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"AFRRNRGRMT UTPAS HMO H

THE DIESONLSUAEWL

isoc
/Mspornciuaei n rvdsClo lt f hs hfsi ain

or/aesfrqatmWhrlclsatr"fota3

I.~ni a peial ýv tt~ qar elptnilo it n et

This rca aluaehn provides Cao lots of, phe;ase shift. 1vsE2wihte; hift raiae n.

unitderes o fo a und tu& n unitsa scte in freew~d u dosn al 3-loj dI~~naic~ ý7al &srher!icallv -s) thia surd di enilnr pthentplof, width,- nddpt

fora* 4rde V.oli qur~rtu n prtmic t~e firsterayK. it eists sint two verCalculatedo

V tateprs de losc the W1 -M&-U . hne) v ht- t vein s I 2' wthte hae hftgiesi
1IIC

vA Wa and V. Th- ind rsttng re-sitsthe firsdterfivepase sfpis hifts tof~ caclte

Ispherically *)yne6trtc~t squAte veil pottttial.

11.2 Entry peints: tt vetrslIc

PKA3141fl (2D ad 10 verOttns)

Nouw Mcs"dnw4 .is*s.Is Au 2;'ISTI



/ L~AYOUT (2D gan 3D velatocs)

>1 1.3Prograsming Lattpiage

Routinke Type: Program, zubrnutlne

" kk tI''~iatng Systeft: NW1R SC(*E 2.1

.4Caouter and Crttfiparattoce

t.5 CnZrtIbýuto'r or Prograer

IL.Repace, Code 5216J, Solid State Devices Stavch, Elgectroics Tecd iy

.4Cantrtb'uting Oýrganization

I ~~KkL - avel rmesearch Laboratory, WsitoD.C. 20375

j.7 prora tvilability

5.7.1 Subaittt Pro19T.1a urtt~ekp, F*TSAN m-zrcc deck, vourwce listtu4

18Thts prcjgrm hAs been used tocainalate t plot int two an threetlwsoa

perLrtw hePilae shifts Ot the *pbierlcallv *yjeutric s~uare Leli potential

orw sqtA# vt eils of depth 0~ tlhin 0 in dwtnipctolae t.0t; ~of ~t 0

thin Sa)Y2 in (0-s~testmtfr s tI'ru, g-wave scste~irk. <j *lIarI I

A.-'n, MS

$2Alt-ho*izg the jtencral pro~wrsies of the* *as. sh-ift i the -thre diman.I-oa~l

spV~vtrlc alyv-spweturie,1 *qu~art well pctatialt at. d~escrib#6in ~ wst tertbooke

oquantum m~chankic-O, specific graphics rPreýttewso thil fUnctioct areo rate,

'Shotwr in Fit.

y 2
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This proaram permits twso and three diumnsioaal Calco@W plots of S, p, d, f MW gI 'wave phase ulitfts, as a function of energy.

.,~> rpl:ýtring infereation betag read from data cards. The phashifta are then calcu-

lated., vith- ?WISlF7 calling SPIIYT eric SPRJN, routines tthich respectively ccvute

"P$ericai %oumutuftl and spherical Bessel functicms. 'Then PI4ASHIFl calls ~!M1MNX,

be antcsmaeically scaled. Finally, the le-tting routine, !AYCV'T is atle 'I'WL~c~tst~ a~taisletphsit ac 4 ae fteposaet

/ C(ahxwta plat is Producei.

2.1 V'reblee Background

( I in many fielIds of p-hvutcs, observations are dsrbdin :e~*- of, One scat-

tring of an rlectron, or or~er ;at cmc ~ a target represe.ntrl Sy- s thiec

dlwenvicnal squatc 'i?11. tViAwinv are tfolur in rwclcf-r p4tis.Ir *xfiC l't c

and in so0lit state fl'eory. Mfttmen, Oýw ~~re Ueil appreviu."'V- $s wetly uw-u1

- initially tio obtain Saw Idea akeq-t thr. st:z of tOe scattrer an uft ¶4w the rcngcha

Of its potrftrital. In many cast* the 'appredt to t.# MJO 1wR 4h n of

rr f i newnt S. K6enrthteluss, t4e thrtt dvantca "arle w*1l icvides U's i-ttt,

tlv. 1wrototrtflt of Oth N~hnt,-iin of a scatterinf, object. This t' Z:1w rsui in 4qantuw,

miechanit's, *Ad alSo in eletctromiat~atic theory.A ltog 'tsr~rlpo~e

of the phstim %hift eiOw th thre iMwtnnto.1l sIieial~:'erclsiaew

potential are Adescribed In ts*t tntboo~s oti "vAnt%*n mwthwnits, sp*cific ;v'pYt~csl

t ~~represenathets of this fvrition are r*arv'

1.1 -Cal ling Seq isce or Overettonal Pr~coure

'IQ use IwtiASfW ets a protret, data cardv after the 141Wc d are, requIrl.r

Se# siection 3.7. Thate art ea 'different v~rsiccn, dopndn 4Apco %*efwr wc--



dntnskioal plot displays one thrmaj.4-tlive phase shifts versus the energy-witl-

vidt paasw~r E Te treeditmensionui plot display. a selected ples. shft

verstis E&2 fa upF to nine different potential depth#, wihere the potential depth*

are- .Siipiaved ont tle tn~ird axis, vhtch is oriented at a% angle of abmtc 2Oý Ercm

the abs-is$a, 741e "ýell depths are displayed equaly spaced along the poteut'.ai

jit5, altbCat they nleed ntot be CConsc-Uzite.

2- Vcrsion Rod 3-D Versia'

C 'Ek Fo'.cst nergy value-

A SPSIL'V The lncreatnt to ZERO for eacrt iteration, of vhic. there are WAT

!AT The total nustew of dat-a poaints dest.red (Pi>SIUU X USX the mtaxiu

d .value o3, revtrgy~

ULCA theveil dp

MX Thew htiohet crd.ýr phase shift edesire4 (oll p.-aae shift, vIp to MXare

tuj~ti~Cedon on* plolts

t UP- etermines %i-other the phAset §hifte see given in deg-rees o-, radiansm

"WlL~ pflt55elvs Plotting

MiC-All Mappreuses ordinaul iff'ala. It se1-scalixg in Iu~reuse4, W~-

imosA Sed uliwa valuesý *Of the *as st ftA)IX YNINVJM F'w bd rote pro

to state~at IM0 in rfl"SIFl

/...............tlLj Dzsl~a~ted last data cart, the p-ssitiaa of KILL wa the data COudo dif-

ferabenctt he -.0 antd 3-0 '..rsions.

3.3 Spare Rkfqtfrod {~ecia1 t"d tcta)A.

3.. niteScre



2-D version:

PHASHIFT 12722 octal Locations
MINIMAX 00230 " t
SPHJN 01140 " i

SPHYN 00277 "t

LAYOUT 01332 "o

SCALE 00246 "
AXIS 00536 "

3-D version:

PHASHIFT 13003 octal Locations
MINIMAX 00230 "i

SPHJN 01140 " i

SPHYN 00277 "

LAYOUT 21332"'
SCALE 00246 "

AXIS 00536 "

3.3.2 Comnon Blocks:

Both Versions:

COMON/IABEL/IL, IIX(5), ILY(5),ILH(5) ,ILR(5),ILC(5),ILABEL(5,5)
COIMON/RANGE/XMAX,XMIN,YhAX ,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) reap.)
COAON/ /IDELTA(1000), CASTOR(1000) ,POLLUX (1000) ,HERUJLES (1000) ,AJA
IX(1O00), OLYMPUS (1000) ,HADES (1000) ,B(1000) ,DB(1O00) ,N(1O00) ,DN(1O000

S "" ~ ~2) ,BZ(1000) ,DBZ (1000) ,NZ (1000), GAWA(1000) ,ENEPGY(1O00), CYCLOS (100

30) ,CENTAUR(000) ,ZEUS(1000) ,RHO(1000) ,DNZ(1000)
COM*ON/A/PHASE(5000),ERGON(5000) (In 3-D version this is called COMMONI3/)

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 tWL Computer Bulletin 29, section 3.6 for explanation of error messages re-

lating to overflov 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.

5



3.7 Input

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

of Program Phashift.

3...l 2-D Version: One card is required to control the input of data. This card

specifies:

Parameter Format Columns Description

EZERO FIO.5 1-10 The smallest energy value desired
in the calculation of the phase-
shift vs energy plot.

EPSILON FI0.5 11-20 The energy increment added to
EZERO to generate the next energy
data point.

VULCAN F10.5 21-30 The absolute value of the well
depth.

FER•I FIO.5 31-40 The well width.

M1X II 45 The highest order phase shift
desired. For S,PD,F,G-waves,
MAX = 1,2,3,4,5.

JELLO I1 50 Controls units of phase shift.
If JELLO is 1, phase shift is
expressed in degrees, if JELLO
is blank, phase shift is calcu-
lated in radians.

LAST 14 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.

NOPLOT Il 65 If a plot is not desired, enter
a 1. Otherwise leave blank.

NOSCALE Il 70 If set = 1, ordinal scale is )
S0-1. If blank, autcmatic self-

scaling obtains.
I, KILL II 72 Zero except in last date crd cif set

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

A maxim=m of 10 data cards per set are possible. The first card specifies:

6

t 1 _ _
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Parameter Format Columns Description

EZERO FIO.7 1-10 The smallest energy value desired
in the calculation of the phase-
shift vs energy plot.

EPSILON FlO.7 11-10 The energy increment added to
EZERO to generate the next
energy data point.

FERMI FIO.7 21-30 The well width.

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

JELLO II 50 Controls units of phase shift.
If set to I, units are degrees,
if blank, units are radians.

LAST 14 55-58 The total number of data points
desired to be calculated, max-
mum 1000. The largest energy

SI value calculated is given by
product EPSILON X LAST.

NCURVES II 60 The number of curves of different
well depth desired to be plotted
(maximum of 9),

NOPLOT Ii 65 If a plot is not desired, enter
a 1, otherwise leave blank.

NOSCALE 11 70 If set 1, ordinal scale is 0-1.
If blank, automatic self-scal-
ing obtains.

The second and remaining cards specify:

VULCAN FlO.5 1-10 The absolute value of the well
depth. Successive data cards
generally contain successively
larger well depths, up to a
maximum of 9 total data cards
giving vallies for VULCAN.

KILL Il 21 Zero, except oa the last eata

card of each successive data
I set.

3.8 Output

7
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3.1 printed output: Rz~th versions

7The follboing information is printed be-fore the data list:

() PHLASE SHIFTT INi RADIA3M (T1he word DEGIIRE will appear inis!-*d of RJADIN

i:that option is selected) FOR A QUANILN EOIANI4CAL PATICLE SCATTERIN OFT A

a, 3-l S($ARJ 4ELL.

(2) 1nfor-otion regarding the chosen input parateters is printed as follous.:

VtEAL DIMh

-Tý The mi.-nins and zummvalues along the energy axis.

31t Nita 'List 7 dat-a list cc~tuains IC variables as follows:

E\TqV ;I "Ahe energyj of the ITO- data point

XL7s. e 71- Te zero order phasse shift (-~e

?)TRIA (I: The first order phase shift (P-nave)

NhLTA (2V7 The sect-M~ order phase shift (fl-vave)

D4L'jTA ( 3): The third order ph~ase shift (F-ikave)

MMlA 11)-Te foutarh order phasp shift (.-uwave)

g : ZWS(1). the prflzct of thep square root of the £XQGY(I)
and ~FljTAWthe 4,61l sidtlf

UZOThe vrodt.Ct kx ¶1 (this iA what tOe actual abicisnl1
value it in the plots)

OLYHYVS 1: 0The mneu~ratcr of tkz Arctan fwinetin 6or 1AI date poi'fl
ýprlnttd ifor diagnoestir It-pc-set In ch.cktn& the sccurtcy
of the, phasse shift CacauiAtion) see sect. 4.0,

1IADC-1 I The daenesimator of the Artctsii fun ~ described above.

382 Plotted %wutpur

4-4) version: Sampls of the pbztte'd output art, Igv~tl in fiptuts 4, 5, sod

6. Each of Othe~ fi~res shors the S, P, D, V. s&M Gwvse phase shifts auprin-

"4* #it~d M, t Oa saw- polot for co"aratlvte Purposes. The. ordnawi values giv'e the

$'seshifts Cin units of Pi" attie the abseisal values eve Product* of eneray



x well width2 . MTe cur men have been embellished for illustrative pirposes,
V

the actual curves are ... displayed as solid lines, and must be identified mdi-

4 vidually either by plotting canisecutive displays working up from S to G-waves,

or by recourse to the printed nutput. The interpretation of the broken curves

"4),•i displayed in ftigure 6 is discussed in section 8.0 (aIARJCS); it is a result of

the iadistinpalishzbility of the multiple& of tb'i to the comuter.

3-D version: A sample of the plotted output is giv-e in figup - 3. It is

etbellishtd cinly by the rvaerals Identifying V-values nezr each curve these are

not displayed on the Ca.CceW plot, otherwise the figure is essentially unretouched.14t It shruld be aott4 that i is not necessary to have seential V-valus; it should

also be noted that .th% xinxrin point of each individuial V curve is d1splayed be-

t1*an 0 and I 0i units of pi, 4Md In nocas is greater than 1. In cases whfer

*.- th. curve vnld !.ve petnetratee the region betwen I and 2, the coutor displays

Owth pta&k of th# curve re&acd to the interval 0 to 1, as in curve V 20.

~ d 3.9 fors~ts

In the 2-!) Vtnton. the data. *TV pelntod in F10.5 format; in the 3-D v'eslva,

the data ev prrtnted In dl.? form~at.

3.13F'anal~aatnn aJ ysbolv.

A- -..

Y" LAcLT
*- esoTPTdk itsOha STIWLO? 4.i 16 4 W* I
1 3.11 ;WOtnts aichesof S 1.u • whoi ttrest,5 the 6,IOha C M 1000tf,

is vntrsrllw less thwn 1.5 Simites. The plottiv% time sioerealr nýAe about 4 mlsatnV.

¶ 9
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3-D Version: To produce a figure such as figure 3 generally takes aboupt 4

minutes of computer time plus 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 Ea2 interval of 0 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 tnu 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 pi 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 intercept, so as to be able to

apply Levinson's theorem which relates the ordinal intercept to the number of

j bound states the well may support, is discussed in section 8.o, REMARKS.

3.14 Program Deck Structure

2-D version: 7JOB card

7 EQUIp, 13= PL

7FTN card

Program Subroutines: PHASHIFT

SPHJN
II ~SPHYN

".4LAYOUT (with CO4MON blocks and DIMENSION statements

SCOPE subscripted 5)
7L0D card

10
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V f

'RIJN card

data cards (see sect. 3.7.1) each data card viii generate a series of sup-

erimposed phase shift curves for a given veil depth; each successive data card

will generate another plot.

EOF

3-D version: 7jOE card

7DF.MA., 53776B

7EQUIP, 13= PL,

g7FTN

Program subroutines: PHASHIFT
Aý SPHJN

i4i

9411ý ,SPHYN
MINIMAl
LAYOUT (with COMMION blocks and DIMENSION statements
SCOPE subscripted 9)

I'

7LOAD card

i9

7RUN card

data cards (see section 3.7.2)

3.15 References - Liderature - Appendice d

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

(2) Meijer, 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, R. C., SCATTERING THEORY OF WAVES AND PARTICLES, Mc~raw-Htill,
N.Y., 1968.

4, 4. 0 METHOD OR ALGORITHM

I. A detailed description of the significance of certain features of the

phs shifta cubrv uies, aswelna guidetotelerueisaiabenrfrnc

I,

i pase hiftcurvs, a veL AsOUa guidtothe literatbrecks ava ilabeISO inarefeence

i SCOE suscriped 9

S" AA 0',11
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(2.The mthmamtlcul expreshion for the phase shifts and. simlt~fy aastotioos

regardin~g the constanta are discussec. belcto'

4.1 Description of the Phase Shift £quations

Ue now consider the ideas of the partial wave method. Suppose we have a4 :solution inside a spherical wel1 of radius a and depth V. See figure 1. This

solutirin has to match the invefuoctions outside the well at r -a. At this point

the usrefuactico should hane the same value (coetimaity of the tavefunction) amd

the smuw derivative (continuity of the derivative of the venn fumintioc). The

continuity of the derivative of the wvavefunct ion is required betwas. the uneatum

;.te of the* particle should be defined at every point in space. There are te more

boundary conditions: I,- the vavefuaction inside the sphere hudb eoa h

origin,. atJ 2) the iaawfuaction outside the sphere ahu~ld Nan&v a fised .vqlitude.

Th~e --suec of this a~11tude is of no iwporcance when ut clatulste the Phuse shift.

Thrfirt bundrycondition excludes Neunan Micwtitas isside Oth spber*. As a

result of thw sph*rical *%Ywttty of the potential veil, the aawlarT depadea*ce

%nside avwi outside shoauld be identical: the A-nolae outield the týtere.

%e intro-iutc the ttollir.# notation. kc -YE. Ut. use unitts a ~i n

S ~~~v tV) ih-nre V -the intl depth, d-boute- value of tEM negatve pottetia

insie th w~we. -t use the sst~dsrJ iotstits. for the spherical ikstel and
$enam' fntion (ampere UUbnboP % ehs fteshr sr-

with this notttion we have, for the minia part Of the vsvefuaw.floe Inoide the

~4. . r<0 %(? AJ4 t

ar4 for the unvefwaccion euaside the ipherv..

re:) 4t) Dzkr) U Qm(kr), R24OIY

The r-Otnitiow is normVAlly to re~place the tvo connsAts 14y thO slats &Wd cOosie

12



ofavin :stf::ishe there tum warefunctions, the matching condition gives the

I 1following relation:

S I ?~¼a - ea 5~J (be) $ in 5 n1(ka)

Iji~ka) -sir Sp(ka))

W .e take the ratio batween these tw~o equtitons, aakittins the subscript

I'Cra) k!(ka - buan 5 nW(kA)
p. We) J~ka) - tan ! n(ka)

M sad sove for tan !.The result can be vrtttmn as

St'Att y is given by

I ~Thene are the equations oi interest UAicbi are uis" to caw~tte the ph$"e shift

of 5A3aoh* m. -- scpre& f @4wq.

6.0 cdWAliSW - ee section 3112

/7. 0 TEST )E1$WO AMSI ~SULtjS

2-0 vvrsion: To ge"erate fiparce and 66,Zin4 on* caIettt "La, nt

1st data card lad dataer 3rd tshta card

E'SIW t~0.5 015
TW.AAN 1.0 IO.0 iO.0

ret 1.0 1.0 .

LAS i0c0 toWo0

1

.> §y h partial iprinted wouta from the secoiPd data card follows, (Sea Figure A)

V 34 versIon: to generate figure 3. set

¾~1)



lat data card

UZET03
EPSILON .014

tiAmil 1.

UAST 1000

bb

. 4 b

?t' 19b
20b

21 1

zalti stianZ of t!e rrtited ouztput for figure 3 fo~llows ("t Figs.e S

0.t,4nt 0,t Ph#ase Shifts art, definta on~ly to vithin an integiral maltiple

17t i p. It is cstfltnsy to defirw '119 *A~ Sinoce the caoputer delivers %..1ess

:t.<~. I *Aiso hft only bttiveen 0 AMd I i n units ci pi radians, the rugettioa arises

a, to Nn to Interpret thes* pilots in 1ieoc of tevinson's theoree, Acc~oreing to

>Ars~ns tw~cree. the value of the phase shift at toer eiwrVa, in "tntt. of pi

tadlans Acids he ia~ar of 4inrg b SM tities that thte '.*11 can *uprtmx

..pt a6t :*ttafn t.1atstnitobai strengths'. If Wultipies ofl 01 ar* suppressed in tv*

t4., 4, !tn can otw d-ttemn~ e tin mmabr of tmoud Sltates? It will. be nottd in filpre

tý far tb-c den'p well, that there at* a timber of 4iscoatim~itits in phasei. This

is a result of the suppresasiao of nwItpipica of ft 01'. if Cite -l'ta ftipar 6 out

to eer~rjkts greeter than 400 it will~ be fmoud that only one mn'e set of 4iscim.

timittli#* octcuts before -the phase shift terves assnmptotically MApproth tero. It

•4 on~~e assiasu a ntefattve wiotl to )u0s uip, &ad a poetttv* valwe to u~ on the

- airbersic -wmber of khse$apns vill be teial to the numbery of &-%4nn bowad states

..................



o~ ~~~~~~~ ... ..~ w .S .t .& .0 .'. ..~ %~ .l .~~. .n . .C.it W . n. .

M*O 0 .,0 .*. 1.1. rr..t 14, 0. 0. C.,6 oilC~ Vol C.,P Or. p Tf~. 4.3 *..aC.,n.¶...Cc;`

z 1t0)LI~

W%0 100W 1'LN4 I1 0Aý00 10N' 0 14 4 I 1 01
WC o

Cla - " % 10 ", W,11%IC I" "I C, 10 ,. o,4W Cr.flt F o mNq*.12W S Iv

- - - - - - 444.0 00444...4...4 0.4 0 04...444.4.4 d.4 .4 .4. 44

* ~ ~ ~ ~ Q CC CC C V 0 L~0~ O C 0.o CoCC, C3,WO C~~0 a0c C -
C CC Ccc ccc CCC CC C C CC C c c C~C.cc oc C c c. C CC .CC.CCCCCCCCCC

a= .40WdI'P) " *MWO O N. NSSGO. l!0O.4 =! = )W W bP3 !!10 a" NO 400 01 .4W CrJN"W3V qultO05

.g Cb 4.40 to0 W COWN4 .40P .4 Vl .4 ob a .4 iNP3N O P)50o5.o40111 =c i.40*0 5 W 5. 500 "Mm mo
cl 0 .K1 " 'a4NW4 CC2 W lft r 0101W ' W, .- e 4. .. --- " NO "', C~ .42 "~ N. *O " N540 . C.O.-

L& - WC* x 0 we 11 (v V41 4^1 9%06 U.NO U.N% 000 N ( cN 043 MIN m's.4NN .4,4!:v 505 we4:l "0 Or% to05P3 05m a*lb o 0692000
p-LA Cr0 , 1'. LVI 4 C .4 v to, 0P , C' ftC M'N.ita ý t low Nv 0 0 0 0 0 0 0..N PV OOmN'. or Norft.OW, e t t, WW0P2 4c0*in S*00 N N*

co v vW 0N 0 VlPIYVIVO C 1 9.qW- c. 3 n a
,ý qc cc ý -vf , i ,I f Ie

11m 0a C 3 D *C
3 ~ ~ ~ ~ CC .5C 00 0 0 0 0 0 0 0 0 0 0 0 0 00 . 0 0 000.000C, ca 000 00 1

'0 1 . .'. oW, NN00
C, .54 , *D "tWw NMN o

ft v4 04 4 N.446mPW5P2*O It, S

W00 1000000004.4 W 4:b I*)' P2W NW 4:PNW WW NWC b 0mv 04! l"

4. 42 0W N" 00 W N ANO14%%d ". 00 " 11al4 '.40" "0 0 w " 0 WN 4441Nf I' = '9.40 94W .ý 4100 V400 ft0 0 C*
I O C. %14V'N 400S NC N W 'C C O APN P* .0C'0 OU NP' N NNNNCOSW4y M vm t0 'w"

1 ~ 01,N N c 0 01 o' 110 N. * - .0 ca '9D9 WC296996 4) N W N W NvW NtWNW 'sW N No.[I~ 15~ .40000C%000000000000000001000 r" 11 N do "I0

**Ct~c, P..0SS!C! P%60.0 ., vv *1. .r..O .d4

* a I

P - 4%C b . M 0000 000 .tO IAO NOO% N . ON00 0 000000mw 00 000..)03 "0 0 3 0000000aTW W( O 000

.4 v % o a- 210t 0cmM : o 0 1,t 0.4.00, C 4W.141.40mN . 4.1.0 C .4 m .40or .4WN1 NNI. O ONW0W. 1. =0
iD "N 2W mIN: f- o rýoW"f , r-Iv . a' 0w 04C, 'a C m I.n P m cm

Lo i " C!"! ! 1 C!It ! 1 1ýIt 151



V- .. t.V,..m- ný t c. X Vt' y N N CCN ONt W,.; OU.NIf V.0...% N0 "a.,V~*0w tW C, C'. ftN~nttaIfut laqunP.1SN. fNc. t c.*iql....

* Nt' 004,40 a04O CVCt t vfi fiýnVD IW, w C PN cN -V I V "4Dt " .t fi 'MV U 0, P' 0 Wrn N -C

W, W

CC ~ ~ N tp vC v. CC C00N~~~~~c NCNIv l wr'
J% 0n 0u00000o00000%00%0000000000% 00% 000000 00000000 00004m0A

a~~~ ~ vo OOcO~O c 0 c 0 0 0CcvC o co ca a c 4 .A. ca a co a

a-

tNNfi~P.fiVlO fi~'C~NOL~o~o t NO1t .4V.OmN 
.4.4N.4CN.iIýM 10iinit 0 MaQm Mi~' aI~V.*f a0l%' o4 n oon c ac non a 0 m . Nf o NVo ' 0'V t oNaZZa

-A 0 .NfNV W % O .0;,.N uftamo mP o ck COOCCCOC0000000000CCccoCJ'a~C

ftV,",K m ' * ,i 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0,o01 "0 w
- 0000000 a ia. 0000000 00000 t,0..Ofl 00000000 NC 10I. a ~ ~ ~ I -cooc'J' 4.cCg-~gcc. -Cvmý C :C, - ft v 0C - m.e.CC CCC a tCOC CCC

01
o 39 o a o no o M v n M 0 0 ca a e M M Mr., w~i~ao4r~oqve~c

0 .
'A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 . 4,4 4 4 N N n n .

=MMNo 0o o00 C notC CC 6,0C n00C 00 00 nC 0 0 0 C 0 0 0 0eo
*~~~ 0ý -ý 00 00 00 0 M00 0 00 0 0 0 00 0 0 0 00I0 0 M0 000M

W4 V, o0 m00 o0 n M 0CC0 00 0 C. M CC o n M,00 00 C, n o n o C. 00 C3 00 C, M CMC2

C~n no, aO4'M0 o,~N Mt. 4 tON O. 4O ... ao i'.04iPCt .40 VEO'
on. .i0 0 0 0 0 0 . 4 ..1 .4 .f .i .n 05 C.~ .N NC C, 0. a OV gitatM 0 : Vl = i Nn M 0=..a~ N a0,COCO~OCCOOOC~..CC'c.1444.......t~iv'N.r

g:g'o n o 0 o, =45

2U 0 . .

us 0: U% ,N0 ItW
C, es " . w ino.LA M2 .o= :%, ýDf

C. S .0 0 .N .4V Cl 0 0t V a . .i .~ flu t 0 .C " . . .. .0 .C - ..4 0.1 C .4 0 . 1.t 0t V a .t-. -,0 t0 . . di

a o w oc*,Momocoo'C' OCpmocomn ooocx o oeM= ococMýooýco noMcecMm Moc-C, MMoc;,

w M1

ow -,f .4P ON N '4 4 .0NCCN waft "&,,a* w w ON NtO O i f tvý % N V .NfO NC fli WI C
0 Cfili.V C fl. ttvO 0.%. NC. N vN Cm A 0w5"10 .."n ItN' "C'D w4nN a O a m vI

.- . ! C! .4 .Nfif t%~fW~ .% Ctt'N ! Nt% NB ,C 00 0 0 0 00 0 0 1 "o t C. 4'r C:0 c

tv 0, w0W

- -j oft ac ct" "W 0c 000000.3 eOlIN GW. 00 00 0ww a00 0000000 a.C Q4 0000 0C. =MM M
t

."

MM4 MMM moS, w- W.CS C vwNft v 1 .N. 0N C f SIe14C'' fin0 vc ft i C NC- . c v art w SPE O IVNCW.
me dl S O C Ca 4N1n a 4V4iCC O N,. 0 O1AV'*l~(f3N .. f Sl-CO 4~
02 a n0 0 0 0..1 gy..-NNWNnP W21 r714 viinlffff f V 0 0 t03C4NN

16



to the veil, for each curve.

* ~The author to indebted to Prefeswor F. W. E. 1ei~jer. wAo iscUeoted this wock,A e~nd to mr. S. Bremter, ubo centribu&ttd subroutimes LAMM!?, SCALE and AILS, to Mrs.

J. V'asco, vho contributed su~broutines $?ILJh aa SP%-M, GMd to Dr. A. H. Lom.'ry,

for helpful discussion~s.
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2-D Version

TO PROGRAM PHASHIFT 100

C THIS PROGRAM CALCULATES PHASE SHIFTS IN RADIANS OR DEGREES VS E*A**2 300
COR K OR E IN DIMENSIONLESS ONITS FOR THE QUANTUM MECHANICAL SCATTERING 400

C OF A PART ICLF OF FNFRGY E FROM A 3-0 SQUARE WELL OF WIDTH A AND DEPTH S00
C -V. THE INPUT PARAMETERS APE ( 1). EZERO (THE LOWEST ENERCY VALUE) CO 600

COLS 1-100(21o FPSILON(THr ENFRGY INCREPFNII COLS11-20. (3)s /ULCAN 700

r TWF ARSOLUTE VALUE OF THE WELL DEPTH) COLS 21-30 Soo

r (41. FE.RMI (THE (F.LL WIDTH) COLS 31-40. (5)o MAX (THE 900
C HIC.HrbT ORDER PfASF SHIFT OESIRED. FOR S*PotDF) MAXa1,29394. COL 45 1000
C (6). KILL(NONZERO ONLY ON LAST DATA CARD) COL 72. (71. LASTITHE TOT 1100

C AL NUMERL I PITU OF P HAESIFSINDNRETS DESIRED T ECLUAEI A.10 . ENTER-8 20
C (AL. NUMEL I PITU OF P HAESHFNTSDERES1 DESIRED9 TOBECLUATD.MA.100EOR 5 1200

50.NCO ~ F AIN DSRn LEAVE-COL 50 BLANK) COLSO 1400

C I NOPL IS1 DESIRED. ENTER A 1 IN COLo 65o IF ORDINAL SELF-SCALING 1500
C NSTEOENTFR A 1 IN COL 709 AND INSERT VALUES OF YMIN AND VMPAX BEFO 1600

c T CALL. 10

COMMON/LAREL/IL.ILX(5) 'Lty(91) ILH(5) ,ILR(5)'ILC(5) 'ILABLE(5'51 1800I
COMMO~j /RANGE/ XbAAXXMIIP~syp'AXOY'AINIFRST(5).ILST(5)9XS14E 1900

REAL ILXILY.ILH9ILR 2000
REAL N 2100
REAL NZ 2200

COMMON/l/ D)ELTA(lOQO) ,CASTOR(IO,ýL0) POLLUX(lO00) ,HERCULES(1000),AJA 2300

lX(1CO0U),LYMPUS(1OUU0),HADES(1UOCV),H(1U0U)9DB(1L'UO)9N(1000)9DN(10OO 2400

?),AZ(1J('O),DPZ(1LCI),NZ(lCOU),GAMMA(1UOU),ENER(,Y(1UCO).CYCLOPS(100 2500

AC)ICFr4TAUfl(1('C')),ZFUJS(Ip:OC),RHO(l(.)IO).D)NZ(1000) 2600I. fIMF,%SIO'M DrLTA1(1lL),r)FLTA2(10OJ0).DELTA3(l0UU ).#DELTA 27003
1411Gk) '19W(S) 2800
P~ltFNSION FPrO(1.)U0I) 2900
CoMm.ON/A/ PHASF(5000)EFRGON(U

00u) 3000

0PFAD 461,91u) EZFRO 'FPS ILON 9VULCAN,9FER11IMAX OJELLO09LAST NOPLOT 9NOSC 31CO
lALE.K ILL 3200

10 FORM.AT(4(Flu.5),4Xl,94XI1.4X,14,AX.Il,4XIIOlX9Il) 3300
IFPST(Il): 3400

IFRST(21-1+ LAST 3500

IFRST(3)ul. ?*LAST 3600
TEHST(4)x1+ I*LAST 3700

IFRST(5)n1+ 4*LAST 3 8 00
ILST(l)- LAST 3900

ILST (2 )u*LAST 4000

ILS7(3)ul*LAST 4100

ILST (4)-4*LAST 4200
ILST (51=S*LAST 4300 i
IF (JFLLO.FO.1) riO TO 2 4400

I PPINT A 4500
Go TO 3 4600

pPRINT 7 4900
IPRINT I7tlLA9FtsFEOXX 4700
'~PRINT 8?VLAF~IFEOXA 4800

A FrRMAT (IX9*PHASE SHIFTS IN RADIANS FOR A QUANTUM MECHANICAL PARTI 5000

ICLE SCATTFRING OFF A 3-n SOUARE WELL**/) 5100
7 FORMAT (IX9#PHASE SHIFTS IN DEGREES FOR A QUANTUM MECHANICAL PART[ 5200

ICLE SCATTERING OFF A J-0 SQUARE WELL.*/) 5300
SFORMATISX.*FirRGY( !)*4X4DFLTAEO)*4XDnELTA(1)*4X*DELTA(2)*4X*DELTAI 5400

I3I*4X*DELTA(4)*4X* K' *4X* ERGO *4X*0LYMPUbI*4X*HADESl*/) 5500

1' FORMAT(IXI.WELL DEPTHu *F1O.59* WELL WIDTH- *F1O.59* EZEROv 5600
1 FlO.5.* FLAST. .FI0.5/) 5700

K*MAX,1 5800

cNFRGY( 1)vFZFRn 5900
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1)0 ()1 lulsLAST 6000FRC.(I~wFNFRC,Y(I)*lFERMI)..*, 610014 FNER(Yl 1.1)-FPS1LON+rNFRGY( 1) 6200
1k (VCLOPSfI)uSORT(ENFRGY(I)) 6300
?nl CFNTAURIflwSO4T(FNFRpY(I),VULCAN) 6400
71 lFUS(IIuCYCLOPSlI)*FERM1 6500ZEUSS91ptjS( ) 6600
21 IP(ZFUSS4F0*0I 78.30 6700
In RP~fEUwCENTAUlRTI)OFFRMI 6800RN00uRHOII) 6900
14 CALL SPHjNlPHOOK9S) 7000

CALL ~~HNPO..,7100

DN(fl=-N42) 7300
D0 35 JuNSMAX 7400

04I)(JIP(J~1).(J~n~r(JI1n'2*J.1~7500
0)N(JI)-(JI*ýa(J1-l-1)JU!.)*N(JI+1l)/(2*JI~l) 7600

11 CONIINUF 7700
CALL SPHJN(ZFUSS*K*PZ) 7800
CALL SPHYN(ZFUSSKINZ) 7900
pr (I --AZ (2) 8000
DNL (11--NZ C?) 8100

17 D0 IA Klm2oMA.4 8200
IR~vZbIK)=(KI*PZ(KI-l)-(KI.1l.8Z(Kl,1) I/(2*Kl.1) 8300
ONLIKI Iz(KI*NZIKI-l)-CKI+l)*NZ(K]Ix) )/1*KI,1) 8400

IAJ CONTINUE 80
'.0 DO 76 LIv1.MA)C 860U

ir4' r~AM'A(LT3:CFNTAUR(T) *r~P(Lfl)/(Lx) 8700
4% CA$TORCII1)=CYCLOPS,(fl*0)P(LI) 8800
So POLLUXCL1'.=GAMlMA(LI)*AZ(LI) 8900
At kFP.CLILF!.(LxC*'r(L0PST4)*ONZtLI) 9000
6n AJAX(,Vr0 .M(I)pZL) 9100
6r, (LYMPUIS(U,)=CASTOR(LI)-POLLUJXILII 9200
7r HAPFS(LT)=HFPCULFS(LI)-AJAAdLI) 9300
7 ,~ W(L I =ATA2(OLYMPUS(LI ) 'tADF5(LI) ) 9400

IVi(WLI)I.LT.G) lU(LI )=W(LI )+3.14159 9500
IFCJFLL~oo.'O.) G0 TO 755 9600

W(I.)(LT*57.957~9700
IF(JFLLo*EO*1)CiO TO 76 9800

76r 9 9900
76 C~INTINUF 10000
77 (C' TO 80 10100
70 n0 79 LI-19MAX 10200

W(L I) U. 10300
7Q CONTINUE 10400

OLYN'PUS( I =OJe 10500
HADESII)=Oo 10600

Anl PRINT RrENERGY(I) .W(1),W(2),6C1).W(4),W(5),LEub(I),ERGO~lntoL 10700
IY.mPUSC 1) .HADES( 1) 10800

99 FORMAT (10(2XsFlU.5')l 10900

DFLTACI():W(1) 111000I;' 3()=W(4)130
r'ELTA4( I )W(5) 11400*11~ CONTINUF 11500A6 PRINT 87 11600

P7 FORMAT 1///) 11700A IF(NOPLOT.F~o.) r60 To 95 11800
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IF INOSCALE*EO@IIG0 To 99 11900
CALL MINIM'AX(DELTA9YMIN9YMAX9LAST) 12000

9Q XSIZEu1Ci. 12100
XMINzERG0(lI 12300
X'4AX=ER6iO(LASTl 20

C IF SELF-SCALINGi NOT USEns THEN YMIN AND YM4AX VALUES MUST BE SUPPLIED. 12400
YMINx0. 12500

YMAX.1. 12600

CIF nESIRED, DIFFFRFNT ORDER PHASE SHIFTS MAY BE PLOTTED ON THlE SAME. 12700
C GRPAPH* USF NOSCALF TO BYPASS, PUT A 1 IN COL 70. SUPPLY YMItIYMAX. 12800

NLAST=S*LAST 12900
J=LAST 13000
DO 90 MaiJe 13100
PHASE(M) =DELTA (M) 13200
PH-ASEl4,J,.flELTA1 (Ml 13300
PHASE (M+Z*J)wDELTA2(M) 13400
PHASE(M+3*JlDFLTA3('4) 13500
PHASEE!4+4*J)wnrLT.A4lM) 13600
ERGONft4)=FRniO(Ml 13700

QOCONTINUF140
CALL LAYOUT(ERGONPHASENLA6T.6HE*A**?,7H-DELTA-,6,7,5) 14300
PRINT 100 14400

l~ FORMAT(///) 14500

99 IF(ICILL.FO.6i Go TO 9 14600
CALL STOPPLCT 14700

iqo END 14ý800
SURROUTINE "INIMAXIAPRAYoYMINOYtMAXoLAST! 14900

n~IMFMSI0n APPAY(11,W) 15000
THIS SURROUTIMF FINDs p'oTH THEF LARnFST AND SMALLEST NUMBERS IN ARRAY. 15100

C LApnF.ST NUMSER 15200
J=1 15300
JJZI+J 15400

In DO 30 K-JJ*LAS7 15500
IFlARRAY(J).CF.ARRAY(Kfl30920 15600

2A J=K 1570U
IF(KoEO.LAST) G~O TO 4U 15800
GO TO 5,O 15900

2n a CONTINUE 16000
An0 YM4AX=ARRAYIJ) 16100

PRINT '.;,JJ 16200

4C FORMAT (iX*Jj-*Il) 16300II!GO TO 60' 16400
rin jjaj*1 16500

rGo To 10 16600
(7 S'AAL LEST ANUMPFR 16700

6f) Lul 1680U
ALL=l+L 16900

l1tn nn 100 tt,=LLOLAST 17000
IFIARRAY(LlsLF*ARRAY(MI)300,?UO 17100

20nl L=M 17200
TF(t'.FO.LASTIC,0 TO 4.0U 17300

GO To %00 17400
'On CONTYNUF 17500
4.00 YP4TN=ARRAY(LI 17600

PRINT 4ri0'LL 17700

Li
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4'iO FORMAT (1X**LLm.I3I 70
GO TO 600 17900

500 LL=L+1 15000
Go To 100 18100

600 RETURN 18200
END 18300
SURROUTINE SPHJN(X9N9APR) 18400

Cl NQL BESP~ RESSEL FUNCTIONS OF THE FIRST AND SECOND KINDS 18500
DIMENSION ARR(1) 1860U
RXu1 .OE+307 18700
NF. 1 18800
NN-N.1 18900
IFIXeEO0600) GO TO 4 19000

*IF(X.LE.0.5)rGo TO 6 19100
C FOR ORDERS LESS THAN' ARCUENTs AND ARfiUMENT GREATER THAN 0.5 19200

*ARR(I~uSIN(X)/X 19300
ARR(2)zARR(1'I/X-COS(X)/X 19400
NM.X-2 19500
IF(N.LT.X)MMN-1 19600
SF (NM.L T.0) Nko(J 19700
no0 16 IzlbNM 19800
FN=I.I 19900
ARR(1+e21aIFN,1l.(,[WAPR(1+1)/X-ARR(XI 20000
CHECK FOR lUNnERFLOW 20100
TF(ARR(I.2I.NF.Oj.O)co To'16 Z0200
ARR~I.I+=ARR(I1',.*RX 20300
ARR( I+2)=(FN,1.UJI*APR( 1+1 )/X-APR( I)*RX 20400
PRINT 119 X919N 2050C

*16~ CON T I UF 20600
*IF(NLToXIRFT(IRN 20700

(7 Fr ORDFPS 6ATrR THAN OR LOUAL TO ARGUMENT, AND ARGUMENT 20800
C GPFATFR THAN 0.5 21000
19 ALPHA=1*0 21100

M=-2-N'A21200
ý!OTE u 21300
I =N+47 21400
IF(X/N.rGT.0.tq)I=!.X/1I.0 21500

*ARR(1+2)=ALPHA 21600
ARRI I+1)u0.0 21700

12-1-121800
n0 2 KKItki 21900
K=-KK 22U00
mocl=v+41 22100
TKP1 =I+K+l 22200
ARR(K)=TKP1*ARR(K,1)/X-ARRIK,?) 22300
IF EXPONENT FAULT 1S*2 22400

I* TFMPY=APpCKI2ARR(K+1I/RX*TKPI/X-ARRCK+2)/RX 22500II ARR (K I ARR( K)*RX 22600
IF EXPONENT FAULT 241? 22700

74ARR(KIcTFeAPY 22800
ARR(K+ )zARR(K+1I/RX 22900
PRINT VIXoNtNOO 23000

7 CONTINUE 23100
17 C=HOLD/APR(K) 23200

IF'c.mr.0.O1Gro To 14 23300
HOLDxHOLn*RX 23400

NoT~cOTF~l23500
r- T 1 23600
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14. IFlNnTEeFO.G)GO To 17 23700
MULT=307.NOTE 23800
NULwL-I 23900
PRINT 21*XtN9NUL$PlULT 24000

21 FORMAT (IXWFOR ARGUMENT OF *F17.10* AND ORDFRS OF *14* To *149 24100
1 SPH-.'N FYPO)NENT WAS INCREASED By *16) 24200

1 0 3O IuKoNP; 24300
ARR( I)-AN7( )*C 24400

I CONTINU.E 24500
RETURN 24600

4 ARRt1)=I.O 24700
00 ý L=?PNN 24800
ARR~IL)h.0 24900

SC0NT:'IUE 25000
RETURN 25100

C SERIES-FOR ARGUMENT LESS THAN OR FOUAL TO 0.5 25200
A FPSz%.OF-11 25300

CH=CSzrlNztpIV=l.O 25400
00 10 Lu19NN 25500
ITTXP=NFXPA=MFXPA=LFXPA=O 25600
NO=L-1 2570U
!F(L.EO.1I GO TO 7 25800
CS-CS*X/DN 25900

C CHFCK FOR UNFPERFLOW 26000
IFCCS.NF.0.0~) GO TO 7 26100

C SCALE FOR THIS N AND ALL FOLLOWING N 26200
CS=CH*RX*X/DN *26300

NFXPA=NFXPA+l 26400
7 DN=nN+?.O . 26500

CH:CS 1126600
*XKK=0.O 1 26700

A=CH2=FOPTT=1.(;/DlV 26800
TN=2.J*NO 26900
FN--0.5*XWX ~~>V ~ ~27U00

AL F'N.LOWING N 1 27600

nIV=XKKV/RXKXK+t) 27800

ORTTN/FORTTR 283000

TTCHECKFORTTDRFO 28200
IFlATN.Eo0.O.O TOR.R(/T.T~ GO2O5 28300

IVORTT:TT 278400'1 ORTT=ORT8 285000
2s C2ARRL= T 28600

C CHECKFOR UflRFO 28700
IF(TARRIL).NF.OR.O)GO ATO )L*F GO O 28300

GO TrL OR T8 SNAOAL O.OIj 28900~~.1 ~~ARR CL) =S*XTT290
S*TTV/R 29100

LFXPAuLFXPA+1 29200
31 ITEXP=NEXPA.MEXPA-LrXPA 29300

IF(1TEXP.FO.klICO TO lu 29400
IF(ITFXP*F0.1)G~o TO 2c) 29500
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PRINT 3us MFXPAlosFXPAvLFXPA 29600
'40 FORMAT(IX.W SCALE FRROR 43("XoI10)) 29700
20 PRINT ils X01O.N OF29800
11 FORMATC'XI*FOR AP6UPMET O F1.0*AND ORDERb OF ,0149* To * 29900

1149* SPHJNj EXPONI-NT WAS MrCRFASFO) RY IG7*1 30000
10 CON T I NF 30100

F NO 30200
SUBROUTINF SPHYNCXrJ.ARR) 30300
r)I MFNS ION APRRI1 30400
RXm1 .UF+IU7 30500
I ( X* ,0o *) K'3 30600

SPRINT 4 30700
t. FnRMAT 'X 0*1Pf NOT USF ZFPt) APGUMIENT FOR SPHYN*) 30800
RETURN 30900

c FINN~ YO AN Yl 313000
iARFU1)=-COS5(X1/X 31100
APR(2)rAPR(1I/X-SIN(XI/X 31200

NM I 31300
PO 2 r.= iNMI 31400
TKP I =V+K41 31500
ARR(K+21TvP1IARR(Y,+I)/X-APR(KI 31600
CHFCK Fnr) nVEPFV~nW 31700

IF FXPONErNT FAULT 8*2 31800
APR(K41I)ARR(K+1)/PX S1900
ARR(y(+2)=TrPI*PPR(Y+1)/X-tArw(KI/PX 32000
POINT 79X.vtIi 32100
SFCRMAT(lX**F0R APr',UVErIT OF i'tFl7.10911 AND OR[;FR. OF *s49 To *9 32200

1 1 49* ý,~jp rXP()prNýT WAS ýrCrlrAý'Fn Y lu?* 32300f
SCONTINUF 32400

".'D 32500
SuBDOOUT I NF LAYOUT (XPFFPYPF-FR 'Nfl .X Cr~sPt''09l NX efitfY ,NU#-rER) 32600

C~MO/LAFL/LIX(54,ILI%)'IL(~'~'I ,R~IIC(~ ILALE('5)32700
CIV¶IMON /PANC'F/ XMAX9X-',A*y!.'tXlY!-)N* . RzSTI5)i L-j*L51 ,X.SILE 32800
RFAL ILXILY9ILHoILP 01'9 32900

n I ýFNS IOk' XRCP ( 51 YPCP0( 9 , s 33000
DMNltpSION XPFFk(Nfll *Y(HFFPftl orJPLTARRAYte254) 33100
rlATA (ISTRT~ll .* . 33200

INITIALIZAITON sJ33300

M:z4N 33400
NK=NNX *-33500

NYmN NY 33600
IV (XSIZF.rO.(,.tu X5'llr1lG. 33700
YSIZE-Iu. 33800

NSVV~ -33900
'4'.~PSF 44.)34000

IF (NUMRFR*FO.'JI NL'MEkf P'-l 34100

*IF (ISTRT.FO.21 (.0 TO 2 34200
CALL PL('T5(PLTARRAY*2?)4911) 34300

ISTPT=? 34400
-CON T I NUF 34500

34600

LAnEL X AXIS 34700
34800
34900

~X2 X~.~-X~NI/XIZE35000
IF (DK.%F.fr G O To 1 35100
CALL SC&Lr (XRFFRoNvXSIZFoX"IN9')Xol) 35200

~/T~ 35300
f!a I VIcr 35400

* 28



35500

()0 6ItI*N3560G

C PRINT ;;.s,qXAFFR(I),YRFFRflIl 
35700

XIWFR(Ij. rXAFrR(I)-XMIrN)/()x 
35800

.7CONTINUF360
36200

C CALL. SCALF (XSFFR,NXSIZE*XMIN9DX91)360
IFRO-XSIZE-ZERO 

36300

IF INSVF) 5$1091U~ 
36500

XMIN ,X5IZF.DX-ARSF(XMIN) 
36500

In CONTINUF 
36700

ZFRO = (O.nXUIN) 'oX 
36800

PRINT 4,OXvXMIN9ZERO370

PRINT 4 9 nXXpAIN9ZERO 

3690037100

NX. N pFORMAT C# XAI~0X 374000

CALL AX IS 0,-'Y T rXP CO, X.D I r,,'X 1 , 
37200

NX-N 
37300

PpINT 4 st0 XpX'INsZFPO 
37600

CLA~rL Y AXIS 
37700

C 
37800

nYm (YMAAX-YMIN)/ySIZE 

38100

IF M(.NF.ý,.Vl 6 TO 14380

CALL SCALF (kF qNYjqyi'nl)38300

60O TO IA 
38400

14. CONTINU 
38600

nO 16 I~19N 
38700

10 YFkFFR(I)=(YPFFR(I) -YN1 9 )/ nY 
38800

jcý CONTINUF 
890

PR~tT 11I)YoNIIN39000

ji FORMAT (* 0)Y=91?¾'4 
39100

CALL PXI5 U 
39300

NY=-NY390

PRINT ll,0YtVY'INyY'LF9.VND~340
CALL AXIS tSF9.-YntyYSF90YMNy 

39500

PRINT Ilo,0YPYMIM39U

C 

39700

C PLOT CURVF 
39900

NUMBER1 =NUMPFR 
39000

IF (NU?4OER.LT.() mupMsrRx-~Nl)fER 
401000

ND- (N/NLJMPFR) -1 
40100

N2-0 40200

IF INUMPFR.NF.1) Go TO 
440

ILST (1) N 
40500

A CONTINUE 
40600

00( 150 J=19NUM'.FPF 
40800

IF (NUMnFR1.LT.0) no T 148 
40800

Nj~jV5T(J)41000

N2aILSTtJ)410
riO To 149 

41100

14ek CONTINUF 
41200

Ma N 2+1410

29



N22NI*ND 414.00

14a CONTINUr 
41500

IP~ml41600
I P~u~41700

CALL PLOT fXPFFRI),YRFFRl1)93) 41800

41900

OPINT rcS~IvXPFFRlII)YPFFR(~lII 
42100

xpFm ISFFrR(I) 42200

YAr. Yrv-FR(I) 
42300

IF (NSVF.LT.'.) XPFER(II.XSIZF-XPFER(I) 42400

!F (XAF*LT.U6U0ORsXPFoGT.X5IZE) Go To 100 42500

IF lYSF9LTo~u*0.Q&YcRF*GToYSIZF) Gr0 To 100 42600

CALL PL(lT(XnF*YfRFI0N 
42700

IPN=2 
42800

100 CONTINUF 
42900

jrn CONTINUE 
43000

IF (IL.F0o.,) Go TO ?S 43100

?57' ICT=ICT+I 43300
IF (ICT.GI*IL) G0 TO 255 CT) 3500
CALL SYMFP0L(ILX(ICT).ILY( ICT .ILH(ICT1,ILABLE(1,ICTI ,ILR(ICT 30

1,!LCIHCTI) 
43600

CO TO 2r)? 
43700

PSA CONTINUE 
43800

CALL PLOT (X5!ZF,'1.,O.U#-1) 
439004

PRINT 250 
44000

4420U

C 44300

PF!,uTo ~ THE DATA 
44500

lX=ABS (nXI 
44600

DY A RS(CDyl 
440
44800

Dn 40U 1=101 
4490U

XPFFR(1I .=CX*XRFFR( I ).XMIN400

YSFFR I )=(DYEY~lFFP( II )4YMI?4 
45100

40n XMXONTNF 
50

C 45300
XV.A=0.045400

XMIN-0.U 
45500

V !~AX = * 045600

Y..IN=U.0 45700

C 45800

RETURN45900
EFUND 46000

SUnROUTINF SCALE CXNpS9YNlIP!DY$K) 
46100

XC~) 46200

YMiIN=YMAX
NPwN'K 

46500

DO IJ I. =I NP9K 46600

IV~YAAX~( II 156'A46700
IF YMAX-X(!l 59 46800

A IE(X(tI.YMIN) 791utl'ý 
46900

7 YMINXX(Il 47000

i0 CONTINUE 
710

DY=(YMAX-YP4INI/ (S)I70
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P0 20 I1=1N 47300
20 X(11uIX(f)-YMINI/nY 47400

PRINT ?2i.YMIN9YtlAX9D'1,X(1 ,X(N) 47500
7%FORMAT(I;?5.5) 47700

RE TURN470
FND 47800

SUR~OUTximr AXIS (X,9Y*Cn9NC9SIZF9THETA9YMIN#OY) 47900

X14u .07 48000

I SINa-1.0 48500
2 NAC-XA!RSF(NC)480

TH*THFTA.O.U1 7453?q0'850
NxSIZE+.50 48600

cTH-COSF( TH) 48700
ST~uSN(TH)48800

TNuN 48900
Xpax 49000
Y P=Y 49100
XA=X-ol*SIr1 MwSTH 49200
YA=Y+..1 SIGNt*CTH 49300

r IF (THFTA-qU.lC1,2912 49400
C17 XA2-xA .49500

In CALL PLOT (XA*YA*I) 49600
c 49700
C I'n LOOP DRAWS AXIS AND MAKES TIC IMARKS 49800
C 49900

no 20 121,N 5O000
CALL PLOT (XR*Ygg2I 50100
xc2xE1.CTH 50200
YruYPSTH 50300
CALL PLOT (Xr*YC,?I 50400
XA=XA+CTH 50500
Y A =Y AeST H 50600
CALL PLOT (XAYA,?) 50700

*XB.XC 50800
20 "'-yc 50900

CHAR=ABSF (YtINI 51000
AERS~i ARSF CYMJN+nY) 51100
IF (ARSV-CHAR) 596%6 51200

SARSV=CHAR 51300
A EXPO0.0 51400

An PNT=APSV4.O.1 51500
CHAR=NT 51600
TF ICHAR-ARSVI 9~U992992 51700

nn FXP=EXP-I.kC 51800
AIRSV=ABSV41LJ. 51900
niro To e9 52000

()j FXP=FXP+a1.0 52100
7 AgSV=A!BSV/It,.Q 52200
NTuARSV 52300
CHAR=N T 52400

r IF (CHAR-Am5V)91*91,91 52500
IF (AnSVGT.1) 60 To q1 52600

OiADYsDY*10.U**(-FXP) 52 *(00
ARSV=YP.TNIN41U.*.( -XP).TNj*fkhy 528C004XA=XP-( .,()STrN-(.Os,)*STH-.25*CTM. 52900

''YA=YP,4.,(',#SI0N-.05).CTH-.2S*STH 530;jo
NuN4I 53100
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C r 'TTHETA-q'U) 11032932 53200
C I XAw-XA,.ol30
c 53400
C MlO LOOP PLOYS NUMBERS ALOPIG AXIS 53500
c 53600

11 DO 10 IsIoN 53700
CALL NUMBER (XAvYAs*U79A8SV9THFTA%4HF7.3) 53800
ARSV-ABSV-AnY 53900

r IF (ARSV*LT*()*AN()oASSV.Cv,T 11 S5956 54001
C 5% AFISV-U 54100

~S6 XA*XA-CTH 54200
Inl YAuYA-STH 54300

TNCaNAC+7 54400
C 54500
r CALCULA~rs CFNTFP POSITION FCGR LABEL 54600

XASXeI SIZFr/?.O-.OA*TNC).CIH- (-sQ7.SIC.N'36)*STH 54700
YAuY+(SlZr/).o)-.06*'Nr3*STH+(-.t17+StCiNu ,6)*cTHf 548000-

r IF (THETA-9U.) 4194?$1-.2 54900
C 41 XAw-XA+.. 55C00

41 CALL SYMPOL (XAyAvX14,rPCn9THF~ttMAf 55100
c 55200
r PRINTS LABEL 55300

XA-XA,( (TNic-6.i;I.0.2)*CTH 55400
YAvYA.((TNr-66.uI*v.j2)*STki 55500
IF (rxpi isso 55600

19 CALL 5Y'IQOL (XA9YAtX14*fkl(XlU, 19THETAtM 55700
XA=XA+.4A*CTH-.U7*STH 55800
YAzYA+.4s*!;TH4.Oa4CTH 55900
IF (FXP) 4--griO946 56000

c 56100
r nR!NT5 SCAIF rACTOR 56200

40n CALL. MU'PFR (XAYA9X14sFXPpTHFTAl~4FI$F.) 56300
tA CONTINUF 56400

CALL PLOT (XAtYA911 56500
RETURN 56600
ENO 56700
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3-D Version
PROGRAM PHASHIFT 100

C TwREE DIMENSIONAL VERSION 200

C THIyS PROGRAM CALCULATES PHASE SHIFTS IN RADIANS OR DEGREES VS E*A**2 300

C OR K OR E IN DIrAENSIONLrS5 UNITS FOR THEF QUANTUM MECHANICAL SCATTERING 400

C OF A PARTICLE OF ENERGY E FROM A 1-n SOUARE WELL OF WIDTH A AND DEPTH 500
C -V. 600

c THF 1ST DATA CARn CONTAINS THF FOLLOWING~ PARAMIETERS... 700

C THE INPUT PARAMETERS ARE ( 11. EZERO (THE LOWEST ENERGY VALUE) CO 800

COLS 1-10*(2). EPSILON(THE ENERGY INCREMENT) COLS11-20* (I). SKIP TO 4 900

C (4). FERMI (THE WELL WIDTH) COLS 21-10. (5), MAX (THE 1000

C HIGHEST ORDER PHASE S14IFT DESIRED. FOR1 S9P9D.F) I.1AX=1*2,394. COL 45 1100

C (06). SKIP TO 7 (7). LAST(THE TOT 1200

C AL NUMBER OF DOINTS DESIRED To Pr CALCULATcED). MAX. 1000. COLS 55-58 1300

C (m)e JELLO (IF PRINTOUT OF PHASE SHIFTS IN DEGREES IS DESIRED. ENTER 1400

C I IN COL 509 IF RADIANS DF5IRFn* LEAVE COL 50 RIANK) C.CL5U 1500

C ENITER THE NUPMRFP OF CuRVTS oT PE PLrOTTE) IN CnL 60(MAX 9)o 1600

C IF NO PLOT IS DESIRED' ENTFR A 1 !N! COL. 65. IF ORDINJAL SELF-SCALING 1700

C DESIRED. ENTER A I IN COL 701, AN) 114SFRT VAL'JFS OF YMIN fA;4r YM.AX BEFO 1800

C T CALL. 1900

C THE 2ND DATA CARD CCNTAINS THF wELL DEPTH ,VULCAN. COLG 1-109 AND KILL 2C00

C COL 219DESIGNATFS THE LAST DATA CARD. 2100

COMMON/LAREL/IL.ILX(9) ,ILY(QO) ILH(9) .ILR(Q)'ILC(9) .ILADLF(999) 2200

COMMON /RANGE/ XMAX,X~iti.YrtlAXY'0INOIFýr5Tc9)OIL!,T(9)IXSIZE 2300

REAL ILX.ILY9ILH9ILR 24CO

REAL N 2500

REAL NZ 2600

COMMON/Il DFLTA(1000) CASTOR(1JOUV) *POLLUX( 1(WU) 9HERCULES(1UJU01 9AJA 2700

lX(lOO0,OOLYMPUS(10UO),HADES(IUn(i),RIlbUU),Df~l(itO)Igt(1OOUO)DN(100O 2800

2 ),BZ(l00o)DBZ(l0OuINZ(1CO.,,)'rjAMrIAc100oI.FHIERGY(1UOG2.CYCLoPS(lUO 
2900

30)OCENTAUR(I)OU),ZFUS(1(J0O)PRHOI103J)tDNZ(1U00) 3000

DIMENSION DELTA1(10~,0).DELTAel(IOCO)sDELTAItL030I9DELTA 3100

14(10001 eW(5I 3200

vDIMENSION FRCO(10
0 0 ) 3300

COMMON/I/ PHASE(QUOCI ,ERGON(Q0CU) 3400

KC -l 3500

700 READ (6OB00)FZERO.EPSILON.FERIAI.MIAXJELLO.LAST.NCURVES.NOPLOT9NOS 3600

ICALE 3700

800 F0RMAT(3(F10.7),14XI1,4XOI194X~I49lXoil 4XI1,4X.I1) 3800

a READ(609l01VLJLCAN*KILL 3900

10 FORMAT(FIO.S9IOX9 11) 4000

IFRST (11=1 4100

TFRST(2)wl+ LAST 4200

IFRST(31u1+ 2*LAST 4300

IFRST(4)u1+ 3*LAST 4400

IFRST(5)ul* 4*LAST 4500

IFRST(6)1-15*LAST 4600

IFRST(7)zl146*LAST 4700

IFRST (8) ul+7*LAST 4800

IFRST(9131,8*LAST 4900

ILST(1)u LAST 5000

ILST (2)*2*LAST 5100

ILST(3)u'3LAST 5200

ILST(4)U4*LAST 5300

ILSTf5) u5*LAfST 5400

*ILST(6126*LAST 5500

TLST( 7)u7OLAST 50

ILST (A ImOLAST 5700

ILST(9lu9*LAST 5800

*XMIN20. 
5900
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XMAXI UEPSILOPI*LAST 6000
XTICKBXMAX/10*O 6100
XMAXufNCURVES-1 ).XTICK/?.+XMAXl 6200
XSIZE-XMAX/XTICK 6300a
KCaKC*l 6400
ORSHIFTXwXTICK/2* 6500
YMINSOO 6600
YMAX~mle 6700
YT ICKOYMAX1 /10. 6600
ORSHIFTYmYT ICK/4e 6900
YMAXuINCURVES-1 )*ORSHIFTYYMAX1 7000
IF (JELLO*EO.'I G0 TO 2 7100

1 PRINT 6 7200
GO TO 3 7300

2 PRINT 7 7400
aPRINT 17*VULCAN*FrRMI ,EZERO*XMAXI 7500
PRINT a 7600

6 FORMAT (1X**PtIASE SHIFTS IN RADIANS FOR A QUANTUM MECHANICAL PARTi 7700
ICLE SCATTERING OFF A 3-D SQUARE WELL.*/) 7800

7 FORMAT (1X**PHASE SHIFTS IN DlEGREES FOR A OUANTUm MECHANICAL PARTI 7900
ICLE SCATTFRING OFF A 3-D SOUARE WFLL**/) 8000

A FORMATISX.*FNERGYI II.4x*DFLTA(01e4X*DELTA(1)*4X*DELTA(2)*4X*DELTA( 8100
11*iX*DELTA(41*4X* K *4X* FRGO 04X*OLYM.PUS1*4X*HADES1*/) 8200

12 FORMATIIX.*WELL DEPTH. *FID.590 WELL WIDTH. *FIO*7,4 EZERO. * 8300
1 FIO.79' ELASTs *F10*71) 8400
KwMAX.1 8500

ENERGYlII IEZFRO 8600
D0 91 I.1,LAST 8700
FRGOII).VNFRGY(II.EVERMI)**2 8800

14 ENERGY(I1+1 IEPSILON+EMFRGY(I 8900

14 CYCLOPS1 isISoRTIENERC-Y(f) 9000
20 CENTAUR(T)uS0RT(ENF.R"Y(I),VULCANI 9100
27ý ZEUS(I)sCYCLOPS1I3#I'ERMI 9200

ZEUSSOZEUS( I 9300
77 IF(ZFUSSeFO.l) 78,30 9400
I~n RHOi IIUCENTAUR(I)*ERMI 9500

RHOOsRHO(I) 9600

* I34 CALL SPHJN(RI400,KtPI 9700
CALL SPHYN(RH009K*N) 9800
DA(l)=-8(2) 9900

* IDO 35 JI*79MAX 10100

* IDNIJi).(JI*NIJI1)-(JI+l)*N(JI+1I )/12*JII) 10300

'~CONTINUF 10400

CALL SPHJN(ZEUSSOKORZ) 10500
*CALL SPHYNIZEUSS*KoNZ) 10600

DBZI 1)*-BZ(?) 10700
* D#ZI1)E-NZ(2) 10800

37 t00 3P KTU?,MAX 10900
08Z(KIlulKI*RZIKI-1 )-EKI,1)*SZ(KI,11lhl2*KI,13 11000
fltZIKIIuIKI4NZIKt-1)-lKT,1)*NZ(KI41) )/2*KI,1l 11200

Im CONTINUF 10
40 DO 76 LI*1,MAX 11300

44 AAMMA(LIlsCFNTAURIII *nR(LI)/P(LI) 11400
44 CASTORlLI)uCYCL0PS(I1*flPZfLII 11500
SO P0 LLUX(LyIluGAM~lA(LI)#SZ(Lfl 11600
5% I4FRCU)LES(LTIlCYCLOPSEII)*NZ(LI) 11700
4 0 AJAX I L II arAA(L I INZ( I 1 11800
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A% OLYMPUS(LI)UCASTOR(LI )-POLLUX(LI) 11900

70 HAD)ESILI )UNFRCULFS(LI )-AJAX(LiI 12000

74k WILI) .ATA42(OLYm~P1S(LIlHADFStL1)l 12100

IF(W(LII.LT.U) W(L13.WCLI 34'e14I59 12200

IF(JELLr.EO.OI Go To 76 12300

W(LI IW(LI 3*A7e2957N 124.00

'E6 CONTINUE 12500

IF(JFLLO.oF.1)GO TO 80 12600

WlI)=lW(LI )/1.l41%9 
12700

7', no To 80 12800

r THqIS SETS nFLTA a ZERO FOR E0O 12900

70 DO 7q L I -I MAX 13000

WiLll 320 13100

7n CONTINUE 13200

*OLYMPUS(1)wO. 
13300

HAPESI 1)-Oo 
30

NC PRINT PSFFGIIWI*()~l$(4$ti9ESTtR,(10 13500

IYMPUSI I ,HADES( 1) 
13600

AK FORMAT (1012X9FII.7fl 13700

DEL TAt!) .W (l 
13800

nFLTAI( IIW(71 
139000

nFLT2(IlW~l)139000

InELTA31 I =W(4.3 
14100

nELTA4( I )W(S) 
14200

qI CONTINUE 
14300

NA PRINT 87 
14400

87 FORMAT /I)* 
14500

cSuPROUTINE uI'ITMAX AUTOMAATICALLY FINDS YMIN AND YMAX FOR LAYOUT. 14600

C Y.4INwDFLTA(pAIý,lt YVAAXuDELTA(MAXIO XMAIN-EZFRO9XMAX- EPSILON*LAST. 14700

1Ir(lIOPL0T*FeO.1 rýO TO 95 14800

IF (NOSCALF.FO.1)60O To 99 14900

CALL MAINIMAX( nELTAtYMItNYMAXOLAST) 
15000

cTwPLOT ROULTIMIE9 LAYOUT. IS DUE To STEVE BRENNERoCODE 3NRL150

C XSIZEPHYSICAL LENGTH OF PLOT IN INCHES. XMIN =MIN. VALUE OF ABSCISSA 15200

ý77X -AXaMAX VALUEF OF ABSCISSA. IXMAX-XMINI/XSIZE DETS VALUE OF Tic 15300

C "APKS. SIMILARLY Y REFERS TO ORDINATE, YSILE IS FIXED AT 10 INCHES. 15400

c I't TH' C.ALL FOR SUBROUTINE LAYOUT* THE PARAMETERS IN THE CALL STATE- 15500

PmENT ARE RESPECTIVELY A55CISSA VARIABLE9 ORDINATE VARIABLE$ NUMBER OF 15600

- DATA PnINTý,(=LAST39NO. OF HOLLERITH CHARACTERS FOLLOWED By 
ABSCISSA 15700

'1 I- i7AET.9ORD!NATr jnrNT9 rtG.' BWrLTA-Os (8 CHARACTERS MAX)* FOLLOWED 15800

cP.V THE ACTUAL KL'l1)ER OF CHARACTrRS USED IN THE ABSS*%ORD9 NAMES. 15900

FEPALLY THE TOTAL NU148FR OF PLOTS DESIRED SUPERIMPOSED ON rHE SAME 16000

C t1,APH. IF ONE PLOT PER CRAPH' USE 1. IF No USE N. HOWEVER, IF N 16100

C PLOTS ARE SUPERIMPOSED, THF THE DIMENSION STATEMENTS FOR THE ORDABS 16200

C AmiD ALSO LAST M'tiST BE SCALED By N. IF SELF-SCALING IS DESIRED' SET 16300

C SUBROLUTINE MINIP'AX ULTOMATICALLY FINDS VMIN AND YMAX FOR LAYOUT. 16400

tYv.IN=DELTA(mlIN)o YMAX=PELTA(MAX)9 XMINzEZEROXMAX= EPSILON*LAST* 16500

C THE PLOT RCOUTINEF WILL SCALE THE PLOTTED VALUES By POWERS OF TEN. 16600

C IF rrLF-SC'ALINC. M01 USEr)B THEN YMIN AND YMAX VALUESMUTBSPLID 160

C IF PFSIRED' DIFFERENT ORDER PHASF SHIFTS MAY BE PLOTTED ON THE SAME 16800

n ropPH. U-SE MOSCALE To B3YPASS* PUT A 1 IN COL 70. SUPPLY YMINsYMAX. 16900

SCONTImUr 
17000

!ILAST=NCURVFS*LAST 
17100

H. IJuLArT 17200

' IORSHTFTXuORSHIFTX*Kr 17300

riIORSHIFTY-ORSHIFTY*KC 
17400

HiIJAZZaKC~J 17500

t'IDO 90 Mu1'j 17600

PHASE(M+JAZZ)uDELTA(M34ORSHIFTY 
17700
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FRGoN(M÷JAZZ~uERGO(M)+ORSHIFTX 17800
qO CONTINUE 17900SPRINT 100 18000

100 FORMAT(///) 18100

95 IF(KILL*EOO) GO TO 9 18200
IFlNOPLOTVFQ 1GO TO 199 18300

CALL LAYOUT(ERGON9PHASENLAST,6HE*AO*2,7H-DELTA. .6,7,NCURVESI 18400
CALL STOPPLOT 18500

10Q END 18600SUBROUTINE MINIMAX(ARRAYoYMINOYMAXLAST) 18700

DIMENSICN ARRAYtlOUO) 18800
C THIS SUBROUTINF FINDS BOTH THE LARGEST AND SMALLEST NUMBERS IN ARRAY. 18800

C LARGFST NUMRER 19000
Jul 19100
"JJvI+J 19200

10 DO 30 K-JJLAST 19300
TF(ARRAY(J).GFsARRAY(KU)3O920 19400

20 JaK 19500
IF(K.EQ*LAST) GO TO 40 19600

GO TO 50 19700
In CONTINUF 19800
40 YMAX=ARRAY(J) 19900

PRINT 459JJ 20000
41 FORMAT (1X,*JJs*13) 20100

GO TO 6U 20200
So JJ=J+l 20300

GO TO 10 20400
C SMALLFS' NUMRFR 20500

60 L-I 20600
LL=I.L 20700

100 00 300 M=LLLAST 20800
IF(ARRAY(L)*LF.ARRAY(MII3OO*2UO 20900

PCO L=M 21000
IF(M.EO.LASTIGO TO 40U 21100
GO TO 5UO 21200

300 CONTINUF 21300
400 YMINzARRAY(L) 21400

PRINT 4509LL 21500
4S0 FORMAT (IX**LL=*Iql 21600

GO TO 600 21700
SOP LL=L+l 21800

GO TO 100 21900
600 RFTURN 22000

END 22100
SURpOUTINF SPHJN(XtNsARR) 22200

CI N4L PESN RESSEL FUNCTIONS OF THE FIRST AND SECOND KINDS 22300
DIMENSION ARR(I) 22400
RX=I.JE+307 22500
NF=I 22600
NNaN+I 22700
IF(XeEO.O.C) GO TO 4 22800
IF(X*LE*O*S)GO TO 6 22900

C FOR ORDERS LFSS THAN ARGUMFNT, AND ARGUMENT GREATER THAN 0.5 23000
APR(1)=SIN(X)/X 23100
ARR(2)=ARR(1)/X-COS(X)/X 23200

* NM.X-2 23300
IF(N*LTeXINMBN-1 23400
IF(NMeLT.O)Nti=U 23500

j DO 16 I-lNM 23600
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FJu 1+123700
ARR( !,?).(FN,1.0)*ARRI 1+1 )/X-ARR( 1? 23800

C CHECK FOR UNflERFLOW 23900
TF(ARR4I,2)eNEq.O0)GO To 16 24000
ARR I.1).nARR(I1+1)RX 24100
ARR( I+2)uIFNe1.U)*ARR( 1,1 /X-ARR( I )RX 24200
PRINT 13. X919N 24300

*IA CONTINUF 24400
IFIN*LT*X)RFTURN 24500
HOLDuARRINM+21 24600

C FOR ORDERS GREATER THAN OR EQUAL TO ARGUMENT* AND ARGUMENT 24700

c GREATER THAN Uo 24800
IA ALPHAIl.0 24900

Mx-2-NM 25000
NOTE .0 25100
IwN.47 25200

IF(X/N.AT.VeQ) 1u1+X/IU.O 25300
ARRI I+2luALPI1A 25400
ARR( 143)a0.U Ab25500
12t-1-1 25600
DO 2 KKwI9M k pp25700
Ku -KK 1),25800
NOOvK+l .si~ 25900
TKPI=KK,1 26000
ARR(K)sTKPI*ARRIK+1 )/X-ARRIK+2) 26100

IF FXPONENT FAULT 18.2 A.26200
la TEMPYzARR(r).ARR(K41I'fRX*TKPI/X-PARRtK+2)/RX V 26300

ARR(K~zARR(K)*RX 26400

IF EXPONFNT FAULT 2402 26500

24 ARR(K)=TEVPY 26600
ARRIK,1 VmARR(K+1) /RX 26700

*PRINT ll9X9N9NOO 26800
7 CONTINUF 26900

17 C=HOLD/ARR(K) 27000

IF(CsNE.O0.03C4 To 14 27100
HOLD=If0LO*RX 27200
NOTE.NOTr *1 27300
no~ To 1? 27400

14. IF(NOTE*EO@G)GO TO 17 27500
PAULT=107*NOTE 27600
NULcL-1 27700

PRINT 21,X*NtNULtMULT 27800
71 FORMAT (3X*FOR ARSU'4EPIT OF *E17*10* AND ORDERS OF *14* To *149 27900

1 .SPHJN EXPONENT WAS PICREASED RY *16) 28000

17 DO 3 I=K9NN 28100
ARR(I )*ARR( I )C 28200

1 CONTINUE 28300
RETURN 28400

4 ARR(1)=1.0 28500

rlO 5 Lu2sNN 28600
ARRIL)uOS0 28700

A CONTINUF 28800
RETURN 28900

SFRIES FOR ARGUMENT LESS THAN OR EOUAL To 0,5 29000
A FPS=S.OF-11. 29100

CH*CSONDuPIVaUI C 29200
DO 13 L-1.NN 29300

* ITFXP=NFXPAsPEXPA*LFXPAwO 29400

NCNL-1 29500
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CSmCS*RXX/DN290
NFCHEK FON UNDRALO

xF(CS.0~.0 ) 3OT 90500
SALE ~FORTTHIS NANDV 30600LWIG

TNR2O.NO307000
FCu-O.5RX*X 3080~ XK~XKK~.~*O30900

C CHCK OR UDERLOW , .31200

IF(A.E.0.)GO O 2~31300

AUCH*RX*N/FD31500
DIvCHDIVRX * 31600V
FOTN-20*ORTX 30600

An*TTAFN/TT 32000

C CHECK FOR UNDFRFLOW 32500

IF(.EAR(L.NF.0.0TO To31320
C SCALE FOR THIS N AND-ALL.FOLLOWING N 32700

ARR(H2C*RX*TT/F 32800
nIVuDIV/RX 32900
LEXPAwMEXPA*1 337000
FORTT-X:FXPAEXALEP 331800

TIAFORTTXPtCIi TO132000
IF4ITEXP.FeO.1)O~eS(/T*TES TO 29 32300
FORIT~w 322NXAMXPEP 300

AR FRMA( ,X.C*T SATE R R ~ 3 , I 323500

20 CRICT 1OR X.NnFO. 33600
1'FOARMA(LX,#F*R ARGUMN F*E71. ADODR F*1 TO 31 33600

SCALFO S THIS XPN ANT WASL IOLROWING NY37 33800

Dl~zDV/RX33900
LEND sLXP 34000

31 TEPCUTNE SPAHYN(+XNARR 34100
IF(I~xproecn T lo33200

DRIN 3U9,O NEP*EPtE 34300
10FORX.EO.0.)5 F.3 *(39LO) 33500

?a PRINT 134 sN* 34600
11 FORMAT('IX.O*NOT S ZR ARGUMENT OF*E7 10R* ANSODESYN 91iT 34600

RECOTIURN 34700
C FIDOND D I348000

F U RR(PCUTMFSPMX) Xt~A 34100
K. DIMENSIONARR(1)/XSNX 342000

RX= N1uN-l30 35100

DOE2TURNM 34200
c K IN YO ANK Y 35300I ~~Ri )=ARKR)TKI*ARRSIK,1)/X-ARK 354000

N~u- 35100
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C CHECK FOR OVFRFLOW 35500
IF EXPONENT FAULT 8.2 35600

p ARRIK#1).ARR(K+1)/RX 36700
ARRIK+2).TKPI*ARR(K.1 )/X-ARR(K)/RX 35800
PRINT 79XOKN 35900

7 FORMAT(IXI*FOR ARGUMENT OF *OF17*1O,* AND ORDERS OF *#149* To *v 36000
1 149. SPHYN EXPONENT WAS DECREASED By 307*) -36100

2 CONTINUE 36200
END 36300
SUBROUTINE LAYOUT (XRFFRYRFFRNNXRCOYBCDNNXNNYNUMBER) 36400
COMFMON/LA8EL/IL.1LXt9) ,ILY(9) 'ILH(9) 'ILR(92 .ILC(92 'ILABLE(999) 36500
COMM4ON /RANGE/ XMAX.XNMINY!AX.YMINIFRST(9),ILST(9)gXSIZE 36600
REAL ILX*ILYILHtILR 3670(f
DIMENSION XRCD(5)9YPCO(5) 36800
DIMENSION XPFFP(NN) ,YRFFRENNP),PLTAPRAY(254) 36900
nATA (ISTRTzI) 37000

C INITIALIZATION 37100
M a NN 37200
NX=NNX 37300
NY=NNY 37400
IF IXSIZF*FOo0.0) XSIZEw10* 37500
YSIZEz1L * 37600
NSVE=N 37700
NwXA8SF (N) 37800
IF (NUMBER.FO.U) NUMOFRu1 37900
IF (ISTRT*FO.2) GO TO 2 38000
CALL PLOTS(PLTARRAY9254913) 38100
ISTRT=2 38200

p CCNTINUF 38300
c 38400
C LAPFL X AXIS 38500

38600
38700

DXz (XMAX-XMINI/XSIZE 38800
IF (ox.NF.t,) Go To 3 38900
CALL SCALE (XRFFRNtXSIZEXMINDxti) 39000
(nQ TO 7 39100
iC(~NTINUF 39200

DO 6 IS1.N 39300
PRINT ~5';5XPFFR(I)9YPFFR(I)9I- 39400

rK FORMAT (2FC.1lJIIO2 39500
A XSFFR(I)X (XSFFRII)-XtMIN)/flX 39600
7 CCO4TINUF 39700

39800
39900

c CALL SCALF fXAFFRN9XSIZE9XmINDX,1) 40000
ZERO=XSIZr-ZERO 40100
IF (NSVF) S,1O.1L, 40200

q Xk'INzXSIZF*DX-ASSF(XMIN) 40300
FPX -DX 40400

In CC'NTINUF 40500
ZrROv(O.O-XP.1N) /DX 40600
PRINT 49nXlXfATN*ZFRO 40700

4 FCRMAT (* DXz*93F2U.51 40800
CALL AXIS (O.~U,.UOXRCDONX,.XSIZFv.0.XMINDXI 40900
PPI'IT 4.rnX9XMItl9ZERO 41000
NX u-0. 41100
CALL AXIS (L:.ijySIZFX6CD.NXXSIZEO0.UXMINDX) 41200

C 41300
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PRINT 4%DXXMINZEPO
C LABEL Y AXIS 415.00
C 41600

41600
41700

by= (YMAX-YMINI/YSIZE 41900
IF IDY.NE.U*O) GO TO 14 42000
CALL SCALE ly8FFR$NYSIZEsyMIN9Dyt1) 42100
C7O To 15 42200

14 CONTINUE 42300
j 0 16 IvI'N 42400

1 A YBFFR(IuI-yPFFR(I)..YMIN)/nY 42500
Is COTINUE42600
1% CONINUE 42700

42800
PRINT lI,0)*,YMIN 429000

11 FORMAT (* flyu*93F2ý-61 400
CALL AXIS (O.UU0.YBCDNYIYSIZF,90.,YMINOYI 43100
NY a-NY 43200
PRINT II.Oy.yMIN 43300
CALL AXIS IXSIZEO.'nYRCDNY ,YSIZE,90. ,YMINoYI 43400
PRINT llOYsYMIN 43500

C 43600
C PLOT CURVE 43700

NU?IRFRINNUMB'FR 43800
IF (NUPIRFR.LT,01 NUMBERa-NUMBER 43900
N~w(N/NUMPER)-l 44000
N?=O 44100
IFINUMVIFReNE91I GO TO 8 44200

IFRSTIIIU1 44300
ILST(1)uN 44400

A CONTINUF 44500
no ISL Jul .NUMBER 44600
IF INUM!nFR1.LT*0) Go To 148 44700
NI=IFRST(J) 44800
N2=ILST(jl 44900
Go To 149 45U000

1L.A CONTINUE 45100
NIzN2+1 45200
N~zNleNn 45300

140 CONTINUF 45400
IPN=3 *45500

C 45600
*C CALL PLOT (XSFFR(1l.YBFFR(1)93) 457100

C 45800
n0 I0U IvNI9N2 45900

C PRINT 5%555,XIFFR(II.YBFFR(I)9I 46000
XBFu xarER(I) 46100
YnF% YBFFR(II 46200
IF (NSVFoLT.CJ) XRFFRII)=XSIZF-XBFFR(I) 46300
IF (XPFoLT*0.0.ORsXAFenTsXSIZE) GO TO 100 46400
I F (y5F.LTo0.U.0RsyPFsGT.YSIzr) Go To lOU 46500
C ALL PLOITIXSFoYRF9IPNI 46600
I P-N2 46700

iCn CONTINUF 46800
!%M CONTINUE 46900

IF (ILeFO.UI Go To 255 47000
ICT.0 47100* j ?% ICTUICT*,1 47200
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47300
IF l'IcT.GT*dLI G0 To 255470

CALL SYMPOL(ILX(ICT) ILY( ICTI ,ILH(ICT),!LABLE(lICTI9ILR(ICTI 47500
1 'ILCI ICT11 47600

no TO 252470

lb25S CONTINUE SZ+.%.*3 47800

CALL PLOT (XIE3,0*)47900
PRIN'! 250 48000

750 FoRmAT (* PLOT DONE*)480
C 48200

lbC 48300

C RESTORE THE D)ATA 
48400

DXARS(I)X) 48600

flYuABS(nY 4870C 48700

nlo 400 Iwj9N 48800

X8FFR( I).10X*XREER
1 I) )+XMIN 48900

YBFFR(I).(fY*YBFFR(I))+YMIN 491000

400 CONTINUF 49100

C 49200

XMAXuUsu 49300

XMINK0.0 490
YMAX=0.U 49500

YMIN=O.U 49700

C 49800

RETURN 49800

END 49000

SUR~OUTINE SCALE (X*NSYMINOY9K) 501000

OTNENSION XM7 50200

YMAXOX( 1) 50200

YMINwYMAX 50400

MPvN*K 50400

D0 10 Ixj9NP#K 50500

IF(YMAX-X(Mf5096 570
AYMAX=X(I) 50700

A IF(XEI)-YMIN) 7910910 00

7 YMINuxCI) 50900

In~ CONTINUE 511000
~flYuV0AX-YMIMI/ (5)510

no0 20 Iu1'N 51200
20 XI i1:(X( II-YMINl/fly 51300

PRINT 25,YMINymAXPYfX(ll9X(N) 
51500

?N FORMAT(5F25e5) 
51500

RETURN510

END fCgF.HT-MND 51700

SUBROUTINE AXIS CXy*C 51800

* IX14=,07 X,, 1 CCSZ HT9MND)519000
S IGN91.L 521000

I1R (NC) 1'292 52100
ISIGNu-1*O 52200

SNACuXABSFINC) 52300I ~ ~TH2THETA*0* 017453294 520

N~SIZ+.5O52500
CT- CStZF TI4) 52600

CTHSIN(FITHI 52700

STN3 SN TH 52800

XB.X 5290U

YpsY 531000

XAuX-.*OSIGN*STH530
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YAoY+.1*S!GN.CTN 53200
IF tTHETA-90*)1U,12912 53300

C 17 XA.-XA 53400

C 10 CALL PLOT (XAtYA#31 550

C DO LOOP DRAWS AXIS AND MAKES TIC MARKS 53700

C 53900

CALL PLOT (XS#YlA,21 54000
XC&XB4cTH 54100
YCuYB+STH 54200
CALL PLOT (XCoYC,21 54300
XAuXACTH 54400
YAuYA+STH 54500
CALL PLOT (XAYA*21 54600
XszXC 54700

20 YmC54800
*CHAR=ABSF (YMIN)540

ASSVs ASSF (YMIN~f)yI 55000
IF (Ar3SV-CHAR) 5'6'6 55100

8; A!RSV-CHAR 55200
9, FXPvO.t) 55300

9Q NT=A1RSV+0.l 55400
CHARn~NT -55500
IF (CHAR-AASV) 09092092 55600

nn FXP2EXP-l.O, 55700
&PSVARSV*10.f 55800
Go TO 89 55900

nj FXP=FXP+.1.0 56000
97 ARSV=ABSV/1U.U 56100

NT=APSV 56200
CHARwNT 56300
IF CCHAR-APSV)93991,91 56400
IF (aIHSV.GT.1) Go To 91 56500

~' Ar~y=DY*10O.)**(-FXP) 56600
*ARSV=Y',¶IN*10,C**(-EXP),TN-AD~y 56700

XA=XB-I.70*SIGN-t).U5)*STH-.25*CTH 56800
YA=YP.(.?0vSIGN-.U.0)*CTH-.25*STH 56900
N =N+ 1 57000

C IF (THETA-9U.) 11932932 57100
C 17 XA=-XA,.l 57200

C 57300
n()0 LOOP PIOTS NU"RFPS ALONG AXIS 57400

C 57500
II no 30 lai'N 57600

CALL NUMBER (XAyA,.07$ABSVsTHETA,4HF7*3) 57700
AFRSVvABSV-AflY 57800

r IF (ABSV*LT*IJ*AND*APSV*GT*-1) 55956 57900
C rv AnSV=( 58000

9; XA=XA-CTi4 58100
In YAmYA-STH 58200

TNC-NAC,7 58300
C 58400

C CALCULATES CFNTER POSITION FOR LABEL 58500
XAXIIF70.&TC*cH(o)+TN.6*T 58600
YANY,(SIZF/2.0-.1)6*TMIC) ,ýoTH+(-.L7+SIGN*.36)*CTH 58700

r, IF (TIHETA-9q.l) 41042942 58800
C 47 XA:-XA.I.. 58900

41 CALL SYMRCL (XAYA$Xid.,BCn9THETA9NAC) 59000
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C 59100
C PRINTS LABEL 59200

XANXA+E ITNC-6.'J)*0*12)*CTH 59300
YANYA+( (TNC-69UI*0-12I4STH 59400

TF (EXPI 35950935 59500
1% CALL SYMBOL (XAOYAOX14#AHCXlO )tTHffTA98) 59600

XAuXA..48*CTH-.07*STH 59700

* YA-YA,.L45*STH+*04*CTH 59500

IF lEXP) 4G95094U 59900

C 60000

C PRINTS SCALF FACTOR 60100

40 CALL NUMBER (XA9YA9X14,FXP9THETA94HF3.O) 60200

50 CONTINUF 60300

CALL PLOT (XA*YA931 60400
RETURN 60500

END 60600
'G6
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