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ABSTRACT

Title of Dissertation: SHIFT MEASUREMENTS OF THE STARK-BROADENED
IONIZED HELIUM LINES AT 1640 AND 1215 &
James Russell Van Zandt, Doctor of Philosophy, 1976

Dissertation directed by: Hans R. Griem, Professor of Physics

Time-resolved measurements were made of the shifts of the
ionized helium lines at 1640 & (n=3-2) and 1215 R (n=4=2),
and of the Stark profile of the XA 1215 R line. An electromagnetic
shock tube was used as a light source. The plasma conditions corres—
ponded to electron temperatures of 3.5 eV and electron densities of
0.8 to 1.8 x 1017cmf3. ‘The measured shifts fell between two previous

estimates of plasma polarzzation shifts. The measured Stark width of

the A 1215 & 1ine was up to 30% greater than the theoretical wadth.
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CHAPTER I
INTRODUCTION

Spectroscopy has long been recognized as an important dlagnostic
tool for both astrophysical plasmas, where it is often the only method
available, and in the laboratory where, unlike many methods, it does not
disturb the plasma under study.

The considerable theoretical and experimental efforts in this
field have resulted in good understanding of the pressure broadening
and shifts of spectral lines due to the Stark effect of nearby charged
perturbers. Particular attention has been paid to the lines of
hydrogen and the hydrogenic ions, for which the quasistatic and impact
theories predict considerable broadening but no shifts. However, in
1962, Berg et al ngportedl a blue shift for the He II 4686 line, which
they attributed to the reduction of the Coulomb potential of the nucleus
by the polarization of the plasma near the radiating ion. Later measure-
ment52 demonstrated this '""shift" had been simulated by some unresolved
Si IIY lines on the blue wing of the helium line. Greig et al, then
reported blue shifts of the He II 304 line.3 Subsequent photographic

4,5

measurements did not verify the shift of the 304 line, but higher

series members (256, 243, etc.) had blue shifts which could have been

6 showed blue

due to plasma polarization. The most recent measurement
shifts for the 256 and 243 lines, with a greater shift for the 304 line,
in agreement with Greig's result.

The polarization shift is expected to be important for high-Z

ion lines and may limit wavelength accuracies in, for example, laser-

produced plasmas. The theoretical treatments of this effect have



8 and no attempts have been made to measure

been unsatisfactory,7’
shifts of the "Balmer" (or "second Lyman') series lines of ionized
helium, at 1640, 1215, 1084 ... R. The primary aim of this experiment
was to look for such shifts, and investigate their possible dependence
on plasma conditions. A secondary purpose was to measure the Stark
broadening of the higher series members, to check the theoretical
calculations.g’l0
A T-tube was chosen as a source because it produces a fairly

11,12 at

homogeneous plasma6 near local thermal equilibrium (LIE)},
a density and temperature suitable for the emission of ionized helium
lines. The line positions were measured relative to nearby impurity
lines. Plasma conditions were determined from photoelectric measure-
ments of the He II 4686 line, and plasma reproducibility was checked
by monitoring the total intensities of the 4686 line and the continuum
near 4976 &.

The first chapter of this dissertation has served as an introduction.
In Chapter 2 some of the relevant results of plasma spectroscopy are
presented. A description of the experimental apparatus and method

appears in Chapter 3. The experimental resulis, with a discussion of

them and possible errors, are in Chapter 4.



CHAPTER II
THEORETICAL BACKGROUND
A. Line Intensities

The relative intenslities of emission lines depend on the population
densities of atoms in the upper state and the probability of radiative
transition to the corresponding lower state.

In equilibrium, the density Nz of ions of charge Z 1s related
to the electron density Ne and the density of atoms in the next lower

1onization stage according to the Saha equationl3

3/2 z-1

N N Z (T) ym kT T
e 2z = 2 z ( e ) exp _ [} © (2_1)
N, 2, 1T\, 42 KT

Since nearly all the atoms are in the ground state, the partition
function ZZ(T) can usually be replaced by the statistical weight g,
of the ground state. In this case, £=0, and we have 8, = 25+1 (1 for
H+, Heo, and Hé++; 2 for HO and He+). The correction AE:-I to the

ionization energy Ez—l due to Coulomb interactions in the plasma 1513

2
S = e @-2)
0"D
14
where AD is the plasma Debye length
2 -
( Niqi)l/z
Ay = l&n ) ~T== , (2-3)
D g kTi
where Ni is the density of particles with charge 94+ Plots of helium

ionlzation stage concentrations as functions of temperature appear

in Fig. 2-1. Plots of Ap and other plasma properties appear in Fig. 2-2,
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Fig. 2-1 Calculated helium 1onization stage concentrations
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Fig. 2-2 Calculated condxtions for a pure helium plasma
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where the shaded regilon is typical of T-tubea. Note that the plasma
approximation Nekg >> 1 (indicating many particles in a Debye sphere)
is only marginally satisfied.

ThHé population densities NnLS of the state (m,L,S8) of a given

1
ionization stage is given by the corresponding Boltzmann factor 3

E
NiLs © &ars P (' Lﬂ-;s) g (2-4)
together with the normalization condition. The exponential term is
nearly always much less than one for excited states, justifying the
earlier statement that most atoms are in the ground state. Note that
an isolated atom has an infinite number of bound states, whose energies
tend to the ionization energy E:. When the atom is embedded in a
plasma, however, the ionization energy is reduced as described above,
and only a finite number of bound states remain.
Treating an atom as an electric dipole radiator, the transition
probability per unit time for spontaneous emission 1513
23

de

A T 3., 1
e [4n€0]

2
2u gy §l<£|xi[u>|av » (2-5)

which is tabulated for many spectral lines.15 The sum is over the
components of the coordinate vector of the radiating electron, and

the average is over possible final states. Multiplying by the energy fw
of the photon, and using (2-4) to relate the upper state population
density to the ground state population density Ng (with statistical
weight gg) we find the total power per unit volume spontaneously

13
radiated in the given line to be

NgAEu gu Eu
Pﬂ.u = 2whe X B exp (— =/ - (2-6)

g
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Since the line intensities are proportional to the concentration
of atoms in the appropriate ionization stage, the intensity ratio of
lines of different ionizatlon states is an extremely sensitive function
of temperature (see Fig. 2-3), and can be used to measure the temperature.
Note, however, that this measurement depends strongly on the assumption
of local thermal equilibrium, which can require a long time and
considerable distance to establish between states with very different

energies.
B. Continuum Intensities

Plasmas emit continuum radiation due to radiative recombination
(inverse photoionization), bremsstrahlung, and the formation of negative
ions. A pseudo-contlnuum results when the Stark profiles of nearby
lines overlap.

The extremely weak bremsstrahlung radiation due to 1on-ion and
nonrelativistic electron-electron collislons can be neglecgg;ji That due

to electron collisions with ions of charge z 1s given by

6 NN
Eei _ lére e z ZZGZ(N,TG) , (2-7)

w /
3c2¢6wmg KTe

where Gz is the free—-free Gaunt factor, which is usually of order one.l7

The radiation from electron-neutral collisions (approximated by

16
elastic, billiard-ball type interactions) is given by

) 3202 /
g0 o 32ec

2
6w - 333(2Wm)3/2 Go(m,T) . {2-8)

3
NeNO(KTe)

When an ion captures a free electron, the binding energy and the
electron's kinetic energy are given to a photon. For recombination

into a given orbital (n,L,S), the photon then has the minimum energy
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Fig. 2-3 Calculated helium line intensities



Tw = E

‘z-1,0 Ez--l,n : (2-9)

Viewed another way, this restricts the poassible final states for the

electron for a contribution to the continuum at a given frequency.

The recombination continuum is then, by detailed balancing,l6

3
KR Zﬁﬁ& NeNz,luj exp ( it ) ) 82-1,n o (2-10)
= - _ » -
@ c2 (ZHmKTe)Blz KTe n gz,l z-l,n
where o is the photoionization cross sectixn%s’lg g and g
z-1,n * Pa-l,n z,1

are statistical welghts, and the sum runs from the lowest allowed
state to the highest bound state (1.e., with energy less than the reduced
ionization energy calculated from (2-2)).

Some electronegative atoms (H, N, 0, C, etc.) cancapture a free
electron and form a negative ion, while emitting a continuum as in

recombination. The spectral emission coefficient is, s:Lm:f.larl:,',l6

- 2 n'ﬁé m3 g'— - Ea_"—ﬁm
g = N N o (w)exp ( ) . (2-11)
w c2(2meTe)3/2 ae ZO(Te) KTe

where g- is the statistical welght of the negative ion (which usually has
only one bound state), ZO is the partition function of the neutral atom,
Ea 1s the binding energy of the new electron (generally less than 2 eV),
and ¢ 218 the cross section for the inverse process of photodetachment?
This process 1s unimportant 1n hot plasmas, where the density Na of
neutral atoms is low.

The pseudo—continuum of lines is generally important only for
hydrogenic atoms, which are subject to the linear Stark effect, and
then only near a series limit. The last clearly distinguishable line

21

of a series is then given by the Inglis-Teller limirt.

Since both line and continuum intensities inecrease with electron



10

density, but scale differently with temperature, the ratio of the line
intensity to that of the nearby continuum can be used to measure the

temperature.
€. Radlation Transfer

In previous sections we have discussed the spectral emission
coefficient €y of the plasma, expressed as power radlated per unit
solld angle, frequency interval, and volume. The experimentally
measurable quantity is Im, the power radiated per unit solid angle,
frequency interval, and surface area of plasma observed. In the
simplest situation, i.e., neglecting scattering, it obeys the differential

equation13

£ = -1 -
I Iw €, kmlw s (2-12)

where kJ) is the effective absorption constant, equal to the actual
absorption constant minus the induced emission. €, incliudes only the
spontaneous emission. If the plasma is in LIE, the emission follows

Kirchoff's lawl3

e =k'B (T) , (2-13)
w w W

where Bm is the Planck function. If we further assume the plasma to

be homogeneous, the solution of (2-12) is
T ()Y =B (T)[1 - exp(-k'2)] . (2-14)
w © )

The quantity kiz is the "optical depth", and if k&m << 1, the equation

reduces to

I{()=B(Dk'e=¢2, (2-15)
i w 73] w
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as expected. In the opposite limit, kéﬂ >> 1, the plasma radiates
as a blackbody. Stellar atmospheres have great optical depth at almost
all wavelengths, while laboratory plasmas are normally optically thin

except possibly near the centers of some resonance lines.
D. Line Broadening

Spectral line broadening in a plasma is a complex phenomenon,
and no attempt is made here to discuss all the results of investigations
22 23 10,13 .
in atomlc spectroscopy, astrophysics , and plasma spectroscopy.
Only a physical plcture of the various effects is presented,
Let the (frequency-space) spectral line profile I(w) be proportional

to the light intensity between @ and @ + dw, subject to the normalization

condition

o

J I(w)dw =1. (2—]_6)

—on

These spectral intensities are the squares of the corresponding

Fourier components G(uw):
2
Iw) = [C) | (2-17)

where C(y) is the Fourier transform of the amplitude £(t)

o

Clw) = 1/5; J eimt f(t)de . (2-18)
2y

-

Since each atom emits light for only a short time, the light from

an ensemble i3 not monochromatic. It is physically reasonable to

assume that £(t) for one atom has the exponentially decaying form24
t<0

0
£(t) ={ iw.t , (2-19)
Viy e 0 e Yt t>0
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which satisfles the normalization condition

o

J lee)|%ae = 1, (2-20)

0

and has the Fourier components

. o=t -
Clw) T mo—m+iy ? (2-21)

leadang to the Lorentz or dispersion profile

- 2 _1x 1
Iw) = e =L —=5—
w (mo“m)2+Y2

. (2-22)
The half-half width vy, the frequency separation at which the intensity
is half the maximum, is given by the sum of the transition rates for

13
transitions originating from either the upper or lower state of the line

Yo T L Ay L Ay (2-23)

Since atomic excited states have relatively long lifetimes (Agu < 1093ec—1),
this natural broadening 1s almost always smaller {A) < 16*42) than the
other effects we will discuss. It can of course be derived rigorously
from the quantum theory of radiation.25

When the energy levels of the radiating atoms are well separated,
compared to mean thermal energles, electron collisions rarely exchange
energy with the radiator, but change the polarization or phase of the
emitred light. Although this approximation does not hold, for example,

7,13
? (where there are nearby perturbing levels with

for neutral helium
the same n but different L), it is well satisfied for hydrogenic atoms.
Assuming the light to be monochromatic between collisions, we have a

sinuscidal wave train of duration 1, with the Fourier components
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T 1w ~w)T
L im0t -int e 0 -1
Cow) = o=l e 7 =t b (2-24)
0 i(mo-m)/zr_

producing the intensity

< . (2-25)
2rf = (w.~w)~ Y
If the probability per unmit time Yo of a collision 1s constant,
the intervals between collisions have the Poisson distribution
_'ch:
P(t)dr = Y.e dr . (2-26)

Weighting the intensities (2-25) by the corresponding probabilities,
we again arrive at the dispersion profile (2-22), now with width e
The frequency of light emitted by a moving atom is Doppler-shifted

according to

W = (2-27)
Asguming the atoms have a Maxwellian distribution of wvelocities,
, m, \3/2 mlvz) 5
fM(__\‘TJ)d v = (ch']:-) exp |- T d7v , (2-28)
i 1
_. 13,26
the collection will emit light with the Doppler or Gaussian line profile
1 1 (”0““)2
I (w) =— 1%:~ exp |- —~———11}, {(2-29)
b A 27 2
®p ?.AuxD
where the characteristic width 1is
By = . {2-30)

and the Doppler half-half width is vinéd AmD.
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In contrast to the fast electron impacts, nearby ions can usually
be considered stationary, and supply only perturbing electric fields.
These fields perturb the energy levels (each labeled by n, L, §, and J)
of the radiating atom and usually split them into several sublevels,
each a linear combination of states of different magnstic quantum

number m .16

3

quantum number give rise to the Stark components of a line. Since the

Transitions between such sublevels of different principal

operator “4.%s * E, expressing the interaction of the electric field

and a given electron, has odd parity (therefore no diagonal elements),
there is usually no first—order interaction, and second-order perturbation
theory is used. In the hydrogenic case, however, the terms (labeled

only by n) are degenerate, and a linear effect 1s found. This problem

1s most conveniently solved in the parabolic coordinates (£,n,¢):

£ = rtz
n=r-z
(2-31)
tang = y/x
(r2 = x2 + y2 + 22) ’
where the unperturbed wavefunction 1527
_ En im
2 2 b
?(nlnzmlgn¢) = n gm/ nm/zUn (E)Vn () =
1 2 2
n= + n, + |m| +1=1,2,... (2-32)

m=0, *1, ..., #(n-1) ,

and the energy, correct to second order in field strength, 1527

(in units of mee4/ﬁ2)
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12z 3 -
clogmm®) = -3 gty 7 I
(2-33)
4
1 n 2 2 2 2
—l'g —!‘— [17n” - 3([11—1'12) -0m +19]l;{':|

For a first approximation, we may assume the jons ain the plasma are

uncorrelated In this case, they produce an electric field F with the

10,28
Holtsmark distribution
(3
H (E—) =2 i— J OXP(—Kjlz)an (EL'X) xdx , (2-34)
F n F F
0 4] 0
0
plotted in Fig. 2-4, where the Holtsmark normal [ield strength produced
10

by perturbers with density Np and charge qp is

2/3
Fo = 2 (IE‘NP) 1, (2-35)

Integrating the energies (2-33) over the distributions (2-34) for each
level (though the effects on the upper level usually predominate} we

arrive at the Holtsmark profile, shown for the hydrogen line H, 1n Fig.

]
2=5. Profiles of lines subject to the Tinear Stark effect are usually

10,13
expressed in terms of the reduced wavelength separation, defined by

o = |95 . (2-36)
FO

Note that where there i1s no unshifted Stark component {(as in hydrogen
transitions n=4-2 or 3-1), the low probability of very small fields
(since H(0) = H'(0) = 0) gives a line profile with a central dip,
usually partly filled by other effects.

Finally, observed profiles are broadened by the insirument response

function of the observing monochromator. According to physical optics,



C4r

0.3

"H(B)

91

Fig. 2-4 Holtsmarh field strength distribution
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1t is a profile like (2-29) folded with the two rectangular slit
functions, plus a constant background. Waith wide slits, Gaussian or

triangular profiles are good approximations

The profile of a line broadened by two independent effeas is the

convolution of the two profiles,

o

I(x) = Il(x) ® Iz(x) = J Il(X')IZ(X'-x)dX' 1] (2""37)

—{)

and 1f we assume all of these effects are independenL, we may find our

theoretical profile by convolving all the profiles:

®1I ®I

Doppler 1on instrument’
(2-38)

®1I

Itheory - Inatural(g Ielectron

This assumption of statistical independence 1s reasonable for plasmas,
because, e.g., collisions leading to significant changes of radiator
velocities (Doppler effect) usually invelve 1ons whose direct contribution

{Stark effect) is insensitive to 1on and radiator velocities.

E. Validity of LTE

A plasma 1s 1in local thermal equilibrium (LTE) 1f, locally and
instantaneously, all quantum state population densities (except for
photon states) correspond to a system in complete thermal equilibrium
(CTE) which has the same mass density, energy density, and chemical
comp051tion.l3 Departures from LTE occur when some transitions have
unbalanced rates, so that some (generally low-energy) states are
over- or under-populated when compared to the corresponding CTE system.
In optically thin plasmas, where the rates of radiative excitation

(photoexcitation and photolonization) are negligible compared to
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those of radiative de-excitatlon (spontaneous emission and radiative
recombination), the lower-~energy states will be overpopulated unless
collisional processes dominate radiative ones. That 1s, populations
will be within ~10% of LTE if collisional processes are about an order
of magnitude more important than radiative ones. Since collision cross
sceticns are generally lairger, and energy gaps smaller, for excited
states, LTE 1s most easily satisfied for them  An estimate of the
electron density required for the hydrogenic level n to be within w10%
of LTE with respect to the 1on density 1913

1/2

7
18 -3, =z kT
Ne > (7 107 em >-ﬁ/—z(”f)
n z EH

(2-39)

The largest gap between atomic energy levels 1s generally belween
the ground and the first excited states, so the requirements for LTL
for the ground siate are usually the most restrictive. WNear LTE, the

largest transition rates are those to and from the first excited state,

and collisional rates can be expected to dominate 1f13
3
E /2
N> (9 x 107 (2) (EE) . (2-40)
e EH Eh

Tt often happens that the resonance line 1s optically thick, so
that radiative de-excitation of the first excited state 1s balanced by

photoexcitation Fhe resonance line profile is generally dominated by Doppler

broadening {for Ne sufficiently low that electron collisions cannot

maintain LTE), so 1ts optical depth can be estimated by 13
-10 AEH H z-1
[ . . = -
kresond o (2 10 cm)flzl]2 (KT Na,ld (2-41)

where the resonance 1ine has wavelength A and absorption strength f

12 12°

and the atoms of interest have atomic weight A and ground state density

DORIGINAL PAGE 1S
OF POOR QUALITYI
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N“". 1If the optical depth of the resonance radiation is greater than
20, the requirement (2-40) can be relaxed by about an order of magnitude.l
The validity of LTE for iomizatron stage populations in stationary
plasmas usually need not be checked separately, since the excited
states of a given stage are well connected with the ground state of
the next ilonization stage
In transient plasmas, populations may depart from LTE if equilibrium
times are long compared to the times over which plasma parameters change.
The lowest transition rates for given stage usually involve the
collisional excitation of atoms in the ground state. Assuming hydro-

genic behavior, the equilibrium time is then estimated by]3
z

{

z-1,a z-1,a
z2-1y (1.1 x 10'sec em Hz> | Mo | B2 (KT )1/2 (1:2 )
ot exp —
r'T
H

1 £y N Y Gl I 22K
a a H

(2-42)
z-1,a

where E2

15 the energy of the first excited state and the term 1n
brackets 1s the fraction of atoms or rons that must be excited 1into

the next ionization stage If only partial LTE 1s required (1 e,

the state waith principal gquantum number n 1s 1n equilibrium with higher

. 1
states) the equilibrium time s much shorter, and 1s estimated by 3

2
z-1 v (4.5 % 107sec cm——B)z3 kT 1/2 22 EH
Tn = i 5 exp .

n Ne z E

H n kT



CHAPTER III

EXPERIMENTAL METHOD

A. Apparatus

A.l T-tube and circuit. The plasma studied in this work was
29,30

and used

-36
1n several previous experiments at the University of Maryland31 30

produced an a T-tube similar tc those developed by Kolb

1)

and elsewhere3 In this device,1llustrated i1n Fig. 3-1, an aluminum
(alloy 2024-T4) electrode was sealed into either end of the top of a
T-shaped tube of high-temperature glass with inside diameter of 16 mm.
This tube was filled with the tegt gas at a pressure near .5 Torr (70
Pascals). A current flowed across the 16 mm gap between the electrodes,
1onized the gas and ohmrcally heated 1t, then returned via a backstrap
above the T The backstrap current created a transverse magnetic field in
the current-carrying plasma, and pressure and Lorentz force accelerated
1t down the leg of the T. This luminous front traveled 12 ¢m down the
tube at several cmfisec and struck an adjustable reflecting plate,

where some of 1ts directed motilon was converted to random thermal

motion. Longer expansion tubes and higher fill pressures are required for the
formation of a separated shock, but this device produced the haigh

17cm—3) needed to

temperatures (3.5 eV) and electron densities (2 + 10
excite 1onized helium lines. The decaying plasma lasted approximately
one psec

The circuit used appears 1n Iig. 3-2. The relatively modest energy

needed by the tube was supplied by a .5 u¥ capacitor charged to 40 kV

(thus storing 400 J). When charged, this capacitor was disconnected

21
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from both the high voltage supply and ground, preventing discharges
from either electrode to the monochromator. The high-voltage circuit
was enclosed by a copper shield to reduce electromagnetic interference.

To start the discharge, the nitrogen in a two~electrode pressure
switeh (initially at 30 PSI above atmospheric) was released until its
dielectric strength was low enough for electron cascade. Since nitrogen
was used, no ozone or nitrogen oxides were formed, as in a discharge
in air. The poor control over discharge timing was éo problem, since
the discharge itself tripgered the recording system.

The measured quarter-cycle time was .675 ysec, indicating a total
circuit inductance of 370 nH. A carbon resistor of about .0l & damped
out the oscillations after two cycles.

The vacuum system is shown in Fig. 3-3. During the experiment,
valve V3 was closed, while shut-off valve V1 and leak valve V2 were opened,
sc the test gas flowed Erom the inlet, through liquid nitrogen cold trap
CT3, into the T~tube. It then leaked into the monochfomator through
entrance slit 851, and was removed by pumps DP1 and MP1. V2 was adjusted
so the leak rates into and out of the T-tube balanced, and the pressure,
measured by thermistor gauge G2, stayed at the desired value.

Betwzen experimental runs, the T-tube was 1solated by closing slit
valve V9 and shut-off wvalve V1, and kept clean by the small diffusion
pump DP2. Cold trap CT2 was cooled by a comventional refrigeration
system and valves V3 and V4 were solenold-controlled, so this secondary
pumping system could operate unattended. Since the small pump was not
forced to pump through a slit, it proved more effective than the large

pump at outgassing the T~tube and associated plumbing.
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A,2 VUV menochromator and detector, The optical arrangement is

shown in Fig. 3-4. A McPherson 225 one-meter monochromator scanned the
ultraviolet lines shot-~to-shot. Its 50 u entrance slit was flush with
the wall of the T-tube, about .5 mm from the reflector. 8ince the plasma
conditions changed sharply as the reflector was moved, the position was
chosen which gave the most reproducible plasma. A 1200 lines/mm Pt-coated
grating, with speed about £/13.6, focused the light onto a 30 p exit
slit, for a measured reciprocal dispersion of 8.3 R/om (4.2 &/mm in
second order) and an approximately Gaussian 1nstrument response function
of width v.41 & (v .19 R 1n second order). The light then fell on a
p-terphenyl coated disc, causing 1t tolﬂuorescgg These visible photons
left the vacuum chamber through a quartz window and were detected by an
EMI 6522 photomultiplier. For some work, a 2 mm thick MgF2 filter was
placed between the exat slit and the fluorescent screen to remove light
from second order, since 1t transmitted 40% of the light at-1215 % but
essenti1ally none helow 1100 R.AO The exit slit, screen, and PM tube

were replaced by g f£alm holder for photographic work, The instrument
function and wavelength calibration were checked using a low-pressure
Tanaka lamp.

A.3 Vaieible monochromators and detectors. For diagnosis of the

plasma conditions, three Jarrell-Ash visible-light monochromators were
used One 1/2-meter focal length monochromator, with instrument width

L4 R, scanned the He I1 4686 line shot-to-shot to determine the

electron density (from 1ine w1dth)10 and temperature (from line:

continuum ratlo)ﬁl The reproducibility of the plasma was monitored on each

shot by two 1/2-meter instruments, one for the continuum at 4976 2
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(sensitive to electron density), and one for the He IL 4686 line
(sensitive to temperature, and used for later data processing).

PM tube response was checked using neutral demsity filters and
pulses from a light emitting diode, and was found linear for signals
of up to .2 V (1.1 mA) with a PM supply voltage of 900 V.

Each PM tube housing was insulated from its monochromator, and
signals were taken from both the anode (negative pulse) and last
dynode (positive pulse)}, carried by shielded, coaxial cables terminated
by 90 @ resistors, subtracted to suppress noise, amplified, digitized,
and stored electronically For details on the waveform reccrder, see

Appendax A.
B. Data Reduction

The best-fit values of the four parameters (line intensity I,
line position AO’ background intensity B, and electron density Ne) are
found using the fellowing procedure. Assume we have the n measurements

[2 ;2!
y. ().,) and the corresponding theoretical intensities T = l-J'I‘(-———l——lo——) )
b Rk & 1 F0 F0
where T(y) is the theoretical profile after convolution with the instrument

profile G(g)

2]

T(o) = f S(a-a")6(a")do" » (3-1)

-Co

and the instrument function has been transformed into o—-space. The best-

fat values minimize the sum

It
=L Ty, - ars?, (3-2)
1=1

givang the conditions
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32 _3_ 2

3T g 5B s =0,

so I and B are found by solving the linear system

¥ Ti AW RN
= . (3-3)

z Ti n B z vy
The computer program "guesses" an electron density to use for the
transforming of the instrument function, convolves the theoretical and
instrument profiles, then finds 02 from (3-2) (subject to (3-3)) for
many values of Ne and AO. When the best values are found, the new Ne
is used to again transform the instrument function. The entire convolution
and fit are repeated until successive values of Ne are gufficiently close,
e.g., within 2% of each other. A general discussion of least-square fitting

when the functional parameters do not occur linearly (e.g., A, and Ne)

0
appears as Appendix B. Details on the computer programs appear in

Appendax C.



CHAPTER IV
RESULTS AND DISCUSSION
A. Results

Examples of photoelectric measurements of the emission profiles
of the ionized helium lines at 4686, 15640 and 1215 2 are shown in
Fipgs. 4-1 through 4~3, 1In each case, the solid line is the best-fit

9,10 convolved with the instrument

theoretical curve of Kepple,
profile (taken to be Gaussian), Dashed lines are the best-fit
continuum levels, determined primariiy by points far from line center,
which are not shown. Crosses represent polints not used In the best-fit
procedure.

The 4686 line was found to be unshifted, as in previous experi-
ments.2 Its profile was 1in good agreement with theory, and the
plasma electron density and temperature were deduced from-its width
and linme.continuum ratio, respectively.

The position of the 1640 line was measured relative to the
Al IT 1670 line, and a fairly constant red shift of .11 2 was found.
These shift measurements can be found In Table 4-1 and Flg. 4-4.
No conclusions could be drawn about the Stark width of thas helium line,
because the observed profile was dominated by instrument broadening.

The relative positions of the He II 1215 and Si IIT 1210 lines
were measured photoelectrically. The helium line was found to have
a red shiaft of approximately .19 R, increasing as the density and
temperature fell at the end of the discharge. The halfwidth of the

1215 line was also determined as a part of the best-fit procedure.
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monitor e Al He
wsee] (¥l [ev] (103 2] (2] 21 R0t
unshifted o 1670 .‘80‘ o 1640 33 B
Run 101 3.938 28.6 3.52¢,09 1.83%.05 1669.53%.01 1639.17%.01 112,01 .060%,005
4.028 24,3 3.48%,09 1.67%.05 1669,54%,01 1639.18+,01 .11+.01 .066%,006
4,104 20.6  3,32£.07 1.35%£.05 1669.54+.02 1639.19+.01 .12+.02 .089x,015
Run 99 3.912 54.3  3,69+.33  1.42+.04 1670.32+.08 1639.98+.02 .13+,08 .09+.06
4.004 46.1  3.42+,12 1,20%.03 1670.30+£.08 1639.971.‘.02 .14+ ,08 «12+.07
4.089 39.2  3.27%£.,07 1.02:.03 1670.31+.05 1640.00+.02 .16£.05 .16+,05
4,146 33.3 3.19%,07 «94%,03 1670.32%,07 1639.99+.02 .14t 07 .15¢.07

Table 4-1 Plasma Conditions, Shifts of Hell ; 1640 %
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These data are shown in Fig. 4-5 and Table 4-2.

B. Discussion of Possible Errors

B.1 TImpurity Lines. Photographs of spectra near each of the

helium lines showed many Si, 0, and Al lines. The Jarrell-Ash 1/2-m
monochromator could easlly resolve the Si ITI and O II lines near
He IT 4686, and photoelectric scans were made uzing points between
these Impurity lines (see Fig. 4-6).

A survey spectrum was taken near the 1640 line using Kodak
SWR film in the camera attachment for the McPherson 225 vacuum
monochromator {sce Fig. &4-7). Many 51, 0, and Al lines were 1dentified,
in both first and second orders. Fortunately, none of these ohscured the
1640 line. The nearby Al IT 1670 line, chosen as the wavelength
standard for position measurements of the 1640 line, was partially
obscured by second order lines of 0 IT and 0 III, Photographs using

an MgF, filter were then taken, which showed no further problems with

2
impurity lines. To eliminate second order limes during photeelectric
scang, the filter was placed between the exit slit and the scintillating
disc
A photographic spectrum near 1215 8 showed many 0 II, ¢ III, O IV
8i ITXI, and Si IV lines, including the second order 0 IV 608 line on
the red wing of the helium line {(see Fi1g &4-8) To eliminate these, the
Mng Eilter was again used for both photographic and photoelectric runs.
The resonance lines of N IT at 1084 & prevented any observation

of the next wember of the He series, while the He II 1025 line proved

too weak for reliable cbservation.
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Fig. 4-5 Estimated and measured shifts of He IL A 1215 X line



b kT Mo, 4686 N, *Eﬁﬁ?rizls My, 1215 Aﬁﬁg, 1215 2 LAIN
[usec] {eV] 2] (10~ e 3] (8] (81 A;.E;?r}izm &1 (a/107en?)
3.864 2.23+£.07 4,61%,12 2.23x Q7 1.,97+,.05 1 2.06%,09 1.05%.05 4+.09 063,041
3,948 1.93+.05 4 09£,09 1.93%,05 1.75%.03 1.96%.06 1.12+,04 .21 .04 L109+,021
4 040 1.77+.05 3.80%.09 1.77%.05 1.63%£.03 1.95%£.05 1.20%.04 191,04 .107=.023
4,122 1.66%,05 3.60+,09 1.66% 05 1.54%,04 1.88%.06 1.22£.05 .18=.04 .108=.024
4.191 1.62+.086 3.53%,11 1.62%.06 1.51%.05 1.88%,06 1.25%,06 .19 ,04 L117%.052
4,245 1.46+.07 3.24%,13 1.46%.07 1.38%.06 1.82+.05 1.32+.07 .27 .04 .185x,027

Table 4-2 Plasma Conditions, Shifts and Widths of

HeIl ) 1215 %
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B.2 Wavelength Standards. All line position measurements were
made relative to nearby impurity lines, and the accuracy of this pro-
cedure had to be verified. The Stark shifts of these zon lines are

42

expected to be small (just as their widths are small), but a

plasma polarization shift certainly cannot be ruled out a priori.

To check for such shifts, several line position measurements were made
on a Grant comparator-microphotometer. The second-order lines were
found to be shifted with respect to the first—order lines by .10 R,
but otherwise, shifts were less than the measurement accuracy of

.05 R. This 1s consistent with previous measurements,3 in which no
shifts were found for the O III and N IXI lines near 300 R. 1In
photoelectric (time-resolved) studies, no absolute shifts of the
reference lines were measured as the plasma cooled, also arguing
against substantial absolute shifts. Only the statistical errors

in the measured shifts are indicated ain the tables and figures

The monochromator wavelength scale was checked by measuring
photographically the wavelength displacement between settings corres-—
ponding to the centers of the helium and reference lines. The errors

in both cases were less than the setting error of 0.02 R

B.3 He II 1215 Asymmetry. The helium 1215 line was expected

to have a symmetric, double-peak profile (like that of HB)’ but
photoelectric scans showed only the peak on the blue side (see Fig
4-3). This was interpreted as showing reabsorption by hydrogen in a
cooler boundary layer, since the hydrogen Lyman-p line lies .50 'S

to the red of the (unshifted) helium line center. To check this
explanation, two scans were made, using mixtures of helium plus 0 5%
hydrogen, and helium plus 1.0% deuterium, respectively. The amount of
absorption increased with the increasing admixture of hydrogen, and,

in the case of the deuterium, the dip shifted to the blue, as expected
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The residual concentration of hydrogen was estimated from these runs

to be approximately 0.2% Since natural, Doppler, and Stark broadening
are all very small for the hydrogen line (<.1 ﬂ), points near the

dip were merely excluded from the fitting procedure.

B.4 Departure from LTE. Temperature determination from a

helium ion line:continuum ratio requires that LTE holds also for the
1on ground state populations, so that the 1ine intensity {(proporticnal
to the population in the excited state) and the continuum intensity
(due mainly to recombination radlation) both have their equilibrium
values. The equilibration time for atomic states can be estimated
from (2-42) to be only a few manoseconds, for both neutral and ionized
helium On the other hand, the recombination times {into the ground

43,44
states) are estimated to be

2 psce for formation
of singly 1onized heliuwm and 20 usec for neutral helium Singly and
doubly 1onized states are, then, expected to be overpopulated,
simulating a temperature higher than the true electron temperature.
For the validity of complete LTE in a stationary plasma with
temperatures near those in the experiment, Eq. (2~11) gives an
optical depth of ~150, f£or the resonance line (He II A304 R). We
are thus justified in relaxing (2-40) by an order of magnitude,
and the electron density required for complete LTE 1s Neml.4x1018cm—3,
which 18 not reached in the experiment. On the other hand, the
requirement (2-39) for partial LTE for the level n=4 (upper state of
the 4686 R line) 1s easily satisfied.
Since the actual electron density is about an order of magnitude
lower than that required for complete LTE, and the continuum intensity
is proportional to the electron density while the line intemnsity

1s not, we estimate that the line:contimuum ratio may be too high by

an order of magnitude, compared with the LTE value at the true
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41
temperature. This yields a temperature (3.5 eV) that is too
high by about .5 eV. Similarly, if the neutral excited state

population density were too low by an order of magnitude, tne intensity

ratio of an ionized and a neutral line would overestimate the temperature
by about .5 eV. A measurement of the intensity ratio of the He II 4686
and the He I 3882 lines was performed, yielding temperatures near

4,1 eV, Since the two effects (overpopulation of singly ionized

states due to recombination relaxation during the rapid cooling,

and overpopulation of excited states of He II due to low collision

rates) are additive, the true electron temperature 1s estimated to be
less than the lower figure by ~20%, 1.e., near 3.0 eV.

38 of the absolute intensity of the

A previous measurement
He II 4686 line in a shock~tube plasma at Ne iy 1017cmf3 indicated the
populations of the lower excited states of the i1on deviate by perhaps

a factor of 4 from LTE. However, measurements of temperature in the

same experaiment by Thompson scatteraing of laser laight (which does not

depend on LTE for atomic states) and the intensaity ratios of the

1

He II 4686 and He I 5876 lines showed good agreement.

~

B.5 Summary of Errors. Possible errors in the determination of

electron density were judged to be 5% due to statistical fluctuations
and 10-15% due to theoretical uncertaint:_es.10 Errors in temperature
measurements were estimated to be .1 eV statistical and .2 eV
theoretical (after applying the 20% correction). These possible

diagnostic erxors were not judged to endanger the principal conclusions

of the work. The tables and figures indicate only statistical errors.
Errors in the measurements of the shifts were .05 X or less due

to statistical fluctuations. Systematic errors due to the shift of the
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reference lines could not be ruled out, but were shown to be less

than .05 R and are c«pected to he smaller.

C. Discussion of Results

As mentioned in the Introduction (Chapter I), previous shift
measurements of He ion lines have concentrated on the Lyman-series

lines (n 1). In principle, these measurements can be used to

Tower
calculate the energy level perturbations, and the shifts of the
"Balmer"-series lines can be found in turn. Since the agreement
between the various measurements 15 $o poor, little 1s learned in
this way

The polarization shift is dafficult to treat theoretically,
and only estimates have been made thus far. Conceptually, the
radiating ion Ls expected to attract plasma electrons, which partially
screen the nuclear charge seen by the optical electron. A simple

3

classical argument” gives the wavelength (or wavenumber) shifts of

the Lyman-series lines to be

“ N a3n2(n2+l)
AN Ay 8 e 0
EPUriai B ey S s
0 v z
where ag 1s the radius of the first Bohr orbit: a, = hzlmez, and

V 1s the 1nteraction energy between the perturbing plasma electron
and the raliating 1on. Since the wave packet of the perturbing
electron will be comparable in size to the atom, Griem proposesl

to use the averaged interaction V=e2/r, where r 1s the characteristic
distance between the nucleus and the optical electron. r=n2a0/z.
Neiger propose36 the modified formula V=(J/2)92/r, which ts the

electrostatic energy of a uniform sphere of charge e and radzus r
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in the field of an equal but opposite charge at its center. Burgess
and Peacock argue&5 that the density of electrons near an on is
low enough that their velocities are not in equilibrium with the
surrounding plasma, being directly related to their electrostatic
energies. They suggest using the interaction energy at the average
perturber—perturber distance, V=82Ni/3. Note that all these estimates
predict blue shifts (for the Lyman-series lines) proportional to Ne’
but decreasing with temperature (since, at high temperature, the
electron's thermal'energy i1s large compared with the electron-ion
interaction energy, and it doesn't see the potential well) Denoting
by Vn the chosen interaction energy when the optical electron hasprin-
cipal quantum number n, and expressing the unperturbed energy levels
1n term of the Rydberg constant R, we find, for the wavenumber shifts
of the "Balmer'-series lines,

3
AV = % w E-j—:—o R {(na—l)exp (%%) - (24—1)exp (‘—:;%)}
This can be converted to a wavelength shift by multiplying with Aé,
or an energy shift by multiplying by hc. Shifts predicted by each

2,1/3

of these choices for V (zezlnza 3/2 zezlnzao, and e Ne ) are

0’
plotted in Figs 4-4 and 4-5. For both lines, Burgess and Peacock

predict very small blue shifts, nearly independent of temperature.
Griem's estimate gives somewhat larger shifts, while the stronger
interaction proposed by Neiger gives large shifts with strong temperature
dependence. Using the measured values of the temperature, the data are
consistent with an 1nteraction energy between those of Griem and Neiger,

while Burgess and Peacock underestimate the shifts To illustrate the

effect of the systematic error discussed above 1n the temperature
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measurement, the ghift predicted by Griem's formula was recalculated
using a 20% lower temperature, the results being shown as the dashed
curve in Figs. 4-4 and 4-5., After this correction, his interaction
energy glves the best fit to the data.

The halfwidth of the 1215 & line was up to 30% greater than that

>

calculated by Kepple. This is to be compared to a previous theta-
pinch experlment,46 in which the ratio of the widths of the 46B6 and
1215 ] iines agreed with the calculated value. However, this

experiment was done at a substantially higher temperature, TE 2 10 ev,

so that the difference may not be significant.
D. Conclusions and Suggestions

Shifts have been measured of the first two lines of the "Balmer"
series of 1onized helium. They are comsistent with a plasma polarization

shift, where the interaction energy between the radiating ion and the

plasma electrons 1s between those proposed by Griem and Neiger and
probably closer to the former.

The Stark width of the 1215 & line of 1onized helaum has been
measured, and found to be up to 30% greater than calculated by

3

Kepple, and increasing as the temperature and density of the

plasma decreased at the end of the discharge. This 1s perhaps

due to an increased interference by the 1215 & line of hydrogen.
Further studies of the plasma polarization shift might include

more careful measurements of shifts of the hydrogenic spectra of

heavier atoms, e.g., C VI 33.8 2. Previous measurements:39 showed no

shifts, but with a possible error of .05 R. (In this connection, it

47
is interesting to note that measured center wavelengths . e.g.,



44

of helium~1ike copper {Cu XXVIII) are slightly below theoretically
predicted values.) An attempt might also be made to observe shifts
of the higher "Balmer"-series members of ionized helium, perhaps in a

Z-pinch or 6-pinch, with their greater optical depth.



APPENDIX A

WAVEFORM RECORDER

To reduce the error and delay of manual data taking with the usual
Polaroid oscillographs, a waveform recorder was designed and built for
this experiment (Fig.A-1). The signal from one of the PM tubes is
amplified and applied simultaneously to 31 comparators. A voltage
divider provides reference voltages for the comparators, so for a
given signal voltage some of the comparators will be "on" and the rest
"of f". Integrated circuits accept the output of all the comparators,
count the number “on", calculate the corresponding 5-~bit binary number,
and store it in a 5 bit by 64 word random access memory. When triggered,
control circuits advance the memory address counter and give write
commands once every 100 nanoseconds (or selectable, slower rates)’for a
total of 64 cycles. It then switches to "playback" mode, supplying the
stored numbers, each in turn, to a digital-to-analog converter. This
analog signal 1s a reconstructed version of the original signal, and can
be dasplayved on an oscilloscope.

The recorder consists of five such analog-to-digital converters
and memories, plus two digital-to-analog converters, so 5 signals can be
recorded, then any two displayed simultaneously.

If the waveform 1s acceptable, the 1investigator may set the twelve
"fixed datz" thumbwheel switches and initiate recording. The shot
number (incremented each time the device is triggered), the fixed data,
and the contents of all 5 digital memories are written to a 9-track

magnetic tape for later computer processing. The waveform recorder then

45
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reverts to "ready" mode, waiting for the next trigger pulse If the shot
was unacceptable (due to switch misfire or abnormal time history of a
monitor signal, for example), recording can be bypassed.

Details on operation procedures and performance specifications of

the waveform recorder appear in the following instruction sheet.



1.

to digital converter and memory.

of 5 channels, with a sample interval as short as 100 nsec.

48

Digital Data Acquisition System

Instruction Manual

General Information

The Digital Data Acquisition System (DDAS) is a high speed analog

It can record 64 data samples on each

These

stored samples can be displaved on an ocscilloscope and recorded onte a

9-track magnetic tape.

2.

Technical Specifications

sample rate, once every

internal amplifier risetime

useful signal range
maximum signal range
resolutioun

channels

signal input impedance
trigger level

max trigger signal range
trigger input impedance
playback sweep output
analog ocutput

enabling circult

mating input amplifier

mating digital tape deck

magnetic tape recoxrd

A, .2, .5, 1., 2., 5., 10, or 20 ;sec.
80 nsec

0 to+ 32V

-1 to +1 V,

3.1% of full scale

5

50 @

+1.1 ¥

-.6 to +5 V.

1Ma

22.7 Hz sawtooth, 0-2.6 V

0-5 Vv

enabled 1f external circuit resistance
is less than 100 9

Tektronix type 127 preamp power supply,
with matching Tektronix oscilloscope
preamp.

Cipher model 70M-360, producing 800 BPI,
9~track, IBM-compatible magnetic tapes.
329 bytes of 8 baits each...

6 bytes (BCD, 2 digits/byte) fixed data
from thumbwheel switches

3 bytes (BCD, 4 low order bits) experi-
ment count

320 bytes (binary, 5 low order bits)
data, grouped by time
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3. Installation .

For optimum protection against radio frequency interference, the
unit should be mounted in a shielded 19 in. relay rack  Several inches

clearance below the unit are necessary for ventilation.

4. Operation

The Cipher tape deck should never be switched on unless the DDAS 1s
on, so the proper logic i1npuls are provided.

1. Turn on the DDAS and associated preamplifiers. Allow preamps to

WAarm up

2 If a tape 1s desired, turn the tape deck on and load a tape
The "RLCORDER READY" lamp should light.

3  Switch the operating mode to "AUTO SEQUENCE", switch to
"TRIGGER ENABLE INT", and press "RLCORD BYPASH" 1he "ENABLED"
lamp should light

4. Switch “DISPLAY CHANNEI, SELLCT" to "1". The "A-D DISPLAY"
lamps are now displaying, 1n binary digital form, the signal on
channel 1.

5. Ground the channel 1 preamp input. Advance the preamp "vertical
position’ control until all display lamps are lit. If thas
cannot be done, adjust the 127 preamp power supply "DC level”
(on top of case).

6. Back off the "vertical position" control until all lamps just go
out. The zero level is now adjusted Repeat steps 4-6 for the
remaining channels now, and frequently during the experiment

7 Connect the trigger and signal cables If an "enable" circuit

cable 15 to be used, connect it and switch to "TRIGGER ENABLE EXT"

Set the desired sampling intervzl. When triggered {(by a signal
or by using the "MAN TRIGGER'" button) the unit will record 1ts
64 samples of each channel and increment the “EXPERIMENT COUNTY.

8. 1If a visual monitor is desired, connect the "PLAYBACK SWLEP" to
the "EXT HORIZ IN" jack of an oscilloscope, and one or both of
the "ANALOG OUTPUT"'s to the vertical amplifier inputs. Set
"ANALOG CHAN SELECT" to the desired channels.

9. When a signal 1s recorded, the unit will automatically switch to
playback mode, the corresponding mode lamp will light, and the

stored waveforms will be displayed on the oscilloscope.
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10. If a recording is desired, set the desired "FIXED DATA", and
press "RECORD DATA". Otherwise, press "RECORD BYPASS". The
unit is again ready to record a set of signals The unit may
be switched to "MAN PLAYBACK" to again display the recorded
s1gnals

11. After experiment has been completed, press "EQF" several times,
and rewind and unload the tape

12. Turn the tape deck off, then the DDAS and other equipment.

Alternate operating modes are provided for diagnostic purposes. 1In
"SINGLE STEP PLAYBACK" mode, the contents of one word in memory,
corresponding to the "DISPLAY CHANNEL SELECT" setting and the octal
address shown under "MEMORY ADDRESS", are displayed under "MEMORY DISPLAY"
and appear at the "ANALOG OUTPUT" jacks. The associated pushbutton steps
to the next sample.

In "MAN SAMPLE" mode, the unit stores samples one at a time, when the
"SAMPLE STROBE" pushbutton is pressed, The unit must be enabled and
triggered before sampling can begin.

In "CAL" mode, the analog to digital converters opergte continuously

and any of them can be displayed on the "A-D DISPLAY" lamps.



APPENDIX B
STATISTICS

In most experiments the i1nvestigator assumes a functional form
governing his data which has several parameters, and the object of his
experiment 1s to determine the values of the parameters. If there 1s only

one parameter, the quoted result maght be

®
where ¢ 15 the true value (usually unknown), a is the "best" value which
*
can be determined using the data, and 0 indicates the error 1n a . We
usually mean by ¢ the mean square deviation of the data from the best

value

o = (xg-a? (B-1)

where the x are the results from several similar experiments. It 1s
necessary to extend this to the case of several parameters and specify
a way of calculating the quoted values.

Assume the functional form 1is
y = f(%,x) , (B-2)

where x 158 the independent variable, y the dependent variable, and the a;
4
are paraneters We define the error function

0 (EGag )’

MGa) = : (B-3)

-

2
k=1 U(xk)
%
and let the "best" f be that value g which minimizes ¥ We {ind vt by

solving the set of m equations

51
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aM(a)
a K = ( (B-4)
11878
The errors in these parameters are given by the elements of the
variance~covariance matrix48
- *Y(a_-a" 5
044 = (a, ai) aJ—aJ) ; (B~5)
48
which can be calculated from
2
3 M(a)
- (qk =1 " -
013 = )13 HiJ 2 BaiaaJ ’ (B-6)

2
The variance of one of the parameters 1s then o, = 011’ and the

correlation matrix is

= .._1.1. (B—-T)
1] 0103

If all the o(xk) have a common value g, the sclution of (B.4) is
independent of that wvalue. After this least square solution is found,

g can be calculated using

2 1

o = =

* 2
n-m [Yk - f(% ;xk)] Iy (B"B)

e~

k=1

where we divide by n-m because after the parameters a SRR have been

1
calculated from the data, only n-m degrees of freedom remain.

if fQ%;x) is linear 1n 1ts parameters, the calculations are, of course,
much simpler, since (B-4) 1s then a linear system which can be solved

exactly. Failing this, a search must be performed in g space for the

best value.



APPENDIX C
PROGRAMS

The data read from the waveform recorder tapes are processed by
several programs, each accepting an input file plus control or
data cards, and producing one or more output files The last programs,
PROFILE, VPLOT, and THEORY, also print their results., OQther programs
are available to read and list each file for debugging. All mainline
programs were written in FORTRAN for use on a Unavac 1108 computer with
the EXEC-8 operating system. Intermediate files are "direct-access"
files on disc or drum storage, like those developed by IBM for thexir
computersPC) but not defined within ANS FORTRAN. Other nonstandard
features used include PARAMETER statements and FORTRAN proceduresﬁl

The first program, REVERT, uses the assembly-language subroutine
TREAD to read the 9-track tape produced by the waveform recorder. The
tape record format is shown in Fig. C-1  REVERT assumes the scale settangs
of the input amplifiers and the sample rate of the recorder were set on
the "fixed data" thumbwheel switches. The alphanumeric file header (a
prose descraiption of the run), number of channels used, and wavelength
for each channel and shot number are read from cards. The file header is
written into the output file, copied by later programs, and identifies
all pranted output. Specified shots may be dropped at this point.

Since the waveform recorder stores 6.4 usec of the signal, while
the plasma lasts only about one usec, REVERT tries to select only the
useful part of each signal. The first twelve records are read, the average

time T of the maximum of the monitor signal is found, and the tape wis
max

53
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rewound. Each record is then read, and the data for eight samples,
starting at time Tmax’ are scaled and wriften to the output file, with
format shown in Fig. C~2. An end-of-file marker is written after the
last record.

During the experiment, the light Is sometimes attenuated to prevent
PM tube saturation, and PARAM corrects the measured intensities to
account for this. Since PROFILE requares that the monitor signal be
strictly decreasing, PARAM also chooses a decreasing portion of each
signal and discards the rest. The output record format is shown in Fig. C-3.

BSORT sorts the records, first on wavelength, then on shot number,
Experimental points can be taken in any order, but in thic step all data for
a given wavelength are collected. The format of the records is unchanged
by BSORT.

PROFILE unfolds the data, recorded as intensity as a functaion of
time at different wavelengths, into intensity as a function of wavelength
(a line profile) at different times. Since the ionized helium line
1ntensities are sensitive to temperature, all data for one profile must
be taken under the same plasma conditions. PROFILE does this by taking
all the data for equal monitor signal (from the total intensity of the
He IT 4686 line). The time at which the monitor signal decays to this
level is found, and the shot is discarded 1f this time 1is further than
1.73 standard deviatlons from the mean. Similarly, any intensities at a
given wavelength which differ from the mean by more than 1.8 standard
deviations are discarded. Profiles are then found for successively
lower monitor intensities (therefore later times). The means and
standard deviations of intensities at each wavelength go to one file

(shown in Fig. C-4), which VPLOT uses to make a printer-plot of the line
i
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profile. All undeieted data points are written to a second file (shown
in Fig. C-5), used for fitting.

The actual least-squares fit 1s done by THEORY. As described in
the section on data reduction, the convolution of the theoretical line
profile with the instrument response function is done first, in alpha
space, using an assumed electron density. The instrument function is
assumed Gaussian, so the convolution integrals are done using the
Gaussian-Hermite ‘3-point guadrature formula.52 This profile 1s fit to
the experimental data and a new electron density is found. The convolution
and fit are repeated until the electron density converges, usually within
four iterations. Each of these fits requires a search for the values
of the four parameters (line intensity I, background intensity B, line
center AO’ and electron density N_ (Iine width)) that minimize the
mean square deviation Uzof the fittaing function from the experimental
pornts. The subroutine ZXPOWL, from the International Mathematical
and Statistical Labrary (IMSL)53 uses the function-minimization algorithm

5
described by Zangwill to find the best—fit values of A, and Ne.

o
For each trial values of 10 and Ne, 1t calls the subroutane FUNCT3,
which 1n turn calls other subroutines to calculate the best values of
the two linear parameters, and the corresponding 62, using standard
methods.

When the best values of all four parameters are found, subroutine
FUNCT2 finds the second derivative matrix of:g numerically, inverts 1it,
and normalizes 1t to get the standard deviations and correlation

matrix of the best-fit parameters. 1f the line is He II 4686, 1t uses

the line:continuum ratio to calculate the plasma temperature Sub~
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routine TPLOT plots the average of the experimental points at each

wavelength, the best—fit theoretical profile, and the background level,

The entire procedure is repeated for each profile, but since the line

center and electron density are carried over each time, subsequent

fits converge rapidly.

6 bytes 3 bytes 320 bytes
[FIXED COUNT DATA ~
FIXED 6 bytes BCD, 2 characters/byte data from thumbwheel
switches
COUNT 3 bytes BCD, 1 character/byte shot number
DATA 320 bytes binary number, 1/byte data, grouped by time

total, 329 8-bit bytes/record (excluding parity and check bits)

Fig, C-1 Record format of waveform recorder tape

2 words 1 word 1 word 16 words

LABEL SCALE COUNT T1 Yl T2 Yz .o T8 Y8

LAREL 2 words, FIELDATA First 5 characters are the wavelength in

(decimal point assumed before last

character). Next 3 characters are the
shot number

SCALE 1 word, real (R) Amplification on preamplifier (V/div)

COUNT 1 word, integer Shot number (same as above).

Ti 1 word, R Time of sample (usec. after trigger pulse)

Yi 1 word, R Signal amplitude (V)

total: 20 words/ record

Fig. C-2 ‘Format of data record wriltten by REVERT
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1 word
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1 word 1 word 8 words 8 words

LABEL

SCALE

COUNT POINTS Tsz...TB Yle...Y8

LABEL, SCALE, COUNT, T, Yi as before

POINTS 1 word, integer  Number of data points (always 8)

total. 21 words/record

Fig. C-3 TFormat of data record written by PARAM or BSORT
1 word 36 words 36 words 36 words
MONITOR WAVELENGTH AVERAGE SIGMA
MONITOR 1 word, R Intensity of monitor for this profile
WAVELERGTH 36 words, R Wavelengths (R)
AVERAGE 36 words, R  Average of signal intensities at corresponding

wavelength .

SIGMA 36 words, R Standard deviation of signal intensities

total: 109 words/record

Fig. C-4 TFormat of plot-file data record written by PROFILE

1 word 55 words 36 words 36 words 28 x 36 = 1008 words
MONITOR BLOCK NUMBER :[ WAVELENGTH INTENSITY

MONITOR 1 word, R Intensity of monitor signal for this profile
BLOCK 54 words, integer (currently not used)

NUMBER 36 words, R number of shots at this wavelength
WAVELENGTH 36 words, R Wavelengths

INTENSITY 1008 words, R INTENSITY (1,J) is the signal for the Jth

shot at wavelength WAVELENGTH(I)

total: 1135 words/record

Fig C-5

Format of fit-file data record written by PROFILE.



58

A Note on Program Documentation

A code 1is used to describe the parameters of some subroutines.
For example, in TIM,
INT R,I Gaven 1Intensity ,
the R indicates INT is real (single precision floating point) and the
I means it's used only for input (1.e., the subroutine doesn't change
1ts value). Possible parameter modes are*
F single precision floating point
DP double precision floataing point
I anteger
S statement numbey, for alternate return
I logical
C complex,
and possible uses are:
I input only {(unchanged)
0 output only (changed, contains useful information)
10 dinput and output

W work area (changed, not meanlngful on return}.
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Programs Listed

REVERT
TREAD®, OPT™

PARAM

BSORT
STORES, START, SADD, SDROP, HADD, HDROP, ADDTO,
FINDTQ, EPUSH, EPOP

PROFILE
TIM, INTENS, LOOKUP, YESNO®

VPLOT

THEORY

DBANK, GROUFP, FETCHS, FUNCT3, FUNCTZ, TPLOT,

AXISN™*, NEWS, NEWT, NEWU, SIGMA, SYMSLV**, VALUE**

*
Programs in UNIVAC Assembly Language.

%
These programs may be of general interest
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ssenss REVERT otssen

205373J1H» 4 ORASPACES (1) JREVERT

1 c

2 [ NAIEsq+»

3 [ REVERT

4 c

S [ PURPOSE s 44

™ ' TO ACCEPT A& TAPE FRODUCED AY THE DIGITAL DATA ACOULISITION

7 c SYSTEM AND PRO UCe A FILE ACCEPTABLE TG PROGRAM 'PARAM?Y.

] Cc

9 c USAGE.as

10 c BXaT RFVERY {NOT Q REVERT)

11 4 <DATA CARDS>

12 c

OPTIOMS!

iﬁ E 'LI PRIMTS INFORMATION FROM DATA CARDS AND FIXED DATA
15 [ FROM TAPE RECORDS (THUMRWHEEL SwITCHES)

1o c e IGNORES IMPROPER SCALE OR INTERVAL FROM TAPE

17 [ RECORD HEADER. .. [0 MESSAGES

18 c R OMIT INITIAL, REWIND (DEFAULT: REWIND TAPE UEFORE
19 4 READING)

20 C
21 C INPUT .
a2 c DATA TAPE A1TH NAME "InTAPS+, PRODUCED BY THE DIGITAL DATA
23 C ACQUISITION SYSTEW
24 [ DATA FROM THUMAWHcEL SWITCHES IS INTERPRETED AS FOLLOwWS®
25 c DIGITS 1-5..+SCALE (V/DIV) FOR CHAHNELS 1-5

2o c DIGIT 6GseeSAMPLE INTERVAL (MICROSEC)

27 [ SETTING 0 1 2 3 & 5 & 7 8 9
28 c MEAHING ILLEGAL +005 .01 +02 05 o1 .2 5 1, 2.
29 [ +005 «LE» SCALE +LE, 2.

30 C «05 .LE. INTERVAL ,LE. 2.

31 C INTERVAL SPECIFTED ON CARD 3 SUPERCEDES DIGIT 6.

32 c A WARNIYG IS PRIAITED IF INTERVAL ISN'T .1 »ICROSEC.
33 E THE FOLLOWING DATA CARDS:
39 < CARDS 1 ANG 2eae
36 C (72A1/772A1) ALPHANUMERIZ FILE HEADER IMAGES
37 [« CARO 3...
38 [ (15} HU4oER OF CHANNELS BEING USEy

39 C (Fb.0) SAMPLZ INTERVAL IN MICRNSECONDS
40 [ {15 MONLITOR SIGNAL CHANNEL (IF BLANKe THE PROGRAM
51 c USES THE FIRST CHANNEL WITH HLANKS IN THE
42 c MAVELENGTH SPECIFICATION COLUMNS OF CARD Ha)
43 c (I5) STARTIMNG SAMPLE MUMBFR (IF BLAMNK+ THE PROGRAM
4y c REAUS THE FIRSY 12 RECORDS AND USES THE
45 c AVERAGE OF THE YAXIMA OF THE MONITOR.)

46 C CARDS 4=N (SORTED RY SHOT H¢ INCREASING)
KT [ (15) FIRST SHOT MUMBER OF A GPOUP OF SHOTS WITH
45 c THIS SET OF WAVELENGTH SFTTINGS.
49 [ (5F5,1) *WAVELEHGTHS IN ANGSTROMS FOR EACH CHANNEL
S0 c BLANK FIFLD INDICATES A MONITOR CHANNEL
51 c CARD N+l.s,
s2 c 'REOF * IN FIRST FIVE COLUMNS

53 c CARDS N#+2 - M

54 [ {15) SHOT NUMBER WITH INCORRECT SCALE H

55 c (5F5.4) NEw SCALE #t'S (BLANKS FQR CORRECT ONES)

S5a [ o CARD M+le.,

1
ﬂllﬁ]l?llﬂ!&l} Iaél(;lg};f;

OF POOR q,

1
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sepsas  HEVERT ovsuygs

*AeOF Y I FIRST FIJE COLUAIS

QUTPU e s

IH FILE 10+ A FORTRAM RANDOM=ACCESS FILE ACCEPTABLE
TO PROGRAM fPARAMY

DATA HECORD FORMAT! LABEL(2)SCALTeMSHOTITL#Y12T21Y2 4us TaeY8
TQTAL: 20 WORNS

SUBPKROGRAMS REQUIRED=ws

BEGIN
0Py
TREAD

PARAMETER POIMTS=A

PARA IETER MPTS=SJ

PARAM_TER MBAD=1S

PARA4ETER MCHANSH

PARAMETER MRCN=1000

PARNA TER HANIDS=S+POINTS+POINTS

INTEGER HEADERCARD

LOGICAL WARIIEDSSTVEN

LOGICHAL OPTOIIETLOG

DIMOUISTION SCALE(YY»HEARERTL1A) o vAVFLIHPTS»yCHAMY o kECORD (N, DRNS ) ¢
- IREC{HIOIDS) o XSHOT (MOTS) v wiCHAN) /L. SHOT (L BAD) »
- GOODIMAAMN »*ICHALD

DATA SCALE/.0NS1+0Llr 020405722421 45214024/

DATA 1LERY/0/

EQUIVALEHCE [FECORD{L]I#THECILY) s (HEADFR{1)»RECORGI1))
DATA JPTSe NFILF. EMOREC, MNRDe CAROs MWAPHED: SGIVE]
- / ) ¥) 10, "REQF 7 Qr 5S¢ FALSE.r.FALSE./
DATA !t ACHAM, sMPTS, “IRCUy MYOAL
- / ACHANr MPIS, tRCu»  “RRD/

COMMUy NSHOT e UM (12) » ISTUlSe64%)

CALL BEGIM('REVERT 1.23 w')

QUIET=OPY{*N")

LONG=OPTLL?)

IF(.NOTOPT('P*)}CALL KEWIID

JCFINE FILE oFILCCARCI2Ha02DS U 1EC)

NREC=1

TRANSFER HEADER INFOR4ATICH
D0 10 ISle2
READ{CARDs 810, END=10n}HEAGER
FQRMAT {12A6)
IF{LUNGIFRINT 812:HEADER
FORMAT{1X ¢ 12A8)
WRITE(HFILE"IIRECIHEADER

AE ALWAYS MTER THE MAXIMUM NUMBER OF DATA POINTS
IREC(5)SROINTS

READ NUMBEH OF CHANNELS IN USEr SAMPLE INTERVAL»

MONITOR CHAl JEL %» AND STARTING CHANNEL #
READ{CARD » 820¢END=106) NCHAN»SAMPLE ¢POMIT e KTINE
FORMAT{IS5:FS5.0:215)

QRIGINAL PAGE IS
OF POOE, QUALITY]



1kt
115
1lo
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
154
135
136
i37
134
139
140
141
142
143
144
145
146
1w7
148
149
14506
151
152
153
156
155
1bb
157
18
159
1b0
161
162
lo3
164
165
166
167
leg”
169
170

ann

ano

1zXsNeNgl

12
15
18
815

825

830
20
832
23
835

25

Bl6
28

30

35

901
LT

62

vovnew  JEY RT  ssewps

IF CACHA N GT NMOHAN LOR, HUWANLLE L 01GO) TO 128

IF [SAT PLELEQ.Q.)L0 TO 12

IF(SA* PLE.LT.,0% ORe SAMPLE,CT,2,)60 TO 110

wGiveli=. TRUE .

IFIMOGIT.LTL0 +OR. MOUIT.GT.NCHANIGO TN 12

IFIKTIVE.LT.0 JOR, RTINE.6T.S5"IGO TO 114

IF(LONGIHRINT BL15+HCHAN,SA WPLErMOMIT, KTIME

FORMATI1X//71X%212+% CHAULWELS USED'»F6.2et USEC SANPLE INTERvAL'/
- ¢ CHAMMELY'sI2.' 1S MONITUR. STARTING CHANNEL IS?,I4)

READ WAVELENGYHS FOR EACH SAQT NUMBER
IF{LONG+AND. NOT,OPT{'Y?})IPRINT 525
FORMATILX /Y SHOT B WAVELENGTHS' /)
00 23 HNPTS=1.! PTS
READ(CARD B30, END=25IKSHOT(NPTS) » (WAVEL(NPTS+ ) ¢ MZ1»NCHAN)
FORVAT(L5:5A%)
D0 20 M=1,NCHAN
DECODE(832r #AVELIMPTS 1] IW (M)
FORMATIFS.1)
IFILOIGANDe JNOT.OPTITYN)IPRINT A35¢KSHOTINPTS) o (i) o M=)\ CHAN)
FORMATILIX IS e 2X25F9.2)
60 TO 116
KSHOT{NPTS)=10n0N0
HPTS=NPTS~1
20 28 HUOAD=1.n0322
REAJLCARD Y 838, EMU=I0ILSHUT (NBAL Y » (GOOD INBAC» M) o M2 1 NCHAN)
FORAAT( 15, 5FS, 4)
CONTINUE
G0 TO 117
LSHOTINBADI=1R00D
NBADSNBAN=1
IF{MONIT.NELD)GO TO 40

WE WEREN'T TOLO THE MONITOR CHAMMEL #.,.
FIGURE 1T oUT (PLANKS IN THE WAVELENGTH FIEL)
00 35 MONIT=1,tICHAN

IFCIAVEL (1,40 (IT).EQ.* 1162 To 4P

CONTILUE B
THEPE'S STILL N MONITOR CHANMEY SPECIFIED..,
USE CHAMNEL 1

PRINT 901

FOQRMAT(' O MONITOR SPECIFIED.s.USING CHAM. 17)

MONIT=1

IF(KTIME.NE.MGD TO 58

AE WEREN'T TOLD ®HICH TIME TO START WITH..,.
FIND AVERAGE TIME FOR PFAK OF WMONITOR SIGNAL
AMOMG FIRST 12 RPECORDS

DD 47 L=1,12 !
CALL THEADINSYOTKEOF)
IF(KEOF-NE.0}GO TO 1138
RAX=ISIGIMOITITY)

I=1

DO 4% K=2,64

IFUISIGIMOIIT»K) «LESMAX)GO TO 45
I=K
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171
172
173
174
175
176
177
178
179
140
11
182
183
184
185
186
1a?
1as
189
199
192
192
193
194
19%
196
197
193
199
200
2u1
202
U3
204
2u5
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
2¢e2
223
224
225
225
227

oM AO0nn

c
c

<

aastes  HEVERT svdnge

MAXZLISIG(AINIT K]

Y CONTI! Ve

47 KTLlemrKTIne+l
KTIACZMI0 (ST KTIVE/L2)
CALL AEATHD
IFLOPTLY LY )ISTOR

58 IMNRE(ZO
MSHOT=D
IF(LONGIPRINT B3d

838 FORMATI{LX//® RECOHD SHyrT # FIXED DATA'/)
DO 82 L=1,MRCD

READ A RECURD
CALL TREAD{NSHOY.KEOF)
IFIXEOF.NE. QIGO0 TO 85
HSHOTEMOHT+1
IF (LONGIPRINT B40»MSHOTapnSHOT il
840 FORMAT(1X:s[4,19:0XSI2+2%912:.2%Xs612)
INWRECZINRECH]

FLID THT WAVELEMGTH IMFO FOR THIS SHOT NUMLER
IF{HSHOT LY «KSHOT{JURPTS) }JPTSEL
ISTOP=NPTS=JPTS+]
D0 62 I=1,ISTOP
IF NS0T LT KSHOT{JPTS#1))60 TO 63
62 JPTSZUPTS+L
63 COMNYLINUE
DO 82 MZ1.NCHAN

LOAD DATA FROM OME CHANMEL INTO A RECORD

DISCARD DATA IF DESIRED
IFtnAVELLJPTS, M) «EGe " 7999 # . OR-WAVEL(JPTS,H}.EQ. 1990999 )50 TO 82

PICKh UP SCALE # FROA RECMRD HEADER
ISSNUKIM)
IFCOPT( "3t ) HISSHUMIM=-1)
IFU1S.6T.0 -AND. IS.LT.9)GO TO 65
IF(OTQUIETIPRII T 902, JMREC#FISHIT M 75
WERR=t ERA+1L
902 FORMAT(Y TAPE RTCORD*+IU,*, SHOTTY. IS5, "o CHAMMEL*r12,
- t,-.SCALE i OUT OF mAIBEIY» IS/
- t USING ,005 V/DIVY)
15=1
65 KSKTIME

SUSSTITUTE CORRECT AMPLIFICATION IF NEEDED
AMPLFY=SCALE(IS)
66 IFILSHOTIYNAD)LEQ.L1000Q)60 TO 68
IF(RSHOT LT LSHRT(JBAD) ) UBAD=]
IFINSHOT.LT-LSHOT {JBAV#1)) GO TO 67
JBAD=JBAD+L
G0 TO 66
67 IF(NSHOT.EG.LSHOT(JBAJ] .AND. GOOD{JBADGM),.NE.0.0}
- AMPLFY=GOOD(JBADM)
68 IF{SGIVeN)GO TO 71

ORIGINAT} PAg
OF POOR @UAL%?
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eresee nEVERT  steeas

228 c PICK UP SanPLE TNTERVAL FRO Y RECMIL HEADER
229 [E21U (o)

AT IFIIT.GT.3 JAMD. TTLLEs9) 0D TO 7

2431 NERRSLER! ¢}

242 IFC P OTota JICTIPRIMT H03, fYRECHISHOT#IT

233 9e3 FORAATL® TAPE RECORD':I4,', SHOT, IS,

294 - YaeaSAPLE INTERVAL 8 OUT OF RANGE:St,15/

23% - ' USING .1 MICROSEC!)

236 it=2

237 70 SAMPLE=SCALE(IT)

238 c

239 c GIVE OKE WARMING IF INTERVAL ISM'T .1 US
240 T IF{SAMPLEEG..1l OR. VARKEDIGO TO 72

24) HERR=NERR+3

242 WARNEUS.THUE.

243 PRINT 904, INRFCsMNSHOT »SAMPLE

244 Quh FORMAT(* TAPE RECORD'»lu,! SHATY, 16,0, . 580 0L THTERVAL [eQwe® .,
245 - Fbs2s ! MICIOSECOLLSY)

2486 c

247 < TRANSFER DaTA POINTS

2hy 72 TIME=KeHAVPLE

249 DO 75 hhST7en/CRDG 2

250 RECOHU{KK=1)=TI"E

2b1 C

252 C WE MAKE A LORRFCTION WF A FACTOR OF 10 LECAUSE
233 [ P THevE ADE Ta0 EXTRA APLIFIEPS TN THe DATA SYSTEM
254 RECORC (KK)Z. o ISIG{MrL) 2AMPLFY

255 K=X+1

230 75 TIHESTIME+SA |PLE

257 C

258 [ SET UP QUTPUT RECOR® HEADER

259 ENCOUE {850» IRECYwAVEL [JPTS)M) + ISHOT

200 350 FORMATIAS,I%)

261 RECOnG{3)=AMPLFY

262 IREC{Y)=NSHOT

203 WRITE{HUFILE "HRECIPECOARD

264 82 CONTLlHuc

2u5 GO TO 124

266 C

267 c EMD OF FILCesoNUITTING TIME

2ud 85 PRINT BEUHSHATOEC

209 B60 FORMAT(IXe1&s* SHATS PROCESSED'/1Xel6e* RECORDS WRITTEN')
276 IFGT PeGT«0IFRIT 9050 L BH

271 905 FORMATI1X»Ioet ERRORS OR ~ARJTWIGST)

272 GO Tw 199

273 =

274 C COMPLAIN

275 106 PRINT 906

276 906 FQRMATI(' HEADER CERDS ARc “ISSING?)

277 60 TO 199 .

278 108 PRINT 9LB«i CHAN, AMCHAN

279 908 FORAAT(® NUMHIH OF CHALNELS#'eISsty IS OUT OF RANGE 1 TO*,I2)
280 GO0 TO 199

241 110 PRINT S10,SApPLE

2bg 910 FORMAT{' SAMPLE IMTERVAL OF',515.5,¢ IS BAD'/

283 - * USING TAPE RECORD HZADEPSY)

284 G0 70 12


http:ICQOSECOI.LS
http:IF(SAMPLE.EO

245
2bb
2687
2ub
2a9
290
291
292
293
294
295
296
297
298
299
3g0
Jul
302
343
3u4
3u5
3o
3u7
308

AWORK.EJCT

112
N2

11t
yly

116
G146

117
217

118
918

124
324

i99

65

svunss  LVLRT +*¥eses

PRINT 912, MONIT

FORWAT (Y GIVEN PONITOR CHAJMFL BetsI5.'y IS HADY}
WONIT=)

GO TO 1%

PRINE 914 KTIVE

FORMAT(?Y GIVEM STARTLIG (HANJEL He'0ISe*r IS RAOD')
KTIH:.:'-O

L0 TO 13

PRINT 916.FMPTS

FORMATL?' THERF ARE MOdE THAN'eI3s' WAVELEMGTH CARUS!)
G0 To 199

PRINT 317,8MUAD

FORMAT(® THERST ART MORE THAM*:13,* CORPECTINM CARDS'}
GG T4 199

PRINT 918

FLRVAT(T FEJEM THAN 12 S1GJALS ARF PRFSENT*]

G TO 199

PRINT 924, MPCO

FCRMAT(* I'ORE THANY IS TAPE PECORDS.« QUITTING')

CLOSE QUTPUT FILE
WRITZ(NFILE*NIEC)ENDREC
STOP
EnO

ORIGINAL! PAGE IS
OF POOR QUALITY]
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66

kkkkkk REVERT (Sample data) *wk&kkik

Lon rintout .is wanted,
@x Tl oRt VERT he P

AL DATA OF WED 19 NOV 754« PREGSHURE=1851=,50T=247Vs REFLECTOR =48

SCANS OF HE 11 1644 Al 4686y AL 11 167C eee dob2 FILTER RUN 101
2

I 31327, holl 3 channels were used.

14327154679
2T3278 A6l
l L PN EELTLE First shot number at these wavelengths
39327 4694
46321094680
93328 ) 4686
{
g;;ig?jiggé Channel 2 set at 4688.0 %
T633inG 46089
R&Qnonn I-’mrml
93333854692
36333804090
1013339 4697
10333954694
libs3a0 4/l24
124334004730

Channel 1 set at 3280.0 %

Discard data for channel 2, shots 84-92.

J———— Channel 3 is for monitor signal.

@ of

| 16[ o705 Shot 76 had wrong amplifier setting recorded
77 o005
78] annd| Channel 1 amplification was .005 V/div
79 w007 I Channel 2 amplification was correctly

eror recorded

@xaT [ TPARAH Some signals were attenuated

IS Pch- oy yra vk 0 Attenuation factor was .151 .

23 by [66T0 s asatd Signals for 4670 R through 4696 R were

attenuated

Qe o



weesns  TEYCRT (TIEAG) sdesse

2US373ulhe UaS AL I L) W TREAD

-

.

e . HA'Es o

3 . DATATAPE

4 .

5 . PURPISE e a

6 . TO READ T¥ HIGH SPEED DATA ACOUISITIOM SYSTEWM TArFE,
7 .

a » CALLING SEQUENCE...

9 -

i0 - . CALL TREAU {RUFFEREOF)

i1 .

i2 . BUFFER 333 wORD DATA INPUT BUFFER, INTrSER

23 . BUFFER{1) 15 THE EXPERIMEMT COUNT

14 . BUFFER{2~13) ARE MISC FIXED DATA

15 . BUFFER(14=333) ARE DATA POINTSe DIVMENSIONED (SeHh4)
lo M EOF €0 OF FllLe ~ARERs SET MON=ZEPD IF EOF
17 . WAS DETECTED "WHEH THIS READ WAS ATTCMPTED
18 . ZERQ OT(ERWISE.

19 .
«0 . ORE TAPE RECORD 1% READ AND UNPACKED INTO THE USER'S BIFFLR
21 .

22 . CALL FEWLYD
23 .

2o - THE DATA TAPE TS kEaNUHL,

25 .

26 » INPUT e
27 . TAPE RECORD FOAMAT 1S3
28 - 6 8YTES {(3che 2/B8YTEY FIXEN DATA
29 » 3 BYTES (BCD) EXPeRIMEMT COUMT

30 » 320 DYTES (QIMNAHY) DATA» GROUPED BY TIME

N .

32 32{1) AXR%a

33 .

34 . MAIN ENTRY POINT

as °

36 TREADw LA AD+END. ARE YE AT THE ENC OF THE FILE?
a7 JZ AO23.X11. IF SO RETUR'Y AT OMCF

33 ANOTHER LAsU  AQ»PETTs

J9 ER 10%s., FETCH A BUFFER FULL

40 LA AGPKTT+E, PICK UP STATUS AND CHECK,.

41 TE AD»STATUS, SHOULD HAVE AM AFC OF 5

42 J EOF .

&3 OKAY sX X1eSAVEX,

Y4 LKM X1lrOeX1lle X1 WILL POIMT TO THE NEXT #ORD IN THE
45 LAI+U X1le1,. USER'S BUFFEP ALL ThHROUGH THE FROGRAM
he .

&7 . PICK UP EXPT COUNT

58 *

49 LA AG»INBUF+1, .

S0 AND U ADSO17. WIPE OUT EXTRANEQUS STUFF

51 LA A2sAL.

52 SsL AQe8,

53 ANDU AG2017.

54 MSI.V Als10.

-1 AR A2rAf.

56 SSL  AO»8,

DRIGINAL PAGE is

OE POOR QUALITY,


http:2U373jLN*.Uk

57
ab
%]
(=1}
(31
o2
683
-1
o5
&6
o7
[-1: ]
-1

71
72

KL
75
76
77
73
79
30
:33

33
oH
85
o6
a7
ba

S0
91
92
o3
94
95
96
97
98
w9
190
101
1802
103
184
105
1u6
T
108
1a9
118
1i1
112
113

LoopPL

LooP3
Loop2

LooPY

RETURIL

EOF

BO

Bl

68

eseres REVERT (TREAD) etress

ANDU AQe0t17,
M5I:U Alr10Ds
AA A2rAls
SA AZ2eQeeX1,

PICK UP MISC DATA

oL AlQe IMBUF .
LR*U KH2e5,

Dsc AQrss,
LUSC  AGs12.
AND:V AL2017,
SA A2r00 X1,
psC AQr4.
ANDSU AlsD17.
SA A2+02%X1,
JGO R2sLNOPL.

GET REAL DATA

SX X220 SAVEX+1,
LX X292 {2 INSUF+2)
LReU R2e34.

oL ADrOr#X2,.
titrt) RleA,

LUsC  Alea,
ANDsU Als 0377
SA A2se*dl,
JGU RieloOP2,
JGD REPLOOP3,
oL AlsOeX2s
LReU Rlel,

LISC A0+A8,

ANl U Al20377.

SA A2e0Ds*Xi,
JGD RLrLNOGPY,
¥4 sleXil.

Lx X1:SAVEX,
LA X225AVEX+1.
o 3rX1lis

EXPT COUNT IS 14 A2
STORE EXPT COUNT IM DUFFER

SIX BYTES QF Twd CHARACTERS/BYTE

BACK UP QHE DNIGIT

NHOVE FORWARD 3 NIGRITS: PUT IN AL1{3=n}
MOVF LAST DIGIT TO A2(3=0)

STOPE DIGIT

MOVE BACK 1 DIGIT

PUT ONE DIGIT INTO A2(3=0)

STORE BCD DIGIT

DECPEMENT CNUNTER

X2 POINTS T0 NEXT PAIR

OF wORDS IN INPUT DUFFER

MOVE 35 PAIRS OF WORDS (315 BYIES)
PICK UP T+0 PACKEN wORDS

NIMF WALS AT A SHAT

TRANSFER ONE RYTE To A2(7-0)

SHIFT UNTIL NOUILE ¥CORD IS FINISHED
FINTSH 35 WwnRD PAIRS

PICK UP LAST TWD W0R0DS5

PROCESS OMLY 5 HYTES

TRAMSFER ONF BYTE To A2{7-0)

FIMISH THE LLAST S BYTES
CLEAR EOF FLAG

ENG OF FILE OR TAPE ERROR

LArS1 AGIPKTT+3.

Tl AOfOls

J RO«

SA AD2EVD.

SA AGrx1eXly,
RETURN.

o
LArHZ AQ»PKTTHI. .

TNE«U ADeTH»

J Bla.

Sk PRIMNT.

ER ABORTS.
LA»S]1 AOSPKTT+3,
THE+U AQ¢00.

J OKAY,

TEST FIRST FOR EOF
61 <#EANS END OF FILE.

HOTF THAT EOF REACHED
TELL CALLING PROGRAM ABOUT EOF,

TESY FOR WROMG PECORD LENGTH

LENGTH WRONG.++PRINT STATUS

AND QUIT,

GET 1/0 COMPLETION STATUS CODE AGAIM.
00 MEANS NORMAL COMPLETION. (MUST BE
COPIED TAPE, SINCE FRAME CT IS NORMAL}



114
115
116
107
118
119
1«0
121
122
123
1e4
125
126
127
128
129
130
131
1a2
133
13%
135
130
1.7
1.8
159
140
141
142
143
144
185
146
147
148
149
100
151
152
153
154
105
156
157
138
1b9
pL.11

BEJCT

RE4IND»

RE2

69

stedax REVERT (THEA[L) esssss

TLeU  AQeOu, 04 MEANS ABNORMAL Frade COUNT.

J Ez.

blJ PREINT. AFC MOT S5» SO AE PRIMT STATLS AnD

J AHOTHER GET HEXT RECCRU.

SLJ  FRINT. SOLE OTIER 170 ERR0R...PRINT STATUS
ER ABORTS. AMD QUIT,

SUZROUTINE FOR PRINTING OUT THE STATUS wORD

+ =% .

LA AD2PKYT+3, GET THE STATUS WORD

LR«YU R291,

SA A2y TUNUF+L. (USEFUL ONLY ON 2HD ITERATION OF LOOP)
LR'U RLe5.

ANL U AGr 07, A0VE ONE OCTAL DIGIT TO AL{2-0)

AAU AlrUS0. COMVERT 7O FIELDATA DIGIT

s Alef, MOVE IHTO AR(35-30)

S5L  AC+3, MOVE DEXT OCTAL DIGIT TO Ao(2-p)

JGa RlrEl.

Riviy) R2+ER.

SA A2+ IMHUF.

LA AQs (Q104 s INBUF =2},
el PRI?ITS.

J *PRIT,

REWIND ENTRY POINT
LeU AQ»H©D.

Ert IOWS, REWIND THE TAPE

LArSL AOrRD+3, CHECK FOR BAD STATUS

Thi AD.

J REZ2.

SLJ PRINT. STATUS 9AD, «+PRINT THE STATUS

EH ABORTS, AND QUIT

T4 END. HOTE WE AREM'T AT Atl END OF FILL HOW
oJ 1+X13.

STORAGE AREA

-
$(0) e HAVEX RES 2.

PRTT

ENBUF
STATUS
END
RWD

130T tIHTAPE':P3 ThrIRJF.

+ *1/0 STATUS ',
RES T4,
+052005000112.

+ 0 .
IS0T SINTAFPE' +REAG.
(23]

SET NONZEPO “WHE§ EOF FOUND

ORIGINAL PAGH IS
OF POOR QUALITY



shitvn

2US3[3u1AswORKSPALES (L) OPT

WaEIT

R TN 2 R T T I T T R I I )

L]
-
-
o

OPTe

Q
[~

GET

s{0).
RETUR
HAVE
wOrny

MadAE e v

LIT.
ALFS
TZ

J

LA
S50
Adhg
LA
LSSL
5SL
aq -
SX
ER
LX
SA
52

J

RLS
+

RES
END

oPY

PURPOSE e

TO 0dTAIN FOR
THE EXECUTING

CALLING SEQUENCE...

REYRT (OKT)  wsenys

THE USER FROGRAM TH: 02TIONS SPLCIFLIER OM
STATEMENT.

LOGICAL SWITCH»TESTOPT

SWITCH=OPT (*Lr
TEST=OPT(' T}

SAITCH WILL Ha

)

-

VE THE VALUE .TRUF., IF THE tUt OPTION waS

SPECIFIED C© THE WXGT OH RFJLE.PROGRAY CARD, AID JFALSF-

OTHERWISE. TES
THE 1T+ OPTION

HAVE .
GLT .
Al *DsX11
Al,38 ,

u Al,06 .
AU WOHD .
A, 10eAL .
Al+35
2'%11 .
X11rWORD ,
oPTS .
X11.40P0 .
AD.WORD .
HAVE .
GO .

1 .
1 .
1 L

T wILL SI"ILARLY TIMOICATE THE PHESEWCE OF

GO GET OPTIONS IF WE HAVEN'T ALREAGY

3

SHIFT CORPECT GYIT TO HIGH-ORDER BIT
SHIFT TO LOW~0QRDER (RESULT IS 1 QF 0)
RETUR*!

GFT OPTION WOPD

HOTE gPTYIOM WORD IS PRESEZUT

70
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shodst  PAQLY  seteny

2UD3ITIIAMe R ORKSPACES { 1) « PARAM

1 [
2 c NA4E s e
3 c PARAM
4 [
S c PURPOSE s e e
g g {0 CREATE RECOKUS WITH STRICTLY DECREASING MONITOW SIGMALS
a8 [ USAGE« s«
9 c Q.PARAH OR  QXGQT ,PARAM
1o [ .
11 [ OPTIONS:
12 Cc A (QXOT O LY) AMPLIFY SOMF SIGNALS WHICH WERE
is [ ATTENUATED WITH A MEUTRAL QEMSITY FILTER
4 c
15 c CWLOWeWHIGH> (FREE) SIGMALS WITH WAVELFNGTHS IN THE
ig g RANGE  (wWLu#y sHIGH) WILL BE AMPLIFIED HY 1/.294
1s o IMPUT. .
i9 C ACCEPTS FILES CREATED BY PROGRA IS ¢RCOVER' OR 'REVERT'.
20 [
21 C RECORDS 1 & 2:
24 [ {72A1/72AL) FILE HEADER
23 ¢
&4 [ o RECORDS 3!
25 < WORDS 1¢27 {F5.1¢13) WAVFLE'IGTH,SHOT B
<6 [ WORD 37 (R) SCALEs vOLTS/DIV
27 [ wWORG 43 (I) SHOT &
as c WORD 5¢ {I1) # POINTS IN THIS PECORD
29 C WORDS o=13: {(R) 1IMCS (USEC)
30 c WORTS 14=213 (R) SIGNALS (V)
3 c RECORD N+l1:
32 [ 'REQF  * IM FINST 19R]D -
33 c
34 C OUTPUT s
as C FILE ArCEPTABLE TO PPOGHAY *BSORTY
36 [
37 c REGURDS 1:2!
38 [ [7241/7241) FILE HEADEP
59 [ RECORDS 3-H.
4y C WORNS Lr23 (FS51r13) WAVELEMGTHsSHOT #
41 C WORD 3: {R) SCALE (w/nIwv}
42 < WORD 4: I} SHOT &
43 c WORDS 5-20: (R} PAIRS OF TIME (USEC): SIGNAL (V!
44 [+ RECORD N+1:
45 ¢ *REOF ' IN FIRST ~ORD
46 [
47 c SUBPROGRAMS REQUIREDs+«s
48 <
49 [ DEGIN+OPT .
S0 <
51 PARAMETER MRCD=1400
52 INTEGER OUTFIL»QOUTREC.TEST.ENDL
53 INTEGER HEAD{20) »HIGH) VALLEY PEAK
5 LOGICAL OPT
55 DIMENSION A(8)¢BIB)+FACTUR(D) »WLOW(H) 2 WHIGH (B}
56 EQUIVALENCE (A{1)+HEAD{S))}»{BI1)sHEAD(13))
ORIq

71



27
a8
-1
(11
bl
o2
63
-1 3
6b
66
b7
[41:]
69

71
72

7%
75
76
77-
78
79
806
81
-F-4
83
an
a5
&6
u7
ua
o9
49n
91
92
93
94
45
95
ur
94
39
100
101
182
103
164
105
106
17
108
109
110
pB S
112
113

(st gl

on 0N

L]

72

speses  PARAMN tetaee

DATA ENDL INFILE v QUTFILe INRECQUTHEC

- FVEDE 10 15 T u/

aoo

805

10

830

12

14

15

20

DIMENSIUN X{A}Y(N)eA(8)
EuUIvaet'CE {(x{1)e+ (1))
LOGIC, L SaME

CALL EEGIN{'PARAM 2.11 &)

AATTEL=1

IF{HOT.0PTI'A*}IGO TO &

PRINT wvuo

FORMAT(® FNTER ATTEN AND WAVELENGTH RANGE®)

DO 3 KATTEN=1,B

READ BOS¢END=BsFACTOR(KATTZH) ¢ ALO 2 IKATTEN) o WHIGHIKATTEN)
FORMAT ()

ALOA{KATTEN) SALON(RATTEN) =05
WHIGHIKATTEN) =WHIGH{KATTEN) +.05
IF{FACTOR(KATTEN? 4 GT 41« }PRINT 901
FORMATL® >12%)

CeHNTL.uk

KATTENES

ALOAIKATTEN)ZRON0,
AHIGHIRATTCNI=T7939,

DEFINE FILE INFILE{MRCOsel Ue14RECQ)
DEFINE FILE OUTFIL (MRCDs 20,V 0UTREC)

TPAPSFER FILE HFADER
00 3 Jzle2
READUINFILEY Y (MEADLIIY P I21s12)
ARITELQUTIFIL Y JMHFADL(LI} ¢ IZL»12)

REAC A RECWRD
READCINFILEY INREC) (HEAD( LY » I=1 et} pHe {X{D) o YLI) o IS1eN)

Qulv AT EnNu OF FILE
IF(HEAD{1) .EQ,END1IGO TO S0
AMPLFY=1.

AEMNVE BAD RECORLS & CORRECT AMPLIFICATION
DECOUE (B30, HEADI nAVE
FORJAT(F3,.1}

DG 12 KK=L+KATTEWN
IF(WAVELT.ALOR{RK]})IGO Tu 12
IF(WAVE .LE.AHIGHIKK)IGO TO 14
CONTIHLUE

G2 TG 15

AMPLFY=FACTOR (KK)

TRAMSFER RECORD T0 QUTPUT AREA
N=MI1iG{NeB)
DO 20 I=1sN
A(NF2=-11=X{1)
BIN+1=1)=YL1) FAMPLFY
SORT POINTS ON TIME
IF{NLE+11GO TO 40
DO 28 J=Mp2s=1
SAMES.TRUE «
DO 2% 1=2,J
IFL{A{I).GE-ALI=-1})GO TO 25


http:WHIG-(KATTEN)=WHIGH(KATTLN).Ob
http:WlO4IkATTEN)=wLO0(kATTEm)-.05
http:AATTEI.Z1

1le
1i5
16
ti7
iin
il9
140
121

123
124
125
124
147
128
129
130
131
152
133
13a
135
136
132
15d
149
140

152

140
159

163
1%

170

(s Xnl1]

an

ao o fn

a0 on

ann

3%

36

38
(1]

stetes PARAY setsey

S=atl})
A(LISAll=2)
Atl-11=b

s=H{I}
diltzHil=-1)
8({I~-1)1=5
SAAE=.FALSE,
CONTIMUE
IF(SAMEIGD TD 3
CONTINUE

IF THIS 15 A MOMITOR SIGMALe, EMSURE ET+S
MOIOTONICALLY DFCREASING

DECODE (840 »HEAD) TEST

FORMAT(AS)

IFITEST+EQ.? tIGO To 3t

ID=N

00 TO 44

OROP=0.

HIGH=1

YALLEY:=1

PEAK=]1

) CEA

FIMNG A LOCKL MAYEMpH
In=lsel
IFLIDWGT«NIGO TO =8
IFLa{IB)+LLE.D{H~APS{IB41~H}))GO TO 32

NOTE LOCATIGN OF LOCAL MAXIMUM
HIGH=IB

FLan A LOCAL MIMIFU-
Ig=IbL+rl
IF(IB«GT«NIGO TO 35
IF{3{IBY .GELR(N-ARSTIB+1-N1) GO TO 34

1S THIS DRuP BICGER THAM PREVIOUS BIGGEST?
IF(BIHIGH)=B(IB) «LE.DRCPIGD TO 32

HOTE THIS IS RIGSEST JROP
DRAPSL (HIGH) =R (13)
PEAKSHIGH
VALLEY=IP
GO TU 32
IF (s (h]1GH1-B{18=1).LE.OROPIGO TO 38
PEAK=SHIGH
VALLEY=[E=1

HAVE FOUND BIGGEST NROP,..GET RID
OF POINTS LEFORE PEAK

la=o

13=IU+1

IF{IB.GE.PEAK)GD TO %2

ALIBI=ALPEAK)

B{IB)=BIFEAK]

60 TO 4O

73



saates  PARRM  dstase

{ﬁé g GET RID OF POINTS AFTFR VALLFY
173 42 [G=VALLEY
174 44 1p=isel
17 IF(1u.GT.8)G0 TO 45
170 ACTOISALVALLEY)
177 B(TB1ZB(VALLEY)
174 GO TO 4%
133 E WRITE A KECORD
181 45 WR1TE(OUTFIL*OUTRECIHEAD
1uz2 G0 TO 10
iga g CLOSE THE FILE AND EXIT
185 90 WRITE{QUTFIL'OUTREC)E i01
146 IZINKEC-4
107 PRINT 891,1
168 890 FORMAT(IS,* CURVES PROCESSED')
149 STOP
190 £r.0
W.EJCT
Oy, -
gzﬁ’jsg ’1:
OOR 4@@

74



75

evotes  IHOUT #ekupy

2ULA7 3 IMe W ORKSI ALES L) L BLDNT

MELTAEHN-

o oy
N

-
=

OARNNND S -
Fuh oo~y

anoOonNOonnonnObOLOOaONACOan

1

12

14
15

NAME e
USQRT

PURPOSEs s
T0 SORT THE RECOHJS. FINST BY WAVELENGTH: THEN 8Y SHOT H.

USAGEw e
W.HSORT R QXQT +BSORT {ND OPTIGHS)
SUBPHCGRAMS CALLEN. s

BEGIN+START ) SADD » SOROP (HADD 1 HDROP ¢ ADDTO» FINDTO ¢ EPUSHI EPUP

METHOD o s &
ON A FORYARD PASS, EACH RECORD IS READ, IF IT RANKS HIGH
ENQUGH (HIGHER THaN LEAST ONT CIIRRENTLY SAVED: IF THE
BUSFERS ANE FULL) IT IS SAVED AMD, IF YTHE BUFFERS ARE FLILLe
THE LEAST ONE CURRE ITLY SAVED IS WRITTFM IN ITS PLACE. &HoH
THE END OF THE UHSORTED PORTION OF THE FILE IS REACHEDe: ALL
RECORNS NEING HEL.L APE EXC 1ANGED WITH STORED RECORDS. THE
PROCESS IS REPEATWLNy IN ALTERNATING NIRECTIONS: ULTIL THE
ENTIRE FIL™ IS SORTED.

INCLUDE STORES!LIST
LOGICAL FGUND
DATA EL/°*QECF */
DATA HFILE/1S5/
CALL FEGIN('BSORT 2.01 ')
DEFINE FILE NFILE(1000s20+UrHREE)
CALL START
NEXT=2
FOUND=.FALSE.
LAST=0
IREC=2
IKCNH=1
NPASS=0
HWRITE=D
MNREAJ=0
KnOWh=0
SUREZ.TRUC.
BEGIN MEW SWEEP
CHANGE =+FALSE.
HPASSTNPASS+HL
CALCULATE WEs PFCOR: NUMBER
IREC=IREC+INCR
IF(IREC.EQ.LASTIGO TO &40
IF CIKIIONN. LE0) « ANID. L NOTLSURED I GO TO 3D
IF{H3ASE) 15+ 15/ 10
IFLIRECLEG.FROMIHRASE) }a0 TD 24
READ NEYW RECORD
CONTINUE

READ(NFILEYIRFCH R (L +BURFERY o 112 LBH]

NREAU=NREAD+1
IF(FQUNUIGO TO 20

ORIGINAY PAG
OF POOR QuaLITY



29

24

30

32

ug

Si
52

55

58
60

76

aveser [ SONT  sétsey

STOP SwrEP IF TulS IS ot QF FILE
IFIR{1+BUFFER) JNELEL)D TO 20
Founu=.TRUE,

LASTEIREC
RECRU=IREC=3
GO Tu 40
AND THIS RLCOMD TO SORT STACK
COMTI UE
FROMIDUFFERIZIREC
CaLl SADD{JUFFER)
BUFFELTUEMAND ($89)
GO TO 12
WE ARE HOLDING A RECORD WE WANT TO WRITE HERE.ss
00 SO0+ THEN ADD IT TO THE SORT STACK
CONTIKUE

WAITE(NFILE*IRECH (R{Io+HRASF) =1 /LGH)
NaRITL=N¥RITE+L
CALL SADD{HDROP($89})
IF{SHEIGO T 12
CALL CPUSHLSDROP{%49})
60 TO 12
THEPE'S NOT ENOUGH rpOM TO DO ANY SORTIHG LURINMG
THIS SCaN...0YPASS ALL RFADING
IF (HDASELLE.(1GO TO 32
IRECSFRUO A{IIDASE)
WHITELMFILE'IPEC)Y (R{I+HBASEY # I=1sLGH)
NwRITE=NWRITC+1
CALL EPUSHIHDROPLISBE9))
GO TO 30
IREC=LAST
CALCULATE NE# SWEEP LIMITS
CONTINUS
LAST=HEAT
NEXTSIREC~ILCP*KNOWN
IF{{.HOT«CHANGE ) « AMD« {KNO 5 1.6T+03 )60 TO 88
KNCHI=0
RECORD DESTIIATIONS OF RECORDS TO 3E HELD
1=SHASE f
NTO=0
IF(I)55:55,52
CORTINUE
CALL ADDTOL(I)
I=UpLI)
60 TO 51
SET POINTERS
COMTLINUE
ZLAST=IHCR2NTO
JTOZNTO
CALL FINDTO(J}
IHCH==INCR
SYRE=.TRUE .
TTOP=4TOP
STOP=0

SBASE=Q

WRITE SORTED RECORDS IN PROPER ORDER
IF(TTOPY T4+ 74,60
IRECSIREC+INCR


http:AND.(KfiOs4.GT
http:CONTII.UE

shasve  ISORT [ TLXTY]

14 [FLIALC.ER. FRaM{TTOP} 160 TO &b
115 6L IF({TU(JTOI=IREC) #INCH) D216 06U
llb 62 JT0=JT0=1
117 GO0 TU ol
s c FILE RECORD THAT WAS HERE IS IN THE SOWT
119 c STACK AaD CAH RE OVERWRITTE!N
120 63 CONTINUE
121 YRITE (MFILCYICECHIR(I s TTUR)  I=1:LCH)
122 NWRITEZNARITE+]
143 66 IaD0an(TTOP)
124 CALL EPUSHLTTOP} '
125 Trop=l
126 G¢ 1O 53
147 c FILE RECORD THAT WAS HERF MUST gE HELD
t28 ¢ AND WRITTEN BACK LATER THIS SAFEP
149 68 CONTIIUE
130 READ(LFILE* IHEC) (P{T»MUFFER) » T=10LGH)
131 NREAD=NREAD* L
132 WRITC(NFILEYIREC) (R(I+TTOP) « I=1sLGHD
133 NyRITE=VWIRITE+L
134 CALL hADD(BUFFER)}
135 1=00alt TIOM}
136 BUFFER=TTOP
137 TToP=1
158 GO TO 58
139 c ASSIGN DESTIMATIONS TO THE RECORDS HELD
140 74 IZHTOP
141 IT0=0
142 75 IF(LI)a2r852:78
143 78 ITOSITO+#L
144 FROMUII=TQLITO)
145 1=D0an{L}
pL - 60 1O 75
w7 c GO FOR REST OF THIS SWEEP
148 B2 CONTINWWE
149 IF (AuS{LAST-HEXT).GT.1}60 TO 1U E—
150 c SORTING COMPLETE...REPORT & QUIT
131 88 CONTINUE
102 PRINT 8U8,RECREINPASSNWRITE  NHEAD
153 808 FORMATIIS:* RECOMRNSG SARTEDY/
154 - Ia,* PASSESY,
155 - ISy v YRITESt/
1be - 15+ READS'}
157 SToP
158 B9 PRINI S05.MPASS
159 995 FORMATLY STACKS FOULED UP BY PASS'sI4]
160 sSTOR
1ol END
BE£CT


http:IF(I),s2.S2.78

18

»eatas  DNSORT (SAUD]  sseves

2USST3JIM e ORKSPACES{ L) .SADD

PENCT

<
c
C
<
c
<

10

20

22

25

30

35

SUIRCUTINE SAND(wHERE)

PURPISE .
TO ADD A RECORD YO THE *SORTED® STACK

USAGE s e»
CALLED BY PROGRAZ *ISORTH

INCLUDE STORESLIST

IF {SURE )V KNOWMNTKMORNSL

IF(STOP)S,S»10

STOP=SYHERE

SBASEZARERE

UPL{WHEREY=0

BUWNLWHERE ¥ =0

RETUKI

IF ICMPARE(WHEPE»STORP} 120,150 15
ENTER RECOND AT TOP OF STACK

UP{STOP) = AHERE

Hpt 4HERE) =0

DOWH(LIERE ) =5TOP

STOP=aHERE

RETURN

CHANGE=+TRUE «

IF{CHPARE L WHERE ¢ SNASE) 12,.922+25
EXTFR RECORD AT BASE OF STACK

Q0 ANISSASL ) =aHERE

UP{WHERE)ZSBASE

O0ANIWHERE } =0

SBASE=AHERE

RETUR?

=STUP

I=00w2(1)

IF(CHPARE {wHEREr1) )30+ 35,35
EMTER RECORD ABOVE PECORD I

JRUP(I)

DOAII{J) =ZWHERE

UP{WHERE)=UP (T}

DoAN(~HEREI=T

UP{I)=+HERE

RETURN

END


http:20,IS.15

seesss  ISORT {STORES) svesss

2003723 1Men0lhSFALES(L) «STORES
STORES PROC

EU NN~

oOOADDIOONNROOOON

END

PROCELURE NAMEs+ s
STORES

PURPULE s e s

79

TO COMMUNICATE THu RECORD STACHK INFORMATION FOR SURTING

PROGRAM *HSORT'.
USED BY PROGRAMSa e

BSORT +BEGIN e START» SADD ¢ SOROP ¢ HADD o HORCP ¢ ADDTO ¢ F INUTO EPUSHY
EPQP

LL IS THE NUMAER OF RECORDS HELD IN MEMORY,

AND MUST BE AT LEAST 3

PARAMETER LL=24%

PARAIETER LGH=20

IMPLICIT INTEGER (A=Z)

DEFINE RECCRDCILOCISIT(JudeTLOC) rddI=1vLGH)
COMMO,* TNCR»SURE » CHANGE ¢ KNOWM» 1TO. NTO PUFFERY
- STOP«HMTOP+FTOP ¢ SEASE +HIASLy
- DOWNILL Y » P ELL) + FROM{LLY e TOILL) #R{LGHeLL)
LOGICALL SUREeCHAIIGE

wextad  BSORT (START) sssgsr

20537 3w IMe,ORKSPACES (1) 45TART

HeEJCT

fionn

10

SUBROUTINE START

PURPOSE e s
TO INITIALIZE STORAGE FOR PROGRAM *BSORT*

INCLUUE STORES.LIST
SUFFEI=1
ETOP=Z

DO 1u I=3.LE
pownii~1)=1
DOWN(LL)=0D
STOP=U
SBASE=(
HTOP=U
HBASE=Q
INCR=1
RETURH

END

ORIGINAT! PAGE IS
OF POOR QUALTTY]


http:FOI{ALL)TO(LL).R(LGH.LL

g0

seebae  LSOAT (SOROP)  setesd

20557 3JLMe ORRSFACEWIL) 50 OF

WeEJCT

aoonannn

S

10
15

90
901k

INTESLIY FUNCTTOd SOROPLS)

PURHISE .. .
TO DHOP A RECORD FROV THE tSORTED® STACK

JEAGE e o
CALLED BY PROGFA% *TSORTY

INCLUCE STORES.LIST
IF{SBASE)90/,90,5
SDROP=SRASE
SBASE=SUP (SUASF)
IF(SUASEI 10/ L0r1b
STOP=0

RETUR!,
DOWNISUASE) S0
RETUR.

PRINT 901

FORMAT(* SORT STACK OVERUROPPED?')
HETURL 1

END



81

adetes LSORT (HUD)  tentss

SUBITIJINw L ORKSPACES{ 1) .HALD

1 LUBRJUTIME HAPO(MICRI)

2

3 [ PURPOSEses

L [ TO AuD A HFCORO TO THF *HOLD' SYACK
9 [+

6 c USAGE s 4

7 < CALLED BY PROGAAM 1]1SORT?
8 <

9 INCLUDE STCRES:LIST

10 IF(HTOP) S50 10

i1 S ATOP=AHERE

12 HYASEZWHERE

13 UP {WHERE Y =0

4% D0WN(WHERE Y=0

15 RETURI.

i6 10 IF (CIPARE (WHERE/HRASE) 1 15020.20
17 c EMTER TO BOTTOM OF STACK
iB 15 DOWNLHBASE)=AHERE

19 UPR (WHE,RE ) =HBASE
20 DOWN{ aHERE }=0
21 HJIASE=WHERE
22 RLTURN

23 20 IF (CAPARE(AHERE#1ITOP)125,22,27
24 C ENTER TO TOP
25 22 UPLHTOP)=wHERE
26 DOWN (wHERE }=HTOP

27 UP{AHEAE) 0

28 HTOP=,HERE

29 RETuRL)

30 25 I=HTOP

31 30 1=00am(1)

kF- IFICMPARE(WHERE 1) 130, 35,35

33 c ENTER AROYc ELEVENRT 1
L[ 35 JaJp(l}

35 DO 4l () =WHERE

36 UPIWHERE}=UP(I)

37 DOWNCGHERE) =1

38 UR{I)=4HERE

39 RETURN

%0 END

D.EJCT



ekssee  LSIHT (HOROP)

2UB37 34 IMe u 2K SPACE S (L) JHDROP

sebect

é 1 +TEuet FUNCTION HOROR(s)
C
3 [+ PURPUSE s«
4 [ TO DROP 4 RESCOTND FROY THE *HOLNT STACK
5 c
6 c JSAGE ..
7 [+ CALLED BY PROGRAM YESORT?Y
8 C
9 INCLUOE STORESLIST
10 1F(HUASE)G0,90,5
11 5 HOROPZHBASE
12 HBASEZUP {HBASE)
13 I IHAASE)Y 10+ 10,15
14 10 HYOP=D
15 RETUAL
lo 15 DOSHLHBASE) =D
17 RETUAL
18 9¢ PRINI 02
19 902 FORMAT(' HOLD STACK OVERUROPPFLY)
20 ReTURL §
21 EMO

xexkxx BSORT (ADDTO)

2UD373JIMenORKSPACES{L) L ADUTD

skrphd

1 SUBROJUTINE ADDTOLT)
2 c
3 [ PURPOSE. .,
" [ TO ADD A RECORD Tu THE *7TO* STACK
- 4
6 [+ JSAGEw e o
7 c CALLED BY PROGHAM YRSORTY
8 c
9 INCLUDE STORESLIST
i c STOP IF STACK IS FULL
1) NTO=4TQ+1
12 IF{NTO,37.LLYIG0 TO 90
L3 [ o FIND PROPER PILACE To INSERT RECORD
14 CALL FINDTO(I}
15 [ MNYE REST oF RECORDS & INSEPT NFW OME
L& J2HTO
17 16 JzJ=1
1a IF{J«LE.ITOIGD TO 18
19 TOLJ+1)IZTOY)
20 60 TO 16
21 18 TO(ITC+1)=FROMIT}
22 RE TURI
23 ¢ ERRMR e+ «STACK OVERFLOW
24 98 PRINT 708
25 708 FORMAT(' NTO ,G6T. LL")
26 sToR
27 END

SEJCT

82



stesee  150uT (FIVDTO)} edsses
LAUD3 130N ORKSPALES (1) JFLADTO

1 SUSRULUTINE FIOFO(I)

2 <

hi c PUIPOSE.s,

) C SET POINTER *170* TO POINT IM *TO! STACK WHERE
5 [ A GIVEN NiW RECORD SHONILD wF IMISERTEN
& c

7 el USAGE s

3 o CALLED BY PROGRAM thSORIT?

9 [
10 INCLULE STORES.LIST
il 1TO=NTD

12 S5 ITO=ITO=1
13 IFLITU)1%,15.10
is 10 IFC(FROMIII=TOIITOY ) #INCHIS+15¢15

15 15 RETURN
16 END

vaaxas  BSORT (EPUSH) weéyss

2UH373J1Ma4ORKSPACES (1) LEPUSH

1 SUBRGUTINE EPUSHILOC)

2

3 C PURPUSE e s s

& c 10 STORE A LOCATIUN Tl THE rEMPTY® STACK
5 C

6 c USAGE..es

7 c CALLED BY PROGRAM '[isonTe
3 c

9 INCLUDE STORESILIST
30 DOWHLLOCY=ETOP
i1 ETOP=LOC
iz RETURN
13 END

sessas  OSORT (EPOP)  sssses

COLITIJIMenORKSPACES L) JEPOP

3 INTEGER FUNCTION EPOP(S)

2 c

3 c PURPOSE s e

4 [ T0 GET A LOCATION FROM THE "EMPTY® STACK
5 c

&6 c USAGEs«+

7 < CALLED BY PROGRAM *HSORT?
a8 =

9 INCLUDE STORES(LIST .

10 IFLETOP)90,50,5'

11 S5 EPOP=ETOP

12 ETOPZDOWN(ETOR)

13 RETURN

P LY 90 RETURN 1

15 END

ORIGINAT} PG 15

OF PoOR QUALTTY,
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seabas PRIFILE *svees

2UBITSJIMe L ORASPACES (LY PROFILE

O O oOnhonnoaOaOnNCOOONONOOMAINONNN

HAME o+
PROF ILE

PURPUSE e+«
TO UNFOLD THE DATA INTO INTEMSITY VS WAVELENGTH CLRVES

IISAGE +e»
WPROFILE OR &XuT PROFILE

QPTIONS:
A PRINT AHD ARITE TO OUTPUT FILE POINTS FOR alL
MONITOR INTENSITIES  (OTHERWISE+ IF € 50% OF THE
POINTS AHE ACCEPTED, THF WHOLE PROFILE 1S OISCARDED)
OISCARD POLINTS »ITH TIMES FIR THIS MONITOR INTENSITY
FURTHER THAN 1.6 SICZMA (DEFALILT 1.73) FhOM THE MEAN»
THUS DELETING ABUUT 11i (OCFAULY 83)

OFLETE 10 LATA POLITS (OVERPINES 'Ct OPTIOL)

PROVIDE FULL LISVING (OTHERJISEe OIILY A& SURMART)
REPNART LLSULTS FOR ALL WAVELENGYHS (EVEM IF MOST
POINTS AME DISCARDEN)

3 SKiP S0''E PRJFILES

¥ GEWERATE FILES FUR DROGRAM *THFORYS

(2}

arim

SURPROGRAMS PEGUIRED.s»
BEGINSQPT» TIMs INTLNS » LOOKIIP, YESNO

MAXTMUM HUMBER OF WAVELENGTHS
PARAMETER LIMEXP=36

MAXIMUA NUMBER OF POINTS PER WAVELENGTH
PARAMETER LIMSH=S

QUTRUT RECLORD LENGTH
PARAMETER CSIZE=360
PARAHETER CSIJE22CSIZN+3
DIMENSION MU ASHILIMEXP) ¢ IMTEXPILI 1EXPrLIMSH) + LENGTHILIMEXP)
DIMEHSION BLOCK(S5) +EVROTEL2)
EQUIVALE'ICE (IMTHEFBLOCK{1} ) (TAVER ALOCK (P ¢ (J,BLOCKL3))
INTEGER TEMP(20) /GRP
OTAENRSIOE HEARER{24) »SIGILIYEXH) +ZRRORILT SEXP) rLABELI20)
EQUIVALENCE{TEMP (4) +RSHOT) » (TEMP (S)I,AREF(11)+{TEMP (13).BREF(1))
EQUIVALENCE (LABEL (4) oTISHOT) » {LABEL{S) pALI(1) » (LABEL(13) »BLINTL))
DIMENSTON AREF(8) +HREF(8) pALTHIBYRLIN(BY s LOCATEICSIZE)

- LIST(CSTZER2)

LOGLICAL SKIP{10) »PETURMPRIMNTIOPTCLOSE ¢ ALL » THEORY , PRSKIP,EVERY
LOGICAL YESNO,REPORT
REAL IHTENS, INTULN) » INTAVILIVEXP) ¢ LAHDA LENGTH» INTREF
REAL IBEGIN. IMTEAP .
EXTERUAL INTENS
INTEGLR PODR+EARLYFOUND,PCENT
ENTEGCR GROUP(8} ¢FBEGIN{S) ¢ENDIB)Y yCREC!PFILEPREC/1/9GPr TRY »OUT
INTEGER RSHOT+REFFHNDeREF1sCEMDsCFILEEL1rPOINTS»BAD
INTEGER SHOT(LIMEYP»10) ¢ TAGILIMEXP»10) ¢ NTAGII0}  LIMTAGILIMEXP)
INTEGER TFILE,TREC,TFUT
DATA (BLOCK(1)2I=4:21)/18e0./



113

B5

seabed PHOFILE svapey

OATA INFILEs DELT, elr LADA, NOPTOF: RiFL, CFILE) Te ILp , TFMT

- '3 15 oLe'QECF v, U.n, o» [+ I, 25 30637

10

200
BC3

12
15

20

805

25

UaTA  LISTIL), ALTER-SPRLAD-EVHort
- 7/ 132, »85¢ Jer? tyt ¥
CALL LEGIN(TPROFILE 2,4] Jt}
NEFINE FILE LNFILELI00D, 29Uy THREE)
CEFIIE FILE CFILE(CSIZE ) 20010 CHEC) .
FIdo OUT unETHER TO PRINT PROFILE out
ALL =Z0RTL{A)
CLOSE =0FT('Cr}
EVERT Z0PT('fFY)
PRINT =20PT(*L 1)
REPONUT=OPT('RY)
PRSKIF=OPT(*gr)
THEORYZOPT{ *T+)
IF(CLOSEISPREAD=2,.55
1EL.NOT.EVERYIGO TO o
EVNOTE(L1)=" ey
EVNOTZ(2) =i ypEn *
IFt LT THEORY) TPILESD
IBEGIT =0.0
L=0
K=0
SAVE FILE HEAnE®
READINFILE* 1} (HEADER (I}, J=1,12)
HEAD{INFILE'2) (HEADER(I),1=13,24)
FING -BEGIMNIIG AND END OF EACH GROUP

READ LINFILE* TMREC HLABEL

IF (LAGEL (1) «£0.E13G0 70 25
DECODE (800, L AREL ) RGP
FORMAT (AS)
DECODEL 803, LABEL) 8B
FOHMAT{19)

GPTGP#100

IF LGRP . IE, "160 To 1z
TBEGIH=NAX{ LBEGINIBLING 1))
PEY]

LOCATC [K)=NSHOT

1=

I=1+1

IFtI.60TaL)G0 TO 20
IF((S?*GROUP(I).GT.GP).on.¢ep.GT.1nssoPoun(I):150 T0 15
GO Tu 19

FOUND BEGINMING OF bW GROUP
IFIL.GELRIGO TO 197
Lalrl
GROUP(L}=GP/100
FAEGIN(LY=INREC-1
PRINT &U5,GROUPILYFIEGEMIL)Y
FORMATL? FOUND GROUP: v,1%,v AT RECORD™) 4}
LF(L.HE.L)ENDtL—llzlﬂREc-a
G0 TO 10

IF{L«lE~D)ENDtL)=THREC2

NOTE BEGINNING & ENp OF SEFERkieE SLGNAL GrOuP
INREC=1
K=0

00 30 KK=1sL


http:IF(CLOSE)SPREADt2.S6

C 2

asbsrs PROFILE v#dane

114 30 L {GheUPIKK)oFe ) O TO 32
115 GO Tu 121
116 32 HEFL=FUEGINCKK)
117 REFEWLSLRND (KK)
118 KX=0
119 KLIM=L -1
120 IHEAD=U
el IFLenGT«PRINTIPRINT 806
122 806 FOWAT(*OFILES IMTENSITY POINTS!/
123 ~ ¢ (VOLTS) FOUND ©aD*}
14 [+ PRODUCE !Ew*FILE FOR EACH LINE PRESENT
125 DO 100 K=1leKLIM
126 ¢ INITIALIZE THE FILE
127 35 KKEKK+1
a8 IFIKK.GT.KLIMIGO TO 190
129 IF(GRCUP{XKK) +EQ4? G0 TO 35
150 PFILE=CFILE+K
131 CREC=L
132 JAZFBEGINIKK)
133 JAZEND(KK)
154 IFtJa=JA+1.GT,CSIZE)5C TO 190
135 00 38 J=JReJB
136 WAD(INFILE* ) LABEL.
157 38 ARITE(CFILE*CRECILABEL
158 CEMND=LACC=1
139 DCEINE FILE PRILE{1423% ] IEXP+1eUsPRECY
140 WNITE(PFILE*11HEADER
1431 INTREF =+ 939 IBEGIN
142 TRY=0
143 NT=0
p L) LINESZLIUO
145 IF(.NOT«THEORY)GO TO 40
146 DEFIRE FILE TFILE{13+55+(2+LINSH}+LIMEXP U, TRIC)
147 NRITEATFEILE® 1) TRAT +HEADER
148 [+ START MNEXT “OMITOR SIGNAL LEVEL
149 50 INTREFZALTER=INTREF
150 TRY=TRY+1
151 IF(TRY.GT,20)r0 To g7
152 IF{.NOT.PRSKIPIGO TO 41
153 PRINT 813.PFILE.TFILEs ItITREF
134 IF{YESNO(*WAHITEDDZR ¢ »$97} 160 TO 41
155 NT=0
136 a0 TO 49
157 41 AVERR=0.0
154 CREC=:
159 WSHOT=0
160 J=1
1bl LENGTH{1}==2,
162 POINTS=O
163 NOMOH=0
164 FouNO=0
1a5 POOR=G
tob BaD=6
167 auT=0
168 EARLY=0
169 LATESD
170 N=0
1=
1
AL PAGE
pRIGHN » QUL
‘w}'foo v


http:IF(GROUP(KK).EQ
http:LF(Gi.UP1KK).rj.F).OO

i71
172
173
174
175
176
177
118
179
180
181
182
1d3
166
14%
18w
1u7
188
149
190
iv1
192
193
194
195
196
197
198
199
230
2d1
202
203
204
205
206
207
208
209
210
211
212
2L3
214
2Ls
216
2Ly
2i8
219
220
221
222

224
225
226
227

oo o0 0N

42

48

45
58

52

o4

812

56

1)

87

svetee PROFILE  seseen

FI D “EAD & HTALARD MEVIATION OF TiMES FOR THIS
MO LITOR INTELSTTY,.
IFINTGT.L)uD TO U4y
WE 1UST GO PEAN THE FILE THE FIRST TIVe THKOUGH
T=0.
T520.
a0 42 L=ReF1sRFEFRMD
READCINFILE'L)YTE 1B
TASTLICLNTREF s AREF ¢ BREF 2 342, %42)
NY=NT+1
T=T+TA
TS=TS+TATA
CONTIIUE
G0 YD 50
RECORD TIMES FOP ALL “OMITOR SIGNALS NOT USED
FOR THIS PHOFILF
N0 4% LENEFENNPEFL =1
Calll LOJKUP(LOCATE(L+1=RLF1)» Lo LIST, 545}
READUINFILE*LITE>P
TASTI' (INTHEF o AREF ,AREF , 445 54h)
T=T+TA
NT=HT+]
TS=TS+TAMTA
CGNTI IUE
IFINT,LE.L)00 TD 192
CALL EMPTYILIST)
TAVER=T/FLLOAT(HT)
TSIGMASSORT L (TS~TAVFR=T ) /FLOAT(HT~1})
TSIG={{TS=TAVCRaT} /FLOAT (T~1) ) 258READ
T=0.
TS=0.
HNTZ0
INREC=REF1
RSHOT==-2
GFT ANOTHER CiIRVE ULESS WC'RE AT THe EMD OF THE FILED
IF{CREC.LE.CE IDIGO TO 54
IF WE HAVE DATA FOR THIS WAVELE'IGTHe FIND AVERAGES
IF{N.LT.0)GO TO 79
IF WE HAVE DATA FOR THIS TIME GO RECORD IT
IFLJ.GT-1)G0 TO 61
GO TO NEXT TIME
GC TO 96
GET HEW CURVE
READ(CFILEYCREC)LABEL
DECODEL{BLZeLANELILAMDA
FORMAT{FS, 1)
IF(AQSTLAMGA=LEHSTH{J)) L T. .02}G0 TO 58
IF(iteGT.0)GO TO 70
LENGTHI{JI=SLAMDA .
N=D
NFZ0
GET REFERENCE CURVE FOR THIS SHQT
HE=MINO(NF+1.10)
SHOT (JrNFISNSHOT
TAG{JeNFIZTY 7
IF (INREC.LE.REFEIIDIGO To 59
I=REF1

IR,
1(-:@11%33 paGE
O 00, QUALTY



246
229
230
251
232
233
23%
235
230
237
2438
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
235
256
257
258
299
260
261
202
203
2ol
205
Z2ob
207
208
209
270
271
272
213
274
275
276
277
278
279
280
201
2082
283
289

aGoon

59

D
61

63

64

65

66

&7

od

69

70
71

88

- -yuavee” PHOFILE ¥Fevess

L0 TO 60
IF (LOCATE(INRFC+LI=REF 1) ,LBNSHOTIGO TO 63
I=INREC
0o &1 I IRECShLF1+REFE IT
IFCLOCATE {INRFC#1=REF1) (2 G . HSHOTIGO TN 63
NDO PONITOR SIGHAL FOUNHD FOR THIS SHOT nuU49cR?
INREC=]
MNOMO=HT 10T
TAG{JeNFIZ*NY
GO Tu 52
REAG(INFILE*INREC)TEMP
RECORT TIME AT PEXT INTFMSITY
TASTIM (INTREF«ALTFR e AREF s BREF » 5604, 3614}
NT=HNT+1
TaT+TA
TS=TS+TA*TA
IF TIME FOR TYIS MONITOR INTEMSITY IS MORE TUHAM
1.73 (OF 1.6, UNDER C* OPTIOM) SIGMA FRUM THE “EANS
THE MONITOR SIGMAL IS5 BAD AMD WE DISCARD THIS POINT.
THIS SHOULL» ASSUMING A GAUSSTAM DISTRISUTION.
DELETE ABOuT &% (OR 11%) OF THE POINTS.
TA=TL- {INTREF + AREF »bREF 1956, 5193)
IFCITA=TAVER ) w22, LT.TSIG)IGO TO 65
POOR=POOR+1
TAG(JINFI='P?
IF LW NOTL.EVERYIGO TO 52
FOUMD ONE mfORE CURVE FORf THIS LEVEL..RECORL
HN=H+1
IF(H.GF«LI-SH)G0 TO 140
INTEHIZINTENS(TAZ ALINBLIN: 572 S08)
SKIP{LIT.FALSE.
NTAGINIZYF
G0 TO He
IMTEMSITY IS OUT OF RANGE OF MOMITOR VALUES
OUT=0UT+1
TAG(JeNFI=10"
G0 TO 69
TIE IS YTOU EARLY FOR SIGNAL CURVE
EARLY=EARLY+]
TAGLJeiF)I=E"
50 TO 69
TInF 1S TOu LATE FOR SIN 1AL CURVE
LATESLATE+)Y
TAG(JsNFI='L?
IF(LATE«GT.10160 TG 97
H=N=1
50 TO 52 -
FOUND ALL DATA FOR ONE WAVELENGTH...
CALCULATE AVERASE INTEHNSITY
RETURI=FALSE. .
N=0
sSuM=0
SUMSG:D-U
Do 72 I=1.N
IF(SKIPL{I} IGO0 TO 72
NN=NN+1
SUMSUMFINTIT)


http:TAG(J.NF
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89

Adsbre PROFILE  4esune

285 SUVMSLISU IS+ INTII e T 11T

246 LATEAF {de NI =IHTLL)

207 72 COiTIMUE

2ud HUHMSHEJIZNN

289 IF thl'l)l,g!?So?’

240 73 Ir TAVIJ)I=SUM/IN

294 SIG(JY=(SUMSO-SUMCINTAV{JY ) Z{nN=1)

292 [ DISCARD POINTS QHLY ONCF

293 IFIRETURIIGD TO 76

294 [od THROw QUT all POINTS FURTHER AWAY THAN 1.8 SI6MA
295 c THIS SHOULL DELETE ABOUT 6% OF THE POINTS.
296 DO 74 IS1.N

297 IFISKLPII)IGO TO Tu

298 TFUCLITUI)~INTAVIS) )+ w2, LT, SIG(J) 23428060 TO 74

299 Halz=daD+1

3u0 11=nTAGLL)

3ut TAG{ TIIzr e

302 IFLEVLRYIGG To 74

303 RETURN=+TRUE.

Iue SKIPIIY=.TRUE,

3ub 74 COTILUE

306 c RECALCULAT: »EAN & STANNARD REVIATION IF
307 c WE'VE THROaM OUT AdY GRS POINTS

KT IF(RETURNIGO TO T1

309 GO T 7o

310 75 INTAV(JI=SUM

31 SIG(JI=U.

312 76 SIS(JI=SaRT{SIGIJ))

313 IFULILTAVIJ)Y LLT. 1,E-5).0°.{*HWEQ.0}IGO TO 194

3lu ERROR(JI=100.4516 ¢ /INTAV L)

318 AVERHRSAVERR+FARROR(Y)

316 LIMTAG(J)=HF

317 POTATS=FOINTS+HMN

38 =J+1

3tg 50 TO BU

32q 79 IF(REPORT)J=J+1

321 80 FOUND=FOUND+K

322 IFICREC.GT.CENDIGO TO B1

323 IFLJ.LELINEXR)}GO TO 56

324 J=J-1

345 PRINT 950.d

326 980 FORMAT('Ossax MORE THAH's[4r' WAVELEMGTHS, REST JISCARDLED wevet/)
327 C

328 c DOH*T SO0THER RECORDING OR PRINTIMG IF MORE
329 c THAM B0, OF THE POINTS WFRE THHOWH OUT
330 81 FOUND=FOUNDHTI0I+PO0R+OUT+FAPLY+LATE

331 IF(FOUND.LE.0)GD TO 195

332 PCENT={100# {NOMO++PQOR+OUT+EAPLY +LATE+HAD) } /FOLIID

333 Jz =1

336 IF{ALL}IGO TO R2 .

335 IF{PCENT .GTe 40)GO TO 9

346 c IF WAVELENGTH IS It uv DIVINE PY TWO
337 [ TO COMPEMSATE FNR IrCORRECT MCPHEARSON SCALE
358 B2 IFILENGTH(L) .GTs 3300,)60 TO 86

339 DO 84 I=1,d

e 84 LENGTH(I}=, 5« ENGTH(I)

4l 86 IFLPRINTIGOD To A7


http:IF[N.-1)79.75.73

32
343
Jeh
13,1
346
N7
348
349
350
351
352
333
LT
355
356
357
358
359
3o
3b}
o2
363
k11
385
306
3T
Jvd
309
310
371
3rz
373
7y
37s
3Té6
377
378
379
340
3al
Jaa
383
384
385
386
37
388
369
330
391
392
393
394
395

397
378

c

an

[alals

90

abenes  PROFILE vseeva

PRINT 83+PFILE» YFILE INTREFFOUMND, PCENT
B13 FORMATIIXeI2013sFAL30I9 5, HY)
G0 TC 91
PRINT PROFILE IF REQUESTED ToO
87 LINESSLINES+J+17
IF(IHEAD.LT.0)GO TO B3
IF(LINES.L.T.57)60 TO 89
B8 PRINT 814+HEARER
B18 FORMAT({1H1+12AB/1H ¢12A6
LINESSJFI9 .
8% PRINT B15:TAVERy TSIGUHA« INTREF+PFILE r TEILE+FOUHD +NOMONY
- POOR.EVNOTC+QUT+EARLYSLATE AN 1 EVNOTE PO TMTS
815 FUORMAT{1X//' TIME =t eFB.50% +="4F5,3,* MSEC MONITOR =v,
FGelbo? ¥ FILES* I5," &% 13//
TiN, I3 POIYTS FOINpr/
T12E3e* HaD w0 wONITOP S1GHALS N/
Ti0+I3e* HAD POOR MONITOR SIGNALS (P)',286/

TineT3s* QUT GF MONITOR RAMGE [GIRY
T10eI3s* T1 ES TOO EARLY {E)try
T10pI3,* TIMES TOO LATF (Lyts

Ti0»13,? SIGNALS TNO FAR FROM MEAN (R} ' ,2A6/
T10,T3»* ACTUALLY USED//)

PRINT B16
316 FORMAT(Y WAVELENGTH TITEMSITY ERRORY , TS0» *POINTS FOUNDY/
- * [ANGSTROWS} (yoLTIS) )
IHEAD=L
DO 90 I=1l.d

IIISLIMTAGLL}
aD PRINT B1BsLENATHID) » TUTAVIT) »SIGIIY4EPRORIT )

- (SHOT(T+IL) o TAGLI»II} 2111 ITT)
318 FORMATIFLO«24F9e5+" +="1F7,51F640,T35¢ 1H%s
- 2X210{I5+14+A1))

AVERRSAVERR/FLOAT ()
PRINT 821,AVE=R
821 FORMAT(TLY» YAVERAGE SIGNA'1F6.6r T35, 1HY)

WRITE I'IFOxVATION TO FILFS
91 IF(J.LE«2F)LENGTH(J*+1)=0.
WRITE(PFILE *PREC) TUTREF WLEUGTHr IUTAY, 516
IFUTHEORY IWRITE(TFILE TReCINLOCK ¢ U 1S4»LENGTH INTEXP
G0 TU 96

REPORT ONE PROFILE DISCARDED
92 NOPROF=NOPROF#1
IF {HOT-PRINTIGO TO 96
GO TO WEXT PAGE IF THIS PAGE HAS A PROFILE ALLREADY
IF{IHEAD.GT.0)PRINT 816
PRINT 8259¢ IMTREF o PCENT 010N POOR, QUT» FARLY rLATE »BAD
825 FORMAT{' MONITOR =*»FS5+¢3,15¢'% DISCARDFO: 'y
- Tetha® MNepTha® Proirt OVeI4,? Ev4I400 Lo Xu,r B*)
IHEADS=1
GO TO 96

REPORT ERRORS OCCURING WITHIMN MAJOR LOOP

180 PRINT JULsGROVPIKK} rJA»JBrCFILESCSIZE
901 FORMAT(® GROUP! *.15¢? USES RFCORDS'sT8e¢* THRQUGH® s 14


http:THROUGH'.14
http:RFCORDS*.14

399
45040
401
bu2
403
duy
405
446
497
Bug
hug
%10
511
412
413
Biy
415

17
L%}
8lg
S20
421
422
4234
824
825
He6
427
428
R29
L %11]
431
%32
433
534
435
B35
437
438
439
B0
443
a42
443
LTE
445
446
447
548
449
850
851
4552
453
454
455

ann

neOo

aevbnk PHOFILE tsesre

- T oeaTOO VANY FOR FILEYeIW/
- * WHICH HOLUSY»I4s% RECORUSLH)
GO TO 97

192 PrINT 902, INTREF
902 FORMAT(' MOUITOR =*+F3.3,%; TOO FEW VALID HONITOR SIGhALS')
50 TO 4d
193 I=INREC-1
PRINT GUL Lo (TEARII) v IS o) o {TEMPLT) p IS0 79?0 o (TEMP (L) 0 I22,0,2)

903 FORMAT(* INVALID DATA IN RECORD*»I3ste GROUP *r2A6s%s SCALE'1F6e3r

- Ty SHOT' e LW/ .
- 1Y, 6F8,5/1X+8FHBe5)
194 FOUNJIZFIUND+NOMONSPOOR+FQUTH+EARLY+LATE
195 PRINT 904»JrLFNGTHIJI r INTAV{J) eNetiN
904 FORMAT(' ERROR OJ POINT*»13¢" (':FB.21"),.eAY INTENS=?/F8,5/
- ! FOUNN'+ I3, POINTSe USING THF FOLLOWING®r13s1H')
PRINT BLEsLENATHIJY + INTAY (JY1SIG({U)ERROR(J) »
- {SHOT(JeTI) r TAGCJ2 T2 ) » TIS1 e NF)
PRINT 905
G905 FORMATILX/? PQEVINUS POILTS.ee?)
PRINT ALS,TAVER»TSIGMA I ITREFWFFILE» TFILE» FOUND s HOMON
- BOORYEVMITE »OUT»EARLY LATE » GADSEVIOTE PG INTS
GO 10 Yo
196 KKK=LIM>H
PRINT S08.KKKsJs INHTAVIUY » {SHOTLL T e TAGLI P TY 0 TZE o dF)
906 FORATLY >*» I3 CURVES FOUMD FOR POIMITY, I35

- Y OF PROFILEs«+AV INTEYSITY =*sFB.5/
- ' INCLUDING THESE:',10(E5+1X0A21)
G0 TO 97

TRY TO FInu 10 PROFILES IN ALL
96 IF(PREC.LT.13 ,AND. (PCENT.LT.%0 ,0R. PREC.LT.4})GO TO 4y
60 Tu 97

FINISH FILE

97 IF{PrREC.LE.LI4IWRITE(PFILL'PRECIEL

I=PREC-3
PRINT 830e s JOPROF

830 FORMATIT16r*TOTAL OF*rl4,* PROFILES ENTERTD Ar3'e13¢* DISCARDFD'}
IF (0T TheGAYIGO TO LU0
IF(TRLC LTS IWRITE(TFIL c "TRECIEL
TFRILL=TFILE+]

100 COHTILUE
STOP

REPORT ERAONS OCCURTING REFORE MAJOR LOOP

190 PRINT 910
910 FORMAT(® NO CURVES FOUND FOR MAI!l SIGMAL*')
5TOP
19t PRINT 911
911 FORMAT{' NO CURVES FOUND FOR REFEREMCE SIGNAL+)
STOP
197 PRINT 917, r {GROUP[TI)}rIzL L) GF
917 FORMaT (' MORE THAtI*rI3:¢ GROUPS FOUND:'/
- tg1s8))
STOP

EIS
ORIGINAL PAG
OF, POOR: &U

91
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456

(2211 3]

END

wEEkEd

2US37AU IManIRASPACES (1) . TIN
FUNCTION TIMUINTrAsBe5es)

VENPTFLHN-

$EJCT

oOOCOONONONOOOANONNON00O

10
12

15

PURPOSE s«

PROFILF Yaspbn

PROFILE (TIM) sevasx

TO FIND THE TIME CORRESPOWOING TO A GIVEN INTENSITY

USAGE. .«

STIMUINT»A#8. 58045900

TIM R+ 0O
INT Rel
A Rel
R Rel
5810 Sel
90 Sel
AETHOD e 0 o

CALCULATFD TIME

GIveH INTENSITY

ARRAY OF TIMES

ARRAY OF CORRESPONODING INTENSITIES

EXIT USEN IF DESTRED INTENSITY IS OuYSID®E THE
RANGE OF THE INTEMSITIES IN ARRAY 8

EXIT JSED IF GIVF™N DATA IS INVALID

(lees TIMES HOT INCREASIHG OH INTENSITIES HOT
DECREASING)

LINEAR INTERPOLATION.

REAL INT

DIMCISICH AL8)Y«RIB)

IFCIA{B)«LTATL}}4ORL (B} GT.BI211IRFTUR] 5§ -
IFC(INTLT.3(R110Rs (INT.GT.B(1))IRETUPN 4

00 10 I=2.8

IFCINTLGE.B{I}IGO TO 12

CONTLILUE

IFIBLI)-NE.BII=1})G6D TO 15

F14zA{I)
RETURM

TIMZA{I) (AL =A(I=1 1) *{G(I}=TINT) / (BRUI)~B(]~1})

RETUARN
END

92
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soesos  PHOFILE (INTTNS) sebess

2U5373uliMeaOhKSPACES (1Y « INTLMS

1 REAL FUNCTIOM IMITENS(TERceAsBrSrs)
2 C
3 < PURPISE« e«
4 C TO FINO THE INTEMSITY FOR A GIVEM TIMC
5 c
-] [+ USAGL e se
7 [
38 C Y = INTENS(TIMEsA+B»%80,590)
9 [o
w [ YIME Rsl GlyeN TIME
11 c A Rel SAYE_E TIVES
12 C B Rel SAMPLES (INTENSITIES)
W3 c $80 S0 ERRUR EXIY TAKEN IF GIVEN TIME TOO LARLY
4 < 920 520 ERROR EXYT TAKEN TF GIVEM TIME 100 LATE
15 c
16 < METIHOD o0 s
17 ' LINEAP INTERPOLATION
18 C
19 DIVEMSION A(8)»n{B)
20 IF(TL E«LTA{L)IRETURN &4
21 IFITIIC.GT. AN} )RFYUR S
22 Do 10 1=2.4
23 IRITIVE.LEALI)IGO TO 12
24 10 CCATLILUE
29 12 IFC(ACL)WHECALI=113GO TO 15
26 INTE $5=at 1)
27 RETURL,
28 15 INTENSzZB(ID)~{AlD -BlI=-2))a(A(TI)=TIME} /{ALT)=A(]I~1))
29 RETURL,
30 END
WeEJCT

ORIGINAL} PAGH IS
OF POOR QUALITY]
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skates  PPOFILE (LOOKUP) wedses

CULITIUIMALORNSF ACES (1} LOUKUP

BeEJCT

e X sl lalsatakatalaXaRatakaReRataaRaRaRa R el o R aaXalalyl

20

SUHAIUTIHNC LOOKUP (HUMAER, L»LIST.S)

HAME .»
TADLE LOOKUP

PURPOYE v« o
TO CREATE:s AND LATER FYID EMNTRIYS INe A SORTED TAcLE OF
INTEGERS

USAGEOC‘ *
CALL EMPTY (LIST) MARK LIST AS EMPTY

LIST IrlO WORK ARRAY (SAVED BETWEEN CALLS)
LIST(1) SHOULD Bf SET TO THE LENGTH OF THE
ARAAY.

CALL EMTER (NUYBER(LISTe3) ADD NUMBER TO LIST

NUSSER I»! NUMBER TO BE ADDET
5 Sel THIS FETURN TAKE* IF LIST IS ALREADY FULL

CALL LOOKUP {NUMB R,I+LISTes) SEARCH FOR NUMBER I LIST

HUMDER Il NIMQER TO BE FOUND

1 1.0 RELATIVE LOCATIOM IN LISTs IF FQUND
ZERu» IF LOT FOUND

s Sl THIS RETURN IS TAYEN IF HUITBER IS FOUND
(OTHERWISE, HORMAL RETURMN)

DIMENHSION LISTIS0)

=0
IFCLIST(2) LT 3IRETURN

20 20 I=3.LIST(2)
IFLISTI1) EQ.NUABERIRETURN I
1=0

RETUH ;

ENTRY ENTEA{MUMAERLEST 5}
LEMAXOILISTI? ) +1,3)
IFLLeGESLISTILIIRETURY 3
LIST(2)SL

LISTIL)SHUMHER

RETURK

ENTRY EMPTYILIST)
LIsTi2)=2

RETUR {

END
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seever PROFILS {(TELI0) sevsen

AUNIT3ulienURASPALLSIL) . YES 10
NA‘I‘.'O.

i

P T E IS A A A A I AN A I B B B R B B N A N A I A S

YESHY

PURFBOSEs ¢ »

TO 6FT A YES OR MO ARSRER TO A QUFSTION FOR
AN INTERACTIVE PROGRAM.

CALLING SEQUENCE...

20

4

9u

ERFOH

*

L]
LOGICAL YESNO

L]
IF({YESNOCPSHALL T SKIP OPTIOMAL PARTZ(*,$90)160 TO 40
CONTINIE

COPTIONAL PART OF PROGRA'D

.
IF{YESNO{*S'ALL I REFEAT OPTINNAL PARTZL')IGP TO 20
CREST OF PROGRAMX>

CSPECIAL SECTION FOR END-OF-FILTC RETURNY

THE QUESTION MUST ENT WITH THF STOP CHARACTER 9 {(wHICH
ISN*T PRINTED)» OR THE QUESTION WILL BE FOLLOWEL BY A
WHULE STPING OF TRASHe AuD THF PROGRAM RAY BLOW UP. THE
QUESTINY WILL BE PPIMTLDs AND THE TELETYPE #IlL WALIT ON
THE SA4E LIN FuR THE USCR TO TYPE HIS ANSWER. THAT
ANSWER #AY START IN ANY COLUMN A’ID CONSISYT OF ALY HOPMAL
AFFIRMATIVE OH NEGATIVE ~0RD (I.D.e ANY ONE I Could THLLK
GF vHE! I WROTE IT).THE USER “#AY SUPPLY AN LEOF RETURN
ADDRFSS AS THE SECOHIN ARGUNENT, RUT THIS IS OPTIOHAL

{THE PPOGRAM WILL FIND IT*S YAY OACK EITHER 4AY).

CONTENTS OF ALL REGISTERS EXCEPT AQG ARE SAVED.
CONDITIUNS., .

IF THE USER'S AKSHWER IS A ALANK LINF OR A CHARALTER
STRING THE PROGRAY OOESH*T RECGGHIZE (IT CAh HE FOOLED)
IT TRIES AGAIN, PRINTING ONLY vtwHAT? . IT WILL KEPEAT THE
ORIGINAL QUESTION OME TIME IM FOUR.

IF THE RFSPO.ISE IS REUF, THE PROGRAM USES THE ALTERNATE
RETURN ADDRESS, IF SUPPLIED. THIS CAN BE USEDs FOR
INSTANCE. TO TERMIMATE THE PROGRAM QR RE-ASK A

PREVIOUS GQUESTIGMN (THIS JAY YQU DOM*'T HAVE TO RE-RUN THE
WHOLE PrOGRA4), IF THE AISAEP IS AMY OTHER CHARACTER
STRING BEGINHING WITH R THE SYSTEM THINKS THE PROGRAM
1S TRYING TO READ A CONTPOL CARD. AND ALLOWS NO FURTHER
READS. IN THIS CASEs OR IF REOF IS ENCOUNTERED AND NO
REOF RETURN ADDHESS HAS REEN SUPPLIED. THE PROGRAM FRINTS
A SHORT MESSAGE AND FXITS.



112
113

/

$(0)
{))
TESHO

ASK
READ

EXAVMINE

LoOP

LOAD

BATCH

LX o0
LeS)

TEsU
LRsu
SHE

LU
Al
TE

J
LS55
JGD
DL

LXMsU
LReU
SE

L
L&SL
S5
SLJ
TZ

96

steses PROFILE (YESIQ) easken

X11+PETURH
AlsSAVF .
A3»SAVEDY
R1.SAVEFRL
RiusSAVERSU

PACKFT

XI1+AETURN «

AOsEeX11 « GET FIRST WORD FOLLOWING GUESTIUN POINTER
AD» 0742000 o COMPARE 70 JUMP INSTRUCTION

AD/PRLSENT , THIS INDICATES PRESEMCE OF QEOF ADDAFSS
AG,0eXi2 » SET AUQRFESS OF USFR'S GUESTION

X11+EMSGS o AND INSERY IY INTO PPINT LINE

X1t EQITXS , END FOIT MODE & RESTOPE REGISTEKS

Aty 3 o« IHITIALIZE QUERY COUNTER

AD)READPKT »
ALsBLANKS o FILL INPGT LIME WITH BLANKS 50 THE

A2¢1 « PREVIOUS INPUT DOESHT COHNFUSE THE ISSU
A2 IMPUT o

Ri.1%

A2,0r%8) o

TREAD3 « DO A TREADS TO PAINT QUELSTION & GET ANS,
Al 4 « IS5 REPLY ACTUALLY IM YINFOR* FORMAT?

ADLEXA*INE ., REPLY IS PRESSNT

ADsRFANPKT+Y o TMPUT IS IN *INFOR' FORMAT.++REREAD
READ3 '

A2,0 « INITIALI2E INNEX REGISTERS

A3e INPUT s IF FIHST CHARPACTER IS NON=BLANK, SKIP
AQs IHPUT « T3 SEARCHING FOR A MATCHING WORD

A3.S « 05 IS A BLANK
MATCH .
R1,14 v OKsaoWE'LL HAVE TO DQ IT THE LONG wAY

Al:BLANRS .
ALy INPUT%A2 o FIND FIR6T WORD NOT ENTIRELY HLANKS

AGATIHN ¢ QOPS.s THE WHOLE LINE AAS BLANKY
ADr INPUT=LeA2 o GET THAT FIRST NOY=BLANK CHARACTER
AN S « FIGURE QUT WHICH CHARACTER IT IS

AD, (0770600500210} » MAGK OMT LAST & CHARACTERS
AL, (QUSDOOOCOOUDGOY » IS IT A BLANK®

L0AD s MOeesG0 LOOK FOR A MATCHING «OQRL
AGr6 v YESs s« TRY HEXT CHARACTER
AJsLOC0P

AQ» IMPUT=1e¢A2 o GET THE NESSAGE

MOVEsAR3 ¢ SHIFT THE BLANKS AWAY

A2:0 .

RI,WOCOUNT , SEARCH FOR MATCHIHG wORD IN TABLE
AD» TABLEs#A2

AGAIN v NO MATCH,..ASK AGATH

AD»AZ « FOUND A 'JATCH..,GET THODEX

A0, 35 e LAST OIT IS 1 IF *YES*s 0 IF 'NO*

40,35 v (SINCE A2 HAS BEEMN INCREMENTED)

RESTORE ¢ RESTORE RESISTERS & RETURN

PRESENT ,

2sx11 « RETURN TO CALL42 IF MO REOF ADDR SUPFLIED
Jrxlt « RETURN TO CALL+3+ SINCE QEOF ADUR PRESENT



1i4
145
lio
147
118
119
120
13
122
123
124
12%
126
127
128
129
130
151
132
143
154
135
136
137
138
139
140
L4
142
Lu3
144
145
146
147
148
149
150
151
192
103
156
195
l3v
157
158
159
1c0
1ol
162
163
164
165
166
167

169
176

AGALIN

EOF

HESTORE

/

(0}
wBCK
RETURY
SAVE
SAVE3
SAVER]
SAVERLY
PRESENT
PACKET

L]

PATL IKE
PRTCNT
PF
READPRT

LIuE
AGAINPKT

QUESTION
INPYT
BLAMKS

.
MOVE

TABLE

97

x

seoven PROFILE (YESL 10)  sesins

Lal) A+ ARATHPKT , PI' T T Farlioe Q' 5TIOn Oy ONE TIME
NER A READ « OUT NF Egum

LiU Aled o

J ASK .

5LJ RESTORE » CO=CH=FILE RETURMN. . ,RELOAD HEGISTERS
Tres, PRCSENT o 2THT . LY TF WLOF ROOR SUPPLILp
¥l Alr#leXit + RETURN TH ACOF APDRESS

L AQe (PF 1¢PATCUT.PRTLINGY

R PRINTS « HOMN-NEQF CONTROL CARD ENCOUNTERLU. ..
ER EXITs » YETRE FOICFD TO QuUIT

RLS 1 #* ROUTIYE FOR RESTORING REGISTERS

29 AleSAVE .

DL AJ¢SAVED

LR R1.SAVER] .

LR R14,SAVERLY ,

X ¥11.RETURN .

J #RESTORE

YYESNO S

* 0 -

RES 2,

RLS 2 .

RES 1.

Rt‘.s 1.

+ -1

ESPKT 24 LINE ¢4SGe, 'Y . IF THE USER FORGETS THE STO0P

CHARACTER,» A R IS THE CHARACTER mMOST
LIKELY To BE FOUND HY ACCIDENT.

*CONTROL CARD FQRCES PROGRA" EXITY .

TGU F=PRTLINE  , MUVMBER OF WORDS IN MESSAGE

FORM 12:6018

Pr 1722/LINE o

+ EOF: INPUT &

RES 24

pF LedeQUESTION

+ EOF» TIIPYUT .

TallAT?e o

RES U

t v ¢ THIS ENSURES THE SECAND 40RD LORDED HAS
o BLANMS TF THE LAST WGRD IM IMPUT HAS INSTR,

LO5L AQ» 30 « TUSTRUCTIONS FOR SHIFTING OUT BLANKS

LUSL AGs28

LO5E AO»18 .

LOSL AQel2 o

Lust, AlrH

NOP

tYES? « EVEN RELATIVE LOCATIOMS EOR 'YES,

THO » OOD FOR *hO?

rye o -

LT YLI

louxl -

HHNONY

VALRIGH' ,

YNOPEY

+YEP?

INAY®

ORIGINALY PAGE IS
OF POOR DUALITY]



172
172
173
174
17
170
177
178
179
140
1861
182
183
a4y
185
lbo
1u7

W.EJCT

wICOUNT

sosvws  PPROFILE (YESND) oevses

YAt
Yakdiicr .

*HIGAT: .

ENZINY o

tJar

TWYETY o

Nar

POUNTY

oo

TUONTTY

10K

*HOT*

YOKAYT o

Y

'SI' .

E?g $~TABLE o THE HUMBER OF WORDS IN THE TABL:
L] -

98
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aveves UM QT veven,
20537345 e DAKSPACES T L), VIPLOT

1 c
2 < MNAEses
K} [ VELOT
L Cc
s - PURPUSE s e s
6 = TO PRODUCE A PRINTER=-PLOT OF THE EXPERIMENTAL LINE PROFILE
7 C PRODUCFD BY PROGRAM 'PROFILE',
8 C
9 C USAGE. s
10 c
11 c QX3T +YPLOT O0R J.VPLOT
12 C <FILE #> [FREE) NUJNBER OF 15T FILE TO PLOT
13 4 SFILE #> (FRELE} MU"SER OF 2ND FILE TO PLOT
14 ¢ WEQF
15 1+
16 [ OPTIONS:
L? c T PLOT IS To nE ON A TERMItIALe SO IT USES ONLY
18 c COLUWNS 1-72.
19 c
20 c INPUT s e
ﬁé c UATA FILE AS PPODUCED RY PPOGRAM 'PROFILE?
o4
23 c SUBPROGRAMS RFQUIPED. s
24% c BEGINOPT 1. UNBER
25 c
26 PARAMETCER LIMEXP=36
27 LOGICAL OPTeSATCH
28 REAL InTrOJLINGTH» INTAV, IMAX e INCRoNL
29 DIMENSION LINE(105) 2HEADER(24) tLENGTHILIMEXP) » INTAVILIMEXP) »
30 - SIGILIMEXPY
31 DATA £1/708QF 9 /e MARK/ VIV /) IZERO/ QY /» TONE/ P17
32 JCOLUXI=L4+IFIX (X#TiICR)
33 CALL LEGINI'VPLOT 1.12 Rt}
34 IDIF=IONE~1ZERG
3s [+ FIND FILE aND READ FILE HEADER
36 5 MNFILESNUIBRER{*FILF NU BLR?7'+7¢29,%599)
37 QEFING FILE NFILE (142143 IMEXF e UstIPEC)
38 REAQIFILE'1)YHEADFR
39 Cc DECIDE AHETHE® SYALL (*T' OPTIONM) OR LARLE GRAPH
40 IcoL=nl
L 39 BATCHZ . MITLOPTI'T}
42 IF{BATCHY ICOL=101
43 COL=FLOAT(ICOL~1)
w4 LAST=*
1S IF(BATCHILAST=MARK
L] [ o READ A PROFILE
&7 B IF{NRECJLE.14)G0 TO 11
48 I=HMAXD LD HHEC=2)
59 10 PRINT B8G5.( ¢
50 805 FORMAT{LX//13%:* PROFILESY)
51 PRINT 808
52 808 FOQRMAT{1H1}
53 GO T0 5
54 11 READ{WFILE!NREC) IMTMONeLENGTH, INTAVSI1G
55 IFCINTMUN,EG.ELIGO TO 10

56 ¢ SET UP SCALING PARAMETERS
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12

15

20

23

30

34

36

C
40
810

100

vraser yPLOT suvgpue

INAXSU.

I3 M

i=d

TFU{LENOTHIN#L) (LT, LC=5),0R.(N.GE.LIEXP)}IGO TO 15
WHEM+L

IF (fieGE e 2)HL=AMINE (ML ' LEWGTHI 1) =L EAGTHIN=1))
IMAXSAAAX L L IMAX s INTAVIN) +SIGLND )

GO TO L2

NL=1./NL

IF O ILENGTHIN) =LENGTH{1) YeLEs 24.4) AND, BATCHINLZ=KL#2

NI, IS NOW4 THE SCALE IN PRINTY LINES PER ANGSTROM
TOTAL=NLe {LEHARTH(N)=LENGTHIL)?
IFITUTAL.GT,.200.2G60 TO 115
POWER=1.
Hp=0
IF(IMAX4POAER.GTe1.1G0 Tu 25
POWER=POWER=10.
NP=NP=1
GO TO 20
IF{IHAX®PORER,LS.10.160 7O 34)
POWERZPONER®,.1
HWPZNP+1
GO TO 25
IFLIMAX*HORWER.LE.2)60 TO 3o
IF(IMAX®POWER.LE.R,)G0 TO 34
HT=1C
G0 TO 40
NT=5
60 TO ul
NT=2

PRINT GRAPm HEATER
PRINT dl0shEADER INTMONuwFILE
FORMAT(LHL» 12A6/1H #1285/ MONITOR INTENSITY S¥eF6eue! VOLTS'»

- 8 'FILE" 2 13/)

42

44
811
46
¢
c

48

INCRICOL*POWER/FLOAT(IT)
PREV=LENGTH(1)

PRINT TOP UGROER
230 42 I=Ll.1CoL
LINE{[)=? =y
LSICOL/MT
00 44 I=J.ICOLsL
LINECI+li=v+r
FRIUT Bll,(LINE(J)sJ=Lr ICOL)
FORMAT(27Xs105A1)
DO 4o I=l.ICOL
LINE(TI)=Y »

INSERT NEEGED BLANK LINFS
DO 60 I=1.N
IFLSIGILI) LT, 0.0)60 To 60
LINESZIFIX (L {LENGTH( L} ~PREV]+.5)
PREVSLENGTHIT)
IF(LINES.GT.25)6G0 TO SO
IF(LINES.LE.1)GO TO 55
LINES=LINES~]
PRINT 812¢MARKsLAST


http:8XIFILE'.13
http:IF{((iL*(LENGTH(N)-LEr4TH(1)).LE
http:I-5).OR.N.GE.LI
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Lia
Llb
lio
1.7
118
119
120
121
142
123
126
125
126
127
128
129
130
1o
132
133
134
135
1da
157
138
139
140
14t
142
183
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
il
161
102
163
pL-13

S.EJCT

57
315
59
&0

62
64

66

[+1:]

69

70

99

115
915

101

sopdsr YHPLUT eeswse

CORVAT(27Xs Al 99A0AL)

vl TV &8

PRINT BLl2s{1ARK e LASTeIIZL %)
PRINT 813,LAST
FOMATI29Xe V7 /70 TIPEAL)
PRIGT 812s (MARKLAST IIZLG)

PRINT QUE 1.5 OF GRAPH
LINE(1)=MARK
LIJELICOLI=LAST
JASJCOLCINTAV(IY4SIGITI))
J2SJCOLLAMAXLI [ B IMTAV(I)=SIG(T}))
00 57 JsJ2eJ1
LINE(Q)=rs?
PRINT B1S5+INTAVIL) »SIGIIYsLENCTHIT) o (LINE(JY e J=1sICOL)
FOIMATILIXaF 7,520 +=0FT ,20F 9. 2710141)
D0 59 J=JU2sJl
LINEtY)=r ¥
CONT LHNUE

PRINT LOWER BORNER
00 62 I=1,1C0L
LINELI}=S wt
DO 64 I=0:ICOLeL
LIIE(I+1)=2+"
PrINT 811, (LIIECN e J2Le ICOL)
Do 66 [=1,ICOL
LINE(L)=Y 7

PRINT HORIZONTAL 5SCALE
D0 68 IZ0+NT
LINE(L#I+1)=IZERY+1I=IDIF
IFINTLWHE.10)60 TQ &9
LINELICOLISIZFRD
LINE{ICOL~1)IONE
IFLaP.EQ.0)GO TO 70
LINELICOL+1)=r ¢
LINELICOL+2)=TE?
LINESCICOL+3)=r v
IF (NP LT« 0ILIIE(ICOL+3) =0y
LIMECLICOL+4)=IZERO+IASS (1P )=INIF
HCOL=ICOL+G
PRINT 811,(LINE(J)rJd21rHLOL)

GO Tv 8
PRINT B1l1.(LI"ME(JI»J=1e ICOL)
G0 TO 8
QuIT
stoP
ERROR MESSAGES
PRINT 915, TOTAL
FORMAT{" GRAPH LENGTH QF*+F6.9+* LINES IS TOO LONGI*)
GO TO 8
END
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€UD373ulbl wgDRKSIPACES (L) o THEORY
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HAMEve.
THEORY

PUAPUSE s
TO FI'ID THE VALUES OF THE PARAMETERS (LINE POSITION,
LINE IHTEMSITYs LINE wIUTH OR ELECTRON DENSITYr ALL
BACKGRQUND INTENSITY) WHICH BEST FIT THE THEORETICAL
PROFILE TO THE EXPERIMENTAL DATA,

102

USAGE s s
B.THEORY OR RXGT ,THEORY
<DATA>
0FTIONSS
‘o DELETE SOwe POINTS
tN? PRODUCE PLOTS NOYW
T PRODYCE FILES FOR PLOTS LATER
(FEATURE UWTESTEL)
e SKIP SO'E PROFILES
tye PRIMNT DIAGWOSTIC INFO FOR EVERY POINT REGUESTED
BY YZXPOWL
tZe PRIMNT DIAGLOSTIC IWFO EVERY TIME *ZXPOWL!
CHANGES SEaRCH DIRECTION
DATA I1AGLS:
CARD 1:{FRFE) I[HPUY FILE *IMIER
CARD 2:(FREE} QUTPUT FILE NUYGFR, (ONLY WITH *T* OPTION}
CARD 3:{FRFE) ~AVCLEMSTHS TO DFLETE {OFLY WITH *Dr OPTION)
CARD 4:{FREE) LINL NUMRER
1 YE 1I 4686 (DENSITY 1.E17)
2 HE I1 1gu0
3 HE Il 1215
4 HE 1} 102%
5 HE Il 4646 [DENSITY 1.E18)
CARD S:{FREE) *¥YES' IF FIT TO THIS PROFILLC 1S WANTED
(ONLY AITH *St OPTIOM)
CARD 6,(FREE) 'YES* IF PLOT NESTIREND, ft'3* IF NOT
(oMLY WITH mt QOTIOH
(REPEAT CARDS 5 & 6 FOP RE/AINING PROFILES AS NEEQED)

SUBPROGRAMS REQUIREDes«

FETCHS

ZXPOnL

FUNCT3

FUNCT2

TPLOT

OATAINS THE "OR V'LIZED LTINE PROFILE AND THEGRETICAL
LINE POSITION FOF THE LINE.

(FROM IM5| ) GEMEPAL FUNCTION MINIMIZER, USED TO

FIND THE nOLLIMEAR PARAMETERS WHICH MINIMIZE THE SuM
OF THE SQUARES OF THE DEVIATIONS OF THE EXPERIMENTAL
POINTS FROM THE THEGRETICAL PROFILE

HAS THE TH-ORETICAL PROFILE CALCULATED FOR THE
CURRENT PARAVETFHS, AMD NBTAINS THE MEAN SQUARE
DEVIATION QF THE DATA FROM THE HEW PROFILE,

FINDS THE CORRELATION MATRIX OF THE BEST-FIT
PARAMETERS, USING THE SECOND PARTIAL DERIVATIVES

OF THE ERROR FUMCTIONM.

PLOTS THE EXPERIVMENTAL NATA AND THEOREYICAL PROFILE
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atessn THEYRY odesen

Uslr g Tk QFF=-L1 IE PLOTTOR,
AXISHeREGINFETCHSy IFaSoHE YT o NEWUL OPTPLOTC, SIUMA,,SYNSLY
TPLUT » VALUF

METHOL 4 »
IVSL ROUTINMF 12XPuJWLY FINDS THE MINIMUM OF THE ERKOR
FUNCTINN (THE SUM OF THE SQUAIFS OF THF DEVIATIUNS OF THE
FITTED FUICTIO FROA THE DATA POINTS) AS A FUNCTION OF
ITS Tad NI I=LINEAn PARAVETERS. THE COVARIAMCE MATRIX IS
COMPUTTD AS THE InaVERSE OF THT MATRIX OF SECOMD PARTIAL
DERIVATIVES OF THe ERROF FUNCTIONH NEAR ITS MINIMUM.

INCLUDE DBAMK.LIST

INCLUDE GROUP,LIST

COMMON /F3C0M7 ARG2({2}

EATEHI AL FUNCT3

REAL 44X

LOGICAL YESNOYKEEP,»OUT»QPT/LATERALL

DIJMENSION HEADERI2L) pME30) 1 ARG (4} 2 NADI2S)

DI EWSIUN LARFL(20)

INTESER OUTFIL s OUTFMTrOUTPEC s “F ILE yDRFC TFT

DATA EST» CLOSF#CLOSCRY E Dy FPSNE, EPSIrQUTEMT, TF4T
- 7 LaE=4y LeE-lie J4E=6,'R°OF 20 f12e 700, 503/
DATA  LINEP

- '4 os

10

a0g
a1
13
15

820

20

DATA (LABELC(I) [=1,10)/7'rnE II "+'ub686 "»'HE II teviglu »,
- *HE TI *»%1215 ‘*etriE II *9'1025 '4'HE IT '»vbupbs t/
IPCENRT (A0 =IFIXA {100 .. +AEB5{Q0]1+.5)
CALL CEGIN(TTHEQRY 1.74 ")
GET OPTIONS FROM CO ITRPOL CARD
AQUT=CPTLIT!)
LATERZNOTOPTL )
ALLZ.NOT.GPT(25*)
SET UP PARAMETERS
IFILINEP+NZ 0)PRINT 820
DF ILE=NUMBER (Y IHPUT FILE2R' 1 7¢29.396)
QEFIE FILE OFILE(I3+ISILCH»DNhELD)
IF{QUTYOUTFIL=NU® aeR P OUTOUT FILE?RY »7+29:596)
IF(OUTIDEFINE FILE OUTFIL(130ISIZZ+UsDITREC)
KEEP= HOT,OPT({*D"}
IFIKLEPIGO TO 15
PRINT 300
FORJAT(® ENTER WAVELEIGTHS TO DELETE®)
READ{De310+EMD=13) (BAD (HBAD) e »bADTL1» 25)
FORMAT()
NBAD=26
HBAD=1.BAD-1
IF (1iBADSED. QIKEEP=. TRUE,
CALL FETCH53(ARGONALLILE)
READ(DFILE L INFM T HEADER
IF{NFIT.HNE.TFMTIGO TO 97
IF(OUT)IWRITE (QUTFILY1}OUTFYT+HEADER
PRINT B20,HEADER
FORMAT(1HI» 12A6/1%Xs 12A6)
LINEP=2
READ DATA FOR HEXT “OMITOR INTFNSITY
READ(DFILE*DRECIBLOCKsNSHOT +LEHGTH, INTEXP



114
11%
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
156
137
134
139
140
14)
142
143
144
145
146
147
148
149
130
151
152
123
154
155
156
157
158
159
1b0
161
162
1ol
164
165
b3-123
167
168
169
170

22

104
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JARGERA
Do 224 I=1+4NARG
ARGLLIY=ARGG(T)
LINES(1)=LINF
IF (INTUMONLEQ.FNDIGO TO 10O
CHECK FJIX aCCEPTABLE WAVFLENGTH RANGE
IFLARG(Z2) 4BASE LT 24LENGTHI 1) =LENGTH(NUY) .OR.

- ARGI2J +RASEGT+ 2sLERGTHINU) =LENGTH(L)) GO TO 92

38

40
42

4y
5

48

49

50

51

53
a30

Nui=1
NUZ2=HNU
IFIKEEP)GO TO S0
NUl=0
NUZ2=NU+1
NUl=NJL+1
IF(NULL.GE NU2)GO TO 49
Do 4u I=1,1'840
IF {ABS{LENGTH(NUL}=BALIT) YoLTs +001)G0 TG 38
CONTINUE
NURZHU2-1
IF(NULWwE.ilU216G0 TO 4o
00 4% I=i,NBApD
IFCALS{LENGTH{NU2Y=-BAN(L) ) .LT. -001}GO TO 45
CONTIMUE
60 To 42
HOLDSLEWGTH (ML)
LEHGTH LAV IZLENGTHINIZ)
LENGTH{NU2) =HOLD
N=MAXO{NSHOTI{NUL) «HSHOT (NU2})
00 48 KSHOTZ1.N
HOLD=INTEXP (MUL+KSHOT)
INTEXF (NULsKSHOT)SIHTEXP INU2 » KSHOT)
I 4TEAP (NU2 s KSHOT) =HOLD
N=NSHOT (UL}
NSHOT (HiUL ) =nsHHo T (Hu2)
NSHOTINU2Y=]
GO TO 38
NU2=NU
PRINT LABELI'IG INFORMATION
ToTALZO
BOTTHIZLENGTH(NUL)
TOP=LENGTH(NUZ)
AYG=D.
DO 51 KUz=NUl.HUZ2
BOTTO=AMINLIAOTTOH LENGTHIKU) )
TOP=AIAXLITOP LLENGTHLKL) }
N=NSAOT (KU
TOTAL=TOTAL+N
00 51 KSHOT=1,H
AVGZAVGHINTEXP (KUrKSHOT)
AVG=AVG/TOTAL
IFLAVG.LT.1.E~5)60 TO 95
LIHEPSLINEP+1Y
IFILINEP.LT.S57=3160 TO 53
PRINT 820+HEANER
LINEP=LS
PRINT 830, TAVER» INTMON»TOTAL«AOTTNI, TOP
FORMAT(1X/" TIMEZ*sF6.3p" MOMITORS * s FO.8/
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171
172
173
174
175
L76
177
178
179
1a0
181

183
138
145
136
Lot
188
189
190
191
192
193
193
199
190
197
198
1949
2u0
204
2u2
203
204
208
206
207
298
209
210
el1
212
213
214
215
236
217
218
219
220
221

224
225
226
227

oo

o000 N 0N
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- 1Xe182% 20LaTSe v AyELE GIHSE ' oFR, 20 TOY4Fde2)
IFLALLIGO TO &5
IFLYLS WOUFIT201.%96) 160 TO 55
LINEPSLINEP=1] -
60 Tu 20 Q
CHECK THAY THE SYSTEM ISN'T OEGENERATE
B8 T=NU2=NU1+)
IF(L.LECIARG#2)IGY TO 33
SET UP FOR SOLUTION
NEVAL=D

PO 5¢ ITER=1.6
ALSARG (L)
ARG211)=29.9
ARG212)=4,9

CALL MEWS{ARG»NARG)
LI4IT=10

HAVE MINIMUM FOLIND (USING ROUTINE FROM InMSL)
CALL ZXPOWLC(FLINCT 3 CLOSEINARG ARG VALUE +LIMTI T, He IER)
IF(JPT(*N* 2 IPPIMT 76D+ ARGEL) $ARGI2)  VALUES IER
760 FOAMAT(® RESULTSI:3513,0115)

IF ELECTROw OENSITY CHAMGED MUCH» HEPEAT SOLUTION
IFLADS{ARGIL)I=AL} LT. ,1#ARGIL1))IGD TO &5
60 COMNTIHLUE
ITEP=o
AL=ARGI1YelELE
PRINT 8358,ITFnsAL
838 FORMAT(' DENSITY DIDY®*T COMVERGE AFTERt,I4s? ITERATIONS, HAVE's
- 1PELL.3)

REPEAT WITH CLOSER TOLEPANCES
65 ITER=1TER+1
CALL I'EWS(ARG,NARG)
ARG2(1)z9,9
CALL ZXPOuwl. {FINCT3sCLOSER+MNARG+ ARG VALME LIMITsH IER)
IFIVALUE. LY., 014ESTIGO TO 94 I

UPDATE ESTIMATE GF »INI“IM VALUE
EST=VALUE

FIiD ERRORS IN CALCULATFD PIPANETERS
CALL FUNCT2

PRINT RESULYS

PRINT 840+ ITER «IEVAL» IER,HYIDTHFO» VALYIE
a40 FORMAT(® ITERATIO !58%.15," EVALUATIONS ' 17, ERRCR CODE:'+I4/
- P HALF WIDTHI*eFS.2)0 FIELD STRENGTHI*+F5.0r? SIGHAI*FI4)
II=IPCENTISIGILI/ARGIL1))
PRINT 845¢ARGI1)»SIGIL) #L1+COVARIL,1)
845 FORMAT{1HO»TL3.¥BFST FIT VALUFSY,T49, rCORRELATION MATRIX1/
- * ELECTRON JETISITYZeIPELLL3r " +="y0PEB 32 182 "I 2 T4TsF6.2)
AZARB(2)+BASE
PRINT 846,LABEL (2+LINES-L)LAREL(2+LINES) rAPSIG(2),
- COVAR(L1+2) »COVAR(2,2])
846 FORMATITZ2,2A6, "CLHTERSY 2F 9420 +=4F4.2+T47+2F6.2)
IISIPCENTLECLI/ZINTILD)
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228
229
230
251
232
233
254
245
240
237
238
239
240
241
242
243
2u4
245
246
2487
248
249
250
251
252
253
254
255
256
257
208
259
2ol
261
202
263
204
205
266
207
268
209
270
271
272
273
274
275
276
277
278
279
280
281

847

848

850

855

70

860

92
902
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0

PAlal 87 INTILIE (L) v L2 (COVARLES3) » TZ10 3)

FORIAT{TLIA  "IMTFASITYS Y or 70Ge ! 4w Folhaln, 19t Tu7,:3F0.2)
[ISIPLENTIEL?)/LaTi{2))
PRINT 848, INT(2)rEC(2)r I (COVARITIG)»TI21 4]
FORIAT(? GACKGROUMD EITENSITYZ'sF7.4s" #=t,Fa.lirlortateTy7,
4FH,2)

IF{RATIO .LT. 1.E=5}30 17O 70
IISIPCENT(ERATIO(L I /RATIO{LY?
PRINT 350,RATIOC(L) JERATIO{LY. 11
FORMAT{LHO » TL3w tLINEICOMTR Y eFTu2et +=Y:F6a2r 160"}

IF LINE IS HE 11 4686+ FIND & PRINT TEMPERATURE
IFTAGS (ARG (21 +BASF=4505,78) oGF. 10.)G0 TO 7O
II=IPCENTLETEP/TEMPY
PRINT 8595, TEMP(ETEMP1I
FORMATITLI1, *TEMPERATURE=®sF7+2¢ % 4=t ,Fh,2:161%")
LINEPSLINEP+Y

WRITE RESULTS To FILE IF DESIRED
1IF(OUTIHRITE (OUTF IL *OUTRCIBLOCK s NSHOT» LENGTH. INTEXP
ARG{1}=S1.E~15%ARGI1}

PLOT N24 IF DESIRED
IFLLATERIGO Tn 2v
LINEP=LIMNEP+L
IF («NOTLYESHO('PLOT?3Y:596) )60 TO 20
CALL TPLOTLIAAXdNTTY' +TUP)
PRINT 860, IMAXBOTTOM: TOP
FORAATLY AXIS LABCLS:I*»F7.5+2FB.1)
LINEPSLINEP+L
G0 TO 20

HOTIFY OF LRRORS
ASBASE+ARGL2)
PRIKNT 902, A+sLENGTHLL) s LENGTHINMU)
FORMAT(" LINE CENTER OFt,F9.2¢"' TOO FAR FROM EXP RANGE'rF9,2,

- * TO*F9,2)

93
03

94
904

es5
905
26

97
907

G) TO 9o

PRINT Q03,1

FORMAT{TG,*{O"ILY '+ [2¢" PGINTS PRESEMT)®)

GO Tv 96

PRINT S04

FORMAT(* SIGIA SGUARED IS5 TOO SMALL®')
A=1.E16%ARG(1}

S=0.

PRINT 840, ITER« IEVAL  IERsVALUE?A»SsS

A=ARG{2) +DASE

PRINT 884, LAREL{24LIMIS=1) LAPEL {2sLINES) rA2SeINT{1},5
GO TO 20

PRINT Q05,AVG

FORMAT(® (SIGMALS AVERAGE ONLY?+EL13,6#1)7)

50 TO 20

IF{OUT +AND. OUTREC.LT.13)WRITE(OUTFILTOUTREC)END
STOR

PRINT Q07 ,NFYT»TFMT

FORMAT{' INPUT DATA FILE FORMAT IS*s17+* RATHER THAN'» 14}
STOP

END

106


http:THANI.14
http:FORMAV(T6,CO-ILY1.I2
http:8bSDTEMP#ETEMP.II
http:ASr-46u5.75
http:35O.RATIO(1),ERATIO(I).II

107

srvtes THEURY (MBAL A}  ebasse

LUD3TILL 8 Ttk hl W (1) 0300

1
2
3
g
5
b
7
a8
9
10
13
12
13
iy
15
e
17
13
19
20
21
ez
23
4]
25
26
27
28

DBALK PLUC

c

C PROCESJRD AAIS e o

C P11, 191 4

c

c PURPUSE =y o

< TO TRANSMET TAECRTICALs EXPERIME 4TALs AHL CALCULATED
C INFORMATION PAST THE LIBRARY ROUTINE *FMCGT

[

[+

C PROGMRAMS USING THIS PRCCLDURE ...

c

C FETCHS s FUNCTLp FUNL T2 ¢ WERS s NEWT o NEWU» SIGMA » SUMF » THEORY» TFLOT
[

Eln

PARAIETER LIMGZ20

PARAMETER LIMFXP=36

PARAHMETER LINMSHz8

INTEGER TOTAL

LOGICAL OPY

REAL IATEXPSLENGTH

COMMON KSoKUe UL s MUZr ASHOT TOTAL+ PEVAL» ITER» ICR+EPSIEPSHE (HHW
- WO LeNSZ2+FOUASES

v ALPHLILT S) » SALPHI (L] *S) ¢ ALPH2 (LIS} » SALPHZ (LIMS5) »
- CELILI4SY + TOCLILILGY

- P SHOTLLT *EXPYILE I6TALLI' FYP)y TITEXP (LIMFXPLINSH) »
- SUMIL,5) sERACRIY)IsPL203 +4110)

EQUIVALEACE {BRIGHT»SUM{1s31) + (BACKGD:SUMIZ2¢3)}

3

»
sxuspe THEORY {GROUPY akssrr

2003731 anOHKSPACES L1} « GROUP

GROUP PROC

c

c PROCCCURE JARF 4 ue

c GloupP

c

C PURPOSEwe s

Cc FO COMIUNICATE PARAMETEFR ERROR ESTIVATES.
C

c PROGRAMS USIHG THIS PROCEOUPE .ve
c

< THECRY s FUNCT2rliEwU

C

PARAMETER ISIZE=55+(2+LINSH) sLIMEXP
COMMOLI/GROUPY IMYNONe» TAYERe U eW1sW2 s HARG» TEMPSETEMP»

- LINES(10)
- VALUE ¢ HAIDTH.
- ARGLUTsSIGI4I »INTIL) rELUIPRATIO(S) fERATIONS) +COVAR (40 4)

DIMENSION DLOCK(SS5)
EQUIVALENCE (RLOCK (1) INTMOUH)}
REAL, INTMON,INT

ORIGINAT; pA,
OF P00 quatyry
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2USET 3wl sadna' s ALLSLL ) LFETCHY
SURROUTIHE FETCHSUARS s HARGLINES)

Ao aAaOnN oo oOnNOnnNOnOnRONONNNNNCNOnNn

NAME ..
FETCHS

PURPOSE .+

TO DETFRADNE WHICH LI T HAS nESM SCANHNED, READ IN THE
COPRESPOMDYNG THEQRETICAL PROFTILE, AMD INITIALIZE THE

HONLIMEA® SARAPETeRS.

CALLING SEQUENCEs+«s

CALL FETCHS (ARGrHARGLINES)

(XXX

ARRAY AF HOWLINEAR PARAVETERS

108

ARG(1) IS THE ELFCTRON DENSITY TIMES 1,E~16 .

ARG{2) IS THE DPISTANCE FROM THEORETICAL

70 ACTHAL LINE CFMTER.

ARG RsO

HARG } E)

LINES I+0
1 hE
2 HE
T HE
4 HE
5 HE

11
11
II
11
Ir

4693
1640
1215
1025
HE8E

VARIABLES TN 3LA I, COMMONS

NARG 1.0
NSLel)52

I,0 # ENTRIES 1.4 ARRAYS ALPHI» SALPHle AND

WUMLEP OF MO.ILTHEAR “ARAVETERS
LINe CODF NJYARER*

{OFNSITY 1.E17)

(NENSITY 1.E18)

# MONLINEAR ARSUMENTS

ALpn2, SALPH2, RESPECTIVFLY
(PPeSET cO0SITIONS)

Hril ReQ
BASE  RsO
ALPHY»SALPHL

Re O ARRnYS OF VALUES OF ALPHA & S{ALPHA)

INCLUCE DBANKSLIST

DI AZwSTIOH ARG(4)

INTEGLR STHEQ

LOGICAL OPT

DATA STHEQ/29/+IFNMT/000/

HALF HALE WIDTH OF I ISTRUMEIT FUNCTION
THEURETICAL LINE CENTER MINUS 10 ANGSTROMS

DEFHIE FILE STHEO(1Qs2% [MSH+2.UrNFEC)

READ(STHEQYIINFNT
IFINFLTHESIFHTIGO TO 90
NARG=2

START WITH AN ELECTRON OFNSITY OF l0e»}i?

ARG(1}=1.E=16+1.E17

LINESSHUMHERC 'LINE NU IHER?G%,1+9.%30)
READ(STHEOTLINES+1}BASE y1is ALPH1»SALPHY

NS120
NS2=HS1+1

ARG{2)=10,

BASESBASE=~10.
IF(BASE.LT.3000)G60 YO 25
HHAN=«3
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essens  THEJRY (FETCHS) tdesxess

o7 [F{OPT{"C?} }HHW=.P00L
1] RETUR?.
59 25 GASESQADE~.58
60 HHWZ. 336
61 IFLORT( ' C*} ) HHI=.000]
o2 RETURN
63 30 STOP
-1 o PRINT G0AIFVTs IFMT
3] 90A FORMATL® S{ALPHA)} FILE FOQr AT IS?',.IS#' RATHER TIHAN? 14}
[-1:3 STOP .
a7 END
JSEJCT
w »,
ORIGINAT} PAGE

OF POOR QUALTTY
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sevaes  THEYHY (FUICTI! wxwese

2UB373014 w,ORKSOACER (L) JFU LTS

1 FUNCTIO 4 FUNCTS (ARG}
2
3 c PURPOS5Es s ¢ N
4 < TO FIND TelF MEA: WARE DEVIATION OF THE DATA FROM THE
5 C THEQRY USING CUARENT -PANAMETERS,
o C
i INCLUGE DHANK,LIST
8 INTEuER ERRCT/O/
9 DIAERS IO ARG 1)
81 ] LoGicaL oOpPT
k1 COMMON/FICOV/AC2) » OLDVAL . BLDANG
12 C NEENN'T CALL NEM! UNLESS DENSITY CHANGED
13 IFCALLYaNEGARG(L) LORALQ2) (NELAHG(2))
14 - AHGLE=RS7.296+ATA2LARG(2)-A(2) 2 ARG{1)=A{1))
15 IFCABS{AL2)=10.)+GT 4264 )cRRCTEERRCT +1
»6 IFCABS(ARGIL)=ALL)) LLT, 1.E=7#ARG(1)1G0 TO 10
17 IF(ALL) LT 1. .OH., A(1),5T.100)ERRCTZFRRCTHY
18 c IF(ERRCT.GZ«B8Y60 TO 90
19 IF(BRIGHT «LT. =1.E~5160 TO 90
20 CALL 1 EVT{ARG2)
21 A(L)=ARG(]1)
22 10 CALL I EaULARG»2)
23 FUNCT3=5IG%A{ARG)
24 IF(ANGLE JLELO,) A IGLE=A" GLE+180.
25 IFLOPT{Z*} LAl e ABS{ANGLE~OLDAMNS) GTs o)
26 - PRIMT 701.A:0LDVAL ,QLIAMA
27 IF(OPT(*Y?))
20 - FRINT TOLeARGLL} rA0{2) e FUNCTS ¢ AMTLE »BRIGHT»BACKGD
29 701 FORMAT{3G15.8,F5.0+1P2G69.3)
30 A{2}=ARG(2)
31 OLDVALZFUNCT3
32 OLOANG=A IGLE
33 HEVAL=NEVAL+Y
an RETU »
45 93 PRINT 703
ab 703 FORMAT(® VYFURCTI Yy FIhDS UHRFASOMARLE ARGUMFNTS {8Tii TIME) . ")
37 PRINT 701,As0LDVALOLDaNG
38 PrRIAT TU72ARGLLY +PASE+sARGL2) o FU o IGHT e BACKGT
39 TG7 FORAT(® [J0aT METIJE16«'s1PG+3: CFHZ G347 ,G13,6,¢ Fhzv,
40 - G937 ORIGHTr34CKoD="9209.3)
41 00 92 KuzpUL.nu»
42 XX=Lbdsto Tri(RU)
43 YY=VALUE{UDEL » TOEL» iS2 r X{=aASE~ARG(Z2) 1 1)
by Yz2=0.
W5 N=HSHOT (KU)
46 D0 91 KSHMOT=1.N
W7 9l Y2IY2+INTEXP KU+ KSHOT)
'Y Ya=yash
49 92 PRINT 724,XXrY2¢ 7Y -
50 T24 FORMAT{1PG1U.6+2610.2}
3 8 STOP

52 END


http:701,AOLDVAL,OLjM.Nb
http:ABS(A'loLE-OLJA'3).GT
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sevdnr THFYRY (FUNCT2) Seetre

2UDSTIIEHe 4 ORKSF ATES (1) FUI CT2

1 SUMRULTI E FU ICT2

2 c

3 [ NAME .o o

4 C Funey2

5 c

& o PURPOLE e v s

T c TO FING THE EXPECTED ERRORS IN THE BFST~FIT PARAMETERS.

8 |

9 c CALLING SEQUFMCE«..

10 c
11 C CALL FLNCT2

12 c
13 c VARIABLES IN BLANK COMMUNS
14 [

15 c TOTAL I.! H CATA PPINTS
i6 o EPST Rel STEP IN VYAVELENGTH

17 C EPSNE R»I STEP IN ELECTRON DENSITY = ARG(1)

18 c Fo feQ HOLTSMARK FIELD STREMNGTH

9 C 3ASE Rel THEURETICAL LIME CENTER MINUS 1§ ANGSTROMS
<0 C
21 c VARIARLES I} COA Wi /GRCUP/"
22 [

23 c MARG  Ie1 MUMGER OF ELEMFHNTS IM APG
24 Cc ARG Rrel ARRAY OF HIONLINEAR PARAMETERS

25 C VALUE RsIO INPUT: SUM OF SQUARFS DF DEVIATIONS
26 c FOR THE NEST=FIT PARAYETERS. OUTFUT: SQUARE
a7 C ROOT OF SUM CF SOUARTS.
28 c 5I6 ReQ ARRAY OF ELPECTED EHRORS IN THE WNONLINEAR
29 c PARAMETESS
30 C Lt R+0 ARRAY OF LIUEAR PARAMETIRS

a1 [ I ReD ARRAY DS EXPECTED ERTCPS OF LINcLAR PARA (ETERS
32 C COVAR R0 HPFPLR TRIAWGLE 15 SET TO A NLORMALIZED

33 [ VARIANCE=-COVARIANCE “ATRIX.

34 < RATIO Rev LIN. TO (100 ANGSTROM) CONTINUUA RATIO

35 c ERATIO R,0 EXp: CTED ERROR IM RATIO

36 c TEMP R+ O TEMFERATURE FROM THE LIDFICONTINUUM RATIO
37 [ ETEMP R:0 EXPECTED EXPFRIMENTAL EHROR IN TEMP

38 c HAIDTH RO HALF !IALF AIDTY 0OF EYPERIMENTAL LINL

39 C {ANLSTOOA5)

40 c

(38 c METHOD. - »
42 c
43 [ THE VARIAHGE«COVARIANCE MATRIX IS NDOMALIZED oY DIVIDIMG
44 [ EACH ROW AMD EACH COLUY AY THE SQUARE POOT OF THe ORIGINAL
45 c OIAGONAL ELEMENT, THF CALCULATIONS OF FRATIO AHD ETEMP MAKE
[ c USE OF THE APPROUXIMATELY KNOWN COVARIAMCE MATKHIX ELEMENTS,
&7 C THE TEMPERATURE IS FOLPID USING THE THEQRETICAL RESULTS OF
38 c DELCROIX AND VOLQHTE.

9 o8
50 [ SUBPROGRAMS REGUIRED

5 c

52 C NEWT rNEWU SUMF r SIGMA» SYMINY

5% c

13 DIMENSION ARGUMIY)

55 LOGICAL OPT

56 DIMENSION TATILELS)

OBIGINATY Daroce
OF PooR GrACH

UAL@
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o8
29
60
ol
o2
o3
ol
BS

n?
]
b9
70
7L
T2
73
74
75
76
77
78
19
80
ul
a2
a3
ay

a6
a7

b9
o0
91
93
23

95
Yo
97
98

100
il
102
1u3
104
105
106
107
108
109
110
111
112
113

112

svavne  THEQRY (FUNCT2) seeess

UATA 15110/ ¢91GNE/1D,/
REAL INT
THCLULE JiAdeLIST
INCLUDE GROUP,LIST
GET THE FLsAL VALUES NF THE SUY OF SQUAHES 4 ERRMOR
MATRIX ELEMENTS
CALL MEWT{ARG:NARG)
CALL HEWJI[ARG,HAHG)
Vi=%1i0MA{ARG)
IE(OPT(' A IPRINT 701+ARG(1) ¢ ARG(2)» V1
T01 FORMAT(*D 1,2613.6¢" FIND'G12,6)
V1=FU, LTI (ARG)
IF(OPTL'Q* 1 IPRINT TOL+ARGIL) 1 ARG(2) P V]
MARNER=0
BEPSITRIGISEPS]
BEPSHE=BIGhe «=PSI}F
DO 1U IT1.NARG
10 ARSUMIII=ARG(T)
CALL NHEWT[ARG!'IM+MARG)
CALL HEAUCARG! IMe ARG}
CALL SUMF (ARGIHMe JARGs SFSFD» VALUE)
TATTLe (%) =VALUE
IMTLLISSUMLL %)
INT(2)=5U (2.3)
V=VALUE
ARGUM{ 2} =ARG(2)~-BEPSI
512816 W ARGUM)
IF(S14.E+VALUE) 4ARKER=L
TATTLEL(3]1=b1
ARGUM(2)=ARG(2)+EEPEI
Call SUMF (ARG MMrNARG»SF2,5FN2.52)
IF {521 E.YuLIE)AAFKERS]
TAYTLE(5)=S2 -
COVAR(2:2)=,. 5« {TOTAL=-4) #{51-2+VALUE+S2 ) /BEPSTue2
ARGUMELI=ARG {1 }+LEPS'IC
CALL 1Z£aT{ARGUM NARG)
S3=51GAA{ARGLI 7}
IF{SL.LE.VALUE HHATKER=L
TATTLE(2}=51
ARGUMLAI=ARG(2)
CALL SUMF (ARGUMZHAPRGSF3,5FN3,5T)
IF{53.LE. VALUE)YARRERSL
TATTLE(1)=S3
COVAKR{1s2)=.58 (TOTAL-4) s {VALUF+51~52=53) / {DEPSI*BEPSNE)
ARGUM{ ) =ARG( 1) ~iEPS E
CaALL LEWT (ARGIMeNARG)
S1=SICMA{ARGU) -
IF(S1.LE.vALUEIMARKER=Y CCGALL NEWT (ARG,IARG)
TATTILE(6)=51 .
IF IMARKER £G4 1 IPRINT 702
702 FORMAT(® s#+s+ LEAST SQUARE SOLUTION NOT FOUMD...NEARBY VALUES?,
- * FOLLOW sseen')
IF (MAKKER,EGe1 »OR. 2PT(*Q*))PRINT TO7+TATTLE
707 FORMATILIXr2G13.6/3613.6/13%¢613.57)
COVAR{1»1)=.5«(TOTAL~4) 8 {51=24*VALUF+S3) /REPSNE*#2
COVARI1¢3)=(SFOI=SF0) /BEPSHF
COVAR({1¢B)=(SF3=SF) /HEPSIE


http:SUMF(ARGU4,FPRGSF3,SFn3.S3
http:SUMF(ARG',4,14ARGSF2,SF)2.S2
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revren THAEYRY (FTUNITP) +sesswe

114 COVARI 3} (RFD=SFDY /LEPST

11y CUVAKLZ o4 )={5F2=sF )/ 3t S

116 C COVAR( 33}, COVARL(3,4), AND COVAR(4¢8) ARE SET RY
117 c PROGRAM The4U?

118 [

119 C INVFRY TO FI4D THE VARIAMCE~COVARIANCE MATHIX
120 00 15 J=l.4 -

121 1S5 IF(OPT{YQM)IPRINT 71S:(COVARIIr ) sIZ1 e} s
122 715 FCRMAT{1X,4G13.6)

123 CALL LYMIMV(COVAR»Hr4+02%60)

124 CO 18 J=l.4

125 18 IFLOPT{'GYY)PRINT 715¢ [COVARITI+J) s I=10d)

126 00 20 JS1.4

127 00 2u I51.J ;

128 20 COVAR{I+)=COVAR{T J)#V

129 [ RESCALE ELeCTRON DEMSITY

130 ARG(1)=1.E1L#ARG(]1)

131 4 CORRECT REFERFMCFS TO DFHSITY

132 4 ' DENSITY ACTuaLLY VvARIES LIKE (LINE wIDTHIsw®1,2
133 R=1,

13y IF{ADS (ARG 2} +BASF ~4615,75) .GT. 10.31G60 T2 25

135 REllec/le3) o {ARGILY/1E1 7 0x{tel/145=141)

136 ARGILISLLEL T (ARGII) /1, 17)2+l]1,2/1,5))

137 4 WE AUST RECALCULATE THE HOLTSVARK FIELO STRENGTH
136 c WITH THE lcw PEMSITY

tJ9 FUS1«l503E~9+ARGI 1) #+,0606606H6T

140 25 COVAR{Lr1)=L E32+COVARIL, )Y vRn%2

141 COVAR(1r23=L.E16=COVAI {1s2) &P

142 COVAR(1»3)=1.E164COVARIL 3 R

143 COVAR (104} =1.E1AsCOVARI s} #R

144 c EXTRACT THE VARIANCES OF THF INNIVIDUAL PARAMETERS
145 SIG(LI=SIGHISNRTIADSICOVARI 1 1))),C0VAR{L1))

146 SIG{2)=SIGU{SORTIADSICCVARI2:27)) +COVAR(2¢2))

147 EtLi= SIGNISARTIABS{COVAR({3»3) ) ) COVAR{D: 3})

148 E{2)F SIGNISHRTIABS{COVAP (4,4} )], LOVARIL LY}

149 [4 FIdD THE LINT-COUTI*UUM RATIO & ERHOR

150 RATIO=INT(L)/CINT(2)=1030,.)

15] ERATLURATIOSSART(ADST COVARIZe3) /1T {1 )42

152 - +COVAR(U» B/ THT(2] #2?

153 - =2+ *COVARL 1r ) /U DT ) £ 10T (2} 1)

1] L IF LINF IS HF Il 4586 TIMD TFY PFRATURE & ERROR
155 IF(RATIOLLT. 001 .0R. ABSIARGIZI+RASE=UHBS.75).6T,10,!160 TO 30
156 TEMP=. 2UB8ALOGIARNG L) )+,209«ALOG(FATLIO(L))=5.10

157 Tt 2. 208/ARG{1)

158 TL=,209/7INTI)

159 TCx=ec09/1HT{2)

160 ETEMP=SQRT(ABS( TIH+T*I«COVARIL1+1)

161 - +TL*TL#COVAR( 32 3)

162 - +TCRTC+COVAR (U9 k)

163 - +2.*#THeT_*COVAR( 1 3)

164 - *2+6TLxTC#COVAR( Ll )

165 - +2+#TL*TCxCOVAR{ 3 4) )}

166 ¢ MORMALIZE THE VAHIANCE=-COVARIANCE MATRIX

17 30 COVAR{L+21=COVAR(142}/(S1G(1)2SIG(2})

laf COVAR{Lr31=COVARIL,3) /(SIG{LI+E(L))

169 COVARCLr412COVARIL+4) /{S1IG(1) «E(2})

170 COVAR(2r3)=COVARIZ23) /{SIGI2)sE{L)}

s
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171
172
173
| ¥ L
175
176
177
178
179
130
181
182
1a3
134
185

137
138
189
130
191
192
193
196
19%
196
197

WeEJLT

40

45
&8

S0

60
9639

wsodas  THEURY (FUNHCT2) vessne

CAIVARI 225 =COVARTI 41 ZISIGI2) 0L 12))
COVARIIr4)ZCVARISALIZLELLY*EL2))
00 40 J=lew

COVArIJrd) =1 '

FIND HALF [NTENSITY POIMT OF EXPERIMEMTAL PHOFILE

HALF=TDEL(2) /2.

00 45 K532.NS57

IF(TULLIKS) «LT+YALF)GO TO 48
CONTINUE

KS=NS2

Xi{=DELIKS)

Y1=TOELIKS)

X2=DEL (K5~1)

Y2STULUELI(KS~1])

DO 50 J=<1l.4

R ({Y2=AdALF ) o X 1= Y1=~JALF )}« X2}/ (Y2=Y1)
X2=x1

Y2=Y1

X1=x

Y1=VALUELDEL » TDEL#NS2+ X sy}
HWIDTh={(Y2=HALF ) #X1={Y1=HALF}*X2)/(¥Y2=~Y1}
VALUESSARTY)

RETUAN

PRINT 908

FOINAT(Y IWVERSION FAILURE FINUDING COVARIANCE MATRIX')

AETUHRN
END -

114
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evaser THEYRY (THLOT) sewses

SUBITISLManOrinGPACE #C L2, TPLOT

OO0 AAOONANOAORONOOAOODNNADOONNO0

Nno NN

SUHHAUTINE TPLOTIYHAX:BOTTOM, TOP)

HAME s v o
TPLOT

PURPOSEe s
0 PLOT THE EXPERLIENTAL DATA AMD THECRETICAL BEST~
FIT PROFILE.

USAGEs e
Cart TPLOT [AMAX,BOTTOM»TOP)

AMAX  ReO LABel FOR END OF Y AXIS
BOTTOM ReD LABcL FO? ORIGIN OF X AXIS
Top ReQ LADgL FOR END OF X AXIS

VARIABLES IN COMMOMS ALMOST EVFPYTHING
SUBROUTINES USEDs s

PLOTC STANOARD pLOT SUBROUTIMNEe USED TO POSITION THE PEN
NSCALE FLiDS PLOT SCALING PARAMETERS FOR EASILY INTERPRETEL
AXIS LABELS
AXISN DRAWS Al axls
*SY{BOL' DPANS A LYVROL AT THE PESIRSC POSITION
PAGEUP COMPLETES THT PLOT AND PFPOSITIOMNS THE PEN ONTO
THE NEXT PAGE

METHOD e e e
NOTE THAT THE AXES USED IN THIS ROUTINE ARE ROTATLD S0
DEGREES CCW FROW THOSE USED BY THE SYSTEM ROUTINES. THUS.
MY t+Y' DIRECTION 1S THEIR *=X*vr AHD MY T+Xt IS ThEIR *+Y*e

DIMENSION ARG (43¢ 1NTILG)

ILCLULE DHAMK,LIST

INCLUDE GROUP,LIST

REAL L INTrLROUND

DATA  WIDTHeHTIGHT, NY» HX
- f Bar SeSr 5 s/

8EST FIT CURVE
FIT(Z)=INT(1) «VALUE (DZL » TOEL#MS20 Ze Q)+ INT(NAFG)

FIND LARGEST & SMALLEST VALUES ALONG EACH AXIS
BOTTOMSLENGTHIL)
TOPSLENGTH (NU}
YHAX=FIT{0.}
CENTER=ARG(2)+BASE
UBOUND=CENTER+104 ¥HWIDTH
LBOUND=CENTER=10.«HWIDTH
00 15 KU=1eNU
DO T PLOT POINTS FURTHER THAM 10 HHwW TO EITHER SIDE
IFILENGTH{KU) . GE«LBOUND )BOTTOM=AMINL (BOTTOM: LENGTHIKU) )
IF{LENGTH{KU) ,LE.UDOUND) TOP=AMAXY{ TOPy LENGTHIKUD }
NaNSHOT KU}


http:FIT(Z)=ItIT(1)*VALUE(OLTDELMS2Z.ZO
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aon

15

18

20

25
30

40
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shenas  THEUAY (TPLOT) wessee

D0 15 RI0T=1.H
YHAXSAMAX] (YA X0 JNTEXD IKUSHOT))

PLOT AT LE&ST 4 HHW TO EACH SIDE
BOTTO =A MNLINOTTOMeCENTEH=4 oMW 4TH)
TCPZAMAXL(TOPsCENTER*G e oW IDNTH)

FIND SCALING PARAMETERS
NTICA=NX
CALL NSCALE(BOTTOMeTOPeRTICA WIDTH, DX)
DX=1./0X%
NTICYZNY
ZERO=0.
CALL NSCALE(ZERD. YMAX.NTICY HEIGHT, DY)
DY==1,/0Y

CALL PLOTC{7.5:140e~3)

ORAW AXES
CALL AXISN{O.r0srHTICYsHEIGHT »~,1,180.)
CALL AXISHID.)y0e o NTICK »WIDTHr 190,

DRAW A DOTTED LINE FOR THE COMTIMUUM LEVEL
LIF POSITIVE)
IFCINTINARG) L T.0.)G0 TD 20
UzOY4INT{HARG)
LaDX={TOP=-LOTTO}
DL==l./6%.
DO 18 KU=1.35
CALL PLOTC (U, ¢3)
CALL PLOTCIU,L+01L,2)
LzL+ul+0L
SALL PLOTEC (.1 230

PLOT THE EXPERIMENTAL POINTS
NSYMU=Y
DO 30 KUsis4u
IF (KU EQ.NUL I STYMP=0
éFéL;NsTH(KU).LT.aoTTOM +0P, LENGTH(KUY4GT,.TOP)} GO TO 30
=MNSHOT (XU}
0O 25 KSHET=1,.H
Uz=U+ILTEXP LKL, KSHOT)
€Al SYMBOL(OY#U/NDLs (LENGTHIKU) =BOTTOM) # o 1o HSYMB 9Gs =1}
IF(KU.CQ.5U2YHSYHB=Y

; DRAW THE THEORETICAL CUPVE

=Tor

DL=~{ TOP~gOTTOM} /250,

HPEN=3

D0 40 KUz1e.2S51 "
=FITICENTOR=1)

CALL PLOTC(DY#sUrDXs(L=BOTTOM) + MPEN)

NPEN=2

L=L+0L

CALL PAGELP

RETURN

END


http:L=L+UL.OL
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sesses  THEUPY (AXKIS")

2US373U1He JORRSPACE 1 1)  AXISH
SUIRIUTLME AXISM (XXe¥YTyWTICeALNTH, TICANGLE}

WaEJCT

nMoOOOOOOONDanoOnoOnNo00nn

10

NAME v e s
AXIS

PURPUSEs s o

117

(AL XXX

TO UORAW ONE AXIS FOR A 2-DIMENSIONAL GRAPH

USAGLess

CALL AYISN (XeYrNTIC,ALNTILNTIC,ANGLE!

POSITION OF START OF AXIS (INCHES FROM PAPER

*JHIBER OF LI'E SEGME* TS EFTAEEN TIC MARKS

TIC.LT.0 FOL MARKS Of COUNTER=-CLOCKAISE SIDE

Xr Y Rel
ORIGIM)
. NTIC  Iel
ALNTH R»l LENoTH OF AXIS (IMCHES)
TIC Rel LENGTH OF TIC YARKS {INCHES)
TIC.GT.0 FOR MARKS 0! CLOCKWISE SID:
ANGLE Rel ANGLE OF AXIS FKOM X=-AX1S {(DEGREES)
A=ALLITHANTIC
X=XX
=YY

C2COSL.0L74533%AUGLED
S=SI( «017USITFANGLE])
Axz=Ced

AY=S®n

Tx==5sTIC

TY=CsTIC

CALL PLOTCUX+TXsY+TYs 3}
Do 10 ISLWNTIC

CAul PLOTC(XeY»2)
X=X+a%

YsYHAY

CALL PLOTCIX,Ye2)

CALL PLOTCLX+TXe7+TYr2)
CALL rLOTCIX+TXe T+TY, 3}
RETURH

£10
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serres THEGRY (MLA%)  sevexd

EULITIuIMe AORKSPALES L)L MEYS

HEJCT

pOOOOCOOONOANOONOOOONNDNONN

OO0 On

SUBRIL T 1L NEWSEARGeIIANRG)

HAAE ¢ o »
NF WS

PURPUSEs «
TO CONVOLYE THE THECRETICAL AN THE I'ISTRUMENT PRuk [LES.

CALLING SEQUEMCEs..
CALL NEWS{ARGs"IARw)

ARG Rel ARRAY OF NONLINEAR PARAVETERS
ARG(1) 1S THE ELFCTRON DEMSITY T!4Es 1.E-16 .
NARG I HUMBER OF NOMLINEAR PARAMETERS PHESENT

METHOD .. s »
THE HOLTZH4ARK FIELD STRENGTH [S CALCULATED, ANE USED TO
FIND THE AMOQUNT OF SROADEMING MNEEDED IN (SC(ALFHA),ALPHA)
SPACE. THIS IS AGLURATE IF THE FINAL FLECTROM DJENSITY TS
CLOSE 7O THE ORIGLUIAL FOTIMATE USED HFRE. THE GAUSSIAN
HERAITE OUADRATUR. FORMULA USEDM HERF IS EXACT FOR THE
INTEGRAL OF A GAUSSIAN INSTRUMFMTAL PROFILE AWNLD A FIFTH OHOER
CURVE FOP THE THEORETICAL DROFILE.

INCLUDE DBANK,LIST
DIMIASION ARG(H)
WE USE THE MOLTZ tARR #0™AL FITLD STRENGTH
FOS2.603%244,8033E=~10¢NE*e{2/75)
FB=1.2503C=9a{ 1. L160ARG(1]} ) x2 . DEHALSEHRET
WE USE THE CINIHATE FOR THE 3 PAINT GAUSSIAN
HERITE OUAC IATNHE FOIMULA
DELTA=(MHA/FO)=5GRT(3/(P+ALOGI2)) ) [
DELTASL-47106A5HHW/FO
H=NS1
D3 1V K5=2.N
ALPHS IKS+L }=ALPHILIKS)
10 SALPrAC (KS5+1)=,1RbohHE660DS
- [VALUE (ALPHLs SALPH1 1151 SLPHL (XS} =DELTA 1})
- +4s *SALPHL{KS)
- +HVALUC CALPHL » SALPHI S - ALPHL (KS) +DELTAX Q) )
ALPH2(1)==ALPH2(S5)
Shl-PH2 (1)}=SALPHR (3]}
SALPH2(2}=.666656R666454LPAL(1)
- +,3333333333«VALUE{ALPHL#SALPHEAHS1+DELTAL Q)
ALPH2(2)=0.
RETUKHN
END
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svesns  THEONY (HEWT) setasn

SUDATIJIIM & OnnSEALERTL ) MERT

SO~ E Ll

HeEJCT

NOCOOOOOOOO0O0O00O00

(X 23

20

90
901

SUSRJUTINE KEWT(ARGeHARG)

HAME e w
NEWT

PURPOGE=es
T0 CALCULATE THIE PROFILE IN WAVELE 16TH SPACEs FHOWING

IgtcELECTROH CENSITY ANU TUE PROFILE IM (5C(ALPHAY},ALPHA)
A

CALLING SEGUENCEses
CALL HEWT (ARG»NARG)

ARG Rel AFRA{¢ OF HONLIMEAR ARG“"ENTS‘
ARG(1) IS ELECTHOM DENSITY TIMES lec~16
NARG Inl HUMBER OF NOIILINEAR ARGUMENTS

INCLUDE DBANKsLIST
DIMEWSION ARG(S)
WE LSE THE HOLT?“APK NORMAL FIELD STRENGTH
FO=2.603%254 ANIE~104NEs® (2/3)
IFCARGIL) JLEeDeIGO TO 9D
FOS122503E=9%{1.E163%AR6({ 1) }#*,06006A67
FOINV=L+/F0
NINS2
Do 20 KS=2+H
TOELAXS )= ULV ESALPH2 (hS)
DEL (KS) =F0+ALPH2 (KS)
TDEL(L1)=TDEL (3}
DEL (L)==DELL3)
RETURH
PRINT 49U1,ARG{1)
FORMAT (' NEWT: ODENSITY OF1,69.20' s1.E16 1)
STOP
END
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15

25

40
908

NAME+we
NE AU

PURPUSE s » e
TO SOLVE THE LINEAR PART OF THE LEASY SQUARE FIT,.

USAGELees
CALL HEWU{ARG»NARUL)

ARG Rel ARRAY OF MONLINEAR ARGUNENTS
NARG Iel NUMHBER OF NOHLINEAR ARGUMENTS

VARIAGLES IN COMMON:

SUM R0 SUM{1,3) IS THE LLTNE IMTEMSITY
SUM{2,3) IS THE RACKSROUND INTENSITY
COVAR R0 COVARIZe*}e COVAP(3el4)e AND COVAR(G4:4) ARE
INSeRTFD FOR LATER USE BY PHOGRAM ‘RUNCT?®

SUBROUTINE NEWU(ARGUM»HARGUM)
INCLUDE DBANK,LIST
INCLUBE GROUP.LIST
OIMENSION ARGHM(G)
ASARGUM(2) +BASE
DO 15 I=1sNARGUM
DO 1> JSInlARGUM+]
SUM{LeJ)=00
09 2% KU=NUl.NU2
=VALUE (DEL TDEL 1IS2r A=Le HGTH (KUY 4 O}
H=NSHOT KW
SUM{Lle1)=5UT101)+TeTel
SUMEL»2)=SUM(12)}+TaN
DO 25 KSHOT=1,M
SUMILe3)=SUn{1s3)+THTEXP(KUSKSHDT)»T
SUA(2e3)=SUM29 3V +INTEXP (XU » X SHOT)
CONTINUE
SUML2¢2)=TOTAL
SAVE ELEMENTS FOR CALCULATION OF VARIANCE-
COVARIA' CE MATPIX
COVAR(3r 3)=SUMLIL L)
COVAR([3s4)=SUN{L+2)
COVAR(Gr4) ISUML202)
HAVE THIS SYAMETRIC SYSTEM SOLVED
CALL SYMSLVISUMsSUMEL s MARGUM+1) sHARGUM s 4o 0y S40)
RETURM
PRINT 908 .
FORMAT (' SINGULAR MATRIX!')
STOP
END
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26

FUlCTION SI16! A (A6

PURPOLYE s+ o

TO FI'M THF MEAN $L,ART DEVIATION OF ThE CATA FROM YHE
VALLES PRIDICTIV LSIA5 THE cuanoyT PARAMETZRS,

INCLUUDE OnanK.LIST

DINE 15100 ARG{YH)

LOGIuAL OPT

SIGMAZD.

A=ARG{2) +BASE

DO 21 KUz* Ut u2
T:UﬂLUE(DEL:TnELonsa.A-LgusTHtKU).0:
UsSUA{Le 31 6T4+50ML2,3)

NzWSHOT (KU

Q0 20 KSHOT=1,N
SIGMASSIGHA+CINTEXP (K ' KSHOT) =U) 4a2
SIGHMASSIGHA/{TOTAL~G)

RETURN

END
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seevas THEUHY [(SYMSLY) sxasen

2UDS73ulMenOHKSPACEST L] 4SY ALY

1 SUNRIUTLINS SYMSLVIA«UrNiNNIT.5)

2 c

3 < NAMEs oo

'S c

S [ SYJMETRIC LINEAR EAUATION SOLVER

6 c

7 c CQDE NAME+..

8 [

9 C SYMSLY

1o c

11 [ 4 PURPUSEe e

12 (o

13 c TO SOLVE A LINFAR SYSTEM Ax=B WHEN THE MATRIX A Ig
is c SYMMETRIC AND POSITIVE DEFINITE. THE ROUTINE CAN bE
is [+ CALLED SUSSEQUENTLY TO PERFORM THE SOLUTION FOR

lé Cc A NEW PIGHT HAD SIDE »ITHOUT NECOYPOSING AGAIN.

I ¥4 c

18 c CALLING SEGUENCE...

13 C

20 [ o CALL SYMSLYLA3rNeMNLIT+SAD}
21 c

22 [ ARGUMENTS ON EITRY:

23 C A MATRIX OF COSFFICIEMTS. SINCE IT IS SYMUETRICS
24 C DMLY ELEMENTS NFEOED ARE ACI,J)s LeLE.I.LE.J,LE.N .
25 [ B ARRAY OF ELEVENTS FPoM ATGHT YanD SIDE

26 [ o ] DIMELSION OF MATRIX pMD B,

27 c NN MAXIMUM MHUMBER OF ROWS TN A {FIPST JIMENSION)
28 [ T SWITCHe.sITSL IF MATRIX A wAS DECONPOSED O 4
<3 c PREVIOUS CALL TO SYHSLVe AMD DNLY THE ARRAY B
30 c 1S DIFFERENWT THIS TIMZ. IT.ME.1 IF A IS N:w.
31 C 360 CONTROL WILL BE PASSED TO THIS STATEMENT IF
32 [ A PIVOT ELEVYEMT IS FOUNT OF ABSOLUTE VALUE

23 c LESS THAN l.E=-IN.

LTS [

35 c ARGUMEMTS OH RETUKRN:

So ¢ A DRIGINAL MATRIX IS DESTROYED. LOWER TRIANGLE HOLDS
357 < LONER TRTAKGLE OF MATRIX L. (NIAGONAL ELEMENTS OF L
a8 [ ARE 1'S.) DIASONAL ELEMEHMTS HOLD MATRIX O

39 c ] SOLUTION ARRAY X»

40 c

41 Cc METHOL o s o

42 =

43 c SYMMETPIC FACTORIZATION IS USED TO FIND A LOWER

[ c TRIANGULAR MATRIX | AHD A DIAGONAL MATRIX D SuCH

45 C THAT AzLouy WHEHE U I5 L TRAHSPOSED, THE UHKNOWM

L1 c VECTOR 1S CALCULATED B3Y BACK SOLVING THESE TRIANGULAR
47 c SYSTEMS: UZ=B » DY=Z » LX=Y ,

48 c

59 DIMENSION B(51+A125)

50 IF{1i«GT+21)G0 TO 10

51 Bil)=E{ll/A(1)

s2 RETURN

53 10 IF(IT.EQ.1)GO To 28

56 Do 25 K=1.,H-1

55 IFLABS (ALK +HaK=NI) } oLTe 1.E-10)RETURN &

56 D0 25 J=K+1lsN
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50

sreves THEORY (SYMSLV} ssssms

5=A(KtNNvJ-Jﬂ:/AiK4Nﬁ-4—uh)
00 20 1=
AlJ#Hh-l-nw)=nlJ+Nu-1-nn)—5'u(K+nu-I-uu)
Afdrdi sK=pn)zs

QO 30 J=za.n

Lo 3V 121wt
BOHS00d) «3 T4 TINe NN 35T )
A0 40 g=1.y

D 2L ld) LA LS+ N B )

Q0 50 JSA=1s1,=1

20 50 12Jsl.h
BtJl:b(dJ-A(I+NN¢J-NN)*B(I!
RETUR{

END



sERBEE

RUSBT3JLbe LORKSPACL (L) VAL,

oo OONOONADhRANOANNAN

Lu N £ T o TR o B & |

10

12

20

22
30

FUHCTION VALUE(X» YNy

NAME s ¢ ¢
VALUE

PURPCSEes «
TO INTZRPQLATE
THE THEDRETICA
CALLING SEQUENCE.es

CALL VALUE{wAV

WAVE Rl
INT Re X
N Iel
WANT Rel
P Re 10
METHODw s e
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THEGURY {(VALUF) stewss

XBer} .

IN A TASLE TO FTND INTENSITIES FROM
L LINE PROFILE.

+

ErInTeNs HANTP)

ARRAY OF WAVFLENGTHS (NISPLACEMENTS FROM
LINc CENTER)

AHRAY OF CORRESPONDING LINE INTEMSITIES
JUMSER OF ENTRIES IN wWAVE OR INT

RAYELENGTH AT WHICH INTFMSITY IS DESIRED

LORK ARRAY OF LEMGTH &. Pl1) IS USED 70 STORE
A POIMTER BETWEE'l CALLSr SO EACH SEARCH OF
WAYE REGINS 4HERE THE PRECEDING SEARCH ENDED.

SEYOND THE END OF THE TABLE, A 5/2 POWER LAwW [S UsSep Tn
EXTRAPOLATE. WITHIN THE TAPLE. AIT<E“'S PROCEUURE 15

APPLIED USLIG
15 USEDr THE I

4 pulITS. SINCE AN EVEN NUMBER oF POINTS
NTERPOLATING FUNCTION TS CONTINDQUS,

DIMEWNSION X{MI»Yin)+P[4)

EQUIVALENCE (SAVEMS+J)
XBAR=ADBS{XH)

IF ON FAR WING OF LIMEs USE ASYMTOTIC FORMULA
IFIXBARSGE.XINIIGO TN 90

RETREIEV
SAVEJ=P(1)

EMSURE
SEMAXOLMIND (Jaid) 2 1)

DECIDE

E POINTER FROM LASY CALL
1 LEs J «LE. N

yHETHER TO SEARCH UP 0% DOWM

IF {XBAR=X{J)}10,80.,20

SEARCH
IFLJLE+1)G0 TO S0
JSTART=J
00 12 J=JSTART«2:=1

IF(XBAR=X(J=1))12+ 75+
CONTINUE
J=1
GO TO 50

SEARCH
IF{J.GE.HIGO TO 30
JETART=J+1

DD 22 JEJLTARTsNe 1
IF(XBAR=X{J)}40sB0,22
CONTINUE

JoN=3

GO TO S0

DOWN

40

upP
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60
o1

SRR F B SEE SR YIRS ISINIFIRNITERIRGRER

S.EXT

NnanonNahan o 00 N

(224 ]

esssse  THEQRY (VALUE) wtsede

SAVE THIS POINTER
40 SESAJEJ
SET J TO POLIT TO FIRST OF THE 4 PUINTS
IN X NEAREST xgAR
JEATHO (MAXO (J=2¢ 1) oN=3)
APPLY AITREN'S PROCEDURE USING 4 POINTS
80 A{LI=Y LS
THE GROUP OF STATEMEMTS TO FOLLOW 15 EQUIVALENT TO:
Do 60 I=2:4
PLI)=Y (Jel=1)
DO 60 L=2¢]
PLINS(P{L=1} % (X{J+[=1)=XBARI=P( 1) & {X{J+_ =2)}~XBAR)) /
- {(X{J+le] ) =XRARI~{X(J+L=21=XBAR) )
60 COMTINUE
o+ oRUT (WITHOUT LOOP CONTROL) WILL EXECUTE FASTER
PL2)3T(J+2=1)
P{2)S{P(2=1)s (X{J+B=1) ~XbAR}-PI2) 4 (X (J¥2-2}~XBAR) }/
- ({X{J+2=1~ERAR) =~ (X (J+2=2) -XRAR})
PLIISY(J+3-1)
P(IISIP(2=1) % (X(J+I=1)=RuAR) =PI} e {X{J+2=2} =XBAR! }/
- CEXLU+3=1 ) =XRARY~ (X1 J422) =XT9AR}]
PLIITIP{3=1)e (X [Je3=11=-RBAR) =P {3} « (X {J+3-2)=XBAR} )}/
- LIX(I+3-1)=XDAR) = (£ {22 3=2)=XPAR)}
B{4)=T(Je4=1)
Plu)S{P(2=1]1%{X(J+i=1}=BuaR)aPLG} e (X[J+2=2)=XEAR} )/
- LAXLYHY=1)=ANARI~ (R [ Je@u2) ~XAR) )
PLGIZ(P{3-1 s (X(J4=L) =X 2T eP L) x (N[ J+3~2)=NRAR}) /
- [LXC 401} =ARART =X { Jo3=8)=XRAR)}
PLSI={Pibal) o [X{J+4=1)=XDAR}=PL8) 2 (X (J+U=2) =XBAR) }/
- (EX{Jru—=1)=XBAR) =X {J+ts=2) =XRAR})
YALUE=P(4)
SAVE THE POINTER IN THE WORK ARRAY
PIL)=5S
RETURII
XBAR APPEARS IV THE TABLE: 50 WE USE THE
CORRESPONDING TAHLE ENTPY
75 J=d=1
80 VALUEZ=YLD)
Pt1)125AVEY
RETURL,
o0 VALUZSY ()= ([ X(N) /XBAR} *#2,5
RETUR
END
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