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ABSTRACT

Partial-reflection data collected for the eclipse of July 10, 1972 as
well as for July 9 and 11, 1972, are analyzed to determine eclipse effects
on D-region electron densities. The partial-reflection experiment was set
up to collect data using an on-line PDP-15 computer and DECtape storage.
Except for a couple of changes, the cxperiment was thec same setup as used
by Birley and Sechrist [1971]. The electron-density profiles show good agfee—
ment with results from other eclipses. The partial-reflection programs were
changed after the eclipse data collection to improve the operation of the
partial-reflection system. These changes were mainly due to expanded
computer hardware and have simplified the operations of the system gonsider—

ably.
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1. INTRODUCTION

A solar eclipse can be thought of as the obscuration of solar radiation
by the intervention of the moon between the sun and a point on the earth. This
Obscuring of the sun is a function of time which varies with the location on the
earth, altitude{ and the type of radiation. Depending on the wavelength of
solar radiation and the ionospheric constituents, solar radiation can cause three
chemical processes known as dissociation, ionization and excitation [Whitten and
Poppoff, 1971]. The variation in solar radiation with time during a solar eclipse
is given as an obscuration function and varies according to the different wave-
lengths of radiation. The obscuration function for visible light is easily
calculated, being just tﬁét for the visible disk. Figure 1.1 shows this
obscuration function for thé eclipse of July 10, 1972 at 75 km altitude above
the University of Illinois Aeronomy Field Station located mear Urbana, At this
location the eclipse was partial, with about 60% maximum obscuration. The
obscuration functions for various other ra@iétions during a total eclipse are
shown in Figure 1.2 [Sears, 1972]. Notice the large difference between the
obséuration functions for ultraviclet radiation and X-rays.

Solar radiation with wavelengths less than 29001 causes various chemical
Teactions in the ionosphere [Whitten and Poppoff, 1971] with the most pronounced
effects occurring in the D-region (50 to 90‘kn0. For example, Turco and Sechrist
[1870] show two orders of magnitude change in the electron density and more than

three orders of magnitude change in CO, and CO4_ at 75 km during sunrise. Certain

3
solar radiations greatly enhance the concentration of positive ions as well as the
electron density so that during the daytime, except for during enhanced particle

precipitation [Lauter and Knuth, 1967], the main ionization source above 70 km
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is solar radiation as given in Section 2.1. Therefore by correlating the elec-
tron densities with the obscuration function for the ionizing radiation in a
solar eclipse, values for the production and loss of positive ions and confirma-
tion of the ionizing sources can be obtained.

Data from the D region have been obtained by both rocket measurements and
ground-based techniques. Although rocket measurements seem to be more accurate
[Mechtly, et al., 1967], the amount of data is limited by cost. Ground-based
techniques can be set up anywhere and can gather large amounts of data, although
the acéuracy ié not as great, and they are primarily limited to evaluating elec-
tron densities. One type of ground-based technique which is discussed in this
paper is called the partial-reflection experiment. Data are collected using
vertical incident radio waves which are partially reflected from the D region.
The information obtained can be in one of two forms: differential absorption
[Pirnat and Bowhill, 1968) and differential phase [Wiersma and Sechrist, 1972].
Partial-reflection data using the differential absorption method were collected
from 1200 to 1700 CST for the solar eclipse of July 10, 1972, as well as July
S and 11 as control days. The experiment was set up as described by Birley and
Sechrist [1971] with two exceptions as described in Chapter 3. The solar and

ionospheric conditions for this experiment are given in Chapter 2.



2. PRODUCTION AND LOSS OF THE D-REGION IONIZATION

Recently several papers have summarized the knowledge of the D region of
the jonosphere. Thomas [1971] presents an overall review of the D region while
theoretical models of the D region are presented by Sechrist [1972], Ferguson
[1971], Donahue [1972], and Radicella and Stowe [1970]. The D region is perhaps
the most complicated part of the ionosphere as well as the most difficult part
from which to obtain accurate data. The chemical composition is dependent on
height and solar zenith angle [Thomas, 1971]; alfhough it consists of neutral
constituents, positive ions, negative ions, and free electrons, this chapter is
mainly concerned with the processes of formation and loss of free electrons
during the daytime (solar zenith angles less than 90°) and during -a solar eclipse.
Using results obtained from measurements on other eclipses, the expected results
from the partial-reflection ekperiment are given.

2.1 Ionization Sources

Although there is general agreement on what ionizes the neutral D-region
constituents, there is some doubt as to the relative importance of each source.
The ionization sources for the daytime D region at midlatitudes, as given by
Mitra and Rowe [1972] and by Aikin [1972] are:

1) Lyman-o (1216R) ionizing nitric oxide (NO)

2) 1—BR X-rays ionizing all constituents

3) 1027-IIISR ultraviolet radiation ionizing metastable 02(169)

4) Galactic cosmic rays ionizing all constituents.

Along with these sources precipitating electrons may be considered
another source of free electrons, but is of prime importance only in the polar

regions, at night, or after a magnetic storm [Lauter and Knuth, 1967] and will

not be considered in this paper.



The primary ionization source below 70 km is considered to be galaetic
cosmic rays [Sechrist, 1972}, although its effect may extend as high as 75 km
[Keneshea, 1967]. The primary ionization source above 70 km is either (1) or (3)
depending upon the nitric oxide distribution adopted. Few measurements of nitric
oxide have been made, so most distributions available are from theoretical models.
Distributions measured by Barth [1966] and Pearce [1969] are at least an order
of magnitude greater than distributions calculated from theoretical models of
the ionosphere [Mitra, 1966], but distributions measured by Meira [1971] below
85 km are about the same as those calculated by Shimazaki and Laird [1970].

Using distribution by Barth [1966] for NO, the primary ionization source between
70 and 80 km is Lyman-o ionizing NO, but using nitric oxide distributions given
by Shimazaki and Laird [1972] and photoionization rates for Oz(lag) given by
Hunten and MeElroy [1968}, the main ionization source between 70 and 80 km is
1027-1118 R UV radiation ionizing OQ(IAQ) [Thomas , 1971]. Somoyajulu and
Avadbanulu [1972] pointed out that according to measurements by Huffman ,

et al. [1971], photoionization of Oz(lﬁg) is important only above 80 km
making Lyman-¢ the main ionization source. Figure 2,1 from Sechrist [1972]
shows ion-pair production rates for various radiation during solar minimum.

In any case the distribution of NO is important to the rate of production of
free electrons between 70 and 80 km, and the distribution by Meira [1971] is
used in this paper.

The variation of ionization sources (1) and (3) with respect to solar
activity is small [Thomas, [1971], but 2-8 R X-ray flux can change by several
orders of magnitude. Typical X-ray fluxes for different solar activity as
given by Aikin [1972] are less than 4 x 103 ergs em? sec! for a quiet sun,

% and 4 x 1073 ergs em? sec™! for moderate sun, and greater

2

between 4 x 10~

than 4 x 107° ergs cm_ sec™! for an active sun. A solar flare on July 11 at
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8:10 AM CST produced a 2-8 ; X-ray flux of 1.5 x 10_2 ergs cm_2 sec_l. With
an active sun or a solar flare 2-8 R X-ray ionization can become the primary
source of jonization. The 2-8 R flux for July 9, 10, 11 in Figure 2,2 from
the Solar Geophysical Data, 1973 (U. 8. Department of Commerce) shows the
solar activity to be quiet to moderate. The X-ray flux is expected to have
little or no correlation with the electron density of the upper D region
except for the X-ray burst near 1435 on July 11.
2.2 Formation of Ions in the D Region

The electron density between 70 and 85 km is dependent on the formation
of positive ions. The three main ionization reactions for this region are:

A) 02 + hy 02+ + e

B) NO + hv » NO' + e

C) N, + hv =~ N2+ + e
as seen in Figure 2.3 adapted from Mitra and Rowe [1972] and Donahue [1972],
which is a block diagram of the positive-ion chemistry at 75 km. The main loss
process for N2+ is by the charge-exchange reaction:

D) N,” +0,> N, +0,.

This reaction is very fast (1 x 10710

ems sec'l) [Fehsenfeld, et al., 1965],

Therefore concentrations of N2+ are small and the production of 02+ is either
by photoionization or by charge t?ansfer. Electron production, therefore can
be determined by the production of NO" and 02+ minus the formation of NO' by
charge exchange reactions shown in Figure 2.3. Since the production of NO' is
dependent on NO distributions, the production rate of the free electrons also
depends on the NO distribution which can differ by at least an order of
magnitude {Section 2.1).

The main positive ions between 70 and 80 km are hydrated ions of the form

+
H (HZO)n, n being some number greater than zero [Nareiail and Bailey, 1965].
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Two basic reaction schemes for the formation of water cluster ions as presented
by Fehsenfeld and Ferguson [1969] are from NO' and beginning with the reacfion
02++ O2 + M+ 04+ + M where M is a third body. Both schemes are given in
Figure 2.3. Each scheme raised several questions which are dealt with by Donahue
[1972]. According to Figure 2.3, NO' creates hydrates with masses of 55 and
higher, yet 19" and 37" are the dominant hydrates detected. Alsoc the first three
reactions with NO'are too slow relative to the loss rate. Problems with the 02+
scheme are: it seems to ignore the large NO" concentration and the ionization
of 02(1Ag) seems to be an overestimation according to Huffman, et al. [1971],
but this may be the main source of water clusters between 77 and 85 km [Donahue,
1972]. Even with the large number of hydrated ions, the rapid recombination
rate competes with the formation of hydrated.ions [Thomas, 1971]. This recombi-
nation represents the main loss process for free electrons between 70 and 80 km.

The formation of negative ions would constitute a loss of free electroms
by the attachment reaction;

E) e +02+02+02'+02.
Figure 2.4 by Thomas [1971], giving a scheme for the daytime negative electrons
at 65 km, shows reaction (E) to ﬁe fast, but the loss reactions

F) 02‘+o->03+e

G) 02' + 02(1ag) >20,+e¢
are much faster. Although the formation of 04' is rapid, there is rapid return
to 02—. The negative ion chemistry is depenaent on atomic oxygen and OZ[IAQ)
concentrations. At night.these concentrations decrease so that reaction (E)
constitutes an important loss process for free electrons.

At eclipse totality free electron production is reduced to that comparable

of nighttime electron production, and the production of atomic oxygen and meta-

stable Oz(lAg) are also greatly reduced [Shimazsaki and Laird, 1972]}. By
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comparison of eclipse data, Mechtly, et al.[1972] shows the possibility of
attachment reactions as being the main loss process at totality. This would
mean a large reduction in O and Oz(lﬂg), but the reduction measured by Hunt
[1965] during an eclipse shows less than an order of magnitude change in atomic
oxXygen. More measurements of atomic oxygen are needed during eclipses to deter-
mine more accurately the loss process for free electrons during totality of a

solar eclipse.

2.3 Recombination
Above 70 km during the daytime, negative-ion chemistry is not important;
so the main loss process of free electrons above 70 km is by recombination
with positive ions. The continuity equation for electrons as given by Whitten
and Poppoff [1971] is:
dlel. , g L rq2 o el o dA
at (1 + ?\) - (U‘D + Aai)[e] - (1 + A) at (2.1)
where [e] is the electron density, X is the ratio of negative ion concentrations
to electron densities, g is the ionization rate, an is the ion-electron
recombination coefficient, and Q. is the ion-ion recombination coefficient,

-With the assumption that variation in A is insignificant, then da/d¢ = 0

and defining an effective recombination coefficient as Bopp = Op t Aaé,
Equation (2,1) reduced to:
dlel_ . ¢ 2 o

During a solar eclipse at totality, the electron production decreases by
several oxders of magnitude. Using an ionization rate of zero (g = 0), o ef

can be obtained from Equation (2,3) for short intervals of time.
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a_ge = —LJ-‘:‘Aj [e]? (2.3)

With small changes in the electron density @ pg Can be obtained by the ap-

proximation [Mitra and Rowe, 1972]

Caff Q/[e]z(l + A) (2.4)

Below 70 km the problem is complicated by the presence of negative ions

[Mitra and Rowe, 1972] for which a time dependent analysis of the negative
reaction scheme has to be used [Thomas, 1971]. As discussed in Section 2.2,
there is the possibility of loss by attachment. Many problems about the loss
process still remain unsolved including the question of the NO distribution,
2.4 Expected Results

Figure 1.2 by Sears [1972] gives the obscuration function for different
D-region solar ionizatjion sources from the eclipse of 1966. Lyman-o and visible
light have the same obscuration function but not so with UV and X-rays. The
obscuration function for visible light at Urbana, Illinois for July 10, 1972
(Figure 1.1) is therefore expected to be different from the obscuration func-
tion for ultraviolet radiation and X-rays. Using the maps of the sun given in
Solar-Geophysical Data, 1972 (U.S. Department of Commerce) and the moon's movement
across the sun's disk, an idea of the obscuration function for different solar
radiations can be obtained. Since the solar activity during the eclipée was
quiet to moderate, the predominate ionization source between 70 and 80 km is
expected to be Lyman-a.

The total obscuration is about 60%, therefore data is used from previous

eclipses with a similar obscuration and about the same solar zenith angle. The
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'Solar zenith angle is shown in Figure 2.5 to be about 37°. Figure 2.6 by
Deeks [1966] gives various electron densities for an eclipse during March
equinox noon at sunspot minimum. Figure 2.7 by Smith, et al. [1965] gives
electron density distributions for various obscurations of the eclipse of
July 20, 1863. 1In Figure 2.6 the electron density for 60% cbscuration shows
little change until above 70 km. For Figure 2.7 at 40% obscuration the elec-
tron density at 75 km has no change while above and below this altitude show
marked changes. Below 75 km the change is, therefore, expected to be no
larger than above 75 km and the change is expected to be approximately 36%
(from equation (2.4)). Due to the changing solar zenith angle, the magnitude
of the slope of the changing electron densities before the maximum obscuration
of the sun is expected to be greater than the slope after maximum obscuration.
2.5 Statement of the Problem

The purpose of this paper is to present the setting up, collection, and
anaiysis of the partial-reflection data taken before, during and after a solar
eclipse and to present changes made in the partial-reflection computer programs

in order to simplify the operation and more effectively reject noise.



16

10.0 ! = [ 1 l

5.0| e N -

i JULY 9, 1972 - \/ n

20 =
% —
8 00— -
‘s r ]
[ | —
o SOr JULY 10, 1972 |
> i ’//
é i - ]
by
& 20L —
L}
>
10.0

5‘0 /v ——————
i JULY 11, 1972

20— —

| i | | I
1200 1300 K00 1500 1600 700

TIME (CST)

Figure 2.5 The variation of the solar zenith angle for July 10, 1972. The

partial-reflection data collected period is shown as well as the
time of maximum obscuration for the eclipse,.




height (km)

100

| |

10° 10*

Figure 2.6 Variation of electron density during a solar eclipse
at March equinox, mid-day, and sunspot minimum at
middle latitudes [Deeks, 1966].

17



ALTITUDE (km)

120

110

100

920

80

70

60

50

(7]
H
} AT
thj [J/
-d/)'
ﬁl
® | |4
&
— -..‘__/_//
—"]
10 102 103 Il |

ELECTRON DENSITY (¢m~3)

Figure 2.7 Electron-density profiles for the eclipse of July 20, 1963 [Smith, et al., 1965].

Profiles 1, 2, 3, and 4 refer to obscurations of 92%, 86%, 40%, and 2%, respectively.
The solar zenith angle was 55° at totality and 61° at 40% obscuration.

106

81



19

3. EXPERIMENTAL TECHNIQUE

The partial-reflection experiment was first performed by Gardner and
Pawsey [1953]. Electron densities were deduced for 65 to 82 km from partially
reflected, circularly polarized radio waves. The transmitter operated at 1 kw
during each 30 usec pulse with a center frequency of 2.28 MHz, and the partially
reflected signals were displayed on an A-scan oscilloscope. Several improvements
have been made in the experiment and are discussed by Pirnat and Bowhill [1968].

Gregory [1956] used an increase in transmitter power of 4 kw and a decrease
in the transmitter pulse width to 9 usec. These changes improved the amplitude
and resolution of the partial reflections. Fejer and Vice [1959] developed an
improved receiving and‘storing method using a dual-beam cathode-ray tube oséil-
loscope and camera. The system was operated at 1.83 and 2.63 MHz. Belrose and
Burke [1964] also operated at two different frequencies (2.66 and 6.275 MHz) and
transmitter power of 1 Mw, were able to obtain electron demsities from the Drand
E region. Belrose and Burke [1964] were the first to use the generalized
Appleton-Hartree formulas by Sen and Wyller [1960] for partial-reflection
application.

Using the generalized Appleton-Hartree formulas and several approximations,
the ratios of partially reflected extraordinary waves (Ax) to the partially re-
flected ordinary wave (AO) for two heights can be used to calculate electron
densities [Pirmat and Bowhill, 1968 and Reynolds and Sechrist, 1970]. The ratio
Ax/Ao at each height is inversely related to the absorption by the expression
exp(ng km-koj from which the name differential absorption.originates. At the
University of Illinois the electron density was calculated directly from these
ratios, and as seen in Chapter 4, small changes in these ratios can produce large

variations in the electron densities.
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Henry [1966] designed and built the hardware for the partial-reflection
experiment at the University of Illinois. The transmitter that is presently
being used was built for the purpose of making shipboard measurements. This
transmitter operates at 40 kw during each 20 usec pulse and with 5 pulses per
second. The center frequency is 2.66 MHz with a 50-ohm unbalanced output,

Figure 3.1 shows a block diagram of the transmitter. The reduction of power
from the initial 50 kw used is to give longer life to the tubes used, and the
pulse is shortened from 50 usec used by Henry [1966] for better height resolution,

Figure 3.2 shows the two antenna arrays used to transmit and receive cir-
cularly polarized signals. Each array consists of 30 half-wave dipoles in the

north-south direction and 30 in the east-west direction [(Wiersma and Sechrist,

1972]. Each direction has matching networks that differ by 90° from the other
direction of the same array to give a circularly polarized radio wave as shown
in Figure 3.3. Each array gives approximately 22 dB gain with the main beam
in the vertical direction. The first sidelobe is down 14 dB. Since both
arrays are the same, this is a decrease of approximately 30 dB in the sidelobes
relative to the main signal which has 44 dB gain. Further details on the

antennas are given by Pirmat and Bowhill [1968] and Reynolds and Sechrist [1970].

3.1 Development of Receiving and Stoving Data

The receiver, storage and timing controls have had two main changes in
the development of the partial-reflection system. The experiment was originally
set up using photographic film to store the partially reflected signals as dis-
played on an oséilloscoPe {see Figure 3.4). The controlling circuitry or pulser
sent pulses of 30 volts to tﬂe transmitter, receiver, and camera. The pulser
has remained the same with the exception of the addition of extra control cir-

cﬁitry depending on the storage method. The amplitudes of the received signals
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Figure 3.4 Typical frame of data as collected by Hemry [1966].
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were later measured visually and electron densities were obtained. Pirnat and
Bowhill [1968] shows that there is good correlation between electron densities
calculated from the partial-reflection data and from rocket measurements with
the transmitter operating at 25 kw of power during a 50 usec pulse. This system
of collection and storage is inexpensive, but the processing of the data to
obtain electron densities is very slow and preparation and operation are
complicated,

Reynolds and Sechrist [1970] set up data storage on paper tape. Ordinary
and extraordinary samples were punched on paper tape for heights corresponding
to 75 km and 80 km. Data can be stored at a rate of 30 values of each sample
in one minute. From the paper tape the data can then be read into a computer
and processed. This data on paper can be used to obtain an electron density
for between 75 and 80 km. Reynolds and Sechrist [1970] show the results using
paper tape compares favorably with results from rocket measurements and with the
results published by Belrose and Burke [1964]. Although the system has a faster
operation than the original system, it produces only one electron density and
the added control circuitry is very complex.

Birley and Sechrist [1971] set up the partial-reflection experiment using
a PDP-15 computer. The received signals were transmitted to the computer via an
analog to digital converter and stored on DECtape to be processed later. The
data consisted of four noise samples from 45 to 49.5 km and 21 data samples from
60 to 90 km in 1.5 km increments. The collection rate is 5 sets of 26 samples
sec_l. This collection is done alternating between ordinary partial reflec-
tion and extraordinary partial reflections. Electron densities obtained by
Birley and Sechrist [1971] show  good agreement with electron densities obtained

from rocket measurements between 67.5 and 82.5 km. The other heights suffered
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from too many rejections due to noise and saturation of the analog to digital
converter, small signal to noise ratios, or inaccurate Ax/Ao ratios. Computer
storage offers several advantages:
1) A fast rate of data collection (presently limited to the
transmitter speed)
2} Data can be stored more compactly and in much larger
quantities
3) The controlling circuitry is greatly simplified
4) The data processing is faster
5) [e] can be cbtained for every 1.5 km
This type of system also poses several disadvantages:
1) High cost
2) Development of computer software
3) Loss of accuracy in digitizing the data
4) Development of mew circuitry and modification of the old
for adaption to the A/D converter
5) More complicated operations (operator must know computer
operation)
These disadvantages have been reduced with additional equipment and development
as given in Section 3.3.
3.2 Partial-Reflection Data Collection for the Solar Eclipse
The partial-reflection receiver was interfaced into the PDP-15 computer
to obtain data to be processed as described by Birley and Sechrist [1971].
Several changes in the receiver and controlling circuitry and the addition of
an analog-to-digital canverter were required prior to using the computer. A

block diagram of the original receiver is shown on page 18 of Aeronomy Report
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No. 13, [Henry, 1966]. The analog-to-digital converter saturates with an input
of one volt or greater and will be damaged with inputs greater than five volts.
The maximum output of the receiver was therefore reduced from 10 volts to 1.5
volts by one of the IF amplifiers, and the full-wave bridge diode detector

was replaced by a single diode to reduce the nonlinearity of the receiver. A
second blanking gate was inserted with the mixer in the RF amplifier module to
more completely remove the initial effects of the transmitter pulse. The

polarity reversal circuitry was not used but was left intact while the differen-

tial amplifier and inverter were replaced by two DC amplifiers on integrated chips.

The block diagram of the modified receiver is shown in Figure 3.5. Figure
3.6 shows the RF module with the extra blanking gate and Figure 3.7 shows the
IF amplifier/DC amplifier module with the revisions. Both modules were modifi-
cationsof the RF-3 module and IF-6 module respectively, given by Henry [1966].

The receiver power supply was unchanged as set up by Henry [1966]. Encode pulses
as shown in Figure 3.8 were used to control the operation of the A/D converter after
Birley and Sechrist [1971]. The encode pulse circuitry consists of a 5-volt

power supply and 4 monostable multivibrators (Figure 3.9) with a variable timing
for length of noise and signal pulses and the delay of each.

Two main modifications were made in the software set up by Birley and
Sechrist [1971]. For the first change D, R. Ward [private communication] set up
a computer-controlled synchronization with the external pulser. The timing
shown in Figure 3,9 is used to determine which radio wave mode has been received.
The computer programs are set up to store only pairs of sets of 26 numbers read
from the A/D converter., A set of numbers is read in and assumed to be from a
radio wave of ordinary mode. The computer's clock is set for 150 usec and the

computer waits for another set of numbers. If another set is not read in prior
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to the 150 usec, the set was from an exfradordinary radio wave and is rejected.
Othewise, both sets are accepted and the computer is synchronized with the pulser.
This process is done only when the computer has a possibility of being out of
synchronization with the pulser which are:
1) Beginning of every file
2) After the transfer of a block of data to disk
3) After collection is stopped and restarted by console
control switch
4) During a timing error (no longer a terminal error, sSee
Section 3.3)
5) When the computer '"forgets to read" (discussed in Section 3.3)
The second change is to account for the nonlinearity of the receiver as
seen in Figure 3.10 and was initially set up to adjust the data during processing
[Wiersma and Sechrist, 1972]. Due to the time needed for the calibrating opera-
tion (approximately a half day), the computer is used which increases the speed
of the process while making it possible to account for inaccuracies in the
analog to digital converter. This process takes about 40 minutes (including

30 minutes for the receiver warm up). The adjustment to the data is done by

using a table look-up method in the collection programs. Since the data stored
on the disk are linearized data, the table is not needed after the collection is
done and can be deleted after all the dataare stored, The method is to convert
the A/D converter output to the corresponding normalized receiver input. This
is dome by injecting a CW signal of a known value using an attenuator with one
dB increments and storing the output in the computer using the set up shown in
Figure 3.11. Straight line segment approximations to the curve in Figure 3.10
are obtained as shown in Table 3,1. Using outputs from 0 to 511 the corresponding

inputs are determined normalized to 511 maximum, stored in a table as shown in
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Table 3.1

Stra%ght line segment approximation to the relationship of
receiver input to receiver output.

Slope
5S¢ 1):=50,906
S¢ 2)= ¥,.912
S(C 3)z 2,394
S¢ 4)= 7,762
SC¢ 5)= 9.151
S¢ )z 2,576
S = 4,198
S( /Y= 1,983

S( 9= 2,255

SCIM= 1,676
S(i1)= 2,576
SCI2)= 1,946
S(13Y= 1,356
S(14Y= 1,754
S$(15)= 1,38}
S¢16)= 1.012
S(17y= 1.161
S(18)¥z P,969
S(19)= 6,912
s¢e2my= 1,113
S(21)Yz A,987
s(22)= A, TT!
S(23)= 1,172
5(25)= ¢,BE0
s(26)= PR32
S(27)= @.,98¢
g(28)=- 8,789
S(29)= 7,980
S¢3M= 2,816
S(31)= B,918
S(32y= B,766
S(33)= 0,944
S(34)z 8,913
S¢35)z 8,933
S¢3s)= 1,038
SC3Ty=z 1,111
S(38)x 1,268
S(39)= 1,326
S(4B)= 1,471
S¢41)= 1,829

Input
TUC 13= A.200
TU( 2)= 5,628
TUC 3= 6,312
TUC 4)= 7.080
TUC 5)= T7.949
TUC 6)= B.910
TU¢ M= 19,070
TUC 8= 11,2202
TUC 9= 12,599
TUCI@3=: 14,130
TUCIl)= 15.850
TuCE2>= 17,788
TUCI3): 19,950
TUC14)= 22,390
TUC1IS): 25,129
TuC16>= 28,180
TU(I Y= 31,620
TUC18)Y= 35,480
Tu(19)= 39,810
TU(2B)= 44,670
Tu(21)= 52,129
TU(22)= 56,249
TU(23): 63,100
TU(24)z 1T2,802
TU(25): 79.43@
TU(26)= 89,130
TU(27 = 109,000
TU(28)=: 112,200
TU(29)= 125,900
TU(3B)>= 141,258
TU(31)= 158,490
TU(32)= 177,830
TUC33)>= 199,530
TU(34)= 223,870
TU(35)= 251.198
TUC36)= 281,840
TU(37)= 316,238
TUC38)=: 354.828
TU(39)= 398.1102
TUC4A) = 446,680
TU(41)= 501,190
TU(42)= 562,349

OQutput
TUOC 1)Y= 4,786
TUoC 2> 4,896
TUOC 3)= 5,073
TUOC 4)= 5,394
TUOC 5)=  5.505
TUOC 6)= 5,611
TUOC T = 6,034
TUOC 8)= 6,326
TUoC 93= T.216
TUO(1MY=  T7.695
TuocCl )= 8,726
TUO(12)=  9.475
TUOCI3)= 10,592
TUc(14)= 12,389
TUOCLS)= 13,945
TUO(16)= 16,16]
TUOCITY=: 19,562
TuoC1RY= 22,286
TUOCIS)= 27,353
TUo(Z2M = 32,694
TUO(21>= 37,591
TUO(22)= 43,794
TUO(23)= 52,693
TUO(24)= 59.260
TUO(25)= 71.451
TUO(26)= 82,478
TUO(ET) = 95,540
TUo(28)= 107,992
TU0(29)= 125,364
TUO(3B)= 142,426
TUO(31)= 163,559
TUO(32)= 184,627
TUO(33)= 212,947
TUO(34)= 238,730
TUO(35) = 268,645
TUO(36)= 381,499
TUO(37)= 334,895
TUO(38)= 369.618
TUO(39)= 403,979
TUOC42) = 441,155
TUOCAL1) = 478,202
TUO(42)= 512,000
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Attenuation
Used

SSDB
45DB
44DB
4A3DB
42DB
41DB
42DB
33DB
38DB
37DB
36DB
3508
34D8B
33DB
32DB
3108
39008
290B
2€DB
2708
26DB
2508
24DB
23DB
2218
21DB
2208
19DB
1208
{708
1 6DB
15DB
14DB
13DB
1208
11DB
12DB
DB
g8DB
DB

6DB
DB
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Table 3.2, and placed on a storage device (normally a disk). The program DLOGF
(given in the Appendix in MACRO language) reads Table 3.2 into the computer, and
~ the table is used during collection of the received partial-reflection signal.
Using the table, the MACRO subroutine LIN does the linearization of the numbers
read from the analog to digital converter. The programs responsible for the
formation of these two tables are TBFORL (FORTRAN IV), LINAP (FORTRAN IV}, RADC
(MACRO), and TTM (MACRO).

The system as it has been described was used to collect and process the
partial-reflection data for the three-day eclipse period of July 9, 10, and 11,
1972, The rest of this chapter will describe further changes and developments of
the system. These chaﬁges have been due to an increase of 16 K core memory, the
addition of 2 disk units capable of storing 262.144 words each, and the changing
from a single user monitor system to a background/foreground monitor disk system.
3.3 Real-Time Data Storage and Automatic Processing

A computer operates on its own timing system and if this timing system oper-
ates along with events outside the computer that affect the operation of the
computer, then the computer is said to be operating in real time. For instance,
if the computer reads in a set of 26 samples and is able to manipulate or process
them before the next set of samples is read in, the computer is doing real-time
processing; as opposed to saving the data on tape and processing it later, as done
by Reynolds and Sechrist [1970]. With high-speed access on the disk (16 msec
access time), the background/foreground system made possible real-time collection
and processing of partial-reflection data, Due to the complicated timing, slow
print-out, and the noise algorithm (discussed in Section 3.4), processing of the
daté is postponed until after the file is stored on the disk.

The background/foreground monitor system is a double monitor, multi-

priority level, software system. The two monitors are separate software systems



406
4195

476
493
565

Table 3.2

The output of the A/D converter are numbers between 1 and 511. The
input for each output is given in this table.

231

240
248
257
268
275
285
294
3A5
315
325
336
348
359
371

383
395
407
429
434
447
461

478
494
511

|
21
32

249
249

276
286
295
306
316
326
338
349
361
372
384
396
498
422
435
448
463
479
436

!
22
33
41
51
58
67
74
82
B89
98

196
113
121
129
137
144
153
161
168
175
182
151
199
28
216
224
233

241

250
258
268
277
286
296
307
317
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sharing the same hardware with programs operating in the foreground system
having priority. Each system has 8 automatic priority (API) levels and

.a mainstream level. There are four hardwaré levels which have highest priority.
The software levels are labeled 4, 5, 6, 7, and 0 where 4 is the highest and 0
is the mainstream, the lowest, When a program initially starts running in
either background or foreground, it begins on mainstream. Certain commands
require a special subroutine called a real-time subroutine and is designated

a priority level from 0 to 4 and stops all operation on lower priority levels
(background is lower than foreground) until it exists from the level or per-
forms an i/O operation,

With this system the partial-reflection collection and processing programs
as mentioned could operate in real time, but due to several problems in the
processing of data, the data could not easily be saved except in
processed form. The solution used is to collect one file of data and process
that file while the next file of data is being collected. After each file is
collected, the operator is told what the next attenuator setting is. The
collection program also checks the setting of the switches on the console to
allow the operator to control parts of the collection program. Switch 0 acts
as an on/off switch which causes collection to stop collecting and wait in a
loop if set to 1. Switch 1 allows the background system to share the collec-
tion and processing storage device (1 disk) if the switch is set to 1. This
sharing is necessary if the collected files are to be stored on DECtape,

Switch S-allows the processed data which are printed out onto the teletype to also
be punched onto paper tape if the switch is set to 0. This option is presently
used to allow for later plotting of the data using a programmable calculator.
Switches 2 and 5 are not used at the present. The rest of the switches are used

for determining the length of each file (default length is 513 pairs of sets of
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26 numbers). The time of day is determined by using the clock within the computer
to give the time in hours and minutes.

The flow diagram of the programs is shown in Figure 3.12. The programs are
loaded into the computer and the computer's clock is set to the time of day. The
operator is given the option of calibration of the receiver. The linearization
table is stored on a disk and some initial information is read in. If the table
read in is erroneous the operator must re-do the calibration procedures. The
collection is started on priority level 6 and processing waits for the first file
to be collected. After collection of the number of sets of samples set on the
console switches and the operator changes the attenuator setting, the second file
is collected while the first is processed and printed out. This process continues
until stopped by the operator. Information used to calculate the noise threshold
as described in Section 3.4 is transferred to the processing program after each
file is collected and is not stored on the disk. The processing program therefore
must remain faster than the collection or this information will be lost.

The processing of files involves rejecting sets of samples thatrare too
noisy {discussed in Section 3.4), summing the squares of unsaturated data, sub-
tracting off the sum of the squared acceptable data, and taking the square root,
The resulting data are two sets of 21 samples, one of ordinary medes [Aoj and
one of extraordinary mode (Ax) radio wéves. This process is done in the main
processing program PROC (given in the Appendix}. The electron densities are
calculated in CALC2 which is discussed iﬁ Section 3,5. The results are typed

out on the teletype in tabular form as shown in Table 3.3.

The first line of the print-out of processed data is the heading. This
gives the time the collection of the file stopped, the date, the reason for the
Tun, and the attenuator setting for the file. The next line contains the

noise threshold and the square of the multiplying constant used in the
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maximum noise criterion discussed in Section 3.4. The next two lines are the
ordinary and extraordinary mode noise before (number 1) and after (number 2) re-
jections due to excessive noise. The next line gives the number of pairs of sets
of 26 samples‘collected and the number of these pairs rejected due to saturation.
The first column of the tablelis the number of rejections due to both saturation
and excessive noise for each height. The next column gives the height of the
reflected signals for each row. The next two columns give RMS of the ordinary
QAO) and extraordinary (Am) signals. The fifth column gives the ratios of extra-
ordinary partial reflections to ordinary partial reflections from the fourth
and third column respectively. The last column gives the electron density for
between the heights. The last electron densify is given as zerc since only one
height is available to calculate it,
The present method of ;ollection and processing of partial-reflection data

is fast, efficient, and easy to operate, but two problems needed to be removed.

The increase of input/output operations have increased timing errors which are
discussed by Birley and Sechrist [1971], and the A/D converter sometimes fails to

respond to read commands.

The A/D converter transfers data to the computer using multicycle block
transfer as described by Birley and Sechrist [1971]. The process is a three
cycle operation for each word transferred. After each transfer, the A/D con-
verter interface is tested for synchronization. If the timing between the inter-
face and the I/0 processor is altered, transfer is stopped resulting in a timing
error. With the present system, this error can result from hardware malfunction
or excessive I/0 operation occurring. If the latter is the reason, the problem
is only temporary and can be remedied by issuing another read. Care is taken to
keep the computer synchronized with the pulser. If the error is a hardware

problem, the condition will not clear up and collection must stop, The error
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will usually occur when data are being collected, proéessed data are being printed
out, and a tape is being copied onto the disk in background, all simultaneously.
The second problem has to do with the A/D converter's interface refusal to
transmit data. The problem has been traced to failure in the A/D converter inter-
face logic. The collection program will issue an A/D converter read, but not
receive control back and no data are transferred. This problem occurs only with
the background/foreground system and it occurs infrequently (once in about every
10,000 read commands). One solutibn is to issue a double read, but the problem
could still occur. The solution used is for the processing te check for this
stoppage, restart the collection in an orderly fashion if it has stopped and to
ring the teletype bell to let the operator know of the stoppage. This solution
does not prevent the failure of the A/D converter interface to transfer data, and
the problem will have to be removed for faster ratio of collection, but presently

the operator need not be  concerned with this problem. The rest of the

data is unaltered by this problem.
3.4 Noise Rejection

The partially reflected radio waves from the D region are usually small in
amplitude on the order of 10 to 1000 mvolts at the output of the 80 dB gain re-
ceiver. Noise amplitudes vary between 30 to 1000 mvolts. For the purpose of the
noise algorithm, noise is considered to be any interference which is part of the
receiver output signal that is not attributed to the partially reflected waves
from the vertically transmitted pulse. This noise is divided into two types:
background noise and noise bursts. Background noise is noise caused by the re-
ciever (14%3 mV) and general atmospheric noise which is always present (40110 mV).
Noise bursts are caused by lightning and other radio transmitters, and the ampli-
tude of this noise is dependent on the location of the source. Lightning noise

will usually last for the duration of one encode pulse while noise due to other
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transmitters will last for at least 1/2 second which is several encode pulses

(see Figure 3.8} and the noise will be increased usually by 10 to 1000 mvolts.

Both types of noise are rejected in the processing program PROC(FORTRAN IV) as
shown in the block diagram of this program in Figure 3.13.

Data are collected in pairs of sets of 26 numbers. Each set contains 5
noise samples and 21 samples of partially reflected signals. Each pair contains
a set of ordinary mode samples and a set of extraordinary mode samples. In PROC
a noise threshold is determined and the square of this multiplied by five is
compared to the sum of the squares of the five noise samples of each set. This
method of comparison is faster than comparing the RMS of the noise as set up by
Birley and Sechrist [1971] since square root operations take approximately 1
msec and squaring takes 70 usec on the PDP-15, and the squaring need only be
done once per file. If the noise of either mode is greater than the noise
threshoid, both sets of 21 signal samples are rejected and the next pair of sets
are tested. If the noise of both modes is less than this threshold, the noise
of both sets are considered acceptable and saved for later processing. The
partially reflected signals with acceptable noise for each mode are checked for
A/D converter saturation (.997 volts receive¥ output) at each height. If either
of thé two samples (one of each mode) is saturated at a height the two samples are
rejected; otherwise the data are considered acceptable. This processing of
pairs of 26 samples continues until the end of the file is reached. After the
file of collected data has gone through this processing, the average of the sum
of the squared acceptable noise for each mode is subtracted from the average
of the sum of the squared acceptable partially reflected samples of the same mode
at each height, and the square roots are printed out as shown in Table 3.3 and

as described in Section 3.3.
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Originally, the noise threshold was determined by the operator typing in
a value chosen by him as seen in the program PROC73 in the Appendix. This was
later changed to an automatic determination based on the attenuator setting
used as given at the beginning of a run. This method did not account for the
day-to-day variation in noise nor in an erroneous attenuator setting. The

noise threshold value is presently determined by the following equation:

45
M= (K g i) /45)° (3.1)

where M = maximum allowable noise value

=
1]

arbitrary constant

=
1

certain noise samples collected as explained in the following
paragraph.

In the collection programs RSUB and LIN, the maximum and sum of each
group of 45 neoise samples are stored, and the maximum values are compared.
The sum of the group with the lowest maximum value is transferred to the
processing program PROC and is used in equation (3.1), The constant X has
been chosen by trial and error, and values between 2,5 and 3.5 seem to give
the best results (equation 3.1 is being used).

Other algorithms have been. tried, but none seem to give any obvious
improvement in the resulting electron densities. One method is to split S
noise samples collected with each set of data into 2 for comparison with the
noise threshold value and 3 subtracted from the reflected signals., This method
works on the theory that the noise within the 5 noise samples is not the same
amplitude as the noise within the 21 data sampies for each set of 26 data

samples, but is statistically the same over the number of samples collected
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for one file, With the present system, when the number of rejections due to
noise is large, (greater than 200 out of 513 pairs of sets of samples), the
noise within the noise gate is restricted to a lower level than the noise in
the data frame. Therefore, the noise in the data frame would not be completely
subtracted off; as it would be with splitting the noise samples, The applica-
tion of this technique using 4 noise samples showed no improvement in the
results. Two possible causes are too few noise samples being used and the noise
samples being too close together.

Another method has been developed and tested by D. R. Ward [private com-
munication]. A CW signal is inputed into the receiver along with the received
data from the antenma. The noise and partially reflected signals are each
defined as A cos®; where A is the amplitude and 6 is the phase. The noise is
assumed to be random while the partially reflected signals are assumed to haﬁe
only a small variation between two sets of samples. Using an algorithm developed
by D. R. Ward [private communication], the phase and the amplitude of the noise
portion of each signal average to zero while the phase and amplitude of the
signals do not. This method is used to reject the noise from the partially
reflected signals at each height. This method fails to reject interference
caused by other transmitted signals since this type of noise does not have
random phase. D. R. Ward [private communication] has obtained useful electron-
density profiles from the method but generally found no improvement over the
present system. Further study and development of either method may improve the

processing and should not be discarded.

3.5 Converting Ax/Ao Ratios to Electron-Density Profiles
The partial-reflection programs assume a constant collision frequency for

each height with seasonal variation. The values used were determined from the
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following equation [Birley and Sechrist, 1971]:

v, = Kp (3.2)
where X = constant = 7.3 x 105
p = pressure in pascals
v = collision frequency in sec™!

The pressures used are from the mean atmospheric model from COSPAR International
Reference Atmosphere [1965) with seasonal variations given by U. S. Standard
Atmospheric Supplements (1966). Using these pressures, experimentally the values
calculated for X vary by as much as 2 x 10° [Lodato and Mechtly, 1971]. The
seasonal variations in the collision frequency (Figure 3.14) can vary by as much
as 20%. This 20% variation in v, can cause the calculated [e] to vary by a
factor of 1.2. The electron densities are calculated using the refractive index
equation given by Sen and Wyller [1960] and several approximations as discussed
by Pirnat and Bowhill [1968]; The resulting equation given by Reynolds and

Sechrist [1970] is:

[e] = ln{((Ax/Ao) / (Rx/RO)}ﬁl / [(Axfﬂo) / (Rx/RO]]hz}/FD (3.3)
FD = [SAhez/Zcmeovm) {;5/2 [[w-wL)/an - C5/2 [(w+mL)/an 1 (3.4)
where
1 e ~E
g (.7:)=——J = " e
Y Yt 1y e24g?
£ = mV2/2kT
fe] = electron density
e = electron charge = 1.6 x 1071° ¢
m = electron mass = 9,1 x 107 °1 kg

£,= permittivity of free space = 8.85 x 107*2 F -1
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w = angular frequency of the transmitted wave

wy = gyro-frequency of the electron

hl = lower height

hz = higher height

Y h2 - hl
k = Boltzmann constant = 1,38 x 1072° g° k™!
T = temperature
V = electron velocity

Ro = ordinary mode reflection coefficient

Bx = eXxtraordinary mode reflection coefficient

This equation required a set of collision frequency constants which are given
in the program CALC (FORTRAN V). The ratio (Hm/RO)kZ /(Rx/Ro) hy and FD
(equation (3.4)) are calculated in ELDEN (FORTRAN IV}, CAL2 (called by PROC)
uses these values (which vary only with vm) as constants for each pair of

heights to calculate the electron densities according to Equation (3,5)

[e] = ln(RATIOZ X (Ax/.ilo}hl / (Am/Ao)hz)/FD (3.5)

where RATIO2 = (Rx/Ro)hz / (Rx/Ro)hl.

This method is used to reduce the amount of core memory required and in-
crease speed of execution of the program. A new CALC2Z can be obtained by revis-
ing the collision frequencies and running the program CALC which writes the pro-
gram CALC2, The electron densities are printed out as shown in Table 3.3 and
described in Section 3.3
3.6 FEquipment Testing

The equipment needs to be tested periodically to determine if it is in

operating order. The transmitter is tested by observing and keeping a log of
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the voltage and current at various locations via meters and an oscilloscope.

The antennas are tested by transmitting and receiving signals at various times
during the day. At noon the extraordinary signal should be absorbed and at
night the ordinary signal should be absorbed, By transmitting and receiving
ordinary and extraordinary signals as described in Progress Report 73-1
[Edwards, 1973], the phase and attenuation of each antenna of each array can
be set and checked for possible damage. This process is also a partial check
for the transmitter and receiver, A spot check of 30 dB difference in ordinary
and extraordinary reflections from the £ region at noon is done on a daily
basis,

The program CHECK (FORTRAN IV) has proved valuable in checking the receiver
and the analog to digital converter. CHECK performs a modified dump of the A/D
converter as read by the computer. If the number 31 is typed, the output is in
the form of partial-reflection data (ordinary and extraordinary pairs), patterned
after the new encode pulse shown in Figure 3.8. If any other number is typed in
an average of that number rounded to the next higher multiple of 50 is printed
out, The 31 pairs of samples are printed out in millivolts only, while the
averages are printed out in millivolts and as represented in the A/D converter.
This program has had many applications; it showed the blanking gate on a new
receiver to be too long. It was used to calibrate the A/D converter using an
input from a standard source, Table 3.4 shows the accuracy of the A/D converter
as the standard.voltage source was varied from 1.0 volts to .1 in .1, .01, and
.001 volt increments, It was used in comparing the paper punch system set up
by Reynolds and Sechrist [1970] with the computer storing method presented in
Section 3,3, CHECK has alsoc been used to determine the number of samples
required to have less than 10% error due to noise (at least 100 samples are
required). The program is easy to operate and has become important in testing

and checking the receiver and the analog to digital converter.



Table 3.4

The output of the A/D converter using a
calibrated input source

ADC

Output Input
Average Voltage Voltage
511.204 998.444 mv 1000 mV
469.558 899.527 mV 900 mv
499,625 80p. 850 mv 800 mv
358.528 709 .250 mv 700 mV
3p7.057 599.72p mV 600 mV
256.p2¢ 500.0649 mv 500 mv
205,252 4PP.883 mV 400 mv
154.¢82 380.941 mv 300 mV
192.787 204.756 mv 200 mv
51.076 99.758 mV 100 mv
46,349 9%.525 mV 90 mV
40.843 79.772 mv 80 mv
35.208 68.766 mV 70 mV
30.844 6§.242 mV 60 mv
25.769 50.339 mV 50 m¥
19.976 39.016 mY 40¢ mv
15.922 29.339 mv 30 mv
10,208 19.922 mv 20 mv
4,839 9.433 mV 10 mv
3. 857 7.533 mV 9 mv
3,233 6.315 mV 8 mv
3,919 5.888 mv 7 mv
2.847 5,569 mV 6 mv
2.443 4.771 mv 5 mv
2.954 4.912 mv 4 mv
1.494 2.743 mv 3 mV
$.659 1.286 mV 2 mV
p.125 B.244 mv 1 mv
g.019 6.929 mv 0 mv
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3.7 Future Development

Several improvements are being made to the system, A‘new receiver is being
made using a linear detector and new RF and IF stages to reduce the receiver
noise. Figure 3,10 shows a comparison of the input versus output between the
new receiver and the old one, With no input signal, the noise level of the new
receiver is 2.5 mV and the level of the older receiver is 14 mV. The circuitry
and discussion of it are given in the Aeronomy Progress Report 73-1 [Edwards,
1973].

A digital input/output device is presently being sought which would improve
the calibration time and free the operator for other tasks as well as simplify
the operation of the system, The purchase of such a device would also reduce
the amount of paper presently required;

Another asset would be a line printer, One could reduce the processing time
by at least half and allow for more sophisticated processing (with possibly
better noise rejection) if such a line printer were purchased.

As mentioned by Birley and Sechrist [1971], an increase of transmitter
power is also needed, This would improve the signal-to-noise ratio and give
better data below 70 km,

The noise problem should be studied more carefully, Perhaps a combination
of the method discussed in Section 3,4 would improve the results. Another

possibility would be to reject extremely low values of reflected signals,

An additional program to transfer collected data to tape would be helpful.
The original programs set up by Birley and Sechrist [1971] saved data on tape
for future processing. With the present system, collected data can be stored on
tape by using a system program called PIP. This requires knowledge in operation

of the computer, and the transferring of files can get complicated.
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4. EXPERIMENTAL RESULTS

This chapter describes the results from partial-reflection data which was
~ collected and processed by the computer on July 9, 10, and 11, 1872, A solar
eclipse occurred on July 10, 1972, The obscuration function shown in Figure 1.1
shows the first contact to be at 1319 CST and the last contact to be at 1536 CST
with 60% of the solar disk obscured, The datawere collected from 1200 to 1700
CST to show the effects of the solar eclipse on the electron density and
collected between the same times on July 9 and 11 to be used as control data,
Data were collected in blocks called files. Each file of data, consisting of
1026 sets of 26 numbers, was collected and stored on DECtape every 3,8 minutes.
The signal prior to entering the receiver was attenuated with four attenuator
settings (0, 10, 20, and 30 dB). Each file was collected beginning with
the lowest attenuator setting of 0 dB with each subsequent file collected at
the next attenuator settings; 10, 20, and 30 dB, respéctivély. This process
was then repeated. This process was used to obtain the very small echoes as
well as the very large ones, The files of data are divided into approximately
15 minute intervals, corresponding to the four attenuator settings.

The data between 1400 and 1430 on July 9 was lost due to an erasure of
the disk before it could be processed. These data have been interpolated. The
data from July 10 betﬁeen 1200 and 1300 was erroneocus and therefore has been
eliminated from the results. The computer results were processed further
combining the files with different attenuator settings.
4.1 Reduction of Data

Individugl results shown in'Figure 4.1 show valid electron densities but
are limited height range; therefore, multiple attenuator settings were used to

obtain usable data over a greater range of heights. The computer processes
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only one file at a time; therefore, further processing'was necessary to com-
bine four files corresponding to the four attenuator settings into one set of
results, Three methods have been developed to accomplish this, The first
method was originally used but probleﬁs developed in determining acceptable
data and method two was used. Using method two, some acceptable data were
being ignored 5nd the 20 and 30 dB settings were found to give similar results.

Therefore, method three was developed to utilize much of this acceptable data

tha; were being jgnored,
1.  In method one, the results with the lowest attenuator setting (0 dB)
were used for 60 km up to the height where 5% of the ordinary and extra-
ordinary data was rejected due to saturation (see Section 3.4). The
electron densities for the higher heights were obtained frbm the next
higher attenuator setting under the same restrictions of saturations.
This process continuéd.until the last electron density was obtained.
The results of this method seemed to be satisfactory except for aboﬁe
81 km and below 66 km,

2. Méthod two is the same as method one, but accounts for inaccuracies in
the receiver by rejecting electron densities that used Ax/AO ratios
that were less than ,09. Electron densities were rejected also if the
signal to noise ratio was less than 1, ’These two revisions eliminated
much of the results below 65 km and above 85 km.

3., Method three is similar to method two except for the way the multiple
atcenuators are combined. The electron densities are considered accept-
able if the Ax/Ao ratios for both heights are greater than .08, the signal
to noise ratio is above 1 for béth heights, and the rejections due to

saturations were less than 5% for both heights used to calculate the
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electron density. If more than one attenuator setting had acceptable elec-

tron densities for between two heights, then the median of the acceptable

electron densities was used. Using these three methods, the computer re-
sults were éombined to give one electronudensity profile for every 4 attenua-
tor settings. Using either average or medians, electron densities of dif-
ferent heights or of different times were combined as discussed in

Section 4.2,

4.2 Electron-Density Results

The results are presented in two forms: by the total differential absorp-
tion below each height (Am/Ao ratios) and by electron densities., The Ax/Ao
ratios given in Figures 4.2, 4,3, and 4.4 are plotted using a sixth order poly-
nomial approximation of the ratio as calculated by method one, The eclipse
shows a reduction in absorption which indicated a reduction in electron density
as expected, The third day shows irregular absorption with a large increase
in absorption. Referring to Figure 2.2. the increase in absorption is related
to the X-ray flux burst. The electron density for above 75 km for the fhree
days given in Figure 4,5 shows a good correlation between the large increase
in electren density on July 11 and the burst of X-ray flux, Due to this obvi-
ous contamination, the second control day is not used for comparison during the
burst period.

Figure 4,6 gives the Am/Ao ratios versus height. The ratios were deter-
mined using method one and taking the median of the groups within the hour
corresponding to the maximum obscuration of the solar eclipse (1400-1500 CST).
Due to the much larger absorption in the control days than during the eclipse,
the electron densities above 81 km (approximately) are not valid according to

method two and three, but with the eclipse day, the values should be acceptable

up to 85 km,
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Figure 4.5 Median electron densities between 75 and 82.5 km.
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Figure 4,7 gives the electronidensity variation with time. The electron
densities are averages between 70,5 and 78 km and between 78 and 87.5 km with
the electron densities obtained by using method one for processing the compu-
ter result. Figure 4.5 and 4,8 give the electron.density median for 75 to
82.5 km and 67.5 and 75 km,respectively, as each varies with time. These elec-
tron densities were obtained using method three. At the lower altitudes, the
median electron densities show no effect from the eclipse while the average
electron densities do show a slight effect, This difference, though, is mainly
attributed to the higher heights the averages were taken from rather than to
the method used. The highest heights show large effects due to the eclipse.
Figure 4.7 shows a minimum electron density near maximum obscuration of the
eclipse while Figure 4,5 shows the minimum being delayed by half an hour.

This is attributed to the variation in the data due to the inaccuracies in the
partial-reflection equipment. The X-ray burst shown in Figure 2.2 seems to
have no effect at the lower altitudes.

Median electron-density variations with height are given in Figure 4,9,
These values are the median obtained by processing the computer results util-
izing method two and finding the median value between 1400 and 1500 CST,
Below 75 km the eclipse does not seem to have much effect on the electron
density as shown in Figure 4.9, but above 75 km, the electron density decreases
by 45 to 65%, The upper height for this comparison is 81 km due to the small
Ax/Ao ratios (shown in Figure 4,6). The electron-density profiie shows some
conformity to the expectation given in Section 2.4.
4.3 Theoretical Applications

Since the eclipse never reached totality, the electron preduction (g) can-

not be assumed to be zero, but equation (2.4) can be used as an approximation
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to [e] and e e Equatlon‘(S.l)

q = o (N0O) (MO} I ™" F, (3.1)
where q = electron production rate in cm-s sec—1
Gi(NO) = lonization cross-section of nitric oxide = 2 x 10'18 cm2
[NO] = number density of nitric oxide in c:m'3
I = incident Lyman-alpha flux at the top of the atmosphere = 3.1 x 1011
photons en™? sec”!
F_ = the function of the unﬁbscured solar disk

Q

T = optical depth
given by Sechrist [1966], was used to approximate the electron production rate

and equation (3.2) was used to approximate the optical depth.

T = oa(Oz} [02] H secy (3.2)

0 = number density of molecular oxygen in cm-s
2 Y g
i = scale height
X = solar zenith angle

Figure 4,10 shows the variation of g during the eclipse as compared to the
variation without the eclipse, The electron production rates were used to

obtain theoretical electron densities with LY. being chosen to give the best

fit to the experimental results. A value of 2 x 10'6 for %, pe Was determined for
the eclipse day between 75 and 82.5 km and 1.77 x 10-6 for the same height range
on the control days. For the heights 78 to 87.5 km G pp WS found to be 8.46 x
10h7. These values for O, pp BTE similar to ones given by Mitra [1968]. Figure
4.11 shows a comparison between the theoretical fe] during the eclipse and without

the eclipse using a ce of 1,77 x 1076,

ff
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The electron density of the eclipse was divided by average electron density
of the control data and compared to the obscuration function as seen in Figure
4.12, The comparison of the ekperimental [e] during the eclipse and the theo-
~retical [e] without the eclipse using equation (2.4) was also made and is shown
in Figure 4.13.

The electron density for July 9 shows a good correlation with the solar
zenith angle (Figure 4.14) and was therefore divided by the theoretical [e] to
eliminate the effects of the solar zenith angle and to determine the variability
of the ekperimental fe] (Figure 4.15). The same comparison is made with the
eclipse [e] (Figure 4.15) and shows a similar but greater variability.

Generally, the eclipse electron densities show a decrease that is greater
than expected from the equation (2.4). Other than the possibility that this is
caused by variabilities due to inaccuracies in the experiment, there are three
reasons why this may occur: ‘

1. The obscuration function of the ionization sourée (Lyman-a) is -

different than the uniform-disk obscuration function used.

2, The ¢ rf increased during the eclipse. This could be caused by a

change in the hydrated-ion composition between 75 and 81 km,

3. Loss by attachment is increased by the eclipse.

The electron-density profiles in Figure 4.10 show good comparison with the

profile with 40% obscuration given in Figure 2.7 and with 60% obscuration shown
in Figure 2.6. Smith, et al. [1965] described small changes below 70 km as the
C—layef caused by cosmic rays which disappear as the eclipse reaches totality.
The effect can be seen up to 69 km in Figure 4.9.
4.4 Summary

Comparing Figure 4.9 Figures 2.6 and 2.7, the electron-density profiles
of this eclipse are similar to previous eclipses for the same obscuration.

.Generally, similar conclusions can be drawn, The difficulty in interpreting the
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results lies in the variation of the electron density of the eclipse with time,

In Figures 4.12 and 4.13 a small decrease in electron density precedes the obscura-
tion of the sun. An error of 20% can be expected due to the equipment and 20%
error can be expected in the collision frequencies. Errors due to collision fre-
quencies will cancel in Figure 4.12 but the errors due to the equipment will in-
crease. For Figure 4.13, the reverse is true, but there arealso errors due to

the approximations made in equations (2.4), (3.1), and (3.2). With these pos-
sibilities of errors and observing that the ratio after the eclipse can get as

low as .8 in Figure 4.12, the initial decrease can be interpreted as experimen-

tal error. The errors in Figure 4.13 can be seen in the variations in Figure 4,15,

No correlation could be seen between the X-ray flux and the electron density
on the third day eicept furing the X-ray burst period. Therefore, Lyman-a is
assumed to be the main ionization source and the theoretical calculations were
made on that assumption.

Of the three reasons for the large decrease in [e], the effects due to
changes in hydrated ions is the most likely. During the day electron loss by
attachment is insignificant above 75 km. Since the obscuration of the sun was
only 60% which corresponded to a production rate similar to that of 65° solar
zenith angle, the loss process would still be by recombination.

The larger concentrations of Lyman-o on the solar disk were in the southern
hemisphere and were not obscured and the intensity of 1-8 R X-ray flux was too
small to have any large effect. Therefore, the obscuration function of the
ionizing source would have the same obscuration or less. This leaves the only

possibility for the larger decrease in free electron as being due to changes in

the hydrated ions.
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5. CONCLUSIONS

The solar eclipse provides a good opportunity to study several processes
of the D region and to develop its theoretical model. Accurate interpretation
of the eclipse data is required to determine exactly the D-region ion produc-
tion and loss processes, the variation of Qogpr formation of hydrated ions,
and negative ion chemistry. A brief theory of the D-region chemistry is pre-
sented in Chapter 2 and used to analyze the data in Chapter 4. The equipment
used in the collecting and processing of the partially reflected waves, as
well as the refinements made in the collection process are given in Chapter 3.
The newer partial-reflection system, discussed iﬁ Chapter 3, has been in use
for the daily collection of data. Results from this newer system are given by
Denny and Bowhill [1973]. This chapter reviews the results of the partial-
reflection data taken during the eclipse and suggests further developments
of the partial-reflection system.

5.1 Review of Results

The effect of the eclipse below 75 km is below the experimental errors.
These errors are due to the variability of receiver gain caused by temperature
fluctuations, the 40 psec pulse width of the transmitter, inaccuracies in the
collision frequencies, and inaccuracies in noise reduction. In comparing the
[e] profiles for July 9 and 10, 1972 in Figure 4.8, the beginning of the forma-
tion of a ¢ layer can be seen resulting from cosmic rays. From Section 2.1,
the main ionization source between 70 and 80 km is Lyman-a since the X-ray source
effects were not observed below 81 km except when the X-ray flux increased above
1 x 1070 erg em? see”?.

The decrease between the electron density from July 9 and from July 10 is

dependent on the height and is very marked between 79 and 81 km. Neaxr 80 km,
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this change in electron density is as much as 55% between the results of July 9
and 10, which was not expected according to equation (2.4). The most probably
answer given in Chapter 4 is that it is due to an initial large decrease in
hydrated positive ions which are the major ions between 75 and 80 km during the
daytime (as seen in Figure 5.1 by Krankowsky, et al. [1972]).

The theoretical [e] were used to compare with the experimental [e] in
Figure 4.13 to remove any electron density variability not due to the eclipse.
The results in Figures 4.12 and 4.13 show unexpected initial decreases in [e]
prior to the eclipse and larger decreases than would be expected during the
eclipse, but allowing for 20% error in these results, these variations are
within the error limits. In general, there is good agreement with the data
from Smith, et al., [1927] and Deeks [1966].

5.2 Suggestions for Further Work

The present partial-refiection system has proved invaluable in presenting
variations in electron densities diurnally and from day-to-day as presented by
Denny and Bowhill [1973]. The system has several limitations, though. Either
the signal-to-noise-ratio should be increased or the rates of data collection
increased. Both of these changes would require alterations in the transmitter.
By doubling the peak power of the transmitter, meaningful partial reflections
could be obtained at lower altitudes without excessively disturbing the ione-
sphere due to the slow pulse rate as is done in the cross modulation experiment,
By increasing the pulse rate, more data could be collected in the same interval
of time, allowing for a more accurate statistical evaluation of the noise.

A new receiver has been builg as mentioned in Chapter 3. The initial results
obtained using it show an improvement in the results, but the problem of elimi-

nating atmospheric noise remains. The main problem lies in defining the noise.
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A study should be done on the specific types of noise received and the algorithms
required to reject each. This would include receiving and storing noise on
DECtape for later evaluation of the amplitude and phase.

A digital input/output would increase the efficiency of the collection and
process. Presently the system requires the assistance of the cperator every
3-1/2 minutes and uses one page of éomputer paper for every page of data. With
a digital input/output, the computer could set the attenuators and control other
switching which would free the operator for other tasks. This would alsc improve
the usefulness of taking differential phase measurements as described by Wiersma
and Sechrist [1972].

Using a line printer for outputting the data would allow for more sophis-
ticated and complicated processing of data. This would also be required if the
rate of collection is increased. To collect one file of data takes 3.5 minutes,
to process one, about 45 sec, but to print out the results on the teletype and
paper tape takes 2.6 minutes. Therefore, the processing would not be able to
keep up with a faster collection unless the speed of printing the results

increased.
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SEES IF AX & AD 15 IN THE RIGHT
AND ARE COLL. IN PAIRS--APl 5
LIN«. DATASNEG #=0,& CHECKS NOISE
PREPARES A/D CONVERTER READ

A/D INTERRUPT SERVICE ROUTINE
INIT. DEVY. & CHECKS FOR COLL.FIE
WAITS FOR FILE TO BE GCOLLECTED
ALLOWS TIME FOR BACKGROUND
CHECKS FOR UNWANTED COLL.STOP
USED TO SWITCH DISKS

READS DATA. UNPACKS IT.& PUTS

IT INTO A FORTRAN ARRAY

DATA 1S COLLECTED ALTERNATELY ORDINARY AND EXTRAORDINARY

FA5 DISCRIBED BY BRIRLEY (AERONOMY REPORT 42). THE TIMING OF THE
#DATA 15 DETERMINED BY AN EXTEHNAL ENCODE PULSE. THE MODE OF THE
/DATA INPUTED INTO THE COMPUTER IS DETERMINED BY A TIMING PRO3RAM

/ (CHECK) SET UP BY D« WARB. ESSENTIALLY HOW [T WORKS 1S AFTER 4
/FRAME OF DATA HAS BEEN READ IN THE COMPUTERS CLOCK IS SET FOR 9/60
/OF A SECOND (9 PULSES). IF NO OTHER DATA 1S READ IN BEFOHE THE
/TIME EXPIHES THE DATA FHAME WAS EXTHAORDINARY MODE AND IS REJECTED.

AOTHERWISE BOTH FRAMES ARE ACCEPTED.
/BEGINNING, AFTER EACH DATA TRANSFEH.

THIS CHECK IS MADE AT THE
AND JHENEVER THE GCOLLECTION

/15 RESTARTED 0. AN ERROR CONDITION EXISTe THE PROGRAM IS SET 50
/AS TOD NOT OVER MAXIMUM STORAGE ON THE DISK.

I

PO UL L L T L R e L T T P P N T T L]

7/
TTI=4

TTO=6

TBI=18

QUTPT=2

ouUTPT2=1"

DATIN=5

DATIN2=3

ouT=1

IN=0Q

ASC=2

1A=3

DUMP =4

SKAR=5

TNSAM=37

NSAMa TNSAM =~ SKAR
NSAMPaNSAMA2+]
DATBLK=TNSAM+2
DTBLK=374
DATSTR=0DTBLK/NSAMP
RBLK=10

MNCCu=}1

NP FC==§&
NDPC=NSAM /2
DPRe=NDPC#+}
MXFPD=a350088 /NSAMP
NOFDK=]

/TELETY
/TELETY
/+«DAT 5
/PLACE

PE IN

PE QUT

LOT OF LIN« TABLE
TO STOHE DATA

/SECOND PLACE TGO STORE DATA
/»DAT SLOT TQO HEAD DATA
/SECOND «DAT SLOT TO READ DATA

FOUTP QT

T0 1/0 DEVICE

/INPUT FROM 1/0 DEVICE

/TYPE O
/TYPE O
/TYPE O

F 1/0 MODE
F 170 MODE
F 170 MODE

/# OF DATA TO 3E DELETED
/¢ QF SAMPLES TO BE READ IN
/# OF SAMPLES PER FRAME TO BE STORED

FSIZE O

F ONE FRAME PACKED DOUBLE

/SIZE QF INITIAL DATA BLOCK
/SIZE OF 1 BLOCK OF STORAUGE
/¢ OF FRAMES FOR 1 BLOCK QF STORAGE
/SIZE OF BLOCK FOR TTI READ

ZCOUNT.
/MINUS

FOR # OF NOISE FOR MAXe NOISE
(#+1) OF NOISE PER FRAME

/% OF DATA PER FRAME

/RESET
/MAX. @

/¢ OF D

FOR POINTER TO DATA
FRAMES PER DEVICE

ISKs TO BE USED

+GLOBL CHNG» DA +ADsDUMP T+ DLOGFsCKCOLS CONTL»PROC, RADC, TTH

«GLOBL TBFURL:FPPT,VEPP

«JODEV 15253,4805,6210

’ THE FOLLOWING SUBRO.'1INE

/«DAT TO BE USED

FALLLLL DL U LA L G LN L L LR RN L L TR AL LT LT N R R LI R LT T NI E R LR LR LR L Y R E LT T I TE YT

I5 HSED TO PREPARE THE

/COLLECTION AND PROCESSING PROGRAMS FOR MUNIPULATION GF DATA.

/THE VARIABLES OF THE MACRO PROGRAMS ARE STORED IN THIS SUBROUTINE.
/THEREFQRE AFTEr THIS SUBROQUTINE IS EXECUTED 1T IS5 WRITTEN OVER
ZAND SHOULD NOT BE REENTERED (FOR 1T WILL NOT EXIST).



Ls
DLOGF
TCR2
SUMA
DB
DBC
TC3
RMSG)
TCl
DSTOR
CITI
CcTTE
CITa
CIT4
CTTS
CTTé6
crrr
CTTB
CTTY
CTTILO
CTT11
ALF

TST]
SAVAC

SAVEAC

TCl0
CN1
CN2
CNT
CNTR
DUMIL
DumMe
LumM3
ouM4
DUMS
MAXS
TBUF
j¥rinsli)
TRANF
COUNTP
SPOINT
COUNT
ER2
INFLAG
INSUB
TIME
TIMR
SUAG
Min
MCNTR
LETCHG
BUFL1
BJF21
3Ur31
[y
MMIN
ZHA

b

DBEP
11324

5Tt
POINT
BUF}
5TT
MSGT
LAST

M5G8

M5G9

Ms5GL2

M53DB

LAYW
LAW

«DSA

2359y

1908~ 559

+0CT
IDSA

/]
30542
3is2
Law

2

= BLOCK
+DSA
«BLOCK
«SIXBT
2800

"}
+ASCII
=ASCII
2008

"]

«ASCII
2080
9
«ASCII
2809

2
+ASCLI
2008

2
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DA 7GET SUBROUTINE PARAMETELS® ADDHESSES
ot /JUMP AROUND PARAMETER LIST
FADDR. OF THE ADDR. OF THE DB SETTINGS

M531+3 /SET UP RESET FOR TEILETYPE

RMS31 / MESSAGE

ONCAa /G0 TO NEXT EXECUTABLE STATEMENT

NPFC /COUNTS # OF NOISE FPER FRAME

MNCC /COUNTS GROUPS OF NOISE FOR MAX. NOJI. .

-2 FUSED TO SWITCH STORAGE DEVICES (IF

-2 s NEEDED) FOR COLLe+ AND PROC.

NPFC fUSED TO SKIP AROUND “SHAR"™ DATA #'S

-2 ZUSED TO SWITCH BUFFERS IN COLL.
/TELLS # OF UNWANTED S5TOPS IN COLL.

*DATSTH /COUNTS # OF DATA #'5 PER BUFFER

=1 sALLOWS PROC. TO READ DATA

/TELLS PROC TO RESTART A FILE |
/TELLS PROG. END OF RUN

FUSED TO PUT A LINE FEED IN THE

/ MIDDLE OF A FORTRAN OUTPUT LINE
/SAVE ID TO TEST FOR COLL. STOPAGE
/SAVES AC DURING PROC. OPERATION
/SAVES AC FOR APl LEVEL 6

-2 JUSED TO UNPACK 2 WORDS
/S5TORES # OF FRAMES FOR ONE FILE
/STORES # OF FRAMES FOR ONE DI SK
/0DD FOR O~FRAMESs EVEN FQR X=FRAMES
/SET TO =1 FOR O-FRAMES
#GETS & STORES 1 LINEARIZED DATA WOHD
/STORES THE MAX. NOISE INM A FHAME
/STORES THE SUM OF THE NQISE PER FHAME
/STORES THE MAX. OF 45 NO1SE SAMPLES
FSTORES THE SUM OF 45 NOISE SAMPLES
Z/STORES THE SMALLEST MAX« OF “DuMg™
BUFi /STORES NAME OF BUF. TO BE OUTPUTED
/STORES THE 1D NUMBER
/DATA IS TRANSFERED WHEN NON-ZEROQ

«NDPC JCOUNTS # OF DATA PEr FHAME TO PACK
BUF /POINTEIR FOR “BUF"
=NDPC /CONTS # OF POINTS T0 LWPACK

/STORES TIMING ERROR FOR A«D CONVENTER
ZTIMING ERROR FLAG :

/5TOHRES Re=-T» SUB. & AP] LEVEL FOR A/D
/STORES TIME (RESET EVERY +1 MIN.)
/STORES TIMF USED IN PATA HEADING
/SAVES AC DURING TIMER KOUTINE (TQD)
/STORES THE MIN. IN DUHING EACH HOUR
F/STORES # OF MIN. OF RIN

NBLK FADDRESS OF SUBs *REAIM™ BUFFER
BUFL /ADDRESS OF BUF1
BUF2 ZADRLY S OF BIF?2
BUF2 FAOLKESS OF § UF3
AYE3 050 LECERNL

/MAX # OF o1 MIN.'S IN | HOL.
AMAY « ANO DT OF TIFT 1M Oyl ey
FUSED TO IMCHFEMENT TI4% DY 1 HOiL.

DA APOINTER FO3 THE L'
/B8 5 LT0kAG)H PLOCK
ZASCIY DEFAULT SETTINGS
/! ARE 2,10,25 (DEC)

~1 /TELLS END OF DB SETTINGS

1aed /LIN. TABLE

SEW /POINTER FOR COLLECTION BUFFERS
DTBLK- 323 /F1RST COLLECTION BUFFER

“TABLEADAT" /NAME OF FILE TO BE READ IN

"SET CONSOLE SWITCHES» TURN ON PULSER AND ENCODE Py™
“LSE"<} 5>

"DISCONNECT WIRE FROM PULSED OSCILLATOR"<)]S>
“SET ATTENUATOR TO P@DB%“<15>

“TYPE # OF HOURS FOR THE RUN AND Ce+Re™<15»
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«ASCI1I “DB SETTING"<15>
ERRCAL 200@

<]
«ASCII "ERROR IN CALIBRATION TABLE'"«]S»
pMy) JMP BLK2 FUSED TO DELETE COLL. READ
DMyU2 284 ’ /LOC« TO DETERMINE WHICH TTY CONFIRMS O
DM YA 177 SL0OCs USED TO ALLOWY SHARE
DMV4 118 /ADDR+ OF LOC. OF FOREQND «DAT SLOT @
DMYS 117 FADDR. OF LOC. OF BACKGND +DAT SLOT @
DMV6 113 SADDR. OF THE .I0IN TABLE
SRPO @ /USED TO SURPRESS CALIBRATION
FDATL a /THESE LOCATIONS ARE USED
FDAT2 -] 4 TO STORE THE
FDAT3 2] / FOREGROUMD «DAT SLOT
FDATS O / ADDRESSES FOR 125 3,455
FDATIO @ s AND 12
MINEQC +D5A MINEQ #USED TO DETERMINE LENGTH OF RN
+ DEC
MINEG 6000 /CONVERTS INPUT NUMBERS TO
620 4 THE EQUIVALENT
6@ / BCD # OF MINUTES
«OCT
CNTRL ) /USED TO DETERMINE MULTIPLES OF 18
DBP1 a /TEMP+ STORAGE FOR DB SETTING
DBP2 -} /TEMP + STORAGE FOR DB IN ASCI! CODE
DBCNTI @ /COUNTER FOR # OF DB TO BE USED
DBCNT2 LAY -2 . ZALLOWS N0 MORE THAN 2 DIGIT DB'S
DBCNTI LAv -4 FALLOWS ONLY &4 DR SETTINGS
COLE) 777723 /=55 TOQ CECK FOR CARRIAGE RETUHRN
CODE2 «D5A MINEQG+2 /FOR LESS THAN 1@ HOUR RUN
CODE] | §-+3.%] /ASCL1 SPACE AND A ZERO
CODE4 15 /CHECK FOR CARRIAGE RETURN
CODES LAV -2 /CHECKS FOR MULTI-DB SETTINGS
CODE& 20140 /ASCII DEFAULT DB FOR @ DB SETTING
CODE7? 7780 /JSED TO FIND THE DEVICE # IN +I0IN
CODES 777766 /=12 TQ FIND BCD ¢ MULTIPLE QF 19
CODES 72 /SETS THE DB SETTING
CODEl® 60 ’ ’ T ASCII CODE
cCODELIL 11 /INITIALIZES -I0QIN TABLE POINTER
CODEt2 12 /USED TO DETERMINE VALUES OF ASCII #*5
CODE13Y 1209 /LOOKS FOR DEVICE # 5 (DISK) ’
CQDEl4 1000 /LOOKS FOR THE DEVICE # 4 (DECTAPE)
CODEL1S 162402 /USED TO FIND THE UNIT # FOR A DEVICE
CODEI6 168 /CHECKS FOR DECIMAL POINT
CODE17 LAY -32 ZUSED TO CHECK FOik NONNUMBER ASCII CHAR.
CODEIE ~MXFPD /SETS MAXIMUM AMOUNT COLL. ON A DISK
COLDELS .DSA DECN /INIT. MULTIPIERS FOR BCD #'S
CODEZ2@ «DSA MINEQ /INIT. MULT. TO CONVERT TIME TO MIN
CODE21 NOFDK /SETS UP # OF DISHS TO BE USED
CODE22 ' 200848 /CHECKS FOH UNIT 1
CODE23 &a820 /CHECKS FOR UNIT 3
CODE24a =3132@0 /CHECK FOR ASCII "i" IN DATE
COLE25 - 140a0 ZUSED TO CHECK FOR ASCI1 "S* TO “7*
CODE2& 3768 FUSED TO GET SECOND GHAR. IN ASCII WOARD
CODE27 1408 /CHECKS FOR AN ASCLI ZEHO
CObLE28 340004 /USED TO CHECK FOR AN ASCII *“a"
CQLEZ29 ~10009 FUSED TO INCHEMENT 2 ASCII LETTERS
CODE3® =-28020 JUSED TO INCREMENT 4 ASCI1 LETTERS
CODE3L -4800 /USED TO INCREMENT { ASCII LETTER
CODE32 29280 /CHECKS FOH AN ASCII “a®
CODE33 7 /JSED TQ MASK ALL HIGHEA BITS
CUDE34 3 /CHECKS FOr FIRST HALF ASCII “y"
CODE3S =27340 FLEFAULT VALIJE FOr TIME OF DAY €2 H:e?
CObLE36 =180320 - FCHECHS FOi UNITS LESS THAN 4
CODE37 141284 /DUMMY CORE FOH 101N TABRLE
CODE3Y 442574 ASECOND WOAD FOi IQIN TAALE
CODE39 leoe /LDOHS FOR DEVICE #7 (P. PIUNCH)
CULE4S3 202301 £J320 TO0 GET CONSOLE SJITCH 1
/II!!Il!lI'lll!.l'Illlllllllll'.ll.llIlIOllllIIltltl”llll"lllll"li!lllllllllol |lllllll!llllllutll.lllllllll'l. TESTRANPTAR IR Ny
* BJEC
/ER53833585 5 ssssssssssus:ssssmssssnsssssmsssssssmsussnsnus
/ BESINNING OF THE PARTIAL AEFLECTION PROGAAMS.

/ THES PART INITIALIZES THE +DAT 5L0TS,. SETS (* NEW
#DIRECTOAIES, ALLOJS SHARE MODE. AND JETS AVD INITIATES THE
sCLICH TO GIVE THE TIME OF DAY

£

INTIM 2 INIT TTO-OUT»INTINM £TTY 0JT
«INIT TTIAINSINTIY FTTYIN
LAC* by Z3ET ADDR. OF FORESND «DAT SLOTS
IAC

Dac FLAT1 4 ONE



IAC
DAC
1AC
DAC
1AC
1AC
DAC
TAD
DAC
LAC*
DAC*
LAC»
DACH

INIT
«CLEAR

LAW
TAD
SPA
e
LAC
DAG

DAC

«INIT
+«CLEAR

T JMP
NDK11 DZ M%
DZM*
LAS
AND
DAC
LAW
DAC#*
DzZM*
JP

FDAT2

FDAT3

FDATS
CODE34
FDAT19
FOAT2
FDATS
FDAT3
FDRATI

QUTPT20UT»INTIM

QUIPT
-2
congzl

NDKLL
MpuMl
NDK2

NDK3

DATINZ2.0UT, INTIM
DATIN2

3
FDATI
FDAT)

CODE4?
SRPO
-1
Myva
DMy2
RDERR

89

s/ WO
s THREE
/ FIVE
14 EIGHT

/SET .DAT SLOT S5 EQUAL
/ T0 «DAT 5LOT 2
/3ET «DAT SLOT 1| EQUAL
4 TO «DAT SLOT 3
/PREPARE FIRST STORAGE DEVICE

FARE TWO STORAGE

/. DEVICES

/ REQUIRED ?

/ND, OMIT FOLOWING CODE

/YES, CLEAR JUMP AROUND INSTRUCTIONS
/ TO USE A SECOND DISK

/ FOR STORAGE
/PREPARE SECOND DEVICE FOR USE
/FREMOVE ALL FILES FROM IT

/CLEAR +PAT SLOTS FOR THE
s SECOND STORAGE DEVICE
/GET THE VALUE OF CONSOLE
7 SWITCH #)

/SET ADDH. TO THIS VALUE

/ALLOW SHARE

/SET TT9 TO ACKNOJLEDGE C
/JUMP ARGUND SECOND BUFFER

AT N Ty O T YT I T NI IIIImmMmmI Ty,

BUF2 +BLOCK DTHLK-3%50

/5ECOND COLLECTION BUFFER

R T T NN Y N

R DERR LAC
DAC
152
SKP
JipP

+WHITE
»WAIT

JMS
LT 9
Lay
DAC
LAW
DAC
bZM
[y
NXTL JM5S
JMS*
LAC*
DAC
TAD
DAC
152
JMP
LAW
DAC
LAC
TAD
DAC
JPAR 152
I1sZ
Jup
aTLP LAC
TCA
TAD
SMA
JMP
LAC
TCA

TAD
SMA
JMP
LAC
DAC
DAC

«TIMER

JMS*
JMpP

CODEL1 9
HRC

_cTML

OTLP

TTOsA5SC,M5GT»9

Tro
READM

]
CTM}
-3
CTMz
MIN
HR
CHKN
LY-Y]
HRC
5AvE

HR

RDERR
HH
TIMR
TIME

360, TODsS

GONTL
k2

ZINITIALIZE BGD

/ POINTER

/HAS FOUR NUMBERS BEEN
/ READ

/YESs EXIT FROM HOQUTINE
/N30, ASK FOR TIME

FREAD IN TIME

sCONTAINS THE ADDR. OF CHAH+ READ IN
FINITIALIZE COUNTER TQ EXIT THE
/ ROUTINE AFTER FIVE #'s
fINITIALIZE COUNTER TO GET

/ THE MINUTES

/INITIALIZE LOC. THAT SAVE

/ THE TIME AND MINUTES

FGET NEXT NUMBER

MULTIPLY BY POWERS OF TEN

s/ TO0 GET BCD EQUIVALENT
/S54VES THE MINUTES

FS5ETS P THE NUMBEHRS READ IN

4 A5 THE PRESENT TIME

/15 THE NUMBER PART OF THE MIN. ?
/NQs FIRST TWOQ #'S ARE THE HOURS
/RESET COUNTER TO GET ALL THE

/ MIN« (REST OF THE #'S)
/GET MINUTES AND

/ SET INTO AN ADDH.

/ WHICH SAVES MIN.

/GET NEXT MULTIPLYING #
Z0BTAINED 5 NUMBERS ?

#/NQ» GET NEXT NUMBER

/CHECK THE MINUTES

/15 THE MINUTES GREATER THAN

/ THE MAX. NUMBER OF MINUTES
/ IN AN HOUR 7

/YESs ASH FOR THE TIME AGAIN
/N0, CHECK THE TOTAL TIME

/15 THE TIME OF DAY #

/ LARGER THAN THE BIGGEST #

’ ALLOW FOR THE TIME OF DAY ?
/YESs ASK FOR TIME AGAIN

/NOs PUT THE TIME INTO THE

/ ADDR. WHICH GIVE THE

/ TIME OF DAY

/S5ET UP THE TIMING R« T« SUB«
/TRANSFER CONTROL 70 CONTROL PROGRAM



M5AT

CTM1
cTmz2
SAavz
HR
HRC

DECN

CHKN

4

LAY
TADx
SAD
JMP
I1sZ
sMA
JHP
TAD
SPA
JMP
JP*

“TIME"<] 5>

DECN

-T2
DT
CODE}
RDERR
DT

=4
CODEl 2

=7
CHKN

90
/ADDRESS FOR CALIBRATION SURPRESSION

/L0OC. WHICH COUNTS 5 NUMBERS
/USED TO IANORE THE HOURS

/LOC. TO SAVE THE MIN. #'S

/LOC. TO SAVE THE TIME

/POINTEH FOR THE BCD MULTIPLIERS

/BCD MULTIPLIERS

/5UB« TO SEPARATE OUT THE NUMBERS
/PREPARE TO LOOH AT CHARACTER

4 HEAD 1IN

/15 CHAR+ A CARRIAGE RETURN 7
#YES, CHECK FOR POSSIBLE EHRROR
/NO,PREFARE FOR NEXT CHAR.

#15 ASCII CHARACTER LESS THAN 72
/NQs GET NEXT CHARACTER

/YESs IS CHARACTER

/ LARGER THAN 57 ?

/NOs, GET NEXT CHARACTER

/YESs CHAR+ 15 A F 850 EXIT

/735555355558 SSS!S!SSSSSSSSSSSSSSSSSSSSSSSSSSS!SSSSSSSSSSSSSSSSSSSSS

«EJECT

/FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFPFFFFFFF

/
RADC

NEIlA
NB2C
NB3F

NB4
NBS
NBG
N7

TTM

S5TA
REP

4

4
JMS=

P

LAC=*
DAc
ANIT
«ENTER
LAC
DAC
«WRITE
»WAIT
+CLOSE
JMP e

DA
ety

NB3F
NBlA
NBS
NB2C
NBa

NB3F
NB6&
ADREAD

RADC

- DA
++2

5TA

5ThA
TAl.OUT»TTH
TBI»STT

5TA

«+3
TBI,DUMP23.514
T8l

TRE

TT™

7GET VARIABLES AND PLACE ADDRESSES BELOW
#JUMP AROUND VARIABLES

/ADDHESS OF THE BUFFER ADDRESS

/ADDRESS OF THE WORD COUNT

/ADDRESS OF THE FLAG

/ZERO FLAG-=WAIT FOR READ 1IN

/INSERT BUFFER ADDHESS INTO THE

' A/D CALL ROUTINE

/INSERT THE WORD COUNT INTO THE

s A/D CALL HOUTINE

/INSERT THE FLAG ADDHESS INTQ THE

/ AsD CALL ROUTINE

/THE A/D CALL ROUTINE €TQ IMIT. READ}):
FNUMBER OF SAMPLES TO TAKE

/BUFe. ADDRESS IN WHICH TO STORE SAMPLES
#COMPLETION AND ERROH FLAG ADDRESS

/H-T SUBe FOHR INT. SEHV. RHOUT.TD GO TO
/HETURN TO FOHTRAN PROGRAM

/5UBR. TO WRITE LIN. TABLE ON .DAT "TBI*

/ADDH. OF ADUH. OF LIN. TABLE
/3ET ADDHRe OF LIN.

s TABLE

/PREPARE STORAGE DEVICE

/0PEN FILE FOR TABLE

/20T ADDHESS OF TABLE INTO

/ WRITE COMMAND

#PIT TABLE ON 3TORAGE DEVICE

IFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

«EJECT

/++++1+¢+00+#¢#’++++++0f¢¢¢i++++¢+¢t#+++++0¢00+#++4+¢00++0{++¢+i++++

I
ONC4

DZM*
LAC*
DAC
LAC*
5PA
JMP
TAD
5PA
JMP
TAD
SPA
JMP
TAD

SUma
TC3
TC3
TC3

LETMON
CODEZ24

JINT
CODE25S

ONC3
CODE25

ZINITIALIZE TIME OF YEAH LOC.
/3ET ADDRESS OF THE

/ DATE

ZYGET FIRST 2 1r2 CHARACTERS
/AAE THEY LETTERS?T

/YESs CHECH FOA WOHDS

/N0» CHECH THE NUMBEKS

/15 THE, FIRST # A (NE?

/YES, CHECK FOR WINTER MONTHS
#NOs CHECK FOR SUMMER MONTHS
/15 THE # »4 ¥

/NO». EXIT

YES

(@5



WINT

L ETMON

SMA
JMP
[S5Z#
JMP
AND
SAD
JMp
LAWY
DACH*
JMP
TAD
5PA
JMP
TAD

SPA
JMP
TAD

. 5PA

€ INTL

S9DIS

EwbIs

s

JHP
TAD
5PA
JMP
TAD
SPA
Jrip
TAD
SMA
JMp
LAY
DAC#
JiP
AND
SAD
JmeP
[SZ%
JriP
AND
SAD
I1582%
Jp

ONC2
SUM4
ONC2
CODE2&
CODEZ2T
ONG3
-1
SUM4
ONC3
CODE28

ONC3
CODE29

WINTL
CQODE3@

ONGJ3
CODE29

SWDILS
CODE29

EWDILS
CODE31

ONGCJ
=1
sUr4y
oNC3
CODE26
CODEJ2
JINTE
SuUM4
0NC3
CODE33
CODE34
sumM4
DNC3

/1S THE NUMBER « 8 ?

/M0 EXIT

/YESe SET TIME OF YEAR LOC. TO SUM.
JEX1T

/GET SECOND NUMBER

#15 THE NUMBER AN ASCII ZERO (63) 7
/YESs EXIT :

/NOs SET TIME OF YEAR LOC.

/ T0 WINTER

JEXIT

/15 THE FIRST LETTER

/YES, EXIT

/M0» IS THE FIRST LETTER

/ A D" 72

/YES» WINTER MONTH

/NOs IS5 THE FIRST LETTER
/! A "F" ?

/YES» EXIT

/NOs, 1S THE LETTER

/ A 'ldll ? :

/YESs LOOK AT SECOND CHARACTER
/N0, 15 THE LETTER

’ A UM™ 1 .
/YES, LOOK AT THIRD LETTER
/N0, 15 THE LETTER

, A llnll ?

/N0s EXIT

/SET TIME OF YEAR LOCe

/ TO WINTER

JEXIT
/CHECK IF SECOND LETTER
14 15 AN "av

/YESr A JINTER MONTH

/N0, SET TIME OF YEAH LOC. TO S:MUER
FEXIT

/15 THE THIRD LETTER

/ A "™ 7

/YESs SET TIME OF YEAY TO SUMMER
ZEXIT

/#+++++0++0‘0++¢++++’+§#++i-'bi++{++"-f’f+§#$+++++++00’++4¢+##4i++4v0++

+EJECT

/ bDDDDDDDDDRPDDDLODDDDDDLODDDLDDDRDDDDDDDIDDODDDLDBDDDRDERDDDDDDDDDDD
SUBROUTINE CLEARS I+/0 DEVICES FROM MEMORY TO BE ASLE TO
/DI SALLDY SHARING THE DATA COLLECTION DEVICES

/

/
FRDT

REDO!

DLTDS

ANOL

DKS

8
LAC*
DAC
TAD
DAC
LAC*
TAD
RAL
DAC
LAC*
AND
SAD
JMP
SAD
JHMP
SAD
JMP
LAC
DAC*
TAD
DAC
152
LAC
BAC=
152
152
JMP
JMP*
LAC*

AND |

SAD
JMp
SAD
SKP
JoIP

nMye
DumMa
CODElL
DML
bumz
CODE34

Dum2
ouMl
CODE?
CODEI3
DKS
COREl4
DCTP
CODER9
SAVNL
CODEJ7
DuMl
CODE22
CODE37
Dumi
CODE3B
buMi
buMl
buMza
REDGQI
FRDPT
pami
CODEIS
CODE22
DLTDS
CODE23

SAUNL

#GET LOC. OF THE .10IN TARLE
#SAVE THE LOCATION

/30 TO FOREGROUND DEVICES

4 AND SAVE THAT LOC.

JGET THE NEG+ OF THE # FOREGND
4 VEVICES AND DOUBLE THE #
14 (2 JORDS PER DEVICE USED)
4 AND USE AS THE COUNTER
/3ET FIRST WORD FOlIi THE FOREGND DEV.
#CHECK FOR THE DEVICE 4

/1S IT A S (DISKY ?

/YESs, CHECK WHICH DI 5K

/NDs IS IT A 4 (DECTAPE) 7
/YESs CHECK WHICH DECTAPE

/NQs IS IT A 7 (Ps PUNCHY ?
/YESs SAVE IT

/DELETE ALL OTHER DEVICES

/ By INSERTING A DUMMY NAME
/SET P THE NEXT DUMMY

/ NAME

/G0 TO NEXT WORD

ZINSERT SECOND DUMMY

14 NAME INTO THE TABLE

/G0 TO NEXT DEVICE

/HAS ALL THE DEVICES BEEN CHECK 7
/NQ, CONTINUE

/YES: RETUAN

/GET FIRST WORD

/LOOK AT N1T NUMBER

15 1T A1 72

/YESs, DELETE THE DEVICE WORDS

/IS ITA 31

/YESs CHECK FOR DOUBLE DEVICE COLL.
/NOs SAVE THE T™WO WORDS

9l



LAC NDK2 fHAS THE LOC. BEEN CHANGED
54D L1 VL H / TO USE 2 DEVICES ?
JMpP SAUNL /YES» SAVE
JMP DLTDS /N0, DELETE LOCATIONS
DCTP LAC» bumMl /GET FIRST WORD AGAIN
AND CODE) S /CHECK THE INIT NUMBER
TAD GCODEJ3& 7I5 THE UNIT # LESS
S5PA /! THAN a4 7
JMp DLTDS /YESs DELETE IT
SAUN] 182 buMlL /NQ: GO0 TO NEXT WORD
JMP ANGI /G0 TO NEXT DEVICE
/
/DDDDDDDDDDDDDDDDDDDDDDDDDD‘DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
+ EJECT
/
CALERR +WRITE TTOsASC,ERRCAL,® /LIN. TABLE ERROR
«WAIT TTO
JMS* TBFORL /RECALIBRATE
JHP CALTB
/...-op-----o-o-o-nﬂloo-o-----nno‘.--o--..--.oc---.---o----oo---o--o-o
BUF3 +BLOCK DTBLK-342 /PROCESSING® S BUFFER

/ :::xux:z:u:u::u:z::nzzuz:uzu::nzuuz:xu::u:::zuzz:u
F

ONC3 «INIT TBI:INLRES /LINEARIZATION TABLE IN
FE L T Y ¥ A A A e S W - e e s s s S E AR e e P eSS - --- - e -
LAC* DB /GET ADDR« OF DB SETTINGS FOR
DAC DB / THE FORTRAN PROG.
LAS /CHECK CONSOLE SWITCH
AND CODE4d / fl
5ZA /1S IT SET 7
JMP ENDDB /YESs USE DEFAULT DB SETTING
«WRITE TTO+ASC,MSGDB+2 /DB MESSAGE
JMS READM /GET RESPONSE
DBA a /LOCATION OF THE RESPONSE
CKDOB LAY =40 /SET ASCII CHARs LESS THAN
TAD=* DBa / 43 TO A NEG. ¢
152 DB3 /PREPARE FOR NEXT CHAR.
5PaA /I5 CHAR. > 49 ?
JMP ENDDB /N0Q» THERE ARE N0 MORE CHAR.
TAD CODE17 /N0s IS THE ASCII ¢ LESS THAN
SMa /! THAN 72 71
Jp NUM1 /NOr USE ONLY ONE NUMBEt
TAD CODEL2 AYE3s IS5 THE ASCII CHAR. AN
SPA / ASCII # (»5T7) 7
JMP NUM] 7NQ» USE ONLY ONE NUMBER
sz DBCNT2 /YESs 15 THIS THE SECOND # 7
SKP /NOs CONTINUE
JMP NUM2 /YES5: PROCESS THE TWQ #'S§
DAC LBP1 FSAVE THE FIRST ¢
JMER CHDB 7/ AND GET SECOND #
NUM) 152 DBCNT2 /#HAS ONE # BEEN OBTAINED ?
JMP RESETD /N0Os RESET COUNTER
LAC DBP1 /YES5: GET THE NUMBER AND
" DAGk DB 7 SET INTO FORTRAN ARRAY
TAD CODE3 /SET THE NUMBER UP AS A SPACE
CLLIRAL / AND A # [N ASCI]1 FORMAT
DAG* DBP FUSED TO PRINT OUT DB MESSAGE
JMP DBRINC /PREPARE FUR NEXT DB
RESETD LaAw -2 /RESET COUNTER FOR
DAC DECNT2 7/ 2 NUMBERS
JMP CHDB /TRY AGAIN
NUM2 DAC* DB /5AVE SECOND ¢ IN FORTRAN ARRAY
TAD CODE1@ /SET WP NUMBER IN
CLLfRAL / ASCI1I GCODE
DAC DBP2 / AND STORE
LAC DBP1 /GET FIRST NUMBER
JMS® «AD /SET UP THE BCD
LAC CODE12 7 EQUIVALENT
TAD» DB JADD TO THE SECOND #
DACH DB / AND STORE IN FORTRAN PROG.
LAC DBP1 /GET FIRST NUMBER AGAIN
TAD CODE)@ /SET UP THE NUMBER
SWHA 7/ IN ASCII
CLLIRAR ré CODE
TAD DBPp2 FADD TO PRIVIOUS # TO FORM
DAC* DBP ’ THE DB SETTING IN ASCI! CODE
DBINC LAw -2 /RESET COUNTER FOR THE
DAC DBCNT2 I'd NEXT 2 NUMBERS
152 bB SNEXT LOC. IN THE FORTRAN ARRAY
1SZ DRpP /NEXT LOCe IN THE MACRO ARRAY
15z DBECNTIL /COUNTER TELLING # OF DB SETTINGS
15Z DBCNT3 /HAS FOUR DB SETTINGS BEEN OBTAINED ?
JMp CKDB /NO» GET NEXT SETTING

ENDDB LAC DBO /CHECK--HAS5 ANY NUMBERS
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CALTB

CALLP

DLWT

RUNTIM

3

5}

THR

SNA I4 BEEN READ IN ?

JNP DEFDB /NO» USE DEFAULT DB

LAW =1 /YES, ALLOV POSSIBLY ONE MORE
DAC DBCNT3 4 DB SETTING

IS DECNT2 /15 ONE # STILL UNPROCESSED 1?1
SKP /NO, CONTINUE THE EXIT

JMP NUM}+2 fYESs» PROCESS THE LAST ¢

DAC= DBP /SET THE LAST LOCs TO A NEG. #
LAC DBCNT! /SET THE FORTRAN COUNTER

DACH* [2): 1 / TO THE # OF DB SETTINGS
TAD CQDES /1F THERE 15 ONLY ONE DB

RAL / SETTING SET THE LINK

LAC oMy} /5ET UP JUMP AROUND COLL. READ IN
5ZL /15 THERE MORE THAN ONE BB SETTING 7
DAC UPDATI /NQ. INSERT JUMP AROUND

JMP ++3 /USE INPUTED DB SETTINGS

LAC GODES /SET WP ASCII CODE FOR

DAL DBO /. ZERO DB SETTING

LAC CODEZ20 /NOL INITIALIZE MULTIPLIER

DAC MINEGC ’ TO CONVERT #*S TO MIN.
DZM TCl /INITIALIZE STORAGE ADDRs FOR CONVERTING
LAG (DBO /INITIALIZE DB SETTINGS TO

DAC DEP / THE BEGINING

LACw» bBP /SET UP COLLECTION®S DB

DAC M3G9+11 / MESS5AGE E

+SEEK' - TBLsSTT

+READ TBI.DUMP, STL»512 /READ TABLE IN

+WAIT TB1

«CLOSE TBI

LAWY =-T75 /PREPARES COUNTER TO CHECK

DAC puma / THE VALIDITY OF THE LIN«. TABLE
LAC (STi+1 /SET POINTER TO THE SECOND

DAC DIM3 V4 LOCATION OF THE TABLE

LAC 5T1 /GET THE FIRST NUMBER AND

TCA / COMPLIMENT

TAD* DpuMa /15 THE PREVIOUS NUMBER

SPA / LARGER?

Jup CALER#A /YES, ERRONEQUS TABLE

LAC* DUM3 /GET PRENSENT LIN+ NUMBER

152 Dim3 /G0 TO NEXT NUMBER

I5Z DUM2 Als5 IT THE END OF THE TABLE *?
JMP CALLP /80» CHECK NEXT NUMBER

DZ M+ FDATLS /YESs DELETE -.DAT SLOT i@

LAS /GET THE # | DATA S¥ICH FROM
AND CODE4Q / CONSOLE

SZA /15 IT SET 7

JMP DLAT /YES, SUHPRESS PRINT QUT
«WRITE TTOsASCsMMSG7.3

«AAITE TTOsASC,M538,9

+WRITE TTQsASC,M539.0

+WAITE TTO,ASC,M5510,3 /NMBER OF HOURS

«WAIT TTO

JMS DRSUB ASET UP NEXT DB SETTING

JMS HHEA DM /READ IN # OF HOURS

a /CONTALINS ADDRESS OF THE #°5 READ IV
»INIT TTO,0UT»PSTAKT /RESET THE P RESTART

«INIT TTI»INPSTART / ADDRESS

LAC CODE3S FDEFAJLT VALJE FOR THE LENSTH
DAC TC3 '4 OF RUN (20 HOUJRS)

DZ M psTOR FCHECHS # OF #'5 HEAD I

LAd =3 /PREPARE TO USE NO MONE

BAC TCz2 4 THAN THREE N.M3EiS

LAY =49 ACHECK IF CHARACTEA READ Iw
TAD* RINTINM / IS AN ASCII # Of PERIOD
0Z M* HUNTIA /RESET LOC. 1IN CHAHe BLOCK

152 RUNTIM /30 TO NEXT CHAAACTER

S5PA ' F!S ASCI1 CHARACTER < 43 7

Joi? FNUM /YES5s EXIT

SAD CODEl 6 N7y I5 IT A DECIMAL POQINT ?
JiP DECPT /7Ess G0 TO DECIMAL POINT ROUTINE
TAD COBDELY /43, CHECK FDA AN ASCII NIRE:
SMA /15 THE CHARR. = 72 7

JMP GETHR /40» GET NEXT CHANXe

TAD CoDEl2 /YES3, 1S CHARACTER GAREATER

SPA / THAN S7 OCTAL 7

JMP GETHR /NOs QET NEXT CHARAGCTEAR

JMS* «AD fYES: GET THE BINARY CODED DECIMAL
LAC* MINEAC 4 EQUIVALENT OF THE NUMBER
TAD TGl /ADD TO THE PRECEEDING NUMBEXS
DAC TC1 F AND SAVE

I5Z MINEQC /3ET UP NEXT MULTIPLIER

15Z DSTOR FINCREMENT NUMBER COINTER

182 TC2 /HAS ENOUGH #'S BEEN OBTAINED ?
JMpP GETHR /NOs GET NEXT NIXMBER
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DECPT

FNUM

cNuM

N ONUM

'

JMpP
Law
DAC
LAY
TAD
SMA
Jeip
LAC
CLL
I1DIV
12
LACQ
DAC
LAC
DAC
152
JMP
LAWw
TAD
SMA
JHP
IAC
SZA
JMP
LAC
CLL
101V
12
LAacCa
bac
LAC
TCA
DAC

DZM
bzM
bzM
LAC
DAC
JMS

« TIMER
JMS5*
JMP

+» DSA
« DSA
«D5A
«[BLE

CNUM
-1

TC2
-2
DSTOR

GETHR
TC)

TCl1
CODE2
MINEQC
DSTOR
GETHR
-2
DSTOR

CNUM

NONLUM
TCI

TCL
™

TC3

TCY
Tc2
MCNTR
CODE18
DSTOR
FRDT
8,BEGIN. 6
PROC
ety
SUuM4a
ALF
TIMR

/YESs EXIT

/5ET

COUNTER TO GET ONLY

/ ONE MORE NUMPER
/CHECK THE NUMBER

/
/JHAS

COUNTER
Té/O0 NUMBERS BEEN OBTAINED 7

/YESs GET THE LAST NWUMBER

/NOs
/

IF THERE WAS A NUMBERs [T IS
OFF BY A FACTOR OF TEN TOO HIGH

/THEREFORE REDUCE THE NUMBER BY A&

/!
/GET

FACTOR OF TEN (ZERO 1S UNEFFECTED)
THE QUIOTIENT

/REPLACE WITH CORRECTED #

/SET
/

THE BCD POINTER TO
THE LAST MULTIPLIER

/INCREMENT NUMBER COUNTER

/GET

NEXT NUMBER

/CHECK THE NUMBER

4
FHAS

COUNTER
2 NUMBERS BEEN READ IN %

/YE5, IGNORE THE FOLLOWING CODE

/HAS
Fd
INOs

EVEN ONE NUMBER BEEN
READ IN 7
USE THE DEFAULT VALUE (13.65 HR)

/YESs THERE IS ONE NUMBER BUT

4
’
4
/GET

IT IS THE WRONG BCD
EQUIVALENT 50 REDUCE IT BY
A FACTOR QF TEN

THE INTEGER ANSWER

#SAVE CORRECTED NUMBER

fGET
/
/

LENGTH OF RN NUMBER
COMPLIMENT IT
AND SAVE THE NEGATIVE

/INITIALIZE LOCs T0 DETERMINE

4

THE END OF THE RN

#INITIALIZE BINARY TIME OF DAY

/SET
I'd

UP MAX. S5TORAGE FOR
STORAGE DEVICE

/FREE BACKGROUND DEVICES

/SET

UP MAIN HEAL TIME SUBa.

/START PROCESSING PROG.
/# OF PARAMETERS +1

/THE

SEASON OF THE YEAR

/LINE FEED
/TIME AT THE END OF EACH FILE

/RIXXIXIIXR lISIISS!IZIISlll!ll!!!l!!lI‘.lz!lllll!!!lll!l!l!!l!!lllll

END

STPH

2999

a
«ASCII
2002

a
«ASCII
+ EJECT

<14>"*x2END OF PROCESSING#*%"<) 5>

<T><?><]5»

/ RRRHHRRHRRRHHRRRHHRHRRHRHERHRHRRHRRHRRRRRRRRRRRRRRRHRRRRRRRRRRR
THIS SUBROUTINE IS5 USED TO READ IN CHARACTERS FROM THE
/TELETYPE ONE AT A TIME UNTIL A CARRIAGE RETURN IS5 FOUND. THE
#CHARACTERS ARE S5TORED IN "NBLH"™ (A BLOCK OF LENGTH 3&). THE
/ADDRESS OF “NBLK"™ 15 PUT INTO THE LOCATION AFTER THE "“JMS READM"
#INSTRUCTION USED TO CALL THIS ROUTINE. THE PROGRAM CONTROL IS
/THEN RETURNED TO TWO LOQCATIONS AFTER THE CALLING INSTRUCTION.

/

/
READM

CONR

<]

LAC
DACx
15z
«READ
«WAIT
LAC
DAC*
54D
JMP
15z
SAD
JHP
5AD
SKp
JHP
LAC
DAC
Lac
DAC

NUMB
READM
READM
TTI»IASMTTIN3
TT1
MTTI+2
NUMB
17T
ROU
NUMB
as
DLT
{15

CONR
(NBLK
NUMB
(2
RBOT+2

FSET
/
/

THE ADDR. OF THE BLOCK CONTAINING
THE READ IN CHARs INTO THE CALLING
LOCs#+1 AND RETURN TO LOC.+2

/READ IN ONE CHARACTER

/GET

THE CHARACTER

/STORE IN THE CHAR. BLOCK
/IS5 THE CHAR. A RUBOUT 1?7

/YES,
/NO»

DELETE PRIVIOUS CHAR.
PREPARE FOR NEXT CHAR.

/15 THE CHAR+ A U 7

/YESs
N0
/YES»
/N0»

DELETE THE LINE

IS THE CHAR+ A CARRIAGE RETURN ?
EXIT FROM THE READ LOOP

GET NEXT CHAR.

ZINITIALIZE CHARACTER BLOCK

/

POINTER

/WRITE OUT ON TTY

4

A LINE FEED
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JMS WRT /ZONE LETTER WRITE ROUTINE
JMP e READM /RETURN TO CALLING ADDR.+2
DLT LAC {NBLK /RESET POINTER 10 THE BEGINING
" DAC NUMB : / OF THE BLOCK
LAC e /SET P T0 WRITE
JMP etll 4 AN @ CHAR.
ROU LAC €15 /SET A CARRIAGE RETURN INTO THE
DAC* NUME / PRESENT LOC« OF THE CHARs BLOCK
LaW -3 230 BACK TO WRITE QVER
TAD NUMB ! THE PREVIOUS CHAR.
S5AD (NUMB 715 THE POINTER AT THE BEGINING 7
JHP CONR /YES, DO NOT PRINT QUT ANYTHING
DAC NUMB /N0, RESET POINTER BACK 1 LOC.
LAC (134 JPREPARE TO WRITE A "RUBOUT" CHAR.
DAC RBOT+2 7SET IN OUTPUT ADDR.
JMS WRT /URITE OUT THE ONE CHAR.
JHMP CONR /READ NEXT CHARe.
WRT 2
+WRITE TI10:.1A,RBOT23 /WRITE ONE IMAGE ALPHANUM. CHARe
»WAIT TTO0
JMP® 4RT /RETURN
RBOT 2003 /IMAGE A. OUT PUT
2 / MESSAGE
9 /L0Cs TO STORE CHAR. TO OUTPUT
MTTI1 «BLOCK 3 sBLOCK CHAR. I5 READ INTO.
NUMB +DSA NBLK /CHARACTER BLOCK POINTER
NBLK «BLOCK 3@ /BLOCK TO0 STORE ALL THE READ [N CHAR.

4

/ RHRRRRRERBRRRRRRRRRRRRRRHRRRRRRRRRRRRRRRRRRRRRRHRRRRRRRRRRHRRRRRR
ZTTTTTTTTT TTTTITITTTTITITTTTTTITITT TITTTTTTTITITTITTIITTTITITTITITITTIITITT

/ THE Re=T« SUBROUTINE THAT KEEPS TRACK OF THE TIME OF DAY
/THE SUBROUT INE 15 INITIATED BY A “.TIMER" WHILE STORING THE PRESENT
/TIME IN LOCATION “TIME" AND THE MINUTES * TEN IN "MIN'"+ THE ROUTINE
/RESTARTS IT SELF 5TORING THE UPDATED TIME IN “TIME™ AND THE UPDATED
JMINUTES TIMES TEN IN “MIN" USING BINARY CODED DECIMAL. THE BINARY
/REPRESENTATION OF THE NUMBER OF TENTHS OF MINUTES THAT HAS PAST I5
/GIVEN IN LOCATION "MCNTR™.

/

TOD a
DAG SVAG /SAVE AC FROM LOWER APL LEVELS
+TIMER 368:T0D:5 /RESTART CLOCK FOR ANOTHER 6 SECONDS
15Z MCN TR /INCREMENT BINARY COUNTER
LAC MIN #CHECK THE MINUTE ADDRs
SAD MMEN /IS IT SET TO 59+9 MINUTES 17
JUp CMIN #YES, SET UP THE NEJ HOUR
152 MIN /NO, INCREMENT THE MINUTE COUNTER
1s2 TIME 7/  AND TIME OF DAY COUNTER

RESTOR LAC SVAC /RESTOR AC FOR LOWER LEVEL PROGHAM
«ALXIT TOD /EXIT FROM PHOG. AND API LEVEL

CMIN  DEM MIN /RESET MINUTES TO ZERO
LAC TIME /CHECK TIME OF DAY
SAD CHR #15 THE TIME AT THE END OF THE DAY ?
JMP CTIME /YES: START A NEW DAY
TAD NXHR /N0r CHANGE TO NEXT HOUR
DAC TIME /  AND SAVE THE TIME
JMP RESTOR /EXIT

CTIME DzM TIME #RESTART TIME TO A NEW DAY
JiP RESTOR ¢/  AND EXIT

STTTTITITIY gTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
+EJECT

PSTART DzM BEZIN /RESET Re-T+ SUB« BEGIN TO BE REENTERED
LAC MpUMI /PREPARE TO REINITIALIZE THE STORAGE
DAC STAHT #/  DEVICE AND BEGIN A NEW FILE
LAC 1pcou /HAS THE COLLECTION FINISHED COLLECTING
SPA ¢/ THE PRESENT FILE 17
JMP o+3 /YES: LEAVE AS SET UP
LAC tJMP  RESTAR /NO. PREPARE TO CLOSE THE
DAG START ’ OLD FILE
»TIMER BsBEGIN:6 /RESTART THE COLLEGTION
JMP DUMT +1 /RESTART THE PROCESSING PROGRAN

/ MMMMMM MM MMMMMMMMMMMMMMMM MMM AN MMM MO MM MMM MM MMM MM MMM MMM
/ MAIN PROGRAM MMMt

4
BEGIN a /ENTERANCE T
8 o SAVEAC 0 THE MAIN REAL TIME S5UB.
START NOP /USED TO CONTROL PROGRAM FLOW
cl1 fINIT QUTRT»QUT+RESTAR /DT QUT
JMP INIT /G0 TO INITIALIZING ROUTINE
f1inke] JMS ADREAD /PREPARE TOQ READ FROM A-D CONVEATER
TNSAM /# OF DATA NUMBERS TO READ
BUF /ADDRs TO STORE DATA 035
ER2 /COMPLETION AND ERROR TIMIN] FLA3

5003P4+R5UB #PHRIORITY LEVEL + R«T SUBRA. TO EXEC.
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RET3

END}
JONCE

PO

ENO2
RET2

Tl

/

LAw -1

DAC cNT2

LAC SAVEAC
«ALXIT BEHIIN

NOP

+TIMER 9»,CHECK,S5
JMS ADREAD

TN SAM

BUF

ER2

500039 +R5UB

LAC SAVEAC
«RLXIT BBEFIN

LAC TRANF

SZA

JMS DTRANS
CLAICLL

Las

RAL

SNL

JMP ROO
+TIMER 128,WTls6
+RLXIT BE3SIN

@

pac SAVEAC
LAC MDUMI

DAC ONCE

bzM CNT

Lac CJop A
DAC S5TART

LAC SAVEAC
+TIMEA @,BE3INs6
+RLXIT WTl

£ END OF MAIN PROIRAM
£ MOEMMMYMMM MM MM MAMMM MMM MMMM MMM MM MM MM MMM MM MM MMM Mt MMM MMM

BUF
NAME

+BLOCK
« SIXBT

DATBLK

"DATAFIDAT"
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/LOAD =1 INTO MEMORY TO KEEP TRACK OF
/ THE SAMPLE THAT HAS BEEN COLL.
/RESTORE ACCUMULATOR

/RELINQUISH CONTROL TO LOWER PRIORITY

/SET CLOCK TO WAIT 9/6@ SECONDS
/A=D CONV. READ FOR X=-SAMPLES
/THE VARIABLES USED

4 ARE THE SAME ONES USED FOR
/ THE 0-SAMPLE AND ARE

/ EXPLAINED ABOVE

/RELINGQUISH CONTROL

/3GET DECTAPE THANSFEAR FLAG

/ AND TEST IT

/FLAG SET ~ TRANSFER DATA

/CLEAR AC TO READ CONSOLE SWITCHES
/GET # FROM CONSOLE'S DATA SWITCHES
SPUT BIT 24 OF AC IN L

715 THE LINK A ZERO 7

f7ESs L= COLLECT DATA

/NOs STOP COLL. AND QIVE TIME TO A
/ LOWER LEVEL BEFORE RECHEKING SW!TCH

/PUT CLOCK BACK INTO
4 OPERATION
/TELLS PROC. COLL. HAS STOPPED

/5ET UP TO RECHECK CONSOLE SWITCHES
/  AND PUT INTO START

/JRETURN TD Rs+~T. S5UB. BEGIN

/BUFFER TO STORE AD SAMPLES
/NAME OF FILE TO STORE DATA

FRAARLAAL AL LEEALELALALELLLALELERARRREELASELAALLRELLLLLLLLALLS
/ INITIALIZING ROUTINE

rs
INIT

oW w N

ur
uPl

WRITE

c3

LAC
Dac
DAC
LAC
DAC
DZM
2744
DZM
LAC
bac
LAWY
DAC
LAC
DAC
LAy
DAC
LAC
TAD
DAC
TAD
DAC
TAD
sMA
Jup

«FSTAT OUTFTsNAME

SKP
JMp
LAC
TCA
DAC
«DLETE
+ ENTER
JMS
JMS
LAC
DAC
JMP

(BUF1
POINT
TBUF
1DCoU
Cal
1pCou
TRANF
CNT
MDJM1
QNCE
-2
CTTé
[
MAX4
MNCC
CTT2
MCNTH
TCi
Dac
TC2
TC2
TC3

EXTIP

DECTAPE FILE ROUTINE
STORE DATA IN FILE ACCORDING

UPDATE
MCONTR

€1
QUTP T» NAME
OUTP T2 NAME
DTRANS
DIRANS
MDUM2

REPL

RDO

/POINTER IN DECTAPE BUFFER
/NAME OF DECTAPE BUFFER IN USE
/5AVE THE ID # C(THE #

I'4 OF FHAMES PEit FILE}

/1D NUMBER

/DECTAPE TRANSFER FLAG
COUNTER FOR CLOCK

/PUT CLOCK INTO OPERATION

/SET BUFL AS THE FIRST

4 BUFFER TO BE USED

ZINIT. NOISE MAX.

/ LOCATION

ZINITIALIZE COUNTER FOR MAXIMUM

4 ALLOWABLE NOISE

/GET THE LENGTH QF TIME REQUIRED

/! COLLECT THE PRIVIQUS FILE
FRAVE IT

ZADD TO ALL OTHER PRIVIOUS TIMES TO
4 COLLECT THE OTHER FILES, SAVE AND
s COMPARE TO THE MAXIMUM TIME
/AHE THE FILE TIMES LARGER 7

FYESs STOP COLLECTION

TO RESPONSE

/CHECK FOR COLLECTED FILE
/{REPLACED BY “5ZA")IS FILE PHESENT?
/YESs ACKNOWLEDGE THE PRESENCE
/GET THE BEGINNING TIME FROM

/ THE BINARY CLOCK COUNTER

4 TO DETERMINE THE COLL. TIME
/RELETE FILE IF PRESENT

FO0PEN FILE

/9RITE DUMMY BLOCK

/THICE

/TELLS PROCESSING THAT COLLECTION
4 HAS STARTED COLLECTING A FILE
/RETURN



UPDATE

UPDATI

BLX}
GOoM
G ETCH1

BLK3

CONDR

BLK2

MDUMI

STAGN
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LAC TIME /SETS THE TIME TO THE END

‘TAD ¢s / OF THE COLLECTED FILE AND
DAC TIMR ’ AND ROUNDS OFF TO THE NEAREST MIN.
.WRITE TTO,ASC.M531,8 /FILE PRESENT

«WAIT TTO

NOP /REPLACED BY “JMP BLK2" FOR | DB SET
«WRITE TT0,ASC»M5Q8,34 /KEEP IT?

«WAIT TT0

JMS READM /READ RESPONSE

a /ADDRESS OF THE RESPONSE

LAC#* com /GET READ 1N CHARACTER

DEM» COM / AND ZERO THE LOC.

SaAD (L6 /IS5 CHARACTER A “N"7

JiP STAGN /YES

TAD -72 #CHECH [F NUMs 15 LESS

5MA. ’ THAN 72 OCTAL

Jur BLK3 /N0Os CONTINUE :

TAD €12 /YES, 15 NUM. GREATER THAN

SPA / 57 OCTAL?

JMP BLK3 /NO. CONTINUE

DAC* coM /YESs SAVE

152 coM /NEXT CHARACTER

JMP GETCHL /REPEAT

LAC LETCHG ZINITIALIZE THE BLOCK

DAC coM ’ CONTAINING THE INPUT CHAR.
LAC* coM /GET FIRST CHAR.

SNA 715 IT A ZERO 7

JMP CONDB /YESs IGNORE IT

DAC* CHG /PASS5 TO PROC THE DB CHANGE

TAD (-1 FOFFSET THE # BY =l

CLL1RAR /DIVIDE BY TWQ AND SAVE REMAINDER
TAD (60 #5ET UP AS ASCII CHAHa

SWHA /PREPARE FOR MESSAGE

DAC# DBP /SAVE NUMBER

LAC (L4p /aSC1I FOR ZERO

szL

LAC (152 /ASCII FOR NUMGER 5

TAD* DBP JADD TO OTHER DB SETTING
CLL1RAH /SET UP AS CHAR. 4&5 IN ASCI1 WORDS
DAC* DBP /SAVE NEW DB SETTING

1sz coM /GET NEXT CHAR.

LACH* com /SET UP NEXT CHARs

SAD. (15 /1S CHARe A CARRIAGE RETURN ?
JMp +3 /YESs EXIT

SZA /NOs 1S IT A ZERO ?

DAC* CMULC /NOs SET UP MUL. CONSTANT CHANGE
DZM* coM /CLEAR CHAR.

JMS DBSUB /SET UP NEXT DB MESAGE

LAC CN2 #GET STORAGE ALREADY USED

TAD CN1 /aDD STORAGE SIZE OF LAST

DAC cN2 / FILE AND SAVE

TAD TEM1 /8DD 1T AGAIN AND CHECH--

TAD DSTOR / WILL ANOTHER FILE OF THE SAME
SMA z LENGTH OVERFLOW THE STORAGE ALLOW?
JMP RPTI /YESs RESTART THE COUNTING

152 NAME+! /N0, INGREMENT NAME

152 MS51+3 ZINCREMENT TELETYPE

15z M531+3 ’ MESSAGE TWICE

JMP WRITE /RETURN TO NEW FILE

LAG cNl /HEMDVE THE SIZE OF

TCA ’ THE LAST FILE

TAD CNZ ’ FROM THE

DAC Cn2 / STORAGE COUNTER

LAC DBC /REMOUE THE AaMOUNT OF

IGA ’ TIME USED

TAD 1C2 ’ BY THE PRECEEDING

DAC TCg ’ FILE

JMP WRITE /RECOLLECT FILE

»DBDBADEDRDBDBRNBDBDBEDBERDBUBLRDEDBDBBDBEDEDB DA DBDEDBDBOBDEDBDROB DB DB

4

/
DBSUB

SUBROUTINE TO CHANGE THE DB MESSAGE T0 BE PRINTED OQUT

2

152 Dep /GET NEXT DB

LAC* DBpP / MESSAGE

5MA /1S 1T THE END DF THE DB MESSAGES 7
Jnp atd /NO, USE THIS MESSAGE

LAC (DBO /YESs, REPEAT THE

DAC DBEP / FIRST DB

LAC#* pep ; SETTING GIVEN

DAC Msazsell /INSERT MESSAGE

JvP*  DBESUB /RETURN
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/
/DBDBDBDBDBDBDBDBDBDBDBDBDBDBDBDBDBBBDBDBDBDBDBDBDBDBDBDBDBDBDBDB
mMSsa@1 MSG2-MSA1 72+ 000

[~ ] .

«ASCII <«<7>cli><?>c7>']"

«ASCII "™ PRESENT'"<]5>
M 562 2008

a

«ASCIL "SET ATTENUATOR TC 008DB AND CsR."<1S5»
/
I&&&&ll&&&&l&l&&&&&l&&l&&&&&&&&&&&&&I&&&&&ll&&&&&&l&&&l&llll&&&&&&&
/ISSSSSSSSSSS5555585555558SSSSSSSSSSSsssssssssSSSSSSSSSSSSSSSSSISSS
/ PACKING ROUTINE
/ AN ID IS ASSIGNED AND 26 SAMPLES ARE PACKED TWO PER WORD
/ A TOTAL OF 14 WORDS ARE PUT INTO A DECTAPE BUFFER FOR EACH CALL
/ HIGHEST ORDER BIT IS LOST AND NEG. NUMBERS ARE SET T0 ZERO
/ ALTERNATES BETWEEN TW0O DECTAPE BUFFERS~-
/ WHEN ONE IS FULL THE OTHER IS5 USED FOR STORAGE
/ THE BUFFERS ARE LOCATED IN DLOGF AND WAl TE OVER PART OF IT
/
R

suB a
DAC SAV /SAVE AC
Isz CNT ZINCREMENT CONTER
MDyM1 NOP /BUARDS AGAINST A =) IN *“CNT™
oZM DuM2 ZINITIALIZE THE VARIABLES USED
DZM DUM3 / TO DETERMINE THE NOISE
LAY NPFC Z/USE FIRST 5 NOISE SAMPLES TO SET
DAG CTTI1 s/ MAX« ALLOWED NOISE FOR PROC.
IAC /SKIP NOISE AFTER THE S5TH
DAC CTTS /! NOISE SAMPLE
Law -1891 /15 THERE A DISK TIMING
S5AD ER2 4 ERAROR?T
JMP ERS1 /YESs PRINT MESSAGE
NOISE 152 Ibcoy /N0s INCREMENT ID NIMBER
LAC IDCOU /ASSIGN 1D NUMBER
DAC=* POQINT 4 TO BE PLACED ON STORASE DEVICE
-7 POINT /INCREMENT POINT TO NEXT LOGATION
DATA Lad ~NDPC FCOUNTER SO THAT 13 wWORDS ARE PACKED
JMS PAC /G0 TQO PACKING ROUTINE
LAC oUM3 /GET 5UM OF THE NEW 4 NOISE SAMPLES
TAD DUMS / AND ADD TO THE 72 NOISE SAMPLE ¢R0Up
nac DiymMs FUSE NEW SUM
LAC LMz /GET NEV MAX. FOR THE 4 NDISE SAMPLES
TCA /COMPAHE NEJ MAX.
TAD Dy 4 WETH OLD MAX.
5MA 13 THE NEJ MAX. LAAGEA?
Jie [ ! /NDs HKEEP THE NLD MAX.
LAC DuMa /YH5s REPLACE THE OLD MAX.
BAC il 4 JITH THE Ned Max.
Iax crra2 AHa5 72 NOLSE SAMPLYS 2EEN COLLECTED?
i SHP4 /995 PARPAAE TO COLLECT MOHE SAMPLES
C v Lay MNCG SAESET CONTER FOs
DAC CTT2 / NUISE DETERMINATION
LAG [T FTESs 1T MAXS OF NE4 72 NOISE SAYe.
TCA 4 AND COMPAGE IT JITH THE MAX.
TAD MAX 4 s/ OF THE PHREVIQJS SET
5PA, /I3 THE NEV ONZ LESS THAV THZ OLB 04Tt
JAR 54P3 NJs PAEPAHE FOIi ANOTHEH CULLECTION
Lac Dima /YESs REPLACE THX OLD MAXa JITH
Dac Max4y / THE NEY ¥AX.
LAC DS /REPLACE THE OLD S JITH
DAC 514 4 THE NEW S04
5KP 3 D&M DumM4 /AESET NOISE SAMPLINSG
P DJgMs / LOCATIONS
K Y LAacC e QNG E FPHEPAAE TO REENTER {-T SUB. "SEGIN®
152 CNT2 / BY INSEATING INTO LOC. START
LAC CJupP HET# 7/ A JUMP STATEMENT DEPENDING 04
bAC S5TAAT 4 CNT2 CWHICH TYPE DF SAMPLE)
LAC SAY
«TIMER @.BEFINsG ZENTER R=T SUBa "BEGIN™
«RLXIT 1308
PAC a
DaAcC CouUNTP /3TORE WOAD NUMBER SEING PACKED
LAC (BUF-~1
pac BPOINT /3JF POINTER
PAXING  JMS LIN £3i0 TQO TABLE ROUTINE
LAC DuAl
S54HA /HOTATE TO LEFT HALF
DAC* POINT /5T01E
JHSs LIN

Lac Dijl
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TAD#® POINT /PACK INTO PREVIOUS ONE
DAC» POINT /STORE IN BUFI
IS5Z POINT /MOVE POINTER UP ONE WORD
15z COUNTP /ONE WORD HAS BEEN PACKED
JMP FPAKING /13 WORDS HAVE NQT BEEN PACKED
LAC* POINT /13 WORDS HAVE BEEN PACRED
152 CTT8 /END OF BUFFER 1?7
JMP* PAC /NQOs CONTINUE COLLECTION
LAW -DATSTR /YES5, RESET THE BUFFER
DAC CTT8 / COUNTER
LAC ByFal /SET POINTER TO SECOND
DAC POINT / BUFFER+-BUF2
LAC BUFL1 /GET FIRST BUFFER ADDRESS
Isz CTT6 /JUST FINISHED FILLING BUFl ?
JMP o+5 /YES» PREPARE TO STORE BUF!
DAC POINT /N0, SET POINTER TO BUF!
LAW -2 /RESET COUNTER WHICH DETERMINES
DAC CIT6 / WHICH BUFFER TO TRANSFER
LAC BUF21 /PREPARE TO TRANSFER
DAC TBUF / BUF2
DAC TRANF /SET TRANSFER FLAG
JMP % PAC /CONTINUE COLLECTION

ERSI +WRITE TTO.ASC-M5G5:2 /TIMING ERROR
LAC MDuUML /PUT CLOCK OPERATION BACK
DAC ONCE / IN PROGRAM ’
152 CNT /PREPARE TO REJECT 0-X PAIR
LAC . JMP RDO /REJECT NEXT X=SAMPLE
152 CNT2 /WAS THE LAST AN 0-SAMPLE 7
LAC { JMP ONCE /NGs REJECT THE FORMER O-SAMPLE
DAC START /YESs REJECT NEXT SAMPLE
+TIMER D.BEGIN,& /RETURN TO COLLECTION

«RLXIT RSUB
MSGS 2008

"]

«ASClI "TIMING ERROR“<|5>»
P .
/55855 RSP EIE S SRR EE SIS ESESEESSEEESSSS
P R L L L e PN
s/ SUBROUTINE TRANSFERS 1 BLOCK OF DATA FROM A DESIGNATED BUFFER
/ %0 THE STORAGE DEVICE BEING USED.
4

DTARANS @
LAC TBUF /PASS NAME OF BUFFER
22:1v o3 4 TO «WRITE
c4 «WRITE OUTPT»DUMP»@s252
C5 «WAIT QUTPT
DZM TRANF /CLEAR TRANSFER FLAG
JMS CKCNT /CHECK CKCNT ROUTINE
LAC {nop /PUT CLOCK BACK INTO OPERATION
DAC ONCE
JMP* PTHANS

/
FAA At l il e R L L PR

FHERPREIORORREREEPLEANIN RN NI O EF RN IR E IR EVFE VBRI ORI EP R P SN 02 G

/ SUBRQUTINE TO CHECK WHICH DATA CONSOLE SWITCHES ARE S5ETs
4 TOO LARGE SETTINGS AND TOQ SMALL SETTINGS ARE GUARDED

/ AGAINST. THE DEFAULT SETTING IS 2apn.

s

CKCNT @
LAS /LOAD DATA SWITCHES FROM CONSOLE
RTL /PUT AC BIT 1| INTO LINK
CLA /TO DISALLOW SHARING
Szl /1S AC BIT 1 SET 7
LAw =1 /YESs DO ALLOW
DAC#* 177 4 SHARING
LAS #RELOAD DATA SJWITCHES
AND (17777 /IGNQRE TOP 5 BITS
TAD =7 #ARE THE SWITCHES SET TO
SPA 4 LESS THAN SEVEN ?
TAD <2099 /YESs USE DEFAULT SETTING
TAD (~10080a /N0s ARE THEY SET TO GREATER
SMA 4 THAN 10293 (DISH OVERFLOWY ?
TAD (2008 /YES, USE THEZ DEFAULT SETTING
TAD (laea7 /NOs» RESET THE AC BACK
DAC TEML # /TEMPARILY STORE NUMBER
Cra /COMPARE THE DATA SWICHES
TAD 1nDCou 4 TO THE ID NUMBER
SMA /1% THE 1D LESS 1
JMP RESTAR /1D GREATER THAN SWITCH SETTING
LAC TEM] /W1LL THE SIZE OF
TAD cnz / THIS FILE
TAD D5TOR 4 OVERFLOW
SMA . s/ THE DISK 7
JMP RESTAR /YESsCLOSE FILE

JHIP * CKCNT /1D LESS THAN SWITCH SETTING
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SRS EOBQNFHNIDEDIIIENEIINERIICNFOEN IO IR PR NN E PR F RO DI PG i d '

ZRBEREEEALRAAAA LA AR LALLM A0L522AEAR

/ ROUTINE TO CLOSE FILE AND SET (P PARAMETEHKS FOR
/ COLLECTION AND PROCESSING
F
RESTAR LAC TRANF /COMPLETE TRANSFER IF NECESSARY
MbuMa 5zA
JMS DTHANS
C6 «WRITE OQUTPT,DUMP:5SEVN, 2 /WRITE END OF FILE ID
cz «WAIT OUTPT
c7 «CLOSE OQUTPT
LAC MDUM1 ZINITIALIZE THE LOCATIONS
DAC START 4 "“START" FOR COLLECTION
DAC REPL 4 AND "REPL"™ FOR PROCESSING
LAC sumMa /GIVE THE SUMMATION OF THE LOWEST
DAC* SUMS / NOISE TO THE PROCESSING
DZMw CHG /RESET DB CHANGER
LAC MbuMz /IGNORE THE FIRST
DAC ur1 / FILE ONLY
JMP START /G0 TGO START
s

AL ESRLAELRARAREAAEEEERESALARLEALALELLARRRRARALALALARLELRLEEALLLELAL

L L M L LA KL L L LKL L L

/4 CLOCK INTERRUPT ROUTINE FOR AUTOMATIC 0=-SAMPLE STAHT

£
CHECK ol
DAC SAV /SAVE AL
pzm BEGIN /ZERQO R~T SUB. TD AVOID POSS. ERROR
LAC CNT /EXAMINE COUNTER
RAR /LOWEST BIT OF CNT IN L
sSZL
JMP BHUP /L=1=CNT QDD-HALF FRAME DURING 9/6@ SEC
JuiP NDHM /L=@=CNT EVEN~FULL FRAME DURING 9/64 SEC
BKJP DzM CNT /CLEAR HALF FRAME THAT WAS TAKEN:
RAL FRESTOR LINK
LAW =1 /HESET IDCOU BACH ONE FRAME
TAD 1BCouU
DAG 1DCGY
LA -1 /RESET BUFFER COUNTEH
TAD LTTS s BACK ONE
DAC CTia / FHAME
LAW -DPR FAHESET POINT BACK HALF FRAME
TAD POLNT
bac POINT
LAC MbDijMl /PUT CLOCK BACK INTO OPERATION
JMP EXT1 /PREPARE TO EXIT
NORM RAL /SESTORE THE LINK
LAC CJMp PHO /STOP CLOCK FROM OPERATION
EXTL DAC QNCE
LAC { JMP AD0 /PREPARE 10 COLLECT
DAC START 4 AN (O=FRAME
LAC 5AV /AHESTOHRE AC
«TIMER B+BESINSG YRETURN TO POINT AT VHICH INTERAUPT
+ALXIT CHECK /  OCCURED

I'4

PR e e s T T LTI T
AR RN R RN R R R R R RN N R NN N RN RN RN NN RN AR D]

y SUBRQUTINE TO DU A TABLE LOOJKUP FOR DATA LINEARIZATION.
/7  AL30 SAVES S5UM AND MAXIMUM OF FACH SET OF S MOISE SAMPLES,
¢ SETS NEGATIVE NUMBERS TO ZEiO» AND IF NECESSAHY JUMPS AHOUND
4 MSKAR" NUMSER OF DATA NUMBEAS BETVEEN THE NOISE AND DATA POINTS.
’
LIN ®

152 BROINT /DATA STAQTS AT AJF

LAC* BPOINT #GET INPJT DATA WORD

AND 1777 FMASK ANY EXTHA TS

TAD =1393 /CHECK FOR NEG. #'5

$Ma

Jotp ERt /NE3 # FOUND

TAD CS5TL+1900 /LOCATE # IN TABLE

DAC DMl /GET ADDIESS OF NUMBER

LAC* DUM1 /LOAD LINEARIZED # INTO AC

SKP
Eil CLAICLL FSET VE3 4 TO ZERO

DAC DuUM1 /5TORE LINEARIZED #

152 CTTS /15 THIS THE FIFTH NOISE SAMPLE 7

Jup «+5 /NQs SKIP AHOUND CODE

LAC ¢ SKAR /Y83, SAIP AHOUND "“SHAA™ DATA

TAD BPOINT ’ 3K THE FHAME BEING

DAC BPOINT ’ COLLECTED

LAC Litd FRESTOdE THE LIN. DATA 4

152 CTTI /15 IT A NOISE SAMPLE 7

JHp PONOS ZTESs PR0OCESS NOLSE SAMPLE

LAy -1 ZESET THE TJ0 COUNTE:S

Dac CTT1 ’ FOR THE DATA OF THE
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JMP# LIN / RETURN

DONOS  TAD M3 /ADD TO THE OTHER 4
DAC buMa / NOISE SAMPLES
LAC puM1
TCA /15 THE NOISE SAMPLE
TAD BUM2 / GREATER THAN THE
SMA /  OTHER 4
JMP# LIN ) /N0; RETURN
LAC puM1 /YES, SET THIS SAMPLE
DAC puMe / AS THE MAX.
JMP* LIN

/
I R R Rk R A A A A R A A A A A R A AR R R A R A A R R R A R R A A A R A A R A A A R N
SRARRBLEA AERELLRLRRRAEAREEEBBEEEELLALBLELRELRALRELLLLLL8348854885488EE

/ ROUTINE TO REINITIALIZE VARIABLES AND IF NEEDED TO
/ SWITCH STOARAJE DEVICES.
rd
RPTL LAC AF1 /RESET FILE
DAC NAME+1 / NAME
DZM Thnml FZERD LOGC.
DZM cw2 /RESST DEVICE STORAGE COUNTER
N DK2 Jup NDK21 /D0 NOT SWITCH STORAGE DEVICE
LAC COUTPT /CHANGE TO SECOND STORAGE
152 CrTa ’ DEVICE BY CHANGENI THE
LAC tOUTE T2 ’ «DAT SLOTS IN THE COMMANDS:
DAC c3 ’ «ENTER
pAC c2 / CIALT
DAG cs / SWAIT
DAC c7 ’ «CLOSE
TAD (1203
DAL FAITE / +DLETE
DAC cl / JINIT
TAD (2092
DAC up / +FSTAT
TAD (1622
DAG o) ’ «dRATE
DAC Cé& - ’ «4RITE
NDKZ21  LAC RMsd1 /RESET TELETYPE
DAC MS31+3 ’ MESSAGE
LAC MBUMa /1GNORE THE FIRST FILE ON
DAC uplL / NEXT STOAZE DEVICE
Lac cT1a JCHECK DEVICE SWITCHING CONTROLLER
SMA #15 IT STILL NEG»?
LAY -2 /YESs RESET IT
DAG CTT3 /N0, LEAVE IT ALONE
Jne cl /N0, 30 TO INIT.
AF1 LSIXBT "aFL" /REINITIALIZES “NAME"™ AND “FIL"
EXTIP  DzM TC2 /PREPAHE TO COLLECT A NE4 SET OF DATA
LAC TIME /GET TIME FOi LAST FILE
TAD <5 /R0UND OFF TO THE NEAREST MINUTE
DAGC TIMR /3TORE FJRA FORTAAN PHOGRAM
LAC CJMp HPTIL /PREPARE TO START
DAC START / COLLECTIGN AT FILE 1
152 NAME+1 /IELLS PROC. TO PROCESS LAST FILE

SWHITE TTD+ASC,EDC,E /END OF COLLECTION
«WAIT TTO

DZiM TC! ZINIT. COLL. TIME COUNTER
LAY -1 /TELLS PROCESSING THAT COLLECTION
DAC CTTII / 153 FINISHED COLLECTING
«RLXIT BE3IN
EDC 2008
2]
CASCIT <ll2<ll><]ll><]l><]]l><T><TacTa<Toc]5>
/
JALEAREARAELRAREELLLLLRBLALRALALLLLLARALLALELEALLRELLE4L4282580822848

« EJECT

P L a R T B L T L R L P

BFKMI5 v3A SERVICE ROUTINES FOR THE HP S&18A A 1TQ D
CONVERTER. THESE ROUTINES PERMIT INPUT OF ANY SPECIFIED
NUMAEHR OF SAMPLES INTO A CORE BUFFER. INPUT MAY BE OVER-
LAPPED WITH PROGRAM EXCUTION, AND CONTROL MAY BE RELINQUI SHED
T0 LOJER PRIORITY PRO3RAMS WHILE DATA TBANSFER TAKES PLACE.

MACHO=15 CALLING SEQUENCE:

JHS ADREAD

NUMBER OF SAMPLES REQUIRED

BUFFER ADDRESS

COMPLETION FLAG ADDRESS

REAL=TIME SUBROUTINE ADDRESSs PRIOHITY LEVEL IN BITS -2
CEXAMPLE! 580033+RTS5UBA)
{RETURNS HERE IMMEDIATELY?

1F THE 4TH WORD AFTER THE JM5 1S @, NO HEAL-TIME SUBROUTINE
WILL BE ACTIVATEP. NOTE: THE PRIORITY CODE FOR MAINSTHEAM IS 1

THE COMPLETLON FLAG IS CLEARED BY THE CALL TO ADREADs
AND SET TO +1 FOR NORMAL COMPLETION OR ~18@81 IF A DATA
TIMING ERROR OCCURSa

L e A e



/

ADVCR=26 /A-D WORD COUNT
ADCAR=ADWCR+1 /AND CURRENT ADDRESS REGQISTERS
« SCOM=] 30 /MONITOR'S COMMINICATION AREA
ADYI=T83724 #A=-D CONVERTER WRITE INITIALIZE
ADSD=TBAT701 /SKIP ON WORD COUNT OVERFLOW
ADST=723721 /5KIP ON DATA TIMING ERROR
ADCO=733784 /CLEAR OVERFLOW FLAG
ADCT=7083744 /CLEAR TIMING FLAG
/
7/ ENTRY POINT FOR A-D INTERFACE INITIALIZATION
/
ADREAD @

Jup INSET /REPLACED BY "“LAC#* ADREAD"

TCA

DAG* (ADWCR) /SET WORD COUNT

152 ADREAD

LAY =1

TADx% ADREAD /BUFFER ADDRESS =1

DAC* C(ADCAR} 4 TO CURRENT ADDRESS REG.

sz ADREAD

LAGH ADREAD /GET FLAG ADDRESS

DAC INFLAG

DZM* INFLAG /CLEAR FLAG

15z ADREAD

LAC* ADREAD #GET REAL-TIME SUBROUTINE ADDRESS

Dac INSUB

152 ADREAD /POINT TO HETURN LOCATLON

ADWI ZINITIALIZE INTERFACE

JMP# ADREAD #RETURMN
7
/ THE FOLLOWING CODE IS EXECUTED ONLY ONCE
INSET  LAC* (.SCOM+55) #GET ENTRY POINT ADDERSS OF .SETUP
ADSVA DAC .
SAY LAC* {«5COM*51) ZENTRY POINT OF REALTP
REALTP DAC .

LAC (4P0010 /RAISE THE Apl

I5A ’ LEVEL

JMS# ADSVA #CALL «SETUP TO CONNECT

ADSO ’ ADINT TO

ADINT ’ THE APJ

DBXK /DEBREAK FROM API LEVEL

LAC (LACw ADHEAD

pDAC ADREAD+] #MODIFY INSTRUCTI On

JMp ADREAD+ ] / AND JUMP TO IT

4
7
/INTERHUPT SERVICE ROUTINE. EXECUTED IMMEDIATELY AFTEH COMPLETION
4 OF DATA TRANSFER. DETERMINES STATUS OF A-D INTERFACE, SETS

/ COMPLETION FLAG AND ACTIVATES REAL-TIME SUBHOUTINE.

/  BUNS AT AP! LEVEL Q.

/!

7

A

DINT [c]
DBA /PAGE ADDHESSING MODE
DAC AD5VA FSAVE AG
ADST /TIMING ERROK?
SHPICLAYIAC /NO.+1 TO AC
LAw =1801 /YESs ERROR CODE
DACw INFLAG /3ET FLAG
ADCO /CLEAR
ADCT / INTERFACE FLAGS
LAGC=* («SCOM+122 /RAISE T APl
I15A ’ LEVEL & ORr 1|
LAC INSUB /REAL=-TIME SUBROUTINE ADDRESS
5NA
JMP ADXIT /BYPASS MONITOR CALLS IF ZEROD
JM SR REAL TP YACTIVATE HREAL-TIME SUBROUTINE
ADXIT LAC (424800 /REQUEST AN AP! INTERRUPT
I5A I'4 AT SOFTWARE LEVEL 4
LAC AD5VA /RESTORE AC
DBR #5ET TO LEAVE HARDWARE API LEVEL
JHP® ADINT #RETUBN TO INTERRUPTED PROGRAM

'
f+++++++++f++++++++++f0++++++++‘#+&++++¢4+++++++0++++t4++++++++0++
» BEJECT

IXXXXXXXXXXXXXXXXXKXXXXXXXXXKXXKXXXXKXKKXXXXXXXXKXXXXKXXXKXXKXXXXK

PROCESSING' 5 MACRO PROGRAMS. THEY INTIALIZE THE SOTRAGE
DEVICE, WAIT FOR FILE TO BE COLLECTED. CHECH FBR UNVANTED
COLECTION STOPAGEs S5WI1TCH STORAGE DEVICES IF NECESSARY» TELL
WHEN THE PROGRAMS HAVE REACHED THE END OF RUMs GIVES TIME TO
BACKGROUND, AND READS IN DATA AND UNPACKS ITe

O Y
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CHNG a
JMS5* «DA /LOAD PARAM. ADDH. IN SIM5 AND CHG
JMP (A /SKIP OVER PARAM. LIST
SUM5 [ ]
CHAE -]
CMULC "] /L0OGCs TO CHANGE MUL. CONSTANT
| §-+ cTT1O /RESTART THE DEVICE ?
SKP /NO
JMP AGN /YES,» RESET PARAMETERS TO BEGIN. OF DEV.
Dy M7 Is2 FIL+1 /CHECK 1IF COLLECTION IS
JMS CONTR s FINISHED COLLECTING NEW FILE
LAC FIL+1 /15 THE COLLECTION
cHa / REGOLLECTING
TAD NAME+] / THE FIRST FILE
5PA /! AGAIN ?
LAW -1 /NOs SET THE COUNTER TO JUMP AROUND
DAC CTT1@ /YESs SET COUNTER TO A POS. #
LAW -1 /PREPARE T0O READ
DAt CTTS / DATA
LAC BUF31 /RESET BUF3 POINTER WITH
DAC POINT2 4 THE ADDR+ OF BUF3
LAC CISZ SWITC /PREPARE TO READ TWO
DAC LCA / DUMMY BLOCKS
Ccl13 INET DATINSIN,O :
Rt +FSTAT DATIN.FIL FCHECK FOR PRESENTS OF NEW FILE
5Na
JMP ERR3 /FILE NOT PRESENT
Cll « SEEK DATIN.FIL /PHREPARE TO READ
JMP % CHNG /RETURN TO FORTRAN PROGRAM
FlL «51XBT "DATAFADAT" SNAME OF DATA FILE USEP BY PROC.
ERR3 «WRITE TTO»ASC,MSG6s0 FFILE NOT FOUND
JMP CMULC+1 /ERASED FILE ? LOOK FOf NEXT FILE
MS536 2000
+ASCII "FILE NOT FOUND"<]15>
AGN LAC AFl1 FINITIALIZE DATA~-FILE
DAC FIL+*1 /  NAME
NDKJI SKP /DETERMINES # OF STORAGE DEVICES
JMS SWIT /CHANGE STORAGE DEVICES
JMP DUMT +1 /NOs CONTINUE PROCESSING
ENDPR «WRITE TTO,ASC+ENDsQ /END OF PROCs MESSAGE
«WAIT TT0
JMSs RHEA LM SWAIT FOii RESPONSE aND PUT
ANSE a s THE ADDR«. OF IT HERE
LAC* ANSE
SAD 123 /15 THE RESPONSE A ''p*" ?
JHP RSTH /YESs SET UP TO RESTART EVERYTHING
«IDLE JGIVE COMPLETE CONTROL TO BG.
#5TR «CLEAR DATIN /CLEAR COLLECTION DEVICE
«WRITE TT0.ASC.MSG2,8 /DB MESSAGE
WAIT TTO
JMs pasys /S5ET UP NEXT DR SETTING
JMS HEADM /NAIT FOR REPLY
DMAPLY O /THE REPLY
DZM MCNTA FZEND BINAHY TIMER
«TIMER B3.BE3INs,& /RESTAAT COLLECTION
JMP A3N /HESTART PROC.
/ SUBROUTINE USED TO JAIT FOR FILE TO 3E COLLECTED AND STORED
s WHILE GIVING TIME 1O BACKIROUND
CONTR a
éT2 LAC NAME+] /COLECTION®'S FILE NAME
SAD FIL+1 /15 PHOC.'S FILE NAME THE SAME 7
MDaM4 SHP FrES: GO TO WAIT
JMP = CONTA #NOs nETURN TO PROGESS FILE
I32Z CTT11 JENE OF THE
SKP / Hdy 7
JMp ENUPi YESSERIT
«TIMER 3@s4ALIT1.2 /YESy HELINQUISH TIME TO BG.
LAC S5AVAC FAESTORE AC
+IDLE /HAIT FOR CLOCK INTERSURT
sUEAL TIME SUR.==J5ED TO ALLOY TLIME FO« BACKIROUND
WAalTl @
Dac S5AVAC /SAVE AC
DZ JAIT] ALEAQ n=T S5iJ3. ENTRY PTe TO ALLOV REENTE
JMS CHLOL /CHECK FOR COLLECTION S5TOPPA3E
JP JT2 #CHECK FOR END OF COLIL.
/ SUBROITINE TO CHECA FOr 'BTANTED CoLLe STOPAGE
CHKCOL a
LA4 -2
TAR CNT /HAS COLL. ENOED ALL COLLECTING
5PA /s FOli TODAY?
JP # CKCOL ATESs AETURN
LAC TSTI #NQs HAS COLLECTION STOPPED

103
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TGA ’ READING
TAD IDCOyY / IN DATA?
REPL SZA /CREPLACED BY '"NOP™ WHEN COLL. IS DONE)
Jep SETI /N0s RESET TESTER AND RETURN
LAC MMl /YESs FREE TIMER
Dag QNCE s OPTION IN GOLL»
152 CTT7 /TELLS IF STOPPAGE QCCURED
«WRITE TTOsASC,STPM.8- /RING BELL
+« TIMER @sCHECK.S /RESTART COLLECTION
SETI1 LAC 1DC00 #3ET ID # INTO
DAC TSTI ’ TESTER FOR STOPPAGE
RETC CKCOL #CHECK FOR COLL. TO BE FINISH
/ SUBe. TO CHANGE THE «DAT SLOT #'S TO CHANGE STORAGE DEVIGES
SWIT o
LAG (DATIN #541TCH STORAGE DEVICES
15z CTTA / BY CHANGING THE
LAGC (DATINZ ’ «DAT SLOT IN COMMANDSt
DAC cl1 / + SEEK
DAC c13 7 JINIT
DAC Cla ’ JWALT
DAC Cl5 ’ «LLOSE
DAC RSTR s «CLEAR
TAD 3gan
DAC RT ’ «FSTAT
TAD (1328
DAC LBA ’ + READ
LAC CTT4 /1S DEVICE ON «DAT SLOT "DATIN"
SMA / TO BE PROCESSED?
Law -2 /YESs RESET DEVICE CONTROLLER
DAC CTT4 /MAKE ANY CHANGE IN CONTROLLER
BT SWIT
’
PP7 3
LAS #GET THE CONSOLE PATA SWITCH
AND 42020 # NUMBER 3
SNA sI5 ITA Lt
JrS* WRPP /NOs PRINT DATA 0T ON PAPER TAPE
JMP PP7 FHETURN TO PROG

/
PRt e st ettt ittt bttt ettt ittt ittt sttt t et ettt e drts e edsse sl
»« EJECT
ZRTRZXALAEIRTLZRIRARLARRARARLIAARARAIZAIRAIIAZZINAIIAAZ AU SKAANARTIZAIAZIRLIRY
/ «HREAD, DUMP MODE FROM DECTAPE QN A VARIABLE +DAT SLOT
/FILLS 252 DEC JORD BUFFER AND DUTPUIS 26
/4ORDS TO ARRAY IDAT EVERY- TIME CALLED.
/THESE AAE UNPACKED FROM 18 W0aD5 OF THE BUFFEH.

¢ 1DATT WORD 1 I.D. #
’ WORD 2-6 NOI SE SAMPLES
4 WOHD 7=27 DATA
s NEGF: SET [F A NEGATIVE NUMBER WAS IN THE DATA
4
LUMAT @
JM5% D4 /PICKUP ADDR OF ADDR
JMP V43 /0F ARKAY
A2 2
FLAG ) #SET ON NEG #
LAC* az /3ET ADDH.
DAC A2 ’ OF ARRAY
LA -NDPC /SET COUNTER OF DATA [0 BE
DAGC couNT ’ BROCESSED
152 CTTY #GET POINTER
JMP LBA #NOs CONTINUE WITH PHESENT SET OF DATA
LAW =DATSTH
DAC CTT9
LBA *READ  DATIN,DUMP,»BUF3,DTBLK  /GET 1 BLOCK OF DATA
Cia «WAIT  DATIN
LCA 15z SWITC ZENTTIALLY READ TWO DUMMY BLOCKS
JMP LBA
LAW -3 /RESET CONTROL TOD READ
DAC 541TC ’ TWO DUMMY BLOCKS
LAC CaMp LCB /HEAD ONE BLOCK OF DATA
DAG Lca ’ AT A TIME
LCB LAC BUF31 /GET ADDRESS OF BUF3
DAC POENT2 s POINT2 TO BUF3
L.BR LAC* POINT2 /GET THE ID CFIRST JORD IN DATA SET)
54D SEUN /END OF FILE ID?
JMp ENF /YESs HESET PARAM'S AND CLOSE FILE
LACH POINT2 /GET ID AND FUT
DAC* Az ’ INTO THE FORTHAN ARRAY
157 Az /30 TO NEXT ADDR. OF THE ARRAY
Loop 152 POINT2 730 TO NEXT DATA WORD
LAW -2 FPREPARE TO UNPAC
DAC TC18 ’ IW0 DATA WORDS

LAC* POINT2 /GET DATA WORDS FROM BUF3



.

SWHA /FIRST WORD IN LEFT HALF
UNPLP  AND 717 /SAVE ONE DATA WORD

SNA /CHECK FOR NEG. NUMBER

15z FLAG /5ET IF NBAs NUMBER FOUND

DAC* a2 /LOAD # INTO FORTRAN ARRAY

LAC*  POINTZ /GET DATA WORD AGAIN

15z Az 740 TO NEXT LOC. IN ARRAY

152 TCie /UNPACED T¥0O WORDS?

JMP UNPLP /N0, LOOP AROUND

I5Z COUNT /YESs HAS 34 DATA WUNDS BEeN uvraunzu?

JMp LOOP ~+ /NOs REPEAT UNPACKING PROCESS
ouUT2 Isz POINTZ /YESs G0 TO NEXT 1D

JMP® DWPT /RETURN

SYiITC T1T115
POINT2 +DSA BUF3

f--------.—------—------..-.----------—-----——-----------

/ END OF FILE ROUTINE

ENF LAC - SEWN /SET LAST ID TO
DAC* A2 /! 130@50 DECIMAL
[+} §-] +CLOSE DATIN . - /CLQSE FILE
RT2 JMP * DUMP T /RETURN TO PROC. PROGRAM

/
IEITL IR R E AR X AR R AR AAR TR AR AR RATAENSILINLAXRIAALALAALIRLIREIR
+«END INTIM

CCCCCCCCCCCCCCCCLOCCC~-=-CONTL-~CCCCCCCCCCOCCCCCoCCoeccoccececcccece

c PROGRAM SETS UP CALIBRATION AND THE HEADING FOR THE PRINT
¢ OUT OF THE PROCESSED DATA IN PROC. THE PROGRAM CALLSe
C TBFQRL=--CALIBRATION PROGRAM

DLOGF=--=-INITIAL MACRO PROGRAM
CCGCCCCCCCCCCCCCCCGCCCCCCCCCBCCCCCCCCCCCCGCCCCCCCCCCCCCCGCCCGGCGCCGCCC
[
SUBROUTINE CONTL(ISURP?
INTEGER DB{4),DBC
REAL DATE(2).REAS(5}
COMMON #5TAT/ DB.DATE,REAS,DBC,DBS,NC4
DATA NR/1207B4/

. REWIND 4

c INITIALIZE THE DB SETTINGS USED
pECe3
DB(2)=10
DB(3)=25
IFCISURPNE.DIGQ TO 5

c GIVE PRECALIBRATION SETUP
WRITEC6.308)

180 FORMATC46H TURN OFF PULSER AND ENCODE PULSE POWER SUPPLY/)
¢ SET UP CALIBRATION AND LINEARIZATION TABLE
CALL TBFQRL
C ASK FOR AND GET THE DATE
5 WRITE(621@1)NR
- 181 FORMATC(SH DATEsA2)
READC L2281 )DATE
201 FORMAT (2A5)

C ASK FOR AND GET THE REASON FOR THE RUN
WRITE(Gs LA2)INR

122 FORMATC(16H REASON FOR DATAJAZ2}
READC4,202)REAS
282 FORMAT(SAS?

¢ PREPARE FOR COLLECTION AND PROCESSING
CALL DLOGF(DB,DBC,DATE)}
RETURN
END

CTTTTTITFITITITITTITTITTI I TT~=~TBFORL-=~TTTTITTTTITTTTTITTTITITTITTITITT
c THIS PROGRAM SETS UP A LINEAR APPROXIMATION TO THE INPUT OF

C THE HECEIVER VEASUS THE OUTPUT OF THE A/D CONVERTER A5 HEAD BY THE

C COMPUTER. FROM THISLINEAR APPROXIMATION, A TABLE 15 FORMED BY

¢ USING INPUTS FROM «§ TO 51145 INCREMENTED BY ls THE OFFSET OF .5

C IS USED FOR BETTER ACCURACY IN THE ROUNDOFF ERROR OF THE A/D CONVER-
C TER. ALL THE VALUES OF ZEHC IN THE TABLE ARE CHANGED 10 1 SINCE

C @ IS USED TO DESIGNATE NEGATIVE NUMBERS DURING THE COLLECTION.

¢ THE PROGRAM CALLS THE SUBROUTINESH

c RADC~~-READS #'5 FROM THE A/D CONVEHTER (MACRO)

c LINAP-~CONVERTS INPUTS TO OUTPUTS FOR THE FORMATION

P OF THE LINEARIZATION TABLE

c TTM=--=-WRITES LIN« TABLE ONTO A STOHAGE DEVICE
GTTTTTTTIT TTITTTITTITTTCTIITIITETITITIIITTTTIITTITTTITTTITTTITITTITTTITIT
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SUBROUTINE TBFORL

INTEGER START(512),DLP0,;STAT»1AS(44)
REAL KI

COMMON /TA/ SC43).TUL44), TUOCAA)Y
DATA C,CS»CNsNR/JHCs LHSs 1HN, 1207847

[H DETERMINE IF CALIBRATION IS5 NEEDED AND WHICH PRINTOUT T0 Use

7
185

204

c SET

VRITE(6,185)NR

FORMAT(I8H WHICH CALIBRATION/24H ($-SHORT. R«REGULAR, OR
137H C-COMPLETE PRINT OUT OR N-NO CALIB.):A2)
READL &, 2843 CAL,

FORMAT(AL)

I ERR=Q

DLP (=0

UP THE WANTED CALIBRATION

L F(CAL«EQ.CNYRETURN

IF(CAL+EQ+CS5)DLPO==]

IF(CAL+EQ+C)DLPO=]

Cc NUMBER OF A/D NUMBERS TO READ PER DB SETTING=NAViIsNAV

NAVI=S

NAU= 528
AVENAVI*NAY
ICT=02

¥ NUMBER OF ATTENUATOR SETTINGS=NTI1

NT)=42
NT2aNTI1~1
NTJaNT1-2

C  INPUT SIGNALS~~FROM 5DB (OF 1088) TO INFINITY

249
c S5ET

11

TUCNTI?=5624 34
TUINT2)=581.19
TUCNT3)=4464 68
TUCNTI=3)3398.11
TUCNTL~43=354.82
TUINTI~5Y316.23
TUCNT1=6)=28] .84
TUCNT1=72=251.19
TUCNTI=8)=223.87
TUCNT1=93=199, 53
TUCNTE=10)=177.83
TUCNTI=113=158.49

TUCNTI-122=141.25
TUCNTI~13)n125.90
TUCNTL-14)=112.20
TUINT1=15)=180.09
TUCNT1=-163)= B9.13
TUCNTI=173= 79.43
TUCNTL=18)= TO.80
TUCNT1-19)= 63418
TUENTI=20)02 56424
TUCNTI-217= 50.12
TUCNTI=22)= 44.67
TULNTI=23)= 39.81
TUCNTL~24%= 35.48
TUCNTL-25)= 31462
TUCNT1~26)= 28418
TUCNT1-27)= 25.12
TUCNTL=28)= 22439
TUCNT1+29)a 19,95
TUCNT1=38)a 17.78
TUCNTL-31)= 15.85
TUCNT1-32%= 14.13
TUCNTI~33)= 12.59
TUCNTI=3a)= 1]1.28
TUINTL=35)= L322
TULNTL=36)=  R.91
TUCNTL=37)=  7.94
TUCNTI=38)=  7.d8
TUCNTI=39)a 6431
TUCNTI=48)= 5.2
TUC1)=  1.0D
TUOLNTI }=5] 2

UP MESSA3ES FOR TELLING JHICH ATTENUATOR SETTING TO DO
DO KD I=1aNT3
IAS(I)=l+5
LIASC¢NT2)=299

c DY) LOOP TO INPUT ALL THE QUTPJTED SIGNALS

13e

2048

DO 2 Il=1sNT2

12=NT1-11

DUM=3 .

ARITE C62100) 1ASCI1),Nk

FOHMATC(EH SET 10 »I2,23HDB ATTENJATION AND

HEADCL, 2002 F O fiesd2
FORMAT(FS.1)

c IF THE INPUTED NUMBER IS T40 DIZITS RESTART THE SETTINGS

ITFUF+GT«13+330 TO 23



483

192

121

(xR e]

[Y"K)

194

[~ =]

166

187

107

ISSUE AN A/D CONVEARATER READ '"NAVI"™ TIMES
DO 18 Ji=l.NAV]

READ “NAV" NUMBERS FROM THE A/D CONVERTER
CALL RADC(START:NAV,STAT)
IF{STAT+EQ«B)G0 TO 408
DO 1 Je=).NAV
IF(STARTC(J) sGTa511) START(J)=2

STORE THE INPUTED NUMDERS IN A HEAL VARIABLE
DUM= DUM*FLOAT{(START(J)?

CONTINUE

AVERASE THE OUTPUTED NUMBERS AND GO TO THE NEXT SETTING
TUO(I2)=DUMZAV
DO 3 1l=1.NT2
I2=11+1
ICT=ICT*!
13aNTi~11)

SET UP THE SLOPES OF EACH LINE SEGMENT APPROXIMATION
SCIN)=CTUCTIEI=TUILIIDACTUOCIZI=TUOCIL))
IFCICT-EQ.2230 10 3 .

YRITE OUT STHAIGHT LINE APPROXIMATION TABLE
WAITE(G62132) 11.5C11)s01sTUCIL)2T1TUOCLIL2,1AS(I3?
ICT=1
IF(DLPD«GT+~1)ICI=3

POSSIBLE ER:ROit CONDITIONS FOR THE APFROXNIMATION JJST FORMED
IFCSCIL)elTeo300He5C)1)9GTeTe) 1ERAR]ERR+Y]

FOAMAT (4H S5Cs12,8R)2sF643s5523HTUCL 12, 8H) =, FBs 34 5%
14ATUOCL 12, 2H)35 FBs 323X, 12, 2HDA)

JAITE 0JT LAST VALUES OF THE TASLE
WAITECH213LY TUINTLX,TUQCNTIL?

FOAMAT(LI9X, THTUCUAR)Y 22 FB« 325X BHTUOL42)=sF84 32 TH SDB//7)
1ERRZ=0

FINAL OUTPUT VALUJE FOR THE LINEZAAIZATION TARLE FOIMATION
XFa5ll+5

3ET THE INPUT VALUE AND STORE IN "XF™
CALL LINAP(XF+NTL)

IF (XF:LE.2.)XF=512

NOZMALIZATION FACTO{ OF THE OUTPUT VALUES OF THE LINe TABLE
A1=1@23«/XKF

INITIAL QUTPUT USED TO DETERMINE THE INPJT VALUE
A1=511.571024,

FIAST INPUT VALUE OF THE TASLE
START ¢1) =1
DO 4 I=2,512

NEAT OJT PUT VALUE USER
KA=sx i #FLOAT(2+[=1)

GET THE INPUT VALUE AND STOAE IN "X3"
caLl LINAP (X3,NTL)

KAa(HdeKl 412372«
IF(K3eLEsle?X3=10l

STORE INPUT VALUE IN INTESER LIN. TABLE
STARTCLI=IFIX(X3)

ERROG CONDITION FOa1 LINEARIZATION TABLE
IF(STARTCII*#1 LT STARTC(I=1))IEARZalERR2+]

LAST VALUE OF THE TABLE
START(S12)=511
IF(DLPO.LT.1) GO TO 6

NEW PAGE
WRITE €6,1032
FORMAT (1HL)

WRITE LINEARIZATION TABLE ON TELETYPE
dRITE €62184) (START(I},I=1.512}

FOAMAT (1@CI522X)»)

NEW PAGE

WARITECE:102)
WwRITE TABLE ON A STORAGE DEVIVE (DUMP MODE)
CALL TTM(STAAT)
WHITE OUT ANY ERROH AND ALLOY RECALIBRATION IF NEEDED
IF(IERH2.NE-B2G0 TO 9
IFCIEHRH=EQe3)RETUAN
WRITE(62106)
FOAMATC//4TH  *e#%CHECK CALIBRATION FOX POSSIBLE ERRORS**&%/s/)
GO TO 7
WRITEC6: 107
FORMATC(37H #+++ ERROR+~~BAD CALIBHATION TABLE +++¢}
G0 TO 7
RETURN
END
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FHEESREARASF RS R EN R3S SUBROUTINE LINAPH SR 0bsatshnuntansass
LINAP TRANSFORMS OUTPUT VOLTAGES INTO INPUT VOLTAGES OF
THE RECEIVER. THE CALIBRATION DATA 1S5 CONTAINED IN SUB-
ROUTINE VALUE.

hbdiobibd bbb LA L id L LIS 2L I T2 L LTI B T T N I P o prurrumpupn

INFUT AND OUTPUT:

A 1S THE QUTPUT VOLTAGE THAT 1S TRANSFORMED INTC
INPUT VOLTAGE

NC5 IS THE NUMBER OF DB SETTINGS

SUBROUTINE LINAPCA:NCS)
COMMON /TAY SC43)»TUL44) s TUOC44)
N=l
DIVIDE THE STRAIGHT LINE APPROXIMATION INTO 4 AREAS
NCE54={NCS+2) r4
NC53=NCS*3/4
NCS2a(NCS+1)rs2
FIND WHERE THE INPUTED NUMBER LIES
IFLAGTTUOLNCE4H) 2NaNC54
IF{A«GT-TUOKNES2) INaNCE2
IFCASGT« TUDCNGS53) )NaNC53
SET THE UPPER LIMIT OF THE SEARCH
KaN+NCS4 .
SEARCH FOR THE CORRECT LINE SEGMENT
DO 5 IsN.K
Jel+]
TFCAGT«TUDCL Ys ANDsAsLE TUGCJD) 4o TO 1@
CONTINUE
LINE SEGMENT COULDN®'T BE FOUND
A=ds
RETUIHN
AET THE VALUE OF THE CORRESPONDING OUTPUT
a ACA=TUOCIXISCII+TIN DY
RETU hN
END

PPPPPRPPPPPPPPPPPPPPEPPPPPPP - =P ROC- - PPPRP PPPPEPPRPPRPPRPPPPPEPRPPPEP
THIS PROGRAM OPERATES ALONG WITH DLO3Fl. I TAHES DATA READ
BY A SUBROUTINE AND CHECKS THE NOISE AND SATURATIONS
FOR GDOD DATA. IT SUMS THE SQUARES OF THE DATA AT EACH KEIGHT
AND THE ACCEPTABLE NOISEs» SUBTRACTS THE ACCEPTABLE NOISE SQUARED
FROM THDATA, TAKES THE S5QUARE ROOT OF THE DATA PRESERVING THE
SIGN» TAKES THE SQUARE HOOT OF THE NOISE. AND PRINTS OUT THE RESULTS
ON THE TELETYPE. THE RESULTS MAY ALSO BE PRINTED OUT ON PAPER TAPE
IF NEEDED. THE PHROGHAMS USED BY PROC ARE:
CHN3~-=~INITIALIZES STORAGE DEVISE AND WAITS FOR FILE
TO BE COLLECTED PLUS COMMUNICATING WITH GOLL.
DiD? 3--5TORES DATA IN REAL ARRAY (FORTRAN)
CALGC2=-==CALCULATES ELECTRON DENSITIES ¢FORTRAN)
CKCOL=-~=-CHECHS FOH UNWANTED STORPS IN COLLECTION
PHROGRAM (MACROQ)
PP7-~~=-CHECKS DATA SYICHES ON THE CONSOLE TO ALLOY
OR DISALLOW RESULTS TO BE PUT ON PAPER TAPE
PPPPPPPPPPPPPPPPPPPPPPPPPRPRPPPPPPPPPPPPPPPPPPRPPEPPRPPPPPPPPPPPPPPR

SUBROUTINE PROCCIA-PLF2ITIME)
COMMON /PPC/ ADC21),AX(21),AVAD(21 3, AVAXC21 Y, I TIMCA) S
1X0C21 )2 TRIC(21 1, BNOCS)Y»BNX(S)LELLCR2] ),
ZHEMX s AVND + BMOLAUNN s BMX2 IDs I R
COMMON #STAT/ IDBC4),RDATE(2),REASCS5), [ DRC, BMXNSsNCA
S5HBMX® 3. ]
RBMX = SABMX* SRAMY
IWIN==1
1EQU=9
13UM=i
NC4g= ]
INITIALIZE PAPER PUNCH
WRITEC(T,1508)
INITIALIZE ALL VARIABLES NEEDED TO BE INIT.
A SNO=@. .
SNxXad.
IR=
IRN=8
BMO=2.
BMX=f.
DO 198@ I=1,21
AVAOCT I =B
AVAX{1)=D
AQ(L y=3.
AXCId=0.
aa IRJC(I) =B

108



iie
[

109

DO 112 I=1.4
BNOCI ) mie
‘BNX(1)=.
INITIALIZE STORAGE DEVICE AND

C PREPARE TO READ DATA

Ogoonoan

129

35

49

140

58
63

BP

CALL CHNG(IBMX, 1DBCH.1IMCC)
IFCIMCCeLE«2+OR. IMCCeQT«2)G0 TO 23
CMC=FLOATC(IMCC)=4+5
RBMX=RBMX+CMC*CMC*a 4

1FCIBMX.LT«1)IBMX=2Ll &
1MCC=0
NQ1SE CRITERION
IBMXsTHE SUM OF THE SET OF 45 NOISE SAMPLES WHICH HAS THE
MIN. MAXIMUM OF ALL THE MAXIMUMS OF EACH SET OF 4% NOISE SAMPLES
THE AVERAGE NOISE FOR THE FIHRST 5 IN EACH FRAME HAS
T0 BE LESS THAN SRBMX*IBMX/45. WHERE RBMX 15 THE SUPPLIED CONSTANT.
FOR SPEED RBMX®(IBMX/45.)#%2%5. 15 COMPARED TO THE S5UM OF THE
SRUARES OF THE NO13SE.
DUMX= FLOATUIBMX ) /45
IF(DUMX*SREBMX «GT 500+ ) DUMX= 503+ /SRBMX
BMXNS=REM & DUMX &5 & DUMX
KEQOFQ=@
KEOFX=0
1D=Q
GET OXRDINARY MODE DATA
cALL DRD73(A0,BNO,1ERH, ID,KEOFO)
IFC(KEQFQ-EQ=1230 TD 89
GET EXTHAORDINARY MODE DATA
CALL DRDT3(AXsBNX:IERRsIDsKEOFX)
IFCKEQFX+EQa1)30 TO B
$ET UP CHECK FOR REJECTION BECAUSE OF NOISE CRITERION
BMEANQ=D +
BMEANX=@ «
DO 128 1=l:53
BMEANQO= BMEANO+BNOC(I ) #BNO(I)
BMEANX=BMEANX+BNX{I ) *BNX(I)
1F(BMEANO-G T« BMXNS» O+ BMEANX« 3T+ BMXNSYGO TO 5@
NOISE USED TO SUTRACT FROM DATA SAMPLES
BMO=8MO+BMEANQ
BMX=BMX+BMEANX
suM OF THE SQUAHE OF THE UNSATURATED DATA AT EACH HEIGHT
DO 1l4@ I=1,21
IFCADC]I? eGE+S51Q++0R+AXC(I)+GE«510.2G0 TO 48
AVAQC1)=AVAOCTIY+AOQCIIHAOCT)
AVAXCII=AVAXCI I *AXC I IHAYNCT)
GO TO 140
REJECTIONS DUE TO SATURATIONS OF DATA
IRJCII=IRJCI}+]
CONTINUE
GO TO 62
REJECTIONS FROM NOLSE CRITERION
IR=1R+]
SET UM AVERAGE NOISE USED IN REJECTION CRITERION
SNO=BMEANO+ SNO
SNX=HEMEANX+ SNX
G0 TO J@
1D=1D/s/2
BID=1De5
MAXIMUM ALLOWABLE NOQI SE
BMXNSaBMXNS/({ DUMX*5 .« SHBMX)
RMS OF ALL NO1SE SAMPLES
AYNO= SGRTL SNOZBRID)
AVNXo SQRTL(SNX/BID)

NUMBER OF ACCEPTABLE NOISE SAMPLES
RN=S&(ID=IR)
DO 150 I=1,21
NUMBER OF REJECTIONS AT EACH HEIGHT
[RJCIYa]lRJICLI+IR
N{MBER OF ACCEPTABLE DATA AT EACH HEIGHT
HSAM=ID=IRJ(I?
AUVERAGE SUM SQUARED OF ACCEPTABLE DATA FOR EACH HEIGHT MINUS THE
AVERAGE SUM SQUARED OF THE ACCEPTABLE NOISE
AVOC=AVAOCI ) /RSAM=BMQO/RN
AVKC=AVAX (I ) FRSAM=-BMX 7RN
THE RMS OF THE ACCEPTABLE DATA AT EACH HEIGHT (PAESERVING THE SIGN)
AVAQCI Y= (ABSC(AVOC) FZAVOC)* SQRT(ABS{AVOCY)
AYAXCI Y= (ABSCAVXC) F/AVXCI® SQRT(ABS(AUXCY Y
EL(L)=D.
KOLL3=0«
IFCAVADCI)«LEQ+020RsAVAX(I)+LE+3+B)G0 TO 15Q
XOCIYeAVAXCI Y ZAVADCT)
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150 CONTINUE

c THE RMS OF THE ACCEPTABLE NOISE
BMO= SQRT(BMO/AN}
BMX=SQRT(BMX/RN)

CALL CALC2C(X0,1,28,ELsIA)
c GET THE TIME OF DAY
DO 155 I=l.4
[1=5=-1
155 ITIMCI)=ITIME/CLIR%]1)
c #RITE THE HEADING ON THE TELETYPE
WRITE(G;lGSB)ITIM:RDATE:REASJIDB(NGA)
1858 FORMATC1HI 24014 4Xs2A5, 3Xs 545, 3X» 124 2HDBY
WRITE (651102) BMXNSsRBMX
11062 FORMATC//19H MAX+ ALLOWe NOISE®=sFT74+1,16H MULT. CONSTemsF743/)
JRITECS, L 233)YAUND . BMOs AVNK» BMX
12da0 FORMATC16H O~NOISE AVe{1) »FS8s1sTH {2) »FB8.1/
{16H X=NOISE AVe{]) 2FB8:+1,TH {2) »FB.1)
WRITEC6,1302)ID+ IR
1 300 FORMATC/71X214,8H SAMPLESsS5X»15+12H REJ« (NOI1SE)//3K»
1 4HREJ. 748H (N.+54T+) HEIGHT AV. AQ AVe AX AX/A0 ED/}
HT=5 845
Do 1602 L=1.21
C GCHECKS FOR COLLECTION STOFPAGE
CALL CKCOL
HTaHT+1 45 :
WRITE(G’lﬂﬂﬂ’!ﬂJ(l)oHT:ﬁUﬂO(I)JAUAX(I’!XO‘I)JPLFJEL(I)
14090 FORMATCAX) 142 4XsF5aladXsF6a1s2XsF6e122KsF542,A3:F648)
150 CONTINUE
c ALLOWS RESULTS TO BE SAVED ON PAPER TAPE
CALL PP7
G NEXT ATTENUATOR SETTING
NC4anNCarl
IFCNC4+IT+IDBCINCA=]
[F(IDBCH«GT«2)IDB(NCA4Iu54]1DBCH
GO TO 1@
1 5440 FORMATCLH )

RETURN
END

Crkikkkbrdsphkrkerrexxdxk SUBROUTINE DHDT 3k kkhhkk b kb khenkh kb kxE

c DREAD HEADS 21 SAMPLES OF SIGNAL AND S SAMPLES OF NOISE

c FROM DECTAPE. THE OUTPUT VOLTAZES HAVE BEEN TRANSFORMED I[NTO
c INPUT VOLTAZEs. THE P:03RAM USES SUBHOUTINE DUMPT C(MAGCROY TO
c HEAD DATA FROM STORAGE DEVICE.

TR IR LR L L P R R L L I I P I RS2 LIS TS
c
SUBHOUTINE DRD73CA,BMEAN, IERAL I Ds KEOF)
DIMENSION AC213.IDATI27)3MEAN{S)
KEOF=8
=5
Ni=N+]
N2aN+2
N3=N1+21
< SJET ONE SET OF DATA (26 NJMBEKS)
CALL DUMPTCIUVATINESF)
C CHECKX ID CONSECUYIVE
FFCIu=~IRATCLI+1) L13s15,10

c CHECK FOu END OF FILX
14 IFCIDATC13NE«13UB53) 30 TO 23
c TELL PAQC 1T°5 THE END OF THE FILE

., KEQFs=t}

HETUAN

15 to=10ATE1)
c SET DATA SAAPLES INTO A RZAL ARBAY
44 LA 42 MIN=NZ.N3

MPYE=AIN=N1
ACMFVEY=IDAT(MIN)

a2 CONTEINUE

c SET NOISE SAMPLES INTO A REAL NJMBER ARHAY
DO 133 J=slaN

JEL=dJ+1

133 BAEANCSI=TDATCJELY
RETU AN

c THE ID IS5 ERAONEOJS, 1GNORE THE REST OF THE DATA

24 FALTECG6413371Ds IDATCL)»IDATL2)Y

133 iggﬁnr(4ﬂﬁ 1D 7AS NOY CONSECUTIVE AND NOT=132330 3 ID=s3CI7,3X))
HETUAN

END



€ CCCCCCCLCCECCECCECECtEeeet~-~CALCa~--~COGCCesCeCCCCCCCCCCCCCiCCreCt
4 CALC2 IS A LIST OF CONSTANTS CALUATED FROM THE PROGRAMS
C CALC AND ELDEN AND CONTAINS THE FUNCTION THAT CALCULATES THE
¢ ELECTRON DENSITIES FOR THE PARTIAL<REFLECTION PROCESSING PROSRAMS.
C THE PROGRAM CALC WRITES THIS PROGRAM.
CCCCCOCCCCCCCCCLCCLCCCCCeOECotCCeCCCCCCCeClCOCCECeCCCCCCECCCCCCiCle
SUBROUTINE CALC2(ARRAYsLL:LH:FDsI1A}
DIMENSION ARRAY{21).RATIO02(21%,FDC21)
¢ GET THE PREDETERMINED CONSTANTS FOR THE RIGHT SEASON

{F(1A>200,300+139
C CONSTANTS FOR THE SUMMER
108 BATIOZ2C 12= 1.0731152

RATIOE2C 2)e 1.87TB633
RATIO2C 3)= 1.9841143
RATIOZ( 43w 1.0929986
RATIOZ2C 53= 1.8990518
RATIO2C 6)= 1901243
RATIO2C 7= |.088@322
RATIO02C B)= 1.0864129
RATIOZ( 9)= 1.8T768397
RATIO2(1@)= 1.059@323
RATIORC(11)= 1.8495814
RATIQ2¢C12)= 1.8328141
RATIQ2¢13)= 1.3262468
RATIO2(14)=s 1.8166822
RAT102(15= 1.8117923
RATIO2¢162= 1.B876428
RATIDZ2C17)= 1.8044388
RATIO2C18)= 1.8329128
RATIO2(19)= 1.0015384
RATIOR2¢23)= |.00238443
FDC 13= @.17@327E-43
FDC 2¥s B.243443E-03
FDC 3)= A.329813E-03
FDC 4)= @.427651E-23
FDC S)= 9.532098E-83
FD( 6)w 3.6275]13E-03
FDC 7%= B.6997T30E-03
FD({ B)= Q.744879E-23
FDC 9)= B.753246E-03
FDC1@)= B.7223645E-03
FDL11)= D.6606879E-03
FD(12)= Q.5799B8BE-Q3
FD{13)e B.492934E-32
FDC1gY= B4485TT72E~D3
FD(15)= B«J2B2GAE-B3
FDC16)= QA.258682E-03
FDC17)= D.281T48E-23
FD(18)= DB+155429E-83
FDU193= @.118415E-33
FD(2BY= @.915812E-04

GO TO 4@@
¢ CONSTANTS FOR THE WINTER
2ed RATIORC 1)Y= 1.0682487

RATIQ2¢ 2)= 1.08890572
RATIOZC 3)= 1.0699695
RATIQ2C 4)= 1.0979884
RATIOQ2C S5)= 1.0692284
RATIO2C 6)= 1.2854859
RATIO2C T)= 1.0770541
HRATIQEC B)= ].Q745673
RATIOZC %)= 1.A665843
RATIO2(13)= 1.8531266
RATIO2C11)>= 1.0458897
RATIO2{12)a 1.R329590
RATIO2(13)= 1.02B6678
RATIO2(14)= 1.0167225
RATIO2C15)= 1.0127123
RATIO2C16)= 1.0076428
RATIQ2¢17)= 1.0046818
RATIO2(18)= 1.2823713
RATIO2(19)s 1.8819426
RATIO2(28)= 1.0087094
FDC 1)= B.23T89T7E~-D3
FD{ 2)= J+319960E-23
FDC 3)= B.410B27TE-B3
FDC 4)= 2.502B61E-0823
FD{ §)= @.592594E-83
FD( 6)= 3.662825E~33
FOC 7)= 3.730342E-83
FD({ 8)= 3.,75890%9E-83
FD{ 9)= B.751834E-03
FD(18)= B.T2Q293E-03
FD{11)= @.6583644E-83

111



FD{12)= 9.58B398E-03
FDC) e @.588527E-23
FD(}4)= @A+41PA2TE-03
FD{15%= 3.330916E-03
FD{162= B.258632E-83
FD{17)= @.20021QE=-23
FD{18)= P.156383E-83
FDC19%a B.119390E-23
FD(28)no A.899351E~04
GO TO 240&

C CONSTANTS FOR EQUINOX

3ae

439

c THE

—
PR

RATIQ2C 1)= 1.0678392
RATIOZ2( 2= |.0803059
RATIOZ2{ 3= 1.08788858
RATIO02( 4)= 1.0912947
RATIO02( 5)= 1.8914300
RATIO2C 6)= 1.@917337
RATIO2C 7)= 1.0897206
RATIO2( B)= 1.0825763
RATIO2(C 9)= 1.071458!
RATIOR2(18)c §.8590323
RATIOZC11)= 1.2482702
RATIO2(12)= 1.9351881
RATIO2C13)= 1.824D435

RATIO2(1A4)= 1.D178469
RATIO2C153= 1.0117923
RATIO2(16)= |.2070148
RATICZ2(17)= 1.604817%
RATIO2{18)= 1.0027836
RATID2C19)= 1.0015986
RATIOZ(EQ)= 1.0Q007979
FDC 13= B.188515E-33
FD( 2)a D.261225E-03
FDO 2)= A.34T69TE-D3
FB( 4)= B.442169E-03
FDC S)= B.54267T2E-23
FD¢ 6)= @.633402E~-P3
FDC 73= Q.705094E-03
FDC Br= @+747132E-03
FD¢ 93= D.752781E-03
FDOL@)= B.722645E~03
FDC(11)= 2+661BATE=-83
FD(12)= B+579938E-23
FR(l3}= 0.492934E-D3
FDC(l4t= Q+43BIUSE-B3
FD(15)= 3.32B26BE-23
FOC(16}= Q.2615I5E-23
FDC17r= B.206349E-03
FDC18)= A.163195E=-33
FD{191}= 4.124934E-03
Fh{2ad)= B.997959E-04
DO 10 I=LLsLH
IFCAARAY (1) EQeD s ~OR-ARRAY{I+1)EQ.3.230 TO 53
FUNCTION FOR THE CALCULATION OF ELECTAON DENSITIES
FDCII=ALOG CCARRAY (L ) ZARKAY (I+1 ) )*RATIO2C1 ) /FDL D)
30 TO 14

FDCIY=d.

CONTINUE

RETURN

CPPEPPPPPPPPPPPFPPEPPPPPPPP~=~WHPP -~ -PPPPPPRPPPEPPPPPRRPPPRFEPPPPPPRPP
C WRPP PUNCHES THE PROCESSED PARTIAL REFLECTION DATA

C ON PAPER TAPE
CPPPPPPPPPPPFPPPPPPPPPPPPRPPPPPPF PP PPPPPPPPPRPPPPPPPPPPPPEPPRPPFPPPRRP
c

1658

SUBROUTINE WRPP

COMMON /PPC/ ADC21),AXC(21):AVADC21 Y,AVAXC(21)21TIMCA),
1X0C21)»IRJE21).,BNOCS) «BNX(5),EL(21 ),

ZRBMX » AYNGs BMO» AUNK»BMX, IDs IR

COMMON sSTAT/ 1DBCA4Y,RDATE(2)s REASC5): 1 DBC,BMXNS,NCa
WRITEC7»10583ITIMs RDATES REAS, 1 DBI(NCAY » BMXNS» RBMX»
1AUND,BMO, AVNX.BMXs 1D IR

FORMATC(1HL 24115 4X s 2A52 3%X» 585+ 3Xs [ 2, ZHDB/FTe 1o F7+3sFB. 1
1FB+1sFB:1,FBolsldy,15)

DO 168 1=1.21

CALL CHCOL

WRITEC7» 1480 IRJICI D2 AVAOCT ) s AVAXL T Y s X OCT ) 2ELCI)
FORMATCIXs [42Fbe1sF6al124F5+2,F6+02

CONTINUE

RETURN

END

112
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CHRRRERRERERERRAREEENER=PROCT J- R0 EEXREEIH AP REEDREER G RN RREN D SRR EE S
-PROCT3 EVALUATES COLLECTED PARTIAL~-REFLECTION DATA AND

PRINTS OUT THE ELECTRON DENSITY. PROC?73 USES THE FOLLOJING PROGRAMS:
HEAD--~=SETS UP AND PRINTS THE HEADING (FORTRAN}
DINIT---INITIALIZES THE STOQRAGE DEVIVE (MACRO)
FSTAT-~-LOCATES THE DATA FILE (MACRO)
SEEK----FINDS THE FILE ON THE STORAGE DEVICE (MACRO)
DRD7 3--SETSSAMPLES INTO THE REAL # ARRAY (FORTRAN}
CALCZ2===CALCULATES THE ELECTRON DENSITY (FORTRAN)

RERREREFREENRRREAREERAEERRES SRR EEREREEN DRk kd ek kR kIR A R R

acooaaaoaaan

INTEGER DATIN
DIMENSION FNAMC2),A0{21),AX(21),AVA0(2)13,AVAX(2]),
LX0C(213,IRJ(21),BNOLS)sBNX{S),EL{2])
WRITE(G:105)
185 FOAMATC48H TYPE IN SEASON-~{1) FOH SUMMER. (=1) FOR WINTER
11SHs (B) QOTHERJISE)
READC4,20@2 1A
a9e FORMAT(12)
DATIN=2
1@ CALL HEAD{®)
[ INITIALIZE VARIABLES
12 5NO=d.
SNX=2.
iRa2@
IRN=0
BMOad .
BMX=0.
DO 16 Iwl,31
AVADCI) =,
AVAXLI)=D.
16 IRJ(1¥=2
DQ 17 I=ls4
BNOCI)=0a
17 BNx(I =@,
H INITIALIZE TAPE STOAING THE DATA
CALL DINIT
c GET THE DATA FILE NAME
WRITEL 6,232

20 FORMATC(ISH WHICH DATAFILE)
HEADC 45 33 )FNAM

3a FORMAT(2A5Y

s CHECK THE VALIDITY OF THE NAME GIVEN

13 CALL FSTATC(DATIN.,FNAM:LOG?

IF(LOG«NE+d 330 TO 43
WAITEC s 35)FNAM

35 FORMAT(&H FILE »2a5:i9H NOT FOUND ON DAT 2)
30 TO 12

c FIND LOCATION OF FILE ON THE TAPE

40 CALL SEEK(DATINs FNAM)

c 3ET THE MAXIMUM ALLOWABLE NOISE
WRAITE(6,57)

57 FORMATCLAH MAXIMUM NOISE?
READ( 4s 56)DMXNS
S6 Foimat(Fla.0?

IF¢(BMXNSGE«S5104 IBMANS= 408
G  FOR SPEED USE THE SQUARE OF THE MAX« ALLOW. NOISE TIMES 5
DUM4s BMXNS*S .
AMXNS=BMXNS*DUMA
19 KEQ FOs@
KEOFX=2
1D=0
C GET ONE SET OF 26 ORDINARY SAMPLES
48 CALL DiD7 3(A0,SNOs1ERHs 1D, KEOFO)
1F(KEOFO.EQ+12G0 TO 59
¢ GET ONE SET OF 26 EXTHADRDINARY SAMPLES
CALL DaD7? 3¢ AXsBNXs I Eritls I DaKEOFX)
IF{KEQOFX.EQ»1330 TO 49
C  GET THE $UM SQUARED OF THE NOI SE
BMEANQ=0»
AMEANX=08 +
DO 44d 1sl,s5
BMEANO=BMEANO+BNOC(L Y *BNOCL)
449 BMEANK=BMEANK°BNX(I)#BNX(I)
¢ GCHECK FOR SETS OF SAMPLES THAT ARE TOO NOISY
1 FCBMFANQ+GT«BMXNSs 03« BMEANX « 3T+ BMXNS) GO TO 510
C SUM THE SQUAHED NOISE SAMPLES FOR THE
c LAST FOUR NOLISE SAMPLES PER 25 TOTAL SAMPLES
BMO=BM0+BMEANG-8NOC 1 Y«BNOC 1)
BMX=BMX+BMEANX-BNXC | Y&BNX (1)

732 DO 47 I=1.21
IF(AO(I).Gg-SlE--DﬂoAx(l).GE-SIB.)GD TO 46
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¢ SUM OF THE SQUARED Q00D AD AND AX SAMPLES
AVAQCII=AVAOCLI Y+ADCII#A0OC] )
128 AVAX (DI =AVAX CT Y+AXCI YWAX(])
G0 TO 47
¢ THE TOTAL # OF REJECTIONS DUE TO SATURATION
c PLUS NOISE ABOVE THE GIVEN MAXIMIM

46 IRJCI)=IRJC(I)+1]

47 CONTINUE
G0 TO 522

514@ IR=IR+1

528 SNO=BMEANQ+SNQ
SNX=BMEANX+5NX
a0 TO 48

49 ID=ID-1

1] ID=1bs2
BID=ID#5
BMXNS=BMXNS/DUM4

C THE AMS OF ALL NQOISE SAMPLES TAKEN
AYNO=5QRT(SNO/BID)
AUNX=5QRTISNX/BID)

G THE NUMBER OF THE ACCEPTABLE NGISE SAMPLES
RN=4%([D-IR)
DO 52 I=1.21

c NUMBER OF REJECTED DATA AT EACH HEIGHT
IRJCII=IRJCII+IR

C NUMBER OF ACCEPTABLE DATA AT EACH HEIGHT

RSAM=ID~1RJC1)

c ACCEPTABLE NOISE 15 SUBTRACTED OFF

' AVOC=AVAG (I Y FRSAM=BMO /RN
AVXC=AVAX (1) /RSAM=-BMX /HN

C RMS5 OF GOOD DATA WITH THE SIGN PRESERVED
AVAQL1)=C(ABSC(AVOC) /AVOC ) » SQRTCABS(AVOGC) )
AVAX(I)=CABSCAVXC) F/AVXCI *SQHRTCABS(AYXCY )
ELCI)=2
X0(1r=0
IF(AVADCI) o LE.@+«@+OR«AVAX(I}.LE.B.®3G0O TD 52
XOCIY=AVAXCT) ZAVAOCT)

52 CONTINUE

c RMS OF ACCEPTABLE NQISE
BMQJ=SQRT(BMO/RN?
BMX=SQRT{BMX /RN )

[ GET ELECTRON DENSITIES
CALL CALC2(X0,1,20+ELsIR)

Cc WRITE THE HEADING
CALL HEADC1)
WRITE <(6,100) BMXNS,AUNGs BMO, AUNX,BMX

133 FORMAT (25H MAXIMUM ALLOWABLE NOISE=,F6a.1//16H O=NOISE AV.(1Y
LF8+127H (2) +F8.1716H X-NOISE AV+(1) »F8¢1+7H (2 »F8.1)
WHITEC(S»5431I0. 11

sS4 FORMATC//1X>14,8H SAMPLESs5X»15+18H REJ. (NOISE)#78H REJECTS,
12Xs 6HHEIGHT» 2X» 6HAVe AD>2Xs 6HAV. AXs2X»SHAX/ADs 44X 2HED)
HT=58.5

C WRITE QUT TABLE
DO 53 I=1.21
HT=HT*l.5
URITE(GJ58’IHJ(I)JHTJAUAO(l)JAUAX(])JKO(I):EL(I)

58 FOHMAT(QX:IQ-aX-FS-1‘3XOF6-112XrF6-1!2X1F5-2:3KOF60@)

53 CONTINUE
30 TO 19
S5TOP
END

CHHHHHHHHHHHHHHHHHHHHHHHHH == <H FAD == ~HHHHHHMHHHHHHHHMHHHHHHHHH R HHH
G HEAD SETS UP AND PRINTS OUT CONE LINE OF INFORMATION AS A
C HEADING FOR A NEW PAGE,

CHHHHHHAHHHHHHHHHHH HHHHHRHHHH RN RN M HHHEH AHRHEMHE Y HIHEHHHY HHHH I HHER

c
SUBROUTINE HEAD (.
REAL REAS(12)
IF(J) 6,6,19

14 WRITE(K,PS) RFAS

25 FORMAT (IH1/71%,12A5)
RETURN

I3 WRITE(6,1PmM)

Bk FORMATC1HI/27H GIVE | LINE OF INFORMATION)
READ (4,28@) REAS

2a1 FORMAT (124 %)
RETURN

F.ND
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«TITLE READ DATA IN D4 MODE
/REXTXZRLEE SXXITEIAATTIRNSISRSINALIZIIRL TSI IAAXARIXAXKRIAXIIXZIAILARNLLIRX
7 «READs DUMP MODE FROM DECTAPE ON A VARJABLE «DAT SLOT
/FlLLS 252 DEC WORD BUFFER AND QUTPUTS 26
/WORDS TO ARRAY IDAT EVERY TIME CALLED.
/THESE ARE UNPACKED FROM 18 Ww0RDS OF THE BUFFER.

/ IDAT: WORD 1 1eDs €
/ WORD 2~6& NOI SE SAMPLES
/ WORD 7-27 DATA
/ NEGF1 SET 1F A NEGATIVE NUMBER WAS IN THE DATA
/
«+GLOBL DINIT,DUMPT,.DA
DuMP=a /TYPE OF 1/0 MODE
DAT]IN=2 /f+DAT SLOT TO READ DATA FROM
NSAM=32 /% OF SAMPLES PER SET
N SAMPaNSAM/ 2+ ] /51ZE OF ONE S5ET PACKED DOUBLE
DTBLKa374 /51ZE OF ONE BLOCK OF STORAGE
DATSTR=DTBLK/NSAMP /% OF SETS PER ONE BLOCK OF S5STORAGE
NDPCeNSAM/2 sNUMBER OF STORED DATA PAIRS PER SET
«I0ODEV DATIN
DINIT a
«INIT DATIN,@.DINIT Z/INITIALIZE DEVICE STORING THE DATA
LAY =1 /PREPARE TO READ )
DAC CTT9 / IN ONE BLOCKX OF DATA
LAC BUF31 /RESET THE BUFFER POINTER WITH
DacC POINT2 / THE ADDR. OF HUF3
LAC <152 S¥ITC FPREPARE TO READ TWO
DAC LCA / DIMMY BLOCKS
JMP % DINIT /END OF INITIALIZATION
DUMPT a
JME* « DA /PICKUP ADDKR QF ADD=x
JMP o3 /0F ARRAY
A2 1]
FLAG %] /SET ON NEG #
LAC* A2 /GET ADDR.
DAC Az / OF ARRAY
LAW =NDPC /SET COUNTER OF DATA TO BE
DAC COUNT Vs PROCESSED
I5Z CTT9 /GET POINTER
JMP LBB /NQOs» CONTINUE WITH PRESENT SET OF DATA
LAW -DATSTR FRESET COINTEH TO THE NUMBER
bac CTTS / OF SETS PER BLOCK OF STORAGE
LEBA +READ DATINS DUMPsBUF 3. DTBLK /GET 1 BLOCK OF DATA
Cla «WALT DATIN
LCA 152 SHITC SINITEALLY READ TWO DUMMY BLOCHS
JMP LBA
LAY -3 FRESET CONTROL TOD READ
DAC SWITC s TWO DUMMY BLOCKS
LAC {JMP LCB /READ ONE BLOCK QF DATA
DAC LCA I AT A TIME
LCB LAC BUF31 /GET ADRRESS OF BUF3
DAC POINTZ2 / POINTEZ TO BUF3
L BB LAC* POINTZ /GET THE ID (FIRST WORD IN DATA SET?
S5AD SEUN /END OF FILE ID7?
JMP ENF /YESs RESET PARAM' S AND CLOSE FILE
LAC* POINT2 /GET 1D AND PUT
DAC* A2 / INTO THE FORTHAN AHRAY
I5Z A2 /G0 TQ NEXT ADDR. OF THE ARRAY
LQoP ) §:74 POINT2 /G0 TO NEXT DATA WORD
LAW -2 /PREPARE TO UNPAC
Dac TCl@ / THO DATA WORDS
LAC= POINT2 /GET DATA WORDS FROM BUF3
SWHA ZFIRST WORD IN LEFT HALF
UNPLP AND €777 /5AUVE ONE DATA WORD
SNA /CHECK FOR NEGe. NUMBER
ISZ* FLAS /SET IF NEd. NIMBER FOUND
DAC* az /LOAD # INTO FORTRAN AHRAY
LAC* POINTZ2 A3ET DATA WORD AGAIN
) YA AZ 30 TO NEXT LOC. IN AHRRAY
152 T<la FUNPACED TW O WORDS?
JMP UNRLP sNOs LOOP AROUND
152 COUNT /YES» HAS 34 DATA WORDS BEEN UNPACKED?
JMP LOOP #NO» REPEAT WPACKING PROCESS
ouTZ2 1sZ POINTZ2 ZYESs GO TO NEXT 1D
JMP * DIMPT /RETURN
SWITC LAW -3
COUNT LAY =NDPC
CTT9 LAY ~DATSTH
SEVN 3760082
ICle a
PDINTZ «DSA BUF3
BUF3) « DSA BUF3
BUF3 «BLOCK DTBLK



7 END OF FILE ROUTINE

ENF

C15
RT2
4

LAC SEUN /SET LAST ID TO

DAC* AR / 132850 DEGIMAL
«CLOSE DATIN /CLOSE FILE

JUP* DIMPT /RETURN TO PROCs PROGRAM

/LTI R R ARSI L I IR I XN N IR I XIS XX AR EXZRXRIZXCIRAIXIIINIRNX

«END

ek ok AR o ke ok kb kok ok CALC Fmmiandcoiodon b ok o ok ok ok ook ok

FROM GIVEN COLLISION FREQUENCIESsCALC ALONG WITH ELDEN

CALCULATES THE CONSTANT VALUES USED IN THE ELECTRON DENSITY

PROGRAM CALC2 WHICH CALCULATES THE ELECTRO DENSITIES FOR THE
PARTIAL-REFLECTION PROGRAMSa

¥
c
C EQUATION GIVEN BY PIRNAT IN AERONOMY REPORT 2% AND WRITES THE
c
c
c

sk ot o o e e ol e ol o ol o ook e i ok e ool e ol ok ol e el aie ok ok ok e i e ok e e e e ool o o o ool ot ol ool e e ok ok e b ok ok ok

149

c

13

239

DIMENSION ARRAY(213.P(21),H(3),CF{3),EL(2@),CALC2(2}
DATA CALCE2C1),CALC2(2)/5HCALC2,4H SRC/
IBAT=1

LABL=0

COLLISION FREQUENGY PHOFILES

COLLISION FREQUENCY PAOFILE FOR THE SUMMER
PL12=1923

P(2)=156.9

P{33¥=127.5

P{4)=13247

PL{5)=82.37

P{6)I=66425

PL7)=52.52

P(8icd4l .66

P{9)=32.81]

PC19)225.84

P(l11¥=20.1

P{12)=15.53

2(133=11.89

Pe141=9.057

P{15326.817

P(16Y=5.399

P{173=3.827

PC1BY=2.562

POI9)=2.124

Pl2u)sl.553

PC21)=1.183

WRITE THA PAddAAM HEADING ONTO TAFPE

CALL ENFERCIDATsCALCZ?

JRITECIDATL10)

FO:MAT(69H CCCTCCCCCCCCCCCCCCCCCLCCOiC===CALLR=-~=CCCCCCCRCT
1CCCCCCCCCCCCCCOCCCCOrs9H € CALC2 IS5 A LIST OF CONSTANTS

2 CALUATED FsOM THE PLOGRAMS/63H C CALC AND ELDEN AND CONT
JAINS THE FYNCTION THAT CALC.JLATES THE/69H C ELECTRON DENSITIES
4 FOR THE PARTIAL~REFLECTION PHOCESSINT PROZRAMS./43H C THE PRO
5GHRAM CALC J#AITES THIS PHO1AAM. /694 CCCCCCCSCCCCCCOCCCCCCCCCECe
6CCCLCCCCCCOCCCOCCCCCOCCCCCCLCCCOOOCLCCCCC/I?TH  SUSAOUTINE

7 CALC2{ARHAYsLL.LH,FD,IA}/39H DIMENSION ARRAY(21),RATIOZ2
BC213,FD(2]Y/5TH C JET THE PREDETEAMINED CONSTANTS FOR THE

9 HIFHT SEASON/19H IF(IAY233,333.102/
128H C CONSTANTS FOR THE SUMMER)
GO TO 422

COLLISION FREQUENCY PHOFILE FOX THE WINTER
P(1)=133.5
P(2)=137 .8
P{3i=BT.12
PC4)=70.04

P(51=86.32
PC6I=45.28
P{1)536455
PCEI=29.32
P(2)=23.52
P(121)=18.6B2
Pl11)=14.97
Pe12r=11.99
P} 3r=P.561
P{14)=7 4541
P{L5)=6.088
P(16)=4748
PCITI=3.758
PC1BY=24941
PC19)=2+321

116
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P{20)=1.810
P(21)wl.431
WRITECIDAT»11)
11 FORMATC ! IH GO TO 4007/
128H C CONSTANTS FOR THE WINTER)
G0 TO 400
c COLLISION FREQUENCY PROFILE FOR THE EQUINOX
3ea P{l)=l60.2
P{2)=138.2
P(3I=1B5.3
P(4Y=84.90
P(5)m5B.25
P{6Im54.T5
P(T)=43.97
P(B)=34.31
P{9)=27 .07
PL{1A)=2]1.32
P(11)m]6.82
P(12)=13.86
PC(132=18.33
PCl4armB.B62
PC{15)=6.246
PC16)04.835
PC17)=3.758
PC(LBI=2.915
P{l9)=2.,260
P{20)=1.,723
P(211=].359
WRITECIDAT.182
12 FORMATCLIH G0 TO 420/
1285H C CONSTANTS FOR EQUINOX)
[ SET THE COLLISION FREQUENCIES TO THE RIGHT ORDER OF MAGNITUDE
4@ DO 481 I=1l.21
PCIdaPLI)*# (10 .%%5)
401 CONTINVE
c STATEMENT LABLE FOR THE NEW PRO3RAM
LABL=LABL+180
JiaJdl+4
K=

DO 28 I=1.,20
KaK+]
CFC1)=P(K)
CFL2)=P(K+1)}
c CALCULATE CONSTANTS FOR THE ELECTRON DENSITY EQUATION
29 CALL ELDEN{R,CF,ARRAY(I)sARHAYC(I+]13,ELCID) )
ARRAY (1 Y=ARHAY(2) FARRAY (]
c WRITE FIRST CONTSTANT WITH A STATEMENT LABLE
JHITECEDAT» 48 5)LABL»ARRAY (1)
435 FORMATCIH 213-13H HATIOZ2C 13asF10.7)
c WAITE THE REST OF THE RO AND RX CONSTANTS
DO 25 I=Z2,28
ARRAY (I )=ARRAYC(I+1)/ARRAY (I
25 JRITECIDAT, 4123 I.ARRAYII)
410 FORMAT(9H RATIQ2(212:,2H)2,F10+7)
[ WRITE THE CONSTANT DENOMINATORS
DO 38 121,29
aa WRITECIDAT,480) 1sEL(I?
420 FORMATC SH FDl{,1B,2H)=sEL1 348
c CALCULATE THE REST OF THECONSTANTS
IFC¢J1.LT+5330 TO 200
IF¢(J1.LT-18330 TO 29D
[ WRITE THE REST OF THE PROGRAM TC CALCULATE ELECTRON DENSITIES
WRITECIDAT» 48)
as FORMATC1BH 4@ DO 10 [=LL.LH/48H IFCARRAYCLY+EQ«@r « DR
1ARRAYCI+1)+EQ«0.)G0 TO SB/59H C THE FUNCTION FOR THE CALCULA
2TION OF ELECTRON DENSITIES/
d51H FDC 1 r=ALOGCCARRAY (L) Z/ARRAYCI+ 12 1 RATIO2C(I ) y/FD(L1} 7/

41@3H GO TO 18712H 53 FD{I»=d./12H 18 CONTINUE/S8H RETURN?
CALL CLOSECIDATY

S5TOP

END

Cretessseesstzerestrtr~SUBROUTINE FLDEN=-221822p228882tS0a8breateateesy
c DURING DATA PROCESSING THERE ARE ONLY 2 VARIABLES
¢ FOR FEACH HEIGHY (AD AND AX), THE FOUATION FOR THE
¢ ELECTRON DENSITY AS GIVEN BY RIRLY (i9T() IS
C ED=LNCCAXCIY B 0CI)) ZRXCI) MOCEIIIZC(AXIZY ZADCRY Y /(R (2Y /ROC2)))) /FD
c WHERE LN 1S THE NATURAL .08 AND | AND 2 ARE HEIGHT | AND 2
SUBROUTINE ELDEN CALCULATES THE CONSTANTS RX,RO,AND FB
c FOR EACH HEIGHT.
S IR R R R R R R R R R R R R R R R R R AR AR R R 2200002020000 E:
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SUBROUTINE ELDENCAXBYAO,GNU ,RXRO1,RXR0O2,FD)

DIMENSION AXBYAOC3),RXBYRO(3) ,RX(3) RO(3),ANUCI) RATIOWS)
APPROX INTEGRAL PARAMETERS

A4=22,39834T4E -2

A3=1. 12873136+

A2z1,1394160E+2

Al=2 48531 15E+]

B6z1.80R412RE~2

B3z9,3RTT3 72

B4=1,4921254E+2

B3:2.8998085E+2

B2z] 2049512 B2

Bl=2.,46362|95E+I

D3=1.163R64]

D221 .6901PO2E+}

D1=6,8945939%

ES=4,3805737

F4:-6,4P99%3464F+]

E3=6.892A5A5F+)

E2=3,535528 TE+1

E1z6.6314497

AXBYAD(3)=0

GNU(3Y 1S MEAN COLLISION FREQUENCY AT THE INTERMEDIATE HEIGMT
CALCULATE C INTEGRALS AT BOTH HEIGHTS AND FOR AVERAGE GNU
DUM=GNU (1) +GBNUC2)

GNUC3Y=@,3%DUM

DO 22 X=1,3

0=(2,5961 AE+ 7)Y /GNUCK)

X =7, 3286E+6/GRUCX)

CTNz Ok (OX (O (O+ALI+AZ) +AZ D +AA

CTD =0 (O (O (O (O (CO+B 1 24B2)4BRI+B A)+BS) +RE

CTO=CTN/CTD

CTHYNZ Yk (e (Xx (X4+A 1 D+A2D AT HAL

CTXD =Xk OO0k (X% (X* (X¥ (X+B1)+B2)+B3)+B4)+RSI+AE
CTY=CTX¥N/CTXD

CFOz (0% (O (O+D1I+D2I+D3) ZC 0 (D (0% (O (O+F1 )+ F2)4EI)+EA) +E%)
CFX=(X%(X* (X+DP)+D2)+D3) A (X (X (X (¥x (X+ E1 )+ 2 +ESI4+EAY+ES)
CALCULATE RATIOS

RECKY 2SQRTC(XRCTXI kB4 (2, SACFY) k%2

ROCK) =SQRT(C(OXCTOY %P4 (2, S*CF D) #%2)

RXBYROCK) =RX(K) /ROCKY

RATIO(K) zAXRYAO(K) MXBYRO(X)

CONTI KUE

CALCULATE FD FROM FINAL VALUES OF DO LOOP

FO=(5 ., %3, IR24FE+3*xCF0) /(4 %3 QP4+ RROGNULCIY)

FX(5,% 3, I B2AF+3*CFX) /(4. *x3 ,OF+ Kk NUC3))

FD={FX=FO)*X ,PE+5

RXROI=RXBYROC(})

RYRD2=RXBYRO(2}
RETURN
END

Do b e ok ke ok o sk s oo ke 3 0ok e ok o o (O 0 sk e o ek st ol sk ok ok sl sk s e s okl ol o o ook ok ool ok

oo aaoann

PROGRAM READS IN TME NUMBER OF SAMPLES ASKS FOR BY OPERATOR.

IF THE NUMBER IS ZERO, 3! NUMBERS ARE READ IN AND SET UP AS PARTIAL
REFLECTION DATA 15 (I.,E. 5 NOISE SAMPLES AND 21 DATA POINTS & 5 EXTRA}
DATA 15 PRINTED OUT IN THE FORM OF ONE NUMBER PER HEIGHT AFTER EACK
GROUP OF 26 SAMPLES ARE READ IN, THIS HAS BEFN USE TO CHECX THE
RECIEVER AND A/D CONVERTER AGAINST THE REYNOLDS SYSTEM AND TO SEE

IF EVERYTHING 15 OPERATING AS IT SHOQULD, IF THE NUMRER READ IN IS

NOT ZERO, THAT NUMRER OF SAMPLES ARE READ FROM THF A/D CONVEFTER

AND AN AVERAGE OF ALL THE NUMBERS ARF TAKEN AND PRINTED OUT.

ook sk s e b o o o ke e s s sk e ok s sk ool e ok sk o e s s ol ol e ke ol o ok ok o ok o ko sk ook o ok ke el ok ok ke ok s ke ok ok

]

Y

| Bl

YA ey

e

DIMENSION TACS®) RAL(SA) RAZ(SA)
MAX:=SA

I1X1=31

WRITE (6,11%)

FORMAT(1AH ADC CHECX)

DEFAULT VALUE FOR THE # OF SAMPLES = 3|

NS =13}

READ # OF SAMPLE TO RE READ FROM A/D CONVERTER

READ (4,2108) IDV
FORMAT (I5)
IF(IDV,NE, A AS=1 DV
IF(NS,NE,I31}G0 TD 50



¢ FOR 31 NUMBERS READ IN, THE FORM USED 15 2 SETS OF 31 SAMPLES
¢ AS IN THE PARTIAL REFLECTIOW COLLECTION

I1=0
25 icH=O

11=11+1

CALL INPAD(IA,NS,ICH}
s IFCICH,FQ.? RO TO 6

IF(I1.6T,.1)80 TO 11
oo 13 I=1,I5¢
¢ GONVERSION ALGORTHOM FOR A/D CONVERTER NEG. #'S TO COMPUTER
¢ NEGATIVE NUMBERS
IF(IA(I).GT.5ll)IA(I)=5972+(4H96+32768)*7+IA(I)

13 RA1CI)=FLOAT (YA CI) Y /.51
a0 TO 2%
1l WRITE(S,1A1)

& DO LODP FOR SECOND SET OF WUMBERS READ IN
Do 15 I=1,I31
IF(IA(I).GT.5II)IA(I):3072+(4095+327SB)*T+1A(I)
HTz=45 4FLOAT(I=1)%1,5
IF(l.FQ.6.0R,I.EQ.I1IWRITECS,145)
IF(IEQ.11DWRITE(G, 106
RAZCI) =FLOAT(IACI)) /.51

¢ WRITE OUT THE NUMRERS IN AN ORDERLY vaY

15 WRITE(6,128) HT,RAl(I),RAZ(I)
120 FORMAT C3X,Fa.1 ,AHKM FS.0,4HMV F5.0,2HMV)
191 FORMAT (6H NOISE)
105 FORMAT (25H ==a=m===u= cemmmemmamaens)
176 FORMAT(SH DATA)
G0 TO 5

¢ THE FOLLOWING DUMPS THE AVERAGE OF THE A/D COMVERTER NUMBERS
C AND ALSO GIVES THE VALUE IN MILLIVOLTS
50 I NS=CNS+MAX =1) /MAX

THNS=I NGxMAX

DO 62 J=1,INS
ICH=BR
CALL INPADCIA,MAX,ICHY
27 IF¢ICH,EQ.M (O TO 27
DO %9 1=1,MAY
!F(IA(I)-GT.SI!)IA(I3:3H72+(4H9G+52768}*T+[Af1)
55 AVZAVHEFLOAT(IACI) ]
& CONTINUE
AVzAV/THNS
AVV=AV/. 812
WRITES,120)AV,aVY
ren FORMAT (9H AVERARF=,F7.3,12H VOLTAGE= ,FR. 3,34 M)
GO TO 5
STOP
F ND

J,TITLE A/D CONVERTER SERVICE ROUTINES FOR BR,«FG.

REKM1S V3A SERVICE ROUTINFS FOR THF HP 56178 A TO D
CONVERTER, THESE ROUTIMES PERMIT INPUT OF ANY SPECIFIED
NUMBER OF SAMPLES INTD # CORE BUFFER. INPUT MAY BFE OQVER-
LAPPED WITH PROGPAM EYCUTION, AND CONTROL MAY BE PELINOUISHED
T0 LOWFR PRIORITY PROGRAMS WHILF DATA TRANSFER TAKES PLACE.

MACRO-15 CALLING SFQUFNCE:

JmS I NPAD

NUMBER OF SAMPLES RFQUIRED

RUFFER ADDRESS

COMPLETION FLAR ADDRFSS

RFAL-TIME SUBROUTINF ADDRFSS, PPIORITY LEVEL IN BITS #-2
(FXAMPLF: SAAPPN+RTISUBA}
(RETURNS HERE IMMEDIATELYY

THE COMPLETINN FLAG 1S CLEARED BY THE CALL TO INPAD,
AND SET TO +1 FOR WORMAL COMPLFTION OR -1001 IF A DATA
TImINR ERROF DCCURS.

R T e T

ADWCER =28 /8=0 WORD COUNT

ADCAR zADWCR+1 : /AND CURRENT ADDRESS REGISTERS
SCoM=122 JMONITOR'S COMMUNICATION AREA
ADWI -TAIT24 /8 -D CONVERTER WRITE INITIALIZE
ADSO=TAITA JSKIP ON WORD COUNT OVERFLOW
ADST=703721 /SKIP ON TATA TIMING ERROR
ADCO=703724 /CLEAR OVERFLOW FLAR
Apc1:7n574a /CLEAR TIMING FLAG

IF THE 4TH WORD AFTER THE JMS IS A, NO REAL-TIME SUBROUTINE
WILL AF ACTIVATED. MNOTF: THE PRIORITY CODF, FOR MAINSTREAM IS

119



; ENTRY POINT FOR A-D INTERFACE INITIALIZATION

/
GLOBL INPAD, ,DA
INPAD 2
JMS* DA
JMp NG
I NAR f
I wCe a
INFLAG @
Ine JMp TNSET MEPLACED BY “LACH I nuc*
TCA
DACH (ADWCR) /SET WORD COUNT
LAW =1
TaD* INAR /MAUFFER ADDPESS -1
DAC* (ADCAR) /  TO CURRENT ADDRESS REG,
DZM* INFLAG /CLEAF FLAR
DIM INSUB# /CLEAR REAL=-TIME SUBROUTINE
ADWI /INITIALIZE INTERFACE
JMPx INPAD /RETURN
/
/ THE FOLLOWING CODE IS EXECUTFD ONLY ONCE
INSFT LAC* (. SCOM+33) /GET ENTRY POINT ADDERSS OF ,SETUP
ADSVA DAC .
JMSx ol /CALL .SETUP TO CONNECT ADINT TD API
ADSD
ADINT
DZM=* (204
Lac (LACY - TINWC
DAC I WR /MODIFY INSTRUCTION
Jmp INR / AND JumP TO IT
/
/

/UNTERRUPT SERVICE ROUTINE, FEYECUTFD IMMEDIATFLY AFTER COMPLETI ON
/ OF DATA TRANSFFR, DFRTERMINES STATUS OF A<D INTERFACE, SETS

/ COMPLETION FLAG AND ACTIVATES PFAL-TIME SUBROUTINE.

/ BUNMS AT API LEVEL A,

4

/
ADINT m
DRA /PAGE ADDRESSING MODF
DAt ADSVA FSAVE AT
ADST /TIMING ERROR?
SKPiCLAlIAC N0+ T AC
LAY ~10m /YES, ERROP CODE
DAC* INFLAR /SET FLAG
ADED /CLFAR
aDCT /  INTERFACE FLAGS
ap¥IT  LAC ADSVA /RESTORE AC
DBR /SET TO LEAVE HARDWARE API LEVEL
JMP* ADINT RETUPN TO INTFRRUPTED PROGRAM

+END

120





