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ABSTRACT

On-line data collection of the amplitudes of circularly polarized radio
waves, partially reflected from the D region of the earth's ionosphere, has
enabled the calculation of an-electron-density profile in the height region
60-90 km. A PDP 15/30 digital computer with an analog to digital converter
and magnetic tape as an intermediary storage device are used. The computer

configuration, the software developed, and the preliminary results are described.
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1. INTRODUCTION

The history of the partial-reflection experiment from its proposal by
Gardner and Pawsey (1953), to its inception at the Uni?ersity of Illinois in
1968, is adequately described elsewhere (Pirnat, 1968; Reynolds, 1970). The
same sources contain a description of the theory related to the experiment,
the assumptions involved, the derivation of the Sen-Wyller (1960) quasi-longi-
tudinal approximatc cquation, the reflection of radio waves from step discoq—
tinuities in the D recgion of the ionosphere, and the form of the reflected
waves at tﬁc receiver output. They also describe the partial-refleétion system
in use at the University of Illinois, which is a hard;are system.

' The signal at the output of the partial-reflection receiver is a time-
varying voltage with the form shown in Figure 5.1. A circularly-polarized.
wave is transmitted in the ordinary mode and the reflected signal is of interest
for the following 800 microseconds; 33 milliseconds later the process is repeated
for the extraordinary mode. Two methods of storing these data have been used
to date; this report describes a third.

The first method is that used by Pirnat (i968). The short time interval
between the ordinary and extraordinary wave transmission makes it possible to
display the reflected signal from both simultaneously on an oscilloscope with

a'reasonably persistent phosphor. The extraordinary wave amplitude is inverted

for clarity. The resulting A-scan can be photographed with a camera driven~by

a synch pulse. Data arec collected and a photograph is taken once every two
seconds. In order to be meaningful an average over several minutes must be
used. It would be convenient to have amplitude data at 1.5 km intervals in the

region 60-90 km. Therefore, 2700 data points must be read off the photographic
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record. The process of reading a data point is one of measuring the ordinate
of the trace. Cleaily, the problem of data reduction makes the method prohibitive.

The second method is that of Reynolds (1970). The receiver output is
sampled three times for each mode. The sampling times correspond to waves
reflected from the heights: 45, 75 and 80 km. The first sample constitutes
a measure of the noise level during the interval. The second and third samples
constitute the data. Hard-wired logic was used and two data samples, fpr each
mode, were punched on paper tape. In this way an average electron density could‘
be calculated at the mean height, 77.5 km, only. Two 30-minute runs were made
each day, May 1970 through January 1971. The data were to be processed on the
CDC G-20 facility in the Electrical Engineering Building ;; campus. Because
the paper tape reader of the G-20 would not read the speéial paper tape used,
the processing took place on the Digital'Equipment'Corporation PDP-15/30 computer
in the Aeronomy Laboratory. Consequently,-the paper tape system constitutes
part of this report.

The third method of data collection utilized the PDP-15/30 comﬁuter, inter-
faced to the output of the receiver via an ADC (analog to digital converter).

In this way, sambles of the reflected wave could be collected directly at height
intervals cérresponding to 1.5 km, in the height range 60-90 km. The hethod

of collection and analysis was completely automatic, allowing regular observétion
without human intervéntion. The results were filed on magnetic tape.

The addition of the University of Illinois' partial-reflection experiment -
to the network éf sﬁations studying the lower ionosphere using ground-based
techniques (the SOMED network), as well as the rocket program directed toward
the same height region, will allow the first long-term study, on a regular

diurnal basis, of the dynamics and chemistry of the mesospheric region of the

earth's atmosphere.




Described in this report is the software developed at the University of
Illinois for the partial-reflection facility. Included is the special system
software necessary to drive the peripheral devices, the data analysis for both

the paper tape and the ADC systems and the method of file organization and

retrieval.
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2. THEORY OF THE PARTIAL-REFLECTION EXPERIMENT

P DU
T T T T

l
|
The simple theory of the partial reflection, or differential absorption, !
experiment has been described by Pirnat (1968) and Reynolds (1970). Consider !

1
a radio wave polarized in the extraordinary mode and propagating in a magneto-

ionic medium. Over a given distance this wave suffers an absorption which

R e S St AR R e et

4 " is greater than that which a wave of the ordinary mode of circular polarization

would suffer. This difference in absorption between the extraordinary mode

-

and the ordinary mode of circular polarization is termed differential absorptionm.

foi g

E The differential absorption is proportional to the electron density in the

Sy,

o
Ak

region through which the radio wave propagates, and it is this differential

WL e,
&S

e

absorption which is indirectly megsured by the partial-reflection experiment

i and used to deduce electron density. If waves, polarized in this fashion,

E are propagated vertically into the ionosphere, they will be partially reflected
kc from any sharp discontinuity in the ionization (see Figure 2.1).

; Assuming small, step discontinuities in a stratified, magnetoionic medium,
the Fresnel reflection coefficient at such a boundary is given by

R SE | @)

for each polarization (Budden, 1961). If Vo is assumed continuous across the

3

boundary (Belrose and Bufke, 1964) then R, as given by the Sen-Wyller (1960)
theory for quasi-longitudinal propagation, is proportional to the electron -
density N. As a result, the ratio of the reflection coefficients may be obtained

as a function of Vo and N.

repeTTeT -
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Figure 2.1 The partial-reflection model.
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The amplitude of the reflected wave which suffers absorption is given by

h _ _
A = R exp(-2 I K dh) . (2.2)
o A
(Belrose and Burke, 1964). Hence, the ratio of the ratios of Ax/Ao at the

heights h, and h, is

1
h
(Ax/Ao)2 (Rx/Ro)2 2 '
(Ax/Ao).  (Rx/Ro) eXp ['2 f (Kx/Ko)dh} ' (2.3)
1 1 h1 . .
Assuming constant differential absorption in the height range hl-hz, then
h2
J (Kx—Ko) dh = (KX-KO)Ah .
h
1
Rearrénging terms,
K -K = 1 In (Ax/Ao) /(Ax/Ao) (2.4)
x 0 2hAh Rx/Ro Rx/Ro h : , b

1 2

However, the absorption coefficient is a function of electron density and

collision frequency alone, from which N may be obtained explicitly as

(w-w,) (wtw ) y _
[(Zi,’f,*;ev {;:5/2[ ~1g e GRS /GRS h - e
1 2 .

To summarize, since Rx/Ro = fl(w,vm), then

N = f{A s Vo Ah} . (2.6)
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Given Equation (2.5), it is a simple matter to write a FORTRAN subroutine whose

. e P T ¥ b PN £ ey g Y S g (e g g W S T

% input data are the signal amplitude ratios and collision frequencies at two
3 : _

'S heights, along with the size of the height interval, and whose output is the
; electron density at the mean height. A function has been written for this

calculation; it has been-given the name ELDEN and a source listing may be found

a in the Appendix.
é The Sen-Wyller (1960) quasi-longitudinal approximation, along with the |
A : A

assumption of a stratified ionosphere, represents only a first-order approxi-

mation to the radio wave propagation in the D region. The validity of the

% results may be expected to vary from heigh}'ﬁo height.,

’% .In order to calculate electron density by the method summarized above,

gé a collision—frequeﬁcy model must be assumed. zThé};ollision frequency is a ;
i function bf height, since it is propor;ional to fheAnumber density of particles 3
12 available for coilisions. Many researchers (Pirnat,'1968; Reynolds, 1970;

‘E Mechtly aﬁa_Smith, 1968) have utilized the fact that collision frequency varies

é, directly proportionally with atmospheric pressure

ii% v, =kp .

g M

The constant of proportionality may be found by experiment. Although this itself

is not a constant, a reasonable estimate has been made by Mechtly and Smith (1968)

from rocket measurement results for a quiet sun. The atmospheric pressure varies
. S ‘
Sgﬁ _ with latitude, season and local meteorology. Using the mean atmospheric model
from CIRA 1965, a first estimate of collision frequency may be made for the
height interval 60-90 km.“ The seasonal variation of collision frequency is

illustrated in Figure 2.2; these profiles are based on rocket measurements

(Lodéto and Mechtly, 1971).
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Equation 2.6 indicates that the electron density at the mean of a height
interval is a function of the amplitude ratio and the electron collision fre-

quency at each end of the height interval (Ax/Ao)i, (Ax/Ao)z, Vo> Tespec-

¥m1>
tively. Since the electron density is a function of four variables, it is
difficult to characterize its sensitivity to any one. Such a characterization
is a measure of the validity of the experimental results. It is noteworthy

that since the original paper by Gardner and Pawsey (1953), few results of this

nature have been published (see Thrane and Piggott, 1965; Belrose, 1969). -
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3. SYSTEM DESCRIPTION

The University of Illinois Aeronomy Laboratory's digital computer facility

Tty e wes ity R
A St kbt

is composed of the following hardware and peripherals:

it S0

S i

DEC PDP-15/30 central processing unit

it

16K 18-bit, nanosecond core memory

KSR-35 console teletype

;é KSR-33 console teletype
:?\ PC15 high speed paper tape reader and punch é
‘éé KElS.extended arithmetic element
;% 4 TUS5 DEC tape transports ]
© TC020 DEC tape control f
‘f - KW15 real-time clock, line frequency ?
3 : 4
‘? Special computer interface for: HPS61A analog to digital converter - f
é‘ Figure 3.1 is a photograph of the system.
g% The system software includes a subset of FORTRAN IV developed for a 16K
Eé machine and incorporating all major featufes of the lanéuage. The machine
fi language is MACRO, the main feature of which is a set of unified I/0<statement§
_iiv controlling data handling. Selection of physical devices is detérmined at
'gi; load time on the actual machine and not when a program is written.

The system is designated as a background/foreground system. The background/
foreground monitor permits certain limited multiple use of the ;ystem, although
an extensive amount of core is tied up in a supervisory function. A very
small (1K) real-time data-logging program may be run in the foreground while

the background is used for program editing and debugging. A simple change to

a single user 16K system may be made when large programs are to be run.

% ek,
!

BT A e W
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A detailed description of the computer may be found in the DEC Users
Handbook Volume 1 (1970) and the Advanced Monitor Software System Programmers
Manual (1970). This chapter is intended as a general description of those

parts of the system related to data acquisition in a real-time environment using

the analog to digital converter as well as a summary of the paper tape system

which preceded it.

3.1 Timing Considerations

The sequence Qf events associated with the collection of one complete
set of data is illustrated by Figure 3.2. A trigger éycle, with a periodicity
of 2 seconds, initiates transmission of an ordinaryapode radio pulse af time
0. The transmitted pulse has a width of 50 usec and approximately 400 usec

after the peak of the pulse, signals reflected from the lower boundary of the

~ D region are received. The form of the signal at the receiver output is illus-

trated by Figure 5.1. Since the timing requirements of the paper tapeAand the
ADC system differ considerably they will be described separately. Figure 3.2

v

refers to the ADC system.

When the computer is used for the coliection of partial—reflectioﬂ data,
a special word count register must be set, for each transmitter pulse, with
the number of.words to be converted and storedAin the following 800 usec.
The actual time in which the conversions are made is determined by the encode
signal illustrated in Figure 3.2. The experiment is designed to take 4 noise
samples at a height corresponding to 37-41.5 km, at which no signal is expected
to be present, and 21 data samples at heights corresponding from 60 to 90 km
at 1.5 km intervals. Whenever the encode signal is present, as described below,
the analog to digital converter will "free run" at a 100 KHz repetition rate.

A converted sample will be present at the output buffer once every 10 usec,
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corresponding to a height interval of 1.5 km. The encode signal should be
present for 40 + 5 psec in order to obtain the 4 noise samples. 144 usec later
the encode signal should again be set for a minimum of 300 usec; during the
second interval 21 data samples are converted and transferred to the magnetic
core memory of the'computer. At this point the word count register indicates
that transfer is complete and no further data can be stored in the core until
it has been reset and the line buffer emptied. '

The operation of the SOMED paper tape system (or Reynolds system, see below)
is similar. However, the noise criteria are satisfied by hardware logic and‘only
two samples of data are recorded for each transmitter pulse. The first corres-
ponds to a height of 75 km and the second to 80 km; wé;k echoes are reflected
from these heights and received on the ground 533 psec after occurrence of the
transmitter pulse. The encode command signal is not used nor present. Tﬁis

system is described in detail elsewhere.

3.2 The Reynolds System

The Reynolds (1970) system utiliéed a Vidar 1025019 Digital Data Acquisition
System in conjunction with four sample and hold circuité and hard wired logic
to record four data words every 2 seconds on oiled paper tape. An adjustable
noise discriminator reproduced a previous data point if excessive ﬁoise was
encountered. Sample times were controlled by an external timing device as
described in the last section.

The four data points were recorded in the sequence AO75, A086, AX75 and
AX80. Each data point had a format of gix paper tape frames as illustrated

by Table 3.1, and coded as in Figure 3.3. Twenty-four frames were punched

every 2 seconds. The first frame (the sign) and the last frame (the end of

- line) were redundant as data points and the four intermediate frames corres-

ponded to decimal digits of a number with four significant figures and two

decimal places.
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A075

A080

AX75

AX80

TABLE 3.1 SOMED papertape format

Sign

First Frame
Second Frame
Third Frame
Fourth Frame
Eqd-of—line

Sign

First Frame
Second Frame
Third Frame
Fourth Frame
End-of-1line

Sign

First Frame
Second Frame
Third Frame
Fourth Frame
End-of-1ine

Sign

First Frame

Second Frame
Third Frame

Fourth Frame
End-of-1line
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END -OF-LINE
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END~OF-LINE
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SPROCKET

0000
o]

O 0 00O O 0O O 0 00 O 00 0 O 0O
A
o

o o o

8 7 6 5 4 3 2 i LEVEL

DATA CODE

\

©O 0 00 00 0 O
(o)
(o)
(o)

TAPE FORMAT

’Figure 3.3 Data code and recording format.
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Errors could occur during punching; typically, these included intermediate

zeros or a missing end of line or sign character. The redundant data frames

were utilized to keep track of the position of the tape; and the correct operation

of the experiment depended on an accurate knowledge at all times of the quantity

to which a particular data frame referred. Section 4.2.3 contains further

details of the system.

The Reynolds system was used in the nine-month period prior to the instal-.

.

lation of the PDP-15/30 digital computer and the paper tapes were processed by

the program SOMED 1.

3.3 General Description of the Computer

~ 3.3.1 .DAT slot assignment

Table 3.2 1lists the .DAT slot assignment for the BFKM + ADC and the KMI1S +
ADC systems. The Device Assignment Table is a default assumption made by a
particular operating system about the connection of peripherals to the central
processing unit. A hardware analogy would be as follows:

Consider a set of connectors (A) attached to the input/output processinge
unit of the computer and a set-of connectors (B) attached to peripheral devices
so that each peripheral device can be connected to the IPU. A default assignment
is provided which defines the nermal connector combination, but if the user
wishes, any pair of A connectors can_be interchanged; The central processing
unit sees no further than its B connectors; information is_transmitted to these
from the perinheral in a device independent format. Certain illegal connections
are possible, such as writing to a papertape reader, and error routines signal
these as they occur. Tpe .DAT slot number refers to the IPU side of the connec-

tion and the device handler name to the peripheral connection.

e
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TABLE 3.2

.DAT Number

.DAT slot assignment for both the 15/20 and
-15/30 incorporating the analog to digital converter

BFKM + ADC
Background Foreground
DTA1l None
DTA2 None
DTA2 None
" TTAO None
DTAZ2 None
PRAO None
DTAO ., DTAO
None None
DTA2 DTA6
DTA2 DTA6
TTAO TTAl
TTAO TTAl
DTAO DTAO
DTA1 DTA7
DTA2 DTA4
DTA3 ADB
TTAO TTAl
PRAO PRAO
TTAO TTA1l
PPAO PPAO
DTAO DTAO

KM15 + ADC

DTAL
DTA2
DTA2
" TTAO
DTA2
PRAO
DTAO
NON
DTC2
DTC2

DTCO
DTA1
DTA4
ADC

TTAO
PRAO
TTAO
PPAO
DTAO

18
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The actual system must be described in terms of software. The .DAT slot

_J% ' nuﬁbcr refers to a core location in the computer which contains a vector

: address. When a READ or WRITE is initiated by a brogram, a specific .DAT slot
number is referenced. A supervisory routine, which is part of the system monitor,
called the CAL Handler, rccognizes the request and references the core location

4 of the .DAT. The vector address points to the starting location of a device

A handler program which bears a name identical to those in the right hand columns
of Table 3.2. These programs are each specifically tailored to the requirements

of the devices which they serve. Chapter 4 contains a description of a device

% handler program called ADC, which was written for the_ HP 5610A analog to digital
'é. converter and assigned to .DAT slot 3 of the KM15 + ADC system tape. .DAT 3
-E% of the BFKM + ADC system has been reserved for a B/F device handler ADB.

. 3.3.2 The function of the system monitor

A small section of the computer core can never be overlayed by a user

program, during normal operation. This section contains a supervisory program
(the resident monitor) which "listens" to the teletype. If the character +C
is typed, at any time, the resident monitor will halt execution of every other
program in core and call a larger supervisory program (the non-resident monitor)
off the system tape currently associated with DEC tape ﬁnit 0 (see Figure 3.4).
The non-resident monitor can accept a large number of control comménds
from the teletype and can reply with a large repertoire of answers. In parti-
cular it will aecept commands to re-allocate the .DAT slots described in the
last section and call into core, from the system tape, a loader program which
overlays it. The loader has been designed to locate anyAprogram specified by

the user, which is currently on a storage device, to bring it into core, and

to supervise the start of its execution.
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If the user program references a .DAT slot number, the loader will check
which device handler program is currently associated with that slot and bring
that program into core, also. The I/0 device han&ler controls the operation
of the peripheral device to which it is attached and passes all error conditions
to the resident monitor which can write appropriate error messages on the
teletype. |

3.3.3 Multicycle databreak

Data transfer from the ADC to core and from core to DEC tape takes place
under multicycle databreak control, the fastest I/0 facility available in the
current system configuration. The maximum data rate using this technique is
250 KHz. However, the actual data rate is controlled by the particular device
using the facility.

When a peripheral is ready to send or receive one word of data, it raises
a data channel request flag, to which the IPU responds with a data channel
grant. The transfer then takes place during three special cycles which operate
independently of the CPU and the program being executed. During the first
cycle a word count register is incremented and tested. During the second cycle
a current address register is incremented and the address to which it points is
taken to be the address to or from which data are to be transferred. During
the third cycle, the transfer of the data word is initiated and completed.

If the word count register is tested and found to contain a zero, a signal
(Word Count Overflow) is sent to the device to terminate all future transfers.
The resident monitor is also notified that this condition exists. In the
case of the ADC, an automatic priority interrupt at level 0 is requested.

3.3.4 Automatic priority interrupt

Program execution can take place at 8 different levels of priority. The

highest priority is called level 0 and the lowest, level 7. A higher level

e rmem b P VAR e 2 A AL
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request will halt execution of a lower level program segment and start execu-

R

tion of another program segment. When the higher priority program is completed,

il

control is returned to the point of interruption. In a real-time environment,

A

e

where each peripheral operates at a different speed, a queue of API requests
'é will develop. In this way the CPU can make use of time during which it is wait-

ing for some action from a peripheral device.

T T

In our system, the ADC has the highest priority - API 0 -~ and can interrupt

any other device at ény time that its word count register overflows. .

When a device is granted an API break, it sends the address in core memory,

with which it is associated, to the processor. This address is called the

channel register and is located in absolute location 578 for the ADC. The

channel register contains a pointer to the address of a special subroutine,

g ._&,L‘JJ{;A’_}
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St Tl B
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part of the I/0 device handler, associated with the device.

3.4 HP 5610A ADC Interface

AN

Figure 3.5 illustrates the flow of command signals and data between the

AR e

Y
S

HP 5610A analog to digital converter, the interface and the input/output pro- -

cessor of the computer. This section is not intended as an exhaustive description,

for which the reader is referred to the Computer Special Systems manual.

To effect a data transfer, the word count address (268) must first be :
loaded with the two's complement of the number of words to be transferred and
the current address register (278) with the address (-1) in which the first
word is to be stored. The interface is activated by issuing IOT WRITE )
(7037248). When an extérnal input cont;ol command is issued, conversion is

initiated and a binary data word (9 bits + sign) is placed in the dutput register

of the converter. The data ready flag is raised and causes the interface to

issue ADC REQUEST. The processor sets the Data Channel Flag and the interface
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{ssucs a DATA CHANNEL REQUEST. When the Data Channel Grunt is received, the

s ) .
R e s i i

interface posts the word count address back to the computor @nd signals that a

word is to be read into memory. The 18-bit data word which is read into the

el -L_;'»A'A‘x}‘;}a

memory has the format illustrated by Figure 3.6. The AbC s designed to multi-

e

plex up to 8 separate analog input channels; in the present application, only

channel 0 is available.

7? The process is repeated at 10 usec intervals for as long as the external
control command is set and until the word count registcr (268) overflows.

When the word count register overflows, I/0 OFLO iS—HCC, which inhibits
the operation of the 14-bit 1/0 Bus, and API 0 REQUEST is posted. The controller
responds with API 0 GRANT‘and the trap address (578) is posted back to the
computer. | |

API 0 is reqﬁested by either the word count ovefflow or a device timing
error flag whichTis set if the condition DATA READY FLAG "OR'' DCH FLAG "OR"
DCH REQ "OR" DCH ENA 1is set.

In both cases, after processing ﬁhe request, the I0T CLEAR DEVICE TIMING
ERROR flag and the IOT CLEAR OVERFLOW flag must be issucd.

3.4.1 External control command

Five input-lines are provided for controlling the operation of the HP 5610A

analog to digital converter. They are called respectively (e bit 6’.HP bit 5,

HP bit 4, encode and ESP. For the Uniplexer configuration which is currently

provided, only two modes of operation are available: !
1. Free run internal sequence:

Bit 6 Bit S Bit 4 Encode ESP

1 1 1 0 0
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0-7 | 0Oor4a | 0Oor1 | 0-7 | . 0-7 | 0-7
o1 234567891011 |12 [13[14 | 15] 16 ] 17

‘ Channel Not Converted analog data

1D " Used

Figure 3.6 The 18-bit data word transmitted to memory from the ADC via
the interface.

|
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2. Internal Sequence:

Bit 6 Bit 5 Bit 4 Encode ESP

1 0 1 1 0

Ak it

For operation in both these modes bits 4 and 6 and the ESP Line do not
change and in the free run internal sequence mode the encode signal is ignored.

In the free run internal sequence mode the converter samples channel 0 every

D I R Rae I,

10 us.

In the internal sequence mode the converter will sample channel 0 each

)

time the encode switch is set.

Pl

In order to perform the operation described in this paper, the free run

internal sequence mode was used. HP bit 5 was set to a.l (positive logic)

each time that a group of data samples were to be taken.
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4, SOFTWARE

This chapter includes a description of all programs written for the
partial-reflection facility at the University of illinois. Since these programs
are inoperable without an explanation of how to call them into core, the first
part of the chapter details the file organization adopted at this time by the
users of the machine.

In general, each format of a program is stored on a different magnetic
tape spool. There are two tape spools assigned to the usér programs associated
with the partial-reflection experiment and two other magnetic tape spools which
contain related system progfams. The magnetic tape spools will in the future
be referred to as DEC tapes.

The user programs are stored in two forms. The first is the source lang-
uage, in which the programs were writtén. In the case of the programs described
below the source language was either MACRO or FORTRAN IV. The source listings
are all stored on the DEC tape labeled Standby Files. Additional program list-
ings may be obtained frbm the standby files by use of either the editor or the
peripheral interchange program. The machine code level programs are stored on
the Partial-Reflection tape.

The Partial- Reflection tape contains two sections, one of which is for
the mainstream program; the other section, known as the user library, contains
all subroutines which the mainstream program may call. When a program is lgaded
into core from the partial-reflection tape, it is not necessary to specify any
of the subroutines associated with the mainstream segment; the loader processes
all subroutine calls that it finds on the mainstream segment and then loads,

from the library, all files with names corresponding to those subroutine calls.
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The library file may be thought of as a superfile whose components are themselves
files and each of which contain one subroutine. Mainstream programs which

were wri;ten in FORTRAN may call macro;level subroutines and vice versa. For

a completé list of subroutines included in the partial-reflection library file
see Table 4.1. For a list of the mainstream programs on the partial-reflection
tape see Table 4.2,

User programs would be inoperable if it weren't for a set of system pro-
grams whose purpose is to manipulate the user programs and to supervise their
operation. The editor program, which aids the programmer in writing his usér
programs, has already been mentioned above. It allows him to open a file on a
DEC tape and to write a program into it from the telé%ype, while performing
corrections to the program in a convenient manner. The peripheral interchange

program (PIP) can be used to transfer files from one DEC tape to another or from

one peripheral device to another. The UPDATE program is used to build library

files. The LINKING LOADER loads user programs from the users DEC tape into

‘

core, and performs the linkages between mainstream programs and subroutines.

‘Detailed descriptions of these systems programs may be found in the DEC PDP-15

Utility Programs manuals. There are also system prograﬁs whose purpose 1is to
control the flow of data from peripheral devices into and out of core. These
are generally called I/0 Handlers and they are stored in the system library.
The system programs described above comprise part of the system tape. Since
two operating systems have been written for the analog to digital converter”
there aré two system tapes.

Thé system tapes are identical in most respects. The first, for the 15/20,

incorporates an I/0 Handler for the analog to digital converter called ADC.

The second, for the 15/30, incorporates an I/0 Handler called ADB. Both of
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TABLE 4.1

PROGRAM NAME

EMED2
AVERA2
DUMPR
DREAD
TTYPL
EHIST
AVERAG
EMED
LREC
DECOD
ELDEN
RDCHEK
PTCHAR
SET

Library file listing for .LIBRS

PROGRAM SIZE

252
103

- 562
425
1222
171
101
245
56
263
1241
1412
231
21

29
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TABLE 4.2 Mainstream binary files on the
partial-reflection tape

g _ , Directory Listing

; | . 636 Free Blks

A 15 User Files

b 10 System Blks

LIBR BIN 4 21
SOMEDA XCT 37 1
i SOMED1 ~ BIN -2 - 13
) ~ SOMED2 _~ BIN 1 6
DLOG2 , BIN 5 2
WLOGL . BIN | 3 3
WLOG2 BIN 36 2

DLOG3 BIN 56 3

el

DLOG4 ' BIN ‘ 22 ‘ 3

(s

NCALC BIN 50 3
.LIBRS BIN 112 : - 43

PROC2 BIN 104 23

R IR TEN .
D PR, v
R SR P AT

Lo
%

SOMEDA XCu 17 61
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these tapes differ from other system tapes available in that they make provision

for an interrupt at AP1 0 from the analog to digital converter which is a non-
standard peripheral device. Special programs are available for generating new
system tapes. The system tapes also contain the nonresident portion of the

monitor as described in Chapter 3.

4.1 Instructions for lLoading User Programs

Several of the programs included in the partial-reflection program package
were designed to be run in the foreground of the 15/30 system. In order to
load and execute these programs, the following steps must be carried out.

1. Locate the system DEC tape labeled BFKM + ADC and place on DEC
tape unit 0. Locate the partial-reflection t;pe and place on DEC’
tape unit 6. Make sure that both units are 'write lock'. Turn
on both teletypes. Set the address switches on the console to
376468 and press stop, reset, start. DEC tape unit O should spin
and a $§ should be typed on teletype KSR 33; this is the foreground
teletype.

2. If data are to be collected, place the data file DEC tape on DEC
tape unit 4. Make sure that it is on "write enable'".

3. At the foreground teletype, type the command MPOFF. This Eommand
enables the background to use input and output.

4. Type GLOAD after which DEC tape unit 0 should spin. When an angle
bracket is echoed on the foreground teletype, type <« prog;am name -
and follow it with the ALTMODE key.

5. DEC tape unit 6 should spin and the user program should be loaded;

control should then be transferred to the background teletype

which echoes §. The user program is now executing.

e o m ey L1 £ B,
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~Many of the programs in the partial-reflection package are designed for
i operatioh in the 15/20 system. In which case they should be loaded as follows.
f; -1, If the program references the analog to\digital converter, the
system tape KM15 + ADC must be used.
2. Follow standard operating procedures to load the 15/20 monitor.
£ 3. Pléce the data file tape on DEC tape unit 4 and the partial-reflec-
% tion tape on DEC tape unit 2.
4. Type GLOAD and when the teletype echoes an angle bracket, type .

+ program name and then press the ALTMODE key.

'3‘ 5. DEC tape units 2 and 0 will spin and the program should begin

Ej : execution.

:g All. programs which reference the data files but not the analog to digital
f% _converter may use any form of the 15/20 system tape. However, if the above

e

system tape is not used the data tape must be assigned to .DAT 2. The partial-

g

agidch

AEATAL 4

reflection tape should be placed on DEC tape unit 2. The programs can then

o T

ki

. be loaded as above.

K

fg; Certain commonly used computer commands and replies will be encountered
9

43 during execution of the programs in the partial-reflection package. Some of

R

the most frequently encountered are listed below.

I0PS4 This reply is typed on the teletype when some device referenced
by the program being executed is not ready. Check that all
devices likely to be used are in the correct operating conditign.
When the error has been rectified, type 4R and program loading

‘or execution will continue. In the 15/30 system a device not

"ready message serves the same function.

e e e
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AP Certain of the user programs require this command in order to

restart program execution from the beginning.

4.2 A Program for Processing Papertapes
4.2.1 SOMED 1

% Progfam type - Mainstream

i Source language - FORTRAN

: Subroutine/function calls - ELDEN, RDCHEK, DECOD, AVERAG, EMED, PTCHAR,

SET, LREC, EHIST

: Program requirements - 15/20 monitor tape, KSR35, one DEC tape unit,

Lé papertape reader, Load using fhe linking loader

'% Listed in - Appendix | )

‘ij Summary

§ This program analyzes partial-reflection data from the heights of 75

jg and 80 km recorded on paper tape using fhe system-described in Chapter 2,

i% developed by D. A. Réynolds (1970). The program contains four COMMON, 900-word
.é single dimension arrays. These are sufficient to store the ordinary and extra-

ordinary mode receiver amplitudes for both heights for a 30-minute run. The

R Ty
KA

raw data are recorded in non-standard code on paper tape and special subroutines
were necessary to transfer it into core. Paper tape punch and reader errors
.necessitate a subroutine for checking the raw data. The output is both average
and median values of the recorded amplitudes as well as amplitude ratios and
electron density at three-minute intervals. ’ -

4.2.2 ELDEN

Program type - real function

Source language - FORTRAN

Called by - SOMED 1, PROC2

Size - 12418
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Program requirements - the function is stored on the partial-reflection
tape in library file called .LIBRS5. It requires three input parameters. The
first is a two element single dimensional array of the amplitude ratios and a
three-element single-dimension array of the collision frequencies at the lower
and upper bounds of the height interval. The third parameter is the size of
the height interval in kilometers.

Listed in - Appendix

Call statement = ELDEN (AXBYAO, GNU, DELTAH)
Summary

The method used to derive electron density in the differential absorption
expgriment utilizes the ratio of extraordinary to ordinary wave amplitudes

and collision frequency at both ends of the height interval, as described in

‘Chapter 2. Although the function is complex it is possible to write Equation

(2.6) where thé‘variable names are listed below. The semiconductor integrals
have been approximated by Burke and Hara (1963) and their formulas are listed
in Table 4.3. |

This form of the expression for obtaining electron density is ideal for
programming as a FORTRAN function. The program assumes a radio frequency of
2.66 MHz and values of the constants given in the List of Symbols.
Symbol List B
GNU = collision frequency = Vo

0

(wro /v

X

(w-wL)/vm

CTO = }ZS/Z[(w+mL)/vm]
CTX = FS/Z[(w-mL))vm]
CFO = 5; ol /v ]
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: }: 372(X) = (X'+aX"+a X"+a)
; where
; a =2
3 o]
j a, =1
L=
: a, = 1
4 a3 = 2
e
2 b =1
% o
A -
ﬁ b1 =g
i b2 =1
i > b3 =2
4 b4 =1
b5 = 2

3
i

g where

}; 52X = (X3+a2X2+alX+ao)/(X5+b4

X+ao)/(x6+b

.3983474
.1287513
.1394160
.4653115
.8064128
.3877372
.4921254
.8958085
.2049512

.4656819

.1630641
.6901002
.6945939
.3605732
.4093464
.3920505

.5355257

.6314497

X4

TABLE 4.3 The approximate equations for the }:
integrals used in function ELDEN

x5+b4x4+b x3+b _x%+b X+b_)

5 3 2 1

X 102

x 102

x 102
x 10

3 2
+b3X +b2X +b1X+bo)

x 10

x 10
x 10

x 10
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; CFX = ES L) rv)
E RX = R o
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7
RO = R
: [o]
: RXBYRO = R_/R
) X 0
AXBYAO = A_/A
X [o]
RATIO = (A,/A)/ (R, /R )

DELTAH = ah

v at the center of Ah ='(?m)Ah
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CIn{[(A/A)/ (R /R )Y, /TA/AY/ (R /BT, )
ELDEN = Electron Density = 1 2

- 20hFD
4.2.3 RDCHEK

Program type - real subroutine

Source language - FORTRAN

Called by - SOMED 1

Size - 14128

Program requirement§ - teletype

Listed in - Appendix

Call statement - RDCHEK (INR,X,J,INWDCT,IALRED,IABORT)
Summary | - . -

The inpqt array for this subroutine is raw data-read from paper tape,
with the format described in Chapter 3. Since the paper tape punch and the

paper tape reader are prone to error, certain decisions must be made in decipher-

ing the coded data. Redundant characters, which precede and succeed each data
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point, are used both to count the data points and tovaid in their retrieval.
Since four different quantities are measured in succession, it is particularly
important that the exact position of the tape is.known at all times. If the
program is unable to decipﬁer the data, it presents the problem on the teletype
for the operator's intervention. The operator is asked to reconstruct the
estimated number of data points which have been lost. The program may be re-
started from the beginning by replying with a carriage return.
Symbol List
INR - one dimensional integer array of input data
X - single dimensional real output array of ordered raw data with all
redundant characters removed
J - on output this contains the number of data points recognized by
the sub;outine
INWDCT - the number of elements in array INR
TALRED - assigned FORTRAN stafement number to which control is passed
if thirty blank frames of paper tape have been read
IABORT - assigned FORTRAN statement number to which control is passed
if an irrecoverable error occurs
4.2.4 DECOD
Program type - real function
Source language - FORTRAN
Size - 2638
Listed in - Appendix

Call statement - DECOD(X,I)

Srr A R S G e TR e e ALattatiad
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Summary \

~This function accepts an array X of raw data (as described in Chapter 3)

minus redundant characters and decodes locations I + 1 through I + 4. From
these it constructs one real number.
Symbol List

i X - one dimensional real input array

I - integer specifying element of array X
4.2.5 AVERAG
é% Program type - real function
Source‘language - FORTRAN
Called by - SOMED 1
q - Size - 101
Listed in - Appendix
i Call statem;nt - AVERAG (A,NMIN,NMAX, SUM)
& o : AVERAZ (A,LEL,NMIN,NMAX, SUM)
E Summary
3 AVERAG averages a one-dimensional array A for. terms NMAX through NMIN.
On exit SUM is the sum of the elements averaged. AVERA2 performs the same

function but A is a two-dimensional array and LEL specifies the column.

ngbol List

A - Real input array of data to be averaged (see above)

by

LEL - Integer specifying array column
NMIN - lower bound of array
NMAX - upper bound of array

SUM - sum of elements which were averaged
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4.2,.6 EMED

Program type - real function

Source language - FORTRAN

Called by - SOMED 1
Size 7‘2458
E Listed in - Appendix

Call statement - EMED(F,NMIN,LCOUNT,AVE)

‘ EMED2 (F, LEL ,NMIN,, LCOUNT, AVE)
3 Summary
?. The output of this program is the median of real positive array F.

“

Y Symbol List

F - one-dimensional real input array

i NMIN - lower bound of array F

i LCOUNT - number of elements of array F to be considered

g

% AVE - any estimate of the median, must be a positive real number

4.2.7 PTCHAR

Y I

3 Program type - MACRO subroutine

Cin
R g YR g

Source language - MACRO

g:

Called by - SET,LREC

Subroutine function calls - System macro calls, to paper tape reader
handler

.Jgf- Size - 2318 A : -

Program requirements - DAT 5 assigned to the paper tape handler

Listed. in - Appendix

Ry Call_§tatement - JMS indirect

b

R

TN
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The program must be called twice. .The first call is to PTON, which

initializes the device. The main call is to PTCHAR, from which a frame of the

paper tape which has been read is passed as an integer parameter.
L ]

Summary
Paper tape is read alternately to two 25210 ring buffers. The next sequential
data frame is passed each time the subroutine is called. Updating of ring
buffers .is performed automatically.
Symbol List
POINT - contains address for the next sequential data frame to be passed to
the main program
BUF1 - ring buffer
BUF2 - ring buffer
SEVN - flags end of ring buffer
4.2.8 _S_lij’_.
Program type - subroutine
Source language - MACRO
Called by - SOMED 1

Subroutine/function calls - PTCHAR,PTON

Size - 218
Listed in - Appendix
Call statement - SET(112,1) _

Summary
SET starts the paper tape reader and locates the first occurrence of character
112. On exit the first ring buffer of PTCHAR is full and points to the first

character following 112. 11210 is normally the first nonblank character on the

paper tape.
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4.2.9 LREC
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Program type - subroutine
Source language - FORTRAN
3 ‘Called by - SOMED 1

Subroutine/function calls - PTCHAR

Size - 568

Listed in - Appendix

T D LT

Call statement - LREC(KK,LC,J,NMIN,NMAX) ‘

i

Summary

LREC places a specified number of paper tape frames in an integer array.

éf Transmission halts at character LC or after a given number of characters. J
% is returned as number of characters that were read into the integer array.
;é " Symbol List

g KK - integer input array

2; LC - integer numeral which causes paper tape reader to halt if encountered
_%i J - output as number of data frames passed to array KK

NMIN - lower bound of array KK
NMAX .- upper bound of array KK

4.2.10 EHIST

}é - " Program type - real subroutine
Source language - FORTRAN - )
Called by - SOMED 2 '
. “Size - 171

8
‘:?}5 : . Listed in - Appendix

Call statement - EHIST(WO, WI,NINT,A,NU,FR)
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This program calculates a frequency distribution from a set of real

!

%

input data. It is used by later versions of the SOMED 1 program, in conjunction

TN

with a graph plotting routine, for analysis of partial—réflection amplitude

g

data.

Symbol List

WO - lower bound of amplitude window

WI - upper bound of amplitude window

NINT - number of intervals within window - ‘

A - real input array

ﬁU - size éf.array A

FR - reéi“oﬁtéutmarfay, size NINT, of the amplitude frequency distribution

4.3 1/0 Handlers and Service Routines for the Analog to Digital Converter

Every peripheral attached to the computer has a program associated with
it which performs input and/dr output operations. This saves the programmer
the task of wrifing Separate I/O.routines each_timg he wishes to transfer data
between the CPU and a peripheral. For instance, a standard set of call state-
ments are provided for communication between thq two programs. The programmer
can request a .READ at macro level. The device to be read is specified by its
device number or .DAT slot number, in the Paramcter list of the .READ statement.

Table 3.3 is a listing of the .DAT slot defag};,assignment,n This can be
changed by a typed command at any time. For instance, if a progr;m asks for

a .READ to unit -15, the computer will look up which device is attached to this

unit. ‘It is normally DTA2, DEC tape unit:2, but it could be changéd by the

operator to PRAO, the paper tape reader. The .DAT assignment table is the
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software equivalent of unplugging the DEC tape connection and plugging in the
paper tape reader connection in its place.

The four character name which follows the .DAT slot number is the name of
a program whose sole purpose is to deal with input and output to the device
specified. This program is called an I/0 handler.

An I/0 service routine is identical to a handler, except that it is program
dedicated and must be called by a standard subroutine call. Whereas I/0
handler programs arelincorporated in the system tape, as part of the system }/0
library, I1/0 service routines are part of the user's program library. The 1/0
service routine described in this section is appended to the end of the programs
from which it is called. The main advantage of an 1/6 service routine is that
it requires less core. For this reason I/0 service routines were developed to
operate in the foreground of the 15/30 system thus freeing the maximum amount
of core for use in the background. |

The analog to digital converter utilizes the API 0 and the multicycle data
break facility of the 15/30 computer, as described in Chapter 3. The trap
address was hardware assigned to channel register 17 and the following IOTs

were provided with the device.

7037248 - initialize interface. It must be issued before data can be

transferred from the converter to core.
7037018 - skip on word count register overflow. The word ¢ount is stored
in 268, and interrupts at API 0. - : : -

7037048 - clear word count overflow.

7037218 - skip on device timing error flag. This flag is set when a

hardware fault develops.

.7037448 - clear the device timing error flag.
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7037028 - read the-status of the device flags to the accumulator., If
bit 15 is set, the overflow flag is set. If bit 16 is set, the device
timing error flag is set. |

Input to the analog to-digital converter procedes as follows. The two's
complement of the number of words to be sampled is stored in the word count
fegister, location 268. At the same time the address to which the first word

is to be transferred in core is stored in location 27 the current address

8’
register. The ”Initialize Interface'" IOT is requested and executed and program
control is relinquished to either a wait loop or to the background. Each tiﬁé
thét an external encode command is given to the analog to digital converter,

the contents of the output buffer are transferred to tﬁe current address plus 1.
This bccurs without interruption of the program segment being executed. At

the same time the word count register and the current address register are
incremented by 1. Finally, the word count register reaches 0 and the word count
overflow flag is set. API 0 is requested, the interface is effectively turned
off, and if no other API 0 was being processed, control is transferfed via

g to the interrupt service routine.

The word count and current address registers, as well as the interface,
must be reset before more data can be read from the converter.

If certain logic conditions exist in the interface the device tihing error
flag is set, indicating a hardware.féhlt. An API 0 request is iSsued and control
is transferred to the interrupt service routine, as before. Consequently the
interrupt service routine must test for.the source of the interrupt, by deter-

mining the status of both flags. If a device timing error has occurred, a

message is typed at the control teletype and recovery procedures, unique to each

s B e Y R
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handler, must be performed by the operator. Both interrupt flags are cleared
before the final exit from the interrupt service routine.
In the following sections the I/0 handler and the I/0 service routine
developed for the analog to digital converter are described in detail.
4.3.1 ADC.
Program type - I/O-handler
‘Source language - MACRO
Called by - DLOG2
Subroutine/function call - IOPS4, IOPS6
Size - 135, o ’
A Program requirements - analog to digital converter, control teletype,
API 0,'15/20 monifor, external encode commands
Listed in - Appendix
Binary file stored in - .LIBR system library file on system tape KMi5+ADC
Call statements - system MACROs
Summary
The form of I/0 handler ADC. is consistent with the advanéed software

system manual. The CAL handler interprets all system macro calls made by the

user program and passes the CAL address, in the accumulator, to the first word

of the handler. The parameter list of the system macro contains an argument
which permits dispatch to the correct portion of the handler. The following
system macros are legal: ,INIT, .READ, .WAIT, and .CLOSE.; macros other tﬂ;n
these are either ignored or generate IOPS 6. When .INIT is called, the program
segment ADINIT is executed. In this program segment a special monitor subroutine
is called which sets up the address of the I/0O interrupt handler in the channel

register associated with the device. A standard buffer size is returned to the
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MACRO parameter list and the handler busy flag is cleared. .READ must be issued

every time that a set of samples is to be transferrcd tc core. The action of

L

this MACRO is to execute program segment ADREAD. ‘The handler busy flag is

gt D ho it s AT e ST S G

tested and if it is already set the READ is ignorod, othermvise the busy flag

is set and the word count and current address registers arc sect up. Interface

PRIV TN RN DR T

initialize is requested before the handler finally debreaks and returns control
to the main program. All CAL handler requests are handled at API level 4.

The handler waits for an interrupt signifying that data have been .

KA s

transferred from the converter and that the word count rugister has overflowed.

N

While waiting, the mainstream program can executc a Jdoop or a .WAIT macro may

2 3
i

Foid
2

5 be used to perform the same function. Finally thc overflow flag is set and ‘
an interrupt at API level 0 is requested. Control is passcd to the I/O interrupt i

service routine whose address, ADINT was set up in the channel register, or o

trap address, during the initialization routine. The program checks that the

2 source of interrupt was the overflow flag, in which case the busy flag is

3 . cleared and a debreak and exit is performed to the interrupted address. If

oY the device timing error flag is set, an irrecoverable IOPS 4 error occurs and

"a message is- printed at the control teletype via the resident monitor IOPS

‘routine. The .CLOSE macro serves merely to clear the handler busy flag.

P~ "% 4.3.2 Summary of 15/20, analog to digital converter handler calls

-A. System : -
.a. "Advanced monitor software system i
b. 'System library, LIBR
'c; Multicycle data break

d. Word count in location 268, line buffer address in 278

e. API 0 and channel register 178
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‘ng B. Functions
% 1. INIT
% | e a. Return standard.buffer size 3016
| b. .SETUP API channel register 178
2. .DLETE ignore
.RENAM ignore
% .FSTAT ignore
i 3.. .SEEK | ignore
i 4. .ENTER illegal function
?f - 5. .CLEAR " illegal function -
E; - 6. .CLOSE , ignore
%‘ 7. .MTAPE ignore
© - .10. .READ
.ii a. set busy flag
‘gf o o b. busy loop if busy flag already set
?? c. set word count and buffer address
;ﬁ d. issue.IOT to initialize interface
_%ﬁ e. free run mode: 10 psec wait, or wait until encode
ﬁgg | command, -from time of exgcution of IOT
| 11. .WRITE illegal
12. .WAIT, .WAITR . o )
?éﬁ a. check I/0 underway
éﬁ (1) busy: return to CAL address (.WAIT) or to address

in CAL+2 (.WAITR)

(2) nonbusy: return to CAL+2 or CAL+3 (.WAITR)

13. ..TRAN illegal function




C. Legal data modcs

1. Dump mode (no header word pair). Stores data in two's complement

form, nine bits plus sign, right hand justified, one per word,
in line buffer.
D. Program size - 1648
E. Unrecoverable errors
1. 1Illegal function IOPS6
2. Device not ready I0PS4
F. Processing of interrupt
1. An interrupt at API 0 occurs if either the word count overflows
or a device timing error occurs. ’
2. The busy flag is cleared.
3. If the overflow flag is set then it is cleared and the normal
‘exit executed.
4, If the device timing error flag is set it is cleared before

a call to IOPS 4, as an irrecoverable error.

4.3.3 1/0 service subroutine for 15/30 foreground

Program type - dedicated subroutine
Source language - MACRO
Called by - DLOG4

Size - 508

Program requirements - 15/30 BFKM + ADC system tape, background or
foreground, and an HP5610A analog to digital converter

Listed in - Appendix

Call statement - JMS ADINIT
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Summary

The design philosophy behind the development of this I/0 service routine,
was for.avprogram to input data from the analog to digital converter and output
it to DEC tape while using the smallest amount of coré possible. The program
should be sﬁitable for foreground use while leaving sufficient core for useful
operation of the background in a 16K environment. The result was a dedicated
handler, or I/0 service routine for the analog to digital converter which used
only 508 core locations, in contrast with the I/0 handler ADB. which uses 3}68
core locations. Further savings of core were achieved by making the subroutine
call as simple as possible and appending it to the main program, thus avoiding
linkage addresses and complex parameter passing proc;dures. When the call
statement listed above is issued in the main progrém, the program segment ADINIT
of the I/Olservice routine calls the monitor .SETUP routine and establishes a
JMS* ADINT in channel register 17, to the interrupt service routine. The word
count register [268] and the current address register [(278)] are set up énd the
"Initialize Interface' IOT issued beforg return to the main program, which

is then free to relinquish control to the background.

The interrupt service routine processes all interrupts as real-time requests,
agd.issues a new "Interface Initialize” 10T, as follows.

When an interrupt, at API 0, is passed to the interrupt service roﬁtine
the'word'count overflow flag and the device timing error flag are checked. 1In
the case of a word count overflow control is passed to the real-time processor
and the real-time subroutine is executed at API level 5. If is up to this

subroutine to reset the word count and the buffer address. If the device timing

error flag was set, control is passed via the real-time processor to a second

real time subroutine which issues a device not ready message at the control
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teletype. In both cases the interrupt flag is clecared and control is returned
to the interrupted address. A device timing error is irrecoverable. This sub-
routine may be better understood in conjunction with the main program DLOG

described elsewhere.

4.4 Data Logging Programs

The programs described in this section requirc different I/0 handlers or
I1/0 service routines. Yet certain fea%ures are common to them both. The
object is to input and store data from the analog to gigital converter in a
real-time environment. The form in which data are stored on DEC tape is similar

in both cases and the same minimum time requirements apply.

Data are input from the analog to digital converter in 2610 word groups,

‘timed externally through the analog to digital converter as described in Chapter

3. Data are output periodically to DEC tape in file oriented, DUMP mode. The
program aufomatically assigns the file DATAFnDAT, where n = 1, 2, etc.; it cannot
be over written without a positive command from the operator. If a file of a
given file name is present, the operator may choose to increment n and thus
create a new file. _

The sampled data from the analog to digital converter are composed of 9
bits plus sign. On input the least significant bit is removed and the remain-
ing 9 bits are packed {nto an 18-bit computer word. An identification sequence

number is attached to every group of 26 0 data words which are packed into 14,

1
18-bit, computer words. (See Table 4.4.) The 14 word groups, or sample sets,

are stored sequentially in a 252 ring buffer. One of the programs described

10

in this section uses two ring buffers, which increases the throughput rate

since data may be written into one while the other is being output to DEC tape,

though it increases the core requirements of the program considerably.
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TABLE 4.4 Format of packed data (one data set)

18 bit computer word

' ' . 1 IDENTIFICATION NUMBER

i
. 2 Noise 1 ~ Noise 2 ‘ |
e |
3 3 Noise 3 Noise 4 :
i 4 Data 1 - Data 2

5 Data 3 Data 4.

6 I Data 5 Data 6

H 7 Data 7 Data 8

C 8 Data 9 Data 10

o 9 Data 11 Data 12

48 9 Data 13 Data 14

11 Data 15 Data 16

12 Data 17 Data 18

- 13 Data 19 Data 20

14 ' Data 21 0
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The main iimitation to the throughput rate of the system is the speed at
which a 252 word data buffer can be output to DEC tape. DEC tape is organized
in 25610 word blocks. In file oriented mode evefy fifth block is written.

Each call for a write to DEC tape causes one DEC tape block to be output. The
programs described in this section align the DEC tape blocks by initially writ-
ing two dummy blocks on to tape. In this way a minimum time delay is incurred
each time a block is written. The DEC tape spins after every 18 sets of data
are input from the converter. At the standard data colle<tion rate this is

once every 18 seconds.

+P will close the current file and restart the .program whenever typed.
When a file is closed, a coded number is added as the last data point and this
signals the retrieval program (DUMPR) that an end of file has been reached.

Both the programs include the TIMER routine. With this facility the
length of a data run may be automatically controlled by the computer. When
bit 0 and 1 of the data register on the computer console are set, the remaining
data switches are assumed to indicate the maximum number of data sets to be
recorded. The switches must be sét to a binary number larger than the nearest
decimal integer multiple of 18 which is greater than the number of data sets
required} The data switches will then be interrogated every time data are output
to DEC tape until the required condition is meet. At this point the 4P routine
is automatically entered. ' -

w--

4.4,1 DLOG2

Program type - Mainstream

Source language - MACRO

Subroutine/function calls - system MACRO calls to the 15/20 ADC handler
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Size - 1365,
. Program requirements - 15/20 KM15+ADC system tape, control teletype, DEC
tape unit 4 .. ‘
Listed in - Appendix .
Summary
This program operates in the 15/20 environment and utilizes the design
consideration discussed in Section 4.4. Two ring buffers are used for input
of data from the converter and the TIMER option is included. A thirty-minute
data run may be obtained automatically by setting the data switches on the
computer console to 6034208; “
The program uses the handler ADC which is assigned by default to .DAT"
5. Output is to DEC tape on DEC tape unit 4 which is assigned, by default to
.DAT 2. _
4.4.2 DLOG4
Program type - Mainstream
Source language - MACRO
Subrbutine/function calls - B/F I/0 service routine
- Size - 12348
Program requirements - BFKM + ADC system tape, control teletype, DEC
tape unit 4, default assignments for foreground use |

Listed in - Appendix ' -

Summary

This program follows the design considerations discussed in Section 4.4
and uses one ring buffer and the I/0 service routine to keep core requirements

to a minimum. The TIMER option is present.

53
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Before loading, the foreground commands MPOFF and SHARE should be given

at the foreground teletype if the operator desires to use the background facility
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to the full. Data input from the converter to core is inhibited during data
output from core to the data tape. This limitation is not relevant at the normal
throughput rate, bﬁt as the throughput is increased a point will be reached
where data are lost. When this program is executed there is sufficient core

I available to run the majority of the utility programs in the background.

, 4.5 General Data File Read Programs

; 4.5.1 WLOGL : -
Program type - Mainstream

Source language - FORTRAN

Subroutine/function calls - DREAD, DINIT, DUMPR

Program requirements - assign the data file DEC tape unit to .DAT

k: slot 2

K

K Listed in - Appendix
E: -

A Summary

WLOG1 checks the contents of a user specified data file of the form

generated by the programs described in Section 4.4 and prints at the teletype

- all the data points which correspond to a given partial-reflection height.
2 Output is millivolts units.
4.5.2 WLOG2

Program type - Mainstream ' : Py

Source language - FORTRAN
a;ﬁ“ Subroutine/function calls - DINIT, DUMPR

Program requirements - assign the data file DEC tape to .DAT 2.

Listed in - Appendix
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Summary

This program prints the contents of a user Spécified data file whose format
conforms to that which is described in Section 4.4. The complete contents of
the data file are output in decimal coded binary integers.

4.6 A Program to Calculate Electron Density Profiles

4.6.1 PROC2

Program type - Mainstream
Source language - FORTRAN
Subroutine/function calls - DREAD, DINIT, DUMPR, ELbEN, EMED2, AVERAZ2
Program requiréments - assign data file to DAT slot 2
Summary
.This program processeé'data stored on DEC.tape to produce an electron-
dénsity profile in the height range 60-90 km at 1.5 km intervals. The output

also provides extraordinary to ordinary amplitude ratios at each height processed

averaged over 90 samples. Collision frequency profiles derived from rocket

~ measurements are used in this program (Lodato and Mechtly, 1971). The user

must supply the name of the data file to be processed, the heights for which

output is required, a minimum acceptable signal-to-noise ratio and a maximum
acceptable noise level.
The data are suppiied in sets of 25 words, the first 4 words represent a

noise measurement and they are averaged to produce a mean noise level for the

‘time at which the data were collected. The remaining 2! words of data correépond

to amplitudes reflected from the D region. Ordinary and extraordinary data sets
are stored alternatcly on the DEC tape.

Results are printed to three significant figures, which represent the limit

of sensitivity of the¢ analog to digital converter.
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4.6.2 DREAD

Program type - subroutine

Source language - FORTRAN

Called by - PROC2, WLOG1
Subroutine/fuﬁction calls - DUMPR
Size - 425,

Program requirements - See DUMPR
Listed in - Appendix 1 ‘ .

Call statement.- DREAD(II,MIN,A,BMEAN,IERR, ID, KEOF)

This subroutine obtains three words of data from each data set stored
on DEC tape in the manner described in Section 4.4. The first word of data
is the sequence number associated with the data set,_the second is the mean
of the four noise samples associated with the same data set and the third is
the data associated with a particular height at which data were sampled. In
addition, a flag is raised if an end of file character is detected. A test is
made for negative data, if a negative datum point is detected a message will be
printed at the control teletype. Two conditions will give rise to a terminal
error, in which case control will be passéd to an assigned statement number.
The most important condition is detection of a sequence number which is neither
consecutive nor the end of file character. A terminal error will also occur
if a datum point is requested which is greater than the maximum number of datum
points recorded. Output is an array of datum points in millivolt units, each

representing the same recording height and each obtained from consecutive data

sets.
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Symbol List

: I1 - number of data sets to be read on input; 6n_output the number of
data sets read |

MIN - the height code, 1-21, plus 5

A(I1) - On output this contains the data in millivolt units referenced

by MIN

DMEAN(II) - the mean noise level for a given data set
IERR - the assigned statement number for terminal errors
ID - on output this contains the sequence number of the last data set
-
read

KEOF - end of file flag

4.6.3 DUMPR

Program type - subroutine
Source 1anguége - MACRO
Called by - DREAD, PROC2
Subroutine/function calls - system macro call to DEC tépe handler
Size - 5628
Program requirements - the data file DEC tape should be associated
with DAT slot 2
The DEC tape handler DTD may be used
Listed in - Appendix ' - ' ‘ -
Call statement - DINIT
| DUMPR (IDAT,NEGF)
Sumnary
The first call should be made from the main program to DINIT. This indicates

to the linking loader that the subroutine should be loaded. The main call is

s 7 L il R SRR 3
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to DUMPR and causes one 2528 block to be read from DEC tape to a ring buffer.
The subroutine unpacks data which were packed as described in Section 4.4, and
outputs 2610 integer words into an array each time that it is called. The 26

words output have the following format:

Word 1 - ID ﬁumber

; Word 2 - 5 - noise samples

g Word 6 - 26 - data

If a negative word is read, a flag is set. ’ .
:ﬁ Symbol List

i IDAT(26) - the contents of one data set stored on DEC tape

! NEGF - a flag which is set if a negative number is detected

“ 4.7 NCALC |

Y -

Program type - mainstream

Source language - FORTRAN

DD
in o aal Lt b
S EREY AR L L S

Subroutine/function calls - ELDEN
Program requirements - stored on the partial-reflection tape and

interacts with the control teletype

; Listed in - Appendix
.gf Summafz

This program was developed to investigate the behavidr of the function
ELDEN; it requests the following data at the teletype: -~

1. the height interval

2. the extraordinary to ordinary amplitude ratio at the lower bound

of the height interval

3. the extraordinary to ordinary amplitude ratio at the upper bound

of the height interval
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4. the collision frequency at the lower bound
5. the collision frequency at the upper bound
The output is the calcglated electron density. |
The following rules should be borne in mind when using the program.
1. All input quant;ties arc real numbers and a decimal pqint mﬁs;
be typed. |
Each input quantity must bé followed by a céfriage return.
The height interval must be in kilome?er units:
The collision frcquency'is assuﬁed tolbe times 107.
The height interval will normally only be fequested once, to return
té that point in the prograﬁ reply fo all dafa requests witﬁ a

carriage return.
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5. RESULTS AND DISCUSSION

Figure 5.1 shows typical A-scan photographs of the ordinary and the extra-
ordinary'pértial reflections. The horizontal axis represents time, or virtual
height. The far left vertical graticule corresponds to the center .of the trans-
mitted pulse. The scale is 100 psec per division, or 15 km per centimeter.

The center vertical graticule corresponds to 75 km. The data shown were recorded
at 1400 CST on April 28, 1970, by Reynolds (1970). Figure 5.2 shows electron-
density profiles deduced from rocket data obtained‘at Wallops Island, Virginia
(Mechtly and Smith, 1968); these are included for comparison purposes. The
ultimate measure of the validity of the experimental results must be as a ’
comparison with results obtained from a different method.

The Partial Reflection Automated Digital Data Logging system (PRADDL)
commenced operation in early 1971. Figures 5.3 through 5.14 illustrate the
results obtained on May 7, 1971 at solar zenith angles 60°, 47°, 36°, 23.5°,
34° and 50°. Data were collected for 25-minute periods and those data samples
which did not meet the S/N > l.S-criterion in the same two-second interval
were rejected. The data for each height were then averaged over the 25-minute
period. The averages'of the 25-minute groups were used to calculate the
amplitude ratio and the electron-density profiles. Table 5.1 presents the
number of data samples rejected vs. altitude for each of the data collection
periods mentioned above. Actually, 25-minute average values of A; and Ao were
separately determined at height intervals of 1.5 between 60 and 90 km; and
Figures 5.3-5.8 are in reality height profiles of K;/K; or IA /IA . The
electron-density profiles shown in Figures 5.9-5.14 were derived from the

corresponding K;/K; profiles presentéd in Figures 5.3-5.8, assuming an electron

collision frequency profile for equinox conditions (Lodato and Mechtly, 1971).
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. T T T S R T NGRS
L e Rt g b o i e e A S A 8 b e b AR L

B RS N e D ]

Y o
g
b
BREA:
Bt
s
178

iy
o
2o

i A N ANy

ALTiTUDE (km)

90| X

70

60
| 1

64

X =47°

O 1.0

20 30
A, /A, RATIO

Figure 5.4 Amplitude ratio profile. Date: May 7, 1971, Time: 8:25-8:50 CST.

T L qy.-\,\.:‘:;,ﬁ__g



65

90 X

X ~
X (
t = X = 36°
3 %

o g i

ALTITUDE (km)

~
@)
|

P
.
o 3
e
]
RS
N
7‘
i
o
:

Ay/Ag RATIO

Figure 5.5 Amplitude ratio profile. Date: May 7, 1971, Time: 9:27-9:52 CST.
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TABLE 5.1 Number of data samples rejected vs. altitude for
May 7, 1971. Times given are CST. Rejection
signal-to-noise ratio was S/N £ 1.5. Total number
of samples for each profile was 756.

1 Altitude  0825-0850 . 0927-0952 1147-1212 1330-1355 1500-1525
3 (km) x = 47° x = 36° - x = 23.5° X = 34° x = 50°
' 60 736 736 754 700 734
b 61.5 711 641 748 - 545 692 -
15 63 580 468 607 414 534
. . 64.5 406 364 458 . 323 414
9 C 66 274 © 289 365 225 331
G 67.5 181 247 304 140 - 257
3 .69 148 205 266 79 188
b - 70.5 116 192 252 69 150
E 72 109 199 228 67 132
3 73.5 . 109 190 249 63 119
'S 75 100 216 201 70 109
76.5 148 283 339 94 _ 114
78 186 321 437 132 115
79.5 196 346 579 196 - 153
81 234 388 668 71 203
82.5 335 485 706 453 264
84 418 545 724 565 289
85.5 445 606 730 662 320
87 . 440 620 728 | 662 - 348
88.5 415 627 730 642 413

90 430 684 715 601 512
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It is evident that a small error in the K;/K; ratio‘around the 60 or
85 km levels can cause larger errors in the computed electron density than
equivalent errors around 75 km, as demonstrated by Belrose (1970). Because
the method of determining the electron density is depeﬁdent on the difference
of the logarithms at closely spaced intervals, and because the Kg/Ka values
have some degree of uncertainty, the resulting error could be considerable.
The'agcuracy with which the KQ/KQ profile can be measured thus determines the
precision with which the electron density can be determined. For a given pre-
cision in the measurement of K;/Ks, the accuracy with which the electron density
can be determined depends strongly on height. .

Figure 5.9 presents the electron-density profile derived from the partial-

reflection experiment on May 7, 1971 (7:30-7:55 CST) for a solar zenith angle

‘near 60°. Comparison of Figure 5.9 with the rocket electron-density profiles in

Figure 5.2 reveals that reasonable agreement exists in the 67.5 to 82.5 km altitude
range. The poor agreemént below 67.5 km may be ascribed to the relatively large
number of Ao and Ax data samples rejected below this height. For example, of the
756 data samples taken at 60, 6i.5, 63, 64.5, 66 and 67.5 km, the number of
samples rejected was 745, 745, 728, 6%0, 581 and 482, respectively. It is quite
clear that below 67.5 km, the signal-to-noise ratio on this particular occésion
was unsatisfactory; this is further evident in the erratic behavior of‘thé Kg/KQ
profile below 67.5 km, as shown in Figure 5.3. Thus, below 67.5 km, small errors
in the K;/K; ratio cause larger errors in the computed electron-density profile.
The differential absorption is small below 70 km, under normal undisturbed
conditioﬁs at.middle latitudes, and the derived electron-density values are

critically dependent on small changes in the slope of the X;/K; profile.

Apparently, this profile is not determined with sufficient accuracy to give
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reliable electron-density data at low D-region heights. However, electron
densities are sometimes estimated assuming that the electron density at low
heights is proportional to the ordinary-mode echo.amplitude A, (Belrose, 1970);
The poor agreement between the rocket and partial-reflection electron densities
above 80 km may be attributable to uncertainties in the K;/Ké ratio above that
altitude. .That is, abové 80 km the K;/K; ratio is difficult to measure accur-
ately because it decreases rapidly to low values; and there is a minimum mean
ratio that can be measured because the Ax amplitude must be above the noise
level and the A, amplitude must be less than its saturation level.-

At times, there is a minimum in the electron-density profile in the height
range 80-85 km. The exact details of the electron—de;sity profile around 80-
85 km depend critically on the-;ccuracy of the K%/K; profile there. Minima
in the electron-density profiles sometimes appear near altitudes where the
occurrence frequency of partial reflections is é maximum. This suggests the
presence of steep gradients in electron density at discrete heights, which
are very persistent. Furthermore, iﬁ is po;sible that the steep ledge of
electron density, observed around 82 km.in the rocket electron-density profiles,
is responsible for the 'valley' in the electron-density profile around 80 km,
derived from partial-reflection data.

The A-scan recording technique represents the most basic method of pro-
viding'partial-reflection amplitudes. - For this reason it was used to determine
the validity of the PRADDL system. A gingle photographic record ;f the ordinary
and extraordinary amplitude profiles was compared with profiles obtained at

the same instant of time from the PRADDL system. The results are summarized

in Figure 5.15.
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6. CONCLUSIONS AND RECOMMENDATIONS

Lot
ey

The partial-reflection facility at the University of Illinois has been in

o ———T TR I S

;ﬁ existence since 1968, but the labor involved in reducing the experimental results
A A A

has not made it possible to operate on a regular basis for most of that time.

% The incorporation of an automated data logging and data reduction system has proved

? to be a first step in solving this problem. At present, amplitude data are ;

» |
‘g collected for 25-minute periods. An adéitional 15 minutes is required to calculate t

i an electron-density profile. ) : i
ié The chief conclusions of'this investiéation may be summarized as follows: j
;: (a) Below approximately 70 km, the electron columnar density is too %
.% small to permit the electron density profile to be derived accurafely

;: by differential absorption measurements, during undisturbed daytime

5? ' conditions at middle latitudes;

ig (b) The lower altitude limit of the electron-density profiles (70 km) is

55 caused by the difficulty in measuring weak partial reflections with
‘ii sufficient accuracy to obtain reliable K#/K; and electron-density
~§ﬁ profiles;

B

(¢) Under normal, undisturbed conditions in the D region above Urbana, it

should be possible to determine accurate electron-density profiles

:S; between the altitudes of 68 and 80 km, approximately;

ﬂ (d) The upper altitude limit of the electron-density profile (80 km) is

i established by the decreasing accuracy of the K;/K; values with
incréasing altitude;

(e) The percentage error in the computed electron-density profiles

increases very rapidly at lower levels, because the D-region electron

density decreases rapidly with decreasing altitude;
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It is essential to determine the slope of the K;/K; profile much

more accurately at low and at high D-region altitudes than at alti-
tudes around 75 km, for the same sensitivity in measuring a given
electron density;

Preliminary study reveals that minima at certain heights in computed
electron—densiﬁy profiles tend to be associated with a high occurrence
frequency of partial reflections near these heights. It is possible
that the steep gradient observed in the rocket electron-density pro-
files near 82 km is responsible for the minimum observed at times

in the partial-reflection electron-density profile.
o

Recommendations for future work include the following:

Higher transmitter power would improve the signal-to-noise ratio

for both ordinary- and extraordinary-mode partial reflections. This

~

would reduce the number of rejected data samples below ~70 km and

thus improve the accuracy of the K;/K; profile there;

Another possible solution at the low D-region altitudes is to assume
that the electron density below ~70 km is approximately proportional
to Ao; -

Further study is needed of the relationship between electron density
minima and a high occurrence frequency.of partial reflections at
certain altitudes; _
Implementation of a differential phase measuring system would permit
the estimation of electron densities at the upper D-region altitudes
where Faraday rotation of the partially-reflected waves occurs. The
Adifferential phase method suggested by Von Biel, et al. (1969) would

provide an independent measure of electron density in the upper

D region.
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,f CRIBPBREFORPROPORIDIBPEFOPIDOODOLODRBIDEOGEDEIPLOPIBOOOPIDOIOAIEERINGN
% c THIS FUNCTION ACCEPTS AN ARRAY AXBYAO!

5 c AXBYAO(l) - ABSORPTION RATIO AT LOVYER HEIGHT

g c AXBYAO(2) - ABSORPTION RATIO AT HIGHER HEIGHT

3 c - ALONG WITH COLLISION FREQUENCY AT THESE HEIGHTS, GRU(!),BNU(2),
oy c AN AVERAGE ELECTRON DENSITY AT THE MEAN HEIGHT IS CALCULATED,
. c DELTAH - HEIGMT INTERVAL

o c THE METHOD USED IS THE QUASI-LONGITUDINAL APPROXIMATION

e c OF SEN-WYLLER. THE IONOSPHERE IS ASSUMED TO BE SLABS OF

: c CONSTANT ELECTRON DENSITY,

; CHRRRERAGHAZRIREBOILINEPORRIPEODLAERBIARRINEEIGRORORDONPIPIPIGINIOAORE
g FUNCTION ELDEN(AYBYAO,GNU,DELTAH)

3 DIMENSION AXBYAO(3) ,RXBYRO(3),RX(3),R0(3),GNU(3),RATIO(3)

3 c APPROX INTEGRAL PARAMETERS

; A4=2,3983474E~2

: A3z1,1287513E+1

1 A2:1,1394160E+2

. A1=2,4653115E+]

3 B6=1,8064128E~2

B5:9,3877372
BA=1,4921254E+2 ' .

P : B83:2,895888SE+2 ; .

E ; B2:1,2049512E+2

pe ; B1:2,4656819E+1

3 : D3=1,1630641

44 d D2:1,6901082E+1]

3 : D1=6,6945939 *

i E5=4,3605732

i ‘ E4z6,4093464E+]

95 E3=6.8520505E+]

3 E2:3.535525 TE+1

s E1=6.6314457

A - AXBYAO(3)=8

e c GNU(3) IS MEAN COLLISION FREQUENCY AT THE INTERMEDIATE HEIGHT
4 c CALCULATE C INTEGRALS AT BOTH HEIGHTS AND FOR AVERAGE GNU

o DUM=GNU ([)+GHU (2)

4 GNU(3)=8,5=DUN

g DO 22 K=1,3

N 0=(2,59614E+7) /GNU (X)

P X=T.3886E+6/GNU (K)

K CTN=O0* (0% (0% (O+A1)+A2)+A3)+AA

b CTD=0% (0% (0% (0% (0% (048 1)+B2)+B3)+B4)+B85)+B €

3 CTO=CTN/CTD
-4 CTXNZX* (X* (X¥x (X+A1)+A2)+A3)+A4

4 CTXD = X% (X¥ (X* (X% (X*(X+B1)+B2)4B3)+B4)+B5)+B6

g CTX=CTXN/CTXD
CFO=(O*(0O%(0+D1)4+D2)+D3) /(0% (0% (0% (0% (O+E 1 )+E2)+EIJ)+EA)+ES)
CEX=(Xh Xk (X+D1I4D2)4D 3D /(X ( Xk (X% (XR (X+E 1) +E2I+E3I+EA)+ES)

c CALCULATE RATIOS
RXC(K)=SQRT((XXCTX)*x%24 (2,5*CFX) %%2)
ROCK)=SQRT (O TOI**2+ (2 ,S*CF 0 )*%2)

- gl RXBYRO(K)=RX(X) /RO(X)

# RATIO(K)=AX3BYAO(K) RXBYRO(K)

22 CONTINUE -
e c CALCULATE FD FROM FINAL BALUES OF DO LOOP ' -
o FO=(5,%3,1824E+34CF0)/(4,%3,BE+8+GNU(3))
N FX2(5,%3, 1824E+34CFX) /(4. %3, OE+B*GNU (3))
R FD=FX=FO
X c ELECTRON DENSITY AT MEAN HEIGHT
o gégﬁg;ALOG(RATIO(I)/RATIO(2))/(2.*DELTAH*FD)

s END




+TITLE DUMPR 84

/ READ, DUMP MODE FROM DECTAPE ON .DAT 2%

/ FILLS 252 DEC WORD BUFFER AND OUTPUTS 26

/ WORDS TO ARRAY IDAT EVERY TINE CALLED,

/ THESE ARE UNPACKED FROM {4 WORDS OF THE BUFFER,

/ IDAT: WORD | I.D. 4
/ VORD2~5 ROISE SAMPLES
/ YORD6-26 DATA
/ NEGF: SET IF A KEGATIVE NUMBER READ
' +GLOBL DUMPR, .DA,DINIT
«I0DEV 2
DINIT 2

JINIT 2,8,DINIT
JMPx» DINIT

o b ok MR N e S e A g

DUMPR @
3 JMS* .DA /PICKUP ADDR OF ADDR
4 gnp o+3 /0F ARRAY
3 A
A FLAG 8 /SET ON WEG #
Rk LAC* A
) DAC A /ADDR OF ARRAY
LAC 13 /OCTAL #
: DAC COUNT#
K LAC* POINT
k SAD SIX /END OF BUFFER?
SKP
Jmp LBB
_ LBA LREAD  2,4,BUF1,232 ‘
< JMAIT 2 -
5 LCA 1s2 SWITC  /READ TWOD DUMMY BLOCXS
JMP LBA )
LAC -3
B pAC SWITC :
g LAC (JupP LCB “
3 DAC LCcA
i _ LCB 1s2 POINT
E LAC* POINT
A DAC POINT  /POINT TO BUFI
;‘ LBB LAC#* POINT
A . SAD SEVN /END OF FILE ID?
. Jmp ENF
o LACS POI NT
3 - DAC* A
k : LooP 1sz A
R _ 1s2 POI NT
.. Jms UKPAC
. : LAC HI
e DAC* A
N 152 COUNT
K5 SKP
A Jnp ourt
e 152 A
£ LAC Lo
kL DAC* A
i JMP LooP
3 ouT 1s2 POINT
Y . JHP* DUMPR
SVITC 71171175
«DEC
BUF! LBLOCK 282
S1X 66666
.DSA BUF1
SEVN 77717
.0CT
- POINT  ,DSA SIX : - )
e HL 2 -
8 /emeecamecsconmocan cecccceconccccnccnccenacanna
RY / UNPACK TWO DATAPOINTS FROM WORD STORED ON
k2 / DECTAPE
T unpac @
ol A . LAC* POINT
Yy AND (400m28 /SIGN OF HI?
- -SAD CLLLEL
Y Jnp HIMINUS
g DZM* FLAG /CLEAR FLAG
RS LAC* POINT
Y AND €777098 /H1 1S POSITIVE
S - JREPT &
4 CLIIRTR
4 Jmp STOR1
A HIMINUS LAC* POINT  /TW0OS COMP NOTATION
43 . DACs FLAG /SET FLAG

AND (777000




. : N 85

LREPT 4

3 CLLIRTR

3 TAD (7760280

% STOR1  DAC H1
i LAC* POINT

3 _ AND (408

4 . SAD €400 /S1GN OF LO?
2 JMp LOMI NUS

S LAC* POINT

3 AND 177 /MASK LO
3 CLL IRAL

I - JMP STOR2

& LOMINUS LAC* POIL NT
E . DAC* FLAG /SET FLAG

3 AND 177

b CLLIRAL

A TAD (176080
STOR2  DAC Lo

{ JMP% UNPAC
4 / END OF FILE ROUTINE

: ENF LAC (SIX

3 DAC POINT  /ADDR OF SIX

3 LAC SEVN

DACx A

, LAC (ISZ SVITC : .
B DAC Lca B ‘
" . «CLOSE 2
2 JMPx DUMPR
H +END

COIIIIPIOLHODGOIIIIOOOO0E00008FFI0IPOOOIIDCPOFOGO0E80
C DREAD TRANSFERS DATA Frgy DECTAPE TO CORE, THE DATA 18 ASSUMED
C TO BE IN 26 WORD SETS. Ty FIRST WORD OF EACH SET IS Af
C ID NUMBER,THESE ARE CONSECUTIVE ELSE A TERMINAL ERROR OCCURS,
C IF AN ID OF 77777 IS DETECTED, IT 1S ASSUMED TO INDICATE
C AN END OF FILE AND Il IS SET TO NEAREST LOWER EVEN INTEGER
C (0 MODE SAMPLE SET), KEOF IS RAISED,
C SUBROUTINES CALLED$ DUMPR
- c 11 # SETS TO BE READ
C MIN HT OF INTEREST, HTCODE+S
C ACIIY) OUTPUT, MILLIVOLT UNITS, AT THE KT REFERENCED BY MIN
C SMEAN(CII) MEAN NOISE LEVEL FOR GIVEN SET
C IERR ASSIGNED STATEMENT # FOR TERMINAL ERRORS
c Ip SET SEQUENCE #
C KEOF END OF FILE FLAG
CHRERBRRESNNGRRINIRBIROORARINSRRNERNCRBARENRIRIINISI IR
SUBROUTINE DREAD (11,MIN,A,BMEAN,IERR,ID,KEOF)
DIMENSION A(1),BMEANC1),IDAT(26)
IF(MIN,GT.26) GO TO IERR
KEOF =@
ISWIT=0
DO 200 ISET=1,1I
CALL DUMPR (IDAT,NEGF)
C CHECK ID CONSECUTIVE
IFCID-IDATC1)+1) 10,15,18
C CHECK FOR EOF
12 IFCIDATC1) .NE.T7777) GO TO IERR

c E.O.F.
I1=(11/72)%2
KEOF:=1
GO TO0 2182
15 ID=IDAT ()
IF (ISVWIT) 48,20,4¢ -
20 IF (NEGF) 38,400,389 i - -
32 ISWIT=1
C NEGATIVE NUMBER HAS BEEN DETECTED
WRITE (6,35
35 FORMAT (1X3RHAT LEAST ONE NEGATIVE VOLTAGE RECORDED)
an ACISET)=IDAT(MIN)I*1020/5] .
C GET MEAN NOISE
Sum:z=p

DO 137 JEL=2,5
S=IDAT(JEL)

SUM=S+SUM
132 CONTI NUE
BMEANCISET)=SUM*103, /{51 .%4,)
7 222 CONTI NUE .
) 210 CONTINUE

3 ' END




A

CAURRROIRRBOECCPRICEICIRIOONOINEDIP00ERI00RROODOCLIEOOFICTIO0NA 86

- c FUNCTION DECOD ACCEPTS AN ARRAY X AND DECODES LOCATIONS
_£ c 1+1 THRU I+4., IT THEN DECIMALISES AND SUMS TO PRODUCE
Y ¢ ONE REAL NUMBER,
CORRRNBRBOIDERGBPEOEOLINIINIPRECHIDINNINIRORIPPECPRIGPIECRIEFERI I
E FUNCTION DECOD (X,1)

3 DIMENSION X(4),Y(4)

MAZ(I=1)%4

& DO 50 K=1,4

i ME=MA+X

BE IF (X(ME)=~32,) 20,192,208

P 12 Y(K)=@

4 GO TO %0

20 IF(X(MEY-16,) 38,403,490

3 3n Y(K)=X(ME)

3 : GO To 3@

E a0 Y(K)=X(ME)-16,

¥ 59 CONTI NUE

. DECOD=18,sY(1)+Y(2)+0,1%Y(3)+A,81%Y(4)

; ' RETURN

4 END

CORERIRRBOLOCOTHOOOCHINPIOIRINCONDODIBIOOOROOFININIOCIOE0IOINIIIIIY

c RDCHEK = CHECXS ARRAY IR,

c INVDCT SIZE OF INR.

c J NUMBER OF FOUR DIGIT GROUPS.

C LAST ELEMENT OF INR IS AN END OF LINE XTER (128). ‘
c IALRED EXIT TO THIS ADDRESS WHEN-END OF TAPE

c ENCOUNTERED - 38 BLANK FRARES,

c IABORT EXIT TO THIS ADDRESS IF TERMINAL PRINT ERROR

c RDCHEX EXTRACTS FOUR FRAMES OF DATA FROM EACH GROUP OF SIX
c
c
c
c
c
c

FRAMES OF DATA WHOSE FIRST ELEMENT IS A SIGN AND WHOSE
. LAST ELEMENT IS AN END OF LINE, IF EITHER IS MISSING .
THE DATA CAN STILL BE EXTRACTED. INTERMEDIATE BLANKS ARE IGNORED
X . ON EXIT, THIS ARRAY CONTAINS THE FOUR WORD
GROUPS.
FRAGRRAROROOCAO00008000060000CPRITIEICOOOLL00EPPRINCICOESINIINIECENIS
SUBROUTINE RDCHEK(INR,X,J,INUDCT,IALRED ,JABORT)
DIMENSION F(38),IMR(1),X(1),TEMP(20)

c INTEGER TO REAL CORVERSION,
DO 5 I=1,INWDCT A ’
~ FADSINRCD
S CONTINUE
J=@
IF(INUDCT-30) 30,10,18
19 DO 26 1=1,38
c CHECK FOR END OF TAPE
c 3@ BLANKS
IF (F(I)) 13,28,15
15 WRITE(S,16)
16 FORMAT (2X21H30 FRAMES, NOT BLANKS)
GO TO 408
20 CONTINUE
. GO TO IALRED
c EXIT FOR END OF TAPE CONDITION
ia IF (INVDCT-6) 348,35,348
35 DO 38 L=t,4
Cc IF NO PUNCH ERRORS GET X AND EXIT
IDUM:z=L+J=%4
XCIDUMI=F(L+ 1)
IR CONTINUE
GO TO 188
c LOCATE AND CORRECT ERROR.THERE ARE GT 6 FRAMES IN F,
c LOCATE 4 DIGITS BETWEEN ANY PAIR OF SIGN-E.L,SIGN~SIGN,EL-EL.
349 WRITE (6,358) (F(K),K=1,INWDCT) -
350 FORMAT(2X6F6,8)
49 L=}
DO 1108 K=1,INVDCT
: IF(F(X))68,11M,68
(1) IF(F(K)-128,) 70,128,780
Cc IF FIFTH FRAME FROM AN EL OR SIGN IS A 32 THEN DISCARD
c FOLLOWING GROUP
72 IF(F(X)=32,) 74,72,74
72 IF(L-5) 74,272,744
272 IFLAGI=1
213 WRITE (6,274)
274 FORMAT (IXIBHSYSTEM RESET ERROR)
74 IFCFKI-112,) 75,88,75
c ASSUME NEG SIGN (64) IS PUMCH ERROR, TREAT AS POS SIGN,
7% IF (F(K)-64,) 93,88,50
€3 IF{R=-1) 148,110,149
c THIS FRAME IS A DIGIT TO BE DECODED,STORE IT IN X,
92 IDUM=z=L+J*4

Y (IDUMI=F (K)
LzL+1}




"o IF(L-6) 1in,l108,108 . 87
4 c IGNORE EXTRA FRAMES IN THE MIDDLE
- 100 WRITE(6,105)
i I 125 FORMAT(2X18HE.L., AND SIGN LOST)
5 GO To 488
. 110 CONTINUE
x WRITE(6,113)
B 115 FORMAT (2X24HNO E.L, I# INVWDCT FRAMES)
9 GO TO 4868
o 120 IF(L-4) 136,380,300
o 3r0 1DUM=4%(J+ 1)
B WRITE (6,38%) (X(K),Kzl,IDUM)
K 388 FORMAT (2XAF6.8)
4 GO T0 !RO
E c DATAPOINT LOST PRINT MESSAGE
P 130 WRITE(6,13%)
2 135 FORMAT (2X2THE.L, BUT LESS THAN 4 DIGITS)
] GO TO 408
3 140 IF(L-4)145,1%0,158
B 143 WRITE(6,146)
146 FORMAT (2X28H SIGN IN WRONG PLACE)
c'VCQII"ll..l"".'llt"0'.0"""0'i."l.!.."'OO"Q.."""""
3 c OPERATOR CORRECTS ABORT ERRORS,
;’:‘ c<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<(<>>>>>>>>)>>>>>>>>)>>>>>>>’>>>>>>>>>
i 409 VRITE(6,410)
i A10 FORMAT (2X16H HOW MANY GROUPS) .
‘READ(4,428) J ; .
420 FORMAT (L 4) '
" IF(J) 425,422,425 : -
R 422 G0 TO IABORT
y 4258 1DUM= x4
ks READ (4,438) (X(I),1=1,IDUM)
3 430 FORMAT (F8,®)
4 WRITE(6,43%) (X(I),I=1,1DUM) -
3 435 FORMAT (4F5.8)
i WVRITE(6,443)
E: 440 FORMAT (1X22HTYPE 8 IF 0,X., ELSE I)
3 READ (4,428) 1DUM
S 1F(IDUM)Y 408,182,460
; (A C LA (L LI KCL LI PP PP FP PP IEDIIBIIPPPIPPPIIIIPIPPEIIIIIED>
A . c PUSH UP LIST. REINITIALISATION,
ks 150 IF(IFLAG2) 152,154,152
e c . IF IFLAG2 WAS SET FHEN WRITE THIS GROUP OVER LAST GROUP
A c BECAUSE LAST GROUP WAS ERRONIOUS DUE TO NON-PRINTING EL,
R c AS SPECIFIED BY FLAGI
4 152 1FLAG2:-9
A GO TO 19%
. 1%4 NERES!
o 158 IDUH 1=K+
R DO 168 mzIBUMI, Il MDCT
fox IDUM3 = N=X
A TEMP (IDUM3)=F (H)
e 160 CONTI KUE
'%_ IDUMZ2 = I NWDCT =X
' DO 170 N=1,IDUM2

3 FCNI=TEMP(N)

P 172 CONTINUE

u INWYDCT=IDUM2
IFCIFLAGE) 171,174,171

FIere

171 IFLAG2: |
172 IFLAGI=@
174 GO TO 43
c””"l.'l,l00’!ll"”"lI"'.’"""”IO".""'...'I'l"
189 IF(IFLAG2) 182,181,1%2
181 JzJ+1 - )
182 IFLAG2:Q -
IFLAGI=®
RETURN
END

.TITLE PTCHAR
.GLOBL PTCHAR,PTON,PTOFF,.DA

.I0DEV 5
PTON ) /EP FOR INITIALIZATION
GO JONIT  5,0,60

LAC (SEVN

paC POINT

.READ  5,3,3UF2,52 /FILL BUFFER 2
- JmPx* PTON /RETURN
PTOFF @

L1NSE 8

JMp# PTOFF

PTCHAR 9 /T0 GET A PAPER TAPE XTER
- JMS* «NA /PICK UP PARM ADDRESS




JMP o+2 88

X .DSA )
LAC% POINT
SAD SEVN
JMp LBA ZIF AC =777177
LBB 152 POINT /BUMP POINTER
DAC% K /PUT VALUE [N PARM
JMPx PTCHAR RET
LBA 152 POINT
’ JYALIT 3 /1F NEVW BUFFER NOT FILLED
LAC%* POINT ’
DAC o+3 )
+READ 3,3,8,32 /SET OLD BUFFER ADDR AHKD ISBUE ,READ
152 POINTY
LAC* POINT
DAC POINT /SET POINTER TO NEW BUFFER
LAC% POINT
JMP LBB /T0 COMMON EXIT
.WT

BUF1 «BLOCK 64
SEVN 7777117
«DSA BUF1
«DSA BUF2+2
BUF2 «3LOCK 64

171717

.DSA  BUF2 , .

.DSA  BUFI+2 .
POINT  .DSA  SEVN , .

LERD

JTITLE SET

«GLOBL SET,PTCHAR,PTON,.DA
JERRERRRBAGIDREOOOOOROOEEBO00PPEIDIDGIRIPDBGO00005068000080CHEO0CNNIINEG
/ SUBROUTINE SET - STARTS PAPERTAPE READ AND LOCATES FIRST OCCUR
/=~ENCE OF CHARACTER °NC', °ND* 1S NOT USED. PAPERTAPE 1S READ IN BLOCKS
/0F 52 FRAMES INTO ALTERNATE BUFFERS, ON EXIT KC IS PREVIOUS CHARACTER,
IRPRBERGOORBEIONICEDO0OOO00CPRPIPOROOPIIRCICGIODODOODODOO00D000IPORPREIND

P PP
3 oy a S AEy R Ashan

SET 2

JMus= «DA

JMP t2+1
NC «D5A () /XTER TO BE LOCATED ON PTAPE.
ND ~ «DSA @ /NOT USED.

) JMS* PTON
LOOP JMS*  PTCHAR

JMP oH1+]
DSA FRAM /ADDRESS OF XTER READ FRGY PTAPE,
LAC FRAM
: SaD*  NC
5 JMP% SET
4 « JMP LooP
5 FRAM [}
K +END
CORPIENRIINGOECOITEIII0cIINEIRIOcesorInEssIODINaadsoosPiorOctesseieiieg
c SUBROUTIKE LREC - PLACES XTERS FROH PTAPE READ DUFFER IN
c ARRAY KK, ELEMENTS MMIN THRU NMAX. TRANSMISSION HALTS AT
c XTER *LC*, OR AFTER (MMAX-NMIN) XTERS, J 1S RETURNED

c AS NUMBER OF XTERS READ _
Cl'#ﬁll#llllll#l‘ll#ll'll#l"ll,l'l#’lllll'lll"ll"Illl"l'l'lll"ll'll

SUBROUTINE LREC (XK,LC,J,NMIN,NMAX)

DIMENSION KX(32)

DO 18 J= MMIN,NMAX

CALL PTCHAR (XX(J))

IF (KKCD-LC) 18,28,19 -

10 CONTINUE .
20 CONTI NUE o
3 RETUR N
K/ END

CREFPIEEIIIIIOIININGOODOFONONOINNICOIIIPIFOENIGP0000O0060000000 000
ELECTRON DENSITY AY 77,5 KM IS CALCULATED FROM GROUED BASED

c PARTIAL REFLECTION AMPLITUDE DATA RECORDED ON PTAPE,
c
c MAINSTREAM VERSION 1. READS | TAPE, OUTPUTS RESULTS TO TTA,

CHREBRBERRIORENIUINCHNPERNDIDFPIORCH IR IDNE R IEIP NI IERENIINSOO IR INED
DIMENSION IN(3%),0UT(16),A075(908),AXT5(900),A088(9R1)
DIMENSION AX83(9028),AVAO0T75(10),AVAOBS(1B) ,AVAXTS(I)
DIMENSION EMAOTS(1®),EMAOS@(1B) ,EMAXTSC10),EMAXEB(LIA)
DIMENSION AVAYROC(10), RA(3),RM(3),CFREX(3)
COMMON /BLOCKI /A0TS /BLOCK2/A088/BLOCK3 /AXT7S5/BLOCK4A 7a%X83
EQUIVALENCE (AO75(1),RA(1)),(A075(4) ,RM(1)3),(AD75(T),CFREK(1))
ASSIGN 160 TO NOMOR
ASSIGN 158 TO MESS

5 IRCOU= 1




1

3

i gt v Debie son

o

g Ty
e R

BRES
ke
kb

c IRCOU=NUMBER OF RUNS TO BE PROCESSED 89

DO 4088 KRCOU=1!,IRCOU

cw-nnnnw--uw--wu--u-n----n--n--n-w----u--n-----'n-nwuﬂw---w-.w-.--uu

Lo

c READS,CHECKS,DECODES AND CONTINUES WITH ABSOPTION ARRAYS, .
c EACH SIZE L, NFRAM IS NUMBER OF FRAMES READ DURING EACH 3
¢ READ TO EOL

PAUSE 1

CALL SETCI12,1)

L=1

NPTR:=0

INCD=112

PAUSE 2
119 CALL LREC(IN,128,NFRAM,1,38)

CALL RDCHEK CIN,OUT,J,NFRAM,NOMOR,MESS)

DO 148 I1=1,J

NPTR= NPTR+1

GO TO (131,132,133,134),NPTR
131 ADTS (L)=DEC 0D (OUT,1)

G0 TO 148
132 AO8A(L)=DECOD COUT, 1)

GO TO 1480
133 AXTS (L)=DEC 0D (OUT, 1)

GO TO 148
134 AX88(LI=DECOD (OUT, 1)

1F(L-980) 135,138,138 :

138 NRUN=10 , .

G0 TO 188
135 LzL+1 -

NPTR=@

140 CONTINUE

. a0 TO 118

150 WRITE(S, 15%) .
155 FORMAT (1X, THABORT 1)

GO TO 508
c-'-N---"'ﬂ-“.'-.ﬂﬂ'.-.--'..-n-ﬂ...'.--"'.."“.'.”.-..-.--.--‘"-"'."
¢ WHEN ALL TAPE IS READ CONTINUE HERE. CH R
€........ROUP RERD. PROPERLY PR L o
160 VRITE(6,161) L
161 FORMAT (1X4HL = ,14)

<~ IF (®TR) 163,178,163
163 LzL-1
170 CONTI NUE
¢ ABSORPTION ARRAYS NOW AVAILABLE
c'.'""".".'.'.I.'...'.'...l."".'.'.'.."."'."'.'.'...'.."'
¢ PDATA  NUMBER OF TWO SECOND READINGS
¢ AVAZZZ (D) 3 MINUTE ABSORPTION AVERAGES
¢ EMAZZZ (1) 3 MINUTE ABSORPTION MEDIANS
c ZVAVZZ(D) OVERALL AVERAGE
¢ IMEDZZ OVERALL MEDIANS
¢ FOR ZZZ READ O OR X AND 75 OR 88
¢ NRUN NUMBER COMPLETE 3 MINUTE INTERVALS
c'.'..'.l'."'."l"".".".."'.""'."".'.'.'."'."""""'.l.'
PDATA=L

NRUN=INT (PDATA/98.)
WRITE (6,175) NRUN
175 FORMAT (1X,7THNRUN = ,14)
c CALCULATE 3 MINUTE AVERAGES AND MEDIANS
180 TO0T07=0
. TOT08:=9
TOTX7:=90
TOTX%8=0
DO 220 I=1,NRUN .
NMIN=90%(I=1)+1 : -
NMA X=90%]1
AVAOTS (1)=AVERAG(AOT5 ,NMI N,NMAX,S0)
TOTO07=S0+TOTO7
AVAOBB(I)=AVERAG(AOSO,NMIN,NMAX,S0O)
TOT08=S0+T0TO8
AVAXT5CI)=AVERAG(AXTS ,NMIN,NMAX,S0)
TOTXT=TOTX7+50
AVAXB0B(I)=AVERAG(AXB3,NMIN,NMAX,S0)?
TOTX8=S0+TOT X8
EMAO75 (1)=EMED (AO75 ,NMIN,98,AVA0T3(1))
EMAOBB(I)=EMED (AO8A,NMIN,93,AVA080(I))
EMAXT?5 (1) =EMED (AX75,NMIN,98,AVAXTS (1))
EMAX82(I)=EMED (AX8@,NMIN,90,AVAXBO(]))
CONTINUE
CALCULATE OVERALL AVERAGE AND MEDIAN
RUN=NRUN
. DIV=RUNX9Q,
IDIV=NRUNXSO

bt

(e AN}
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OVAVT3=TOTO07/DIV 90

OVAVEB=TOTO8/DIV

XVAVTS=TOTX7/DIV

XVAVBB=TOTX8/DIV

OMED 75z EMED (A07S, 1, 1DIV,0VAV7S)

OMED 88=EMED (4088, 1,101V, 0VAVEE)

XMED 75=EMED (AX73, 1, IDIV,XVAVTS)

XMED 88z EMED (AX88, 1 , IDIV, XVAVSE)
c..'..'...".l.'l'.""..'.'!l".."'."....l'.'."..'.'..'....."
c CALCULATE ELECTRON DENSITIES AND ABSORPTION RATIOS AED
c PRINT WITH HEADING.

c".'."l.".."""'. [ AN .’.'""'......"..."""'..""""”

CFREK (13- 7. 084822 6%

CFREK(2):7.6E+521,13

DEL=5.6E+3
VRITE(6,310) KRCOU
310 FORMAT (16X, 1 1HRUN KUMBER ,13)
VRITE(6,326)
320 FORMAT (1X, 21 HTHREE MINUTE AVERAGES,2X,2@HTHREE MINUTE MEDIANS)
WRITE (6,338)
330 FORMAT (| X, 20HAX/
128HAX/A0" AX/A0 LEC 4 ,E&?SLA8§4 2888 AX7S AX86)
WRITE (6,348)

340 FORHAT(IX.Z[H 135 80 DENSITY ,2X,20H 78 .1 DENSITY)
DO 358 I:=1,NRUN .
RACI)=AVAXTS (1) /AVAOTS (1)
RA(2):=AVAXBB(1) /AVAOBB(1)
RM(1)=EMAXTS (1) /EMAOTS (D)
RM(2)=EMAXBB(1) /EMAOBS(D)
ELAV=ELDEN(RA,CFREKX,DEL)/(18,%%9)
ELME=ELDEN(RM,CFREK,DEL)/(18,%29)
WRITE (6,3453) RA(]1),RA(2),ELAV,RM(1),RM(2),ELME,AVAOTS(1),
lAVAOEB(I) AVAXT3 (1), AVAXBB(I)

343 FORMAT(IXFS 3 IXFSe3 g IXFTodydXF5.3,1XF3,3,1XFT44,4X4(F3.3,1X))
350 CONTINUE

MINZNRUN=%3

WRITE (6,368) MIN
360 FORMAT(//SXIBHOVERALL VALUES FOR,I4,11H H[NUTE RUNZD

RA (1)=XVAVT5 /0VAVTS
RA(2)=XVAVBB/OVAVES
RM(1)=XMED TS5 /OMED 73
~ RM(2)=XMED8A/CMED 883
ELAV=ELDEN(RA,CFREK,DEL)/(18,%%9)
ELME-ELDEN(RM,CFREK,DEL)/(18,%%9)
WRITE (6,345) RA(1),RA(2),ELAV,RM(1),RM(2) ,ELME ,0VAVTS,0VAVES,
tXVAVTS ,XVAVED

c END OF PRINTING
c
GO TO 4A@0
c
c ON ABORT CONDITION END
c
500 CONTINUE
400 CONTINUE
CALL PTOFF
G0 T0 S
STOP 1
END
CROBFICIINIRIRIOICIOIIIOIIRIRNICIOITINEOTONOINEONOIIPIIPIOIOOIIIS
c EMED CONSIDERS LCOUNT ELEMENTS OF ARRAY F STARTING
c WITH FLEMENT NMIN, AVE IS ANY GUESS AT THE MEDIAN,
CRFPABRBRIVINNOIFORIRFREININOIOROFRGNRIENINNRNRNOIERDRIOIONEVOIIIIONITS
FUNCTION EMED (F,NMIN,LCOUNT ,AVE) P
DIMENSION F(1) -
svalL:-=a . =
HVAL zAVE .
EMED =AVE
NMA X2 NMI N+LCOUNT =}
5 1Lcou:z=n
1HCOU=3
D0 27 [=NMIN,NMAX
IF (F(1)-EMED) 14,13,15
19 ILCOUzILCOU+!
GO T0 20
15 THCOU=THCOU+1
28 CONTINUE
IF(ILCcOu=-IHCOU) 34,90,40
c EMED IS TOO LOW
32 SVALzFMFD
GO T0 5¢
c EMED 1S TOO HIGH
14 IF(ILcoOu-IHCOU=-1) 45,90,45 A

45 HVAL=EMED




GO TO %8 . 91

c FIND NEW EMED BETWEEN SVAL AND HVAL
50 DO 8B I:=#MIN,NHAX
3 IF(F(1)-SVAL) 88,88,60
K 60 IF (FC(I)-HVAL) 78,88,88
5 70 EMED=F(I)
Y G0 TO S
“3 80 CONTI NUE
4 c IF NO EMED BETWEEN SVAL AND HVAL DO THE FOLLOWING
‘g EMED =HVAL
"4 .99 " CONTIHUE
4 _ RETURN
" ¥ END

CRIBFEOPOCIIOOIOIIGIPOIOODLGOOIIOIINICIORICIGODOPOPGOL0GES
Cc w0 LOVER LIHIT OF RASK
C wI UPPER LIMIT OF FASK
C NINT # OF INTERVALS
CA INPUT MATRIX
C NU SIZE OF A
C fFR OUTPUT MATRIX - FREQUENCY OF OCCURENCE OF INTERVAL
E CROFBRIFRROOPEIRFOOIPOTCOOESOCOLIORGEO0RROGNOO008FNOFPIIP
SUBROUTINE EHIST(WO,¥1,NINT,A,NU,FR)
DIMENSION A(1),FR(D)
XN=NINT -
Xz (WI=WO0)/XN P
DO 10 I=1,NINT . R
FR(I):=D,
19 CONTINUE
: DO 18 K=1,NU
IL=(ACK)=WO) /7 X+1 o
IF(IL.LE.O,0R,IL.GT,NINT) GO TO 108 "
FRCIL)=FR(IL)+!.0
180 CONTINUE
RETURN
END
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«TITLE ADC,
/EDITION !, EXTERNAL INTERRUPT CONTROLLED READ.
/PDP-15/28 SYSTEM
/ANALOG TO DIGITAL CONVERTER (HP 36104)
SACARPRONGIONRGOG0N
/WRITE INITIALISE
/SKIP ON W,C, OFLO
/SKIP ON DEVICE TIMING ERROR
/CLEAR OFLO FLAG
/CLEAR DEVICE T ERR
/READ STATUS TO0 AC
/BIT 15 OFLO
/BIT 16 T ERR
ADRA=T83 722 /READ AC, PROCESS CONTROLLED READ
/ APl LEVEL @, POSITIVE [/0 BUS, ¥.C. AT 26,
; BUFFER ADDRESS AT 27, TRAP ADDRESS AT 57,

ADWI=783724
ADS0:=7A3701
ADST=7083721
ADCO=703784
ADCT=703744
ADRS=7A3782

«GLOBL ADC,

+MED=3
ADC, DAC ADCALP /SAVE CAL POINTER
DAC ADARGP /AND ARGUMENT POINTER
1sZ ADARGP /POINTS TO FUNCTION CODE
LACH* ADARGP /GET CODE
182 ADARGP /POINTS TO CAL+2
TAD (JMP DSPCH
DAC DSPCH /MODIFIED JMP
DSPCH XX
Jwup ADINIT
JMP ADIGN
JMP ADIGN
Jmp ADERRE
JMP ADERRS
JmpP ADCLOS
JMp ADOK
Jmp ADREAD
JMp ADERRE
JMP ADVAIT
y JMP ADERR6&
ADERRA LAV 4
PN L a8
ADERR6 LAV [ /ERROR CODE 6
p JMPx (.MED+1 /10 MONITOR
ADINIT 1ISZ ADARGP /RETURN STANDARD BUFFER SIZE
LAC (38
DAC* ADARGP
152 ADARGP
SETUP CAL 37 /SETUP API TRAP ADDR 57
ADBA 16 /TW0 SKP IOTS
ADVC ADSO
ADINT
ADUND CAL 57
ADSAC 16 /SAVE AC ON INT
ADCOUT ADST /PC,L ,EX,MP
ADI NT
Lac Jur ADSTOP /OVERWRITE SETUP
DAC SETUP
ADSTOP DZM ADUMND /NON=-0 WHEN BUSY
ADWAIT LAC ADUND
SNA
JMpP ADOK
ADBUSY DBR . / 170 UNDERWAY LOOP
XCT o+l
XCT o+l
JMPx% ADCALP
ADREAD LAC ADUND /CHECK 1/0 UNDERWAY
' SZAICMA /BUSY FLAG?
JMP ADBUSY
DAC ADUND /N0 = SET BUSY FLAG
LAC= ADARGP /GET BUFFER ADDRESS
TAD (=] /DATABREAX REQUIRES ADDR-{
DACx 27 /NO HEADER WORD
DAC ADBA
1sZ ADARGP
LAC* ADARGP /GET WORD COUNT
DACx% (26
DAC ADVC
152 ADARGP /POINT TO EXIT
i ADVI /WRITE INIALISE
/ FRORARRROINRINS
/NORMAL RETURN FROM CAL

ADOX DBR
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XCT o+l

XCT o+l
JMPx  ADARGP /RETURN AFTER CAL
/ $O080ERI20DIENIID
/ INTERRRUPT HANDLER
7 16900800080000808
ADPIC  DAC ADSAC  /SAVE AC
LAC*  (8) /SAVE PC,L,EX,MP
DAC ADCOUT
LAC ADION  /FORCE 10N AT DISMISSAL
Jmp ADSTON
ADINT  JmP ADPIC  /PIC ENTRY
DAC ADSAC
LAC ADINT  /SAVE PC,L,EX,MP
DAC ADCOUT
LAC (JMP ADPIC) /RESTORE PIC ENTRY
DAC ADINT
I0RS  /CHECK STATUS OF PIC
SMA 1CLA
LAW 17748 /REBUILD FOR RESTORATION
ADSTON TAD ADION /AT EXIT
DAC ADSUCH
/7 BAROCORRAOEREROECHOIMN
/CHECKS SOURCE OF INTERRUPT FLAG
/ FRONCAAREISNIVGEONIINS
ADRS /BIT 15 OFLO
AND © (4
SAD (4 /BIT 16 T ERR
ADCO /CLEAR OFLO FLAG -
ADRS
AND 2
SAD 2
SKP .
JMp ADDISM

/ TIMING ERROR FLAG IS SET,
/ DO MONITOR ERROR ROUTINE EXIT AFTER CLEARING FLAGS

ADCT /CLEAR T ERR FLAG
DZM ADURD /CLEAR BUSY FLAQG
JMP ADERRA
/ PREOBRRICHLEICOGHGH
ZINTERRUPT HANDLER DISMISSAL ROUTINE
/ FACCRIIRRORBGAEROLNS
ADDISM DZM ADUND /CLEAR BUSY FLAG
LAC ADSAC /RESTORE AC
ADSWCH ION
DBR
XCT o+1
XcT o+l
JMPx ADCOUT
/
ADCALP 0 /L EM MP ,+CAL POINTER
ADION 10N
ADARGP 0 /CAL ARGUMENT POINTER
/ - ARERNORRECEIIINIGINN
/ ’ IGNORED FUNCTIONS
/
ADIGN 74 ADARGP /BYPASS FILE POINTER
Jmp AD 0K
/
/ CLOSE MACRO
ADCLOS DZn ADUND /CLEAR BUSY FLAG
Jwp ADOX :
«END

STITLE DLOG2
/ GOPOBOOOIONIIRREIIIGHEIN
/READS ADC ON ENCODE COMMAND WITH THE SEQUENCE: 4 SAMPLES,
/21 SAMPLES, REPEAT. LOWEST ORDER DATA BIT IS ERASED. TWO
/DATA POINT PACKED PER WORD. OUTPUTS 252 WORD BLOCKS (18 SETS)
/TO DECTAPE ON .DAT 2.ALTERNATES STORAGE BUFFERS. FILENAME
/STARTS AS DATAF! DAT AND IS INCREMENTED IF ALREADY PRESENT AND
JUSER REQUESTS. A SET HAS THE FORMAT: 1.D., 4 NOISE FRAMES, 22
/DATA FRAMES, PACKED WITH TWO FRAMES PER WORD.
/DATATAPE ON DTA BY DEFAULT

/ INCLUDES TIMER OPTION
/ AREBRERUIRERRDIGRININIININIG)
JI0DEV 4,5,2,3
START JINIT 4,3,RESTAR /TT IN
JINIT 6,1,RESTAR /1T OUT
JINIT 3,7,RESTAR ZINITIALISE aDC
JINIT 2,1,RESTAR /DT 0UT
JMS INIT
RD «READ 3,4,8UF,26 /26 SAMPLES READ ON INT

/ EXTERNAL ENCODE PULSE DEFINES TIME OF SAMPLES

-
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LAC TRANF /1S BUFI FULL? . ' 94

y SZA
2 Jms DTRANS /THEN TRANSFER IT TO DTAPE
h /RSUB FNTERED AT MAINSTREAM LEVEL , . :
4 ‘UAIT 3
4 LAC TRANF  /STILL SET?
gt SZA
e HLT /THEN READ BEFORE WROTE
E: Jms RSUB
4 JIMP RD
] BUF JBLOCK 36
-4 NAME .SIXBT “"DATAFIDAT" /NAME OF FILE TO STORE DATA
, INIT [}
2 LAC (BUF1
4 DAC POINT
3 DAC TBUF
g DZM IDCOUs
e DZM TRANF #
i /OPEN DECTAPE FILE TO RECEIVE DATA
3 uP .FSTAT 2,HAME /1S FILE PRESENT?
‘ SZA
3 Jup UPDATE /YES
WRITE  LENTER 2,NAME
JMs DTRANS /MRITE DUMMY BLOCK
JMS DTRAKS /TVICE
JMP* INIT
/ CAOIRNBEDEROOOREIRIBLONIIES .
JENQUIRES WHETHER NEV FILE OR OVERWRITE OLD ONE,
/ BORREOGBOBORPROBICONRISODE -
UPDATE WRITE 6,2,MSG1,34 /TT OUT, ASCII
MAIT 6
JMRITE 6,2,4562,34
LMAIT 6 :
.PEAD  4,2,C0M,6 /READ RESPONSE “
JAIT &
Lac coM+2  /GET FIRST CHAR »
AID (774008 “/MASK SEVEHW BITS
SAD (544000 /1S CHAR & Y2
SKp
JMP WVRITE '
1sz NAME+1 /YES, INCREMENT NAME
Jmp uP
MSG 1 gSGZ-MSGl/ZtIBGG
«ASCII “FILE ALREADY "
+JASCII “"PRESENT |!"<I5%»
MSG2 gon-msczxa:naae
.ASCII *DO YOU WISH TO KEEP IT?"
+ASCI1 “(Y OR NO) AND CR,"<15>
coMm BLOCK 18 /REPLY GOES HERE
/ CEOEORRINNECNININNSIIIING
/ ENTERED AFTER ADC DATABREAK
/1S COMPLETED BY AN INTERRUPT., 1SSUES SUBSEQUENT READ PARAMNETERS
/AND STORES DATA INPUT,
/7 FRIFOPIONRICEGENINNNGONIS
RSUB )
DAC SAVEACS
NOISE 152 IDCOU  /PUTS 1.D, IN NEXT LOCATION
LAC 10C0U ]
DAC* POINT
152 POINT
DATA LAC (-15 /EVEN NUMBER OF DATA SAMPLES.LAST IS ARBIT.
Jms PAC ,
LAC SAVEAC » , i
JMP* RSUB ‘ --
/ POIOIPOIRIOOOIIOINIGILIIIGIYS
/PACX TWO DATA FRAMES INTO ONE WORD. REMOVE LOWEST ORDER BIT AND
/ROTATE. PLACES INPUT DATA IN BUF! AND BUF2, WHEN ONE BUFFER IS FULL
/TRANSFER IT VHILE FILLING OTHER,
/ ~c:a:coo::ocaaoooa:;oaa:ooa
PAC o
DAC COUNTP# /STORE SAMPLE NUMBER
LAC (BUF=-1
DAC BPOINT# /BUF POINTER
PAKING 1SZ BPOINT /DATA STARTS AT BUF
LAC* BPOINT /GET INPUT DATA WORD
AND (1776  /LOOSE BIT 17
: .REPT 4 /ROTATE TO LHS
g CLLIRTL
473 : - DAC#* POINT  /STORE

;. ) 152 BPOINT
< LAC* BPOINT /GET NEXT INPUT DATA WORD
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AND (1776

CLL{RAR .

TAD* POINT /PACK IN PREVIOUS ONE
DACx POINT /STORE IN BUFI

182 POINT

152 COUNTP /ALL DOKE?

JMP PAKING /NO

LAC* POINT /1S CURRENT BUFFER FULL?
SAD SEVN

skp

JMP= PAC /%0

74 POINT /Y28
LAC* POI NT

DAC TBUF# /PASS NAME OF FULL BUF TO DTRANS
DAC TRANF /SET TRANSFER FLAG
157 POINT

LAC* POINT

/SET POINTER TO NEW BUFFER
DAC POINT
JMP* PAC

. «DEC

BUF} BLOCK 252

SEVN 1717117
«DSA BUF1
«DSA BUF2

BUF2 «BLOCK 252

177717
«DSA BUF2 -
«DSA BUF 1
POINT +«DSA SEVN
«0CT

/ POPRIBRBEOGREGOEH0ONRPIRIOINND
/ROUTINE TO TRANSFER FILLED DATA BUFFER TO DECTAPE “
/ PREREBRAOEOROREPOORPEARIECIENS

DTRANS 2
LAC TBUF
DAC ot+3

JWRITE 2,4,8,252
/DUMP BUFI TO OPENED DECTAPE FILE

JWAIT 2
DZm TRANF
JMs TIMER
JMP*x DTRANS
/ RERERICIROOCOROONIDOOOIOORRLOPEINRIS

/ OPTION INITIATED BY SETTING AC SWITCHES BITS 6,1,
/ FILE CLOSED IF REST OF SYWITCHES IDENTICAL TO NUMBER OF
/ SECONDS OF RUN AT TIME OF DTRANS CALL.

/ BRREROEPOOTONRROBEODINCRECHIOINICONIORES
TIMER 4

LaS

AND (668300

SAD (602008

SKP

JMPx TIMER

LAS

AND armrm

CMAICLL

TAD ibcou

CLL1ISZL

JMpP RESTAR

JMPx TIMER
/ REPOACRURPOLRRINIOEANIRRAIIREY)

/tP CLOSE ROUTINE. TERMINATES RECORDING. AN INCOMPLETE BUFFER
/1S ERASED.

/ FEORPIORIEBORRRARIRRRIINRROOI)
“RESTAR LAC TRANF /COMPLETE TRANSFER OF BLOCK IF IN PROGRESS
SZA
JMS DTRANS
'.VRITE 2,4,SEVN,2 /VWRITE EOF ID#
WJWAIT 2
+CLOSE 4
«CLOSE 3
«CLOSE 2 /CLOSE OUTPUT FILE
JMpP START

" «END START
+TITLE DLOG4

/ PRRORINNIRNINSISFIINIIIIYS
/ B/F SERVICE ROUTINE METHOD
/ TNCLUDES AC SWITCH TEST (TIMER)

/READS ADC ON ENCODE COMMAND WITH THE SEQUENCE: 4 SAMPLES,

/21 SAMPLES, REPEAT,. LOWEST ORDER DATA BIT IS ERASED. TWO
/DATA POINT PACKED PER WORD. OUTPUTS 252 WORD BLOCKS (1R SETS)
/TO DECTAPF ON DAT 2. SINGLE BUFFER VERSION, FILENAME

-
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7 /STARTS AS DATAF! DAT AND IS INCREMENTED IF ALREADY PRESENT AND
i} /USER REQUESTS. A SET HAS THE FORMAT: 1.D.,, 4 NOISE FRAMES, 22 .
3 /DATA FRAMES, PACKED WITH TW0 FRAMES PER WORD,

g /DATATAPE ON DT4 BY DEFAULT i
3 OROOROREFINIIOPIRIRRIINEIIND

E LIODEV 4,6,2

a START L INIT A,B.RESTAR /TT 1N

3 JINIT  6,1,RESTAR /1T OUT

: JINIT 2,1,RESTAR /DT OUT ,
-y JMS INIT
- +IDLE - x
"3 BUF «BLOCK 200 .

= NAME .SIXBT “DATAFIDAT" /NAME OF FILE TO STORE DATA

J INIT ]

4 LAC (BUF!

4 DAC POINT

4 DZM 1DCOU#

k DZN TRANF#

; /0OPEN DECTAPE FILE TO RECEIVE DATA

‘@ upP .FSTAT 2,NAME /1S FILE PRESENT?

2 SZA

¢ . JuP UPDATE /YES
i WRITE  LENTER 2,NAME -

. JMs DTRANS /WRITE DUMMY BLOCK
1 Jus DTRANS /TVWICE
JMs ADINIT /READY FOR ENCODE SIGNAL .
JMP* INIT )

CERRRRIRNRRBRABAGRACHIININDG
/ENQUIRES WHETHER NEW FILE OR OVERWRITE OLD ONE.

3 . SERPRERRPORPROROEOLRRNIEIS

2 UPDATE MRITE  6,2,M5G1,34 /TT OUT, ASCII

3 JNAIT 6 )

g LWRITE 6,2,M5G2,34 -

i JALIT 6 <

L .READ  4,2,C0M,6 /READ RESPONSE

. : JWAIT 4

i LAC coM+2  /GET FIRST CHAR

k: AND (7740060 /MASK SEVEN BITS
SAD (5440008 /1S CHAR A Y?

P SKP

4 JMP WRITE

g . 1sz NAME+] /YES, INCREMENT NAME

E: JuP uP

MSG1 MSGZ-MSGI/Z*IBGG

.;

K .ASCII “FILE ALREADY "

E: . LASCI1 “PRESENT 11"<|5>

7 MSG2 MSG3-MSG2/2% 10300

: )

i «ASCI1 "DO YOU WISK TO KEEP IT?"

k- . +ASCII "(Y OR NO) AKD CR,"<I5%»

4 MSG3 COM-MSQ3 /221608

K a

3 «ASCIl “DEVICE TIMING ERROR, "
«ASCII "CTL P TO RESTART"<!%»

coM JBLOCK 18 /REPLY GOES HERE

/ BIRORIRCRIGINNIIGoORIIINTY

7/ ENTERED AFTER ADC DATABREAK

/1S COMPLETED BY AN INTERRUPT, ISSUES SUBSEQUENT READ PARAMETERS

TR S

e /AND STORES DATA INPUT,
.1. / PRERFORRRNRINNIONIIINIIOG)
s RSUB 2
DAC SAVEAC :
NOISE 1SZ IDCOU  /PUTS 1.D. IN NEXT LOCATION - .
v LAC 1DCOU -
] DAC*  POINT
= 152 POINT
5 DATA  LAC (=15 /EVEN NUMBER OF DATA SAMPLES.LAST IS ARBIT,
i Jus PAC
" LAC (-32
d pAC*x (26 /SET WORD COUNT FOR NOISE
3 LAC (3UF -1
DAC* (27
EX LAC TRANF /IS BUF1 FULL?
SZA :
JMs DTRANS / TRANSFER T0 DECTAPE
LAC SAVEAC
ALXIT RSUB
/ BARDINEREDINININLASINPII I

/PACY TWO DATA FRAMES INTO ONE WORD., REMOVE LOWEST ORDER BIT AND
/ROTATE. PLACES INPUT DATA IN BUF1 AND BUF2, WHEN ONE BUFFER 1S FULL
/TRANSFER IT WHILE FILLING OTHER,

/ REPROOINRNRARNNEORIINIIINY

PAC A
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DAC COUNTP# /STORE SAMPLE NUMBER 97

LAC (BUF -1
DAC BPOINT# /BUF POINTER

PAKING 157 BPOINT /DATA STARTS AT BUF
LAC* BPOINT /GET INPUT DATA WORD
AND 1776 /LOOSE BIT 17
REPT 4 /ROTATE TO LHS
CLLIRTL
DAC* POINT /STORE
 §:74 BPOI KT
LAC* BPOINT /GET NEXT INPUT DATA VWORD
AND (1776
CLLIRAR

TAD=* POINT /PACK IN PREVIOUS ONE
DAC* POINT /STORE IN BUFI

152 POINT

152 COUNTP /ALL DONE?

Jmp PAKING /NO

LACx POINT /1S CURRENT BUFFER FULL?
SAD SEVN

SKP

JMPx PaC /NO

182 POLNT /YES

LAC* POINT

DAC TRARF /SET TRAKSFER FLAG
157 P OI NT

LAC% ‘POINT
/SET POINTER TO NEVW BUFFER i

DAC POINT
JNP= PAC
<DEC
BUF! .BLOCK 252
SEVN 7171717 -
+DSA BUF
.DSA BUF !
POINT  ,DSA SEVN
.0CT

FLOCREREEEODROGRIAADIDICINGRRL
/RDUTINE TO TRANSFER FILLED DATA BUFFER TO DECTAPE
/ PREROOOPRICARROOGIARNBRIPRANNS
DTRANS 0
JWRITE 2,4,B8UF1,232
/DUMP BUFI TO OPENED DECTAPE FILE

«WAIT 2
DZM TRANF
JMS TIMER

JMP* DTRANS
REGRPRENDRARICROBOPORPOANIIIRIFRYS
/ OPTION INITIATED BY SETTING AC SUITCHES BIT @&+1,
7 FILE CLOSED (¥ REST OF SWITCHES IDENTICAL TO NUMBER OF
/ SECONDS OF RUN AT TIME OF DTRANS CaALL,

/ FRGONONOEORGOORROCREEPRIEINIIRS
TIMER ]
LAS
AND (632087 /BITS @ AND | SET?
SAD (6003000
SKP
JUP*x TIMER
LAS
AND (717177
CMAICLL /COMPLIMENT AND T,ADD
TAD Ipcou /SK1P 1F IDCOU.RE.LAS
CLL1ISZL /IEsSKIP IF L .NE,O®
JMP RESTAR .
JMP* TIMER -
/ EREAPREANRARENRAGRRNRERAREINES

/1P CLOSE ROUTINE, TERMINATES RECORDING, AN INCOMPLETE BUFFER
/1S ERASED.
/ BAGANRARREDRIORERDENNIIRRNIINS

RESTAR LAC (NOP -

DAC ADIOT /DISABLE INTERFACE

Lac TRANF

SZA

JMS DTRANS

«WRITE 2,4,SEVN,2 /VRITE EOF ID#

JWAIT 2

+LLOSE 4 :

o CLOSE 2 /CLOSE OUTPUT FILE

JMP START
SETORGOONRINBONRCPRIRECIRONORORINOEDINEORNGsFRBININIII NI
/ 170 SERVICE ROUTINE

IORRERODRRARRRASRRRIRONCOSRERERCHESCHINIININNINERSAI NN
ADS0:=783721 /SKIP ON OVERFLOV FLAG
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ADST=783721
ADCO=783724
ADCT=-703744
ADWI=723724
«SCOM=1020
ADINIT 9
LAC*
+SETUP DAC
TMPI LACx
REALTP DAC
ACP LAC
SAVEAC 1SA
JMS%
ADSO
ADINT
DBK
LAC
DAC
PASS LAC
DACx
LAC
DAC%
LAC
DAC

98

/SK1IP ON DEVICE TIMING ERROR
/CLEAR OVERFLOW FLAG

/CLEAR DEVICE T'ERR FLAG
/WRITE INITIALISE

(.SCOM+53
. /SETUP INTERRUPT TRAP ADDRESS
(LSCOM+5 |

/REAL TIME PROCESSOR SUBR
(460010 /AP A

+SETUP
/PARAMETERS PASSED TO ,SETUP
/FROM APIA

(JMP PASS /OVERWRITE SETUP

ADINIT+] /ROUTINE

- (=32 /SET WORD COUNT

(26

(BUF-1 /AND BUFFER ADDR

27 /FOR FIRST INTERRPT

«+2 .

ADIOT
/INITIALISE INTERFACE '

ADINIT : P

Jecccacnccvana cecescmcccccncsnen cvmcmveccscccncacan

TERR ADCT
RUNIT JMS%

INTERRUPT SERVICE ROUTINE

ACH /INSERT DBA FOR V3A
TERR
(RSUB+5020880 /APL 8
RUNIT

/CLEAR T°ERR
(RSUB2+6820888 /APL 6

REALTP /EXECUTE NAMED SUBROUTINES
/RSUB OR RSUB2

/EXIT SEQUENCE FOR INTERRUPT

LAC
I15A
LAC
ADIOT ADVI
DBR

(404008 /REQUEST ‘API 4

ace
ZINITIALISE INTERFACE

ADINT

A L Y L L T L T Y L LT T T Y Yy

/

REALTIME SUBROUTINE TO DEAL VWITH

/ DEVICE TIMING ERROR: TERMINAL

[emeamcaa cccccemsovmmes crccemceccecccanscnsaccacanee

RSUBZ 2
DAC

«WRITE

JWAIT
LAC
DAC
LAC

RLXIT

+END

SAVEAC
g,Z,HSGS.34

. (ROP /CAKCEL INTERFACE INITIALISE

ADIOT
SAVEAC
RSUB2
START
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CROIDRDIPIIONORIEORIOONIRDIGIEIEPGRIINIOOPIROIINOINGDENIIIIG
¢ PROC2 PROCESSES GROUND BASED PARTIAL REFLECTION DATA RECORDED
C ON MAGNETIC TAPE AND OUTPUTS ELECTRON DENSITY PROFILES AS
c 3 MINUTE AVERAGES AND MEDIANS, TO TELETYPE.
€ ASSUMES SEN-WYLLER Q.L. APPROXIHATION AND EQUINOX COLLISION
€ FREQUENCY PROFILE,
Cc
c
c
[

e RN

AOTRT

™\

HEIGHT RANGE: 60 =98 KM
INTERVALs 1.3 XM
DATA ON .DAT SLOT 2
BRPPIIBEBEDIINGORIDIVECICONIGIOIIPENDEPEIPORIPIERLINILLNS
REAL MATA(2,2,22)
LOGICAL IHTF IPROF
DIMENSI ON FNAH(Z) 151z (2),BNOIS(22), ARRAY(ZZ)
DIMENSION DATA(928 2), P(zl) RA(S),RH(S).CF(S)
DIMENSION NDIS(2), GEN(SB) LL(3)
C CMMON //DATA,HATA,ARRAY,BNOIS,P
ASSIGN 228 TO MESS reemmene e
C EQUINOX COLLISION FREQUENCY PROFILE SET UP AS A DATA ARRAY
C FOR THE HEIGHTS 69-52 KM, IN 1.5 KM INCREMENTS
c
B L L L L EL L D LS L
P(1)=265,
p(2):-}179,
P(3)=135,
PCAY=10S,
P(5)=79,5
P(6):68,
P(T)=58,
P(B)=34,5 .
P(9)=31, .
P(18)z24,5
P(I1)219,5
P(I2)=15,
P(I3)=11.8
P(14):8,7
P(15)26,73 "
PCiI6)=5,.15
PCET)=3.95
P(18)=3.1
P(19):2,3%
P(20)=1.75
P(213=1,35
- DO § 1:=1,21 .
PCIY=P(I)*(13,%%5)
CONTINUE

R L L L LR R R L L L L L LR L LA LI b

C ASX FILE NAME AND PARAMETERS

LR Lt P e B e LR R E R L R R L L L L L LR L A bl i

R Y R

TN W

T N0 waNIAS

s ¢4

2 WRITE(6,5)

b FORMAT (15H NAME DATAFILE )
READ (4,10) FHNAM

144 FORMAT (AS,A4)
CALL DINIT

CALL FSTAT(2,FNAM,LOG)

IF (LOG,NE, ﬂ) GO TO 29
C FILE NOT FOUND

VRITE(6,15) FuaM

15 FORMAT(GH FILE ,AS,A4,19H NOT FOUND ON DAT 2)
G0 T0 2
20 VRITE (6,21)
21 FORMAT (244 PROFILE ONLY ( T OR F ))
READ (4,22) IPROF .
22 FORMAT(ILL)
IF(,NOT,IPROF) GOTO 23
KKHT:=0
GOTO 3t
23 VRITE(6,2%)
; 25 ;ORM?T(SSH GIVE HMT CODE: @ FOR ALL 20, 1 FOR 69-61,5 INTFRVAL
3 » ETC)
y READ (4,38 KMT
A hi FORMAT(12) _
- 3 VRITE(E,32) ”
P 32 FORMAT(ATH GIVE MINIMUM ACCEPTASLE SIGNAL TO NOISE
ki I RATIO,,/32H THEN MAX ACCEPTABLF NOISE LEVEL) -
READ(4,33) SMR,ANOIS
a3 FORMAT(F8,3)
WRITE(S,34) SNR,ANOIS
. X4 FORMAT (2XFB,3,2Y,F R, 3)
s IF(KHT) 42,35,4@
35 MHT=20
: KHT=1
LBOUND =5

GO T0 59




g

di 40 MHT=KHT
i LBOUND =KHT+4 ' 100
s b Y, IHTF: FALSE,
-;x . c:::::::::::::::::::::::::::::::::::-:::::::::::::::::::
Bt C END INITIALISATION, BEGIN OVERALL DO LOOP, REPEATED
i C FOR EACH HEIGHT PROCESSED
P Csszsszzzsst=zszsszsszssossssssz2Isssasesssszssossssensss
u% DO 488 JHT=KHT,HHT
h IFC(IHTF) GO TO 54
5 52 MCO=1
g G0 TO 60
i 54 MCOz=2
E 60 DO 388 XCO=MCO,2
:’,’2 cvl-nll-ununnﬂ-nn-u.--'I-Iﬂ.--'--w.nw.uhwﬂ.-.n_ﬁﬂ..-'-.-ﬂ
5 C OBTAIN ORDINARY AND XORDINARY DATA ARRAY FROM TAPE AT
4 C GIVEN HEIGHT, FOR EACH XCO ISSUED
E C SNR  SIGNAL TO NOISE RATIO
g C JHT  HEIGHT CODE OF REQUIRED KT INTERVAL
I c IS1Z0 SIZE OF DATA ARRAY
3 ¢ LBOUND UNPACKING CODE
3 ¢ BNOISO) MEAN NOISE DURING GIVEN TIME INTERVAL
ks c 580 ASSUMED SIZE OF RUN
; ¢ NOISC) # OF REJECTED DATA POINTS . .
L: c.--nﬂnu-n--n.--nwﬂwun-wn-uw-n--nﬂ-ﬂnﬂtﬂ-.--Il-.I L E LK J
A 90 LED=1
i 1D:=@
3 NOIS(1)=2
NOIS(2)=8 :
LBOUND =LBOUND+! .
e 95 CALL SEEK(2,FNAM) . :
3 LEND=22
e ¢ LEND WILL BE CHANGED BY DREAD WHEN EOF ERCOUNTERED
] 190 CALL DREAD (LEMD,LBOUKD,ARRAY,BNOIS,NESS, 1D ,KEOF)
c; c'I.ﬂ--ﬂu-.—-.n'ﬂﬂu-ﬂﬁﬂﬂﬂ.-.-- LA I EX XL R 2 2 L. X 2 N J LA X ]
%4 c NOISE DISCRIMINATION AND O X SORTING “
B C 1. MAN NOISE (BNOIS) SHOULD BE .LE,., ANOIS
B! C 2. S/N RATIO SHOULD BE .GE. SNR
0 C ELSE INCREMENT NOISE COUNT (NOIS) .
:4‘ c-'l..".ﬂﬂ'wu--.-“ﬂ-------u.------'-"--ﬂ-------- L X L X ]
% DO 158 KEL=1,LEND,2
3 RES=ARRAY (XEL)/BNOIS(KEL)
44 IF(BNOIS(KEL).GT,ANOIS) GO TO 128
- IF (RES.GE.SNR) GO TO 138
54 120 NOIS (1) NOIS(1)+]
e DATA(CLED,1):=0
R GO TO 135
129 DATACLED,1)=ARRAY(KEL)
C REPEAT FOR X
133 RES=ARRAY(KEL+1) /BNOIS(KEL+1)

IF (BNOIS(KEL+1),6T ,ANOIS) GO TO 140
IF(RES.GE,SNR) GO TO 145

140 NOIS(2)=NOIS(2)+1]
DATA(CLED,2)=2
GO TO 14r
145 DATACLED ,2)=ARRAY(KEL+1)
148 LED=LED+{
159 CONTINUE

C COMPLETES RECOVERY OF 11 DATAPOINTS EACH OF O AND X,GIVEN NT
IF(LED~-908) 160,160,189

B . 160 IF(KEOF.EQ.B) GO TO 143
3 C END OF FILE ENCOUNTERED
R 1S1Z(XCO)=LED~1
3 162 IFCIHTF.AND  IPROF) GOTO 21%
- WRITE(6,165) ISIZ(XCO)
165 FORMATC11H ARRAY SIZE ,I14)
N GO To 209 .
R 180 I1S1Z(XC0)=908 .
C DUMMY LDOOP TO ENSURE FILE CLOSED PROPERLY g
181 CALL DREAD (LEND ,LBOUND ,ARRAY,BNOIS,MESS, 1D ,KEOF)

IF (XEOF) 162,181,162
c....ﬁ.ﬂ'.-ﬂ----..“'-'-".-------"---'-ﬂ-.ﬂ-ﬂﬂ.-...
c ARRAYS NOW AVAILABLE
¢ DATA(ISIZ,!1) ORDINARY MODE AT GIVEN HT
C DATACISIZ,2) XORDINARY MODE SAME HT

¢ I1S120) SIZE OF THESE ARRAYS
c-ﬂ-ll.wﬂ'ﬂ--.----~ﬂ--.ﬂ....ﬂ--.-.-ﬂ."-.---ﬂ-“'---.
200 WVRITE(6,21%) NOISC1), NOIS(2),SNR,ANOIS
213 FORMAT (6H NOISE ,216,/11H S/N RATIO ,FR.3,/13H
I NOISE LEVEL ,FE,3//)
215 CALL CLOSE(2)
g0 To 252
229 WVRITE(§,238) ID

232 FORMAT (17H SEQUENCE NUMBER ,13, 6H ERROR)




KEOF =9

G v e b AR

GO To 2 . 101
c --------------- P R L L1 L T T ¥ T iy pprppey
3 C FINDS THE AVERAGE AD FEDIAH OF ARRAY DATA If 98 ELERERT
{ C AND ALL ELEMENT GROUPS AKD PLACES THE RESULTS I¥ ARRAY:
3 C MTACI,1,1-22) ORD,LOYIR HT.
5 C MATACI,2,1-22) XORD ,LOVIR KT,
o ¢ MATAC2,1,1-22) ORD ,UPPER HT,
b C MTA(2,2,1-22) XORD ,UPPER KT
g C WHERE THIRD DIMENSION ALTERNATES AVERAGE AND MEDIAN

o

A,

Covommcccceccccccacancceean cececscccecscmscacecssncasanan

250 NRUN=ISIZ(KCO)/98
MRUN=2# MRUN=1
NRUNA= 2« NRU N+ |
DO 280 LOD=1,2
IHAL= 8
T0TO0=z8
DO 270 I=1,MRUN,2
IHAL=THAL+}
NMIN=9A% (IHAL=1)+1
: NMAX=9@%] HAL
: ' MATA(XCO,LOD,I)=AVERA2 (DATA,LOD,NMIN,KMAX,50)
_ T0TO0:50+T0TO
MATA (KCO,LOD ,1+1)=EMED2(DATA ,LOD ,NMIN,58,MATA (XCO,LOD,1))

S

o ettt e A e S

A

278 CONTINUE
c 972 ELEMENT GROUPS DONE ’
R=NRUN%9P .

MATA (KCO,L 0D ,NRUNB)=TOTOR .
IDIV=IRUNS9D
MATA(XCO,LOD ,NRUN®+1)=EMED2(DATA,LOD ,1,IDIV,MATA(KCO,LOD,NRUND))

: ¢ OVERALL GROUP DONE

- 280 CONTI NUE

i 300 CONTINUE ' ‘ s

4 IF(ISIZ(1)-1512(2))305,318,305

Re 305 WRITE (6,386)

] - 386 FORMAT (11N SIZE ERROR)

g- 60 T0 2

C-- ----- LRl A L L LA AL L XL AL LELL LA AL ELEELELT LA XL L L L2 ]

c ALL FOUR ARRAYS NOW AVAILABLE

C GET RATIOS AND ELECTRON DENSITIES FOR BOTH AVE AKD MED

HT=JHT
RHT=HT*1.5+58.5
SHT=RHT+1,5
CF (1) zPCJHT)
CF(2)zP(JHT+1)
IF (IHTF.AND .IPROF) GOTO 34!
IF(IPROF) GOTO 325
WRITE(6,313)RHT,SHT
315 FORMAT(7X, 1 6HHEIGHT INTERVAL ,F6.1,2XF6.1,3H KM)
WRITE(6,316) (CF(I),1:=1,2)
316 FORMAT (3X, | SHCOLLISION FREQUENCY,E10,2,2X,E18,.2)
) WRITE (6,328)
e 320 FORMAT (1X2IHTHREE MINUTE AVERAGES,2X2@HTHREE MINUTE MEDIANS
P 1,4X22H THREE MINUTE AVERAGES)
P 323 WRITE(6,338)
330 FORMAT (1X21HAX/AO AX/AO ELECTRON,2X,
12AHAX/A0 AX/AO ELECTRON,4X22HAOLO AOHI AXLO AXHI)
WRITE(6,348)
340 FORMAT(IX2PH LO I DENSITY,2X28H LO  HI  DENSITY)
c MRUN SET FOR O0DD NUMBER-LAST 3 MIN AV RECORDED
341 DO 358 I:=1,MRUN,2
RACI)=MATACL,2,1) /MATACL,1,1)
' » RA(2)=MATA(2,2,]1) /MATA(2,1,1) -
RMCID=MATACL, 2,1+ 1) /MATACI,1,1+1)
RM(2)=MATA(2,2,1+1) /MATA(2,1,1+1)
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¢ PROTECT AGAINST LOG 8
IF (RA C1)*RA(2)*RM (1) *RM(2),6T,8,) GO TO 342
ELAV:=3,
ELME:=@.
GO TO 343
342 ELAVZELDENCRA,CF,] ,SE+3)/(18,4%9)
ELME=ELDEN(RM,CF,1.5E+3) /(13 %x9)
v 343 IFCIPROF) GOTO 350
& . WRITE(6,345) RAC1),RA(2),ELAV,RM(1) ,RM(2) ,ELME,
i3 _ LCCMTACL,J,10,L=1,2),J21,2)
o 345 FORMAT (2 CLYF5.2) , LXF 702 ,3X2 (1XF5.2) , IXF1.2,4XACFS . 1,1%X))
A 357 CONTI NUE
Y 351 MINIT=NPUN%®3

TF(IPROF)Y GOTO 3953
VPITE(6,352) MINIT
352 FORMAT (/5X1 RHOVERALL VALUES FOR,I3,11H MINUTE RUN/)
353 RACI)=MATACL,2,NRUND) /MATA (1,1, NRUNB)
PAC2)zMATA(2,2,NRUNP) /MATA (2,1, NPUNG)
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102
RMC1)=MATACE,2,HRUNS+1) /MATA (1,1, NRUNG+D)

RM(2)=HMATA(2,2,MUKS+1) /MATA (2,1, HRUNGH]) g
IF(RACIYZRA(2)2RM(1)2RM(2) ,GT,0.) GOTO 428 :
ELAV=8, 5
ELME:S, . :
GOTO 354

ELAV=ELDEN(RA,CF,1,9E+3) /([8,%%9)
ELME=ELDEN(RA,CF,1,3E+3)/(10,%29)

WRITE(6,355) RA(1),RA(2),ELAV,RMCI) RN (2) ,ELME,

IC(HATA (L,J,RRUNB), L=8,2), J=1,2)
FORMAT(2(1XP3.2),IXFT7,2,3X2(¢IXF5,2),I1XF7,2,4X4(F3,1,1X))
IFC(IPROF) GOTO 338

YRITE(6,35T)

FORMAT(IHY)

MRUH=FRUN+S

ARUN=IRUN®2+2, LAST PAIR ARE OVERALL AV,0VERALL MED

DO 368 I=1,MRUN

MATA(1,2,1)zMATA(2,2,1)
CONTIKOE

IHTF=,TRUE,
CONTINUE 3
IHTF=,FALSE. 1
60 To 2 ‘ ]
stor 1 :

END
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c WLOGL, YRITES DATA FROM DECTAPE TO TELETYPE
C ASKS ELEMENY (IHT) OF UNPACKED DATA ARRAY WHICH
€ IS TO BE TYPED, GETS THIS ELEMENT FROM EACH DATA
C SET, 19 SETS AT A TIWE, WRITES SET SEQ ID # T0O
C NOTE IHT IS HEIGHT CODE

DIMENSION FNAM(2) ,DATA(1G),BMEANCI®)

ASSIGN 288 TO IERR <

e s P gt AT S S AN S g W

19 CALL DINIT |
c PERMITS LOADING OF DUMPR FROM .LIBR5
WRITE (6,28
20 FORMAT (15H WHICH DATAFILE)
READ(4,38) FNAM
38 FORMAT (2A9)

CALL FSTAT(2,FNAM,LOG)

IF(LOG.NE,B) GO TO 408
WRITE(6,33) FNAM

35 FORMAT(6H FILE ,2A5,19H NOT FOUND ON DAT 2)
G0 TO 10

40 CALL SEEK(2,FNAM) .
WRITE(6,58)

59 FORMAT (1H!,17H GIVE MEIGHT CODE)
READ (4,68) IHT

90 FORMAT (13)
IHT=IHT+S -
1D=8
DO 188 I=1,2a0
NSET=18
CALL DREAD (NSET,IHT,DATA,BHEAN,IERR,ID ,KEOF)
WRITE(E,78) ID ,(DATACJ),dz 1,NSET)

L T

79 FORMAT(IS IB(IX F3.1))
IF(KEOF) l8 109,15

100 CONTI NUE

208 YRITE(6,218)

210 FORMAT (12H DREAD ERROR)
GO TO 19
STOP §
END

C WLOG2 WRITES CONTEWTS OF FAMED DATAFILE OFF OF DECTAPE
DIMENSION IDATA(3B),PRAR(2)

19 CALL DINIT
WRITE(6,208)

24 FORMAT(IBH WHICH DATAFILE)
READ (4,38) FNAM

30 FORMAT(ZAS)

CALL FSTAT(2,FNAM,LOG)
IF(LOG.NZ.8) GO TO 42
WVRITE(6,35) FNAM

35 FORMAT(6H FILE ,2A3,19H NOT FOUND ON DAT 2)
GO TO 10

40 CALL SEEK(2,FNAM)

5o DO (@2 10=1,200

CALL DUMPR(IDATA,NEGF)

WVRITE(6,68) (IDATA(I),I=1,26)
(Y FORMAT(IX,1815)

IFC(IDATACI).GE.77777) GO T0 I8
100 CONTINUE

GG TO 1A

STOP 1

END




¢ NCALC CALCULATES ELECTRON DENSITIES FORM USER SUPPLIED

C DATA USING SUBROUTINE ELDEN

]
2

9
19

29

DIMENSION AXBYAO(3),CF(3)
WRITE(6,2)

FORMAT (12H HT INTERVAL)

READ (4,20) DEL

DEL=DEL#10,#%3

WRITE(S, 1)

FORMAT (I 9H AX/AO LO,HI, F6.3)
READ (4,28) (AXBYAO(I) ,1=1,2)
FORMAT(F6.3)

IF(AXBYAOC1)) 25,1,25

C ENQUIRE HT INTERVAL AGAIN IF NO RATIO TYPED

25
hi]

Sa

WRITE(6,32)

FORMAT(27H COLL FREQ TIMES E+7 F6,3)
READ (4,28) (CF(1),1=1,2)
CFUDZCF(1)%10,0%7

CF(2)=CF(2)s]0,4x7

IFC(AXBYAOC1)*AXBYAO(2)*CF (1)*CF(2) ,EQ.B,) GO TO |

EL=ELDEN(AXBYAO,CF,DEL)

WRITE(6,58) (AXBYAO(I),I1=1,2),(CF(1),I=1,2),DEL,EL

FORMAT (//1X2F 8,3,2X2E 18.2,2X,2218,2//)
G0 TO 9 :

STOP |

END
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