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ABSTRACT

The nonlinear characteristics of data obtained by many plasma
diagnostic systems requires the power of modern computers for on-line data
processing and reduction. The objective of this work is to develop an
integrated data acquisition and handling system based on digital time series
analysis techniques. These techniques make it possible to investigate the
nature of plasma fluctuations and the physical processes which give rise to
them. The approach is to digitize the data, and to generate various spectra by
means of Fast Fouriér Transforms (FFT). Of particular interest is the
computer generated auto-power spectrum, cross-power spectrum, phase
spectrum, and squared coherency spectrum. Software programs based on
those developed by Jae. Y. Hong at the University of Texas are utilized for
these spectra. The LeCroy 3500-SA signal analyzer and VAX 11/780 are used
as the data handling and reduction system in this work. In this report, the

software required to link these two systems will be described.
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INTRODUCTION

Recent advances in electronics make it possible to use transient
recorders to digitize and store high frequency transient signals. Once stored,
the data are available,for transfer via various digital input/output interfaces,
to computers for signal analysis, to mass storage media for archiving, and in
general to any device capable of accepting digital input. The data can also be
reconstructed by a digital-to-analog channel for observation on an
oscilloscope. The data transferred from the transient recorders to the memory
of the computer constitute a series of numbers known as a time series.

The methods of digital time series analysis are applied to the data, which
includes some noise, to find the desired information. One of these methods,
the Fast Fourier Transform (FFT), is used extensively in this work. Since
such fiduciary data as run number, data, anode voltage and current, front
panel gain settings, for each transient recorder are needed for the calculation
of various spectra, this information is stored along with the raw data.

With this introduction, it is the objective of this work to develop an
integrated system that allows

a) Transfer of raw data from each transient recorder, and the storage of

these raw data, along with their fiduciary data, in the histogram
memory of the computer.

b) Sending this information to the VAX 11/780 system.

¢) Processing these data on the VAX system and returning the

processed data to the LeCroy 3500SA system.

d) Plotting various spectra on the LeCroy system.



There are three different software programs all written in Fortran. The
first is an interactive program which reads the raw data from the histogram
memory of the computer and stores these data on a floppy disk in drive B.
This program also permits the operator to enter fiduciary data about the
experimental run through the keyboard. The second is a digital spectral
analysis program, which was written by Jae Y. Hong.! This program was
modified for compatibility with the other two programs written for this
system. Finally, the third program reads the processed data from the VAX
system and uses this data to generate plots of data on the LeCroy 3500 SA
screen. This program also allows plots to be screen dumped to the LeCroy
3931A printer.

A block diagram of the data acquisition system and detailed discussion

of hardware and software related to this system can be found in the following

chapter.




CHAPTERI
SYSTEM DESCRIPTION AND SCOPE OF WORK

The overall block diagram of the data acquisition and handling sytem is
shown in Figure 1.1. The objective of this work is to make the LeCroy 3500 SA
signal analyzer operate as a remote terminal for the VAX 11/780 system. By
making the LeCroy 3500 SA two-way interactive with the VAX system, one
can sample data on the LeCroy system, process the data on the VAX, and then
return the data to the LeCroy for inspection and possible plotting. The work
reported here falls into two categories; hardware and software. Detailed
description of these two parts and individual components of this system are

given below.

A. HARDWARE
The necessary hardware for this system is as follows.

a) Capacitive Probes:

As shown in Figure 1.1, two capacitive probes were used to measure
potential fluctuations from which the wave number of plasma fluctuations can
be obtained. These two capacitive probes are separated by a known angle at
the same radius. The capacitive probes used in this system are Tektronix
P6009.2 These are low-input capacitance, high-voltage passive probes with a
signal attenuation of 100x. Some important specifications for these probes are
as follows:

Attenuation: 100x within 3%(including 1IMQ + 2% amplifier input).
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S

Input Resistance: 10 M Q within 2%.
Input Capacitance: Approximately 2.5 pf.
Compensation Range: 15 pfor less to at least 47 pf..
Bandwidth (-3dB): At least 120 MHz.
Maximum Input Voltage: 1.5 kV (DC or RMS).
These probes will operate within specifications over the following range:

Temperature: -15°c to + 75°.

b) Amplifiers and Filters:
The amplifiers and filters used in this system are Tektronix 1121, and
Kron-Hite model 3200 respectively. These are identical to amplifiers and

filters reported by J. R. Roth and W. M. Krawczonek.?

c) Transient Recorders:

The analog signals from the filters are converted into digital form by two
TR8837 transient recorders. These transient recorders are capable of
sampling up to 32 megasample/second, and storing digitized signals
sequentially in a dedicated 8K-x-8-bit memory. The user may program the
system to use only a fraction of this memory. The amount of dedicated
memory actually used is called the active memory or record length. When the
recorder fills the active memory, it continues to digitize until a stop trigger is
received. Upon stopping, the transient recorder informs the host computer
that it has data available. The host computer then reads, stores, and displays
the data. Figure 1.2 shows a simplified block diagram of a transient recorder
and its associated host computer.

Listed below are the summarized specifications for the transient recorders.

For detailed specifications refer to reference (4).
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Figure 1.2. Block diagram of a transient recorder.




Signal Range: 512 mv peak to peak.

Offset: The input signal offset is adjustable via a front panel
potentiometer. The offset range is + 256 mv.

Bandwidth: > 16 MHz (1dB) for amplitude up to the full 512 mv
signal range.

Impedance: 50Q + 1%, 12 pf.

Conversion clock: Internal clock frequency of 32,16,8,4,2,10r 0.5
MHz, or external clock.

Resolution: 8-bits (1 partin 256).

d) Central Units:

A three microprocessor (main, arithmetic, and display) memory board
with 64k bytes of memory, histogram data memory boards, and Quad serial
communication board constitute the central units of the LeCroy 3500 SA
signal analyzer.

The main or central processor is an 8085A microprocessor. An 8085 A
microprocessor is also dedicatd to display operation. An AM 9511 is the
arithmetic processor unit which provides 32-bit floating point calculations.
The histogram data memory board includes 8192 channels of 24-bit count
capacity per channel. The Quad Serial communication board provides four
RS-232-C ports for communication with other computers. For a detailed

description of these units refer to reference 4.

B. SOFTWARE

The software necessary for this system to obtain the desired results




consists of three different programs. The first program (Jobl), which is
written in Fortran 80, is an interactive program. This brogram, by itself,
performs three different functions. The program first opens a data file on the
disk residing in drive B, then prompts the user for memory size and the
starting memory channel for the appropriate experiment (in this case two
transient recorders require 4k byte of memory with starting memory location
at channel zero). As its-second function, the program prompts the user for
various fiduciary experimental parameters such as date, file number, anode
voltage and current, magnetic field, and pressure, all entered in appropriate
units. In this part, the program also asks the user to enter the front panel
settings for each transient recorder. Some examples of these selections are
input range setting for each transient recorder and sample interval. As its
third function, program Job1 reads the input values of two transient recorders
directly from the histogram memory of the computer and stores these values
along with fiduciary data on the data file which has already been opened on a
floppy disk in drive B.

An example of the prompting signal is given in Figure 1.3. Figure 1.4is
a flowchart for this program. This program is run on the LeCroy 3500 SA.

The second program is the digital time series analysis program. This
program, which was written by Jae. Y. Hong!, makes extensive use of the Fast
Fourier Transform (FFT). This program was modified for compatibility with
the other two programs written for this system. The original program uses
Calcomp plotting subroutines to plot various spectra. The modified program,
which is run on the VAX 11/780 system, opens a data file and stores the

processed data for each spectrum. This processed data is then sent to the




ENTER FILE NAME:

ENTER CHANNEL:

ENTER BLOCK SIZE:

ENTER FILE NUMBER:

ENTER DATE:

ENTER RUN NUMBER:

ENTER ANODE VOLTAGE (KV):

ENTER ANODE CURRENT (AMP):

ENTER MAX MAGNETIC FIELD (TESLA):

ENTER PRESSURE (MICROTORR):

ENTER AVERAGE PLASMA NUMBER DENSITY
(ELECTRONS/(M+#3)):

ENTER RADIAL POSITION OF PROBES FROM THE CENTER OF
PLASMA (CM):

ENTER MICROWAVE SCATTERING ANGLE (DEGREE):

CHANNEL NO. 1 DATA.

ENTER INPUT RANGE SETTING (VOLT):
ENTER SAMPLE INTERVAL (MICROSEC):
ENTER ANTIALIAAS FILTER (MHZ):
ENTER OVERALL PROBE GAIN (VOLT):

CHANNEL NO. 2 DATA.

ENTER INPUT RANGE SETTING (VOLT):
ENTER INTERVAL (MICROSEC):

ENTER ANTIALIAS FILTER (MHZ):
ENTER OVERALL PROBE GAIN (VOLT):

CHANNEL NO. 3 DATA.

ENTER INPUT RANGE SETTING (VOLT):

ENTER SAMPLE INTERVAL (MICROSEC):

ENTER ANTIALIAS FILTER (MHZ):

ENTER OVERALL PROBE GAIN (VOLT):

ENTER D.C. VOLTAGE AT PREAMP INPUT (VOLT):
ENTER ADDITIONAL COMMENTS?

Figure 1.3. Prompting Signal for the Program Jobl.




( START )

¥

DIMENSION
DECLAgATION
INITIALIZATION

!

OPEN A DATA
FILE ON THE
DISK II\IIBDRIVE

v

ENTER MEMORY
SIZE AND
STARTING MEMORY
CHANNEL LOCATION

v

ENTER
FIDUCIARY
DATA

READ

INPUTS CHANNELS
1&2FROM
HISTOGRAM
MEMORY AND
STORE IN DISK IN
DEVICE B

v
(END)

Figure 1.4. Flowchart for program Job1.
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LeCroy 3500 SA system for plotting. The LeCroy éystem has its own plotting
subroutine. Figure 1.5. »is a simplified flowchart for this program. For
detailed explanations of this program refer to references 1 and 3.

The third program, Job2, is written in Fortran 80. This program reads
the processed data coming from the VAX 11/780 to the LeCroy and plots
various spectra such as auto-power spectrum of channels 1 and 2, cross
amplitude spectrum, phase spectrum, and squared coherency spectrum of
channels 1 and 2. This program also plots the inputs for channel 1 and 2 in the
time domain. Program Job2 screen dumps the plots to the printer for later

viewing. Figure 1.6. shows a flowchart for this program.
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( START )

3

COMMON
&

DIMENSION
DECLARATION

v

INITIALIZATION

!

OPEN A DATA FILE
FOR THE
PROCESSED
DATA

v

CALLTABLE

y_

GET RAWDATA
FROMCHAN1 &2

v

CALLMEAN

v

CALL WINDOW

v

CALL POWERS

Figure 1.5. Flowchart for program TEST77.
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CALL SUMRMS
FROM
CHAN.1&2

y

COMPUTE
ABSOLUTE
POWER SPECTRA

|

GENERATE
FREQUENCY AXIS

v

STORE THE
PROCESSED DATA
FOR AUTO POWER

SPECTRA OF
CHAN.1&2

STORE THE
PROCESSED DATA
FOR CROSS AND
PHASE SPECTRA

v

CALLRECON

v

STORE THE
PROCESSED DATA
FOR SQUARED
COHERRENCY
SPECTRA

(‘EItD)

Figure 1.5. (continued).
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( START )
INITIALIZATION

v

READ IN THE
PROCESSED
DATA

:

GENERATE VERTICAL
AND HORIZONTAL
AXISFOR AUTO-
POWER SPECTRUM
CHANNEL1

v

PLOT AND SCREEN
DUMP AUTO
POWER
SPECTRUM
CHANNEL1

!

GENERATE VERTICAL
AND HORIZONTAL
AXISFOR AUTO-
POWER SPECTRUM
CHANNEL2

v

PLOT AND SCREEN
DUMP AUTO
POWER
SPECTRUM
CHANNEL2

Figure 1.6. Flowchart for program Job2.
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®
!

GENERATE VERTICAL
AND HORIZONTAL
AXIS FOR CROSS
AMPL. SPECTRUM
CHANNELS1 &2

'

PLOT AND SCREEN
DUMP CROSS
AMPL SPECTRUM
CHANNEL (1&2)

!

GENERATE VERTICAL
AND HORIZONTAL
AXIS FOR PHASE
Sl;ECTRUM CHANNEL
1&2

PLOT AND SCREEN
DUMP PHASE
SPECTRUM

GENERATE VERTICAL
AND HORIZONTAL
AXISFOR SQUARED
COHERENCY
SPECTRUM CHANNEL

1&2

Figure 1.6. (continued).
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PLOT AND SCREEN
DUMP SQUARED
COHERENCY
SPECTRUM
CHANNEL1 &2

v

GENERATE VERTICAL
AND HORIZONTAL
AXIS FOR INPUTS
CHANNEL1&2

v

PLOT AND SCREEN
DUMP INPUTS
TIME BASE

v
( END )

Figure 1.6. (continued).
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CHAPTERII

OPERATING INSTRUCTIONS

An outline of the procedure followed for the acquisition of data from the

3500 SA system follows.

For detailed instructions refer to the LeCroy’s

operator’s manual?. Notational conventions in this section are:

<KEYPADKEY >

<keyboard key >

[LIGHT PEN REGION]
STEP1

STEP2

STEP3

represents an entry from the system’s 16
keypad.

represents an entry from the system’s main
keyboard.

represents an entry made with the light pen.
Apply power to the 3500 SA system by first
turning on the peripherals and then the
system 3500 SA. Following power up, your

screen should appear asin Fig 2.1.

1nsert the 3910-SA diskette in drive A, then
select [BOOT DISK SYSTEM] from the
power up screen either with the light pen or
by pressing <START>. The screen will
appear as in Figure 2.2.

select option 1. of the INITIALIZATION
option menu by depressing:

<1>

or [STANDARD WITHOUT FFET]

17



LeCroy System 3500 SA

1 BOOT DISK SYSTEM
1 DEBUG MONITOR
1 GO TO GRAPH
1 OUTPUT SETUP
' TERMINAL MODE
_ 1MORE

Figure 2.1. System 3500 SA’s power up screen.
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INITIALIZATION OPTIONS

11. standard without FET

12. FFT with FLAT window

13. FFT with HANNING window
14. FFT with HAMMING window
15. FFT with BLACKMAN window
16. resetsystemram

17. Setsystem setup to default

1 8. Execute application program

Figure 2.2. System 3500 SA’s screen after selecting “BOOT DISK
SYSTEM". '
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STEP4 After 68 seconds the main SA menu will
appear again. To access the graph select:
<2ND FUNCT > <M. GRP/SG DIS>
or [GO TO GRAPH]

At this point, the screen~ appears as in Figure

2.3.

eI

s re T 7 T

T '"1 it
, - T N - . .

[ ' B oLy
LINEar : @ e

\c e 0 M2HED KA W /

Figure 2.3. Graph of memory # 1

STEP5 Slect:
[MORE]
[UP/RIGHT ARROW]
This will display the graph containing the
[MENUS] option, Figure 2.4.

20
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ol B SAVE
7| BREST
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AUTO . ' - 1
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8 #JT0 OFF
B AUTG Ok

p 024 €SI
HEMORY ¥ 2 T T rcions

8 pore
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Figure 2.4. Graph display containing the [MENUS] option

STEP6 Select [MENUS] with the light pen. The
result is the set up menu in the system 3500
SA shown in Figure 2.5.

STEP7 Select [SYSTEM ARCHITECTURE] with the

light pen. The result is system 3500 SA’s
Architecture page shown in Figure 2.6.
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3500 SA SETUP Version 3.8

1 LOAD SYSTEM FILE

1 SYSTEM ARCHITECTURE
1t MODULE SET-UP

1 SAVE SYSTEM FILE

1 RETURN TO GRAPH

Figure 2.5. System 3500 SA’s set up menu.
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K’;' % Systen Archilocture Bor 3.2 u-»—u\
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-
-
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12821218
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. @eaply slot
B retsrs to o

[

Figure 2.6. System 3500 SA’s Architecture page.

The system Architecture page provides a means to inform the system:
1) how many model 3500-2 8k-x 24-bit data memory boards are
present.
2) what acquisition modules are present in the 8-slot CAMAC
minicrate and in which slots they reside.
To change the number of data memory boards (a number that must be
between 1 and 8), simply type the appropriate number when the cursor is
positioned at the “number of data memories” selection. The cursor will

disappear as soon as any information is sent to the system Architecture page
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(via keyboard or list pen), therefore, changing the number of data memory
cards must be done immediately after accessing the System Architecture page.
(NOTE: System 3500 SA in the UTK Plasma Lab has two data memory
boards, so type 2 for the number of data memories). To assign an acquisition

m-.dule to a particular slot, follow the example shown in Figure 2.7.

3500 Sk Systen Aremtsctare Bor 3.2 A2-derd
(fer mmctrate) =

l(lmwmmn ‘Mdowm sotule Lgts
]l'mmu ,
g :
slot | vosule WA
P Xt |
@I !
;, :tv | gy sTere.
H TOUCH LIGHT PE
b ;Eﬁ}— ' |TNeesy mm: ‘L;nuuu:x':!:r:uns
; | oty 1.""2“" | BESIDE .07 3.
! mply ! e |
¢! matley g:::;::; |
1 t mply : . ."
b ompty i.UJ'A .
1
{
.Beapty slet
\ B reun y
steP

TOUCN LISHT PEN TO THIS AREA
UNTIL TEMPTY" DISAPPEARS

Figure 2.7. Assigning model TR8818EX to slot 3.

Assign two model TR8837, configured for averaging, to two slots.

STEP8 After defining system Architecture, return to
the setup menu by selecting [RETURN TO

24




MENTU] with the light pen from the System
Architecture page.
STEP9 Select [MODULE SET-UP] with the light pen
from the system 3500 SA’s set-up menu.
Each acquisition module that has been assigned to a mini-crate slot in system
architecture has a module setup page. These pages allow the user to assign
various data acquisition parameters to the modules present in the system.
Each type of data acquisition module has a characteristic module setup page.
Since two module TR8837 are used for this experiment, TR8837 Su’s module

setup page is shown in Figure 2.8.

CURSOR
/.__

K WODEL ISOASA32 SETUP - SUMMATION MERACING
(ainicrate slot §)

TINE: <
!

BELL TINE/SANPLE (select froe table):

0: 31n8  2: 12305 ¢: SMnS 6 200005
1:6nS ¥ 25008 S:1008nS 7 external
PRETRIC (M/8 3 REC LEN; W=t o 7): ]
WMER OF SMEEPS (M ( 1€777216): 1000
]
[
14

FFT (0eN0, 1mONCE, 2eCONTINUOUS):
MEICHTING (O=GFF, 1s(N):
RECORD LENGTH (1/4K to 6K):

Deacry 820
SUNS INEE NS NS (NN N NN

\-pmim aodule .nm sodule .nm te m)

Figure 2.8. TR 8837 Su’s module setup page.
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Entries are made by pointing the cursor at the appropriate field and typing

the desired entry followed by a carriage return.The <RETURN > key moves

the cursor among the selections on the module setup page.

STEP10

STEP11

STEP12

STEP13

Return to the system setup page by selecting
[RETURN TO MENU] with the light pen
from the module setup page.

Select [RETURN TO GRAPH]. Display the

memory-group graph for the acquisition

‘module, by depressing:

<M-GRP/SG DIS>
To scroll through the various memory area
use:

<UP/RIGHT ARROW >

Clear any previous data from the memory
group graph with:

<2ND FUNCT>

<START/CL DAT>

< START/CL DAT>

If appropriate input signals are present at the
data acquisition modules, the user may start
acquisition with.
<ACQ/START>
<START/CL DAT>
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Allow data acquisiton to halt automatically after a pre-programmed number

of sweeps. At this point, the data resides in the histogram memory of the

computer.

STEP14 , Strike <RESET>. The result is system
3500 SA’s Power up screen.

STEP15 Remove 3910-SA diskette and insert the
diskette containing programs Job1, Job2, and
TERMQ in drive A and a blank diskette in
drive B.

STEP16 [BOOT THE SYSTEM].

At prompt A, type Jobl. Program Jobl
prompts the user for fiduciary data through
the keyboard. This program then reads the
data from the histogram memory of the
computer and stores them along with the

fiduciary data on the diskette in drive B.

Before proceeding to the next step, it is time to consider communication
between the LeCroy 3500 SA and the VAX 11/780 system. Communication
between the system 3500 SA and the VAX 11/780 can be accomplished by
using the program TERM. The program TERM communicates with the VAX
system via the standard RS-232-C port on the system 3500’s rear panel.
Because this port is used to communicate with the LeCroy 3931A printer,

there remains another option. This option is to communicate via one of the
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four ports on the model 3500 -35 Quad serial interfaée board using the
program TERMQ. Program TERMQ is a version of TERM configured for the
quad serial interface board.

NOTE: Running under CP/M, TERMQ enables text emulation of a VT52
terminal. Once the connection is made, go to STEP17.

STEP17 At prompt A type
TERMQ B: myfilee DAT<CR>
(<CR> indicates the RETURN key)

NOTE: “TERMQ B: myfile-DAT” not only initiates the communication, but
also saves the returning data from the VAX system in a file called
“myfile-DAT” On drive B.

TERMQ begins with an interactive session which prompts the user for
information necessary to make possible communication between the LeCroy
3500 and the VAX systems. First, the user must state which RS-232-C port is
Being used. The remaining prompts request information about the VAX
11/780 computer. The actual initialization session required to allow
communication with the VAX 11/780 is shown in Figure 2.9. Note that a
carriage return must not follow a “Y” or “N” response but it must follow a
numeric entry. At the last stage of initialization, program TERMQ prompts
the user for bit rate selection. Bit rate means the number of bits transferred
per unit of time, usually expressed in bits per second (bps). Due to hardware

limitations, the LeCroy 3500 SA can’t handle bit rates higher than 1200 bits
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Terminal program Version3.1 (START for help)

Port = 00 Change? Y
New value = 4

Stop bits (1 = >1,2=> 15,3 = > 2) = 01 Change? Y
New value = 3

Parity (1 = > odd,2 => none,3 = > even) = 02 Change? Y
New value = 3

Number of bits (5 to 8) = 08 Change? Y
New value = 7

Bit rate selection:

0=>19200 4=>2400 8= >600 C=>134
1= > 9600 5=>2000 9=>300 D=>118
2=>4800 @ 6=>1800 A=>200 E=>175
3 = > 3600 7=>1200 B=>150 F =>58
Currently 04 Change? Y

New Value = 7

Figure 2.9. Initializing TERMQ for VAX - System 3500 Communication.
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per second. With this bit rate, the time required to process 4K of raw data is

as follows:

Time required to read values of Approximate time
two transient recorders from the histogram

memory of the computer and store these values

along with the fiduciary data on the data file on

a floppy disk in drive B. | 4 minutes

Time required to send this information
from the LeCroy 3500 SA to the

VAX 11/780 3 minutes

Time required to process the raw

data in the VAX 11/780 system 4 seconds

Time required to bring the processed

data to the LeCroy System 1.5 minutes

Time required to plot the various spectra 4 minutes

Total Approximately 13 minutes
When the final initialization has been entered, system 3500 is effectively a
VAX terminal. Thus, a carriage return will elicit the VAX prompt
USERNAME:
Use the system 3500 keyboard to log into the VAX. A successful login results
in the VAX/VMS prompt.
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NOTE: The system 3500’s keypad is used to implement certain functions of
the TERMQ program. These functions are shown in Figure 2.10. For more

information refer to 3500 SA’s operator’s manual.

PORT FORMAT X-ON DUPLEX

CLBUF DUMP ECHO STAT

SEND SAVE SUPR ENABLE

HELP EXIT CLSCR

Figure 2.10. TERMQ keypad Functions.

The following steps document the means of transfering a file from the

system 3500 to the VAX.
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STEP1

STEP2

STEP3

STEP4

STEPS

STEP6

STEP7

At the dollar sign, enter the VAX/VMS
command

CREATE Filename <CR>

where “Filename” is the name of the VAX
file that will receive the system 3500 file and
“<CR>"indicates the RETURN key.
Depress the SEND key on the keypad (refer
to Figure 2.10 for the location of this key).
Respond to the inquiry:

FILE to send: B: myfile-DAT

Respond to the inquiry:

Encode in HEX? N

The answer is “N” because the file is an
ASCII code.

Respond to the inquiry; Send line feed after
carriage return? with an “N”

Await completion of the transfer. No prompt
will appear, but the end of the file just
transfered may be recognized if its contents
are known, since the file being transferred is
listed on the CRT display.

Enter the end-of-file character, CTRL-Z, to
inform the VAX/VMS operating system that

the file it has been saving reached an end.
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Figure 2.11 is an example of a data file being transferred from the 3500
system to the VAX system. As previously mentioned, it is time to run the
modified program “Test 77" on these raw data and store the processed data in
a file. The following steps document the means of transferring this file from

VAX 11/780 to the system 3500.

STEP1 At the dollar sign prompt, enter the
command
TYPE Filename
without striking the RETURN key.
“Filename” is the VAX file to be transferred.

STEP2 Depress the CL BUF key on the keypad (refer
to figure 2.10 for the key’s location).

STEP3 Depress the SAVE key on the keypad.

STEP4 Depress the RETURN key to complete the
entry of the VAX/'VMS command started at
step a).

STEPS Await completion of file transfer. The dollar
sign prompt will reappear when the transfer
is completed.

STEP6 Depress the SAVE key on the keypad to
inform TERMQ that the file it is saving has
reached its end.

STEP7 Logoff the VAX system by entering CTRL-Z
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FILE NUMBER: =2

DATE: 1u/Ze/EE

RUN NUMEER: AFDS _

ANODE VOLTAGE (KV): 1.30

ANODE CURRENT (AMFJ: 002

MAs.. MAGNETIC FIELD (TESLA):  .440

PRESSIUURE (MICROTORR. 30, ¢

AVERAGE FLASMA NUMEER DENSITY (ELECTRONS/ (M®x3)i: 1.00s10=%14
RADIAL POSITION OF FROBEZ FROM THE CENTER OF PLASMA (CMJ: 10.0
MICROWAVE SCATTERING ANGLE (DEGREE:: 99%.%

CHANNEL No.1 DATA.

INFLUT RANGE SETTING:  .Sip

SAMFLE INTERVAL (MICROSEL): 1.00U
ANTIALIAS FILTER (MHZI/: 0.000
OVERALL PROEE GAIN (VOLT): 50

CHANNEL N2 DATA,

INPUT RANGE SETTING (VULT): o12
SAMFLE INTERVAL (MICROSEC): 1.000
ANTIALIAS FILTER (MHZi: 0,000
OVERALL FROEBE GAIN (VOLT): « 150

CHANNEL NO. 3 DATA.

INFUT RANGE SETTING (VOLT):  G.O0uo

SAMFLE INTERVAL (MIZROSEC): (. OO0
ANTIALTIAS FILTER (MHZ): 0.000

OVERALL PROEE GAIN (VOLT): V. 000

D.C. VOLTAGE AT PREAMF INFUT (VOLT,: 0.0u
ADDITIONAL COMMENTS 7

Figure 2.11. An example of a data file being transferred from the 3500 SA
system to the VAX system.
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Figure 2.11. (continued).
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STEP8 Depress the EXIT key on the keypad to
return to the CP/M operating system.

NOTE: These processed data will be saved under filename “myfile-DAT” in
drive B. At this time, run the program Job2 which does the plotting. At
prompt A type Job2. Programs Jobl, Job2, and Test77 are included in
Appendix A. Appendix B contains spectra for three different runs.
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PROGRAM JOB1
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CMOCD T O 0o

PROGRAM JUEL

DIMENSION IARRY(800U)

LOGICAL LF

INTEGER FN

REAL INRS1,SI1,ANAFI,PGL, INRSZ,SI2, ANAF2,PG2
REAL INRS3,SI3, ANAF3,PG3, DCVOLT

REAL AV, ACU, MMF, PRESS, RPOP, MCA

DOUBLE PRECISION DATE , RN, APND

LOSICAL NAME(11),COMM{40)

DATA NAME/G: 7, 7D7, "k, T/

MAD : STARTING HISTOGRAM MEMORY ADDRESS.

N : NUMBER OF CHANNELS TO BE OPERATELD ON.
LF : LINE FEED.

FN : FILE NUMBER.

NAME : FILE NAME TO BE ASSIGNED TO A DATA FILE
RN : RUN NUMEBER FOR AN EXPERIMENT

AV : ANOLE VOLTAGE

acll : ANDODE CURRENT

MMF : MAX. MAGNETIC FIELD

PRESS : PRESSURE (MICROTORR:

APNDY ¢ AVERAGE PLASMA NUMBER DENSITY
RPOF 3 RADIAL POZITION OF PROBE

MZA : MICROWAVE SCATTERING ANGEL
INRS! ¢ INFUT RANGE SETTING CHANNEL
INRSZ @ INFUT RANGE SETTING CHANNEL
INRZSZ ¢ INPUT RANGE SETTING CHANNEL

L) b e

Il : SAMFLE INTERVAL CHANNEL |

) 94 : SAMPLE INTERVAL CHANNEL 2
slz : SAMFLE INTERVAL CHANNEL =
ANAF1 1 ANTIALIAS FILTER CHANNEL 1
ANAFZ : ANTIALIAS FILTER CHANNEL 2
ANAFZ  : ANTIALIAS FILTER CHANNEL 3
PG1 : OVERALL PROBE GAIN CHANNEL 1|
PG2 : OVERALL PROBE GAIN CHANNEL &
PG3 : OVERALL PROBE GAIN CHANNEL 3
DCVOLT : D.C. VOLTAGE AT PREAMP INPUT

50



10

26

LF=10

WRITE(S, 1)

FORMAT (2X, ‘ENTER FILE NAME:
FORMAT (CAL)
FOURMAT (2X, “ENTER CHANEL: )
READ (5,10) (NAME(I),1=1,8:
WRITE (35,20)

READ(S, 3¢) MAD

WRITE(S, 40)
FORMAT (22X, "ENTER ELOCH SIZE:
READ(S, S N

FORMAT (I3

FURMAT (I4)

OFEN 4 DATA FILE ON & DISK IN DRIVE E

CALL OFEN.&,NAME, 2

ENTER EXPERIMENTAL CUNDITIONE

WRITE(S,S1)

FORMAT(2X, “ENTER FILE NUMEBER:
READ(S,S2) FN

FORMAT (I 2)

WRITE(e,S2) LF,FN
FORMAT (AL, “FILE NUMLER: -, 12
WRITE (S,54)
FORMAT (2X, “ENTER DATE: )
READ (S,55) DATE

FORMAT (RS
WRITE (&, 56)LF, DATE
FORMAT (AL, “DATE: 7,A8)

WRITE (5,57)
FORMAT (2X, "ENTER RUN NUMBER:
READ (5,52)RN

FORMAT (AR)

WRITE(6,59) LF,RN
FORMAT (A1, "RUN NUMBER: “Ag)
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WRITE(S, 60)
&u FORMAT (2X, “ENTER ANODE VOLTAGE (KV)y: )
4 READ:(S, 61) AV
&l FORMAT (FS. 20
WRITE (&, 62} LF,AY
& FORMAT (A1, “ANDDE VOLTAGE (KV): 7,F5.2)
WRITE(S, 62)
€2 FORMAT (2X, “ENTER ANDDE CURRENT (AMF): )
READ(S, 64 ACL

&4 FORMAT (F3. 2
WRITE (¢,&5: LF,ACU
&% FORMAT (AL, “ANODE CURRENT (AMFS: 7, FS5.2)

WRITE (5,é6!

e FORMAT (22X, "ENTER MAX. MAGNETIC FIELD (TEsLA: )
REALD S, €7 )MMF
&7 FORMAT (FS, 2
WRITE (c,é&8) LF,MMF
&3 FORMAT (AL, "MAX., MAGNETIC FIELD «TESLAY: -,F5.3)
WRITE (5, e&%.
&% FORMAT (2%, "ENTER FREZZURE (MICROTORR): <)
REAL (5,70 PREZS
T FORMAT (Feol)
WRITE (6.71) LF,PRES:
71 FURMAT (a1, FPRESSURE (MICROTORR : “,Fs.1)
WRITE(S, 7
T FORMAT (2x, "ENTER AVERAGE FLASMA NUMEER DENSITY
1 (ELECTRONS/ (Mex2i): 7
READ (S,732) APND, 1
7. FORMAT(F4,2,5X, 13
WRITE(&, 74 LF,4FND, 1
74 FORMAT (AL, "AVERAGE PLASMA& NUMBER DENSITY (ELECTRONS,

1 (M=x2)): ,F4.2, #108=’,12)
WRITE (5,75,
79 FORMAT(2X, "ENTER RADIAL POSITION OF PROEES FROM THE
1 CENTER OF PLASMA (CMi: )
READ (5,7¢) RPOF
7¢ FORMAT (F3.1)
WRITE(é,77) LF,RPOF
77 FORMAT (A1, "RADIAL POSITION OF PROEBES FROM THE CENTER
1 OF PLASMA (CMi: -,F4.1)
WRITE(S,78)
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FORMAT (2X, "ENTER MICROWAVE SCATTERING ANGLE (DEGREE:

REAL (S,79:M34

FORMAT(FS. 1)

WRITE(&,80) LF,MSA

FORMAT (A1, "MICROWAVE SCATTERING ANGLE (DEbREE)
WRITE (é,81:,LF

FORMAT(AL)

ENTER INPUT SETTING FOR CHANNEL 1

WRITE (S,&82)

FORMAT (20, "CHANNEL NC. 1 DATA. )

WRITE (&,830,LF

FORMAT (A1, "CHANNEL NU.1 DATA. )

WRITE (5,84

FORMAT (2%, ENTER INFUT RANGE SETTING (VOLT):
REALD (5.8%: INRS!

FORMAT FE.5)

WRITE (&,86&) LF,INRZL

FORMAT (AL, "INFUT RANSE SETTING: 7,F&.3)
WRITE (5,87)

FORMAT (2%, "ENTER SAMFLE INTERVAL (MICROSEL):
READ (S,88) =1t

FORMAT(F9. &0

WRITE(c,29) LF,EId

FORMAT (AL, "SAMFLE INTERVAL (MICROSEC): 7,F?.4&)
WRITE (5,90

FORMAT (2X, "ENTER ANTIALLAS FILTER (MHZI): )
READ (S5,91) ANAF1

FORMAT(FS. 2

WRITE(&,92) LF, ANAF1

FORMAY (AL, "ANTIAL1AS FILTER (MHZ): -,F5.3)
WRITE (%,93)

FORMAT (2%, ENTER OVERALL PROBE GAIN (VOLT): )
READ(S,94) PG

FORMAT(F2.4)

WRITE (6,95) LF,PGI
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FIORMAT (AL, ‘OVERALL PROBE GAIN (VOLT): -,F8.4)
WRITE (6,%¢),LF
FORMAT (AL

ENTER INFUT SETTING FOR CHANNEL 2

WRITE (5,97,

FORMAT (22X, "CHANNEL NO.2 DATA.

WRITEE (¢, 98),LF

FORMAT cAl, "CHANNEL No.2 DATA. )

WRITE (5,99

FORMAT (2X, “ENTER INFUT RANGE SETTING (VOLT): )
READ (5, 101: INRSZ

FORMAT(F2.S)

WRITE (&, 1020 LF, INRSE

FORMAT (AL, INPUT RANGE SETTING (VOLT): ,FS.5)
WRITE (5,102

FORMAT (2x, "ENTER SAMFLE INTERVAL (MICROSEC): )
READI(S, $::4) Sl

FORMAT (F2. &)

WRITE (6,105 LF,512

FORMAT (AL, "SAMFLE INTERVAL (MICROSEL:: 7,F%.4)
WRITE (5, 1ué:

FUORMAT (2K, ENTER ANTIALIAS FILTER (MHZ/: )
READ i5,107) ANAF2

FORMAT (FS, 25

WRITE(&,108, LF,ANAF2

FUORMAT (AL, "ANTIALIAS FILTER (MHZ): °,F5.32)
WRITE(S,109)

FORMAT (2X, "ENTER OVERALL PROBE GAIN (VOLT): )
READ (S5,110) PG2

FORMAT(FE.4)

WRITE(&,111) LF,PGE

FORMAT (AL, "OVERALL PROEE GAIN (VOLT): ‘Fg8.4)
WRITE (&,112),LF

FORMAT (AL)
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ENTER INFUT SETTING FOR CHANNEL 3

e]

B S

© WRITE (S5,112)
113 FORMAT (2X, “CHANNEL NO.Z2 DATA. )
WRITE(&, 114),LF
114 FORMAT (&1, “CHANNEL NQ.3 DATA. )
WRITE (S, 115)
11s FORMAT (2%, "ENTER INPUT RANGE SETTING (VOLT.: o
' READ (5,11c7 INRZZ
11e FORMAT(FE.S)
WRITE(&,117) LF, INRZS
1- FORMAT (AL, “INPUT RANGE SETTING (VOLT»: -, FE.%.
WRITE (5,11&)
11z FORMAT (2X, “ENTER SAMPLE INTERVAL (MICROSEL): ~)
READ(S,119) 213
11° FORMAT(F?.6&)
WRITE: &, 120) LF,S1C
120 FORMAT (A1, 'SAMPLE INTERVAL (MICROSEC): 7 ,F?.67
WRITE (5,121)
121 FURMAT (2X, ENTER ANTIALIAS FILTER (MHZ): )
READ ¢5,122) ANAF2
22 FORMAT(FS.2)
WRITE (&,1237 LF,ANAFZ
122 FORMAT (A1, "ANTIAL1AS FILTER (MHI): ,F3.3)
WRITE (5,124
124 FORMAT (2X, "ENTER OVERALL PRUBE GAIN (VOLT):
READ (5,125 PGS
125 FORMAT (FS. 4)
WRITE (6,12¢) LF,PG2
26 FORMAT (A1, “OVERALL PROBE GAIN (VOLT): 7,F8.4)

WRITE (S,127)
127 FURMAT (2X, “ENTER D.C. VOLTAGE AT PREAMP INPUT (VOLT): )

READ (5,128) DCVOLT
128 FORMAT(FS.2)
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WRITE (&, 12%) LF,DCVOLT :

FUORMAT (AL, D.C. VOLTAGE AT PREAMP INPUT (VOLTH: -, F3.2)
WRITE (5,13

FORMAT(ZX, “ENTER ADDITIONAL COMMENTS 2°,/)

READ (S,131; COMM

FORMAT (4Cn1)

WRITE(&,132; LF,COMM

FORMAT (AL, "ADDITIONAL COMMENTS 77 ,40A1)
WRITE(&,132),LF

FORMAT (AL

SUEROUTINE HMIRD READS THE DATA FROM THE HISTOGRAM
MEMORY OF THE COMFUTER AND TRANSFER: THE DATA TO THE
ARRAY "TARRAY",

CALL HMIRD(IARRY,MAD, Ni

DO 2wl 1=1,N, 1

b=I+1E

IF (E.GT.N) k=N

WRITE (&, 100y LF, (JTARRY (S, J=1, K3
FORMAT (AT, 151X, 1202

END
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PROGRAM TESTT7
CHARACTER NAME#C
GOUELE PRECISION FNAME, IDATE, IRUND, IFARZ, IPARS, IFLND
DOUEBLE PRECISION IPARL,21,22,12,7%,75,YV(&)
UIMENSION 1COM(S00:, IPAR(23),PAR (23,
COMMON/L/D1(204E),D2(2048;,D3(204¢8,
COMMON/FR/BMAX, AVDEN, RCM, RDG, R{, DTU, G1,R2, G2, R3, 63, VDC
COMMON, TAE1/IDATE, IFLNG, IRUNG, 71,22,23,24,15
COMMON/TAE2/DTUE, M, IW
IPEY=1%
1 I WRITE. S, 1
IFEY=IPEY+]
TFCIPEVER.2455TOF
1 FORMAT /. /777,15, TVvPE THE NAME OF THE DATA FILE )
READ(S, ZiFNAME
‘' FORMAT (ALl
DFENUUNIT=21, name=FNAME
WRITE .S, 222
2Lz FURMAT (2X, 'ENTER FILE NAME FOR THE PROCCESSED DATA: -
READ (5,3222: NaME
R FORMAT (AL
OPEN: UNIT=24,NAME=NAML.
CALL PARMTR(FAR, IFARL, IPARD, IFARE. 21,22,73,24,25, VY, 2l

* READ FARAMETER: FROM THE COMMENT SECTION.

: 1FARTL: FILE NUMEER - IFLNC:

s IFARZ: DATE (IDATE:

* TPaR s RN NUMBER (IRUNOD)

t PAaR- 4. ¢ ANODE VOLTAGE RV , (VFIL.

2 PAR(S:: ANDDE CURRENT AMF , (CF.

% FakRici: MAX. MAGNETIC FIELD TESLA , (EMAXD

e FPARL7 . PRESSURE MICRO-TORR , (P35U)

* FAR(E:: AVERAGE PLASMA NUMBER DENSITY ELECTRONS/ (M=x2) ,

= (AVDEN: .

= PAR (% RADIAL PUSTTION OF PROBES FROM THE CENTRE OF FLASMA
’ CM , (RCM.

= FaR 105 FUTENTIAL PRUBE ANGULAR DISPLACEMENT DEGREE , (RDW:
5. PAR(I113: INFUT RANGE SETTING IN BIO.1 VOLT ,{R1)

# PaR (124 SAMFLE INTERVAL MICRO-SEC , (DTU,

* PARC13:: ANTI-ALIAS FILTER MHZ , (FCUT)

& FAR{145: PRE-AMF GAIN VOLT IN BIO./VOLT IN PLASMA
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PAR 1S
PAR 1e::
PAR 17/
FAR{1Z .
FARC1%):
PAR 2V :
PAR 213
FAR 220

FAR 23

IFLNO=IFAR]
IDATE=1FAR:
IRUND=]1FARZ

VPL=FAR (3.
CP=FA4R 5.
EMar=FAaR e
Poll=PAR (7.

AVDEN=FAR .2 -

RCM=PAR 9.
ROG=FAR: v
Ri=FAR.11.
DTU=PAR 1)

LTUE=DTY

Li=FAR 14,
R2=FAR{ 15,
ie=FARV LS
Ra=FARC1S
G2=PAR(2ZZ)
VDL=PAR{ 23

(G1)

INFUT RANGE SETTING IN EIO.2 VOLT ,(RZ2}
SAMFLE INTERVAL MICRO-SEL

ANTI-AL1AS FILTER MHZ

PRE-AMF GAIN VOLT IN BID./VOLT IN PLASMA
INPUT RANGE SETTING IN EIO.Z VOLT ,<R3)
SAMPLE INTERVAL MICRO-SEL

ANTI-AL1AS FILTER MHZ

PRE-AMF GAIN VOLT IN BIO./VOLT IN PRE-AMF

D.C.VOLTAGE AT PRE-AMF INFUT WVOLT , (VDL

READ BIOMATIONS DaTA

CALL BIODAT(21,D1,N:
CALL EIODAT21,D2,N0
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CLOSELUNIT=21)
= SET ZERD FOR THE LAST 3 WIRDS FROM BIOMATION

N=2048
NE=N-2
b 16 I=NE,N
DIcI)=0
nedli=o
D3 1)=0

.+ CONTINUE

L

1
|
2 GENERATE THE POWER SPELTRA.

M==

(e

LALL NASAM, 1W. 7Y, IFEV)

STOF

ENT

SUERDUTINE NAZA M, 1W, V7, 1PEY

TR0 I IS TEMFORARY STORAGE FOR QD BETWEEN CH.1 AND CH. S
LOMMON |, TEMFQD/ TQDO10255, TRFCT

LOMMONL. DL (2042, D20204%), 032045
COMMON,PR/EMAX, AVDEN, RCM, RDG, R, DTU, G1,R2, G2, R3, 0.3, VIIC
LOMMON FLTT/PX{1027), Py §0275 , FRL02T )
COMMON X 205G, Yo2090), 210255

DOUELE PRECISION 14425, Y1)
DOUELE PRECISION 1E(4),IC{4), 1005, IECY),IF{3),1G(3),IH4,
PDIMENSION IUcd,, IVi2:, 1DD1{205¢), IDD22050)
DIMENZION Q(1025,%5)
EQUIVALENCE (X (1),Q¢1, 1),

M : NUMBER OF M-AVERAGING.
IW : OFTIONAL NUMBER OF DATA WINDOW APFLIED.

X Mo %

N=2042
2=N/ 2

N2 i=N2+1




Do e2% I=1,204%
L0 CT =DL T
10D2(1)=D02(1)
CUNT INLUE

RR1=R1

RR2=R2

DDD=DTU

SELELT CHAN. X AND v FROM DI,D2 AND DZ.

ooo2¢ 1=1,N21
IEQ SEIVRY

o CONTINUE

LALE FALTOR FOR AESOLUTE VALUE OF EACH CHANNEL,

SC1=R1/G1

sCa=Ra/ G2

SL2=(RI/G2)= (AVDEN, VDL,
Fl1=3,1415%2cSe
RM=RIM=0, Gl
RO=ROG=F1, 120,

Tei=1./ iRM=RD=EMAA=G. 220

Ri=i.v/12%5.v

Wh=o, 108

CN=29500

WRITE(S, Lo2:
FORMAT s 1oh. 'TESTZ )
oS k=g,1

IF k=1, POWER SPECTRUM BETWEEN CH.1 AND CH.Z2
IF k=2, POWER SPECTRUM BETWEEN CH.1 AND CH.3

Do 10 I=1,N

X{I)=R&=(D1(1))

IFKER. 1) Y(I)=REa(D2{T)

IF(K.EQ.2) Y{I)=RS#{D3{1):
10 CONTINUE
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SUBSTRACT THE MEAN VALUE FROM EACH ARRAY.
CALL MEAN
MULTIPLY WINDOW FUNCTION TQ DATA IN TIME DOMAIN.

WRITE(S, 101
FURMAT (16X, "TESTL )
CALL WINDMW . 1MW, SW

DT=DTU=1.0E =
b=

LALL POWERS (M, NF, RRRE
WRITE (S, 14z,
FORMAT 10X, TESTZ :

SWI=SRRT il

IF -1 al,0l, 02
CALZULATE RMS VALUE OF CHAN.1 AND CHaN.2 .

Call SUMRM:Z{1,NF,RM:.
WRITE(S, 104,
FORMAT (1%, TEST4 )

RMZ1=RMxz 1 TWY

CALL SUMRM: (2, NF, RMS .

RMS 2=RMo« o0 2=5WY

Do S& L=1,NF

Wib, 1o=00L, 1ieSWa S0Tme )
Rel, 20=0iL, 2, a8W=C0 12502
Bel, 3i=0L, 3)#SW (SC2rxl;
CONTINUE

GO TO V&

CALCULATE RMZ VALUE OF CHAN. 2.
FORMAT (10X, "TESTLO )

CALL SUMRME(3,NF, RM:)
WRITE .S, 111)
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RMZ3=RM5%S(3xSW
WRITE:'S, 211
FORMAT (10X, "TEST1T )

WRITE.S, 112
FORMAT (1o, "TESTI2 ',

CONTINUE

FLOT ALL SFECTRA ON CALCOM PLOTTER.
POWER SPECTRA ARE PLOTTECD WITH fu-INCH SEMI-LOG 2CALE
UF TO NYQUIST FREGUENCY.

SFh 1% IN KILO-HERCZ.

SFE=FLDAT M) /{2, 048=0TU
Do 36 I=1,NF
FXLLi=SFhsFLOAT VT

write 24,5 Fail:

S0 LONTINUE

WSITE(S, 115

FORMAT 10k, "TEZTIS
FANFRL =0, 0
FaNP4Zi=tu0, /DTU

DO 48 1=1,NF
Pyols=mel, 1
WRITE: 24, = Py 1)
1 CONTINUE
po 42 1=1,NF
PYilo=Gl, 3.
writei24,=; PY{Il)
continus
1F.L.EN. 10 GO TO 42
DO 3¢ I=1,NF
4¢ PY(L)=TADT:

4% D0 43 1=1,NF
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PyiIy=Q{I,2]
WRITE (24, =, PV(I)
CONT INUE

DO 44 I={,NF
Py {I)=0(],%
WRITE (24,2 PY(1)
CONTINUE

GENERATE RELONZTRUCTED FHASE SPECTRUM

CALL RECONINF
Do 53 I=1,NF

3 PVI =], S

Do 4% I=1,WF
Fooli=gial,q;
WRITEC29,=) PY{l:
CONTINUE

CONTINUE

UG 47 1=1.NF

S RCli=Ro], L

49 I=2,NF

¢ OPYITisRI-1aeR
CALL PEVMANL(IDLI, §,RRL, DD, -30.5, -5, S
LALL PEVYMANZOIDDZ, 2, RRE, DDO, 19.G, Ga s

velurn

end

SUEBRQUTINE MEAN

SUETRACT MEAN VALUE FROM EACH ARRAYS.

COMMON X{20%07, Y(2050), 1(1023)
N=2048&

FN=FLOAT (N’

SUMR=0. v

SUMY=(0. O

DO 10 I=1,N

SUMX=SUMA+X{T)
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SUMy=SUM4v (]
CONTINUE
AAVEX=SUMX /FR
AVEv=SUMY/FN
o 26 I=1,N
X{1a=K{1)~AVEX
Yili=yv{I)=AVEY

0 CONTINUE

RETURN
ENC
SUBRIUTINE WINDOW:IW, SW,

IF IW=1, HANNING WINDOW IS MULTIPLIED TO DATA.

IF IW=2, HAMMING WINDOW IS MULTIPLIED TO DATA.

IF 1W=Z, TAFERED COSINE BELL 1S USED AS DATA WINDOW.
IF IW=3, NO WINDOW{(BOXCAR:

COMMON X (2050, , V{20500, 201025
N=2udo

IFCIWLESL L) SHWL=1,/¢.378
IFCIMLEL, 2 SMWL=1, /v, 23574

IF IWLER. 3 SMWL=E../7,
IFCIW.EGL 40 EWL=1,

SW=SWL

TROLWLER. 4 G0 Tu 4o
IFCIWLEL. 2 GO TO 2o
JFOIWLER. L. A=0.S
IFCIW.ED. L B=G.5

IF . IWEN. 2 A=, 59
IFCIW.ED. 2 EB=0.4¢
FN=N

Do to I=1,N

Fl=1-1
FIN=2,0=3.1315922535+F 1 /FN
DW=4-B=COS(FIN:
Aili=D=Ai1)
VIo=DW=Y (L)
CONTINUE

GO TO 40

NA=20S
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FNA=NA

M 20 I=1,NA

Fl=I-1
PlU=2.14159245235+F 1 /FNA
Co=0. O (1, u=COS(PIC)
A1) =0S=X (1)
Yili=C8=Y il

NI=N-1+1

MNT G =CeaX (NI
YINLi=LCeYNL:

v CONTINUE

RETURN
END
SUBRUUTINE POWERS (M, NE, BT

AVERAGE FOWER SPELTRA ARE COMPUTED IN STEAD OF DENSIT: SPECTRA.

M: THE NUMBER OF ELEMENTS OF M-AVERAGING AND IS ALWAYS QDD
NUMEER GREATER THAN 2.
IF M=1, THEN THERE IS NO' M-AVERAGING,

PW/iX, Pri: AUTO POWER SPECTRA OF X-CHANNEL.

PWY, FY2: AUTO FOWER SPECTRA OF Y-CHANNEL.

PWAv: CRUSE POWER SFECTRA OF X-AND V-CHANNEL.

PHi': PHASE FUNCTION OF )- AND YV-UHANNEL.

COHAY: COHERENCE FUNCTION,

CU: CO-SFPECTRA.

Bh . QUAD-SPECTRA.

LOMMON Xx'uqu\ V20800, 2{102%;

DIMENZION PX201025), 0001025 ,PY2{1025),0D(1625)
DIMENZION Fw/x\1u=4»,Fu/v\10-¢» PRYY (10250, COHXY (1025,
1 PHXV1G2E,

COMMON /TEMPGD/ T@D102%5), TRFLCT

TH1S EQUIVALENCE 1S USED FOR BEFORE-M-AVERAGING.
EQUIVALENCE (Xi1),PX2(1)5, (X(102&3,C0013), (Y{1),PY2(L)5,
1 V{1028, 801))

TH1S ERUIVALENCE IS USED FOR AFTER-M-AVERAGING.

EQUIVALENZE (X{1),PWXX (1)), (XC102c),PWXY (1), (V1) ,PWYY L)),

IV (loges, COHAY (153, (Z{1),PHAY {1,
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LOGICAL INDEF, INCD
DOUELE PRECISION EIR

TALE FUOURIER TRANZFORM OF INFUT DATA WITH 2048 ELEMENTS.

N=204¢
k=11

SMEV= MEAN SQUARED VALUE

FM=M
EMIV=D, GFMFLOAT (N 22
TSLALE=-1.0
LALL FFTRiL:

SEPERATE FFT OF EACH X- AND Y-ARRAY.

A=V S

ND=N/2+1

N =N+

DD 1G I=1, N
IF(l.ER. L GO TQ (S
NET=NE -1
FR=IXCL AL INE LD J A
XI=V(To~vViNLT  ian
YREOY (147 (NYT <A
FI=OXINE T =X {10 i=h
G0TO 2%

S XR=xcld

XI=G.0
YR=Y (1}
YI=G,u
PX2eli=XResa24) 102
PY2{li=VRaxal+y]x=2

CO AND QD ARE STORED IN REVERSE ORDER.
NDI=ND-T+]

CONDI) =XRsYR+X 1%
QUINDI)=XI=YR-XR=YI
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CONTINUE
CO AND @D ARE REARRANSED IN RIGHT ORLER.

N3=N/3

DO 20 I=1,N4
NI=ND-I+{
TEMFP=COCI)
COCT =CO{NT
CONI, =TEMF
TEMP=2D (1
ROCT =00 NI
WLNT  =TEMF
CONTINUE

TALE THE M-AVERAGINS OF ALL S ARRAYS A% AN SMUOTHING PROCEDURE

ML =M

IFWML-2) 35,45, 35
IUE=.

CALL MAVRIML, ICE,NFL .

ONLY QD) IS ODD FUNCTION, THUS QD01 15 RESET TO O.0

Whiii=G. 0

IFCiML-2:.LT. 0> NPL=ND
NF=NFL

TRELT=0, 0

D 30 I=1,NFL
PX2I=FA2:1)
Fyal=FvZ2iI)

COT=C0:.1)

GDI=Qp 1
COD2=COl2x2+Q0 ==y

TQD(1:=-QUI

IF{KT.EQ. 1) PWAX{I)=FX21+SMSV
IF(RT.EQ. 20 PWAX(I)=PHXY(1)*QDI#TSCALExSMEY
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PWYY T =PY 2T =EMEV
FWXy L 1) =SORT(COQD2 ) »=SMIY

THE NORMALIZING VALUE OF TRANSPORT FACTOR IS CALCULATED.
IFIKT.EQ. 23 TRFCT=TRFCT+PHLY (I #PWXY (1)

KIR=1.0E-20
INDEF=AB5.LOI LT .KIR.AND. ABS .RDI).LT.KIR
IF (.NOT. INDEF; PHXY(l)=~ATAN2(QDI,COI)
JFCINDEF ) PRAY (I =2.222

INCD=AES (CORDZS LT HKIR.ANDL, AES(PX21) . LT.KIR. AND.
ABS (FY2I . LT.HIF

IFCONOT.INCE: COHXY1)=COQD2/ (PX2I2PY21

TFCINLGG COMMYola=1,222

' CONTINUE

RETURN

END

SUEBROUTINE MAVR M, 10E.NF
COMMON € 1025, S

10E=5, THE INFUT FUNCTION TQ RE SMOOTHED IS EVEN.
I0E=1, THE INFUT FUNCTION IS 0DD.

IMAZ=1025

JHAN =4

MA=!

FM=M:A

COMFUTE THE STARTINS POINT.

IF{10E) 25,225,195

1S DO 10 J=1, IMAX
10 1, =0.0

GO TO 3%
2=iMA-1)/2+1
Do 20 Jd=1, MA:

SUM=GC L, J0
DO 20 I=2,M2
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SUM=SUM+G ], = G
Qi1,Ji=5UM/FM

Mli={MA+11/2+]

DO 40 J=1,IMAX

L=1

DO Su I=M1, IMAX, MA
SUM=0. U

IM=1+MA-1
IF(IM.GT. IMAX: GO TO 30
L=l+1

Do oed k=1, IM
SUM=SUM+G F L b
GiL, Ji=SLM/FM
CONTINUE

NF=L

RETURN

ENL

SUBROUTINE FFTR .

DaTa IS IN FRIREAL) AND FIJIMAGINARY) ARRAYS.
COMPUTATION IS IN FLALE, OUTPUT REFLACE:S INFUT.
NUMEER OF POINTS MUST BE N=lw=<h

FRON: AND FION) SHOULD BE DIMENSIONED WITH 2=sb ELEMENTC

EUT INSTEAD IS DIMENSIONED WITH 2e=h+2 BELAUSE OF
COMMON ELOCH.

COMMON FR: OO0 FIO205G,, 241025
N=2esl

MR=C

NN=N- 1

DO 2 M=1,NN

L=N

L=L/2

IF{MR+L.GT.NN, GO TO 1
MR=MODICMR, L +L
IF(MKR.LE.M:; GO TO &
TR=FR{M+1)
FR{M+1)=FR{MR+1)
FRMR+1,=TR

TI=FI(M+1)
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FIM+1)=F1MR+1)
FI{MR+1:=T1

CONTINUE

L=1

IF{L.GE.N: RETURN
ISTER=2+L

EL=L

DO 4 M=1.L

A=, 1415922525 ~FLOAT (1-Mi /EL
WE=LOS A

WI=CINCA

Drd I=M.N, ISTER
J=1+L
TR=WR«FRJ:=WIxF1cd)
TI=WR=F1(Ji+WInFR )
FR:J:=FR{I)-TR
Fl.i=F1:1,-T1
FR:1:=FR{]I:+TK
FICIi=sFICIo+TI
L=1STEF

ot T o

END

SUBRQUTINE SUMRMZ .. NF,RMS)

J 15 ORDER NUMBER OF 3 AUTO POWER SPELTRUM.

COMMON W 1023, S
SUM= L o

0 1C I=1,NF
SUM=SUM+W T, -
CONTINUE

RMz=SORT (SUM.

RETURN

END

SUERQUTINE RECONINFL)
COMMON X (2050, Y(2050) ,PHXY (1025
o e J=1,2

NF=NF'L

SAY=PHAY (L)

Sx=1.

SY=PHAY (L
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Sxz2=1.

NF' | =NF-1

0O 1 I=2, NP1

IF{1.GE. 31 GO TO 2
SXY=EXY+FLOAT (T «PHXY (I)
SX=5X+FLOAT (1)
Sy=saY+RHXY (1)
SX2=SX24FLOAT (1) %=2

60 TO 1

5 SXV=0AVHFLOAT (1) &PHAY (1 -FLOAT (1-305 *PHAY (1-30)

SX=SEX+FLOAT(I)=FLOAT (I-30G}
SY=SY+HPHAY (1 -PHAY (1-30)

SXZ=LNQHFLOAT (1) s 2=FLOAT ( I-30 i =x2
BA=30

D=BA=S)2~Sh e
RM={EA=SXY=-5X=5ZY¥,) /D

C={SXZwEY-SX4EXT) /T
EV=RMeFLOAT (141 )+C

YP=PHXY (14146, 262

IF {ABSYF~E V) . GE. ABS(PHAY (1+1,-EV3) GO TO 5
PHXY {1415 =YF

GO 10

S OYM=PHXY (I+415-¢. 280

JIF(AES(YM-EV).LE. ABS(PH: Vi I+1)-EV)) PHX Y (1415=vM
CONTINUE
LONTINUE
RETURN
END

SUBROUTINE BIODAT (IUNIT,DATA,N:
DIMENS1ON DATA{2500), IDATA( L6

N=y

DO 100 I=1,128
READCIUNIT, 2G, ERR=200) (IDATA(J) , J=1, 16}
FORMAT(16(1X,13))

DO 80 K=1,1é
DATA(K+{1-15216)=FLOAT (CIDATALK) 3-127.0
CONT INUE

N=N+1¢

CONTINUE

WRITE(S, 150N
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FORMAT(2X, 'THE # OF DATA READ WAS ', 14}

RETURN
N=N+.-1
WRITE(S, 210N

FORMAT (2X, "ERROR NUMBER= ,I13)
DO 30 L=, d-1
DATAL+iI~1i%165=FLOAT (IDATALL
CONTINUE

ST0H

EN:

- SUEROUTINE PARMTR.FAR, IPARL, IPARZ, IPARE, 21, 22,72,23, 25,00, IUNDT

DOUBLE PRELISION IFPAR2, IFARS, IPART
DOUELE PRELISION Z1,22,23,24,15,Vv8)
CHARACTER#SOLINE « 2% :
CHARALTER= I 2STRING (29
DIMENSION PAR 2%, JSTART (22, JENLIL 25
noo2e 1=y, 2%

REALICIUNIT, {U:LINECT,

FORMAT (AR

Jda=1

CALL FINDCLINE i, JSTART (JJ), JENDILAL )
CONTINUE
JETART (1 )=Jd5TART ({1, -1
JEND{ ) =daTART <1+
STRINGL)=LINE 15 I5TART (1) s JEND( 1) )
READUSTRING(1), 30) IPAR!
FORMAT e Al
FORMAT (Ac s
JEND 2 3= JSTART(2)+E

STRINGCZ =LINE (2 «IZTART (25 s JENDIZ S
READ(STRING(2), 45) IPARY
FORMAT (A8

JEND (3 =J5TART(3) 46
STRINGCZ)=LINE{2; CJSTART (25 s JENDN( 3 )
REAUSTRING(2), 35) IPAR2

D 47 J=4,10¢

STRING () =LINE(J) (JSTART(J, : JSTART(J)+13)
IF(J.EQ. 4) THEN

READ{STRING{J), SOIPAR{J)
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ERNDIF
ENDIF
ERDIF
ENLIF
47 CONTINUE
READ(STRING &), 94,74
READNSTRING 16, %o 25
vE FURMAT vAds
Sr FORMAT (A%
97 FORMAT (Ax
S5 FORMAT (Fd. 1
&L FORMAT (FS.3:
v FORMAT (Fe. 1)
S FORMAT (F3.1,57,12)
2V FORMAT(F3.1.
F000 FORMAT (FS. 1)
110 FORMAT (F 43, 2}
120 FORMAT(FS. 2.
130 FORMAT(F3. 1)
130 FORMAT (F7.3)
CCCCECCCCCCoccoecoococococoeococereececoncere
r READ THE BlU. PAR.
C

READNSTRINGY), 95121

ELSE

IF{J.LE.S) THEN
READ(STRING 1), 60)PAR D)

READ(STRINGLD) , 9522
ELSE

IF<J.EQ.7)THEN
READNMSTRING(J), 70iPAR Y

READ(STRING(J), 97,73
ELSE

IF{LEQ.S)THEN
READCSTRING(S) , BLIPARCY, T

FAR{D =PAR (Ji= {10, Oxs ] )
ELZE
READ(STRINGJ), 100 IPAR{J}

k={a
DO 250 JdJ=1,3

DO 200 II=1,4
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I=1I+}k

STRINGI-22J3J:=LINE{1) (JSTART (1 JSTART(I+11)

IF I.EG.K+1)THEN
READ(STRING(I-2=.1J), 110)PAR(I-22JJ)
ELSE

IFCILEQ.K+2) THEN
READCETRING (1=2%JJ), 120)PAR (I ~2#Jd:
ELSE

IFCILEQLE+3)THEN
READCSTRING I-2=Jd), 130 IPARII-2=dt)
ELSE

REAL (3TRING 1-22dJ), 140IFAR(1=2=dd)
END IF

END IF
END IF
CONTINLUE
k=b.+¢
STRING .29 =L INE . 2% (JSTART( 27 s JSTART (27,45

READCESTRING (2%, 2100FAR2Z)
FORMA(FS. 20
READCIUNIT, 220 vy (Ls, I=1, &
FORMAT /1, BALG)

SUBROUTINE FIND(LINE. ISTART, IENDS
CHARACTER=GULINE
J=INDEX(LINE, "¢ 7

ISTART=M4 0

J2INDEXGLINEJBEG: 5, "
IEND=ISTART +.!

SURROUTINE PEYMANI (11,JKL,R1,D, X0, Y0/
DIMENSION I1(2051)
DIMENSION Vi{402), X{402)

bo 10 I=1,400

NNN=NNN+1
X{NNNi=FLOAT(1-1)=D
YI(NNN:=I1({I)%(2.#R1)/127.
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WRITE(24, =:£(])
CONTINUE

Do 36 I=1, 4800

WRITE(24,%) Y1(I}

CONTINUE
WRITE (S, %) NNN
KNNN+5=0.0
X{NNN+2)=23, 0]
WRITE(S, < *NNN
XX1=X (NNN+T
AX2=X (NNN+ZS
Y¥1=Y1(NNN+1:
VY22V L INNN+2)
WRITE (S, »INNN
RETURN
ENE

SUBROUTINE PEVMANZ(IL, WL, RL, L,

DIMENSION Tio2aSt:

PIMENSION V14020, X (4022

NN =

oo1G 1=, 400
NNN=NNN+ 1
AINNNG =FLOAT -1 0=D
YIONNN:=I1 I =i2.2R1)/127.
WRITE (24, =7 Yiil:

CONTINUE

ENL
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PROGRAM JOE.

REAL Aul1¢),B(1145,C(114),D(114),E(114),F(114)
REAL T{(40U0), A1(400,,A2(400,

REAL X{114),Y(114)

LOGICAL NAME(11)

DATA NAME/©="7, "D, "A", " T/

N : NUMBER OF DATA POINTS

& 1 LENGTH OF THE AXIS IN INCHE:Z
AMIN: MINIMUM VALUE OF THE COORDINATE
D) @ CHANGE IN COORDINATE PER INCH

THIZ PROGRAM PLOTS VARIOUS SPECTRA PLUS
INFUTS OF CHANNELS 1 AND 2 IN TIME DOMAIN.

WRITE .S, 1)

FORMAT(Sx, 'ENTER DATA FILE NaME @ )
READE, 20 (NAME(L), 1=1,8)

FORMAT LG8

WRITE(Z,Z) NAME

FORMAT (SX, 1AL

ALCESS THE DATA FILE IN DRIVE E
CALL OFEN(&,NAME, 20
READ IN THE PROCESSED DATA FOR VARIOUS SPELCTRA

READ (¢,4) AB,C,0LE,F,T,AL A2
FORMAT(E1S.7)
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FLOT AUTO-POWER SPECTRUM OF CHANNEL 1

N=114

Do 12 I=1.N

YR PTG £ )

Do ez I=1,114
Eil)=ALOGIOCB{I))
b 7 I=1,N
A{li=k 1o
CONTINLIE

==,

CALL SLALE:%,N, 1,5, XMIN, Di:
XMIN=XMIN-1.v
TAMIN=XMIN
XMIN=TXMIN
Da=2.5

YMIN=XMIN

Dy =Dx

CALL PLINIT

SUBROUTINE PLINIT INITIALIZE THE SCREEN FOR FLOTTING

CALL AXISiEZ, 2%, AUTO POWER SPRM =1a LOG ,-23,S,90., XMIN, [0

Do 1v I=1,N

xol4lo=4010

ae 1 =G, L

M=N+1

CALL SCALEWR, M, 1,5, XMIN,DX)

ROUL OFF XMIN ANL DX

IXMIN=XMIN
XMIN=IXMIN
IoX=DX

79



Do B e B B o]

=4
Pt

CALIBRATE THE X-AXIS

IF(DX 6T, (IDX+0.5)) DX=IDX+0.5

IF(DX .LT. (IDX+0.S)i DX=IDX

CALL AXIS(E2,2%, "WAVE FREQUENCY KHZ’,18,$,G.0, XMIN, DX)
CALL PLOT(8Z,25,-3)

SUBROUTINE PLOT SETS THE ORIGIN AT(S2,25). THERE
ARE 22 DOTS PER INCH IN THE HORIZONTAL DIRECTION
AND S1 DOTS PER INCH IN VERTICAL DIRECTION,

oo 1e 1=1,N

Yili=E. 1.

CONTINUE

CALL LINEX,Y,N, 1, XMIN, DX, YMIN, DV

SUBROUTINE LINE DRAWS A LINE THROUGH THE DATA POINTC
CALL SCRDMF

SUBROUTINE SCRDMF DUMPS THE SCREEN TD THE PRINTER
PLOT AUTO-FOWER SPEZTRUM OF CHANNEL &

oo 18 1=4,N

CCI)=ALOGIOIC(I))
po 20 I=1,N
X(Ii=CiI)

CALL SCALE(X,N,1,%, XMIN, DX

XMIN=XMIN-1.G
IXMIN=XMIN

XMIN=IXMIN
BX=2.S

YMIN=XMIN

Dy=DX
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CALL FLINIT

CALL AXISBZ, 25, "AUTO POWER SPRM #2% LOG ', -23,S,%0.G, XMIN, DX)

Do 3o I=1,N

K{1+10=4CT)

X(1:=0.0

M=N+1

CALL SCALE(X,M,1,S, XMIN,DX)
IXMIN=XMIN

XMIN=1XMIN

105 =D

1IF(DX .GT. (IDX+0.S3) DX=1Dx+0.5
IFCDD JLT. (IDX+0.5)5 Dn=1D%

CALL AXIS(82,25, 'WAVE FREQUENCY KHI ,18,%,0.0, XMIN, DX}
CaLl PLOT(SZ2,25,-2)

bo 4o 1=1,N

Yili=Cil)

LONT INUE

CALL LINE X, ¥,N, 1, XMIN,Dx, YMIN, DY)
CALL SCRIMF

FLOT CROSS AMPLITUDE SPECTRUM OF CHANNELS 1 AND 2

I 4% I=1.N

DTl =ALRGTO(DNT )
L 1o I=1,N
xolr= DiI
CIONTINUE

Ll SCALEOX,N, 1,5, XMIN, [
AMIN=YXMIN=-1.0
IZMIN=XMIN
KMIN=1XMIN

DX=2.5

YMIN=XMIN

Dy=DY

CALL PLINIT

CALL AXIS(82,25, 'CROSS AMPL SPRM 1&2 LOG',-23,S,90.0, XMIN, DX

DO 15¢ I=1,N
X{I+1)=A(1)
X(1)=0.0
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M=N+1

CALL SCALE(X,M, 1,5, XMIN, DX
IXMIN=XMIN

XMIN=1XMIN

IDX=Dhx

IF(DX JGT. (IDX+G.5) ) DX=IDX+4,5
IFCDX JLT. (IDX+0.5)) DX=1Dn

CALL AXIS(S2, 28, "WAVE FREQUENCY KHZ ', 1£,S,0.0, XMIN, DX’

CALL PLOT(EZ,2T,-2!

oo fs0 I=t,N

Yilo=Duols

CALL LINE. X, ¥Y.N, 1, XMIN, DX, YMIN, I )
CALL SCRDMF

LOT PHASE SFELTRUM OF CHANNELS 1 AND 2

N=114

po o150 I=3,0
xuli=E L

XMIN=~3, .

Ox=2, i

YMIN= MIK

Lh=Dx

CAll PLINIT

CALL AX1S(52, 25, 'PHAZE SFECTRUM 122 RDA -,

poo1es I=1,N

AcI+li=a010

Xelosu,u

M=N+1

CALL 2CALEX,M, 1,5, XMIN, DY)
IXMIN=XMIN

XMIN=1XMIN

1DXx=DX

IFiDX .GT. JIDX+0.55) DX=1DX+40G.S
IF{DX LY. (IDx+0.5)) DX=1D)

-
Ll y Sy

0., XMIN, IV

CALL AXIS (82,25, "WAVE FREQUENCY KHI-,18,%,0.0, XMIN, DX

CALL PLOT(8Z,25,-3:
Do 196 I=1,N
Yili=E(I)
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CALL LINECX,Y,N, 1, XMIN, DX, YMIN, DV
CALL PLOT i, 102, =2}

CALL PLOT 322,06, 20

CALL SCRIMF

FLOT COHERENCY SPECTRRUM OF CHANNELZ ! AND 2

oo 260 1=1,N
X{Ii=Fol:
AMIN=D, GO

D=0, 25
TMIN=AMIN

Dy=Dx

CALL PLINIY

LALL AXIS 52,29, "SQ COHERENCY SPRM 1&27,-21,%,9C.0, AMIN, [

oo 21e I=1,N

Kil+ld=hil)

Xolizu, i

M=N+1
CALL STALECX, M, 1,5, XMIN, DaJ
IXIN=MIN

AMIN=] XMIN

D=0

IFeDia oGT. CIDX+0.5:: DX=1DX+0.5
IF:Ly JLT. CIDN+G. S0 DX=1DX

CALL AX1S{(22,25, WAVE FREQUENLZY KHZ , 12,9, 0.0, XMIN, DX
CaLL PLOTCZ22,25,-3

Do o226 1=1,N

Yoli=F{1:

CALL LINE (X, Y,N,1, XMIN, DX, YMIN, DiV)
CALL SCRDMF

PLOT CHANNEL 1 INPUT IN TIME DOMAIN

NN=400
XMIN=-1,00
DX=0.S
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YMIN=XMIN

Dv=Lx

CALL PLINIT

CALL AXISig8z,2S, AMPL OF CH1 IN VOLTS ,-2G,$,%0.0, XMIN,DX)
CALL SCALE(T,NN, 1,8, XMIN, N0

CALL AXIS(E2,25, “TIME IN MICRO SECONDS ', 21,S, G.0, XMIN, DX)
CaLL PLOT(22,25,-2!

LALL LINE(T,AL,NN, 1, XMIN, DX, YMIN, DY)

LaLL SCROME

FLOT CHANNEL 2 INFUT IN TIME DOMAIN

XMIN==1, 0

D=0.8

YMIN=XMIN

Dy =T1x

LALL PLINIT _
CALL aXIs(gl, s, "aMPL OF CHZ IN VOLTS ,-25,8,906.0, XMIN, DX}
CALL SCALECT,NN, 1,5, XMIN, DX

CALL AX1S\ 22,25, 'TIME IN MICRO SECONDS ,21,S,0.0, XMIN, DX
CALL PLOTI(S2,25,-3)

CALL LINE(T, A2, NN, 1, XMIN, DX, YMIN, DV)

CALL SCRIMF

LALL PLINIT

CALL PLTCLE

END
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APPENDIX B

VARIOUS PLOTS FOR
THREE DIFFERENT RUNS



This section includes three different runs. The first run, TEST, is a test
on the system. The inputs to the transient recorders are two identical sine
waves at the frequency of 50 KHz. The sampling frequency is 1pusec. Runs
AQP1 and APDS5 are actual plasma data. The conditions for these two runs

are given at the beginning of each run.
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FILE
DATE:

NUMEER: |

10/5/8%

RUN NUMEER: TE=T
ANODE VOLTAGE (kV):  0.00
ANODE CURRENT (AMF.: 0.000

nA)\-

MAGNETIC FIELD (TESLAG: G.000

PRESSURE <MICROTORR): .U

AVERAGE FLASMA NUMEER DENSITY (ELECTRONS/

RADIAL PUSITION OF PROEES FROM THE CENTER OF PLASMA (CM)
MICROWAVE SCATTERING ANGLE (DEGREE): 99%.%

CHANNEL No. i DaTa.

INFUT

RANGE SETTING: «S1200

SAMFLE INTERVAL (MIZROSEC):  1.000000
ANTIALIAS FILTER (MHZ.: Q.000
OVERALL PROEE GAIN (VOLT): 1. 0000

CHANNEL N, 2 DATA.

INFUT RaNGE SETTING (VOLT): «S1200
SAMFLE INTERVAL (MICROSEC::s 1,000000
ANTL1ALTAS FILTER (MHZ): O.000
OVERALL PROEBE GAIN (VOLT): 1.0000

CHANNEL NG. 2 DATA.

INFLIT

RANGE SETTING (VOLT):  0.00000

SAMPLE INTERVAL (MICRUSEC:: 0.000000
ANTIALIAS FILTER (MHZI): 0.000
WERALL PROEE GAIN (VOLT): 0. 0600

Ul C?.

VOLTAGE AT FREAMFP INFUT (MOLT): GC.00

ADDITIONAL COMMENTS 7

Figure B.1. Experimental conditions for the TEST run.
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Figure B.2. Input of channel 1 in time domain
(TEST run)
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Figure B.3. I’?‘Eut of channel 2 in time domain
(TEST run).
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FILE NUMBER: 1

DATE: 10/31/85

RLIN NUMBER: AGF1

ANTDE VOLTAGE (kVi: 3.70

ANODE CURRENT (AMF): ,02%

MAL. MAGNETIC FIELD (TESLA): .20

PRESSURE (MICROTORK) : 47.0

AVERAGE PLASMA NUMEER DENSITY (ELECTRONS/ (Mxs3)): 2,25&1(0=si5
RADIAL POSITION OF PROBES FROM THE CENTER OF PLASMA (CM): 1o, o
MICROWAVE SCATTERING ANGLE (DESREE): 999.9

CHANNEL N&.1 DATA.

IN®UT RANGE SETTING: « 51200

SAMPLE INTERVAL (MICROSEL): . 166665
ANTIALLAS FILTER (MHZ): 0.000
QVERALL PROBE GAIN (VOLT:: L0320

CHANNEL NuU. 2 DATA.

INFUT RANGE SETTING (VOLT): « 51200
SAMFLE INTERVAL (MICRUSEL): dseses
ANTIALTAS FILTER (MHZi: G, Q0w

OVERALL PRUOBE GAIN (VOLT: 0220

CHANNEL NU.3 DATA.

INFUT RANGE SETTING (VOLT):  0.00000
SAMFLE INTERVAL (MICROSEC):  0.000000
ANTIALIAS FILTER (MHZ): 0.00C

OVERALL PROBE GAIN (VOLT): 6. 0000

D.C. VOLTAGE AT PREAMP INPUT (VOLT): 0.00
ADDITIONAL COMMENTS ?

Figure B.9. Experimental conditions for the run AQP1
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FILE NUMBER: =2

DATE: 1u/26/8%

RUN NUMBER: AFD3

ANODE VOLTAGE (KV): 1.30

ANCDE CURRENT (AMFJ: L 00Z

Max. MAGNETIC FIELD (TESLAI: .440

PREZSURE (MICROTORRI: 30.0

AVERAGE PLASMA NUMEER DENSITY (ELECTRONS/ (Msx2)i: 1,00%10#x13
RADIAL POSITION OF PROBES FROM THE CENTER OF PLASMA (CM): 1U.0
MICRUWAVE SCATTERING ANGLE (DEGREE): 999.%

CHANNEL Ni.1 DATA.

INFUT RANSE SETTINGG S12

SAMFLE INTERVAL (MICROSEC): 1.00U
ANTIALIAS FILTER (MHZ!: 0.000C
OVERALL PROEBE GAIN (VOLT): 156

CHANNEL N&. 2 DATA.

INFUT RANGE SETTING (VOLT): 512
SAMPLE INTERVAL (MICROSEC): 1.000
ANTIALIAS FILTER (MHZJ: O.ind
(VERALL FROEBE GAIN (VOLT): «15¢

CHANNEL NO.2 DATA.

INFUT RANGE SETTING (VOLT): G.000

SAMFLE INTERVAL (MIZROSEC: 0,000
ANTIALIAS FILTER (MHZ): 0.000

OVERALL PROBE GAIN (VOLTJ: 0.000

D.C. VOLTAGE AT PREAMF INPUT (VOLT.: 0.0C
ADDITIONAL COMMENTS ?

Figure B.17. Experimental conditions for the run APD5.
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Figure B.18, Inputof channel 1in time domain
(run # APD5).
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Figure B.20. Auto power spectrum of channel 1
(run # APDS5).
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Figure B.21. Auto power spectrum of channel 2
(run # APD5).
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Figure B.22. Cross amplitude spectrum (1,2)
(run # APD5).
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Figure B.23. Phase spectrum (1,2) in Radians
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Figure B.24. Squared coherency spectrum (1,2)
(run # APDS).
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