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Energy levels and magnetic moments of rare earth ions in a crystal field of hexagonal symmetry
have been obtained using a Hamiltonian of the form,

S = upg J-H + BLO; + B5(Og + 77/8 OF).

Selected results are presented for all J values appearing in the rate earth series and for values of the
parameters covering the situations in which the crystal field is dominant, in whkch the interaction
with the magnetic field is dominant and in which the two interactions are comparable in magnitude
The present treatment is confined to the case in which the magnetic field is directed perpendicular

to the hexagonal axis.

I. Introduction

Rare earth systems have attracted attention
for a number of years. Interest in these systems,
particularly those with the rare earth in a
hexagonal environment, has intensified re-
cently because of the usefulness of SmCO; and
related materials in the fabrication of per-
manent magnets. The magnetic behavior,
and other physical properties, of rare earth
systems are significantly influenced by the
crystal field interaction (/). For this reason it
has seemed useful to present the results of
calculations on these systems, showing how
the ground state multiplet of the various rare
earths is split under the combined influence of
an electric and magnetic field, and the ener-
gies and magnetic moments of the various
states.

In previous works in the series (2, 3),
designated SW I and SW 1I, eigenfunctions,
energy levels and magnetic moments were
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obtained for rare earth ions in a hexagonal
field using the Hamiltonian

# = ugg J-H + B0 + B(O + 77/8 OF).

In SW I, H was set equal to zero. In SW II, H
was non vanishing and was applied along the
hexagonal axis. In the present calculation H
is applied perpendicular to the hexagonal.(4).
This information is needed in the calculation
of the susceptibilities of polycrystalline
materials (5) and in the treatment of mag-
netically ordered systems in which the direc-
tion of magnetization is perpendicular to the
hexagonal axis.

II. The Calculations

Nomenclature and procedure are essentially
identical with that employed in SW II. Since
H is applied perpendicular to the hexagonal
axis

JH=J.H . +J H, (1)

With no loss of generality we may assume the
magnetic field to be applied in the x direction.
The operator J, is given by

Je =4, +J0). 2
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Accordingly,
IMNINIM =3 IM’|J,|IM
+ JIMJ_|IM ) 3)
where

M+ 1M =3I, M+ 1|J |J. M
=H(J—M)J+ M+ 1) 4)

M- 1|JM>=3 I M—1|J_|J,M>
=H(J+ M)(J-M+1)* (5)
and all the other elements are zero. The opera-

tor J, 1s a symmetrical matrix. For example,
for 2J odd the matrix has the form
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All the matrix elements except those shown
vanish. Matrix elements associated with
05, Og and Of have been tabulated by
Hutchings (6).

For the calculations the Hamiltonian given
in the Introduction was, as in SW I, expressed
in terms of 3 parameters—W, x and C.
Definitions of these are given in SW 11.

III. Results

The parameter C=2uH /W, where u=
the moment in the direction of the field and
W, is the splitting due to the crystal field
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Fic. 1. Moment vs C for J = 5/2. (For definitions of
C and W see text.) The moment is given in units of
gJug; the same practice is followed in the ensuing

diagrams.

interaction acting alone. Thus C describes the
relative importance of the magnetic and
crystal field interactions. Calculations were
made for a large number of C values (20-40)
covering the range from 0 to 10. In SW II
values of the parameter x, which describes the
relative importance of the fourth and sixth
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TABLE 1

X-VALUES USED IN THE CALCULATIONS

X

J=35/2 1.0

J=1]2 1.0,0.6,-0.4

J=4 1.0,0.6,0,—-0.8
J=9/2 1.0,0.6,0.2,-0.8
J=6 1.0,0.8,0,-0.8
J=15/2 1.0,0.8,0.1,-0.5
J=8 1.0,0.6,0,-0.2,-0.6

order interactions, were chosen to cover all
possible ground states. The same x values,
enumerated in Table I, were made use of in the
present calculations.

The program used in making the calcula-
tions is given in the appendix.

It is feasible to report only a portion of the
results obtained. Representative results are
given in Table II for J = 5/2, 4, and 15/2. To
conserve space only energies and magnetic
moments are given.

The ground state moments are given in
Figs. 1-13 for the 2 cases W >0 and W< O.
It is to be noted that in all cases the moment at
high values of C approaches the free ion
value. Thus in the limit of high field the full
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FiG. 2. Moment vs C for J = 7/2. short dashes x = —0.40; long dashes x = 0.60; solid line x = 1.00.
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TABLE 1II

ENERGIES AND MAGNETIC MOMENTS FOR RARE EARTH IONS IN A HEXAGONAL FIELD?

J=5/2
C=.100 C =10.000 C=1.000
Energy Moment Energy Moment Energy Moment
2.153889E + 00 6307 2.553315E + 01 .9940 3.813983E + 00 8218
1.854133E + 00 —.5663 1.401132E + 01 .5945 1.500000E + 00 .3000
1.003109E + 00 .0248 5.723980E + 00 .2008 1.243662E + 00 1617
1.003104E + 00 .0247 —4.213564E + 00 —.2017 7.360680E — 01 —.3382
—3.006998E + 00 —.0554 —1.625713E + 01 —.5949 —3.557645E + 00 —.3835
—3.007237E + 00 —.0583 —2.479776E F 01 —.9928 —3.736068E + 00 —.5618
J=4
x = 1.000 C=.100 x = 1.000 C=1.000 x = 1.000 C =10.000
Energy Moment Energy Moment Energy Moment
1.825773E + 01 .2582 3.057758E + 01 .8652 2.014112E + 02 .9946
1.401359E + 01 .0139 1.565132E + 01 2377 1.391948E + 02 7457
1.401359E + 01 0139 1.543370E + 01 .1538 9.365819E + 01 4974
9.053404E + 00 .0547 1.348724E + 01 .3399 5.324475E + 01 .2445
8.795893E + 00 —.2030 2.942196E + 00 —.1290 6.584543E + 00 .0017
—1.097077E + 01 .0295 —1.012030E + 01 —.0063 —4.653912E + 01 —.2440
—1.097099E + 01 .0290 —1.180236E + 01 —.2907 —1.014904E + 02 —.5017
—2.109622E + 01 —.0981 —2.801825E + 01 —-.5713 —1.549005E ¥ 02 —.7462
—2.109622E + 01 —.0981 —2.815112E + 01 —.5983 —1.911635E + 02 —.9921
x=.600 C=.100 x =.600 C=1.000 x =.600 C =10.000
1.318822E + 01 .9826 2.464955E + 01 9511 2.047515E + 02 .9995
1.314184E + 01 .0353 1.721453E + 01 4330 1.452518E + 02 7444
6.553163E + 00 .6239 1.526453E + 01 .3386 1.011758E + 02 4970
5.896026E + 00 .0942 1.046103E + 01 .2493 5.300892E + 01 .2469
2.154393E + 00 —.5066 7.965381E — 01 .0389 1.716080E + 00 .0002
—9.853394E — 01 —-.0773 —4.900196E + 00 —.2478 —4.867692E + 01 —.2474
—1.026985E + 00 —.1314 —1.260672E + 01 —.5680 —1.010069E + 02 —.4973
—1.176879E + 01 —.0684 —1.900390E + 01 —.7605 —1.586838E + 02 —.7439
—2.715253E + 01 —.0522 —3.187536E + 01 —.4346 —1.975366E + 02 —.9994
x =.0000 C=.100 x =0.000 C=1.000 x = 0.000 C =10.000
3.032313E + 01 1278 4.570241E + 01 7505 3.341682E + 02 .9962
3.020023E + 01 0543 3.811962E + 01 .4345 2.463042E + 02 7428
2.153929E + 00 —.0350 1.754634E + 01 .5952 1.716974E + 02 5018
1.347813E + 00 1777 6.001953E + 00 .2461 8.278756E + 01 2514
1.062291E + 00 .0375 —5.368408E + 00 —.0394 —5.777973E + 00 —.0000
—4.154881E + 00 —-.0271 —7.960013E + 00 —.1995 —8.229378E + 01 —.2509
—4.250795E + 00 —-.0773 —8.920686E + 00 —.4505 —1.590632E + 02 —.5013
—2.032407E + 01 —.1932 —3.970965E + 01 —.8557 —2.560480E + 02 —.7433
—3.635764E + 01 —.0647 —4.541156E + 01 —.4811 —3.317745E + 02 —.9967
x=—.800 C=.100 x =—.800 C=1.000 x=-—.800 C=10.000
1.747015E + 01 .2363 2.631143E + 01 6817 1.758705E + 02 .9905
1.373191E + 01 .1942 2.195153E + 01 .6401 1.394904E + 02 7474
1.338628E + 01 —.1768 1.103572E + 01 .1605 9.302002E + 01 .5046

9.440457E + 00 —.1171 7.461436E + 00 .0041 4.248857E + 01 .2457
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x =—.800
Energy

—6.867715E + 00
—7.039272E + 00
—1.076667E + 01
—1.078310E + 01
—1.857204E + 01

x=1.00
Energy

2.7311E+02
2.7311E + 02
2.0446E + 02
1.7930E + 02
1.2824E + 02
1.2707E + 02
2.2668E + 01
2.2665E + 01
—9.0525E + 01
~9.0525E + 01
~1.0090E + 02
—1.0090E + 02
—1.9791E + 02
—~1.9791E + 02
—2.2598E + 02
—2.2598E + 02

x=.80

2.3158E+ 02
2.3158E + 02
1.5015E + 02
1.2979E + 02
9.8219E + 01
9.6490E + 01
3.2564E + 01
2.6134E + 01
—6.2668E + 01
—6.9142E + 01
—9.5863E + 01
—9.5953E 4+ 01
—1.4887E + 02
—1.4892E + 02
—1.8750E + 02
—1.8760E + 02
x=.10
1.3382E 4+ 02
1.2137E+ 02
9.2648E + 01
9.2509E + 01
7.2049E + 01
7.1902E + 01

C=.100
Moment

1457
—.0439
—.0144
—.0332
—.1907

Cc=.10
Moment

.0090
.0090
.6995
—.2302
—.0418
—.1783
—.0269
—.0273
.0387
.0387
.0082
.0082
.1986
.1986
-.3521
—.3521
C=.10
.0086
.0086
7313
—.1168
—.0321
~.2646
.0843
—.2098
1588
—.1413
.0527
.0484
.0790
.0713
—.2372
—.2411
Cc=.10
.5931
—.3258
--.0082
—.0390
-.0120
~—.0460

x=-—.800
Energy

—2.237842E + 00
—9.834100E + 00
—1.182654E + 01
—1.422877E + 01
—2.863277E 4 01

J=152

x=1.00
Energy

3.9786E + 02
2.8432E + 02
2.8431E 4+ 02
2.8084E + 02
1.7933E + 02
9.3917E + 01
2.2478E + 01
—1.8244E + 01
—4.4883E + 01
—5.7337E+ 01
~1.1938E + 02
—1.2664E + 02
—2.2917E + 02
—2.2975E + 02
—3.5882E + 02
—3.5884E + 02

x=.80

3.1636E + 02
2.407SE + 02
2.4077E + 02
2.2402E + 02
1.5942E + 02
7.5042E + 01
2.1806E + 01
—1.2303E + 01
—4.4033E + 01
—6.0753E + 01
—9.7799E + 01
~1.0667E + 02
—1.8011E + 02
—1.9284E + 02
—2.8996E + 02
—2.9299E + 02

x=.10

2.2310E + 02
1.4712E + 02
1.1213E + 02
9.6751E + 01
8.4407E + 01
7.8721E+ 01

C=1.000
Moment

.1085
—.2197
—.1263
—.4245
—.8244

C=1.00
Moment

.9318
.0936
.0928
.6770
4576
.2606
.1984
.1019
1941
—.1555
—.2261
—.3802
—.4231
—.4381
—.6923
—.6928

C=1.00

.9495
.1066
.0868
.6641
5271
.3655
1251
.0295
.1859
—.0332
—.1756
—.5578
—.4469
—.4702
—.6613
—.6953

C=1.00

.8420
4347
.4187
.3011
1307
6272

x=-.3800
Energy

—6.435757E + 00
—4.773033E + 01
—8.423931E + 01
—1.288986E + 02
—1.835655E + 02

x=1.00
Energy

2.5852E+ 03
2.1248E 4 03
1.7308E + 03
1.4031E + 03
1.1235E + 03
8.5207E + 02
5.5799E + 02
2.3646E + 02
—1.0613E + 02
—4.6320E + 02
—8.2825E 4+ 02
—1.1940E + 03
—1.5516E 4+ 03
—1.8883E 403
—2.1941E + 03
—2.3883E + 03

x=.80

2.1538E + 03
1.7666E + 03
1.4520E + 03
1.1792E + 03
9.4128E + 02
7.1414E + 02
4.6634E + 02
1.9163E + 02
—9.8020E + 01
—3.9219E + 02
—6.8822E + 02
—9.8866E + 02
—1.2923E 4 03
—1.5847E + 03
—1.8349E 4 03
—1.9859E 4 03

x=.10

1.3477E + 03
1.0974E + 03
9.3350E + 02
8.0333E + 02
6.2236E + 02
4.4350E + 02

C=10.000
Moment

—.0014
—.2472
—.5006
—.7469
—.9931

C=10.00
Moment

.9958
.8597
7313
.6006
4615
.3240
1954
.0691
—.0603
—.1934
—.3290
—.4659
—.6024
—.7380
—.8589
—.9894

C=10.00

9977
.8604
7287
.6002
4631
.3233
1937
.0692
-.0590
—-.1927
-.3297
—.4665
-.6009
—.7331
~.8603
—.9942

C=10.00

.9892
.8660
.7349
.5909
4711
.3348
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TABLE 1I—Continued

x=.10 C=.10 x=.10 C=1.00 x=.10 C=10.00
Energy Moment Energy Moment Energy Moment
6.6541E + 00 .3506 3.6798E + 01 .4359 2.7190E + 02 .1904
—3.5374E + 00 —4174 2.8804E + 01 —.3973 8.2673E + 01 .0621
—8.5257E + 00 6019 —1.2141E + 01 —.1490 —1.1020E + 02 —.0582
—2.0891E + 01 —.2944 —4.1523E + 01 .0635 —-2.7327E+ 02 —.1932
—5.5807E + 01 —.0052 —5.8745E + 01 —.4154 —4.1605E + 02 —.3382
—5.6140E + 01 —.0809 —7.4749E + 01 —.0083 —5.8589E + 02 —.4692
—8.6230E + 01 .0782 —1.1288E + 02 —.4231 —7.8850E + 02 —.5897
—9.0582E + 01 —.2472 —1.4257TE + 02 —.3812 —9.6661E + 02 —.7402
—1.3060E + 02 2324 —1.5741E + 02 —.7556 —1.1651E+ 03 —.8660
—1.3863E + 02 —.3790 —2.0763JE + 02 —.7240 —1.2968E + 03 -.9845
x=-.50 C=.10 x=-.50 C=1.00 x=-.50 C=10.00
1.3808E + 02 .3408 2.2568E + 02 .8011 1.3582E+ 03 9757
1.3767E + 02 .2628 2.0394E + 02 .6396 1.1987E + 03 .8565
1.1272E + 02 .1540 1.4183E + 02 3544 1.0128E + 03 7533
1.0390E + 02 —.4319 1.0979E + 02 .3398 8.6249E + 02 .6046
9.4070E + 01 —.0681 6.9994E + 01 3414 6.7568E + 02 4634
9.3443E + 01 —.1211 6.8505E + 01 —.0103 4.6212E + 02 3304
5.6902E — 01 .3862 1.5984E + 01 —.4019 2.4726E + 02 .1985
—8.6063E + 00 —.2712 1.4388E + 01 4641 4.5851E + 01 .0654
—1.0306E + 01 .0052 —1.9634E + 01 —.1940 —1.3679E + 02 —.0678
—1.0743E + 01 —.0285 —2.2295E + 01 —1377 —3.0134E+ 02 —.2007
—7.9416E + 01 .0298 —6.6353E + 01 —.0758 —4.5695E + 02 —-.3315
—7.9536E + 01 .0035 —9.0091E + 01 —.1953 —6.1472E + 02 —.4603
—1.0694E + 02 0317 —1.1678E + 02 —1772 —7.7449E + 02 —.5983
~1.0706E + 02 .0061 —1.1682E + 02 -.2159 —9.5046E + 02 —.7418
—1.3187E + 02 3447 —1.7207E + 02 —.6465 —1.1960E + 03 —.8599
—1.4598E + 02 —.6441 —2.4618E + 02 —.8857 —1.4323E+ 03 —.9873

? These are taken directly from the computer sheets. Energy is expressed as multiples of the scaling parameter
W. Moment is given as multiples of gJug.
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moment is developed when the magnetic
field is applied perpendicular to the hexagonal
axis. Similar behavior was observed in SW 11
when the magnetic field is applied along the
hexagonal axis.
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Appendix—Program Used in Making the Calculations

PROGILM JEQ1502 (INPUT,OUTFUT) (214
DIAENSION LHERGY(1u),EVIS(13,15),HAMILT(16,16),03(8),VS(3,16) Ltu2o
1,C(40) 4y X{10),Y (1D} GCc2n
REAL JX (16,16 ) ,MU (16)yMIPAL (15) yMUPER(16) 9940
REAL J J DCC 50
LOMMON /LICH/Z 1LOZ(16),IMAax, T4IN €060
0aTA INPUT 253
WO=NOM3ER JUF G VALUES. NOTZ THAT C(i)=h AND THE REZAD IS FROM 2 UP 70 NC. 62
NX=tid., OF X VALLUES. NY=ND. NF Y VALUCS. 63
FeyFUyFby=taleHs ZONSTHNTS, W246=CMNERGY SCALE X4
ASR=CRYSTAL FIelLC OvEReLL SPLITTINGS Il UNITS OF HW2LH 65
Tre 3 SIGH INUICATES A Nod STATEADNT 66
NUMi=d 7 NU=uCiLi+1l 3 Wa=2 9 iY=1 DATA 70
PI=celalby2bi3%09,393235,520062 3 YADLAN=PI/280. 60
Cl1)=0 07 W20 .21, Z=te5=12 LTHETA=9,,% RaD=FRAOTAN®THETA TPRINT130 g0
Jzlse/2e 3 NSle#Jel.s 000 100
ANSN: Neil=d-1 % (P L=N#1 T NI2=N/2 P NOPM3=N0Z-3 i10
Foz?, 5 Fiazt.e £ FL2aZ0b0e § F2(774/494)* (36..*SART(11.)/F3) 1572 120
“Ea 22, (CUiCYyIe=2yNr) T PRINT 142, (LCLC),1C=2,N"7) 130
Rodo 208y (X{IX),1X=1,Mk) 2 ORINT 112y (X(1X),IX=1yNX) 140
Cau 2:dy (Y(IY)aIY¥Y=1,NY)Y T PRINT 102, (Y(IY),IY=1,NY) 1c0
PULGT 1.2 5 Ul 2i I=l,N 5 LO 21 K=IyN B JUX{1,K)=l, 160
21 TUNTINUE 170
U 22 NMELYNML L OAMEM S X (MyMel) =0 5*SURT (AM® (AN=AM)) 180
22 LONTINUE 190
LQ 23 [=2,4 L IMi=I-=1 7 00 2% K=1,I41 3 JX(L,K)=JX(K,]) 2L0
23 VONTINUE 210
0 20 LY=L, HY = D2F2=W2e3*(1.=-3RS(Y(IY))) L2231
U0 s IX=1,NX (229
LeFasW2L02 Y (LYI*X(IX) ¢ 3aFe=A202*Y (IY)* (1.-A9S(X(IX))) $ HCOR=1, (2t
20 34 Tu=lyWND @ CFOAS=WHZLS 57 WIR f2F1)
WAz LIC)*CF0-S/(24*d) 1 AHFA_=AH*CUS(RAL) T WHPER=WH*SIN(RAD) £z27n
THe MAT2IX ELZAZYTS 271
OU 2w I2iyHML T IFL=1+1 . DO 2« K=I21,N ;I RAMILTU(I,K)=J. Lz2a3
24 CONT1NUE {290
CO(L)=3S e s Fl 427 J*A4FL4LL . #30F 0 1572 3.0
YU 2) =21 e* 308 =314%3-F~=-117.*3%Fh 1>/72 310
00(2)= 5, *32F2-221+%_~Fu=33,%30F6 p OF(4}=-82F2-2N1,+894F++59.%3tF¢ 1572 329
O(5)=-9,*32F2-1 . 1o ttFu+ o7 .23°FE 172 330
OUtE)==13.*R0F 423 ¥ F- #4040t 2cF0 1272 34u
QUIT)==-194*LlF 4129, "0eF+=(F.*Fb 1572 3540
OLlB8) ==214* P 2F+1l0 e duFu=1L %057 1572 3€n
LU 2% lh=1,40¢ 5 AI=I4 7 NF1114i=NP1=-TA ! WHPALM=(J+1.-AI)*HHPAL t37u
HeMlLT (LA, Tm)==WHFALY 40 (146) B HAMILT(NPLMIA,NFIMIA)=WHOA_H+0J(IA) L 380
25 LONTINUE . 399
0O o Tha1elMi T HAMILIT(IA, I +1)=WHAE?*JX(IA,IA+1) L4l
26 CONTLIHUS ‘el
HAMa LT (L7 )SF*500T (232,213 )% 30Fh THAMILT(2,6)=F*7.*SQART(33.) *3LF6 15/2 427
HEAILT (3, 9) =F*a ., *350QRT(2/3,)1%33FC T HAMILT (- ,1r)=F*34,%36F5> 1572 439
HLMMI e T s L1 )=F*ala*o0GRT (5 ) *IFS 1572 w4
S0 o7 I31,nN02M7 000 4%0
NFIMI=NPL=1 § HAMILT(NPLIMI-t,NFIMI)=HAMILT(I,1+6) (4b0
27 CUNTINUT Ca70
Gu 23 I=o,M § IMi=I-1 I D) 27 K=1,IM1 3 HAMILT(I,K)=HAMILT(K,I) r48n
25 CUNTINUE L4919
CALL LICHS3UNM (HAMTILTyN,=VI(,INZRGY) {500
OL32INEROY (LML X)=ENESGY (I 42n) 2 IF(S(IC) «EQeis) WCR=0AS t510
CALCULATING THE MAGNETIC “MUMENTS 511
00U 23 M=1,4N . SPAL=v. ts524
ud 2y I=14,4 I AI=1 7 bFAL:;FAL#EVEC(I,ﬂ)"%ﬁ(AI~(J41.)) 0530
23 CLOWTiNUE (540
AUPLL LAY =5PLL/ Y I SPLR=(. L5580
00 T2 L=1,N 7 ¢=83S(ENLEGY(M) ~ENTRGY(L)) 3 IF(R.LT.Z) 1,32 €560
1 00 22 K=1,y § SU“=ue I LY 31 I=1,N 3 SUM=SUM+EVEC (I,M)*JX(I,K) (571
31 CUNILINUE G580
SPIN=SPERFSULTFYIC (K, L) r599
32 CJONTIHNUE (5060
MUP-R(M)=3PEz ) ¢ MU (M) =S QR T (MUPAL (1) **2+MUPER (M) **2) uB1Q

33 CONT1INUE
- 0620
PxI NTING THE FSULTS 621
PRINT 154y X(IX),C(IC),THETA,y (AS,4WC 630
UU.J? I=1,N 2 DO 2% L=1,N02 3 NP1ML=NF1-L ¥ VS(LyI)=EVES(NPLIML,I) 15/2 640
34 CONTINUE C650
IF(C(IC)+EQ.i4) GO TO X 5 IF(THETA-3D,) 3y2,2 0669

2 PRINT 111 T GO TO & 0670



RARE EARTH IONS IN A HEXAGONAL FIELD

3. PRINT 112 L6860
4 DO 37 I=1,N, 2 1I=ILOC(D) 6699
OTHIGINALITY CHECK 691
U0 52 KK=1,N & S=¢. £ DO 51 <=1,N. § S=S+CVEC(K,II)*EVEC (KyKK) 692
51 CONTINUE 593
52 FRINT 131, II,S 694
IF(C(IC)ZEQeZa) 60 TO & 3 IF(THETA-JC4)  33u,6 (700
5 PRINT 10¢ €710
1y LI, CHERGY CIT) yMUFER (IL), (FVIN(K,I1),K=1,N02),(VS(L,II),L=1,N02) 0723
G0 TO 37 L7320
L PRIRT 196, 1I,ENTRGY(ILI), MUPAL(II},MUPER(II),MU(IT) G574l
1y (EVEC(KyII),K=1,N02),(V3(L,LI),L=1,N0c) 1v/2 750
37 CONTINUE (769
LF(CIIL)eE74%4) GO TC 8 3 IF(IHETA=3%.) 3,7, c77n
7 PRINT 111 % GO Tu 9 (781
3 PRINT 112 {799
3 PRINT 110 322
35 CONTINUE iC 0 ¢91n
PRINT 130 820
40 LONTINUE 1x (83"
) COWTINUE 1Y 862
10y FURMAT (1HL) . LAEy
102 FURMAT (1HG 4 AF1(.3) ‘' rsen
164 FORMAT (1HU, 2Xy ZHXT,FL 43,53 X, 2422, F1",3,5X, *THITA=*,F3,1,*% JEG*,10X 810
196ADAS= ,E2) 012, 5H*H2LL,y2X y4HAZ>2,325413) 830
135 FORMAT (1H 35Xy 1252He 3021 e154¢X9F0e4yEX,dH=",FELT,7F3.5,54 -H 1572 899
L/63K 3 2H+M  Fe Wl ,7F 9.7 3 7H 4M) 1572 99
135 FORMAT (1H ,I2,2He »Z20e13 51X, 3F84093X,2H-4yFE,C,7F 9.35,3H ~M 1572 319
1/93X ) 2H+M, F3 4%y 7F 9.0, 3H +M) 1>/2 92)
119 FUORMAT (1HL) 1930
111 FORMAT(IH 4 1EX y0HINERGY 312X, 3AM0FER 3 AN, 2nA215/2, 3X,eHY=13/2, 72X 15/2 9L
136HMZ11/0 39Xy SHMZY /236Ky 0 =7 /2, Xy 2HME 5/ 24X 3L AM=3/2,L X, 5HM=1/2) L350
112 FORMAT (1H 411X 33HENERGY 11X 4 34MUFPAL ,3X, SHYUPER S Xy 2HMU, 38X 940
1,6HM=15 /0y AXg6HMAZ 10/ 293Xy SHM=11/72y6 Xy YHH= 3/ 2, 5X 3 5HHZT/2 44X 15/2 q30
255HY=L /0y 4X s HM=3/2,<X,SH1=1/2) 980
135 FORMAT(///777) 950
131 FORMAT (1H ,12,2Hs ,F23.13) 991
2:2 FOrMaTi8F1,47) 1005
STUP § END 1210
SU3ZQUTINE LICHSUN (ayNy3,K00T) 1322
DIMENSLON: A(2B,15),R00T(1c),S(16y10) 1033
COMMON /LICH/ 1LJ0C(1u) 144X, [MIN 1640
NM1=H=-1 § 39=¢C. % S(1,1)=1. 35 00 3 I=2,4" 5 S(I,[)=1s 3 IH = I - 1 1050
DO 2 K=1,IM § 1F(ASSF(A(I,K))-12,E~15) 2,2,1 1060
1 S0=SN+A(I,K)*L(I,K} 13702
2 StI,K)=D, 1069
3°S(KyI)zge T V=SAUTF(2.%52) S TOL=V*2.E-16 2 FN=N £ IF (V) 16,14,4 1J90
4 V=V/FN 1109
5 JJ=, 3 D0 12 M=2,N 3 MM=4-1 35 00120 =1,MM7IF (ABSF(A(Ly,M))=V) 12,6,6 1110
b ALM==A(L,M) $ UMZ.b* (A(LyL)=2(N,M))" T OMGA=ALM/SQART (ALH*A_M+UMTUM) 1120
IF (43SF(OMGA)-1usE-1) 12,12,7 1139
7 JJ) = 1 5 IF(UM) byd,y© 1141
¥ OMGA==-04GA 1150
Y SNT=OMGA/SIKTF (244 (L4 +SUPTF (Lo ~OMGA*QOMGA)) )T CST=SARTF(i.-3NT*SNT) 1161
DO 13 I=1sM [ COML1=A(1,L) < 30M2=A(L4M) 3 A(I,L)=COM1*33T-COM2*SNT 1172
A(I,M)=COML*SNT+COM2*CST 5 COMI=S(I,L) T COM2=S(1l,M) 1180
S(I,L)=CO0ML*CST-COM2* SNT 1199
13 S(IyM) =COMLI*SNT+00M27CST 5 A(L,L) =A(L,LI*CST-A(M,L)*SNT 1201
A4, MY AL, MI*CSTHAL,MI*SNT 3 A(LyM)=C, 3 A(MyL)=A(L,M) 12110
00 11 I=1,N § A(L,I)=A(I,L) 1224
11 A(M, 1) =A(I, M) . 12390
2 CONTINUE 3 IF (JJ=1) 13,5,12 1240
13 IF(V-TOL) 14,1545 1259
14 CONTINUE 5 D0 1% I=1,N ¢ ROOT(I)=A(I,I) 1269
15 1LOU2(1)=I 3 00 18 I=1,WM1 § IPl=I+1 ., IL=ILOC(I) $ VTEMP=ROOT (IL) 1270
GO 17 K=IP1,H § KL=ILOU(K) 3 IF(TFMP-ROOT(KL)) 16417,17 1280
16 -TEMP=ROOT(KL) $ ITEMF=ILOC(L) 3 ILOC(I)=ILOC(K) $ ILOC(K)=ITEMP 1290
17 CONTINUE 1300

18 CUNTINUE $ IMAX=1LOUC (1) 3 IMIN=ILOC(N) $ RETURN § END 1319



