 6 2 E - 0 1  
5 5 .  2 . 7 9 4 4 2 6 2 E - 0 1  2 . 8 5 3 4 7 4 9 E - 0 1  3 . 7 1 6 0 9 3 1 E - 0 1  
6 0 .  1 . 6 7 5 4 8 7 2 E - 0 1  1 . 7 9 4 8 7 5 8 E - 0 1  2 . 3 1 4 6 7 3 8 E - 0 1  
6 5 .  1 . 3 5 4 8 3 1 0 E - 0 1  1 . 4 8 2 7 9 3 2 E - 0 1  1 . 9 0 7 2 5 9 5 E - 0 1  
7 0 .  1 . 1 3 8 5 6 8 4 E - 0 1  1 . 2 6 5 7 6 5 2 E - 0 1  1 . 6 2 7 5 1 8 3 E - 0 1  
7 5 .  1 . 0 1 4 4 1 5 1 E - 0 1  1 . 1 3 4 9 0 6 2 E - 0 1  1 . 4 6 2 8 2 6 0 E - 0 1  
8 0 .  9 . 6 5 0 7 0 9 2 E - 0 2  1 . 0 8 5 0 5 5  I E - 0 1  1 . 3 9 8 8 1 9 9 E - 0 1  
8 5 .  9 . 4 7 7 0 1 4 1 E - 0 2  2 . 0 6 2 0 7 3 0 E - 0 1  1 . 3 6 5 1 5 8 8 E - 0 1  
9 0 .  9 . 5 6 9 9 O 5 5 E - 0 2  1 . 0 6 3 2 7 3 1 E - 0 1  1 . 3 6 1 8 9 3 2 E - 0 1  
9 5 .  9 . 7 9 3 3 0 2 5 E - 0 2  1 . 0 8 4 2 0 3 4 E - 0 1  1 . 3 8 2 7 0 6 9 E - 0 1  

1 0 0 .  1 . 0 0 1 4 3 8 3 E - 0 1  1 . 1 0 5 5 9 2 4 E - 0 1  1 . 4 0 2 9 3 8 6 E - 0 1  
1 0 5 .  1 . 0 2 4 1 5 1 9 E - 0 1  1 . 1 2 7 8 7 1 2 E -0 1  1 . 4 2 3 2 2 2 7 E - 0 1  
1 1 0 .  1 . 0 5 2 1 1 4 7 E - 0 1  1 . 1 5 6 9 4 9 4 E - 0 1  1 . 4 5 2 5 4 4 0 E - 0 1  
1 1 5 .  1 . 0 7 3 2 5 4 4 E - 0 1  1 . 1 7 2 4 8 7  I E - 0 1  1 . 4 6 5 1 5 9 6 E - 0 1  
1 2 0 .  1 . 0 8 8 3 7 0 1 E - 0 1  1 . 1 8 8 4 2 0 9 E - 0 1  1 . 4 7 7 2 9 6 1 E - 0 1  
1 2 5 .  1 . 1 3 7 0 9 3 5 E - 0 1  1 . 2 3 9 0 7 7 8 E - 0 1  1 . 5 3 5 7 6 4 1 E - 0 1  
1 3 0 .  1 . 1 7 2 7 6 5 4 E - 0 1  1 . 2 7 6 7 6 0 0 E - 0 1  1 . 5 7 7 0 6 2 5 E - 0 1  
1 3 5 .  1 • 2 1 9 2 3 6 4 E - 0 1  1 . 3 2 5 1 2 6 1 E - 0 1  1 . 6 3 3 0 0 6 8 E - 0 1  
1 4 0 .  1 • 2 1 9 9 3 9 4 E - 0 1 1 . 2 1 9 9 3 9 4 E - 0 1  1 . 5 1 4 2 3 4 0 E - 0 1  
1 4 5 .  1 . 2 4 2 7 2 1 7 E - 0 1  1 . 2 4 2 7 2 1 7 E - 0 1  1 . 5 3 8 1 5 4 1 E - 0 1  
1 5 0 .  1 . 2 9 9 9 6 0 4 E - 0 1  1 . 2 9 9 9 6 0 4 E - 0 1  1 . 6 0 8 5 6 5 1 E - 0 1  
1 5 5 .  1 . 2 8 4 0 0 7 2 E - 0 1  1 . 2 8 4 0 0 7 2 E - 0 1  1 . 5 8 2 7 3 6 1 E - 0 1  
1 6 0 .  1 . 2 8 9 5 9 8 4 E - 0 1  1 . 2 8 9 5 9 8 4 E - 0 1  1 . 5 8 6 2 0 5 0 E - 0 1  
1 6 5 .  1 . 3 0 3 3 6 4 1 E - 0 1  1 . 3 0 3 3 6 4 1 E - 0 1  1 . 6 0 1 2 5 8 3 E - 0 1  
1 7 0 .  1 . 3 0 7 8 0 9 6 E - 0 1  1 . 3 0 7 8 0 9 6 E - 0 1  1 . 6 0 5 0 1 3 7 E - 0 1  
1 7 5 .  1 • 3 0 0 6 8 8 3 E - 0 1  1 . 3 0 0 6 8 8 3 E - 0 1  1 . 5 9 4 3 7 1 9 E - 0 1  
1 8 0 .  1 • 3 0 1 9 5 4 7 E - 0 1 1 . 3 0 1 9 5 4 7 E - 0 1  1 . 5 9 5 7 2 9 1 E - 0 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE XVI

ANGLE CRSCD CRSCE CRSCF
0 . 2 . 1 1 4 5 1 6 0 E + 0 2 5 . 7 5 8 4 6 9 7 E + 0 3 5 7 3 5 3 5 7 0 E + 0 3
5 , 1 . 6 0 2 0 3 1 6 E+02 1 . 7 6 4 9 8 6 9 E+O3 1 7 5 1 8 8 7 4 E + 0 3

1 0 . 9 . 8 8 9 3 8 5 4 E + 0 1 2 . 2 9 4 8 6 5 8 E + 0 2 2 2 4 7 8 8 2 6 E + 0 2
1 5 . 7 . 6 8 9 9 6 3 5 E + 0 1 9 .  1 3 6 8 2 8 0 E + 0 1 8 8 4 3 5 5 6 5 E + 0 1
2 0 . 4 . 3 0 0 7 4 2 0 E + 0 1 4 . 9 8 7 0 3 4 7 E + 0 1 4 7 7 3 6 4 2 2 E + 0 1
2 5 . 2 . 1 3 5 8 7 6 3 E + 0 1 2 . 6 6 7 5 5 7 3 E + 0 1 2 5 1 4 8 773E + 01
3 0 . 7 . 8 3 9 8 8 4 3 E + 0 0 1 . 0 3 4 3 0 9 2 E + 0 1 9 4 2 5 3 5 7 9 E + 0 0
3 5 . 3 . 0 0 6 5 1 8 8 E + 0 0 4 . 0 5 4 1 9 4 4 E + 0 0 3 5 0 8 3 3 7 6 E + 0 0
AO. 1 . 4 3 7 6 4 0 7 E + 0 0 1 . 9 1 6 1 3 0 7 E + 0 0 1 5 6 4 9 7 2 6 E + 0 0
4 5 . 8 . 3 8 4 3 2 6 1 E —01 1 . 0 8 0 3 5 2 6 E + 0 0 8 3 6 0 5 1 4 2 E -0 1
5 0 . 5 . 1 8 8 0 3 0 4 E - 0 1 6 . 3 3 7 6 2 5 6 E - 0 1 4 6 4 4 3 9 9 7 E - 0 1
5 5 . 3 . 2 5 4 0 0 9 1 E - 0 1 3 . 6 4 8 7 5 6 6 E - 0 1 2 5 5 0 9 9 4 3 E - 0 1
6 0 . 2 . 1 7 2 6 2 0 9 E - 0 1 2 . 1 7 5 9 6 7 8 E - 0 1 1 5 4 2 7 8 2 4 E - 0 1
6 5 . 1 . 8 3 5 5 6 6 8 E - 0 1 1 . 7 5 8 8 8 3 0 E - 0 1 1 2 7 9 0 6 8 6 E - 0 1
7 0 . 1 . 5 9 7 0 2 0 9 E - 0 1 1 . 4 8 0 5 8 6 9 E - 0 1 1 1 2 2 2 4 2 6 E - 0 1
7 5 . 1 . 4 4 7 5 0 4 5 E - 0 1 1 . 3 2 4 0 3 6 2 E - 0 1 1 0 5 1 6 5 5 2 E - 0 1
a o . 1 . 3 8 7 4 0 9 9 E - 0 1 1 • 2 6 1 5 4 5 6 E - 0 1 1 0 2 0 2 4 2 2 E - 0 1
8 5 . 1 . 3 5 4 6 1 2 4 E - 0 1 1 . 2 3 5 3 5 1 6 E - 0 1 9 8 3 3 1 0 6 0 E - 0 2
9 0 . 1 . 3 5 3 0 9 5 3 E - 0 1 1 . 2 4 2 5 9 6 6 E - 0 1 9 6 1 1 3 9 6 4 E - 0 2
9 5 . 1 . 3 7 4 0 2 1 3 E -0 1 1 . 2 6 5 9 0 4 9 E - 0 1 9 4 6 9 1 4 0 6 E - 0 2

1 0 0 . 1 . 3 9 5 2 9 2 6 E - 0 1 1 . 2 8 7 8 6 7 8 E - 0 1 9 2 9 9 6 4 7 9 E - 0 2
1 0 5 . 1 . 4 1 7 1 3 6 8 E - 0 1 1 . 3 0 9 5 3 9 5 E - 0 1 9 1 1 3 2 7 0 2 E - 0 2
1 1 0 . 1 . 4 4 7 5 9 6 0 E -0 1 1 . 3 3 8 4 1 7 8 E - 0 1 9 0 2 0 9 9 6 6 E - 0 2
1 1 5 . 1 . 4 6 1 5 5 7 3 E - 0 1 1 . 3 5 8 0 9 8 9 E - 0 1 8 8 6 8 4 5 7 9 E - 0 2
1 2 0 . 1 . 4 7 4 4 4 6 9 E - 0 1 1 . 3 6 9 7 6 7 4 E —01 8 6 9 4 1 3 8 7 E - 0 2
1 2 5 . 1 . 5 3 3 7 3 0 0 E - 0 1 1 . 4 2 6 4 5 0 4 E - 0 1 8 8 6 0 1 7 3 1 E - 0 2
1 3 0 . 1 . 5 7 5 8 1 0 1 E - 0 1 1 . 4 6 6 1 2 2 6 E - 0 1 8 9 5 1 8  5 0 3 E - 0 2
1 3 5 . 1 . 6 3 2 3 4 0 6 E - 0 1 1 . 5 2 0 2 7 4 7 E - 0 1 9 1 4 4 2 0 8 4 E - 0 2
1 4 0 . 1 . 5 1 3 7 9 4 1 E - 0 1 1 . 5 1 4 2 3 4 0 E - 0 1 8 2 5 5 0 0 3 0 E - 0 2
1 4 5 . 1 . 5 3 7 8 4 0 7 E - 0 1 1 . 5 3 8 1 5 4 1 E - 0 1 8 2 8 6 6 6 1 4 E - 0 2
1 5 0 . 1 . 6 0 8 2 8 7 0 E - 0 1 1 . 6 0 8 5 6 5 1 E —01 8 6 3 4 0 2 1 3 E - 0 2
1 5 5 . 1 • 5 8 2 4 3 2 6 E - 0 1 1 . 5 8 2 7 3 6 1 E - 0 1 8 4 0 2 1 5 9 2 E - 0 2
1 6 0 . 1 . 5 8 5 9 3 9 8 E - 0 1 1 . 5 8 6 2 0 5 0 E - 0 1 8 369 3  0 0 2 E - 0 2
1 6 5 . 1 . 6 0 0 9 5 5 0 E - 0 1 1 . 6 0 1 2 5 8 3 E - 0 1 8 4 1 8 5 8 1 2 E - 0 2
1 7 0 . 1 . 6 0 4 7 4 5 7E—0 1 1 . 6 0 5 0 1 3 7 E - 0 1 8 4 1 8 1 7 2 3 E - 0 2
1 7 5 . 1 . 5 9 4 1 5 1 6 E - 0 1 1 . 5 9 4 3 7 1 9 E - 0 1 8 3 3 8 6 9 1 6 E - 0 2
1 8 0 . 1 . 5 9 5 7 2 9 1 E - 0 1 1 . 5 9 5 7 2 9 1 E - 0 1 8 3 4 2 6 6 6 8 E - 0 2
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TABLE XVII

ANGLE CRSCG CRSCH CRSCI
0 .  2 • 3 3 2 5 2  2 2 E + 02 2 . 1 0 5 7 0 9 8 E + 0 2  5 . 6 2 0 5 7 9 4 E + 0 3  
5 .  1 . 6 6 1 2 1 5 0 E + 0 2  1 . 5 6 8 9 1 6 6 E + 0 2  1 . 6 9 9 6 1 2 8 E + 0 3  

1 0 .  1 . 1 1 6 7 4 9 0 E + 02 1 • 0 7 4 9 1 6 0 E+02 2 . 4 2 9 3 1 3 1 E + 0 2 
1 5 .  7 . 2 9 1 2 0 6 9 E + 0 1  7 . 0 4 4 8 6 2 7 E + 0 1  8 . 1 1 6 9 7 3 3 E + 0 1 
2 0 .  3 . 9 3 4 5 7 5 2 E + 0 1  3 . 7 9 9 1 5 3 1 E + 0 1  4 . 2 7 0 6 7 1 3 E + 0 1  
2 5 .  1 . 8 9 6 5 0 2 8 E + 0 1 1 . 8 2 5 7 4 6 5 E + 0 1  2 . 2 0 9 9 6 1 4 E + 0 1  
3 0 .  6 . 8 1 3 6 7 9 4 E + 0 0  6 . 5 0 8 7 0 2 0 E + 0 0  8 . 3 0 4 6 5 8 8 E + 0 0  
3 5 .  2 . 5 5 6 8 7 9 1E+00 2 . 4 2 6 3 6 6 5 E + 0 0  3 . 1 7 7 1 0 1 5 E + 0 0  
4 0 .  1 *1 8 2 7 3 2 6 E + 0 0  1 . 1 2 6 9 9 6 8 E + 0 0  1 . 4 8 7 7 2 2 8 E + 0 0  
4 5 .  6 . 5 7 1 5 7 8 3 E - 0 1  6 . 3 5 8 4 2 0 6 E - 0 1  8 . 3 8 1 4 2 8 5 E - 0 1  
5 0 .  3 . 8 7 0 8 4 5 9 E -0 1  3 . 8 2 4 6 0 7 0 E - 0 1  5 . 0 0 3 2 2 7 2 E - 0 1  
5 5 .  2 . 2 4 3 4 5 9 4 E - 0 1  2 . 2 9 7 7 0 8 3 E - 0 1  2 . 9 6 5 6 2 8 9 E - 0 1 
6 0 .  1 . 3 4 6 7 0 0 1 E - 0 1  1 . 4 5 2 7 7 4 5 E - 0 1  1 . 8 5 3 3 4 8 0 E - 0 1  
6 5 .  1 . 0 7 9 9 1 8 7 E - 0 1  1 . 1 9 2 9 4 4 9 E - 0 1  1 . 5 1 5 8 0 5 1 E - 0 1  
7 0 .  9 • 0 0 2 4 4 3 4 E - 0 2  1 . 0 1 2 5 4 5 9 E - 0 1  1 . 2 8 4 4 6 3 2 E - 0 1  
7 5 .  8 . 0 3 1 1 7 2 6 E - 0 2  9 . 1 0 3 0 5 1 7 E - 0 2  1 . 1 5 6 8 1 4 4 E -0 1  
8 0 .  7 . 6 2 4 8 9 4 2 E - 0 2  8 . 6 9 3 8 7 5 8 E - 0 2  1 • 1 0 4 5 3 6 0 E - 0 1  
8 5 .  7 . 4 5 6 2 4 0 0 E - 0 2  8 . 4 8 5 9 0 9 0 E - 0 2  1 . 0 7 4 3 4 1 8 E - 0 1 
9 0 .  7 . 4 8 5 6 3 0 1 E—02 8 . 4 5 0 7 7 0 9 E - 0 2  1 . 0 6 5 2 2 2 4 E - 0 1  
9 5 .  7 . 6 7 5 7 8 5 2 E - 0 2  8 . 6 3 3 6 8 5 4 E - 0 2  1 . 0 8 3 1 3 9 0 E - 0 1  

1 0 0 .  7 . 9 1 1 0 9 4 5 E - 0 2  8 . 8 7 2 1 5 6 1 E - 0 2  1 . 1 0 7 8 0 4 9 E - 0 1 
1 0 5 .  8 . 1 1 8 6 7 1 4 E - 0 2  9 . 0 7 6 3 6 6 0 E - 0 2  1 . 1 2 6 9 4 1 0 E - 0 1  
1 1 0 .  8 . 3 6 4 0 7 1 4 E —02 9 . 3 3 8 1 9 2 7 E - 0 2  1 • 1 5 3 4 6 2 2 E - 0 1 
1 1 5 .  8 . 5 5 6 2 2 2 6 E —02 9 . 4 8 7 2 0 9 5 E - 0 2  1 . 1 6 6 0 3 3 0 E - 0 1  
1 2 0 .  8 . 6 9 6 8 5 5 8 E —02 9 . 6 3 0 4 8 4 2 E - 0 2  1 . 1 7 7 2 7 6 6 E - 0 1  
1 2 5 .  9 . 0 7 8 1 8 8 6 E - 0 2  1 . 0 0 3 0 2 4 6 E - 0 1  1 . 2 2 2 3 2 7 6 E - 0 1 
1 3 0 .  9 . 3 4 5 5 3 7 2 E - 0 2  1 . 0 3 1 8 3 6 7 E - 0 1  1 . 2 5 2 5 1 8 6 E - 0 1  
1 3 5 .  9 • 7 6 2 8 1 4 3 E—02 1 . 0 7 5 6 5 5 3 E - 0 1  1 . 3 0 3 0 0 7 9 E - 0 1 
1 4 0 .  9 • 7 6 9 3 2 8 3 E—02 9 . 7 7 0 5 5 8 7 E - 0 2  1 . 1 9 2 9 1 2 7 E - 0 1 
1 4 5 .  9 . 9 7 3 0 8 9 4 E —02 9 . 9 7 4 3 4 5 4 E - 0 2  1 . 2 1 4 2 3 9 5 E - 0 1  
1 5 0 .  1 . 0 4 8 6 2 2 7 E - 0 1  1 . 0 4 8 7 5 4 8 E - 0 1  1 . 2 7 6 9 0 6 8 E - 0 1  
1 5 5 .  1 . 0 3 4 2 4 3 8 E - 0 1  1 . 0 3 4 3 7 4 0 E - 0 1  1 . 2 5 3 8 5 3 0 E - 0 1  
1 6 0 .  1 . 0 3 9 3 1 6 1 E - 0 1  1 . 0 3 9 4 4 7 0 E - 0 1  1 . 2 5 7 0 3 5 0 E - 0 1  
1 6 5 .  1 . 0 5 1 6 9 3 4 E - 0 1  1 . 0 5 1 8 2 5 9 E - 0 1  1 . 2 7 0 4 6 9 3 E - 0 1  
1 7 0 .  1 . 0 5 5 6 3 4 1 E - 0 1  1 . 0 5 5 7 6 7 0 E - 0 1  1 . 2 7 3 7 5 4 1 E - 0 1  
1 7 5 .  1 . 0 6 0 8 0 7 4 E -0 1  1 . 0 6 0 9 4 1 0 E - 0 1  1 . 2 7 9 4 0 4 7 E - 0 1  
1 8 0 .  1 . 0 5 0 5 4 9 9 E - 0 1  1 . 0 5 0 6 8 2 2 E - 0 1  1 . 2 6 5 7 3 4 9 E - 0 1
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TABLE XVIII

ANGLE CRSCJ CRSCK CRSCL
0 . 2 . 1 0 5 7 0 9 8 E + 0 2 5 . 7 3 5 4 9 1 1E+03 5 . 7 1 2 4 2 6 5 E + 0 3
5 . 1 . 5 6 9 4 6 0 3 E+02 1 . 7 2 9 8 0 9 2 E + 0 3 1 . 7 1 6 8 4 2 8 E + 0 3

1 0 . 1 .0 7 5 1 9 0 5 E + 0 2 2 . 4 9 2 3 7 6 1 E+02 2 . 4 4 3 3 7 8 2 E + 0 2
1 5 . 7 . 0 4 5 5 7 4 0 E + 0 1 8 . 3 8 2 4 5 6 0 E + 0 1 8 . 1 0 1 7 5 9 9 E + 0 1
2 0 . 3 . 8 0 0 1 1 0 9 E + 0 1 4 . 4 1 4 8 6 3 5 E + 0 1 4 . 2 1 4 3 1 9 2 E + 0 1
2 5 . 1 . 8 2 7 9 6 8 8 E + 0 1 2 . 2 8 8 2 195E+01 2 • 1 4 7 0755 E + 01
3 0 . 6 . 5 4 0 9 3 5 1 E + 0 0 8 . 6 5 1 9 5 2 9 E + 0 0 7 . 8 1 5 4 7 8 0 E + 0 0
3 5 . 2 . 4 6 2 6 6 3 4 E + 0 0 3 . 3 2 8 4 5 7 0 E + 0 0 2 . 8 3 6 9 0 8 9 E + 0 0
4 0 . 1 . 1 6 4 0 9 8 2 E + 0 0 1 . 5 5 3 1 5 9 7 E + 0 0 1 . 2 4 0 0 4 4 2 E + 0 0
4 5 . 6 . 7 1 2 4 2 2 2 E - 0 1 8 . 6 3 5 4 9 2 0 E - 0 1 6 . 4 8 2 7 4 6 0 E - 0 1
5 0 . 4 . 1 5 7 9 7 4 4 E - 0 1 5 . 0 6 0 4 8 2 3 E-01 3 * 5 7 6 4 8 1 0 E -0 1
5 5 . 2 . 6 0 5 4 6 3 5 E -0 1 2 . 9 0 4 3 0 5 2 E - 0 1 1 . 9 5 0 4 8 3 4 E - 0 1
6 0 . 1 . 7 4 2 1 7 1 9 E - 0 1 1 . 7 3 0 6 2 4 2 E - 0 1 1 . 1 8 5 6 3 7 5 E - 0 1
6 5 . 1 . 4 6 0 1 3 1 2 E - 0 1 1 . 3 8 5 3 1 6 1 E -0 1 9 . 7 7 5 2  495 E—02
7 0 . 1 . 2 6 0 9 0 7 3 E - 0 1 1 . 1 5 5 3 6 0 3 E - 0 1 8 . 5 5 1 0 1 2 5 E - 0 2
7 5 . 1 . 1 4 5 6 7 0 7 E - 0 1 1 . 0 3 3 9 5 7 0 E - 0 1 8 . 0 5 5 4 8 3 0 E -0 2
8 0 . 1 . 0 9 7 6 0 3 1 E - 0 1 9 . 8 2 9 3 8 0 1 E - 0 2 7 • 8 2 5 7 9 0 6 E -0 2
8 5 . 1 . 0 6 8 1 2 4 2 E - 0 1 9 . 5 8 2 1 3 3 1 E - 0 2 7 . 5 2 0 5 0 2 0 E - 0 2
9 0 . 1 . 0 6 0 4 0 6 9 E -0 1 9 . 5 7 6 6 1 5 7 E - 0 2 7 . 2 9 0 5 4 3 3 E - 0 2
9 5 . 1 . 0 7 8 5 3 7 3 E - 0 1 9 . 7 7 2 6 2 1 0 E - 0 2 7 . 1 6 8 3 1 4 0 E - 0 2

1 0 0 . 1 . 1 0 3 8 5 4 5 E - 0 1 1 . 0 0 2 4 3 2 0 E —01 7 . 0 9 7 9 5 5 9 E - 0 2
1 0 5 . 1 . 1 2 3 7 5 1 7 E - 0 1 1 . 0 2 2 8 4 3 2 E - 0 1 6 . 9 8 0 4 1 3 2 E - 0 2
1 1 0 . 1 . 1 5 0 9 7 8 3 E - 0 1 1 . 0 4 8 2 9 8 1 E - 0 1 6 . 9 3 O 8 8 7 3 E - 0 2
1 1 5 . 1 . 1 6 4 3 7 1 5 E - 0 1 1 . 0 6 6 4 0 3 6 E -0 1 6 . 8 2 5 1 6 2 1 E - 0 2
1 2 0 . 1 • 1 7 5 8 5 3 1 E -0 1 1 . 0 7 7 8 4 1 6 E - 0 1 6 . 7 1 6 8 1 2 0 E - 0 2
1 2 5 . 1 . 2 2 1 3 9 8 4 E - 0 1 1 . 1 2 1 2 2 1  I E - 0 1 6 . 8 3 9 1 6 3 6 E —02
1 3 0 . 1 . 2 5 2 0 5 3 3 E - 0 1 1 . 1 4 9 7 1 0 7 E -0 1 6 • 8 9 9 1 9 6  8 E—02
1 3 5 . 1 . 3 0 2 7 9 6 3 E - 0 1 1 . 1 9 8 1 8 1  I E - 0 1 7 . 0 8 9 0 7 8 2 E -0 2
1 4 0 . 1 . 1 9 2 8 2 6 3 E - 0 1 1 . 1 9 2 9 1 2 7 E -0 1 6 . 2 5 1 8 9 5 7 E - 0 2
1 4 5 . 1 . 2 1 4 1 6 0 7 E - 0 1 1 . 2 1 4 2  3 9 5 E - 0 1 6 . 3 0 0 3 3 2 8 E - 0 2
1 5 0 . 1 . 2 7 6 7 9 9 0 E -0 1 1 . 2 7 6 9 0 6 8 E-01 6 . 6 0 6 7 0 2 1 E - 0 2
1 5 5 . 1 . 2 5 3 7 1 4 5 E -0 1 1 . 2 5 3 8 5 3 0 E - 0 1 6 . 4 3 1 1 5 1 3 E - 0 2
1 6 0 . 1 . 2 5 6 8 8 9 2 E - 0 1 1 • 257 0  3 5 0 E - 0 1 6 . 4 1 8 9 0 2 6 E - 0 2
1 6 5 . 1 . 2 7 0 2 9 2 5 E - 0 1 1 . 2 7 0 4 6 9 3 E -0 1 6 . 4 7 0 2 1 0 3 E - 0 2
1 7 0 . 1 . 2 7 3 6 0 2 0 E - 0 1 1 . 2 7 3 7 5 4 1 E - 0 1 6 . 4 7 7 9 1 0 2 E -0 2
1 7 5 . 1 . 2 7 9 2 8 6 0 E - 0 1 1 . 2 7 9 4 0 4 7 E-01 6 . 5 0 1 3 6 6 3 E —02
1 8 0 . 1 . 2 6 5 7 3 4 9 E - 0 1 1 . 2 6 5 7 3 4 9 E - 0 1 6 . 4 2 4 1 4 0 5 E -0 2
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TABLE XIX

ANGLE CRSCA CRSCB CRSCC
0 . 2 . 346 7 3 3 4 E + 0 2 2 • 0 6  2 0 1 0 5  E+0 2 5 . 6 1 6 0 6 3  7 E+0 3
5 . 1 . 7 4 8 9 7 2 4 E + 0 2 1 . 6 3 0 0 4 2 9 E + 0 2 2 . 1 7 1 2 5 3 3 E + 0 3

1 0 . 1 . 3 0 9 8 2 6 9 E + 0 2 1 • 2 5 2 8 8 0 7 E + 0 2 4 . 2 2 1 7 9 7 8 E + 0 2
1 5 . 9 . 8 5 0 8 0 2 5 E + 0 1 9 . 4 9 1 0 4 2 7 E+01 1 . 3 3 8 8 163E+02
2 0 . 6 . 1 6 5 9 9 6 4 E + 0 1 5 . 9 5 1 2 1 10E+01 6 . 9 2 0 4 5 1 9 E + 0 1
2 5 . 3 . 4 1 4 1 9 7 2 E+01 3 . 2 9 4 7 1 3 5 E + 0 1 3 . 9 5 9 7 7 4 0 E + 0 1
3 0 . 1 . 3 7 8 2 3 3 8 E+01 1 . 3  2 362  2 7 E+01 1 . 6 8 0 4 0 5 1 E+01
3 5 . 5 . 6 6 2 0 8 3 4 E + 0 0 5 . 4 1 3 1 5 6 6 E+00 7 . 1 3 6 0 5 8 9 E + 0 0
4 0 . 2 . 8 0 5 4 6 7 3 E + 0 0 2 . 6 9 5 6 1 9 9 E+00 3 . 6 2 7 4 4 5 7 E + 0 0
4 5 . 1 . 6 4 3 9 6 7 9 E+00 1 . 6 0 0 4 7 8 4 E + 0 0 2 . 1 7 3 8 6 0 8 E + 0 0
5 0 . 1 . 0 0 3 9 1 17E+00 9 . 9 4 6 8 6 0 0 E -0 1 1 . 3 5 3 4 4 5 8 E + 0 0
5 5 . 5 . 9 4 4 5 0 3 0 E-01 6 . 0 6 7 8 4 0 3 E —01 8 . 2 1 7 9 6 1 4 E - 0 1
6 0 . 3 . 6 4 4 8 6 6 5 E-01 3 . 8 8 6 0 6 6 2 E -0 1 5 . 2 4 2 9 3 1 2 E —01
6 5 . 3 . 0 2 5 7 0 7 8 E - 0 1 3 . 2 8 3 2 2 6 4 E - 0 1 4 . 4 3 6 7 2 4 I E —01
7 0 , 2 . 6 1 9 9 4 2 7 E - 0 1 2 .  86  8 7 4 2 8 E -0 1 3 . 8 9 1 4 7 1 5 E -0 1
7 5 . 2 . 4 1 9 9 5 7 0 E-01 2 . 6 5 8 6 4 4 9 E - 0 1 3 . 6 2 7 1 9 3 8 E - 0 1
8 0 . 2 . 3 6 1 8 4 7 7 E - 0 1 2 . 5 9 7 1 8 4 9 E - 0 1 3 . 5 5 2 5 1 4 4 E -0 1
8 5 . 2 . 3 5 1 0 2 5 8 E - 0 1 2 . 5 7 0 7 6 6 6 E - 0 1 3 . 5 1 3 7 2 2 5 E - 0 1
9 0 . 2 . 3 8 3 7 2 7 3 E - 0 1 2 . 5 8 7 2 5 6 9 E —01 3 . 5 2 9 1 6 5 1 E —01
9 5 . 2 . 4 4 7 2 7 8 1 E - 0 1 2 • 6 4 5 3 6 9 8 E—01 3 . 5 9 7 8 8 7 3 E - 0 1

1 0 0 . 2 . 5 0 4 8 5 7 8 E —01 2 • 6 9 8 0 6 6 9 E—01 3 . 6 5 5 2 1 1 4 E -0 1
1 0 5 . 2 . 5 6 1 7 1 6 0 E - 0 1 2 . 7 5 1 2 8 9 3 E - 0 1 3 . 7 1 1 2 5 9 7 E - 0 1
1 1 0 . 2 . 6 2 5 6 7 7 9 E - 0 1 2 . 8 1 4 2 1 3 7 E - 0 1 3 . 7 7 9 6 0 3 1 E - 0 1
1 1 5 . 2 . 6 6 2 3 8 3  I E - 0 1 2 . 8 3 9 2 1 6 2 E - 0 1 3 . 7 9 8 0 7 3 2 E - 0 1
1 2 0 . 2 . 6 7 8 7 7 1 1 E - 0 1 2 . 8 5 6 5 0 2 8 E - 0 1 3 . 8 0 3 4 8 4 9 E - 0 1
1 2 5 . 2 . 7 6 4 9 3 3 5 E-01 2 . 9 4 4 9  5 4 8 E —01 3 . 9 0 8 3 7 3 0 E - 0 1
1 3 0 . 2 . 8 7 0 3 4 1 5 E - 0 1 3 . 0 5 2 8 0 1 4 E - 0 1 4 . 0 4 1 4 5 4 1 E—01
1 3 5 . 2 . 9 8 4 2 8 1 9 E - 0 1 3 . 1 6 8 7 2 0 0 E - 0 1 4 . 1 8 7 1 9 7 6 E - 0 1
1 4 0 . 2 . 9 5 8 7 6 3 6 E-01 2 . 9 5 8 7 6 3 6 E—01 3 . 9 3 5 1 6 3 1 E - 0 1
1 4 5 . 3 . 0 0 6 5 5 2 0 E - 0 1 3 . 0 0 6 5 5 2 0 E - 0 1 3 . 9 8 9 5 1 1 3 E - 0 1
1 5 0 . 3 . 1 4 8 0 0 4 1 E—01 3 . 1 4 8 0 0 4 1 E —01 4 . 1 7 6 2 7 7 2 E - 0 1
1 5 5 . 3 . 0 8 6 1 7 9 8 E - 0 1 3 . 0 8 6 1 7 9 8 E - 0 1 4 . 0 8 0 4 0 4 9 E —01
1 6 0 . 3 . 0 8 7 6 7 9 6 E-01 3 . 0 8 7 6 7 9 6 E —01 4 . 0 7 4 6 7 5 2 E —01
1 6 5 . 3 . 1 2 0 1 5 0 9 E - 0 1 3 . 1 2 0 1 5 0 9 E - 0 1 4 . 1 1 4 2 0 3 1 E —01
1 7 0 . 3 . 1 1 9 8 7 6 5 E - 0 1 3 . 1 1 9 8 7 6 5 E - 0 1 4 • 1 0 9 6 9 6 5 E—01
1 7 5 . 3 . 1 3 9 4 5 3 7 E - 0 1 3 . 1 3 9 4 5 3 7 E - 0 1 4 . 1 3 4 4 7 5 1 E - 0 1
1 8 0 . 3 . 0 9 2 3 2 7 7 E - 0 1 3 • 0 9 2 3 2 7 7 E—01 4 . 0 6 8 2 9 9 4 E - 0 1
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TABLE XX

ANGLE CRSCD CRSCE CRSCF
0 . 2 . 0 6 2 0 1 0 5 E + 0 2 5 . 7 6 0 7 7 4 0 E + 0 3 5 7 3 5 9 4 8 9 E + 0 3
5 . 1 . 6 3 0 7 6 4 4 E + 0 2 2 . 2 1 4 2 0 0 7 E + 0 3 2 1 9 8 2 0 3 0 E + 0 3

1 0 . 1 . 2 5 3 4 8 4 0 E+02 4 . 3 2 6 2 3 9 2 E + 0 2 4 2555 503E+02
1 5 . 9 . 4 9 3 6 5 8 4 E + 0 1 1 . 3 8 1 5 7 4 7 E + 0 2 1 342 0 8 6 8 E + 0 2
2 0 . 5 . 9 5 3 1 8 1 4 E + 0 1 7 . 1 5 2 2 4 7 9 E + 0 1 6 87 2 2 2 0 5 E + 0 1
2 5 . 3 . 2 9 8 5 5 7 9 E + 0 1 4 . 0 9 0 9 9 3 0 E+01 3 8 8 3 4 3 9 1 E+01
3 0 . 1 . 3 3 0 0 0 4 8 E + 0 1 1 . 7 4 2 2 2 4 1 E+01 1 61 1 0 0 7 9 E + 0 1
3 5 . 5 . 4 9 6 6 4 4 8 E+00 7 . 4 2 4 5 9 8 2 E+00 6 6 0 6 0 3 1 0 E + 0 0
4 0 . 2 . 7 9 1 9 7 3 8 E+00 3 . 7 5 7 0 6 0 5 E+00 3 2 0 7 6 0 5 1 E + 0 0
4 5 . 1 . 7 0 1 8 2 9 2 E + 0 0 2 . 2 2 6 1 3 9 4 E + 0 0 1 8307 058E+00
5 0 . 1 . 0 9 8 4 9 3 3 E+00 1 . 3 6 5 0 8 5 6 E + 0 0 1 0 8 1 7 1 7 4 E + 0 0
5 5 . 7 . 0 9 2 6 3 2 1 E - 0 1 8 . 0 7 6 4 3 2 1 E - 0 1 6 1 9 0 9 8 9 1 E-01
6 0 . 4 . 8 9 4 9 4 4 2 E - 0 1 4 . 9 5 9 3 2 9 5 E—01 3 8 4 4 7 2 5 6 E - 0 1
6 5 . 4 . 2 5 9 5 9 7 4 E - 0 1 4 . 1 3 3 5 0 4 6 E —01 3 2709 8 1 2 E -0 1
7 0 . 3 . 8 1 2 5 8 3 7 E - 0 1 3 . 5 9 8 9 3 9 3 E - 0 1 2 9 3 9 0 1 4 0 E - 0 1
7 5 . 3 . 5 7 5 5 5 1 3 E - 0 1 3 • 3 4 6 5 1 8 6 E—01 2 8 3 0 6 8 5 7 E - 0 1
8 0 . 3 . 5 0 2 1 2 7 9 E - 0 1 3 . 2 7 7 1 7 0 6 E - 0 1 2 8 1 0 2 9 7 9 E - 0 1
8 5 . 3 . 4 6 1 9 1 8 8 E-01 3 . 2 5 8 1 2 4 5 E - 0 1 2 7 5 7 9 4 2 1 E - 0 1
9 0 . 3 . 4 8 0 2 9 4 4 E-01 3 . 2 9 4 5 6 0 OE—01 2 7307  5 3 0 E -0 1
9 5 . 3 . 5 4 9 3 2 2 7 E - 0 1 3 . 3 7 1 0 6 2 6 E - 0 1 2 7 2 5 3 0 8 8 E - 0 1

1 0 0 . 3 . 6 1 2 1 0 2 4 E - 0 1 3 . 4 3 5 4 3 4 8 E - 0 1 2 7 0 0 0 7 4 2 E - 0 1
1 0 5 . 3 . 6 7 5 2 0 4 4 E - 0 1 3 . 4 9 7 2 9 6 6 E - 0 1 2 6 7 0 9 4 9 3 E - 0 1
1 1 0 . 3 . 7 5 0 3 7 7 9 E - 0 1 3 . 5 6 8 2 9 7 2 E - 0 1 2 6 5 3 4 3 8 6 E - 0 1
1 1 5 . 3 . 7 7 4 9 0 4 4 E - 0 1 3 . 6 0 1 7 6 1 9 E —01 2 6 0 9 1 2 3 9 E -0 1
1 2 0 . 3 . 7 8 4 8 1 9 1 E - 0 1 3 . 6 0 6 8 1 8  I E —01 2 5 4 8 1 7 3 0 E - 0 1
1 2 5 . 3 . 8 9 5 2 5 3 9 E - 0 1 3 . 7 0 9 9 2 1 8 E - 0 1 2 5 6 9 4 7 6 8 E - 0 1
1 3 0 . 4 . 0 3 2 4 3 1 3 E-01 3 . 8 4 1 1 2 0 9 E - 0 1 2 6 1 9 7 7 7 9 E - 0 1
1 3 5 . 4 . 1 8 1 6 1 2 0 E - 0 1 3 . 9 8 5 1 4 2 2 E - 0 1 2 6 8 2 8 6 6 8 E - 0 1
1 4 0 . 3 . 9 3 1 5 8 0 2 E - 0 1 3 . 9 3 5 1 6 3  I E —01 2 49 9 5  5 7 6 E - 0 1
1 4 5 . 3 . 9 8 7 0 6 0 6 E - 0 1 3 . 9 8 9 5 1 1 3 E - 0 1 2 5 0 4 5 8 2 9 E - 0 1
1 5 0 . 4 . 1 7 4 5 2 5 6 E - 0 1 4 . 1 7 6 2 7 7 2 E - 0 1 c 6 1 4 3 0 3 1 E - 0 1
1 5 5 . 4 . 0 7 8 8 2 0 4 E - 0 1 4 . 0 8 0 4 0 4 9 E—01 2 5 1 9 3 6 3 7 E - 0 1
1 6 0 . 4 . 0 7 3 2 9 4 2 E - 0 1 4 .  0 7 4 6 7 5  2 E—01 2 4 9 6 6 0 0 4 E - 0 1
1 6 5 . 4 . 1 1 2 7 9 8 2 E - 0 1 4 . 1 1 4 2 0 3  I E —01 2 510 9  5 9 6 E -0 1
1 7 0 . 4 . 1 0 8 5 4 7 5 E-01 4 .  1 0 9 6 9 6 5 E—01 2 4 9 8 8 4 0 6 E - 0 1
1 7 5 . 4 . 1 3 3 4 6 7 4 E-01 4 . 1 3 4 4 7 5 I E —01 2 5 1 1 3 4 6 3 E - 0 1
1 8 0 . 4 . 0 6 8 2 9 9 4 E - 0 1 4 . 0 6 8 2 9 9 4 E —01 2 4 6 1 9 2 9 1 E - 0 1
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TABLE XXI

ANGLE CRSCG CRSCH CRSCI
0 .  2 . 3 3 2 5 3 3 9 E + 0 2  2 . 0 4 8 9 7 7 1 E + 0 2  5 . 5 8 2 0 5 1 7 E + 0 3  
5 .  1 . 6 6 0 9 8 7 8 E + 0 2  1 .5 4 5 3 5 3 9 E + 0 2  2 . 0 6 0 1 8 9 7 E + 0 3  

1 0 .  1 . 1 1 6 7 3 0 4 E + 0 2  1 .0 6 4 3 7 6 9 E + 0 2  3 . 5 8 8 4 1 8 3 E + 0 2  
1 5 .  7 . 2 9 0 8 3 6 3 E + 0 1  6 . 9 8 3 4 0 3 5 E + 0 1  9 . 8 5 1 0 9 7 1 E + 0 1  
2 0 .  3 . 9 3 5 1 3 7 2 E + 0 1  3 . 7 6 5 9 5 2 2 E + 0 1  4 . 3 7 8 3 9 1 8 E + 0 1  
2 5 .  1 . 8 9 5 9 0 1 3 E + 0 1  1 . 8 0 8 2 4 6 2 E + 0 1  2 . 1 7 1 5 3 9 3 E + 0 1  
3 0 .  6 . 8 1 3 2 5 8 5E+00  6 . 4 4 0 2 2 1 3 E + 0 0  8 . 1 5 3 4 2 8 1 E + 0 0  
3 5 .  2 . 5 5 5 7 6 9 5 E+OO 2 . 3 9 7 2 9 0 2 E + 0 0  3 . 1 3 7 9 7 7 7 E + 0 0  
4 0 .  1 . 1 8 0 9 4 9 7 E+OO 1 . 1 1 59477E +00  1 . 4 8 1 3 4 5 4 E + 0 0  
4 5 .  6 . 5 6 8 0 6 4 4 E - 0 1  6 . 3 3 7 5 0 8 4 E - 0 1  8 . 4 2 6 4 9 1 2 E - 0 1  
5 0 .  3 . 8 7 0 9 3 7 4 E - 0 1  3 . 8 4 1 8 5 4 0 E - 0 1  5 . 0 7 4 9 4 0 1 E - 0 1  
5 5 .  2 . 2 4 9 3 4 0 4 E - 0 1  2 . 3 3 8 7 1 9 6 E - 0 1  3 . 0 4 6 1 0 2 8 E - 0 1  
6 0 .  1 . 3 4 2 1 6 9 2 E —01 1 . 4 9 2 4 8 6 4 E - 0 1 1 . 9 1 8 8 1 6 7 E - 0 1  
6 5 .  1 . 0 7 9 9 8 4 3 E - 0 1  1 . 2 3 4 4 8 5 3 E - 0 1  1 . 5 8 1 6 5 7 1 E - 0 1  
7 0 .  9 • 0 2 0 7 5 9 4E—02 1 . 0 5 0 5 9 9 5 E - 0 1  1 . 3 4 5 2 6 6 7 E - 0 1  
7 5 .  8 . 0 4 4 2 2 8 3 E - 0 2  9 . 4 5 2 3 5 8 9 E - 0 2  1 . 2 1 3 8 1 1 4 E -0 1  
8 0 .  7 • 5 8 1 7 5 5 0 E - 0 2  8 . 9 6 9 6 6 2 8 E - 0 2  1 . 1 5 0 9 6 3 0 E - 0 1  
8 5 .  7 . 4 5 0 0 8 0 2 E - 0 2  8 . 7 7 9 2 0 3 5 E - 0 2  1 . 1 2 2 6 5 0 5 E - 0 1  
9 0 .  7 . 4 6 8 1 9 8 2 E - 0 2  8 . 7 2 7 3 2 7 3 E - 0 2  1 . 1 0 9 9 5 0 3 E - 0 1  
9 5 .  7 . 6 4 2 3 6 9 6 E - 0 2  8 . 8 9 4 4 7 0 3 E - 0 2  1 . 1 2 5 1 3 0 1 E - 0 1  

1 0 0 .  7 . 9 1 4 7 7 7 0 E - 0 2  9 . 1 6 9 5 4 4 9 E - 0 2  1 . 1 5 3 9 1 5 2 E - 0 1  
1 0 5 .  8 . 1 0 6 9 0 8 3 E - 0 2  9 . 3 6 8 5 4 1 6 E - 0 2  1 . 1 7 1 0 4 3 7 E - 0 1 
1 1 0 .  8 • 3 4 0 3 3 8 7 E—02 9 . 6 1 8 9 4 4 4 E - 0 2  1 . 1 9 4 3 3 5 7 E - 0 1  
1 1 5 .  8 . 5 1 6 3 6 6 1 E - 0 2  9 . 7 5 9 4 4 0 5 E - 0 2  1 . 2 0 4 1 1 6 6 E - 0 1  
1 2 0 .  8 . 6 8 9 8 4 8 8 E - 0 2  9 . 9 4 1 2 9 5 0 E - 0 2  1 . 2 1 9 2 5 3 6 E - 0 1  
1 2 5 .  9 . 1 0 4 8 3 3 7 E - 0 2  1 . 0 3 9 0 6 6 3 E - 0 1  1 . 2 6 9 9 0 8 5 E - 0 1  
1 3 0 .  9 . 3 4 9 5 5 9 6 E—02 1 . 0 6 5 9 8 0 6 E - 0 1  1 . 2 9 6 4 7 2 8 E - 0 1  
1 3 5 .  9 . 7 4 1 9 8 5 3 E -0  2 1 .  1 0 7 8 8 9 1 E - 0 1  1 . 3 4 3 8 9 9 9 E - 0 1  
1 4 0 .  9 . 7 7 5 8 0 1 8 E - 0 2  9 . 7 7 7 0 3 3 0 E - 0 2  1 • 2 0 0 7 3 4 3 E - 0 1 
1 4 5 .  1 . 0 0 0 4 5 6  I E —01 1 . 0 0 0 5 8 2  I E - 0 1  1 . 2 2 4 8 7 3 5 E - 0 1  
1 5 0 .  1 • 0 4 8 3 8 0 9 E—01 1 . 0 4 8 5 1 2 9 E - 0 1  1 . 2 8 3 2 8 0 6 E - 0 1  
1 5 5 .  1 . 0 3 5 9 2 9 6 E - 0 1  1 . 0 3 6 0 6 0 1 E - 0 1  1 . 2 6 1 4 6 0 9 E - 0 1  
1 6 0 .  1 . 0 4 2 6 1 4 6 E —01 1 . 0 4 2 7 4 5 9 E - 0 1  1 . 2 6 6 1 4 9 5 E - 0 1  
1 6 5 .  1 . 0 5 0 4 2 6 2 E - 0 1  1 . 0 5 0 5 5 8 5 E - 0 1  1 . 2 7 3 2 7 3 2 E - 0 1  
1 7 0 .  1 . 0 5 5 2 4 7 2 E - 0 1  1 . 0 5 5 3 8 0 1 E - 0 1  1 . 2 7 7 4 1 9 5 E - 0 1  
1 7 5 .  1 . 0 6 0 9 2 6 2 E - 0 1  1 . 0 6 1 0 5 9 9 E - 0 1 1 . 2 8 3 6 3 1 8 E - 0 1  
1 8 0 .  1 . 0 5 0 7 8 9 6 E - 0 1  1 . 0 5 0 9 2 1 9 E - 0 1  1 . 2 6 9 7 8 8 3 E - 0 1
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TABLE XXII

ANGLE CRSCJ CRSCK CRSCL
0 *  2 • 0 4 8 9 7 7 1 E+02 5 . 7 2 6 3 2 5 8 E + 0 3  5 . 7 0 1 5797E+03
5 .  1 . 5 4 6 0 3 9 5 E+02 2 . 1 0 2 0 2 8 5 E + 0 3  2 . 0 8 6 4 4 9 9 E + 0 3

1 0 .  1 . 0 6 4 8 8 9 7 E + 0 2  3 . 6 8 4 7 1 2 8 E + 0 2  3 . 6 1 9 5 5 8 0 E + 0 2  
1 5 .  6 . 9 8 5 3 5 5 4 E + 0 1  1 . 0 2 1 7 6 3 3 E + 0 2  9 . 8 7 8 9 9 9 4 E + 0 1  
2 0 .  3 . 7 6 7 2 2 2 2 E + 0 1  4 . 5 6 1 5 3 3 1 E + 0 1  4 . 3 3 8 9 6 8 6 E + 0 1  
2 5 .  1 . 8 1 0 3 9 4 3 E + 0 1  2 . 2 6 8 0 9 1 8 E + 0 1  2 . 1146941E+01  
3 0 .  6 . 4 7 1 6 6 6 2 E+00 8 . 5 7 7 0 1 2 1 E + 0 0  7 . 6 6 8 6 6 4 6 E + 0 0  
3 5 .  2 . 4 3 4 1 3 3 4 E + 0 0  3 . 3 2 2 3 8 5 7E+00 2 • 7 8 7 7 8 85 E + 00  
4 0 .  1 . 1 5 4 5 6 6 0 E + 0 0  1 . 5 5 8 5 3 5 4 E + 0 0  1 . 2 1 7 9 2 9 5 E + 0 0  
4 5 .  6 . 7 1 4 2 5 0 4 E - 0 1  8 . 7 0 8 1 9 7 4 E - 0 1  6 . 3 6 9 5 4 5 5 E - 0 1  
5 0 .  4 . 2 0 0 3 2 6 3E -0 1  5 • 1 1 6 5 8 4 3 E - 0 1  3 . 5 1 1 6 4 2 4 E -0 1  
5 5 .  2 . 6 7 3 5 4 7 2 E - 0 1  2 . 9 4 5 5 9 1 4 E - 0 1  1 . 9 2 5 1 2 5 9 E - 0 1  
6 0 .  1 . 8 0 6 1 5 5 0 E - 0 1  1 . 7 4 4 6 4 0 7 E - 0 1  1 . 1 7 9 6 2 2 4 E - 0 1  
6 5 .  1 • 5 2 5 7 0 1 4 E -0 1  1 . 4 0 2 6 8 6 3 E - 0 1  9 . 8 9 4 5 0 2 6 E - 0 2  
7 0 .  1 . 3 2 1 9 5 4 6 E - 0 1  1 . 1 7 3 8 6 5 2 E - 0 1  8 . 8 0 7 0 9 3 9 E - 0 2  
7 5 .  1 • 2 0 1 6 8 3 8 E - 0 1 1 . 0 5 1 5 0 1 2 E - 0 1  8 . 3 7 0 4 3 3 3 E - 0 2  
8 0 .  1 . 1 4 2 5 6 5 4 E - 0 1  9 . 9 2 4 7 8 8 0 E - 0 2  8 . 1 2 4 1 9 5 6 E - 0 2  
8 5 .  1 . 1 1 4 8 2 3 6 E - 0 1  9 . 7 2 2 3 6 9 5 E - 0 2  7 . 8 4 9 2 6 9 6 E - 0 2  
9 0 .  1 . 1 0 3 9 1 6 2 E - 0 1  9 . 6 9 4 3 7 4 3 E - 0 2  7 . 5 9 0 7 5 1 3 E - 0 2  
9 5 .  1 . 1 1 9 2 1 8 3 E - 0 1  9 . 8 6 7 1 0 6 2 E - 0 2  7 . 4 4 7 0 7 6 6 E - 0 2  

1 0 0 .  1 . 1 4 8 8 5 4 6 E - 0 1 1 . 0 1 6 3 3 7 5 E - 0 1  7 . 3 7 9 4 ^ ) 2 E - 0 2  
1 0 5 .  1 . 1 6 6 7 4 5 2 E - 0 1  1 . 0 3 4 0 7 0  I E - 0 1  7 . 2 4 3 5 9 $ 2 E - 0 2  
1 1 0 .  1 • 1 9 1366 3 E - 0 1 1 . 0 5 6 7 1 9 9 E - 0 1  7 . 1 5 4 5 11 8 E -0 2  
1 1 5 .  1 . 2 0 2 2 2 5 6 E - 0 1  1 . 0 7 1 6 3 3 3 E - 0 1 7 . 0 2 7 4 8 1 4 E - 0 2  
1 2 0 .  1 . 2 1 7 5 3 9 1 E - 0 1  1 . 0 8 6 5 0 2 4 E - 0 1  6 . 9 4 5 9 1 1 9 E - 0 2  
1 2 5 .  1 . 2 6 8 8 0 6 6 E - 0 1  1 . 1 3 3 9 9 1 I E - 0 1  7 . 0 9 4 2 0 1 I E - 0 2  
1 3 0 .  1 . 2 9 5 9 0 0 6 E - 0 1  1 . 1 5 8 6 7 8 6 E - 0 1  7 . 1 4 0 6 0 8 8 E - 0 2  
1 3 5 .  1 . 3 4 3 6 6 7 5 E - 0 1  1 . 2 0 3 5 6 0  I E - 0 1  7 . 3 0 4 9 2 6 2 E - 0 2  
1 4 0 .  1 . 2 0 0 6 2 4 4 E - 0 1  1 . 2 0 0 7 3 4 3 E - 0 1 6 . 1 7 8 4 2 7 9 E - 0 2  
1 4 5 .  1 . 2 2 4 7 5 7 8 E - 0 1  1 . 2 2 4 8 7 3 5 E - 0 1  6 . 2 4 8 1 4 5 0 E - 0 2  
1 5 0 .  1 . 2 8 3 1 5 4 9 E - 0 1  1 . 2 8 3 2 8 0 6 E - 0 1  6 . 5 1 8 7 7 2 6 E - 0 2  
1 5 5 .  1 . 2 6 1 2 8 2 7 E - 0 1  1 . 2 6 I 4 6 0 9 E - 0 1  6 . 3 7 3 0 9 1 4 E - 0 2  
1 6 0 .  1 . 2 6 5 9 5 0 8 E - 0 1  1 . 2 6 6 1 4 9 5 E - 0 1  6 . 3 7 9 9 1 9 5 E - 0 2  
1 6 5 .  1 • 2 7 3 0 7 9 6 E - 0 1  1 . 2 7 3 2 7 3 2 E - 0 1  6 . 4 0 1 5 0 2 7 E - 0 2  
1 7 0 ,  1 . 2 7 7 2 4 9 8 E~01 1 . 2 7 7 4 1 9 5 E - 0 1  6 . 4 2 0 5 4 2 7 E - 0 2  
1 7 5 .  1 . 2 8 3 4 9 8 0 E - 0 1  1 . 2 8 3 6 3 1 8 E - 0 1  6 . 4 4 8 9 9 3 4 E - 0 2  
1 8 0 .  1 . 2 6 9 7 8 8 3 E - 0 1  1 . 2 6 9 7 8 8 3 E - 0 1  6 . 3 7 7 7 3 9 1 E - 0 2
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