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GRASER: A KINETICS CODE FOR STUDY OF NEUTRON-PUMPED

GAMMA-RAY LASER SYSTEMS

by

John W. Pettit and George C. Baldwin

ABSTRACT

Description, listing, sample plots and operating instructions
are given of a computer code for the CDC-6600 which calculates
the time-dependence of populations of isomeric nuclear states
and the time- and space—~dependences of the vector potential of a
plane wave of recoilless gamma radiation initiated by sponta-

neous emission and amplified by stimulated emission in a medium
The code 1is based upon a continuous-

[

== & of specified properties.

.§§§§£3§:;’ function approximation of the neutron flux arising from a fast
§§§§§§g[ source burst of user-specified intensity in an infinite hydro-
§§§§§u)r~*~ genous moderator. A variety of properties of the nuclear
5%%%;5;;» - transition and of the medium may be specified by the user,
g§§§§é§; . including single-resonance and l/v capture parameters of the
§§§§§q,f' ‘parent lsotope; statistical weight factors, isomer inversion
§§§§§Sg! ratio and lifetimes of the graser levels; and degree of line
§§§§:2ﬁ_w,,‘,broadening, Debye-Waller factor and nonresonant absorption
=" ‘coefficient of the medium.

r

I. INTRODUCTION

GRASER is a computer code that solves the Kinetics equations of the type I,
directly pumped gamma-ray lasers that are described in the documents, ''Kinetics
of Stimulated Emission in Neutron-Pumped Nuclear Laser Systems," by G. C. Baldwin
and "Notes on Graser Seminars," by J. W. Pettit et al. GRASER calculates the
development of the wave vector potential as a function of two dimensions: X,
distance along the axis of the graser body, and time, t. The wave vector
potential is that initiated by a single spontaneously emitted gamma ray at X=0.
GRASER generates a family of plots that describe the pumping as well as the
development of the wave vector potential. These plots are placed on separate



subplot areas, one above the other, that have a common time scale so that
relationships between points on the two plots can be easily ascertained.
Copiles of sample plots are included to clarify this description.

IT. DATA INPUT TO GRASER

There are twenty-four variables that GRASER reads in to evaluate the graser
kinetics of a particular transition in a solid of specified properties. These
variables are stored on an indirect access permanent file called DATA. The
variables in DATA can be changed to any value by the person operating program
GRASER. A call to execute program GRASER first executes program GHANGE, which
has the job of reading in all variables on DATA, asking the operator which
variable he desires to change and then inputting the new value of that variable.
This procedure is repeated until the operator signals that he desires that
program GRASER be executed at which time program GHANGE places all the changed
variables into DATA and GHANGE terminates. Program GHANGE will verify all of
the changes made by the operator by outputting to the operator the values as
they are being written onto DATA. Program GRASER is then executed. First it
reads the current contents of DATA as input, then begins analyzing the kinetics
of the transition given by DATA. 1In program GRASER, the variables read in from
DATA are assigned meanings according to the order in which they are read in.

The inputted variables are first read into array XDAT(I) and program GRASER
prints out the variables as they are read in so that the operator may ascertain
that the variables have their desired values before proceeding with the plotting.
The order in which the variables are read in, the meaning assigned to each,

the required units and input format are given in Table I.

III. METHOD OF COMPUTATION

Program GRASER first computes a number of parameters from the data read in
from DATA. These are:

12 = 1/T2, decay constant of upper graser level:.

= 1/T1, decay constant of lower gfaser level;

(2I9 + 1)(2I; + 1), statistical weight factor;
5.37 x 10~" * EYZ/A, recoil energy in eV}

Exp(-2/3 * R/K @ ), Mossbauer~fraction at T = @ K}

(2.45 x 1071 °/E,®) % G * £ % T1/(1 + @) * T * (T; + T,), asymptotic
value of the resonant absorption or stimulated emission cross section,
cm™y

= (A + 12)(T - 1.0)/2.0, excess half-breadth of recoilless line}

= uh(barns) x 1.0 x 102" cmz, host absorption cross section, cng

Hh >
ﬂ? I ] .
L

= D
j=n —
[ I

up = up(barns) x 1.0 x 102" cmz, parent absorption cross section, cm2;
Moo= (N - Npd¥y, + Nplp, 1f N, 0 nonresonant absorption
= NpHp, if N = 0 coefficient, cm—l;




X =X /u distances in cm over which to calculate the

max end {

Xnin = xstart/u vector potential;

t = 2.4 % Tys maximum time in seconds at which pumping and vector

potential are calculated

Program GRASER now solves the four first-order, coupled differential
equations which describe the pumping. The solutions are given at twenty-six

values of time between zero and tp,y. The equations are
o

N, = -R(e) Np(e) (1)
Ny = &n R(t) Ny(t) - A9 Ny(t) (2)
Ry = £(1-n) R(t) Np(t) + Ay Np(t) = Ap Ny(e) » (3)
Q = Np(t) - G Ny(t) . ()

The symbols have the following meanings:

Np(t) is the parent nuclide number density as a function of time.
This is included to allow for depletion of the parent.

Ny(t) is the number density of the upper graser level as a function of time.
Nl(t) is the number density of the lower graser level as a function of time.

Q(t) is the time-integral of the inversion density, N*(t), given by
N*(t) = Nz(t) - G Ny(t), where G is the statistical weight factor.
The rate funct%gn R(t) is defined as
= "t/tn
R(t) = [ o (V) e(V,t) av e7E/tn,
where V is the velocity of the neutrons, Ocap(V) is the velocity-dependent

neutron capture cross section of the parent nuclide and ¢(V,t) is the time- and
velocity-dependent neutron flux per unit velocity, given by

o(v,t) = 5 (Wrge)? e~ V2st),

The above expression for the neutron flux per unit velocity is strictly valid
only for an infinite homogeneous hydrogenous moderator, so we attach a leakage
term e~t/tn to allow for the loss of neutrons out of the sample. tp is the
neutron lifetime, Zg is the macroscopic scattering cross section of the
hydrogeneous moderator and S is the number of fast neutrons injected by the
neutron source burst at t = 0. The neutron capture cross section is described
by a single effective neutron capture resonance at energy E, with resonance
integral IY and a 1/V contribution whose thermal capture cross section is Oth
The capture rate at a time t is thus given by R(t)Np(t). The formation of

the graser isomeric levels from neutron capture and subsequent decay of the
compound nucleus is described by the variables & and n.

l (1-&)

g
upper graser level * né

Other Levels

lower graser level _ Y (1-n)§




£ is the fraction of all captures that go to either graser level in a time
short compared to the lifetime of the graser level. (1-£) is the fraction of
all captures that go to other levels. 0N is the fraction, of those captures
that go to either graser level, which go to the upper graser level. (1-n) is
the fraction of £ that go to the lower level. This essentially gives two
degrees of freedom to describe decay processes that may be quite complex.

To clarify these concepts, consider as an example the nuclide 82gr which goes
to 83kr upon neutron capture and has a Mossbauer transition, between a 9.2-keV
level and the ground state, of lifetime 2 x 10~ ’seconds. Measurements of
activation cross sections indicate that two-thirds of all captures go to an
isomeric level above the 9.2-keV Mossbauer level. This capture level has a
lifetime of 1.85 hours, so that it is useless for feeding the Mossbauer level,
although all decays eventually proceed through the upper Mossbauer level. So
in this case § = 0.33 and n = 1.0 since all captures that do not get stuck in
the 1.85-hour level do go to the upper isomeric level and the ground state i1s
not fed directly by pumping.

GRASER calls a library-supplied ordinary differential equation solver
subroutine named ODE (D204A ODE in PIM-2) with absolute and relative errors
of 0.000001 and will print out a flag i1f it cannot solve the equations to
the specified tolerances. This situation has never arisen over the few months
that GRASER has been used to date, but if it does, ODE will calculate the
solution as accurately as it can in 500 steps and then continue, so that a
fatal execution error is avoided.

GRASER next computes the vector potential as a function of time, holding
X constant. This is done for five equally spaced values of X between the
ranges of X supplied by the program operator as input. These computations
are stored to be plotted later. The equation used to evaluate the vector
potential, A(x,t), is

_ (Aot + ux)
T (1.0 + ¢ Mt (mEssL - 1.0)1,

A(x,t) e

where BESSL

10{2/b(c)x} if Q(t)X > 0,
J,{2/Q(t)X} 1if Q(£)X < 0,
and AT (A1 + 20 (T - 1.0)/2.0.

This completes the computational portion of GRASER. The remainder of
GRASER is devoted to plotting the output.

IV. OUTPUT SECTION OF GRASER

The finished output consists of two subplots on a single page. The lower
plot gives Np(t), Nj(t), Np(t) and Q(t), and the upper plot gives A(x,t) vs t
for five values of X within the ranges specified by the user. The time scale
is normalized to units of Ajt. 1In order to convert the scale to absolute time
units, one multiplies by Tp. Similarly, for labeling of the distance X, it is
given in units of absorption lengths (i.e., ux = 3, px = 6, etc); in order to
convert to centimeters, one divides by py, the absorption coefficient. A
number of other parameters are also listed to the right of the plots. Sample
coples of the output are appended for illustration.



GRASER uses the graphics package DISSPLA to generate the plots. The
output may be sent either to a Tektronics terminal, to a Zeta plotter or
to the FR80 microfiche by specifying the value of the last input variable
IPLOT.

IPLOT = 1, output sent to Tektronics terminal,

IPLOT = 2, output sent to Zeta plotter,
IPLOT

3, output sent to FR80 microfiche.

v. OPERATING DETAILS

GRASER is the name of a procedure file that does all of the necessary file
manipulations and operations. There are four files associated with the graser
program. A list of these is:

1. GRASER: A procedure file

2. TEST2 : The name of the program that does the computation

3. DATA : A data file

4, GHANGE: A program that is used to change the data on DATA interactively
5. DAT : A temporary working storage file used by GHANGE

These files and programs are set up for operation on the KRONOS operating system
and reside on machine zero.

To use GRASER, one must first sign on machine zero and enter the BATCH
‘subsystem. Then one gets file GRASER with the control statement GET GRASER.@EV.
To execute the procedure file GRASER, one types in ——GRASERG@@. This will
cause the proper files to be retrieved and the DISSPLA graphics package to be
attached to the working files. Program GHANGE is first executed. It reads in
the file DATA, outputs it to the terminal and asks the program operator what
variable he desires to change. Table I defines each variable and gives its
ordinal number. When the integer number corresponding to one datum is entered,
program GHANGE then asks for the new value of that variable. This must be
entered with the format indicated on Table I. When it is entered, GHANGE again
asks for a variable to be changed and this procedure is repeated as often as
the program operator desires. When the program operator is satisfied that the
data file contains the proper values for a run, he enters zero when GHANGE next
asks what variable is to be changed. This causes GHANGE to print out the
amended data list, write it back on to DATA and store it.

Program TEST2 is then executed with no additional interaction with the
program operator. Program TEST2 performs all of the computation and plotting
described in the previous section. TEST2 first prints out the data as it has
been read in from DATA and also outputs a number of parameters that have been
calculated. TEST2 then prints a message that plotting is commencing and asks
the operator to enter line speed and term type when executing the program from
a Tektronics terminal. At this point, while TEST2 is waiting for input before
plotting, the program operator may take the time to make a hard copy of the

%@D This indicates carriage return. The characters to be typed in are
underlined. This is the same convention as in the NOS manuals.



data and parameters to be associated with the plot if he is using the
Tektronix terminal. One may also type in a message explaining what variable
has been changed or what one is looking for, before making the hard copy.
When it is desired to produce the plot, one enters 120,3 .

When it is desired to output to the microfiche or plot on the Zeta
plotter, the procedure is slightly different. First of all, IPLOT on the
data file must be set to its proper value for the desired output device.

This is done as 1f one were changing any other variable on DATA, as described
above. To send the output file to be processed on microfiche, one executes
GRASER in the usual manner as described above, but the program will terminate
without asking for the line speed and term type (as it does when outputting

to the Tektronics terminal). The following control card must be executed in
order to write the output to the microfiche processor: PFICHE, FR80,FR80.N@S
FR-80 FORMAT TEST?«EB. The response from the computer is FICHE COMPLETE. This
is described in Chap. 8 of the LASL Guide to NOS, PIM-4, p. 8-4 next to
DISSPLA File.

When one is operating at a terminal which has a Zeta plotter, the output
can be plotted by setting IPLOT equal to 2, The output will be on a file
called ZETA and, after the program has stopped, one executes the following
control cards to commence plotting on the Zeta:

REWIND,ZETA @B
TERM, TTYD &&B
LIST,F=2ETA CB.

When the plotting on a Tektronics terminal is completed it is necessary
to press the carriage return and enter STOP (:B one or more times to rapidly
terminate the program. In the other cases, the program terminates rapidly.
To execute the program again, simply enter —GRASER (j?,'make any changes
desired when it is indicated to do so, enter O to terminate GHANGE and
execute TEST2 and so forth. To sign off, enter BYE

The next several pages illustrate several examples of the use of GRASER,




SIGN-ON EXAMPLE (User inputs are underlined, carriage return follows input)
GUORKER STATUS! L=7? Ms@1 N=?? Rs09 S:02

sdm XInTe1) « €.0000000E+22 1 = 1|
“DHT(2) « 5,0000000E422 I » 2
76,08/25. 12.48.26. i DRT(3r » 2.000008QE-07 I = 3
LASL 6600 - © NCS TINE SHAPING. NDS1.1-419D 60802 “DAT(]Y » 2.000Q0QQE-07 [ » 4
USER NUNMBER! 3_9}_%, ZDRT(1) < @ I «5§
TERMINAL t 22, TTy “DAT(Ir = 10 1 = 6
RECOVER /SYSTEM: BATCH XDAT(I' = 2116 [ = 7
SRFL,50000. XDAT: 11 » 9,200000 1«8
/GET,GRASER #DAT(I+ = 3,500080 I - 9
1.7=GRASER SDATI]) « 4500020 T o 10
e —— XDATiI: = 1 1 =11
)DHT'I? = 330000 I « 12
THIS 1S THE PRESENT CONTENTS OF [ATA SIMTCIY « 30 1 = 13
KDRT(Is = 280 I = 14
2DAT(I) « 48 [ = 15
2. XDAT(1) = 2.0000000E+22 I = 1 YDAT(I+ = 468 1 « 1B
XDAT(2) = 5.0002000E+22 1 =2 XDAT(I = 2,300000 I =17
XDAT(3) « 2.0000000E-07 1«3 YDuT(Iv = 83 I =18
ADAT(4) = 2,0000000E-07 I =4 YDAT(1: = 1@ I =19
XDAT(S) = @ I -5 : SXDAT(IY = ¢ 1 =~ 2e
XDAT(1) = 16 1«6 ’ . XDATeIV = 18 121
XDAT(I) = 7110 [ = 7 ¥DATI1) « 1.4000090 1 = 22
XDAT(I) « 9.200000 [ -8 #DAT(E3 1 = 5,00000Q0E-02 I « 23
XDAT(I) = 3.500000 I = 9 IPLOT = 1 I « 24
ADAT(]) = 4.500000 I+« 19 $DELY
XDAT(I: = § I » 11 5. INCPEASED NUMBER OF FHST NEUTRUNS tDELS
ADAT(I) = .330000 ] = 12 —_— e
XDATII '+ = 49 1 13
XDﬁ:lr'fl‘ . 8(;0 II s é-l
XDAT(I) « 45 * 15
XDAT(I1 « 450 1 = 16 1. This executes GRASER
,?32?5%‘ . ‘3‘5800?0? ,3I 17 2. Look to Table I for the meaning of
XDAT(I+ » L@ I =19
XDAT(I) » 6 1 = 20 : each entry
xgajll:mx) . 18 eéo. 21 3. This terminates GHANGE and causes -
XDATIT) = 1.400000 [ » 22
XpAT(23) 6, 00C0000E -08 B« 2 TEST2 to be executed
IPLOT « 3 1 - 24 4. GHANGE verifies the changes by
outputting the data while writing
- t k3 -
gN:_:'SP HE NUMEER OF THE YWPIAELE TU BE CHANGED to DATA
5. Message written by program operator.
ENTER THE NEW UALUE Be sure to hit the ESC key after
?1

writing each line!

'E’NIEP THE NUMBER OF THE UMRIABLE TO RE CHANGED

ENTER THE NEW UALUE
? S.0Ev22

3 EN;ER THE NUMBER OF THE UARINELE TO BE CHANGED

4 THE CONTENTS OF DATA IS NOU




SECOND EXAMPLE SHOWING TEE OUTPUT FROM TEST2 (which is called GRASER in the message)

~GRASER

THIS IS THE PRESENT CONTENTS OF DnTA

XDAT(1) = 2.0000000E+21 1«1
XDAT(2) « 5.0000000E+22 12
XDAT(3) » 2.0009000E£-07 I «3
XDAT(4) = 2.0000000€-97 I =4
XDAT(S) = @ 1 =5

XDAT(I) = 10 I «6

¥DAT(I) = 71.10009 I =7
XDAT(I) » 9.200000 I8
XDAT(I) = 3.500000 1 =9
ZDAT(I) » 4.500009 I =10
¥DAT(I) = 1 I =1

XDAT(1) = .330000 112
ADAT(I) = 40 O

XDAT(1) = 200 1= 14

ADAT(I) = 45 I = 5

YDAT(T) = 459 116

XDATI(I) - 2.300000 I 17
AXDAT(I) = I =18

ADAT I = 10 I « 19

ZDATI(I) = @ 1 =20

¥DAT(I) = 6 I =21

XDAT(1 = 1.402000 I = 2¢
ADAT(23) = £.8000000E-03 I =23
IPLOT = % 1 =24

Eﬂggﬁ THE NUMBER OF THE VAFIRBLE TO PE CHANGED
ENTEP THE NEWN 4LUE

?6

gNQER THE NUMBER OF THE W#PIABLE TD EE rMANGED
ENTEP THE NEW URLUE

? 18

EN;ER THE NUMBER OF THE URRIABLE TO BE CHANGED

THE CONTENTS OF DRTA IS NOU

XDAT(1Y = 2.0800000E+21 11
XDAT(2) « S, + 1 =2
XDAT(3) = 2.0000000€-07 I =~ 3
XDAT(I) = 2.0000000E-07 I = 4
XDAT(I) = @ I = %

XDAT(1) = 16 I = 6

XDAT(I) = 71.10009 I -7
XDAT(1) » 9.2900000 I = 8
XDAT(I) = 3.500000 1 =« 9

<DAT(I = 4,500000 I = 1@
DAT I+ = 1
SDATIIyr =
DATUL =
JDRTITY -
“PATe]1 =
XPAT(I) ¢ 450 1 = 16
XDAT(IY -
XDATILY -
KDATIL) »
HDATIL )y =
YDATII) =
ADAT L » |, I =22
‘paTi23) 6 00000005 -03 1+ 23
IPLOT » 1 24 X .
EFFE T AT WGER DEPTHS DELs Message written in

by program operator
PRIGRAM GRWSER NOW BEING EXECUTED

THE DHTH READ IN ARE

NJAT1 11 = 2.0000000E+21
XoAT121 = 5,.0000000E+223
“DAT13) = 2,0000000E
UDwTr4) » 2,0009000E-07
{DAT(S) » @
YDATt2) = 10

H{24T(I) « 71.10000
NDRTII) 2 9.200000
“DaTi1) = 3,500200
$DATiI) » 4.500000
WDATV I .

“DATII) « 330000
¥OaTv ) = 40
«DAT11) « 200

“DaTiI) = 45

ADAT1 ] » 450

wpaTe: ) s 2.300000
ADATIT » 23

$DATI]Y) = 10

ADAT IV = 6
YbnT(Il = 18

“DRAT I = 1.400000
“DAT123) « 6.0000000E-63
IPLOT = 1

S + 2.000QQ00E+421  APSCO = 3. 555000 G = .200000

ETA = 1 SMAX s 5.063291  XNP o 5.0000000E+22 TAU = 2.0000000E
-7

SMIN » 1.687764 DTH = 45@  ALFPHA « 2.80Q000

SIGN = 2.9830S45€-19 SU = 3.50@008 SL = 4.500000

FMY = .979039 TXSECT = 45  RESINT - 200 IPLOT = 1

ES = 1.400000

. CALCULATING YECTOR POTENTIAL

PLOTTING COMMENCING

N). OF FIRST PLOT ©

ENTEP LINE SPEED :CPS), TERM TYPE

2 12e,3 This causes plotting to begin on the Tektronics




THIRD EXAMPLE SHOWING HOW TO OUTPUT TO MICROFICHE

VERT. «XIS LINEWP
PROGRAM GRASER NOW BEING EYECUTED STEP SIZE 1.2500E+22 UNITS/INCH

THE DATA READ IN ARE

XDAT(1) = 5.0000000€+22 . Ne 1.00 Yo 1,00 INCHES .
DAT(a) - 2.0000000E+55 . FPOM LOWER LEFT CORNER OF PAGE .
XDAT(3) = 2.0000000F-07 OSSR
XDAT(4) = 2.0000000E-07
XDAT(5) + @
XDAT(I) « 10
XDAT(I) » 7110
XDAT(I) = 9.200000
XDAT(I1) = 3.50000@ 2
XDAT(1) = 4.500000 THE Sue-
XDAT(I) = 1 . PLOT NG. 2 WITH THE TITLE
“DAT(I) « .330000 upus T
XDAT(I) = 48 HAS KEEN COMPLETED. PLOT ID READS
ZDAT(I) = 200 PLOT & 14.04.22 UED 25 AUG, 1976  JOBsP27B@22. LASL, DIS
YDHT(I) = 45 ~ SPLA UER 1.5
ZDATCI =
XDHT(1) = 2.362000
XDAT'I) » £3 DAT& FOR PLOT
XDAT(11 = 10
ADATITG » & HC. OF CURVES DRaW ©
XOAT(TY = 18 e
XDAT/ 1) = 1.400200 HORIZ. XIS LENSTH 5.0 INS.
XDRT(23) » 6.0020020E~08 UERT, AXIS LENGTH 4.0 IN:.
- 3 ——————————————————————————————
S + 5.0000000E+22 wESCO » 355.€000 G = 200020 HORIZ. ORIGIN Q. JERT. ORIGIN-3.0000E+0@
ETA = 1 Max « .AS@E32D NP = 5,0000000E422 TAU = 2.0000000E =@ n oo oo oo o e e
ZMIN o .@QIES776 DTH = 458  ALFHA « 2.800000 HORIZ, AXIS LINEAP
SIGM = 2.5£30345E-13  SU « 3.560000 SL » 4.500000 STEP SIZE S.0000E-01 MITS INCH
FMY = 379933 T/SECT = 45  RESINT = 200 IPLOT = 3 oo 2oZZ IXITITTTIL2C2LL
ES = 1.400000 UERT. AXIS LINEAR
CALLULATING UECTOP POTENTIAL STEP SIZE 1.009QE+00 UNITS. INCH
PLOTTING COMMENC ING
. LOSGTION oF CURRENT PurSIcAL ORIGIN &
NO. OF FIPST PLOT @ S e 1.00 P 6.00 INCHES .
. FROM LGUER LEFT COPNER 0OF PRGE .
2
THE SUB-
PLOT NO. 1 WITH THE TITLE
HAS BEEN SOMPLETED. PLOT I PEADS STOP
PLOT 1 14.03.53 UED 25 AUG, 1976  J0NE=P27B922. LASL, DISSPLA VER 1.5
870 .
DATA FOR PLOT ‘PF1CHE, FRSO, FRBO.NOS FR-89 FORMAT TEST  This entry causes the
FICRE CONPLETE output to be processed

HORIZ. AXIS LENGTH 5.0 INS,
VERT. AXIS LENGTH 4.0 INS,

HORIZ. ORIGIN 0. VERT. <PIGIN O.

HORIZ. AXIS LINEAR
STEP SIZE 5.0000E-01 UNITS/INCH

NO. OF CURUVES DRéWN 4 on microfiche
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ANOTHER EXAMPLE OF EXECUTING GRASER AT A TEKTRONICS TERMINAL

SINTERRUPTEDX

STOP
XTERMINATEDS
7-GRASER

THIS 1S THE PRESENT CONTENTS OF DATh

XDAT(1) = 2.0000300E+c2 I
XDAT(2) = 5.0000000E+20 1
XDnuT(3) » 2.000000eE~-07 I
XDAT(4) = 2.0000000E-07? I
ADAT(S) « @ 1«5

XDAT(I» = 1@ I =6
XDaTeI) = 71.10000 1 =7
XDAT(]I) =« 9.200000 1 -3
YDAT(]IY = 3.5@0000 1 -9
XDHT(]) = 4.5060000 1 =10
XDuTr 1) = 1 I =11
YDAT(1) « 330000 I« 12
ADHT(]) = 4000 1 =13
YDUT(I) = 209 1«14
7DHT(1, = 45 I « 15
XDHTI11 » 48@Q 116
XDHT.1: = 2.200009 I=-17
YDNTeIV = 23 11
XDRTils = 10 1 =1
XDuTi1) = 1,202000 I - 2o
XDATI I » § I 2

YDAT 1) » 1.400000 1«22

XDATIR3 ) o 6,0200003E-03
IPLOT = 1« 24

2o Wy

1 =23

ENIER TwE NUMEERP OF THE JnPInmBLE TN EE CHRHNGED

ENTER THE 4L "JnlUE
* 110

gN;EQ THE HUMBEP OF THE URRINELE TO RE CHANGED

THE CONTENTS OF DaTw IS NOV

ADHT111 = 2,00000Q0E+2E
XDAT(21 = 5. 0000000E+2@
XDHT(3) = 2.0000080E-0T
ADATLI) = 2,0000000E~07
XDAT(1) « 0 I = S
XDAT(1) = 10 I =6
XDAT(I) = 7110 I =« 7
XDAT(1) « 9.200000 I - 8
XDAT(I) = 3.500000 I = 9
XDAT(1) = 4.500000 I « |
XDAT(1) = 1 11
XDAT(I) = .3300900 I = 12
XDAT(]) = 4000 I = 13
XDAT(I) = 3¢9 I = 14

2o p=d 0=t 04

aWn--

DT 1
SIRTLIY =
e 4B SEY
SDATI ) =
DAt e
InTrl) =
8% LD (Y
2LRTIL) .
SRTr23) s
IPLOY «

4S I = 15

468 1 « 16

2.£00000 I =17

g3 1 =18

19 1 -19

1,20000Q I - 2e

€ I =21

1.400000 1 - 22
GiOBogger-OS I-2a3

PRCGPHN GPHER NOW BEING EXECUTED
THE In"n PEAD i APE

KDOT
4XLAT @)
CLHTI 3
“DRTC4)
DT 61
DT 1)
«InTi])
XHT 1)
“LATCD)
T I
YDATOT)
KPAHTOI)
“LAT D)
7LATT)
DaT 1)
NDRT I
SIT
KNSR
S[ATI I
fLHTe]
T I
whn™ I
“DATLE3) =
IFLOT = |

5 3 4 8 @ N8B UE SRS gD

€ = 2.0000002E+22

ETa4 = |
=27

XMIN = ,23IV5653
SIGM = 2.9830945E-13
FIy = 379033

2. 6000V00E+22
§,03200008 +20
2. N0800E-07
g.mmoe-o?

10
110
g9.2¢080¢
3.590000
4.50¢000
1

- 333200
4000

200

+5

459
2.320000
33

10
é.EOOOGQ

1.420000
6.,0200)2E-03

A4PSCy = 3.35R000 i v 30060
YHRY = 1.537T54 GNP« 5, 20000Q0E+20

DTH » 45  WLFHW = E.800000
SU = 3.520000 SL = 4.502000
PESINT » 289  IPLOT = |

TAY = 2.2000000E

TUSECT » 45

€5 « 1.400000
CALLULATING VECTOR POTENTIAL

1

PLOTTING CONMENCING

NO. OF FIPST PLOT O

ENTEP LINE SPEED (CLPS), TEPM TYPE

Trying

to study absorption effect *DEL#*

120,3 This program user input beings the plotting




TT

1STOP
STOP
/STOP
STERMINATEDS

TO START GRASER AGAIN, ENTER:
-GRASER

THE COMPUTEP MUST INDICATE THAT [T MRS
STOPPED OR TERMIMATED BEFORE EMECUTING
GRASER AGAIN.

SAMPLE PLOT

DENSITY
20 3:0

0

y -

c-0

VP VS T

LEGEND
Q= ux=1-2000
0‘;.41:"2‘4000
a = ,x=3-6000
+ = Lx=-4-8000
x = yx=6+0000
5= 2-0n10®
N- 5-00»10"
t= 2-00xi0”
= 1-00
p= 3-55#10°
¢- 0-33
Y oy 2:9810™
1,= 200-0
Eo- 4000-0
Ev- Q-2
11=G/2

T T ¥ 1 1 T T ¥ T L 14 L] .2-7/2
»00:2 Q-4 0:6 08 1-0 1-2 1-4 1-6 18 2-0 2-2 2-4x=~ 10-00

At oth~ 45-0

8- 45C-0
f« 0-98

LEGEND
o - UPPER LEVEL
o - LOWER LEVEL
a = [NTEGRAL OF INV
+ = PARENT DENSITY

1

T T - T Ri 1V* v 1'7 T T fl L4 1
C-00°2 C-4 0-6 0-8 1:0 1°2 1-¢ 1-6 16 2:0 2:2 2:4
a




TABLE I

ORDER OF INPUT, DEFINITIONS, UNITS AND FORMAT FOR VARIABLES IN FILE DATA

INPUT ORDER VARIABLE

XDAT (1) -+ S (Number of fast neutrons injected at t=0, cm_3)

XDAT (2) -> Np (Number density of parent nuclei at t=0, cm-3)

XDAT(3) =+ Ty (Lifetime of the upper graser level, seconds)

XDAT (4) -> T (Lifetime of the lower graser level, seconds)

XDAT(5) =~ Ny (Number density of the host, cm_3)

XDAT(6) -~ Hp (Microscopic nonresonant absorption cross
section of the host, barns)

XDAT(7) ~+ Up (Microscopic nonresonant absorption cross.
section of the parent, barns)

XDAT(8) > EY (Energy of the gamma transition, keV)

XDAT (9) > I, (Spin of the upper graser level, dimensionless)

XDAT(10) -~ I; (Spin of the lower graser level, dimensionless)

XDAT(11) - n (Fraction of all upper graser levels formed by
neutron capture in the parent, or isomer ratio,
dimensionless)

XDAT(12) -~ £ (Fraction of all captures which form either
graser level, dimensionless)

XDAT(13) - E, (Effective energy of a single neutron capture
resonance in the parent nuclide, eV)

XDAT(14) - IY (Resonance integral of the capture resonance
in the parent, barns)

XDAT(15) -~ Oceh (Thermal neutron capture cross section of the
parent nuclide, barns)

XDAT (16) ® (Effective Debye temperature of the host-
parent system, °K)

XDAT(17) -~ o (Internal conversion coefficient of the graser
isomer, dimensionless)

XDAT(18) -~ A (Atomic mass number of the graser isomer,
dimensionless)

XDAT(19) -~ r (Factor by which the graser gamma line is
inhomogeneously broadened, dimensionless)

XDAT (20) -+ Xstart (Distance in absorption lengths at which it

12

is desired that GRASER start calculating the
vector potential, dimensionless)

FORMAT
E7.1
E7.1
E7.1
E7.1
E7.1

F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
F10.4

F10.4

F10.4

Flo .4




INPUT ORDER
XDAT(21) -

XDAT(22) -~

XDAT(23) -~

IPLOT

e

TABLE 1 - Continued

VARIABLE

Xend (Distance in absorption lengths at which it
is desired that GRASER finish calculating
the vector potential, dimensionless)

ES (Macroscopic neutron elastic scatterinf cross
section of the neutron moderator, cm™t)

ty (Neutron lifetime in the moderator, seconds)

The plot option. IPLOT must be either 1, 2, 3

IPLOT = 1: Plot is done on Tektronics scope

IPLOT = 2: Plot is done on Zeta plotter, output is
on file ZETA

IPLOT = 3: Plot is done by FR80 camera on microfiche

FORMAT

F10.4

F10.4
E7.1
I1

13
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COMPLETE PROGRAM LISTING

LIST sF=5SRASER

SETCTEST2,DAT »DATA » SHANGE >
REWINDCDRTA s DAT s SHANGE )
RETURNCLO)
FUNCE » I=SHANGE Y
REWINDZDRTRs+DAT>
REPLACE{DAT=DATA>
RFL{55990>

SET(DRTA>
ATTRACH(DISSPLA-UJN=LIBRARY»
LIBRARYZDISSPLAD
REWIND(TEST2)

RETURNCLGOD

FUNCS» I=TEST2)

READY .

LISTsF=TESTS

LASL Identification:

PROGRAM SRAZER (INPUT,OUTPUT +DATY . TAPE2=DATAY

Rl

z SRASER PROGRAM USING ORE

-
,-f

EXTERNAL F

LP-0712.

COMMON X +sXEsXNPsETRsDECT o5 sRETINT «EQsTHL sES s S +sDEC ST
DIMENTION TC{25)0 sH270 250 X100 204 4B 255 «2DRTE23D

DIMENSION Q0262 oWECT (28 +50 s RC250 s IPAKC L 003 2 RLDCS)

DIMENSION Y{4) WORK 1234 « INORK(SY s ¥HPT 25

Pl

-
¥

PRINT 544

= PRINT MESIAGE THAT SGRAZER IT RBREING EXECUTED

=00 FORMAT (- ePROGRAM SRASER NOW REING EXECUTED®s~)

PRINT 527

527 FORMAT(eTHE DATA READ IN AREes-~-)

-
'-J




[y B )

O

Iy

g}

Ul
Uy

O
=

READ IN DRTA

RERADC(2s5653 XKDATC 1>
RERD(2 555> XDAT(2>»
READ(2 556> XDAT(3)
READC2s5652 XDATI{4)
READC(2 +565) KDAT(SH
JUTPUT s XDATC( 1>
OUTPUT s XDAT 2D
DUTPUT s XDAT (32
DUTPUT s XDRT (4>
OUTPUT s XKDAT (5D
FORMATC(E? .13

DO 13 I=Kh.22
RERDC(2+557> XDATCI>
FORMATC(F10.4%
OUTPUT s ADATL I
CONTINUE

READC2 s565> XDRAT(23>
JUTPUT s XDRT (23>
RERD(2,5563> IPLOT
OUTPUT . IPLOT
FORMAT(I1)

S=XDAT (1)
XNP=HXDRT(2)
TRU=¥DRT (3>
TALI1=XDAT 4>
XNH=XDRT (5

UH=XDAT (4D
UP=xXDAT(?7>
EG=XDAT{3>
SH=XDRT(9>
SL=XDBATC10)
ETR=XDAT(11%
SI=XDRAT(12>
EO=XDATC13>
RESINT=XDAT(14)
TASECT=XDAT (15>
DTH=XDAT (15>
ALPHA=¥DRT{17>
AMAZ=XDRT (135
FLIN=XDRT (12>
UST=XDRT (20>
UND=XDRAT (21>
ES=XDRT(22>
TNL=1.9-XDRT(23>

15
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R

[ Rl w]

CRLCULATE INITIAL VYARLLES

NEQ=4

IFLRG=1

RELERR=0.000001

ABSERR=0.000001

T=0.0

TOUT=0.0

DEC=1.0-TRU

DEC1=1.0-TRU1

IS1=SLe2.0

I52=3e2.0
B=C({2.063O+1 .02/ (2.06SLI+1.03
TIG=2.45E-15-(ECee2)e5+(1.0-71 . 0+ALPHADY)
RECOIL=5.37E~4e(E>ee2) “AMAS
FMX=EXP(—-¢3.0-2.03eRECOIL (S.517E-5¢DTH!>
FIGM=SIG-FLINeFMXeTALIle (1. .0/ CTALIL+TRUX>
DELGAM=(DEC+DEC1>e(FLIN-1.02-2.0
ABH=UHe1 . 0E~-24

ABP=lJPel .NE-24

XDIF=XNH-XNP

IF(XDIF .LT. 0.90> XDIF=0.0
ABSCO=¢(XDIF >®ABHI + (XNPeRBP)
XMAX=UND-RBSCO

XMIN=UST-ABSCO

TMAX=2 .46 THJ

RE=TXSECT#1 .0E-244220000.0D

XKNPT (1 )5=XNP

X2C15=0.0

X1(1>=0.90

TCC1>=0.0

RC13=0.0

AB(1>=0.0

Y{1=XNP

Y(23=0.0

Yi{33=0.0

Y(4>=0.0

OUTPUT sSsABICO s 5 sETA + XMAX 9 XNP s TR » XMIN +DTH »RLPHA
OUTPUT sSIGM S s 3L s FMX » TXSECT»RESINT » IPLOT HES

CALCULATE DENSITIES FOR TWENTY SIX¥ VALUES OF TIME

DO 10 I=2.25

TOUT=TOUT+TMAX-25.0

TCCId=TOUT

CALL ODECF sNER Y T »TOUT sRELERR sABSERR s IFLRG s WORK » IWORKD
ANPTCIN=Y( 1D

R2CIx=¥(23>

H1CTI=Y(3D




wEw R

OO0

OO0

10

150

25

30

40

W Ty -
oo O O
== = T

RCII=Y4reSIGM 4, 0eDELGAM
RBCIX»=R(I>e1 . 0E+19

T=TOUT

IFCIFLAG ER. 2> 50 TO 19

OUTPUT s IFLAG

CONTINUE

PRINT 150

FORMAT (5K seCALCULATING YECTOR POTENTIALe)

CALCULATE VYECTOR POTENTIAL FOR FIVE VYALUES 0OF X AND
TWENTY SIX VALUES OF TIME

DO 30 I=1,25%

DO 30 J=1.5
RE=C(XMAX~ZMINY 74 . 06 =133 +XMIN
ALCCJr=XKXeRBSCO

TIM=TC(I)

ARGA=Q(I>exXX

IF(ARGA .LT. 0.0> 0 TO 25
ARG=2.0eSART (A I>eXKX)
BESSL=FI0(ARGISEXP (ARG

50 TO 26

ARGA=~-RC I > exXX
ARG=2 . 0¢SERT (ARGAD

BESSL=F JO(RRG)

VECTCI s JX=EXP(-0.5¢((TIM/TRLD+(ABSCOexXX) e

171 .0+CEXP(—-DELGAMeTIMI®(BESIL~1.0>>>

YECTCI s J>=ABSC(VYECT(I s J2D
CONTINUE

SCALE TIME IN UNITS OF LAMDReT

DO 40 I=2+25
TCCIY=TC(IX®DEC

PLOT RESULTS

TOP=XNP

YETP=TOP~-5.0

50 TO <100,200s3002-IPLOT
CALL TEKTRN

50 7O 400

CALL ZETA

50 TO 400

CRLL FR8OC2)

D CONTINUE

CALL BGNPLCO>
CALL PHYSORC1.0+1.02

17
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CALL BRSALF{SHSTANDARD>

CALL MIXALF(6HL/CSTD)

CRLL MX3RLF (SHOREEK s 1HD

CALL MX4ALF (SHL-CHREEK s 1H+)

CALL TITLECIH s13sSH+L(T> s5s7HDENSITY +755.0:4.0)
CALL GRAFC(N.0s0.252.5:0.0+YSETPTOPY
CALL CURYEC(TCsX2s2633)

CALL CURYE(TCsX1:2655)

CALL CURVEC(TCQB+26s5)

CALL CURVE(TCsXNPT2655)

CALL LINES<I12HUPPER LEVELSsIPRK 12
CALL LINESC12HLOWER LEVELS s IPAK»2)
CALL LINESC(16HINTEGRAL OF INYSS,IPRK.3D
CRALL LINESC1SHPARENT DENSITYS:IPRK 4D
CALL LEGENDCIPAK »5+5.0s2.00

CRALL MESSAG(OHAG+T=35s5.0:4.75)

CALL REARLNOCFLIN»2,4HABUT »IHABUT>
CALL MESSAG(SH+S =3555.054.3)

CALL REALNOCTKSECT »1 »4HABUT s 4HABUTY
CALL MESSAGC(4H(TH) 5455.1+4.46)

CALL MESSAG(3H&RA=33,5.0:4.25)

CALL RERLNOCDTHs1 s4HABUT »4HABLT)

CALL MESSAG(4AHC(FI=34+5.0:4.00

CALL REALNOCFMX 2 s 4HRABUT »4HABLITD

CRLL ENDGRC1D

CALL PHYSORC1.0:6.0)

CALL TITLE(ZHYP ¥S Ts7sSH+L(TI »5»5HLOG VP s6555.054.0)
TOP=0.0

DO 50 J=1,.5

DO S0 I=1.25

TOP=AMRX1 (YECTC(1s.J>TOP>
TOP=ALOG10<TOP>

TOP=TOP+0.5

ITOP=TOP

TOP=ITOP

CALL GRAF(0.050.2:2.55-3.051.0,TOP)
DO 70 J=1,5

DO 50 I=1.26

IFCYECTCT»J> LT, 0.001) YECTC(IJ=0.001
ACI>=ALOGI0CYECT (I 12D

CALL CURVYE(TCsRs26,5)

CONTINUE

JDUM=L INEST(IPAK»30.3)

CRLL LINESC(7H+M(X= $»IPRK 1)

CALL LINES(?7H+M({X= $,IPAK 2>

CALL LINES(7H+M(x= $sIPRKs3>

CALL LINES(SH+M(X= $sIPAK 4>

CALL LINES(SH+M(X= $sIPAK»S5>




O

!

CALL LEGENDC(IPAK:S5:5.0+2.95)>

CALL RERLNOCKLCC(1354:5.5+3,.79)
CALL RERLNOCXLC(2) s455.5:3.55>
CALL REALNOCKLC(3Y 3425.5+3,35)
CALL RERLNDOC(XLC(4) 345,153,152
CALL RERLNOCKLC(S) »4:+5.6+2.95)
CALL MESSAG(2HS=:2:5.0:2.7)

CALL RERLNOC(S s—1:4HARUT s 4HABLIT
CALL MESSAG(2HN=32:5.0:2.45)

CALL RERLNOCKNP s—2 »4HABUT »4MABUT
CTHLL MESSAG(3H+T=:3,5.0,2.2>

CALL REARLNOCTAU -2 »4HABUT s 4HABUT>
CRLL. MESSAG(3H+C=3355.0s1.35)
CALL REARLNICETA 2 s4HABUT »4HABUITY
CALL MESSAGL3H+M=33,5.0s1.7>

CALL RERLNOCABSCO -2 »4HARUT s $4HABUT>
CALL MESSAG(3H+X=33+5.0s1.45)
CRLL REARLNOCSI »2 s4HABUT s 4HABLIT)
CALL MESSAG(4H+S =+4,5.0.+1.2>
CRLL REALNOCSIGM»-2s4HABLUT s 4HABUIT >
CALL MESSAGI2H+5:2:5.131.1)

CALL MESSAGI3HI =33,5.0:0,95)
CRALL RERLNOCRESINT 51 »4HABUT s 4HABUTY
CALL MESSAG(2H+552+5.1:0.36>

CALL MESSAGC4HE+O=:4,5.0:0.72
CALL REALNOCED»1 s4HARBUT s 4HARUTD
CALL MESSAGC(4HE+G=34,5.0+0.45>
CALL REALNOCEG »1 »4HABUT s 4HABUT)
CRLL MESSAGC3HI1=33:5.0+:0.2>

CALL INTNOCIS! s4HARBUT »4HABRUT >
CALL MESSAGC2H 22 «4HABLIT »4HABUT >
CALL MESSAGC(3HI2=:3:5.0,0.02

CALL INTNOCISZ2s4HABUT s4HABUT )
CALL MESSRAG(2H/2y2 »4HARLT s4HABUIT >
CALL ENDGR(2)

CALL LASLOGOC2.0556.5+1.02

CALL ENDPL<D)

CALL DONEPL

STOP ¢ END

SUBROUTINE FCTs¥YsYPD

COMMON XsXEsXNPsETASDECT sGsRESINT sEOsTNL sESsS+DECSSI
DIMENSION YC4>YP(4)

YPC1D=—RATEC(T)eY¥Y (1)
YPC2)=CETRORATEC(TO oY (1 )eS12-DECeY (2>
YPC3)=C1.0-ETA>SRATE(TI®Y(12eSI+DECeY(2)-DEC1eY(3)>
YPCAI=Y(2)—he¥ (3>

RETLURN

END

19
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FUNCTION RATECTYD

COMMON X sXE s XNPsETASDEC1 s65sRESINT sEQ>TNL sES»SH»DECSSI
F=RATFUNCTY>

RATE=EXP(-TYSTNL) ¢ (XE+F ) oS

RETURN $§ END

oy

FUNCTION RATFUNCTY)
COMMON X »XEsXNPSETRDEC1 s5sRESINT »EO»TNLSES»S»DECSSI
EX=EO#1.50209€-12
“M=1.65976E-24
V=SART(2.0eEX/ XM
FLUX=((YOESSTY )42 0EXP(-YOESeTY)
AREAR=RESINTe1 .0E-24eY¥Y
RATFUN=FLUX®ARERA
RETURN $ END

c
FUNCTION FIOCZP)

0000000000000 000000008000000000000000000000000050000000000000000000000
. FIN:X) COMPUTES THE REAL BESSEL FUNCTION I0 TIMES EXP(-X> OF THE +
- ARGUMENT X .6T. O L 2

0000080000000 0000000000005000000000000000000000000000080000000000000004
DIMENSION P(9,2),3{2,2)
DIMENSION POC 52> sQ0(4s2)
EQUIVALENCE (EYIOSEYEIDSFIO>
DATAR (PC.J>sJ=1+90~
.3306413339260115E+22
.79230833385978161E+21 s
. 4340939205795706E+20
.3506339969703230E+18»
.1032250768917613E+17,
.5124926562275096E+14 5
.2042613182306772E+12>
. 3651524854 074652E+09 »
2787285947 599744E+06/
DATA (R(J)»J=1:8)~
+ .3306413889260115E+22
+-.33R9507371721253E+20
+ .1704434675708268E+18+

L 2K 2K 2K 3K 2K 2% 3R B 4

£342
C342
C342
c342
c342
C342
C342
C342
C342
C342
£342
£342
c342
342
c342
C342
£342
C342
£342
342
c342
c34e




12

+—.5618158600403229E+15»
* .1326178904074606E+13»
*-.,2305132440239370E+10
+ .28898356220077479E+07 »
*—,2392135609522520E+ 04/
DATA (P(I)»I=10:18)/
.1590162083763072E+17»
.5368395853470032E+16»
.37356135827319507E+15
.94220805738362922E+1 3>
.9718863641273663E+11»
.4165980320912641E+09,
.6879907643492760E+06
.3536566189687649E+03,
.2963656768308448E~-01~
DATA (QRC(IX»1=9+16)~
26067087 03529648E+17»
.20221421735869237E+17»
.1980645892386831E+16>
.6358669883569337E+1 4
.8204440573998663E+12
. 4413044733863 003E+10»
»3394714900641401E+07»
6697 05254697588 0E+ 04/
DATAR (POCJ)sJ=1+s5)~
* .7064621469033392E-13»
*—-.1436279642653691E-08»
* ,.5286489105163732E-035,
+-.3830439714639074E-02>»
¢ .282940607589483%E+00/
DATA (QR0C(J)>st=1+4)~/
* .17708379923894417E-12)»
+-.3606859805023183E-08
& .1338520247147810E-04»

L 2R 2K 2K 2N 3R 20 B 2N

L 2R 2R 2 2 BN 2% 2R 4

+-.1007723338776333E~-01~

DRATA (POCI>»I=6+10)~/
¢ .20693430937414135E-12
*—.442225245221 64357E-08»
¢ .1366441906147109E-04)

C342
C342
C342
C342
C342
£342
c342
C342
c342
C342
£342
C34e
C342
C342
C342
c342
C342
C34e
C34e
C342
Cc342
C342
c342
C342
C342
£342
C342
C342
C342
C342
C342
C342
C342
C342
C342
C342
C342
C342
C342
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- ,7387885439863839E-02
+* . 3710722095990018E+00~/
DATAR (QO0(I>sI=5.8>r
+ .5187073908684608E-12>»
*-.,1108727721754080E-07 »
¢ .3430127364212544E-04,
+—.1866802289017933€E-01~
I=1
X=2P
Z=Xe¥
IF(X .6T. 16.>60 TO 1
IF(X .6T. 8.> I=2
EYEIO=CPC13sI)+Z0C(P(23I)4Z20(P(3:I1)4Z2¢(P(4,1)+2¢(P(S,I1)+Ze(P(6,I)+Z
> SCPC7s1)+Ze(P(8s1)42Z206P (95130131 313))/
> CRCLIIDHZ0CRC2sID4Z0(R(3I)4Z20(Q(4»I)+Z26CQ(S5,I)4+26(Q(6:1)42
. S(R(7sIX+26CQCBIX+2ZD32)333)
IF¢1 .EQ. 1> EYEIO=EXP(-X)>®EYEID
RETURN
1 Z2=1./¢6402)
R01=CPO0C131)+Z¢(POC2»13+Z¢(POC(331)+Z6(P0(451>+2eP0(551)31))/
g (B0C1:1)420(R0(231)4Z¢(R0(351)>+Z2e(Q0(4»1142)1)>)
RO1=R01/(8eX>
PO1=C(P0C1s2)4+Z0(POC212)42¢(P0(332)4+Z¢(P0(4:s2)+ZeP0(5,20322)/
* (R0C132)+20(R0C292)+20(Q0(352)+426<(Q0(4,2)421)>>)
EYEIO=(PO1+Q01>/SQRT(X)

RETURN

END

FUNCTION FJOCZP)
00000000000 000000006000000005000000000000000000000800000000000000000000
. FJOCX)> COMPUTES THE REAL BESSEL FUNCTION J0 OF THE REAL ARGUMENY &
> X .6T. O *

0000000000000 0000050000000500000000000000000000000000000000050000000000

DIMENSION P(9:2)>,Q(8s2)
DIMENSION PBC S5+2)5Q0(4y2)
EQUIVRLENCE (EYJOEYEJO,FJI0)
DATR (P(J)»J=1+9)~/ '

* .1947930043950693E+22

+—.1030790592800841E+21 »

* .2305050589779804E+19,

+-.2576446288321790E+17»

C342
C342
C342
c342
C342
C342
C342
c342
Cc342
C342
C342
C342
C342
C342
C342
C342
C342
C342
C342
C342
£342
C342
C342
C342
c342
C342
C34e
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R




€C

R E R E RS

* 1508225312767 766E+15,
*- 5864983053305 724E+12»
* .1247014316352538BE+10,
*-.1441160259923904E+07»
* 7057781986 067161E+03/
BATA (B(J)rJ=1,8)~
134793 0043950693E+22
«1306656846683426E+20,
.3988812598699360E+17
2872923345367 091E+15,
B757621507401545E+12,
21218915111 066339E+10,
.16854482341985%584E+07»
-1690305128256799E+04~
DATA (P(I>:I=10,18>~
* _191573599756962%5E+21
+-.1001751172709201E+20>
+ .22056020598059%50E+18,
*- . 2402516341 734763E+16
¢ .1445553026998197E+1 4,
+-.3012886478578140E+18»
¢ ,9974512187863315E+08>
*~.10583630499755S6E+06»
* 465316955954 0574E+02~
DRTA (R<I>sI=9y16>/
«1915744022256219€E+21 »
1955478121 458678E+19,
101902915281 7659E+17,
» 359465036927 1279E+14,
»'F633226280485690E+11
20209334854 546515E+ 09,
. 397752090B299590E+06 «
- 395115331931 7994E4+03~
DATA <(POC(J) s J=1:+5)~
*- . 266923088816663FE~12,

L 2R 2K 2 2R 3K IR Ay

»1420614793808099E-04 »

8789741 021455747E-02,

«D423439570936309E+00~
DATA (QO0<J>sJ=1,4>/
*-.3345384807898387E-12,

L 2K 2K 2N

» 348730131 0346338E~08 -

C340R
C340R
C340R
C340R
C340R
L340R
C340R
C340R
C340R
C3408
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C240R
C340R
C340R
C340R
C340R
C340R
C340R
C340R/
C340R
C340R
C340R
C3401”
C340R
C340R”
C340R
C340R
C340R
C340R
C340R
C340R




we

* .4358138840301680E-08>
& ,1797068587349931E-04
* .1165656249458522E-01~/
DATAR (POCI)»I=6,10)/
*-.1616796790064454E-11 »
+ .1538702516195051E-07
* .43733981931354472E-04»
* .1812080215474507E-01
* .7331365490421742E+00/
DATA (QO0CI)»I=3,8)~/
*-.20263542741541 02E-11 »
* 192735657357246873E-07»
+ .5490008915137954E—04,
* .2294894906253812E-01~

DATR T=PIl/4.

OO0

DATA T-.7853981633974831~
I=1
X=2ZP
Z=XeoX :
IF(X .6T. 14.o60 TO 1
IF(X .6T. 9.9 I=2
EYEJO=CPC12I)4Z0(P (2 1)4+Z¢(P(331)4Z6<P 421 )+Z¢(P(SI)4Ze(P(61)+Z
» S(PC73IdHZ0C(P(B8yI)+ZOP(I1)1330300)/
4 (RCLIDI4Z20(R(2rI)+Z20(Q(3I)4Z0(Q(42I)+Z20(Q(TI>+Ze(Q(651)+Z
. SCQC79ID420CQ(BIDHZIDIID0>)
EYEJO=(}) .~-EYEJO®Z/4.)
RETURN
1 Z2=1./(6402)
901=(P0(1,1)+20<P0(2ai)+20(P0(3yl)+20(P0(4;1)020P0(5,1)))))/
* (R0CL y1)+20(A0C(221)4Z26<(Q0(391)+Z6(Q0(4y1)+2))))
201=001/(8eX)
PO1=CPOC112)+Z0C(PO(212)+Z¢(PO(3y2)4Z¢(P0(4s2)+26P0(5,2)))))/
L g (ROCL 92)+Z20CR0C232>4+26(R0(392)+Z6(Q0(4>2)+2Z>1 )
EYEJO= (PO1eCOS(X-T)>+Q016SIN(X-T))/SART(X> '
RETURN
END
—-END OF FILE-
7 END
END TEXT EDITING.
RERDY. .

C340R
C340R
C340AR
C340R
C340R
C340R
C340R
C340R
C340R
C340AR
C340R
C340R
C340R8
C340R
C340A
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R8
C340R
C340R8
C340A
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R
C340R




