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MAGNETIC PROPERTIES OF AN ANALOG COMPOUND
FOR CYTOCHROME P-450

I. INTRODUCTION

Many important electron transport enzymes are conju-
gated proteins made up of a large number of amino acids and
a metal containing prosthetic group, which is a non amino
acid inorganic derivative. The métal ion environment in
these enzymes often leads to interesting molecular magnetic
and electronic properties. Because of preparative complica-
tions associated with native enzymes, inorganic analog com-
pounds, consisting of the appropriate metal ion with liga-~
tion known or suspected to be that of the enzyme, are there-
fore of interest. These analog compounds are often easier
to study than the enzyme, and they may potentially lead in-
sight to the electronic and magnetic properties of the en-
zyme. This thesis deals with an analog complex for certain
states of trivalent iron in the widely studied enzyme cyto-
chrom P-450. Although this enzyme is of great biochemical
importance, only a few analog complexes with ligation approx-
imating that of cytochrome P-450 have been studied. Of
these, the complex studied here is the only low spin ferric
analog for which preliminary structural data are currently
available.

The monooxygenase enzyme cytochrome P-450, commonly
known as P450, is found in both mammalian and bacterial

systems. P450 is a conjugated protein with protoporphyrin
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IX (PPIX) as the prosthetic group. It differs from other
known cytochromes and oxygen carrying heme proteins by ex-
hibiting a Soret band at 450 nm for the ferrous carbonyl
adduct. This gives the enzyme its name. In mammalian
liver microsomes it plays a key role in the hydroxylation
of such varied substrates as fatty acids, steroids, aniline,

and a variety of drugs [l]. 1In the bacteria Pseudomonas

putida, P450 is a soluble hydroxylase which transforms
selected substrates, such as camphor, to a secondary alco-
hol [2].

While mammalian P450 has only recently been isolated
with full retention of activity [3, 4, 5], the bacterial
monooxygenase system is well known and the reaction cycle
has been determined by Gunsalas, et al. [2], by observing
the system in vitro using highly purified components. At
the start of the reaction cycle shown in Fig. 1, low spin
ferric bacterial P450 (m®) is in the resting state. It
binds a substrate, S, such as camphor, and the heme site is

converted to a high spin ferric species (m°%). The result-
| ing enzyme-substrate complex accepts an electron and is re-

duced to a high spin ferrous species (m'S).

‘ Molecular oxy-

gen then binds to the ferrous species yielding a nonpara-
magnetic species (mﬁj). Further reduction by the protein
reductase (FAD) and redoxin (Pd) returns the P450 enzyme to

its low spin ferric resting state and yields a hydroxylated

substrate. This thesis is concerned with a model complex
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for the high and low spin ferric states. Before describing
the analog complex, it is useful to review the magnetic pro-
perties of the ferric ion in bacterial P450.

The low spin, § = 1/2 ferric state in P450 is charac-

terized in solution by an electron spin resonance signal giv-

Il

ing g values at g 2.45, 2.26, 1.91 [6], and a Mossbauer

spectrum with AE 2.85 mm/sec and § = 0.38 mm/sec [7].

Q
When the solution is saturated with the substrate camphor,
approximately 60-70% is converted to the high spin § = 5/2
substrate bound ferric state [8]. This state is character-
ized by an EPR spectrum with g = 8, 4, 1.8 and Mossbauer
spectrum with AEQ==O.78 mm/sec and § = 0.44 mm/sec [7]. The
high spin substrate bound species is reduced by receiving an
electron through the interaction of two proteins, reductase
and redoxin, and yields a high spin, S = 2, ferrous ion with
a Mossbauer spectrum of AEQ = 2.45 mm/sec and § = 0.83 mm/
sec at 4.2 K [7]. This species then binds with molecular
oxygen to yield a non-paramagnetic species with Mossbauer
parameters at 4,2 K of AEQ = 2.15 mm/sec and § = 0.31 mm/
sec, indicative of a low spin ferric system [7]. This
specles is probably a FeIII —OE species similar to oxyhemo-
globin [9]. We are returned to the starting point by the
further action of the reductase and redoxin to yield the low
spin ferric species and the hydroxylated camphor.

The exact nature of the local coordination sphere of

the ferric P450 is the subject of recent literature. While
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the equatorial coordination of the iron is well known to be
a protoporphyrin IX ring, the exact nature of the axial
ligation remains in question. In order to determine the
nature of the axial ligands, several different models of the
prosthetic group have been used for the equatorial group,
and various axial ligands have been placed on these models
and studied. Early work with protoporphyrin IX and other
porphyrins used halides and amines for the axial ligation
[10-13]). These studies showed the five coordinate species
to be high spin ferric systems. More recently, work by
Collman [14-~17], Holm [18-21], and others [22, 23] has

given strong evidence for a thiolate ion as an axial ligand.
The possibility of an axial sulfur ligation was first sug-
gested by Mason, et al. [24], and strengthened by the work
of Bayer [25].

Collman, Holm, and their co-workers have shown a
relationship between coordination and spin state in porphy-
rin complexes predicted by Hoard [26]. The low spin ferric
models are six coordinate species while the five coordinate
species are high spin. Work by Collman [14, 16] and Holm
[21] has demonstrated that the exact nature of the sixth
ligand has little effect on the EPR g values.

Our work is concerned with one of the six-coordinate
model complexes originally prepared by Sorrell and Collman
[14]. Iron (III) tetraphenylporphyrinatobenzenethiolate

benzene thiol, Fe(TPP)(C6HSS)(C6HSSH) shows a temperature




dependent spin equilibrium between a low spin (LOW) and
high spin (HIGH) states [27]. Structural and coordination
changes accompany this spin equilibrium. Preliminary
temperature dependent structural determinations by Strouse
[15], shown in Fig. 2, show an equilibrium condition with
both a five coordinate and six coordinate species present
[72].

By using Mossbauer spectroscopy, electron spin reso-
nance spectroscopy and magnetic susceptibility we have
examined the temperature variation of this spin equilibrium.
This thesis will examine the similarities and differences
between the P450 enzyme system and the model complex. Be-
cause the model complex is more magnetically concentrated,
relaxation rates are more rapid, leading to line broadening
and motional narrowing. These effects, described here by a
model calculation of Mossbauer lineshapes [28], limit our
ability to compare accurately the magnetic hyperfine tensor
for these cases. However, within the limits of the infor-
mation available from these lineshape calculations, the re-

sults are similar to data reported for the P450 enzyme.




Figure 2. Five coordinate (top) and six coordinate forms
of Fe(III) TPP(S¢) (HS¢) distances in angstroms
(from Ref. [15]).



II. EXPERIMENTAL

A. Materials

The compound was supplied by T. N. Sorrell or locally
prepared by W. E. Silverthorn according to the procedures by
Sorrell and Collman [14]. Approximately 0.3 g of mesotetra-
phenylporphyrin iron (III) u-oxo dimer was dissolved in 70
ml benzene and stirred for one hour with 75 ml of 15% HZSO4
and 10-15 ml of benzenethiol. The organic layer was sepa-
rated and 75 ml of 95% ethanol added. The solution was
evaporated slowly ih a round bottomed flask under a stream
of nitrogen to a volume of 20 to 50 ml. The solvent was
decanted and the crystals washed with ethanol several times
and dried under a stream of nitrogen. This yields approxi-
mately 0.2 g of Fe(TPP) (S¢) (HS9) which is an elongated deep
purple crystal. The material is extremely soluble in ben-
zene giving a dark brown solution.

The locally prepared materials were analyzed by

Galbraith Laboratories and yielded the following:

Sample $C H N $Fe %S

SRL 12 76.00 4.40 6.34 6.34 6.99
SRL 14 75.49 4.47 6.38 6.40 7.00
Theory 75.76 4.40 6.31 6.30 7.23

Sorrell [15] reports that materials prepared in their labo-

ratory also yielded excellent analysis,




B. Mossbauer Methodology

The Mossbauer spectrometer was of the conventional con-

5760 aif-

stant acceleration type [29, 30]. The source is
fused in rhodium [31]. All isomer shifts are given relative
to natural iron foil at 300 K. The source was mounted on a
LVsyn-loudspeaker system driven by a digitally controlled
function generator with a standard feedback loop. The
radiation was detected using a Reuter Stokes, nitrogen/
methane proportional counter with low iron beryllium window,
an Ortec 109 PC preamplifier, a Tennelec TC914 high voltage
bias supply, a Tennelec TC205A linear amplifier, a Nuclear
Data ND2400 multichannel analyzer with up-down multiscaling,
a Nuclear Data Generation II 100 MHz analog to digital con-
verter, and a Nuclear Data two-input zero dead time module.
The output was obtained both visually on an oscilloscope and
as paper tape on a teletype. For ease of use and storage
the paper tape data was converted to card format and Calcomp
plot using the OSU CDC 3300 computer. Details of the data
analysis programs are given in Appendix I.

The sample holder used in the Mossbauer experiments was
a two piece 2.22 cm diameter lucite disc with a sample thick-
ness of 0.025 cm, sealed with silicon grease. The Lucite
holder was sandwiched between two 0.025 cm low iron beryl-
lium discs and fastened to an OFHC copper block. The copper

block contained two 20 ohm heaters in parallel, a platinum

resistance thermometer (PRT) and a silicon diode thermometer.
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The sample was mounted in a Janis Research Company Model DT
varitemp dewar, using liquid helium as a coolant for 4.2 K
and below, and liquid nitrogen for the 77 K to 300 K range.

Sample temperature was controlled using a Lake Shore
Cryotronics DTC-500 temperature controller connected to the
silicon diode thermometer. The PRT was calibrated from 90 K
to 273 K using the IPTS-68 temperature scale [32] and ex-
tended to 4.2 K using a Cragoe Z function [33]. The PRT was
monitored using a 1.0 ma. constant current source and a
digital voltmeter. For temperatures of 4.2 K and below, the
temperature was controlled by pumping on liquid helium
through a Lake Shore Cryotronics Model 329 vacuum regulator

valve, and monitoring the vapor pressure,

C. Magnetic Susceptibility Apparatus

The susceptibility data was obtained by the Faraday
method using a Cahn RG electrobalance and a Houston Instru-
ments 2000 recorder. The magnetic field was provided by a
six inch electromagnet and field gradient by a George
Assoclates Model 503 Lewis Coil. The magnetic field was
monitored using a Hall probe. A Janis Research Company
Model DT helium research dewar was used for temperature con-
trol, employing the same methods as the Mossbauer experi-
ments. The resistance of the PRT was corrected for the

effect of the magnetic field, by obtaining readings both in
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and out of the field at selected points and adjusting
accordingly.

Samples of approximately 5 to 10 mg are encapsulated in
aluminum foil to insure good thermal contact and placed in a
quartz bucket which was suspended on a multifilament nylon
thread in the sample insert (Fig. 3) lécated in the dewar.
The distance from the balance to the sample was approximately
120 cm to insure isolation of the balance from the magnet
and thermal isolation of the sample. The samples were
easily changed through a side window, located near the

balance.

D. Electron Paramagnetic Resonance Apparatus

The EPR measurements were obtained using a Varian E-9
spectrometer with an E-231 cavity operating in the TE102
mode. Samples were mounted in standard 4 mm quartz EPR
tubes. Temperatures from 300 K to 90 K were achieved using
a stainless steel version of Jensen's [34] gas stream heat
exchanger attached to a Scanco S$-824 quartz dewar insert.
Temperature was monitored with a PRT located in the gas flow
between the heat exchanger and the sample, approximately 1.0
cm from the sample. Gas flow was kept at 10 l-min~ % to en-

sure adequate cooling and minimize temperature gradients.

Measurements made with another PRT replacing the sample

indicated a gradient of less than 1 K over a 3 cm range.
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The helium temperature EPR employed a different probe

and dewar arrangement. The EPR probe was constructed local-
ly and consists of a rectangular cavity operating in the
TE102 mode and a variable coupling slug as described by
Gordon [35]. The probe was mounted in a Kontes Martin
Helidewar and cooled with liquid helium. Samples were
mounted in 2.5 mm quartz tubes and inserted from the bottom

of the cavity.
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III. THEORY

A. Introduction

The iron tetraphenylporphyrin complexes FeP-5 and

FeP-6 studied in this thesis contain trivalent iron, denoted

eIII, in a d5 configuration. This configuration has a

6

F
Hund's rule free ion ground state of "S. When the ion is
complexed with ligands, the energy levels of the free ion
are perturbed in a way which is conveniently expressed by a
Tanabe~-Sugano diagram [36]. The level structure for the a’
configuration in an octahedral ligand symmetry is given by
Fig. 4 [37]. These levels may be further perturbed by lower
symmetry ligand field components, spin orbit interactions

and hyperfine interactions. The Hamiltonian which repre-

sents these perturbations is given by [38]

B =3>LC +§>FCF +}{SO +}¥HE +]=FQ +3¥HN +yMHFS (1)
where
2 2
p Ze 2
Ho=] (=-—) + §] == (2)

j<k T3k

is the Coulomb interaction of the electrons with the nucleus

(assumed fixed) and with each other.
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Figure 4. Tanabe-Sugano diagram for d5 electron configura-
tion in an octahedral crystal field (from Ref.
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interelectronic repulsion strength, and E is the
energy relative to the ground state enerqgy.




16
is the interaction of the atomic electrons with the crystal

field potential V(r).
Mg = E tlry) % ¢+ 5 (4)

is the interaction of the electron spins with the orbital

motion of the electrons.

k) « H_ = B(Z + 28) = ﬁo (5)

is the interaction of the ion's electrons with an external

magnetic field.

(B + 8,)  3(rp + 5,) ()

}QMFS = 29,3,8 E [{ 3 + 3 }
k k
(6)
+ 8L s5(z.) - 5.1 -1
3 k k

is the interaction between the magnetic moment of the nuc-
leus and the magnetic field set up by the orbital and spin

moments of the electrons.

2 2 2

- eQ
Z#Q = 5733y Vazle + Vsl * Vnyy) (7)

is the electrostatic interaction between the quadrupole
moment of the nucleus and the electric field gradient at the

nucleus [39].
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is the interaction between the nucleus and an external mag-
netic field. The general forms of the operators are given
here to show the full operator and will be discussed in sub-
sequent sections.

III occurs when the Coulomb

The high spin state of Fe
term,34c, dominates the crystal field term in the Hamil-
tonian. The occupancy of the 5d orbitals leads to the free
ion ground state 68 which is six-fold degenerate in spin.

The actual ground state of FeIII

is a many electron
wavefunction. However, as is well known, the makeup of this
state is conveniently represented by considering the occu-
pancy of the one electron d orbitals in a ligand field.

d

There are five d orbitals, denoted by d d

xy' “xz’ %yaz’ d,2r
d.2 - y2- In the absence of crystal fields, these orbitals
are degenerate and are equally occupied by the 5 d electrons
of FeIII. All electrons have the spins parallel leading to
the S = 5/2 ground state.

When the ion is placed in an octahedral ligand field,
the five-fold orbital degeneracy is lifted, yielding two
degenerate states labeled eg and three degenerate states
labeled tzg. The distribution of electrons in these two
levels depends on the relative strength of the crystal field
and Coulombic interactions. When3>lcF >>3VC, a low spin, S =

1/2 ground state will result. When ﬁ%F < Mos a high spin,

S = 5/2 state will result. For an intermediate case,j#c "

ﬁCF’ the ground state levels corresponding to these




18

configurations "cross over" each other as shown in Fig. 4.

The high spin state (tgg eé) is labeled °a and the low

ll
spin state (tgg) is labeled 2T2’ The occupation of one-
electron orbitals for the 6Al and 2T2 states is shown as
follows.
+ ot
ey o
t R A4 Ay 4
29
high spin (6Al) low spin (2T2)

When the symmetry is less than octahedral, the crystal
field is distorted, and part of the degeneracy of these
states is lifted. In the case of FeP-5 and -6, the symmetry
is C4V which leaves the high spin state unchanged but causes
the 2T2 to split into a 2B2 and 2E states [40]. The 2g state
can be further split by spin-orbit interactions and higher
order crystal field terms. By Kramers' theorem, however, a
twofold degeneracy will always be present in the final level
structure in the absence of a magnetic field.

These remarks show that octahedral metal complexes with
the central ion in a d4, ds, d6, or d7 electronic configura-
tion can exhibit one of two different electronic ground
states [41]. In the case of a ds configuration, either a
2T2 or 6Al ground state can occur. When the coulombic re-
pulsion term (ez/rjk) is of the same order as the crystal

field splitting (HbF)’ a region, as seen in Fig. 4 at A/B =

28, exists where spin crossovers can occur. These cross-
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overs can be of two types, a slow or gradual type and a fast
or sudden type.

The more common type spin crossover is exhibited by the
iron (III) tris-dithiocarbamates [42] where the reversible
change from low spin to high spin form is a gradual function
of temperature. The change takes place over a broad tem-
perature range, This occurs when the energy separation AE,
of the low spin and high spin ground states, is of the order
of kT. The transition from high spin to low spin is ob-
served in the magnetic susceptibility data and is often
accompanied by a decrease in metal ligand bond distances.

The second, less common tvpe of spin crossover is
illustrated by cis~dithiocyanatobis (1,10-phenanthroline)
iron (II) [43] where a sharp reversible conversion between
high spin and low spin forms occurs at a definite critical
temperature without an accompanying structural phase transi-
tion. This is a first order phase transition and, in this
example, is accompanied by a discontinuity in the heat capa-
city data, corresponding primarily to a sudden change in the

magnetic susceptibility over a narrow temperature range.

B. Ground State Interactions

1) Low Spin Iron (ITII)

For the low spin iron (III) electronic states, it is
assumed that the three t2g orbitals are low lying in energy

and are widely separated from the eg orbitals and hence will
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be the only d orbitals occupied. This results in the 2T

ground state term for FeIII.

2

Since the 2T2 state is the only state of interest, we
need not be concerned with the octahedral crystal field
Hamiltonian which separates the t2g and eg orbitals, but
only the perturbation Hamiltonian which acts on the orbital

2

components of T2.

Instead of working with the complex five electron wave
function represented by 2 o1 it is convenient to think of
the configuration tgg as a hole in a complete tgg system
[44]. The hole configuration is then isomorphous with the

one electron orbitals commonly denoted |XY>, [Yz>, and |Xz>

which, in terms of spherical harmonics [45], are given by

_1 2 =2
!XY>—E(Y2 Y
|xz> = _%: (Y% - Y;l) (9)
iv2
=1 1 -1
|yz> = v (Y; +Y77)

or in terms of the orbital angular momentum states, denoted

by |2, 22>
xv> = L (2,25 - |2-25) = |g>
V2
|xz> = —2_ (]2,1> - |2,-1>)
iv2
|yz> = L (12,1> + |2,-1>)
V2




21
It is often convenient to work in a basis of near angu-
lar momentum eigenfunctions (dropping the & = 2 from our

ceates for simplicity) given by

[1> = - —L-(IYZ> - i]xXz>)

V2
|-1> = - % (|yzs> + i|xz>) (11)
> = |xy>

The tgg configuration is six fold degenerate (including
spin). The hocle in the otherwise full shell can reside in
any of the six states. Hence the configuration given by
|1>a would denote electrons in the |1>8, |-1>a, |-1>8, |z>a
and |c>8 states, where a and B are the usual designations
for the spin states.

The axial and rhombic crystal field interactions and

the spin orbit coupling are described by the spin Hamiltonian

Hep + Hgo = DIL; - 22+ /3) + E1Z-22] - M(T+5)
| (12)
- bre2 E ,2,,2 =
= D[zz—z(z+1)/3] + 7[2++2_] - A(Re+s)

We implicitly assume that the low symmetry crystal field
axes coincide with the cubic crystal field axes. This would
correspond in FeP-6 to having the tetraphenylporphyrin in
the xy plane and the sulfurs along the z axis. Since these

sulfurs are different from the pyrrol nitrogens, they will
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be the source of the axial distortion. The second term is a
rhombic distortion of the crystal field. This term will
differentiate between the x and y axes. The last term cor-
responds to the spin-orbit interaction.
The Hamiltonian matrix for this operator in the basis

defined by Eq. (1ll) is

|1>a |z>8 F 1>a |-1>8 ~|z>a [1>8
<1l]a -D=\/2 =)\/VZ 3E 0 0 0
<z|B -\/VZ 2D "0 0 0 0
<-1|a 3E 0 ~D+\/2 0 0 0

(13)

<-1]8 0 0 0 ~-D=A/2  =\/VZ 3E
-<z]o 0 0 0 - ¥VZ 2D 0
<1|B 0 0 0 3E 0 ~D+1/2

Upon diagonalization we find three Kramers doublets.

The three pairs of eigenstates take the form

+ .
7> = A [+1>a + B;|z>B + C;|-1>a  i=1,2,3

and (14)

[ps>

i Ai|—1>B - Bilcfa +c;l1>8 i=1,2,3

where A, B, and C are the coefficients of the diagonalized
3 x 3 submatrix and are real. This eigenvector can also be

.expressed in terms of the original basis (eqg. (9)) as:

lwi>=a}|vz>a + BI[XY>8 + CI|Xz>a  i=1,2,3

and (15) :
[¢1>=Ailyz>s - B}|XY> a- C}[Xz>8 i=1,2,3
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where A' = -(A + C)/V2
B' =B
C' = i(A - C)/V2

The Zeeman interaction, expressed as an angular momen-
tum operator by BH + (28 + k%), where k is the orbital re-
duction factor. The value of k is unity when there is no
electron delocalization. When k is less than one, signifi-
cant electron delocalization occurs. Theoretical work by
Griffith has demonstrated that k can also have a value
greater than one [46]. A value of k greater than unity
stems from mixing of relatively low-lying excited states,
resulting in an increase in the effective orbital angular
momentum of the ground 2T2 term. When the above Zeeman
Hamiltonian is equated to the same interaction in the spin

formalism, the g values can be obtained directly."

‘;HZ=BH~(25+ki)=B-H-g~Seff (16)v

To use the spin formalism, we must assign the real
eigenstate to some fictitious § = 1/2 spin state. Follow-

ing the convention of Griffith [47] we assign

INE

and (17)

|+%>

-3> = v

so when we equate the corresponding matrix elements
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1, 1. _ o+ +
zi8 H, g, Seff,zli> = <v|8 Hy(k 2, + Zsz)lw g (18)

we find

2 2 2

(1/2)g, = 2% - B% + c? 4 k(a2 - 2

)

Summarizing, we have [47]

g, = 2[2aC - B® + k/Z (BC - 2B)]
g, = 2[2AC + B2 + k/Z (BC + AB)] (19)
g, = 21a% - 8% + ¢? + x(a? - ¢

which, if k is unity, simplifies to [44]

9, = 2(Y2A + B) (V2C ~ B)
i 9, = 2(Y2A + B) (V2C + B) (20)
| g, = 2(/2A + B) (V2A - B)

2) High Spin Iron (III)

High spin iron (III) is observed when the t2g and e
levels are energetically close together and all five orbi-
tals are populated. The resulting 6Al ground state is per-
turbed in a complicated fashion by higher order crystal
field and spin-orbit interactions which lead to a level
structure which, in iron porphyrin, is approximated by the

second rank crystal field spin Hamiltonian [48]:

B 2 _ 2 .2
HCF = D(S, - S(S + 1)/3 + E(S; - S) (21)
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The first term is the axial crystal field distortion
and the second term is the rhombic distortion. The basis
wavefunctions are given by |S,Sz>. For S = 5/2, they are
|5/2, +5/2>, |5/2, +3/2>, and 5/2, *1/2>. The 6 x 6 matrix
of this interaction, in block diagonal form, is (omitting

the S for simplicity)

|5/2>  |1/2> |-3/2> |-5/2> |-1/2> |3/2>
<5/2| 10D/3 10E 0 0 0 0
<1/2] 10E -8D/3 3V2E 0 0 0
<-3/2] 0 3V2E -2D/3 0 0 0

(22)

<-5/2| 0 0 0 10D/3 10E 0
<-1/2| 0 0 0 10E -8D/3 3V2E
<3/2] 0 0 0 0 3V2E -2D/3

Diagonalization of this matrix yields three doubly degener-

ate eigenstates given by

i [} AY
|w;> = a;[#5/2> + b, |+1/2> + c;¥3/2> i=1,2,3 (23

The form of the g values, Iyt gy

>licitly determined by Wickman, et al. [48]. For each

, and g, has been ex-

ievel, they are given by

_ 2
= gJ(3bi + 2/§aic. + 4/§bici)

gx,i i

gy i+l 2 _ .
(-1) g7 (3by + 2/§aici 4/§bici) (24)

gy,i

i+l 2 2 2
9,,1 = (-1) 29;(5/2 af + 1/2 bi - 3/2 cf)




when 97 = 2 and i = 1,2,3.

The problem can be simplified if we define one para-
meter A = E/D, for then the coefficients a, bi’ cy of the
wavefunction depend only on the parameter A. Aall physical-
ly distinct cases can be represented by a value of A £ 1/3,

and the order of the states determined by the sign of D

[49].

C. Hyperfine Interactions

Hyperfine interactions describe the coupling of the

nucleus with its surrounding and was denoted.HﬁHFs + Hb in

Eq. (1). The total hyperfine Hamiltonian is given by
2 - -
H - z—i-(g——l-)—%__ (vzzl‘z + Vxfo: + Vyyly) - 9B, I - H (25

where the first term is the electric quadrupole interaction.
and the second term is the magnetic hyperfine interaction,
with H representing electronic operators discussed below.
Both of these terms are small perturbations on the overall
splitting of the ground and excited nuclear levels, yield-
ing the separate lines observable in the Mossbauer spectra.
The parameters in the quadrupole Hamiltonian are: e,
the charge on the electron; Q, the nuclear quadrupole
moment; I, the nuclear spin, Ij' the projection of the nuc-
lear spin on the j axis; and ij,azv/ajz, the jth component
of the electric field gradient (EFG). The electric field

gradient is a symmetric 3 x 3 second rank tensor and is
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made diagonal by the appropriate choice of axis system
called the principal axis system. Further, since Laplace's

equation must be obeyed, the tensor is traceless, thus

vXX + vyy +V,, = 0. (26)

Therefore, the electric field gradient can be specified by
only two independent parameters. Conventionally these

parameters are:

and

We can rewrite the quadrupole portion of the equation abova,

using the new parameters, for Fe57
= eng (3 2 15 + ,12 _ Iz)]
Q 12 I, =ty y
or (28)
e?qo .2 2 . 2
Hy = 542 (1, - 5/4 + n/6(1] + 19)]

57 is not split by

The ground nuclear state, I = 1/2, of Fe
this Hamiltonian, since Q = 0. Diagonalization of the
Hamiltonian matrix in the principal axis system for the
different Iz levels of the I = 3/2 first excited state

yields, by Kramers Theorem, two two-fold degenerate eigen-

states separated in energy by
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2
0B = &28 (1 4+ n2/3)1/2 (29)

The electric field gradient arises from two sources.
(1) The non-cubic valence electron distribution on the Fe
ion. Since the inner filled molecular orbitals have
spherical symmetry, they will not contribute to the EFG.
This contribution will have a temperature dependence based
on a Boltzmann distribution over low lying empty orbitals.
(2) The non-cubic distribution of charges in the lattice
about the iron site.

These terms are modified by the Sternheimer shielding
factors which account for distortions of the ion core by
the EFG. The effect of these factors tends to reduce the
contribution from valence electrons and enhances the contri-
bution from the more distant lattice terms. Mathematically,

the above is given by

a=(1=-Rdy,; + (1-v)a, = V,,/e (30)

ng = (1 - Ring (L= v ngy = (Vo - VYY)/e (31)

val

where g and dy¢4 2FE the valence and lattice contribu-

val
tion to the EFG and (1 - R) and (1 - y_) are the Stern-
heimer shielding terms.

Since we know the form of the electronic wavefunction

for the low spin ferric case, the valence contribution to

the EFG can be calculated directly. To do this, matrix
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elements of the forms
+ 2 + + 0 +
<¢i|qval|¢i> and <wi|”qval|wi>

need to be evaluated. The relevant Hamiltonians are given

by [50]
2 2
A% 3z - r 16w
G . = -2% = (—) /2 y0 73, (32)
val e r2 5 2
and
2 2
s oo Vxx T Vyy 32X Y
"Aya1 e 2 r5
(33)
3 327
= — (___)l/2 ™3 [Yg + Y;z]
2 15

At this point it should be noted that we have been
using only atomic orbitals for the calculations for the low
spin ferric problem. For calculations of the electron-
nuclear interactions, it is better to use molecular orbi-
tals, which are linear combinations of atomic orbitals that
have the symmetry of the complex. It is convenient to do
the electronic calculation as a crystal field calculation
on atomic orbitals, then include covalency in the form of a
proportionality constant. This assumes only that the sym-

metry of the original t orbitals is the same as the final

2g
molecular orbital wavefunctions., We will therefore rewrite
the wavefunctions, including the covalency scaling factor,

in terms of the more geometric basis |XY>, |Xz>, |vz>
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w+> = C,|XY>B + C,|XZ2>0 + C,|[YZ>a (34)

1 2 3

where
Cl = BNxy
- i -
C2 = = (A C) Nxz
_ 1
C3 = - — (A + C) Nyz

and

ny, Nxz’ Nyz are the covalency factors for the res-

pective atomic wavefunction.

Evaluating the appropriate matrix elements we find

that
+14 +o -2 . =-3,;1.,2 2 2 2., .2 2
U lAyy V7> = 5 <75 [FA%CT) (N 4N ) - 2BE(N] )
(35)
2 .2
+ AC(NG -N_ )]
and
+y A +, - 6..-3,;1,,2. .22 2. 2 2
W Ingyaq [W7> = F<rT > [F(A%HCT) (N -NE ) -AC (NS 417 ) ]
(36)
rearranging gives
n 9ya1 _
9yal
(37)
313a%c?) 2 -2 )-acv 2 )]
1,2, 2, 02 2 2,2 2 _ 2
[5(A+C )(Nxz+Nyz)-2B (ny)+AC(Nyz-Nyz)]

However, these matrix elements only give the contribu-~

tion to the EFG from one of the eigenstates. To find g

val
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and n we must take the Boltzmann sum of all available

val

states. Assuming a fast electronic relaxation over these

levels, we have the usual result [50]

+ +, .—~(E;j-Eq7) /KT
i=§ 3<¢i|qva1|¢i>e 1
9va1 © Z < +' f> -(E{~-E71) /kT (38)
wi l‘bl €
i=1,3
and
+.4 +, ~(Ej-Eq1) /KT
i—% 3<wi'ana1'wi>e 17EL/
n = —=! (39)
9val ) <wf|wf>e—YEi—El)/kT
i=I,3 *+ 1

where |¢I> and Ei are the eigenvectors and energies for the
electronic wavefunctions in Eq. (34).

The lattice contribution to the quadrupole interaction
is obtained by taking a sum over all charges in the crystal
lattice. This interaction is usually small and has not
played an important role in studies of biological samples
and biological model complexes.

Since the 37

Fe nucleus has a magnetic moment for both
the ground and excited states, the presence of a magnetic

field will split these states according to

HMHFS = -98,T * H (40)

where I is the nuclear gyromagnetic ratio (gn = 0.1806,

-0.1033 for the ground and first excited states
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respectively) and Bn is the nuclear magneton. For mole-
cules with the iron as a paramagnetic center, the unpaired
electrons near the nucleus will give rise to various terms
in the hyperfine Hamiltonian. The Hamiltonian for an n

electron system can be written [47]

o = P(E:T - « §-T + & rfa-i)—gex-ﬂ (41)
“'MHFS 7 k=1 k nn ext
where
ak = 4Sk - (Q]:.S]() Qr-k il 21((2}{.51{) (42)
and
P = 29 B _B<r 3> (43)
nn eff

In these equations: B = electron magneton; L is the
total angular momentum which is a vector sum of the angular
momentum, Ek for all the k electrons; § is the total spin,
and also a vector sum over the individual electron spins
Ek. The first term in the Hamiltonian arises from the
interaction of the electron motion with the nucleus where
the electrons are regarded as current loops. For high spin
iron (ITI), L = 0, and hence this term does not contribute.
The second term, involving k, is the Fermi contact inter-
action resulting from the direct coupling between the nuc-
leus and an s-electron. This coupling is actually two

effects: first, the polarization of the core s electrons

by exchange effects with unpaired 3d electrons; and second,
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a small amount of 4s electron character in the 3d electrons.
The third term is due to dipole--dipole interactions of the
electrons with the nucleus. This term will also be zero
for the high spin ferric case. The final term is the
interaction of the nuclear moment with an externally
applied field.

The Fermi contact constant, x, is analogous [7] to tha
k term used in calculating the g tensor. The <r_3>eff is
the effective value of the radius of the 3d levels. It is
proportional to a shielding factor analogous to the
Sternheimer .shielding factor. The effective field at the
nucleus per unit spin, given by PK/gan, is commonly quotec
and has a value ranging from 190 kilogauss to 220 kilogauss
for a large range of ferric and ferrous compounds [51, 52].

For convenience, we will rewrite the magnetic hyper-

fine Hamiltonian using the effective spin formalisr

= . o— 3\
jv"MHFS I*A-S (44)

By equating matrix elements of this Hamil+ ' nian with that
of Eq. (41) we can find the hyperfine tensor A for the low
spin ferric case in terms of the coefficients of the appro-
priate wavefunctions, P and k. Using table A-41 of
Griffith [47] to help evaluate Eg. (42), and the wave-

function of Eq. (14) we find [53]
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A, = P[2/§B(C—A)—K(2AC—B2 —%(2Bz+6c2—3/§AB+2Ac—3/§BC)]

Ay = p[z/iB(c+A)—.<(2Ac+Bz)—%(-2132—6c2+3/7AB+2AC—3/EBC)]
(45)

A, = P[2(A2—C2)—K(AZ—B2+C2)+%(1+B2—3/7AB)]

If the covalency factors ny, N __, and NXZ are included and

vz
the wavefunctions of Eq. (34) are used, we find:

I - i N P S S I .
AX = §[SC1C21 2k { Cl+C2+C3)+7( ZCl+2C2 4C3 6C1C3+61C2C3)]
_ P _ 2,72, 72y ,2 0n2 412, 502 iy
Ay = —2-[ 8C1C3 ZK(C1+C2+C3)+7(2C1 4C2+2C3-+-6C1C3 61C2C3)]
(46)
_ , 2,2 2. 2 2,2 2 ..
Az = P[4C2C31+K(C1+C2—C3)—77-(—2C1+C2—-C3-—31C1C2—3C1C3)]
which reduce to Eq. (45) if ny = NXz = Nyz = 1.

For the high spin ferric case (orbital singlet), the
valence contribution to the EFG and the anisotropic (orbital
and dipolar) portions of the magnetic hyperfine interaction

vanish. Then Egq. (25) would be simplified to

JJ: NMHFS = AcI<S >eff + ganI.HeXt (47)

where <S>eff i3 the effective spin. However, lattice con-
tributions to the EFG and higher order crystal field and
spin orbit interactions give rise to admixtures to the 6Al
ground state which yield small anisotropic contributions to
the total EFG and magnetic hyperfine interaction tensor A.
The interaction of this EFG and hyperfine tensor with the

nucleus is governed by the same Hamiltonian as for the low
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spin case, Egs. (28) and (44). 1In practice, however, direct
calculation of the hyperfine parameters and the EFG are

generally not feasible in the high spin case.

D. Relaxation Theory

Recent literature has discussed the relative merits of
two different theories used to calculate the effects of
electronic relaxation on Mossbauer spectra for the S = 1/2
case. One theory, by Clauser and Blume [54], is a stochas-
tic treatment of the problem, while Hirst [55] uses a pertur-
bation treatment. We use Hirst's theory, as expanded by
Hartmann-Boutron and Spanjaard [56] and applied by Shenoy
and Dunlap [28]. The theory summarized here follows Shenoy
and Dunlap and references therein.

In the presence of relaxation effects, the expression

for the Mossbauer lineshape is given by

I(w) = Re[F(p)] (48)

where

F(p)
(49)

o

M

) <un|M_ lvm><unvm|U|u'n'v'm'><y'm’ u'n'>

Mo
all indices LM

MLM is an electromagnetic multipole operator of multipolar-
ity L and polarization M which induces transitions between

various hyperfine levels.




36

The superoperator U contains the physical information
about the system and is defined by the total Hamiltonian
_#b, for the electron-nuclear system. Its matrix elements

can be defined by the quantum mechanical time average of

the evolution operator

exp[if "} (£1at'] = T(v)
© (50)
(<un|f(t)|u‘n'><vm|f+(t)|\)'m'>)ave = <unvm|U|u'n'vm>

Because of the separate time ordered series in (50),
its evaluation is somewhat complex. As shown by Blume [51],
for example, the averaging process leads to the formal
introduction of the operator U which is readily defined in

various approximations and which satisfies

1 _

U =u" = [pi -,-ﬁi-yg - r7t

(51)

with p = T - iw, I' the natural linewidth of the resonance
1ine,3+§ the Liouville operator involving the static hyper-
fine interactions and R a matrix containing information on
the coupling of the various transitions due to the relaxa-
tion processes and involving the interaction between the
ion and the bath. |unvm> is the basis set of wavefunctions.
A Liouville operator is an operator which operates on
other operators. If we have a quantum mechanical operator
A with an associated Liouville operator A*, the operator a*

will act on other quantum mechanical operators B such that
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2*B gives the commutator of A and B.
B = [A,B] = AB - BA (52)

The physical significance of these operators for a Hamil-
tonianjHx is found when seeking its eigenvalues and eigen-
vectors. If |u> and |v> are eigenvectors of the Hamiltonian

# associated with the Liouville operator #* and we have

#H|lv> = E_|v> (53)

and

Hw> = E |u>

Then |u><v| can be thought of as a transition operator,

which is an eigenoperator of ¥#¥, such that [57]
yx!u><v, =Hlu><v| - |Juw<v|y = (EU - E,) | u><v| (54)

Thus the eigenvalues for the operator.IM-X are the energy
differences Eu - Ev of the energy levels of the eigenfunc-
tions of }. These differences are the positions of the
physically observed spectral lines.

Further, the matrix elements of an ordinary operator A
can be used to define the matrix elements of the Liouville

operator a%

<uv|a®|utvr> = va.<u|A|u'> - Guu.<v']Alv> (55)

These properties of the Liouville operator are used in

solving the relaxation problem.
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Since we wish to consider all possible transitions and
how they are coupled to all others, we need a basis which
contains all possible nuclear and electronic states. A
vector consisting of the z-component of the nuclear ground
state spin Ig, the electronic spin Sz when the nucleus is
in the ground state, and the corresponding spins in the
excited state Ii and Si. Thus, the basis vector is given
by |unvm> = |Sg Ig Si I§>.

Let us now examine each term of Egq. (49). The terms
involving MzM and MLM are matrix elements of the electro-
magnetic multipole operator which gives the probability
amplitude for a transition from nuclear state m to n with

multipolarity L and polarization M where M = m - n. These

are given by

LM
<V'm'1MLMIU'n'> = Gv'u‘cm'n'
and (56)
+ B LM, +
<un My, [vm> = 8 v Chm)

where C;g are basically transition probabilities. These
are tabulated in table 1 for powder samples for 19 = 1/2 to
I® = 3/2 transitions for magnetic dipole (M1, L = 1) and
electric quadrupole (E2, L = 2) cases. As shown, for

example by Blume [57] or Gabriel [58], Eq. (49) reduces to

LM)+(C§¥n.)<unvml§fllu'n'v'm'> (57)

F = ) (C
all indices

(p)
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Table 1. Transition probability amplitudes C%m for nuclear
spins I9 = 1/2 and I® =3/2 with M1 and E2 charac-
ter (from Ref. 59).

n m M L=1 L=2
1/2 3/2 1 3/12 1/20
1/2 1/2 0 2/12 v2/20
1/2 -1/2 -1 1/12 v3/20
1/2 -3/2 -2 0 va/20

-1/2 3/2 2 0 -vV4/20
-1/2 +1/2 1 V1712 -v3/20
-1/2 -1/2 0 2/12 -v2/20

-1/2 -3/2 -1 3/12

[
[\S)
O
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In matrix notation, this becomes

LM, + =1 M

F = ()T U (e (58)
where only elements of g—l with v' = y' and v = u will con-

tribute (from Eg. (56)).
The Liouville operator‘yz in U involves the static
(non-relaxation) hyperfine interactions. The matrix ele-

ments f2r this operator are based on the Hamiltonian
Ho =y + Hps (59)
and have matrix elements of the form

<un\)m|H};|u’n'\)'m'> = va.émm,<un|H-MHFs|u'n'>
% % (60)
-— L} ?

8yt Spnr <V m»lyb+ﬂ&HFs|vm>

where§4MHFS is the magnetic hyperfine interaction given in
Eq. (44) for A being the ground state magnetic hyperfine

*
tensor and is the same interaction with the excited

MHFS

state magnetic hyperfine tensor where
A = Ak /g%
A/gn A /gn (61)

Since }b is zero for the ground state, it does not contri-
bute to.%% but does contribute to the excited state term,

The matrix R contains all relevant information concern-
ing the couplings of the various transitions. It is

assumed that the interaction can be described as a coupling
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of the spin S to an average time~dependent field H(t) set

up by the bath
H = 5.5-F(t) (62)

If the interaction is assumed to be a true magnetic type,
as in the common spin-spin interaction, then o = gB where

5 is the gyromagnetic g tensor of Eq. (19). The relaxation
operator R then depends only on the spectral density Jq(w)
which is a linear combination of Fourier transforms of the
time averaged correlation functions for the field H(t). If
J_ and that H(t) is iso-

| q
i tropic, then a relaxation rate Wi’ (i = x,y,2) can be

i

it is assumed that Jq(w) N Jq(O)

] g . J 3

In terms of this relaxation rate, the relaxation mat-

rix is given by

<unvm|R|u'n'vim'>

- 1,1
= 6nn'émm'{éuu'sw'[Wz(zwisz'\"x“'|SZ'“>“"§)"2"(WX+WY)]

+ [%(Wx+wy)][<v S+|v'><u'IS_Iu>+<v|S_lv'><u'|S+[u>] (64)

+

[%(WX-WY)][<v|S+lv'><u'IS+|u>+<v|S_lv'><u'|S_|u>]}

Using the above and a procedure suggested by Clauser
[60], the Mossbauer spectra can now be calculated. By

obtaining the eigenvalues X and the eigenvectors V of U for
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the case w = 0, then (49) can be re-expressed as

1 1

F(p) = ] M, « (X - i)™t (¥ . m (65)

)
b LM

E. Effect of Small External Magnetic Fields

The foregoing discussion is sufficient to describe an
electron nuclear level structure and the resulting Moss-
bauer hyperfine structure, including relaxation effects.
Depending upon energy differences between hyperfine struc-

ture levels and electronic relaxation rates, W. complex or

i
ill-resolved spectra may occur (Section D).

In zero field, spin relaxation occurs between levels
which are admixtures of mg and m, states. Paramagnetic
fields equivalent to 200 kOe may be present. Electronic
transition rétes, among these complex, unequally spaced
level structures may be "slow" (QS ~ QL = ganHint/h) and
lead to ill-resolved hyperfine structure. However, if a

polarizing field of sufficient strength (H9 > 15 G) is

Xt
applied so that the electron Zeeman interaction dominates
the electron nuclear hyperfine coupling, the situation
changes. Now the spins are polarized and mg is a good
quantum number. Because of the small polarization of the
<S> ion, the size of Hint is now reduced, so that QS>QL and

the nuclear hyperfine structure consists of a quadrupole

interaction and a small electron-nuclear Zeeman interaction.
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The result is a well resolved quadrupole doublet which con-
siderably simplifies interpretation of the Mossbauer hyper-

fine structure pattern.
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IV. CALCULATIONS

The calculations in this thesis are divided into four
parts. First, we obtain g-values from the EPR data and
from these we obtain the ground state wavefunctions, and
the crystal field parameters. Second, using the crystal
field parameters and additional constants, calculate the
wavefunctions for the three S = 1/2 doublets and obtain the
theoretical g-tensor, the hyperfine A tensor, and the
valence contribution to the EFG. Third, using parameters
from the second step, calculate out the Mossbauer spectra
from the g values, hyperfine tensor, EFG, and relaxation
information. Fourth, calculate a theoretical S = 1/2 EPR
spectrum, which brings us back to the starting point of the
calculations.

To calculate the ground state wavefunctions and crystal
field parameters, we will make use of Egs. (13),(14), (19) and
(20) , which will be repeated for convenience. Using the
wavefunctions of Eq. (14) and replacing o and B with + and

- to denote spin, we have

|wi> = A, 217> ¢ Bi]C;> + ci!¥1i> (14)

i

where, when k is unity, has g values
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2(/22A + B) (V/2C - B)

Iy =
9y = 2(V2ZA + B) (Y2C + B) (20)
g, = 2(V2A + B) (Y2A - B)

If we assume k is unity, it can be shown that [61]

- - - 172

A= (29, + 9, = 9,)/4(9, + 9, = g,)
= - - 172

B = (g, = 9,)/2(2(g, + g, = g,)) (66)
- 1/2

C= (g, +9,)/4(g, + 9, = 9,)

Using this in the normalizing condition on the wavefunction
2 2 2

A + B + C° =1 gives us [62]
2 2 2
g, *+ g, +g_ + 9.9 - g.g_ - g.g
x Ty " Pz " PyPz T Cx°y © Cx’z _ (67)

4(9y + g, + gyg)

Since the EFR spectrum only gives us the modulus of the
g values and no information about ordering them, all 48
possible permutations of signs and axils assignments must be
tried. We find that 24 combinations lead to an imaginary
wavefunction (left hand side of Eq. (67) is negative) and
are therefore discarded. The remaining 24 combinations can
be divided up into four groups of six which leave the nor-
malization condition (LHS of Eq. (67)) invariant under six
permutation operations.

The wavefunction coefficients from Egq. (66) for the

remaining permutations are normalized to unity and these
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values are used as initial estimates to fit the experimen-

tal g values to the equations

g, = 2[2AC - B2 + k/Z (BC - AB)]
g, = 212AC + B2 + kv/7 (BC + AB) ] (19)
g =2[a% - B2 + c? + k@2 - %]

The parameters are fit to the experimental results based on
a four dimensional Newton's method approach.

In general, the n~dimensional Newton's method is used
to solve a system of n equations, given in vector notation

as

f(x) =0 (68)

If we have a starting vector a, then we can expand the
function about a, retaining only the linear terms of the
Taylor series expansion in n space. By setting these equa-

tions equal to zero, we have [63]
0 = f(a) + (grad £) + & . (69)

After solving this set of equations for the vector A, the

new approximation to the solution is given by
B=2A+ 34 (70)

This is continued until either the method has converged to

give a very small A or, after a set number of attempts, the
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convergence criteria is not met, at which time a new ini-
tial guess has to be tried.

For our case, let us denote the experimental set of g
values based on the permutation of signs and axes by gé,
g!', and géﬁ The equations we are trying to solve are given

Y
by

o
i

gx(A,B,C,k) - g;

0 = gy(A,B,C,k) - g§

(71)

0 = gz(ArBrcrk) - gZ

0=2a%2+B2 +c% -1

Armed with our initial estimates A,B,C, and k from eg. (66),
the normalizing condition, and k of unity, which for simpli-
city we denote as the vector T, we can plug into

39, (I) 39 (I) 39, (T)  39,(I)

0 = gx(f)—g;+ DAt — e AB+——ACH——Ak
3g_(I) 3g, (T) 3g,, (I) 3g _ (I)
_ _ _ _ (72)
- 3gz(I) Bgz(I) ng(I) Bgz(I)
0 = g,(I)~g}+—sq—AA+——sg—AB+ se—AC+H—s—Ak
2 2 2
0 =A" + B +C°" -1+ 2A +« AA + 2BAB + 2CAC + O

The correction vector A to the estimate vector I is given
by A = (AA, AB, AC, Ak), and is obtained by solving the

linear system given in (72).
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The criterion we used for convergence was when the sum
of the squares of the right hand side of Eq. (69) was less
than 1 x 10—15, the system had converged. If, however,
the system failed to converge in less than 50 iterations,
the result was noted on the computer print out.

Once the form of the ground electronic wavefunction
has been determined, the next step is to obtain the crystal
field parameters and the energy of the ground state rela-
tive to the unsplit 2T2 state. By using the secular equa-

tion §y = Elw as determined earlier gives three equations

and three unknowns, from (13),

El/x + D/A - 3EC/MA = -1/2 - B/V/2A
E;/X = 2D/A = -A/V2B (73)

El/k + D/X - 3EA/)XC = 1/2

This set of equations can then be solved to obtain D/X and
E/X, the crystal field parameters, and El/k, the energy of
the ground state, relative to the spin orbit coupling con-
stant.

The criteria for choosing the correct set of coordi-
nate axes are: 1) the left hand side of Eq. (66) should
not deviate from unity by more than 10 percent, 2) after
the final wavefunction is determined, k should have a value
which is "reasonable." Using Herrick and Stapleton's [62]
data for P450, the value of k = 1.146, 1.151, -2.150,

~2.235. The last two values are not reasonable. It should
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be noted that for the last two values, condition (1) was
not met. 3) E must be positive, and |E/D| should be as
small as possible [49].

The above calculation is done by a program GVAL
(Appendix II) and output from the program is given in
tables 2 and 3 for P450 and LOW, respectively.

Now that the crystal field parameters are known, the
Hamiltonian in Eq. (12) can be solved and the three energy
levels obtained, the theoretical g values and A tensor
determined and the valence contributions to the EFG calcu-
lated. This is done in the program QSPLIT in a very
straightforward fashion (Appendix III).

Using D,E,and A, the matrix for the Hamiltonian, given
in Eq. (13) is calculated and diagonalized by the IMSL sub-
routine EIGRS [64]. Once the form of the wavefunction and
its energy for each doublet is known, the g-tensor, A-
tensor, and EFG can be calculated as well as the tempera-
ture dependence of the EFG. This is accomplished with Egs.
(36)-(39) and (46). It should be noted at this point that
this assumes that the g-tensor, the EFG and the A-tensor

all are co-axial. Further, the parameters ny, Nx and

-
Nyz’ while having physical significance, allow the adjust-
ment of the calculated EFG and A-tensor to fit the experi-
mental data and could be thought of as "fudge factors."
The calculation of the Mossbauer spectra based on the

relaxation theory of IIID is calculated using the routine
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Using the g values of cytochrome P-450 from
Herrick and Stapleton [62], all possible permuta-
tions of the g tensor which will yield a real
ground electronic state eigenvector, the calcu-
lated eigenvector coefficients and the appro-
priate crystal field parameters.




GX

1.921

1.921
-1.921
-1.921
-1.921
-1.921
-1.921
-1.921

2.249

2.249
-2.249
-2.249
=2.249
~2.249
-2.249
~2.249

2.417

2.417
-2.417
“2.417
“2.417
“2.417
=2.417

-2.417

Gy

2.249
2.417
2.249
2.249

-2.249
2.417
2.417

-2.417
1.921
2.417
1.921
1.921

-1.921
2.417
2.417

-2.417
1.921
2.249
1.921
1.921

-1.921
2.249
2.249

-2.249

GZ

24417
2,249
2.017
-2.617
2.417
2.249
-2.249
2.249
2.617
1.921
2.417
~2.417
2.417
1.921
-1.921
1.921
2.249
1.921
2.249
-2.,249
2.249
1.921
-1.921

1.921

ANORM

1.007521
1.007521
1.100249
1.259494
1.134158
1.100249
1.134158
1.259494
1.134158
1.134158
1.100249
1.259494
1.007521
1.100249
1.007521
1.259494
1.259494
1.259494
1.100249
1.134158
1.007521
1.100249
1.007521

1.134158

«769677
« 746769
«837037
«948911
«251199
<820 744
«939699
«266148
«251199
.208501
.837037
~948811
«7€9677
«788751
«111409
237795
«266148
«237795
<820 744
+«939699
«T46769
.788751
<111 409

.208601

.062580
.09L976
«546210
«314569
«€34346
.5693253
«339340
«65C862
«634346
«694589
546210
«314569
.062580
«E14497
«993511
«630960
«65G862

«690960

.569253

«339340

«0394976

<E14497

«993511

«694589

«635360
.658267
.031992
.028353
«731098
.043286
042598
.711016
«731098
.688500
.031992
.028353
«635360
016294
.022908
.632663
.711016
«682€63
.048286
042598
«658267
«016294
.0229018

.688500

K 0/7LAM
1.146313 1.9590899
1.146313 +3905688
1.150917 «040013%

~2.235386 -.7996812
-2.149518 «3842966
1.1500917 «0079¢25
-2.149518 =.T7347675
-2.235386 «4112896
-2.149518 «3342966
-2.149518 «3504710
1.150917 .0400138
-2.235386 ~.7996812
1.146313 1.9590899
1.150917 -.0479763
1.146313 -2.3496587
-2.235386 «3883917
~2.235386 «4112896
~2.235286 .3883917
1.150917 .0079¢25
~2.149518 ~T3LTETS
1.146313 «3905€88
1.150917 -.0479763
1.146313 ~2.349€587
-2.149%518 «3504710

E/ZLAM

~.9134092
-1.4362495
-.018€463
-.0076326
. 3617462
-.0293300
-.0112752
«3960243
-.3617462
-«3730214
«018€463
«007€326
«9134092
-.0106838
-.5228404
4036569
-+3960243
-.4036569
.0293300
.0112752
1.4362495
.0126838
«5228404

«3730214

E/D

-+ 4662416
-3.6773279
~.4659956
«00354 46
«9413203
-3.683527¢6
«0153453
«9628844
-.9413203
-1.0643431
+ 4659956
<«0095446
+ 4662416
«2226886
«2225176
1.0393038
~+9628844
-1.0393038
3.6835276
-+0153453
3.6773279
-+2226886
-+2225176

1.0643431

ENERGY /LAM

~4.7786101
-4.7786101
-1.0035754
.5334313
.4885816
-1.0035754
.4885816
.5334313
+4885816
.4885816
-1.0035754
.5334313
-4.7786101
-1.0035754
-4.7786101
.5334313
+5336313
.5334313
-1.00635754
.4885816
-4.7786101
-1.0035754
-4.7786101

« 4885816

IS



Table 3.

All permutations of the g tensor yielding real
eigenvectors, the coefficients of the eigenvec-

tor and crystal field parameters for LOW
model complex.



GX GY 62

1.965 2.240 2,363
1.965 2.363 24240
-1.965 24240 24363
SOLVING FOR A+B+CyAND
-1.955 2,240 -2.363
~1.965 ~2.240 24363
-1.965 2.3€3 2.24C
-1.965 2.3€3 «2.240
SOLVING FOR A+B,C,AND
-1.965 =-2.363 2.240
242410 1.965 24363
2.240 2.263 1.965
-2.240 1.965 2.363
SOLVING FOR AyB,CyAND
-2.240 1.965 -2.363
-2.240 -1.965 2.363
-2.240 2.363 1.965
-2.240 2363 =-1.965
SOLVING FOR AyB4+CyAND
=2.240 ~-2.363 1.965
SOULVING FOR A,B,CyAND
2.363 1.965 2.24C
SOLVING FOR A,B8,C,AND
2.363 2.240 1.965
-2.363 1.965 2.424C
~2.363 1.365 =-2.240
-2.363 -1.965 2.240C
-2.363 2.240 1.965
-2.363 2.240 -1.965
~2.363 =-2.240 1.965

K

K

ANORM A
1.0150¢1 «746676
1.0150¢1 «733718
1.09€247 «832771
FAILED TO CONVERGE
1.211696 -+028545
1.126816 «246938
1.09€247 «820815
1.126816 «939944

FAILED TO CONVERGE

1.211696 «131730
1.126816 «246938
1.126816 212726
1.09€247 «832771

FAILED TO CONVERGE

1.211€96 S.412507
1.015051 «746676
1.09€247 «793963
1.015051 «069743

FAILED TO CONVERGE
1.211€96 «025975

FAILED YO CONVERGE
1.211696 «394143

FAILED TO CONVERGE

1.211€96 1.114509
1.09€247 «820M15
1.12€816 « 9339944
1.015051 « 733719
1.09€247 «793968
1.015051 «069743
1.126816 «212726

«040153
«058478

«552966

1.149373
«6u0449
«569874

-+339609

1.148907
«EU0LUY
«688833

«552966

-1.650031
«040153
«607843

«997481

-+.169094

.107322

-.900211
«569874
-+339609
«358478
«697 843
«997481

«688833

«663975
«676€33

«0268u48

1.262556
727218
«038804

«034212

~.7643945
-.727218
-+693006

-.026848

-.352931
~+6639375
«911956

.012957

1.295863

«992222

1.332958
-.038804
-.034212
~+676933
-.011956
-.012957

693006

1.583424
1.583424

1.144712

«439240
-2.141311
1.144712

~2.141311

-2.141311
-2.141311

1.144712

1.€54400
1.583424
1.144712

1.583424

« 355764

«290791
1.144712
-2.141311
1.583424
1.144712
1.583424

-2.141311

D/LAM

2.8961151
«7575822

«0312855

0.0000000
«3806€41
.0080709

~«7341933

0.0000000
«3806€41
«3535292

«0312855

0.00000080
2.8961151
-.0393556

=3.6536973

0.0000000

0.0000009

0.0000000
«3080700
-e7341933
«7575822
=+0393556
-3.653€973

«3535292

E/LAM

~1.4704265
-2.1832708

-.0158085

p.0000000
«3625742
-.0235470

-+0090450

0.0000000
-e¢3625742
-.3716191

«0158085

0.0000000
1.4704265
-.0077385

-.7128443

0.0000000

3.0000000
«0235470
«009C450

2.1832704
.0077385

«7128443

«3716191

E/D

-+5077238
-2.8818930

~+5052988

0.0000000
«9524778
-2.9178323

«0123196

0.0000000
=+9524778
-1.0511697

«5052988

0.0000000
«5077238
«1966302

«1951022

8.0000000

0.0000000
2.9178323
-.0123196
2.8818930
-+1966302
-.1951022

1.0511697

ENERGY /7LAM

=7.3568348
-7.3568348

-1.0023381

0.0000000
+4886889
-1.0023381

«4886889

0.0000000
+4886889
+4886889

-1.0023381

0.0000000
~7.3568348
-1.0023381

-7.3568348

0.0000000

0.0000000
-1.0023381
+4B886889
=7.3568348
-1.0023381
~7.3568348

«4886889

€S
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of G. K. Shenoy of Argonne Labs [¢5]. The main body of the
calculation was done using this routine with modifications
and corrections added locally. The method follows the
theory of section IIID. In the calculation of the relaxa-
tion part of the problem, the relaxation rate VJ2 is a
phenomenological factor like the covalency factors, which
allows us to adjust the theory to fit the data. A complete
calculation of relaxation rate from first principles is not
possible with available information about the electronic
levels in LCW.

The calculation of the polycrystalline EPR spectrum is
straightforward but complex. The computation may be accom-
plished by two methods, both of which ultimately yield the
same results. It is illustrative to first discuss the
problem in terms of rotations of the g-tensor and progress
from there to the closed form solution which we currently
use.

First it is necessary to define a cartesian coordinate
system or laboratory axis system. We shall align the mag-
netic field H along the z axis and have the fluctuating
microwave field ﬁl cos wt acting as a perturbation along
the x axis. Then in terms of a spin Hamiltonian, the inter-

action is given by

}¢='k% + §ﬁ =H «g+ 8+ H; + cos wt - g+ 8 (74)

for an S = 1/2 system, and ignoring hyperfine interactions.
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This Hamiltonian will operate on a basis of Is,ms> =
|1/2, 1/2> and |1/2,-1/2>.
When the g tensor is aligned with the laboratory axis

system then the g tensor is given by

94 0 0
g=1{0 0 75
g gy (75)
0 0 gz

For a g tensor not aligned along the laboratory axis sys-

tem, a rotation operator ﬁ(w,6,¢) can be defined such that
R(p,0,¢) = R(y) R(8) R(¢) (76)

where y is a screw rotation around the z axis, 8 is the

polar angle, and ¢ is the azimuthal angle and

cosy =-sinv 0
R(Y) = | siny cosy 0 (77)
0 0 1
cosf 0 sin®
R(8) = 0 1 0 (78)
-sin® 0 cosf
cosd -sind 0
ﬁ(¢) = | sin¢ cos¢ 0 (79)
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Since the magnetic field is along the z axis in the labora-

tory frame, the magnetic field vector is given by

H=[0 (80)

Thus, for a general orientation of the g tensor relative to

our laboratory axis system, our Zeeman interaction becomes

¥, = u,kgR" . 8 (81)

The resulting 2 x 2 matrix for this Hamiltonian can

then be diagonalized to yield energy levels split by

AE = g_ce * B * H ee (82)
where
giff = gi sin28 cosz¢ + gi sin26 sin2¢ + gi cosze (83)
and
Ho¢e = ﬁw/geff < B (84)

where w is the microwave frequency and B is the Bohr magne-
ton and is independent of .

If we represent the eigenvector of this operator as

[v*> = a,[+1/2> + b, |-1/2> (85)
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we can use this eigenfunction to calculate the transition
probability for a given transition for a given orientation.

The transition probability is given by
+ -_12
= <ot |H v (86)

A closed form solution to this problem has been worked
out by Pilbrow [66]. In this case, the general orientation
of the magnetic field H relative to a fixed g tensor is
given by the standard spherical polar coordinate angles 6'
and ¢'. The intensity of an arbitrary orientation speci-

fied by 6' and ¢' is given by

12 = [gigj sinze' + g§g§ (sin2¢‘ + cosze' cosze')
(87)
+ gigi (cos2¢' + cosze' sin2¢')]/2 ggff
where Joff has been previously defined in Eq. (83).
Since the angles enter into this formula as the
squares of the sine and cosine terms, the fact that 6' =
-8 and ¢' = -¢ does not have any effect on the problem and

the calculation for polycrystalline spectrum can be obtained
by a numerical integration over all possible orientations
of 6, ¢. This is performed in our program MULTEPR in
Appendix V, which allows for linear combinations of the
spectra based on a weighting factor and a normalized area

of the spectra.
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V. EXPERIMENTAL RESULTS

A. Mossbauer Data

The spectra presented in this thesis are based on four
samples of Fe(TPP) (S¢) (HS¢). Two samples, SRL2 and SRL6,
were prepared by Dr. T. N. Sorrell at Stanford. The other
two samples, SRL12 and SRL14, were prepared locally by Dr.
W. E. Silverthorn. The Mossbauer spectra for these samples
as a function of temperature are shown in Figs. 5-8. A
fifth sample, SRL4, is the same material as SRL2, but
allowed to decompose by sitting in a covered evaporating
dish for a period of several weeks, Fig. 9. Because of re-
ported instability of the material [14, 67], the materials
were stored under dry ice or liquid nitrogen when not in
use to minimize decomposition. The SRL2 data was obtained
over a period of four weeks with no apparent decomposition
due to storage while other data was collected. If the
sample is held at room temperature for prolonged periods,
its spectrum changes, with an increase in the relative
abundance of a component resembling the decomposed material

in Fig. 9.

B. Magnetic Susceptibility Data

The effective magnetic moment as a function of tem-

perature for sample SRL12 is given in Fig. 10. An 11 mg
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Fe (TPP) (S¢) (HS¢) . Sample from W.E. Silverthorn.
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sample was run as described in Section IIC. Since the
apparatus has been available for a short time, only one set
of data was obtained. However, Sorrell [67] reports results
similar to that shown in Fig. 10 for samples synthesized in
that laboratory. The diamagnetic correction of 431.4 x
10-6/mole was calculated from the usual atomic susceptibi-

lities [68].

C. Electron Paramagnetic Resonance Data

The EPR spectra of sample SRL12 as a function of tem-
perature is given in Fig. 11l. Since the material was not
perfectly polycrystalline, the relative intensity of the
peaks is slightly orientation dependent. The data in Fig.
11 is reproducible over the entire temperature range, with
slight relative intensity changes among the different
samples. The actual g values were obtained from 4.22 K
spectra taken over the range 2600 G to 3600 G which yielded

better peak resolution.
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tion of temperature.
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VI. DATA ANALYSIS

A. Mossbauer Spectra

The Mossbauer data for Fe(TPP) (S¢) (HS¢) can be re-
solved into three distinct components. Two are low spin
components, one labeled RLX due to the relaxation model
necessary to describe it, and one labeled IMP, because
initially it was thought to be an impurity. The high spin
component is labeled HI. The quadrupole splitting, AEQ,
and isomer shift, 8, for the three components at selected
temperatures are listed in Table 4. This data is based on
non-linear least squares fits [69, 70] of the data to a
model composed of the sum of several Lorentzians, with each
component being represented by two peaks (Appendix VI).
Data for absorbers in the presence and absence of a magne-
tic field was used to prepare Table 4.

The component RLX consists of two peaks at approxi-
mately -0.10 cm/sec and +0.18 cm/sec and is a very asymmet-
ric doublet. The left peak is a broad low intensity peak
with a full width at half maximum of 0.084 cm/sec while the
right peak is narrower and of greater intensity, with a
half width of 0.052 cm/sec. It is usual to assume that a
pair of peaks in a quadrupole doublet can be represented by
four parameters, a common intensity, a common half width,

and two positions. When the doublet is asymmetric, the




Table 4.

Mossbauer parameters for the three components RLX, IMP, and HI on Fe (TPP)
(S¢) (HS¢) at selected temperatures. S

Temperature

Component

I, X

IMp

Parameter

AEq (cm/sec)

01 (cm/sec)

AE, {(cm/sec)

62(cm/sec)

AE (cm/sec)

§ (cm/sec)

4.22 K
77
130
175

250

0.282+0,003
0.274

0.278

*

*

0.038+0.003
0.037

0.038

*

*

0.175+0.,003
0.172
0.178
0.174

0.169

0.053+0.003
0.054
0.054
0.055

0.061

*

0.050+0.007
0.050
0.053+0.003

0.048

*

0.044+0.05
0.038
0.040+0.003

0.034

*not resolved

89
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half widths and intensities of the two peaks will usually
be related, such that both peaks will have the same area.
Attempts to fit the RLX component to either of these con-
straints failed to match adequately the data. This, how-
ever, is consistent with the relaxation model used to fit
the data and explained later.

The component IMP is a symmetric quadrupole doublet
with one peak at -0.03 cm/sec and the second at +0.14 cm/
sec. The quadrupole splitting of P-450 is 0.285 cm/sec [7]
and low spin ferric porphyrins have quadrupole splittings
of +0.17 to +0.36 cm/sec [10, 21]. The intermediate spin
ferric case has not been observed in porphyrin complexes,
however, in smaller tetraaza macrocyclic complexes it is
observed, yielding quadrupole splittings in the range +0.19
to +0.25 cm/sec [20]. Thus, while the quadrupole splitting
of the IMP component is lower than most low spin ferric
porphyrins, it is not unreasonable to consider IMP to be a
low spin form. Further, as noted below, the EPR data sug-
gests that the component is low spin. The evidence for
treating IMP as a symmetric doublet is given in Fig. 12.
This shows the difference between two different samples at
the same temperature. Each component was weighted by an
appropriate factor to minimize the difference of the RLX
component in the two spectra. The relative amounts of com-
ponents IMP and RLX varied greatly from sample to sample.

Absorbers prepared by different techniques using the same
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sample yielded identical Mossbauer patterns. Due to the
excellent analysis of the material we feel that the pre-

ITI .
1s a property

sence of two magnetic environments for Fe
of the material.

The component HI consists of an asymmetric pair at
0.02 cm/sec and 0.07 cm/sec. These peak positions are con-
sistent with both the P450 enzyme and a large body of other
high-spin ferric porphyrins [7, 13, 21, 71]. The Mossbauer
spectra of high spin porphyrins is complicated by two fac-
tors. First, the relative intensities of the two quadru-
pole peaks can vary as a function of temperature, and in
some cases, the asymmetry can actually reverse [13].
Second, in weak magnetic fields, the spectra can be split,
and the doublet will be replaced by a complex multi-line
pattern [51, 71].

The Mossbauer data strongly suggest that there are
actually two high spin components represented by the two
peaks labeled HI. In the temperature range 200-250 K, there
is no evidence for the existence of significant amounts of
the RLX component. TIf there were only two components re-
maining, the IMP component and one high spin component,
then the Mossbauer spectra from various samples at the same
temperature would be fit to a common set of parameters,

with only the relative abundance of the two components vary-

ing. The IMP component can be fit to this criterion, but
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the HI component cannot, indicating that there are actually
two components present. These two components, however,
cannot be resolved due to super-position of their respec-
tive patterns. Recent structural evidence from Strouse
supports the concept of more than two components in a
single sample [72].

The effect of an externally applied magnetic field is
td cause the components RLX and HI to become better re-
solved doublets. Fig. 14 shows the difference of two
spectra of the same sample at various temperatures, both in
and out of a polarizing field. The difference spectrum show
that the RLX component is becoming sharper and better re-
solved, and, except at 4.2 K, also shows improvement in the
resolution of the HI component. No change is noted in the
IMP component. It should also be noted that the contribu-
tion from the RLX spectra at 150 K is very small, but pre-
sent.

The temperature dependence of the relative abundance
of the RLX and IMP components is attributed to a gradual
spin transition of the low spin form to the high spin form,
accompanied by a crystallographic transition [15]. If it
is assumed that the recoil free fraction of each component
is the same, then by taking areas under each pair of peaks,
the percent composition can be obtained. When the relative
abundance of the IMP component is plotted as a function of

temperature, the curve goes through a peak at about 150 K.
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Since a crystallographic phase transition is involved in
which the central ion shifts from an in-plane low spin form
to an out-of-plane high spin form, it would be expected
that the recoil free fraction of the components involved in
this transition would decrease and the apparent percent com-
position drop.

The first transition is from a low spin (RLX) component
to a high spin component. As temperature is further in-
creased, the second low spin component IMP also is trans-
formed to a high spin component. This is supported by the
difference spectra in Fig. 12. When the contribution due
to RLX is eliminated, the component HI is also eliminated in
the low temperature spectra (T < 150 K). Thus, up to 150
K, the IMP component has not started to convert. At tem-
peratures of 150 K and above, the HI component is used for
the scaling in Fig. 12 and it is difficult to determine

when the transition starts.

B. EPR and Susceptibility Measurements

The polycrystalline EPR spectra of rhombic low spin
ferric compounds are characterized by three g values, one
at approximately g = 2.9 to 2.3, one at g = 2.3 to 2.2, and
one at g = 1.97 to 1.90 [11, 21, 61]. 1In axial symmetry,
the high spin ferric EPR spectrum for a polycrystalline
sample is characterized by a spectra with 9y = 9, = 6 and

Y
a weak resonance at g, = 2. When the symmetry is decreased
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(E # 0 in Eq. (21)), the g = 6 resonance splits up and can
yield resonances in the range 6 to 8 for gy and 3.7 to 5.5
for Iy [48]. 1Intermediate (S = 3/2) spin ferric complexes
usually exhibit a very broad resonance in the g = 4 range
[73].

The temperature dependent EPR spectra of Fe(TPP) (S¢)
(HS¢) shows a set of lines at g = 2.363, 2.240, and 1.965,
based on the 4.2 K spectrum. As temperature is increased,
peaks at g=8.7 and 6.4 begin to appear, along with a broad
resonance in the g = 4.5 to 3.5 range. At temperatures
above 200 K, a resonance at g = 2 also begins to appear.

The susceptibility data for SRL12 (Fig. 10) shows a
gradual change from low spin to high spin with the spectrum
approaching the S = 5/2 spin only value of Hagf = 5.92.

The magnetic moment is expected to vary from sample to
sample since the low spin fraction at a given temperature
varies from sample to sample.

In the temperature range 30 K to 50 K, the leveling
out of Mo ff corresponds to the region where the relative
intensities of the g = 2.36 and 2.24 peaks change. This

may be evidence of magnetic exchange.

C. Correlation of EPR and Mossbauer Data

Although the quadrupole splitting in the IMP component
is somewhat low for a S = 1/2 ferric ion, the EPR spectra

indicate that it must be a low spin contribution. The
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major component of the EPR at 4.2 K is due to the low spin
ferric component with minor ripples in the low field region
due to a small amount of high spin impurity in the sample.
Although the relative intensities of the lines and the line
widths change as a function of temperature, this low spin
contribution is still present in the EPR at 300 K. The de-
crease in intensity of this component closely parallels the
decrease in intensity of the IMP component in the Mossbauer.
Further, since there are two predominant components, RLX
and IMP in the 4.2 K Mossbauer spectrum, and only one major
spectral component in the EPR at the same temperature, it
can be concluded that both of these components in the Moss-
bauer give rise to the same low spin EPR signal. The in-
crease in linewidth of the low spin EPR spectrum is consis-
tent with this conclusion. The broadened lines at higher
temperatures in the EPR suggest a fast relaxation case,
which would give rise to a symmetric doublet in the Moss-
bauer spectrum, which is what is observed for the IMP com-~
ponent.

To calculate theoretically the spectrumof the RLX com-
ponent, we must first obtain the ground state wavefunction,
and using that wavefunction, calculate the experimentally
observed variables. Using the modulus of the g-values
obtained from the 4.2 K EPR spectrum, the coefficients of

the low spin wavefunction (Eq. 14)) can be determined.

From Table 3 we find that the criteria for a correct set
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of coordinate axes are met by the sets g = -2.363, 2.240,
-1.965, and g = -2.363, 2.240, 1.965. These sets of g
values differ by the sign of the product gxgygz. Since we
do not know the sign of this product, we choose the former
set based on the following criteria. First, the deviation
of ANORM from unity is minimized, and second, the sign of
the product of gxgygz is positive for most similar biologi-
cal systems where the sign has been determined [61].
Further, this sign choice agrees with the EPR results for
P450 reported by Herrick and Stapleton [62]. The coeffi-
cients of the electronic wavefunction and crystal field
parameters for both P450 and LOW are given in Table 5.

Using the g-values obtained from the 4.2 K EPR spectrum,
the theoretical polycrystalline EPR spectrum can be calcu-
lated and is shown in Fig. 15. This spectrum compares well
with the experimental result.

Now that the ground electronic wavefunction has been
determined, a theoretical Mossbauer pattern can be calcu-
lated using the operator in Eg. (51). We must now deter-
mine a set of physically reasonable values for the various
parameters which will reproduce the experimental spectra.
Since the high spin component is not well resolved at 4.2 K
and, as previously mentioned, extensive studies of other
high spin porphyrin derivatives demonstrate the complexity

of the temperature dependent behavior of the high spin por-

phyrins, the 77 K spectra will be simulated. The electric




Table 5. Crystal field parameters and wave function coefficients calculated from EPR g
tensor for LOW and P-450 (P-450 data from [62]).

Crystal Field Parameters

Sample D/A E/A E/D k Ix gy gz
? P-450 -2.34966 0.52284 -0.22252 1.1463 -2.417 2.249 ~-1.921
LOW -3.65370 0.71284 -0.19510 1.58342 -2.363 2.240 -1.965

+ + - +
Coefficients of the Wavefunction [y > = Ajlt17> £ By |g*> + 517>

i A, B, 4 (E;~E;) /A
1 -0.06974 -0.99748 -0.01296 0
LOW 2 -0.77801 0.06252 0.62513 8.849
3 0.62437 -0.03352 0.78041 13.221
1 0.1116 0.9935 -0.0229 0
P-450 2 0.7954 -0.1031 -0.5972 5.533
3 0.5957 -0.0484 0.8017 8.778

~
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field gradient is dependent on the coefficients of the
electronic wavefunction and the covalency factors. The
hyperfine tensor is dependent on the coefficients of the
wavefunction, the covalency factors, k, and P.

In order to limit the number of parameters used in
fitting a relatively simple spectrum, certain limits were
imposed. Since the hyperfine tensor was relatively insen-
sitive to the covalency factors, these factors are chosen
to give the best fit of the calculated electric field
gradient to the experimental result. This necessitated two
assumptions: first, that the only contribution to the

electric field gradient was the valence contribution, and

2

ecqQ _ —7_ 53
second, that = 1.5 x =35 %val mm/sec [53]
. 2 _ 2 _ g2 _
gives the result ny = .95 and NXz = Nyz = ,80.

This choice of covalency factors can be justified by
two arguments. First, these values are similar to the
values chosen for P450 by Sharrock, et al. [7], and second,
they are consistent with the Huckel calculations of Zerner
[74] on iron porphyrins, Griffith [44] argues that the
anisotropy in the covalency factors is reasonable due to
the m™ bonding interactions of the dxz and dyz orbitals with
the porphyrin ring, while the dxy orbital will be fairly

well away from the area in which the ligand electron den-

sity is concentrated. This would also explain why the dx

y

orbital is lowest in energy. A small displacement of the

iron out of the porphyrin plane would tend to further
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increase the stability of the dXy orbital relative to the
dxz and dYZ orbitals [7].

To calculate the Mossbauer spectrum,we must fix three
final parameters: the relaxation rate constant VJ2, where
vJ2 = BZJq in Eq. (63); the effective field at the nucleus,
PK/gan; and the Fermi contact constant, «. By allowing
Pk/g_B_ . to range from 190 to 220 kilogauss and varying
VJ2 within that limit we found that k = 1.58 would not
yield acceptable results but k = 0.625 produced a more
acceptable result. Although we expected k ~ k, this re-
sult is not alarming. Lang and Marshall determined « =
0.35 for low spin ferric heme complexes. A low value for
the Fermi contact constant yields a highly anisotropic A
tensor. A higher value of k > 1 would have yielded an al-
most isotropic A tensor. 1In cases where hyperfine struc-
ture is resolved, the A tensor is usually highly aniso-
tropic. The final parameters are given in Table 6. Figs.
16 and 17 show theoretical Mossbauer spectra calculated
from these parameters. Fig. 16 shows the variation of the
spectrum as a function of relaxation rate, VJ2. Fig. 17
shows the building up of the three components to simulate
the data using the relaxation spectrum from Fig. 16.

The temperature dependence of n and equ/4 of the RLX
component is described by the Boltzmann sum in Egs. (38)

1

and (39). By assigning a value of 688 cm ~ to A, which is k

times the free ion value of Weissbluth [75], we find that
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K

1.14

Table 6. Parameters used in simulating Mossbauer spectra
for P-450 and LOW (P-450 data from [7]).
Parameter P450 LOW
Iy 1.91 -2.363
2.26 2.240
Iy
g, 2.45 -1.965
Axx/gnBn (KG) -450 43
Ayy/gnBn (KG) 102 -71
Azz/gnBn (kG) 191 340
2
ny 0.96 0.95+0.05
2
NXz 0.80 0.80+0.1
N2 0.80 0.80%0.1
vz
AEQ (cm/sec) 0.285 -2.282
n -1.80 0.0
eQsz/4 (cm/sec) 0.099 -0.141
§ (cm/sec) 0.038 0.038
I' (linewidth in cm/sec) 0.030 0.030
vJ2 (MHZ) -— 45*5

0.625+0.025
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n and e2qQ/4 should be temperature independent over the
range 0 to 300 K. This agrees well with the experimentally

determined results.
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VII. CONCLUSIONS

We have presented evidence that there are four distinct
magnetic environments for iron in Fe (TPP) (S¢) (HS¢), two low
spin and two high spin. The low spin forms undergo a grad-
ual magnetic spin transition to the high spin form. The
transitions occur over different temperature ranges, with
the RLX component transforming over the range 100 to 200 K
and IMP transforming over the range 200 to 300 K. These
transformations are similar in nature to the temperature
dependent transformations of substrate bound ferric P450
[7]. In P450, the high spin fraction will increase from
50% to 70% as the temperature is raised from 4.2 K to 220
K. The reason for the incomplete conversion is unknown.

An acceptable fit of the theoretical relaxation model
to the experimentally determined spectra has been shown.
However, the simulated spectrum for RLX is relatively simple
and not very sensitive to the input parameters. This limits
somewhat our ability to achieve a unique fit. This problem
might be resolved by magnetically perturbed Mossbauer
measurements using polarizing fields of greater strength
than were available in this work. However, due to the num-
ber of components present in the sample, the spectrum would
be complex.

The EPR g values observed for LOW are very similar to

the g values observed for a wide range of six coordinate
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ferric porphyrin complexes where sulfur is one of the axial
ligands [14, 21]. The nature of the spin transition, and to
a lesser extent, the electric field gradient, are more sen-
sitive to slight changes in axial ligation. In the model
compound, the nature of the axial ligands is known, however,
the positions of the axial sulfurs relative to the ferric
iron is not well established. Recent work by Strouse [72]
indicates that two different structural species exist at
all temperatures over the range 90 to 300 K with some
variation in relative abundance of each component as a func-
tion of temperature. The two species are similar to those
found in previously published work (Fig. 2) [15]. At 4.2 X,
each of the two low spin components would correspond to one
of the two structural species. It would be reasonable to
assume that the relative abundance of each of the two
structural species would vary from sample to sample depend-
ing on the crystallization conditions. This is supported by
the data from a recrystallized sample of SRL6 which shows a
different ratio of RLX to IMP.

Although most of the low spin ferric porphyrins are six
coordinate, this is not always the case. Smaller six coor-
dinate ferric tetraaza macrocycles with sulfur as the axial
ligands exhibit all three possible spin states, with the
spin state depending on the exact nature of the ligation for
six coordinate species [20]. At least one example of a five

coordinate low spin ferric porphyrin has been reported [22].
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Thus it is not unreasonable at 4.2 K to assign the two low
spin magnetic components IMP and RLX to the two structural
species found by Strouse even though in one of the species
the iron is five coordinate. It is further reasonable to
attribute the two high spin components to these same
structural species at room temperature by assuming that a
spin transition occurs. Most low spin to high spin transi-
tions are accompanied by a structural transition, however,
this is not always the case [43].

Two factors govern the nature of the spin transition in
ferric porphyrins. First, the interaction of the various
spin states with one another. The stronger this interaction,
the sharper or more abrupt the transition [76]. Second, the
exact nature of the ground state will be strongly dependent
on the difference between the bonding of the iron to the
ring contrasted with the bonding to the axial ligands [77].
Therefore, the critical temperature, Tc, and the rate of
conversion from low spin to high spin as a function of
temperature would differ between the two structural species.

Strouse has further suggested the possibility of inter-
conversion of the two structural species [72] which would
account for the increase in the relative abundance of the
IMP component at temperatures near 150 K. Cases have been
reported where one species, such as RLX, converts to two

species rather than just one as temperature is increased




89

[78]. We cannot at this time, however, assign the different
magnetic components to the appropriate structural species.
The present study is then of interest for two reasons.
First, the compound is interesting in its own right, due to
the large number of magnetic environments and the transi-
tions the ions undergo. Second, since the g tensor for LOW
is similar to that of P450, sulfur is probably involved in
at least one axial ligation site on the P450 enzyme.
Further study would be useful to obtain materials which are

fully converted to either of the low spin forms exhibited

here.
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The following seven programs were used to analyze and

display the data presented in this thesis. Various sub-

routines from locally available libraries were used in these

programs and are listed below.

COMPLOT Library [79, 80] -~ used for plotting on X-Y drum and

AXIS

PLOT

PLOTEND

POINTS

SIZE

SCALE

SYMBOL

VECTORS

bed plotters

draws X-Y axis system

draws a data mark at point X,Y

terminate plot and move to new plot region
causes PLOT subroutine to draw only data marks
defines size of plot region

defines plotting region in users units

prints labels on plot

causes PLOT subroutine to connect data marks with
a line

IMSL Library [64]

EIGCC

EIGRS

LEQTIF

VCVTFS

calculates eigenvalues and eigenvectors for a
complex general matrix

calculates eigenvalues and eigenvectors for a
real symmetric matrix

solves linear equations

places matrix into symmetric stragic mode for
EIGRS

LPPLTLB Library - line printer plotting library

AXIS

PLOT

draws X-Y axis on line printer

plots an array of X,Y pairs



LABLPLT 1labels plot
KEITHLB library

LABELP routine for creating a label card on the card
punch
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PROGRAM MOSSRED
REVISION NO. 4o 21 JULY 1978
THIS DROGRAM NORMALIZES AND PLOTS NO-2L080 RAW DJATA. THE LATTESR
HAS PREVIOCUSLY 3EEN RZIAD FROM PAPSR TAPE AND STORED ON DISC FILES
LABELED BY THE EXPEIRIMENTAL OESCRIPTCR (2G. OTCL9). UP/TOWN
MULTISZALING IS ASSUMID SO NO FCLTING OPTICONS =XIST.
LOGICAL UNITS USED 3Y MQCSSRED.

LUN 10 = PLOTTER
LUN 15 = LINE PRINTER
LUN 1€ = PUNCH

THESE LUNS MUST 3% EXTERNALLY ZQUIPEC AND LABELED 3£FORT
RUNNING THE PROGRAMS

LUN 20 = DATA

THIS FILE IS INTERNALLY SQUIPED BY THI PROGRAM AND THERIFORE
MUST 3E FREE. , _

THE FOLLOWING SYM30LS ARE THE INPUT PARAMETERS TC THE PIOGRAM.

N=NUMSER OF INITIAL POINTS TO 3% READ. IF N IS GRTATER
THAN 1200, THE PROGRAM ZNDS.
IF N = 0, THE PROGRAM USES THE OPTICN TO GENERATE A PLOT
(ONLY) FROM OUTPUT CREATED 3Y THIS PROGIAM, AND READS
THE DZCKS PRODUCED.

ND=NUMBER OF INITIAL POINTS TO BE DELETED.

NOL Y=NUM3ER OF DELAY PULSES,

JVF=NUMBZR OF OVERFLOWS.

CG=CENTROIJ OF SPECTRUM,

VELC=CALISRATION CONSTANT IN MM/SEC/CH.,

NOPT=OPTIONAL PLOT FLAG. IF NOPT IS NON=ZEPQ THE
OPTIONAL PLOT IS GENSRATED., IF NCPT IS ZZRO
THE OPTIONAL PLOT IS NOT GENERATIO,

TEXT=AN ARRAY OF DIMENSION 9 WHICH IS THE TITLE FO° THE PLOT.
TEXT(1) MUST CONTAIN THE EXPEPIMENTAL DESCRIPTC? LEFT
JUSTIFIET.

FLAG=OPTIONAL FLAGs IF FLAC IS ONE THE 3ACKGROUND CF MOSS34UER
SPECTEA IS CORRECTED FOR SLOPE 8Y PATIO METHOD.
*sexesxsNQTES FLAG IS AN INTEGER VALUE (IMPOITANT)sesxssas

IF CG AND VELC ARE NON=-ZZRO THEZ PLOT WILL CONTAIN AN A27ISSA
IN CHANNEL UNITS AND AN ADOITIONAL ASCISSA IN UNITS OF MM/SEC.

INPUT?

TO RUN THE PROGRAM, THZ FILE(S) TO 8E USED MUST E€XIST AND

HAVE 3EEN EDITED AND STORED UNDER THE NAME OF THE EXPERINMENTAL

DESCRIPTOR. ALL TITLES, COMMENTS, AND EXTRA CHANNEL CCUNTERS MUST

HAVE JIEEN REMOVED FROY THE FILE, SINCE THE PROGRAM REIADS ONLY

THZ DATA FROM THIS FILE. ,

IF A REPLOT OF ANY NORMALIZED SPECT®PA IS DESIRED, THE ABCOVE INSTRUCTIONE ARE
NOT USED. THZ MEITHCD USED TO RIPLOT SUCH DATA CEPEINDS ON WHITHER AN
AUTOSCAL ING CARD EXISTS WITH THE DATA: WITH AUTOSCALING CARD THE ViALUES OF
CGs YILCy AND AN ADOITIONAL VELOCITY AXIS ARE PRZISENT. WITHCOUT AUTOSCALING
CARD THE USZR MUST CREATE AN AUTOSCALING CARD WITH THE FCLLOWING VALUES
YMAX=Tey YMIN=0,, CG:OOQ VELC=0s.4 NTOT, AND NZZR0. THZ VALUES OF TGy VELCH
AND ADSITIONAL VELOCITY AXIS ARE NOT PRESENT, THIS MZTHOC WILL PROCUCI &N
AUTO SCALING CARC AND A LABZIL CARD,.
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THE VALUES OF YMAX, NTCT, AND NZERO ARE ABSCLUTELY NECEZSSARY FOR THE
DETERMINATION OF THE Y=-AXIS IN THZ PLOT. YMAX IS REQUIRED TC EQUALL ZZR0
(YMAX=04)y IN ORDER FOR THZ NEW AUTOSCALING CARD TC 3E PUNCHED.

TWO PARAMETER CARDS ARE NECESSARY FOR E£ACH SPECTRA TO 3E NORMALIZED
AND PLOTTED.

CARD 1% N« NDJ, NDLY, OVF, CGs VELCs NOPT,FLAG
(3IS5,3F10.5,215)
CARD 2t TEXT(I), I=1,9
(948)
THE ABOVE IS CARD SET 1

IF THZ USER WISHES TO USE THZ RIPLOT OPTION, HZ SHOULD USS CARD SET 2 (CF
CARD SET 3.

CARD 3t (BLANK CARD)
CARD 4t TITLE CARD (SAME AS C2RD 2}
CARD 53 AUTOSCALING CARD (YMAXoYMIN+CGoVELCoNTOTG¢NZZRCHFLAG)
(3F10.5+F10.8,3I5)
* NORMALIZED CATA DJECK *
THE ABOVE IS CARD SET 2.

NOTE: AUTOSCALING CARD WAS FOUND WITH THE TITLE CARD AND THE NORMALIZED
DATA DECK.
IF AUTOSCALING CARD IS NOT FOUND WITH THE TITLZ CAXD AND NORMALIZED 3ATA
DECK. THEN CARD S IS REPLACED WITH CARD 6.

CARD 3

CARD &

CARD 6% PARTIAL AUTOSCALING CARD (0eeDesBe9BesNTOT4NZEROWFLAG)
(3F13.5+F10.8,3I5)

* NORMALIZED DATA DECK *

THE ABOVE IS CARD SET 3.
ADDITIONAL ARRAYS AND PARAMETERS USED

IDAT(1200)=ARRAY OF INITIAL RAW DATA.

RDAT(1200)=ARRAY OF NORMALIZED CATA.

ARRAY{9)=ARRAY USED TO TRANSMIT LABELS FOR PLOTS.

NZERO=NO+NDLY, THE NUM3ER OF POINTS AT THE 3EGINNING

WHICH ARZ SET TO ZSRO.
ADD=0VF*1048576+ THZ NUMBER OF COUNTS TO 3€ AOQDED TC
THYE RAW DATA FOR OVERFLOWS.

FACT=NORMALIZING FACTOR OSTAINECL BY AVERAGING 5 PCINTS
AT ZACH OF THE OUTER EXTREMES OF THE SPECTRA AND
SETTING THAT TO 100.

YMAX=LARGEST VALUE OF RDAT.

YMIN=SMALLEST VALUE OF RDAT.

QUTPUT: THE FOLLOWING IS CONTAINED ON THE OUTPUT UNITS.

PUNCH?
1)LAREL CARD WITH TEXT{1) AS A LABEL.
2YTITLE CARD WITH TEYTI(I) ON IT.
JIPARAMETER AND AUTOSCALING CARD CONTAINING
YMAX, YMIN, CG, VELCes NTOT. NZZROs FLAG
(3:1005“‘1005’315)
)THE NORMALIZED DATA AND CORRESPONCING CHANNEL NUMREZR,
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T0

(1+4RDATLI) 4 I=1,NTOT)
(BlIksFB.4))

LINEPRINTER?

LITEXT(I) AT TOP OF ©AGE AS TITLE.

2)CONSTANTS OF CALCULATION
(N, NDs NOLY, OVF, CGs VELCs TEXT{(1), FLAG),

3)THE RAW SXPZIRIMENTAL 0ATA WITH OVERFLO®S ADDED IN AND
THE CORRESPONDING CHANNEL NUMBER,

4)THE TITLE AT THE TOP OF A NEW PAGE.

S)AUTOSCALING INFORMATION (YMAX, YMIN, NTOT, NZERO. FLAG)

6INORMALIZED DATA (ILRDAT(I), I=1,NTOT)
(1X46(I4sFEL3))

PLOTTER:
1)TITLE OF THE PLOT.
2)DATA PLOTTED WITH SMALL CIRCLTS AS DATA PCINTS.
3)LAAELEDR ABCISSA WITH THE FIRST NCN=-ZERC DATAPOINT -
LABELED AND THE LAST DATA POINT LASELED AND TIC=MARKS
AT EVZIRY 10 CHANNELS. THE ORDINATE IS LABCELED WITH
LARGE TIC=-MARKS AT EVERY UNIT ANC SMALL TIC=MARKS
AT HALF=INTEZGZS POINTS.
G)IF VELC AND CG ARE NCN-ZERO, AN ADDITICNAL A3CISS2
IS ADDED WITH VELOCITY IN MM/SEC AS THE UNITS.
CG ANT VELC AREZ ALSO WRITTZIN OUT AT THE TOP IF
THEY ARE NON-ZERC,
S)IF NOPT IS NON=-ZIRO & SEPARATE PLOT OF INTENSITY
VS VELOCITY IS PLOTTED ON A SCALZ CF IMM/SEC=e5 INCH.
6)IF FLAG IS ONE SACKGROUND CORRECTION STATEMENT PRINTED
7ISCALING ON THE PLOT GIVES AN OROINATZ OF 7.57 INCHES
AND AN ABSCISSA OF B8.55 INCHES.

CRIATE ANO RUM THE BINARY 3ICKs NCTING THAT THE SYMBOL 222 IS

USED TO DENOTE THZ CONTROL MODZ SYMB0L. OR THE 7/8 ON THE CARDS.

FROM TELETYPE (DECKNAME OF MOSSRED IS ASSUMEM™)

T0

2FORTRAN,I=MOSSREDy OeC o X

THE X OPTION CREATES THE 3INARY ON LUN 5&, TO SavE THI BINAFY

USEt (NCTE, P OPTION IN FORTRAN WILL ALSO PUNCH THIS 3ECK)

2SAVE,56=M0SSREDS

TO CREATE A PUNCHED DECK,s USE! (UNLESS OTHERWISE SQUIPPED.
LUN 62=PUN)

2LABEL.62/SMITH (0R WHATZVER NAME YOU WANT)

2C0PY ,I=MOSSREDB,0=62

RUN THE DECK JUST CREATEDs FROM BATCH, USE THE FOLLOWING DECK:
ZJOB' 290606000000

2EQUIP.10=PLOT

2EQUIP,15=LP

2EQUIPs 16=PUN

>LABEL+10/SAVE FOR SMITH

2LABEL+15/5AVE FOR SMITH

2LASEL.16/SHMITH (LIMIT OF 7 CHARACTERS ON PUNCH LARZEL)
2FORMS,10/PT=05 PLEASE {MOUNT FINE RAPIDGGRAPH PEN CN PLOTTER)
2TIME = 200 (GIVES ENOUGH TIME TQO SUN)

2MF3LKS = 400 (GIVES YOU ENQUGH FILEZ SPACZE FOR RUN

£ACH SPECTRA REQUIRES ABCUT 40 FILE
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3LO0CKSe THE LIMITS OF YOQUR JoO8
NUM3ER SHOULD RE CHECKED FOR THIS.)

2L0A0,L=*COMPLOT L=*KEITHL3 (LOAD 3INARY AND SATISFY PLCTTING
EXTERNALS FRQM *COMPLOT, AND LA3ELR
FRCM SKEITHL3,.)

<3INARY DECK>

22

RUN

(SUGGESTZD ORDER OF CARD SETS)

(ANY PERMUTATION OF THESE CARD STTS MAY EXIST IN ANY QRDER)

SET 1

-
N

rnn

mm
4
~N

o o AW o o NN o
- -
(%]

SET 3
CARD 1 WITH N>1200
2L0GOFF
END OF INSTRUCTION FOR PROGRAM MOSSRED.

PROGRAM FOLLOWS AFTER THE LINE OF =25,

BBBBBBBBBPBIBRABBIB IR BRBRBBRBBBNBBIRBEBBB038B3B5R838883388848535833808083083a%

OO0 O0O00000000O000O00O0O0

DIMENSION IDAT(1200), RDAT(1200)s TEXT(9)s ARRAYI(9)
OIMENSION CUTOUTI(3)

OIMENSION SCKGRN{&)

DATA (CUTOUT= 20HCUT ALONG SOLID LINE)

DATA (3CKGRN= 25+ BACKGROUND CORRECTED)

INTEGER FLAG

c

C REZAC IN INITIAL PARAMZITEZRS AND TEST £XxIT CRITERTIA (N>1208)
c

90 READ 100, NyNCoNDLY,OVF4CG4VELC4NOPT,FLAG

100 FORMAT (31I543F10.54+215)
IF (N.GT.1200) CALL EXIT
IF (N.EQ.J) GO TO 350
READ 118, (TEXT(I)4I=1,9)
110 FORMAT (9A3)
c
C LASEL PUNCH WITH TEXT(1) AND WRITEOQUT TIXT CN PUNCH AND LP.
c
CALL LABEL® {16,TEXLT(1)N
CALL ZQUIP ({20,TZXT)
WRITE (1541300 (TEXT(I)+I=1,9)
WRITE (16+4135) (TEXT(I},I=i,9
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130 FORMAT (1H1,948)

13¢5 FORMAY (9A%)
c

C READ IN IDAT ARRAY.

c

READ(20,120) (IDAT(I)sI=1,N)
128 FORMAT (9(Ib.,1X),I5)

c

C WRITE OUT CONSTANTS OF CALCULATION AND HEADINGS ON LINE

c

1659

WRITE (15+140) NyNDJNOLY OVF+CGVELCLTEXT(1)
140 FOMAT (1H-,5X,2CONSTANTS OF CALCULATIONZ,//,

SX ¢+ 2NUMBER
SXe2NUMBER

VI B 5 (4N -

c

OF JATA POINTS N
OF PCINTS DELETSD NC

SXs2NUMSBER OF PCINTS CELAY NOL
SXs2ZNUMBER OF QVERFLONWS OVF
SX,2CENTROID IN CHANNELS c6

SXe2CAL CONST (MM/SEC/CH) vZLC
5X+2INPUT DATA IS FROM FILE 2,48)

C CHECK FOR 3ACKGRCUND SLOFE PLAG.

e
IF (FLAG.NE.1)
WRITE (15.145)

GOTO 145

24154/
224154/
=24,1547/,
=24FSsGe/y
=2 4F104C97/4
=24,F10484/,

146 FOIMA 1 (SX+23ACKGROUND SLOPZ CORRECTED?)

145 WRITE (15,150}

158 FORMAT (1HO, 26X 42EXPERIMENTAL RESULTS2)

WRITE (15,160)

160 FOIMAT (1HD.1X,

6 (#CHA COUNT 2),/})

C ADD OVIRFLOWS AND PRINT QUT EXPERIMENTAL RESULTS

NZZRO=ND+NOLY
NTOT=N+#NOLY
NOLY1=NOLY+L
NDi=NC+1
NZERO1=NZERQ+1

ADO=0OVF*1048E76.0

00 170 I=NDi,N
K=I+NDLY

170 RDAT(K)=IDAT(I)+ADD
DO 180 I=1+NZERO

13¢ ROAT(IN=0.10
WRITE (15,190)

(JeRDATJ) ,J=1,NTOT)

190 FORMAT (1X.5(I4,FB8.01)

c
C QCETERMINES NORMALIZING FACTOR.
c

AVG1=AVG2=0,0

N1=NZERD+3

N2=NZERO+7

N3=NTOT=7

N4=NTOT=-3

DO 200 X=N1sN2

200 AVG1= 2VGL+RDATIK)

B0 210 K=N3,N&

210 AVG2=AVG2+RVATI(X)

c

C CHZCK FOR CGRRECTION OF 3ACKGROUND SLOPE FLAG,
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c

IF (FLAGW.MNE.1) GOTD 215

CALL 2KGCOR(RDATINTOT,AV¥G1,4VG24NZERCY)
NORMALIZATION OF SPECTRUM.

DETERMINATION OF YMAX AND YMIN.

NOOOOOO

is YMIN=100.
YMAX=100,
FACT=1000./(AVG1+AVG2)
DO 220 I=NZERO1.NTOT
ROAT(I)=ROATII) *FACT
IF{RDAT(I) .GTe YMAX) YMAX=RDAT(I)
2210 IF (ROAT(I) +LTe. YMIN) YMIN=ROATI(I)
c
C PRINT HEACDINGS AND SCALING FACTORS ON LP.
c
WRITE (15+130) (TEXT(I)eI=1,9)
WRITE (15,248) YMAX.YMIN,NTOT,NZEFO
WRITE (15,230)
230 FOMAT (1HO, 26X+ 2NORMALIZED SPECTRUMZ)
c
C CHECK BACKGROUND SLOPE FLAG.
<
IF (FLAG.NE.1) GOTO 235
WRITE (15,236)
236 FORMAT (1HO,26X,#8BACKGRCUND SLOPE CORRECTED#)
c
235 WRITE (15,240)
240 FORMAT (1HO,1Xe & (2CHA INTEN 2),/)
c
€ PUNCH OUT PARAMETER CARD WITH AUTQSCALING INFORMATION.
c
WRITE (16+245) YMAX.YMINsCGIVELC,NTOToNZEROLFLAG
2645 FORMAT {(3F10.54F10.8,315)

. 248 FORMAT (/45X o2INTENSITY MAX = 2,F10.5+5X2INTENSITY MIN
1+F1045+5Xs 2NOs OF SQINTS = 2,I%+5X+#N0s OF LEADING 7ERQS

2eI4s/)
c
€ PRINT AND PUNCH NORMALIZED SPECTRUM.
c

WRITE (15+251) (I,R0OAT(I),I=1.NTCT)
WRITE (16,250) (I,RDAT(I),I=1,NTOT)
250 FORMAT (B(ILyFB.4))
251 FORMAT (1X+6(ILeF843))
GO TO 861D
c

C THIS OPTION (IF N=0) ALLOWS THE USER TO RE=PLOT A SPECTRA,

C THE DEZCK FROM CARDS GEMNSRATED 3Y THIS PROGRAM
c
850 RZAD 135, (TEZXT(I),I=1, D)
READ ZuB s YMAX 4 YMINSCGoVELC W NTOT,NZERDLFLAG
FEAD 250+ (JoRDAT(I) 4 I=1,NTOT)
NZZR01 = NZERD +
860 CONTINUE

c
C IF AUTOSCALING CARD IS NOT PRESENT THIS OPTION WILL PUNCH ONZ,.

c
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IF (YMAX.NE.O.) GO TO 8&¢
YMAX = YMIN = 100,
DO 865 I=NZERO,NTCT
IF (RDATII).GTeYMAX) YMAX ROAT(I)
865 IF (ROATHI)SLT.YMIN) YMIN RDOAT(I)
WRITE (16+245) YMAX, YMINGCG,VELCWNTOTSNZEFOFLAG
CALL LASELP (16,TEXT(1))

c

C BEGIN PLOTTING SEQUENCE.

C PLOT INTENSITY VS CHANNEL NUMBER
c

866 CALL VECTORS

c
C DORAW 30X ARQUND PLOT FOR CUTTING PURPOSES.
c
CaLL SIZE (27+410.)
CALL SCALE (levles0ev0ev0esle)
CALL PLOT (Deylev0,0)
CALL PLOT (11.40e¢1+8)
CALL PLOT (11448.5+1,0)
CALL PLOT (0,,8.5,1,40)
CALL FLOT (0e40491,0)
CALL POINTS
CALL FLOT (1.25+8.2+1+28)
CALL PLOT (5.50,8.2.,1,29)
CALL PLOT (9.75+842414+28%)
* CALL SYMB0OL (4e348¢555004412+,20,CUTOUT)
CaLL VECTORS

SET UP SCALING OF PLOT

OO0

XMAX=NTOT
XMIN=NZERO1
XOIF=XMAX-XMIN
YDIF= YMAX=YMIN
YMIN=YMIN=(.S0*YOIF)
YMAX=YMAX+ (EQ*YDIF)
YOIF=YDIF*2,0

DEFINZ PHYSICAL BOUNDRIES

00

XSCAL=8.5455/XDIF
YSCAL=6.5636/Y01IF
CALL SCALE (XSCAL.YSCALy1eSs1esXMIN,YMIN)

OISPLACE MENT FOR DRAWING CAPTIONS

OO0

XX0IS=,24/XSCAL
XY3IS=.66/XSCAL
YXJIS=.24L/YSCAL
YYJIS=.08/YSCAL

ORANW AND LABEL X=-AXIS

[z N X>)

ENCODE (3+310,ARRAY) XMIN
310 FORMAT (F3.0)
CALL SYMBOL (XMIN=XXDISsYMIN=YXDIS+0eve 16434ARRAY)
CALL FLOT (XMIN,YMIN,0,0)
CALL PLOT (XMINsYMIN,1,+8)
XP=IX F=NZZIRO1/18
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320

330

c

XP=XpP+10,

IF (XPJ.GE.X4AX) GC TO 330

CALL PLOT (XPyYMINs1,.8)

GO TO 320

CALL PLOT (XMAX,YMIN,1,8)

ENCODEZ (3+43100A%RAY) XMAX

CALL SYM30L (XMAX=XXO0ISeYMIN=YXD3ISs0sse1€43,ARRAY)
CALL PLOT (XMINyYMIN,0,0)

C DRAW Y=AXIS

c

340
350

360
£

YP=IY F=YMIN

IPO=YMIN+.5

YLMK=YPs 1,

YHMK= THP= YMAX

YP=YP 4,5

IF (IYP.NELIPP) GO TO 350
CALL PLOT (XMIN,YP,1,5)
YPzYP+,5

CALL PLOT (XMIN,YP,146)
YP=YP+,5

IF (YF.LT.YHMK) GG TC 340
IF (YP.GE.YMAX) GO TO 368
CALL FLOT (XMIN,YP,1,3)
CALL FLOT IXMIN,YMAX,1,0)

C LABEL Y-AXIS

c

OO0

ENCODE (3,310,ARRAY) VYLMK
CALL SYMBOL (XMIN=XYOIS,YLMK=YYDIS 04001643 4,A5RAY)
ENSOOE (3.310,ARRAY) YHMK
CALL SYMBOL (XMIN=XYDIS,YHMK=YYJISs0eeelBe 34ARRAY)

LABEL PLOT WITH TITLE

ENZOOE (7241104ARRAY} (TEXT(I)+I=149)
CALL SYMBOL (XMINsYMAX¢0eysel12+72,ARRAY)

C CHECK FOR 3ACKGROUND SLOPE FLAG.

c

c

365

c
ceLoT
c

370

c

IF (FLAG.NZ.1) GOTO 365
CALL SYMSOL (XMINsYMAX=(2*,3/YSCAL)+0s9e12y2543CKGRN]

CALL POINTS

DATA

00 370 I=NZSRO1WNTOT

FI=1

CALL PLOT (FISROAT(I)s1,27)

CALL VECTORS
IF (CG.EQ.0.0) GO TO 500

C WRITE QUT CENTER OF GRAVITY ANO CALISBRATION CONSTANT ON FLOT IF

C GG
c

700

IS NON-ZERO.

ENSOOE (65,700,4RRAYY VELC.CG
FOIMAT (kX'tcAL CONST = z.FlO.T.: HM/SEC/CHt.SX.ZCG = Z'Flal“q

Iz CHANNELS?®)
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CALL SYMBOL (XMIN,YMAX=(e3/YSCAL) 3y 044412,559AFRAY)

THIS CODZ GENERATES THE VELQCITY AXIS CON THE DATA PLOT
IF CG IS NON=7ZZR0Q, FOR THIS SZICTION. THE FCLLOWING
PARAMITERS ARS IMPORTANT,

VELMIN=MINIMUM IN VZLOCITY CORRESPONDING TO xMIN,

VELMAX=MAXIMUM IN VELOCITY CORRESPOMOING TO XMAX.

VAX=QFFSET OF VELOCITY AXIS ABOVE CHANNEL AXIS,
(«5 INCHES A30vE)

VLMK=LOW VALUZ ON vzZL AXIS TO 3E LASELED.

VHMK=HIGH VALUE ON VEL AXIS TO 8E LASQELED.

SET UP INITIAL PARAMEITERS REQUIRED.

OO0 O00O00

VELMIN (XMIN=CG)*VELC
VELMAX = (XMAX=CGI*VELC
EL1 = 1./7VELC

VLMK = IVL = VELMIN

DZL = VLMK = VELMIN

VAX = ,S/YSCAL ¢ YMIN
YHMK = IVH = VELMAX

ORAW VELCCITY AXIS,

o000

. CaLL FLOTIXMIM,VAX,0,0)
VPOS = XMIN * DEL/VZLC
300 Zall PLOT(VPOS,.VAX+1,8)
vVPOS = VPOS + VELL
IF (VPOS.LZ.XMAX) GO TO 800
CALL PLOT(XMAXsVAXs140)
C LABEL VELOCITY AXIS AT VvLMK,0. AND VHMK
VP0S = CG = +04/XSCaL
CALL SYMBOL(VOOS,VAX=YXJ3ISy0ese 1641y 1H3)
VPOS = CG + VLMK * yEL1L
ENZODE (3,820,ARRAY) IVL
820 FIRMAT (I3) -
CALL SYMBOL (VPOS=, I2/XSCAL+VAX=YXOIS+04se1£,434ARRAY)
VPJS = CG & VHMK * ELY
ENCODE (3+820,ARRAY) IvH
CALL SYMBOL (VPQOS=.32/XSCALsVAX=YXDISs0ese154+34ARRAY)

ORAW VERTICAL LINZ AT VZL =0.

a0on

CALL ~LOT (CG.100.,0,0)
CALL PLOT (CGsVAX,1,0)
IF (NOPT) 601,600

THIS PART OF THE CODE DRAWS THE PLOT OF INTENSITY VS VELOCITY WITH THZ
VELOCITY AXIS CALIBRATED WITH IMM/SEC = .5 INCHES.

A€GIN By ESTA3LISHING THE CONSTANTS FCR COMPLOT.

PO OO0O0

g1 VIIF VELMAX = VELMIN
VSCAL o5
CALL SCALE (VSCAL,YSCAL+14e91es VELMIN,YMIN)
XXJIS = «32/VSCAL
XYDIS = .Ea/vSCAL

Wou

c
C LABEL VELOCITY axiIS.

00431
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c
ENCODE (4,380,ARRAY) VLYK
380 FOIMAT (Fhol)
CALL SYM30L (VLMK=XXDIS YHIN=YXOISe0s0el6slsARRAY)
ENCODE (&, 380,ARRAY) VHMK
CALL SYMBOL (VHMK=XXDIS,YMIN=YXDIS,0.selB+44ARRAY)
CALL PLOT (VELMINsYMING3+D)
VPOS = VLMK
870 CALL PLOT (VPDS,YMIN,1,8)
VP3S = VvPOS + 1.
IF tVPOS.LE.VELMAX) GD TO 8780
CALL PLOT (VELMAX,YMIN,1,0)

c
C ORAW Y=aXIS.
c
CALL PLOT (0.0yYMIN,0,0)
Ypz1vYP
YP=YP +,5
IF (IYP,NE.IPP) GO TO 4110
L00 CALL PLOT (0.0,YPy145)
%10 YP=YP 4,5
CALL PLOT (0.0,YPs1456)
YP=YP+,5
IF (YP,LT.YHMK) GC TO 400
IF (YP.GE.YMAX) GO TO 420
. CALL FLOT (0.0,YP,1,5)
420 CALL FLOT (0e0sYMAXe1,0)

c

C LABEL Y=-aXIS.

c
ENCODE (3,310,ARRAY} YLMK
CALL SYMBOL (‘XYDIS'YLHK-'YDISQ ﬂoq 016' 39ARPAV)
ENCODE (3,310,ARRAY) YHMK
CALL SYMBOL {=XYDISsYHMK=YYDIS, 0eselB43,ARRAYY
ENCODE (724+1104,ARRAY) (TEXT(I),I=1,9)
CALL SYMBOL (VELMIN,YMAX,0es012,724ARRAY)

ORAW JATA POINTS WITH SMALL CIRCLES AS DATA MARKS.

OO0

VPOS = VELMIN

CALL POINTS

DO 430 I=NZZRO1,NTOT

CaLlL PLOT {(VPOS.RDATI(I) 1,427
430 vP3S = VvPOS +VELC
600 caLL PLOTEND

CALL UNEQUIP (20)

ENDFILE 186

GO TO 98

END
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SU3BROUTINE BKGCOR(RDATNTOT,AVGL, AVG2,NZZRO1)

c“““““'“"““““l*‘l“l"l““l“‘n‘l‘l““.“l‘“l“““

c
c

PROGRAM TO CORRECT THE 3ACKSGROUND OF & MOSSBAUER SPEOTRA
FOo= SLOPE IN THE 3ACKGROUND 3Y A SATIO METHOD

Cll““‘l““l““ SESBRLES BB IS BT SRS ERES S SBBSEREES RSB SEEBIFISX4285

c

60

DIMENSION RDAT(1200)

AVI1= AVG1l/S.

AVE2= AVG2/5.

DEL=AVE2-AVEL

DELT = AVEZ * (NTOT-3=-NZERO1)
DELTA = DEL/DELTY

DO 60 I=NZEROLWNTOT
ROAT(II=ROAT(IVI*(1.=(I=1)*DELTA)
CONTINUE

4vG2=4AVG1

RETURN

ENN
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PROGRAM SHWMPLOT
SWMPLOT GENERATES A SERIES OF PLSTS IN COLUMN FASHION BY STACKING
THE PLOTS UP TI 15 PLOTS HIGH. THE PROGRAM ALLOWS THE USER TO
PLOT ANY COMBINATION OF THE FOLLOWING.
1¢) DATA IN THE FORMAT OF X, THEN Y {E(FL,0.FB8.3))
2.) LOREINTZIAN MOOZL 1
3.) LORENTZIAN MODEL 2
ko) HYPERFINE MODEL CALCULATED FROM HIEFF)E**2*Q%Qyses
4.) THEORZITICAL SPECTRA OF USER FORMATED TYPE. (MUST BE X,.¥ DATA)
THE ORDER OF OPERATION OF THE PROGRAM IS AS FOLLOWS?
1. INITIALIZE PLOTTING (DRAW X AXIS)
2. PLOT DATaA
3. DRAW Y AXIS
4e PLOT LORENTZIAN MOTEL 1
5. PLOT LORENTZIIAN MODEL 2
6. PLOT HYPERFINE MODEL
7. PLOT THEORZITICAL SPECTRA
8., ADVANCE TO NEW PLOTTING REGION AND RETURN TO STEP 2

TO INITIALIZE THE PROGRAM THE USER MUST PROVIDE THE FOLLOWING

NCOL = NUMBER OF COLUMS OF PLOTS(MAX OF 2)

NPLTS = NUMBER OF PLOTS PER COLUMN (MAX OF 15)

NTYPE = PLOTTER CHOICE PARAMETER. IF NTYPE=0, THE
CALCOMP PLOTTER IS USEDs IF NTYPE = 3, THE SMALL
GERBER PLOTTER 1S USED

XSIZE = LENGTH OF X AXIS IN INCHES (DEFAULT = 14.)

YSIZ = LENGTH OF Y AXIS IN INCHES (DEFAULT = &)

CHMARSZ= SIZE OF CHARACTERS IN LABSLS (DEFAULT = .32}

BIASF = SOACING BETWEEN TOP OF ONE PLOT AND B30TTOM OF NEXT.
(DEFAULT = .2 INCHES)

XLOW = LOW VALUE OF X ALLOWED

XHIGH = HIGH VALUE OF*X ALLOWED

XINC = INCREMENT FOR TICS ON X AXIS (STARTING FROM ZEROD)

NLBL = LASELING FREQUENCY. IF NLBL = 1. ZVERY TIC IS LABELED

IF NL3L=2 EZVERY OTHER TIC IS LASELED STARTING AT Jesees
FuT = FORMAT OF THE THEROEZTICAL SPECTRA
(EG.{6(FL,0+FB8e3)))

OPTIONS AND OPTION FLAGS
IF ANY OF THE OPTION PARAMETERS ARE NCN=ZERO THE OPTION
IS INITIATED AND THE CARDS NECESSARY FOR THAT OPTION
WwILL 3E READ

OPTION FLAGS

NCAT CALLS SUBROUTINE DATPLOT

NLRENE CALLS SUBROUTINE PNLREN1

NLREN2 CALLS SUBROUTINE PNLREN2

NHEF F CALLS SUBROUTINE P2

NTH CALLS SUBROUTINE PLOTTH

T CALLS SUBROUTINE TANDH WHICH PFINTS OUT THE
VALUE OF T ON THE PLOT

EACH OF THE ABOVE SU3ROUTINES RZADS INPUT CARDS. THESE CARDS
EXPLAINED IN THE VARIOUS SUBROUTINES, THE ROUTINES ARE CALLED
IN THE ORCER THAT THEY ARE LISTED ABOVE, ANC THEREFORE THE CAROS
TO 8 READ B8Y THE ROUTINES MUST 8E IN THAT OROER. 03VIOQUSLY IF
A ROUTINE IS NCT CALLED INPUT CARDS FOR THAT OPTION ARE NOT
NECESSARY .,
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c

c

c

c

c

c

c

c

c

c
CARD
CARD
CARD
CARD
CARD

CARD.

0000000000000 0O000O0

VERSION 3413

#2821 NPUT CARDS®**

ZJOB’..........
2CQUIP,10=PLOT
>LASEL,10/SAVE FOR SMITH (OR WHATEVER NAME YOU CHOSE)
2FORMS+10/°T=-05 PLEASE (IF YOU WANT A SPECIAL PEN ON PLOTTER}
24F3LKS = 409
2TIME=200
2L0AD3INFILE,L="COMPLOT

110

0i711s78 00%3

THE FOLLOWING INPUT CARDS ARE NECESSARY TO RUN THE PROGRAN
IF ANY OPTIONS ARE USED THE INPUT PARAMETERS ARE LISTED IN THE
SUBROUTINE FOR THAT OPTICN

llll‘lllllllll‘l‘llllllllll‘llll#l‘llilllllllllllllll"‘ll‘llllllll

1 (315
COLUMN
1 - 5§ NCOL
5 = 18 NPLTS
11 - 15 NTYPE
2 (LF10,5)
COLUMN
1 - 18 XSIZE (LEAVE SLANK FOR DEFAULT)
11 - 20 ySIZ (BITTO)
21 = 30 CHARSZ(DITTO!
314 - 60 3IASF (BITTOY
3 (3F10.5.15)
COLUMN
1 - 10 X LOMW
11 = 20 XHIGH
21 - 30 XINC
31 - 35 NLBL
4 (10a8)
COLUMN
1 - 80 FMT
5 (5I54F5.0)
COLUMN
1 = 5 NDAT
6 = 10 NLREN1
11 - 15 NLREN2
16 = 20 NHEFF
21 - 25 NTH
26 - 30 T

lllllllll.‘l IYYSCYRYPYYFPYRP RSP R RIS SRS XL 22 IYYYYR YRR LI AL RS XL L4

*22QUNNING THE PROGRAM=*=

THIS ASSUMES THAT THE PROGRAM IS 3ITING RUN CN 0S=3 &ND THAT A
8INARY FILE OF THIS PROGRAM EXISTS AND IS CALLED BINFILE.
THE CONTROL MODE SYM30L > WILL DENOTE THE 7/8 PUNCH ON A
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c

2 X R X3 X X2 X2 X2 K2 X2 X2 K1 X2 X2 X2 K2 Xs K3 K2 X3 N2 XS N T A 2

RUN

CarDd
CARD
CARD
CarD
CARD

WV & LN

.
DECKS OR CARDS AS REQUIRED BY OPTIONS SPECIFIED ON ABOVE
CARD TyPE 5

CARD S

OSCK FOR OPTIONS ON SECOND PLOT FROM CARD TYPE S5

THIS IS RESPEATED UNTIL ALL PLOTS ARE DONE.

WHICH IS NCOL * NPLTS TIMES THAT CARD TYPE S FOLLOWED 3Y
THE NECESSARY DECK IS USED.

2>

2LOGOFF

c."“'&‘&CCCCC&'COCCCC‘C'CCCCJ'OC'C‘C“CCC"OC'C"‘C X222 R 2 X223

C***ACTION TAKEN 8Y THIS ROUTINE (OUTPUT)*+*

c

C***pLOTTER OQUTPUT®»+

e X R X2 X2 X3 ke Xz X2 X2 X1 X212 K2 X2 X3 X2 N X3 X1 X2 X3 X1 X2 X3 K3 X2 X2 X X ¢}

1« DRAW THE X AXISs XSIZE INCHES LONG.

2, PLACE TIC MAPKS ON THE X AXIS STARTING FROM ZERO AT
INTERVALS OF XINC,.

3, LASEL THE APPRCPRIATE TIC MARKS. STARTING FROM ZERO,
SKIPSING NLBL = 1 TIC MARKS AND LASELING THE NEYT TIC MARK,
UNTIL THE X AXIS HAS BEEN LABZLEO IN 30TH OIRECTIONS.

4. TIF NC LABELS ARE OESIRED.NLBL SHOULD BE SET TO A NUM3ER
GREATSR THAN THE AVAILABLE NUMBER OF TIC MARKS. THIS IS
DUE TO THE FACT THAT THE LARELING OF THE AXIS AND DRAWING
THE aAxIS WITH TIC MARKS IS DONE AT THE SAME TIME,

STARTING AT ZERO. THE AXIS IS ORAWN 3Y DRAWING THI TIC MARK
AND CONNECTING IT WITH THE PREVIOUS MARK. THE PROGRAM
COUNTS OVER NLBL TIC MARKS AND LA3CLS THAT TIC MARK. IT
THEN COUNTS OVER NLBL MORE TIC MARKS AND ORAW THEM

AND LASELS THE APPROPRIATE CONE. THIS CONTINUES UNTIL

THE AXIS HAS SEEN DRAWN AND LABELED IN B0TH CIRECTIONS.

IF THE PFOGRAM REACHES EITHER XHWIGH OR XLOW BEFORE

COUNTING NLBL TIC MARKS, NONE ARE LABELED.

5., AT HE END OF THE RCUTINS, THE X AXIS WILL 3E LABELED
ZVELOSITY (CM/SEC)2 AND THE Y AXIS WILL BE LABELED
2RELATIVE TRANSMISSIONZ,

YIRS YRYYYRPYE PRSI PR RS SRS RS R S22 A SRR 22 bt g 2222 T IR 222 2 22 22 2 2

sas50Me ADDITIONAL COMMENTSe*s

1. IF ALL OPTION FLAGS ARE 25RO 4 BLANK IS LEFT IN THE COLUMN
FOR THAT PLOT
2. PLOTTING ORDER HAS THE PROGRAM STARTING WITH THE LEFT MOST
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c COLUMN AND THEZ 8S0TTOM PLOT. THE PLOTS ARE OONE SUCH THAT
c THE FIRST COLUMN IS COMPLETED, THEN THE SECOND COLUMN IS
c STARTED.

c 3. FOR EVERY PLCT, A REGION XSIZE BY Y SIZ IS OSFINED. THE
c OISTANCE 3IASF IS SUSTRACTED FROM YSIZ TO DETERMINE THE

c PHYSICAL HEIGHT OF THE PLOT, THE EBLANK AREA BIASF INCHES
c WIOE IS LEFT AT THE BOTTOM OF THE PLOT. (EGe IF YSIZ=k.,
c AND BIASF =t.,, THE TOTAL HEIGHT ALLOWED FOR EACH PLOT

c WOULG SE & INCHES SUT THERE WOULD 3E 1 INCH SLANK AT

c THE BOTTOM ANO THE PLOT WOULD ONLY OCCUPY 3 INCHES ABOVE
c THE BLANK AREA.)

c

c

CCCCCCC&CCCCCCCCCCCCENO [s] COH”ENT FEILDCICCCCCC‘CCCCCCCCCCC&JCCg

CIYENSION 3CDARAY(10)
OIMENSION REL(3),FMTIL10),VEL(D)
DATA (REL = 21HRELATIVE TRANSMISSION)
CATA (VEL=1THVELOCITY (CM/SEC))
COMMON/ONE/XLOW ¢ XHIGHs3IASF4XSTZE,YSIZy CHARSZ 4 XOFF, YOFF4AFACT
13 FORMAT (SIS5,F5,0)

15 FORMA T(4F10,5)

20 FORMAT (3F10.0,1I5)
30 FOMAT(1049)

c

C OFFX AND OFFY ARE OFFSETS IN THE X AND Y DIRECTIONS FOR THE PLOTS
c

OFFX= 2.

OFFY=2,

READ IN THE INPUT CARDS TO DEFINE THE PLOT

(e XXy

READ 104NCOL,NPLTS,NTYPE

READ 15,XSIZE,YSIZ,CHARSZ,3IASF
READ 20, XLOWsXHIGHs XINCoNLBL
READ 30,FMT

CHECK PARAMETERS FOR SIZZ ANO SET TO DEFAULT VALUES IF ZERO

OO0

IF(SIASFeEQe0s) BIASF = ,2
IFIYSIZeEQe0e) YSIZ=4,

IF(XSIZELEQeBs) XSIZE = 10.
IF(CHARSZ,ZQ.0,1 CHARSZ=,.32

c
C REDEFINE 3IASF IN TERMS OF THE FRACTION OF THE PLOT
C RESGION (YSIZ HIGH) THE aCTualL PLOT WILL OCCUPY.
c
BIASF = BIASF/YSIZ
XSIZ = NCOL*(XSIZE + OFFX * Z,) = OFFX ¢i.
CELX=XHIGH=XLOW
PLTHT =NPLTS*YSIZ
XFACT=XSIZZ/DELX
CALL PLOTTYPE(NTYPS)
CALL SIZE (XSIZ,PLTHT+8.)
c
C OFFSET FOR ORAWING LABZL ON X AXIS
c

XXOFF = CHARSZ/ IXFACT*2,)
XYOFF=1,5*CHARSZ

OFFSET IN X DIRECTION FOR POSITICMNING THE PHRASE 2T =,ee42
ON PLOT

DO
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OO0 OO0 QOO0 [g]

c

c

XTOFF=XHIGH= (7, *CHARSZ/XFACT)

OFFSET IN X DIRECTION FOR TITLE OF PLOT

XLOFF = XLOW + (CHARSZ/XFACT)

OFFSET FOR WRITING 2 ZERPO ON X AXIS

IXOFF==CHARSZ/ (4. *X FACT)

SET UP OFFSETS FOR WRITING OUT 100 AND 99 ON DATA PLOTS

CSIZN = CHARSZ * 2./3.
XOFF99 = 2,5*CSIZN/XFACT

START DRAWING THE X AXIS

XQFF=0FFX

YOFF=O0FFY

00 100 M=1,NCOL

CALL SCALE (XFACT 114+ XOFFsYOFF4XLON,C,)
xXpP=0,

XPT=XHIGH

C ORAW THE ZERO ON THE X AXIS

c
c

CALL SYMBOL (ZXOFF4=XYOFF,0,sCHARSZ41,1HD)

C DRAW THE CENTER OR ZERO POINT ON X AXIS

c

CALL PLOT (0.440.40,0)
CALL FLOT (0.90.4148)

c
€ START LOOP TO DRAW THE POSITIVE THEN NEGATIVE SIDE OF THE X AXIS

c

105

1190

1290

130
10¢

[s e NeNe N

DO 130 M2=1,2

IF (XINC.EQ.0.) GO TO 120

00 110 Mi=1,NL3L

XP=XP+XINC

IF(ABS(XP) ,GT.,ASS(XPTI) GO TO 120
CALL PLOT (XP,0.,,1,8)

CALL LA3ELS (XP,3CDARAY,NCHAR)
CALL SYMBOL{XP=XXOFF®*NCHAR,=XYOFF,0.4CHARSZ4+NCHAR,BCDARAY)
CALL PLOT(XP40.40,0)

GO TO 105

CALL PLOT (XPT,0.4148)

CALL PLOT(0,,0.,0,0)

%o=0,

XINC==XINC

XPT= XLOW
XOFF=XOFF+XSIZE+OFFX+0FFX

'START OF SLOTTING OF THE OPTIONS
IFLAG IS FLAG WHICH IS ZERO IF F2 HAS NOT 3EEN USED
AND ONE IF P2 HAS 3EEN USED

IFLAG = O
XOFF=0FFX
00 200 M=1,NCOL
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DC 202 L=1,NPLTS

H=1,

scaL = 0.
c
C READ OPTION CARD
C THE ALL IMPCRTANT PARAMETER SCAL IS CESCRIZED IN SUBROUTINE
C DATPLOT
c

READ 104NOAT (NLREN1,NLRENZ JNHEFF NTH, T

IF (NCAT.NE.O) CALL DATPLOT(SCAL+MsL o XLOFF4CSIZNyXOFFS9)

CALL YAXIS {(ScaL)

IF (NLRENL1.NE.O) CALL PNLRENL(SCAL,NLREN1i,M,L)

IF (NLRENZ.NE.O) CALL PNLREN2(SCAL+NLRENZ4M,.L)

IF (NHEFF.NZ.0) CALL P2(H,SCAL,IFLAG,M,L)

IF (NTHeNES3) CALL PLOTTH(SCAL,FMT,NTH)

IF (T eNEe0osOReHoNECOs) CALL TANDH(SCALsTeHXTOFF)
202 YOFF= YOFF+YSIZ

YOFF=QFFY
290 XOFF=X¥OFF+XSIZE+OFFX+0OFFX

XOFF=0FFX
c .
£ FRINT PHRSAES zRELATIVE TRANSMISSIONz AND 2VELOCITY (CM/SEC) 2
C ON PLOTS
c

00 %400 ™M=1,NCOL

CALL SCALE(Ll.eylesXOFFaYOFFo0es0.)

CALL SYMBOL(=OFFX/2 es {PLTHT =21, *CHARSZ) /24490,

1CHARSZ,21,REL)

caLL SYﬂBOL((XSIZE-17.‘CHARSZ)/2.'-CHARSZ‘A..0..CHARSZ.17'VEL)
00 XOFF=XOFF+XS.JZE+OFFX+0FFX

CALL PLOTEND

END
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SUSROUTINE DATPLOT(SCAL+M¢LyXLOFF,CSIZN.XOFF99)
c )
C THIS SUSROUTINS TAKES A DATA DECK AS PROQUCED %Y MOSSRED (VER 3)
C AND PLOTS IT CN AN AXIS IN CM/SEC, THE DATA POINTS ARE
C REPRESENTED €Y SMALL CIRCLES WITH A DOT IN THE MIODLE.
g"l""l"l"'.""l""'l"‘l'l'll"l""'"l"ll"l"ll""""ll"
c
C***INPYT PARAMETERS***

TITLE = THE TITLE FOR THE PLOT, THE FIRST 8 CHARACTERS WILL
5 PRINTED ON THE PLOT, AND THE WHOLE TITLE WILL 2E
WRITTEN ON THE LINE PRINTER.

YMAX = THE MAXIMUM VALUE OF THE DATA IN RELATIVE TRANSMISSION

YMIN = THI MINIMUM VALUE OF THE DATA

cG = THE CENTROID OF AN IRON FOIL CALISRATION USED TO
CALIBRATE THIS SPECTRA. (IN CHANNELS)

CALCON= CALIBRATION CONSTANT FOR THIS SPECTRA IN MM/SEC

NOTS = THZ TOTAL NUMBER OF DATA POINTS

NZER0 = THE NUMBER OF DATA POINTS WITH Y = 0.
THESE ARE EXPECTED TO BE AT THE BEGINNING

Y(I) = THE DATA IN RELATIVE TRANSMISSION UNITS, WHERE

THE INOEX I CORRESPONDS TO THE CHANNEL.

THIS DATA ASOVE IS PUNCHED QUT AS PART OF THE OUTPUT OF MOSSRED
NOTZ THAT THE CALCON IS IN MM/SEC., THIS PROGRAM CONVERTS IT
70 CM/SEC. 1IF OLD DATA 0SCKS ARE USED.SOYE OF THE ABOVE
INFORMATION IS NOT PART OF MOSSRED OUTPUT. THE USER

SHOULD CHECK THE DATA DECKS CAREFULLY TO DETERMINE THE
PRESENCE OF THEZ AUTOSCALING CARD (CARD CONTAINING FIRST SIX
PARAMETERS) AND MAKE SURE IT CONTAINS ALL THE INFORMATION.

IF NO AUTISCALING CARD EXISTS THE USER MUST MAKE ONZ. THE

YMAX AND YMIN MAY BE OMITTED FSOM THAT CARD, AS THIS PROGRAM
WILL CALCULLATE YMAX AND YMIN IF YMAX IS OMITTED,

T T Y Y Y Y Y P Y Y Y Y Y R T I R S R S S R TS L R
*22INPUT CARCS FOR OPTION DATPLOT®»+

CARD I (10A8)
COLUMN
1 - 8¢ TITLE

CARD 2 (4F18.5.2I5)
COLUMN
1 - 10 YMAX
11 = 20 YHNIN
2L - 30 C6
¢ 31 - 40 CALCON
41 = 45 NPTS
L - 50 NZERO

CARD 3 = A (6(LX,F8.,3))
’ THE DATA AS FROVIOSD 3y MOSSRED

[+ X2 X2 X2 X2 X2 X1 X3 Xz X2 K2 s K3 X3 X3 K2 K3 X2 K3 X2 X s X1 X2 X2 K2 N X2 s Es Es N e Ne N e R e o Nelo o Ne No o No No R N e

SBBSBBSNILLEEIRIRIREEND OF COMMENT FIELD®®ssssssssssssssssssassssss
COMMON/ONE/XLOW 4 XHIGH, BIASF4XSTZE,YSIZy CHARSZ 4 XOFFy YOFF 4XFACT
COMMON/TWO/CALCONSCGoNLoXL ¢ NHyeXHs YMIN
DIMENSION Y(512)

OCIMENSION TITLE(1®)
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80 FORMATt4F10.,5.21I5)
60 FORMAT (B(LX,F8.3))
760 FORMAT (10A3)
90 FORMAT (2 PLCT 24,1242 COLUMN 2I24//+43X4102847/,
1 /45X 2YMAX = 2F10.5,
2 /+5X42YMIN = 2F10.5,
3 /45%X42C6 = 2F10,54+# CHANNELSZ,
4 /+5X+2CALCON = 2F10,842 MM/SEC/CHZ,
5 /45X 2NPTS = 2T10,
& /45X ¢ 2NZERO = 2I1104//)

RZAD 70, (TITLE(I)yI=1,10)

READ B0, YMAX,YMIN,CG,CALCON,NPTS,NZERO

NZRO1=NZERO+1

IFINPTS.EQ.0) RETURN

READ 60e (Y(I),I=1,NPTS)

IF (YMAX.EQ.O0,) GALL MINMAX (Y (NZRO1),YMIN, YMAX 4NPTS=NZERO}
PRINT 904LeMeTITLE s YMAX o YMINoCGoCALCONSNPTS,NZERO

DELY= (YMAX-YMIN}/(1,-BIASF)

YFACT=YSIZ/DELY

SCAL IS A VERY IMPORTANT PARAMETER TO THE SUCCESSFUL WORKING
OF THIS PROGRAM, HOWEVER, ITS OPERATION IS LESS THAN 08BVIOUS
IT IS USED TO OBTAIN A PLEASANT LOOKING PLOT. TIF A PLOT
{THEORETICALY IS TO BE OVERLAYSD ON A DATA PLOT, THE
PROBLSM ARISES AS TO WHERE TO PLACE THE BACKGROUNG. SINCE
THE 3ACKGROUND SCATTER WILL VARY FRO™ SPEZCTRA TO SPECTRA,
THE AMMQUNT OF PLOTTING REGION USED 38Y THE OTHIR ROUTINES
MUST VARY ACCORDINGLY, THIS IS THE PURPOSE OF SCAL.
SINCE ALL MOSSBAUER SPECTRA HAVE A BACKGROUND APPROX. EQUAL
TO 100, THIS IS THE REFERENCE POINT USED., THUS SCAL
WILL 3% THE HTIGHT IN INCHES FROM THE BACKGROUND REFERENCE
POINT TO THE LOWEST VALUE IN THE PLOTTING REGION.
THE REASCN FOR THZ REDEFINING OF THE MINIMUM VALUE HERE IS
TO TAKE INTO ACCOUNT THE DISTANCE BIASF, IF MODIFICATIORNS
ARE PLANNED, CHECK THE CODE IN PLREN2 AS TO HOW SCAL AND
BIASF ARE USEN.

IF SCAL IS SET 7O 0. WHEN YAXIS IS CALLEDs SCAL WILL
EQUAL 90 PERCENT OF THE AVAILASLE PLOTTING REGION AS
DEFINED IN THE MAIN PRCGRAM UNDER ADDITIONAL COMMENTS
NUMBER 3,

00O O0OO0OO0O00O

SCAL=YFACT*(100,=-YMIN)
IF(YMINGGEe100e+0Re YMAX.LT«100s) SCAL=T.
YMIN=YMAX=QELY
CALL SCALE(XFACT.YFACTXOFF +YOFF 4 XLOW,YMIN)
CALCON = CALCON/18.
XL={NZRQ1~CG)*CALCON
XH= {NPTS=CG)* CALCON
Xe=xL
c
C SEARCH FOR THE FIRST DATA POINT THAT IS IN THE PLOTTING REGION

c

£ NL WILL BE THZ INDEX OF THAT POINT ANC XL WILL 3E ITS RESPECTIVE
C VELOCITY.

c

00 260 I=NZRO1,NPTS

NL=1

IF (XP.GE.XLOW) GO TC 270
260 XP=xXP+CALCON
2790 X=XL= xP
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OO0

280
290

XP=XH

SEARCH FOR THE LAST DATA POINT WITH VELGCITY LE XHIGHs NH CONTAINS
THE INDEX FOR THAT POINT

00 280 I=1,NPTS

NH=T

IF (XP,LE«XHIGH) GO TO 290
Xp=xXP=-CALCON

NH=NP TS=NH#1

CALL PLOT (X,Y(NL),3,0)

c
C PLOT THE DATS

c

240

CaLL POINTS

00 260 I=NL,NH

CALL PLOT (X,Y(I)1,27)

X=X+CALCON

caLL VECTORS

CALL SYMSOL (XLOFF,YMIN4DELY/2e¢0e¢CHARSZ/ 2448, TITLE(1))
IF(SCAL.EQ.D,) RETURN

YOFFQ9 = CSIZN/(2.*YFACT)

CALL SYMBOL (XLOW=1+2*X0FF99,100,=Y0FF9C40,+CSIZN+343H100)
IF(YMINGSLE.99,) GALL SYMBOL (XLOW - XOFF99,99.-Y0OFFQ29,
10.+CSIZN+2,2H99)

RETURN

END
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SU3ROUTINE PNLREN1(SCAL,LRENsM,L)
THI'S SUBROUTINE PLOTS LORENTZIANS BASED ON THE MODBEL OF MOSSFIT.
THIS ROUTINE MUST 3E USEDQ WITH PLNTDAT, FOR IT OBTAINS SCALING,
AND CALIBRATION CONSTANTS FROM THAT ROUTINE.

INPUT PARAMETERS

CARD 11t (F10.5)
COLUMN
1 = 10 83KG (ARBITRARY UNITS)

CARDOS 2 = LREN + 1t (3F10.5)
COLUMN
1 « 10 HT
11 - 20 GAM (IN CHANNELS)
21 - 30 POS (IN CHANNELS)

DIMENSION HT(15),GAM(15),P0OS(15)
CC“"ON/ONE/XLOHvXHIGHqBIASF.XSIZE.VSIZoCHARSZoXOFFoVOFFOXFAcT
COMMON/THWO/CALCONyCGyNL o XL o NHyXH s YMIN
FORMAT (3F10.5)

FORMAT(2=FOR PLOT 22,1342, COLUMN 2, I3,/+9%42LREN2,15X s 2AREAZ)
FORMAT (10X,I249X,E 18,10}

PI2 = 2.%ATANI(L,)

PRINT GisL .M

READ 20, 3KG

DO 288 K=1,LREN .

READ 20, HT(K)+GAM(K)},POS(K)
GAM{K)=GAM(K)*CALCON

ARZA=PI2%GAM(K) *HT(K)
GAMIK)=(GAMIK)/2,)**2
GAM(IKI=1,/7GAM(K)
POS(KI=(PCS(K)I=CG)*CALCON

PRINT 92,K,AREA

x=XL
YCALC=9KG=YLRENI(LRENsHT4GAM POS+X)
CALL PLOT(X,YCALC,0,0}

00 529 Ki1=NL 4NH

CALL PLOT(X,YCALC,1,0)

¥=X+CALCON
YCALC=8KG=YLREN(LPENGHT 4 GAM,POS, X}

DO 530 X2=1,LREN

CALL PLOT(POS(K?2),8KGy0,0)

CALL PLOT (POS(K2)+8KGe146)

CALL PLOT (POS(K2)48KG=HT{K2),1,6)
RETURN

END
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SU3RDUTINE PNLRENZ(SCAL,LRENsMsL)

THIS SUSRCUTINE PLOTS A TWEORETICAL SPECTRA AS FRCM
INFORMATION PUNCHED CUT 3Y THE PROGRAM LUCK (DR. J. Ms GROW)
LUCK WILL PUNCH A DECK THAT WILL CONTAIN EITHER 32 CR 9€ CaARIS
FCR SINGLE CRYSTAL OR POLYCRYSTALLINE SPECTRA RESPECTIVELY.
EACH CARD CONTAINS THE KEIGHT,POSITION AND HALF=WIDTH AT HALF
MAXIMUM FOR ONE LORENTZIAN.

MODEL USED?!

1.} LET 8KG = AN ARSBITRARY BACKGROUND {(IN THIS CASE, 109.)

2+) LET THE TERM (SUMIIN)(F(I)) INOICATE THE SUM OVER ALL F
BASED ON THE INDEX I.

3.y LET VIL(I) 3E THE VELOCITY IN CM/SEC OF THI DATA POINT I

Ls)  LET OMEGA(I,J) = VELII) = POS(J)

S«) THEN WE HAVE FOR OUR MOOEL

F(I) = 8KG = (SUM(J)) (HT (JIY*GAM(J)/ (OMEGA(TI, JI**24GAM{J)*22))

NOTE THAT THIS MODEZL IS NOT RESTRICTED TG ONLY THE QUTPUT FROM
LUCK BUT CAN 35 USED 8Y ANY SYSTEM USING THIS MODEL

CO“““““““““““““J“‘“J“‘J““““‘“‘J“‘;“;.‘l“““‘&&‘

C***INPUT PARAMETERS®*»

2z Ns e NeRoNoNe Ne e NeNeIs NeXe Ne Ne Ne e N N Ne N2 N2 XY,

208

LREN = NU¥BER OF LORENTZIANS TO BE SUMMEQ OVER, THIS WILL BE
EITHER 32 OR 96, THIS IS SPECIFIED ON THE OPTION CARD AS
DESCRIBED IN THE MAIN PROGRAM, ’ ,

DELE = THE ISOMER SHIFT FOR THE SPECTRA. LUCK HAS NO PROVISION
FOR ISOMER SHIFT SO IT IS ADDED HERE,

NPTS = THE NUMBER OF POINTS TO 3E PLCTTED (MAX OF 512)

HT(I) = THE HEIGHT OF THE PEAK

POSII) THE POSITION OF THE PEAK IN CM/SEC

GAM(I) THE HALF=-WIOTH AT HALF MAXIMUM OF THE SEAK IN CM/SEC

IZ Y EE R R R P Y NI PR RS RSR PR R RRI RIS RS SS S SIS RS S R RS S A L RS R RS 2 22 L)

##%INPUT CARDS®**

CARD 1 (F10,.5,1I%)
COLUMN
1 - 10 DOZLE
11 - 15 NPTS

CARDS 2 = LREN ¢+ 1 (3F10.5)
COLUMN
1 - 18 HT(D)
11 = 20 POSI(I)
21 - 30 GAM(I)

DIMINSION HT(S6)+GAM(36) 4POS(S6)
DIMENSION VEL(512),SPEC(512)
COMMON/ONE /XLOWsXHIGH, BIASF+XSIZE,YSIZ,CHARSZ, XOFF, YOFF¥FACT
FORMAT (3F10.5)

FORMAT (F10,5,I5)

READ 3040ELELNPTS

DO 208 K=1,LREN

READ 20, HT(K)¢POS(K),GAM(K)
POS(K) = POS(K) + DELZ

CONTINUE

8KG=100.
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500

600

700

VILINC= (XHIGH = XLOW)/FLOATI(NPTS=1)

VEL(1) = XLOW

00 500 I=2,NPTS

VEL(I) = VIL{I=1) +VELINC

CC 500 I=1,NPTS

SPEC(I) = 3XG6

00 800 J=1.LREN

IF(HT(J)4EQe0s) GO TO 509

OMEGA = VEL(I) - POS(J)

SPEC(I) = SPECII) = HT(JI*GAMIJI) /(OMEGA*CMEGA+GAM (JI*GAMIN)
CONTINUE

CaALL MINMAX (SPEC,SPECMIN, SPECMAX.NPTS)

YFACT = SCAL/(SPECHMAX=-SPECMIN)

CALL SCALE (XFACT.YFACT,XOFF,YOFF¢3TASF*YSIZ,XLOW,SPECHIN)
CALL PLOT (VEL(1),SPEC(11,0,0!}

DO 700 I=1,NPTS

CALL PLOT (VEL(I),SPEC(I),1,0)

CONTINUE

RETURN

END

120
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SUBROLUTINE PLOTTH(SCALFMT,NTH)

THIS SUSFOUTINZ PLOTS 200 MIXTURES OF THEORETICAL SPECTRA,
THE SPECTRA ARE OF TWO TYPES:

1.) A SET OF Y Q0ATA

2+) A SET OF LORENTZIANS

ACTION OF PROGRAM

1. READ IN SCALING CARD FOR Y DATA TYPE. THIS SHOULD BE
CREATED BY PROGRAM THAT GENERATED v DATA.

2. READ IN Y DATA TYPE SPECTRA

3. OSTERMINE IF LORENTZIAN AQD MIXTURES
ARE TO BE MIXED IN (NTH GREATER THAN 1},

L, READ IN INFOPMATION CONCERNING LORENTZIANS,

S. DETERMINE AREAS UNDER ALL CURYEZS ANO USE WEIGHTING
FACTORS TO WEIGHT THEM,.

6. AOD THE SPECTFA TOGETHER AND PLOT.

THE PROGRAM RZAOS IN ONLY ONE SET OF Y DATA, AND NTH - 1
SETS OF LORENTZIAN SPECTRA., EACH LORENTZIAN SPECTRA MAY
BE COMPOSSD OF UP TO TEN PEAKS.

BRERBBLBIBLBBBBBB3BR3B330383883333838333883888883883888835838880

INPUT PARAMETERS

CARD 1t (4F10.5,1I5)

COLUMN

1 - 10 YMIN LOW VALUE OF Y aAXIS

11 - 20 YMAX HIGH VALUE OF Y TYPE DATA

21 - 30 XL LOW VALUE OF X AXIS OF Y TYPE DATA
31 - 40 XH HIGH VALUE 0OF X AXIS OF Y TYPE DATA
b1 - 45 NPTS NUMBER OF Y DATA POINTS

CA®PD 2 = at (FMT) Y TYPE DATA FOR THZIORETICAL SPECTRA

CARD 3t (I10,.,F10.5)

COLUMN
1 - 13 LREN NUMBZR OF LORENTZIANS IN THIS SPEZCTRA
11 - 28 FACT WEIGHTING FACTOR FOR THIS SPECTRA

(DECIMAL FRACT ICN)
CARD & = a1 (3F10.%) REPZAT LREN TIMES

COLUMN

1 - 12 HT HIGHT OF PEAD DOWN FROM SACKGROUND
11 - 20 GAM FULL WIDTH AT HALF MAX IN CM/SEC
21 - 39 POS POSITION OF LINE IN GM/SEC

NOTE: CARD TYPES 3 AND & ARE REPEATED AS & SET NTH -1 TIMES

BRBBB BB SBIBBRBBBBBI3 3323833333833 88F3388884808338330383883830880

THE WEIGHTING FACTOP FOR THE Y TYPE CATA IS
FACT(Y TYPE) = 1, = SUM OF FACT(LREN TYPE)

THE PERCENTAGE AREA UNDER THE FINAL CURVE DUE TO ANY SINGLE
CONTRIBUTION IS FACT * 108, OF THE TOTAL AREA.

COMMON/ONE/XLOW XHIGHy3TASF 4 XSTIZE, YSIZyCHARSZXOFF,YOFF XFACT
OIMENSION Y{(S5,512),X(512),YC(512),P0S(10),GAM(10),HT(10),FACT(1D)
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DIMENSION &MT(10)
10 FORMAT (I10,F10.5)
83 FO2MAT (LF10,5,215)
READ 80, YMIN,YMAX XL sXH4,NPTS
REZAD FMT4(Y(1,I),I=1,NPTS)
XINC=(XH=XL)/(NPTS=1.)
c
C MAKE SURE XL IS WITHIN PLOTTING ®EGION. IF NOT CHOP (FF
C LEADING POINTS.
c
XP=XxL
DO 330 I=1,NPTS
NL=I
IF(XP.GE.XLONW) GO TO 340
330 XP=XP+XINC
3460 XL=XP
c
C CHECK TO SEE If XH IS WITHIN PLOTTING REGICN. IF NOT
C CHOP OFF TRAILING POINTS.
c
XP=xXH
DO 3580 I=1,NPTS
NH=T
IF (XPJ.LE.XHIGH) GO TO 360
350 XP=XP-XINC
" 350  NH=NPTS=NH+1

XH = XP

NLL = NL ¢+ 1

X(NL) = XL

PRINT 30, NTHeNL sNHy XLy XH4oXINC

30 FORMAT(//2 ENTERING PLOTTH WITH NTH = 215,/,

1 z PARAMETERS ARE:2
2/ Ed NL = 2 I5+/s

3 E NH = 2 1S+/7,

& 4 XL = 2 F10.547,
5 2 XH = 2 F10.547,
) EJ XINC=2 F10.7)

DETERMINE AREA UNDER CURVE FOR Y DATA TYPE SPECTRA
AND ESTAELISTZH X AXIS

o000

SUMT = YMAX = YU(14NL)
D0 100 I = NL1,NH
X(I) = X(I=-1} ¢+ XINC
i0¢e SUMT = SUMT +YMAX = Y(1,])
SU4 = SUMT
FACT(1) = 1.

C IF NTH GREATER THAN 1, READ IN LORENTZIAN INFQ

IFINTH,LE. 1} GO TO 400
D0 390 JJ = 2,NTH
READ 10,LRENLFACT(JIN
PRINT 404JJsLREN,FACT (JJ)
'Y} FORMAT (/742 FOR MIXING COMPONENT 2I22 COMPOSED OF 212
1# LORENTZIANS, WITH A WEIGHTING FACTOR OF 2F10.5,//
1z LORENTZIAN PARAMETERS2,/,T10,2 HEIGHTZ,T25,2HALF=-WI2THZ,
3T40,2 POSITIONZ2)
c
C CALCULATE FACT FOR Y DATA TYPE SPECTRA
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c
FACT(1) = FACT(1) - FACT(JN
c
C READ IN INFO FOR THE NTH SPECTRAS LREN PEAKS
c

00 370 L = 1,LREN
RZAD B80,HTIL)GAMIL),POSI(L)
PRINT S50,HTIL)«GAM(L),POS(L)
GAMIL) = (GAM(L)/2.)**2
37¢0 GAMIL) = 1.0/GAM(L)
S0  FORMAT (10XeE10e345X+E10.345X,E18.3)
SUMT = 0.
c
C CALCULATE OUT LORENTZIAN SPECTRA FOR SPECTRA NUMEEF NTH

0O 380 J=NL,NH
YL = = YLREN(LREN,HT,GAM,POS.X{J))
Y{JJ,J) = viL
c
C ACCUMULATS AREA OF SPECTRA JJ
c
3490 SUMT = SUMT =YvL
FACT(JJ) = FACT(JJ) /SUNT
390 CONTINUE
400 CONTINUZ
FACT(1) = FACT(1)/SUM
DO 500 I = NLJNH
Yi1,1) = Y({1,I) - YMAX

~

c
C ADD SPECTRA TOGETHER USING FACT WEIGHTING FACTORS
c
Yc(Iy = ¢,
00 500 J = L, NTH
500 YC(I) = YC(I) & Y(J,I) * FACT ()
c
€ RESCALE ADD MIXTURE AND PLOT
c

CALL MINMAX(YC(NL),YMIN, YMAXoNH=NL *+1)
YFACT = SCAL/Z(YMAX - YMIN)
CALL SCALE (XFACT,YFACT,XOFF,YOFF+3TASF*YSIZ,XLOW, YMIN)
CALL FLOTU(X(NL),YC(NL)+0,0)
DO 320 I=NLsNH
320 CALL FLOT (X(I}sYC(IIs1,0)
RETURN
END
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[+ XeNeXeNeNeleNel

QOO OO0 OO0 000000000000 OOOOOOOOOOOOQOOOOOOOOOO

SUSROUTINE P2{HsSCALsIFLAGsMsL)

GENERAL NGR PROGRAM TO COMPUTE 1/2=-3/2 SFECTFA

CPTIONS EXIST FOR COMPARISON OF THECRY ANG EXPERIMENT
OPTIONS EXIST FOO ADMIXTURES OF M1 AND E2 RADIATION

DEFINITIONS OF INPUT PAFRAMETERS

HAFWIT=HALF=WIDTH AT HALF MAXIMUM OF A3SORPTION LINE,CM/SEC
XM0=GFROUND STATE MAGNETIC G-VALUE

GR=RA TI0 OF EXCITED TO GROUND STATE GAVALUES G1/GO
EG=ENERGY OF NUCLEAR GAMMA RAY TRANSITICN

OM1=SQUARE OF M1 MIXING COMPONENT

DE£2=SCUARE JF E2 MIXING COMPONENT

DSO=SQUARE OF E2/M1 MIXING RATIO

01+02+03,D4=EXPERIMENTALLY DETLNe ZINERGY LEVELS FOR I=3/2 STATE,
D1 IS THE LARGEST EIGENVALUE AND THEY AREZ ASSUMED TO HAVE
CENTROID AT ZERO VELOCITY
HyP10+ETAG,A0,80,0ELE=INITIAL HYPERFINE PARAMETERS
H= HYPERFINE FIELD IM KOE
OELE=ISOMER SHIFT IN CM/SEC
P10=QUADRAPOLE SPLITTING (INCLUDING ASYMMETRY PARAMETE®) CM/SEC
STAD=ASYMMETRY PARAMZTER
AO=AZIMUTHAL ANGLE OF H W,R,T. EFG PRINe AXIS SYSTEM
BO=POLAR ANGLE ETC
NO3=NUMBER OF COMPARISONS OF THEORY AND EXPERIMENT TO BE MAOE
AT,8T=0RIENTATION OF UNPOLARIZED GAMMA RAY 35A4M W.R,T. EFG
PRINCIPAL AXIS SYSTEM,
M03=0 FOR SOLYCRYSTALLINE SPECTRUMIPOSITIVE VAULUE FOR SINGLE XTaAL
DP1,0ETA4DA,OB=INCREMINTAL CHANGES IN GQUAD SPLITTING, ASYMMITRY
PARAM, SPH POLAR COOROS, RESP,
KCP=CONTROL INTZGER FOR INTEGRATION OPTION
0 GIVES INTEGRATION OPTION
1 CIVES COMPARISON OPTION
NA= NUMBER OF PHMI ANGLES IN FIRST QUADRANT OVER
WHICH INTEGRATION IS PERFORMED (EQUAL INCTREMENTS)
N3= SAME A4S NA EXCEPT REFERS TO THETA
NB=SAME AS NA EXCE®T REFERS TO THETA
NX=NUMBEF OF PLOT POINTS
NUCLEAR MAGNETON=(3k+3987E~3)IKEV~CM /(KOE/SEC)

SRBLBBIBIBJISIRIBAIIBABIIIIBIIBBRELRABAIRBR L2233 23200020000

**2INPUT CARDS**»

CARD 1 (20X,F10.5,15)
COLUMN
21 = 30 HAFWIT
31 = 35 NX

CARD 2 (5F10.4)

COLUMN

1 - 10 xMO
11 = 20 GR
21 - 30 £6

31 = 40 DOM1
41 - 50 0E2

CARD 3 (LF1Qeb)
COLUMN
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1 -10 2
11 - 20 02
21 - 3¢ 03

31 - 40 24

CaRD & (31I5)
COLUMN
1 = S5 NAH
6 = 10 NB8H
11 - 15 KCP

CARD 5 (6F10.4)

COLUMN
1 -10 H

11 - 20 P10
21 - 30 £T7AD
31 - 40 AQ
41 - 50 30
€1 - 60 DELE

CARD 6 (I5+,F15.4+sF10.4,1I5)

COLUMN
1 - 5 NOB
6 - 10 AT
21 - 30 37

-

OO0 O0O0DDOO0O0O00O0O00O0O00O0O0O0DO0000000

31 - 35 MO0B

CARD 7 (4F10.4)

COLUMN

1 - 10 orP1
11 - 20 DETA
21 - 30 DA
31 - L0 DB

c“‘ll““l"lll‘ll"l‘l‘ll.‘ll‘l“".ll.“"“‘“l‘.“‘l““‘l““‘

c

c‘l‘l“l“ll‘ll‘“‘.l‘.“‘I"pORTANT“ll...“l.l".“l‘llll‘lllllll“

c

c‘l‘lllll‘lllllllllllllllll‘lll‘ll‘ll‘ll“llll‘.ll‘lll‘l‘lll‘“‘lll‘

ALL SEVYEN CARDS MUST 8Z FURNISHED ONLY THME FIRST TIME THIS
OPTION IS USEDe. EACH SU3BSEQUENT USE OF THIS OPTION USES ONLY
THE LAST THREE CARDS (CARDS S-7) AND DOES NOT READ CAFRDS 1-4.
THIS HOLDS TRUE FOR EACk TIME THZ PROGRAM IS SUN. THE FIRST FOUR
CARDS NEED DNLY BE ENTZRED ONCE PER RUN.

QOO0 OO0

IIS RIS FRRP SRS YRS PY RS RS S RS R RS S S SRS RS R RIS A AR L L XL LR 2 X

CCYMON/ONE/XLyXRRyBIASF 4XSIZE4¥YSIZ4CHARSZ 4 XOFF, YOFF XFACT
DIMENSION SMGI(10),SMTI(36)

DIMENSION P(2,4)4E(L)sPT(2,4),58(L),PT2(244),0ATA(20)

DIMENSION x{401) 4,SPEC(LOL1) ,EV(8,8)

OIMINSION EA1(21),12(2,4),A1(21),EA2(21),EA3(21),EAL(21),4511(21),0
12202114033 (21),044(21) ,AB164)RI(64)+AL1T16) 4RL(16)

DIMENSIONR (L ob) s AT (L44) JEVALIB) 4EVG(Lyk)

DIMENSION SMGlLs4)eGVG(Lsl) 4SMIB,8),EVEC(8,3)

EXTERNAL FL9F1R,F1I,FOR, FMIR,FM1],FRM21,FIM21,FRM11,FI411,FROL1,FI0
*1,FR11,FI11,FR21,FI21

IF(IFLAG.EQ.1) GO TO2

IFLAG = 1

RELD 150, HAFWIT4NX
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FORMAT(20X,F10.5,1I5)

RZAD 1514XM0,G6R+EG,0M1,0E2
FORMAT (5F10,4L)

PRINT 1704XMO,GR.EGsDMN1,0E2
FORMAT (6H XMO= oF10,4/5K GR= ,FlO.4/5H EG= F10.4/EH DML= oF10e4/
SeH DE2= +F10ek)

fEADL1 3,01,02+03404

FORMAT (LF10.4&4)

XH= (XRR=XL)/FLOAT (NX~1)

D0 93 I=1,NX
X{I)=XLeFLOAT(I=-1)*XH

READ 1015,NAH,N3H,KCP
FORMAT(IIS)
PRINT158,01,02,03,04
FORMAT(LHO ,3HD1=,F10,4/1H ,3HO2=,F10e4/1H 43HD3=,F10,L/1K 2 SHDL=oF
110, 4)

L1=0

CONTINUE

PRINT 3J,L.M

FORMAT(21 CALCULATED SPECTRA FOR PLOTZ,I345X+2COLUMNZ,I3,//7)
FEAD1S+H.P10,ETAD,A0+,B0,DELE
FOSMAT (6F10.4)

DATA(1)=H

DATA(2)=P10

DATA(3)=ETAD

DATA(L)=AD

DATA(5)=80

SAV=100.

READ 113,ND03,AT,8T,M08
FORMAT(IS F15.uosFi8e4,15)
DATA(B)=NOS

DATA(7)=AT

DATA(8)=8T

CATA(9)=M03

WO3=F LOAT (NOB)

FZAD 17,0”1,0ETA,DA,08
FORMAT (LF10.4)
DATA(10)=DP1

BATA(11)=DETA

DATA(12)=0A

DATA(13)=03

YMIN=0.

YMAX= (o

IF(KCP) 1010+4010.1011
CONTINUE

BEGIN COMPARISON LOOP

D0 260 Is=1,NOS

S11(I¢&)=D1

D22(1€)=02

D33(IEI=D3

Dub(I6)=00

00 7 x8=1,NOB
P1=P1D+FLOAT (KA =-1)*DP14
ETA=ETAQ+FLOAT (K8~1)*DETA
A=AD+F OAT(KS =1)*%04A
B8=90+FLOATIKS ~1)#08

CALL HEX(HoP1,ETAAsBeSMXMI,GR 4EGCWH, WE)
CALL HGRIMyA¢34XMO,EG,SMG)
NSG=b

NSE=8
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NCON=10

CALL CIB(SM,SMI)

CALL EIGENI(SMI,EVEC NSE,NCON}

CALL IC8(SMI.S™)

CALL CIWL(SMG,SMGI)

CALL EIGEN(SMGI+GVGsNSGeNCCN)

CALL ICL(SMGI.SMG)

PRINT 220, (SM{I,I),I=1,8)
22C FORMAT(1HB0,8F12.5)

PRINT 2304 (SMG(I.I)eI=1,4)
230 FORMA T(1MQ,4F12,.5)

00107 =1,8
10 EVAL(INI=SM(I,D)

CAL(KSI=8S™(2,2)

EAZI(K8)=SM L)

EAZ(KB8)=SM(6,6)

EALI{KB)=SM(8,8)

CHIZ(EAL1(K8)=01)%*2 & (EA2(KB)=D2)**2+(EAZ{KB)=D3)**24+(ZAL(KE)~Dk)

1442

CHI=SQRT (CHI)

IF(W03.GT«1e)} GO TO 326

GO To 325

32¢ IF(CHI.LT.SAV) GO TO 27
G0T028

27 SAv=CHI

» 325 CONTINUE
DO 310 I=1,8
00 318 J=1,8
310 EV(ILJI=EVIC(IsJ)
00 320 I=1,4
DI 328 J=1.4
320 EVGII.J)=GVG(I,J)
EQ1=SMGL2,2)
EQ2=SMG(4L.b)
00 311 I=1,4
311 EA(I)=SM(2*I,2*D)
HZ=H
P17=pP1
ETAZ=ETA
AZ=A
8Z=8
ATZ=AT
87Z=8T
WH7Z=WH
WEZ=WE
28 CONTINUE
7 CONTINUE
00201 =144
P(1,I)=EA(])=-E01L
20 P(2,T)=EA(I)-ED2
CATA(L4) =WHZ
DATA(15)=WEZ
DATA(18)=P1Z
DATA(17)=ETAZ
DATAC18)=AZ
DATA{19)=982Z
CATA(20)=CHI
IF (Dr1) 160,160,161
161 CONTINUE
CALL SML (AT BT4EVEVG.PTI4M03,0M1,FIR,F1I,FOR,FMIR,FMLII)
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180 CONTINUE
IF (DE2) 152,162,163
1€3 CONTINUE
CALL SEZ(DT,ST,EV.EVG,ﬁIZ,HCB.OEZ.FQZl,FIZl,FRli,FIii.FR019FIUI'F
*RM11,FIMIL1,FRM21,FIM21)
162 CONTINUE
[ FOIM SPECTRUM
00 295 I=1,NX
98 SPEC({I1=0,
D3 35 I=1,NX
D035J=1,2
D03I5K=1,6
35 SPECUIN=SPECII)I+FLIX(I)o4P(JsK)+DELEJPI(JsK) HAFNIT)
L 0+ FLIXUI) P LU KI+DELEGPI2(JaK) JHAFWIT)
G0 TO 1020
1010 CONTINUE
c INTEGRATION LOOP
00 1023 I=1,NX
1023 SPEC(IV=0,
NAH1=NAH+1
NSH1=NS8H+1
XNAH=FLOAT (NAH)
XNSH=FLOAT (NBH)
0AR=1,57082/XNAH
DSR=1,57092/XNBH
. M03=1
Pi=pP10
ETA=ETAQ
DO 1000 Ii1=1,NAHL
DO 1000 Ji=1,N8M1
A=(FLOAY(I1-1)/FLOAT(NAKH))*30O,
8=(FLOAT(J1=-1)/FLOAT(N3H)) *90,
8=3/57.2958
SD3=SIN(SB)
8=3*57,2958
1 CaLL HEX(H'PI.ETA'A,SQSH'XHO'GQ'EGvHH'HE)
) CALL HGR({HsA484X"0,EG,SMG)
CALL CIB(S“,SMI)
CALL EIGEN(SMILEVEC ,NSE,NCON)
CALL IC8(SMI,SM)
1 CALL CIW{SMG,SMGI)
| CALL EIGEN(SMGI.GVG4NSGsNCON)
| CALL ICG(SMGI,SMG)
| 00 21 I=1,2
00 21 J=1,6
II=2*1
JJ=2+J
21 P{leJI=SMUIIeJJ)=SMG(TII,II}
IF (DM1) 16G+164y165
16 CONTINUE
CALL SML1(AT,BT4EV,EVG,PI MOR,DML,FIR,F1I,FOR,FMIR,FMLT)
164 CONTINUE
IF (DE2) 166,166,167
1€7 CONTINUZ
CALL SE2 (AT BT EV.EVG.PI2,M03,0E2,FR21,FI21,FR11,FI11,FRO14FI01.F
*pM11,FIML1,FRM21,FIM21)
166 CONTINUYE
0D 39 I=1,NX
Do 39 J=1,2
DO 339 K=1i,4
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39

1000
1020

77
78

79
399

b6l

2100
104

102

CALI=FLIX(I) 4P (JeK) +DELELPI(JsK)HAFNIT)

CAL2=DAR*SD3*0BR

CAL3=FLIX(TI) 4P (JsK) +DELELPIZ(JoKIoHAFNIT)
SPEC(IV=SPEC(I)+CAL2*(CALL+CALD)

HZ=H

B17=p1

ETAZ=ETA

AZ=A

82=13

ATZ=A

87Z=8

CONTINUE

CONT INUE
UPLIM=0,
DC78I=1,NX

W=UPL IM=SPEC(])
iFtW)77,78,78
UPLIM=SPEC(I)
CONTINUE
BO079I=1,4NX
SPEC(II==SPEC(])
PRINT 399
FOIMAT (2 THIS IS SPEC?)

PRINT 440, (SPEC(TIHH) 3 THH=1,NX)

FORMAT (1H 410F10.4)

CALL MINMAX(SPEC,SPECMIN,SPECMAX,NX)

DELY = SPECMAX «SPECMIN
YFACT=SCAL/DELY

CALL SCALE (XFACT.YFACT,XOFF,YOFF+BIASF*YSIZ,XL,SPECMIN)
CALL PLOT(X(1),SPEC{1),0,0}

DO 2100 I=1,NX

CALL PLOT(X(I),SPEC(I),1,0)

PRINT 104,DELE
FORMAT (6H JZLE=,F10.6)

PRINT 102, (DATA(I) 4I=1,13)

FORMA TUIHO 43H H=yFL Os4/1H J4HPL10=,F10.4/1H
1=4F108.4/1H ,3H80=,F10.4/2H0 +5H NOB=,F10,4L,5H AT=
2104hySH MO3=4F10s4/1H0»GHOP1=4F10.4/1H ,6HOETA=

310,6/71H 43HOB=,F10,4)

PRINT 103, (DATA(I),I=14,20)
103 FORMAT (1H0,3HWH=,F10s&/1H ¢3HWE=,F10.4/71H 43HP1=,F10. 4/1H 4LHZTA=,
1F10.4/71H +2HA=,F10,L/1H 42HB3=,510,4y6H CHI= 4F10.4)

RITURN
END

WSHETAD=4FI10.,4/1H
2F10, 4,54 BT=
.FiU. L/71H ¢ 3HDA=,F

129
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SUSROUTINE S“i(AT.BT.EV.EVG.”I.HOB.D"i.FiR.Fil'FOR.FﬂiR.FMll)
THIS PROGRAM COMPUTES SRO3ASBILITIES FNF 1/2-3/2 TRANSITIONS
ees ML TYPZ
CIMENSION PI{244)4EVI848)4EVG(loeb)
TYPE COMPLEX (W) ALP (4901 gALG(242) sHREL(244) 4HRML (2, 4)
TYDPE COMPLEX (L) CG111,06G120,06G13M1,C626M1,C06230,CG221
TYPE COMPLEX (L) 011,D001,0M11,01M1,00M1,0M1ML
TYPT COMPLEX () TR1{244)9TRML1(2,4),C0%,CONJ
TYOZ COMPLEX (L) CO(2,4)4C1(2,4),CM1(245)
FEAL NORM
PRINT 501

501 FORMAT(2z THIS IS EVGE)
PRINT 5024 ((EVG(I4J)eI=14L)eJ=144)

502 FORMAT(1H L64F12,4)
PRINT 503

503 FORMAT(2 THIS IS Ev2)

PRINT 50L, ({EVIIoJ) 4I=1,48),J=1,%)

504 FORMATI(LH ,3F12.,4)
AT=AT/57.2958
BT=9T/57.2958

¢ Mo

XR==, £
xI=0.
CG111= COMP(XRyXI)
XR=1,/SART(6.)
¥I=0.

’ CG120= COMP(XR,XT)
XR==1,/S0RT(12.)
XI=0.

CG13M1= COMP(XR,XI)
CG2uM1=CG111
€G230=C6120
€6221=CG13¥1

c
c SZT yP EIGENFUNCTION MATRIX FOR I=1/2 STATE,ALG
c
ALG(1,1)= COMP(ZVG(1,2),EVGI(3,2))
ALG(2,2)= COMPIEVG(2,4) JEVG (4eb))
ALG(1,2)= COMPI(ZVG(1,4),EVGI(3,4))
ALGIZ2y1)= COMP(EVG(2+2) 4EVG(4,2))
c
c SAME FOR I=3/2 STATELALP
c

D09081INW=144
00901 W=1.4
901 ALP(JWsIWI= COMPIEV(JWy25IH) 4EV(IN+4,42%IW))

COMPUTE D=-MATRIX.K=1

Q00

XI=FLI(AT,3T)
XR=F1R(AT,3T)
D11= COMPIXR,,XI)
XR=FQER(3T)

¥I=0e.

D01= COMPI(XRXI)
XR=FMIR (AT.37)
XI=FM1I(AT,.8T)
DM11= COMP(XR.XI)
XR==FMIR (AT ,3T)
XI=FML1I(AT,8T)
DiMi= CSOMP(XR,XI)
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XR=FOR(3T)
XI=0.
DOMi= COMP(XR,XI)
XRz==F IR (AT 4BT?
XI=F1I(AT,2T)
DMiM1= COMP(XFR4XI)
C SST-UP TRANSITION MATRIX CONNECTING ALP AND ALG

po700I=1,2
BOV00 J=1+4
HR1(I,J)=COMP(0.,0.?

700 HRM1(I,J)=COMP(0.,0.)
H21(1,1)=C6111%011
HR1(1 ,2)=C6120%D01
HR1(1,3)=C513M1+0™11
HR1(2,2)=CG221%C11
HMR1(2,3)=C6230*D01
HR1(2 ) =CG2LM12DM11
HRY1(1,1)=CG111*01m1
HRYM1(1,2)=CG120%00M1
HRM1(1,3)=C613M1*0M1M1
HRM1 (2,4 2)=C6221*01M1
HRM1(2,3¥=C6230*0041
HRM1(2+4)=C626M1*CMINT

c USE MATRIX MULTIPLICATION TO OSTAIN TRANSITICN MATRIX ELEMENTS
D07021=1,2
, 00702J=1,4

TRAA(I, I =COMP(0, 400}
702 TR¥1(I,J)=COMP{0.40.)
Z03=FLOAT(40®)
IF (203.GT.0.) GO TO 720
GO TOo 719
720 CONTINUE
B07031=1,2
DO703J=1,4
CO703Kk=1,44
00 703 L=1,2
TR1(I,J)= TR1(I4J)+ CONJ(ALG(L'I))'Hai(L'K)'hL°(KvJ)
703 TRML(I,JI=TRMI(I.J) ¢ CONJCALG(LyI)) =HRML {L4K)*ALP {KyJ)
Bo70LI=1,2
0C704J=1,40
X1=NORM{TR1(I,J))**2
X2=NORM(TR™ML (I, J))**2
706 PICI,J)I=0M1%(X1+X2)
GO TO 711
c POLYCRYSTALLINE SPECTRUM
719 00 708 I=1,2
00 709 J=1.6
C0(I.J)=CGL20* CONJ(ALG(1,I))*ALP(2,4))
1 + C6G230* CONJ(ALGU(2,I))*ALPI(3,J)
C1(I,J)=CG111* CONJ(ALG(1, 1)) *ALP(1,J)
1 + CG221* CONJ(ALG{2,I))*ALP(2+J)
CML(T4J)=CG2LML® CONJIALG(2,IV)®ALP (L, )
1 + CG13M1* CONJCALG {1, I} ) *ALPI(3,J)
X1=NORMICDO (I J))**2
X2=NORM(C1(I,J))**2
X3=NORMICM1(I,J))**2
709 PIC(I, J)=D"1%(X1+¢X2¢X3)
AT=AT*57,.,2958
BT=871+57.2958
741  CONTINUE
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PRINT 401
LO01 FORMAT(z THIS IS PIZ)

ORINT &0, ((PICIT,JJ)4JJ=1s1),1I=1,2)
FOIMA T(1H ,4F12.4)

RETURN

END

0S3 FORTRAN VERSION 3,13 g1/11/78

SUBROUTINE HGR(HeAsBeXMO+EGsSMG)
DIMENSION SMG (L&)

0053

8053

CONVENTION IS THAT =-1/2 CORRESPONCS TO 1,

G0=1(94.987E-31*XMO/ES
GOo==G 1*H

DO 811 I=1,4

00 811 J=1,4
SMG(I.J)=0,
A=A/57,2958
8=3/57.2958
S¥G(1,1)==,5%*C0S(B)*GO
SMG(242)==SMG (1,1}
SM5(3+3)=SMG(1,1)
SMGIL44)=SMG(2,2)
SMG(1,2)=,5*SIN(B)*COS(AI*GD
SMG(241)=SMG (1,2)

SMG (3 44)=SMG(1,2)

SMG (% 43)1=SMG (344}
SMG{1,4)==,5*SIN(B) *SIN(A) *GO
SHG(Ls1)=5SM4G(1,8)
SMG(243) ==SMG(L144)
SMG(3,21=SMG (2, 3)
A=2%57,2958
B=3%57,2958

RETURN

END

0S3 FORTRAN VERSION 3.13 01711778

SURROLUTINE CIB(SM,SMID
DIMENSION SM(B8,8),SMI{36)
00 1 M4=1,8

IJ=(M*(Me1)) /2

MS=M

no 1 J=%S,3
SMI(IJI=SM(M,.J)

1J=1J+J

RETURN

END

8053

132
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SU3IRQUTINE HEX (HoP1oSTAyAe3,SM X M0, GRyEGyWH, WE)
CIMENSION R(&4gb) AT (ok) 4SM(8,48)
c NUMBEFR ING CONVENTION IS THAT =3/2 CDRRESPONDS TC 1,ETC

X12=1,+¢(ZTA**2)/3.
WE=,5%* (P1/SQRT(X12))
WHZ (94 ,987Z=3)#XM0*GR/EG
WHz=WH*Y
A=A4/57.,2958
3=3/57.,2958
00 1 I=1,4
001J=1,4

1 F(I,J1=0.
R(1,1)==1,5%WH*COS(B) + WE
R(242)==,S*WH*COS(3) = WE
R(3,3)=,5%NH*COS(B) = WE
RUbab)=1,S*WH*COS(3) + NWE
R{1,2)={SQRT (31721 *WH*SINIB}*COS(A)
R(2,1)1=R(1,2)
R(2+3)=WH*SIN(B)*COS(A)
R(3,6)=R(1,2)
Rl4e3)1=R(3 40}
R(1+31=(1./SORT (3.} )*ETASHE
R(3,1)1=R(1,3)
R{2,4)=R(1,3)
Flasy2)=R(1,3)
002I=1+4
002J=1.4

2 AI(Is 120,
AT(1,2)=(SQRT(3,)/2,) *WHeSIN(3I *SIN(A)
AT(2,1¥==A1(1,2)
AI(2,3)=NH*SIN(B)*SIN(A)
AT(342)==211(2,3)
AT(3,L)=AT(1,2)
ATl 3)==AT(3,4)
0081=1,8
0o8J=1,8

3 S"(IlJ)=uo
DOSI=1.4
D05J=1,4
SM(I,JI=R(I,J)
K=1I+04
L=J ¢4

5 SMIK,LI=RI(T,J)
006I=1,4
006J=1,4
K=J+h
SM{IK)==411(1,4)
L=I+4

6 SMIL+J)I=ATI(T 0}
A=A%57,2958
8=3257,2953
RETURN
END



0S3 FORTRAN VERSION 3.13

00

gi1s711/78 0053

SUSROUTINT SE2(A+834+EVeEVG,PI2,408,0E2,FR21,FI21,FR11,FI11,FROL,FIO

*1,FRM11,FIML1,FRM21 ,FIM21)

THIS PROGFAM COMPUTES PROBA3SILITIES FOR 1/2-3/2 TRANSITIONS +ee E2

Tyog

DIMENSION PI2(24L)4EVI(S48) 4EVG(hLykL)

TYPE COMPLEX (L) CM2(244) ¢CML1(2,6)4C0(294)4C1(24414C2(244)

TYOE COMPLEX (L) TPL{2,4),TRM1(2,4),COMP,CONJ

TYPZ COMPLEX (&) ALP (Lol ) JALG(292)9HRL1(244) sHRML(2,44)

TYPZ COMPLEX(4) CH1114CH120,CH14M2,CH212,CH2214CH230+CH2LM14CHL3ML
TYPE COMPLEX (4) 0OM21,0M11,001,011,021

TYPE COMPLEX (&) DOM2M1,0M1M1,01M1,00M1,02M1

REAL NORM
A=A/57.2958
B=3/57.2953%

XR==1,/(2.*SQRT(5,))

XI=0.

CH111= COMP(XR,XI)
XR=1,/SQRT (10.)
CH120= COMP(XR,XI)

XR==SQART(3,)/7(2,*SQART(5,))
CH13M1= COMP(XRsXI)

XR=1,/SQPT (5,)

CH14M2= COMP (XR,XI)

CH2LM1==CH111
CH230==-CH120

CH221=~CH13M41
CH212==CH14LM2

COMPUTE D-MATRIX

XR=FRM21(4,3)
XI=FIM21(A,B)
0M21= COMP(XRLXI)
XR=FRM11 (A,3)
XI=FIM11(4,83)
DMi1= COMP(XP,XI)
YR=FRO1(A,3)
XI=FI01(A,3)

C01= COMP(XR,XI)
¥R=FR11(A,3)
XI=FIL11(A,83)

011= COMP(XR,XI)
XR=FR2114,8)
XI=FI121(4A,3)

D2t= COMPIXR,XI)
XR==FR21 (A,93)
xI=+FI211(4,3)
OM2M1i= COMP(XReXI)
XR=+FR11(A+3)
XI==FI11(4,3)
BMiM1= COMP(XR,XI)
XR==FRU01 (A,93)
xI=FIo1(a,3?
00M1= COMP(XR,XI)
XR=+FRM11(A,8)
XI==FIM11(A,8)
D1M1= COMP(XReXI)
XR==FFE421 (A,8)
XI=+FIM21(A.8)
02M1= COMP (XR,XI)

134



0S3 FORTPAN VERSION 3,13 SE2 01711778 00853

c
c
c

[z XaNe]

[z Xe Ne]

(¢ X2

90

70

702

720

703

704

SET UP CIGENFUNCTION MATRIX FOR 1=1/2 STATE, ALG

ALG(141)= COMPLEVG(1,2) +EVG(3,2))
ALG(242)= COMPIEVG(2,4) JEVGILy&))
ALG(1,2)= COMP(SVG(144) ,EVGI(3s4))
ALG(241)= COMP(EVG(242)4EVG(L,42))

SAME FOR I=3/2 STATE. ALP

00901 h=1,4
0330JW=1,4
ALO(JW,IWI= COMP(EV(JNy 2%IW I, EVIJHEGL, 2% IH))

DEFINE TRANSITION MATRICES

po70I=1.2

DO70J=1.4
HR1(I4JV=COMP(0.40.)
HRML(I,J)=C04P(0.,0.)
HRP1(1,1)=CH111%D11
HR1(1,2)=CH120*001
HR1(1 ,3)=CH13M1*0M11
HRL(1,4)=CHILM220M21
HR1(2,1)=CH212*D21
HR1(2,2)=CH221*011
HR1(2,3)=CH230%0D01
HR1(2,4)=CH2LM1%0M11
HRM1(1,13=CH1112D1M1
HRM1(1,2)=CH120=D0M1
HRM1(1,3)=CH13IM1*DMIM]
HRM1 (1,6)=CH1LM220M2ML
HRM1(2,1)=CH212*02M1
HRM1(2,2)=CH221*01M1
HRY1(2,3)=CH230*00M1
HRM1(2,L)=CH2LM1*DM1ML

UST MATRIX MULTIPLICATION TO OBTAIN TRANSITICN MATRIX ELZTMINTS

007021I=1,2

00702J=1,4
TRI(I,LJII=COMP(0.,40.)
TRM1(1,J)=COMP(0.40.)
Z03=F LOAT (M03)
TF(ZOB.GT.0,1G0T0720
GOTO0719

CONTINUE

D07031=1,2

DO703s=1.4

DO703K=1,4

ro703L=1,2
TRI(I,JI=TR1(I,J)1+ CONJIALG(L+I)I*HRL (LK) *ALP (K, J)
TRML(T4JISTRML(T4J) + CONJUALG (L4 1)) *HRML(L 4K) *ALP (Ko J)
DO704LI=1,2

DO784J=1+0
X1=NORM(TR1(I,J))**2
X2=NORM(TR™1L (I,J))**2
PI2(I,J)=DE2*(X1+X2)
GOTO711

POLYCRYSTALLINE SPECTRUM
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0S3 FORTRAN VERSION 3.13 SE2 cir11/7% 090S3

719 007091=1,2
007094=1,4 ‘
CM2(14J) =CH1LM2% CONJ(ALGIL,IVI®ALP(LyJ)
CM1 (T4 J)=CH24M1* CONJ(ALGI2,I))%ALD 4, ) ¢CHI3MLS CONJ(ALG(L,T)) AL
12(3,J)
CO(I, )=CH120% CONJ(ALG(L,I))1%ALP(2,4)+CHZ30% CONJIALG(2, 1)) *ALP(3
1,0
C1(I,J)=CH111% CONJ(ALG(1,I))*ALP(1,J)+CH221* CONJIALG(2,1})*ALP(2
1,d}
C2(I,J)=CH212% CONJ(ALG (2, 1)) *ALP(1,J)
X1=NORM(CH2(I,J) ) %e2
X2=NORM(CM1(1,J))8%2
¥3=NORM(CO(I,J))**2
X4=NORMICL(1,J)) >*2
XS=NORM(C2(I,J))*%2
709 PI2(1,J)=0E2%(X1+X2¢X3+XbeX5)
711 CONTINUE
£=4%57,2953
R=R*57,2958

RETURN
END
0S3 FORTRAN VERSION 3.13 01711778 01053

FUNCT ION FLIX WeH,G)
FLz(H* (G*%2) )/ (U4 * ((X=H)*%2)+G**2)

RETURN
END

0S3 FORTRAN VERSION 3.13 01711778 0053
FUNCT 10N FIM11(A,3)
FIM1L == o58(2,*C0S(B)**2-COS(B)=1,)*SIN(A)
RETURN
END

0S3 FORTRAN VERSION 3.13 01/11/7% 00°%3
FUNCT ION FRM11{A,8)
FRY11 =2=,5%*(2,4C0S(3)**2-C0S(3)=1,)2CCS(A)
RETURN
END

0S3 FORTRAN VERSION 3.13 ois1i778 00S3
FUNCT ION FIM21(a,8)
FIv21 zw % (1,=COS(2))*SINIBI*SINI(Z.*A)
RZTURN

END




0s3

0S3

0s3

0S3

0s3

0S3

FORTRAN VERSION 3413 01/11/7% 00S3
FUNCT ION FRM21 (A43)
FRu21 e, E%(1,-COS(B))*SIN(R)®COS (2.%4)
EETURN
£ND

FORTRAN VERSION 3.13 01/11/78 0053
FUNCTION FLR(A,8)
F1] =e.5% (1, +COS(B))*COS(A)
RETURN
END

FORTRAN VERSION 3.13 01/11/78 0053
FUNGT ION F1I(A43)
2% = J5%(1.4C0S(8))*SINCA)
RETURN
END

FORTRAN VERSION 3.13 01/11/78 0053
FUNCT ION FOR(B)
FO2  ==SIN(B)/SQRT (2.)
PETURN
END

FORTRAN VERSION 3.13 01/11/78 0053
FUNGT TION FM1R(A+B)
FMIR ==, 5% (1,=COS (B))*COS (A)
RETURN
END

FORTRAN VERSION 3413 01/11/78 0053
FUNCT TON FM1I(A+8) A
Fu1l = 5%(1.=COS(3) \*SINCAY® (=14)
RETURN

END




0s3

0S3

0s3

0S3

0s3

0S3
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FORTRAN VERSION 3.13 g1711778 0053
FUNCTION FI21(A,9)
FI21 ==,5%(1,+C05{(3) ) *SIN(B)*SIN(2,*A}
RETURN
END

FORTRAN VERSION 3,13 01711773 09053
FUNCT ION FR21(A,8)
FR21 =¢,5%(1,4C0S(B)I*SIN(B)I*COS(2,*4)
RETURN
END

FORTFAN VERSION 3.13 01711778 00S3
FUNCTION FI11(A.B)
FI1t z=,5%(2,%C0S(3)**2+C0S(B)=1,)*SINA)
RETURN
END

FORTRAN VERSION 3,13 01711778 (00S3
FUNCT ION FR11(A,3)
FR11 =¢,5%(2,%C0S(B)**24+C0S(B)~1,2*COS (A)
RETURN
END

FORTRAN VERSION 3.13 01711778 0853
FUNCTION FISL1(A,3)
FI01 =0,
RETURN
ENOD

FORTRAN VYERSION 3,13 01711/78 0083
FUNCT ION FRO1(A,B)
FRO1 ==SQRT (3, /72.) *SIN(3)*COS(3)
RETURN

END
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0S3 FORTRAN VERSION 3.13 01711778 0053

SU3ROUTINE CI&(SMG.SMGI)
DIMENSION SMG(4,4),SMGI(L00
00 1 m=1,4
IJ=(M*{Mel1)) /2
MS=M
0O 1 J=“S,4
SMGI(IJI=SMG (M, N}

1 IJ=1J+J

RETURN
END
0S3 FORTRAN VERSION 3.13 g41/11/778 00€3

SU3ROLTINE ICB(SMI.SM)
DIMENSION S4I(36),SM(8,8)

20 2 I=1,8
00 2 J=1.8

2 SM(I, V=0,
K=0
0o 1 I=1,8
K=K+

1 SMUI,I)=SMI(K)
RETURN
END

0S3 FORTRAN VERSION 3.13 01/711/78 0053

SUIROLTINE ICL(SMGI,SMG?
OIMENSION SMGI(10),SMG(he&)
00 2 I=l.4
00 2 J=1l.4
2 SMG(I,J1=0.
K=0
00 1 I=1.t
K=K+1I
1 SMG(I,I)=SH4GI(K)
RETURN
END
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0S3 FORTRAN VERSTION 313 g1/7/11/7% 00853

SU3ROUTINE LABELS (VAL,ARRAYLNPRINT)
AVAL = ABS(vaAL)
IF(AVAL.GE,999,3895,0R. AVAL LT, .01} GC TO 100
N = &
IL3G = XLOG =ALOCG10(AVAL)
M =& - ILOG
IF(XLOG.LT04) M 5
IFtVAL LT.0.) N 7
IF(VALWLT e 00 e ANDJXLOGsLT.0,) N=§
NPRINT = N = M + 2
NCHAR = N
ENCODE (6450,FMT) N, M
S0 FORMAT (2(F2,J1,2,2,1142)2)
JJ = IFIX((AVAL+,005) * 100
IF(M0D(JJ,10).,EQ.0) NPRINT
IF(M0D(JJ+100)EQ.0)NPRINT
GO TO 200
100 IF (vAL) 110,20,130
110 NCHAR = NPRINT =8
FMT = 6H(ESB.1)
GY 70 200
130 NCHAR = NPRINT = 7
FMT = BHIE7,1)
200 ENCODE (NCHARLFMTLARRAY) VAL
FETURN
20 ARRAY
NCHAR
RETURN
END

)
NPOINT=-1
NPRINT=2

1HO
NPRINT = 1

0S3 FORTRAN VERSION 3,13 01/11/78 0053

SU3ROUTINE YAXIS (SCAL)
COMMON/ONE/XLOW XHIGH s BIASF o XSIZESYSIZy CHARSZ W XOFF4YOFF 4XFACT
COMMON/TWO/CALCONGCGyNL o XL s NHy XHy YMIN
IFISCAL.EQ.Ts) GO TO 220
XP=XL_OW
00 230 J=1,2
CALL PLOT (XP,100,,0,0)
CALL PLOT (XP,100.41,456)
IF (YMINJLE.939,) CALL PLOT (XPy99,4+1,6)
CALL PLOT (XP,YMIN,y 1+0)
30 XP=XHIGH
RETURN

2
c
c IF NO DATA IS TO B85 PLOTTED BUT THEORETICAL SPECTRA ARE,
c THE Y AXIES ARE DRAWN AT THIS POINT AND THE SCALE FACTOR
c IS SET = .9

c

2

20 SCAL = .9 = YSIZ
CALL SCALE (XFACT,1.,XO0OFF, YOFF,XLOW,0.)
CALL PLOT (XLOWs0.,40, D)
CALL PLOT (XLOW40.,1,0)
CALL PLOT (XLOWsSCAL.1,0)
CALL PLOT (XHIGH,0.,0,0)
CALL FLOT (XHIGH,0e41,0)
CALL PLOT (XHIGH,SCAL.1,0)
SCAL = SCAL * (1.-BIASF)
FETURN
END
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0s3 FORTRAN VERSION 3.13 0i1/11/78 0053

SU3POUTINE TANDH (SCALeT.H,XTOFF)
CO”HON/ONE/XLOHqXHIGHvBIASFqXSIZEvYSIZqCHARSZ.XOFFqYOFF.XFACT
CIMENSION FORM(3),3COARAY{LD

28 FORMAT (2H =2,13)

78 FORMAT (2(2HT=4FlLe2,I1147) %)
CALL SCALE(XFACTglooXOFFvYOFF*BIASF'YSIZ'XLOHvUo)
IF (T.£Q.0.) GO TO 10
ILOG=ALOGLIO(T)
NFORM=2=-ILOG
ENCODE(11,70,FORM) NFORM
ENCODE (6, FORM,BCDARAYYT
YTOFF = SCAL/Z2.
caLL SyYymMgoL (XTOFF'YTOFF'UO qCHARSZUEQQCDAPAY‘

10 IF (HeEQ.0.) RETURN
YHOFF=SCAL/2=(1,5*CHARSZ)
IH=H
ENCODE (6,20,3CDARAYY IH
CaLL SYMBOL{XTOFF,YHMOFF, 0. ,CHARSZ+64+3CDAREY)
XHOFF = XTOFF ¢ CHARSZ/XFACT
CaLL SYMBOL( XHOFF, YMOFF, De s CHARSZ/244 1,4 1HE}
RETURN :
END

0S3 FORTRAN VERSION 3,13 g1/11778 00F%3

SU3ROLTINE MINMAX (ARRAY JAMINGAMAX,N?
DIMENSION ARRAY (512}
AMINzZ AMAX=ARRAY (1)
00 10 I=2,N
IF(ARRAY(IV1.GT.AMAX) AMAX=ARRAY(I)

10 IF(ARRAY(I).LT.AMIN) AMIN=ARRAY(I)
RETURN
END

»

0S3 FORTRAN VERSION 3.13 Q1711778 0053

FUNCTION YLREN(LRENHT 4 GAM4POS,X)
DIMENSION HT(10),GAM(10),POS{1D)
YLREN=C,
PO 1 I=1,LREN
XPMSQ=(X=POS (1)) »»2

1 YLREN=YLRENS (HT (1) /7 (XPMSQ*GAM(T) +1,))

RETURN
END




APPENDIX II

Program GVAL
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OO0 O0O00

28

OO0

s X NeNoReNeNa]

73/74 OPT=1 TRACE . FTN 4.6+452

PROGRAY GVAL{INPUT,0UTPUT)

THIS PRCGRAP INPUTS G VALUES OBTAINEC FROM THE EPR SPECTRA OF AN €
S = 1/2 SYSTEM AND OUTPUTS THE CRYSTAL FIELD PARAMETERS D.E, AND
THE ENERGY OF THE GROUND ELECTRONIC STATE. THE PROGRAM READS IN
MODULUS OF THE G TENSOR AS GX,GY, AND GZ IN FREE FORM INFUT MODE
AND PRINTS OUT ALL POSSIBLE REAL PERMUTATIONS OF THE G TENSOR

WHICH LEAD TO REAL EIGENVECTORS. 1IF & GIVEN SET WILL NGT CONVERGE,
WITHIN 50 ITERATIONS, & MESSAGE IS PRINTED OUT WHICH STATES THE
PROBLEM. IF THE SUM GX + GY = GZ I35 NEGATIVE, A REAL SET OF
EIGENVECTORS CANNCT BE FOUND.

DIMENSION G(&)
REAL K

REAC *46XeGY46Z
R2 = SQRT(2.)

6(1) = GX
6(2) = -GX
G(3) = &Y
Glu) = «GY
G{5) = 6Z
G(e) = -6Z

FORHAT(iHi./////.3!.2GXt.6x.¢GY=.6X.¢GZ¢.6X.tANORNt.axo
1 2A2,10X4282,10X,202,10X,2K2,9X,2C/7LAMZ, 8X 4 2E/LANZ,
2 AX 3 2E/D2 48X y2ENERGY/LANZ L/ /)

PRINT 20

PERFMUTE ALL POSSIBLE COMBINATIONS OF G VALUES

D0 30 I = 146

6X = G(I)
00 83 J = 1,6
GY = G{J)

IF (ABS(GX) «EQ.ABS{(GY)) GO TO 80
Bo 78 L = 1,86

GZ = GlL)

IF (ABS(GX) c.EQ.ABS(GZ}) GO TO 70
IF(ABS(GY) «EQ.ABS(GZ)) GO TO 70

CHECK NCRMALIZATION A*A + B*B ¢ C*C = ANORM

IF GX+6Y-GZ IS NEGATIVE, ANORM WILL ALSO BE NEGATIVE AND THIS
CAN ONLY HAPPEN WHEN AN IMAGINARY SET OF A,8,AND C ARE OBTAINED
SINCE A, By C ARE SUPPOSE TO BE REALs THIS SET IS THROWN OUT

ANORM = (GX*GX+GY*GY+GZ*GZ+GY*GZ-GX*GY=GX*GZ)/ (L. *(GY+6Z-GX))
IF (ANORM.LT.04) GO TO 70

SQRTG = SQRTI(GZ + GY - GX)

A = (GZ # GZ + GY = GX)/(4s*SARTG)

8 (GY = GX)/(2.*R2*SQRTG)

= (GY + GX)/ (4 +*SQRTG)

CALL FIT1(A4B+sCeK+GXeGYsGZyIFLAG)

D = E = ENERGY = ED = Q.

IF(IFLAG ,GEL ) caLL DEL(A,8,CyD,E,ENERGY)

IF (OeNEolo) ED = E/0

PRINT 40 +6XsGYGZ,ANORM,AB4CsKosDoE4EBLENERGY




73/74 0PT=1 TRACE FTN 4.84452
“d FORMATILX 42 ({FB+3+42X)151(F3e692X) 94(Fl1e742X)y/)
70 CONTINUE
Ly CONTINUE

90 CONTINUE
820 CONTINUE
END

73774 OPT=1 TRACE FIN L.64452

SUBROUTINE DEL (A+B+Cy0,E,EN)

COMPUTE CRYSTAL FIELD PARAMETERS FROM EIGENVECTOR

OO0

DIMENSION X(3,3),Y(3),WKAREA(16)
R2 = SOQRT(2.)}

N=3
Mm=1
IA = 3
IDGT =
X(1,1)
X{(3+2)
X(1,3)

X€2e1) = X{3,1) = X(1,2) = X(2.2) = 1.
=2
-3.*C/A
X{2+3) -3.%*A/C
X(3+,3) 0.
Y{1) = =,5 = B/(R2*A)
Y(2)Y = 5
Y(3) = = A/{R2*8)
CALL LEQTLF (X+MsNoIA,Y,I0GT,WKAREA,IER)
EN = Y{(1)
D = Y(2)
E = Y(3)
IF (IER.NE.D} PRINT 90, IER
390 FORMATISX,2ERPOR IN SOLVING FOR D,E,AND ENERGY. ERROR COOE = 2I5)
RETURN
END

e unho

73774 OPT=1 TRACE FTN 4.E+4.52

SUSROUTINE NORM(A,8,C)

AA = A®p
B8 = B*8
CC = C*C

SUM = AA + B8 + CC
SUMR = SQRT(SUM)

A = A/SUMR
8 = E/SUMR
C = C/SUMR
END

144
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J/76 OPT=1 TRACE

FTN L.B4LS2

SUBROUTINE FIT1 (A4BsCsKsGXEXPGYEXPGZEXP » IFLAG)

DIMENSION APARA(UL, L) FPARA(L) , NKAREA(LS)

REAL K
N = &
M=1
IA = &
IDGT =

ITERC =

ITER =
IFLAG
K = 1.

5
9
50

0

R2 = SQRT(2.)

OO0

NORMALIZE INITIAL TRIAL

CALL NCRM(A,B8,C)
10 CONTINUE

>
w
H W anuoe

c

A*A
B*g
c*C
A*B
A*C
B*C

C CAUCULATE DERIVATIVES

c
0GX DA
DGXxN3
0GXCC
0GX0K
DGYCA
pGycCe
0GYDC
0GYDK
062048
06208
0GZGC
0GZDK
OONECA
DONEDB
ODONECLC
DONEDK

CALCULATE

OO0

ONE =

[T T T O T I U T O T S | BT ]

A

2% (2.*C~-R2¥K*B)
2.%(=2.%9 + R2*K*(C-A))
2.%(2.%*A + R2*K * B8)
2.*R2* (BC~-AB)

2.% (2.%C+R2%K*E)
Z.*(2,%B ¢ R2*K*(C+A))
2.%(2,*A+R2%K*3)
2.*R2* (8C+AB)

Lo *A* (1. +K)

-ho*3

4e*C*(1.-K)

Z."(AA-CC!

2.*A

2.3

2.%C

Ce

FUNCTIONS

A + B8 + CC

GX = 2.*(2.*AC - BB ¢ R2*K*(3C-A8))
GY = 2,*(2.%AC + BB + R2*K*{BC+AB))
GZ = 2.*(AA - 38 ¢+ CC + X*(AA-CC))

o000

APARA(1,1)
APARA(L,2)
APARA(1,3)
APARA (1,4)
APARA (2, 1)

SET UP MATRIX FOR NEZWTONS METHOD

DGXDA
DGX08
DGXDC
06x 0K
06GY0A



c
c
c

200
C
C
c

OO0

180

21cC
350

32¢

73/76 oPT=1 TRACE FTN Le.b*u52
APARA(2,2) = DGYNB
APARA (2+3) = 0GYOC
APARA(Z44) = DGYDK
APARA(3,1) = DGZOA
APARA(3,2) = 0GZ98
APARA(3,3) = DGZCC
APARA{(3,4) = DGZOK
APARA(4,1) = DONEDA
APARA(4,2) = DONEDSB
APARA(4,3) = DONEDC
APARA (4y4) = DONEDK
PARA (1) = GXEXP = GX
PARA(2) = GYEXP = GY
PARA(3) = GZEXP - GZ
PARBtL) = 1. = ONE

ACCUMULATE SUM OF SQUARE OF RESIDUALS

RES = 0.
00 200 I = 1,4
RES = RES + PARA(I)®**2

CHECK TO SEE IF DONE OR TOO MANY ITERATICNS

IF

IF(RES.LTa1sE=15) GG TO 320
IF(ITERC.GEL.ITER) GO TO 310

ITERC = ITERC + 1

CALL LEQTLF(APARA,M4N,IA,PARA, IDGT ,HKAREA, IER)
¢ PARAL(L)

+ PARA(2)

¢+ FARA(3)

+ PARA (&)

XO D>
LT 1}
XOm®P>

ERRQR IN SOLVING SYSTEM, TERMINATE AND SET IFLAG NEGATIVE

IF{IER.EQ.0) GO TO 10

PRINT 180, IER

FORMAT(2X2ERROR IN SOLVING FOR A,BsCs AND K. ERROR CODE = 2I5)
IFLAG = -1

GO TC 328

PRINT 300

FORMAT(2X2SOLVING FOR A,8,C,AND K FAILED TO GONVERGEZ)

IFLAG = -1

RETURN

END
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APPENDIX III

Program QSPLIT
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PROGRAM QSPLIT(INPUT,OUTPUT)
THIS FROGRAM CALCULATES THE ENERGY SPACING AND COEFICIENTS OF THE
WAVEFUNCT JON FOR AN S=1/2 ELECTRONIC STATE FOR A D=5 ELECTRON
CONFIGURATION.

THE WAVE USED IS
THAT OF Jo S. GRIFFITH AND OTHERS

INPUT PARAMETERS

DyE.XLAM = CRYSTAL FIELO ANO SPIN ORBIT TERMS

XXAP = KAPPA USED IN CALCULATING G VALUES. AN ORBITAL
REDUCTION FACTOR.

HYPERK = KAPPA USED IN HMYPERFINE CALCULATICN. ORIGIN SIMILAR
TO XKAP

P = MULTIPLICATIVE FACTOR FOR HYPERFINE CALCULATION.

CALCULATED FROM G * GN * BRTA(N) ®*BETA(E) * <R**=3I>
COMMONLY P*HYOERK/ {GN®*BETA(N)) = 20C XOE (AFPROX)
XYNN,XZNNo,YZNN = COVALENCY FACTORS
BARN = CONSTANT IN BARNS FOR Q@ (10%%*-24 CM®*2)
R = CONSTANT FOR <R**-3> = R®A(()**-3
COMMONLY R = S5,

THIS FRCGRAM USES TWO LIBRARIES IN RUMNING. THEY ARE OBTAINED
AND LOACEC AS FOLLOWS

USER,AASASCyeeveee

CHARGE 7251604 A,

SETTL.100.
ATTACH,IMSL/UN=LIBRARY,
GET,LPLTLIB/UN=AAGI3C.
GET,0SULIB/UN=LIBRARY,
GET+GVALBIN.
LOSET,LI3=IMSL/LPLTLIB/OSULIB.
GVALBIN.

77879

INPUT -DECK

77879
6/7/78/3

s ¥eNe Rz s No s Ne NN Re R s Ne Ne X2 Xs KaXsXe N X2 X2 K X2 X2 X2 X2 Ko Xe X X N s Xe X Ke X2 X X2 s X2 Ko X2 X8 ]

DIMENSION EQQ(3) LETA(D)
DIMENSION H(B46) s HSOI6,6) HCF (6,6) 4 VEC(H+6) 4 VAL(6) 4WKIED)

13 FORMAT(3F10e5+¢/9F10es54/42F10.54/95F10.5)

22 FORMAT (/.2 CRYSTAL FEILD MATRIX2,/,6(6(2X,Fi03)/7 M)
30 FORMAT (/.2 SPIN ORSBIT MATRIX2 2 /96 (6(2XsFL104,3)7))
49 FORMAT (/4,2 SO ¢+ CF MATRIXZ,./,6(6(2X,F10.3)7))

52 FORMEATILHL 2 O = 2,F10.3,5X,2 £ = 2,F10.3,5X+2 LAMBOA = 2F10.3,
1 /4% KAPPA = 2F10.54/42 HYPERK = ZF10.5+5Xe2 P = 2F10.5+/,
2 2 XYNN = 2F10,.5,5X42 XZNN = 2F10.54+5Xa2 VYZNN = 2F10.5,
I 5X4% BARN = 2,F10.545Xs2 R = 2F10.5)

60 FORMAT (/,6(2 ETGENVALUE = 2G15.8,2X2EIGENVECTOR = 2
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1 BlGLl4.841XY47,))

70 FORNAT (/,2 PREFORMANCE COUE = 2F10.545Xy2ERROR CODE IER = 215)
&g FORMAT(2I10,2F18.5)

N = €

1408 = 2

READ BOyNCALC, NPTS,TMIN,TMAX
DO 200 ITER = 1,NCALC
READ 1040sEs XLAM o XKAPJHYPERKF o XYNNyXZNN,YZNN4BARN,R

o}
C ASSIGN CEFAULT VALUES FOR PARAMETERS LEFT AS ZERO
C

IF(P.EQ. D) P = ,260

IF (BARNLEQ.D.) BARN = ,L18

IF (R.EQ.0.) R = 5,

IF(XYNh, EQ. 0,) XYNN = 1,
IF(XZINN.EQLCW) XZNN = 1.
IF(YZNNL.EQ.D L) YZNN 1.
IFIXKAP,EQ.0,) XKAP i.
IF(HYPERK.EQLG.) HYFERK = XKAP

START CALCULATION

(> X Nel

PRINT 50¢DsE,XLANyXKAP,HYPERK 4Py XYNNoXZNNyYZNN, BARN,R

XYN = SQRT (XYNN)
XZN = SQRT (XZNN)
YZN = SQRT(YZNN)

CALL CF(HCF,0,E)

CALL SO(HSO,xXLAM)

CALL MATAODD(HCF, HSO, HyN)

PRINT 20, (‘HCF(I'J"Jzin"Izl'N)

PRINT 30, ((HSOC(I,J)eJ=1yN)yI=1,N)

PRINT 40y ((H(Io J) sU=14N)4I=1,N)

CALL VCVTFS(H, N, NyH)

CALL EIGRS(HyNyIJOByVALyVEC,N,NKy IER)

PRINT 70,WK (1) ,IER

PRINT BO (VALCJY o (VECITIJ) g I=1,4N),J=1,N)

CALL GVAL (VAL yVEC,XKAPJE/D4HYPERK Py XYNJXZNyYZN,R,BARN,EQQ,ETA)

CALL GSVST(VAL,EQQ.ETA,TMIN, TMAX,NPTS
20¢C CONTINUE :

END

73/74 oP T=1 TRACE FIN 4.6+4452

SUBRCUTINE MINMAX (ARRAY4NPTS,AMIN,AMAX)
DIMENSION ARRAY(NPTS)

AMIN = AMAX = ARRAY(1)

IF (NPTS.LE.1) RETURN

DO 10 I = 2,NPTS

AMIN = AMINL(ARRAY(I),AMIN)
i0 AMAX = AMAXL (ARRAY(I),AMAX)
RETURN




ig¢

108
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SUBROUTINE CFU{HCF,0,E)
DIMENSION HCF (84 6)

DO 103 I=1,¢

D0 100 J=1.+6

HCF(IsJ) = C.

HCF (141) = HCF(343) = HCF (4ok)
HCF (2,2) = HCF(5,5) = 2. * D
HCF(143) = HCF(341) = HCF (4,46}
RETURN

END

73/74 oPT=t TRACE

SUBRCUTINE SO(HSO.XLAM)
DIMENSION HSJ(6,6)

D0 1008 I=1,6

DO 10880 JU=1,6

HSO‘I'J) = D

XLAM2 = XLAM/2.

XLAME2 = XLAM/SQRT(2.)

HSO(1,1) = HSO (Leb) = =XLAM2

HSO (343) = HSO(6,6) = XLaM2

HS0(1,2) = HSO0(2+1) = ~XLAMRZ
HS0(445) = HSO(S5,4) = XLAMR2
RETURN

END

73/74 oPT=1 TRACE

SUBROUTINE MATAOD(A,8,C,N)
DIMENSION ACNeN) 4B (NyN) 4C (N,N)
DO 100 I=1,N

DO 100 J=1i.N

C‘I'J) = A(I.J) + B(IpJ'
RETURN

END

= HCF(6,48)

= HCF(Bs4)

FIN L.6+L52

[
4
o

3. * E

FTN L.B#452

FTN 4.64652
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20

30

%)

50

OO0O00O0O00O0

.SUBROUTINE GVAL(VAL,VECsXKAP,ED,HYPERK,P,XYNyXZN,YZN,R,BARN,

1

€Q
DIMEN
DIMEN

FORMAT (/42 FOR DOUBLET *I22 WITH E/D =2F10.7% ANC AN EIGENVALUE

73/74 0P T=1 TRACE

QD4 LETA)
SION VAL(&) yVEC(646)
SION EQQD4{3),ETA(D)

1 2961489792 & = 2G14e845X928 = 2G144845X,2C
12 GX

1

»

* AX

R2 =
R22 =
R32 =
Two?
R27 =
R67 =
XYNN
XZNN
YZNN
00 t0
Jd =
00 20
IF(VE
G0 TO
A v
8 v
c v
G0 TO
A v

v

B
c
AA
B8
cc
AB
AC
BC
AC2
Ci1
cz2z
C33
ci121
c13 =
c231
BKR2
GX
GY
GZ

"ot ow

TO DETERMINE A VALUE FOR P, THE FOLLOWING SHOULD BE NOTED.

-]

FOR THE GROUND STATE HYPERFINE TENSOR,AND AX,AY,AZ WILL BE

IN CM
AX =

= 2G4 .895X426GY = 2G144845Xy 267

FIN L.6#L52

= 26144847,

24sGlleBy/y

= 2G14e845X 4ZAY = 2G164845X92AZ = 2461484/
32 EECC/4= 2G14.8,5X,2ETA= 2614.8)

SART(2.)

k2 *2.

3. *R2
= 2e/T7e

R * THWHO7

3* R27

= XYN * XYN
= XIN * X2IN
= YIN * YIN
0 INDEX = 246,42

INDEX/2

I=1,3
C(I,INDEX)NE.O.) GO TO 30
L1:]
EC(1,INDEX)
EC (2, INDEX)
EC(3, INDEX)

c0

EC{4y INDEX)
VEC(5, INDEX)
EC (64 INDEX)

A*a
8*8

c*C
A*B

A*C
8*C

A *»(C * 2,

88 * XYN * XYN

-(AA - AC2 + CC) * XIN *XIN/2.

(AA + AC2 + CC) * YIN *YIN/2.

=z =-(AB - BC)* XZIN * XYN/R2
={AB + BC) *YIN *» XYN/R2
= (AA - CC) *XIN * YZN/2.
= XKAP * 3 * SQRT(2.)
(BKR2* (C-A) + ACZ2 -8B) * 2.
(BKR2*{C+A) + AG2 +8BB) * 2.
(XKAP* (AA-CC) ¢+ AA - BB + (CC) *2,

= 2. * GI(NUC) * BETA(NUC) * BETA * <R**=3>

AND
COMMONLY P*HYPERK/ (GN*BETA(N)) =

/SEC.

200 KOE (APPROX)

P*(4e*( C12I) - HYPERK * (=-C11 ¢+ C22 + C33)

+ THWO7 * (-C11 ¢+ C22 - 2.%C33 - 3.*C13

+ 3.%C231))
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AY = P*(4,*{=C13 ) - HYPERK * ( Ci1 + C22 ¢ C33)

. + THO7 * ( Cii = 2.%C22 + C33 # 3.%C12I = 3.*C23IN
AZ = P*{4.*(+C23I) + HYPERK ® ( Ci1 + €22 - C33)
e - TWO7 * (=2.%Ci1 & C22 - C3T - 3.%C12I - 3.*C13 )}

CALCULATE THE QUADRUFOLE ETA AND EQQs4 TERMS FOR ALL THREE LEVELS

ETAG = RB7*((AA + CC)/2.*(XZNN-YZNN) = AC®(XZNN + YINN})
Q 2 R2Z7*((AA + CC)/2.*(XZNN+YZNN) = BB®(XYNN + XYNN) ¢+
i AC * (YZNN = XZNN))

ETA(JJ) = ETAQ/Q

EQAD& (JJ) = Q*BARN®2,0226/4,

BEGIN FINAL PRINT OUT

PRINT 90 4JJsEDy VAL UINDEX) yAsB4CeGXsGYsGZ 1AXsAY4AZ,
1 EQQDL (JJ)y ETAC(II)

CONTINUE

RETURN

END

T3/74 oPT=1 TRACE FTN 4.64452

SUBROUTINE QSVST(VAL,EQQsETA, TMIN,TMAX,NPTS)
OIMENSION VAL(6) ,EQQ(3),ETA(3),T(101),QS(100)
DT = (TMAX=TMIN) /(NPTS-1)

T(1) = THIN

00 10 I = 2,NPTS

T(I) = T(I-1) ¢ OT

NOTE THAT 1.00 1/CM = 1.4388 K

CONST = 1.4388

D0 30 J = 14NPTS

Z=243.

EQQFUN = 0.

ETAFUN = 0.

DO 20 1 = 41,3

EXPFUN = « (VAL (2*I)=VAL{1))*CONST/T(J)
IF(EXFFUN.LT.=675.) EXPFUN = =675,

EXPFUN = EXP(EXPFUN)

Z =7 + EXPFUN

EQQFUN = EQQFUN ¢ EQQ(I)*EXPFUN

ETAFUN = ETAFUN + ETA(I)*EXPFUN

CONTINUE

ETAT = ETAFUN/Z

EQQT = EQGQFUN/Z

QS(J) = 2, ® ECQT * SORT(L.+(ETAT*ETAT/3.))
CONTINUE

CALL MINMAX (QS,NPTS,QSMIN,QSMAX)

CALL LFPLOT (T,QSyNPTSyTMIN,TMAX,YMIN, YMAX)
CALL AXIS (0.0.0.0.'0..0.'5..G.'3..0..0.,0.0.0'0.'0.)
PRINT 40 4((TUJ)yQAS(JI),I=14NPTS)
FORMAT(//4T10,2T2,T25,2Q524/4 (5X,F10.5+45X4F10.6))
RETURN

END
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SUBROUTINE LPPLOT (XsYoNoXLOWyXHIGH,YMIN, YHAX)
DIMENSION LABEL1(3),LA3EL2(3)

DIMENSION X(10G).Y(100),LABEL (D)

DATA LABEL1/11HTEMPERATURE/ LABEL2/20HQUADRUPOLE SPLITTING/

29 DELY=YMAX=-YMIN

IF(DELY.£Q.5.) DELY = 2.

DELX=XHIGH=XLOW

DELYZ2=DELY/2.

YMAX=YMAX+DELY2Z

YMINSYMIN-DELYZ2

YTICsDELY2

DEL ¥Y2=0ELY

DEL YsDELY+DELY

XTIC=0ELX/ 4.

MARGY = 15

CALL AXIS (SLOUTPUTQBvﬁvXTICoDELXoUELVyXLOHvYHINqXLOHyYHINO
1 YTIC:65+64MARGY UDCX,UPCY}

XXOFF=4e MJPLX

XYOFF=YMIN=2,.*UPCY

YXOFF=XLOW=10.*UPCX

YPOS=YMIN

XPOS=XLOW

C LABEL X AXIS

D0 40 I=1,5
XX=XPQS=XXOFF
CALL PLOT (XXysXYOFF,041R )
ENCOOE (9,30,LABEL)XPQCS
30 FORMAT (E9.2)
CALL LABLPLT (9,0,0,LABEL)
XPOS=XPOS¢XTIC

(=]

LABEL Y AXIS

o0 r

00 50 I=1,5
CALL FLOT (YXOFF,YPOS+041R )
ENCCOE (3,30,LABEL) YPOS
CALL LABLPLYT (9,0,0,LABEL)

G YPQOS=YFOS+YTIC

PLOT 0ATA

oOooOoOwm

00 60 I=1sN
&0 CALL PLOT (X(IV,yY(I)e041iRaD
XX=XLOW+ (DELX/2.)=(5.*UPCX)
XYOFF=XYOFF=-2.*UpPCY
CALL PLOT (XXyXYOFF,0.1R )
CALL 1a8LPLT(11,0,3,LABELY)
1280 YPOS=YMINCDELY2+10,.%UPCY
YXOFF=YXQFF=2,*UPCX
CALL PLOT (YXOFF,YPQS,0s1R )
CALL LABLPLT(20,041,LABEL2)
RETURN
END



154

APPENDIX IV

Program RELAX
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PROGRAM RELAX (INPUT,OQUTPUT,PUNCH,TAPELD)

THIS FROGRAM CALCULATES RELAXATION SPECTRA FDR S=1/2 ELECTRONIC
SPIN AND GENERAL HYPERFINE INTERACTION AX,AY,AZ. ORIGINAL
PROGRAY BY Ge Ke SHENOY AT ARGONNE NATIONAL LAB.

XTI XTI A S J 2T RIS RIS SRS TP R SRR Y S L R RS R Y Y Y )

INPUT PARAMETERS AND ARRAYS

Yet1 = COMPUTED RELAXATION SPECTRUM

GX¢GYs6Z= ELECTRONIC S=1/2 6 VALUES

RG = NUCLEAR G FACTOR RATIO

AXG+AYG+AZG = NUCLEAR GROUND STATE A TENSOR
AXESAYELAZE = NUCLEAR EXCITED STATE A TENSOR

EC =QUADRUPOLE PARAMETER(E**2%Q*Q) /4.
ETA QUADRUPOLE ASSYMETRY PARAMETER
vJ = RELAXATION RATE

ALFA,BETA,GAMMA = EULER ANGLES FOR QUARRUPOLE TENSOR

INPUT INFORMATION

CARD 1t (2I10,2F10.5,I10)
COLUMN
1 = 10 NSPECeeessoNUMBER OF DISTINCT SPECTRA PARAMETER
SETS TO RAD 1IN
i1 - 20 IPLOT......FLAG FOR CALCOMP pLOTS

IPLOT = 0...NO CALCOMF FLOT
IFLOT = 1...CALCOMP FLOT DONE
IPLOT = 4...PLOT DONE ON GERBER

21 - 30 XLOWe eooeoee LOW VALUE OF X AXIS IN CM/SEC
(DEFAULT = =,5)
31 - 49 XHIGH......HIGH VALUE OF X AXIS IN CM/SEC
(DEFAULT = .5)
41 = 50 TIPUNCHeeeeeIF IPUNCH IS NONCERO, A PUNCH DECK
CONTAINING AN AUTOSCALE CARD AND
Y VALUES OF THE FINAL SPECTRA IS PUNCHED

CARD 2t (I5)
COLUMN
1 = 5 LRENeeeoosesoNUMBER OF LORENTZIANS IN MODEL OF DATA
IF LREN = 0...0MIT CARDS 3 AND &

CARD 3t (3Ei0.4)

COL UMN
1 - 10 BKG........BACKGEOUND OF LORENTZIAN MODEL

(== CARD 483 (3Ei10.4)
( COLUMN
{ LREN TIMES 1 - 10 HTeeoeoeee e HIGHT OF LORENTZIAN PEAK
{ 11 - 20 GAMeoooos oo FULL WIDTH AT HALF MAXIMUM (CM/SEQD)
(== 21 - 30 POSceeeeees POSITION IN CM/SEC GF PEAK
{z=== CARD 51 (I10)
{ COLUMN
{ NSPEC TIMES 1 = 10 IFLAGeeseeeFLAG FOR READING INCREMENTS
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COMMEN/TRO/X{301) 9 XLOWs XHIGH

73774 0PT=1 TRACE FIN 4.6+452
IF IFLAG = 1 NO INCREMENTS READ
(OMIT CARDS 10 - 13)
IFLAG = 2 INCREMENTS READ AND CHI
OPTIMIZATION PREFORMED ON
INCREMENTED PARAMETERS
(INCLUDE CAROS 10 - 13)
(== CARD 631 (uE1D.&)
( COL UMN
( 1 -1 Aceescocssel)
( 11 = 20 Besesoosseees )JGROUND STATE ELECTRONIC WAVEFUNCTION
( 21 - 30 C..........)(CH/SEC)
{ 31 - RO XKBPeooosooeK IN G TENSOR CALC
(
( CARD 7t (5E1Q.4)
t INITIAL COLUMN
( VALUES OF 1 = 10 QSececeesdes GUADRUPOLE SPLITTING (CM/SEC)
{ 11 - 20 ETAcececes.QUADRUPOLE ETA PARAMETER
( PARA"ETERS 21 - 30 DELE.......ISOHER SHIFT (CH/SEC)
( 31 = 40 VJ2eeeeeeee RELAXATION PARAMETER (CM/SEC)
{ 41 = 50 WIDeeeesoso FULL WIDTH AT HALF MAXIMUM (CM/SEC)
{
t CARD 8t (S5E10.4)
( COLUMN
( 1 - 10 HYPERK.....KAPQA IN CALC OF A TENSOR
( 11 = 20 PKoeseooososoP*KAPPA/GINUC)*BETA(NUC) IN KCE
( 21 - 30 X¥NNeooooooeol
( 31 - L0 XINNeoooooeo) COVALENCY FACTORS
(== 41 - 50 YZNNe oo oo o o)
(== CARD 9t (4E10.4)
{ COLUMN
{ 1 - 10 Aecescccses)
( 11 = 20 Beeeceoceee)GRCUND STATE ELECTRONIC WAVEFUNCTION
( 21 - 30 Cescececose)(CM/SEC)
( 31 - 40 XKAPoeosooeK IN G TENSOR CAtLC
{
{ CARD 10t (5E10.4)
( COL UMN .
( INCREMENT 1 = 10 QSeeccessesQUADRUPOLE SPLITTING (CM/SEC)
{ OF 11 = 20 ETAceceeeess QUADRUPOLE ETA PARAMETER
( CHANGE 21 - 30 DELEeeeceee s ISCMER SHIFT (CM/SEC)
{ OF 31 - 40 VJ2eeoeeee s RELAXATION PARAMETER (CM/ SEC)
( PARAMETERS 41 = 50 WIDeeeseseeFULL WIDTH AT HALF MAXIMUM (CM/SEC)
{
( CARD 111 (5E10.4)
( COLUMN
( 1 = 10 HYPERK.eo oo KAPPA IN CALC OF A TENSOR
{ 11 = 20 PKeecosooossF*KAPPA/GINUC) *BETAINUC) IN KCE
( 23 - 30 XYNNeeeooosoo)
( 31 - &0 XZNN.......) COVALENCY FACTORS
(== 41 - 50 YZNNeoooo ool
EEER
COMMON/ONE/PARAL(12)
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COMMON/THREE/YC(301), YCMINy YCHAX

COMMONZFOUR/ YL(301),YLMIN,YLMAX,AREAL

COMMON/FIVE/ YD(301),YOMIN, YOMAX

COMMCNsSIX/ YCF(301),YCFMIN,YCFMAX

COMMON/SEVEN/YDF (301), YOFMIN, YOFMAX

COMMON/EIGHT/PARA(Z,14)

DIMENSION INDEX(14),BCDOOUT(10)

DATA INDEX/14%*0/

READ 30 ,NSPEC,IPLOT4XLOW,XHIGH o IPUNCH
30 FORMAT (211GC,2F10.5,110)

IF(XLOR.EQ.D.) XLOW = =.5

c
C CALCULATE THE X AXIS
c
X{1) = XLOW
XINC = (XHIGH=XLOW)/300.

00 10 I=2,301
10 X(I) = X(I-1) + XINC
CALL LORENTZ(LREN)
00 €00 IJ = 1,NSPEC
PRINT &
%] FORMAT (1H1)
ICOUNT = D
CHI = CHIOLD = 1.E15
READ 100,IFLAG,( (PARA(T,J)4J=2,14),1=1,IFLAG)
109 FORMAT (I104/y (4ELDety/5E1044s/+5E10.4))
IF(IFLAG.EQ.2) GO TO 150

c
C SET UP PARAMETERS FOR NO VARIATICN OF PARAMETERS
c

ICOUNT = 1

INDEX(1) = 1

GO TO 210

156 CONTINUE
00 280 I=1,14
IF (PARA(2,I) .EG. 0.0) GO TO 20C
ICOUNT = ICOUNT. ¢ 1
INDEX(ICOUNT) = I
200 CONTINUE
21¢C CONTINUE
D0 568 Ii = 1, ICOUNT
DO 500 I2 = 1,ICOUNT
IF (IFLAG.EQ.1) GO.70 250

SET UP PARAMETERS FOR FIRST TIME THRU VARIATION LOOPS

[eXeXe!

I3 = INDEX(I2)
PBEST = PINT = PARA{1,I3)
DELTA = PARA(2,I7)
PRINT 20
20 FORMAT (1H1)
IF(I1.NE.L.0R. I2.NE.1) GO TO 270

IF FIRST TIME THRU PARAMETER VARIATION WE NEED A CHI FOR INITIAL
PARAMETERS SO CALCULATE SYSTEM FOR INITIAL PARAMETERS. OTHERWISE
GO TO PARAMETER VARTIATION SECTION AND THEN GOME BACK HERE.

c
c
c
c




25¢C

(s XeNeoNe)

260

c
c
C
c
27e

e XsNeNeNe NaXyl

WOOOOOOOOO

FOOOO0O

9r

56¢C
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CALL PCALC
CALL FERLX(EQ)
IF(LREN<NE.O) CALL COMPAR(CHI)

IF THIS SET OF PARAMETERS WAS BETTER,STORE THE NEW SPECTRA.
IF NOT, CHANGE THE METHOO OF GETTING NEW PARAMETERS.

IF(CHI.GT.CHIOLD) GO TO 306
PBEST = PARA(1,I)

CHIOLD = CHI

EQOLD = EQ

00 260 I=1,301

YOFI{I) = YO(D)

YCF(I) = YC(I)

CONTINUE

YCFMIN = YCMIN

YCFMAX = YCMAX

YOFMIN = YDMIN

YOFMAX = YOMAX

IF (IFLAG.EQ.1) GO TO 500

SINCE WE GET HERE AFTER THE FIRST CALC OF THE SPECTRA, VARY THE
I3 PARAMETER BY THE APPROPRIATE INCREMENT, AND CALCULATE AGAIN.

PARA(1,I3) = PARA(1,I3) + DELTA
GO0 TO 250

THIS NEXT CODE CAN BE CONFUSING, BUT THE LOGIC IS REALLY SIMFLE
AFTER YOU THINK ABOUT IT.
THE PROGRAM GOES TO 300 WHEN THE LATEST GUESS IS WORSE THAN
THE PREVIOUS ATTEMPT, THMEREFORE IT MUST BE
INCREMENTING IN THE WRONG OJRECTION. IF PBEST, THE VALUE
OF THE VARYING PARAMETER WHICH YEILODED THE BEST CHI, IS
NOT EQUAL TO THE VALUE BEFORE WE STARTED VARYING THE
PARAMETER WE HAVE GONE THRU A MINIMUM IN CHI AND PBEST IS THE
BEST WE CAN DO FOR THIS INCREMENT SIZE. IF,HOWEVER. THE
BEST VALUE IS ALSO THE INITIAL ONE, WE ARE PROBABLY
CHANGING THE FARAMETER IN THE WRONG OIRECTION AND NEED TO
GO THE OTHER WAY TO FINO THE MINIMUM IN CHI, SO DO THAT.
IF WE HAVE GONE 30TH WAYS (DELTA.NE.PARA(2,I3)) THEN WE ARE
DONE.

IF(PBEST.NELPINT) GO TO 490
IF(DELTANELPARA(2,1I3)) GO TO 490
DELTA = -DELTA

PARA(L1,I3) = PINT + DELTA

G0 TO 250

WE HAVE NCW FOUND THME BEST VALUE FOR THE I3 PARAMETER WITH THE GIVEN

STEP SIZE AND PARAMETER SET.

CHI = CHIOLD

PARA1(12) = EQOLD
PARA{1,I3) = PBEST
CALL PCALC

CALL FLOTTER(CHI,LREN)
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IF (IFLOT.EQ.0) GO TO 580
CALL PLOTYPE(IPLOT=-1)

CALL PLOTYPE!(D)

YOIF = YCFMAX = YCFMIN
YMAX = YCFMAX + J5*YDIF
YMIN = YCFMIN - .5*YODIF

PLOT SPECTRA ON PLOTTER IF REQUESTED

CALL PLOTDAT (X,YCFs301,YMIN,YMAX X (1) X (301)404849645)
" YDIF = YDIF/15.

YOFF = YMAX-YDIF

ENCOCE (64,2019, BCD0UT) (PARAL(IV,I=1,3}

CALL SYMBOL (X(1),YOFF+04+412464,8C00UT)

YOFF = YQFF - YDIF

ENCODE (64,202G,3C00UT) (PARAL(I),I=4,6)

CALL SYMBOL (X(1),YOFF,0.s012,64,BCO0UT}

YOFF = YOFF - YDIF

ENCOCE (64,2030,3CD0UT) (PARAL(I)I=7,%)

CALL SYMBOL (X(1),YOFF.0ey012,64,8C00UT)

YOFF = YOFF - YDIF

ENCODE (64 +204G,BCO0UT) (PARAL(I),I=10,12)

CALL SYMBOL (X{(1),YOFF,0.9412,64,BC00UT)

FORMAT ( 2 AXG = 24F12.742 AYG = 2,F12.7,% AZG =
FORMAT ( 2 GX = 24F12.7,% GY = 2,F12.74+2 GZ =
FORMAT ( 2 QS = 2,F12.742 ETA = 2,F12.7,2 Is =
FORMAT { 2 VJ2 = 2,F12.7,2 WID = 2,F12.7,2 EQ =

CALL FLOTEND

IF(IFUNCH.EQ.0) GO TO 600

NPTS = 301

PUNCH 590,YCFMIN ,YCF4AX s XLONsXHIGH,NPTS, (YCF (J),J=1,301)
FORMAT (2F1044L42F10.5,15+7, (BF10.4))

KPUNCH = S5LPUNCH

ENOFILE XPUNCH

CONTINUE

END

2,F12.7)
2,F12.7)
2,F12.7)
2,F12.7)
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SUBROUTINE PCALC

COMMON/ONE/ PARAL(12)

COMMON/EIGHT/ PARA(2,14)

DATA GNBN/1.,18548 E=Q3/

HYPERK = PARA(1,1D)

P = PARA(1,11) * GNBN/HYPERK

XYN = SQRT(PARA(1,12))

XZN = SQRT(PARA(1,13))

YIN = SQRT(PARA(1,14))

IF(YZN.EQeD,) YIN = XIN

A PARA(1,1)

8 PARA (1,2)

C = PARA(L,3)

XKAP = PARA(1,4)

FORMAT (/77,2 A=¢F9.6'ZX'!8=$F9.612X'3C=$F9.6'ZX'
1¢XYN8¢F9-G'ZX'SXZN=¢F9-6'ZX'¢YZN=$F9-6'ZX'
12HYPERKZ2F 9,5, 2X +2P=22F9.6542Xs» 2PK=2,F8,3)

R2 = SCRT(2.}

THO7 = 2./7.

AA = A®A

88 = B8*8

CC = C*C

AB = A®B.

AC = A%C

8C = B*(

AC2 = A *=C =2,

Ci1 = EB * XYN * XYN

C22 = =-(AA - AC2 + CC) * XIN *XIN/2.
C33 = (AA ¢ AC2 + CC) * YIN *YIN/2.

C:2I = -(AB - BC)* XZN ®* XYN/R2

C13 = -(AB + BC) ®YIN * XYN/R2

€231 = (AA - CC) *XIN * YIN/2.

BKR2 = XXAP * B8 * R2

GX = (BKR2*(C-A) + AC2 -~88) * 2,

GY = (BKR2*(C+A) + AG2 +8B) * 2.

GZ = (XKAP®(AA-CC) ¢ AA - BB + CC) *2,

T0 DETERMINE A VALUE FOR P, THE FOLLOWING SHOULD BE NOTED.
IF
P = 2. * GINUC) * BETA(NUC) * BETA * <R**-3>
AND
NOTING THAT (FROM G. LANG)
P * HYPERK/ (G(NUC)*BETA(NUG)) = 200XOE (APPROX)

FOR THE GROUND STATE HYPERFINE TENSOR,AND AX,AY,AZ WILL BE
IN CM/SEC.
AX = P*(4,%( C12I) - HYPERK * (=-Ci1 ¢ C22 + C33)

* + THO? * (=C11 ¢ C22 = 2.%C33 =~ 3.%C13 ¢+ 3.*C231IN
AY = P*(4,*(=-C13 ) - HYPERK * ( Ci1 ¢ C22 + C33)

b + THOT * ( C11 = 2.%C22 + C33 ¢ 3.%Ci12I =~ 3.%*C23D))
AZ = P*(4.*( C23I) + HYPERK * ( Ci1 ¢ C22 - C3N

he - THO7 * (=2,%C11 ¢ C22 - C33 - 3.%C121 - 3.*C13 ))

BEGIN FINAL PRINT OUT

PRINT 90 44 +4BsCoXYNJXZN,YZNJHYPERK,F,PARA(L1,11)



935

910
915

S20
93¢
935

73/74 0PT=1 TRACE FTN 4.B4452

PARAL1(1) = AX
PARA1(2) = AY
PARAL1(3) = AZ
PARAL (&) = GX
PARAL(E) = GY
PARAL1(€) = G2
PARAL1(T) = PARAL1,5)
PARA1(8) = PARA(1,6)
PARAL(9) = PARA(1,7)

PARAL1(10)= PARA(1,8)
PARAL1(11) = PARA(1,9)
PARAL1(12) = 0.

RETURN

END
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SUBRQUTINE LORENTZ(LREN)
COMMON/THO /X (304)

COMMCN/FQUR/ YL(301),YLMIN,YLMAX,AREAL
DIMENSION HT(12) ,POS(12),6AM(12)
NP=301

INTROOUCE THE LORENTZIAN INFORMATION IF DESIRED

REAO S5,LREN

FORMAT(IS)

IF(LREM.EQ.0) RETURN

FORMAT(3ELi0.4)

READ 10,BKG

READ 10, (HT(I? ,,GAM(I),POS(I),I=1,LREN)

PRINT 905,LREN,BXKG

FORMAT (1H1.,///,% FOR LORENTZIAN MODEL WITH 2I22 PEAKSH
X # THE BACKGROUND IS 2F10.54///+T22PEAKZ,T1442HIGHT 2,726,
X2FULL-NIOTH AT HALF MAX2,T52,2P0SITION%,T69, 2AREAZ,/)
00 910 I = 1,LREN

AREA = GAM(I) * HT(I)*1.570796327

PRINT 9154 I4HT(IY9GAM(T) POS(I),AREA

GAM(I) = (2.0/GAM{I))*=2

FORMAT(LIX Tt 95X s Fl0e6921XoFL048+9XoF10.8,5XyF10.5)

AREAL = 0.
DO 930 I = 4,NP
F=20.

00 920 J = 41,LREN

Z = X(I» -POS(H
2 =7*2
F = HTWJ)I/Z((Z*GAMUJ)) ¢ 1.3 ¢+ F

AREAL = AREAL ¢+ F

YL(I) = BKG =~ F

PRINT 935

FORMAT (///2 LORENTZIAN MODEL FOR DIFFERENCE CALCULATIONSZ
X/7777)

CALL MINMAX (YL, YLMIN,YLMAX)

CALL MCSSPLT (YL 425,NPs5+10,YLMIN, YLHAX)

RETURN

END
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SUBROUTINE FERLX(EQQ)

COMMON/ONE/PARAL (12)

COMMON/THO/XD(301)

COMMCN/THREE/ZYC (301), YCMIN, YCHAX

COMPLEX VAL (32), VEC(32,32) :

DIMENSION WORK(2500)

DIMENSION WC(32)

COMPLEX Q21,Q22,021STR,Q22STR,EXPG1,EXPG2,EXPG3,EXPGH
COMPLEX H(32,32),P,VM(32),VIM(32)

EQUIVALENCE (AXG,PARA1(1)), (AYG,PARAL(2)), (AZG,PARAL(3))
EQUIVALENCE (6X,PARAL(U4I},IGY,PARALLS) ), (GZyPARAL(E))
EQUIVALENCE (OS.PARAL(7)),(ETA,PARAL(8)), (DELE,PARAL(I))
EQUIVALENCE (VJ2,PARA1(10)),(WID,FARAL1(11)), (EQ,PARAL(12))
RG = =0.5714

AXE = AXG * RG

AYE = AY6G * RG

AZE = AZG * RG

NP=301

DEFINE THE QUADRUPOLE TENSOR IN TERMS OF SPHERICALTENSOR
COMPONENTS AND EULER ANGLES SPECIFYING ORIENTATION IN MAGNETIC
HYPERFINE TENSOR SYSTEM.

RADDEG = ATAN(1.)/45.

BETA = (.

GAMA = 0.

ALFA = 8.

GAMA = GAMA®RADDEG

cse = COS(BETA)

SNB = SIN(BETA)

CSA = COS(ALFA®ALFA)

SNA = SIN(ALFA+ALFA)

Q20 = 0.5 * (3.,*CS9%*CSB-1.0+ETA®SNE*SNB*CSA)

GAMAZ = GAMA+GAMA

EXPGL = CMPLX(COS{GAMA),~SIN(GAMA))
EXPG2 = CMPLX(COS{GAMA2) y~SINI(GANAZY)
EXPG2 = CONJGIEXPGL)

EXPGk = CONJG(EXPG2)

Q21 = EXPG1®*CMPLY(5*ETA®SNB*SNA,.5*SNB*CSB* (3.-ETA®CSA))

Q21STR = EXPG3 * CMPLX(=,5%ETA®SNE*SNA,.5*SNE*CSB*(3.,~ETA®CSA))

Q22 = EXPG2*CMPLX{=,5*ETA®*SNA®CSE,.75*SNB*SNE+.25%ETA*CSA®
(L.¢CSB*CSB))

Q22STR = EXPGLPCMPLX(+5%ETA®SNA®CSB,.75*SNB*SNB¢.25*ETA*CSA®
(1.+CSB*CSB))

HZ = 0.

S =8.

GAMMA = WID/2.

EQQ = EQ = (QS * 2.)/(SQRT(1.¢(ETA®ETA/3))

PRINT 141, QS,ETA,DELE

FORMAT (1HO,2 QS = 24F12.742 ETAz 2,F12.7+2 IS = 2,F12.7)

PRINT 133,A2G,AYG,yAXG

FORMAT (1Xs2 AZ = 2,F12.7,2 AY = 2,F12.7,% AX = 2,F12.7)
PRINT 134y VJ2,WID,EQ

FORMAT (1Xe2 VJ2= 2,F12,742 WID= 2,F12.7,2 EQ = 2,F12.7)
PRINT 236,GX+GY,6Z

FORMAT (1Xe2 GX = Z,F12.7,2 GY = 2,F12.7,% GZ = 2,F12.7)
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c
c
c THE NUCLEAR LEVELS
c
RSG = L5
RSE = .5
RSG1 = RSG + 1.
RSEL1 = RSE + 1.
NSZG = 2.*RSG + 1.00001
NS2E€ = 2,.,*RSE + 1.00001
c
c NUCLEAR SPIN MULTIPLICITY PARAMETERS
c
RIG = .5
RIE = 1,5
RIGL = RIG + 1.
RIEL = RIE + 1.
NIZG = 2.*RIG + 1.00001
NIZE = 2.*RIE + 1.00001
c
c QUADRUFCLE PARAMETER
c
c
c RG6G = EQ/(4.*RIG*12,*RIG~1.))
c
RQAG = 0.
RAE = EQ /(4. *RIE*(2.%RIE =~ 1.))
NMAT = 32
DQ 511 I = 1,NP
511 YC(I) = Q.
c
c DEFINE EFFECTIVE RELAXATION RATES
c
HX = 5 ®* GX*GX*VJ2
WY = 5 * GY*GY®VJ2
HZ = 5 * GZI*GZ * VvJ2
SS = .001
T = 1.
Z =20.
K =1
00 2 ISG = 1,NSZ26
SZG = FLOAT(ISG)-RSGL
00 2 ISE = 1,NSZE
SZE = FLOAT (ISE) -RSEL
DO 2 1IG6 = 1+NI1ZG
ZI6 = FLOAT (IIG)=~RIGL
00 2 IIf = 1,NIZE
Z1E = FLOATI(IIE) - RIEQ
L=20
K = Ket
c
c..........
c

00 2 ISGP = 1,NS2G
SZGP = FLOATIISGP)=-RSGL
00 2 ISEP =

SZEP = FLOAT(ISEP)Y -~ RSEl

1,NSZE

FTN 4eB4+452

PARAMETERS FOR ELECTRONIC SPIN MULTIPLICITIES ASSOCIATED WITH
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00 2 IIGP = 1,NIZG

ZIGP s FLOAT(IIGP)=-RIGY
DO 2 IIEP = 1,NIZE
ZIEP = FLOAT(IIEP)=-RIEL
L = L+l

H(KsL) = CHPLX(Z+2)

DIAGON‘L TER"S OF H‘ 000 O0O OO OOSS

NSG = ABS(SZG-SZGP) +SS
NSE = ABS(SZE-SZEP)+SS
NIG = ABSEZIG-ZIGP)+SS
NIE = ABS(ZIE-ZIEP)+SS

SELECTION RULE ccecccccccece

IF INSGeEQe0 eANDeNSECEQe0+ANDNIGeEQeO0ANDONIE.EQ.D)

1 HIKoL) = CMPLXAZ,(AZG*SZG*ZIG-AZE*SZE*ZIE) +

2 Q20*(RQAG* (3., *ZIG*ZIG-RIG*RIGL) -
3 RQE*(3.*ZIE*ZIE-RIE*RIEL))
b + HZ*(SZG-SZE) )

IF(NSG.EQeBe ANCeNSEcEQe0+ANDoNIG.EGeD+ ANDSNIESEQ.C) GO TO 400

OFF DIAGONAL TER"S oF H' o000 00O OO

XP1 = 0.

XM1 = 0.

IF(NSEJNE.O0.OR.NIE.NE.J) GO TO 1600
SZGPL = S26 + 1.

SZGMI = SZ6 - 1.

ZIGeL = ZIG + i.

ZIGMI = ZIG - 1.

NSP = ABS(SZGP - SZGPL) + SS
NSM = ABS(SZGP - SZGMI) + SS
NIP = ABS(ZIGP - ZIGPL) + SS
NIM = ABS(ZIGP = ZIGMI) & SS

IF(NSP.NE.0.OR.NIM.NE.J) GO TO 110

XP1 = {(RSG*RSG1-SZG*SZGPL)I*(RIG*RIG1-ZIG*ZIGMI)
IF (NSMoNE.O ORNIP.NE.?) GO TO 12C

XML = (RSG*RSG1-SZG*SZGMI)*(RIG*RIGL-ZIG*ZIGPL)
FCT = (AXG+AYG)* (SQRT(XM1)+SQRT(XPL1)) /4.

HIKsL) = HI(KsL) & CMPLX(Z,FCT)

xP1 = Q.

XML = 0.

IF (NSP.NE.0.OR.NIP.NE,0) GO TO 125

XPL = (RSG*RSG1-SZG*SZGPL)*(RIG*RIG1-ZIG*ZIGPL)
IF(NSM.NE.OJOR.NIM.NE.O) GO TO 130

XM1 = (RSG*RSG1-SZG*SZGMI)* (RIG*RIGL-ZIG*ZIGMI)
FCT = (AXG-AYG)* (SQRT (XM1)+SART(XPL1)) /4.

H(K,L} = HI{K,L) ¢+ CMPLX(Z,FCT)

QUAORUFOLE GROUNO STATE 000 00 OOOS

IF (NSG.NE.O) GO TO 1600
XP1 = 0.
XML = 0.
IF (NIF.NE.C) GO TO 135
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XP1 = (RIG*RIG1-ZIG*ZIGPL)
FCT = (ZIGPL+ZIG)*SQART(XP1)*RQAG
H{K,L) = HI{K,L) + FCT®*Q21
135 IF(NIMJoNE.DO) GO TO 140
XM1 = (RIG*RIG1-ZIG*ZIGMI)
FCT = (ZIGMI+ZIG) * SGRT(XM1)*RQG
H(KyL) = H(K,L) ¢+ FCT®*Q21STR
140 XP1 = Q.
XMl = Q.
2IGPL2 = ZI6 + 2.
ZIGMI2 = ZIG - 2.
NIP2 = ABS(ZIGF-ZIGPL2) + SS
NIM2 = ABS(ZIGFP-ZIGMI2) + SS
IF(NIP2 .NE.O) GO TO 145
XP1 = (RIG-ZIG)*(RIG1+ZIGI*(RIG-1.-ZIG)*(RIG+ZIGPL2)
145 IF ( NIM2.NE.C) GO TO 158
XML = (RIG#ZIG)*(RIGL-ZIG)* (RIG=1.+ZIG}*(RIG-ZIGMI2)
150 FCTL = SQRT(XP1) *RQG
FCT2 = SQRT(XM1) *RQG
HI(K,L) = H{K,L) + FCT2%Q22 + FCT1%Q22STR
1600 CONTINUE
c
C eeeccoscee
c
XP1 = 0.
XM1 = 0.
IF(NSG.NE.0.0R.NIG.NE.3) GO TO 2800
SZEPL = SZE + 1.
SZEMI = SZE - 1.
= ZIE + $.
ZIEMI = ZIE - 1.

NSP = ABS(SZEP=-SZEPL) + SS
NSM = ABS(SZEP-SZEMI) + SS
NIP = ABS(ZIEP-ZIEPL) + SS

NIM = ABS(ZIEP-ZIEMI) ¢ SS

IF(NSP JNE«GsORJNIMJNEL.C) GO TO 180

XP1 = (RSE®*RSE1-SZE®*SZEPL)*(RIE®RIEL-ZIE*ZIEMI)

XP1 = (RSE®*RSE1-SZE®*SZEPL)*(RIE®*RIE1-ZIE*ZIEMI)
186 IF(NSMNE.0.OR.NIP.NE.O) GO TO 19¢C

XML = (RSE®RSE1-SZE*SZEMI)*(RIE*RIE1-ZIE*ZIEPL)
130 FCT = =(AXE+AYE)* (SQRT(XML) +SARTIXPL)) /&,

H{KsL) = HIK,L) + CMPLX(ZLFCT)

XPL = Do

XM1 = Q.

IF(NSP.NE.J.OR.NIP.NE.JY GO TO 195

XP1 = (RSE*RSE1-SZE*SZEPL)®*(RIE®*RIEL1-ZIE®ZIEPL)
195 IF(NSM.NE.0.0R.NIM.NE.O) GO TO 200

XML = (RSE®RSE1-SZE®*SZEMI)*(RIE®RIE1-ZIE*ZIEMI)
200 FCT = =(AXE=-AYE)*(SQRTIXM1) +SART(XPL) )1 /&,

HI(X,L) = H{K,L) + CMPLXIZ,FCT)

c
c QUADRUFOLE FOR EXCITED STATE ceceeece

IF(NSE.NE.Q) GO TO 2000
XP1 = 0.
xXMi = 0,
IF(NIP.NE.D) GO TO 225
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XP1 = (RIE®RIE1-ZIE*ZIEPL)

FCT = =(ZIEPL+ZIE)*SQRT(XP1)*RQE

HI{KsL) = HIK, L) +FCT*Q22
225 IF(NIMJNE.D) GO TO 244G

XM1 = (RIE®*RIE1-7IE®ZIEMI)

FCT = =(ZIEMI4ZIE)*SQRT{XM1)*RQE

HIKyL) = H(K,L) + FCT*Q21STR
240 XP1 = 0. -

XML = 0.

ZIEPL2 = ZIE + 2.

ZIEMI2 = ZIE - 2.

NIP2 = ABS(ZIEP-ZIEPL2) + SS

NIM2 = ABS(ZIEP~-ZIEMI2) + SS

IF INIP2.NE.0) GO TO 250

XP{ = (RIE-ZIE)*(RIEL+ZIE)*(RIE-1.=-ZIE)*(RIE+ZIEPL2)
250 IF(NIM2.NE.Q) GO TO 260

XML = (RIE+ZIE}*(RIE1-ZIE)*(RIE-1.+ZIE)*(RIE-ZIEMI2)
260 FCT1 = <~SQRT(XP1)*ROE

FCT2 =SQRT (XM1)*RQE
H(K,L) = H{K,L) + FCT2*Q22 + FCT1*Q22STR
20C0 CONTINUE
c
c........
c
Log CONTINUE
c
c TERMS CF RELAXATION MATRIX
c
IFINIE.NE.D.ORJNIG.NE.OY GO TO 308
IF(NSE.NE.O0.ORNSG.NEL.O) GO TO 22¢
FCT = WZ®(2.*SZG*SZE=+5) =52 (HX¢NY)
MIKsL) = H(KsL) + CMPLX(FCT,2)
GO 70 300
22¢ CONTINUE
FCT = 0.

IF(SZG*SZE L Te 00 CoANDeSZGP*SZEP eLTe0e0) FCT = o5% (WX-HY)
IF (SZ2G*SZEe6Te0eDsANDsSZGP*SZEPGTo040) FCT = 5% (WX+HY)
HIKsL) = H{KosL) + CMPLX(FCT,2)

300 CONTINLE

c
H(KsL) = ~H(KyL)

[of

2 CONTINUE
P = CMPLX(GAMMA,=-S)
DO & J = 14NMAT

4 Hldod) = HUJyJ) + P
© 1408 = 2
CALL EIGCC (HoNMAT,NMAT,TJ0BsVALsVEC,NMAT,HORK, IER)
PRINT 3012, WORK(1),IER
3012 FORMAT(z PREFORMANCE CODE = #,F13.5,5X,2ERROR CODE = 2I5,/)
DO 460 J = 1,NMAT
VNORM = 0.
00 455 1 = 1,NMAT
VECSG = CABS(VEC (I, J))
455  VNORM = VNORM +VECSQ*VECSQ
VNORM = SQRT (VNORM)
0O 458 T = 1,NMAT
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VEC(I,J) = VEC(I,J)/VNORM
CONTINUE

INCLUDE INTENSITIES

DO 47 MM = 1,3
MD = MM = 2

K =0

DO 100 ISG = 1,NSZG

SZ6G = FLOAT(ISG) -RSG1

DO 100 ISE = 1,NSZE

SZE = FLOATU(ISE)=RSEL

DO 100 IIG = 1,NIZG

ZIG = FLOAT (IIG)-RIGQ

DO 1080 IIE = {1,NIZE

ZI1E = FLOAT(IIE) - RIEL

L =0

K = K#%

WC(K) = 0.

SS = .001

NS = ABS(SZG-SZE) + SS

DIF = 216 - ZIE

IF (DIF.LT.Le) SS = =.001

NI = ZIG-ZIE +SS

IF (NS.NE.C0.OR.NI.NE.MD) GO TO 10C
WC(K) = FUN(ZIG,ZIE)

CONTINUE

D0 13 K = 1,NMAT

VIMIKY) = CMPLX(Z,2)

VMIK) = VIMIK)

DO 13 L = 1,NMAT

VIM(KY = yIMIK) + HC(L) * VEC(L,X)
VM(K} = VMIK) + HC(L) * CONJGIVEC(L,X))
DO 40 I = 1,NP

FP = Q0.

ADD ISOMER SHIFT (DELE) INFORMATION

P = CMPLX(Z,XD(I) - DELE}

DO 41 K = 1,NMAT

H{K,K) = VAL(K) = P

FP = FP ¢ REAL(VM(K)®VIM(K)/H(K,K))
YC(I) = YC(1) =~ FP

CONTINUE

CONTINUE

CALL MINMAX(YC,YCMIN,YCMAX)

RETURN

END

FIN Le64L52
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FUNCTION FUN(G.E)

SS = .001

ND = A8S(E-G) + SS

IF (NDJEQ.2) FUN = 0.
IF(ND.EQ.2) RETURN

IFINDLEQ.0) FUN = SGRT(1l./6.)
IF(NO.EQ.0) RETURN

IF(ND.EQ.t) FUN = SQRT(1./12.)
IF(ND.EQ.J..AND.E.GT.1.000.0R.E.LT.-1.0ED) FUN = .5
RETURN

ENOD
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SUBROUTINE MINMAX(ODAT,DATMIN,DATMAX)
DIMENSION 0AT(381)

DATMAX = DAT(1)

OATMIN = DAT(1)

00 1 I=2,301

DATMAX = AMAX1 (DATMAX,0AT(I))

DATMIN = AMINL (DATMIN,DAT(I))

RETURN

END

73774 0PT=1 TRACE FTN LoB+uS2

SUBROUTINE COMPAR(CHI)
COMMCN/THREE/YC(201), YCMIN, YCMAX
COMMCN/FOUR/ YL(301),YLMIN, YLMAX,AREAL
COMMON/FIVE/ YD(301),YONIN, YOMAX

COMPARISON BETWEEN LORENTZIANS AND THEORY

NP = 301

CHI = 0,

YLOIF = YLMAX = YLMIN

AREAC = 0.

00 1§ I=1,NP

AREAC = AREAC + ( YCMAX=YC(I))

SCAL = AREAL/AREAC

DO 960G I = 1,NP

YC(I) ==SCAL®(YCMAX=YC(I))

YO(I) = (YLMAX=YL(I))e YC(I)

CHI = CHI # YD(I)**2

CALL MINMAX (YD,YOMIN,YOMAX)

PRINT 980, YOMIN, YOMAX,CHI

FORMAT ( # MINIMUM VALUE OF RESIDUAL = # F 10.7,
2/.% MAXIMUM VALUE OF RESIOUAL = 2 F10.7,/,
3 2 FIT PARAMETER CHI = 27X,F10ebs///)
CALL MINMAX (YC, YCMIN, YCMAX)

YCMIN = YCMAX = YLDIF®*1,2

RETURN

END
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SUBROUTINE MOSSPLT (DAT,IV,IM,I0V,I0H,DATMIN,DATMAX)
DIMENSION A(L05) o DAT(1),IN(405) , IC(485) » SYMBOL (&)
DINENSION AXLAB(L1D)

COMMON/THWO/ X(301)4XMINyXMAX

DATA SYMBOL/ZVZ, 262,242,292, 2A2,242/
DATA BLANK/Z2 2/

XINC = (XMAX=-XMIN}/18.

AXLARB (1) = XMIN

DO 10 I = 2,11

AXLAS(I) = AXLAB(I-1) & XINC

DELDAT = DATMAX - DATMIN

XIV = FLOAT(IV)=-3.0008001

00 2 I=1,+IH,3

IW(I) = TEMP = (DAT(I) ~DATMIN)*XIV/(DELOAT) +i.
IC(I}) = (TEMP - IW(I)) * 5. + 1.

Ive = 1V ¢ 4

D0 & J = 1,]VP

K= IVF = J ¢ 1

DO 3 I = 1,IH,3

A(I) = BLANK

IF(MOD(K,IDV).EQ.1) A(I}) = SYMBQL(6)
IF(MOD(I,IDH*3).EQ.1) A{I) = SYMBOL(&)
IT = IC(D)

IFCINC(I) LEQeX) A(I) = SYMBOL(IT)
CONTINUE

PRINT 100+ (ALL) 4L=1,IH3D)

CONTINUE

FORMAT(4Xy131A1)

PRINT 1090,AXLAB

FORMAT (2Xe11(F5.2,5%X})

RETURN

END
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SUBROUTINE PLOTTER (CHI,LREN)

COMMON/ONE/PARAL (12)

COMMON/SIX/ YCF (301)+YCFMIN,YCFMAX
COMMCON/SEVEN/YOF (301), YOFMIN, YOFMAX

IF (LRENCEQ.0) YCFMIN = YCFMAX = (YCFMAX-YCFMIN)*1,.2
PRINT 10,(PARAL(I),I=1,12)

FORMAT (1H1,/72 AXG = 2F12.72 AYG = 2F12.72 RZG = #F12.7,

/ey 2 GX = 2,F12.7,2 GY = 24F12.742 GZ = %,F12.7,
/9 2 QS = 24F12.742 ETA = 2,F12.7,2 IS = 2,F12.7,
Iy 2 VI2 = 2,F12.792 WID = £,F12.742 EQ = #,Fi2.7)

CALL MOSSPLT(YCF ,30,4301,45,10,YCFMIN,YCFMAX)
IF(LREN.EQ.C) RETURN

PRINT 980,YOFMIN.YOFMAX,CHI

FORMAT (/7.2 MINIMUM VALUE OF RESIDUAL = 2F10.7,

z MAXIMUM VALUE OF RESIDUAL = 2F18.7,

¥ CHI = 2F10.4)
CALL MCSSPLT (YDF,20,301,25+10,YOFMIN, YDOFMAX)
RETURN

END
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SURROUTINE FLOTDAT (XY NXsYMINyYMAXoXMIN,XMAX,NDAT,
1XSIZE,YSIZE)

PLOTDAT CREATES & PLOT OF (X.Y) DATA. THE PLOT MAY
BE PRODUCED ON THE TEK TERMINAL OR ON THE CALCOMP
PLOTTER 2Y PRECEEDING A CTALL TO FLOTOAT WITH A CALL
TO PLOTYPE. PLOTYPE HAS ONE ARGUMENT WHICH IF IT IS
0 - CALCOMP, { - TEKTERMINAL, 2 -~ BOTH. THERE ARE ALSO
OPTIONS FCR PLOTTING ON A H-P PLOTTER. THE PLOT DRIVERS
USED IN THIS PROGRAN ARE DESCRIBED IN DOQCUMENTATION
AVAILABSL THRU JEFF BALLANCE OR LARRY HUBBLE AT THE COMPUTER
CENTER AT 0SU. THE CALLING PARAMETERS FOR PLOTDAT ARE:

X - ARRAY OF THE INDEPENDENT VARIABLE DATA
Y - ARRAY OF THE DEPENDENT VARIABLE DATA

NX ~ THE NUMBER OF DATA POINTS IN THE X AND Y ARRAYS TO
BE PLOTTED.

YMIN - MINIMUM VALUE OF TME Y-AXIS.

YNAX = MAXIMUM VALUE OF THE Y-AXIS.

XMIN - MINIMUM VALUE OF THE X-AXIS.

XMAX - MAXIMUM VALUE OF THE X-AXIS.

NDAT =~ INTEGER IN THE RANGE (-28.,28). IF THE VALUE IS

NEGATIVE NO LINES WILL CONNECT THE POINTS, ONLY DATA
MARKS AT THE POINTS. IF THE VALUE I POSITVE LINES
WILL CONNECT THE POINTS AND THE MARX WILL BE AT
THE POINT.

XSIZ - THE PHYSICAL SIZE IN INCHES OF THE X-AXIS.

YSIZ - THE PHYSICAL SIZE IN INCHES OF THE Y-AXIS.

THE FLOT BUFFER MUST BE CLEARED BY A CALL TO PLOTEND--THERE
ARE NO PARAMETERS--AFTER A CALL TO PLCTOAT AND
AFTER THE LABELING HAS BEEN DONE ON THE PLOT.
DIMENSION X(1),Y (1)
THE SIZE.RCUTINE FIXES THE BOUNDS OF THE PLOT. THE CALLING
STRING IS3
CALL SIZE(XSIZE,YSIZEY
WHERE 3
XSIZE = SIZE IN INCHES OF THE PLOTTING AREA IN X DIR.
YSIZE - SIZE IN INCHES OF THE PLOTTING AREA IN Y OIR.
XSIZ = AMAX1(15.+XSIZE+5.)
YSIZ = AMAX1(10.,YSIZE+k.)
CALL SIZEA(XSIZ.YSI2)
XBIAS = 3.5
YBIAS = 2,

IF THE SI2E OF THE FLOT IS SMALL ENOUGH (LESS THAN 3. X 6.5) A BOX
WILL BE DRAKN AROUND THE PLOT
IF(XSIZEWLE«Qe«ANDYSIZE.LELH.5) CALL BOX(XBIAS,YBIAS)

THE SCALE ROUTINE SETS UP THE SCALE FACTORS USED IN PLOTTING.
THE CALLING STRING ISt
CQLL SCAL E(XSCAL, YSCAL (XBIAS,YBIAS,XLOW,YLOW)
WHER
XSCAL = SCALE FACTOR IN X DIRECTION IN UNITS OF INCHES PER
SCALED POINT I.E. YOUR UNITS.
YSCAL -« SCALE FACTR IN Y DIRECTION IN UNITS OF INCHES PER
SCALED POINT I.E. YOUR UNITS,
XBIAS - A BIAS FACTOR IN INCHES. THIS AMOUNT WILL BE
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c LEFT AS A MARGIN ON THE LEFT OF PLOTTING AREA AS DEFINED
c BY THE SIZE COMMAND.
C YBIAS - A B3IAS FACTOR IN INCHES., THIS AMOUNT WILL BE LEFT AS
c A MARGIN AT THE BOTTOM OF THE PLOTTING AREA AS DEFINED
c B8Y THE SIZE ROUTINE.
c XLOW = THE LOWEST VALUE IN YOUR UNITS OF THE X-AXIS.
c YLOW - THE LOWEST VALUE IN YOUR UNITS OF THE Y=-AXIS,
c

XSCAL = XSIZE/ (XMAX=XMIN)

YSCAL = YSIZE/(YMAX=YMIN)
c

CALL SCALE (XSIZE/(XMAX-XMIN) ,YSIZE/(YMAX~-YMIN},XBIAS,YBIAS,
1 XMIN, YHIN)
THE AXIS ROUTINE HAS PARAMETERS
CALL AXISLUXLOWsXHIGHsXORGIN, YLOK, YHIGHYORGINSXTICsYTIC,LXTIC,LYTIC,
LLINTXo LINTY, XUNIT,,YUNIT,CSIZE, XSCAL, YSCAL)
WHERE
XLOW = THE LOWEST VALUE IN YOUR UNITS OF X AXIS,
XHIGH = THE HIGHES VALUE IN YOUR UNITS OF X-AXIS.
XORGIN = THE CROSSING POINT ALONG THE X-4XIS OF THE Y=-AXIS,
YLOW - THE LOWEST VALUE IN YOUR UNITS OF THE Y=-AXIS,
YHIGH = THE HIGHEST VALUE IN YOUR UNITS OF THE Y-AXIS.
YORGIN - THE CROSSING POINT ALONG THE Y=AXIS OF THE X-AXIS,
XTIC = THE DISTANCE IN YOUR UNITS BETWEEN MAJOR TIC MARKS
YTIC - THE DISTANCE IN YOUR UNITS BETWEEN MAJOR TIC MARKS
ALONG THE Y=-aXIS,
LXTIC - NUMBER OF MINOR TIC MARKS BETWEEN EACH MAJOR TIC MARK ON
X AXIS
LYTIC - THE NUMBER OF MINOR TIC MARKS BETWEEN EACH MAJOR TIC
MARK ON THE Y axIs

LINTX = LABELING FREQUENCY ON X AXIS

LINTY - LABELING FREQUENCY ON Y AXIS

XUNIT - SCALING VALUE FOR LABELS ON X AXIS
YUNIT = SCALING FACTOR FOR LABELS ON Y AXIS
CSIZE - SIZE OF CHARACTERS IN THE LABELS
XSCAL - AS DEFINED aBOVE

YSCAL = AS DEFINED ABOVE

NOTE P33 assssnsssss sassssssssslssssssssssssssssssssssssssssssssssss
AXISL IS NOT THE ROUTINE OEFINED IN COMPLOT R THE ARAND
MANUAL. ALL 3UT THE LAST THO PARAMETERS ARE EXACTLY FROM
AXISL AS DEFINED IN THE ARRANO MANUAL. THIS VERSION WAS
WRITTEN BY SWM SINCE THE LABELING IN TME CURRENT CYBER VERSION
(29 MAR 77) WAS NOT AGCEPTABLE TO THE STANDARDS REQUESTED BY
HHW, THE 1LOG AXIES ARE NOT AVAILABLE IN THIS VERSION, AND

SCALING FACTORS MUST BE ENTERED IN THE PARAMETER STRING.

Y Y YT LYV YR Y Y P Y Y Y Y YR YR Y Y T PR PRS2 R R R 2 RS SR IS L i L R L Ll bl dd

TO OETERMINE THE VALUES FOR XTIC AND YTIC A ROUTINE CALLED AMARK IS
USED

CALL TMARK(DIF,AMARKsN)

WHERE
CIF = THE DIFFERENCE IN USERS UNITS FOR THE LENGTH OF THE AXIS
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AMARK = THE OISTANCE IN USERS UNITS BETHWEEN MAJOR TIC MARKS.
THIS WILL BE EITHER 1.42.40R 5. TIMES A POWER OF TEN.
ANO IS DETERMINED BY AMARK.
N = THE MINIMUM NUMBER OF PARTS TO OIVIDE THE AXIS UP INTC.
THE AXIS WILL 88 DEVIDED UP INTO BETWEEN N ANC 2*®N NUMBER OF
EQUAL PARTS.

CALL TMARK (XMAX=XMIN,XTIC,10)
CALL TMARK(YMAX=-YMIN,YTIC,5)

YMTI = YMIN &+ (YMAX<-YMIN)®.8
CALL AXISLOXMIN,XMAXs0esYMINsYHIZYMINs XTIC,YTICskobaobyg=1910y
11.9.12,XSCAL,YSCAL)

MARK=TABS(NDAT)
THE ROUTINE TO PLOT IS
CALL FPLOT{X,Y, IPEN,MARK)
WHERE
X = X COORCINATE IN YOUR UNITS OR FOQINT TO PLOT TO.
Y = ¥ COORCINATE IN YOUR UNITS OF FOINT 70 PLOT TO.
IPEN = 8 MOVE TO POINT WITH PEN UP, £ MOVE TO POINT WITH PEN DOWN
MARK = ANDT INTEGER FROM 0 28 FO MARK TO ORAW AT THE POINT
CALL VECTORS
CALL PLOTU(X Y sGo MARK)
IF(NDAT.LT.0) CALL POINTS
00 20 I=2,NX
CALL PLOTUX(I),Y{(I},1,MARK)
20 CONTINUE
CALL ALPHAS
RETURN
END

73774 0PT=1 TRACE FTN L.B4+452

SUBROUTINE TMARK (DIF,AMARK.N)

THIS SUBROUTINE WILL DETERMINE THE PROPER INTERVAL FOR SPACING

TIC MARKS ALONG AN AXIS BY BREAKING THE AXIS uP INTO BETWEEN N AND
2*N PARTS. THE TIC MARKS WILL BE LOCATEO AT POINTS WHICH ARE EITHER
1e9s 209 OR 5. TIMES SOME POWER OF 10 USERS UNITS APART. THIS

NUMBER WILL BE RETURNED AS AMARK. ODIF IS THE LENGTK OF THE TOTAL
AXIS IN USERS UNITS. R
OIMENSION JTIC(9)

DATA JTIC/1+92+12+2+5959595+5/

AMARK = ABS(OIF)/FLOATI(N)

ILCG = XLOG6 = ALOG10(AMARK)

IFIXLOG.LT.0.) ILOG = ILOG - &

IMARK = AMARK * (10.%**(~IL0G))

IF (IMARK .GE.10) IMARK = 9

IF (IMARK.LT.1) IMARK = %

AMARK = FLOAT(JTIC(IMARK))*{(1(.**ILOG)

RETURN

END
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SUBROUTINE AXISL {(XMINGXMAXyXORGyYMIN,YMAX,YORG4XTIC,YTIC,
ALXTIC LYTIC,LINTXyLINTYXUNIT,YUNIT,CS 1ZE,XSCALE,YSCALE)
CALL AXIS (XMINyXMAX,XORG,YMIN,YMAX,YORGsXTIC YTIC,LXTICHLYTIC)
XOFF = CSIZE/(2.*XSCALE)

YOFF = CSIZE*2 ./ YSCALE

IFCLINTX) 100,300,200

XT = XTIC

XEND = XMAX

00 290 J=1,2

NTIC = ABS((XEND-XORG}/XT)

IF(NTICLLT.LINTX) G0 TO 280

00 260 I = LINTXNTIC,LINTX

X = XORG ¢ XT*FLOAT(D)

CALL LABELSIX/XUNIT,ARRAY,NPRINT)

C%LL SYMBOL (X=-NPRINT*XOFF,YORG=YOFF 404 +CSIZE , NPRINT,ARRAY}
XT = =XT

XEND = XMIN '

CONTINUE

GO TO 300

CALL LABELS(XMIN/XUNIT,ARRAY,NPRINT)

CALL SYNBOL(XMIN,YORG=YOFF,0.,CSIZE,NPRINT,ARRAY}

CALL LABELS(XMAX/XUNIT,ARRAY,NPRINT)

CALL SYMBOL(XMAX=2 ,*NPRINT*XOFF,YORG=YOFF,0. yCSIZE,NPRINT,ARRAY)
CONTINUE

XOFF = XOFF * 2.

YOFF = YOFF/4.

IF (LINTY) 400 ,503.600

YT = YTIC

YENO = YMAX

00 590 J=1,2

NTIC = A3S((YENO=-YORG)/YT)

IF (NTIC.LT.LINTY) GO TO 580

00 560 I = LINTY NTIC,LINTY

Y = YOGRG +FLOAT(IV * YT

CALL LABELS(Y/YUNIT,ARRAY,NPRINT)

XMARK = XORG =FLOAT{NPRINT + 2)*XOFF

CALL SYMBOL(XMARK,Y=Y(OFF,0.4CSIZELNPRINT,ARRAY)

YT = =YT

YEND = YMIN

CONTINUE ]

CALL LABELSU(YMIN/YUNIT,ARRAY,NPRINT)

XMARK = XORG = FLOAT(NPRINT +2) * XOFF

CALL SYMBOL (XMARKyYMIN,0.sCSIZEWNPRINT,ARRAY)

CALL LABELS(YMAX/YUNIT,ARRAY,NPRINT)

XMARK = XORG = FLOAT(NPRINT + 2) * XOFF

CALL SYMBOL (XMARK,YMAX=2,*YOFF,0.sCSIZE,NPRINT,ARRAY)
RETURN

END

173




174

73/74 0PT=1 TRACE FTN &4,64452

SUBROUTINE LABELS (VAL,ARRAY,NPRINT)

AVAL = ABSS(vVAL)

IF(AVAL.GT.999.99.0R, AVAL .LT. .C1) GO TO 100
N =6

ILOG = XLOG =ALOGL0(AVAL)

M= 4 - ILOG
IF(XLOG.LT Ce) M =
IF(VAL «LT.04) N =
NPRINT = N - M ¢ 2
NCHAR = N

ENCODE (645GoFMT) NyM

50 FORMAT (2(F2,I142.2,I1,2)%)

4l JJ = IFIX((AVAL+.005) * 103.)
IF(MOD(JJy10) . EQ.0) NPRINT = NPRINT-1
IF(M00(JJs160) LEQ.O)NPRINT = NPRINT=2
GO TO 240

138 IF (vAL) 110,206,130

110 NCHAR = NPRINT =8
FMT = 6H(EB.2)

GC TO 200

130 NCHAR = NPRINT = 7
FMT = BHIE7.2)

20C ENCODE (NCHAR,FMT,ARRAY) VAL
RETURN

20 ARRAY = 1HO
NCHAR = NPRINT = 1
RETURN
END

5
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SUBROUTINE BOX{XX,YY)
€ THIS SUBROUTINE ORAWS AN 8.5 X 11 INCH BOX AROUND A PLOT.
c

DIMENSION CUTOUT (2)

DATA CUTOUT/20HCUT ALONG SOLID LINE/

X = XX = 1,5

Y =YY = 1,

CALL SCALE (1e9le9X9Y90ee0e?

CALL PLOT(O0e9CesDyG?

CALL PLOT (11.90¢91,0)

CALL PLOT (11.458.5+1+0)

CALL PLOT (0.+845,1,0)

CALL PLOT (Be9Gesls0)

CALL POINTS

CALL PLOT(1.25+84.2+1+28)

CALL FLOT (5.504862014+2%)

CALL FLOT{9.75,8.2+1,28)

CALL SYMBOL {4e3+8¢554Je9012,20,CUTOUT)

RETURN

END
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PROGRAM MULTEPRCUINPUT,OUTPUT,TAPEEL1=0UTPUT,,TAPELD)

THIS FRCGRAM COMPUTES THE POLYCRYSTALLINE ABRSORBTION PATTERN
FOR THE FOLLOWING SYSTEM!?

SPINeesssS = 172

G-TENSORD....GX'GY'GZ

RF = MICROWAVE FREQUENCY (IN GHZ)

GAM = WIOTH AT HALF-MAXIMUM OF LORENTZ LINE

RF = MICROWAVE FREQUENCY (IN GH2)

GAM = WIOTH AT HALF-MAXIMUM OF LORENTZ LINE

(LORENTZ LINESHAPE ASSUMED)

HL = LOWER FIELD LIMIT (IN KOQE)

HU = UPPER FIELD LIMIT (IN KOE)

NSPEC = NUMBER OF SPECTRA TO BE SIMULATED

N8 = NUMBER OF THETA POINTS

NC = NUMBER OF PSI POINTS

NPQINTS = NUMBER OF DATA POINTS FOR SPECTRUM FLOT

XLENGTH = LENGTH OF X AXIS IN INCHES (DEFAULT = 10.)
YLENGTH = LENGTH OF Y AXIS IN INCHES (DEFAULT = 6.}
CHARSZ = HIGHT OF CHARACTERS ON FLOT (DEFAULT = .12)

SP = ABSORPTION SPECTRUM
DSP = DJERIVATIVE SPECTRUM
DSFTOT = TOTAL DERIVATIVE SPECTRUMIATO MIXTURE)
NCOMP = NUMBER OF CCMPONENTS FOR A GIVEN SPECTRA
NSET = NUMBER OF SETS OF WEIGHTING FACTORS TO BE READ IN
WT = WEIGHTING FACTOR GIVEN TO EACH COMPONENT OF SPECTRA
IFLOT = DEFINES PLOTTER TO 8€ USED. IF IPLOT = 0, CALCOMP
PLOTTER IS USED. IF IPLOT = 2, THE GERBER PLOTTER IS USED.

TH1S FROGRAM ALLOWS ADD MIXTURES OF SPECTFA TO BE CALCULATED. IF

MORE THAN ONE SPECTRA IS TO BE MIXED, NCOMP IS SET TO THE NUM3ER OF
COMPONENT SPECTRA TO BE ADDED TOGETHER, EACH COMPONENT IS WEIGHTED

BY THE WEIGHTING FACTOR WT. THERE WILL 3E ONE WEIGHTING FACTOR FOR EACH
COMPONENT. WT(1) WILL BE ASSQCIATED WITH THE FIRST COMFONENT,

WT(2) WITH THE SECOND., ETC.

ONE SPECTRA IS DEFINED AS HAVING NSPEC COMPONENTS. THUS IF THREE

ONE COMPUNENT SPECTRA ARE TO BE CALCULATED, NSPEC = 3+ AND NCOMF = 1
FOR EACH SPECTRA. IF TWO THREE COMPONENT SPECTRA ARE TO BE CALCULATED
NSPEC = 2, AND NCOMP = 3 FOR EACH SPECTRA. IF NCOMP IS GREATER

THAN 1 (A MULTI COMPONENT SPECTRA), WIEGHTING FACTORS ARE READ IN

AND THE NCOMP COMPONENTS OF THE SPECTRA ARE WEIGHTED AND ADDED
TOGETHER., SEVERAL DIFFERENT MIXING RATIOS OF ONE SPECTRA CAN THEN

BE CALCULATED.

IF N3 OR NC ARE TO BE ODETERMINED INTERNALLY (SET TO ZERO ON INPUT)
THE FOLLOWING FORMULA IS USED?

6o ® (CONST ® RF *((1./AMIN1(G)) = (1./7AMAX1(G)))+GAM)/GAM
GX4G6Y 262

NB(OR NC)
WHERE &

EULER ANGLES FROM RUTHERFCRDeeess PHYSICAL ROTATIONS SO THERE ARE
NEGATIVE ANGLES 1IN EACH OF RUTHERFORDS SIMPLE ROTATOIN
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MATRICIES

PSI IS THE FIRST ROTATION ANGLE, THETA IS THE SECONJ. AND PHI IS THE THIRD
PHYSICAL ROTATION OF G-TENSGR UTILIZES PSI AND THETA. PHYSICAL RCTATION OF A
UNIT VECTOR HRF ORIGINALLY IN Z-DIRECTION TO ORIENTATION IN XY PLANE
ACCOMFLISHED BY THE PSI=Ge.» THETA=90.s ANO PHI=ARBITRARY NUMBER.

RUTHERFCRD CALLS HIS FIRST ROTATION ANGLE PHI. HENCE
PHI(RUTHERFORD) = PSI(HHW) :

THE METHQC USED IS TO FIX TWE EXTERNAL FOLARIZING FIELD,HO,
ALONG THE Z=-AXIS, AND THE MICROWAVE FIELD ALONG THE X=AXIS.
THE POLYCRYSTALLINE PATTERN IS SIMULATED BY PHYSICAL
ROTATIONS OF THE G-TENSOR TO A RANDOM SET OF ORIENTATIONS.

FOR EACH G-TENSOR ORIENTATICN THE MICROWAVE FIELD IS ROTATED THROUGH
90 DEGREES TO SIMULATE A FOWDER PATTERN,

INPUT PARAMETERS

CARD + (I1C,3F10.5,I10)
COLUMN
1 - 10 NSPEC

11 - 20 XLENGTH (DEFAULT = 10.)
21 - 30 YLENGTH (DEFAULT = 6.)
31 - 40 CHARSZ (DEFAULT = .12)

41 - 50 IPLOT

CARD 2 (3E10.4,2I5) REPEAT NSPEC TIMES
COLUMN -
1 - 10 RF
11 - 20 HL
21 - 30 HU

31 - 35 NPOINTS (DEFAULT = 201)
36 - 40 NCOMP (DEFAULT = 11
CARD 3 (4LEL10 .4,21I5)
COLUMN
1 -10 GX
11 - 20 GY
21 = 3¢ GZ
31 - 40 GAM
41 = 45 NB (DEFAULT CALCULATED FROM PARAMETERS)
46 - 58 NC (DEFAULT CALCULATED FROM PARAMETERS)

CARD & (I5)
COLUMN
1~ 5 NSET

CARC 5 (1CF8.0)

COLUMN

1 - 8 WT (1)
9 - 16 WT (2)
17 - 24 WT(3)
25 - 32 WT (L)
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BL WT (10)

THE FOLLOWING FLOW CHART WILL SHOW THE FLOW OF THE PROGRAM AND
SERVE AS A GUIDE IN SETTING UP AN INPUT DECK.

t READ IN CARD 1 AND ASSIGN DEFAULT VALUES FOR

t PARAMETERS WHICH ARE ZSRO t
&
$1SET ISFEC 1 AND USE AS A 0O LOOP COUNTER H
&
t READ CARD 2 ANC ASSIGN DEFAULT VALUES $1€€CCCCLLCLCLLLCCCCCCC
-------------------------------------------------- »
& *
- D S w EAD D D D D DD D D D D D D D D D D D D D D D D D D D UB D D D D WD D G D WD D D W »
t SET ICOMP = 1 AND USE AS A DO LOOP COUNTER H L
------------------------------------------- - - - - - »
& *
--------------------------------------------------- »
t READ CARD 3 AND ASSIGN DEFAULT VALUES tccccccccccc .
--------- D - D D D D D D D D D D D D D DD D D D D D WD D D S WD D *
* L .
----------------------------------------- —— e - - - - - - * *
$ CALCULLATE THE ICOMP COMFONENT OF THE ISPSC t * *
t SPECTRA AND PLOT IT H * *
- - e S0 o - oo - --- P L T T T T T B e - - --- - * *
* L .
......... D S D D DD D WD D D D D D D D D D D ED D D D D D D D D DD WD WD WD W W * *
t INCREMENT ICOMP AND CHECK IF GREATER THAN t1>>>>N0>>>>> +
t  NCOMP H *
--------- h D D D D D D D D D D D D D D D D D D D D D D D D D D D WD WD e WD WD e W - *
¢ YES *
......... N X T L T T T T o R *
T IF NCOMP EQUALS 1 60 TO (A) 1 .
........................................... - - - - - .- *
L . '
......... D D D D D D D D D WD DD WD WD WD D D D D D D D WD D D DD WD WD WD W W *
t READ IN CARD & o+ SET ISET = 1 AND USE AS A H *
t DO LOOP COUNTER H +
...................... - - - - - > P S - *
& *
------------------------------------------------- *
t REAC CARD 5 AND OBTAIN HEIGHTING FACTORS FOR 1 *
t EACH COMPONENT. WT(1) BEING THE WEIGHTING 1€ccccccccc< *
t FACYOR FOR THE ICOMFP = 1 COMPONENT, ETC. 1 * *
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o cecececcccssccccccenccccnccccccm e e cce e e e caaaaa . .
c + * .
(  eeeeccccccccccccccccccea-- ~ecemeea- B T . )
C t CALCULATE THE TOTAL SPECTRA FROM ADD MIXTURES ¢ . .
C t  ANC PLOT IT H . *
C e=ececcccccacccccccccccccccccccca cceccccccccnccccnccccas * *
C ¢ * .
C  meecceee- T T cccccccccnan—- ———eeea- . .
c t INCREMENT ISET AND CHECK IF ISET > NSET $>>>>N0>>>>> .
C  =eccecce-- ceccccceccccccccccccccacane eemceccmcccccnaa +
C + YES .
(  eemcecccccccccccccsccccccccccccccccccccccccccecesane .
Cla)>t INCREMENT ISPEC AND CHECK IF ISPEC > NSPEC 1>3>>>>>N0>>>>>>>
c .......................................... P L T
c + YES
C  ===ccce=-= ——eseccccccscescsesscsscsestacas s rmem———-
C 3 END L]
L  eececccea- e eees cecceccccscac e et cce e et e e e e ee-
c
c
c

DIMENSION SP(512),X(512),0SP(512,10)40SPTOT(512),%T(10)
DIMENSION ARRRY(Q),TITLE(3)

REAL IXe1IY,IZ

DATA XOFF/34/.YOFF/3e/

DATA (TITLE =21HMAGNETIC FIELD IN KOE)

PI = &4, * ATAN(1.)

CONST = 6.62554 E-18/.92731 E-17

c
C CONST = PLANCKS CONST/BETA IN UNITS OF KOE SEC
c
c
€ READ IN NUMBER OF SPECTRA TO BE SIMULATED AND NUMBER OF OATA POINTS
c
WRITE (61,25}
25 FORMAT (212)
READ 10,NSPEC,XLENGTH, YLENGTH,CHARSZ, IPLOT
10 FORMAT(I10,3F10.5,110)
c
C ASSIGN CEFAULT VALUES FOR PLOT PARAMETERS
c
IF (XLENGTH.EQ.0.) XLENGTH = 10.
IF (YLENGTH.EQ.D.) YLENGTH = 6.
IF (CHARSZ.EQ.0.) CHARSZ = .12
CALL PLOTYPE (IPLOT)
CALL SLCTLUN(10)
CALL SIZE (1.5*XLENGTH ¢ XOFF,1.S5*YLENGTH ¢+ YOFF)
c
C LOOP ON NSPEC
c
DO 1010 ISPEC=1,NSPEC
C
€ READ IN CARO TYPE 2 AND ASSIGN DEFAULT VALUES
c

READ 15, RF,HL,HU 4NPOINTS,NCONP
15 FORMAT (2E1(6.4,215)
IF (NPOINTS.EQ.0) NPOINTS = 201
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IF (NCOMP.EG.D) NCOMP = 1

c
C USE HL, HUy AND NPOINTS TO CALCULATE THE X=AXIS
C

HDIF = HU = HL

HMID = HL +HDIF/2,

DELH = HCIF/FLOAT(NPOINTS - 1)

X(1) = HL

DO 118 I=2,NPOINTS
110 X(IV = X(I-1) + DELH
C
C LOOP ON NCOMP THEN
C READ IN FARAMETERS CHARACTERIZING THE ICOMP COMPONENT OF A SPECTRA
C CARD TYPE 3
c
320 00 2000 ICOMP = 1,NCOMP
REAO 20,GX,GY,GZ GAM, NByNC

23 FORMAT (4LE1G.4421I5)

c

C CALCULATE THE FEWEST NUMBER OF POINTS NECESSARY FOR A -

C GOOD SPECTRA AS DESCRIBED EARLIER AND ASSIGN IT TOC NBE OR NC
C AS PRE DEFAULT REQUIREMENTS

c

OPTIMAL = (1./AMINL(GXGY+GZ))=(1./AMAXL(GX,GY,GZ))
NOPT = (OPTIMAL * RF ® CONST + GAM) * 6./GAM
IF(NB.EQ.0) NB = NO®PT

IF (NC.EQ.D? NC = NOFT

PRINT CUT SPECTRA PARAMETERS ON LINE PRINTER SO THE USER KNOWS
WHAT HE REQUESTED.

OO0

PRINT 214 ISPEC,ICOMP4GXsGY+GZyN3yNCoRF,GAM, HL,HU, NPOINTS
21 FORMAT (2 SPECTRA SIMULATED eee 2I5/72 COMPONENT eee 2IS
E/, 236X 2,710, 2=2E12.572 GYZ,T10,
A 222E312.5/%2 G224+T10,2=2E12.5/72 NE(THE) 2,710 ,2=2
BIS/2 NCU(PSIV2,T10,2=2I5/72 RF2,T10,222E12.5/2 GAMZ,T10,2=2E12.5/% H
CLZ4T1392=2E12.5/72 HU2,T10,2=52E12.5/2 NPOINTS2,T10,2=2I5/7202/203%)
c
C ZERO OUT ABSORBTICN SPECTRA
c
00 108 I=1,NPOINTS
108 sP(I) =10,
C
C BEGIN LOOPS ON THETA (NB) AND PSI (NC) TO SAMPLE POSSIBLE
C EFFECTIVE G-VALUES
c

XA = X8 = XC = 0.

IF (NBJ.NE.1) XB=(PI/2./FLOAT{NB-1))
IF (NCeNE.1) XC=(PI/2./FLOATINC-1)})
Az=8g=2C= 0.

GGX = GX * GX

GGY = GY * 6Y

66Z = GZ * 6Z

DO 900 IC = 1.NC

SC = SIN (O)

CC = CcO0S (C)

cc2 = CC * CC
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SCe = SC * SC
00 800 IB = 1,NB

C COMPUTE GEFF AND H FOR A GIVEN PSI(C) AND THETA(B).

c

v
c
c

115
800

800
c

c
c
c

¢+ NeXe)

33

QOO0 OO0

195

231

ce cos (8)

S8 SIN (8)

S82 = S8 * S8

cs2 = (8 * C38

G1 GX *sS8 * CC

G2 GY * S8 * SGC

G3 = GZ * C8B

GEFF2 = (G1®**2 + G2%**2 + G3**2)
GEFF = SORT(GEFF2)

HO = CCONST * RF/GEFF

HI = (GGX*GGY*SB2+GGY*GGZ*{SC2+4CB2*CC2) +GGZ*6GLX*(CC2+
1CB2*SC2) )1/ (2. *GEFF2)

HI = SORT(HI)*S8

A Q.

8 B ¢ XB

SUM UF LCRENTZ ABSORSTION PEAKS AT RESONANCE FIELDS

00 115 I=1,NPOINTS

SP(I) = SP(I) +FLIXCI),HO HI,GAM)
CONTINUE

CONTINUE

8 = 0.

C=C + XC

CONTINUE

NORMALIZE THE AREA UNDSR THE CURVE TO ONE USING THE
TRAPEZIOC RULE )

CALL NORMAL (SF,NPJINTS)

CALCULATE DOERIVATIVE OF SPECTRUM

DELH2 = 2. * DELH

NPNTS1 = NPOINTS = 1

D0 99 I=2,NPNTS1

DSP(I,ICCMPY = (SP(I+1) - SP(I-1))}/DELH2
CONTINUE

DSP(1,ICOMP) = DSP(2,1CCMP)

DSP (NPOINTS,ICOMPY = DSPINPNTS1,ICCMP)

PLOT SPECTRUM

CALL BOX(XQOFF, YOFFyXLENGTH, YLENGTH)

AUTOSCALE THE DATA

SPMIN = SPMAX = 0.
D0 201 I=1,NPOINTS
IF (SPUI).ET.SPMAX) SPMAX=SP(I)

SPDIF = SPMAX =~ SPMIN
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SPMIN = SPMIN - SPOIF/2.
SPMAX = SPMAX + SPDIF/2.
SPOIF = SPOIF * 2.
XSCAL = XLENGTH/HOIF
YSCAL = YLENGTH/SPDIF

CALL SCALE (XSCAL,YSCAL +XOFF,YOFF,HLy SPMIN)
DRAW THE AXIS
CALL AXIS (HLyHU,HLySPMIN,SPMAX ,SFMIN,HDIF/10.+8.91,+C)

LABEL THE X=AXIS

o000 s NeXel

CALL AXIS (HLo HU HUySPMIN,SPMAX,SPMAX,HDIF/10e90ey91408)
XXOFF = 3, * CHARSZ/XSCAL
YXOFF = 2, * CHARSZ/YSCAL
ENCODE (5,202,ARRAY) HL

202 FORMAT (F5.3)
CALL SYMBOL (HL-XXOFF SPMIN=-YXOFF,0.+CHARSZ,64ARRAY)
ENCOCE (€&,202,ARRAY) HU
CALL SYMBOL (HU=XXOFF,SPMIN=YXCFFs0.+CHARSZ,6,ARRAY)
CALL SYMBOL(HMID=3.5*XX0FF,SPMIN=2.*YXOFF,0.+CHARSZ, 21,

1 TITLE)

c .
C PLOT THE DATA
c

HF = HL

CALL PLOT (HF,SP(1),08,0)

DO 203 I=1,NPOINTS
c
C 1IN ORDER FOR THE PLOT TO LOOK NICE AND KEEP COSTS DOWN. THE
C SPECTRA IS PLOTTED AS A DOTTED LINE.
c

IPEN = MOD(I3)
CALL PLOT (HF,SP(I).IPEN.D)
293 HF = HF + DELH
ENCODE (55,204 ,ARRAY) GX+GYsGZ
204 FORMAT (2GX = 2F10+6,5Xs26Y = 2F1C.645X,26Z = 2F10.6)
CALL SYMBOL (HL+2.*XXOFF,SPMAX=YXOFF+0.,CHARSZ,55,ARRAY)
ENCODE (69,2054ARRAY) RF,GAM
205 FORMAT (£MICROWAVE FREQUENCY(GHZ) = 2F10.6+5X,ZLINEWIDTH(KOE) = 2
1,F10.6)
CALL SYM30OL (HL*2.*XXOFF,SPMAX=2+5*YXOFF0+4CHARSZ+69,ARRAY}
ENCOCE (55,206,ARRAY) ICCMP,NB,NC
206 FORMAT (2COMPONENT 2I5,5X,ZNB(THE) = 2I5,5X,#NC{PSI) = 2I5)
CALL SYMBOL (HL+#2.*XXOFF,SPMAX=4.*YXOFF,0.,CHARSZ,55,ARRAY}
c
C PLOY 0OSP SPECTRUM
c
BSPMIN=DSPMAX=0.
po 90 I=41,NPOINTS
IF (CSP(I+ICCMF).LT.OSPMINY DSPMIN
90 IF (CSP(I.ICOMP).GT.DSPMAX) DSPMAX

0sSP(I,ICOMP)Y
BSP(I,ICOMP)

DSPOEL = DSPMAX - DSPMIN
OSPMIN = DSPMIN - DSPDELs2.
DSPDEL = DSPDEL * 2.

YSCAL = YLENGTH/DSPDEL
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CALL SCALE (XSCAL,YSCAL,XOFF+YOFFsHL,yDSPMIN)
HF = WL
CALL PLOT (HL,4OSP(1,IC0MF)+0,40)
D0 91 I=1,NPOINTS
CALL PLOT (HF,DSP(I,ICOMP),1,C)
91 HF =HF ¢ DELH
208¢ CALL FLOTEND
IF (NCOMP.EG.1) GO TO 118
READ 400,NSET
490 FORMATI(IS)
DO 10080 ISET = 1,NSET
READ 410+KT
410 FORMAT (10F8.0)
DO 430 I = 1,NPOINTS
TO0T = 0.
00 420 J = 1,NCOMP
820 TOT = TOT #WT(J) * DSP(I,J)
.30 DSPTOT(I) = TOT
CALL BOX(XOFF,YOFF,XLENGTH,YLENGTH)
c
C FLOT DSPTOT SPECTRUM
c
DSPMIN=DSPMAX=J.
00 39 I=1,NPOINTS
IF (OSPTOT(I).LT.OSPMIN) OSPMIN
33 IF (OSPTOT(I).GT.OSPMAX) DSPMAX
OSPDEL = DSPMAX - OSOMIN
OSPMIN = DSPMIN - OSPDEL/2.
OSPOEL = DSPDEL * 2.
DSPMAX = DSPMIN + OSPODEL '
YSCAL = YLENGTH/OSPDEL
YXOFF = 2, ®* CHARSZ/YSCAL
CALL SCALE (XSCAL,YSCAL,XOFF, YOFF,HL,DSPMIN)

DSPTOT(I)
0SPTOTII)

DRAW THE AXIS
CALL AXIS (HLyHU,HL,OSFMIN,DSPMAX OSPMIN,HOIF/104904914+0?

LABEL THE X-AXIS

e Xe Xe] o000

CALL AXIS (HL,HU,HU,OSPMIN,DSPMAX,0OSPMAX HOIF/10es0es1,0)
XXOFF = 3. * CHARSZ/XSCAL

YXOFF = 2. * CHARSZ/YSCAL

ENCODE (64262, ARRAYY HL

CALL SYMBOL (HL-XXOFF,0SPMIN=YXOFF+049CHARSZ+6+ARRAY)
ENCODE (69202, 2RRAY) HU

CALL SYM30OL (HU=XXOFF,0SPMIN-YXOFF,0.,CHARSZ,6,ARRAY)
CALL SYMBOL(HMID=3.5*XXOFF,DSPMIN=-2.*YXOFF,0.+CHARSZ,21,
1 TITLE)

THE FOLLOWING CODE PUTS THE WEIGHTING FACTORS ON THE

TOP OF THE COMPOSITE SPECTRA. SINCE THERE ARE

UF TO 1J WEIGHTING FACTORS AND ROCM FCR ONLY FIVE
ACROSSs THE FOLLOWING CODE CHECKS FOR THE

NUMBER OF LINES NECESSARY AND CALLS THAT JJ. THE NUMBER
OF WEIGHTING FACTORS ON ONE LINS IS GIVEN BY NTIME.

e NoNeXeNoRul (9]
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c

JJ = FLOAT(NCOMPI /5, ¢ .9

00 510 J = 1,44

NTINME = NINC (5,NCO¥P=-5*%(J=1i))

NCHAR = 16 * NTIME

Ji = (J=1) * S

NCOUNT = J1 + NTIME

Ji = 41 ¢+ 1
c
C CODE U® ONE OR TWO LINES, WHERE NCOUNT IS THE NUMBER PER LINE
c

ENCODE{(NCHAR,502 yARRAY) NTIME, (I,WT(I), I=41,NCOUNT)
502 FORMAT (= (2 WT(2,1I2,2) =2,F5,3))
S1t CALL SYMBOL (HMID=2,E67*NTIME*XXOFF,DSPMAX=J*YXOFF,0.,CHARSZ,
4 NCHAR,ARRAY)
c
C PLOT DATA NOW
o
HF = ML
CALL PLOT (HL,0SFTOT(1),3,0)
D0 #1 I=1,NPOINTS
CALL PLOT (HF,0SPTOT(I),1,0)
ui HF =zHF + DELH
CALL PLOTEND
1000 CONTINUE
1010 CONTINUE
END

73/74 0PT=t1 TRACE FTN Le.6+452

SUBROUTINE BOX(X,YsXL,YL)

DIMENSION CUTOUT (2}

DATA CUTOUT/20HCUT ALONG SOLID LINE/

CALL VECTORS

IF(XLeGT 100 e0ReYLoGT o741 RETURN

XX = Xe(11.,=-xL)/2.

YY = ¥ - (8.=-YL)/2.

CALL SCALE (1..1.'XX.YY.0..0.)

CALL FLOT ( Qde90.90,0)

CALL PLOT (11.490491,0)

CALL FLOT (11.+8.54+1,0) .
CALL PLOT ( 04984541, 0) «
CALL PLOT ( 0.+040+1,0}

CALL POINTS

CALL PLOT (1.2548.241,28)

CALL PLOT (5.50G+83.291+28)

CALL PLOT (9.75,8.241,28)

CALL SYMBOL (4+3+84559069412920,CUTOUT)

CALL VECTORS
RETURN
END
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FUNCTICN FL{Xs Wy HILG)

FL = (PI)/(4,* (I {X=H)/GI**2} + 1.)
RETURN

END

73/74 OPT=1 TRACE

SUBROUTINE NORMAL(;PoNPTS)
DIMENSION SP(512)

NP1 = NPTS - 1

AREA = 0.

D0 10 I = 2,NP1

AREA = AREA + SP(I}

AREA = AREA + (S°P(1) + SF(NPTS))/Z.
DO 20 I = 1.,NPTS

SP{I) = SP{I)/AREA

RETURN

END

FIN L.6+4452

FTN Lo,6+652
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Program MOSSFIT
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PROGRAM MOSSFIT (INPUT.OUTPUT,PUNCH,TAPESL1=0UTPUT,TAPELD)

MOSSFIT USES THE BELL LABS VERSION OF NLLSQ MODIFIEDC TO RUN
ON A CYRER 73 COMFUTER. THE USER IS REFERED TO THE WRITE-UP
ON THE ORIGINAL PROGRAM BEFCRE “AKING ANY CHANGES IN THE
REQUESTED OLTPUT OR OPTIONS.

INPUT PARAMETERS?
2 = THE ARRAY CONTAINING THE INPUT PARAMETERS FOR THE FIT
KITER = THE NUMBER OF ITERATIONS TO USE IN FITTING

IF XITER » 99, THE PROGRAF STOPS.
NPAIR = THE NUMBER OF FAIRS OF PEAKS TO BE FIT.
NSING = THE NUMBER OF SINGLE PEAKS TO BE FIT
NPLT = FLAG FOR PLOTTING OF DATA AND FITTED CURVE.

IF NPLT IS ®OSITIVE NONZERO,THE PLOT WILL SE DONE ON THE
CALCOMP FLOTTER. 1IF ZERQ, NO PLOT.
IF NFLT IS NEGATIVE THt FLOT IS DONE ON THE GERBER.
NCAL = FITTING FLAG FOR CALIBRATIONS IF NCAL NE O
CALIBRATION CONSTANTS ARE CALCULATED
TITLE = A TITLE FOR THE RUN (FURNISHED BY MOSSRED).
YMAX,YMIN,NPTS,AND NOEL ARE SCALING INFORMATION USED IN
PLOTTING
VELC AND CG ARE THE CALISRATIOM CONSTANTS FOR THE SPECTRA
Xo AND Y ARE THE DATA ARRAYS

THIS PROGRAY FITS A MOSSBAUER SPECTRA OF INTENSITY (RELATIVE)

AS A FUNCTION OF CHANNEL NUMBER. THE MOOEL USED IS LORENTZIAN.

THE PEAXS ARE EITHER SPECIFIED AS SINGLE PEAKS, CHARACTERIZED

BY AN INTENSITY OR HEIGHT, A FULL WIOTH AT HALF MAXIMUM, AND A
POSITICNS OR AS PAIRS OF FEAKS, CHARACTERIZED BY A HEIGHT, FULL WIDTH
AT HALF MAXIMUM, POSITION OF THE FIRST PEAK, POSITION OF THE SECOND
PEAK, AND A RATIO, WHERE RATIO = HT1/HT2. THE HEIGHT AND FULL

WIOTH AT HALF MAX FOR THE SECONC PEAK IS CALCULATED FROM THE

HEIGHT AND WIOTH OF THE FIRST PEAK, ASSUMING THE AREA UNDER BOTH
PEAKS IS THE SAME. THUSS

HT2 = HT1/RATIO
6AM2 = GAM1 * RATIO
WHERE
HT1 AND HT2 ARE THE HEIGHTS OF THE FIRST ANO SECOND
PEAKS RESPECTIVELY. GAM1 AND GAM2 ARE THE FULL WIDTH
AT HALF MAXIMUM FOR THE FIRST AND SECOND PEAKS
RESPECTIVELY.
THUS WE CAN SEE THAT HT2 * GAM2 = HT1 * GaMi * RATIO/RATIO
= HT1 * GAM1
AND HENCE THE PEAKS HAVE THE SAME AREA. THE UNITS OF HEIGHT ARE
RELATIVE INTENSITY UNITS, THE OTHER FATAMETERS ARE IN UNITS
OF CHANNELS. THE HEIGHT OF THE PEAKS IS THE INTENSITY
UNITS CCWN FROM A BASELINE OR BACKGROUND WHICH MUST ALSO
BE SPECIFIED. IF RATIO IS SET TO ZERO FOR THE PAIRS OF PEAKS
THE DEFAULT VALUE OF -1 IS USED. THAT IS, THE RATIO IS HELD
FIXED AT 1. HOLODING VALUES CONSTANT WILL BE DISCUSSED LATER.

TO DETERMINE THE CALIBRATION CONSTANTS FOR AN IRON FOIL CALIBRATION
SET NCAL NON-ZERQ AND SPECIFY THE PEAKS AS PEAK PAIRS WITH SPLITTINGS
GOING FRCP LARGEST TO SMALLEST. 1IF 3 PEAK PAIRS ARE PRESENT, THE
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PROGRAM ASSUMES THAT THE 10.657 MM/SEC PAIR IS FIRST PAIR SPECIFIED
THE 6.157 MM/SEC IS THEZ SECOND.AND THE 1.677 MM/SEC PAIR IS THIRD.
IN DETERMINING THE CG AND VELC, THE RELATIVE INTENSITIES OF THE FEAX
PAIRS ARE USEDC AS WEIGHTING FACTORS.

THE INFUT CARD TYPES READ CONTAIN THE FOLLOWING!

CARD 118
KITER, NPAIR, NSINGs NPLT, NCAL
(515

CARD 23
BACKGROUND IN RELATIVE INTENSITY UNITS
(F10.5)

CARD 33
HEIGHT, HALF=-WIDTH, POSITION(1), POSITION(2), AND RATIO
(5F10.5)

CARD &3

SAME AS CARD 3
THIS IS REPEATED UNTIL ALL PAIRS OF PEAKS ARE CHARACTERIZED
IF THERE ARE NO PAIRS OF PEAKS, THIS GROUP IS OMITTED.

CARD 513
HEIGHT,HALF=-WIOTH, AND POSITION
(3Fi18.5)

CARD 63

SAME AS CARD S
THIS IS REPEATED UNTIL ALL SINGLE PEAKS ARE CHARACTERIZED
IF THERE ARE NO SINGLE PTAKS, THIS GROUP IS OMITTED.

CARD 73

TITLE

(104A8)

THIS CARD IS PROVIDED BY MOSSRED

CARD 83
YMAXsYMIN,CG,VELC,NPTS,NOEL
(4F18.5,2I5)

THIS CARD IS PROVIDED BY MOSSRED

CARDS 9eat
(X (K}, Y{K) 4 K=1 4NPTS)
(6(FL.34FB.LY)
THE OATA DECK AS PUNCHED BY MOSSRED

TO RUN THE FROGRANM THE FOLLOWING INFORMATION SHOULD EE

NOTED. SINGLE PEAKS ARE SPECIFIED AFTER PAIRS OF PTAKS.
FURTHERs IF ONLY PAIRS OF PEAKS ARE USED FOR THE MODEL, CAROS
FOR SINGLE PEAKS ART OMITTED, AND IF CNLY ONLY SINGLE

FEAKS ARE USED, CARDS FOR PAIRS OF PEAKS ARE OMITTED.

EXAMPLE 12 FOR MODEL WITH 3 PAIRS OF PEAKS,THE FOLLOWING
CARD TYPES ARE NEEDED:
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192939343437 98458=a,1(WITH KITER »>99)

EXAMPLE 2t FOR MODEL WITH & SINGLE PEAKS, THE FOLLOWINE
CARC TYPES ARE NEEDED?:
1’295'5'5'5970599“‘91'(HITH KITER > 99

EXAMPLE 3t FOR MODEL WITH 2 PAIRS COF PEAKS AND 3 SINGLE PEAKS,
THE FOLLOWING CARD TYPES ARE NEEDED?
14293939515 4547989S=a,1(RITH KITER > 99)

IF MORE THAN ONE DECK IS TO BE FIT IN THE SAME RUN, THE DECK
STRUC TURE REQUIRED FOR THE SECOND RUN SIMFLY FOLLOWS THE FIRST.

OUTPUT

THE FROGRAM GENERATES PUNCH, LINE PRINTER aND FLOT OUTPUT
AS FOLLOWS?

PUNCH?$
CARD 1t BKG
(F10.5)
CARD 2~Nt HIEGHT, HALF=-WIOTH, AND POSITION
(3F18.5)

THERE WILL BE ONE CARD FOR EACH PEAK

LINE FRINTERS
INTERMEDIATE OUTPUT AS SPECIFIED BY NARRAY(S)
FINAL OUTPUT AS SPECIFIED BY NARRAY(6), EXCEPT THAT
THE DATA AND CALCULATED 4ODEL ARE NOT FRINTED OUE To A
GO TO STATEMENT IN THE SUBROUTINE NLLSQ. THE REMAINING
FRINT CUT GIVES THE TITLE, FINAL FITTED PARAHETERS,ANC
THE INITIAL ESTIMATES FOR ALL PEAKS.

PLOTTER?

SLOT OUTPUT CONTAINS THE INITIAL DATA,

THE FINAL “ODEL, THE PARAMETERS FOR EACH PEAKs THE

SACKGROUND, AND VERTICAL LINES ORAWN TO INDICATE

THE HEIGHT ANC POSITION OF EACH PEAK.
IF CALISRATION INFO IS AVAILABLE, THE CG AND VELC
ARE PRINTED ON THE PLOT, A VELOCITY AXIS IS DRAWN
THE PARAMETERS GAMMA ANC POSITION ARE GIVEN IN UNITS
OF MM/SEC.

A SEPARATE ®LOT OF THE RESIDUALS IS ALSO FLOTTED.

ONE OPTICN OF THIS CROGRAM ALLOWS THE USER TO HOLD ANY PARAMETER

"OR PARAMETERS FIXED FOR THE RUN. THIS IS DONE BY GIVING THE

PARAMETER A NEGATIVE VALUE. THE NEGATIVE VALUE SETS A FLAG TO
HOLD THE PARAMETER FIXED ANO THE ABSOLUTE VALUE OF THE TERM IS
THEN SUBSTITUTED FOR IT.

ADDITIONAL ARRAYS USED IN THE PROGRAW!
BB = THE INITIAL PARAMETERS FOR PRINTING
A = THE PEAK PARAMETERS AS SINGLE PEAXS ONLY
FGR USE IN PLOTTING
RES = RESIDUAL ARRAY FROM NLLSQ
NARRAY, ARRAY ARE ARRAY ARE PARAMETERS FOR NLLSQ AND
EXPLAINED IN THE WRITE UP FOR THE SUEBROUTINE
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I8 = THE INDEX(ES) OF THE PARAMETERS TO BE HELD CONSTANT

DECK STRUCTURE?
THE FOLLOWING CONTROL CARDS MUST BE USED FOR THE CYBER VERSION
IF NC PLCTTING IS TO B85 DONE, THE LABEL CARD SHOULD BE OMITTEC.

USER,50350+ABC0. (REPLACE ABCD WITH APPROPRIATE USER CODE.)
CHARGE.725160, 4.
SETTL,500.
LABEL,TAPELG,VSN=13014,LB=KU, F=S,FO=H.PN=RBCO.
(USE WHAT EVER IS APPROPRITAE FOR VSN = , AND PW =)
REWIND.TAPE10.
GET,FITBIN.
ATTACH,COMPLOT /UN=LIBRARY.
LDSET,LIS=COMPLOT.
FITBIN.
REWIND,TAPE1d.
17879

DATA DECK AS PREVIOUSLY DESCRIBED

6/7/78/9

THIS PRESUPCSES THAT THE BINARY DECK FOR THIS FROGRAM IS
ON THE PERMANENT FILE FITBIN. TO CREATE THAT FILE USE?

USER,50350+.48C0. (REPLACE ABCD WITH APPROPRIATE USER CODE.)
CHARGE, 72516044,

SETTL,500.

FTNB=FITBIN.

SAVE,LFITBIN.

7/8/9

FORTRAN DECK OF MOSSFIT

6777879

IF THE BINARY FILE DOES NOT EXIST 8UT A BINARY DECK DOES, THE
8INARY FILE MAY BE CREATED 8Y THE FCLLOWING?

USE?,50350 ,ABC 0. (REPLACE ABCO WITH APPROPRIATE USER CODE.)
CHARGE,725160, A.

SETTL,.500.

COPYBF, INPUT,FITBIN.

77879

BINARY DECK OF MOSSFIT

6/7/¢%
6/7/7%/¢
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T0 RUN THE PLOT FROM THE TAPE CREATED 8Y MOSSFIT, THE FOLLOWING

0S-3 DECK MUST BSE RUN. SEE COMP CENTER NEWSLETTER VGL XI, NO. &y PAGE 5.
(NOTE THAT IN THE FCLLOWING THE SYMBOL[ REPRESENTS THE 0S-3 CONTRCL PUNCH)

[(JOByMTL1,72516C, +SAVE FDR WICKMAN
[EQUIF,1=MT,13014,AT 800,R PW=ABCD
[TIME=200

(MFBLKS=400

[RENIND» 1

[EQUIP,2=PLOT

[LABELs2/WICKMAN

{copPy,1=4,0=2,P=0

[(REWIND, 1

{LOGCFF

YT T YTIPIYPITYY PR YOVSFRY SRS RS2 SR SRS S E L2 X L2 2 2t b g

QOOOO00O0O000O0000NOO000O 00O

IF THE GERBER PLOTTER IS USED,MOODIFY THE DECK STRUCTURE
C ACCORDING TO THE CYBER COMPLOT MANUAL

C

(RN NN RN AN R I RS BB NR SR SAR SRR NN ABA R AR RSN NRSSERERERRRRINIRRIRRRES
c

DIMENSION X(512),Y(512)+8(45)

DIMENSION A(S0)

OIMENSION BB (45)

DIMENSION TITLE(10)

DIMENSION NARRAY [8) yARRAY(8),IB(45)RES(512) 4FMT (10D
COMMON/DATAS/NPAIRINSING

NPLOT = 0

PID2 = 2. * ATAN(LJ)

READ IN FITTING INFCRMATION

READ 40,KITER,NPAIR,NSING,NPLT,NCAL
3 FORMAT (515)

IF (KITER.GT.99) GO TO 90%

NTOT=1

HEPEOO0OO

READ IN BACKGROUND

(s N e Ne]

READ 30,8(1)
FORMAT (5F10.5)

READ IN FARAMETERS FOR PAIRS CF PEAKS IN NPAIR > O

OO0 W
(=3

IF (NPAIR) 40,60
&3 NTOT=NTOT+5*NPAIR
00 50 I=24NTOT»5
NSUB=I+4
READ 30, (B(JY J=I,NSUB)

SET RATIO TO =1 IF RATIO IS LEFT BLANK OR SET TO ZERO
NOTE THAT IF THE FIELO IS LEFT BLANK,ZERO IS ASSUMED BY THE
COMPUTER

QOO0
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IF(3(NSUB).EQe0s) B(NSU3) = =1,
53 CONTINUE

C

C READ IN SRARMETERS FOR SINGLE PEAKS IF NSING > O
c

60 IF {NSING) 78,90

70 NL=NTOT*1
NTOT=NTOT#3*NSING
D0 80 I=NL,NTOT,3
NSug=T+2
READ 30, (B(J),»J=I,NSUB)
9 CONTINUE

8
c
C READ IN DECKX PRODUCED BY MOSSRED
C

s9 READ 15, TITLE
15 FORMAT(10AB)
REALC 20,4 YMAX YMIN,CGy VELCoNPTS,NOEL
28 FORMAT (4F10.5,21I5)
READ 190, (X(K),Y (K) yK=1,NPTS)
100 FORMAT (61F4.0,FBea4))
c
C CHECX FOR ANY PARAMETERS BEING HELD CONSTANT
c
IP=Q
00 135 I=1,NTOT
IF (B(I¥.GE.Q.) GO TO 105
IP=IP + 1
IB(IFY= I
B(I)=ABS(B(I))
105 88(Ir=8(D)

C
C SET UP CONSTANTS FOR THE FIT

c
NARRAY(1) = NPTS = NOEL
NARRAY(2) = 1
NARRAY(3) = NTOT
NARRAY(4) = IP
NARRAY(5) = 1
NARRAY(E) = 1

NARRAY(7)= 61
NARRAY(8) = KITER
NDEL = NDEL + t
B0 106 I=1,8
106  ARRAY(I)=0.
ENCODE (89,110,FMT) TITLE
11C  FORMAT (2(1H0,80HZ,1048,2)%)
CALL NLLSQ (Y{NDEL),X(NDEL),8,RES(NDEL) yNARRAY,ARRAY, IB,FMT)
IF (NCAL.NE.D) CALL CALIB(B,NFAIR,CG,VELL)

START PRINT OUT AND PUNCH OUT
ARRAYS AT THIS 20INT CONTAIN?
88 IS INITIAL FARAMETERS
B ARE FIMNAL PARAMETERS

(s NeNeNeNely]

NTOT=1
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137

108

120

130
140

1us
i5¢
160
170

i8¢0
199
bR-13

901
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PRINT 107, TITLE
FORMAT (1H1+134(1H*)4//+28X+10A8

1977446X, 2FINAL (AND INITIAL) FITTING PARAMETERS FROM NLLSOZ

2477/ 41%Xs 134 (1H%))
PUNCH 15,TITLE
IF(VELCoNE.O+) PRINT 108,VELC+CG

FORMAT (//7+5Xs Z2VELC = 2,G14.7 4% MM/SEC/CHZ,5X+2CC = 246144742 CH2Z)

PRINT 120,8(1),88(1) .

FORMAT (/7420 BACKGROUND = 246144742 (2,G14.7,2)2)
FUNCH 200,8(1)

At1) = B(1)

KK=2

IF (NPAIR) 13C+150

PRINT 140,NPAIR

FORMAT (20 FOR THE 2I2# PAIRS OF °EAKS THE PARAMETERSZ
12 ARET2,/,1H0, 13Xy 2HIGHT 225X, 2HALF-WIDTH225X,2POSITIONZ
225X 42 HT1/KT2 24/7)

NTOT=NTOT+5*NPAIR

DO 145 I=2+NTOT,+5

AtKK) = 3{I) g A(KK+1) = B(I+1) s A(KK#+2) = B(I+2)
KK = KK+3

NSU8=T+2

PRINT 2904 (B(J),8BB(JI) yJ=I,NSUB) 4B(I+4) ,BB(I+4)

PUNCH 200+8(I) +8(I+1),8(I+2)

= 8(I+4)

AREA = PID2*8(I+1) * B(I)

RR = BB(I+4)

A(KK) = 3(I)/R $ A(KK+1) = S(I+1)*R § A(KKe+2) = B(I+3)
88(I) = BB(I)/RR 3 B8B(I+1) = EB(I+1)*RR

PUNCH 2005 A(KK) ¢ A(KK#*1) s ALKK+2)

PRINT 295,A(KK)4+38(I) ,A(KK+1),8B(I+1),A(KK+2),8B(I+3),AREA
KK = KK+3

CONTINUE

IF (NSING) 160,139

PRINT 170,NSING

FORMAT (20 FOR THE 2122 SINGLE PEAKS, THE 2
12PARAMETERS ARE$2,/41H0 413X, 2HIGHTZ2,25X2HALF=-HIDTHZ,
225X+ 2POSITIONZ,/)

NTOT=NTOT+3*NSING

DG 180 I=NLyNTOT,3

NSUBR=I+2

AREA = PID2%8(I+1) * 8I(I)

PRINT 295, (B(J),88(J) ,J=I,NSUE) s AREA

PUNCH 200,B(I)+B(I+1),B(I+2)

A(KK) = B(I) g A(KK+1) = B(I+1) 3 ACKK+2) = B(I+2)
KK = KK+3

CONTINUE

CONTINUE

KK=KK=1

IF (NPLT.EQ.D0) GO TO 1

NPLOT = NPLOT + 1

CALL NLLSGPT (Y,A.KKyNPLOT,NDEL NPTS,YMAX, YMIN,RES,TITLE,CG,VELC,

iINPLT)

G0 TO 1

CONTINUE

IF (MOCINFLOT,4)NE.O) CALL PLOTEND
ENDFILE 10
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ENDFILE 10
STOP
20¢ FORMAT (3F10.5)
296 FORMATIL(1XyGlive 792 (246144792) 2))
29¢ FORMATIZ(1X,Glbe792 (29351407 ,%) 2),2 PEAK AREA = 2616.9)
END
73774 OPT=1 TRACE FIN 4.6+L52

SUBROUTINE CALIB(B,NPAIR,CG, VELC)

DIMENSION B(45),V(3)
C -
C THIS SUBROUTINE CALCULATES THE CALISRATION CONSTANTA FOR AN IRON
C FOIL SPECTRUM,

DATA V/1.677+64167+1B.657/

VELC = CG = HTTOT = 0.

J=2

00 10 I=1i,NPAIR

SPLIT = ABS(B(J+3) = B{J+2))

VELE = VELC ¢B(JI*VINFAIR # 1 - I)/SPLIT

CG = CG + BLJ)*(BLU+2) + SPLIT/2.)

HTTOT = HTTOT ¢ B8(J)
10 J=J ey

VELC = VELC/HTTOT

C6 = CG/HTTOT

RETURN

END




710

TO0uW
705

720
7¢7
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SUBROUTINE MODEL (FyeYeXsRRR,I4JP)
COMMCN/BLKL/P 1451 ,PARTIAL(45) yREJNy My NPARAMS
COMMON/DATAS/NPA IRS,NSING

DIMENSION X(1),Y (1) sRRR(1)

PARTIAL(1)=1.0

F=P (1)

NUM=5*NPAIRS+1

IF (NUMJ.LE.2) GO TO 785

DO 704 K = 2,NUM,5

HT = P({K)
GAM = PiKel)
PL = P(K+2)
P2 = P(K+3)
R = PiK+k)
HT2 = HT/R

GAM2Z = GAM®*R

RGAM = 2./GAM

RGAM2 = 2./GAM2

RGAMSG = RGAM * RGAM
RGAM2SQ = RGAM2 * RGAMZ
DIS1 = X(I) - P1

pIS2 = XtI) - P2

DIS1S0 = DIS1*DIS1
0IS2se = DIS2*DIS2
DENOML = DIS1SQ * RGAMSQ + 1.
DENOM2 = 0IS2SQ * RGAM2SQ + 1.

D1SQ = DENOML * DENOML

D2S0C = DENOM2 * DENOMZ

PARTIAL(K) = =(1./DENOM1 + 1./(R®DENOM2))

PARTIAL(K#1) = = (HT*DIS1SQ*RGAM*RGANSQ/D1SQ +
HT*DIS2SQ*RGAMZ*RGAM2SQ/702SQ)

195
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PARTIAL(K+2) = =2.*HT*DIS1*RGAMSQ/01SQ

PARTIAL(K+3) = =2.*HT2*DIS2*R6AM2S0/D2SQ

DARTIALIK+4) = (HT/(R*R*DENOM2))*(1.-2.*DISZSA*RGAM2SQ/ DENOMZ)
F = F = HT/DENOM1 - HT2/DENOM2

CONTINUE

CONTINUE

NUM=NUM+1

IF (NUM.GT.NPARAMS) GO TO 7G7

D0 720 K2=NUM,NPARAMS,3

K3I=K2+1

Kl=K242

Z=(2.0/P(K3) ) **2

Wiz=X{I)=P (K&)

Gl=His*2

Ui=(2*G1)r+1.0

FNL1=U1+»2

D1=P (KZ) /FNL

PARTIAL(KZ2Y=(~-1.0/U1)
PARTIAL(K3)I=((=-8.0%01%G1)/(P(K3)**3))
PARTIAL(K4)=(=2, 0*D01*W1*2)
F=F¢(F(K2)*PARTIAL(K2))

CONTINUE

RE=Y(I)~-F

RRR(I)=RE

RETURN

END
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SUBROUTINE NLLSQU(Y,X,BB,RES,NARRAY,ARRAY ,IBBFMT)
NONLINEAR LEAST SQUARES FIYTING ALGORITHM BY 0 W MARQUARD
ORIGINAL PROGRAM REWRITTYEN BY W A SURNETTE BTL JULY 1967
NARRAY CONTAINS PROGRAY PARAMETERS ARRAY CONTAINS STATISTICAL
CONSTANTS SET ARRAY EQUAL TO 0.FCR STANDARD SET OF CONSTANTS
MAX IMUM NUMEER OF PARAMETERS IS 45 THIS MAY BE CHANGED BY ALTERING
DIMENSION STATEMENTS AND MATRIX STORING STATEMENTS
COMMON/BLKL/BlUS) +P(45) ,REJNyM, K
COMMCN/BLK2/A (90 s45) ySA(45)4K2, IK4NPMAX
COMMCN/BLK3/8S(45),0B(45),6(45) ,K3
COMMON/BLKL/AL »DELTALE,FF,GAMCR,T4TAU,ZETA,PHI,SE,PHICR
COMMON/BLKS/IB (45),1IP
DIMENSIOM Y1) ,X(1,1)4RES(1)
DIMENSION 88(45) ,I38(45)
DIMENSION FMT(45)
DIMENSION NARRAY(8),ARRAY(9)
DIMENSION CONST(8),SCONST(8)
EQUIVALENCE(CONST,AL)
DATA (SCONST=04.191e0E=5,540E=5,4e0,45.042.08,0.001,1.0E=31)
NPMAX=45
N=NARRAY (1)
M=NARRAY (2)
K=NARRAY (3)
K2=K
K3=K
IP=NARRAY(&)
INTP=NARRAY(5)
IFF=NARRAY (6)
IK=NARRAY(7)
IF(NARRAY(8) +EQ. {=1)) NARRAY(B)=KITER
KITER=NARRAY (8)
WHICH OF THE CONSTANTS HAVE BEEN DETERMINED BY USER
DO 5 JU=1,8
IF(ARRAYUJ) (LE.04)G0 TO &
CONST(.) =ARRAY (J)
G0 To 5

4 CONST(J)=SCONST (I

5 CONTINUE

IF(KITERLLELQ) KITER=30
IF(IKLE L0) IK=6

26 IF(IFF.EQ.(~1))GO0 TO 150
WRITE(IK,2090)
HRITE(IK,FMT)
WRITE(IK+2001)NoKsMyOELTALE,FF,GAMCR, T4 TAU,ZETA,AL

10C D0 120 J=1,K
a8s(Jy=8B (N
8(JY=BE(Y)

120 CONTINUE
DO 121 J=1,1P

121 IB(J)=1IBB(J)
CALL SUMSQ(PHI,Y+XyRES)
LJ=0

130 IFILJLGEKITERIGO TO 4O«
LyzlJd+l
BEGIN LJTH ITERATION
CALL NEWA(Y,X,RES)

1311 IF(ALLLT++1E=CG7) GO TO 131
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AL=AL/10.

CALL SCAL

PHICLO=PHI

STORE MATRIX

00 132 I=1,K

II=T+NPMAX

00 132 J=1,K

ACII,J)=A(1I,J)

CALL SOLVE

D0 140 J=1,K

8(J)=BS(J)+D8(J)

COMPUTE GAMMA

0D=0.

0G=0.

66=9.

D0 152 J4=1,K

IF(SACJU) sEQ.0.)G0 TO 152
GG=GG+G (N *GLJY/ (SA(I) *SALI))
DD=00+D8(J)*0B (JI*SA(J)*SA(N)
D6=CG+08 (N *G(N

XL=SQRT (0D)

IF(0D*GG.GT.0.)G0 TO 160
GAMMA=0,

G0 TO 176

CGAM=0G/SQRTY (DD*GG)

GAMMA=D,
IF(CGAM®*CGAM.GEL.1.,)G0 TO 170
WS=SQART(1.,-CGAM*CGAM)
GANMA=67 ,29577 G5 *ATAN2(NS,C6GAM)
CALL SUMSQ(PHI Y X,RES)
IF(FHI.LE.PHIOLDIGO TO 175
IF (GAMMA-GAMCR) 300,390,180
00 17& J=1+K

8S{J)=B{(Y

IF (GCAMMA,LT.90.,) GO TQ 190
GAMMA L AMBOA TEST
IF(AL=1,)190,L03,403
AL=aL*10,

CALL SOLVE

G0 TO 135

EPSILON TEST

CALL ETEST(L)

GO TO (401,200),L

BEGIMN INTERMEDIATE OUTPUT ROUTINE
IFUINTP,EQ.0)GO TO 130
WRITE(IK,2000)
WRITE(IK920C2)LJ4PHIH AL, (BLJ) 9J=1,K)
WRITE (IK,2003) GAMMA XL, (CB(J) yJ=214K)
IF(INTP.EQ.1)G0O TO 130

CALL NEWA(YLX,RES)

STORE MATRIX

00 205 I=1,K

II=I+NPMAX

00 205 J=1.K

AlII,N=A(I,J)

CALL GJR(MS?

GO TO (207,130),4S
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IF(INTP.EQ.2)G0 TO 210
WRITE(IK,2004)

CALL PRINTI

CALL SCAL

WRITE (IK,2006)

CALL PRINTZ2

GET MATRIX FROM STORAGE

DO 220 I=1,K

II=I+NPMAX

DO 220 J=1,K

A(I J)sA(II 0
IF({LJ.CE.KITERIGO TO 4O&
LJ=LJ+1

GO TO 1311

00 320 J=1,K

D8 (J¥=0BtJ) /2.
B(JI=BS (N +0B(JN)

GAMMA EPSILON TEST

CALL ETEST(L)

GO TO (402,321), L

CALL SUMSQ(PHI,Y,X,RES)
IF(PHIOLDLT.PHI) GO TO 30C
D0 330 J=1,K

8S(J)=8(N

60 TO 208

BEGIN FINAL PRINTOUT ROUTINE
IF(IFP.EQ.(=-1))GO TO 688
WRITE(IK+2090)
NRITE (IK FMT)

WRITE(IK 2010

GO TO 405

IF(IFP.EQ. (=1))G0 TO 4025
WRITE (IK,2090)
WRITE(IK,FMT)
WRITE(IK,2011)

IF(IFP.NEe (=1) ANDPHIOLD WL T.PHIIWRITE(IK,2092)
IF(OHICLO.GE «PHIIGO TO 4029
PHI=PHIOLD

00 4027 J=1.K

8(s)=8S(N

IFLIFP.EQ.(=1)) GO TO 600
GO TO 405

IF(IFP.EQ.(=12)G0 TO 600
WRITE(IK+2090)
WRITE(IK,FMT)
HRITE(IK,2012)

GO0 TO 405

WRITE(IK,2013)

NARRAY(8)==1

IF(IFP.EQ. (=1))G0 TO 600
WRITE(IK FMT)

00 486 J=1,K

BS {S)=8(N)

BB{JY=B(J)
WRITE(IK,2002)LJ,PHIJAL,y (B(J),Jd=14K)
WRITE(IK,2003) GAMMAIXL,y (DB(J)yJ=1,K)
CALL NEWALY,XsRES)
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IF(IFP.LE.1)GO TO 430

00 10 I=1,K

II=T+NPHAX

00 410 J=1.,XK
A(ITI=ALI, D)

WRITE (IK,2022)
CALL PRINTZL
CALL SCAL

WRITE(IK2023)

CALL PRINTZ2

GET MATRIX FROM STORAGE
DO 428 I=1.+K

II=I+NPMAX
00 428 J=4+K

ALl J)=A(I1,J)
CALL GJR(MS)
GO TO (440443514 M5
WNRITE(IK,2060)

GO TO 455

IF(IFP.EQ.0)60 TO 450
WRITE(IK,2024)
CALL FRINT1
CaLL SCAL
WRITE(IK2025)
CALL PRINT2
IF(IFP.£Q.0) GO TO 598
GO TO 461
WRITE (IXK,2030)
DO 460 I=1,N

RESIDUAL ARRAY OPTION SATISFIED HERE
J=b

CALL MODEL(F,Y X yRESsI oI}
WRITE(IK2031)YT,Y(I)F,HRE
CONTINUE

ONE PARAMETER SUPPORT PLANE COMPUTATIOANS
FNKW=N-K+IP
IF(FNKN.LE.G.) GO TO 589
FKW=K<]IP
SE=SCRTI{PHI/FNKH)
WRITE(IK,2040)
00 470 I=1,K

CHECKX FOR OMITTED PARAMETERS
IF(IP.EQ.0)GO TO 464
B0 €2 Ju=g,1IP

IF (I.EQ.IB(J)) GO TO 469
CONTINUE

STE=SA(I )*SE
HJTO=SQRT(FF3*FKW)*STE
OPL=BS({I)~STE*Y
OPU=BS(I)+STE*T
SPL=B8S(I)~HJITD
SPU=BS(I)*HJTD
WRITE({IK,2041)I,STE,COPL,O0PU,SPL,SPU
GO TO 4710

WRITE(IK,2042)1
CONTINUE

IF (IFF.EQ.1) GO TQ 602

FTN 4LeB4452
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NONLINEAR CONFIDENCE REGION CALCULATIONS
KS=FKW/FNKW
PHICR=FHI* (1 .+NS*FF)
WRITE(IK,204L3)PHICR
CALL CONFRG(Y.X,RES)
IF(IFP.GC.0IMRITE(IK,2099)
RETURN
SB9 WRITE(IK,2060)
590 IF(IFP.EQ.0) GO TO 602
599 IF(IFP.GE.0)IWRITE(IK,2097)
RETURN
RETURNING PARAMETERS WITH NO OUTPUT
6CC DO 601 J=1,K

601 B8S¢JY=B(J)

RESIOUAL ARRAY OPTION WITH NO OUTPUT

602 J=b

CALL MODEL(F,Y,X,RESy1,J)
GO TO (599,599,599+604)+J
604 DO 605 I=2,4N
605 CALL MODEL(F,Y X ,RES,I,J}
IF(IFP.GE. 0)WRITE(IK,2090)
RETYRN

2CC0 FORMAT(LDOHEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXXXXXAXXXXXXX X
2 XXX XXX XXX XX XX XXX XX XXX X XXX XXX XXX XXX X 71H0 )

20C1 FORMAT(21iMONO OF DATA POINTS IS,I&,22H NO OF PARAMETERS IS,I3,3X
1+30HNC OF INDEFENDENT VARIABLES IS,I3/7HOOELTA=,E15.8,5H E=,E15.
28,6H FF=,E15.8,9H GAMCR=,E15.8/5H T=4E15.8,7H TAU=,E15.8,
38H ZETA=,E15.8,6H AL=,E15.8 )

2002 FORMAT(1X/19HONO OF ITERATIONS =I3/6HOPHI =,E15.8,L4X,8HLAMBOA =,
1F15.8/11HOPARAMETERS/ (1X,TELT . E/))

2003 FORMAT(B8HIGAMMA =,E15.8,4X,14HLENGTH OF DB =,E15.8721H0D3 CORRECTI
10N YECTOR/(1X47E17.87))

2004 FORMAT(1X/12HOFTP INVERSE)

2006 FORMAT(1X/25HGCORRELATION COEFFICIENTS)

2040 FORMAT(23HOCONVERGENCE BY EPSILON TEST)

2011 FORMAT(I4HOCONVERGENCE BY GAMMA EPSILON TEST)

2012 FORMAT(32HCCONVERGENCE BY GAMMA LAMBOA TEST)

2013 FORMAT(L1JHIFORCE OFF)

2022 FORMAT(1X/11HCFTF MATRIX)

2023 FORMAT(1IX/29HOPTP CORRELATION COEFFICIENTS)

2024 FORMAT(1X/712HOPTP INVERSE)

2025 FORMAT{(iX/35HGPARAMETER CORRELATION COEFFICIENTS)

2030 FORMATIAX/1HO,6X 911K OBSERVED 11X, 9HPREDICTED,10X,8HRESIDUAL/1X)

20314 FORMATI1IXsI3,3Xy2(EL15.894X)+E15.8)

2040 FORMAT(LIX/1HO,12X,4H STD,18X,15HONE ~ PARAMETER,22X,1I4SUPPORT PLA
INE/2X,4HPARA .7 Xy SHERROR 13X ySHLOWER 13X +SHUPPER 13X SHLOWER,13X,5H
2UPPER)

2041 FORMAT(2X, I3,5E18.8)

2042 FORMAT(2X3I3+45X,23HPARAMETER HELQ CONSTANT)

2049 FORMAT(1X/729HC NONLINEAR CONFIDENCE LIMITS/1SHGPHI CRITICAL =E15.8
1/76H0 PARA+6X+8H LOWER B,8X,10H LOWER PHI,10X,8H UPPER B,8X,10H UPP
2ER PHIY

2060 FORMAT(S7HOGOUTPUT IS ABBREVIATED DUE TO MATHEMATICAL CONSIDERATION
1

2090 FORMAT(1H1)

2092 FORMAT(SJHOCORRECTION VECTOR FOR LAST ITERATION WAS NOT USgD)

END
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SUBROUTINE NEWA{Y,X,RES)
NEWA - CALCULATES PTP MATRIX, A, AND GRADIENT VECTOR, G
DIMSASION Y(1),X(1,1),RES (L}
COMMON/BLKL/BLLUS )Y 4P (L5) yREsNIM, K
COMMON/BLK2/A(908,45) 4SA(45) 4K2, IKyNPNAX
COMMON/BLK3/8S (45),08(45),6(u5),K2
COMMON/BLK4/AL yDELTA,E FF4GAMCR T4 TAU, 2ETA,PHI,SE, PHICR
COMMCN/BLKS/IB(45),IP
00 1 J=1.,K
6(4¥=0.,
Ptyr=g0.
D0 1 I=1,K
AtJsI)=0.
B0 50 II=1sN
LOOK FOR PARTIALS
J=2
CALL MODEL(F,Y X 4RES,IIy )
RD=RE
00 23 Ju=1,K
CHECK FOR OMITTED PARAMETERS
IF{IP.GT.0)G0 TO 25
GO T0(20,30,20),J
COMPUTE PARTIALS IF NECESSARY
A8=8(J44)
BOEL=AE®*DELTA
IF(BDEL.EQ.C.)BOEL=DELTA
B(JJ)=AS+BDEL
=1
CALL MODEL(FDEL s Y4XsRESyII4J}
RE=RC
P(JJY=(FDEL-F) /BDEL
B(JJ)=AB
GO TO 30
00 26 I=1,1IP
IF(JJ.EQ.IB(I}) GO TO 29
CONTINUE
GO TO 10
P(JJY=0.
USING PARTIALS AT ITH DATA PODINT
G(IIN=G(JI)ARE*P (JNY
00 40 I=1,K
D0 40 J=IeK
A(IJ)=A(I,J)+C(II*P(J)
CONTINUE
00 55 I=1,K
00 5% d=1I,X
AlJ I)=A(I,V)
A(I,IV=1.0 FOR OMITTED PARAHETER I
IF(IF.EQ.0)RETURN
00 &0 1=31,IP
D0 60 J=1,K
IF(J.EQ.IB(INYA(JsdI=1.
RETURN
END
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SUBROUTINE GJR(MSING)

INVERTS A MATRIX IN AtI,J), I=1,45, J=1,45
GAUSS=-JORDAN=RUT ISHAUSER MATRIX INVERSION WITH OOUBLE FIVOTING
COMMON/BLK2/7A (S0 v 451 +SA (LS} yK29 IKs NPMAX
COMMON/BLK4 /AL yOELTA,E,FF,GAMCR Ty TAU,ZETA,PHI,SELPHICR
DIMENSION P{45),Q(45) ,8(L5),C(45)
INTEGER P,0Q

EPS=ZETA

N=K2

MSING=1

00 10 K=1i,N

DETERMINATION OF PIVOT ELEMENT
PIVOT=0,

00 20 I=K,N

00 20 J=K,4N
IF(ABS(A(I,J))=-A3S(PIVOT))20,20,30
PIVOT=A(I, J)

P(K)=1

oK) =d

CONTINUE
IFCABS(PIVOT)=EPS)iul,4C,50
EXCHANGE OF PIVOTAL ROW WITH KTH ROW
IF (PIK).EQ.K) GO TO &0

DO 70 J4=1,N

L=P(K)

Z=A(L,J)

AlLsJ)Z=A (K, )

AtK,J)=2

EXCHANGE OF COLUMN

IF(C(K).EQ.K)GO TO 93

DO 190 I=1,N

L=Q(K)

Z=A(IsL)

A(I,L)=A(I,K)

A(I,K)=Z

CONTINUE

JORDAN STEP

DO 110 J=1,N

IF(J.EQ.K)GO0 TO 123

B(J)==A(Ky J)/PIVOT

ClII=A(JI,K)

GO TO 140

8(4Y=1./FIVOT

CtJi=1.

AtXK,J)=8.

A(JsK)=0o

00 10 I=4i,N

DO 13 J=1,N
A(T,JI=A(I,J)+C(IV*B (S

REORDERING THE MATRIX

DO 155 M=1,N

K=N-M+1

IF (FIX)L,EQ.K) GO TO 1780

DO 180 I=1i,N

L=F ()

I2=A(1,L)

A(I LI=A(I,K)
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A(I,x)=Z

IF(Q{K)L.EQ.K)GO TO 155

DO 150 J=1,N

L=G(K)

Z=A(L,J)

AL yJ)=A (Ko J)

AtK,J)=2

CONTINUE

RETURN

WHRITE (IK,453P(K) ,Q(X)PIVOT

FTN 4.6+452
203

FORMAT(20HOSINGULAR MATRIX =,I3,4H J=,13,8H PIVOT=E16.8/)

MSING=2
RETURN
END
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SUBRCUTINE SUMSQIPHI,Y,X,RES)
COMPUTES SUM OF SQUARES
DIMENSION Y(1), X{(1,1),RES(1}
COMMON/BLKL/B(451,P{45) +REJNsI M,y K
PHI=0. -

N0 10 I=1,N

CALL MODEL(F,Y4XsRESsIs1)
PHI=PHI+RE*RE

RETURN

END

73774 oPT=t TRACE

SUBROUTINE SCAL

SCALES ACCORDING TO OIAGONAL ELEMENTS
COMMCN/BLK2/A(S0 +45) ySA(LS) ¢K29IK,NPHAX
K=K2

DO 20 I=1.K

IF(A(I,1).6GT.0.) GO TO 1%

SA (I)=0.

GO T0 28

SA(IY=SQRT(A(I,I))

CONTINUE

DO 53 I=1.K

00 40 J=4p1I

WS=SA(I)*SA (L)

IF(HS.GT.0.)G0 TO 30

ACIyJ)=0.

GO TO &0

A(I4J)=A(I,J) /NS

A(J,11=A8(I+J)

A(II)=1.0

RETURN

END

FTN L.B+u52

FTN 4.E*L52
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SUBROUTINE SOLVE

SOLVES (PTP)I(DB)=(G) WHERE PTP IS STORED IN A(I+22,J)
SOLVES A SET OF LINSAR EQUATIONS IN DB DETERMINED BY MATRIX
& ANY VECTOR G. USES SUBROUTINE GJR TO INVERT MATRIX
COMMON/BLKZ2/A (90 445) 9SA{45) +K29 IK NPMAX
COMMON/BLK3/B8S(45)498(45)+6(451),K3

COMMCN/BLX4 /AL yDOELTA,E,FFyGAMCR, T, TAU, 2ETA,PHI,SE,PHICR
K=K?2

L=t .

GET MATRIX FROM STORAGE

D0 10 I=1.K

II=I+NPMAX

DO 9 J=1,K

AT J)=A(II, N

A(IsI)=1.+AL

CALL GJR((MS)

GO T8 (25,100) 4MS

DO 40 I=1,K

oBt(IN=0.

IF(SAC(])LEJ)IGO TO &J

D0 30 J=1,K

IF(SA(J) LELD.)GO TO 30

DBCIVY=A(I,*6{J)/SA(J) +DB(I)

CONTINUE

0B(IY=DB(I}/SALI)

CONTINUE

RETURN

AL=AL*10.

L=L+}

IF(L.GE.E)STOP

G0 T0 ¢

END
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SUBRQUTINE ETEST ML)
COMMIN/BLKL/3(45),P(45)4RE4N, MWK
COMMCN/ZEBLK3I/BS(45) 0B (451,G6(65),K3
COMMON/BLKL /AL yOELTALE,FFoyGAMCR Ty TAU,y 2ZETA,PHI,SE,PHICR
EPS=¢E

ML=1

D0 20 I=1,K
W=ABS(08(I))/7(TAU+ABS(B(I)))

IF (W.GE.EPS) GO TO 30

CONTINUE

GO TO 40

ML=2

RETURN

END
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SUBROUTINE PRINTHL
¢ PRINTS A K BY K SINGLE PRECISION MATRIX
COMMON/BLK2/A (96 +95) o SA (45) yK2s Ky NPHMAX
K=K?
. L=1
| 5 Ju=7aL
‘ LL=JJ=6
IF (KeLToLL)GO TO 30
‘ : IF(K.LT.JJ)GO TO 20
HRITECIK,105)LLyJJ
00 15 I=1,K
45  WRITE(IK+106) (A(IsJ)sd=lledd)
L=L 41
€0 T0 5
20 WRITE(IK+105)LL,K
DO 25 I=1,K
25  WRITE(IK,106) (ACTsJ)eJ=LLsK)
. 30 RETURN
105 FORMAT(LX/BHOCOLUMNS,I6s9H THROUGH,I4)
L0€ FORMAT (1X 7EL7.8)
END
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SUBRCUTINE PRINT2
c PRINTS A K BY X CORRELATION COEFFICIENT MATRIX
COMMON/BLK2/8 (904 45) 4 SA(L5) 4K2,IKsNPMAX
L=1
K=K2
JI=13%L
LL=J4-12
IF{K.LT.LLIGO TG 30
IF(XelLToJ4)60 TO 20
WRITE(IK,105)LLy JJ

v

00 15 I=1,K
is WRITE(INGA07) (ALIyd)od=Ll,yJI)
L=L+1
GO T0 5
20 WRITE(IK,105)LL,K
B0 25 I=1,K
25 WRITE(IK107)(A(I, Iy J=LL,K)
30 RETURN
105 FORMAT{LX/8HGCOLUMNS,I4,9H THROUGH,I4)
26 107 FORMAT(LXs13FSek)

END
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SUBRQUTINE CONFRG(YsX,RES)

CONFRG = NON LINEAR GONFIDENCE REGION CALCULATIONS
COMMON/BLKL/3(45) 4P (451 ,RE(NyM,K
COMMCN/RBLK2/78 (90 s45) s SA(L5) 4K24 IX NPMAYX
COMMCN/8LK3/BS (45),03{u5),G(u5),4K3
COMMON/BLKL/AL yDELTALZE FFyGAMCR, T4 TAU,ZETALPHI,SE,PHICR
COMMCN/B8LKS5 /18 (45),1IP

00 583 J=1,K

NOLO=0

CHECK FOR OMITTED PARAMETERS
IF(IP.EQ.0) GO TO 509

DO 534 I=1,IP

IF(J.EC.IB(I))IGO TO 506

CONTINUE

60 70 509

WRITE(IK,2042)J

GO TO 5810

D0S=-1.

D=00S

BJ=SE*SA ()

B(J)I=2S(JN+D*DJ

CALL SUMSQ(PH, Y, XyRES)
IF(PH.LT.PHICRIGO TO 5330

0=0/2.

IF(ABS(D)eLEL.(01)GO TO 570
B(J)=BS(J)+D*DJ

CALL SUMSQ(PPH,Y ,X,RES)
IF(PFH-PHICR)S540 ,5408,520

D=D+C0S

IF(ABS(D).GE.5.0) GO TO 57¢
B(J)=BS(J) +0*0J

CALL SUMSQUPPH,Y,X,RES)
IF(SFE.LTLPHICRIGO TO 539

Q=1.=-0

XK1=PHI/D+PH/Q-PPH/(0D*Q )
XK2==PHI*(1,+0)/D=-PH*D/Q+PPH/(D*Q)
XK3=FHI=-PHICR

BLC=(=XK2+SART(XK2%%2 «4,*XK1%XK3))/(2.¥XK1)
IF(0DS.GT.0s) GO TO 550
B{JY=BS(J)=-BC*DJ

BL=8(J)

CALL SUMSQIPL, Yy XsRES)

00S=1.

GO0 TO 510

BtJI=BS(J) +8C*0J

BU=8(J)

CALL SUMSQ(PU,Y,X,RES)

GO T0 578

IF(0DS.GT.0.) GO TO 571

NOLO=1

GO TQ 549

IF (NCLO.NE.O) GO TO 575

OMITTING UPPER LIMITS
WRITE(IK,2055) JyBL,PL

GO TO 580

OMITTING BOTH

WRITE(IK,2056)J
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G0 TO 588

IF (NOLOWNE.D) GO TO 578
WRITEC(IK,2052)JsBL,,PL,BU,PU

GO0 TO0 5840

OMITTING LOWER LIMITS

WRITE(IK,2053) 4,8U,PU

B(J)=BS(J}

FORMATI(2XsI3,5X+23HPARAMETER HELD CONSTANT)
FORMAT(2X,I344E18.8)
FORMATI2XsI3,2E18.8,11H NOT FOUND)
FORMATI2X,I3,114 NOT FOUND,25X%,2E18.8)

FORMAT(2X,I3+18X+11H NOT FOUND)
RETURN
END
73/74 QP T=1 TRACE FIN 4.6%L52

SUBRCUTINE BOX(X,Y)

DIMENSION CUTOUT (2)

DATA CUTOUT/2GHCUT ALONG SOLID LINE/
CALL VECTORS

XX=X"1.5

YY = Y « 1.,

CALL SGALE (1e91¢9XX9YY30e904)

CALL PLOT(Se406e90340)

CALL FLOT (11.9C4+1,0)

CALL PLOT (11.+8.5+1+0)

CALL FLOT (0.98¢54100)

CALL PLOT (DeoGoel,0)

CALL POINTS

CALL PLOT (1.25984291528)

CALL FLOT (5.50+8.2+1,28)

CALL FLOT (9¢75+842+1,29)

CALL SYM30L (4e348¢554009012420,CUTOUT)
CALL VECTORS
RETURN

END
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SUBROUTINE NLLSQPT (Y ,3,NPARMS,NPLT,NZEROL,NTOT,YMAX,YMIN,RES,
1TITLE,CGLVELC, ITYPE)

DIMENSION Y{(512) ,RES(5121,8(45)
DIMEMSION TITLE(10),ARRAY(10)
CALL FLOTLUN(L1O)

NTYPE = §

IFCITYPE L TL0Q) NTYPE = 3

CALL FLOTYPE(NTYPE)

JCOUNT = MOD(NPLT = 1,4)

XOFF = 2,

YOFF = 2. +# 10.*JCOUNT

CALL SIZE(26.,YOFF48.)

DRAW 8Cx ARCUNDO THE DATA AND MODEL FLOT
CALL 20X (XOFF, YOFF)

AUTOSCALE Y IF YMAX EQUALS ZERQ

o000 e XaNy)

IF (YMAX.NE.O.) GO TO 2
YMIN = yYMAX = Y(NZERO1)
00 1 I=NZERO1I.NTOT
IF (Y(I).LTLYMIN} YMIN = Y(I)
i IF (Y(I) .GT.YMAX) MAX = Y(I)
2 CONTINUE
300 XMAX=NTOT
XMIN=NZERO1
XDIF=XMAX=XMIN
YOIF=YMAX=YMIN
YMIN=YMIN=(.50*YOIF)
YMAX=YMAX+(.50*YDIF)
YDIF=Y0IF*2.0
XSCAL=8.5455/XDIF
YSCAL=6.5636/YDIF
CALL VECTORS
CALL SCALE (XSCAL,YSCALXOFF,YOFF,XMIN,YMIN)
XXDIS=.24/XSCAL
XYDIS=.80/XSCAL
YXDIS=.24/YSCAL
YYDIS=.08/YSCAL

DRAW X AXIS FOR DATA PLOT

OO0

ENCOOE (4,310,ARRAY) XMIN
310 FORMAT(F4e0)
CALL SYMBOL (XMIN=XXDIS,YMIN~YXDISs0eye16,4, ARRAY)
CALL PLOT (XMIN,YNIN,O,0)
CALL FLOT (XMINs YMIN+»1,8)
XP=IXP=NZERO1/10
328 XP=xP+10.,
IF (XF.GE.XMAX) GO TO 330
CALL PLOT (XP,YMIN+1,8)
GO TO 329
338 CALL PLOT (XMAX, YMIN,1,8)
ENCDOE (4,310,ARRAY) XMAX
CALL SYMBOL (XMAX=XXDIS,YMIN-YXDISs0ese160s4sARRAY)
CALL PLOT (XMIN,YMIN,O,D0)
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C
C DRAW AND LABEL Y AXIS FOR OATA FLOT
C

YP=1IYE=YMIN
IPP=YMIN¢,S
YLMK=YP+1,
YHMK=IHP=YMAX
YP=YP+,5
IF (IYP,NE,IPP) GO TO 350
340 CALL PLOT (XNIN,YP,1,5)
3540 YP=YP 4,5
CALL PLOT (XMINsYP,1,6)
YP=YP+,5
IF (YP.LT.YHMK) GO TO 340
IF (YP.GE.YMAX) GO TO 360
CALL PLOT (XMINyYP,1,5)
360 CALL FPLOT (XMIN,YMAX,1,00
ENCODE (4, 310,2RRAY) YLMK
CALL SYMBOL (XMIN=XYDISsYLMK=YYDIS,0ese16,4,ARRAY)
ENCCDE (443104,ARRAY) YHMK
CALL SYM30L (XMIN=XYJIS,YHMK=YYQIS,049 1694y ARRAY}
ENCOOE (72,20,ARRAYY (TITLEtI),I=1,%)
CALL SYMBOL (XMINyYMAX+0evel2+72,ARRAY)

c
c PLOT CATA
c
CALL PCINTS
00 370 I=NZERO1,NTOT
FI=1I
370 CALL FLOT (FI,Y(I),e1,1)
c
C PLOT MOGCEL AS Y(I) - RES(I)
c

CALL VECTORS
CALL PLOT (XMIN, Y(NZERO1)=-RES(NZER01),0,0)
DO 450 I=aNZEROL,NTOT
FI=1
50 CALL FLOT (FI,Y(IV=RES(I)s1,0)

c
C ORAW VERTICAL LINE TO INDICATE POSITION AND HEIGHT OF EACH PEAK
c
DO 460 I=2,NPARMS,3
CALL PLOT (B(I+2)+B8(1)4+0+0)
CALL PLOT (B(I+2),3(1)4145)
CALL FLOT (BUI+42),8(1)=8(I)41,5)
HT2 = B(1)=-B(I)/2.
GAM2 = B(I+1)/2.
CALL PLOT(3(I42) =GAM2,HT2,0,0)
CALL FLOT(B(I+2) =GAM2,HT2,1,7)
62  CALL PLOTU(B(I+2) ¢GAM2,HT2,1,7)

IF (CG.EQe.C0.0) GO TO 600

WRITE CUT CENTER OF GRAVITY AND CALIBRATICN CONSTANT ON PLOT IF
CG IS NCN-ZERO.

a0 OF

ENCOOE (85,700,ARRAY) VELC.CG
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700 FORMAT (4X,2CAL CONST = 24F10e7 42 MM/SEC/CH2,5X,2C6 = 24F10e4,
Iz CHANNELS?Z)
CALL SYMBOL (XMIN,YMAX=(e2/YSCAL)0eye12+65,ARRAY)

THIS COOE GENERATES THE VELOCITY AXIS ON THE DATA PLOT
IF CG IS NON-ZERO. FOR THIS SECTION, THE FOLLOWING
PARAMETERS ARE IMPORTANT,.
VELMIN=MINIMUM IN VELOCITY CORRESFONDING TO XMIN,
VELMAX=MAXIMUM IN VELOCITY CORRESPONDING TO XMAX.
VAX=OFFSET OF VELOCITY AXIS ABOVE CHANNEL AXIS.
(.5 INGHES ABOVE}
VLMK=LON VALUE ON VEL AXIS TO BE LABELED.
vHMKzH IGH VALUE ON VEL AXIS TO BE LABELED.

SET UP INITIAL PARAMETERS REQUIRED.

[sXeleNeNe e NeNeNeNaNoNoNe Nl

VELMIN = (XMIN=CG)*VELC
VELMAX = (XMAX-CG)*VELC
VELY = 1./VELC

VLMK = IVL = VELMIN

DEL = VLMK = VELMIN

VAX = ,5/YSCAL + YMIN
VHMK = IVH = VELMAX

DRAW VELQCITY AXIS.

(e NoNel

CALL PLOTUIXMIN,VAX.03,0)
vPOS = XMIN + DEL/VELC
80¢ CALL FLOT(VPOS,VAX.1.8)
VPOS = VPOS ¢+ VEL1L
IF (VFOS.LEJXMAX) GO TO 830
CALL PLOTUIXMAX,VAXs1s0)
C LABEL VELOCITY AXIS AT VLMKs3e. AND VHMK
VPOS = CG - +04/XSCAL
CALL SYMBOL(VPOS,VAX=YXDISs+ley.1€+141H0)
VPGS = CG + VLMK * VEL1L
ENCODE (3,823,ARRAY) IVL
€20 FORMAT (I3)
CALL SYMBOL (VPOS=¢32/XSCALsVAX=YXDISy0.401643,ARRAY)
VPOS = CG + VHMK * VvELL
ENCODE (3,820+ARRAY) 1IVH
CALL SYMBOL (VPOS=.32/XSCALsVAX=YX0ISs0e9s.16+344RRAY)
C
C DRAW VERTICAL LINE AT VEL =J.
c
CALL PLOT (CGy100440,0)
CALL FLOT (CGoVAXe1,y0)
606 CONTINUE
C PRINT CUT LORENTZ INFO ON FLOT

ENCOCE (18,100 +ARRAY) B(1)
100 FORMAT (2X,28KG = Z4F10.5)
CALL SYMBOL(XMIN yYMAX=oe4/YSCALs0e9e12,184+ARRAY)
K=1
L =2
DO 128 I=2,NPARMS,3
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c
€ CHANGE GAMMA AND FOS TO VELGCITY UNITS IF CALIBRATION INFO AVAILABLE
~
IF ( VELC.EQe.C0.} GO TO 1101
B(I+1) =B(I+1) *VELC
B(I+2) = (B(I+2V=CG)* VELC
1081 ENCODE (704110 ,ARRAY) KoB(I) KyBII+1)4KyB(I¢2)
110 FORMAT (2X2HT2,I192 = 22,6147 92Xo2GAMMAZ,I1,2 = 24G14e7,
12X 4 2P0SZ2,I142 = 2, Gl4e7)
K=K+
L=1L 1
IF (L.EQ.8) L = 25
CALL SYMBOL (XMIN,YMAX=(L*e2/YSCAL)+0e9e12+70+ARRAY)
120 CONTINUE

XOFF = 15,
g DRAW BOX ARCUND THE RESIDUAL PLOT
‘ CaLL BCX(XOFF,YOFF)
E START RESIDUAL PLCT WORK BY AUTQOSCALING RES

RESMIN = RESMAX =0.
DO 500 I=NZERO1,NTOT
IF(RES(I).GT RESMAX) RESMAX = RES(I)
S50¢C IF(RES(I) LT RESMIN) RESMIN = RES(I)
ROIF = RESMAX = RESMIN
IF (ROIF.LT.0.1) ROIF = 0.1
RSCAL = 6.5636/(ROIF*2,.)
CALL SCALE (XSCAL.RSCALXOFF,YOFF,XNIN,<~ROIF)
RXDIS=,24/RSCAL
RRDIS=.08/RSCAL

DRAW ANO LABEL X AXIS FOR RESIOUAL PLOT

e Nele]

ENCOCE (4y610,ARRAY) XMIN
610 FORMAT(F 4. 0)
CALL SYMBOL (XMIN=XXDIS,=RXDISs0e9el€y4yARRAY)
CALL PLOT (XMIN,O04+0,0)
CALL PLOT (XMIN,Oey1,+8)
XP=IXF=NZEROL/10
62C XP=XP+10,
IF (XP+6E.XMAX) GO TO 639
CALL PLOT (XPyfe91,8)
GO TO 620
€3¢ CALL FLOT (XMAX+0es1+8)
ENCOJE (4,5610,ARRAY) XMAX
CALL SYMBOL (XMAX=XXDIS,=RXOIS+0e9sel€ylsARRAY)

c
c ORAW Y AXIS FOR FESIDUAL PLOT
c
CALL PLOT (XMIN,B8.,3+0)
R=0.
S1¢ CALL PLOT (XMIN,Rs1+6)
R=R+.1

IF (R.LTL.RDIF) GO TO 510
CALL PLOT (XMINsROIFs1,0)
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CALL FLOT (XMINs3es0s0)
R= <=o1

CALL PLOT (XMINyRy146)

R = R =,1 -

IF (R.GT.=RDIF) 50 Ta 530
CALL FLOT (XMIN, =RDIF,1,0)

LABEL Y AXIS

RLABEL = R ¢+ .1

R=RLABEL

ENCODE (4,523, ARRAY) RLABEL

FORMAT (Fh.1)

CALL SYMBOL (XMIN=XYDIS,RLABEL-RROISs04s.16949ARRAY)
RLABEL=RLABEL-FR

IF (RLABEL.LE.RDIF)IGO TO 525

c
C WRITE TITLE ON RES °LOT

C

[~}

OoOoOnN

e7¢e

ENCODE (72420,ARRAY) (TITLE(I),I=1,9)

CALL SYMBOL {XMIN,ROIF,044.12,4 72, ARRAY)

NPEAKS = NPARMS/3

ENCODE(19,9G0,ARRAYY NFEAKS

FORMAT (2 FOR #,12,2 PEAK MODELZ)

CALL SYMBOL (XMINsRDIF=e2/RSCALsJey+12+19+ARRAY)
FORMAT (4CA8)

PLOT RESIDUALS

CALL PLOT (XMIN,RES(NZERO1)+0,+0)
00 678 I=NZERO1,NTOT

FI=I

CALL FLOT (FI,RES{IV+1,0)
IF(JCOUNT.EQ.3) CALL PLOTEND
RETURN

END
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