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A FORTRAN PROGRAM TO PLOT PHASE SHIFTS CF THE
THREF DIMENSIONAL SQUARE WELL

INTRODUCTION

This prograw calculazes snd provides CalCoasp plots of, phuse shifts in radisns
or degrees for guantws wechanical scattering from a 3-
dimensionsl sphevically symmetrical squate »ell potential of width a and depth -V,
for & de Broglie gquantum particle of energy E. It exists in twvo versions, one of
vhich provides plots of the phase shift 4; ve Ea?, with the these shift given in
units of pi and £a% in dimenzionless uniza, in a standard tuvo dimsnsicnwl CalComp

plot. The other versice adds & third dimension to the plot, vit. ; being plotted

k]

w2 Fa® and V, The proarsn permits the fivst five phase shifts vto be caleulated
{t velues O thre & snd pormits & determination of the nmumder of s-vave dound
states the well will support via Levinson'e Theotem.
.0 TDENYIFICATION
1.1 Title

Caiculation and plotting routine for detevwination of phise shifrs of the
spherically symmetrical sguare well poverclal.
1.2 Entry peints:  Both versiong

PHASKIFY (2D and D versiinsd

SPHIN

B o e e .
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SPHYN
MINTHAX
LAYOUY (2D end 3D versioas)
1.} Progresming Lenguage
Language: 360073800 DOHIRAN
Routine Yype: Program, dubroutine

vperating Svstem:  DRUM SCOPE 2.1

3.4 Computer and Configuraziod
Chi: 18D
1.0 Coatriator ov Progratmmer

5, L. Kepece, Code 5216), Solid State Devices Branch, Tiectvomics Techeology
Divizion
1.6 Contribating Organirstion
KRL - Ravel Reseavch Laboratery, Washingron, D.C, 20379
1.7 Program Availabilicty
1.7.1 Submiztal Frogram uriteyn, POKTRAN zource deck, coutce kistiug
1.8 This prograe hae been utked to calculate end plot in two and three dimensiocal
perspective the phase shifvs of the sphericeliy syamitvic sguave uell potential
1oy square wells of depth U thru 1000 in demincioninsr uinits, for edergies O
thru ¥ in diwensioeless unite, for o thrue g-veve scertering. STIRIVICATION)
1.9 1 Jume 1975
2.6 PURPORE
Although the gineral properties of the phate shift of the three dismnsional
sphiricallv-spmatrical square well potantisl® ére described ia wist textbooks

oy quantum wechanice, speciific graphicsl vepreseniations of thie fumction are rare,

ot s = st
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This prosram permits two and three dimensional Calcomp plots of ¢, p, d,  2nd g-
wave phase shifte, as a function of energy.

Input is hacdled by PHASHIFY, with the vell pavamctars enargy limits and
platring informatice being vesd from data cards. The phashifts are then calcu-
lated, with PHASHIFT calling SPHYN and SPHUN, routines vhich respectively compute
spherical Newwann and spherical Bessel functioms, Then PRASKRIPT calle HINIMAX,
which cwmputes the largest aod swaellest phashifts calewlated if the plots are to
be sutomatically scaled, Finally, the pletting routine, LAVOOT ts called and o
Calioegp plot iy produces.

I.1 Frodlewm Seckground

1o many flelda of physics, observations ave desceibed in lerws of the scet-
tering of #a electron, or pgther particle, oo & target represented 5y & thyiee
dimensicnal sguare well., Exdaples are found in nuclecy physics, (o awesic phustics,
and in solid state theory, 2{ten, the s¢uare well approvim,’ ‘v is oaly uvsgd
initially to obtutn sowe tdes akout the sizz of the scatirre and of the sirength
of ite potanital. In wany cases the spproximstion (s supmented with « < arfety of
refinemeats, Xevertheless, the three dinmencionsl rguare well o ovides us with
the prototype of the behaviaor of & scattering obiect. Yhis {+ Th2 <aie in cuantus
mechinics, and alse in electromagnetic theory. Although the geneval propsrries
of the phase shift of the three dimincionsl sphericelly-symmctrical sguare weli
poteantianl sre described in woet toxtbooks on guantum wechanics, specific govpadcal

representations of this fusction are rate.

;

) *

3,7 USAGk

3.1 Calling Sequeace or Operetional Fricedurs t

To sise PRASHIPY «¢ a progrem, data crrds after the T;_mm cavd sre reguired, §

Se¢ section 3.7, There are twoe different versionk, depending ypoo vhether two i
2
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dimensions) plot displays one thraugh flive phase shifvs versus the energy-well-
vidth parasetor Ea-. The three dimensional plot displays a selected phase shiit
versus £ for up to nine different potential depths, vhere the potentizl depths
are Jdisplaved on tde tnird exis, vhich is orisnted at an angle of sbout 20° frowe
the abscissa, The well depths ave displaved equally spaced along the poteatial
axis, although they need not be consecutive.
3.2 Arguments, varameters, 2ad lritial Comdicicns
Z-D Vezston wd 3-D Versioo
YERD - fovest 2nergy value
FPSILOR - The increwent to ZERD for each iteratioa, of which there are LAST
LAST © The toral nusber of data points desired (EPSILON X [ASY - the waxiwm
value of tre vaergy)
WELLAN  the wvell desth
FERML  the well width
VAX - The highezt ovder phase shift desired (all phase shifts up to MAX are
guperizpesed oo one ploti
BLLD - determines whether the phaze shifts sve given in degrees ot radians
NOPLOT suppresses plotiing
NECALE supprevses ordinal selfercaling: 4§ spif-sculiag ia suppresved, ws:-
fau sad miniwan values of the ssese shifs YOAS, YRIN wmse. be inserted prior
to statement 100 tn PRSRIFT
KIGi Desigmimted laet dada cavd: the pusition of KILL oo the data cexde dif-
fers Setwecn the 2.8 snd )-D versions,
dor edditiongl fnforvation coscarning theve parseetert, sex Sectiom 3.7,
3.3 Space Keguired {Deciwml dad Octel;

1.3.1 Unigque Storage:

B s
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2=D version:

PHASHIFT 12722 nctal Locations
MINIMAX 00230 " "
SPHIN 01140 v "
SPHYN 00277 o "

X LAYOUT 01332 v "
SCALE 00246 "
AX1IS 00536 "

3-D version:

PHASHIFT 13003 octal Locations
MINIMAX 00230 v "
SPHJIN 01140 v "
SPHYN 00277 v "
LAYOUT 332" " "
SCALE 00246 " "
AX1S 00536 * »

3.3.2 Common Blocks:
Both Versions:

COMMON/LABEL/IL, ILX(5), ILY(5),ILH(5),ILR(5),ILC(5),ILABEL(S,5)
COMMON/RANGE/XMAX ,XMIN, YMAX ,YMIN, IFRST(5) ,ILST(5) ,XSIZE
(In the 3-D version the subscripts for all variables and arrays in LABEL and RANGE
are (9) and (9,9) resp.)
COMMON/1/DELTA(1000) ,CASTOR(1000) ,POLLUX (1000) ,HERCULES (1000) ,AJA
1% (1000) , 0L.YMPUS (1000) ,HADES (1000) ,8(1000) ,DB(1000) ,N(1000) ,DN(1000
2),B8Z(1000) ,DBZ(1000) ,NZ (1000) , GAMMA (1000) ,ENERGY (1000) ,CYCLOPS (100
30) ,CENTAUR(1000) ,ZEUS (1000) ,RHO(1000) ,DNZ (1000)
COMMON/A/PHASE (5000) ,ERGON(5000) (In 3-D version this is called COMMON/3/)
3.3.3 Temporary Storage: None
3.4 Messages and Instructions to Operator: None
3.5 Error returns, Messages and Codes

These are all related to the Bessel and Neumann function subroutines:
See NRL Computer Bulletin 29, section 3,6 for explanacion of error messages re-
lating to overflow and underflow prevention and use of zero arg.for Neumann func-
tions,
3.6 Informative Messages to the User

Other than the error messages mentioned in Section 3,5, no informative mes-

sages are printed,
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3.7 1Input

This section describes the data required for both the 3-D and 2-D versions

of Program Phashift.

3.7.1 2-D Version: Ome card is required to control the input of data. This card

specifies:

Parameter Format
EZERO F10.5
EPSILON F10,5
VULCAN F10.5
FERMI F10,5
MAYX . 11
JELLO 11
LAST 14
NOPLOT 11
NOSCALE 11
KILL 11

Columns Description

1-10 The smallest energy value desired
in the calculation of the phase-~
shift vs energy plot.

11-20 The energy increment added to
EZERO to generate the next energy
data point,

21-30 The absolute value of the well
depth.

31-40 The well width.

45 The highest order phase shift
desired. For S,P,D,F,G~waves,
MAX = 1,2,3,4,5,

50 Controls units of phase shift.
1f JELLO is 1, phase shift is
expressed in degrees, if JELLO
is blank, phase shift is calcu-
lated in radians,

55-58 The total number of data points
desired to be calculated, maxi-
mum 1000, The largest energy
value calculated is given by the
product EPSILON X LAST,

és If a plot is not desired, enter
2 1, Otherwise leave blank,

70 1f set = 1, ordinal scale is
0-1., If blank, autcmatic self-
scaling obtains,

72 Zero except in last date caxd of set

; 3.7.2 3-D Version: Two-plus cards are required to control the input of data.

; A maximum of 10 data cards per set are possible., The first card specifies:




| RNy

Tk T e W, ST ST

FPRP I

TUTE LT T VORI Oy

EAN - S B e L A

DAL Tl ~th ha e

o

Parameter

EZERO

EPSILON

FERML

JELLO

LAST

NCURVES

NOPLOT

NOSCALE

The second and remaining cards specify:

VULCAN
KILL
3.8 Output

Format

F10.,7

F10.7

F10,7

11

Il

14

I1

Il

Il

F10.5

I1

Columns

1-10

11-10

21-30

45

50

55~58

60

65

70

1-10

21

Description

The smallest energy value desired
in the calculation of the phase-
shift vs energy plot.

The energy increment added to
EZERO to generate the next
energy data point,

The well width,

The highest order phase shift
desired. For S,P,D,F,G-waves,
MAX = 1,2,3,4,5,

Controls units of phase shift,
If set to 1, units are degrees,
if blank, units are radians,

The total number of data points
desired to be calculated, max-
mum 1000, The largest energy
value calculated is given by
product EPSILON X LAST,

The number of curves of different
well depth desired to be plotted
(maximum of 9),

I1f a plot is not desired, enter
a 1, otherwise leave blank,

1f set 1, ordinal scale is 0-1,
1f blank, automatic self-scal-
ing obtains.

The absolute value of the well
depth, Stccessive data cards
generally contain successively
larger well depths, up to a
maxirum of 9 total data cards
giving values for VULCAN,

Zero, except on the last data
card of each successive data

set,

|
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3.8, Printed outpuel: Both versiens

The following information is printed before the data list:

{1) PHASE SHWIFT IK RADIANS (The vord DEGREES will appear inst-ad of RADIANS
i{ thar option is selected) FOR A QUANTUM MECHANICAL PARTICLE SCATTERING OFF A

-0 SQUARE WELL.

{2} tnformation regarding the chosen input parameters is printed as followvs:

WELL DEPTH =
NELL WIDTH -
EZERD - 7 The minimum and maximus values slong the energy axis,
ELAST - .
{31 Tyts LisT Ine daza list coutains 16 variables as follows:
ENEWGY (1) The energy of the 1tk data point
DELTE (D). The gero order phase shift (S-umve)
DELIA {1Y: The first order phase shift (P-uave)
MLTA (2):  The secand order phasze shift {(D-ave)
DELTIA 13):  The third order phase shift (F-uave)
BELTA (%) the fourth ovder phase shift (G-wave)

B : I¥0S{(1)., the product of the square voot of the EXERGY{Y)
and FERM. (the well width)

ERGO T The product X X FERMI (this iz vhat the actuel sbacissal
value i3 in the plots)

OLYMMUS 1. The muberater of tha Arctan function for 11 Juta poing
{peinted for Qlapgnestis parposes fn checking the ncoutsey
of the phase thift calcclation) ser sect, %.0,
HADES 1 - The dencsinater of the Atctan futction described above,
3,8, Flotted (utput
1.0 version: Samples of the platted sutpur are given in figures &, 5, sod
&, Exch of thawe {{gores shows the 5, P, D, F, end Gowmve phase shifts wpecin-
sJoked on the sasse plot for comperative purposes, The ordinal vatues give the

rhese shifrs in units of pi, while the sbscigsal values sve products of enerygy

e




« well width®. The cur - .own have been embellished for illustrative psrposes,
the actual curves sre a.. displayed as solid lines, and mist be identified indi-
viduaily eithexr by plotting congecutive displaye vorking up from S to Gewaves,
or by racourse to the printed mitput, The intezpretation of the broken curves
displaved in {figure 6 is discussed in section §.0 (REMARKS); it is a result of
the :ndistinguishability of the suitiples of nw to the computer.

3-D version: A sample of the plotted output is given in figure 3, 1t is
embelitshed only by the mmerals {dentifying V-values neor each curve, these are
rot displayed on the CalComp plot, othervige the figure is essentiaily uvaretouched,
1t should be noted that it is 0ot necessery o have seguentisl V-valuee; it should
also be noted that the maximes point of each individeal V curve is d¢splayed be-
twean O and 1 in units of pi, and in 60 case is greéater than 1, In cases vhere
the curve wwald have penetratea the region betwen | and 2, the computer displays
the peak of the curve reduced to the tntérval O to L, as tn curve V . 20,

1,9 Forwats

In the 2-0 verdaon, the daca ave printed in F10.9 fovest; in the 3-D veoston,
the duta are prianted in #F11,7 forwmt,
31,10 Frteraal Routines and Syedols

Both wersioat: PHASRIFY calie SPRIR

-PHASHIY

~SYSTEM LIBERRY
3.1 Timing
2-D versimey Yo produce fiqures such as figures &, 5 and 6, 3,q., (or 1000
data pointe and calontations of S thru © vave phake shifis, the procassing tiws
ig gerwrally less than 1.5 simites. The plotting tiee gewsveily ruaw abiut & miwates,

&
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3-D Version: To produce a figure such as figure 3 generally takes about 4
minutes of computer time ph}: about 4 minutes of CalComp time.
3,12 Accuracy

The accuracy of the calculations was verified using an electronic calculator
for several points on the S-wave curves, The accuracy of the plots was verified
by comparison with curves for S, P, and D-wave phase shifts presented for V =
! 57.5 over an Ea® interval of O to 10, which were presented in Mott and Massey!.
3.13 Cautions to Users

Experience has shown that the main sources of error in using these routines
lies in the confusion which may arise in identifying tnez individual phase shift
curves on the Calcomp plot, especially at the high energy end of the curves.

A second source of confusion may arise from the display of broken curves in
figures 3 and 6 due to the compression by the computer of multiples of 1;1 into the

first "zone" of zero to pi. This reduction is demonstrated in figures 2a and 2b,

the unreduced and reduced phase shifts as applied to figure 5a, page 33, in Mott
and Massey. A method of determining the ordinal i.ntercept, so as to be able to
apply Levinson's theorem)which relates the ordinal intercept to the number of
bound states the well may support, is discussed in section 8,0, REMARKS.
3.14 Program Deck Structure

2-p version: 7JOB card

1EQUIP, 13 = PL

SFTIN card
Program Subroutines: PHASHIFT
SPHIN
SPHYN
MINIMAX

LAYOUT (with COMMON blocks and DIMENSION statements
SCOPE  subscripted 5)
JLOAD card

10
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! ZRUN card

. data cards (see sect. 3.7.1) each data card will generate a se?ies of sup-
erimposed phase shift curves for a given well depth; each successive data card
will generate another plot, -

E@F

3-D version: JJOB card

7DEMAND, 537768

7EQUIP, 13 = PL

IFIN
Program subroutines: PHASHIFT
SPHIN
SPHYN
MINIMAX

LAYOUT (with COMMON blocks and DIMENSION statements
SCOPE subscripted 9)

. 7BANK, (0%,/3/)
JLOAD card
TZRUN card

data cards (see section 3,7.2)

EOF
3.15 References - Liturature - Appendices

(1) Mott, N, F, & Massey, H, S. W,, THE THEORY OF ATOMIC COLLISIONS, 3rd
Ed., Oxford, Clarendon Press, 1965,

(2) Meifjer, P, H, E, & Repace, J. L,, "Phase Shifts of the 3-Dimensional
"Spherically Symmetric Square Well Potential", American Journal of
Physics, Vol, 43, No. 5, May 1975, p. 428, '

(3) Newton, 2. C., SCATTERING THEORY OF WAVES AND PARTICLES, McGraw-Hill,
N.Y., 1968,

4,0 METHOD OR ALGORITHM
I. A detailed description of the significance of certain features of the

phase shift curves, as well as a guide to the literature is available in refarence

11
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(2). The mathematicsl expression for the phase shifts and simplifying assumptions

regarding the constants are discussec belo-,

T ——— LY

4,1 BDBescription of the Phase Shift Equatiocns

Ye nov consider the ideas of the partisl wave method. Suppoce we have 8
solution inside a spherical well of radius & and depth V., See figure )}, this
solutim hes to match the vavefunctiocns ocutside the well &t r = a, At this poiat
the wavefunction shoulid heve the same value (contimuity of the wawefunction) and
the same derfvative (coatinuity of the derivative of the wave function), The
contimity of the derivative of the vevefunction is required becsuse the nosentum
of the particle should be defined st every point in space. There are twe wore
boundary conditions: 1: the vavefunctioa inside the sphere should be xero at the
origin, &ud 2) the wevefunction outside the sphere should have o fixed amplitude.
The value of ehie amplitude s of no fmportance vhen we celoulete the phase shife,
the firvst boandary comdizion excludes Neuminn funciions inside the isphare. As a8
result of the spharical sywmetiy of the potential weli, the sogulsr dependeace
inkide und outside should be {dentical: the dvelue cuteide the syubere,

Ve introduce the folloving notation, k = vE, We use units s« & ~ | and
¥ \3@\,"*{»:} wvhere V - the well dapth, the advolute velus of the sagative poteatisi
inside the spiwve., Ue use the etandsrd wtation for the spherical Bersel and
Neumann functions (coMpars X3 baadbook )1,  The vedius of the sphere t8 ¥ - o,
with this notation we hove, for the redial part of the vevefunstion inside the
sphere:

el w{e) ¢ ‘fn},(:r)
and for the vewiunction cmtside the spherv:
ts: w{¥} = Bj‘{ks) * m‘('nt). e . )

The comvention (s norwally to replace the two conslents Ly the sime &nd cosine




e

of an engle @s follous,
Having established there two vevefunctions, the metching condition gives the
foliowing rvelation:
. - . € - 5
3‘(:0) ccs .gj!(kl) sin ‘n‘(h)

2j (a8} - & (cos 3 3 (ka) - sin & ni(ke))

L
i
Ve take the ratio batueen these tuwo egquations, omitting the ssbscript

1) ki (ka) - ktan & n'(ke)
1G) j(ka) - tan ¢ n{ks}

and eolve for tan 1, YThe result can be vritten ss

Ceanel da L(ke) -y d(ka)
B tan ;‘.’.ﬂ nt(ke) - nikal.
vhere v is given by
. o v s Y e s(aa)

Thete sre the equations of interast vhich sre used to compute the phace shife 8.
5.0 Listing of program — we pafes 33 ot sy,

6.0 CEPARISONRS « see section Y, 12

7.0 TEST HETHOD AND SESULYS

To penerete figares o, o end 6 during ooe computer run, set

20 version:

laz data card sod dats cerd Jed dute card

ERe 0000  CAXRIL » 20001
EPSILe® - 0.5 &3 4.9
VULCAN - ).0 18.0 100,06
FERHE - 1.9 1.0 1.9
Wy % 5 s
JELLO - b b b
LAST - 100 100 1030
NPT - B b t
NISCALE - § 1 4
KieL - 0 \ 3

The partial printed cutjut from the sacomd data card follows: (Seo Figuve A)

3-D version:

To genesate figure 3, set

13

o ki




st data card

E2ZERD My il

EPSTLON 014

FERNL 1,

MAX )

1TILD b

LASTY 1080

SIUKVES 9

b B0 b

WSCAIE 1
imed da1a [med YULCAN 1 KIiLL b
Yyrd v - o 2 " b
BESS o 3 ” b
g : © 4 w ]
vtR ! " 10 v ]
1 » i8 ’ b
2 L " 19 b
S LA " b i " b
1igh ¢ . Ed | . 1

A cartial listing of the printed output for figare 3 follows: (see Figure ¥)
et - oMARRS

oty that the phase shifts sve defined only to vithin an integral mulciple
21 opé, 1t is customety to define ﬁ}&is‘ 8, Since the computer delivers svulues
x% shade shift only betuwen © and 1 in units of pi rudisns, the quedtion arises
8% 1o how to intarpret these plots fn light of Levinson's thoores, According to
ivinsan's thecrew, the vilue of the phate shi¥t 82 zeéro emergy, in units of pi
radiant . rields the rpmber of jJ-wive borad atites that the well can support, ex-
sapt @t cavtsin transitivonl eerengths®, If soltipies of pi ave wippressed in the
slot, Mo can oo determine the oumber of bound states? It will be noted (n figive
® for the dewp well, rthat there ave o momber of discontinmitive (n phare, This
te o reralt of the suppression of wultiples of n pi, 1f cme plots figure & out
to eretrgics greater than 400, ft wil)l e found that ooly one wore set of discon-
timpitian ovture before the phase shift curves sssyuptoriceally upprodch teve, 14
one AEBEENE 8 Meghtive walue o jumps up, émd 8 positive value to jumps doon, the

aigabraic mmbvr of phsee fuaps will be equal to the wmumber of f-wave bouwnd states

146
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in the well, for ecach curve.
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C TwO DIMENSIONAL VERSION 200
C THIS PROGRAM CALCULATES PHASE SHIFTS IN RADIANS OR DCGREES VS EwA#s2 300
C OR K OR E IN DIMENSIONLESS UNITS FOR THE QUANTUM MECHANICAL SCATTERING 400
C OF A PARTICLF OF FNFRGY € FROM A 3-D SQUARE WELL OF WIDTH A AND DEPTH 500 ;
€ =V, THE INPUT PARAMETERS ARE ( 11, EZERC (THE LOWEST ENERCY VALVUE) CO 600 ;
coLS 1-10.(2)s FPSILON(THE ENFRGY INCREMFNT) COLS11-20. (3)e /ULCAN 700
F TuF ARSOLUTE VALUF OF THF WELL DEPTH) COLS 21-~30 800
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€ (f)e JELLO (IF PRINTOUT OF PHASFE SHIFTS IN DEGREES 1S5 DESIREDs ENTER 1300
C 1 IN COL SUs IF RADIANS DESIRCDs LEAVE-COL 50 BLANMK) COLS0 1400
C IfF MO PLOT 1S DESIREDs ENTER A 1 IN COLe 65+ IF ORDINAL SELF-S5CALING 1500
C RFSIREDs EMTFR A 1 IN COL 709 AND INSERT VALUES OF YMIN AND YMAX BEFO 1600
¢ T cALL. 1700
COMMON/LARELZTILILX{S)sILY(S)IoTLHISI»ILR(S)ILCI5) 2 ILABLE(595) 1800
COMMOY 7RANGF/ XMAX 9 XMIMsYMAX oY AINS IFRST(6) s 11 5T(5) 9 XSILE 1900
REAL ILXsILYsILMHsILR 2000
REAL N 2100
REAL NZ 2200
COMMON/1/ DELTAL{1000) »CASTOR{100L0) »POLLUX{1000) sHERCULES(10U0) vAJA 2300
1X(1C00) sgLYMPUSL10UU) sHADES(10GU) o8B (1000} 4DB(1LV0) sNE1000) sDN(1000 2400
29 9B2(1900) osDRZEILECU)SNZI1C0U) sGAMMALTU0U) sENERGY L1UCO; »CYCLOPS(100 2500
AC) sCFNTAURTIGED ) 9 2FUSELIEO0T)Y sRHOCT1GI0) oNNZ(10C0) - 2600
NIMENSTON DrLTAT(19vC)sNFLTA211000) sDELTA3LILULU) +DELTA 2700
. 161160V eW(s) 2800
# NIMERSTION FPGOL1D0Y) 2900
t COMMON/AZ PHASE(S000) sFRGONTSLOUY 3000
] o PEAD 16LVs1U) FZFROYEPSTLONSVULCANIFERMI ¢MAX S JELLOSLAST sNOPLOT sNOSC 31C0
1 TALFsKiILL : 3200
é : 10 FORMATILIFIUL5)s4XoT11006Xs1194X0]arbXelYsaXel)91X0l]) 3300
y 1FPST(1)=1 3400
d IFRST(21=14+  LAST 3500
: IFRST(3)=1+ 2#LAST 3600
g TFRST(4) =14+ 3#LAST 3700
¥ IFRST(5) 214 &L#LAST 3809
ILST{1y=  LAST 3900
ILST(2)a2 % AST 4000
ILST(3)=a®t AST . 4100
1LST 4y ma® L AST 4200
ILSTUS ) us e AST 4300
1F (JFLLOLFOL1) GO TO 2 4400
1 PRINT 6 4500
GO TO 3 4600
2 PRINT 7 4700
4 PRINT 12 »VULCANSFERMI sEZEROIXMAX 4800
PRINT B 4900
& FOGRMAT (1Xs#PHASE SHIFTS IN RADIANS FOR A GUANTUM MECHANICAL PART1 5000
1CLE SCATTFRING OFF A 3=D SQUARE WELLe*/) 5100
+ FORMAT (1Xs#PHASE SHIFTS IN DFGREFS FOR A QUANTUM MECHANICAL PARTI 5200
1CLE SCATTFRIMG OFF A 3=D SQUARF WELLa#*/) 5300
A FORMATIEXs#FNERGY{ 1) #4XaDFLTALO)#aX#DELTAL] ) #aX#DELTA2 ) #4X#DELTAL 5400
13)1%6XeDELTA L) $0Xs 4 #4X%  ERGO #GXWOLYMPUS1#4X#HADES1#/) 5500
19> FORMATI1XseWELL DEPTH= #F10,59# WELL WIDTHx #F10,5+% EZERO= # 5600
1 F1G.5¢% FLAST= #F1Ce5/) 5700
KsMAX+]1 5800
° ENFRGY(1)=FZERD 5900
23
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4
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3n
40
Lo
4%

ae
AN
13
¢
T

LR e

T6¢
76
N 79
Ta

79

| 95

!
)
2T

.. e

NO 91 ta]sLAST

FRGOUII=ENFROGY(T)®IFERM] Jau)

FNERGY(141)uFPSILONSENFRGY(])

CYCLOPSITY=SQORTLENFRGY (1))

CENTAURIT12SORTIFENFRGY LT )4 VULCAN)

ZEUSL])CYCLOPStT)RFERM]

ZEUSSaZFUSLT)

'F‘ZFUSSQFOIU, 78430

REOU11=CENTAUR( I ) #FFRM]

RHOOSRHO LT )

CALL SPHUNIRHOO YK B

CALL SPHYNIRHOOsK sN)

Del11==R(2)

DNEYYs=N{2)

DO 3% Jlx2sMAX

PRI = (T #R0TI=1 1~ LII+ 1 I%R LT+ )1/ 20 ] 4])

RIS ERNIE LN ES RN NI P B T T NI PSR VASI NIPS E!

CONT INUF

CALL SPHUN(ZFUSSsKWRZ)

CALL SPHYNUZFUSSsK sN2)

PRZt1)==nZt2)

PRLLY Y z=NZ (2)

DO 218 Klx29MAR

DRZIKI)={KI#RZIK]=1)={K1+1I2RZIKI+])) /(20K T+1)

DNZIKI) = IKTONZ UK =)= KT+ I *NZIKI+1) ) /(28K [+]1}

CONT INUE

DO 76 Llxz1sMAX

CAMMALLT ) =CFNTAURLTY) #*npILIV/RILT)Y

CASTORI 1) =CYCLOPS{1)*DRZILT)

POLLUXILT =GAMMA(LTY*RZ(LT)

MERCULFS(LYI=CYCLOPSET Y sDNZ LT

AJAXEY T)=CAMMALLTY#NZILT)

OLYMPUS L 1)=CASTORIL I -POLLUXILTY

HARFSUL T ) =HFRCULESILTII=AJARILTY

WILTY =ATAN2LOLYMPUSILT) sHADESILT Y
TROWILTY LTa0) UILTY=WIL1)43,14159
IFUJFLLOWGFQWet) GO TO 785

WILT) =Wl 1)%#57,29578
[FIUFLLOLEQ«1IGO TO 76

WiLI)=wWlL1)/2,1415%0

CONTINUF

GO TO 80

PO 79 Llx1sMAX

viLy1y=0,

CONTINUE

OLYMPUS (1120,

HADES(11=0,

AN PRINT BS+ENERGY(I) owl 1) oW(2)1 o (3)sWia)ow(5)sZEUSITISERGUIT ) 20OL
1YMPUS(1YsHADESTY)Y

FORMAT (10(2XeF1U45))
PELTA(IYzwW ()
DFLTAL(T ) =wW(2)
DELTA2(T)=W(3)
NPELTA3(T Y =W (4
PELTALITY=WI(S)

CONT INUF

PRINT 87

FORMAT (/77
IFINOPLOT4FQel) GO TO 95
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6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
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7300
T400
7500
7600
7700
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7900
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8300
8400
8500
8600
8700
8800
8900
9000
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9200
9300
94600
9500
9600
9700
9800
9900
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10100
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10400
10500
10600
10700
10800
10900
11600
11100
11200
11300
11400
11500
11600
11700
11800
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IF (NOSCALEE0.1)GO TO 99 11900
CALL MINIMAXIDELTAsYMINsYMAXSLAST) 12000
. 99 XS12E=10, 12100
XMIN=ERGO(1) 12200
XMAX=ERGO(LAST) 12300
C IF SELF-SCALING NOT USEDS THEN YMIN AND YMAX VALUES MUST BE SUPPLIED. 12400
. YMIN=O, 12500
YMAX=] e 12600
C IF DESIREDe DIFFFRFNT ORDER PHASE SHIFTS MAY BE PLOTTED ON THE SAME- 12700
C GRAPHe USF NOSCALF TO BYPASSs PUT A 1 IN COL Y0« SUPPLY YMINsYMAX, 12800
NLAST=6ug AST 12900
J=LAST ’ 13000
DO 90 Mayey 13100
PHASE (M) =DELTA (M) 13200
PHASE (MeJ)aDELTAL M) 13300
i PHASE (Me2# J)1xNELTA(M) 13400
: PHASE (M43 # 1) =DFLTAZ (M) 13500
i PHASE (M+4#0)aDFLTAL (M) 13600
‘ ERGON{M) =FRGOIM) 13700
{ FRGON (M+ ) =k RGO (W) 13800
! FRGON(Me2# J)=ERGOIM) 13900
‘ FRGON(M+3% ) eFRGO (M) 14000
FRGON(M+4* J)=ERGOIM) 14100
an CONTINUF 14200
CALL LAYOUT(ERGONSPHASE sNLASTs6HE#A®#2 s TH=DELTA~969T+5) 14300
{- PRINT 1UO 14400
i i 10N FORMAT(//7) 14500
§ ; 98 IFIKILL.EQGsO) GO TO 9 145600
4 CALL STOPPLCT 14700
i 190 FND 14800
'1 N SUBROUTINF MINIMAX{ARRAY s YMINsYMAXSLAST 14900
by ] BIMFMSTON APPAY(]1UUD) 14000
¥ i ¢ ThIS SUAROUTINF FINDS PATH THE LARGEST AND SMALLEST MUMBERS IN ARRAY,. 15100
} : C LARGFST NUMRER 15200
2 i . J=1 15300
i Jd=1+d 15400
H 10 DO 30 KeJgJoeLAST 15500
. IFLARRAY (J) e GFARRAY (K1 13020 ‘ 15600
= ' 20 J=K 15700
) IFIK.EQ.LAST) 6O TO 4U 15800
i GO TO &0 15900
an CONTINUF 16000
4n YMAX=ARRAY(J) 16100
PRINT 46eJJ 16200
48 FORMAT (JXengg=#11) 16300
60 TO 6 16400
S0 JJ=Jel 16500
G0 1o 10 16600
€ SUALLFST NUMaFR 16700
6n L=l 16800
LL=1+L 16900
10Aa N 300 MeLL oLAST 17000
TF(ARRAY (L) LF «ARRAY (M) 1300200 17100
200 L=M 17200
TF(MFOLLASTIGO TO 400U 17300
GO 10 sQ0 : 17400
. 200 CONTINUF 17500
400 YMIN=ARRAY (L) 17600
PRINT &450sLL 17700

25
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450 FORMAT (&Xo'LL-Q[g)

GO TO 60

500 Li=L+l

600

1e

1=

1n

24

GO To 100

RETURN

END

SURROUTINF SPHUNIXsNsARR)

OIMENSTON ASS??EL FUNCTIONS OF THE FIRST AND SECOND KINDS
RX=1,0E+307

NF =)

NN=N+1

IF(XQEQOOOO) 60 TO 4

IFIX.LE«045160 TO 6

FOR ORDERS LFSS THAM ARGUMEMTs AND ARGUMENT GREATER THAN 0e5

ARR(1)1aSINIXy /X
ARR(2}12ARRI1}/X=COSIX) /X
NMz X =2
TFINJLT e XIMMaN=]
TF{NMGLT ,O)NM= T
PO 16 I=]1,.NM
FN=141
ARRUT+2)=(FMN+1,U)#ARRIT41)/X=ARRI(T)
CHFCK FOR UNNERFLOW
TFLARRIT42)eNFo0401GO TO 16
ARR{I+1)=ARR(T+1)#RX
ARR(T42)=(FN+1 V) #ARRIT+1)/X-ARR(])*RX
PRINT 11y XsleN
CONT INUF
IF(NSLT«X)RFTURN
HOLN=ARR (NM+2)
FOKR ORDFRS GPFATFR THAN OR LQUAL Tn UME A
RO A L ARGUMENT» AND ARGUMENT
ALPHA=1,0
Mz =2 =M
MoTE=C
I=N+47
IFIX/NeGTa'a9) [2]4X/1V,40
ARR(1+2)=ALPHA
ARR(1+3120,0
I=-1-1
DO 2 KK=leM
==KK
MOC =K+
TeP1=K+K+1
ARRIK)I=TePI1#ARRIV 411/ X~ARRIK+?)
IF EXPONENT FAULT 1Rs2
TEMPY=ARR(¥ )= ARR(K+1) /RX*TKP1/X=ARR(¥X+2)/RX
ARRI¥ ) =ARRIK ) #RX
IF EXPONFNT FAULT 242
ARR(K)eTEMPY
ARR(K4+1)=ARRIK+1) /RX
PRINT 13+XsNsNOO
CONTINUE
Cz=HOLD/ARRIK)
IFICeNF 0. 0VGO TO 14
HOLD=HOLD*RX
NOTE=NOTF+1
GO0 T0 12

26

17800
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
19700
19800
19900
20000
20100
20200
20300
20400
20s50¢C
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21700
21800
21900
22000
22100
22200
22300
22400
22500
22600
22700
22800
22900
23000
23100
23200
23300
23400
23500
23600
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R
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IFINNTEGCFQ4GIGO TO 17
MULT=307#NOTE
NUL =L=)
:RénTT?lochoMUL.MULT
ORMA (3X#FOR ARGUMENT OF #F17.10% AND ORDFRS OF #[4# TO #
#SPH.IM FXPONEMT WAS IN ' for
00 3 leromn INCRFASED RY #]16)
ARR{1Y=ARRI1Y#C
CONTINUE
RETUZN
ARR{1)=a1,0
NO % L=2sNN
ARR{L)=2U,0
CONT IRUE
RE TURN
SERIES -FOR ARGUMENT LFSS THAN
A ST AN OR FQUAL TO 0,5
CH=CS=DN=NIV=1 40
PO 10 L=1sNN
ITEXP=NFXPA=MEXPA=LFEXPA=0
NO={ =1
IF(LeFQsl) GO TO 7
CS=aCS*X/DN
CHF7X FOR UNDERFLOW
IF(CSONFQOOU) GO TO 7
SCALF FOR THIS N AND ALL FOLLOWING N
CS=CH*RX#X/NN

NEXPA=NEXPA+] o
DN=DPN+2 40 Lo, ,
CH=CS !

XKK=040 (‘4 ,g/ 4,
A=CH2=FORTT=1,u/pIV ‘L
TN=24U%NO

FNz==Ug5eX¥X

XKK=XKK+] 60
FO=XKK* [ TN+XKK+XKY. 4160}
A=A%FN/FD

CHECK FOR UMNERFLOW
TFLAGNESD.0IGO TO 25
SCALE FOR THIS N AND ALL FOLLOWING N
AsCH2*RX#FN/FD

DIV=DIV/RX

MEXPA=MEXPA+]

FORTT=FORTT#RX

CH2=A

TT=A+FORTT

IF(TT eEQeNeeORGARSIA/TT)ILLTEPS) GO TO 9
FORTT=TT

6o TO 8

ARRIL)=CS*TT

CHECK FOR UNDFRFLOW

IFIARRIL) oNF40.0)1G0 TO 21

SCALE FOR THIS N AND ALL FOLLOWING N
ARR(L)=CS#RX#TT

PIV=DIV/RX

LEXPA=LFXPA4]

ITEXP=NEXPA+MEXPA+LFXPA

IFLITEXP,FOLIGO TO 1U

IFUITEXP,FOL1)16G0 TN 20
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23700
23800
23900
24000
264100
24200
24300
24400
24500
24600
24700
24800
24900
25000
25100
25200
25300
25400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27400
27500
27600
21700
27800
27900
28000
28100
28200
28300
28400
28500
28600
28700

28800
28900

29000

29100

29200

29300

29400

29500
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PRINT 3us MFXPASMEXPASY ’

FORMAT(AX e &cﬂLEnggoka;?ﬂx-tlo))
:g;:ft}ﬂi XoMOWN

AT(aXsuFOR ARGUMENT OF #9F174100e ‘

1 lae® SPHIN EXPONFNT WAD INCRFLSF; Ay :tgﬁ?RDFRb OF ®rlasx TO ®e
CONTINUF

FND

SURROUT INF SPHYN(XsMNeARR)

NINENSIOM ARRIY)

RX=z)UF4aLT

TF{XFQeNe )53

PRINT &

~

;2?32;(1x.~nn MOT USF ZFRO APGUMENT FOR SPHYN®)
FIND YO AND Y1

ARRUY)==COSIX) /X
ARRI2)-ARRU)/X=SINIXY)/X

MMY =N-]

PO 2 r=19NMY

IKP1=¥+Ke]
ARRIK4+2)1=TeP1#ARRI(¥ +)1 )/ X=~APRIK)

CHECY. £ NVERF|.OW

1F EXPONEMNT FAULT Rs2
ARRIK+1)=ARRI(K+1)/RX
ARRIr42)1=Tr P12 ARRIK 11/ X~ARRIK)/RX

PRINT TeXs ol

FORMATIAXssFOR ARCUMENT OF #9F17.109% AND ORC
€ RS *s 1
1 las® SPHYM FXPANFMT WAS hrcprAseh aY van) °F OF *xlerx T0 ¥
CONTINUF
[ 1a)

SUﬂDOUTINF LAYOUT (xerrvYPrrR-nn.\n(h¢ann,NNx.hw PNUMRER Y

gz.:2rlba:F%/£L;lLX(SholLY(S)vth(R)'I RIECIMILCIB ) s ILARLE (595
“MoN NGF/Z XMAX o XMIMsYMEX oYU INOIFRSFH Iyt X

REAL ILXsILYslLHeILR ) 5’.‘L BraxsI
PIMENSTION XACHIS) s YRODIS),
DIMENSION xnrra(uni.thFP!nr1.pLTAnppvf’;4)

naTa L]STRT=1Y) 0
lNlTlALIZATlﬂN .\”

MzNN -t
NXzNNX L
NY=NNY . ‘.

1€ (XSTZFFOeloll) XSTZF=100
YSiZg=1U, e

NSVF =k [

Nz TARSF (&)

1Ff (NUMRFR,FQOev) NUMAFD-]
IF LISTRTFN.2) GO TO 2
CALL PLOTSIPLTARRAY +254091%3)
1STRT=)

CONT INUF

LARLL X AX]S

~Xs (XUAX-XPTMYI/ZXSIZE

1F (DX NFLf) GO TO 13

CALL SC2LF (XARFFRoNIXSTZFsXINsNXs1})
LOANER fo T 4

T IONT InUF

Ve -y
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29800
29900
30000
30100
30200
30300
30400
30500
30600
30700
30800
30900
31000
31100
31200
31300
31400
31500
31600
31700
31800
31900
32000
32100
32200
32300
324C0
32500
32600
32700
32800
32900
33000
33100
33200
33300
33400
33500
33600
33700
33800
33900
34000
34100
34200
34300
34400
34500
34600
34700
34800
34900
35000
35100
35200
35300
35400
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Ty

10

&

1a

14
1&

11

DO & 1=1eN

PRINT 6668 s XAFFRIT) s YRFFRIT) 1
FORMAT (2F204109110)

XRFFR{TY= (XnFFR(II-XMlN)/DX
CcOMNTINUF

CALL SCALF (XnFFRoNuXSIZEoXMINoDX-I)

2FRO- XS12E-2ERO

1F INSVF) 691UV

XMIN=XS]2ZF#NX=~ARSF LXMIN}

nX :-DX

CONT INUF

ZFR0=(0.0~XMIN)/DX

PRINT 4*DXeXMIN?ZERO

FORMAT (# nXe#e3F2L,5)

CALL AXIS (o.u.u.o.XPCD-NXoXS]Zrou.a,xMxnpox;
PRINT 40X e XMINSZFRO

NXz=NX

CALL AXIS (U.uuYSIZFtXRCDcNXoXS!ZFo0.0vXM]NoDX)

PRINT (DX XMIN ZERO
LAREL Y AXIS

AY=z (YMAX=YMINV/YSIZE

1F (DY NELeU) GO 10 14

CALL SCALF (YREFRsNsYSTIZFoYHININY 1)
o0 TO 15

CONTINUF

no 16 I=1oN
YRFFR([):(YPFFR(I)—YNINl/DY

CONT INUF

PRINT 11NYsYMIN

FORMAT (# NYs#e3F2J44)

CALL AXIS (0.\.U.U.Yn(hoNYoYSILFoQO.-YMIN'DY\
NY:—NY

PRINT 11+NYsYMIN

CALL AXIS (XSIZFgb.ﬁ‘YP(nvNYoYSILFQQO.oYM]NoDY)
PRIMT 11sNYsYMIM

pLOT CURVF
NUMBER1 =NUMRFR
IF (NUMRER.LT»C) MUMARFR==~NUMRER
NDz (N/NUMRFR) =1
N2=0
If (NUMRERGMFE 1) a0 TO 8
1FRST(1)=1
1LST(1)=N
CONTINVE
no 159 J=19NUMBER
Ir (NUMRFR1+LTe0) GO Ty 148
M1=1FRST L)
N2=1LSTHY)
G0 TO 149

14a CONTINUF

MixN2+1
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35500
35600
35700
35800
35900
36000
36100
36200
36300
36400
36500
36600
36700
36800
36900
37000
37100
37200
37300
37400
37500
37600
37700
37800
37900
38V00
38100
38200
38300
38400
38500
38600
38700
38800
38900
3900C
39100
39200
39300
39400
39500
39600
39700
39800
39900
40000
40100
40200
40300
40400
40500
40600
40700
40800
40900
41000
41100
41200
41300
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T
H
{
N2=N1+ND
leao pESRL Py 2}288
1PNz 41600
5 41700 .
- CALL PLOT (XPFFRU1)YYRFFRI1103) 41800
- 41900
no 100 1aNY M2 42000
- PRINT S868 e XRFFRIJ)SYRFFRIT ) 0] 42100 .
XAFs XRFFRI1) %2200
Yyars YRASFR(T) 42300 }
1F (NSVFaLTet) XPFFRU1)1=XSIZF=XRFFRIT} 42400 ;
1F (XAF oL TeUsUWsORWXRF4GToXS12E) GO TO 100 42500
IF (YRFoLTeUsueORYAF4GTLYSI2ZF) GO TN 100 42600
CALL PLOTIXRFsYRFs1IPN) 42700 H
1PN=2 42800
100 CONTINUF 42900
180 CONTINUF . 43000
) IF (ILeFN&&Y GO TO 255 43100
] 1€T=0 43200
. 257 1CT=1CT+) 43300
O 1F (1CT0TaILY GO TO 259 43400
! CALL SYMuOL(le(lcT)vlLY(lcit-1LH(1CT).1LABLE(1-XCT)-ILR(ICT) 43500
s 1etLCtICTY) 43600 !
; a0 TO 287 43700 {
25« CONTINUE 43800 i
CALL PLOT (X512ZF+2440eU9=3) 43900 !
| PRINT 260 44000
{ 550 FORMAT (» PLOT NONE#) 44109
! r 44200
‘ ¢ 44300
44400
; ¢ RFLTORT THE DATA 44500 ‘
{ NX=z=ARS(NX) 44600
H NYsARSIDY) 44700
: c 44800
i nNO GGL T=19M 4490V
; XRFFR{T) = (NXXAFFRIT) ) +XMIN 45000
! YRFFRIIIz(NYSYAFFRIT)I+YMIN 45100
! 400 CONTINUF 45200
: ¢ 45300
: XMAXz0,0 45400
i XMIN=0,U 45500 !
{ YMAX=0,0 45600 .
- Y2 INz040 45700 '
r 45800
F t RFTURN 45900 v
B FND 46000 ;
l f SURROUTINF SCALF (XsN»SeYMIMDYsK) ) 46100 §
\ PIMENSTON X(2) 46200 1
i YMAX=X(1) 46300 i
4 YMIN=YMAX 46400 i
i NP=N"K 46500 !
| DA 10 I=19NPsK 46600
i TFUYMAX=X(1)151606 46700 §
i 6 YMAX=zX(1) 46800 ?
f{ 6 TFIX(II=YMINY T9olU010 46900 ;
E; 7 YMIN=X(1) 47000 |
' 10 CONTIMUF 47100 ¢
Pi DYz (YMAX=YMIN)Z (5) 47200
[ -

% 30

N




DO 20 I=1eN
20 Xt1)y=stX(1)y=YMIN)/DY Z;Zgg
. PRINT 25¢YMINSYMAXSDY s X{1)sXIN) 47500
28 FORMAT(&F?§,5%) 47600
RF TURN 47700
FND 47800
SURROUTINE AXIS (XsYsBCDINC*SIZEsTHETA2YMINSDY) 47900
. X142,07 48000
SIGN=] v 48100
IF INC) 1¢2s? 48200
1 SIGN==1,0 48300
2 NAC=XABSFINCY . 48400
TH=THFTA®0,U17453294 48500
NxST2E+e59 48600
CTH=COSF( TH) 48700
STHaSINITH) 48800
TNaN 48900
XPp=xX 49000
YRaY 49100
XAzX=gl#SION#STH 49200
YAzY+,1#SIGN®CTH 49300
r IF (TRFTA=QUa)1U012412 49400
C 12 XAz=XA 49500
10 CALL PLOT (XAsYAs3) 49600
c 49700
C D2 LOOP DRAAS AXIS AMD MAKES TIC MARYS 49800
p 49900
; PO 20 I=yen 50000
: CALL PLOT (XReYRs?) 50100
v XC=XR+CTH 50200
YCeYR4STH 50300
. CALL PLOT (XCeYCrp} 50400
. XA=XA+CTH 50500
YA=YA+STH 50600
; CALL PLOT (XAsYAs2) 50700
i ’ XB=XC 50800
; 20 YR=YC 50900
CHAR=ABSF (YMIN) ' 51000
1 ARSV= ARSF (YMIN+DY) 51100
! 1F (ARSV=CHAR) Seb38 51200
| & ARSV=CHAR 51300
;| & FXP=0,0 51400
;, Ro NT=ARSV40,.1 ] 51500
: CHAR=NT 51600
! IF (CHAR=ARSV) 9U192:92 51700
0N FXPzEXP=1,C 51800
ARSVEABSVH1U, 51900
1 6o To 89 . 52000
§ 01 FXP=FXP4+140 52100
2 ARSV=ABSV/10e0 §2200
| NT=ARSV 52300
H CHAR=NT 52400
{ r IF (CHAR=-APSV)91+914+91 52500
i IF (ARSV.GTe1) GO TH 01 52600
3] a2 ADY=DY# |0, U%%l~FXP) 52700
3 ARSV=YNIN#QU 0% (=FXP)+THNEANY 52800
;. XAzXR= ,20#STGN=0405)#STH-425%CTH 52900
m - YA2YR4 !l oo #STGN=4 051 #CTH=-425%5TH 53000
a8 NuN+1 53100

31




17 (THETA=9QU
3 XhsaXAse) o) 11432032

PO LOOP PLOTS NUMRERS ALOMG AXIS

[aXaYaXaln)

2y hO 20 T«)eN
CALL NUMRER (XAsYAs UTsARSVITHETAIGUMHFT43)
ARSV=ABSV=ADNY

IF LARSVLT4U.ANDGARSVLNiT, ‘1) 8548g
e ARSVsV
86 XAxXA=CTH
10 YAaYA=STH

TNC=NACST

[a ]

e

CALCULATFES CFNTFP POSITION FUR LAREL
XAZX4(STZF/240=e06#TNCIOCTH= (=4 CT+SIGNR 4361 4STH
YARY4(SIZF/) a0 OQeTNCI#STHA (=g UT+STONE 436 ) #CTH

c 1F (THETA=QU,) 4) 042902

c 49 XAz=XAee)

41 CALL SYMAOL (XAsYAsX1aonCnsTHETZ2 sMAC)

¢
r PRINTS LAREL
XAz XA+ ([ TMC=Ret:1%0,12)2CTH
YAsYA+{{TNC=he's)#Uq12)%5TH
1F (FXP) 354504358
28 CALL SYMRQL (XAsYAsX14osPHIX10 JsTHETA+R)
XAz XA+ o4 ARCTH-qUT#STH
YASYAS o 4RESTHE JOGHCTH
IF (FXPY 4. 9R0 AU
c
r PRINTS SCALF FACTOR
40 CALL NUMAFR (XAsYASX149FXP sTHFTASLHF3.0)
&0 CONTINUF
CALL PLOT (XAsYAS»3)
RFETURN
END
Y IGG
OOG(‘
VIG6
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53200
53300
53400
53500
$3600
$3700
53800
53900
54000
54100
54200
54300
54400
54500
54600
54700
54800~
54900
$5C00
55100
55200
55300
55400
55500
55600
55700
55800
55900
56000
56100
56200
56300
56400
56500
56600
56700
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3-D Version
PROGRAM PHASHIFTY
THREF DIMENSIONAL VERSION

TH]S PROGRAM CALCULATES PHASE SHIFTS IN RADIANS OR DEGREES VS E#A®#2
OR K OR E IN DIMEMSIONLESS UNITS FOR THE QUANTUM MFECHANICAL SCATTERING
OC A PARTICLE OF ENFRGY £ FRNM A 2= SQUARE WELL OF WIDTH A AND DEPTH
~“Ve
THE 1ST DATA CARD CONTAINS THF FOLLOWING PARAMETERSees

THE INPUT PARAMETERS ARE ( 1). EZERO (THE LOWEST ENERGY VALUE) CO

OLS 1-10.(21. EPSILONITHE ENERGY INCREMENT) COLS11-20e t3)e SKIP TO 4

{a)e FERMI (THE WELL WIDTH) COLS 21-30e (51, MAX (THE
HIGHEST ORDER PHASF SHIFT NESIRFDe FOR SsPeDsF) [MAX=1029304, COL 45
(g)e SKiP TO 7 (71e LAST(THC TOT
AL NUMRER OF DOINTS NDFSIREN TO RE CALCULATED) s MAX, 1000, COLS &5-%8
tale JELLO (IF PRINTOUT OF PHASE SHIFTS IN DFOGREES IS DESIREDs ENTER
1 IN cOL 50s IF RADIANS DESIRFNs LFAVE COL 50 BLANK) CCLSO
EMTER THE NUMAER OF CURVES 0T RF PLOTTED IM CNL 60(MAX 9) .
1¢ NO PLOT 1S DESIREDS ENTFR A 1 !N COLe 65¢ IF ORDINAL SELF-SCALINSG
DESIREDs ENTER A 1 IN COL Tue AND INSFRT VALJFS OF YMIN AlD YMAX BREFO
T CALL,
THF 2ND DATA CARD CCNTAINS THF WELL DEPTH VULCANs COLS 1~10» AND KILL
coL 21+DESIGNATFS THE LAST DATA CARD.
COMMONILAHEL/XL'ILX(9)oILY(Q)-ILH(Q)-ILR(O)'ILC(Q)OILARLF(9-9)
COMMON /RANGE/ XMAXsXMIMNsYMAX oY tINSIFROT(9) o ILSTUII) 9XS1LE
REAL ILXsILYSILH*ILR
REAL N
REAL N2
COMMON/ 1/ DFLTA(IOOO)OCASTOR(louu)OPOLLUX(IUUU)OHERCULES(]UUO)DAJA
1X(1000) sQLYMPUS (1000 s HADES (1000} sRE 160U 9DRETLO0) s (10001 sDN(1000
21+B2(10001 +DBZ 11000) sNZ{1C0L) sGAMMA(1000) s EMERGY L100G) »CYCLOPS(100
30)ocgnTAUR(1OOU).ZFUS(1000)-RHollooo)-nNz(looo)
DIMENSION DELTAl(1000)-DELTA?(1000)oDELTAg'1000)-DELTA
14(100VU)sW(6)
DIMENSION FRGO(1000)
COMMON/3/ PHASE(QUUCIYERGONIOOCL)
KC=~]
700 READ (60+800)EZFROSEPSTLONsFERMT sMAX s JELLOsLAST sNCURVESsNOPLOT #NOS
1CALE
800 FORMAT(B(F10.7)OIAlelvaXoll-AX-Ih-lXOII-aXOIloaX-Il)
o READ(60910)VULCANSKILL
10 FORMAT(F1045910Xs11)
[FRST(1)=1
1FRSTI(2)=1+ LAST
IFRST{3 )=+ 2#LAST
1FRST(4 )1+ 3#LAST
IFRST(5)u1+ 4®LAST
1FRST(6)n1+58LAST
IFRST(7)21+6#LAST
IFRSTI8) =1+ 7#LAST
IFRST(9) =) +8#LAST
TLST{1y= LAST
ILST(2)=2% AST
JLST(3) 3% AST
ILST (4 ) mu®AST
ILST(5) =58 AST
1ILSTI6)=e*LAST
TLST(7)mT#LAST
1LST(8)=g®LAST
ILST(9)=9# AST
XMIN=0,
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100

200

300

400

500

600

700

800

900
1000
1100
1200
1300
1490
1500
1600
1700
1800
1900
2C00
2100
2200
2300
24C0
2509
26090
2700
2800
2900
3000
3100
3200
330C
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
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XMAX1eEPSILON®LAST
XTICK=XMAX]1/10,
XMAX= (NCURVES=11#XTICK/2+4XMAX]
XSIZE=XMAX/XTICK
KCakK(C+1l
ORSHIFTXeXTICK/24
YMIN=O,
YMAX]=]),
YTICK=YMAX]/710,
ORSHIFTYaYTICK/4,
YMAX=2 (NCURVES=1)#ORSHIFTY+YMAX]
IF (JELLOLEQ.’) GO TO 2
1 PRINT &
GO 70 3
? PRINT 7
2 PRINT 12 +VULCANI'FERMI vEZERO s XMAX]
PRINT 8
6 FORMAT (1Xe#PHASE SHIFTS IN RADIANS FOR A QUANTV
lggg SgAITgR!NG grr A 3=D SQUARE WELL.*/) ANTUM MECHANICAL PARTI
7 MAT (1Xe#PHASE SHIFTS IN DEGREES FOR A QUANTUM M
1CLE SCATTFRING OFF A 3=D SQUARE WFLL.%#/) N ECHANICAL PARTI
A FORMAT(SXs#FNERGY (11 #6XuDFLTALO)#aXnDELTALY )4 X*DELTA(2) #4X#DELTAL
1) %4 XSDELTAlG) o Xe K #4X%  FRGOD #4X%OLYMPUS]#4X#HADES1%/)
17 FORMAT(1Xs#WELL DEPTH= #F10.5+8 WELL WIDTH= #F10,7+#% EZEROs #
1 F10,79% FLAST= #F10,77)
KeMAX+1
ENERGY(11=E2FRO
DO 91 I=1sLAST
FRGO(I)=ENFRGY () # (FERM] ) ##2
14 ENERGY{1+1)=EPSILON+EMFRGY(T)
18 CYCLOPS{ 1) =SORTIENERCY ()}
20 CENTAURCI)I=SORTIENERSY ()4 VULCAN)Y
28 ZEUS(1)2CYCLOPS(1)#FERMI
ZEUSS=2ZEUS(T)
27 IFIZEUSS,FOL) 78930
20 RHO{])=CENTAUR(I)®FERM]
RHOO=RHO( 1)
34 CALL SPHUN(RHOOK+P)
CALL SPHYN(RHOOSK sN)
DAl1)=-B(2)
NN{1)®=N(2)
DO 35 Jls29eMAX
DBIIIIe(JISRIII=1)=(JUT+1)8BIUI+1))/12%)1s1)
ON(JTYs (L JToNISI=1)=(JTI+1)#N(J141))/7 (280141}
1 CONTINVE
CALL SPHUN(ZEUSS+KRZ)
CALL SPHYN(ZEUSSsKN2?
DBZ(1)==-aZ(2)
DNZ (1) n=N2(2)
37 nolse K122 9MAX
PBZIKI) = (KI®RZ(KI=-1)=(KI+1)*%RZ(K]I+1))/(24KI+1)
ONZIKT)sIK]IONZIKT=])=(KT+])¥NZL
a LKLY [=1)=(KI+1)%#NZ(KI+1))/(28K]1+1)
40 DO 76 LIslosMAX
&4 GAMMAILT)ISCFNTAURLIT) #nRILIV/RILT)
48 CASTORILY)Y=sCYCLOPSITY#NRZILL)Y
S0 POLLUXILT)=GAMMA(LT)#RZI(LT)
S« HERCULES(LIISCYCLOPSITI®ONZILT)Y
60 AJAXILI)aGAMMAILTII®NZILT)

34

6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
8000
8100
8200
/8300
8400
8500
8600
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9800
9900
10400
10100
10200
10300
10400
10500
10600
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
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6% OLYMPUSILT)=CASTORILI)I=POLLUXLILIY
70 HADESILI)=HFRCULESILII=AJAXILTY
76 WILTY wATAMPLOLYMPUSILT) sHADFSILI)
IF(WILT I oLTe0) WILIVIsWILTI) 43414159
IFLJELLOLENSC) GO TO 76
WILT =Wl 1) #87,2957R
76 CONTINUF
1FUJFLLOLFO.11G0 TO 80
WL Wil 1)/1,14159
7% ¢ TO RO
THIS SETS NELTA = ZERO FOR E=0
70 DO 79 LI=1sMAX
WIL1)=0,
7a CONTINUE
OLYMPUS11)=0,
HADES(1)=0,
A0 PRINT es.rNFRGYil)-W(l)'wtz).W(a)ow(a)»w(q)oZEUS(!)-ERGo(l)oOL
1YMPUS(E 1) +HANES 1)
A FORMAT (1012XsF11e7)}
DFLTALT)Y=W(])
DELTAL(TY=W(D)
DELTA2(T)=w (3}
NELTA3T)=W(a)
NELTAL(T)=¥W(5)
01 CONTINUE
8% PRINT 87
87 FORMAT (/7/7) .
SURRGUT INE MINIMAX AUTOMATICALLY FINDS YMIN AND YMAX FOR LAYOUT,
Yo rnNePFLTA(MINT e YMAX=DELTAIMAX) » XA N=FZEROIXMAXs EPSTLON#LAST,
1IF(HOPLOTLFQel) GO TO 95
IF (NOSCALF+FQes11GO TO 99
CALL NIN]VAX(ﬁELTAtYM]NoYMAX’LAST)
Tie PLOT ROUTIMEs LAYOUTs 15 DUE TO STEVE BRENNER»CODE YNRL
XS{7E=PHYSICAL LENGTH OF PLOT IN INCHESe XMIN =MIN. VALUE OF ABSCISSA
YuAXaMAX VALUF OF ARSCISSAs  (XMAX=XMIN)/XSIZE DETS VALUE OfF TIC
WARKS. SIMILAPLY Y REFERS TO ORDINATES YSIZE 1S FIXED AT 10 INCHES.
10y THE CALL FOR SURROUTINE LAYOUTs THE PARAMETERS IN THE CALL STATE-
venT ARE RESPFCTIVFLY ARSCISSA VARIARLES ORDINATE VARIABLEs NUMBER OF
NATA PAINTS (=L ASTYsNO OF HOLLERITH CHARACTERS FOLLOWED BY ABSCISSA
InEMT o sORDINATE IDFMTs EoGev BHNFLTA-Ce (8 CHARACTERS MAX)s FOLLOWED
fy THE ACTUAL AUMAFR OF CHARACTERS USED IN THE ABSSesORDe NAMES.
FIMALLY THE TOTAL NUMBER OF PLNTS DESIRED SUPERIMPOSED ON THE SAME
GrAPHe 1F GNF PLOT PFR GRAPHs USE 1s IF N» USE Ne HOWEVERy IF N
PLOTS ARE SUPFRIMPOSEDs THF THE DIMENSION STATEMENTS FOR THE ORDsABS
AMD ALSO LAST MUST BE SCALED BY No IF SELF=SCALING IS DESIREDs SET
SURROUT INE MINIMAX AUTOMATICALLY FINDS YMIN AND YMAX FOR LAYOUT,
Yo M=DELTA(MIND s YMAX=PELTA(MAX)s XMINSEZERO9XMAX= EPSTLON®LAST,.
Tuf PLOT RCUTIMF WILL SCALE THE PLOTTED VALUES RY POWERS OF TENe
IF SFLF=SCALING MOT USEP8 THEN YMIN AND YMAX VALUES MUST BE SUPPLIED.
IF CESIREDs DIFFFRENT NRDFR PHASF SHIFTS MAY RE PLOTTED ON THE SAME
CoAPH. USE MOSCALE TN 8YPASSs PUT A 1 IN COL 70, SUPPLY YMINsYMAX,.
no CONTIMUF
MLAST=NCURVFES#LAST
J=LAST
ORSHIFTX=ORSHIFTX#K(
ORSHIFTY=ORSHIFTY#KC
JAZZ=KCH#
PO 90 M=y
PHASE (M+JAZZ)=DELTA{M)4ORSHIFTY
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11900
12900
12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
17000
17100
17200
17300
17400
17500
17600
17700
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C  THIS SUBROUTINF FINDS BOTH THE LARGEST AND SMALLEST NUMBERS IN ARRAY.

FRGON(M+JAZZ)=ERGO(M)+ORSHIFTX
CONTINUF
PRINT 100
FORMATI( /77
IFIKILLLEQ.O) GO TO 9
éF(NOPLOToEQoIlGO T0 199
ALL LAYOUT(ERGON sPHASE sNLAST sgHE® - -
CALL STompLos PGHE#ARRD s TH=DEL TA=963 7TeNCURVES)
END
SUBROUTINE MINIMAX{ARRAY sYMINSYMAXS AST)
DIMENSICN ARRAY(1000)

C LARGFST NUMBRER

10
20
10
40
4

50

Ja]

JI=1ed

PO 30 KsJJoLAST

LFéARRAY(J).GF.ARRAY(K))30.20
=

IF(KJEQLLAST) GO TO 40
GO TO 80

CONTINUF

YMAX=ARRAY ( J)

PRINT 45+JJ

FORMAT (1Xe#J)=#13)

GO T0 6L

JI=J+1

GO T0 10

€ SMALLFST NUMRFR

&0
100
2Co
300
40n
450
500

600

L=1

LL=1+L

00 300 M=LLoLAST
lF;ARRAY(L).LF.ARRAY(M))3000?00
IFIMEQLASTIGO TO 400

GC TC 500

CONTINUF

YMIN=ARRAY (L)

PRINT 450sLL

FORMAT {(1Xo# L=219)

GO TO 600

Li=t+1

GO TO 100

RETURN

END

SURROUT INF SPHJUN{XsNsARR)

C3 NeoL RESH RCSSEL FUNCTIONS OF THE FIRST AND SECOND KINDS

DIMENSION ARR(1)
RX=14JE+207
MF=1
MN=N+1
IFIXsEQeO0«CY GO TO &
FoR GRBERS LESS THA
DERS LF HAN ARGUMENTs A g
ARR(1)95IN(X) /X ND ARGUMENT GRCATER THAN 045
ARR{2)1=zARR(1)/X=~COS(X) /X
NMs X=~2
IF (NoLT o X)NMaN=1
1F INMGLT «0INM=0
DO 16 1=1eNM
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17800
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
19700
19800
19900
20000
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21700
21800
21500
22000
22100
22200
22300
22400
22500
22600
22700
22800
22900
23000
23100
23200
23300
23400
23500
23600
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18

1=

1a

24

1a

2

1
17

1

&4

i
A 1421 {FN¢1.0)#ARRI T +]1)/X=~AR
CHECK FOR unneirLow ! RED)
IFLARRI142)4NE«Q.0)GO TO 16
::::101)-?RR(101)'RX

[+2)s(FN+1 V) #ARRII41)/X=ARRI
PRINT 13 Xolo& ! RRUTIERX
CONTINUF
IFINLT o X)RETURN
HOLD=ARR (NM+2)
FOR ORDERS GREATER THAN OR EQUAL TO ARGU
P R RS GUMENT» AND ARGUMENT
ALPHA=1,0
Mu =2 =NM

NOTE=O

1aN+4?7 @p
IFIX/NeGToUeQ) T=14X/10,0 /7

ARRI( 142 )AL PIHA @ w
ARR(T+3)20,U m /
Ta-1-1 /‘.

DO 2 KKm]M ”dr

Kz=KK

ARRIK)=TKPI#ARRIK+1)/X=ARRI(K+2)

IF FEXPONENT FAULT 182
TEMPY=zARRIK }2ARR(Y.4+1 i /RX#TKP1/X=2RR{K+2)/RX 40'
ARRI(K)=ARR (K} #RX ‘

IF EXPONFNT FAULT 2492
ARRIK)=TEMPY
ARR(K+1)=ARR(K+1)/RX

PRINT 13+XsNsNCO

CONTINUF
C=HOLD/ARRIYK)

IF(CeNE«D0.0)GO TO 14

HNLD =HOLD#*RX

NOTE=NOT( +1

6y 10 12

IFINOTE«EQ.C)GO TO 17
MULT=307#NOTE -
NUL=t~1

gR;NTTZ}|X0NONULoNULT

CRMA 3X#FOR ARGUYEMT OF *F17410% AND ORDERS OF #]4% »

#SPHUN EXPONEMT WAS IMNCREASED RY .?E, 1as TO ®lé»

DC 3 I=KeNN ’
ARR{T)=ARRI(1)#C

CONT INUE

RETURN

ARR{1)21,0

NO § Lx2sNN

ARR(L)=0,0

CONTINUE

RETURN

SERIES FOR ARGUMENT $S TH
FPSa6.0Fo11 LE AN OR EQUAL TO 0.5
CH=CS=DNaNIV=1,0

DO 10 L=1eNN
ITEXP=NEXPA=MEXPAsLFEXPA=O

NC=l=]

37
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26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27400
271500
27600
27700
27800
27900
28000
28100
28200
28300
28400
28500
28600
28700
28800
28900
29000
29100
29200
29300
29400
29500

B e ——
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IFIL4EQ1) GO TO 7 29600

CS=CSeX/DN 29700
L C CHECK FOR UNDERFLOW : 29800
B 1F{CSeNELOL0) GO TO 7 29900 ’
s < SCALE FOR THIS N AND ALL FOLLOWING N 30000
CS=CH#RX#X /DN 30100
NEXPASNEXPA+] 30200
7 DN=DN+2,0 30300 *
CH=CS 30400
XKK=0,0 20500
A=CH2=FORTT=1,0/D1V 30600
TN=2,40%#NO 30700
FN==0,5#X#X 30800
8 XKKuXKK4]e40 30900
FORXKK# { TN+ XKK+XKK+160) . .t 31000
A=A#FN/FD w 31100
C CHECK FOR UNDERFLOW T e LI 31200
1F(AGNE40.0)GO TO 25 " . : 31300
c SCALE FOR THIS N AND: dtL FOLLOWING N 31400
AxCH2#RX#EN/FD Y 31500
DIVeDIV/RX .~ ) . 31600
MFXPAZMEXPAS . 31700
FORTT=FORYT#RX -~ . 31800
H 25 CH2=h . 31900
o « TT2A4FORTY .° 32000
: IF{TTeENeCe0.0RsARSIA/TT)oLT4EPS) GO TO 9 32100
¢! FOR'TsTT 32200
- 6o'T0 8 32300
i o ARRIUL)=CS*TT 32400
Bl < CHFCK FOR UNDERFLOW 32500
N TFLARRIL) oNF4040)G0 TO 31 ’ 32600 ,
15 e SCALE FOR THIS N AND ALL FOLLOWING N 32700
P ARRIL)=CS*RX#TT 32800
r@ DIV=DIV/RX 32900
;{’ LEXPA=LEXPA+] 33000
Lo 31 ITEXP=NFXPA+MEXPA+LEXPA 33100 *
H IFLITEXP.FQeCIGO TO 10 33200
£~' IFLITEXP,FOe1)GO TO 29 33300
2 PRIMT 30y NEXPASMEXPASLEXPA 33400
N 30 FORMAT(3Xe® SCALF FRROR #3(3X+110)) 335C0
t} 20 PRINT 13» XsNOSN 33600
t 12 FORMAT(3Xs#FOR ARGUMENT OF #sE17,10+# AND ORDERS OF #s14 0% To *, 33700
s 1 Tae® SPHJM FXPONFNT WAS TMCREASED BY 307#) 33800
: 10 CONTINUF 33900
i FND 34000
! SURRCUTINF SPHYN(XsNIARR) 34100
L DIMENSION ARR(1) 34200
i RXz1,0E+307 34300
cl IF{XeEQeDe)593 34400
il & PRINT & 34500
£ & FORMAT(3IXs#DO0 NOT USE ZERO ARGUMENT FOR SPHYN#) 34600
P RETURN 34700
o ] z FIND YO ANP Y1 34800
: 2 ARR(1}==COS{X)/X 34900
. ARR(2)=ARRI1)/X=SINIX}/X 35000
bl NM1=N=1 35100
by DO 2 K=1sNM] 35200
- TKP1sK+K4] 35300 -
¢ ARRI(X+2)sTKP1#ARR(K4+11/X=ARR(K } 35400

- g

el mmee v o h e .
-

gt e

e e - —————————




C

D NAXA)

v

2

10

CHECK FOR OVERFLOW

1F EXPONENT FAULT 892
ARR(K+1)sARRIK+1)/RX
ARRIK+2)=TKP1#ARR(K41)/X=~ARRIK)/RX
PRINT 79Xk N

FORMAT(3Xs#FOR ARGUMENT OF #9F17.1Ge» AND ORDERS OF #¢l4s# TO #
1 l4v® SPHYN FXPONENT WAS DECREASED RY 307#) ) ’
CONTINUE

END

SUBROUTINE LAYOUT (XBFFRsYBFFRsNNsXRCDsYBCDsNNXsNNY sNUMBER)
COMMON/LABEL/ILSILX(9) o ILY{O) 2 ILHIG)sILR(9)»ILC(9) s ILABLE(999)
COMMON /RANGEZ XMAX s XMINIYMAXSYMINSIFRST(O)2ILST(O) s XSIZE

REAL ILXsILYsILHYILR

DIMENSION XACDIB)sYRCDIS)

DIMENSION XRFFRINN) o YBFFRIMM) »PLTARRAY(254)

PATA (1STRT=])

INITIALIZATION
MaNN
NX=NNX
NY=NNY
IF (XSTZFeFQe0e0) XSI1ZE=10.
Ysizeg=i¢,
NSVE=N

N=XARSF (N}

1f (NUMBER.FQeU) NUMBFR=1
IF LISTRT4FQe2) GO TO 2
CALL PLOTS(PLTARRAY+2549113)
1STRT=2

CCNTINUF

LARFL X AXIS

NX=z (XMAX=-XMIN)/XSI1ZE

IF (DX.NELL) GO TO 13

CALL SCALE (XRFFRYNeXSIZEsXMINDX+1)
a0 To 7

CONTINUF

DO 6 I=1eN

PRINT 66684 XRFFRIT) s YBFFR(T)91_
FORMAT (2F2Ce1ur 110}

XSFFR{{)= (XAFFR{I)=XMIN) /DX

CONT INUF

CALL SCALF (XAFFRINXSIZE +XMINSDX91)
ZERO=X512F=2ERO

IF (NSVF) $910910C

XV INEXSTZF#PX=ARSFIXMIN)

NXe=DX

CONTINUF

2ERO=(040-XIN) /DX

PRINT 4snNXeXMINSZFRO

FCRMAT (&% DX=®#93F20,5)

CALL AXIS (QqU90,0sXRCDINXIXSIZFoveOsXMINSDX)
PPINT 4enXeXMIMIZERD '

AXzs=aMX

CALL AXIS (¢ oUeYSIZE e XBCDINXoXSIZE9sQCoUsXMINIDX)
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148

140
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PRINT 4sDXsXMINe2ERO
LAREL Y AXIS

DY=s (YMAX=YMIN)/YSIZE

IF (DYNEeUsO) GO TO 14

CALL SCALE (YBFFRONSYSIZEsYMINIDYs1)
60 T0 1%

CONTINUE

DO 16 Im19N
YBFFR{1 = YRFFR{T)=YMIN) /DY
CONTINVE

PRINT 11+DYoYMIN
FORMAT (s DY=#33F20,0)

CALL AXIS (UeUes0e0rYBCDINYIYSIZF 99049 YMINIDY)

NYs=NY
PRINT 11eDYsYMIN

CALL AXIS (XSIZEsCeDsYRCDINYSYSIZEs90esYMINSDY)

PRINT 11eDYsYMIN

PLOT CURVE
NUMRFR]sNUMRER
IF (NUMRFR,LTe0) NUMBER==NUMBER
ND = (N/NUMRER)~1
N220
1F (NUMRFReMEsl) GO TO 8
IFRSTI1) =)
ILSTU1)=N
CONTINUF
NO 150 Jx] sNUMBRER
IF (NUMRER1+LT40) GO TO 148
N1=1FRST(J)
N2=1LST ()
GO 10 149
CONTINUF
M1=N2+1
N2=N1+ND -
CONTINUF
1PNz

CALL PLOT (XAFFRU1)+YRFFRI{11+3)

PO 100 T«N1sN?

PRINT 5555+XAFFR{T) +YRFFR(1) 1]

XBF= XBFFR(])

YnFs YBFFR(T)

IF INSVF(LTeU) XAFFRII)sXSTIZF=~XBFFR(1}

IF (XPFalTe0e0eORWXRF«GTeXSIZEY GO TO 100
IF (YAF 4L Te0eUeNR4YPFeGTaYSIZF) GO TO 10V
CALL PLOT{XRFsYRF»IPN)

1PN=2

CONTINUF

CONTINVE

IF LILeFNeV) GO TO 285

1¢cT=0 .

1CT=1CT
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43700
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44500
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250

400

294> 0
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IF {1CT«GToIL) GO TO 25

5
CALL SYMBOL‘ILX(ICT)'ILY(ICTl'!LH(lCT)'!LABLE(leCT)OILR(lCT)

1eltCtICcT)

GO TO 252

CONTINUF

CALL PLOT (XSIZE+30+0409-3)
PRINY 250

FORMAT (# PLOT DONE®)

RESTORE THE DATA
PA=ARS(NX)
NPY=ABS(DY)

NO 400 I=19N
XBFFR(Ilﬂ(DXGXHFFR(l)'*XMIN
YBFFR‘I)B(DY*YBFFR(]’)4YM!N
CONT INUE

XMAXuU gV
XMINu0L0
YMAX=0,0
YMIN=CW0

RETURN

END

SURROUT INF SCALE (XeNsSeYMINIDYK)
DIMENSION X(2)

YMAX=X(1)

YMIN=YMAX

NPaN#K

DO 10 1=19NPsK
IF{YMAX=X{1)159696

YMAX=X{T)

IF{X(I)~YMIN) 7910010

YMIN=X(T)

COMT INUE

NY={YMAX=YMIMY/Z (S)

PO 20 I=19M

Xt1y=z(X{1)1=YMINV/DY N
PRINT 2655 YMIMs YMAX DY # X11) o XIN)
FORMAT{SF2545)

RFTURN

END .

SUBROUTINE AXIS (XsYsBCNINCSIZEsTHETASYMINDY)
X14=407

SIGN=] eV

IF (NC) 19292

SIGN=~1.0

NAC=XABSFINC) .
THETHETA#0,017453294

N'S!ZE#.SO

CTH=COSF( TH)

STH=SIN{TH)

TN=N

XfasX

YRsY

XAnX=ol #SIGN#STH

41
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YAsY4o1#SIGNaCTH

IF (THETA=90,411012412
XAuw=XA

CALL PLOT (XAsYAs3)

DO LOOP DRAWS AXIS AND MAKES TIC MARKS

20

nn

N
95

29

Nno 20 1w=1oM

CALL PLOT (XRsYRe2)
XCsXR+CTH

YC=YB+STH

CALL PLOT (XCeYCH2)
XA=XA+CTH

YAsYA+STH

CALL PLOT (XAsYAs2)
XR=XC

Ya=eY(C

CHAR=ABSF (YMIN)

ARSVE ARSF [YMIN+DY)

1F (ADSV=CHAR) S9646
ABSV=CHAR

FXP=z0,4V

NT=ARSV40,1

CHARANT

1F (CHAR=-ARSV) 9U+9249?
FXP2EXPa],0
ARSV=ARSV#Y G,

GO T0O 89

FXPzFXPelal
ABSV=ABSV/1UL0

NT=ARSV

CHAR=NT

IF (CHAR=ARSV)93+91+91
IF (ARSV,nTe1) GO TO 91
ARY=zDY#10,us{~FXP)
ARSV=YMIN#10,Cus(=EXP)+TN*ADY
XAz XB=( ¢ 20#SIGN=0 U6 ) #STH-¢25%CTH
YAzYP+({ 20#SIGN=405) #CTH=425%5TH
MN=N+1

IF (THETA=9U,) 11932932
XAz=XAsq]

MO LOOP PLOTS NUMAFRS ALONG AXIS

N

5S¢
S6
30

DO 30 I=1M

CALL NUMRER (XAsYAs UT9ABSVITHETAvGHFTe3)

ARSV=ABSV~ADNY

IF (ABSVLTeUsANDWAPSVeGT =11 55956

ARSV=0

XA=XA-CTH
YAzYA=STH
TNC=NAC+T

CALCULATES CFNTER POSITION FOR LABEL

62

41 CALL SYMARCL (XAsYAsX)149sRCN'THETASNAC)

XAuX4(S12F/2e0=006*TNCI#CTH-(—¢OT+STON* 436 )#STH
YA=Y4+{SI2F/2eC=e6*TMCIROTHe = UT+STGN® 436 ) #CTH

IF (THETA=904) 61962942
XAz=XA+el
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C
C PRINTS LABEL
XAsXA+{ {TNC=64V)#0612)%CTH
YAuYA+{ (TNC~640)#0412)#5TH
IF (EXP) 35950935
28 CALL SYMROL (XAsYAsX149BHIX10  J+THETA»8)
XASXA+ 4 8% CTH=UT#STH
YAsYA+uB¥STH+404%CTH
IF (EXP) 4L 50040

¢ PRINTS SCALF FACTOR
40 CALL NUMRER (XAsYAIXI1G9FXPosTHETASLHF3,0)
50 CONTINUF
CALL PLOT (XAsYAs3)

RETURN
END
T d
[ Xl
L 1GG
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