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ABSTRACT

This report is the concluding scientific report to record the status

Sand progress of Scientific Analytical Investigations, the preparation of

Computer Programs, Data Reduction, and the development of mathematical and

computer techniques in support of Environmental Research and other various

aspects of the physical sciences corcerning the upper atmosphere.

During the year covered by this report, the 20 completed programs

ri.nged in complexiLy and size from conversiou of programs from one language

or computer system to another, to ahalysis and development of a large system

of analytical programs.
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FOREWORD

These computer programs are the results of analytical research per-

formed for:

The Analysis and Simulation Branch (CRMCA)

Computation Center AFCRL

Air Forý:e Cambridge Research Laboratories

Bedford, Massachusetts 01730

The computer programs contained in this report may be obtained from

the above organization, upon request by referencing the appropriate

project numbe' and problem number listed at the end of each program de-

scription.
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SECTION 1

INTRODUCTION

This report documents the efforts under subject contract.

Each program docunented herein describes what was done rather than

a detailed program writeup.

Upon request, a complete program description may be made available

to interested parties (see FOREWORD). TI"e program descriptions are

lengthy and very detailed, and may be used to follow the complete flow

and operation of each program.
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SECTION 2

SAGAMORE HILL EDIT SYSTEM (EDSYS)

At the AFCRL Radio Astronomy Branch Ralic Observatory at Sagamore Hill,

Hamilton, Mass., there are four major installations (1) the Solar Observatory

(2) the 150' Radio Telescope, (3) the Satellite Building and (4) the 84'

Radio Telescope. At each of these installations many different experiments

ane observations are performed resulting in a variety of data. Most of the

data accumulated is recorded in two forms - strip chart recordings, and

magnetic Lane. The magnetic tape data is in analog form. To process and

analyze this data on a digital computer it is necessary that the analog data

be digitized. At the Sagamore Hill facility this digitizing is accomplished

by the Digital Equipment Corporation (DEC) PDP-9 data processing system.

This PDP-9 installation digitizes all analog data which is destined for

computer processing, into a standard digital tape format. By utilizing one

standard format, regardless of the data, standard programming procedures

are possible, thus greatly reducing the effort required to implement follow-

on data processing and analysis.

I. System Description

The Sagamore Hill Edit System (EDSYS) allows the user several means

by which he may further prepare his data, thus reducing the time and effort

required to program and process it on a large scale computer system.

EDSYS consists of 28 interrelated programs co-located in the PDP-9

core memory. It will read, restructure and display the data on a cathode

ra,, tube (CRT) display. Once the data is displayed the user may madipulate

the displaved data for a better presentation, This manipulation in no way
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changes the data, only its presentation. The user may then use the system

to calibrate, edit or reduce the data and record his results on an outpuc

tape. By proper use of EDSYS the user inay also gather selected files of

data from different tapes onto one tape or conversely, scatter several

files from one tape onto several tapes. He may also gather whole or parts

of several files of data into one file.

EDSYS requires magnetic tape input in the Sagamore Hill digitizing

system format. The data is arranged in riles. Each file is composed of

a header block, an arbitrary number of data blocks, and an end-of-file

mark. The Last file on the tape is followed by a series of consecutive

end-of-file marks to signal logical end-of-tape.

When EDSYS is first loaded and at other appropriate points throughtout

the system's operation, the user may position the input or output tapes.

This is accomplishcd by responding to comiands printed on the teletype

by EDSYS. (The teletype and CRT display are the man-machine interfaces

for EDSYS.)

Once the tapes have been positioned to the beginning of the desired

file, EDSYS will read the header record from the input tape. The header

record is always the first record in a file and is 78 words long arranged

as follows:
TABLE I

Word(s) (in octal) Contents

1-2 Cod^ used for PDP-9 Magnetic Tape Handler

3-5 Alphanumeric word "HEADER" in ASR/KRS
Teletype Code (ASCII); two characters
per word.
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wnrd(q) (in octal) Contents

6 Word of zz-oes; separates above from label

7-37 50 characters used as label; ASR/KSR

Teletype code (ASCII); two c!,,irr'ters per
word.

40-53 Analog tape channel numbers.

54 Number of channels digitized.

55 Analog cape channel number of timing track.

56 Number oC minor time cycles per second,

57 Sample rate: number of minor time cycles
between samples.

60-63 Start time: Day, Hours, Min., and Sec.

64-65 Start time: TCT (Time Code Translater)
pacKed format

66-71 End time: Daf, Hours, Min., and Sec.

72-73 End time: TCT packed format

74 Used to indicate a Calibrated File.

Note: There are 18 bits per word in the PDP-9.

The header record is identified by the first four words which contain

the 8 bit ACSII codes for "HEADER bl'ank". These 8 bit codes are contained

in 9 bits so that each ASCII character occupies exactly half of an 18 bit

PDP-9 word.

Whenever EDSYS reads and identifies the first record in the file

as a header record, it will print the header record contents. This con-

sists of the label, whether or not the file "s calibrated, the channel

numbers, the minor time cycles per second, the sample rate, and finally

the start and stop times.
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The file lobel is ccmposed of a maximum of sixty-two 8 bit ASCII

characters. If the label contains less than 62 characters the unused character

positions contain blanks (zeros).

The indication as to whether the file is calibrated or not is contained

in the last word of the record. If the contents of this word equal zero

the file is not calibrated. If the contents of this word equal one the

file is calibrated.

The channel numbers (1-12) are contained in the same order as they

appear in each data se¶. This order may not 'e ntvnerical.

The minor time cycles per second represent the smallest unit of time

in the time code channel of the analog tape. In the Sagamore Hill system

there are two possible values. For IRIG-B time codes it will be 1000 cycles

per second. For IRIG-C time codes it will be 100 cycles per second.

The sample rate is the number of minor time cycles between each data

set and is represented in the header record type out as the number of

data sets per second and minute cf time on the input file.

The start and stop times are the major times that digitizing of the

data in this file was started and requested to stop. These times may not

be strictly correct for several reasons. The times rre inserted into the

header record before digitizing takes place and are never changed afterwards.

The operator may have terminated digitizing manually, the data may have been

edited by a previous run through EDSYS or data may have been appended to

the file. Any one of the foregoing reasons could render hese times inaccurate.

A word abour the structure of a data block as used by EDSYS, is in order

at this time. The data block is a magnetic tape record 10008 words long.

84
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The first two words are code words used by the PDP-9 Magnetic Tape Handler.

The third word is a count of the data sets contained in the block. Folbwing

tne data set count is the time of recording in two-word TCT (Time Code Trans-

lator) packed format for the first data set. A data set consists of data

points of the channels sampled in parallel, packed two data points to a word,

and preceded by the number of minor time cycles since the last TCT time.

Data sets are sequential until a new TCT time is ( ):intered. The TCT time,

preceded by a word of 777777, is inserted between data sets. Fractions of

a data set are not permitted within a data block. Unused words remaining

at the end of a data block are ignored.

A data point is an 8 bit sample value from the A (analog) to D (digital)

converter which. is sLored, left justified, in 9 bits. The rightmost, or

low order, bit is used by EDSYS to indicate data points that are *:o be

ignored either fcr display purposes or follow-on processing. To obtain a

sequential number, the most significant (leftmost) bit must be complimented.

After complimenting, a "0" 8 bit value represents a peak (+1.4 volts) on a

chart recorder and a 2558 8 bit value represents a null (-1.4 volts).

EDSYS has the ability to eliminate channels of data from all data sets

of an input file. When channels are eliminated from a data set the data is

restructured to close up the gaps left by the eliminated channels. This is

called restructuring.

The only words of a data set to be affected by restructuring are the

data words. When restructuring takes place the unwanted channels are re--

moved from all data sets and the gaps are closed up. This action takes

place when dzta sees are being loaded into the display area of core memory

(hereafter called the display buffers). All data sets written on the output
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- , .w (i) 1 ;roi W o'.rd TLciagth 1; bit

3 D)ata SetC": 1

6 Minor th-ne cycle count

7 1 St Chanlnel 2ndC Ch-uinicl Datai set

10 3rd Chivilitel ignored I
11 Minlor 0111v c~yc1 eCollilt

11 "t CltaIIIne 2nld c1ha lhi( 1
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1l 1 1* Channel 211d Cha III)(!

n-1'2 3 rd (haiitii (I ir puor ed

n-1 3 777777
n+4 TCP -Pached

n+ 5 Time

n+6 Minor time cycle count

7 7 1 st Chaninel 2nd MChaiin(A

77 6 3rd C ha hiil ignor ed

7 77 ignre10-d Not enoug!h rowm

-. ,. for ancitber

ign~ red f d ta s et

Example of data block for three channels.



tape are written from the display buffers. Therefore, restructuring results

in eliminating the unwanted channels from the data base so that they can

never appear in the output file.

This restructuring is defined by the user just after accepting F-n input

file and holds for the entire input file and any input files that are

appended. Also the channel list in the header record of the output tape

will be modified to -.eflect any restructuring.

The sample rate iray be changed by teletype input after the header

record contents have been printed, the input file has been accepted for

processing and before data processing takes place. The specified sample

rate will be in effect until an end of file mark is written on the output

tape even if appending other files and will be reflected in the sample rate

value in the output header record. This change in sample rate, if any,

takes place at the same time as, but independent of, restructuring that is,

when the data is moved into the display buffers.

The calibration mode of EDSYS allows the user to read, display and

calibrate a file of data from a Sagamore Hill format tape, provided the

input file has not been previously calibrated.

When data is collected, recorded on analog tape and digitized, the

resulcing digital values will lie within certain fired limits. These digital

value limits are 0 to 510 (decimal) in even numbered steps. In order to

convert tho digitized values back to meaningful values, the Calibration mode

of EDSYS was developed.
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When the data is initially recorded onto anaiog tape it should contain

one or more sets of calibration curves per channel. Theoe curves are two

or more signal levels created by recording known measurement levels for a

short period of time per level for each channel. By nr'-,ng the time of

recording these levels and the values of each level, the KDSYS user can

display these levels and ast:ociate them with their original values. Once

two to four of these associations or pairings of actual versus digitized

values (hereafter called value-count pairs) have been made, EDSYS can cal-

culate the four coefficients to a third order polynomial. This calculation

is accomplished by solving four simultaneous equations in a matrix (A).

The matrix is loaded as follows where:

- IKNT(j) = digitized values
n

Yn - COM(%) - real values

An - COEF(G3 ) - coefficients (unknowns)

n goes fro 1 to N. N must be in the range of 2 to 4. In the

following example N = 4

N - ICCCNT = number of entries in IKNT + COM

A
2 3

1 1 yl A 1 + A2 I + A3 2I + A4 .I 3 y

2 
A3 2' 2 2 2 A 1 + A2 2 + A3 "2 + A42 Y2

2 3 2 3
,:1 3 3 Y3  Al + A2 ý3 + A3.13 + A4 -3 Y3

1 3
4 4 4 Y4  A1 + A 2 4 + A 3 4 +A 4 '4 Y4

2-8
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By Gauss's Elimination Method the matrix is reduced to the form:

A

ia 3xl - a4xa

1A2 A 2 A a2  A2 4 - a 3 A2 2 - a 4 A2 3

* I 1 l A3 3 A3 4  a 3 - A3 4 " a4 A3 3

1"1 A4 4  a4  A4 4

By substitution, starting with A4 an( woiking back to A,, the various

coefficients are easily found. These ;oefficientU are then combined with

the time of the first value-count pair, the channel number and the unit of

measurement to make a calibration set. During the Calibration mode these

sets are accumulated in the calibration block. 4

A Calibration block is 10008 (51210) words long and consists of:

A.) Magnetic Tape Handler information (two 18 bit words)

B.) A series of calibration sets

C.) Words containing -2 (w in twos compliment form) to signal the

end of the calibration set series.

A calibration set consists of:

A.) Major time backed in TCT format which is:

S , 2 ; 3I 4 5 6 7 8 . 9J 11110 i12 !13 '14 !15 16l17 118 bit#
Hunrds." I ITens ofi
oundays Tens of days Units of days 0 Units of Hoursi 0 i Word 1
of Hoursdays

Tens of Units of Tens of Units of0 0 0 .0 Word 2
Minutes Minutes !Seconds Seconds

Major Time Format

Figure 2

2-9
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B.) Four 7 bit ASCII (ASR/KSR Teletype code) characters of the Unit of Measure

(UofM) abbreviation and the Channel Number in the following foimat:

1 2j 3., 4 5 6 7 1 8 1 9110 oll 12 113 114 '15 16 '17 18 ' bit #

1st Character Code 2nd Character Code 3rd Char. Code Word 1

3rd (Cont.) 4th Character Code Channel Number Word 2

7 Bit Packed ASCII Format

Figure 3

C.) Four coefficients to a 3rd order polynomial expressed in PDP-9 single preci-

sion floating point format which is:

1 2 3 4 5 6 7 8 9 '10 ill 12 13 j14 115 ý16 117 .18 1 bit #

Mantissa (low order end) Exponent Word 1

S Mantissa (high order end) Word 2

PDP-9 Floating Point Format (Single Precision)
Figure 4

The floating-point representation of a binary number consists of two parts:

the exponent and mantissa. The mantissa is a fraction with the binary point

assumed to be positioned between the sign (A) bit and the most significanz data

bit. The mantissa is always stored in a normalized stave; i.e., leading Os are

eliminated from the binary representation so that the high order bit is always
a l(except for the value zero in which case both words contain R1l zeros). It is

a 26 bit quantity in sign and magnitude notation and occupies the 9 high order bits

of the first word and the 17 low order bits of the second word. The exponent re-

presents the power of 2 by which the mantissa is multiplied to obtain the number's

value for use in computation. It is a signed 9 bit integer in 2s compliment

notaticn and occupies the nine low order bits (bits 10-18) of the first word.

2-10
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Word # (Each wocd 18 bits)
(octal)

1 Magne~ic Tape

2 Handler Words

" ~ IDays ' I-Hrs. I
Q3 8QO')lDaYs (10's) Days (l's) 0 0 rajor Time packed

4 T 0 ine. : Secs..- Dc. S4 O 0 O; (10's) Mins. (l's (10S) Iecs. I'n TCT format

i 5 Ist char. U of M. 2nd char. 3rd Unit of Measure

- 6 3rd Tth Channel Number Channel Number

o 7 Mantissa (Low orde:) Exponent Ist Coeff'cient

0 S Mantissa (high order portion) (ao)

0o .Fdii nJ Coefficient

S12 (ai)

13 3rd Coefficient

14 (a 2 )

15 4th Coefficient

16 (a3)

'17207 Major Time20

21 Unit of _

22 Measure I Channel Number

23 1st Coefficient (a )

o 24

'' 25 2nd Coefficient (a,)
' 26

27 3rd Coefficient (a 2 ),,r 30'

31 4th Coefficient (a 3 ), 32 J..

33 777776a (-2) -2 indicates
34 7777768 (-2) no more sets

-. 7777768 (-2)

7777768 (-2)
511 7 7 7 7 7 6R (-2)
512 7 7 7 7 7 6 g (-2)

Calibration Block
kcontains 2 calibration sets)

__ Figure 5
2-11



When all the necessary calibration s-ts (up to 42) have been collected

in the calibration block, it is recorded directly behind the header record

in the output file. The data itself may then be copied or edited into the

output file following the calibration block.

When a magnetic tape, which has been prepared at Sagamore Hill, is to

be processed, the recommended procedure is as follows regarding calibrations.

The header record is read and if the last word contains a one the next record

will be a calibration record. If this is the case, the calibration record

should be read into at area of core memory reserved for it. When it is desired

to compute the actual value of a data point, the calibration block can be

searched for a calibration set containing the desired channel number and the

appropriate major time code. If the computer system doing this processing

does not use the PDP-9 single precision floating point format for floating point

values, the coefficient values in th2 calibration set will have to be converted

to the proper format. The actual vaiue of the data point can then be computed

via a 3rd order polynomial as follows:

V = Ao + AIX + A2 X2 + A3 X3

where: V is the actual value of the data point A0 ,I, 2, 3 are the four co-

efficients in the calibration set.

X is the data point from the data set with its high crder bit

complimented.

All the values are expressed in the floating point format of the computer

doing the processing.

2-12
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Not only can the measured value be calculated in this standard manner

but the Unit of Measure, expressed in 7 bit packed ASCII code, is also

available. If the computer system doing the processing does not use the

ASCII character codes, then thp characters composing the Unit of Measure

will have to be converted to the proper code.

Using this calibration system standardizes the dita tapes and the

methods used to process tUem, thus eliminating many individua] subroutines

and calibi tion tables. The variables necessary to convert the counts to

meaningful data and the unit of measure to identify the va~ie are co-resident

with the data in a magnetic tape file, thus eliminating the need f,)r cali-

bration charts which have to be converted to scme medium (usually punched

cards) useable by the processing computer.

The Edit mode allows the user to read, display, cancel and append a

file of data from a Sagamore Hill format tape. This file may be calibrated

or not. If it is calibrated it can not be appended to any other fi' nor

can any other file be appended to it. Appending consists of sequentially

adding one or more files of input data to form one file of output data.

Cancelling may be one of two types - delete or ignore. Cancel-delete

eliminates all the data in each channel, within a selected time period,

from the output file. Cancel-ignore flags the data in selected channels,

within a selected time period, but does not eliminate it from the output

file.

The i"eduction mode allows the user to read, display and reduce a file

of data from a Sagamore Hill format tape. This input file may be call-

brated or not.

2-13
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Reducing data takes two fo•,ns in EDSYS. The first is the comment

function. The other is the set function. Both functions con operate

only in the reduction moue. Briefly, the comment function allows the user

to record any 'ommett which has been typed in through the teletype key-

board, to be recorded on the output tape in 7 bit packed ASCII format.

The set function allows the operator to record single or multiple data

points from any given input channel onto the output tape, along with the

time and an optional 5 character typed in comment for each data point

The actual value and unit of measure may also be included with each data

point, if the input data was calibrated.

The reduction mode allows the user to create an output tape of a

somewhat flexible format, whicL. ie may interpret in any manner that is

applicable to his particular problem.

Each zomment block (record) on the output tape will be 256 words

long and coiutain one comment or part of one comment, regardless of the

length of the comnment. Since there are 5 characters per word pair of 7

bit packed ASCII, one comment block is capable of containing 630 characters

of comment. A comment can exceed 630 characters, however. If it does

exceed 630 characters, EDSYS will keep filling the comment block and

writing it onto the reduced output tape until an ALT MODE character is

typed. EDSYS will then write the current comnent block including the

ALT MODE code, onto the reduced output tape.

2-14 3,
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The Reduced Output Tape will conslit of a series of files. Each file

will be a mixture of Comment Blocks E.nd Tata Blocks. It is suggested that

each Reduced Tape be started with a Comment Block, but this is not necessary.

Series of Reciuced Files

... File File File File "'' 7

Figure 6

Reduced Tape File

0 Comment Data Data Comient Data
F Block Block Block Block Block F

Figure 7

2-15
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Comment Block

Handler 200000
'~(2 words)

Information 0

0 Comment Block CODE

Comvments in 7-1)it
Comments

256 ASCH PACKED
10

5 char to 2 words

175 End of Comment = ALT MODE

Remainder of black filled

0 with zero

NOTE: ALT MODE (175) will signify the end of comments in the blcck.

The last word of the block is always zero.

I2
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Reduced Data Block

Word # Word- 18 bits

1 200000 Magnetic "rape

2 0 Handler Words

3 1 or 2 Block ID code

4 Integer Channel No.

5 Time Code Major Time

6 Translator (TCT) format

7 Integer Minor Time

10 Integer Digital ValueU V)

Q 11 Char. 1 Char. 2 Char. Comment or Unit

3 Char. 4 Char. 5 of Measure

13 Single Precision Calibrated

14 Floating Point Word Value (if any)

n Channel No.

n+i
TCT

n+2

n+3 Minor Time

n+4 Digital Value

n+5

Comment

n+7 Calibrated Value
n+8• (if any)

2550 Remainder of Block
256 0 filled with zeros

NOTE: Block Identification Code: I - Non Calibrated Data
2- Calibrated Data

Figure 9
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Each data block (record) on the output tape will be 256 words long

and will usually contain 28 reduced Jata sets. It may contain less than 28

only if it is followed bya comment block or end-of-file mark. If a reduced

data block does not contain 28 reduced data sets, the remainder of the

block is filled with zeros.

Each reduced data set represents one data point and contains all

the pertinent information about that point. If it is to be processed by

a computer system which dces not use 7 bit ASCII character codes or PDP-9

single precision floating point format then these items in the reduced

data set must bt converted to the applicable forms.

2. System Operation

The two major means of communication between the user and EDSYS are

the teletype and the CRT display system. Since man can make mistakes,

EDSYS provides several methods of error correction and prevention. One

of the more basic methods is to limit the devices by which data can be

added, changed, or deleted. In EDSYS the display actions available to the

user cannot change the data base. Only the user commands entered through

the teletype actually initiate data modification.

The user need not be concerned with the methids used by ETSYS to print

messages to the user. However, the user should be aware of the means at

his disposal for preventing his typing errors from being mis-interpreted

by EDSYS. If EDSYS does ..t understand a user type-in, it will usually

print an indication of this (i.e. a question mark and sound a bell) and

allow him to retype his message.

Whenever EDSYS is ready to accept a message from the user it will

print an asterisk (*) at the beginning of the current line. (There are

2-18
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certain exceptions to this convention which will be explained later in

this document.) The user may then type a message on the keyboard. To

signal EDSYS that the message is complete, the user must type a carriage

return. This is the standard termination for all messages typed by the

user.

If the user types a wr ng character he may use the rubout key.

The rubout key is available ior deleting the last character typed in a

uiser's input message. A reverse slash is typed by the system for feed-

back. Thus, the line:

1 1012\\ 12

will produce the line:

1 10 12

in the core memory image of the message. The rubout key will not

alter anything before the beginning of the message. i.e. - XXX'

will result in a blank line in the core memory image. Each space and tab

in the user's input is regarded as a single character and may be eliminated

by the rubout key.

To erase an entire line from the core memory image, the user should

hicd the control key down and type U, (referred to as control U or~t'U).

The symbol((swill be typed and the user may input a new line. The system

will not cause a carriage return and line feed after printing the(a'.

Therefore, the user must start his new line immediately after the(asince

any carriage return typed by the user will result in message termination.

If the typing head goes into the right hana margin and the user's message

has not been completely typed-in, he must continue to type his message to

completion, even though there will be overtyping at the end of the line.

2-19



Once a file has been accepted for processing, the channels to be

processed defined, the sample rate set and the mode determined, EDSYS

will fill the display buffers and display all the data in them on the

display CRT. Each chatiLlel of data is displayed with the time (X) axis

going from left to right in the increasing time direction and with the

channel number time direction and with the channel number to the left of

the X axis. The channels are displayed parallel to each other and

separated for optimum viewing.

There are also two vertical lines extending across all channels.

These lines are called verniers. They each have at their bases a short

horizontal line, called a bar, for moving the verniers from side to side.

The verniers are singularly used to point to individual data sets in the

display buffers. In so doing a vernier will indicate one data point per

channel at the same major and minor time for all channels. Used singularly

they define data points and/or time of interest to the operator. Used

together they define a segment of data covering the same period of time

in each channel. They are used by the operator to indicate to EDSYS the

data of interest to him. The verniers cannot overlap for if the operator

attempts to move one vernier into the other, the second vernier will be

"pushed" ahead of the one being moved. The left vernier is called the

beginning (B) vernier and indicates the data points immediately in line

with it or those immediately to the right of it, if it lies somewhere

between two points. Likewise, the right or ending (E) vernier indicates

those data points immediately in line with it or immediately to the left

of it. In the Calibration mode there is only one vernier - the left or

beginning (B) vernier.
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There are also four dots arranged along the bottom of the display.

These are for display manipulation in conjunction A th the light pen and

function like a push button. From left to right they are:

A. The X Axis Select Dot

B. The Contraction Dot

C. The Expansion Dot

D. The Paging Dot

The X Axis Select Dot is used to cancel an individual channel

selection and select the X axis for expansion or contraction.

The Contraction Dot will contract the display along the Y axis of

a selected channel or along the X axis for all channels if no channel is

selected.

The Expansion Dot operates in the same manner as the Contraction

Dot except that the display is expanded.

The Paging Dot is used to display the next "page" of data. Page of

data is defined as that data which is currently displayed on the CRT.

It may be all or part of the total data contained in the display buffers,

depending upon the X axis expansion. The next page of data would be

the data immediately following the displayed data, which replaces the

data currently displayed.

By use of the following teletype commands,the user may display, at

his option, any or all of the channels being processed. (In the following

teletype command formats underlined characters are printed by EDSYS)

* D Diplay all channels

* D a,b,... Display channels a,b,...

The y-axis scales are reset to initial size with the display cotmand.
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The light pen is a photosensitive device which senses displayed points

on the face of the CRT display. Tt uses a fiber optic light pipe and photo-

multiplier system equipped with a mechanical shutter, which prevents the

sensing of unwanted information while positioning the pen.

In the EDSYS, the light pen is used to select individual channels or

the X axis, to expand or contract the display, to move the verniers from

side to side, and to cause the next page of data to be displayed.

The user may specify a channel for calibration, reduction, or scale

change hv pointing the light pen at the desired channel number and pressing

the shutter on the light pen. A dot will appear to the left of the number

as an indication that EDSYS has selected the desired channel. This action

will deselect any other selected channel or the X (time) axis.

The user may select the time (X) axis for scale change (expansion/con-

traction) by pointing the light pen at the dot displayed in the lower left

of the display. This dot :s called the X Axis Select Dot. This action will

also cancel the current channel selection.

'T'he user may expand the value (y) axis of a light pen selected channel

or the time (X) axis, whichever is selected, by pointing the light pen at

Lhe right center dot (the Expansion Dot) and depressing the mechanical

shutter button on the light pen. Axis coiltraction can be accomplished in

the same manner by use of the left center dot (the Contraction Dot). Some-

times the y axis changes will not be very evident because of a slow display

refresh rate. The display refresh rate increases as the number of points

to he displayed decreases. Thus, to observe a more rapid v axis expansion/

contraction the following procedure is suggested:
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A. Light pen the X Axis Select Dot.

B. Light pen the Expansion Dot and keep the shutter cpen till the

X axis expands to maximum

C. Light pen the channel number of the channel desired.

D. Light pen the Expansion or Contraction dot, whichever is desired,

and hold the shutter open until the desired expansion or contraction

is obtained.

E. Light pen the X Axis Select Dot and then the Contraction Dot to

bring the X axis back to the expansion that is desired.

The verniers are moved by pointing the light pen at the horizontai

bar at the base of the desired vernier, depressing the mechanical shutter

and then "dragging" the vernier to the desired position. "Dragging" means

moving the light pen left or right while holding the shutter button depressed

and pointing at the bar. The vernier will follow the light pen to the

desired position.

By pointing the light pen at the Paging Dot in the lower right hand

corner of the display and then pressing the shutter button, EDSYS will dis-

play the next page of data. A small amount of overlap in the displayed

data will be allowed for continuity if the display fills the CRT from left

to right. The next page will always display the same channels at the

same X and Y expansion as the previous page. No data is lost when paging

in the EDIT mode as all data moved off the display to the left is eventually

written on the output tape. The light pen can sense the Paging Dot only

once per second so that there is no dan;er of over-running the desired

page. Holding the shutter depressed will cause EDSYS to display a new

page once every second.
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By use of teletype commands the user has the facility to move into

the data to some predetermined time set by the user. As EDSYS scans the

input file for the time specified it may, at the user's option, copy the

data orLn- the output file or cancel-delete the data which eliminates it

from the output file or cancel-ignore the data which flags the data in

the channels specified by the user and copies it onto the output file.

This option is available in the Edit mode only. In the calibrate or

Reduction modes the data is read and scanned only.

During the move there is no data displayed ot. the CRT displav.

-he move function will terminate when it encounters a time equal to,

or greater than, the time specified by the user. When the move is ter-

minated, the display is re-established with the left end of the time (X)

axis representing the time which terminated the move. If the end-of-file

mark on the input file is encountered before a time which would terminate

the move, no more data for that input file will be displayed and end-of-

file processing will take place.

The MOVE Command is:

* M DAY HOUR MIN SEC MT

where

M is the -:ommand indicating a move
DAY is a three-digit day of year (0-365)

HOUR 43 a two digit hour of day (0-23)
MIN is a two digit minute (0-59)
SEC is a two digit second (0-59)
MT is the minor time

Example:

* M 273 14 51 15 763
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will bring the user to the data at or beyond the 763rd minor time cycle

of the 273rd day, 14th hour, 51st miaute, 15th second. It is possible

that improper time input from a noisy time channel may prematurely

end the move. Also, if only part of the time is specified (e.g., only

day and hour) the remaining units are automatically Fet at zero.

After receiving the move command, in the Edit r-,ode, the system

will inquire what is to happen to the data bypassed. In the uaiibrate or

Reduction modes, tne following is bypassed.

TYPE CHANNELS TO BE CANCELLED

*REPLY

where REPLY may be

i) A Cancel-delete all channels.

ii) I Cancel-ignore all channeis.

iii) N Do not cancel any channels.

iv) D ab, ... Cancel-ignore displayed channels and channels
a,b,....

v) ab,... Cancel-ignore channels a,b ....

The cancel function .. available in the Edit mode only. It allows

the user to selectively delete data from all channels on the output tape

(cancel-delete) or to flag data in selected channels on the output tape

(cancel-ignore). Canceling takes place on the data appearing between

the verniers on the di splay or, when moving, on the data between the

beginning vernier on the page on which the move was started and the

time which terminated the move.
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In the case ot the cancel command, the effect is immediately

evident on the display by means of gaps in the displayed data. When

the data has been deleted, the gap will be 1008 display units wide.

When it has been ignored, the gap will be as wide as the distance

between the verniers. The difference is a result of the way in which

the display routines display the data. When the datahas been deleted

it has been eliminated from the data base. Thus, when the display routines

encounter this gap, the time difference between the time at the beginning

and end of the gap would result in a gap in the display that could be quite

wide. The display routines were written so that should they encounter

a gap in time, they would limit the gap to 10) display units. These time

differences may not be the result of canceling alone but can also be caused

by a n isy time channel on the analog tape.

When the data has been cancel-ignored the time values are not

affected. The display routines just don't display the flagged data point.

ThL CANCEL Command is typed as follows:

-C ARG

where ARG is the same as REPLY in the MOVF Command except

that if ARC is N, there will be no tangible results.
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EDSYS provides the user with the ability to print the time associated

_with selected data points on the display. These point- are selected by

use of the verniers.

The user may determine the times at the vernier by the following tele-

type commands:

i) . Type owt both times

ii) - TB Type beginning, time (left vernier)

ii;) -" TE Type end time (right verneir)

EDSVS also provides the user with the ability to print the value of

selected data points. As before, the data points are selected by the

verniers but with the addition of channel selectivity. The VALUES com-

mand is typed as follows: (Portions of the command in parentheses are

optional)

* (B or •.•)a,b, .. ,. or A

B or E indicates that the values at only one or the other of the

verniers are to be printed - B for the beginning (left) vernier or E for

the ending (right) vernier. If neither B nor E is typed the values at both

verniers will be prixv #-d.

C, if present, indicates that the actual (calibrated) values and

associated unit of measures ar-: to be printed along with the digital values.

If the input file is not calibrated and EDSYS is not in the Calibration mode,

the C option wili be ignoreJi. If the input file has been calibrated or EDSYS
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is in the Calibration mode and the C option has been entered but no cal-

ibration sets exist for a channel to be printed, then EDSYS will print a

zero value and no unit of measure. The digital value is always typed and

ranges between 0 and 510. If the digital value is odd it indicates that the

data point has been flagged (cancel-ignored).

The a,b,.. portion of the command is the list of channels whose values

are to be printed. If all channels are desired, the user may type 'A'. If

neither the chakniol umibers nor A is typed, no values are nrinted.

By means of the CAL command the user may create nalibration sets. Thiq

command iq vnlid in the Calibration mode only. Tt works in conjunction with

the vernier on the display. The user must first position

the calibration curves of his data on the display. This is accomplished by use

of the varlovis facilities of EDSYS; notably, the MOVE command and/or the

Pnplnq Dot. Once the data is in position, the user may select the channel to

he calibrated. To select the channel the user may use the ]liht pen iuit as

he v, W!d if he were expandinp or contractinr the data alonc' the Y axis, or

be may type the channel number with the CAL command. If both methods are tisecd

at the same time, the number typed with the CAL command will over-ride the

JiHht pen selection.

The CAl, command is typed as follows:

SCALI (cccc or END) (channel number)

The first option (cccc or END) is the four character unit of measurempnt

abbreviation. Once entered for a channel it will be duplicated in each calihratin .

set for thpt channel without the necessity of typinp it each time. Tt can he

chanRed by typinp a different unit of measure in a subsequent CAI. comAnd for

that channel. 'f END is typed, EDSYS will tefminate processinp the file Just

as though an end-of-file mark had been read on the Input tape. Tn this caqe,
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FDSYS asks the user if he desires to edit the file now or just copy it onto

the output tape behind the calibration block just created.

The channel number need not be typed if the channel has been selected

via the light pen. If it is typed, it can be typed either before or after the

unit of measure.

EDSYS will respond to the CAL command by printing:

SET BAR TPEN TYPE VALUE

The user should respond by using the vernier to select the point on the

selected channel's calibration curve which he wishes to pair with an actual

value. Once the vernier is positioned he may type in the actual value. The

format for the type-In is free form. It may be a decimal fraction or an in-

teper and may be signed or unsigned. Several examples follow:

,P -3

7 3

S> 15

.7_ -1.5

If the user types a character other than a plus or minus sign, a decimal point,

a number, an X or an E, EDSYS will respond by printinp a question mark and sound-

Ing the bell. This means that ab long as there is a > in the left margin of

the current line on the teletype that none of the normal EDSYS commands will be

recognized. When the error indication is typed the user may retype the value.

After EDSYS has accepted the entry it will respond by printing a >.

The user may then position the vernier for the next value. If he frils to move

the vernier to a new point, the next value ertry will cause EDSYS to print

an error message. This will not disturb any preceeding entries. The user may

still position the vernier and type the value to continue building the calibration

set.
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EDFYS will accept tip to four values after which it will caleculate the

cofficients to a 3rd r, rder polynomial and store them in the calibration set.

Ir there are fewer than 4 values to be entered the user may type E to indicnte

no r'ore values are to be entered. If less than two values have been entered,

",r,•)"S will respond with an error mcssaee, erase the calibration set it was

bluildlnp and return to normn] processinr.

If the user finds he has made an error and wishes to start the CAL command

over aeain, he rav type X. Fnterinp, will cause EDSYS to erase the calihratinI

set heinp built and to print * to indicaite normal proccsslng has resumed.

The Cor-mand command-COM- is a hart of the Reduction mode and is inolir,

in .iny othrr mode. It permits the u.er to record any text he desires, in r,

reduced tope comment blork.

The Comment command is entered as follows:

* tCOM

FI•SYS will respond by printing a > . The user can then type in any text he

w,'ches. The normal typing conventions apply to each individual line of teyt.

Vhen typine a comment under control of the COM command, the carriage return

ind'icates the end of the current line of comment, not the end of messaee.

FDqYS will respond by printinR ;P after which the user may proceed with hRs ne:xt

line of comment. The ; at the left of the paee indicates in this instance that

anv tvpine by the ,,ser will he considered part of the comment. The last line of

cnrwr'ret is terminetae by the ALT MODE key not the carriag.e return key, to in-

dirate the end of the comment. This action causes EPSYS to'terminate the innut

of the comment from thc teletype and write the assembled comment block onto

the oitrnt tape. It .ilso causes an * to be printed at the left of the pare to

indicate all normal EPSYS commands are effective apain.

The display of data on the CRT is not lost durine the COM command.

The Fet ccmand is also part of the Reduction mode and is invalid in

,'nv other mode. It permits the user to create and to record reduced dat. sets on
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the reduced output tape.

To use the Set command the user first selects, via the light pen, the

channel containing the data he wishes to reduce. He then must position the left

(or B for beginning) vernier to select the data point of intorest. If he

desires to reduce a block of data from the selected channel, he must also position

the r1cht (or E for ending) vernier to select the last data point of interest.

He then enters the Set command as follows:

* S (ccccc) or

* SA (ccccc)

(The parentheses are never to be typed; they just indicate an optional entry.)

The S command will reduce the one data point indicated by the left vernier

for the selected channel. The SA Command will reduce all the data points

between the verniers for the selected channel.

The optional 5 characters entry (comment) will be inserted into the corment

value portion of the reduced data set or sets created by this command. It May

be less than 5 characters in length. If the comment value is not typed in,

that portion of the reduced data set may be filled with zeros or the unit of

measure abbreviation. If the input file is not calibrated or there are no cal-

ibration sets in the calibration block for the selected channel, and no comment

value was entered, then the comment and calibrated values will be zero. If there

is a calibration set for the selected channel and no comment value has been typed

in, the comment value of the reduced data set will contain the unit of mensure

abbreviation from the calibration set used to calculate the calibrated value.

That calibration set is the set for the selected channel which contains the time

nearest to, but less than or equal to, the data point time. If no set exists

with those .ime limitations, the set for the selected channel with a time nearest

to, but greater than, the data point time will be used.
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As reduced data sets are created they are accumulated in a 256 word h)r-rk

nf core memory until there is no rotm for any more sets, at which time the block

Is written onto the reduced output tape, the core meinory block is cleared to

zero and the process Is repeated.

Processing of an Input file normally terminates in two ways. Tn the Cal-

ibrate mode it may terminate by the user typinr, a CAL END command. Tn any inode

it terminates when an end--of-file mark is read from the input tape. The 1itter

can result only under the influence of a MOVE Command or paging, since these are

the only times the input tape is read.

When the processing of an input file is completed, the user may, tinder

certain conditions, append another output file to the one just created. Tn

the Calibrite mode no appendinq can ever take place. In the Reduction rode

anpendinc can always take place. In the Edit mode appendivit can take plcp only

If both the file beln appended to and the file being appended are not calibrated.

EDSYS will print the end-of-file indication on the teletype and if not In the

Calibrate mode and if the input file was not a calibrated file, EDSYS will ask thp

user, "SAME OUTPUT FILE?" to which he may respond by typing, "Y(ES)" or "N(O)".

Tf his answer was "Y(ES)", EDSYS will cause the output from processinc the next

accepted input to be appended to the current output file, it it "'eets the

criteria for appending. That criteria are, EDSYS must not pr; into the Calibrate

mode for processine the new file and the new file must not be calibrated. Also,

the new file must be capable of beine restructured and/or havIn" the same sample

rate as the original file.

If the answer to the question "SAME OUTPUT FILE?" was "N(O)", anpendine

will not take place. When appendinr' is not Poing to take place, an end-of-file

mark will be written on the output tape.
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Whenever EDSYS writes an end-of-file mark on the output tape it asks the

user, "END OF OUTPUT TAPE?". AYain, he can respond with Y or N. If he responds

with a Y, another end-of-file mark is written on the output tape to indicate

the l1eicAl end-of-tape and the output tape is rewound to load point. Tf he

responds with an N, the exLra end-of-file mark is not written nor is the tape

rewound. In either event, EDSYS will start processinp a new input file,

There is one other way in which processing of an input file can be terminated.

Tf the user, for any reason, decIdes he does not want to continue processing the

current file nor does he wpne to snve the output from that processinp. he may

type the command, "ABORT". This command is effective in all modes as lone' as

EDSYS has printed an * on the left of the current line. ABORT will cause both the

input and output tapes to space backwards to the last end-of-file mark or load

point, whichever is encountered first. The ultimate position of the tapes will

be at load point or just after (in a foreward direction) the end-of-file marks.

This position is sometimes called "beginning-of-file".

If appending is or has taken place in the output file, it should be rwm-

bered thAt the output tape position will be at the beginninp of the total file -

not at the beginning of the output of the last input file. Therefore, if apren-

dine is takine place, the ABORT command should be used with care.

When the ABO1.T command has finished positioninp the tapes, EDSYS will ask

the user if it is the "END OF OUTPUT TAPE?". His response and the response of
as

EDSYS may be'explained before.

.3 System Configuration

The Sagamore Hill Edit System (EDSYS) configuration can be considered in

two parts; the hardware tonfiguration and the software configuration.

3.1 Hirdware Configuration

The minimum hardware necessary for EDSYS to operate is:

I - Digital Equipment Corp.(DEC) PDF-9 Data Proceqsor with 16K

zore memory and the Extended Arithmetic Element (EAE).
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2 - DEC Type TU20 magnetic tape units

1 - DEC Type TU55 "Dectape"units

1 - DEC Type 30D Precision CRT Display with a

Type 370 Photomultiplier Light Pen.

There is other hardware at the Sagamore Hill installation but it is

not directly required for EDSYS Hardware Configuration to operate.

ap ~Print-out

Processor Keyboard

Output
Magneti
Tape
(2) .

CRT _-A Light
Pen

Figure 11

3.2 Software Configuration

Figure 12 is a flowchart which describes the relationship of one

program to another. All programs in EDSYS are not included in the flowchart.

Those that are left cýt are subroutines used by many of the programs. A list

of all of the programs in EDSYS and a brief description of each follow:

ABORT - Positions both magnetic tapes to the beginning of their current files.

ASTRIK - A closed subroutine which prints an asterisk (*) on the Teletype

(Part of INTYPE).

BKSP - A closed subroutine which backspaces specified magnetic tape a

2-35



specified number of records or to end-of-file mark or to load

point, whichever occurs first. (Part of ABORT)

CALCOE - Sets up entry and arrays IKNT, CON and COEF for FORTRAN TV

subroutine COEFCA.

CALSET - Accepts analog counts (digitized values) and true values, cal-

culates the coefficients for a third order polynomial and stores

them along with the time and unit of measure into a block of

calibration sets.

CI.LVAL - A closed subroutine which searches the calibration block for the

most recent calibration set and uses it to calculate the actual

values of the selected data point.

CANCEL - Flags data to be cancelled.

CLEAR - A closed subroutine which clears specified areas of cora maeiory.

(Part of INTYPE)

COEFCA - A Fortran IV subroutine which calculates the four coefficients

of a third order polynomial.

COMMA - A closed subroutine which packs the > bit ASCII code for a

comma (,) into the teletype output buffer (Part of INTYPE)

COMFNT - Accepts comments entered via the Teletyp• under the COM command

and writes them on a reduced tape.

CRLF- A closed subroutine which prints a carriage return and line feed

on the Teletype (Part of INTYPE)

DAYHR - A closed subroutine which unpacks the tirst major time word

(TCT format) which contains days and hours.
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DCYCLE - Processes input/output on the Teletype while data is being

displayed on the display CRT.

DECRDA - Decrements the Y axis display area for light pen selected channels.

DISDAT - Displays data from the desired channels. Also sets up data

pointers accordinR to the settings of the verniers.

DNUMBR - Display the channel number of the channels being displayed. Also

displays the X-Axis Select Dot and the dot beside a light pen

selected channel number (if any) to indicate which channel (if any)

has been light pen selected.

DOUNPK - A closed subroutine to convert decimal numbers which have been

entered thru the Teletype, to binary, and return to the calling

program with the first non-numeric character code stored in the

location following the calling UMS instruction and the binary

number in the AC. (Part of INTYPE)

ENDFIL - Performs end-of-file processinq and initiates appending. (Part

of FILHED)

FILHED - Interprets the header record, prints its contents on the Tele-

type and does a variety of other processing to setup for

processing a file.

FWDSP - A closed subroutine for spacing in a forward direction the

selected mawnetic tape a specified number of records or to

an end-of-file mark or to physical end-of-tape whichever occurs

first. (Part of ABORT)

GTCHNO - A closed subroutine which retrieves a channel number from an

argument list and compares it wtl:h a list of channel numbers to

determine its position within a data set.
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INCRDA - Increments the Y axis display area for lip ht pen selected

channzels.

INTYPE - The name of a collection of closed subroutines which hAndle

Teletype Input/output functions and clears core. The uhb-

routines contained in INTYPE are: ASTRTK, CLEAR, COMMA, CRLF,

DOUNPK, LISTEN, ODPACK, PACK, SPACE, TTREAD, TTWRIT and UNPACK.

LTSTEN - A closed subroutine which prints an atsterisk (*) and initializes

a Teletype read. (Part of INTYPE)

LTTPEN - LipJht pen interrupt service routine (Part of PEN.)

MNSC - A closed subroutine which unpacks the second major time word (TCT

format) which contains minutes a-A seconds. (Part of DAYHP)

MOVE - Initiates a move under the MOVE command.

NLrI - Sets the bepinning address of TEMPRF, the d!splay buffers,

CALBLK and REDUBF. It initializes all I/O handlers and re-

winds the input tape to load point. The rest of NIT1 is used

as common storage.

ODPACK - A close subroutine to convert a binary number to decimal char-

acters and pack them in the Teletype output bu'-fei Ccrr sub-

sequent printing. (Part of INTYPE)

PACK - A closed subroutifte which will pack one charactnr code per call

into the Teletype output buffer for subsequent printing.

PEN. - Light pen interrupt handler which Interprets a lipht pen In-

terrupt and the appropriate action "ndicAted by the contents of

YXOTFL,.
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POLY - A closed subroutine which calculates, via a third order polynomi.al,

the real value of a dicitized data point.

PRFCAN - Decodes the argument list for the CANCEL commnnd and setq up par-

ameters for CANCEL.

READBF - Reads the input tape, restructures the data when called for and

moves the data Into the disnlav htiffer.•.

SFTMIS - Determines which channels are to be displayed And the Y axis dis-

play area for each of these channels.

SPACE - A closed subroutine which packs a space character code into the

Teletype output buffer. (Part of INTYPE)

TIMES - Prints the day, hour, minute and second and the minor time value

represen,.-ed by either one or both verniers.

TTREAD - A closed subroutine which reads a message from the Teletvne

into the Teletype input buffer until a carriaee return is typed.

(Part of INTYPE)

TTWRTT - A closed subroutine which w•ites a messape onto the Teletvne

from the Teletype output buffer until a rnrriaee return is en-

countered. (Part of INTYPE)

UNPACK - A closed subroutine which unpacks one character code per call

from the Teletype input buffer. (Part of INTYPE)

UPDOWN - A closed subroutine which displays 10 dots on the display CRT

accordinp to the bit pattern of an innut word.

Primarily used by DNU1bR to display channel numbers.

VALUES - Prints the digital count at one or both nf the vernier positions

for one or more channels. Callbrated (real) values of the data

points may also be printed if the chnnnel(s) has been calibrated.
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VERTAL - Displays and moves the verniers; displays the Expanslon and

Contraction Dots; displays the Paving Dot.

WPTTBF - Deletes cancelled data, writes the 1st display/output buffer onto

the output tape and condenses the data after writint.

YORN - A closed subroutine which will determine whether t "Y" or "N"

was typed in response tc a query. (Part of INTYPE)

Tn the accompanying System Flowchart the conrector symbols (circles) have

a certain convention. Those connectors containing a single number without a

decimal polat are on-pape connectors. That is, they refer to a connector on the

same page or are a de2stilnatlor from the same or another pare. Those connectors

containinp a number with a decimal point are an off-pave connector. The number

before the decimal pno*nt refers to the page of the flowchart and the number after

the deciial point refers to the corinector on that page.
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SECTION 3

Surface Wave Propagation

The field of microwave acoustics has, in the past few years, experienced

a resurgence with The shift in emphasis from bulk to surface waves. The po-

tential is present to develop miniature microwave components for high-speed

signal processing and avionics systems, among others, although there still re-

main many technical problems. Microwave acoustics involve the generation,

propagation, and signal-processing of acoustic waves in and along the surface

of solid materials. This project is involved with the propagation character-

istics of surface wave on general piezoelectric crystal surfaces in the presence

of perfect electric and magnetic conductors.
A rectan&ular co-ordinate system with the axis perpendicular to the

crystal surface and the X2 axis in the direction of propagation is selected.

Various orientations of the crystal surface with respect to the crystal axes

are to be considered. In order to accomplish this, the crystal axes must undergo

a rotation through the Euler Angles. The matrix defining this rotation is

cos c cos , - sin - cos 6 sin y sin a cos y + cos a cos 6 sin y sin 8 sin y

V -cos a sin y - sin a cos 6 cos y -sin . sin Y + cos a cos 6 cos y sin 6 cos y

sin a sin B -cos a sin • cos

where =, •, y, are the Euler Angles. The differential equations for mechanical

displacements and electric potential are independent of the surface under con-

sideration, only the values of the coefficients change with the surface orien-

tatation, relative to the crystal axes. The tensor quantities of interest, i.e.

the elastic constants (cijkl), piezoelectric constants (Qijk) and the dielectric

constants ( Exj ) are transformed by:
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iJkL "r,s,t,u - 1 Vir Vjs VCT VLU 0 rstu

3
e ijk rs,t - 1 Vir Vjs VkT erst

3

E V V
ij r,s - 1 ir js Crs

where the primed quantities refer to a rotated co-ordinate system and the

unprimed to when the crystal surface and crystal axes systems coincide.

The equations for the components U1 , U2 , U3  of mechanical

displacement and electric potential, 0 , are

(C1 U1 2
1 ijkL Uk)Li + 0.kij O)ki i X3 >0

ikL Uk)Li - Clik O)ki 0

2 V2 - 0 - h <_Z <_0

Considering displacement and potential independent of the X2 co-ordinate,

we are seeking solutions of the formn:

Ui 8a e -"WX 3/Vs e iw(t-XJVs) i - 1, 2, 3

" 8• t -mwX 3 /Vs e iw(t-Xi/Vs)

Substituting these solutions into the above differential equations yields a system

of four equations in the unknowns 8a' 821 3 8• . In order for a non-trivial

3-Z
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solution to exist the determinant of the coefficit ats must equal zero, i.e. given a

Vs our problem is to find an = such that the determinant of the following matrix

equals zero.

C5 5 ,2.2C 1 5 it -C 1 1 +Pva 2  C45  
2 +[C1 4 +C5 6 ]it-ClG C3 5 ,2+[ C1 3 +C5 5]ia-C1 5  e35,2+[ 15+ -11]t1

-e11  -

C4 5 ' 2 + [C1 4 +C5 6 ]id-C, 6  C4u 
2 +2C4 6ic-C 6 *+pVs2 C3ae 2 + [C3 6 +C 5 ]-C 5 6 i

C3 5 ' 2 +[C 1 2+C5 5 1]it-C 1 5 C3 4 " 2 + [C3 6 +C4 5 ]i 0 -C5 6  C3 3 
2 +2C 3 5 i-C 5 +pVs 2  e 32+[el 3 +e35 ]i•

-e 1 5

Q 3 s5 2 +[& 1 5 +e 3 1 ]ia-e 1 1  e34 '2+[ el4+ 36 1]i -e 16  e 3 3 2+e 13+e 35 ]]i -&-1s -C33cc2-2e13 i-

+E11

where the C's are the elastic constants, the H 's the piezoelectric constants,

and the E'S the dielectric constants. This involves solving an eighth order

equation in . For each -value which aas a Y'ozitive real part we obtain
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values of 61, 02, 33, 4 . Since field amplitudes are arbitrary we take

B4 = 1 and find 3j, 132, 133, from three of the remaining four homogeneous

equations.

Assuming the surface of the crystal is free of stress the mechanical

boundary conditions are

T3j/X3" 0 3jkL UkL e K3J ,Kx3=0 0

* = 1, 2, 3.

Now the mechanical displacement and potential may be experienced as

a linear combination of fields associated with allowable values of Z; thus for

x 3 > >o

4 U1 = l A(i) 8O(j) ef"(J)WX 3 /Vs e IW(tIX /Vs)

J i = 1, 2, 3

4

5 C A(i) 04J) e--(J)wX3 /Vs eiw(t X1/Vs)

i-ii

while in the interval h<.IX3 <.0 (using equation I and the above derived boundary

conditions) we get

Swh w
6 c A(i) 80() csch (-CT) sinh (V9 (X3+h)) ei~w(t-Xl/Vs)

Lastly since the component of the normal must be continuous across X 3  0 the

electric displacement is given by

D i= KL UK,L - LiK 0,K in 1, 2, 3

-->D1 -EVO in -h<X3O
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Using equations 4, 5, and 6 we gLt the following set of homogeneous

equations for the amplitudes A (J):

7[ 1  [iC s (5+ =C c55] + 02 ) iCs6 +(J C 4s] + 03( ) [iC55+s t3 5

+ 04 [ip(I5+= e-35] ] A(J)- 0

8[ S1 (J)[iC)+(J)c 4 ] + 8 2 (j) [ +cc6+(i) 4 ( +(J)

+ a 4 ie-14 +CC ie 34i] A

4~ 4J il+(~3]] AjS[ C3+=(J)C35 + 8 2 (j)[iC 3 6 + (C)c3 4] + B3()C35+m(J)C33]
J = + 04 (J) [ie13 + M (J)e33] I A(j) " 0

40 Z 1J [e 1• Je ]+(J) (j) 3(j)105 [2 ie-36+ '()e34] + a3j[ie35+-(J)e3

j =1

"- (j) B4 E 3+()e 33] + co coth (, 0
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By solving the equation obtained by setting the determinant of the

above system equal to zero we obtain the allowable surface wave velocities.

As a by-product of this problem the components of stress, strain,

electric displacement, electric potential, electric field, and average power

flow are calculated as functions of W'X3 . The computer prograrm has the

option to print out iny or all of these quantities.

Proje-t Number: 5635

Problem Number: 1614

Researcher: Lt. A. Slobodnik Jr., U. S. A. F.
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SECTION 4

ATMOSPHERIC TRANSMITTANCE

The ability to compute atmospheric transmittance by a strnfght forward
I

monochromatic technique was first attempted by Gates et al in the region

of the 2.7 micron water vapor bands. They published a detailed listing of

water vapor lines in that spectral region which included calculations of at-

mospheric transmittance at infinite resolution and at a somewhat more realistic

resolution degraded by an appropriate triangular slit function. Research was
2

continued and resulted in a second pullication by Benedict and Calfee in

which a similar set of spectroscopic parameters and calculations were pub-

lished for the 1.9 and 6.3 micron bands of water vapor.

Since this work was first started, the need Zor a similar calculation

capability in other 3nectral regions in which other atmospheric gases are the

primary absorbers has developed among those in the scientific community. A

number of individual researchers have set about to determine the fundamental

3,4
spectroscopic data required for their specific needs. However, until

the conception of this program there had been no continued effort made to

provide the complete set of data and calculation techniques for all neutral at-

mospheric gases in the entire infrared region.

It has been necessary to compile the fundamental spectroscopic data (in-

cluding line intensities, frequencies, half-widths and energies of the lower

state) of all spectral lines of all molecules responsible for atmospheric

absorption in the region of interest. The program combines laboratory and

theoretical efforts in attaining the best set of band constants for the atmos-

pheric absorbing molecules involved and then from these are calculated the re-

quired spectroscopic data. The final determination of spectroscopic constants

is actually an iterative procedure in which a set uf spectroscopi.c data for a

particular molecule is established and used in the calculation of transmittance
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over a homogenous laboratory-type path. If the calculated spectra do not

compare favorably with the laboratory spectra for a r'nge of laboratory con-

ditions, adjustments in the spectroscopic data have to be made. Thus, the

final set of data for any particular molecule is made to agree with laborator:'

data and it is self-consistent with spectra at various frequencies due to ab-

sorption by the same molecule.

The atmospheric gases included in this work are: C02, H20, 03, N20, CO,

CH4, 02, N2 , and HNO 3 . All ''ese molecules exist in the portion of the atmos-

phere where the assumption of lc.;al thermodynamic equilibrium is ralid. Conse-

quently, the ability to calculate the transmittance together with the standard

integral formulation of the equation of radioactive transter and a knowledge of

the atmospheric temperature distribution alluws the calculation of atmospheric

emission. The remaining difficulty in the application of the fundamental spectro-

scopic data to the calculation of transmittance over non-homogenous paths such as

those traversed by radiation in the r'al atmosphere is a knowledge of molecular

abundances and the distribution of abundance with height. Thp calculation pro-

cedures are applicable to anty molecule for which the spectroscopic parameters

and abundance distributions are available.

A significant source of uncertaintr in these transmittance calculations re-

suits from uncertainties in transmittance line shape. To avoid this, Doppler

shapes are atsumed at low pressures; the Voight profile is assumed at intermed-

iate pressures; and, the Lorentz shape assumed at high pressures. Any depart-

ures from thesdc will be sclved by direct use of experimentally determined continum

absorption coefficients.

Since large nounts of computer time are required to make calculations in a

detailed manner for low resolution requirements, it is parsimonious to u~se the

available spectroscopic data with an appropriate band model and perfornm a series

of tests, checking this band model against the detailed point-by-point calcula-

tions. Idealiy, a single band model when used with the detailed spectroscopic
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data might be applied anywhere in the spectrum. Initial investigations of this

possibility look promising, but additional testing is still required.

The acquired spectroscopic data can be computed through examination of

solar and laboratory spectra and through theoretical understanding and calcu-

lations to determine molecular energy levels and other fundamental parameters.

These are then translated into line intensities, frequencies, half-widths, and

energies of the lower state of each trannition involving the formation of a

spectral line. 'ne next phase of the research makes laboratory absorption

measurements with which theoretical calculations are to be compared in order

to arrive at the best set of spectroscopic parameters; measurements are also

made of ccntinum absorption coefficients for direct input to the calculation

scheme. Another phase of the research measures atmospheric transmittance and

emission from balloon-borne radiomaeters and spectrometers under a variety of

atmospheric conditions. The calculated results are then compared with these

mer 1surements in order to establish both the accuracy of the measurements and

the validity ef the calculations.

All the preceding activities are coordinated co develop and maintain the

capability of making b.th point-by-point (monochromatic) and band model calcu-

lations of atmospfieric transmittance and emission between 0.3 microns and the

far infrared using the detailed spectroscopic data as basic input data. The

widespread application and interest aroused by an overall computer program

has, thus, brought many scientists to contribute their time and effort. Presently,

spectroscopic data has been compiled in its interim form, i.e. data consistent

with current theory and experiments. It is, however, subject to revision as new

experimental and theoretical results are obtained. An effort is being made to

frequency order all of this available spectroscopic data and put it on one

mag.'etic tape sc that a calculation procedure can be systematized and absorptiLns

due to all molecules occu-rri.g in the ..tmosphere can be accounted for ir. a

given spectral interval. Currently, calculations of atmospheric transmittance
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when a single molecule absorbs in a given spectral region can be made. However,

a program is being developed to read the magnetic tape and concurrently compute

the atmospheric transmittance between any two points due to absorption by any

or all atinos'heric constituents.

Despite the difficulty in definiug P'-a atmospheric model, a limited number

of models will be outli.ned and calculations of transmittance and emission will

be made when the data and computer programs become available. These calcu-,

lations will be made with the intent of providing a range of results sufficient

for a wide variety of potential user problems especially concerned with the

transfer of tadiation through an atmosphere containing aerosols and molecular

scatterers and alio applicable to the p:oblem of radiation transfer through

clouds.

Problem Number: 7670

Ptoject Number: 1567

Researcher: Dr. R. A. McClatchey
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SECTION 5

FAIL-SAFE DECODING-EXPERIMENTAL RESULTS

A decoding algorithm for error correcting block codes is tVie basic theory

behind the Hobbs Encoder-Decoder invention. This decoding algorithm tives

fnilsafe decoding with lerge codes. Binary codes must have at least 50 parity

check digits in each word in order to achieve failsafe decoding error probabilItv

les, th-. 1 X 158. Thus, in order to achieve more than a coding rate greater than

one-half, words of more than 100 bits in length are required. Decoding for such

large codes is very difficult to accomplish for corrscting more thar ove or two

errors per word with usual decoding alRorithms. The decodinR algorithm implemented

in the decoder can easily be applied to binary codes of several hundreds of digits

in length sin-e the size of the decoder grows only linearly with n, the length of

a code word.

The decoding Llgorithm contained in this invention has been implemented in

the Frange cyclic code. Previous to construction of this equipment, the decoding

n3F!orithm was evaluated using digital computer computation for partial simulation.

The experimental results agreed satisfactorily with the results obtained by computer

Rimulation. (see curves in Appendix.) In each Figure, the curve labeled 0 is

the probability of a word being correct and accepted, I1 is the probability of a

word being rejected, P is the probability of a word beine accepted in error, and Pi 0

is the probability (rate) of transmission of errors (per dilit) hefore decoding.

The decoding a1aorithm falls in the category which has been defined as in-

complete in that it does not always Vive the user an acceptalle word as in the

case of maximum likelihood decoding. It can be classified as a failsafe decoding

method because it only accepts those wor:!s which are correct after decoding with a
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high degree of certainty. Under normal conditions almost any word w1ich may

stJll have some errors after decoding is labeled as rejected.

The decodi.ng algorithm slaio differs froml other decoding algorithms in that

it does not also correct a fixed number of errors. The number of erasures to

be made depends on the detector threshold from zero (i.e. error detection)

to such a high number that all the words are rejected. An optimum setting

of the threshold can be found which minimizes the number of rejections, i.e. the

maximum rate of trensmission for a nominal signal-to-noise ratio. Also for a

partlcular threshold setting (rather than zero) the decoder corrects a certain

number of errors with a particular probability. The experimental decoder set

near the optimum threshold corrects words having the number of errors in them

with the average percentages being accepted as shown it. the table for rather

low signal-to,-noise signals.

The curves are based on 100,000 word tests and hence not very many samples

containing more than Just a few errors for evaluating the dzcoder can be een-

erated unless che S/N is rather low. The failsafe feature is displayed in

Table I through the fact that only 42 words were accepted in error out of

5,000,000 words transmitted.

Project Number: 4610

Problem Number: 1660

Researcher: Capt, J. Brazy, U.S.A.F.
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SECTION 5

APPENDIX

Notes on Evaluation of Experimental Decoder

By

Charles F. Hobbs

in Figurp-s 1 and 3 we see how the decoding algorithm would work with a ?rangeI

Cyclic Code as computed by a digital computer based on certain assumptions and

approximations to some of the pyobabilities occuring in the decoding process where

they are almost impossible to compute because of the enormous number of possible

situations which may occur. Another w.y of saying the above is that almost every

probability is so interdependent with so many others that they are almost impossible

to compute only to a rough approximation.

Figures 2 an'd 4 are experimental results obtained with the laboratW-ory nodel of

the decoder. Use was made of a channel simulator introducing additive gaussian

noise between the encoder and the decoder. The emount of noise could be varied to

produce transmission errors over the range of probabilities necessary to evaluate

the decoder.

Comparing Figures 1 and 2 it is seen that the perfoimance of the decoder

F = 0.001 is remarkably simular in all respects ,ith the predictions made by the

digital computer. At zero threshold (ern:" detection only) the probability of

receiving a decoded word correctly is Q • 0.9. As the threshold is increased Q

increases until it reaches d mrrmim of 0.99999 and then decreases beyo-rd that point.

At no time was any decoding errors made during the Il series of 100,000 word trans-

mission used to produce the experimental curvev. The prediction of the dikitalJ

computer was that the probability of a word in error would be accepted with a

P< Ix 10"7

Figure 3 and 4 were plotted to show what happens to the probability of corrtct

decoding and the probability- of making decoding errurs as the S/N decreases e-

reprr-,ented by the probability of transmission errors shown iii tt. graphs. l.lh

threshold was held constant near the value which produces the maximum Q for P 0.00.1.
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We have called this setting as the "optimu-t" threshold. It is optimum in the sense

of zraximizing the Q bat a lower threshold would be better in the sensl of giving a

lesser probability of decoding er:,ors.

Comparing Figures 3 and 4 we see that both the computed values of Q and chat

of the experimental results start at approximately the same value. However, the

experimental resuits show that Q stays at a value greater than 0.5 until the trans-

mission error rate becomes greater than 0.05 whereas computer results for 4 dropped

below 0.5 when the transmission error prcbability becomes greater than approximately

0.015. 'The experinmntal word error rate agrees very well with the expected word

error probability as computed with simulation.

The curves shown in Fig re 5 were computed using equivalent probabilities to

these shown on the abscissa whe:n the same energy is used for transmitting a 45 digit

uncoded word rather them a 73 digit coded word transferring 45 information digits.

Comparing Figure 4 and 5 ve see that the experimental results show that the rate of

correct decoding, Q, ii well above that for the uncoded wo:d. MoreoveL _.n the

rejection rate is less than the probability of error for the uncoded word. Beyond

the P0 f 0.05 point the probability of error for the uncoded word incretses

exponentially, whereas for the decoded word only a ve1ry small number of words are

received in error and -he others which would have been received in error without

the use of the decodling algorithm are rejected.

F'rom the computer predictions it was anticipated that the optinmm threshold

for one particular signal level and a particular S/N ratio would not be opti.-m

for other conditions so in an effort to automatically adjust the threshold a mode

vas built into the decoder-detector which adjusts the threshold as a fnlction of

the eignal level. Later an Automatic Dllnk Control (ABC) circuit was added in.-

house to make the nw~ber of erasures per word be as constant as possible for

variable S/N ratios,

Figures 6 and 7 give evidence of the successful accomplishment of adjusting

the threshold to nearly optimum level for all different levels of signals. This is
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because it erases practically the same number of digits regardless of the signal

level, whereas with a fixed threshold the number erased would be inversely related

to the signal level.

In Figure 6 we see how a fixed threshold (Mode 1) affects the correctness of

decoding while holding the rate of transmission error constant and varying th;,

amplitude of the signal Level. Figure 7 shows how the automatically controlled V
threshold holds the correctness of decoding essentially constant.

Table I gives a brcakdown of the 5,000,000 words transmitted during a

representative run with the threshold adjus+cd to nearly optimum level on the

decoder.detector and in which the S/N is fixed at a value giving the average rai-

of trannmision errors of approximately 0.02. The objective of this table is to

display the probabilistic character of the decoding. Note '.hat for the (73,45)

cole e z 4 so that a deterministic 1coding technique would always correct 100%

of those words having 4 or less transmission errors in them. On the other hand

tl-e simplicity of the decoder that we are using converts a few words, which wou.d

have been decodea correctly, into rejections. Compensating for this, a high

percentage of words :aaving numbers of traaismisaion errors somewhat higher then 0 are

corrected by the decoder, In order to determine the performance of the decoder

for large numbers of transmission errors it would be necessary to make runs

transmitting a much •lrger ihumber of words at • fixed S/N.
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TAMP, I

a 1. 14 v PO 0.01

No. Errors No. Words No. Words No. Words 5 Red. No. in
Accepted Rejected Error

0 2, 51o,62o 2.5o,6eo50 T63 99.68 0

1 1,673,880 i,66o,48o 13,4o6 99.20 15

2 631,376 623,o31 8,345 98.68 14

S153,045 150,62 2,983 98.05 9

4(e) 2.7,066 26,378 688 97.46 4
5 3,652 3,4 7 96.6 -

6 356 340 16 95.51

7 28 26 2 Sawe• Too sm1

8 3 3 Y ttt| tIIitit|t ,it9 | •
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SECTION 6

FOURIER SPECTROSCOPY

The last decade has seen the rebirth of a multiplex technique for

obtaining the power spectrum of radiation. Tnis technique which is

called Fourier spectroscopy (or the interferogram technique) was first *sed

by Rubens and Wood in the far-infrared (100-300 ) region nf the spectrtim.

Rubens and Wood measured the flux n(x) of infrared radiation reachinp the

central frinee of a two-bean. Interferometer as a function of path difference

x between the beams. The function P(x) contains a constant term and an

oscillatory term, the latter term F(x) is called the interferograr. An in-

terferopram characterizes the incident snectrup that produces it, and can be

nnalyzed to yield the unique spectral distribution of the radiation remchinp

the detector.

A slight variant of the above is the vlsibilitv technique introduced by

Michelson to determine symmetric spectral profiles of lines which were not

resolvable by grating or prism instruments. But whereas a visibility curve

can only be analyzed to eive a unique ivectral distribution when the latter

in known, a priori, to be symmetrical about a central frequency, the inter-

feropram yields a unique spectrur.

Multiplex in telecommunication is a technique for simultaneously

transmitting many messages over the same line. In spectroscopy, the term

implies simultaneously detectinp the enerpy of a broad spectral remion mf

undispersed rediation with a %inple detector. The ordinary Rpectropraph

simultaneously measures a broad spectral region of disper5ed radiation using

a photographic emulsion, but is not a multiplex system; it is more properly

cýlled a multichannel system. In multiplex spectroscopy, the intensity
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of each sp2ctral component of width ;a (the resolution of the instrument) of a

broad spectrum is coded using an orthogonal code such that decoding may be simply

accomplished. The specific orthogonal code of the simple harmonic functions

sine and cosine is the one used in Fourier spectroscopy.

Since the m~thod used in the program was this interferogram technique we

shall now consider the deviation of the interferogram and the spectral distri-

bution.

In the visibility technique, it was found that the information obtainable

is the modules of the Fourier transform of the spectral distribution B(a). A

recovery of the spectrum is poF ibla only when B(a) is symmetric with respect

to its central frequency. On the other hand, the output of a two beam interfer-

ometez consists of the real part of the Fourier transform of the spectral

distribution B(o). Fourier spectroscopy utilizes all the information contained

in the output of the interferometer.

The interferogram F(x) is given by

F(X) - D(X) - fB(o) do

= JB(o) cos2waKdo (1)

- RE .B'(a) e12 1Tx do

The spectral distribution B(a) is represented by two distributions extending

over the entire frequency domain, negative and positive, althorýgh only the

positive frequency domain has physical significance. Thus

B(a) - Re(a) + Bo (a) (2)

The Fourier transform of B(o) is

.1 B(X) - ) B(o)e12wcx do

- jB(o)cos2woxd + i /B(O) sin2woxdo (3)

* F(X) + ijq [F(X)J

where IF(X)J is the Hilbert transform of P(X); i.e.,
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with p signifying the Couchy priacipal value.

Since we ,na!iur 3 F(X) only, a'.id not 1F(X)] , the Fourier transfcom

of the measured function F(X) gives the even distribution Be(O).

Using (2) we rewrite (3) to be

B (X) * Be(o)e2 d + Bo(o)ei2rox do

It is seen that the real part of 'B(X) , namely Lhe interferogram, is

given by

F(X) Be(o)e1 2Trcx do
• (6)

W Be(a) cos
2 r::da(6)

Consequently, the interferogram (which is necessarily real) corresponds

to the distribution Be(O) and not B(a) The spectrum Be(o) is then

given by an inverse transform

Be(o) f f F(X)e-i 2Trox dx
(7)

Since Be(o) is defLied to be even about the origin, the interferogram F(X)

given by equation (6) is also an even function resulting in

Be(o) - F(X) cos2vox dx
1 (8)

= 2 (F(X) cos2rox dx

Thus the correct spectrum fot positive frequencies is obtained through a

cosine transformation of the interferogram. The contribution from

negative frequencies in Be(o) however, must be taken into account

-ince these exist mathematically.
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Thus, the interferogram technique yields a unique spectrum through

a cosine transformation, while Michelson's visibility technique determines

a unique spectrum only if the spectrum is quasimonochromatic and the dis-

tribution is synmetric about a center frequency.

Project Number: 5710

Problem Number: 1637

Researcher: Mr. J. Cahill
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SECTION 7

SPACE-CHARGE LIMITATION OF SECONDARY ELECTRON
EMISSION CURRENTS IN SINGLE AND DOUBLE DIODES

In this project, the secondary electron emission (SEE) current from

irradiated single and double diodes, whose electrodes are assumed to be

identical, plane-parallel, of infinite extent and spaced a distance

apart was investigated. If the radiation bombards one foil only, this

classifies the system as a single diode; if both foils, the system consti-

tutes a double diode. For the latter case we assume that both electrodes

experience an identical dose rate of deposited energy causing their emission

current densities (given as Js) to be equal. However, in general, as was

proved from the results of the computer programs, the net current density

flowing between foils (given as Jc) will not be equal to Js because of

limitation by space-chanrge effects, and, in the double diode, by a re-

tardation of some portion of the emission from the positive foil.

The problem involved in the programming was to determine Jc, given

Js, or vice-versa under known geometrical and electrical specification.

The procedure for accomplishing this was initiated by showing how intimately

related the SEE phenomenon is to thermionic electron emission (TEE).

This is effected by hypothesizing a certain energy-angle density distri-

bution of internal electrons and then demonstrating how such a distribution

would lead to an external differential electron flux and electron

phase-space density function which are identical in form to those derived

for the TEE case. A comparison of all these forms reveals a one-to-one
correspondence between certain SEE and TEE parameters. Consequently it

turns out that the complete analytical solution tu the SEE problem exactly

parallels that for the TEE problem, as presented by Lindsay and Parker (1959).
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Two important byproducto of the study are noted for the first time.

One, it was established that the most significant parameter whicb really

characterizes the system is the product d2js, rather than atiy one indivi-

dual term. Nfo, generalized graphs were presented indicating threshold

voltage limits for both space-charge and partial retardation effects, as

2
well as how d Jc varies with applied voltage (V), as based on the program

calculations. These graphs will be of practical value to the experiments.

For, by their use, he can immediately specify whether his single or

double diode is operating within the space-charge limited, abovz upper

threshold or below lower threshold regions. The equations used in the'

programs are given on the following pages.

Also compared were theoretically calculated retarding potential

curves (normalized) Jc versus V, for fixed Js to data derived from

some AFCRL experiments, in which AL, TA, and AU double diodes were irrad-

iated by 60 CO Y-rays and 10 MeV electrons.

• 7-
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PHASE I. A. DOUBLE DIODE

For each value of Vthr solve for (d 2js) D.D. with V ranging from .01-100

1 .402Vthrdu 2

(d 2 Js)D.D. - rh+(u) + e -. 402VThrh-(a)

where h±(u) - e u -1 ± 2 (u)1/2 +eu ercvi-
2 + ( - e22

and eru¢"- /7J e dz

(d 2 Jc)D.D. - (d 2 Js)D.D. [1 - e -"40 2 Vthr]

B. SINGLE DIODE

1 4O2Vt du 12

(d2 js)S.D. C (4T5)2 Ll + (u)

2 e r 4 2 thr du 1
(d Js)S.D.,L.T. 

- (415)2 ) ' - (u) ].

!i(d 2Jc)S.D.,L.T. (d 2Js)S.D.,L.T. e f

7-3
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PHASE II. A. DOUBLE DIODE

Given values of V and (d 2Js) D.D., these 2 equations must be solved

simultaneously to get 3o and •d

(I) •d =.402V + ýo

(2) (3; + J)2 - (415)2 e- ýo (d 2 js)D.D.

dd

where 47 /h+(u) + e.4A2 Vh - (u)

* (' du
-"v'h+(,A) + e*.VV h - (u)

and ht (u) are defined previously.

For each combination of V and (d 2 js)D.D.

(d2jc)D.D. -(d 2jg)D.D. e 1 e- e'402V]

7-4
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B. SINGLE DIODE

Given values of V and (d 2js) D.D., these 2 equations must be satisfied

simultaneously to get ,> o and 'd

(1) d - .402 V + o

(2) (° + 3)2. (415)2 e- 0 (d2 Js)S.D.

where du

du

d g / + (U)

For each combination of V and (d 2js) D.D.

(d 2 Jc)S.D. - (d 2 js)S.D. e- 3o

Project Number: 5710

Problem Number: 1677

Researcher: Mr. P. Gianino
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