
—fly AD—A 033 711 ROst AIR DEVELOPMENT CENTER ORIFFISS Afl N Y F/s 15/3SP*Cc SURVEILLANCE SOFTWARI. SUPPORT. VOLUME 11. GENERALIzED DAT ——ETC ( u )OCT 76 .1 A MAJLLY
UNCLASSIFIED RAOC T*’To—tol—VOLeE Vt

a_fl!~LIL• .
~~~~~~~~~ DL1JEI~UUiJ____
~~~~~~~~~~~~~~flfl

__
r!nnt~ r~a_________

tLJ__ L1I 4.~ . JLI



S ~~~ 
-

RADC-TR- 76-261 , Vol ume II 
________In-house Report 

_____October 1916

SPACE SURVEILL ANCE SOFTWARE SUPPORT
Volume II

Generalized Data Entry and Plot Program

John A. Man1e~

Approved for Public Release.
Distribution unlimited.

D D C

ROME NP DEVELOPMENT CENTER
AM FORCE $Y$TEM$ COMMAND

SRIFFI$$ AM FORCE $AU, NEW YORK 13441



b.

This report has been reviewed by the Office of Information, RADC , andapproved for release to the National Technical Information Service , NTIS.At NTIS, it will be availabl , to the genera l public , including foreign natio ns .
This report has been reviewed and is approved for publicatio n .

APPROVED :

JOHN C. CLEARY
Project Engineer

APPROVED: 
~

RUDOLF C. PALTAUF
Lt Col , USAF
Chief, Surveillance Division

FOR ThE CO~ (ANDER:

JOHN P. RUSS
Acting Chief
Plans Off ice

Do not return this copy. Retain or destroy .

— 
- -



UNCLASSIFIED
SECURITY CLASSIF ICATION OF THIS PACk (Whan 0.4. InI.r.d) 

_____________________________________

READ iNSTRUCTIONSREPORT DOCUMENTATION PAGE BEF~~~~~ COSIPLETING FORM
I REPORT NUMBER 2 GOVT ACCESSION NO. S. RrCIf ~~~~~cA TA L Oo NUMBER

~PACE ~~~~~ ILLANCE S0~~~1ARE ~UPP0RT .~~~ / 
TyP~~~~~~~~ r~~~,

-
~~~~~RIOp

~- WS.S (_ t -&J~~IlJ
I ~ ~~~~~~ RADC—TR --76—26 1, Volume ii/ _____________________________

PTh

~~ 
~
. 

~~~~~~~~~~~~~~~~~ i~aj  /t#
eneraliaed Data Entry and Plot Program. Jan 75~~~ Jun~ 76

N/A 
~~ 7II$~~~~~~~~

( 
NUMBER

______ I. CONTRACT OR GRANT NUMBER(s)

John A./(Ia~~~~~J 

N/ A

L PERFORMING ORGANIZATION NAM E AND ADDRESS ID. PROGRAM ELEMENT. PROJ ECT . TASK
AREA S WORK UNIT NUMBERS

62702F
~ome Air Development Center (OCSA) 65121205
;rtffiss AFB , NY 13441 ______________________________

1.. .~~~ .- • ~~~ppII . CONTROLLING OFFICE NAME AND ADDRESS 

0ct~~~~ 976J 1ame 3. HUMBEPvr

__________________________________________________________ 
107

4. MONITORING AGENCY NAME S AODRESS(II dUl... L%~~~~E,....L J1i~-_ 

~~~~~~ 

IS. SECURITY CLASS. (of IhI. r.pocf)

Unclassified
Same (

~1”.~’Y7~f IS.. DECLASSIFI CATION ’OOWNGRAD ING
SCHEDULE

____________________________________________ VA
6. DISTRIBUTION STATEMENT (of hi. Report)

~pproved for Public Release. 

~~~~~~~~~)istributton Unlimited .

7 . DISTRIB U ATUUSIIT SflI.r.d In °k ~O It I L_ . ., ~~.)

~~~~~~~~~~~~~~~~~~~~~~~~~~~

IS. SUPPL EMENTARY NOTES

~his is Volume II of three volumes; Volume I is in two parts.

IS. KEY WOR DS (Co~ IInu. on r.r.r.. i d .  if n.c.i..cy and id.ntlfy by block nuoib.r)

~.ntenna Patterns
rrajectory Curves
Javeform Response
fP Calculator Plots

ABSTRACT (Can t o.., an ,ers re. •id. It n.c....fy and id.ntify by block numb.r)

he primary purpose of this report is to document the Hewlett—Packard (HP )
)820A calculator programs used to plot data generated by the RIS—6180 digital
~omputing system . ThiN was done because on—line plotting at the central computer
Is impossible and large volumes of data cannot be digested eff ic ient ly  by the
mgineers concerned .

?uickly plotted data often allows an engineer to narrow down the number of corn—
uter runs by bounding a specific problem since a picture is worth a thnt~~~ nA

DD ~~~~~~~~ 1473 EDITION OF I NOV BS IS OBSOLETE UNCLASSIFIED
SECURITY CLASSI F ICATION OF T HIS PAGE (Wh.n Oaf. Enfe,.d)

-



UNCLASSIFIED
S*CuRITY CLA$$IFICATION Ok tNI$ PAGI(WhUI, Data LIIats ~

20.

words. For ezample , trajectory curves (an antenna pattern or waveform response
to a target) are more than long table. of numerical listings. The objective of
the plotting capability outlined in this report is to free the engineer for more
analysis work and cut the required number of computer runs by bounding the
problem in a t1~.ly manner. This will result in more effective use of the
engineer at a cost savings to the Air Force.

In addition , thi, report will serve as a supplemen t to the HP manuals detailing
the uae of the II? paper tape and punched card readers .

p.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGI(*Ran Data tnfar. d)

- -



PRE FACE

This report provides the computer programs used to plot virtually

any data of an (X ,Y) nature. These programs are written in

algebraic language for a Hewlett-Packard 9820A programmable calcu-

lator. The data must be in USA Standard Code for Information

Interchange (ASCII) format in order to be handled by the HP 9820A.

The data generated by the RADC HIS-6180 is in either binary or a

Binary Coded Decimal (BCD) format and must be converted to ASCII

format before being plotted. The procedure for obtaining the data

from the HIS-6l80 in the correct format and plotting will be

explained and illustrated.
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COMPUTER PROGRAMS

I. Introduction

These plot programs were developed in support of the Space

Surveillance Software Support contract. They have also been used

in the SEEK SAIL study, the Endo Exo-Atmospheric Modeling contract* ,

the Space Defense System (SDS) Radar Study, and the Interactive

Radar Simulator contract.

The data generated under each of these studies and contracts

listed above, although extremely varied, can be taken from perinan-

ent disc file storage on the HIS 6180 and a plot generated using

virtually the same procedure for each case. Slight variations will

occur in scaling the data and in labeling the plots in the Hewlett-

Packard (HP) 9820A calculator. The foregoing procedure will be

described and illustrated such that the user may generate the plots

he requires for his particular application .

This report will also serve as a supplemental manual to the

HP manuals detailing the use of the HP paper tape and punched card

readers for data input to the HP 9820A calculator.

* See Appendix D
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II. HP 9820* Calculator and Peripherals

The plot program was implemented on the HP 9820A calculator

located at P.ADC/OCSA in Building 106.

Peripherals inc lude .an HP 9862A plotter, HP 9869* card reader,

HP 2748B paper tape reader, and 11223A cassette memory units.

Due to the potentially large amounts of data and the relatively

limited memory of the calculator, the cassette tapes are used as

a temporary store for the data before plotting. The tape reader

and card reader are the input devices by which data is introduced

into the “HP system” described above .

2
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III. Procedure Used to Transfer Data to Punched Cards

The program used to generate data must also store the data on

a PRMFL (permanent file). The format used to store the data on PRMFL

must be the same as the data points are to appear on the punched card.

One card has a field of 80 possible digits for punching data, and

the card reader will recognize a space or comma as a delimiter between

data points*. One example of the way to store data on a PRMFL is

shown below :

WRITE (09 , 1000) (DATA ( I ) ,  I 1,5)

1000 FORMAT (2X, P10.6, 2X , F10.6,2X , P10.6, 2X , Fl0.6, 2X , Fl0.6)

The 09 in the WRITE statement is the number of the PRMFL where

data is stored and the 1000 is the number of the FORMAT statement which

determines the format of stored data. The data is stored in blocks of’

5 and corresponds to the card columns shown below .

~~~~ (p -. AlA (2) J DATA (3] J DATA (4) I DATA (5]..~ -.

- -~ I I ~_ 2 ’ 4  ~~I3_~~~ I I i . 4 , 2 ~ ~~~~~~~~~ ~L ‘.~~ ~~~ - ~~~~~~~~~~~~~~ I

- .1 L L~[~i I~ i “ N1~ 1 1 [ I ~ T~fr1 1 • I ~ N 1 tl ’~~1 ’ i i 1~ i~~ ~
,, lI.1, ,.~~~~

-

o 0 i :  C 0 0 3  0 0  0 0 0 0  I o~i1o o~ o 0~o ~ 0 0 0 0 0 0 0 0 9  P 0 0 9  0 0 0  1 0 0  ~
I 5 I 2 I 1 2 I I ’ ? . . :2 23 . ‘: ci: ‘I 23 I~ 2 53 1 .2 . c - - ; : .  .. ~~~~~~~~

I I I I I i i  t i l l  i~l hi I I I I I I  I~ I I  I I I I i i  ‘ 1 1 1 1 1 1  1 1 1 ) 1 1 ) 1  I I

2 2 2 2 2  2 2 ?  2 2 2 2 7 2 2 2 2 2 2  2~7 2 2 2 1  2 ?  2 2 7 2  2 2  7 ! ?  2 2 2 2  7~2 2 2 2 7 7 7 2 2  2 2 2 7 7 7 2 2

3 3 3 3 3  3 3 3 3 3 3 3 1 3 3 3 3 3 3 ) 3 3 3 3 3 3 3 3 3 3  3~3 3 3 3 3 3 3  3~3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4  4 4 4 4 4 4 4 4 4 4 ; !  4~4 4 . 4 4  4 4 3 4 4 4  4~4 4 4 4 4 4 0  4 4 4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I i

~ r c b 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIGURE 1. Sample Data Fields on Computer Card

* The card reader will treat any character as a data delimiter with
the following exceptions:l) a digit from 0 to 9, 2) a plus or minus
sign , 3) an exponential (SE - OS)

3
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To transfer stored data from PRMFL to punched cards, the follow-

ing time-sharing system (TSS) procedure can be used :

SYSTEM ?CARDIN
OLD OR NEW - N
READY 

—

* BCDASC
INPUT FILES BCDFL1$JAM;*
LINE NUMBERS ®
TAB CHARACTERS AND SETTI NGS ®
*EDIT

- P;10 —

00l229457545E 01
O.459417272E 01
O.706554240E 01
0.965192258E 01
0.l22O55005E 02
O.144559367E 02
0.l60495934E 02
0.l67047484E 02
0.l63838296E 02
0.l52977O4SE 02

- DONE
*BPUNCH *

$ IDENT USERID, USERS NAME, ACCOUNT NO., REMARKS
LABELS (~

)
TAB CHARACTERS AND SETTINGS ®
SNUMB I 2985T

U ser responses are underlined and ®signifies carriage return.

BCDASC converts the data to ASCII format so that the teletype

can manipulate i t .  BCDFLI$JAI4 ;* is the PR.MFL name with password and

calls for the ASCII converted data to be stored on the current file(*).

In the EDIT mode the first ten lines of data have been printed out

as a check to ensure that the data is correct. This is optional.

BPUNCH* causes data stored on the current file ( )  to be punched on

cards .

4



IV. Procedures Used to Tran sfer Dat a to Punched Paper Tape

Extracting data from the HIS-6l80 to paper t ape is similar to

the process for t ransferring data to punched cards . The program

generating the data must also store it on PRI4FL using the same

procedure as shown for cards in the previous section . The WRITE

and FORMAT statements for storing data in BCD code on PPMFL are

identical.

There is no way of obtaining punched paper tape directly (on

line) from the HIS-6180 . It is necessary to ut i l ize a teletype-

writer interfaced with a paper tape punch . The one currently used

is the Model ASR 33 Teletype .

Once the data is stored on PRMFL in the desired format , the

data can be transferred to paper tape according to the following:

SYSTEM? CARDIN

OLD OR NEW - NEW

READY

* BCDASC

INPUT FILES? FI LE NAME ~ PASSWQj~~

LI NE N UMBERS

TAP CHARACTERS AND SETTINGS

* LIST

The responses typed in by the user are underlined , and ®signi-

fies a carriage return (RETURN key) . Once the word LIST has been

typed in , hit the RETURN key and simultaneously turn on the tape punch.

The teletypewriter will print out a hard copy and will

5
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simultaneously punch out the data onto a paper t ape . This data is

in ASCII code .

6



V. Generalized Plot Program - Data Input via Punched Cards

The plot program will be explained using punched card data for

the following reasons :

I. Punched cards have been used more extensively

2. The time required to generate the data in a form compatible

with the “HP system” can be excessive for paper tape vs cards.

3. When large amounts of data are involved, the amount of

paper tape becomes unwieldy; i.e., the paper tape becomes extremely

long. The feed mechanism on the HP 2748B paper tape reader cannot

automatically draw the paper tape from the feed tray through the

reader, and the operator must manually feed the tape through the

reader. Large volumes of data are of the order of 500-700 data

points and approximately 6 to 10 minutes are required to punch this

data for each plot.

A listing of the computer program as implemented on the HP 9820A

calculator follows.

The inputs required by the program are shown in Table 1. The

output is primarily the plot and several examples will be shown.

Also, each register used in the program is listed in Table 2

with an explanation of the value stored in each.

7
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FIGURE 2. GENERALIZED PLOT PROGRAM - DATA INPUT VIA PUNCHE D CARDS (CONT’D)
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INPUTS

Variable
Name Register Mean!ng ——

P NLJMB R48 Determine where data is stored. Set
to 1 if on cassette tapes, or 0 if on
cards or paper tape

SELECT CODE Y Selects proper cassette Unit(s)

DFILE A File where minimum and maximum X and Y
values of data , X increment, and
number of pts key in file number

RO Minimum X (independent variable) value

Yain R6 Minimum Y va lue

Ymax’ Ri Maximum Y value

Xincrement R12 Increment between data points of
independent variable

No pts * R4l Total number points to be plotted

XLENGTH R15 The total horizontal length of the
plotting surface

YLENGTH R16 The tota’ vertical length of the
plotting surface

ABSCISSA USED R17 The portion of the abscissa used for
plotting, i.e., e.~cluding portion used
of labeling the axis

ORDINATE USED Rl8 The portion of the ordinate used for
plotting, i.e., excluding portion used
for labeling the axis

TABLE 1
INPUTS FOR GENE RALIZED PLOT PROGRAM

* These data may be calculated by the program generating the data and are
punched out un the first card or they may be keyed in by the operator using
an EN? statement . However , if these data are not calculated by the gener-
ating program and it is inefficient to find them from long numerical list-
in gs, it is necessary to key in only the minimum value and the increment
between values of the independent variable and the number of points.

11



INPUTS

Variable
Name Register Meaning

XMIN R20 Minimum value of independent variable
for scaling and labeling the X-sxis

XMAX R21 Maximum value of independent variable
for scaling and labeling the X-axis

Y MIN R22 Minimum value of dependent variable for
scaling and labeling the Y-axis

Y’-’AX R23 Maximum value of dependent variable
for scaling and labeling the Y-ax~is

NO. FILES R2 No. of data files

PTS/FILE R40 No. of data points per file

SFILE A File number of first data file

TABLE 1 (CONT’D)

12
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REGISTER TABLE

Register Value Store d

RO Minimum value of independent variable

Ri Maximum value of independent variable

No. of files of stored data

R3 Increment between labels on abscissa

R4 Value of each label on abscissa

R5 Xain for scale of plotting surface used for plotting, i.e.,
excluding portion used for labeling axes

R6 Minimum value of dependent variable

R7 Maximum value of dependent variable

R8 Increment between labels on ordinate

R9 Value of each label on ordinate

RlO Ymin for scale of plotting surface used for plotting, i.e.,
excluding portion used for labeling axes

Rll No. of labels on abscissa

Rl2 No. of labels on ordinate

R13 Increment between consecutive values of independent
variable

Rl4 Not used

Rl5 Length of plotting surface in X dimension, i.e, no. major
divisions

Rl6 Length of plotting surface in Y dimension, i.e., no. of
major divisions

TABLE 2
REGISTER CROSS REF ERENCE CHART FOR GENERALIZED PLOT PROGRAM

13
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REGISTE R TABLE

R egister Value Stored

P17 Portion of plotting surface in x dimension used for
plotting, i.e.1excluding portion used for labeling axes

Rl8 Portion of plotting surface in Y dimension used for
plotting, i.e., excluding portion used for labeling axes

Rig Not used

R20 Minimum value of labels on abscissa (XMIN)

P21 Maximum value of labels on abscissa (XMAX)

P22 Minimum value of labels on ordinate (YMIN)

P.23 Maximum value of labels on ordinate (YMPIX)

R24-R39 Not used

R40 Points per file

P41 Total number of points

P42 Ratio of total length of abscissa to portion used for
plotting - RlS/Rl7

P.43 Ratio of total length of ordinate to portion used for
plotting - R16/Rl8

P44 Not used

P.45 No. of complete records of valid data (5 per record)

P.46 No. of points in the last file

P47 Counter for number of points recorded on a file basis
(i.e., number files X points/file)

R48 Flag used to determine where data stored

RS0 ... Data Storage

A File Number

TABLE 2

REGISTE R CROSS REFE RENCE CHART FOR GENERALIZED PLOT PROGRAM (CONT’D)

14



REGISTE R TABLE

Register Value Stored

B Register Counter

C File Counter

X Not used

Y Select Code

Z Register counter

TABLE 2

REGISTER CROSS REFERENCE CHART FOR GENERALIZED PLOT PROGRAM (CONT’D)

15



A detailed flow chart showing each statemen t with an explanation

of each follows, but a general description of program operation will be

helpful.

Program steps 0 - 6 determine where the input data for plotting is

stored and which cassette unit(s) are used. The input data (i.e., m m .

and max. values, increment between values of independent variable, and

total number of points) is recorded into a cassette file and

each value is printed out to let the operator know where to scale the

plot.

Statements 8 - 12 determine the length of the axes , the number of

tick marks and draw in the intersecting axes.

Program steps 13 - 23 calculate the scales of the X and Y axes

respectively and the number of labels on each axis, and write the labels on

each axis.

Statements 24-43 read the dat a from punched cards and record it

onto cassette t apes. The program determines the number of cards to be

read, the number of points to be stored and the proper cassette file for

dat a storage. There must be five data points per card in this version

of the program.

Stat ements 44-52 reload the dat a stored on cassette tapes back

into the calculator from the cassette tapes, beginning with the first

file stored. The data is then automatically scaled and plotted.

16



SPECIFY ACCUR\CY oP ‘P IN TFD
0: FXD 4 OR DI SPLAY NUM B ERS . POUR

DIGITS M’PEP DECIMAL T’T.

1: /~NT ”P NUM R” , KEYED IN ~~V OPF~~ATOP .
(R 4 8 ,  “SEL ECT CODE ” ,) P NU MR 1 FOR D7~TA ON CARDS\v . “DPILE” , A / OP PAP ER TAPE T~ND ~~~V OTI1Y~R

NUMBER IF ON CASSETTE TAPfl c~.
SELECT CODE SPECIPIES

2: F R4P — GTO+ 5~ CASSF.TTE UN IT USED . DPTLF
IS FILE CONTAINING ~LOT DATA ,
i.e. , * T’TS., XMTN . FTC.

NO TEST PNUMI3 Tr DE TERMINE
¶ IHER E DATA IS.

3 ’~ (~MT ‘D ” ; WRT 2; FMT ~~~. ~~ INSTRUCT CARD READER TO READ
~~ED 2 ,  R7 , P6 , RO , P13, ~ j1) ONE CARD AND STORE THE DA TA

TN THE REGISTERS SHOWN .

3: (~~~Th7. P6, P0 , P13 , R4i~ PPTNT ()tJ~ DATA ON FIRST CAPD.
SPC 2 YMAX , YMIN , XMT N , X I N C , N O .

PTS .

4: ~~~~~~~ P 13 + P0 R~~ CALCULATE XMAX

~: (~~~C V ; PCF A , P0, R4 1; T’PT R~~ RECORD MAX AND MIN VALUE S , X
~~ 1, P6, P7, ~13 P41; S~~C 2 J INCR EMENT , AND NO. PTS . ONT~

CA SSETTE TAPES.

(
~~ 

V+ 1~ RCF A , DO , R41;~ RECORD SAME DATA AS IN ABOVE
\~~SC Y; GTO+2 STEP ON ANOTHER CASSETTE

TAPE. FOR MAKING DUPLICATE
TAPE. OPTIONAL

17
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.- . __________________

¶17
6 (~SC V ; LDF A , P0 , R41; ~R~’I~ IF PNUMR 1 XM IN , XMAX ,

\F~ , Ri , P6, R7 , R41; SPC ~) YMIN , YMA X , XINC , AND NO.
PTS. ARE LOADED INTO THE
CALCULATOR FRO M CASSETTE
TAPES AND PRINTED OUT.

7 ~~4T “ XLENG1TH” \ KEY IN THE DIMEN SIONS OF THE
(Ris, “YLENCTH” ,) PLOTTING SURFACE .

~~16 /
8:  /~ W “ABSCISSA” \ KEY IN THE PORTION OP THE

fUSED ” , R 17, \ PLOTTING SURFACE USED, i.e.,
\ “ORDINAT E USED ” ,/ EXCLUDING THAT PORTION USED

J FOR LABELING THE AXES.

9 (~SCL 0, P15 , 0, ~üii\ SCALE PLOTTING SURFACE ANT)

~~~~~ 1, 1. .5, .5 J DRAW AXES INTERSECTING AT

1 (1, 1) WITH TICK MARKS EVERY
HAL? DIVISION.

10: [Ri5/R17—3~R42i~’~ CALCULATE RATIO OP TOTAL

~~ k16/R1R—+R4~~J LENGTH OF EACH PLOTTING
SURFACE TO PORTION USED FOR
SCALING PURPOSES.

11: (~~ 17— ,R1r\ CALCULATE THE NUMBER 0?

~ 2P18—~ R12J LABELS ON EACH AXIS.

12: lENT “XMIN” , P20, KEY IN THE MINIMUM AND
( XMAX ” , P 21 , “ VM TN ” ,) MAXIMUM VALUES 0? THE LABELS
\R22. “YMAX ” , P23 / ALONG EACH AXIS.

13: ABS (R2i-R20)/R1l3R3 ~~ 
CALCULATE THE INCREMENT

~R2 0+R 1—) .R4 1—) R40 J BETWEEN LABELS ALONG THE
X-AXI S. CALCULATE VALUE OF
FIRST LABEL. INITIALIZE &
LABEL COUNTER.

18



4

14 ~~~~l_ n 42 P 2 1_ D 2 o _-_~ R_~~ CA T J C T J L~ TF X VALUE P~ R
I SCALING ON BASIS 0~ X

DIMENSION USE?).

15: (SCT.s PS, P21 , 0 ~ i)~~~~ SCA LE PLOTTER LOP LAPELIN G

4

16: (~TR P4. .2, 212; nLT R4~~ SPECIPV (X , V )  bOSTTION AND
______________________ THE HEIGHT , WIDTH ANT )

I DIRECTION ( H”?)) OF LETT EPI NG
AND WPT’rE THE LABELS AT
EACH TICK MARK.

17: ~~~~
40_

~~~J 
LABEL COUNTER INCREMENT ED.

17: yES 
_ _ _ _ _ _ _ _ _  LABEL COUNTER TESTED TO

I? R 4 O~ R11+1 R4+ R 3— ~R4?\ DETE RMINE WHETHEP ALL TICK
GTO-1 j  MARKS LABE LED . IF NOT

INCREMENT THE. VALUE AM?)
NO CONTINUE LABELING .

18: 1~ è~~(P23-R22)/R12~~~~
p
~~~ CALCULATE INCREMENT BETWEEN

~~~22+R8~~ R9; i—~R4O J LABELS ALONG V-AXIS.
CALCULATE VALUE OP FIRST

I LABEL . INT TTAL T 7E A LABEL
COUNTER.

19: 1JR23_P43cP23—R22~~~~ R~~~ CALCULATE MINIMUM V-VALU E
FOR SEALING ON PA ST S r ,P V
DIMENSION UJSFD .

20: 0 , Ri S , PlO , R23D SCALE PLOTTER FOP V-AXIS
LABELING .

21: (~i~i .1 , pq , 211; T’LT R9~\ SPECIFY (X,Y) POSITION AND
J HEIGHT , WIDTH , AND DIRECTION

(HWD) OF LETTERING . WRITE
V THE LABELS ON Y-AXIS.

19
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22: ~~~~40-_~~~~~~ LABEL COUNTER INCREMEN TED .

22 : YES _ _ _ _ _ _ _ _  TEST LABEL COUNTER TO DETER-
F R 40~ R 1 R9+R8— 1’Ri~’\ MINE WHETHER ALL TICK MARKS

GTO-1 LABELED . IL NOT INCREMENT
THE VALUE AND CONTINUE

NO LABELING,.

23: 1
/ ENT “NO . FILES” , R2 , \ KEY IN NUMBER FILES OF
\ “PTS/FILE” , P4 / DATA , THE NUMBER OF “PS/PILE,
\“SFILE ” , A AND THE STARTING PILE (SPItE)

4 FOR DATA.

24 : ~~~~~~~~~~~ C, 0~~~~~
”
~ INITIALIZE A FILE COUNTER

_ _ _ _ _ _ _ _ _ _ _ _  AN D A REGISTER COUNTER .

25: r5 TNT (R4 1/ 5)— ~ R45 ;~\ CALCULATE TOTAL NUMBE R OP
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

POINTS IN GIVEN CARD DECK .1

~~~~~~~~~~~~~~~~~~~~ IN ITIALIZE A DATA POINT
COUNTER. THE NUMBER 5 IS
USED BECAUSE. 5 PTS/CARD .

25: YES ----.~ TEST WHETHER ALL DATA IS
I? P 2— i GPO “2” ‘~ BEING STORED IN ONE PILE. IF

_______  SO SKIP AHEAD TO THE LINE
LABELED “ 2 ”  AND CONTINUE.

NO

26: YE SSC V ;  LD? A , ‘\TEST WHERE DATA IS STORED.
IF R4R 1 P50; CR2-i) JIP R48 — 1 DATA IS ON CA S—

R40.—,R47,cTO+1~,J SETTE TAPES SO SKIP AHEAD
NO AND LOAD ~ROM CASSETTE.

27: “C” ; WRT 2 INSTRUCT CARD READER TO “ICK
_______________  CARDS AN?) READ THEM P4

CONTINUOUS MODE ( “ C” ) .

28: f~~’MT •; RED a, R ( 50+B) READ ONE CAR!~ AND STORE THE
I R ( 51 +B ) , R ( 5 2+B) , R ( 5 3+ B)  f DATA POINTS TN THE SPECIFIED
~,~R ( 5 4 + R )  PILE .

‘The card rea’ier reautree that there be an equal number of data
ots . ner card ; nometimee the last card in filled with ‘lunk ”
ots. t~ sa t isfy  thin cnndition.

20



V —

47
29: + S~~~) 

REGISTER COUNTER INCREMENTED.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
TEST WHETHF .P ENOUGH flA’~A UA~
BEEN READ TO FILL THE CURRENT

____  PILE..

NOT~~~
INCREMENT THE DATA POINT

_____________ 
COUNTER.

30: 
~~
I47+R40

~~
R
~~~~

31: ~~ c_v3 
CALL APPROPRIATE CASSETTF

_____  
UNIT .

PRT A; SSC V+1; RCP A , P50 , 1 TAPES BEGINNING AT THE
32:

LRc
F A, R50, R(R40+49); RECORD DATA ONTO T’~~ CASSETTE

R(R40449): FSC V J CALCULATOR REGISTER P50 UP TO

ING TO THE NUMBER OF PTS./
FILE .

33 
IP R47— (R2 1)R 

YFS 

A REGISTER NUMBER CORRESPOND-

TEST “~flETHF,R THE NEXT ‘TT~E
TO RE RECORDED T

~TTJL R~ THE
_ _ _ _ _ _  LAST ONE.2

INCRE MENT THE FILE NUMBER~~~~~
. 
~~~41~~~A , i+c~~fl AND THE PILE COUNTER

RESPECTIVELY.

TEST THE PILE COUNTER TO
~~~ ~~~~~~~~P2+~~~~~~~~~~~~; GTO-8 DETERMINE IF THE LAST FILE

HAS BEEN REcORDED.
NO

data files Un to the last data file contain the same
numl,er of noints. The last file must be able to handle any
number of points un to the number fnr  the other files . ‘rhis
reiuire~ some extra bookkeenina.

21
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36* “2 ” ; TEST WHETHER ALL CARDS
IF R41/5 — ____ 4i-R47~~~ 3;CONTA IN VALID DATA , i .e .,

_________  
WHETHER “JUNK ” DATA HAVE
BEEN ADDED TO COMPLETE THE
LAST CARD (SEE FOOTNOTE 1) .

NO

37: 
(~

45+5.4.R45 ; R45_R47....P~~
) 

CALCULATE TOTAL NUMBER o~’
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  PTS . INC LUDIN G “JUNK ” DATA

AND CALCULATE THE NO . OP
PTS . LEFT POP THE LAST PILE ,
INCLUDING “JUNK” PTS.

37: 
~~
i

~~
B;GTO+2D TEST IF ALL DATA IS BEING

YES

_ _ _ _ _ _ _ _  STORED IN ONE FILE .

38: ~~~~B; A+l—.~~) 
INITIALIZE REGISTER COUNTER
INCREMENT FILE NUMBER.

39: ~~~~~~~~~~~~~~~~ WHEN PLOTTING FROM CASSETTE ,
SKIP OVER PROGRAM LINES
CALLING FOR CARD READER.

NO

40: (~MT “C” ; WPT~~ 9 
INS TRUCT CARD READER TO PICK
CARDS IN CONTINUOUS MODE .

¶I7
41: ( PMT * ; RED 4, R( 50 +B ) , READ ONE CARD AND STORE THE

R(5 1+B) , R( 52+B) , R(53 +B )
L~~

(54
~~~

) 
FIVE DATA PTS . IN THE

____________________________ SPEC IFIED REGISTE RS .

4 2 :E~
+5

~~
B
__) 

INCREMENT THE REGISTE R
_________  ~OUNTE R.

YES TEST WHETHER ALL DATA FOR
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LAST PILE HAS BEEN READ.

22
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43: (ssc Y; PRT A; RCP A, R5ó~~ PRINT CURRENT FILE NU MBER .
P ( P 4 6 + 4 9 ) ;  SSC V+ 1; RECORD THE DATA ONTO ‘NO

I PCF A , RSO , R(R46+49); CASSETTE TA”ES . CAN REMOVE
V THAT WHICH IS INSIDE

BRACKETS I~ NO DUPLICATE
TARE DESI RE D.

44 :  (‘~-R2+ 1~~~~A ; i—~ C; CALCULATE THE FIRST PILE
PR’!’ Pt:  LDP A , RECORDED. INITIALIZE A RILE

COUNTER. PRINT OUT THE FILE
NUMBE R AND LOAD THE DATA
FROM THE FIRST ~TLE INTO THE
CALCULATOR.

45: (~~~~~Z ;  R41—R47---) 47 ;~~~\ INITIALIZE A REGISTER
PRT A COUNTEP. CALCULATE NO. “TS.

J IN LAST PILE. 1’PTNT OUT
FILE NUMBER .

46 :  ~~~L R5 . P2 1, RiO , R23~~ SCALE PLOTTING SURFACE
J ACCORDIN G TO PREVIOUSLy

CALCULATED VALUES.

47: PLT P0, R(50+Z) PLOT ONE DATA POINT.

48 : YES TEST REGI STER COUNTE R TO
F C ~ P2 GTO+3 DETERMINE I~ CURRENT “ILE I~

THE LAST PILE.

NO

49 :  YES ___________  TEST IF ALL PTS . IN PILE
‘~~F R4 0-1~~~ ~

__
‘RO+R 13-~~PO ~~\ HAVE BERM “LOTTED . I” NO

~~+l-~~Z; G~~31 INCREMENT X AND “ VAL!TE ’~ 7~Nfl
CONTINUE “LOTTING.

NO ¶

50: A+l-+A~ C+l—~~c~~ 
. INCREMENT FILE NUMBrP AND

PILE COUNTER.

23
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YFS R0+Rl3—~Ro ,o—~z, IF REGISTE R COUNTER LESS
THAT MAX NU MBER FILES , PPTNT
OUT PILE NUMBER , LOAD NEXT

~~~~~~:~~~~~~cii~ 
PLOTTING.

FILE INTO CALCULATOR AND

51: _ _ _ _ _ _ _ _ _ _  TEST IF ALL PTS . TN LAST
I? P4 7—i ~ Z [R0+Rl3~~~R0~~ PILE HAVE BEEN PLOTTED. IP

~TZ+ 1-3Z; I NOT INCREMENT X AND V ‘~ATJUES

~GTO-4 J AND CONTINUE PLOTTING.

52: ~~RT “END 0? t)A~~~~) SIGNAL TO OPERATOR THAT
PROGRAM IS TERMINATED.

53: ~~~~~~~~ 

- 

SIGN AL TO CALCULATOR THAT
PROGRAM IS TERMINATED .

24
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Sample output plots are contained in Figures 3 through 9. Figures

3 and 4 are Time Scanned Array Radar (TSAR) antenna transmit patterns.

The values along the abscissa are angles in degrees and the values along

the ordinate are in decibels (dB). Figures 5 and 6 are plots of mag-

nitude and phase respectively of a TSAR pulse train looking through the

main lobe shown in Figure 3. The abscissa of both plots is in nano-

seconds and the ordinate in Figure 5 is in decibels and in degrees in

Fi gure 6. Figures 7, 8 and 9 again show the magnitude and phase of the

pulse train looking through the main lobe shown in Figure 3. Fi gure 7

shows the pulse train for a much longer time interval than does Figure

5. The time delay and the number of pulses required to load the array

are illustrated here. Figure 8 illustrates the pulse-to-pulse phase

shift and the phase gradient of the pulse train in Figure 7. Figure 9

is an expanded plot of Figure 8.

25
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V I .  R A E Plot Program

The R A E plot program (shown on page 34) will plot slant range ,

azimuth , and elevation-vs-t ime al l  on the same graph ; or slant range rate ,

azimuth rate , and elevation rate-vs- t ime all  on the same graph .. * The data

is read in to the “HP system” from punched paper tape .

Program steps 0 and 1 specify the dimensions of the abscissa and

ordinate and draw in the intersecting axes with tick marks.  Steps 2 through

18 define the variable to be plotted and the units , and label the plot

accordingly (see the i l lustrat ions on page 59) .

Statement 19 calculates the number of labels to be writ ten on the

axes. Steps 20 through 28 define the l imi ts  of t ime for labeling purposes

and write the proper values of t ime at each tick mark .

In statements 29 through 34 , the l imits  of elevation , azimu th , and

slant range are keyed in and subsequently printed out to insure that the

desired values have been keyed in correctly.  From Statements 35 to 57 , the

ordinate is labeled with three scales; i . e . ,  elevation , azimuth , and slant

range.

Data is read in and stored on cassette tapes as defined by program

Steps SR to 75, and plotted in Steps 76 through 97.

*This program was modified from an ori g inal program wr itten by

John Cleary . (See Appendix E.)
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~ : E 4 !  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~ I J — rI

‘ IF - - 1 ,  ‘~~1” - F ~Cl C

1: ~.F’ ’7 1~~Fs ’ ,~ ’ Fl -:: E ~~~~~~~~~~~ ~~~~~~~~ [

F — L I  ‘ f I~IE r’IINUTI: . ’:::; AFTE F: E: iJPI.I I:IIJ T :‘ “ C

IF  I- : I- t )-~l GIl: “LA RD” C

1-: ~- F - ’. ~~F F T  “ LA BEL. P A E” C

5; L IP  g , 9 . E . ,::.’ 2 1 ;P L T ” E” F

- :  LiP O. 4 ~ ’~.8~ 22 1 PLI “A ”  C

LTP O.8 ~ ’~.E: ,22 1 F’LT ‘ F ”  C

3: LiP . 1~~~9.:$,, 1 PLI  “DE’
~~
” 

C

‘~ : LIP .7~ ’~.:?,,2 ,~1 F’LT “NM” C

lU: GT U “E~4 ” C

~1: “L.AF:r i ” ; E , F’ t: 2 PRT “LABEL P A E RATE S” C -

12; LIP U,9. 8 ,22HP LT “ E’ C

1 ; :  LIP ~ .4, .9 .E ,221 ;F’LT “ A ”  C I

14: LTR ~ .S~ 9 .8~ 22~~ F’ LT “P’ C

15: LIP .1~~9 .E~ 221 PLT “ BEG” C

16 LIP . 1I~1 . - ..~~ ’21 F’LT ” SE C’ C

17: U P  ~1 .7~ 9.6~ 22 HF’LT “ F T ’  C

1:~: LII’ i~.E;,9 ,.3~ ,~2t PLT ‘SEC’ C

i~~: P27 ./ I-’ ,.-~’I;~ ~ ~42 ;p2.’p.. F , I :i Iii F:43~~a’* F:2’ 9 TO FH1 2~- I- ~..:O I:’ F:32 C

‘ I H ~~~r:. I4 T ’ ’  Tt’1jft5 ’’ ,F-1 , ’ i t’I H~~1 ” lF. ,: C

- L 1 ) - P 3 1  IC’ F:.. : 4 F :1 - + F:1-~ Ii: ~ i~~;i IC’ F- : :j :~ C

22: - L I  ‘ ‘ I L ] H • ”~~R1 ’ T M n . : ~~
’’ , F : , ’ ’ T I H ’’~~I-’:.1;F:• -: :[ C

~~~~~~~ P~~- I ’ 4 - - : ’~P2 -— f -: 1 1’’ h- :18 C

Figure 10. RAE Plot Program
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:4 : - 
L F- ’ 1 :~~ 1 I’ IlI ~~’~ ’’, C

~ T i ’  I’ - ‘4 1 1 , 51 ,

~ L ~~1 4  C

p I~~: 4 ~~ ~ ~~ :~~F’1 ’ } i !’ ’ : T i .; F’ 1.~ I

I~ I” 13 * F’ -~ If 1 G 1 C l  C

:9: ~H,D ; 1 lIT “L _ F’I 1l-1~~” P1 “EMH:.::,” I ~~~ I

Ci: E9 -fl u h F~’7~ ‘ F- lii:- :~~” I ~~~

: t :  ENT ‘‘ r~’ 11F-l - - ‘‘ 

~F~1lTi ,’’PI’1~i ,~~~ F’ 11

F-P T “ EMIN= ’ ~R4 , “ EMA :-- := ” l~~5 ~,

F’~ ‘Flt’1JN ~~~~
’
~~~

F ’ , ‘-A MA :- :- ‘ IPI:. I

~4 : F’ F:T “F:1’1 I~-4~~
” ,~~1’’~ “RrlA :.:=

” ,F:ll 1

~~ ~: .:p~ —p4::’,---( p.:~:’ .-~~: T I:i F-’~:. L’~ I- F’ . : -  TO R1:i~~1 II I  R 1 :  £

T’~. ;  ~~ --~ 43’:p5--~ 4.’ TO P 19  C

•~ 7 :‘I,.L ii, P21 ’~ R1’~, PS C

LIP Ci ; R 1 5 , 2 1 1  C

:9 ; F-U I F- 1~~~ C

4l~ : R1 :-: i to p i e . ;  R 1 5 + R E  Tu P15 1.

‘4 1: IF ~‘1 .: ~ F’: 2——1E ~~G TO —3 [

4:’ ; Ak - - . .P~ _ F’7 .,- F ’ .32 ..- - 2 ::i ‘f r . P’. i C

4 i ;  F:~- ’ - -~’.,~ TO W16. I TO Fl,::: [

14 : fr . -:? - - I 4 3 ~ R O -— - R ’ ’ I :  F~2ii C

45; SCL O~ F~2~~ R ; i~ P8 C

• --16: LTP 4~~~P 1 i - ’? 1 i  I.

17; i- - LT P1~ C

4:; P1:3—i- I I t _ i ~ l: ~:I6 +P’:, H) I;.: C

FIGURE 10. RAE PLOT PI~)GRA14 (CONT’D)
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-4~~ IF  F I~ # P32-- ’~~’~ I ’ ’ —:: C

5.C’~ F—t i I Z A E : ~- ( F 1 1 - — R 1 O ’ - ” ( F -~-3~: 2’ ’ H’ P12 C

5 1 : P 1~~H:l,:~ Hi R 1 7  1 TO P1 :3 C

52 : P11 -- - k - -k~~F’ 1 l— P 1 U - ’ TO P21 C

53: SLL O 1R~’7~ P2t ~ P 11 C

54: LIP A.6~ P i ’~ a ’l1 L

55: PLT P17 C

56: Fl ::+i TO P13 P17+P12 10 P17 C

57: IF  P1.3 * p H’--1 ~~ l~Tfl -- 3 C

5::: F- fi T ‘‘ .::ELLJ T C::tiE’’~ ’i’ i ”Nt:l . FI1,,E.S’~~k:’5’,”F’t:: - F i~.E ’~ P~ O

C

5’~
; F F~ “~~: .  F’IS” IF’4l~ “ F’NLIF’1E: ” ,P48 1F P48 1 GT0 “F’T ” I

i ”; .i TO d O  I: 7~~::,SC: ‘-
,
‘ [

6 1: IN1 ‘ P 4 1  - -- :3 ) TO P45 0 IC’ P47 C

62: - 1FEAD” iF R22’=3 R45 TO R46 U TO :;oi,. +8 C

~~:: “ P E A T ”  ~PEt’ j , P (5U +2.:’ C -

~- -4 :  2+1 TO ~~ IF- P40 # 7 G1O — 1 C

F.:4 ~- # F:-l ii: P47 C

~.L: F’L:F A ,k5U~ R( R4 U+49 )~ C + 1 TO C~ F-’Ri A C

P45 —F’ 4 7 ICi P46 C

C’~~ .!F 140 <. = p4~ ;H-4 1 TO A~ 0 T i:. :‘ i~T O “REAl .: ” C

i~
-
~1 IC) H ::’ TO 2 C

I L  ii 1~ I’ . ~~~ I --i- ,-
‘ I C

‘1; +~ TO 2q1- p4~.; fl ,- :~~GT H — 1 1.

i- i .F ~~~~~~~~~~~~~~~~~~~~ i i:, L..; f- ’!- ’T ii I

FIGURE 10. RAE PLOT PROGRAM (CONT’D)
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P t
1 -  C ~-P-:’- , + I , :, ‘ I

-1 ~i- ~~~~~~~~~ .1 H G L L ’  “ 1~~ k F - Ll ’ I

~ H I ’ ’  P4 , ’ ;A ~~J I,: s F ) i ,~~~~~ ‘ - -‘ I : i i f l ”  C

;‘~~.: ‘‘ IT ’ ~~E~~T : ‘T l$F ’ ; T ~‘ I O T  F1LE iI- I — ~i [ I ~ ’ ’~~.: - ’ .:’ ‘ ‘ FH ( - i:. :- ’ - ’ i-

I ,  4 C

7~5 ; ‘~Ei ~~~~~~~ T u [U  P4?; l  ii:.’ C ;F’ I- : i HL.LIF- H~~I ” ’ J

;
~ L F’1~-~~RL:~ R19lF’ 5 C

7’~ ; 
~‘ � 3  I~ ~~~~~~~ 

[

-~‘0: [F F’:::’~- .3 P45 TO P46 GT U +~
,

61: “PLT” FL p 26 ,p. SC I-i ,:) C

P26 +F:24 TC’ p2’E’;::+l TO ~~ IF r 4 U  14 ~~~~~~~ ,.‘ C

P47 +F: 4 C’ TO F:47 R45 - -- R4 ’ r~~, P4 ’ : ’  1

::4~ IF ~4U R46 A~- i ~~ A C - ~1 ft ZLIIF ~, ,~~: - ~ Gi: “
~‘T ”  C

::5: A+ 1 Ti’ :I,.+~ TO ~~~ 13 :;F’ F: I HI DF F,,I- : - -1  [

::~ .: PL I PT-:~.IP~ 5ii+2-’ ~

~~~ F : - + F - 24 T O R26~~” +1 TO 2 1 F  P’I~ . * : : ;GTd --H C

IF- ‘~~fr :a’2 GT ’ . .’ +8 U

I F  . =F’ - ’ H~~~G 1 U  H C

-~~i: IF ;.-~:F:~’2,’:3 i~Tu

‘l! SF ~22~- -. .H’3 TO F:~:’6 3C- L F- 18 ,, -’ ,.: P,.~’dl ,i- - ftiTF- ‘ i .

‘:‘:‘ : ,‘2:: IC ~~~~~~~~~~~~~~ io ~ TO F.’47H~;L’L. R l - ’ 1F’~:,~~~~0 ’~~’ - ::;I + I  ~ ~~c - - i  ‘ii C

~F P ~ A ZLDF  , I ,ps H~ Gr::, “F- L~ 
r

-
~~ -~~~ f F’ -22~~’ F ’ ’ 1  I’’ ~‘2E~ : : - I  F :1E:~~F , ? i 1 C ~,ii l ,  ~~~~~~~~~~ S

FIGURE 10. RAE PLOT PROGRAM (CONT’D)
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-- ‘ 4: “33 1 ’ ’  ~‘~~~~;u  Ti:’ TO P1,- H~~L ~‘1:i~ P ’~ 1EC13F~~~1~~ t E~j.::~- ! 1 ~~~~
-t-r 1 H~

A C 4 1  TO C~ PPT A C

i5: Lr’F A~ P50~ GTO “PUT” C

- -~~- :  FF1 “EMP OF DATA ”  C

97: END I

PIGJ~~ 10. RAE PLOT PROGRAM (CONT”D)
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The preceding descript ion of program operation has been purposely

made general with the intent that it be used as a summary . For fur ther

explan at ion , a flow chart follows which describes program operation in

de ta i l .

Table 3 lists the inputs required by the program . The display on the

calculator  wi l l  show the parameter listed under Var iable  Name in the Ta b le ,

The value to be keyed in is explained , and the register where the keyed-in

value is stored is shown.

In Table 4, each register used in the program is l isted with  an explana-

tion of the value stored ,
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INPUTS

Variable
N ame Register Meaning

XLENGTH R27 Absolute hor izontal  length of the
plotting surface (X - a x i s ) .

YLENGTH R28 Absolute vertical  length of the
plotting surface ( Y - a x is) .

XUSED R29 Portion of XLENGT H used for
plotting; i . e . ,  excludinq the
portion used for labeling the axis.

YUSED R30 Portion of YI~ENGTH used forplotting; i . e . ,  excluding the
portion used for labeling the axis.

Si RO A switch . If Sl >O label Y-axis
E A R. If Sl~~~0 labe l Y-axis
E A R.

TMIN Ri M m .  value of time for labeling
the X—axis .

TMAX R2 Max. value of time for labeling
the X—axis .

EMIN R4 M m .  value of elevation for
labeling the Y-axis.

EMAX R5 Max. value of elevation f or
labeling the Y-axis.

AMIN Ri M m .  va lue of azimuth for labeling
the Y-axis.

AMAX R8 Max. value of azimuth for labeling
the Y-axis. S

RII IN RiO M m .  value of slan t range for
labeling the Y-axis .

RMAX Rh Max. value of slant range for
labeling the Y-axis .

SELECT CODE Y Select code of the cassette uni t
where data is to be stored .

TABLE 3
Inputs - RAE Program
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INPUTS’ (CONT.)

Variable
Name ~~~~ister ‘l eanina

NO. FILES R22 The total no. of f i l e s  us.—~d to
store the data .

PT~3/FILE R40 The number of pts . to be stor -~d in
each file.

SFIL,E A T h e  f i r s t  f i l e  where data i~ to u~
stored.

NO. PTS R41 The total no. of ntr~.

PNUMB R48 A switch . If PNUMIu = 1 load u r it a
from cassette and n iot .  If
PNU M B ~ 1 read data f rom nan~~r
taoe .

START PLOT
FILE A The no. of the first file to he

plotted.

TMIN R23 M m .  value of time (independent
variable) to be niotted .

TMAX R25 Max. value of time (indep. var.)
to be plotted.

TINC R24 Increment between values of the
independent var iable .

TABLE 3 (CONT ’D)
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REGISTER TABLE

Register Value Stored

RO Switch to determine whether to label
the Y-axis with E A  R or E A  R
( input) .

Rh M m .  time value for  labeling (i n p u t) .

R2 Max . time value for labeling (input).

R3 Increment between time labels on the
abscissa.

R4 M m .  elevation value for labeling
(input) .

R5 Max . elevation value for labeling
(input).

R6 Increment between elevation labels on
the ordinate.

Ri M m .  azimuth value for labeling
(input) .

R8 Max . azimuth value for labeling
(input)

R9 Increment between azimuth labels on
the ordinate.

RiO M m .  slant range value for labeling
(in put) .

Rh Max . slan t range value for labeling
(in put) .

R 12 Increment between slant range labels
on the ordinate .

Rl3 Label counter.

R 14 Value of each time label.

RiS Value of each elevation label.

Rl6 Value of each azimuth label.
Table 4

Register Cross-Reference Chart
________________ 

for RAE Proiram
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REGISTER ‘rIwLL~ (CoN’r.)

Regis ter Value ~3 tored

Rh Value of each slant ranqe label.

R 18 Xmin value for scale of absci ssa
based on the r a t io  of XUS ED /XL I. .Ur TII
(see Ik ~PU ’1’ Table ) az~d the max. andm m .  values of time .

R19 Ymin value for scale on ordinate ,
based on the ratio of YUSED/VLEIICTII
(see INPUT Table) and the max.  and

m m .  values of elevation .

R2 0 Ymin value for scale on ordinate ,
based on the ratio of YUSED/YLENGTI-1
(see INPUT Table) and the max . and
m m .  values of azimuth .

R21 Yrnjn value for scale on ordinate ,
based on the rat io of YU SI~D/YL7U(~Ti1
(see I~~PUT Table ) and the max. and
m m .  values of slant range.

R22 Total number of files used to store
da ta.

R23 fin . timu value olotted.

R24 Increment uetween values of the
independen t ~ariable-time .

R25 Max. time value plotted .

R26 The time value olotted .

R27 XLCNGTLI (see Ii’~PUT Ta b le)

R2 8 YLE flGTII (see INPUT Table)

R 2 J  XU SED (see INPUT Ta b le)

[(30 YUSEI) (see IN PUT Table)

R3l No.  of labels on the aI”~ciss~
R32 No. of labels on t~ic’ ordinate .

Table 4 (Cont’d) 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

43



REGISTER TABLE (CONT.)

Re~ jster Value Stored

R33-R39 Not used.

R40 No. of pts . per f i le.

R4l Total no. of pts .

R 42 Ratio of XU SED/XLE NG TIJ .

R43 Ratio of YUSED/YLEN GTH .

R44 Not used.

R45 No. of pts . per olot.

R46 No. of pts . l e f t  to plot .

R47 Point counter.

R48 Switch to  determine where data stored
(see INPU T Tab le) .

R50 .. . Data storage.

A File Number

B Not Used

c File counter

X Not Used

V Select Code

z Reqister Counter

Table 4 (cont’d)
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K EY IN DPIENSION S OF PLOTT ING
~ NT “ XLENG TI! ” , R27 , \ SURFACE AND PORTION OF

~~ 
7 ”YLEN GTH ” ,R28 , XU SED ” ,\ PLOTTING SURFACE USED (i.e.
\R29,”YusED” , R30 , / EX CLUD ING THA T USED FOR A X I S
‘~Sl” ,R0 _ _ _ _ _ _ _  

LABELS). “Sl” DETERMINES
UNITS ON THE ORDINATE .

SCALE PLOTTING SURFACE
V ACCORDING TO TiLE DIMENSI ONS

(~~i~~o , R27 ,0,R28~\ SPECIFIED IN TILE ENT STATE-
1: I AXE 1, 1, .5, .5;! MENT ABOVE . DRAW AXES INTER-

\IJTR 2~. ~4. 221 J SECTING AT (1, 1) .  SPECIFY

~~~~~~~~~~

IIID 

POSITION OF THE LABEL ON THE
X-AXIS .

2~ 
PLT “ TIME (MINUTES WRITE TIME (MINUTE S AFTER

FTER BURNOUT) BURNOUT ) O~J TIlE PLOT.

- 

YES TEST TO DET ERMINE ~JHET HE R
3: •IF RO>O GTO “LARD ” PLOTTING R A E OR R-DOT ,

A-DOT, E-DOT.

NO

SPC 2; PRT ’LABEL PRINT OUT PARAMETERS TO bE
A E ” LABELED ON THE ORDINATE .

5: ~~~~~~~~~~~~~~ 2~~~~ WR ITE E ON TilE PLOT .

6~ 
(~ rR 0 . 4 , 9 . 8 , 22i~~ W RITE A ON ThE PLOT .
‘\PLT “ A ’
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7: LTR O.8,9.8,2~1~ WRITE R ON THE PLOT.

~____~1

- 
S - 5

8: ( LTR .l ,9 .3 ,2~
i’?~ WRITE DEG ON THE PLOT . (UNITS

\~PL~~ ”DEG”~~~~~} OF E AND A)

9: (i~~~ ( 0.7,9.3,22Tt~ WRITE NM ON TIlE PLOT (UNITS
\P~LT “NM ” OF R)

10: (~ ? O ” EN ”~~~9 GO TO THE LINE LABELED “ EN ”

j”LARD ”]

S 11: ~~~ ARD ” ; SPC 2; PRINT OUT PARAMETERS TO BE
PRT “LABEL R A E ) LABELED ON THE ORDINATE .

~-4~ATES ” S ~~~~~~~S~~~S S -

12: (12~k O ,9 .8 ,22T~~ WRITE E ON THE PLOT .
\Y~LT “ E”

13: (17~R 0 . 4 ,9.8 ,22I~~ WRITE A ON THE PLOT .
\P~ T_ “ A ”

‘

1

14: (t~~ 0.8,9.8,22~~~ WRITE R ON THE PLOT.
PLT “R ”  — J
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15 : (L~ R ~~~~~~~~~~~~~~
“~PL~ _“DEG” J

WRITE DEG (DEG/SEC ) ON F LOT
I SEC

_ _ _ _ _ _ _  _ _ _ _ _ _  (UNITS OF E AND A)
16: (tTR .1,9.3 , 22I~~\PL~ _“ SEC”

17: (tTR ~~~~~~~~~~~~~\F~LT_“FT ” J

WRITE FT (FT/SEC ) ON PLOT
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

SEC
18: (tTR O . 6 , 9 .3 ,22T~

~P~T “SEC ” J (UNITS OF R)

V CALCULATE PORTION OF
19: ,f~ 27/R29- .~~R477~~ PLOTTING SURFAC E USED FOR

R28/R30 —4 R43; PLOT (EXCLUDING PORTION USED
2 R29—4 R31; J FOR LABELING AX ES ) .  PRELIMI-

\2~~3O —4 R32 J NARY CALCULATION FOR THE
NUMBER OF LABELS ON EACH
)~XI S.

20:  ~~EN ” ; ENT “TMIN~ ”~ KEY IN MINIMUM AND MAXIMUM
\R~~_ “TMAX = “ , R2 ) ABSCISSA LABEL (TIME).

__________________ CALCULATE INCRE MENT BETWEEN
21: (7~~S (R2-Rl)/R3l— ~~~~)~ LABELS ON ABSCISSA AND VALUE

~~l+R3—4 Rl4; l—)Rl3J OF FIRST LABEL. INITIALIZE
LABEL COUNTER.

22: (~~~F ”TMIN~’i ” , Rh , “TMAXTh PRINT OUT MIN .  AND MAX.VALUE
~ 2, ‘ TINC”, R3; FXD ~~~~~ ON ABSCISSA AND INCRE MENT

BETWEEN LABELS .
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,-— - - — --  ~~-.- —.
~~ CALCULATE SCALE FOR LETTERING

23: (R2-R42(R2-R1)-4R]8) ABSCISSA BASED ON RATIO OF’
ABSCISSA USED FOR PLOTTIN G.

24 : (~~~~~R 18, R2 , 0 , R~}) SCALE PLOTTE R FOR LETTERING
ABSCISSA.

25: 
€~~

Rl4— .4,_0.7, 
SPECIFY POSITION OF LABELS
AT THE PROPER TICK MARK .

26: Rl4 WRITE THE LABEL .

27: ~~ I~ + 1 —~~RjJ~\ INCREMENT THE LABEL COUNTER
~~h4+R3—_ Rl4) AND INCREMENT TIlE VALUE OF

28: YES IF THE DESIRED NUMBER OF
~~~~~Rl3~ R3l+ GTO-3 LABELS HAVE BEEN WRITTEN GO

NO 

ON ,  IF NOT CONTINUE l ABELING.

29:  /~~b 1; ENT “EMIN — “~~~ KEY IN MIN . AND MAX . ELEVA-
\~4 ,  “EMAX = “ , R5 / TION FOR LETTERING THE

ORDINATE .

30: /~~~r “AMIN = “ , R1\ KEY IN MIN.  AND MAX . AZIMUTH
\“A M x  — “ , P8 ~~~ FOR LETTERIN G THE ORDINATE .

S
f

31: /ENT “RM IN ~‘“ , R10~~ KEY IN THE MIN.  AND MAX .
P11 RANGE FOR LETTERING THE

ORDINATE .
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32: “EMIN ~“ , -i•~-:\
-~ EMAX — “ R5 555)~~

33s (~~~~~ “AMIN ~~~~~~~
\
~ AMAX — “~~ R8 ~J PRINT OUT THE MIN . AND MAX .

VALUES JUST KEYED IN

34:  (~~ “RMIN ”, R1~\
\RMAX =“

., Ru ~~~~~

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
CALCULATE INCRE MENT BETWEEN

35: (ABS (R5-R4i/ (R32/2)-- i~)~ ELEVATION LABELS AND VALUE
\R ~4+ R6 — ’R15i 1—’R13 _1 OF FIRST LABEL . INITIALIZE A

1 LABEL COUNTER.

CALCULATE SCALE FOR LETTERING
36: ~~~~~43(R5-R4)—~ Rl~) ORDINATE BASED ON PORTION

USED FOR PLOTTING .

37: SCL 0 , R27 , R19 , R5) SCALE THE PLOTTER FOR
_________S — LETTERING ELEVATION VALUES.

38: 0, R15 , SPECIFY POSITION OF EACH
— - LABEL

39: PLT P15 WRITE EACH LABEL.

1,
40: ( 1 i ~~TL~,.R ; INCREMENT LABEL COUNTER AND

~~15+R6 — ’R 1 CALCULATE A NEW VALUE OF
ELEVATION .
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41: 
~~~~~~~~~~~~ YES —s IF THE DE SIRED NUMBER 0?

<~~~ R 13~IR32 ~~1 GTO-3) LABELS HAVE BEEN PLOTTED GO
ON , IF NOT CONTINUE LABELING .

42 :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CALCULATE THE INCREMENT
BETWEEN LABELS OF AZIMUTH.

43: (~7+R9/2—.R16; 1—~ i~ CALCULATE THE VALUE OF THE
FIRST LABEL AND INITIALIZE
A LABEL COUNTER .

44 :  ~~~4 3( R8-R7) --.. R~J CALCULATE SCALE FOR LETTERING
AZIMUTH VALUES ON ORDINATE .

45: (~~L 0, R27, R20, SCALE PLOTTER FOR LABELING
AZIMUTH ON THE ORDINATE .

46: ~~~~~~~~ P16 , SPECIFY THE POSITION OF EACH
LABEL AT THE PROPER TICK
MARK .

47: ~~~T R1~~ WRITE THE LABEL .

48 : (~ 13+1 —~~R1Ti~ INCREMENT THE LABEL COUNTER
‘~Ri6+R9 —~~R16J AND CALCULATE A NEW VALUE OF’

AZIMUTH .

49 : - YES IF THE DESIRED NUMBER 0?
~4F R 13~~R32-9>----H~~~~~~~~~~ LABELS HAVE BEEN DLOTTED

S GO ON , IF NOT CONTINUE
LABELING.
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50: (?~CD 1; ABS (R11-Rl0)7~~ CALCULATE THE INCREMENT
‘~jR32/2) —~R12 J BETWEEN RANGE VALUES FOR

LABELING .

51: (~t0+R12— .R1Ti’~ CALCULATE THE VALUE OF THE
___________  

FIRST LABEL AND INITIALIZE
A REGISTER COUNTER.

52: (~ii~~~4 3 ( R h l - R 1 0) - — ~~~~~ ) CALCULATE SCALE FOR LETTERING
RANGE ON THE ORDINATE .

53: ~~~~~~ R27,  R2l,~~i~~ SCALE THE PLOTTER FOR
LETTERING RANGE .

54:  ~~~R_0.6 , P17, SPECIFY POSITION OF EACH
_____  - -  LABEL AT THE PROPER TICK

I 

MARX .

55: PLT Rl7 WRITE THE LABEL .

56: 13+1—~R 13; INCREMENT THE LABEL COUNTER
17+R12—~~R AND CALCULATE A NEW VALUE

OF RANGE .

YES IF THE DESIRED NUMBER OF
F R h 3~ R32-l GTO-3 LABELS HAVE BEEN PLOTTED GO

ON , IF NOT CONTINUE LABELING .
NO~~~~~~_

58: /ENT “SELECT CODE~~~~~~~~~~~~~~\ KEY IN THE SELECT CODE OF THE
( “NO . FILE S” , R22 , “PTS/FILE ” ,~ APPROPRIATE CASSETTE UNIT ,
\R4o , ‘SFILE ” , A / THE NU MBER OF’ FILES FOR

~~~~~~~~~~~~ STORING DATA,THE PTS/FILE ,
AND THE FIRST FILE TO BE
LOADED WITH DATA .

59: /~NT ”NO. ~TS” , P41,”~ 
KEY IN THE TOTAL NUMBER OF

\ PNUMB” , P48 POINTS .
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- -~~~~-- - - - -~~~~- - - - --

59: 
~~~~~~~~~~~~~~~~ ALREADY STORED ON CASSETTE1? R4 8 —

YE~ IF DATA TO BE PLOTTED IS

TAPES (P48=1) BEGIN PLOTTING.
IF NOT , READ PAPER TAPE.

60: fi ” . 1—~ C; 0—4~Z ; SSC~~~ INITIALIZE FILE COUNTER (C)
AND REGISTER COUNTER(Z). SET
THE SELECT CODE OF THE

61: ~ NT ~R4JS ) 

APPROPRIATE CASSETTE UNIT.

__

~~
R4 5

~~ 
CALCULATE THE NUMBER OF PTS

D~—~~R47 PER PLOT . INITIALIZE A PT

5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

COUNTER .

IF DATA FOR EACH PLOT IS TO

I? P22 =

~~~~~~~~~~~~~~~~~~~~~~~ BE STORE D ON THREE FILES , i.e.
Z GTO+ ONE FILE PER PLOT, READ THE

DATA IN AS SUCH .

63: (WREAD !~~
~ ED 1, R ( 5~~1D 

READ ONE DATA POINT .

64: INCREMENT THE REGISTER
COUNTER .

64 :~~~~~~~~~~~~~~~~~~~ ES 
READ TO FILL THE CURRENT FILE
IF ENOUGH ~TS. HAVE BEEN

GO ON , OTHERWISE READ MORE
~~~~ 

- 

DATA .
NO~

65: ~~47+~~4o ---~~~~j~ INCREMENT THE POINT COUNTER.

• I___
66: (~~~F A , P50 , R ( R 4 O + ~~~

9 
RECORD THE DATA ONTO A

~ RT A CASSETTE FILE , INCREMENT THE
~ PILE COUNTER AND PRINT OUT

THE FILE NUMBER.
V
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67: (~i5-R47 

~~~~ 
CALCULATE THE NUMBER OP PTS .
LEFT TO BE READ FOR ANY
GIVEN PLOT.

68: YES _ _ _ _ _ _ _ _ _  
IF THE NUMBER OF PTS LEFT TO

_
~j F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ BE RECORDED ARE MORE THAN CAN

GTO “R.~AD~~ -J BE RECORDED ONTO ONE PILE ,
INCREMENT THE FILE NUMBER , CO
BACK AND READ MORE DATA .

69: ~~~~~~~~~~ ~~~~~ INCREMENT THE FILE NUMBER
AND RESET THE REGISTER
COUNTER.

70: (~~ D 1, R ( 5~~~9 
READ ONE DATA POINT .

71: INCRE MENT THE REGISTER

71: YES IF ALL THE DATA HAS BEEN
IF P46 ~ Z GTO-1 READ IN GO ON , OTHERWISE CO

NO 

BACK AND READ ANOTHER PT.

72: (~~ A , R50, R(R46+49Th RECORD THE DATA ONTO CASSETTE
PRT A TAPE.

~~~ 
~~~~~~~~~~~ 22+~~~~~~~~~~TO+3 ~~ AD IN ,~~~~~ ON TO PL~ T.

53



74:  YES 
_ _ _ _ _ _ _ _  

IF ALL THE DAT A FOR EACH
F R22 — A+1—~~A ~~~ PLOT IS TO BE RECORDED ON

-~~TO” 1READj’) ONE FILE (3 FILE S TOTAL ) AND
IT HAS NOT ALL BEEN RECORDED

NO 
GO BACK AND READ MO RE DATA .

75: (~~~~~Z — ÷ R 4 7 ;  A+j ~~~~~\ SINCE ALL THE DATA HAS NOT
~~~~ GTO “READ” J BEEN RECORDED . INCREMEN T THE

I FILE NUMBER AND RESET THE
I 1 REGISTER AND PT. COUNTERS.

_fPT J READ MORE DATA .

76: /“PT” ; ENT “START PLOT \ KEY IN THE FIRST FILE TO BE
( FILE ” , A , “TMIN ’ , R23 , “TMAX ”~ PLOTTED , MINIMUM VALUE OP
\R25 , “TINC” , R24 

_ _ _ _ _ _  J TIME MAX. VALUE OF TIME AND
THE TIME INCREMENT BETWEEN
DAT A PTS .

77: ~~~~ Y; 0—~ Z—~R47; 1-~~~~\ SET THE SELECT CODE OF THE
“-P RT A; LDF A . R50 APPROPRIATE CASSETTE UNIT ,

INITIALIZE A REGISTE R
COUNTER AND POINT COUNTER ,
AND A FILE COUNTER. PRINT
OUT THE VALUE OP THE FIRST
FILE AND LOAD THE DATA PROM
CASSETTE TAPE .

78: (~~L P18, P2 , P19 , SCALE THE PLOTTER FOP TIME 
i- - - VS. ELEVATION PLOT.

79: R23 R26. INITIALIZE TIME AT TMIN FOR
- —‘ PLOTTING .

80: ~~~~~~~ 
YES IF’ THREE P11.ES CONTAIN ALL

~ TV R22 = ~~ . R45-~’R 4  THE DATA , ~TUMP AHEAD TO A
C 0+ SEPARATE PLOT SUBPROGRAM .

NO ( -----——----~~~LT ”~
81: 

~~~~T” ;_
PLT R26 , R ( 5 0 + Z~~ 

PLOT ONE CX , Y)  PAIR OF DATA .

82: ~26+R24—~R26; Z+1- ~Z INCREMENT THE VALUE OF THE
- — - - - - - • IND EPEN DANT VARIABLE (TIME )

AND TILE REGISTER COUNTER.
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82: ~~~~ — YES IF ALL THE POINTS FROM ONE
<f~F R40 ~ - GTO-2 FILE HAVE BEEN PLOTTED CO ON.

OTHERWISE GO RACK AND
CONTINUE PLOTTING.

NO

83:  47+R 4O - -~ R47 ;  INCREMEN T THE POINT COUNTER
R45-R47--~~R46 

AND CALCULATE THE NUMBER
OF PTS. LEFT TO BE PLOTTED .

84: YES IF MORE THAN ONE FILE OF
IF R 4 0 — ~ R46 A+1—~ A; DATA IS LEPT TO BE PLOTTED

C+1—~ C LD? A GO BACK AND PLOT THE NEXT
R50; GTO FILE. OTHERWISE GO ON.
“PLT ”

85: ~~~~~~~~~~~~~~~~~~~~~~~~~~~ INCREMENT THE FILE NO. AND

~~~~ Aj LDF A , P50 ~~~~~~~~~~ ‘ THE FILE COUNTE R. INITIALIZE
A REGISTER COUNTER. PRINT
OUT THE NEXT FILE NUMBER AND
LOAD TIlE FILE INTO THE
CALCULATOR .

86: (~~T R2 6 ,~~~~5~~~~) PLOT ONE (X , Y) PAIR OF PTS.

87: ~~~~+ R 2 4 — ~R2 6 ;  ~~~~~~~~ INCREMENT THE TIME AND THE
REGISTER COUNTER .

87 : YES IF ALL THE PTS . HAVE BEEN
IF R46 ~ Z GTO— 1 PLOTTED GO ON , OTHERWISE GO

BACK AND CONTINUE PLOTTING.

NO

88: - RAISE THE PEN AND IF ALL THE
~ PEN;  ~~~~YES y PLOTTING IS COMPLETED lUMP

<~IF C ~ R22~>~~~~ -’{GTO+8) TO THE END OF THE PROGRAM ,
• 

- 
~~~~~~~~ 

— - OTHERWI SE CONTINUE PLOTTTNr..
NO ~~~
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89 : -~~~~~~~~~
- --~• YES IF ONE PLOT IF COMPLETED

4F C = ~~~~~~~~~~~~~~~~~~ (T VS. F) JUMP AHEAD AND

~~~~~~~~~~ ~~~~~~~~~ ~~
—- RESCALE THE DLOTTER ~OR THE

T VS A PLOT.
NO

90: - - YES IF TWO PLOTS ARE COMPLETED
4r C = 2R22/~~- ——--L- CTO+3~ (T VS. E & T VS. A) JUMD

AHEAD TO RESCALI! FOE THE
- - 

T VS. R PLOT.
NO

91: -~~~~ 
- YES - *IF ALL THE DAT A FROM THE

~~IF P22 = 3 ~-~~~R23~~~R26 ;~~~~, T VS. A CLOT IS CONTAINED ON
- SCL R 18 , R2 ,~ ONE FILE . INITIALIZE TIME AT

- P2 0 , P8 ; TMIN , RESCALE THE PLOTTER AND
- 

CTf)-6 
• 

CO BACK TO PLOT.

NO

~2 :  ~~~~~~~~~~~~~~~~~~ 0— ~~Z--~ R 4 7 ;~~~’\\ 
**INITI ALIZE TIME AT TMIN ,

SCL P 19, P2 , P20 , P8; INITIALIZE A REGISTER COUNTER
~+ 1—~ A~ C+].-,~’.C; PRT A; AND PT. COUNTER. PESCP,LE THE
LDF A , R50 ;  GPO_ ‘~~~T’~,J PLOTTER . INCREMENT THE FILE

NUMBER AND FILE COUNTER .
PRINT THE PILE NUMBER AND
LOAD THE DATA INTO THE
CALCULATOR.

93: - YES SAME AS FOP * ABOVE FOR T VS.
- I F  ~22 = 3 ~~~

— - R23 -*R26 ;  P ~ LOT .
SCL P 18, P2 ,

-~~~~ 1 E 0 3  P 2 1 ,
NO 1E03 P11;

GTO-8 
_~~~~~~~~)

~ 4 :  p2 1- ~R 2 6 :  r~ .7 ~ p 4 7~~~~N SAME AS FOP ** ABOVE POP T
SCL R I B , ~ 2 , 1~’f l3  R2 1 , ~Y S. P PLOT .
I E O 3  E l i ;  5

A+ 1 - -- --A; (‘+1 C PPT ~5 —
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95: (i~~ A , P50; CTO “PLT~ LOAD THE LAST FILE AND CO
- 

— - ~~~~~~~ - -- - -~~~~- -- —  • - • • - -~~~- - — - BACK TO PLOT IT.

96: (~~ T “END OF DATA~
’) MESSAGE TO THE OPERATOR THAT

- _________  —— — ALL THE DATA HAS BEEN
PLOTTED.

97: V~ESSAGE TO THE CALCULATOR
- THAT THE PRO GRAM IS

TERMINATED.
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Sample plots are shown in Figures 11 through 13. Figures 11 and 12

are plo ts of elevation , azimuth , and slant  range-vs-time . Fi gure 13 is a

plot of elevation rate , azimuth rate , and s lant  range rate-vs-time .

Listed in Appendix F is a version of the RAE Program in which the

plot  parameters and inpu t data are inpu t from cards. The program opera tes

on the same principle as the general ized pl ot program descr ibed in Section V

~f this report so that the flow chart and register cross-reference chart

can he utilized for this program also. The range is plotted first , then

azimu th and elevation-vs-time ; s i m i l a r l y ,  for the rates .
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The programs described in the following appendices are given to show

the developmental progression leading to the general programs described

in the main report. These are written for specific applications and

contain defimite limitations in their present form . The basic logic is

the same ; however, (i.e., read in the data, record it on cassette tapes ,

and plot) for all the programs in this report, and it may be eas ier to

look at these in an effort to learn the general programs. Also , should

it be necessary to make major modifications to the main program , or re-

write portions of it, these simplified versions may be an excellent

starting point for further development.
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APPENDIX A: Angle vs Intensity Plot Program

The program shown on the following page will plot the intensity of

a t ran Smit beam vs angle.

Statements 1-17 are used to label the plot and to draw and label the

axes. The size and lettering can be changed by changing the LTR commands

in Statements 2, 3, 4 and S.

Statement 6 reads the first six data on paper tape and sets them

equal to the M m .  X value, Max. X value , X increment, M m .  Y value , Max.

Y value, and a number of points, respectively. If the paper tape does not

contain these data, the RED command may be changed to an ENT command

(similar to Statement 18) and these data may be keyed by the operator from

the keyboard. The program replacing the RED command in Statement 6 with

an ENT command is shown in Figure A-2. Statements 7-17 are set up to draw

the axes and label the tick marks as shown in Fi gure A-3 . The number on

the axes depends on the range of values but the number of values (i.e., 18

for X and 12 for Y) is con stant for this size graph paper. The proper

statements can be readily modified to accommodate other sizes without

c hanging the type of computations required or fo rmulas used .

The part of the program which reads the paper tape and plots it from

stored data consists of Statements 18 through 33. The data is read in

and stored in blocks according to the following formula: (Number of

points/number of files). Care must be taken when an odd number of pairs

of points are to be stored. The number of points/number of files must be

such that an equal number of points are recorded per file and each

(x,y) pair of data points must remain intact , i.e., the x value cannot be
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recorded on one file and the y value on another.

The following example should help to c lar i fy :

Suppose some data was punched on paper tape where the pairs of

data points ranged from 0 to 70. This is 71 pairs of points and there is

no way of dividing 71 pairs evenly among any number of files (other than 1

or 71) without splitting a data pair. Since the plotter must have an (x,y)

pair to be able to plot, the pairs of points are import ant rather than

the absolute number of points (142 in this example).

There are three possible ways of avoiding this problem depending on

the data. The first method is , as implemen ted in the angle vs intensity

program #3, where the independent variable time , is initialized at some

t ime , tm in , and incremented by some constan t At until a time, tmax , is

reached. See Fi gure A-3. The data labeled “intensities at various angles

(dB)” are 46 values of intensity one value for each angle from ~~ 0 to 45°:

at 0’, intensity 21.07 dB at 1’, intensity = 0.38 dB , etc. Therefore,

onl y intensity need be recorded and the angle may be programmed .

The second method occurs when the number of points is relatively

small and all the points can be stored on one file.

The two methods described above are relatively specific and require

definite limitations on the data. The third method is more general and

will work for all cases. If there are an odd number of data pairs , simply

key in an extra data pair and store it as any other point . The keyed-in

point wou:? ~ither be a duplicate of the first data point punched on paper

tape or a duplicate of the last data point punched on paper tape . This
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extra point can be added to the paper tape when it is punched or it can

be programmed. In either case, an even number of data pairs will result.

Table A-l l ists the registers used by the program and the value

stored in each. This table also includes the inputs required and these are

indicated by the word “input” enclosed in parenthesis after the explan-

ation of the value stored.

Figure A-3 is a sample teletypewriter printout of the data punched on

paper tape and Figure A-4 is a sample printout of the data printed as it

was being plotted.

Figure A-S is the plot of Angle vs Intensity.
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Reg ister Table

Reg ister Valu e Stored

RO M m .  angle (input )

Ri Max. angle (input )

R 2 No. of f i les (input)

R3 Increment between angle labels on abscissa

R4 Value of angle label

R.S M m .  x for scaling p lotter

R 6 M m .  value of Intensity (input)

R7 Max. value of intensity (input)

R8 Increment between in tensi ty labels on ordina te

R9 Value of in tensi ty l abel

RiO M m .  Y for scaling plotter

R U  No. of labels on abscissa

R 12 No. of labels on ordinate

R 5 0 Labe l counter

P51 No. of points to be plotted (input )

RI0 0 Data Storage

A File no. of data file (begins with File 1)

8 Register counter

Y Select code of cassette unit  (input)

Z Register counter

TABLE A-l

Reg ister Table With Inputs for Angl e vs Intensity Program
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A 4 1  13 A U

~~~~~~~~ IF ~i # i.-~ +i;’ :ro S , [

1 TI A~ Lt’F A P5O PRT FIL I: H L . ’’hIDEL U

2,~:: L1 TCi~~~~~[

2~ : ~C.L R~~ R 1. R1U~ R 7 U

-30: FLT R0~~~ 5A 4Z-’ U

IF R4 i/I~ ::~-1 # ZP0 +R13 Tii R0~~ +1 T Z~ GTO -- i ~
32: - A+ !. TO A IF A <~~ R2 R1.:; +F:~:i T i .’ F~O ;u  [ i i  Z LPF .—~~~~~v~~:,1fl [

33: F R T  END OF D A T A  U -

:4 : END U

Figure  A - i .  Angle  vs I n t e n s i t y  Plot  Program (Con t ’d )
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p.

AN(~LE VS INTENSITY

1: ( 10, , ; SCALE PLOTTER FOR ENTIRE‘~A~E 1  1, .5 , .5 PLOTTING SURFACE (8 1/2 x 1]).

2: TR 4.5, 6.5, 221 ; WRIT E ANGLE (DEC) - RANGE
“ANGLE (DEG) (0-45) ON THE PLOT .

3: ‘tTR 4.5, 6.3, 22iT~~ WPITE INTENSITY (DT3 ) - RAN GFP~JT “INTENSITY (n f l ) )  (-60-0) ON THE nLr)T.
-RANGE — 6 O - O )~~ _~~~~~’

4: LTR 4 . 5 ,  .f; 22r ~~ LABEL TUE X AXIS.
PLT “ANGLE j~~C)~ J

5: (tTR 0.2, 3 , 222; 
~~\ LABEL THE V AXIS

~PLT “INTENSITY (p~j~,)

6 : ( R 0 1 , ~ i•~ \ READ FIRST SIX DATA ELEMEN TS
~~~~~~~~~ R51 J ON PAPER TAPE: XMIN , XMA X , X

INCREMENT, VMIN , YMAX , AND
NUMBE R OP POINTS RESPECTIVELY .
SEE FIG.

—~~~-~~~7: (T~T~~Rfl~~’. DEFINE THE NUMBER (W LA~~ELS12— ~~Ri2~~ . ON X AND Y AXES RESPECTIVELY .

ABS (P1-R0)/ R11 -
~~~~~~~ CALCULATE INCREMENT T3ETWEENP13 ; THE LAB ELS ON THE X—AXT S ANT)P~ 4 RI -R4 ; THE VALUE OP TUE FIRST LAREL .

INITIALIZE A LABEL COUNTER.
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9: (~~1-(10/9) (R 1-~ öi’\ COMPUTE XMIN FOR SEALING ON
______________ THE PREVIOUSLY DRAWN AXES.

10: ~~~L R5 , Ri,_ 0~~~~ SCALE USED FOR WRITIN G THE
LABELS ON THE X AXIS.

1].: (V~~ R4, .6, 2 12~~
~SPLT R4

12:

WRITE THE LABELS ON THE X AXIS
AT THE PROPER TICK MARX , AND
PROCEED AFTER ALL THE TICK

12: YES MARKS HAVE BEEN LABELED .
IF R5 0 ~i 19 4+R3--~R4~

—

-
5 GTO-1 __

NO

1 3: ~~~~~~~R7—P6~ /Ri2  

-

THIS PORTION OF THE P~ OGRAM
________ CALCULATES THE SCALING AND

14 .  ~~~~~( 7 / 6 ) ( R 7 — ~~6~~ VALUES FOR TH E Y  AX I S L ABE LS
- 

_
~J AND PLOTS THEM IN THE SAME

1 MANNER AS WAS DONE ABOVE FOR
THE X AXIS .

-~~ (CONT. ON NEXT PACE)

15: SCL 0, 10, Ri0 ,~~~~
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:: 
~~~ 

YES
!! ; ?. 

LABELING-(EXACTLY SAM E

18: ~~NT “ SELECT CODE~~~\ 
THE “SELECT CODE ” DT~~ECTS THE

Y , “NO. FILES ” , / CALCULATOR TO THE PROPER
P2 CASSETTE MEMORY UNIT. NO.

FILEs” SET S THE N UM BER OF
FILES REOUTRFD ~~)R DATA
STORAGE .

19: l--~A ) SET THE FIRST CASSETTE ~TLE
-~~ NUMBER TO ONE .

20:  “i00— ~ fl) IN I TIALT7E A REGISTE R
COUNTER.

21: ~~~~~~ D 1, ~~~ TAPE READER IS CALLED (RED 1,
B~-1-~~B J . .. ) ,  READS 1st DATA NUMB ER

AND STORES IT IN REGISTER RB.
THE REGISTER IS THEN
INCREMENTED.

21: 
- 

- - -S. YES - - TEST TO DETER MINE ‘~HETHr .R
IF P51fR2+1~~~~T - ~~

/
~~~~~0

’
~ ENOUGH DATA HAS BEEN PEAD TO

- - FILL THE CURRENT FILE. IF
~~

— -. ~~~~~~~~~~~~ MOPE DATA IS NEEDED ANOTHER
PO INT IS RE AD .

22: (~~‘c v WHEN ENOUGH DATA . IS PEAT) IN
TO FILL A FILE , TUE CAS SETTE
U N I T  I S (‘ALL. F.D .
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23:  ,/~ CF A , R 10~~~”~ DATA IS RECORDED INTO THE
R ( R 5 1/ R 2 + 9 9 ) ; )  CURRENT FILE BEGINNING W ITH

A ~~~~~~~~~~~ REGISTER R 100 UNTIL ALL THE
DATA IS RECORDED. THE FILE
NUMBER PRINTED otrr.

2 4 :  A+ 1—~ A FILE NUMBER IS INCREMENTED.

25:  YES TEST WHETHER ALL THE DATA HAS
— j r  A ~~ P2+1 - 

~~~ 20 BEEN READ IN AND RECORDED.

26: ~~~~~~~~~ 
~~~~~~~ THE FIR ST DATA FILE IS LOADED

LDF A , P 100; ) INTO THE CALCULATOR .
“FILE A LOADE~~~~S-

27: 0~~~Zj  INITIALIZE A REGISTE R COUNTER.

28:  ~~~L R5 , Ri , Ri~~~~~~~ SCALE THE PLOTTING AREA
DEFINED BY THE ~ PEV TOUS LV
DRAWN AXES .

29: (T h b, R ( 1 0 O+ Z )~~~~~\ PLOT ONE VALUE OP AN (LE VS
PRT “R0~~” . P0, ) INTENSITV ANT) PRINT OUT
‘~~~i100+Z)” , P (10~~~ J.! EACH VALUE AS T~~~ IS !:F.T.NC

PLOTTED .

30: - ~~~~
— ,. YES I~ ON E FILE HAS BEEN CLOTTED

K~ F R51/R2-l ~~ 7 -~~ -(~0+P 1 (~() ON , OTHE”WTSE GO BACK TO
- Z +1~~~Z

,1,7
LOT ANOTHER POINT.
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I
31: , A+1— ~~~~ IN CREMENT THE FILE NUMBER.

3’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

32: (~~~ 
TM END O~~ MESSAGE TO OPERATOR THAT ALL

~~~ATA ” ~ J THE DATA HAS BEEN ~LOTTED.

33: EN~~~ MESSAGE TO THE CALCULATOR THAT
PROGRAM IS TE RMINATED .
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p.-

Data As It Appears On Paper Tape

M m .  Max. Angle M m .  Max . No.
Angle Angle Inc . Inten. Inten. Points

(deg)  (deg) ( d eg )  (db ) (db)

3. 45.00 1.0.~ -6~3.0.3 ~i. 46
(-21.07 -0.J~3 -17.54 -2~~.0~) -34.7~1 -3~~.47 -40.1~ -Ici.oA -?4 37

1 
-42.60 -2d.45 -25.03 -24.40 -25.26 -Li~1.14 -1~~.49 

_ 2 2 .5u 1 ~~ 6 . A )
~~— J2 .37 —37 .71 -46.~~3 —35 .12 -33.4~ -34 .43 -36.3zi -36.41 -1~~.7i
-21.07 -~~.d3 -16.50 -20.44 -26.04 -2~~

.’~H -37.33 ~~~~~~~~~ ~~~~~~~~
-2~~.L6 -21.75 -32.03 -2d.0(ô -~~5 .LL

Intensities at various angles (db)

F igure A -3. Sample Hard Copy of Paper Tape Data

RO=
0 .00

R ( 10 0 + Z ) =
—21 .07

RO=
1.00

R(100+Z)=
— .38

RO=
2 . 0 0

R (100-fZ)~
—17 .54

RO=
3.00

R (100+Z)=
—28.00

RO=
4 . 0 0

R ( 100+Z) = ’
—34.79

F i gure A - 4 . Sample Calculator Printou t of Plotted Data
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APPENDIX B.: TRAJECTO RY GROUND TRACE ON A MERCATOR PROJECTION

The next program plots the ground trace of a trajectory on a

Mercator Projection . Each value of latitude undergoes a calculation

which scales it to Mercator latitude . The calculation is of the fo rm

(9-n... 
~ 

) 1~~ e~co~~(9D — 
~~ 

) 
~Y= m l  i / (  ( L:tn ~ ) ( I~_ ) C

1— ecos (90 —

Y is the Mercator latitude.

A listing of the program is shown in Figure 8-1. Statements 4-9

perform the calculation for Mercator latitude.

Program Statements 11-14 record data onto cassette tapes and

Statements 15-22 reload the data and plot it.

Table B-2 lists the registers used by the program , defines the

value stored in each and which are inputs that are keyed-in by the

operator.

Figure 8-2 is a sample ground trace plotted on a Mercator

Projection.
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Register Table

R epi st er Value Stored

RO ~ R i Not used

R2 No. of data f i les (input)

R 3 Intermediate values in calculation

R4 J of the Mercator latitude

P51 No. of points (input)

R 100 ... Data storage

A File Number of Data File

B Reg is ter coun ter

Y Select code of cassette unit (input)

Z Register counter

Table 8-1

Register Table with Inputs for Trajectory Ground Trace Program

80
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— 4 : 5 ---H l - - - F 1 ~~~~~~~~~ T i p - - i

5: ‘.~it: . f~4 +- ~~H H —  r ’:’ k - - . I

r : ~ ‘ : l -~~~ : . . . - . i -~ - ’ . : i _~ i41 i i  f - :  [

~t f4 I f~. 4 - - - ‘ T - -4 ~_

4’+
5-
~ Ti i..~ I

F ’’ F~ i’j L’ + -F- :’ [

iLl : [:+ CC ’ E:~ IF i . - F ~~~E:~ ’~ T ’’ —

11 : ‘3i- C C

1. : 1 - I - f  ~- - ‘‘ 1’ . ’ ’ ’~~~ F—~51 F 2-: -+ ’ - - - - . ~~F — - i  
~~~~~

1 : ---i + I T ii A C

1 4 : F A # F - +- 1 I •
-

1’ I LI A LDF H , I - 1 U i ~ ,f: i: R~~j ,.- F ; .+ s . i ~~

LI Li [

1 - ._ ; L $  - :~~‘~ ~~~~ — , ~~~ - 1

1:: F L I  F: l i li-f ? :I~~p : i , l~,+ : - c C

If — F:~~l F . .~- * ~~~~~~ L _ ’ ~: ; i ,  —
~~

,j’~ i. ~-~~t FL ’ Fi~~ il 
.: ~ f : : ~~’-J I ,  

~LJ. ’~ ,~~F~~~i~~, F - ; . ! -5.

f - - I ; I , -
~ I- -I f l ‘: ‘F i~~1iF :s l -

- I I - FL ’ C

Figure B-i. Program to Plot Trajectory (.round Trace on a Mercator
Projection (Cont ‘d)
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GRO UN D TRACE ON MERCATOR PROJECTI ON

0: /ENT “SELECT cODE7\ SELECT APPROPRIATE CASSETTE
y , WN O . FILES ” , ) UNIT AND DEFINE MAX. NUMBER ‘W

\~~~~2 _~~~~~ J FILES FOR DATA STORAGE .

1: ,‘1T~~--~- R51~ 1 NUMBER OF POINTS DEFINED AND
i — ~~ ~~~~~~~ ‘ P ILE ONE IS DESIGNATED TO RE

THE FIRST FILE LOADED.

2:  INITIALIZE A REGISTER COUNTER.

3: /~~~D i , R ( 1 0 0+ B ) , READ DATA PROM PAPER TAPE AND
R ( i 0 1+ f l) ; STORE IT IN AP~~ROPRT7 ~TE

PRT R ( 10 0 + B ) , R( 1O1+B ) ;  REG ISTER. PRINT OUT VALUES
-
~~ SPC 1 

-
~~~~ ____ 

AS THEY ARE READ I N .

4:  ~~O - R ( i O O + B ) ~~~~ 4

5: 
5-

~~~~~4 * .082— ~~~ CALCULATE ORDINATE (LAT ITUDE )
OF MERCATOR PROJECTION
ACCORDING TO :

I f/~°~~~~/ ’ ~~~~~~~~~~~~~~~~~~~~~~~~~

6 :  
2 

~~~~~ ‘°-~
)
~J1

I v ORDINATE OF MERCATr~r
-
~~~ PROJECTION

7: (~TAN ( R 4 / 2 )  -R4 e EARTH’S ECCENTPTCTTV 
—5- 4, LATITUDE

F 9() - 4,~ , COLA TITUDE
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8: (~4 *R3~~j.R3~
I CONTINUATION OF CALCULAT ION
I OF LATITUDE FOR MERCATOR

PROJECTION .

9: ~~i/R3)--.. P (10

-
I

10: INCREMENT REGISTER COUNTER.

10: ~~~~~~ 
5-

—. YES TEST WHETHER ENOUGH DATA HA S
BEEN READ TO FILL ONE FILE.

NO —~~~~~-~~

11: SSC Y CALL APPR OPRIATE CASSETTE
UNIT.

12: CF A , R1OU7~~ RECORD DATA INTO FILE & PRINT
I R ( R 5 1/ R 2 +~~9 ) ; )  FILE NUMBER .

~PR’~ A; SPC~~~I

13: (~+1—~A~ INCREMENT FILE NUMBER.

I

14: ~~ YES TEST ~‘!1!FTi FR FILE NUMBER
~ R2+1 >_- _ GTO 2 EXCEED S MAX . FILE NUMBER.  IF

CURRENT FILE Nfl. EOUALS MAX .
NO. THEN ALL DATA H S  BEEN

NO RECORDED.
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15: / Y~~~~ A~~ LOAD FIRST RECORDED PILE T 1ACV
LDP A , R 100 , INTO CALCULATOR FOR PLOTTTN( .
R (R5 1/R2+-99)

16 : INITIALIZE A REGISTER
COUNTER FOR PLOTTING.

17: ‘~~t 2 0 , 3~ 0~~ SCALE PLOTTER FOR MERCATOP
— .7509317, ) PRO IF.CTT ON .
- . 7509 317 H-

18: ( t ~~~~ (I 01~f z ) , ~ LOT LONGITUDE V~~. LATITUDE
R ( 1 0 0 + - Z )  ON MERCATO R PROJECTION .

19: YES TEST WHETHER ALL DATA ON
- F R 5 1/R 2-2~~~~ -~~~~+2~~~~~~~~~ CURRENT FILE }!A~ BEEN PLOTTED.—-5 — 

~~Q-1 ~~~~
MO

2 0 :  A + J — ~.A 1 IF ALL DATA ON CURREN T PILE
-- — - -/ HAS BEEN PLOTTED THE FILE

NUMBER IS INCREMENTED.

20: - 
~~~~ . VES 

_ _ _ _ _ _ _ _ _ _ _  
TEST WHET HE R ALL FILE S HAVE

— IF AS R 2 -.y1~D” A , R1007’., BEEN LOADED & nLOTTED. IF
R ( R 5 1/ R 2 + 9 9 ) ; )  NOT, NE XT FIL E LOADED AND

- ~~~~~~~~ PLOTTED.

21 : ~PRT “ENr) OF DATA ” MESS GF TO THE (WFR ~ TOR THAT
- - - ALL THE DT~T1~ HAS BEEN

PLOTTED. MES~ .A GT~ TO22: END) CALCULATOR ‘NTAT ~POGRAM IS-- —‘ TERMINATED.

84



~~~~~

--

~~~~~~~~~~~

- - f - - — .

___I I /

~~~~ ~~ ~ Iz~ iII~~~~

15-Il -

~~~~~

-- 

- 

I
-

/ 

_

~~~H 
~~~~ 

~ iIt :
A ~~ _~~~0

~~~~~ I \

I 
- — --- -

~~~~~~~ 

-

- ---- 5 iii

~
T5-T

~~~~ ~~~~~ I~: ‘~±



APPENDI X C: TIME vs HEIGHT PLOT PROGRAM

The program on the following page is labeled TIME vs UEIGHT,

however, the same program can be used to plot time vs any other

parameter, both of which are punched on paper tape.

This program does not draw or label any axes. The plot is

drawn according to the scale shown just as if the axes were plotted.

At the time this program was used , the axes were labeled w ith a

typewriter for report purposes .

The flow chart following the program listing will explain how the

program works.

Table C-i lists the registers used by the program , the val ues

stored in each , and specifies which are inputs.

Figure C-2 shows the output plot . The abscissa is in units of

t ime (minutes) and the ordinate is in height (feet).

86



‘

~~~

‘ A O—A O 33 711 ROMC AIR DEVELOPMENT CENTER flIPFIS S A!) N Y Ffl 1511SPACE SURVEILLANCE SOFTW ANt. SIPP OR T. VOLUME I I .  SEN ER AL IZED DAT —— E TC I U )OC T 76 J A N A M J . E Y
LRICI AUZFZE.D RADC ’T* TSflStaVOL.4 t0.

-



1

Register Table

Reiister Value Stored

P0-Ri Not used

R2 No. of files (input)

PSi No. of points

P100 •.. Data storage

A File counter

B Register counter

C Not used

x Not used

Y Select code of cassette unit (input)

Z Register counter

Table C-i

Register Table with Inputs for Time

vs

Height Program
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~: Eh ~ ~iLEL. t ~UD E~~~i~~~t4U . F1IE :5 ’ ~R2 £

11 142 n i  F51 ; 1  TO A r

~ TO D t

RED 1~~R 100+E: : , R ( 1 U 1 * E : :: f

4~ E ÷2 1~i [: IF  F:51 .~R 2 . :E ~~i~TIJ

51 1

~.: Ff .F r1~~~~F~ p5 1 F . +• .~~~;F R T  A~~:;F~ : 2

7 1  tR +1 TO A C

IF  P~ # E : ~± 1 i TU

‘~ : ~ T: I -~~LoF A~ R 1~iii r

1Ii ~ i~i TO C

11:  5 O T iu O .~ 2500 00i i , Ci~ 7~’ 1

1~~: F L  I P 1i .i I Ru:. ~~~~+ :  [

1?: i~ F~~i R2 — ~ # ?~~~~: F ’ . ’ Z GT U -1 t

14 : A s i  TU E~ I F  I~j P2~~i ft : ; L t i I - •  A~ P1UO ; G J  
~~~~ 

I

~F I ~~~ ~ i~~ ii C

l~~ ~~~

FIGURE C-I. Time vs Height Piogram
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p.-

TIME VS HEIGHT

0: T “SELECT CODE,’ SELECT APPROPRIATE CASSETTE
Y, “NO . PILES” , UNIT AND DEFINE MAXIMUM
P2 NUMBER OF PILES.

1: 142—. R51; NUMBER OP POINTS ASSIGNED AND
THE FIRST CASSETTE FILE IS SET
TO ONE .

2: 0-~B INITIALIZE REGISTER COUNTER.
-
i

3: D 1, R (100+B , READ DATA AND STORE IT IN THE
R(101+B APPROPRIATE REGISTERS

BEGINNING WITH P100, P101 FOR
THE FIRST SET .

4: B+2—~B INCREMENT REGISTE R COUNTER.

4: YES TEST TO DETERMINE WHETHER
P P51/52> GTO 3 ENOUGH DATA HAS BEEN STORED TO

PILL THE CURRENT FILE.

NO

5: SSC Y CALL THE CASSETTE UNIT.

6: P A, P100, RECORD DATA ONTO CASSETTE FILE
R (R51/R2+99); AND PRINT OUT DATA AS I?
PR? A~ SPC 2 IS BEING STORED.

‘I
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I.

7: A+1—~ A INCREM EN T PILE NUMBER.

8: YES TEST TO DETERMINE WHE THER
F A ~I R2+ 1 CTO 2 PIL E NUMBER EXCEEDS THE

MAXIMUM FILE NUMBER .

NO

9: 1—WA; LOADS FIRST DATA FILE BACK
LDP A R INTO THE CALCUL ATOR FOR

PLOT TING.

10: 0 - Z  INITI ALIZE REGISTE R CO UNTER
FOR PLOT TING.

11: SEO S, SCALE PLOTTER FOR PLOTTING .
5!

12: R(101+Z), PLOT ONE DATA POINT.
P 100+Z

13: YES TEST TO DETERMINE WHETHER ALL
P R51/R2-2 — Z+2-~ Z; DATA PROM THE CURRENT FILE

— HAS BEEN PLOTTED.

NO

14: A+1-*A INCREMENT FILE NUMBER.
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TEST TO DETERMINE WHETHER ALL
PILES HAVE BEEN PLOT TED.

NO 

LDP A, P100;
G!C—2

MESSAGE TO THE OPERATOR THAT15: (PR?
_ _ _ _ _ _ _ _ _  ALL THE DATA HAS BEEN PLO TTED .

16: 

OP DA.~!~~)

MESSAGE TO CALCULATO R THAT
THE PROGRAM IS TERMINATED.
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APPENDIX D: Radar System Simulation Model Block Diagram

Figure F-i, on the following page, is a sample of the major radar

subsystem environmental, and signal processing capabilities of the

Radar Simulation (RADSIt4) program. The information contained in this

block diagram is by no means complete since it would be impossible to

include al l the capabili ties on any meaningful chart . The generalized

plot program was exercised extensively to plot data generated by this

program.
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APPENDI X E ; Orig~na~ RAE Program
ii: ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ I

1: FL. T ‘T i t l E  Nhl- t uTr y : AFTD:: ~~f~I~~~lI L

2: LiI~ :. .5~~ ’~~22 i PL.. f “ F I G U R E ”  1

F:-:! Ci:EN1 “~;t~~”~ F0 ;~ ;F’ C. 2 L

4: IF  F’A ,:-O G l i i  “LAR D” I

5: 5p’ . $;F’R f “LAB EL P A E” C

~.: LW ~ i :4~~,~~ 2 1 ;p LT  F” C

~: LIP 0..8 , 1H.6~ 221 F’LT “A”  C

8: LiP 1.6~ 19.6~221;F’LT “ P C

9: LTP . 2 +  1’~.2~ 221 F’LT “T IE’;” C

10: LTR 1.4~ 19.2~221;F’LT “Nil ” C

ii : ‘;TO “E N” C

12: “LARLI ” SF’c. 2 F’RT “LABEL P A E RATES” I

13: LT R 0~~19.6~ 221;F’LI “E” C

14 : LT R U . 8~ 19.E,221;PLT ‘A ” C

15: L.TR i.6~ 19.6,221;PLT “P’ C

16: LTR .2~ 1 9.2~221;F’LT “DEG” C

17’ : LTF.’ .2 18.6,221;F’LT “SEC’ F.

18~ LTP 1. 5~ 19.2~ 221 PLT “FT ’ C

I~~ LTR 1.2~ 1E.6~ 221~ F’LT “SEC’ C

:0: ‘‘EN’’~ EI1T ‘ ‘ T N I N ~: ’’ , p j ,  “T t iA : :~ ” ,P2~ ‘L I T ”~~R::~ C

a l : P 1 + P 3  Ti:, p14; i Ti:’ pi::- C

F~’PT “T I ’ lJH- - ” ,P1, ”TMAX = ”~~R2. ” DT= ” ,p:~ £

23 :  R2 ; - ~~) ’ ..R1’-- P1 .  T I:, P18 £

24 :  8~ L P10,P2~~i,2~ C

FIGURE E- 1. Original RAE Program
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25: LTR ~- ‘ 1 ~
.
~- + ~

- i ” ,-
~ ’ 1 C

- ‘ L i  H14 t ’ c l1 - l - I - ’- .: i:i F’’14 F.

27” : P1:3+1 1 .. P13 C

~~ ir P1:: • - = WG T U -— 3 [

~ : u T I: 
~

- 13 1

•:~i: E~’1T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘31: EN~ ‘ ‘A H1t - ~~’’ ,k7, ’’AN H:- .:= ”~ po~~’’ 1A~ ‘ aF’ .~ I.

EJI T “ RI i IN~- ”~ F.: lO, “1 F’ lA:- ,~~” ,P1 1 ‘Di, ’ :” ‘F’

:. .: : : FF 1 “E I’lIN ”~ F:44 “~ t’1Fl>~~” q F ’ % q  “Ii~’ ’ ,R~
,

._:4 : I-. i,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

FF1 “Rt’1 1N= ” ,P1O~~”Rr’l H~:= ” 1p11, ’r,p ” ,p12 I

.36: P4+P6 TO P15 1 TO P13 C

37: P5 —- .. 1~i 9 . ( P 5 — R4 ,: T I:’ P 1’~
.3 :3 : ~~~ 0~~14~~R 1 9,F ’ 5 C

39: LIP ~~~~ P15~ 22 1 C

4i3: F’LT P15 ;P15 +R6 TO P1 5 C

41 : P13+1 T O Ri:: £

42 : IF  P13 c if lG T O — 3  1

4 : 13 1 k 1 3 C

44: ~ 7+~~-~.4~~ ’ 10 P 16 1~
45: 1 H F1.3;R8—’ (1o.--9. )’.p~:—-- p 7- Ti R:-~’~ C

H I ~~~~~~~~ L

.4 T’ : LTF .—~~ :l~’’ .::’~ 1 F

1-~ FL. F-l ~~~R1~,4F’~ III Ri~ C

4’- , : ~
- - ‘

~~ :- -
~ I r: P 13 C

Figure E-l. Original RAE Program (Cont’d)
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513: IF FL .:: 1~.:;,~TrI —
~~~ I

5 1: ~~ ‘1 0 P 1:3 1

52: P1U+P12 Ti.:, ~i~~; 1 T O  P13 1

53: R11— ’. 113 .- - 9 .’(F:1 1— R1 i 3.:’ TO P21 1

54: si::L 13~ 14~ P21~ R11 C

55: LTR 1.5,P17~ 2i’1 C

Sb , :  PU R17~ R17 +R 12 T O P17 C

57: P13 + 1 10 P1:3 C

53: IF P1.~: ‘
~~~~~ OflGTO -—3 1

59: SCU R i8~ P2~ P19~ F:5 C

60: F::.::tI 2 :3F’ f. CFG 12 F’RT “T ”~~”E” I

6 1: ENT ”T ’ ’~,”E~~”~~” ? C

6~ : FRI :.:,~ ‘ ;PLT -‘~~‘r’~~;F’ L. C

63: IF FLG 13 =O GT O —2 1

64:  SCL R18~ F:2~ R 213 ,R8 C

65: L.FG 1:3 PEN SPL: 2’ PF: T “1” “ A ”  £

66 : ENT “T= ” ,:”: ,”R= ” ,’-,” C

57: FRI -~,‘~~F’LT :- -:~ ‘ -‘ ;sPc C

68: IF  FLG 1:3=O GT O --2 1

E’~: ‘TC L P18.R2~ F21~~P 11 C

7o: C F ’~ 1 + F E N  8F’C 2 F’PT ‘‘1” ~“P” C

71: EL-l i “T rn ” ‘ ,  “P= ” ~
‘ï’ I

F’PT ::~
‘ ‘
~ F - 1 T  :-: ,‘ ‘ ;SPC .  C

7.~: I~ FL~ 1..;~-0 GT O —2 C

~‘i: END C

Fi gure E-l. Original RAE Program (Cont ’d)
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APPENDIX F: RAE Plot Propram - Data Input Via Punched Cards

The program listed in this appendix is used to plot range , azimuth ,

and elevation as well as range rate , azimuth rate and elevation rate in

the same way as the program described in Section VI of this report . In

this version of the program , the data is input from punched cards and

the first card contains the plot parameters ; i.e., the max y and mm y

values , the aim . x va lue , the increment between data points , and the

number of points. The program operation is very similar to that of the

program in Section VI so that the register tables and flow charts in

that section can also be used for this program .
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r ____________________________________________________________

FRI “MA NUE ’ -’” ;sPi:. ENT “X LENGTH” ~~F.:1S~ 
“ ‘ i~UENGT H” .P1’ ’ i

P17, “ ‘ ‘USE D” PIE: C

1: ELIT “ RA E=0 RATE S=1 ”~~F.’0;F:’::p 4 1

2: SC.L 13, R15 ,0~ P 16;A: .:: E 1,1, .5~~.S LIP~~~ 13 ,22 l  C

:3: F’1 5..-’F:17 10 R4 2’ R16.- - - R 18 TO R4.::: ;a’*p17 TO R11~~~~E’18 T i:’ I’12~ i T I:,

P49 1

4 : F’ L.T “ I I ME (MINUTE S AFTER E:URNOUT “ C

5: IF P0 : 13 G1,:i “LA RD” C

6 : SPC 2 PRT “LABEL F: A E” I

7: LIP @~ 9.E:~ 22HF’UT “ E” C

LiP 0.4,9.3,22HF’LT “A ” C

‘~~: LTR 13.:3, ’~. 21 F’UT “F’” C

1~i: LIP .1~~9 .3~ 221 ;PLT “PEG” C

i i :  LiP 13. 7~ 9. .3~ 221 F’LT “NW’ C

12: GIl: “H EAP” C

1.3 : “LARD” SPiT. 2 ;PRT “LAE:EL P A E PATES” C

14: UTF: 0, ’3 .E: ,221 PUT “E” £

15: LTR 0 .4 ,9 .8~ 221 ;PUT “ A” C

1~.: LT R ~~~~~~~~~~~~~~~ “P C

17: LIP .1~~9 .6~ 221 ;pLT “ PEG” C

18: LTF: .1,9. .3~ 221 PLT “S EC” C

1~~: LTP 0 .7~ ’9.6~ 22 1 ;PL1 “FT”  C

.~‘-i : LTP u.6~ ’-’ .3~~ 2 1 F’LT “S EC” C

~~ “HEA.E ’ ” EHl’ ” F’NUME’’ ’ P43~~”33C’’ . ’ i’ . “ t’FILE”~~A I

22 : 1 [:1 i~ ’ EN I “ P ’  P513, “A ” PSI ‘‘E” • PS2 C

Figure F-i. RAE Pict Program - Data Input via Punched Cards
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- -

- 4:~ I ~ ,F,+ 1 (

: ,~ IF ‘ . l i .l : ’ ~,~ i r ç
‘ .,.: fl P51 :1 ~ ‘::‘F J .i 2

IC ‘ :,:._ i ‘ _,F:G :3 C

27: IF P48=1 ‘;T’:’ +4 C

38,: Fill “D” NPT 2;FMT +-;PED i’,P, ’ ,F:t:,,F’0,R1.:~~F’4i 1- - - F’ T I”- .

F I ..RI - .$~ P41~~SF’i . 2 C

‘ P . 11- - I .‘P1:3 -fF:13 TO Fl C

‘‘ RC:F A~ RI3~ F.’41 F’PT R13 ,R1 ,I’ :’ iT’R7 ,F’41 8F’i:: ‘ GIL’

2 1

.31: - ‘: -L ‘
i ’ ;  LLi f-- A~ F- -LI; F’RT P0 ’ Ri,  HI’ R;- ’~ F:41 SPf- 2 1

IF FLG 4 ;GTf i +3 C

3. ’:: Ltd “ Tt ’1IH”~~Pa’0~~’ fLl A :-:”~~P21 C

d- :  L ilT “ ‘i ’t’1Il4 ’ ’ ,R 22,”’-,’t’lA~<’’ ,p2:3
,”F:.-Jl ” ,X I

.35: ~E:S ‘-P21 —P30. - R i  1 10 R.3 F:20 10 P4; 1 10 P413 C

36: f-’ 21 — P4 2~ P21— R20. :’ TO F’S C

37 : ‘LIL R5~ R2 1- .0~P16; IF FLG 4 GT0 +2, C

F :—: P i;L’ r p R4~~.5~ 2 12 ;p LT P4 1

~~: 1+~ -413 TO R40 IF’ P40 # p 1i+2;P4 -+ F::3 TO P4;GTO --- 1 C

~~ ‘: AE :1 ‘.. F’2.3--F:1’2 ’ .- f-’1~: TO RS~ F~22 IL ’ f’~~~1 ILl P40 C

-~1 : t- . ,~3- I- -4’- :’:f: ,..~’3-—F. 2’3’.’ IL RI O C

-: 
~~~~ U~ l~:15 ,P113 ,fr ,’3 F ::LI :.- : ‘ C

- IF  ~ I 1 3 1-’ ~~+ i,’:j : f i I F ‘ ‘ -
~ C

44: “ ‘
i uB ’’ IF , 1 LTF-’ .6. F’’H, 2 1 1 F—I I P: 1

:~ ~~~ ..~;L iF  . 4 4 R ’ -’ ’ ,.:Il L- ’L. i : ‘ ~ I

I i gure F-i. RAE Plot Program - Data Input via Punched Cards (Cont’d)
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4’:.: IF FL. ’.; :3 LTP 0 ’ P ’~’ , : - 1 ! F ’ L . f  F - ’ ’~ C

47 :  1~~R4~i ii:’ F:4fI IF L . ’1~.i # F : i2 - ’:~~P 9 f - . F’ : .: F ’ .’ F’. , ’H.I’_’ ‘ L I i -  [

43: flIT “Hf’. FILES”~~R2 . “F’ T ’E FIL E’ ~F:4 13~ “3FILL”~~H F

49: 1 TO ClO TO E: C

50: 5 INT ‘- .F :41.--”5 ,” TO P45f, f i:’ p47 ; IF P,.-’ = l GT ’j  “
,~~~

“

51: IF P4 8= 1 88f: ‘ ‘1 LDF A ,RS0; (F:~ —1::’R40 IL’ P47 (f’..’ 1 ~ C

53’: FF11 “ C ” ; NRT  ~~
‘ C

5.3 : FLIT *~~F:E tl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

54: E:+5 If’ E:~ IF R40 —1 ) E : ; G T o  — 2 C

55: R47+R413 TO P47 C

56 : 8Sf . ‘ ‘ ;  RCF A~ P50, R.:R4 0 +49. . ; F’PT A C

57: IF R4 7=( Ra ’— 1::’ p4 111;GT,:, “2 ”  C

58: A + 1 TO A~~1+C TO C C

59: IF C * R2÷ i ;0  TO E: ;GT O —:3 C

60 :  “2 ” ;IF P4 1. - 5 =INT ‘.:P41 .- -’5. :’ ;E ,FG 5 ; P41 — R47  10 P4S TO h 4~
,
~~I

TO +3 C

61 : F’41 —P 4~’ IL’ F’4~.~ Shill : P4 6 - - S :  TO P45 IF P2=1 i~1 IL’ B~ ‘ .Dl +3

C

62 :  ~l TO E~~A + 1 10 A C

U P4 : : = 1  ;GT O “F ’ LT” C

64 : F I’ll “ ‘: 
- ‘  II PT ~

‘ C

6S : F L IT ‘ F - ’E ti ~ ,P .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1--:

C

6~ : E:+5 TO E:~ IF f.’ .4’,_ .1 :E : i1 1(, — ..~ C

Figure F-i. RAE Plot Program - Data Input via Punched Cards (Cont’d)
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“ 7 :  ~ ‘ ‘ , , ; i , I ~~ t~~~F

I4I~’T ..~~ i t’l l “ I’ Eli ‘~ I’ ’ ’ 5’ .I+L C

~~~‘: L i  i’: ,. . ; IF I”46.,’ b;:,IL --1 C

~~~~ F~~~.’ .:’ ‘ ‘ ; F’ ’_.F ~l .F , Si,:i, F - , F , ,- 1 l + , 1 ’ , 1

‘1: “
~~ . ‘ ;A - F~. H 1 TO ~; I Tf i IIPRT ~ ;LDF A~ P513 r

‘
3 : 10 T~ :- -- : ; P4 1— R47 TO P4 7 1

7:~ FilT “ - F- ” • L-: C

7’ ’4 ‘:.‘L _ 5 q~
: , 1.F1 (,,P3:1 C

-
‘ 1’ F - I ‘_~ • F’ .. 

‘ 
~ i # - B C

76- : IF ‘I-~-P3; ~T ’:’ ~ : C

IF ‘ P4 13— i  * ::. P41 * :~:..;Po+ p13 to Rci;z+i TO Z i+:-~ ft

I C

- ‘:3: 0+1 IC’ A C+ 1 If’ filE f: <= R2 P0÷P13 If’ R 0 0  TO Z F- F~ -- ; LDF

•F:SO G i O  — .3 1

7~~: IF P4 7- — i # Z PO+Pi3 10 ~o ;z+i IC’ Z GT C’ 4 [

i~ P49 * .3 ;R49÷1 ‘ro P4’3 ;F’EN ~FXD 4 G10 “HEA D - C

I: . - i- T “END OF DATA”  C

:~2: it- c  C

Fi gure F-i . RAE Plot Program - Data Input via Punched Cards (Cont’d)

I
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APPENDIX G: Doppler Frequency Plot Program

This p rogram computes and plots the Doppler frequency shift vs

satellite time in radar cove rage . The input data is generated by the

MDC Trajectory Program, available in RADC/OCSA, where the range rate

of the missile/satellit e with respect to the sensor is used as input to

this program . Program operation Is the same as that of the Generalized

Plot Program - Data Input Via Punched Cards , described in Section V of

this report. The register tables and flow charts are applicable; how-

ever, there are four more inputs required of the user. The first is

radar frequency in megahertz, the second and third are FXDX and FXDY

which determine the number of significant digits used to label the x

and y axes respectively, and lastly, SF , which scales the plotted dat a

from hertz to kilohert z, etc.

I

103

_4 - -_____



p —

~i: FRI “ t’1A~-1LE’i’” ;F: :-: D ‘1 C

1: ENT ‘ F’ i4ij t’lE: ” ,R48 , ’~,ELEL: T ,::ot,E” . ’ . ’ ’DF iLE ” ,F- ,~~’ ’ FF- :EC ’ : L’l

Hz::’ ” ,P.3e C

R:3 i3*10-t’5 Tf i ~:313 IF P43 =1; Gb 4~~ I

:3: FMT “ P’  W RT �; Fill * ; RED ~~, P7, R6~ RU’ R1 3~ P4 1 ; FRI P7~
R6~ R0~ R 1 3~ R41 ;S Pf- 2 1

4: ‘..p41 —1 > R 1:3+R0 Tf i P1 9.84252Eu TO P�9 R7:O . - I--~ ’9 TO ~‘ :1

~: P6R:3 1 TO R6 ;R7P:3 1 TO RI F.

6: 88f. ‘- - ‘ ;RCF A , R13~ R41 ;PRT R13 ,R 1 ,F:6 ,R7 ,P1 :3 ,R4 H% F’f: 3 ’ ’

TO + 3 C

7: 3Sf. ‘-- ‘ ;LDF R~ R0 PRT R’o~ p1~ p6 ,R7~ P41 ;s PC 2 C

:3: ENT “ c-: LENGT H” ,R 1S, “ ‘i’L ENGTH” , P16 C

‘9: ENT “ABSCISSA LtSEt i ” ,P17~ “ORDINATE USED” .Ri8 L

ILl : SCL O ,R1 5,0,R16;A::’::E 1~~1~~.5~ .5C

11: P15 - - R i? ’  T I:, P4 2; P16..-- R18 TO p4:3 C

12: ~‘P17 IC’ P1i ;2 Rle ’  If’ P 1 2 C

13: Eu

:— : “ ,R23 . ”F~ D’ ,’ ” ,2 C

14 : AB ’~ ‘ . P2 1—R 2 f i ) -- - P 1  1 If’ P:3 p3’13 TO P4 1 If’ P413 C

15: P31— p4 2 : . F’31 —R20 ‘ If’ PS C

‘ 6 :  ‘~- C . L PS , P21 ,0 ’ R1b  £

17: F : - -: I’ B~ LTF’ R4~~.4,2 2Ii F- - LT P4 1

i ~F4 i~i i T ’  P4CIHF R4o * F 1+~iF:’ 4+F’ .~: TO P 4 1 .,T’.J — 1 C

19: AE:~: ‘ P,..’ -: - - F’17’ .’ P 12 T O F--::iF22 Tf’ F’’ ::~~1 If’ P4 13 C

3~~I: 1- 3—T i . :‘ :  F - , ,, .:—F’22 ..’ if’ Fl ’ ? ’ C

FIGURE C-i. Doppler Frequency Plot Program
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,
~.PI5,R10,F’2:3 I

3:1 F~ D ;L TF’ .5~ P9.- 3’11;F’Lr F:’~ C

3:3 : 1 +P4’? i 10 P4U~ IF P40 * P12~-H R94R3 T O 1 9 1  LTf i --- 1 C

21 :  ENT “MO. F ILES” ,P2, “ F’TS - - -” FILE” ,R4 U~ “ ‘J ILE” ,A C

35: 1 TO f : U Ti) B C

26 : 5IN T (P4 1.-S : :  TO R4S~ O Tf’ R4fl IF P2=1 G10 “2” I

2 7 :  IF R48 1 ; SSC ‘ii LDF A~ P50; ‘- P 2 -— i .:P4 cj TO R47 GIL +1,9 C

28: FMT “ C”  NPT 2 C

2’s : FLiT ~‘iRED 2 ,R(5i3+B ,:’ ,R’:: S l+E::, P(52 -+ - E: .;’ .P 5.3 -i- E: .:’ , P’~::4+B

::‘ C

:313: E:+5 TO B IF P4 0—i :::‘B;GTo —2 ’ C

:31: P47 +R4 0 TO P47 C

32: 5Sf: “( t
:3 :3: Pf :F A~ R50~ R( R4U +49) F’RT A C

34: IF R4 7= (P2—1.:’R4cJ GTU “2” C

:35: Ri- i TO A 1+C TO C: C

36 : I F C # R 2+ 1 0  TO B;GTO -—8 C

.37: “2’” ;IF R4 1- - ’- S= IHT (R4 1,- - 5 ) ; R 4 1 — - P 4 7  TO R~ I;GTL’ +3 C

.33: P45 +5 TO P45 R4 5—F: 47 Tf ’ P46 ; IF R~ - -1 ~i TO E: GT’3 ft I

39 : 13 TO EiR+1 TO A C

40: IF P48= 1 ;i;To +5 C

41 : FF1 1 “f: ” ;NRT 2 C

43 : F L I T  -~iPE D 2 ,P ,. . 50+ B : , F ~,,51 +E: :. ,R,: ,
~,2+B :., q P , . L2,-f E), F” ..54 +E:

43’: E:÷5 Ifi E: IF P46—i )-E~ GTC’ - -- ,
~ C

Figure G-1. Doppler Frequency Plot Program (Cont’d)
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44 :  :-~,S~ ‘-,‘ ppT A R C .F R~ R5U~ P’.P46 +4’?’ :.’ C

4~- :  A —-F.’2’+1 TO A 1  TO f: 5pC 2 PRT R LDF R~ P50 I

13 TO z ;P4 1—R47 TO P47 ;PRT A C

4 . :  ENT “3F”~~P-33 SC. L F:5 ,R21,Pl0,P23 C

47: : F’LT PU, R ’.: 5o+Z p31.- -’p:3 3 C

4 9 :  IF f:=R2 GTO +:3 C

5~ : IF P4 0— i * Z=li RU+P13 TO P0~ Z+1 Tf’ z ;GT O --2 C

51: 0+1 If’ A ;f :+1 TO f: 1F C <= P2 PU+P13 TO R 0 0  If’ ZH- ’RT H L D F  ii

~P50 ;C T O — :3 C

52: IF P4 7—i # z= 1 ;pU+R1::: Ti) Ro;z÷ i  TO z ;G T O --- 4 C

S3:  IF P3- 3 * 1 9f:L 0,P15~ i1,Pi6;LTP .:3 ,6 .7 ,2 1i F’LT “~<‘i F’L

T P3 3 C

54: PRT “END OF DATA ” I

5S: EMIl C

Figure G-i. Doppler Frequency Plot Program (Cont’d)
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MISSION
of

Rome Air Development Center

RAX pla ns and conducts x.s.arch, explorator y and advanced
d.v.lop aazt p rogr a In c~~~~nd, control, and camaunications
(C3)  activiti.a, arid in the C3 ax’.aa of inf ormation sciences
and int.ll.Lgwc.. Th. principal t.claiical mission areas
are cc wz.icaticns, .l.ctrca.gn.tic guidance and control ,
survsLllanc. of ground and aerosp ac. ebj ects , i,nta Uigence
data collection and M~dl-1ng, inf ormation syatma technology,
Ionospheric p ropagati on, solid stat. sciences, aicroe *v
physics and electron ic reliability, maintain ability and
ccuI 7atibility.
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