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~~~~~RY

Caiipiter Sciences Corporation (C9 ) Bryn Athyn, Pennsylvania cor~ ucted -

an effort for the Crew Systems ~~gineering Division (603) , Naval Air
Developtent Center. The purpose of this effort was to examine and de-
nonstrate the feasibility of using a microprocessor based system to
control the functions of a vertical seeking ejection seat.

In November 1977 , CSC issued a report containing the results of an initial
st~ y which found the concept to be feasible and recorrrrended further ar~al-
ysis. To this end , ~~DC initiated the purchase of the IMSAI PCS 8 0/30
microprocessor based software developtent system.

In July 1978, CSC issued a second report containing the results of an
effort which consisted of the foll~~ing activities :

1. Define the functional requirenents of an ejection seat system.

2. Develop software to derronstrate that the INTEL 8085 microprocessor
possesses the capabilities required to perform the desired functions .

3. ~camine the reliability and maintainability aspects of the INTEL
8085 to determine whether it rreets the requirenents defined for
military use.

Of these, the primary task was the software developrent . Although the
program bad been desigred , and rruch of it coded, c~ np1ete developrent was
postponed by delays in the shiprent of the ~~~AI PCS 80/30. In September ,
CSC carpleted the developrent and testing of the program, thus derronstrat-
ing the feasibility of the microprocessor controlled ejection seat concept .

The material presented herein ass~rres that the reader has sate familiarity
with the INSAI PCS 80/30 and its operating system (ThIDOS) .

F
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1. iNr~~o~~rIoN

This doctirent describes the program that was developed and tested to
denonstrate the capability of the I~TE1 8085 microprocessor to control
the functions of a vertical seeking ejection seat. The main subroutines
are discussed in sate detail , with special emphasis given to the imple-
~entation of the vertical seeking maneuver, the major function in the
ejection sequence. A listing of the program is included , along with
fl~ i diagrams, a definition of each program variable am. a map of the
area of n~ roiy containing the program data buffers and variables .

~~~~~~~ rnicroccmputer system purchased for the developtent of this program
is the ~~~AI ~CS 8 0/30, an integrated I/O terminal based on the INTEL
8085 microprocessor . It includes an intelligent , prograxrrnable key~~ard
for direct data input , a 5-inch ~~ for data ou1~ut, 3 prograxtinablext~ rory-mapped tiers for real t.ime control and 32K bytes of Randan Access
~~rory for program loading and execution . A single density dual floppy
disk system provides mass storage .

It s~~u1d be ncted that because of its nature as a software developtent
system, the IMSAI PCS 8 0/30 lacks the specialized hardware interfaces and
“peripheral devices” that ~.ould be found on a true ejection seat system.
Therefore , a1thoi.~ h the program was written for imp lerrentation on this
system, it would have to be rr~~ified slightly before being used in a real
system. The program, h~~ever was designed and coded in such a way as to
minimize this transition.

— 1—
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2. PRCGRN4 DESCRIPTION

The program consist of t~~ parts . The first is a lengthy initiali zation
process , rtost of which is necessitated by the fact that the program is
impl~ tented on a software developrent system as opposed to a real ejection
seat system. The second controls the timing, sequencing and simulated
execution of the ejection functions. The following d i s c u s s  ion d e s c r ib e s
each part in detail.

2.1 Initialization

The initialization process is accomplished through a series of CALLs to
the subroutines executing the appropriate initialization functions. Each
of these subroutines , its function, and an explanation is given below.

2.1.1 fl~ZRST75: Initialize Tier Interrupt Handler

Each titter interrupt received causes the execution of the instruction
“BST 7.5” , which is essentially a “CAlL 003C” . Thus , code for handling
the interrupt must begin at rr~~rory location 3CH; however , the operating
system under which the program is run ( IMDOS) will not load object code
into any rre~cry location below 100H . If code is required in that area
of n~~rory , it must be loaded by the program itself. This subroutine loads
the object code for the instruction “JNP SEQSI~T” (the tirrer interrupt
handling routine) into rr~ rory locations 3CIi , 3DH , 3EH.

2.1.2 INZTMRS: Initialize System Titters

Because the system titters have no po~.er-on reset , each is prograzrmed to
count to a st~ rt termination ( .5 ~.i s) and stop. Any tixt~r interrupts that
may be present are cleared.

2.1.3 INZDSP: Initial ize Display

The ~~~ is first initialized by CALLing the INITIALIZ~TION E~ 1’RY POINT of
the yb firrr~are driver . This accanplishes the following:

1. Clears the screen
2. Positions the cursor in the upper left corner
3. Selects an 80x24 screen format
4. Selects UPPER CASE display rrode
5. activates screen scroll tt~~e

INZDSP then selects the alternate 4Ox2 4 screen format and upper and lower
case display n~~e.

-2—
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2.1.4 CHOICE: Initialize Test to be Run

The d~tonstration program can execute the vertical seeking maneuver fr an
an initial orientation of a 90° roll or a 1800 roll. This subroutine
displays the massage shown in Figure 2.1, then waits for the user to make
a selection. Upon receiving a valid input (1 or 2 ) ,  CHOICE def ines the
initial orientation of the seat/occupant system, sets up the ‘INITIAL
ORI~~i~TION ’ massage to be displayed upon caripletion of the ejection
sequence, and selects the approproate rate data file.

2.1.4.1 Define Initial Orientation of Seat/Occupant System

The program keeps track of the orientation of the seat/occupant system by
maintaining the direction cosines of the angles fran each of the axes of
the seat/occupant coordinate system to the vertical (see Figure 2.2 ) .
Within the program, the direction consines are maintained in double pre-
cision (16 bit) , two’s cariplenent form, according to the following scheme:

Value of Direction Cosine Value in Program

1 4000H
0 0000

—1 C000H

Thus, D31, D32 and D33, (the tretory locations in which the three direction
cosines are stored) are initialized as follows:

Test selected z3l D31 ct32 D32 c~33 D33

1 90 0000 0 4000H 90 0000
2 90 0000 —90 0000H 0 4000H

2.1.4.2 Set Up ‘INITIAL ORIE~~ TION’ Message

After caripleting the execution of the ejection seat functions, the deton- —

stration program displays the initial and final orientation of the seat/
occupant system. GiOICE writes the ASCII code for the decimal equivalent
of the ab~ve initial direction cosines into the massage to be displayed.

2.1.4.3 Select Appropriate Rate Data File

For each test, there exists a disk file containing the rate data inter-
polating points (see Section 2.1.7). CHOICE initializes the File Control
Block FCERDI to access either file RDATpJ.DAT or FDP~TA2.DPT for test 1 ortest 2 respectively.

— 3-.
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S~~BC’I’ DESIR~~ TEST

1. 90 DF~~EE ROLL
2. 180 DE~~~~ ROLL

Figure 2.3. ~ r Display for Test Initia lization

—4-.
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D3l = dir. cos. a3l

D32 = dir . cos a.32

D33 = dir. cos. a33

p = rate of rotation
I I ~ I \ — around the X-axis

I ~~~~~~~ 
(roll rate)

q = rate of rotation
around the y-axis
(pitch rate)

r = rate of rotation
around the z-axis
(yaw rate)

Figure 2.2 Seat/Occupant Coordinate System Definition

—5—
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2.1.5 INZDSK: Initialize Disk

All disk I/O is handled through 111)05 and this requires that a File Control
Block (PCB) be set up for each file to be accessed by the program. This
subroutine initializes the FCB s for each of four files used by the pro-
gram. It then opens each file.

2.1.6 INZVRBLS: Initialize Program Variables

Certain program variables trust be either cleared or set to a predefined
initial value. A list of these variables and their initial value is given
in Figure 2.3. For a complete description of the function of each of these
variables (see Section 4.3) . For their location in n~~rory see Section 4.4.

2.1.7 INZRD:~~~ Initialize Rate Data

Because there is no device attached to the software developtent system to
generate the rate data that is required during the vertical seeking maneu-
ver , this information had to be obtained from another süurce . The input
data used was based on that recorded during acthal test ejections per-
fo~~~d at the Naval Weapons Center , China Lake, CA. Figures 2.4 , 2.5 and
2.6 and Figures 2.7 , 2.8 and 2.9 are the graphs of the rate data recorded
during the 900 roll test and the 180° roll test , respectively , of the
vertical seeking seat. This data was digitized , translated to the form
used in the program (see Table 3.1), entered via the keyboard , and stored
on the disk. However, because of the impracticality of manually entering
each data point required (7200 bytes/test) , only the data corresponding
to certain points in time were entered . Using these data points as inter-
polating points, the program performs a linear interpolation to generate
the rest of the data . This data is then stored in Ir~ tory and read as
required during the vertical seeking maneuver.

2.1.7.1 LINT: Linear Interpolation

According to the report in which the test data was issued , microprocessor
control is initiated at .389 seconds. Since the rocket rrotor burns for a
runmnal 1.5 seconds , the data between T= .389 and T=l.889 was asstmed to
have been used in the test to perform the vertical seeking maneuv~r .
Accordingly, it is from this portion of each graph that the interpolating
points were read . The total elapsed times differ in the deronstration
program as indicated on the graphs and defined as follows:

T=.389 = T=.55 in dero program
~~l.889 = T=2.05 in dero program

In the vertical seeking algorithm , these t~nes in turn correspond to t=O
and t=1500 (where t= n~ nber of ms after th~ beginning of the maneuver)
and are also indicated on the graph . For consistency with the discussion
of the vertical seeking algorithm (see Section 3) it is these tines that
are used below.

— 6—
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VARIABlE INITIAL VALUE

D~~r 00
~~INC 00
PIQ~R 0000
PSZJM1—2 0000
PSUM1 0000
PSUM2—2 0000
PSUM2 0000
QPcS 0~~0H

F340H
BLI1~~ 00
~~ILR 0000
RSUM1—2 0000
RSt1~41 0000
RSUM2—2 0000
RSUM2 0000
ScPIR - 3800H
SD~INDX 00

3~B0H
TOGGL 00
VSP~R 4AEOH
YAINC 00

0000
Y&JM1— 2 0000
Y&]Ml 0000
YSt.~42—2 0000
YSUM2 0000

Figure 2.3 Initial Values of Program Variables

—7—
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Each graph was divided into 60 equal time intervals to provide interpolat-
ir~ points at t=25, 50 , 75 ,... ,1500 , def ining r~ , qj  arid Pj at i = 20 , 40 ,
60 , 80... ,  1200. For the interpolation, the values r0, q~ and p0 (at t=O)
are defir~~ to be 0. Table 2.1 and Table 2.2 show the interpolating points
used for the 90° roll test and the 1800 roll test respectively.

The linear interpolation formula is then executed 60 times for the r , q,
arid p interpolating points, generating 20 points each time to produce the
requi.red 3600 pieces of rate data (1200 each for yaw, pitch arid roll) .
Figure 2.10 shows an example using the r interpolating points ; the process
is the same for p arid q data.

The formula itself is very straightforward but its iinplerentation was
car~ 1icated by the fact that the flTrEL 8085 microprocessor provides ro

- multiplication or division capability . To keep the linear interpolation
code as sixr~ 1e as possible , a MULTIPLY subroutine and a DIV~~E subroutine
were written. The interpolation algorithm then only sets up the n~ nbers
to be multiplied (or divided) and passes then as paraireters to the appro-
priate subroutine; the product (or quotient ) is calculated and returned to
the CAlLing routine.

The division algorithm used in the program simply performs repeated sub—
routi.nes until the rer~airder is less than the divisor . The quotient is
then rounded to the nearest integer (ro greater accuracy is required ) as
follows:

if the renainder > 1/2 divisior , q = q + 1
if the ranainder < 1/2 divisior , q = q

The multiplication algorithm used is far trore complicated. A detailed
description is given in Appendix B.

2.1.8 fl’~ZDRFIN: Initialize Time of Parachute Disreef ing/Seat/~~c’~~ant
Separ~ticr.

The time of parachute d.isreefing and seat/occupant separation de nds upon
the altitude and speed of the seat/occupant syst~ n at ejection . These are
input by the user as follows:

~~~~~ d lays the message shown in Fic’~.ire 2.11(a), then wai ts for the
user to resccrid. The program checks that the value input is valid arid
converts it from a series of ASCII characters to a hexadec±al value ,
which is stored in rtørOry . INZDR?I’M then displays the message sho~~ inFigure 2.11(b). Again, upon receiving a valid response, the program
performs the same conversion described above and stores the value in rr~~ —
ory . Using these values , the program determines the time of parachute
disreef ing/seat/cccupant separation according to the chart in Figure 2.12 ,
as def ined by ~~CC personnel .
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]N1~~~~ IATING POfl’~~~ FOR 900 ~~)Lt, ‘I~~T

~ ( i )  Q( i )  Ni) 
p

Dcq/Sec Fex Eiruiv i)ec/Sec Hex E~uiv ~~q/S~c Hex t-_____

0 0 0000 0 0000 0 0000
20 9 0024 2 0008 —14 FFC7
40 4 0010 —5 FFEC —25 FF9A
60 —2 FFF8 —14 FFC7 —17 FF33
80 14 0039 —15 FFC3 51 OOD1

100 36 1 0093 4 0010 131 0218
120 46 OO~~ 8 0020 186 02F9
140 57 00E9 — 8 FFEO 209 0357
160 70 0113 —18 FF37 226 039D
180 73 012A —18 FF37 246 O3~~
200 78 013F —30 FF86 255 0414
220 81 0143 —44 FF4C 254 0410
240 32 014F —53 FF28 242 O 3DE

- 260 79 0143 —54 FF23 230 O 3AD
280 78 Ol 3F —56 FF13 210 - 035C

- 300 74 Ol2E —58 FF13 183 O2~~
320 73 012A —58 FF13 166 02A7
340 69 OllA —55 FF1F 153 0272
360 67 0112 —52 FF2C 132 O2lC
380 60 OOFS —50 FF34 109 0163
400 60 00F5 —49 FF38 103 O1AS

- 
420 56 OOES —40 FF5D 96 0189
440 50 O0~~ —34 FF75 66 O1OE
460 44 0034 —32 FF7D 50 00CC
480 46 O0~~ —27 FF92 68 0116
500 40 00A3 —22 FFA6 41 00A7
520 32 0083 —23 FFA2 9 0024
540 38 009B —18 FF37 62 OOFD
560 42 OOAB —11 FFD3 40 00A 3
580 25 0066 —12 FFcF —25 FF9A
600 22 005A —19 FF33 — 9 

- 
FFDC

620 37 0097 —8 FFEO 62 OOFD
640 32 0083 —1 FFFC 26 006A

- 660 13 0035 —7 FFE4 —52 FF2C
680 22 005A —10 FFD8 0 0000
700 40 00A3 —4 FFFO 82 014F
720 30 007A —2 FFF8 30 007A
740 12 0031 —5 FF~~ —44 ~~4C
760 22 OOSA — 8 FF30 4 0010
780 I 36 0093 —2 FFF8 68 0116
800 27 006E —1 FFFC 21 0055
820 11 002D —6 FFE8 —3 5 FT71- 840 i 17 0045 —11 FFD 3 3 000C
860 28 0072 —~7 FF34 47 OOCO
880 21 0055 —6 FF38 11 002D
900 11 OO2D 

- 
— 9 FFTX —19 FF~ 3

TABLE 2 .1
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fl’fl’~~POLATING ~~INTS FOR 900 ~~~~~

R (j )  
- 

Q( i . ) Ni)

_____ 
Eeg/~~c Hex ~~ui; eq/Sec flex E~u~v ~~c/S~c }!c~ £~~i~~7

920 18 0049 —12 FECF —2 FFF8
940 24 0062 —11 FFD3 14 0039
960 24 0062 —16 I FFBF 15 003D
980 21 0055 —21 FFAB 4 0010

1000 21 0055 —27 FF92 3 000C
1020 20 0051 — 32 FF 7D 5 0014
1040 24 0062 — 38 I FF65 10 0028 1
1060 25 0066 —37 FF69 22 005A
1080 21 0055 —33 FF79 18 0049
1100 23 005E —43 FF50 11 002D
1120 27 006E —54 FF23 17 0045
1140 28 0072 —72 F~~A I 18 0049
1160 30 007A —89 F394 20 0051
1130 30 007A —103 F35B 22 005A

- 1200 32 0083 —118 FE1D 24 0062

~I~BLE 2.1 (Continued )
‘-16—
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Th~rEP.POIXPING DINTS FOR 1RO° ~ )tL TEST

R(i) i Q (i) p (j)
- I p

_______ 
Deg/S~c Hex Equiv Deq/Sec Hex Ecuiv Deg/Sec Hcx ~.:n~i’i

0 0 0000 0 0000 0 0000
20 —7 FFE4 4 0010 2 0008
40 —7 FFE4 8 0020 30 007A
60 12 0031 11 002D 91 0174
80 32 0083 15 003D 153 0272

100 52 00D4 18 0049 217 037 8
120 72 0126 9 0024 298 04C8
140 92 0178 —2 FFF8 364 05D2
160 112 01C~ —12 FFcF 417 O6AB
180 108 O1BA —22 FFA6 378 060B
200 101 019D —33 FF79 338 0567
220 100 0199 —44 FF4C 342 0578

- 240 110 01C2 —56 F’FlB 355 O 5AD
260 108 I O1BA —6 6 FEF2 318 0515
280 100 0199 —81 F~~5 281 0473

• 300 109 OIBE —97 FE73 309 04F1
320 132 021C 108 FE46 306 04E4
340 117 O 1DE —115 FE2A 257 O4lC
360 112 O1CA —126 FDFC 236 03C2
380 123 01F7 —135 FDD8 259 0424
400 122 01F3 —132 FDE3 215 0370
420 103 01A5 —130 FD~~ 152 026E

• 440 99 0195 —130 FD~~ 138 0234
460 116 O 1DA —118 FE1D 174 02C8

- 
480 110 01C2 —107 FE4F 112 O1CA
500 87 0164 —96 FE77 40 00A3
520 94 0180 —96 FE77 78 013F
540 114 OlD2 -—84 FEA9 114 01D2
560 100 0199 —69 F~~6 41 00A7
580 78 013F —59 FFOF —15 FFC3
600 87 0164 —60 FFOB 30 007A
620 110 01C2 —52 FF2C 71 0122
640 100 0199 I — 39 FF61 12 002D
660 85 0153 —31 FF82 —44 FF4C
680 104 01A9 —31 FF82 1 0004

1 700 121 0l~~’ —28 FF8E 42 OOAB
720 110 0102 —22 FFA2 —6 FFE8

- 740 97 - 018D —22 - FFA2 —46 FF44
760 111 01C6 —22 FFA.2 —5 FFEC
780 125 01FF —22 FFA2 27 0063
800 122 01F3 —19 FF33 5 0014
820 108 O1BA —18 FF37 —22 FFA6
840 105 O LAD —18 FF37 —18 F’FF7
860 111 01C6 —18 FF37 —4 E’FFO- 

880 109 O1BE —16 FFBF —2 FFFS
900 106 0131 —15 FF03 —6 FTT S

TABLE 2 .2
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REPOR T No . N; Dc- 7924 0- ~o

INTERPOLATING POINTS FOR 180° ~~LL TEST

R( i ) -
~ Q(i) P C i )

- 
i Deq/Sec Hex Equtv Deq/S€~c flex Equiv L Dog/Sec IL ~x Rr ~ij ;

920 103 01A5 —17 FF33 —10 FFD8
940 134 01A9 —21 FFAB —12 FF~E
960 104 O1.A9 —25 j FF9A —14 FFC7
980 103 O1AS —29 FF8A —16 FFBF
1000 101 019D —34 FF75 —18 FF37
1020 104 01A9 —39 FF61 —22 FFA6
1040 106 0131 —45 FF48 —27 FF92
1060 109 0133 —53 FF28 —32 FF7D
1080 112 O1CA —58 FF13 —37 FF68
1100 115 0106 —63 I FEFF —42 FF55
1120 118 0133 —68 FEEA —4 8 FF36
1140 120 O1EB —70 FEE2 —54 FF2 3
1160 123 01F7 —73 FED6 —59 FFOF
1180 126 0203 —75 Fa~D —64 FEFA
1200 131 0218 —78 FEC5 —69 FEE6

I

_ 
_ _ _  _ __ _-

~~~~~~

-

~~

_  _

TABLE 2 .2  (Continued)
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‘Ji~~ Linear Interp olation Fortxu ~1a is

f(x1) = (f0x1—f1x0) + ( ( f 1—f 0) (xi))

(x1-x0)

where ~
, 
~ x0, x1, x1 are defined at each of the 60 passes as follows :

PaSS ~ 0 
~~~~ ~~~~ 

X1 
= Points Generated

1 r0 r20 0 20 1 — 20 r1 —

2 r 20 r40 20 40 21 — 40 r21 
— r40

3 r40 r 60 - 40 60 41 — 60 r40 
— r 60

60 r 1180 r1200 1180 1200 1181 — 1200 r1181 
— r 1200

Figure 2.10 Linear Interpolation

—19—
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SEL.~~r DESIR~~ TEST

1. 90 DEGREE ~~lL
2. 180 DEGREE ~~LL

~~ThR ALTITUDE AT EJ ECTION ( 0-18 , 000 P~)

(a)

SP~ FtT DESIRED TEST

1. 90 DEG~~~ ~~lL
2. 180 DEGREE ~~LL

~~~ER ALTITUDE AT E~3~~TION (0-18 ,000 Fr )
____ 

(b)
~~~~ AT ~~~ ‘ric~ (0-600 I~ P~S)

Figure 2.11 A1tit~ e/Speed Irü ttalization Display

—2 0—
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18

AT 4.5 SFCC~ DS APL’ER R~~KE’F IG~ITION

~~~~~~~~ 

~~~~DISP~~~ AT 1.5 SEGOt ’IDS ?~FrER ~ x~Tr I~~ITION

2

0~~~0 100 200 300 400 500 600

AT EJ~~~ ION (l~~AS)

Figure 2.12 Parachute Deplo~ T~ nt Chart
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2.1.9 INZD:~~~ Initialize D~~~nstration Display

The last function performed in the initialization process is to display on
the CR1’ a list of all of the ejection functions to be executed , along with
instruotions on hc~~ to begin the d~ ionstration . (See Figure 2.13.) At
this point , the program waits for the ‘ejection signal ’ . When this is
received , the systeni timer Tl is prograrm~~ to generate an interrupt every 25
ins, the ~~ttcTn line on the CR1’ is deleted arid the cursor positioned at r~ i
2 column 40. At this point , the ejection sequence begins .

2.2 Ejection

The t~o major functions performed by the microprocessor to control the
ejection are the timing arid sequencing of the ejection events and the
out~ it of cani’~nds which will effect the execution of each function.

Each sequence of ejection functions , except sequence D (see Table 2.3) ,
is executed repeatedly until the time that the next sequence is to begin.
After each execution of each of the first three sequences , a driver routine
is entered which performs the timing arid sequencing as fofl~~s: -

For the first .55 seconds after ejection, the microprocessor receives an
interrupt every 25 ins . These interrupts are counted and the ni,.~nber stored
in menDry. At ~~ .55 (where T= total elapsed time since ejection ) the
number of 25 ins interrupts is stored in meiory. The interrupt counter is
cleared ar id used to keep track of the ntrnber of 2.5 ins interrupts that
Timer Ti will r~~ generate until seat/occupant separation. Using the
value in the interrupt counter , the time of the next interrupt (T~~ ) is
determined .

If ~~ < .3 seconds, the driver routine prepares so that the subroutine
enabling the execution of the functions in sequence A (E.rrRI~:) will beindexed when the next interrupt is received .

If .3 seconds < T ~~ < .55 seconds, the driver routine prepares so that the
subroutine enabling the execution of the functions in sequence B (CIPLTRIN:)
will be indexed when the next interrupt is received.

If T~~ = .55 seconds, the dri 5er routine programs the timer Ti to generate
an interrupt every 2.5 ins after the next (arid last 25 ins ) interrupt is
received arid sets up so that the subroutine enabling the execution of the
functions in sequence C (R~C1’SEQ:) will be indexed upon receiving that
interrupt . Since the oni function in sequence C to be executed at this
tis~e is to ignite the rocket, (this is the only time this function is
executed) , the driver routine also sets a flag, indicating this to R}0rS~~ .
If .55 seconds ‘

~ 
< 2.05 seconds , RKTSEQ is indexed . At T= 2 .05 , se-

quence C is executed for the last time and control is passed inmediately
to the suroutine controlling sequence D (PARSEP:). If the tiire of ~xi rachute
thsreef1ng /seat/occupa~t separation is T= 2.05 seconds , these t~~ functions

—22—
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uP EJECTION SEAT F E A S I B I L I T Y  DEMO

Emergency 02 Generat ion
Inertial Re el Firing
Neck Bla dder Inf lation
Hi p Thruster Firing
Canopy Re mo vel
Gyro Spinup
Seat Re lease
Catapult I n i t i a t i o n
Rocket  I n i t i a t i o n
Rocket  Gi rn b a l l i n g  I n i t i a t e d
PCEM Fired
Rocke t G i m b e l l i n g  Comple ted
Parachute Disree fed
Seat/Occupant Separated

r ************* ************************

TO B E G I N  DE MONSTRATION , PRE SS ‘E’

Figure 2.13 Feasibility Dexz~nstration Display
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T~~ifl~G/SF~ Jfl~CING ~~~~
‘ E~J~~TI~~ SE~ 1’ FUNCTIONS

Seq’ence Function Tine Initiated

A - Ejection Secuence
1. ~~ergency 02 ratio~
2. Inertial Reel Firing
3. Neck Blader Inflation
4. Hip Thruster Firing
5. Canopy R~~~val
6. Gyro Spin-Up

B - Catapult Sequence
1. Seat Release t

0 
+ .3

2. Catapult Initiation

C - Rocket Sequence
1. Rocket Initiation to + .55
2. Rocket ~~tor Gizrballing
3. PC~ 1 Firing t0 + 1.85

D - Descent Sequence
1. Parachute Disreefing to + 2.05/to + 5.05
2. Seat/Occupant Separation

Table 2.3 Timing/SequenCing of Ejection Seat Functions

— 24—
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are executed arid the ejection is canpiete. Otherwise , as each 2.5 ins
interrupt is received arid counted, control is passed directly to PPIRSEP
which ~~its until T= 5.05 seconds to execute the f inal sequence to can-
plete the ejection.

To effect the execution of each of the ejection functions on an actual
ejection seat syst~ n , the microprocessor ~x uld ou~~ut a caitnand ~.ord to
a specific port . Thi s port s~ uld interface with specially designed hard-
~~ze that ~~uld convert the digital da ta to an analog signal which in
turn would enable the desired event . This process is simulated in the
d~ roristratio n program (subroutine SçUIB: ) as foll~~s:

The microprocessor outputs the three character ASCII sequence 00001000 2(backspace ) , 000010102 (line feed) , 001010102 (*) to the CR1’. This
causes ~~~ 1 * 1  character to be displayed next to the function being ex-
tracted indicating its s~~cessful completion .

— 25—
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3. ‘1~~ VE~~ICAL S~~KI~~ ~~NEUVER

The imple~entation of the vertical seeking maneuver , the rrost critical of
the ejection seat functions to be controlled by the microprocessor , is
based to a great extent on the work done p r e v i o u s l y  by pe r sonne l  at the
Naval Weapons Center , China Like, CA . The following discussion describes
the vertical seeking seat program as designed, coded arid tested at NW ,
and indicates where rrcdifications had to be made for inpierrentation in
the deitonstration program.

Simply stated, the purpose of the vertical seeking maneuver is to insure
that the seat/occupant system is in an upright position and traveling in a
vertical direction . The microprocessor accarplishes this by properly
gizthalling the rocket rrotor according to information describing the initial
orientation of the seat/occupant system and by continuously rronitoring the an-
gular rates of the system a~~ut all three axes. For testing purposes , the
initial orientation of the seat/occupant system is predetermined and essentially
hardwired in the rrerory of the microprocessor by storing the direction
cosine of the angle of each of the axes of the seat/occupant coordinate system
to the vertical . These are updated contini.~ usly throughout the maneuver
using the rotational rates, and the direction cosines are then used to
calculate the rocket girnballing ccrrrnands. Girnballing the rocket rrod.ifies
the orientation of the system ar id the rotational rate s , which in turn
cause the microprocessor to irodify the direction cosines and , ultimately ,
the rocket gixrballing. -By this circular process , the system is stabilized
as it approaches the desired or ientation .

3.1 The Vertical Seeking Algorithm

There are five basic steps catprising the vertical seeking algorithm:

1. Input Rate Data
2. Integrate Rate Data
3. tJ~x1ate Direction Cosines
4. Calculate Rocket Giinballing CatTnands
5. Output Pocket Gimballing Carwands

3.1.1 Input Rate Data

Attached to the ejection seat are gyroscopes which sense the rate of ro-
tat.ion of the seat~occur ar~t around the yaw , Ditch and roll axes of the seat/
occupant coordinate system. A voltage level prop ortiona l to the rot ationa l rate
is sent fran the cyrosco~e to an A/C converter which outouts ca lemenoar
twos carp leirent (dC ) digita l data to the microproce ssor. This data is
then converted to obtain the twos carpleirent form used in the procra~~.Three examples of this conversion process for a typica l system are shown
in TabLa 3.1. As presently ixrple rre nted , rate data is sampled every 1.25

every 2.5 ins an interrup t is generated to the microprocesso r , at
which t ine the previous two sai~ples (which have been buffered) are read
arid processed . Thus , every 2.5 iris , six words of rate da ta are input by the

— 2 6 —
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Asstire the following gyro characteristics :

range: ± 500 deg/sec (8.72 rad/sec)

full scale deflection: ± lOv

- Rate—Gyro -.Analog Data _~A/D-b C’IC Data P-~ I’~~s Comp

5000/sec ( 8 . 7 2  rad/sec) lOv F800H O7FFH

00/sec (0 rad/sec) Cv 0000H

— 500°/sec (-8.72 rad/sec ) —lOv O7FEH F8O 1H

Table 3.1 Angular Rate - Digital Data Conversion

— 2 7 —
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microprocessor - 2 each for yaw rate (r) , pitch rate (q) arid roll rate
(p) .

3.1.2 Integrate Rate Data

Integration of the rate data with respect to tine allows the microprocessor
to keep track of the rotation of the seat/occupant system about each of the axes.
(Note that three separate integrations are required.) The integration scherre
is based on the following formula for the trapezoidal rule :

A=½~~h (y1 y2+2y3+ +y~ ) (1)

The above ~~s rr~~ ified slightly to give the following formula :

(2)

where y~, corresponds to ~~~ q~ , or p~ for a particular tine t given by:

i = 1, 1200
t (n~ nber of ins after beginning of maneuver ) = 1.25 ( i)

Sirx e data is sampled approxirrately every 1.25 ins , ~ h = 1.25.

To perform the next step of the algorith n (u~~ate direction cosines) , the
program does not actually need to 1Q~ow the arrount of rotation about each
of the seat/occupant axes but only when the rotation has exceeded a predefined
angle. Thus the A in eq. (2) is not calculated in the program but has been
predetermined to insure that the left side of the equation becoires a con-
stant against which the right side is tested . A is defined as the max-
imtin angle that could be generated in one sampling period if rotating at
the maxi~~n rate that can be sensed by the gyroscope. In this case , the
maxirruti rate is, 8.72 rad/sec and the samp ling period is 1.25 ins ; therefore
A = .0109 radians. Given the scaling used in the program, the left side
of the equation is determined as follows:

A = .0109 radians = 07FF16 2047 10

2A = 2 (2047 ) = 4094 
= 327 CCOST~ 1.25 16

If hos~ever , the seat/occi~ ant system is rota ting at the maximum ra te in a neg-
ative direction (-8 .72 rad /sec) :

— .0109 rad such that

~~ = -CCO = F343 -16 16

—28 —
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Thus , the following three equations define the three integrations per-
forxr~~ in the program:

÷ CC O = (0+r1)+(0+r2)+ (r1+r3)+(r2+r4)+(r3+r5)+(r4+r6)+... (3)

+ ~~0 = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (4)

= (O 1)+(O+p 2 ) ÷ ( p,~,+p3)÷ ( p2+p4 )+ (p 3+p5) + ( p4+p6 )+ ... (5)

When the system has rotated at least .0109 radians in either a positive
or negative direction around any of the 3 axes the appropriate direction
cosines are updated and the corresponding test value (± C’CO) is subtracted
fran the sum; the integration then continues as before.

3 .1 .3  Update Direction Cosines

Irr~larentation of this part of the vertical seeking algorit~ n is based on
the Cr~~~er Hession Direction Cosine U~~ating A1~crit-’c~ as follows:

C31,a = C31K
C32 ,a = C 32 , K ‘

~~&z 
C3i ,~<

C33,a = C33 1 K +_

~~~~~
, C31., K

= C31a ~~~~~~~~~~~~ ~~~~~

C3 2 b  = C3 2 a
C33,b = C33a  ‘~~~x C32,a

C31,K+l C31,b ~~
e y C33,~

C32 ,K+l = C32 ,b ~~~~ 
C3 3 b

C33,K+l = C33 ,b

where:

C311
C32 ,C33 are the three d~rectoon cosines D31 C

32 33 
sho~r~

Figure 2 .2 .

K , K+1 designate points in ti re ;

a ,b are values for inter ~~~fia te calculations used in arriving ~t
the next ~cLnt in tine , arid

~~ ~ are the angular displaceirents of the ~yrO S.
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Toe ~~~ 1aca~en~ s ore r seooe~3 by a ~~~‘o~r’ to~~e w e - t  ~ 9 - hoch has
e - toocol fo~ t 2 ° , . haro :s ~e:eto o-af c’ toe 3-i~t C  o~—e aod the
•±to~. value of toe ar.-~tiLar rates .

To o ~inaze the resolutico of this q~uoototy the s:ze of the g-uant~r’ .-:aight
is re:o:~~~e.~ cc be as roall as ccssi.ble cut ce ~ar-rer than the oax—
Ltto ’. rctat~cn cyer toe sao~~~e ~eraod . van a •:a~~ c angul ar velocity
of E. ’ rafanns , sec and a sarnle t~oe of 1.23 : 1 O - ~ seccods, the ~to1lest
suant~r. stoc toat wcui f. be laczer than -toe a.-ouo ar~ular d:splacereoz of
toe -~rcs ( .0109 rd .) is 2~~ raf aans (= .0136 r ad .) .  Toe c’annt~ t size

the ~rcgran is 2—~ (~ .0073 rad.) .  
-

--er-: 2. 3 ~s (w:th each tote~~ upt) thas a1cor~ is rrccessed twice , once
car e-acn of toe t- c sar-toes C: ~~~~~~~~ ~~~ :- ~~~cess~~-; tre alcortton ,
-~~ -~~ ~ ~~ , L are te onned cv toe nte:ratacn of toe ro on.al rates

around the x, y -sod z a -:es rescectovely , as follows:

~cr each axis ,

if the s-~saen has rotated Le~~ cosr. .0109 radians in either
a cs:arve or necative haroczaori , the ccrr es odao;

the system has rotated at least .31~~ radians in a ~csitive di—
rectoon , the corresnooding ~~~.= 2 ’;

toe system has rotated at least .3 109 radians in a necrative di—
rectooo , the ccrrescxoodar.g

:~ the - :-torar’ , there are three b~tes of memory used as flag vords (?Lfl~C ,
LJ~:), each of ..htch to set to toe of thr ee values (00, 01 or PT)

toe rite cona to ~otarta:ed . Toe taco-ran coem uces the alue of the
cer-otos ~‘-oco of toe ahoy’s ruoree values ~0O, 2” , — 2 )  wull be
P’ ire 3.lj .

?nc- :st :vor-~l1in~ -:~~~~-ds

~~o ccr-r-aois , a :cl  cr-omar i ard a t~:tco coc oand , are c uozut to ;imbal
t.-e  rtc-:at and .ce :aLc~~ atad -;er ’ str actot fon hal- - as iic~ s:

cv treat dehanataco, _oe i:recta:o c:stoes are s r-usci~fo1 , a coo—
too: 1o.-. ~~sed to trem — ould :e s-or:ct . u-.ear . loot-s ore
~:snto:: rec:cos of seat at tozuac woere haf ± er eot ccotrol a rt-ecos are to

-ahace. Far :t, an in o-:erted atta t-ine ~~~~~~ < 
~~~ 

< 9C-~~) a larre
to z r :  toe seat uor:aro . :~ th:s :ezc:o , D33 to

:l.-.:vz nos:tave , .-.-oereas 23L and D32 -.-:a 1 var-: fran zero -.~oeo , ,  = 30

— I - -;oso ~-, = ?‘
~~~~~. 5a-cood , an toe uzrachc at tatu de ( C~ < : ,~~ < 270~~,

t a- -s an~a::-:2 - tale 231 ao0 ::: ac~~n var-.- -.;ee -~ -~ 1. The con—
tr:l law as som- r. to F :gure 3.2. —
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00 00 ~~
- System has not rotated at least .0109 radians in

either direction around the x-axis. -

01 2~~~ ‘- System has rotated at least .0109 radians in a
positive direction around the x-axis.

FF -2-v System has rotated at least . 0109 radians in a
___________ 

negative direction around the x-axis.

00 00 System has not rotated at least . 0109 radians in either
direction around the y axis.

01 2~~ System has rotated at least .0109 radians in a positive
direction around the y-axis.

- -2~~ - System has rotated at least .0109 radians in a negative
- direction around the y-axis.

00 00 ~~- System has not rotated at least .0109 radians in
either direction around the z-axis .

01 2~~~ System has rotated at least . 0109 radians in a positive
direction around the z-axis .

FF -2~~ System has rotated at least . 0109 radians in a negative
direction around the z-axis .

Figure 3.1 Quantum Control Chart
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- D33�0

D33<0 i~ ll Comr~nd = -D32
Pitch Ccirrnand = D31

- 

~D3l~ > I D32 1

~~~1l Carinand = -D32

Pitch Ccrrinand = sign D31 (2— I D31 I
~D32?~~ 1D311

~~~11 Carinand = sign D32 (2— 1D32 1 )
Pitch Carinand = D31

Figure 3.2 Control Law
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3.1.5 Output Rocket Girnballing Cam~ands

The seat-rocket nt tor arrang~ rent as iinpl~~ented at N~C is shown in Figure
3.3. It can be seen that the rocket n~ tor can be giinballed + 16° in t~~dizectirns.

The ~~~ conrnands are ~~tput to a D/A converter , which in turn outputs a
signal causing the rocket to rtove a certain angle. That angle is ueasured
not fran the current position of the rocket but fran the neutral position.

3.2 Si.~rrnazy

Viewing the vertical seeking maneuver as a closed lcop process as discussed
in Section 3 , it can be seen that the primary problem in implerrenting it in
the feasibility derm~nstration program is that , although it is possible to
sinulate the input of the rate data , perform the required calculations to
generate the rocket n~ tor gimballing caiinarids and display the outca-re of
these catmands , the feedback effect of the rocket girnballing on the orienta-
tion of the seat/occupant system and on subsequent rate data is missing. It
is not possible then to determine on the software development system whether
the carrrands generated ~culd produce the desired trajectory. Ho~~ver , using
the rate data recorded at N~~ , China Lake, it was possible to verify to a
reasonable extent, the accuracy of the vertical seeking maneuver by inspect-
ir~ the direction cosines of the final orientation . These are shown for both
the 90° roll test and the 180° roll test in Figure 3.4. As stated in Section
2.1.7, same inaccuracy is expected due to the way in which the rate data was
generated.
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900 Roll Test Final Orientation

D31 = — .184 -
~ c~31 100.6° -

D32 = .004 -‘ c~32 = 89.77°
D33 = — .969 -

~ cr33 = 165.69°

180° Roll Test Final Orientation

D31 = .164 -
~~ ct31 = 80.56°

D32 = .089 ÷ a32 = 84.89°
D33 = — .970 -

~~ ct33 = —165.93°

Figure 3.4 Results
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4.1 PI~X~RN4 LISTING
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V~ T~~~.D E M 9/29/7d PAGE I

0I0~) ORG I OOH
0 ; c i  c~0 NOP
‘3 1 0 1  F3 D I
C1 ’;2 31’1~— 3 7 L X I  SP ,NEED3 ()
G I O D  CD2 OO I CALL I U Z ~? ST75
010~3 01)320 ! CALL I N Z f M P S

~fl03  CD~~4 O I  CALL I N Z D S P
-31 0E CDJCC LS CALL CH OICE
0 1 1 1  C[)O C0 I CALL II~1ZDSK
0 11 4  CD9CO I CALL IUZVRBLS
0M 7  CDFEO I CALL INZRDATA
O HA CD9[~O5 CALL INZDPFTM
0 1 1 0  CD540 1 CALL. INZD SP
-) 2’~ C02F07 CALL INZDEM ()
J ?23 034ó0 7 JMP EJKE’1

I NZ P ST75 :
;
;SET UP RST 7.5
; ( CA~~ OT LOAD PR OM I 1-ITO LOC 3C

~,!2o 213000 LX I N ,3CH
0~ 2-~ 3503 MV I M ,OC3 F-1
0 1 2 3  215007  L X I  H , SE O SRT
‘)12~ 223000 SHLD 3DH
0 1 3 1 C9 RET

I NZTMRS :
31 32 3E40 MVI A ,40H
0! 34 03F3 OUT OF3H
0 3 6  2103 01 LX I H ,OD IO3H ;MODE SET

• 0!39 3630 MV I M ,30H ;T0 ,M0
0~~~~3 3670 M VI  ?A , 70H ; TI , M0
0~~3~ 3680 MVI M ,OBOH ;T2 ,M0

— 0 1 3~ 28 DCX H ;T2 LOC
0~ 40 360 M VI M ,1 ;l/2 US
3142 3600 MV I M,0
C~~~4 2~3 DCX H ;T1 LOC
3 1 ~,5 360 1 ~VI M, 1 ;1/2 US
3 147 3500 M V I  M ,0

-
~~~~~~~~~ 23 DCX H ;T0 LOC

~~~~ 3601 M VI M , I ;i/2 US
C 3600 MV I M ,0

;CL EA R U~’ 1VIANTE L INTER RUPTS

3 i 4 r - ~ 33I ~3 MV I A , I E3H
0 150 C~~~~07 CALL S I 1 M
0~~2~ C’) RET

ruzusP:
;CLEAR SCREEU , USE 40 CLMN S. ,

USE UP P~~ A~4D L~~~EP CA S E
• -~~ ~~~

- - CIY’~~ 
-
~ CALL oFft3JH

0 1 : 7  •1~~~ 2 M V j  A , 1~~r1
I ~ ~~~~~~~~~~~~~~~~ CAL! . OFdO 3H ; 40 CI LkI N S

M V I A ,43~I
CALL 0~~S-~-J H

C t I  ~ MV I A 1 I U~1
C A L L  OF— t~03 . ; l

— .~V 1 A , ~~~
—38—
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VRTSK .DEM 9/29/78
•
1 -

~~

3 I ’~3 CDO3F8 CALL. 0F~i03H
0 3 6 E 3  CY flET

1NZDSK:

;IU IT IAL IZE FILE CONTROL CLOCKS
;A ND OPEM ALL FILES

OI 6C 210042 LXI H,FCBR D I
‘ 016F 3600 MV I M ,0

017 1 O IOCO O LXI B ,12
0 1 7 4 1 E03 M V I  E , 3
0 17 6  1 6 1 6  M V I  0 , 22

- LPM:
0178 09 DAD B

LPS:
0172 3600 MVI M,0

- 0 173 23 INX H
017C 15 OCR D
0 170  C27901 JNZ LPS
0180 1 61 6 MVI D ,22
C 182 2B DCX H
013 3 ID OCR E
0184 C27801 .JNZ LPM

‘
~ 0187 OEOF .~V I  C ,OPEN

C 15 -7 110042 LXI D,FCB~D 1
0180 C2I0500 CALL BDOS
01 SF - 112142 LXI D , FCBDRFT M
0 192  CC0500 CALL BDO S
0195 1 1 4 2 4 2  L X I  D , FC BDE MO

-
~~ 0198 0:0500 CALL BO OS

019B C9 RET
INZV R3LS :

‘
~ 0 190 AF X R A  A

01 90 210000 LX I H,O
C I A O  32F84 1 STA DCCT

-“ 01A3 32F441 STA SEQI:4DX
O I A Ô  22EA4 1 S!-ILD YA~ R
O l A ~ 22EC4 1 SHED PICHR

‘ O IAC 22EE4 1 Si-ILD ROLL R
O lAF 220441 SHLD YSU MI— 2
01 82 22004 1 SHLD YSUM 2— 2
0 1~~5 22054! SHLD PSUM I —2
01B8 22D44 SHLD PSUM 2— 2
0133 22004 1 SHLD R SU M I— 2
O I B E  22D841 SHED RSUM2 — 2
O I C I 220641 SHLD YSU MI
01C4 22024 1 SHED YSUM 2

~ 01C7 22CA 4l SHLD PSUM I
OIO.A 220641 SHLD PSUM 2
0100 220E41 SHLD RSUM I
C I r o 2L ~A 4 I  ~~!L0 1~SU M 2
U I ~~3 3 2 TL24 1 ~TA Y A I N O
o!:-~ 1~Ji-.-fl 5T~\ P C I N C
O I L Y  3.J~- -~l -~ -~ k L I t ~ .
CI 00 322~ I Sf\ T~ 0 C;L
0 ?  ~)[ ) 1 :03R L X I  1-I , 38000

~~ 0!  ~ ~2 ! - - 4  I ~H LD SOP 11?
U I L -L1 2~~) -) 3 C L X I  , 3C dOI - ! 

~ -- ---3, 
~~~~~~~~~~~~~~~~~ -
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V R T S K .D E ~ 9/29/7 8 P A GL ~

0 l L ~ 22FC 4 1 SHED TLMPT R
U l E b  2 1E04 -\ LXI H,4 AEOO
01 EE 22F32 4! SHLD VSPF P
O I F I  21000 0 L X I  II , 00COH
0 ?  1-4 22— 04 I SHLD OPOS
01 F7 2140F3 LX I H ,0E3400
OIF A 22E2 4I SHED Q1’IEG
OI FD C-) RET

I N Z R D ATA :
;
;READ FILE ~‘IITN END POINTS
; AND I N TERPOLAT E To GET
;1200 PIECES OF DATA EACH FOR
;YA ~l,PITC}-i AND -ROLL RAT ES

OI FE 210036 LX I 8,36008
020 1 22E237 SHLD MOVPTR A
C 2 ~ 0603 ~MVI 8,3

SETUP IPS:
0206 0 E 4  MVI C ,READ

• 02C~ 110042 LXI D ,FCBRD I
0203 COOSCO CALL BDOS

;~ OVE 808 BYTES TO INT PTS.STORAGE

020~ 2AE237 LHLD M O VPT R
0- 211 113000 LXI D ,80H

MOVL OOP :
-3 2 14  I A  LDAX D
0 2 5  -77 MOV M ,A
02~ O 13 I N X D
02 i7 2 3 INX H
02~~’3 AF X R A  A
0219 BA CMP D
02 \ CA I 402 JZ MOVE OOP
221 0 22E237 SHED MOVPTR
022’J OS DCR B
0 2 2 1  C20602 J N Z  SETUPIPS

;SET UP TO I N T E R P O L A T E  YAM RATE DATA

022 ’~ 2 1 0 0 3 6  LXI H,BEOYIP
3227 22~~A 2 7  - SHED STRTPT
022 ,\  2 1E04 $.  L X I  H ,YRDAT A
2220 22E~ 37 SHLD STRLOC
0230 CLY~202 CALL LINT

;~~ET UP T~) I N T ~ RP 0 L AT ~ PITCH ~AT~ DATA

0 22 3  2 7233 LX I H ,BE J PIP
~ :1Y- 2.~E A3 7 SHLD SF ~~fP T

2 !  L24 ’. LX I H ,P~!O-\T~
02~~~

2 2 2 L -  ~‘2 7 SHL~) STF:LOC
~~, ‘ 3 F  L:2~20’ CALL L IN C

~J2 ~~i t N T  o L A T ~~ I~OLL R A T E  UA~~’\

~ 2 h-~~ o LXI H , U L ~;R1 ~
—40—
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VRTSK.DEM 9/29/7a I A ; i ~ 1

- : 0245 22EA37 SHLD STkfPT
0248 21E44A LX I H,flRDAT A

~ 0248 22E83 7 SHLD SThLOC
024E CD5202 CALL L I N T
025! C9 RE t -

L I N T :

;F(X I )= (FOX I— F IX O + (F 1— F 0 ) *X I ]/E X I—X0 ]

0252 210000 LXI 1-1,0
0255 39 DAD SP 

- -  
-

0256 22Fo3 7 SHLD L 1 S V S P   - - - -

0259 31 F637 L X SP ,L -I- JU U - K 
0250 0 100-3 0 

- - 

L X I  8, 0000
025F 1 1 0 1 0 0  L X I  D , 1
02 62 CS PUSH B
0263 D5 PUSH 0

-
~~ 02 64 CS PU SH B

02 65 2 A EA 3 7 LHLD STRTPT
0268 P9 SPHL

LILOOP :
0269 El P(~P H ;F0
026A 220 137 SHLD MLTP2
026D. 22F837 SHED FZERO ; FOR LATER
0270 2AF437 L F- iLD XZE R O
0273 331 4 M V I  A ,20

-
~~~ 0275 85 ADD L

0276 6F M OV L ,A ;GET XI
02-77 7C M O V A , 1-1

‘ 0278 CECO AC t 0
027 A 67 MOV H , A
0273 220737 S#LD MLTP 1 ;F0 X X l

~~~
‘ 027E 2 100 00 L X I  H , O

— 

0281 39 DAD SP
0282 223 637 Si- LD T M PSP

2

;SA VE STACK PTR B EFO R E CALL MULT

0285 310F37 LX I SP ,SCRATC 1—f
0288 009403 CALL MULT

PRODUCT OF MULT = FO X X I

0268 2 A - 01 37  LHLD ANSL
- . —. 

~~~~~ 
-
~

-
~~~r’~~~7 Cu

‘-~~~~~ -~~— ~~~~~~ ‘__ _j
0291 2A233 7 LHLD ANSM
0294 22~~E3 7 SH LD F O X I M

~ ~297 2AE ~~37 LHLD T M PS?
029A F’) SPHL
0298 El  POP H ;GET F l

~~~
‘- 0290 33 DCX SP

o:co 3H DCX SP ;=!-~X F F0
• 0 2 ) E  2 C 1 3 7  S:~L3 a LTP 2

O 2 A I 2~~ A37 SH L D l~~~~
222  2A H t 3 I L-~L0 X L E :~()
02A 7 22 -2 737 S H L f l  .~L2P I

;N~CXT xo = 2u1fl~E N 2  ~‘J + 3~3

—4 1—
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‘/PISK .DEM 9/29/fl PAGE :~

O 2A A 1 11 400 LX I 0,20
O2AD 19 DAD -D
O2 AE 22F437 SHLD XZE~w
028? 210000 LXI 8,0

& 0284 39 DAD SP
02R5 223637 SHLD TMPSP
0288 310F37 LX I SP ,SCi-~ATCH
0233 CD9403 CALL M UL T

;PR OD UCT FROM MULT = Fl X X0
- ;

;NO ~ COMPUTE FOX ! — F IXO

0233 2AF03 7 LHLD FOX IL
020 1 33 XCHG
0202 2 AF E 3 7  LHLD F O X I M
0205 ~~) MOV C ,L
0206 44 MOV B ,H

;BCDE — FOX !

0207 2A01 37 LHLD ANSL
O2C A 7 MOV A ,L
C2C B 20 CMA
0-200 COO l A Ol I
02C oF NOV L ,A
C200 70 MOV A ,H
0200 2F CMA
0201 030-0 ACI 0
C 2 3  0/  MOV H,A
022 - ’. 22 013 7  SHED ANSL
022-7 2;0337 LHLD AN SM
02 0A 73 MQV A ,L
021)3 2F CMA
0200 CEO C Ad 0

02E 0 2F dM A
02E 1 CEOC ACI 0
0233 67 M OV H ,A
023L 22033 7 SHED A :JSM

; AN S M/ L  = — F l  X0

2 3 7  210137 LHLD •AN SL
023 ;  I~ DAD D
2233 222037 SHLD ~LSf

2 \2337 LHLD A N S M
0 T H  D2 - 50-2 JNC L I O N !

2~~ : 23 I N X  Ii
L I C N I :

- _ E~ C- ’ 3 A 2  B
5~L.) ‘- - -‘S~

;C :.~~J TL F ? — 00

~ :AF~~37 L H LP F 1LRU -42-
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V R T-SK. -~).~ 9/2~)/7d P/~1C~ /

O2FC 7D ‘40V A ,L
32 00  2F CMA

‘—~ C2FE 4F M OV C , A
02FF 7C MDV A ,H
0300 2F CMA

~~ 030! 47 MDV ~~~0302 03 INX B
0303 2A0137 LHLD FUM E

~ 0306 09 DAD B
0307 22E437 SHED F IM F O

L ISUBLP :

;COMP IJT E (F I—FO ) X x c r )

~ 030A 215437 LHLD F ! MOO
0300 220737 SHED ~1LTP l
0310 210237 LHLD IV AL

~ 0313 22C 137 SHLD ~LTP2
0315 23 INX H
0317 22F237 SHLD IVAL

-
~~‘ 0311 002403 CALL MOLT

;
;C O MP . ( F O X I — F 1 X O ) + ( F i — F 0 ) X  < ( I )

0210  2 15037 LHLD ALST
0220 ~ B XCHG

~ 0321 2A 01 37  LHLD ANSL
O32 ’~ 19 DAD D
3 325 22 20 37 S HLD DV ND L
0323 21353 7 LHLD AM ST
0323 33 XCHG
032C 2A03 37 LHLD ANSM

~~
‘ 0320 023303 JNC EICN2

0332 23 INX H
LICI-42 :

~ 0333 19 DAD D
0334 22 237 SHLD DVND M
0337 2 11 400 LX I H ,20

~ 0331 22~~~37 SHED DVSRL
333 0 212000 LXI 8,0
0340 22D637 SHED DVS RM

? 3343 007504 CALL DIVIDE

;000T.= (FOX I—F 1X O )+ (F 1—F0 )X X (I )  / 20
- , ;~~r-i ER E 20 = X 1 — X O

03~ 5 21 337 LHLD QUOTE
‘ Q3~i~9 33 XCHG

; STO~ E I N T E O ? U L A T E D  D ATA P Q I M T

LhL ) 5277 L2 C
(23- ~~

- 7 3  ‘~~~~‘‘ ‘  ‘-~ , 3
I~~X H

2 2 - 7 7 II - 9 j
~4 3

— I I M . <  FY 3 L 5To~~5 N5x ~ D . -~i A  P O I N T

-‘ —4 3—
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V~~TS( .DE A 9/ 29/7 -3  P A G E 7
(

0350 110500 LX I E~~
O~~53 1 9  DA D D
03~ 4 22E~ 27 ~ HLD ST~~L~~C

; I9 PTS?
02--~7 3AF 03 1 LDA cF k2 O

— 03~~•\ 30 I N R  A
035~3 320037 STA CT R2 O
0-353 7 3 3  C P I  19
i3 (- 02010 3 JUZ L I S U 8 L P

03~~3 IF X RA A
0354 32F037 STA CTR2O

-‘ 0~ 57 2 ;0A37 LI-ILD F ON E
03c1 33 XCHG
02 -5 3 2 13637 L H L D  STRL )C

; STQRE F l  AS 20TH P O I N T

0265 73 MD V M ,E
03-~F 2 3  INX H
0370 72 M DV M , D
3371 110 500 LXI D ,S
0374 l~ DAD 0
0375 223337 SHED STRL OC

;
;RESTO~ E STACK PTR TO I3~~~~~

~3N D PO INTS

-0276- 2A5~ 37 LH L T M PS?
-0373 02 SP#L
-1 370 2 A 2 2 3 7  L I-iLD I V A L
: 3 /~~ 2 3 I N X  H
03.6 0 2 2 02 3 7  SH LD I V A L

; H A V E  S C X 2 O  ?TS SE SM O E N E 7 A T E D ?

O 3 3  3 A F 1 3 7  L E A CT RO -O
036~ 30 I N R  .;
0 6 7  3 2 0 : 3 7  STA CTRSO
0331 P523 CP I 60
32-6 0 0 26202  JNZ LIL OO P
0-3~’-~ 2A F~ 37 Li-~LD L I 5 / 3 3
03~~2 ~29 SP H L

—5 - - -
‘J— ~~_) — - -

Z SRo ~0T ST 1/2 ~~~ Al.: C A R R Y  51.- S

3~~~ 2 1  T C~~-3 L A I  H , C 2 - 3
0~~7i  22032 ’ s:-~L2 .~N 3’
C - 1 ~-~-\ 2 2 5 3 7  ~~- : ~~~~ :~;~ s-~’

; 2 TET’ ~ S ION :7  1 : 4

( 1 ’ ’ ~~~ •
~*~~~ L H L D  -~L 7-’ I

70 ‘
~~~~)~~ A , H
L~ I~_~~ ‘L ~2

‘ -~~~. - -
‘ - X~~A H

OTA S I J N
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j VR TSK.DEM 9/29/fl ‘AOL

03A8 3EC0 MVI A , E3011

j -
~~ ;IF MLTP2 < O , MLTP 2=: -~LrP2 :

03 A1 A4 ANA N
) O3A S FC6904 CM

0313 CD7l04 CALL CHKZER ()
03B1 22C 137 SHED MLTP2

-
~~~ 0384 2AC737 LHLD MLTP 1

0387 .3E80 MV I A ,80H

;IF MLTP 1<0 , MLTP 1= :METP 1

03E9 A4 ANA H

~ 023 A F C 6904 CM TC 1Ô
O3BD C07 !04  CALL Cf-IK ZER ()
03C0 22C737 SHED MLTP I

; SA V E SP FOR R ETURN

~ 0303 213000 LXI 8,0
0306 39 DAD SP
0307 22C937 SHED MSVSP

;SET UP BIT COUNT

- 0301 3E ;I M VI A , 17
03CC 320037 STA ONT
O3CF 310137 LX I SP ,MLTP2

~~~
- MLTLP :

03D2 2 IFFFF LX I H ,OFFFF !-i
03D5 39 DAD SP

‘ 0306 35 DCR M
0307 014604 JZ MLPDONE

;PiJT TEST BIT I NTO CARRY

03D.A F l  POP PSV1
‘ -0206 0225-3 4 iNC BITO

BIT! :
0323 Dl POP D

~ -322 0 Cl POP B
0330 31 POP 8

;D=MST 1/2 AN S
B CAR PY SAVE

;H=IST MULTIPLI ER

;GET SUM ~ITHoUT CA RRIES

03E1 78 M OV A ,B
O i E 2  \-\ X RA D
C 2 E 3  AC X R A  H

-~ ~
‘.‘~~ )\‘ B,A

~ 03E5 7-2 ¼~ ) V A ,C
03E6 Ai3 X R A  E
23 E7 /- 1) X i , -\ L

— 03 E- -3 -:0 ‘ c ’’ C , A
Q 33L) 2I0 ;PF LX I H , 0F0~- .AH 

-~~~~~~~~~~~ - 
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VR T E~~.DEM 9/29/ 10 PA GE V
r

0330 39 DAD SP
0351) F9 SPHL

COMPUT E NE il -CARRY SAVE

0333 E l  POP H
O3EF 70 MDV A ,H
03F0 E l  POP H

‘ 03F1 A 4 ANA H
03F2 57 MDV D ,A
03F3 70 MDV A ,H

( 0304 E l  P OP H
03F5 A4 ANA H
0306 82 ORA D

‘ 03F7 57 MOV D ,A
03F8 70 MDV A ,H
03F9 2 IFAFF LXI H ,OFFFAH

( O 3FC 39 DAD SP
O3FD F9 SPHL
0303 E l  POP H

¶ 03FF A4 
- 

A NA H
0400 62 ORA 0
0401 57 MDV 0 , 1
0402 70 MDV A ,E
0403 E l  POP H
0404 AS ANA L
0405 50 MDV E,A
0406 7D MDV A ,L
0~ 07 E l  POP H
0408 15 ANA L
0402 33 ORA E
0401 50 MDV E , A
0403 70 MDV A ,L
0400 2 1FAFF LXI N ,OFFFA H
0400 39 DAD SP

-
‘ 0410 F9 SP H L

0 4 t 1  51 PoP H
0 4 12  15 ANA L
0413 33 ORA E
0414 SF MDV E ,A
04~~ E l POP H

MSTR:

;ST ORE N E N  P 5 ( I )
;STORE NE M CS (I)

0 4 1 6  2-5 PUSH 0
(2~~l 7  0’. PUSH B
3~’ . I~~ 32 DC X SP
:~~;~ 33 DCX SP
(‘ - - l - \  D l P iP  1)
0. 1 9  0 1  P oP Ii

; BC =P S~~i ) — — .’M S~ 35 S H I F T E i L) R I G H T
;~~~~

‘ I

I C -\ 0 P A A
—4 6—
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VPT SK .DEM 9/29/78 P A U L  10

0410 78 MDV 1,8
0 4 1 2  1 0 iRA 1~

~ 041F 47 M DV B , A
0420 79 MDV A ,C
042? IF RAU

£ 0422 4F MDV C ,A
0423 7A MDV A ,D
0424 IF RAR

4 ~ 0425 57 MDV D , A
0426 78 MDV A, E
0427 IF RAR

~ 0428 SF MDV E,A
0429 C5 PUSH B
0421 D5 

- PUS rI D
0423 023203 JM P MLTLP

B I TO :

;COMP UTE PS( I)

0425 Dl P op D
~ O-~2F Cl POP B

0430 78 MD V 1,3
• 0 431  Al X PA D

O~32 47 MD V B,A
0433 79 MDV 1,0
0434 18 XRA E

-
~ 0435 4F N OV C, A

043ó 35 DCX SP
0437 33 DCX SP

‘ 0433 33 DCX SP
0439 3B DCX SP

;C O MPUT E 05 (I)

0431 E l  POP H
~ 0433 70 MDV A,H

043C SD MDV E ,L
0430 El POP H

-‘ C43E 14 ANA H
0~ 3F 57 MDV D ,A
0~ 40 76 MDV A ,E

-
~~ 044! AS ANA L

0~~2 SF M DV E , A
0443 C3160 4 iMP MSTR

-‘ MLPD OU E :
;
;C OMPUTE P5 (N ) + C S ( N )

- p

O~ 46 23 I l I X  SP
04-~7 33 II4 X SP

~ ~~~~ E l  PUP 11
— ,

- - ~

3.~~ A 2- 2 DAD 13
‘ o-:~ o ‘:~ PUSH [~

P0011 U
~ - :. :D 7 \ ~:: .; 7 L U L D  V SVS P
‘.. ‘

~~
)  F -) 5P 4L

p — 47—
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VRT3K.DEM 9/29/78 PAGE I I

; D E T E R M t N E  PR O PER S I G N  OF PUOD !JCT

045 !  3ACF3 l LDA S I G N
045-1 E600 ANI ~ OH
0456 FO P P
0457 2AC 337 LHLD A II SM
0451 SB XCH G
0456 2 A C 1 3 7  LHLD AN SL
0455 000205 CALL T~lDSC OMP
0461 220137 SE-{LD AU SL
0464 EB XCHG
0465 22C33 7 SHED AN SM
04 63 C9 - RET

TC I 6:

; S U B R O U T I N E  TO TAKE TViO S COMPLEMENT
- ;OF 16 BIT ~1ORD HE

0469 70 MDV A ,L
0461 2F CMA

• 0468 50 MDV L ,A
0~ 6C 7C MD V 1, 1-I
C’~6 D 2F CM A
O 4óE 67 MD V H , A
04 SF 23 IN X H
0470 09 RET

CHKZE R O :
047 1  A F XRA A
0472 BC CMP H
0~ 73 CO RNZ
0474 60 CMP E
3475 CO RNZ
3L~75 210000 LXI H ,0
0~~70 220137 SI-lED AN SL
C~~7C Cl PoP ~047D 09 RET

D I V I D E :

;DIV IDE BY REPEATED SUBTRACT I ONS
;TH EN R O U N D  0 0 0 Tt E N T  TO N E A R E S T
;INTEGE P

0475 2 IFFFF LX I H ,OFFFFH
045! 22D~ 37 SHED QUO TE
I3 43 Zt 22DA37 SHLD QUOTM

;DETEP M INE SIGN -OF QUOTIENT

0’~’-7 220o37 LHLD DVS i?M
• 0-? ~~ 70 M ( ) V A , F-!

• iJ- SH 2 A 2 2 3 7  L H LD DVN0 ~t
Ui 20 10 X R A  I
3-~ -O 7, ? U 0 3 7  STA S f J l - ~

; I F  OV H < - ) , E T V M [ =

~‘ Jo - 0)  / A , H
L
~~

;(
~ 

A N t  50) 1
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0495 F2A6 0 4 JP CK DV5! ~0498 EB XC HG
~
J 0499 210037 L H L D D V U DL

049C CD 0205 CALL T~1U0 CDMP
0490 22D037 SHLD DV N DL

~~~~ 04A2 EB XCH G
0413 220237 SHED DV N DM

CKDVS R :

- 

- 

- 

- ; I F  DVS R< O , DV 5R = :L ) VSR

~ 0416 2A0637 LHLD DVSRM
0419 7C MDV A ,H
O4AA E630 AN ! 60H

~ O4AC F2BDO 4 JP DOCKS
0410 EB XCHO
0450 210437 LHLD DVSRL

~ 0463 000205 CALL T;~U ) SCOM P
0466 220437 SHED DVSRL
C~~B9 EB XCHO

~ 0431 220637 SHED DVSRM
DOCKS :
;
;I 5 DV SR O U R  I?

0430 EB XCHG
‘ 043E 210437 EHED D’/SRL

0401 EB XCF-{G
0402 AF X R A  A

‘ 04C3 B4 ORA H
0404 65 ORA E
04C5 62 DRA D
0406 C2D204 JNZ CKDN O
0409 83 O RA E
O4CA C A O I O 5  JZ

)  040D FEO I CP I  1
0400 CAEBO 4 JZ DIVONE

CKDNO :

1 - ’~f ; I v  DVN D =0 , Q UO T = 0

I 
‘ C~ D2 AF XRA A

0433 2A0237 L I-lED DV NDM
0406 53 XCH G

-‘- O~~27 21:037 LHLD DVNDL
O4DA 32 ()RA D
0405 B3 ORA E

-‘ - C~~DC 54 ()RA H
042-0 55 DPI L
-0423 023405 JNZ SETUP

-‘ QUOTa : —I

-3401 2IG000 LXI H , 0
p4 54  23 i 137 SHED CUOFM
3- : ~7 23 H 37 5i -ILD OLJ (j Th
(
~-~S1 CV ~[iT

3 1 7  N E :
.
~~~

• ;

; I F  JV 1 -~= I , 55O I = 1) V N D

“I —49- . /
/ 

‘.~~
..- -.

~
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04E8 2AD237 LHLD DVNDM
O4EE EB XCHG
04E0 210037 LHL D. DVND L
O4~ 2 3ACF3 7 LDA SIGN
04F 5 AA X R A D
04F0 FC0205 CM TVIDS COMP
04F9 22D837 SHLD QUOTE
O4FC EB XCHC
C4FD 22DA3 7 SHLD OUOTM
0300 09 RET

DIVZER D :
oso: 76 - HLT

D’IOSCOMP :

;SUBR DUTINE TAKES 2’S COMP.
;O F 32 BITS IN DE H L

0502 70 M DV A , L
0503 2F CMA
0504 060 1 AD ! 1
0306 OF MOV L ,A
0507 70 MDV A ,H
0508 2F CMI
0509 CEO O AC ! 0
0503 67 MD V H ,A
0500 73 MDV A , E
0-5-3D 2F CMA
-DSCE CEOO AC! 0
0510 SF MDV E ,A
051 1 7A MOV A ,D
0-512 2F CMA
0~’I3 0 00 AC! 0
0~ l5 57 MDV D ,A
0516 C9 RET

I NCQUOT :

;INCR . QUOT WI TH EACH SUCCESSFUL

1
O5~~7 210837 LHLD QUOTE
O5
~
A 70 MDV A , L

0 3 1 6  CoO l ADI I
/ O S I D  oF MDV L , A

U S l E  70 MDV A ,H
0 0 0  CECO A Ct 0
O 52~ 67 MD V H , A
O~ 22 22D 837 SHED QUOTE
O~~25 2 1013 7 LHLD QUOT M
C’~~28 70 MDV A , L
O~~22 cEr ~0 A Ol 0
0~~~S ô —  M D V L , A
032 0 7-0 M DV A , H
(7)~ D 030U 101 0
C~~J 0 67 MD V H , A
ft - ~O ~~2 A 3  SE I L D C U O F  -~

• ,—
‘ 

_ •- , ,._
~ -~ ~~~ .

SE CUP :
—50—
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;SET DVSR = —DV SP To DC ) SUBTRACTION
f

_
-I - -

0534 2A0637 LHLD DVSR M
0537 ES XCHG-

~ 0538 2A0437 EHLD DVSRL
0536 C00205 CALL ThOS CO M P
053E 44 - M DV B ,H

~ 0520 40 MOV C , L
DIVLP :

- 0540 CD1705 CALL INCQUOT
) 0543 2AD 037 LHL D DVNDL

0546 220037 SHED REML
0549 0 9  - DAD S

~ 0541 22D037 SHL D DVNDL
0540 210237 LHED DVNDM
0550 22DE3 7 SHLD REMM

3 0553 70 M DV A , L
0554 8B ADC E
0555 O F MDV L , A
0556 7C MDV A , H
0557 81 ADC 0

- 

0558 67 MD V H , A
0559 220237 SHLD DVNDM
055C DA4 00S JC DIVLP
05SF 213037 LHLD REML

~ 0562 70 MDV A ,L
0563 17 PAL
0564 oF MDV L , A

-‘ 0565 7C MDV A , H
0566 17 PAL
0567 67 M DV H , A

~
‘ 0568 223037 SHLD REML

0568 2ADE37 LHLD RE MM
-056E 7D MDV A ,E

- 056F 17 PAL
0570 60 - MDV L ,A
0571 7C MDV A ,H

‘ 0572 1 7 PAL
0573 67 NoV H , A
0574 22DE37 SHLD REMM

‘ 0577 2AD0 37 LHLD REML
057A 09 DAD B
0578 210E3 7 LHLD REMM

~ C57E 70 MDV A , L
057F 83 ADC E
0580 7C MD V A , H

~ 0581 81 ADC D
0582 DC 1 705 CC INC QUOT
0585 3ACF3 7 LDA SIGN

‘ 0583 E680 A N !  SOH
: 050\ FO PP

C5F~6 210137 ERLD QUOTM
- 0~~~E E~ XCH G

05SF 2 10337 LHLD OU C)TL
0592 CL)0205 CALL TNOSC OM P

~ C595 22083 7 SHLD OUO TI .
0598 ES XC HG

—51—
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VRTSK . OEM 9/29/78 PAGE 1 5
t

0599 22 0A37 SHLD QU OTM
0590 C9 RET

INZDRFTM:

;CET INIT IAL ALTITUD E AND SPEED

~FRO M CRT AND DETERMINE
;PARACH UTE D ISREEF It-IG TIME

0590 0E14 MVI C,READ
059F 1 12 1 42 LX I D,FCBDRFT M
05A2 CDO500 CALL BDOS

GETALT :
0515 118000 LXI D,80H
0518 0E09 - MV ! C , P R It I T
OS AA 000500 CALL BOOS

ROALT :
O5AD OEOA MVI C,INLI N E
OSAF 116041 LX I D ,INB! J F
05~ 2 CDO500 CALL BOOS
05B5 216 1 41 LX I H,INBUF +l
0568 7E MDV A ,M
0539 FEOS CPI 6
05 23 4F MDV C , A
OSSC D2 1 F0 7 JNC A I N V E N T
053F 23 INX H
03C0 003706 CALL AS BCD
0503 DA I FO7 JC AI NVENT
0506 11 6 1 4 1  LX I D,INBUF + ?
05C9 I A  - LDAX D
O5CA 13 INX D
OSCB D605 SUI 5
OSCD OEOS M V I C , 5
0300 21744 1 LXI H,IN3UF+20
0302 00090-5 CALL PREP
0505 21744 1 LX I H ,IN S UO+20
0508 110000 LX I D ,O
0503 C2000S CALL TNT rIOUS
050E 22364 1 SHLD ALT
055) O I A F B 9  L X I  B , — 1800 l
C5E4 0~ DAD S
OSES DA~ 007 JC A I N V E N T

;OET SPEED
CE - E~ 3509 •.)VI C ,PRINT
O5EA H AEOO LXI D ,OA E~
0502 000500 CALL BOOS

RDSPEE D :
0500 1160 4 ) LX I D , I N B U F
05F3 OEO A -IV E C , IN L INE
05F5 000500 CALL BD~ S
05 0 3 2 1 6 1 4 )  LXI H , I N 3 J F + l
05 = 75 MC ) V A , -i

05~- -2 F~ O4 CPI  4
05F-E -~~~ MD V 0 , 1
0500 ~~2 7- ?- 7 iNC S L N - / ~ N T
C~~3. 2~ I N X H
C- ~- 3  C~~~13~ Ct LL A~~’~~~C~~’~- 012 ‘0 i~ JO SrN ~~ Nr
c o - : -

~ 1 1 o 4 j  LXI  D ,i~~-~~iF +l
~
.1 - T • - ‘ -  - -

~j~~~~~
I 

~ L I HX  H

- —5 2-
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VRTSK. OEM 9/29/78 P .- . UL
• 1  

-

~~

060D 13 INX D
GaGE D603 SU 1— 3

~ 0610 0E03 MV ! C,3
0612 21744 1 LX I -H , IN [3UF+2 0
0615 CDC8O6 CALL PREP

~ 06)8 21744 1 LX I H , I N B U F ÷ 2 ( )
$ 0616 110000 LX I D, 0

O S I E  CDF BO6 CALL HU NDS
~ 0621 22684 1 SHED SPEED

0624 OIA7FD LX I B ,— 601
0627 09 DAD B
0628 012707 JC st t - IV ENT
0628 2A664 1 LHLD ALT
062E 0150C9 LXI B ,— 14000

~ 063) 09 DAD B
0632 DAS CO O JC T4PT5
0635 2A6641 EHLD ALT

~ 0638 0l9OE8 LX I B ,—6000
0633 09 DAD B
063C D2A906 JNC T1PT5

)  063F 2AB84 1 LHLD SPEED
0642 01 1 0FF LXI B ,—24 0
0645 09 DAD S

‘
~ 0646 021906 iNC T1PT5

0649 2 )iO CO LX I H,22
064C 22C737 SHED MLTP I

4 ) 0640 21384 ) LHED SPEED
0652 22C 137 SHED MLTP2
0655 CD9403 CALL MULT

) 0658 21564 1 LHLD SPEED
0656 29 DAD H ; 2X S
OSSC 220037 SHLD DVNDL

~ ooSF 2 1 0000 LX I E-l ,O
0662 22D237 SI-IL D DVND M
0665 220637 SHLD DVS RM

~ 0668 210100 LX I H 1 10
0665 220437 SHLD DVSRL
066E CD7EO4 CALL DI VIDE

-~ ;QUOT = .2XS
;CALC . 22.2XS

067 1 2AD837 LHLD QUOTL
~ 0674 ES XCHG

0675 210137 EHLD ANSL
0678 19 DAD 0

) 0679 2 2 C 13 7  SHED AN SL
067C 2A684 1 LHLD SP EED
0670 29 DAD H

I -‘ 0660 222337 SHL D DVNDL
0683 2)0000 L XI H ,O
0686 222237 SHED D V N0 ~I

~ OoS9 223o 37 SH LD DVS RM
0680 2 ) 6 4 0 0  L X I  l , I C f l
065 -F 22 0~ 37 SHED DV S1? E

— 0692 007E-3 -I CALL f l I V I D E
0O95  2A 2 -~~3 7  LH L D OU OIO .
0o93 ES X CHD

• ~ oOc~ 21 137 L~!Li ) AN SL
0690 19 DA D 1)

— 53—
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V1-~TSK.DEM 9/29/7d PA ( E I 7

;HL 22.22XSPEED
0690 .117 63 4 LXI D ,— 1 93 33

• 0610 19 DAD 1)
061) ES XCHC
0612 2A364 1 LHLD ALT

• 0615 19 DAD 0
06A 6 DAS OO 6 JC T4PT5

T1PT5 :
06A9 215802 LXI H ,600
O6AC 22B44 1 SHED PDRFTM
O6AF C9 RET

T4PTS:
0680 21080 7 - LXI H ,1800
06B3 22544 SHED PD R FT M
OOB6 C9 PET

;CONVERT ASCII — 8 BIT BCD
ASBCD :

0697 7E MDV A ,M
0683 FE3O CPI 30H
0681 D3 PC
GOBS FE3A CPI 3AH
OSBD 3F CMC
0633 08 PC

;OK IF  BETh EEN 0, 9
06B~ 0630 SUI 30H
OSCl -77 MDV M ,A

• 06C2 23 INX H
0600 00 OCR C
060-~ 023706 JN Z ASBCD

-~ 0áC~ ~ 9 R~ T
- - PREP :
~

_
~c~

_ 0500 CPI 0
0aC~ --.CAO6O6 JZ PREP2
0600 ~6-Q0 MV 1 M ,0
0620 23 “-.

. INX H
0 6 D  30 I N R  A
06.3 1 02 ‘

- OCR C
0 502 C20~~2S JUZ PREP

‘ 0605 -
~~~~~ ~ET

PRSP2 :
C~ C~ 11 L D AX 0

‘ C~~~7 77 MO V ~~~
0503 13 I N X  0
0~~2~ 23 I N X  rI
O~~D.; 32 DC? C
052~7 02 0o25 JNZ ?~ 5?2
0aD5 0~ RET

; C ) ~~I E ~.. 6 31T ~3C0 ro HEX

-: ~;o~uu~
~~ •fl~~ 75 -~:n - .’ A •

02 i N ;~
0~ 5i E Y ’  C P j
~l:~~~~~~~ 2\~ 1H-~-- JC T 7 k 0 ~

POP t I

L:~~ 7 3 t_~~) r ~ -;L -~
TNT C N T :

- -
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VkTSK.DEM 9/29/78 PA ;N I 

~
‘

1~~-’
O6EA FEO I CPI 1
O6EC C2F206 JNZ TH O US

) O6EF 1 1 1 0 2 7 LX I 0, 1 0000
I HO US

0602 7E M D V - A ,M
0603 23 I N X H
0604 01E803 LX I 3 , 1 000
06 F7 CD I6O7 C ALL BCOH E X
OO FA EB XCH G

~1UNDS :
OÔFB 7E MD V A, M
OO FC 23 INX H
O 6FD 016400 L X I  B , 100
0700 C D 1 6 0 7  - 

CALL BCD~IEX
? 0703 ES XCHO

TEN S :
0704 7E N OV A ,M
0705 23 INX H
0706 OIO A OO LX I 6,10
0709 C D I 6 O 7  - CALL BCDHEX
07CC EB XCHC

J~~ITS :
0700 7E MDV A ,M
070.E 23 IN X N
070F 010100 LX I 6, 1
0712 001607 CALL BCDHEX

) 0 7 1 5  09 RET
OCOHEX :

07 16 ES XCHG
BHLP:

0717 FEOO CP I 0
0719 C8 RZ

) 0 7 1 1 0 9  DAD S
07 13 3D OCR A
07 1 C C3 1 707 JMP BHEP

) AINVE N T :

; IN VA L I D  A LTITUDE ENT ER ED

0 7 1F  3E04 M V I A , 4
0721 CDO3F8 CALL 0F803H
0724 C31005 iMP RDALT

S I NV ENT
P

; I N V A L I D  SPEED ENT ERED

0727 3E04 MV I 1,4
) 0729 CDO3FS CALL OFSO3H

072C C3FCOS iMP RDSPEED
I N ZDE M D :

0720 0604 - M V I 6,4
• ~c - — r - ,

L..~ • L r  •

0731 0E 14 ID/ I C,~~EAO
0733 1 1 42 4 2  L X I  13 , F C BD E MD
073o C.3O~ O0 C A L L  ~~ DS
97 3Q OEOY 

,.IVI c , P k I : : T
-~ 073~-3 I 1 ~~O00 L X I  0 ,~~C .i

073E CD0~JC0 CA LL fl2 ;.3

—55—
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V~1T5r- .D EM 9/29/7B PAG E 1 9
-1

074 1 05 DCR B
0742 C23 107  J N Z I t - I ZL )D LP
0745 C9 RE F

SJKEY :  -

0746 O E O I MV ! C ,CON~~0748 CD O500 CALL BDOS
0743 FE 45 C P I  ‘E’
07 4D CA 7F O 7 JZ EJE C T
0750 3E 7F MVI A , 7FH
0752 CDO3F 8 CALL 0F803H
0755 034607 iMP EJKEY

- V~AITrNG :0758 06 El
HERE :

075 9 C35907 JM P H S RE ; ?4 A I T  FO R INTERRUPT
SEQSRT :

075C 2A3A 41 LHLD I NTCNT R
07SF 23 INX H
0760 22BA4 1 SHL D INTCNTP
07 63 3 18 03 7 LXI SP , NEED3 O
07 66 2 1 7 3 0 7  L X I  I-i , J M PST RT
07 69 3AF44 1  LDA S E O I N D X
07 6C 4F M DV C , A
0760 0600 MV ! B ,0
0760 09 DAD B
0770 09 DAD B
077 1 09 DAD B
0772 E 9 PCHL

J M P S T R T:
0773 033707 JMP EJCT ?TN
0.776 C3BF-3 7 JMP CTPLT RTN
0.779 039008 JMP RKTS E O
0.77C C3450A JMP PA R SEP

EJECT:
017F 21030 1 LX I H ,00lO 3i {
0782 3674 MV ! M ,74r1
073-i 2 1 0 1 0 1  LXI  H , 0 0 1 O I H
0787 3650 M V ! M , SON
0789 3603 MV! M , 003 H
0783 35 18 M V ! A , 16R
0760 020807 CALL S IM
0790 3EOB I4V I A ,OBH
0792 CDDBO 7 CALL S I M
C795 318F3 7 LX I SP ,~~EED30

‘ 07~ 5 3E0- : M V I  A , 4
0791 CD02 F~ CALL OF SO3H
0792 3EI~ M V ! A ,ESC
079F C 0O 3F ~ CALL 0 F 8 3 3 H
07 A2 3E3 fl  ~V I  A , ’= ’
07A ~t C200 Fd CALL -4F3’J Hi
0717 3E2 1 M V ! A , 2 1 H
0710 - -i3Fc~ CALL ()08O 3~
C7 .~-0 3E-~7 M V I A ,47~I
0 7 A 5  0L~03F~ CALL CF~ 02~I
O7~U i 00fl~) L X I  i ,O
-0704 2 2 B 1 - ~ SH L J i N T ~~~T~!

EJCTt~TN :
07F~7 OEOó M V ! C , 6 — 56—
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VRTSK.DEM 9/2 9/78 
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0769 C0C7 07 CALL S O U I B
073C C3E207 J M P D R I V E !~ - 

-

CTPLTRT N :
O7BF 0E02 MVI . C ,2
07C1 CL3C707 CALL SOU IB

-‘
~~ 07C4 C3E207 JM P DRIVE N

SQU IB :
07C7 3E OA MVI A , O AK
07C9 CD O 3F 8 CALL 0F 803H
07CC 3E08 M V I  1, 85
O 7CE CDO3FS CALL 0F803 H

~ 0701 3E2 A MVI A ,LGT
0703 CDO-3F8 CALL 0F8 03H
0706 00 OCR C

~ 0707 C2C707 J N Z S O U l S
O7DA 09 RET

SIM:
‘ 0705 2 130- 0 7 L X I  H , S I M 1

D7DE .3630 M V ! M , 30H
S I M 1 :

~ 07E0 00 NOP
07E1 09 RET

DRI VER:
)  07E2 310441 LDA SEQINDX

07E5 4F MD V C , A
0736 0600 MV ! 5,0

‘ 07E8 21EF0 7 LXI H,DRVRCK
C7EB 09 DAD B
O 7EC 09 DAD B

) 07ED 09 DAD S
O7EE E9 PCHL

DR V RCK :
‘ O 7EF C3F507 J M P DR CK A

07F2 C32108 iMP DRCKB
07F5 035508 iMP DPCKC

) DRCKA :
07F8 2A 6A4 1 LHL D I NTC NTR
07F3 OIF5FF LXI B,0~-FF5H07FE 09 DAD S
07FF DA 1 908 JC SSQB
0802 2513 MVI A ,l ft-I

; 0-804 0 02 F3 CALL 0F803H
0807 3330 MVI A ,’=’
0809 C003FS CALL 0F803H

~ 0800 332 1 f - W I A ,2N -i
0805 CD OJ F 8 CALL OF6 O 3 K
0811 3517 MV ! A ,47~i

~ 0-513 CDO3FS CALL CFE O 3H
0-~~j ó  C3~~~07 J. -~P ;-&-~i r i :~c

) 0 6 12  350 1 - ‘V I 1, 1

~-~~l 3  320- ~4 I  .3T .\ 3 H ’ I  - ‘-

- ~-5 15 C3~~~2 7 .~ .P  ; - -
~~ :

0- 82 - I  2A ~. I. 4 l  L H L D I 3 ! ~~ ; :  ~0624 C) I 5~.3F0 L X I  ,O I  H~~r~~
C~~2 7 O~ j t’~)
0~~28 DA4 0~ JC ~~~~
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VP. I L K .  0~ M 9/ 2 9/ 78 PACE ;~ I

0~23 3E I b MV ! A ,ILH
082: - 000303 CALL 00 203E1
08Y) 3E30 MV ! A ,-’= ’
0832 000303 CALL 00803H
0835 352 7 MV ! A ,27 11
0837 CDO3F-. CALL 0F83 3~l
033A 3347 MV ! A ,~~7 I
0830 0D02F3 CALL 0F803H
083F 035807 iMP V~A I T I N 0

55-3 C:
0~42 2 1 0 101 LX I H,O D J O J H

~‘ 0845 3688- :~vr ~4 , 88-i
0847 3613 M V ! M , 13H
0949 3E0~ MV ! A ,I
084B 32BC4 1 STA P~0FFLG
084E 3C IN? A
0840 32F44 1 STA 5501:-lOX
0352 C35~~07 iMP M A I T I . ’;o

DRCKC :
0855 3ABC4 I LDA PKTFLG

- 
- 0358 FE O 1 CP I  i

085A CA7408 JZ ADJCNT 2
0850 2 18141 L H LD I N TO U TR
0860 .0I~~$ 0 -  L X I  B , — 600
0863 09 DAD 3
0564 025807 JN C NA1 T 1 IO

— 5500:
• 0367 3E 03 - 

MV ! A ,3
0369 32F4~ l STA SE0 I~~~X

- ‘ 0360 OE J 1 M V !  C ,I
086

~ 
CDC7O I CALL SOU lS

087 1 C3 450A iM P P A R S E P
A O J O N T R :

0874 2A 3A4 1 LHLD I N TC NT R
0877 22304~ SHED T;-~NT ’{FV
057~ 2 100 0 3 L X I  H ,0
CY97 22 3A4~ SHED 1 iT ON TR
-,-~~~~

-
~~~~ 

n
~~~~~~~~~~~~ .~

036 : 32 04 1 STA RK TFL G
052- f -  005507 iMP i~A i T I N G

~KF ST M :
C~~a7 0532 M V I  0,2
0-~6 2207-0 7 CALL 50010
066C 035207 i f- P ON!

R:~TSE3 :
0250 3.- \ 3 4 ! LOl R :- :TFL -0
C~. 3 ? 2  F E O l  CR !

‘ E~~~~~
A CA~~ 7~6 JZ 2 .< F0~ :A

C K PE E M :
- - I I •

- ~-_ - - - L. - L -~ - I
02 -2 .-\ 1 1 0 6 2 0  L~~! 3 , 520
00 71 :.fj ’/ —‘ ,
~~~~~~~~~~~ 3i~ H

& ~~~~~ C. ’ A — ~-i - -~ J~i Z I ’ . A -

~~~~ 00-0 i 0, I
- 

_
•‘ __ 3 . J!  1-. ,

‘T~~~1~~J ~s -  c:~ L
-~~$ - -C 000707 CZ S0’J f 7

—5 8—
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VRTSK.DE I.1 9/2 9/7~E3 ‘/ I .C;l~ ~~. 1

IN? AT L)TA :
06A9 3E06 MV I  1, 6

~ O8 AB 010000 L X I  3 , 0
O8 AE 2 1 C 3 4 1 L X I  H , 4 1 0 3 1 1
0861 22B04 1 SH LD V S I N P

I t - JE OD?:
0894 2 13241 LHLD v SP IP
0867 09 D A D B

~ 0838 03 I N X  B
0839 5E MDV E, M
086A 23 I N X  1-1
08 88 56 MDV D , M
0860 2A304 1 - .LH LD ‘ISi~-i? - - -

0830 F9 SPHL
~ • O8Cfl 2 1 02 0 0  L X I  H , 2

08C3 39 DAD SP
4 0804 223041 SH ED ‘/ S!NP

~ C8C7 23 DCX H
06C8 2B DCX H
0809 09 DAD B

~ 0601 03 IN X B
08CB 09 SPHL
08CC E3 XTHL

~ C~8 C D 1 9  DAD D
OE CE ES XC I -I C
O8CF E3 XTHL

.i 0600 23 INX H
0601 23 INX H
08D2 73 MDV M , E

~ 08D3 23 INX H
0804 72 MDV M ,D
0805 3D DCR A

~ GBD6 023408 JNZ INL O OP
08D9 21824 1 LH L D \ ‘SPT R
086C 09 DAD S

~ 0800 226241  SHLD VSPTR
08E0 3 1 8F 3 7  L X I  SP , NEED 3O

RKTC ONT :
~ 08E3 CDECO 8 CALL UPDAT

06E6 CD B OO 9 CA LL C N TRLA W
0859 C3E207 iM P D R I V E R

) U PDAT :
O8EC 210000 LXI H,0
O8EF 39 DAD SP
OSFO 22F~ 1-l SHED SAVE
08F3 31064 1 L X I  SP , Y S U - 1

R E S I D :
~ 08F6 D I  POP 0

08F7 215141 LF-ILD YA~~OSFA CD7 i~09 CALL U P L OG
)  O BF D 2 2 5 .1-4’ I SN L D  Y A ~’4r~

0900 32 0 2 4 1  ETA Y1 !~~C
0~03 U I  POP 0
09 04 DI  p t ~~) ~)
020- 2AEC~ 1 L H L [)  P1 C ; lo
C~-~C3 00 7P0 L ) OI L!.. ~J 7L ~~

-~~~ C~~0~3 ~~~C —  I SHL~ ~~~~~~~~‘‘ - -

OYO E 3202 4 1 ETA ~C~ :I0

H



REPORT NO . NADC -7924 0-60
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09H D I  POP 0
C~~12 0 1 P OP U

- ‘ 0913 2A5E4 1 LHLL ) ~OLL R
09 16 00760 9 CALL UP L OG
0919 22E 54 1 SHLD R OLL U
09 10  3 2 D F 4 1  STA P L I NC
0 9 1 0  3 1 E 2 4 4  L X I  SP , D3 1
0922 C I  POP B
0223 E l  POP H
0924 3ADD 4 I LDA Y A I N C
0927 2F CMA
0-928 30- IN ? A
0929 CD9D09 CALL IND IS
09 20 33 XTHL
0220 3ADE 4 I LDA P C I N C
0920 CD9D O 9 CALL I~~DI S
0933 E3 XT HL

‘ 0934 ES PUSH H
0935 C l POP B
0936 El POP H
0937 3ADF4 I LDA RL INC
0931 20 CMA
09-33 30 IN? A
0920 C09D09 CALL I N D I S
0220 ES PUSH H
0940 2 15241 L H LD D3 1

- - 0943 3ADD4 I LDA YA1 NC
0946 CD9009 CALL I N D I S
C9~ 9 CS PUSH B
0941 53 XTt-I L
0943 DI  PoP 0
094 0 C l POP B

~‘ 0940 3ADF4I LDA PL I NO
0950 00900 2 CALL I N D I S
0953 05 PUSH B
0954 36 DCX SP
09 55 35 DCX SP
0956 50 XTHL

‘ 0957 3.\ - E 4 1  LDA P C I M O
09 51 2~ CMA
0958 30 I N R  A
0950 C09L~J9 CALL I N D I S
-0250 55 PUSH H
-0963 310541 LUA TUOO L

-
~ 09~~3 FOC I CPI  I

-2965 027209  JN O U P D O ~!
30 I N R  A

-2-9~~~ 32054 1 STA T000L
c- ; -~c 3 102-H L X I  SP , Y S U M 2
0 c 0  C3F ÔO3 iMP N E S I D

UP DO N
E-~72 IF— XI ~A A
:— ~T .~ ?2~~-2$ I ST.A 2i-OOL
J~~7-~ 2:F~~- - ~~ LHL ~

) 51.-S
SPN L

7. -. 0 -~ RET
UP L ( ~;:

~~- i E 3  1 )  DAD 1)
— 60—
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097C 3E80 M V I  A , 80; 1
097E A4 AMA H - 

-

~ 097F ES XC 1—I G
0980 C29009 JNZ NEOR S
0983 2AF24 I LH LD Qt lEG

.e 0986 I ’ )  DAD 0
0987 3580 MV ! A ,801- 1
0989 14 AN A H

~ 098A 3E0 1 MV ! A ,I
09CC 08 RZ
098D ES XCHG

~ O9BE AF XRA A
09SF 09 - RET

N EG RS :
i Q990 210041 LHLD OPOS

0993 19 DAD D
0994 3E80 M V!  A , 80H

~ 0996 A4 A M A H
0.997 3EFF - M V !  A , 0 0FH
0999 CO RNZ

~ 0991 ED X CHG
0993 -IF X R A  A
099 C C9 RET

I N D I S :
0990 FE-30 OP I  0
0.99F 08 RZ

) 0910 78 MD V A ,B
- 09A1 F2A609 JP LABEL

0914 20 CMA
~ 0915 30 INR A

LABEL :
C9A6 SF MD V E , A

~ C9A7 5680 ANI  80i-i
0919 F28109 JP PUSSY
O9AC 16FF MV ! D ,OFF H

) O9 AE 19 DAD D
O9AF 19 DAD D
0950 C9 RET

P 05 3Y
0961 1600 M V I 0, 0
0983 19 DAD D

) 0964 19 DAD 0
0995 09 RET

CNT~LA~ :
~ 0266 3 A E 7 4 1  LD A D 3 3 + l

0989 17  RAL
O9BA DACEO9 JC D33L()

I 0980 3AE3~~1 LDA 0 31 + 1
09C0 EE7F X R I  7FH
0002 67 MD V ii , A

C 9C3 3 1 0 - S t  I LDA 03 2 ÷ 1
-3-20 6 2F CMI

) C~~C7 3.2 I M P  A
CA C ~3 557F X? 1  1V1
0901 ~3F .MO V L , -\

~ C-~ CN C30~ iA iM P O U I P I I U
D.13L c ) :
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O9CE 3AE34~ LDA D3 1 + 1
09D 1 CD37 OA CALL AB S
0904 4F M DV C , A
0905 51 MDV E,D
09D~ 3AE 54 1 LDA 032 +1
0909 CD37OA CALL ABS
09LC B9 CMP C
0900 D2F 109 iNC D320
02E0 3E7F MV! A , 7FH
09E2 9 1  SUB C
09E3 4F MDV C , A

“ 09 E4 75 - - MD V A , E
096 FESO CR 1 80H
09E7 79 MD V A , C
09E8 CC42OA CZ CHS
O9EB EE7F XR I 7FH
O9ED 67 MDV H ,A
O9EE 030309 JMP NEOD2

0320:
O ?F I 3570 MV ! A ,7FH
09F3 90 SUB B
09F4 47 MD V 3, A
09F5 71 .MOV A ,D

- * 09F6 FE8O CPI 80H
0908 78 MDV A , B
09F C4420A CNZ CHS

- - C9FC EE7F X R I  7FH
O F E  OF MDV L ,A
09FF 3AE341 LDA D3’i4- 1

‘ 0102 EE7F X R I  7FH
0A04 67 MDV H ,A

OUTPUT :
‘ 0105 ES XCHG

0106 2A FA4 I LHLD SCPTR
Oi~09 73 MD V M , E
OAOA 23 INX H
OAC S 72 MD V M ,0
0100 23 I NX H
0100 22014 1 SHED SCPT P
0110 2 1 5 2 4 1  L X I  H , D 3 I
0113 l óOO MV ! 0 , 0

-
~~ 0 115  3AF 84 1 LDA 000 T

O I L S  S F  - MDV 3,1
01:9 19 DAD 0

‘ 0111 30 INR A
OI l S  30 I N ?  A
O A IC 0005 CPI 5

4’ O H S  [‘- .1223. -’. JO L A B E L O
o;-oi IF X R A  A

LAB EL2:
0- \22  32F 341  STA DCO T
OAL ~5 SB XC HO
0-~Th I , -~ CD IX 0• ‘~~27 M DV 2 , 1

10  I N X  fl
A L P.A X 0

CA: ~. ~ 7 M( V H , A
O A 2~: EB X C H C I
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• OA2 C 2AFC4 I LHLD TEMPT ?
OA 2F 73 MD V M , E 

- 
-

) 0130 23 I N X  H
0131 72 MD V M ,D
0132 23 I N X -H
0A33 22FC4 1 SHLD TEMPT?
0136 C9 RET

ASS :
~ 0A37 47 M DV B , A

0A38 3E80 MV ! A ,80H
OA3A A0 AN A B

-, 0A35 57 MDV D , A
OA3C 78 

- 
MD V A , B

OA3D FO - R P
OA3E 2F CMA
OA3F 3C IN ?  A
0A40 47 MD V B , A

~ 0141 09 RET
OHS :

0A42 20 CMA
$ ; 0A43 3C INR A

. 0144 09 RET
P AR SEP :

0145 21314 1 - LHLD INTCNTR
0148 56 XCHG
0149 218 44 1 EHLD P D RFT M

‘ OA4C 7C MD V A , H
F 014 0 BA CMP D

OA 4E C25807 JNZ V~A I T I t4G
~ OkS I 70 MD V A , L

0152 53 CMP E
0153 C25807 JN Z ~4A I T I N 0

) 0A56 0E02 MVI C ,2
0A58 CDC 7O 7 CALL. SOU lS

F INI S 1- 1UP :
)

; DI S A BLE T I M E R S  AND
- 

;DISPEAY INITIAL AND F I N A L  O R I E N T A T I O N
3 ;

0A53 3EIF MVI A ,I F H
OA 5D 000507 CALL SIN

) 0A60 318037 LX I SP ,NEED3O
0A63 11 ~~542 LXI D ,FDIS? 1
0166 0-E09 MV I C ,P R I N T

~ 016-5 020500 CALL BOOS
0166 21844 2 LXI II ,FCNT
OAOE 3631 ~4Vt M ,31t-t

) F I N L P ~
0170 217F0 A L X I  H , ?C ) M + I
0A70 34 • IN?  -t

) O A 7 ~ 30 1 0 MV ! A , I
2.175 C 03F.~ CALL 00630N
017 -? 3030 M V I  A , ’=’
0173 C:-3 3~~-3 CAL 1 000 ) 3H
-2175 3E3 1 p 1 -12 :  :-w r A , J 1~1
0A~-T3 C20 0-3 OA 2 L -3F~iO3 H

. 0A63  35J7 -‘YJ I A , 3 1i1
OA~ D C i0J3F~3 CALL. f lF 5 ) OH

I —63—
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0A3~ 2I~~442 LXJ H,FC2IT - 
-

0A~ 6 73 MDV A , M
OA~~C 2 18 7 4 2  L X I  i-l , F D I S P + 2
01SF .77 MDV M , A
0190 215241 LXI H,D31

~‘ 0193 FE3 I CPI  3 1 H
0195 CIA 10 1 JZ FCON TI
0198 23 I N X H

“ 0A2-~ 23 11 4X H
OA 9A FE32 CPI 32H
0190 C~~J 0 A  JZ FCON TI
0190 23 I N X  H
0110 23 INX H
OAA I SE FCO r-LT I : MDV E , M
0112 23 I N X  H
0 113 36 MDV D,M
0114 3E80 MV ! A ,30H

~‘ 0116 12 A t-I A 0
0117 3E20 MV ! A ,’ ‘
0119 F2SSOA JP FCoMT2
0110 7A MDV A ,D
0110 20 CMI
O AAE 57 MD V 0 ,1

~
‘ OlAF 73 MDV A , E

0130 2F CMA
0131 50 MDV E , A
0122 13 I N X 0
0133 352 D MV ! A ,’— ’

FCONT 2 :
0133 328342 STA FDISP + ó
0A58 ES XCHG
0139 22C737 SHLD MLTP 1
CISC 2 1 603 L X I  H , 1 000
01SF 220137 SHLD MLTP2
OAC2 C09403 CALL MULT
-3105 210 1 3 7  LHL O AN SL
CAC S 22003 7 SHL D DV N DL
0103 2 10337 LHL D A M S M
0ACE 22-3237 SHL D D’4’ND. ’-:
0121 2 1 0 0 4 0  L X I  H , 4 000: 1
-3124 22 0337  SH LD D V S~ L
0 10-7 210000 LXI H,0
0101 2 2 0 6 3 7  SHL D 0V5~ . -~o;- :C CD7 EO4 CALL D I V I D E
0150 2 10337 LH L D OU OT L
0103 O I I S F C  L X I  B ,— l 0 ~ 0
0~~~ó 09 DAD B

‘ 0:~~7 12C0 3 JC DN ZP T
C-I~~1 3~ ?-0 M V I  A , ’0’
012 ~2 - -~-7-~2 STA FDIS ~ ÷7

0 I - ~J3 LXI [3, 1 0 02)
C~~~~ 2- 1—~ D A D B

- - -- . J - 3  I :430 FCo,’i1~~: L X I  0 , 1 2-0
C - ~~~ 0 1 9 0 F F  L X !  ~i , — l 22 )
3A F -~ 3:: h) M V I A , ~C.

-‘ -0 .~J-- H CD 3 ’~- 00 CALL H~
-3- ’2~ 3:HL ~2 STA F D~ ~P+ —64—
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• O~3U 1 I I O A O O  L X I  0, 10
0B04 O I F Ô F F  L X I  B , — 1 0

1 0807 3E30 MV I A ,30E-I
0809 CD3406 CALL HTDA
OBOC 328F42 STA F D ! S P + 1 0

) O BOF 7D MD V A , L
08 10 0630 AD! 30F-I
0812 329042 STA F D I S P + I I

) 0515 0E0 9 M VI  C , 9
0 8 1 7  118542  L XI  D , FDISP
OBIA 000500 CALL BOOS
OB 1D 3A8442 LDA FONT
0620 3C IN ? A
032 1 FE34 - - CPI 34H

) 0823 010000 iZ 0
0826 328-442 STA FONT
0829 C3700 A iM P F I H L P

~ 082C 353 1 DNEPT : MV ! A , ’l ’
OB2E 328042 STA FDISP+7
033 1 C3F3OA iMP FCONT3

) 0634 09 HTOA : DAD 5
0335 3C IN ?  A
0836 DA340 5 JO H T OA
0839 19 DAD 0
0831 3D DC? A
0B33 09 RET

CHOICE :
OB3C 216342 LXI H,FC SMENU
OB3F 3600 MVI M,O

, 0341 010000 LX I 8 , 12
0344 0 9  01D B
0845 1 6 1 5  MV ! D, 2 1

3 CHLP:
0847 3600 MVI M ,0
0B49 23 INX H

) OB4 A I S  DCR D
0848 C24703 JNZ CHL P
OB4E -1 1 6342 LXI D ,FC B MENU

) 0B5 1 OEOF MVI C , OPEN
0B53 000500 CALL BOOS
0556 116342 LX I  D , F .CBM ENU

) 0859 0 5 1 4  M VI O , READ
0856 CDO SCO CALL BDOS
065E 116000 LXI D ,80H

) 0361 0E09 MV ! C , P R I N T
0B63 CDO500 CALL BDOS

- CETTSTN :
) 0866 OE O I MVI C , 0 0 N I N

0868 CDC500 CALL DDDS
0863 320-642 STA FCBRDI +O

) OBOE 033 1 CP I  3 1 H
0370 OA -3 00B JZ TEST I
3373 FE.3 2 OPI  32H
0375 0.11:35 JZ TEST2
0878 3501 M V I  1, 4
0071 0 03F8 CALL 0FSO 3~1

• 0870 C3ôc .08 Jw P GETTiT~
TEST I
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0380 2 1 0000 L X I  tl , O
0B83 22E2 4 1 SHLD 03 1
0685 22364 1 SHLD 033
0B89 2 10040 L X I  H , 4 000H
0880 22E 44 1 SI-{LD 032
0680 3530 MV ! A , 30r1
089 1 320742 STA FD ISP L +50
0B94 32C942 STA F D I S P I - ~52

“ 0697 32D442 STA F D I S P I + 6 3
OB9A 32D042 STA FD 1SP1÷72
OB9D 32DF42 STA FDI SPI+74
0310 3C IN ? A
OB A 1 32D2 42 - STA F D I S P I + 6 l
0314 09 RET

TEST2 :
OBA5 2 10000 L X I  H , 0
0818 22E2 4 1 SHED D 3 I
OBA B 22E441 SHLD 032
OBAE 2 1 0040 LX I H,4000H
036 1 22E64 1 SHLD D33
0364 3E30 MV ! A ,30H
0586 32C742 STA FD ISP I +50
0339 220942 STA FDISP 1 +52

•~ 0660 32D242 
- STA FDISP I +61

O BB I 32D442 STA F D I S P L + 6 3
06C2 32D F42 STA F D I S P I + 7 4
OBC5 3C IN ? A
OBC O 32D042 STA F D I S P I + 7 2
0309 C9 RET

;tt-IITIAL IZE SYS. CALL PRMTRS.
0010 = ASSDRV : ECU 23
0005 = BDOS: EQU
0010 = CLOSE : ECU 16
0001 COt-UN : ECU I
0002 = COMO UT : ECU 2
0003 = CONRDY : EQU 11
00 1 3 = DELETE : ECU 19
0010 = DRV IN : EQU 31

‘- 0020 = DRV OUT : ECU 32
0021 = ERM SG : ECU 33
0-0 15 = OETAL O : ECU 27
C C I ?  = GETCU R : E CU 25
C007 = GET IO B :  ECU 7 -
0022 = GETVCB :- ECU 34

•~ 0000 INIT : ECU 13
0001 I N L I N E :  E C U 10
0005 = LIST : EC U 5

~
- 00 16 MAKE :  ECU 22

0023 MOUNT : E CU 35 -

000F = OPEN: 0-QU 15

~‘ 0O~ E P H Y C R V :  E-2 U 30
0009 P R I N T :  0--~ U -

~

CO i l  = t-~EAD : ED U 20
0o17  = RENA ME : EOU 23

SL A f ~C~-I : EUU I!
= SELECT : ~.l) U I 4
= SEf ~C~- lN :  LiD U 0

C O l A  = SET DUF : fl [I ~~
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VR TSK . OEM 9/29/78 / I-~A (J3 ~~

I 
-)

0008 = 3ETICIB : EOU 8
COl D = UNMO U T : EOU 29

) 0015 = tilUTE : EDU 2 1
;Et’I D SY 5 .P ? M Tk S .

3780 = N EED3 O : E~~U 37 8F - H
) 3600 = BE GY I P :  ECU 3600r1

367A = B E G P I P :  EOU 367AH
36F4 B EGRIP :  ECU 36F4H
4AEO = YRDATA : ECU 4AEOH
4AE 2 = PRDATA: EQU 4AE2H
4AE4 RRDATA : ECU 4AE4H
37F6 = LIJUNK : ECU 37061-1
37CF - SCRATCH : ECU 370F F -I
co t s = ESC : ECU I BH

• 0008 = 33: EOU 8
0021 = LOT: EQU 2AH
37C0 ORG 37C0H
3700 CNT : OS I
37 C 1 ANSL : 05 2
3 7C 1 ORG 37C 1H

) 37C1 MLTP2 : 05 2
3703 AN SM : OS 2
37C5 CARYSV : 05 2
37C7 MLTP 1 : OS 2
37C9 M SVSP : 05 2
37CF ORG 37CFH

) 37CF SIGN : OS 1
3700 DVNDL : OS 2
37D2 DVNDM : DS 2

.‘ 37D4 DVS R L : DS 2
37D6 DVSRM : DS 2
37DB QUOTL: DS 2

) 37DA QU OTM : OS 2
37DC REML : 05 2
37DE REMM : DS 2

) 37E2 ORG 37E2 H
37E2 M O VPTR : OS 2
37E4 F 1 MF O : DS 2

) 37E6 TM PSP : DS 2
37E8 STRLOC : 05 2
37EA STRTPT : OS 2

~ 37EC ALST : OS 2
37EE AMST : OS 2
37F0 CTR2O z DS I

) 370 1 OTRo O : O S 1
37F2 I VAL : DS 2
37F4 XZERO : DS 2

) 370 6 L I S V S P :  OS 2
27F8 OZERD : OS 2
J7FA FON E: 05 2

) 27FC FO UL : uS 2
371- E F O X I M :  05 2
•i 16 0 D~ ::~ $ 1 3 0 2

J - 1 o 0  :~? r~~;uF : OD
41 31 US I

OS 80
~ -1~~ 30 OflG -

~ I ~- CH
4 130 VSI N P : 3~i 2
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4 1 8 2  VSPTP .: DS 2
4184  PD R FT M : DS 2

~‘ 413 6 AL t :  OS 2
4 1 8 8  SPEED : 05 2
4 1 3 A  I N T CNT R : 05 2

•. A~~3O RKTFL C: 05 1
4I BD T~NT1FV: DS 2
4 l C ó  ORG 4106 1- f
41C 6 YSU MI : OS 2
-41CA ORG 4I CA t - 1
4 I C A  PSU M I : DS 2

t T 4 I C E  ORG 4 I C E H
4ICE R SUM I : DS 2
4 1D2 ORG 4 1D 2 H

‘~~ 4 102 YSUM2 : DS 2
4!3O ORG 4 1D O ~-1
4 106 PS UM2 : OS 2

“ 4101 ORG 41DAH
4 I D A  RS UM 2 : OS 2
410D ORG 4 I D D H

YAINC : DS I
4 I D E  PCINC : DS I
4 1 0 F  R L I N C : DS 1
41E 2 - ORG 4lE2~-i
4 1E2 D 3 1 :  OS 2
4~ E4 D32 : DS 2

-
‘ 4 156 033 : DS 2

4 I E A  ORG 41EA rI
4IEA YA~1R: DS 2
4120 PICH? : DS 2
4 1EE ROLL? : DS 2
41F0 ORG 4lF0~-f
4100 OPOS: OS 2
“ 102 Ct-lEG : OS 2
41 0 4 SE Q I NDX :  DS 1
41 F3 TOGGL : 05 1
4 106 SAVE : DS 2
4106 DCCT : DS 2

SCPT IR : OS 2
4100 TLMPTR : DS 2
4200 ORG 4200H
420~0 FCBRD1: OS I
4201 52444~544l DB - ‘RDATAI DAT’
4230 05 21

FCBD R FTM : OS I
4222 4.132 465440 DB ‘DRFTMSG TXT ’
4220-’ OS 21
42~ 2 FC SDEM O : OS I
42 -13 - -~44 54D 4F 44 DB ‘DE MC )DSP TXT’
424 0  OS 2 1

-‘ FCBME U U :
OS I

-~~~~~~~ - -424 :45 5 542 )  DO - ‘MENU .ISG IXT’
~— 2cr DS 21

FONT : OS I
- ; ‘ -~~

- :,4 4 3 2 O ’O 3D F f l I S I ~ : fl~ ‘DC
• 1292 0100 ‘J~ O AH , 00L

420  2 -  DH ‘
~~~~~~
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4295 OAOAOD FD ISP I : DO OAH ,OAH ,O D Ei
4298 494E49 54 49 DB ‘ I N I T I A L  O R I E N T A T I O N ’ - 

-

42AB 20202020 08 ‘
42AF 46494E4I4C jiB ‘FINAL ORI E t- JTAT IOtl ’
42C0 00 08 ODH
42C I 4443312030  DO ‘Dcl = 0.0’
42CA OA O D DB O A H , 00FI
42 CC 444 33 2203D 08 ‘DC2 = 1. 0 ’
4205 OA O D DB OA H , ODH
42D7 444 3332030 OB ‘DC3 = 0.0’
42E0 24 DB ‘S’
42E 1 END I OO H

—69—



REPORT NO , NADC -7924 0-60
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fl~ITIALI ZE

vt~rrn~ PUoT EJFC’ rs

~~ IT

P~~~~ SS EJECTI ON FUNCTIONS

DISPLAY: 1. DISPLAY INITI?~L OR~~~~ ATION
2. DISPLAY F~~~L ORI NTM’ION
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INITIM~IZE :

SET UP L~~ATION 3cH TO HANDLE T~~~~ fl~TERRUPTS

INITIALIZE (RESE T) SYS’I~~1 Tfl4~~S

INITIALIZE ~~~

DET~~~~~ WHICH TEST IS TO BE RUN N~D SET tIP ?2PPOPRIATE:

1. INITIAL ORI~~~~TION OF SEAT/C~CUP~NT SYS’I~~ AT EJDCTION
2. ‘INITIAL OR~~ T~TION ~€SSAGE ’
3. RATE DA~~ FILE TO BE READ

INITIALIZE DI~~( FILE CW~~~L BLCCKS AND OPEN DISK FILES

INITIALIZE PRCX RAM VARIABLES

INITIALIZE R?~~ DATA

DE~~~~~~~ TIME OF PARA~ itJ~~ DISR~~~ING/~~AT/C~~TJPANr S~~ARATI0N

RE-INITIALIZE CRT

DISPLAY EJECTION ~ 3~~ TI0NS ON C~T
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p~~~~SS EJ~~ TION F~3~CTIGVS

INITIATE EJECTION

U~1TIL SEAT/0CCUPANI’ S~~APATION

P~~~~SS SEç~3ENcER

tJt~ZTIL Tfl€R ~~TERRUP~

~~IT

.- -.—-—-. CASE I OF ~~~ 5.05

D~ZJrE ~~~~~~~~~~~~~~ ~~~-~~~~~~~~~~ 05

SF~UEN~E
A E~~~tJ~E ~~~Ct7I’E D

SE~ J~~~~
B C
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INITIATE E~~~TION

SET SYSTE~! TIMER Ti TO AN IN’lERRUPr EV~~Y 25 ?~~

D~~ETE 3Yfl~~ LINE F~~M C~~

P~~ITION CURSOR ON (~~~7 2 , ODLUMN 40)

GEAR ~~~~~RU?T COUN~~~

~~~~tYTE SEQU~~~~ A
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P~~~~SS SE~~~~~~~ -

I OF PREVIOUS SQU ~~(I D(ECL

\ ~~.SE I OF TIME /
\o~~~~~r I N -  /

T< .3 T=  3 CASE IOF Tfl€ OF ,— ~~S CJ U S T E~~ CU-
INTEPPLiP~ ~~~ 

FOR 1ST 
/
/
/‘~

~~~~~~~~~~~~~ ~~- ~~~~~~~ = .55 Y N
CURSOR TO PTE
~~~J 2 FOR SE- F~~ DSITION SET TIMER TO CLEAR 1ST ~ I OF/I

~~t2JMN 40 QUE~~ E B CURSOR TO ~~~~~ATE D~T T~~~ ~ i~~C ~~ OF/

~~~ 8 EVERY 2.5 ~ \~~ /~ LjJr.t~ 40 t<~~T./t=
SET FLAG FOR SAVE # OF 2. 0~~ / 2.
1ST TD€ IN 25 f’~ IN-
SEQUEN~~ C TERRUPTS SET

SEQ I
SET SEQUE~CE CIE~R INT
POINTER FOR C~ TR TO FOR

~~~~~~~~ 
SEQ
0

OF 2.5
MS INTER-
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~~~DJTE SE~~E’~~~ A 
-

t.NTIL 6 S~UThS ~~VE BEEN ni

SQUIB ’ (~~~ D 3 CHARACTER SEQUE2~1CE — if ,
bs ,* ‘10 C~~)
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~~~~OTE SEQU~~~E B 
-

CTPI~~~~~:

rmn~ 2 SQUIBS HAVE ~~~

‘FIRE SQUIB ’ (SEND 3 G.ThRPICTER SEQUE~~~ — if ,
* ‘10 ~~~~~)
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~~~~ tJTE SEQUEN~~ C

- 

_ _

IG~rrE FIRE P~~ 1

INPtJT PAlE DATA

fl~~~~~A’1E RATE DATA

INDICATE UPDATE DIRECTION COSII~ES
BEGINNING
OF VE~L’ICAL
~~~~~~~~ MA1~EUVER
a~ c~~

CALCULATE ~~~~TT CC~~~NDS

- 
c~ YrPUT GIMEALLING CCMW~IDS
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E~~~tJTE SEQUENa D 
-

PAR~~~:

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

Ut~’?1’IL 2 SQUIBS HAVE FIRED

FIRE SQIJIB’ (SEND 3 CHARACTERS
SE~~~~~~ if , bs , * , TO ~~~)
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4.3 Program Variables

ALT: The address of the first of -
~~~ consecutive bytes of n~~~ry

in which the binary representation of the alt.it~ e at the
tiu~ of ejection is stored after being converted fran ASCII.

The address of the first of 2 consecutive bytes of n~ roxy in
which the 1ST 2 bytes of the 4 byte value correspor~ ing to

- f1x0) in the linear interpolation foritula are stored.

The address of the first of 2 consecutive bytes of rreiory ~~which the NST 2 bytes of the 4 byte value correspor~ ing to
f0x1 - f1x0 in the linear interpolation formula are stored.

ANSL: The address of the first of 2 consecutive bytes of ir~ r~ry
in which the 1ST 2 bytes of the 4 byte product calculated
in the subroutine MULTIPLY are stored . This paraneter is
returned to the CAlLing routine. 

-

The address of the first of 2 consecutive bytes of n~ tcry in
which the MST 2 bytes of the 4 byte product calculated in the
subroutine MULTIPLY are stored. This paraireter is returned
to the CALLing routine .

BE: ~~ 8 bit code (OOOOi0O~~08H) which causes the display cursor
to nr~ve r~n-destr~rtively to the left one position .

CARYSV: The address of the first of 2 consecutive bytes of matiory
used in the MULTIPLY subroutine to save the carry bits pro-
duced by adding, ‘coiuxtu by co1~itin ’, three 16 bit binary
nurbers. (See discussion of multiplication algorithm. )

CNT: The address of the byte of rr~ tory used -to count 16 passes
through the multiplication lcop.

CTR2O: The address of a byte of Itetory used in the linear interpolation
subroutine as a counter to generate 20 data points for each set
of interpolating points .

C1’R60: The address of a byte of maiory used as a counter to make 60
passes through the linear interpolation subroutine each tima
it is called. (Note: One pass generates 20 data points
(iz~ 1~ffng the interpolating points) x 60 passes = 1200
points generated by each CAlL.)

D~~T: The address of a byte of metory used to keep track of which of
the three direction cosines is to be output to the tel~retry
package. (One of the three is output every 2.5 ins.)

I
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DVNDL: ~~ address of the first of two consecutive bytes of rr~ rory
containing the 1ST 2 bytes of the 4 byte dividex~ passed to
the subroutine DIVIDE.

DV~~ 1: The address of the first of ~~ consecutive bytes of rt~ tory
containi ng the MS’~ 2 bytes of the 4 byte divideni, passed-to the subroutine DIVIDE.

DVSRL: The address of the first of -
~~~~~~~ consecutive bytes of n~ rory

containing the 1ST 2 bytes of the 4 byte divisor , passed
to the subroutine DIVIDE.

DVSRM: The address of the f irst of ~~ consecutive bytes of rieriory
containing the MST 2 bytes of the 4 byte divisor, which is
one of the ~~ pararreters passed to the subroutine DIVIDE.

D31: The address of the first of ~~ consecutive bytes of rr~ tory
containing the 16 bit direction cosine of the angle fran
the X-axis to the vertical .

D32: The address of the first of two consecutive bytes of metory
containing the 16 bit direction cosine of the angle fran the

t~ the vertical.

D33: The address of the first of two consecutive bytes of mexory
containing the 16 bit direction cosine of the angle fran
the Z—axis to the vertical .

‘fne 8-bit code (00011011 =1B16) representing the ESCAPE
character which is the first character of any ESCAPE sequence
sent to the display . (These sequen~~s pruvide irode control
ax~ sate cursor control.)

The address of the 33 byte buffer defining the file control
block for the disk file DE~4CMSG.T~~, required for disk I/O
~~~er ED~~.

FC~~PFIN: The address of the 33 byte buffer defining the file control
block for the disk file DRFI~4SG.D~T, required for disk I/O
~~~er ~~OS.

The address of the 33 byte buffer defining the file control
block for the disk file ~~~UMSG.’I~~, required for disk I/O
ur~er ~~OS.

The address of the 33 byte buffer defining the file control
block for either the disk file PDATA]. .DAT or RDATA2 .DAT,
required for disk I/O uzxier ~~~~~~~.
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~~~ address of the first of t~ consecutive bytes of xr~ tory
in which the value correspor~Iing to f1 in the linear inter-
çclatiori f~~ru.ila is t~~~orarily stored.

The address of the first of two consecutive bytes of mercrj
in which the value corresponding to f0 in the linear inter-
polation fomaila is t~ x~orarily stored.

F~ C1L: The address of the first of two consecutive bytes of rrerrory
in which the tSr 2 bytes of the 4 byte value corresponding

- to 
~ o~1

) in the linear interpolation fo~ x~1a are stored.

FOXIM: The address of the first of two consecutive bytes of rr~ roryin which the MST 2 bytes of the 4 byte value corresponding
to (f~x~) in the linear interpolation fonixula are stored.

FJ.W0: The address of the first of two consecutive bytes of rr~ rory
in which the value corresponding to (f1-f0) in the linear
interpolation forn.ila is stored.

IN~ JF: The address of an 82 byte buffer required for ~~2 input
~~~er~~XS.

DCNTR: The address of the first of two consecutive bytes of rr~ rory
used to count the rnxnber of timer interrupts in order to
calculate elapsed tire since ejection.

IVAL: The address of the first of two consecutive bytes of n~~rory
containing the value corresponding to x1 in the linear inter-
polation formula.

LF: The 8—bit code (00001010 = OAH) which causes the cursor to
trove one line dc~n in the sane co1iz~i position (Ln’~E F )).

WT: The 8—bit code (00101010 = 2A~) which causes the character
‘~~~‘ to be displayed on the CRT.

LISVSP: The address of the first of 2 consecutive bytes of metory
used to save the stack pointer at the beginning of the linear
interpolation subroutine for correct return when done.

The address of the first of t.o consecutive bytes of rrexlozy
in which the multiplicand (one of two paratreters passed to
the subroutine MULTIPLY) is stored.

~~TP2: The address of the first of t~~ consecutive bytes of rreiory
in which the multipl ier (one of two parameters passed to the
subroutine MULTIPLY) is stored.

~~VSP: The address of the first of two consecutive bytes of IreiTory
used to save the stack pointer at the beginning of the
MULTIPLY subroutine for correct return when done.
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!VVPrR~ ~~~~~~~ address of the first of two consecutive bytes of rr~ rory
used as a pointer to trove each record of the rate data file
into the proper area of rr~ tory as it is read fran the disk.

~~~~3O: The address of the first of thirty consecutive bytes of
tr~ xory to which the stack pointer must be set before CALLing
the subroutine in the VIO~~t4 (at rr~ rozy location F803) which
displays the character in the accuxiulator) .

PCINC: The address of the byte of ir~ rozy used as a flag to control
in ii ~~lerrenting the Cro~~er Hession Update A1gorit~n.

Its value is determined by pitch rate data.

PORFI!.1: The address of the first of two consecutive bytes of rrerory
in which the calculated parachute disreefing it~ n is stored.

PI~~~: The address of the first of two consecutive bytes of rr~ rory
used to save the sust required in order to use the trapezoid
rule to integrate pitch rate data (see detailed discussion
of trapezoidal rule) .

PSUM1: The address of the first of two consecutive bytes of rr~rory
used in the irxplax~ntation of the trapezoid rule , which
contain, at any given tire during the vertical seeking
rianeuver, the partial sirn of pitch rate data whose value
at tine t is defined as:

at t=2.5 PSt2M1=(0+q~_1 25)

at t=5.0, 7.5.. .1500

(‘where t = nx.unber of elapsed milliseconds since the beginning
of the vertical seeking meneuver) .

PsUM2~ ~~ address of the first of two consecutive bytes of rrercry
used in basically the same way as PSUM1, whose value at tine
t is defined as:

at t=2.5 PSUM2=(0-i.q~)

at t=5.O, 7.5.. .1500 PSZ~12= (q~~2 5 ÷~~~1
)

QNEG: The address of the first of two consecutive bytes of n~ rory
containing the binary value corresponding to the quantity in
the trapezoidal rule (see detailed discussion).

— (2?V~h) = = F340H
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(POS : The address of the first of two consecutive bytes of rr~ rorycontaining the binary value corresponding to the quantity in
the trapezoidal rule (see detailed discussion) .

2WAh =

~~JO’1L: The address of the first of two consecutive bytes of rnatrory
containing the 1ST 2 bytes of the 4 byte qt~ tient calculated
in the subroutine DIVIDE. This parameter is passed to the
CMLIng routine .

~ JOLM: The address of the first of two consecutive bytes of rrenory
containing the MST 2 bytes of the 4 byte qi.~ tient calculated
in the subroutine DIVIDE. This parameter is passed to the
(
~ LLing routine.

The address of the first of two consectuive bytes of rrexrory
used in the subroutine DIVIDE for terr~orary storage of the
1ST 2 bjtes of the 4 byte dividend, updated with each pass
through the divide loop.

REM’l: The address of the first of two consecutive bytes of rr~~ory
used in the subroutine DIVIDE for t~txporarily storing the
MST 2 bytes of the 4 byte dividend updated with each pass
through the divide loop.

R~~FL~: The address of a byte of n~ rory used as a flag word to indicate
when sequence C is being executed for the first tine.

The address of the byte of rreirory used as a flag to control
in inplerrenting the Crowder Hession Direction Cosine

Update Algerithm. Its value is determined by roll rate data.

I~)ILR: The address of the first of two consecutive bytes of rreirory
used to save the sun required in order to use the trapezoid
rule to integrate roll rate data. (See detailed discussion
of trapezoid rule.)

RSUM1: The address of the first of two consecutive bytes of rr~ rcry
used in the in~l~~Entation of the trapezoid rule , which
contain, at a given tine during the vertical seeking naneuver
the partial sun of roll rate data whose value at ti~ne t is
defined as:

at t=2.5 
~~°~~t-l.25~

\~ 
at t=5.0, 7.5,...1500 

~~~~~~~t—3.75~
’t—l.25~

where t = ntmter of elapsed milliseconds since the beginning
of the vertical seeking maneuver) .

— 84—
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~~i~l2: ~ e address of the first of two consecutive bytes of n~ roryused in basicafly the sane way as RSUM1, whose value at
tine t is defined as:

at t = 2.5 I
~
SuM2= (O+pt)

at t = 5.0, 7.5...l500 
~ t-2.5~~t~

SAVE: ‘~e address of the first of two consecutive bytes of rr~ rory
used to save the stack pointer at the beginning of the cosine
~~date subroutine for correct return when done.

SC~TR: The address of the first of two consecutive bytes of trerrory
used as a pointer to the block of Irenory (locations 3800 Hto 3CAF~ ) in which the rocket gintalling carn~ands are stored.

The address of the first of two consecutive bytes of rrerrory
used to save the return address for correct return from the
MULTIPLY subroutine when CALled by the linear interpolation
subroutine (LINT) .

SD)INDX: The address of the byte of rrenoiy which determines to which of
4 sequences control of the program is passed.

SI(~~: ~ address of the byte of rrertory used to keep track of the
correct sign of the product calculated in the MULTIPLY
subroutine or of the qt~tient calculated by the DIVIDE
subrout ine.

SPEED: The address of the first of two consecutive bytes of rrexrory
in which the hexedecirnal representation of the speed of the
pilot at ejection is stored.

STRI~~ : The address of the first of two consecutive bytes of meirory
passed as a parameter to tire linear interpolation subroutine
which designates the beginning of one of three blocks of
nerory in which interpolated rate data is to be stored.

STRrt~’T: The address of the first of two consecutive bytes of trerrory
passed as a parameter to the linear interpolation subroutine
which designates the beginning of one of three blocks of
netory containing 60 interpolating points.

‘ILMPTR: The address of the first of two consecutive bytes of tiertory
designating where within a block of nerrory (locations 3CBOU
to 414FH) teleiretry output data is to be stored.

The address of the first of two consecutive bytes of n~ icryused to save tire contents of the stack pointer before
CALLing the subroutine MULTIPLY.
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‘1~re address of a byte of rrenoly used to keep track of which
of the two passes through the cosine update routine that
take place every 2.5 itE., the current pass is.

TWNTYFV: The address of the first of two consecutive bytes of nenory
used to save the nunber of 25 m s interrupts received.

VS~~~: The address of the first of two consecutive bytes of Iterrory
used as a pointer within a 12 byte block of rate data.

VSPI’R: The address of the first of two consecutive bytes of irerrory
used as a pointer within the block of nenory containing all
of the rate data for the current vertical seeking maneuver
to designate the 12 bytes of rate data which will be input
with the next timer interr upts.

XZERO: The address of the first of two consecutive bytes of rrierrcry
in which the value corresponding to x in the linear inter-
polatiOn formula is temporarily stores.

~~fl~C: ~~~ address of the byte of rtertozy used as a flag to control
in ixrpleirenting the Crowder-Hession Cosine Update

Algorithm. Its value is determined by yaw rate data.

The address of the first of two consecutive bytes of rrermory
used to save the sun required in order to use the trapezoidal
rule to integrate yaw rate data. (See detailed discussion
of trapezoidal rule) .

YSUM].: The address of the first of two consecutive bytes of irenory
used in the ixrpletrentation of the trapezoid rule , which
contain, at any given tine during the vertical seeking
maneuver, the partial sun of yaw rate data and whose value
at tine t is defined as:

at t=2.5 YSt]Ml=(O+r
~_i 25 )

at t=5.0, 7.5. .  .1500 YSUMl=(rt_3 75+tr
~~1.25

)

(where t = nutter of elapsed milliseconds since the
beginning of the vertical seeking maneuver. )

YSUM2: The address of the first of two consecutive bytes of rreirorj
used in basically the sane way as YSUM1, whose value at t±re
t is defined as:

at t=2.5 PSUM2=(O+r
~

)

at t=5.0, 7.5..  . 1500 PST.
~

12= (r
~~2 5 +r

~
)
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4.4 ~~x,xy Map of Data Buffers ath Program Variables
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5. USER’S ~J~~E -

5.1 Cbjective

The objective of the program D~43 is to d~~~nstrate , on the Th~SAI PCS
80/30 soflr~..rare deve1op~rent system, the capability of the INTEL 8085 ~P
to perform the real-tine timing and sequencing required to execute the
fI.n~ctions of a vertical seeking ejection seat. A listi ng of the pro—
qram can be found in section 4.1.

5.2  ~~proach/Assi~~ tions

Because of its nature as a software deve1o~crent system, the fl~SAI PCS
80/30 lacks the soecialized hardware in terfaces arid “peripheral devices5’

that ~~u1d be found on a tri.~ ejection seat systeri . To compensate for
this , the program goes through a lengthy initialization process before
the dertonstration of the real-tirre timing, secuencing and simulated
execution of the ejection fi~ ctions takes place. The oroqram is caoable
of simulating an ejection fran an initial orientation of a 9Q

0 roll or
a 180° roll.

5.3  Input

Belcw is a list of the input files and oaraireters required by the proqrarn .
The files are periranently stored on the disk and read as required during
execution of the program ; the paraxreters are input by the user as de-
scri~ed in section 5.5. A brief description of each is given here .

5.3.1 DISK FILES

5.3.1.1 U~SG .

This file contains the r~essage disolayed on the Crn’, giving the user a
choice of executing the ejection from an initial orientation of a 90°
roll or a 180° roll. The rtessage is sh~wn in section 5.5-1.

5. 3 .1 .2  RA L ~U.DP T or ~DXI~2.DAT

These files contain the rate data iriter~clating points for the 900 roll
test and the 180° roll tesz respectivel\-. ~hen the user selects the
initial or~entsticri, the atprocriate PDATA file :s read into rreror;.
Usiric the ~nfc riraticn tsined in the file , the 3600 cieces of rate
data required to execute the vertical seek inq rraneuver are generated
and stored in rtericry locations 4AE04-66FFH.

5.3.1.3 DR T-~ G.~~~
This file contains the rressaces disDia ed on the CRT asking the user to
input the altitude and speed at e~ection. The rressaces are s~~~n insections 5.5-2 and 5.5-3 esgectively.
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5. 3.1.4 DE~1ODSP.ThT 
-

This file contains a list of all of the ejection functions to be execut-
ed along with instrt~~tions on how to becin the dentnstration . •i~~ rres-
sage is shown in section 5.5-5.

5 .3 .2  Keyhoard Input

5.3.2.1 Test N~ nber

The user selects the initial orientation of the ejection seat system.
‘lEST 1 executes the ejection from an initial orientation of a 90 ° roll;
‘lEST 2 executes the ejection from an initial orientation of a 180 ° roll .

5.3.2.2 Initial Altitude and Speed

These t~~ pararteters determine the tirre at which the functions PA Aa~tJTE
DI~i<EEFING and S AT/CCC P S~~~RATION are executed as defined in Ficure
2.12.

5 . 3 .2 . 3  Ejection Signal

~~en all of the initialization functions have been corrpleted, the procram
waits for the character ‘E ’ to be input. This initiates the execution
of the ejection sequence.

5.4 Output

To indicate the execution of each of the ejection functions, the procram
displays the character ‘~~~~~‘ next to the function being performed. When
all of the ej ectLcn functions have been executed, the program diso lays
the direct~ion cosines of the initial orientation of the ejection seat
system and its orientation at the cortpletion of the vertical seeking
nuneuver. Using these, the position of the ejection seat system can be
determined. (See Figure 2 . 2 ) .  The f inal CR1’ displays for the 90° roll
test and the 180 ° roll test are shown in Figure 5.1(a) and 5.1(b) respec-
tively.

5~ 5 Procram Set tjo/R-ii Procedure

After loading the diskette entitled “VRTSK”, the program can be r~n as
follows:

1. T~~~ ~• 5~S~~~~~~~~ 5 5 as an ~TQS resident console cornirand

The pr~~ram will clear the screen and displaythe message

SELEX T DES IP.~~ TEST

1. 90 DE~~~~ ~~LL
2. 180 D~~P~~ ~~LL
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uP EJECTION SEAT FEA SIBILITY DEMO

Emer gency 02 Generation
Inerti al Reel Firing
Neck Bla dder Inflation
Hip Thruster Firing
Canopy Rem ov al
Gyro Spi nu p

- Seat R e le ase
Catapult Initi ation
Rocket Initi ation a

Rocket Gimballing Initiated
PCEM Fired
Rocket Gimballinq Completed
Parachute Disreefed
Seat/Occupant Separated

********* ** ****** -,r**** **** ****** *******
Initial Orientation Final Orientation
D31 = 0.000 D31 = — .184
D32 = 1.000 D32 = .004
D33 = 0.000 D33 = — .969

uP EJECTION SEAi FEASISILITY DEMO

Emergency 02 Generation
Inert ial Reel Firing
Neck Bladder Inflation
Hip Thruster Firing
Canopy R emov a l
Gyro Spinup
Se at R e lease
Catapult Initiation
Rocket Initiation
Rocket Cirnballinq Initiated
PCEM F i r e d
R o c k e t  Ci mba l l i na Com p le ted
Parachute Disreefe d
Seat/Occupant Separated
*************************** *************
Initial Orientation Final Orientation
D31 = 0.000 D31 .164
D32 = 0.000 D32 . 089
D33 = 1.000 D33 — .970

5.1 Final CR1’ Displays
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2. Type “1” or “2”

flftering an invalid test n~ rber causes the
“SELEL’r DESIRE) ‘lEST” message to be reissued .

a valid entry is made, the program will
initialize the rate data for the test select-
ed. (This takes 1.5—2.0 minutes). When the
rate data initialization is catolete, the
program will display the message

PNITh ALTITUDE AT EJEC’rION (0-18,000 ft.)

3. Type a valid response arid hit carriage return

flftering an invalid altitude causes the
~E~TrER ALTITUDE” message to be reissued.
t~7nen a valid entry is made, the program
will display the message

EN1’ER SP~~D AT EJECI’ION (0-600 I~As)

4. Type a valid response and hit carriage return

~~tering an invalid soeed causes the
“FNrER SPEED” message to he reissued.
~‘7nen a valid entry is made, the follow-
ing display Will appear on the CRr

11P EJ~~1’ICN SEAT FEASIBILITY DE~4O

flt~rgency 02 Generation
Inertial Peel Firing
Neck Bladder Inflation

- Hip Thruster Firing -

Caz~ py PerrovalGyro Spinup
• Seat Release -

Catapult Initiation 
S

Pocket Initiation
Pocket Girnballing Initiated
PCEN Fired
Pocket C.iirballing Corroleted
Parachute Disree fed
Seat/O cupant Separated

‘10 BI~3IN D~~ONSTRATIC~;, PRESS’E’
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5. Type ~~~~~

~~~ program is now dEronstrating , in real-tine,
the tim ing , sequencing and simulated execution
of the ejection functions. ‘l~~ detonstration
takes either 2.05 or 5.05 seconds to rir~, de—

- pending on the time of PARACHtJ~E DISP~~~ING/
SE1~.T/CCCUPANT SEPAEATIC!~.

5.6 Special Features

Scre rrodifications were made to the program to create a second version
(PRr~TI~UT). P~~’IOUT performs the same functions as D~2~) (though notin real tine) , but also provides hardcopy output tracinc each step in
the execution of the vertical seeking maneuver.

- - PRNTCCT outputs the following data :

T - time (in milliseconds) since the beginning of the vertical
seeking maneuver.

R - yaw rate data (in deg./sec.) input at time T

Q - pitch rate data (in deg./sec.) input at time T

P - roll rate data (in deg./sec.) input at time T

DC1 - direction cosine of the angle from the x-axis
to the vertical after being updated at tine T

tK2 - direction cosine of the angle from the Y-axis
to the vertical after being updated at tine T

DC3 - direction cosine of the angle from the z-a.xis
to the vertical after being updated at tine T

PL~~1N]) - the roll steering comsand generated at tine T

PO~~~ - the pitch steering corrrrand generated at tine T

Appendix A contains a program listing of PRNTOrJT along with the data
output for the 90 ° roll test and the 180° roll test.

After loading the diskette entitled “VRISK”, PP.NItCT can be run as
follows :

1. Type “PPN’iWr” as an Th~~S resident console cortTnand

The program will clear the screen arid display
- the message

SELEL’T DESIR~~ TEST
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1. 90 D~~REE P~DLL
2. 180 DECREE ROLL

2. Type “1” or “2”

• Entering an invalid test nuither causes the
S “SELEX T DESIR1~~ TEST” message to be reissued.

~‘~hen a valid entry is made, the program will
initialize the rate data for the test select-
ed. (This takes 1.5-2.0 minutes). When the
rate data initialization is carolete, the
program will display the message

fl~JTER ALTITUDE AT E3~~TICN (0-18 , 000 f t . )

3. Type a valid response arid hit carriage return

Entering an invalid altitude causes the
“ENTER ALTITUDE” message to be reissued.
When a valid entry is made, the program
will display the message

ENTER SPEED AT EJECTION (0-6 00 ~~~ AS)

4. Type a valid res~~nse and hit carriage return

~~ter ing an invalid steed causes the
“ENTER SP~~D” message to be reissued.
When a valid entry is made, the follow-
ing display will appear on the CRT

u P  E3~~TION SEAT FEASIBILITY D~~~

~i~rgency 02 Generation
Inertial Reel Firing
Neck Bladder Inflation
Hip Thruster Firing
Caropy Perroval
Gyro Spinup
Seat Release
Catapult Initiation
Pocket Initiation
Pocket Gimballing Initiated
PCfl4 Fired
Pocket Gimballing Coiroleted
Parachute Disree fed
Seat/c~cupant S~~ara ted

‘10 BIXIN DE~1ONSTRATICtL PPESS’E’
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5• Type “E”

The program is now executing the eject ion
functions , printing the data described above
as each step in the vertical seeking algorith m
is completed . Running PPN’IOtJT takes approxi-
mately 50 minutes.

5.7 Outline of Changes for Inp ierentation in an Actual Ejection
Seat System

As previously mentioned, the dertonstration program was written for
iriplertentation on a software development system; some changes are
required if it is to be irriplerrented in an actual ejection seat system .
These changes are outlined below. (Refer to the program listing in
section 4.1) .

a) Delete the following lines :

108
lOB -

111
117
liD
120
132 — 19B
1DF - lEE
1FE — 393

S 59D — 628

77F — 7AE
7C7 — 7E1
802 — 813
82B — 83C
842 — 847
874 — 877
A5 B -B C 9

If no multiplication or division is required

- 394 — 59C

b) Delete the initialization of the following variables
(end of listing) .

ASSDRV fl~IT SE~TIOB F].NFO FOX1M
~~XDS Th~LINE UN?~1DUNT ¶1~ PSP Th~BUF
CLOSE LIST WRITE

S 
S’IT~IfX VSINP

Q)NIN MAKE B~X YIP STI~ PT VSPTR
c~~a~r MJUNT BI~ PIP AIST ‘1~~ rYFV
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~~)NRDY OPEN BEX~RIP AMST SCPTR
DELETE PHYDRV YBDATh CrR20 TII4PTR
DRVIN PRIRT PPDATA CTR6O FCBPD1
DRVCUT PEN) RRDATA DIAL FCBDP7ThI
EE~MSG RENN€ LIJUNK XZERO RCBD~ 4D
~~rAW SEAB~H ESC LISVSP FC~4ENV
~~ICUR SELEL’r ES FZEI~) FC’~T
~~‘rIOB SIROHN WT FONE FDISP
GE’IVCB SETEUF ~4DVPTR FOX 1L FDISP 1

c) Change line lOE to C~J.L INZCCS, where INZDCS is a sub-
routine which inputs the direction cosines of the
initial orientation of the ejection seat system,
converts them to the scaling used in the program
(see section 2.1.4.1) , arid stores them in D31, D32
and D33. (~~te: This may be part of the routine
EJECT, that is, input at the time of ejection) .

d) The subroutine INZRST75 (lines 126-131) may have
to be changed if the 2.5 ms interrupt received
by the system directs the program counter to a
location other than 3C.

e) If the tine of parachute disreefing and seat/occupant
separation is determined only by the altitude and
speed of the ejection seat system at ejection , these
t~x values (ALT and SP~~~ ) should be input with the
initial orientation values D3l , D32 and D33. Their
tine of execution should be stored in PARDRFT~1 (in
term s of 2.5 ma interrupts) . If the conversion from
altitude and speed to tine is determined as defined
by Figure 2.12 , the code from lines 62B-6~~ and
A45-A53 can be used. (This requires that the MULT
and DIV~~E subroutines be left in) Figure 2.12 , as
inpienented in the code, is represented by the follow-
ing equations : (If a sirnular , but different , para-
chute deployrren t chart is used , the changes can be
made as noted.)

1. if ALT � 14000 ft , T = 4.5 (test in line 62E )
2. if ALT < 6000 ft , T = 1.5 (test in line 638)
3. if SPEED < 240 KEAS , T = 1.5 (test in line 642)
4. if ALT � ‘a ’ , T = 4.5 (test in line 6A5 )

S 5. if ALT < ‘a ’ , T = 1.5 (test in line 6A5)

where ‘a ’ is the altitude on the diagonal , correspondinq
to the given speed . ‘a ’ is computed using the equation of
the diagonal as follows

F(Xj ) = a = (f0x1—f 1x0) + ( ( f 1—f 0) (x1))

(x1-x0)
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a = (14000) (600)—(6000) (240)+((6000—l4000) (SPEED ))
(600—240 )

This is irnplenented in the code (lines 649-6A1) as:

a = 19333 —22.2(SPEED)

If an entirely different rrethod of determining the
tine of parachute disreefinq/seat/occupant separation
is used, the code fran lines 62B-632 and A45-A53 should
be , and code inpl*rented to determine the tine
as defined.

f) For the first .55 seconds after ejection , the interrupt
counter is counting 25 mrs interrupts ; after that , it is
counting 2.5 mrs interrupts . ~~o separate rates were
used to allow tine during the first .35 seconds to
interface with the display . In an actual system, the
interrupt rate ‘~ould rrost likely be constant (2.5 mrs
or whatever is to be used) . Since the tine of execu-
tion of the functions is determined by counting the
nut~er of interrupts , the comparison values used ~ould
have to be changed . Each of these comparison values
is noted below.

line 6A9 , 6B0 - Set tine of parachute disreefing/seat/
oocupant separation (=n~iiber of 2.5 ms
interrupts since beginning of vertical
seeking maneuver)

line 7FB - Test if tine to start sequence B (next
interrupt = 12th 25 mrs interrupt?)

line 824 - Test if tine to start sequence C (next
interrupt = 21st 25 irs interrupt?)

line 860 - Test if end of vertical seeking maneuver
(last interrupt = 600th 2.5 ins interrupt?)

- line 89A - Test if tire to execute Fire PCEN (520th
2.5 us interrupt?)

g) The routine EJ~~Y (lines 746-755) would have to be changed
to input the ejection signal as defined by the system. S

h) The routine INRATDTA (lines 8A9-8C0) inputs the six pieces
of rate data required every 2.5 ins . In the demonstration
program, this data is read from a memory buffer; in an
actual system it ~ould be read through an I/O pert as
defined by the hardware designed to interface with the gyros.
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This routine also perforns part of the integration as
follows :

1. read r
~~1 25

save it —

. 

(replaces

calculate YSUM1 (see section 4.3)

2. read
save it - (replaces ~~~~~~~~~
calculate PSUM1 (see section 4.3)

3. ~~~~d 
~t-1.25 S

save it — (replaces P t—3. 75~
calculate PSUN]. (see section 4.3 )

4. read rt
save it — (replaces rt....2 .5 )
calculate YSUM2 (see section 4.3)

5. read % 
S

save it - (replaces 
~~~2•5 )

calculate PStJM2 (see section 4.3)

6. read
save it - (replaces 

~t-2.5~
calculate RSUM2 (see section 4.3)

This part of the integration ~~uld have to be done in the
Input Data Routine written to replace INRA~rt!rA. The values
r
~_i.25, ~~~_ 1•25 , ~‘t—l.25 , rt ~~~~~~ Pt , ~~~~~~ ~~~~~~ RSUM1,
YSUM2 , PSUM2 , RSUM2 should be stored in memory as shown in
section 4.4.

i) In the demonstration prcqrain, the steering corinends arid
telemetry output data are stored in nerrory in the form
defined by the China Lake system. (This is done in lines
A06-AOD and A2C-A33 respectively). In an actual system,
these ~vu1d be output through an I/O port to a D/A con-
verter in the form defined by the hardware interface
designed for the system used.

j) The subroutines enabling the execution of the ejection
ft~ctions ~vu.ld have to be changed to execute the functiors
as defined by the specially designed hardware interface
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used on the seat. These subroutines are (reference
Table 2 .3 ) : -

FJCmTN (7B7-7B9 ) - enables Sfl XJ~~CE A functions .

CI’PLT1~TN (7Bf-7Cl) - enables SECU~~~~ B functions .

R~~S~IN (887-889) - enables Pocket Ignition .

O~ CE~1 (8A2-8A6) - enables Fire PCE~4.

PARSEP (A56-A58) - enables SIXC~~CE D functions.

k) The code would have to be assembled to begin executing
fran location 0000.
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T~e following listings st~w the yaw, pitch ath roll input rate data , the
3 direction cosines ar~ the steering ccrTnazx3s generated at each step
(every 1.25 us) in the execution of the vertical seeking maneuver.

-Al-
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A.l Vertical Seeking Maneuver - 900 Roll Test

p.
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113 :105 734 —- 1739 ) — ‘312 0.7:9 0.070 —0.953 FA 70
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1103.7: -S I -: —-~- 1 1  ~ 17C: 0.359 0.370 —0.103
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1 2”10 .2 -5 - 177 23 — ‘ 1 7 1 7  1 7 3 2  ‘7 . 3~~: 7 7 . 0 6 3  — 1 0 ’j’10

~ 3 2 2 7 .:’) ‘1723 — -1- 3 7 173 2 0.34: 9)10-51 — ‘,-10.1)4 10
1 29)3.7: 223 — - 7 1 3  0 1 1  0.045 5 . 0 6 3  — 2 . 9 3 4
2 17.70 ‘2 -23 — - 1 7 3 -2 3 3 3  1 7 . 0 4 ;  2 . 5 6 3  — ‘3 1 0 ” ' ” P3

~ 1 2 3 3 . 2 5  022 — - 2 - 3 0  1 7 1 0  0 . D ” s 2.flsl — -30)34
1 2 1 2 . 5 0  - 1722 — 0 1 9  ‘ 31 - 0 -  0 .045  17 . -’ l o l  —- ‘7 .10 4  /7 3  )

1213 . 75 1722 ~~ 3 : o-cY~ 0.045 ‘ 7 . ’ 7 c.,- I  — 1) 1 0 2 4

~ 
32 15.00 022 — ‘/7 1 9  -‘29)93 ‘3 . 7 7 4 3  0 . 06 3  — ‘3.104 PB 7 177
12 16 .25 322 — 1 7 1 0  103 0 .54 5  17.061 —-5.994
1 2 1 7 .53 722 —11 ) 0(37 3.2”: 0.761 —77.104 93

~ 3 2 1  ‘ .7 5  7 7 2 3  — 1 7 2 9 )  2-5 7 9 .7” : 0 . 1 7 6 3  — -‘10984
22 1- . 1-’) 7 7 2 1  —- 1) 2 7 ‘711’ : (3. ’1- -~5 ‘7.361 — ‘7.93.1

I 2 2 1 .2s 772 3 — /722 “77: 3.2417 0.761 —9.9-3”
~ 1 222 .10 923 —30? 770 5 - 0 . 3 4 5  -3.251 —- 9 1084 9)8 1 —

2 2 3 . 7 5  : 2 3  — - 9 2 ?  77-7 4 0 .7” : ‘ 1 . 1 7 5 3  — ‘ 7 1 0 / 7 4
12 10.00 7 7 2 1  — 9 2 3  3’ 0 .94 5  0 .06 1 — - 5 .96 4  PB

~ 
1 2 2 s . 2 5  1 7 3 1  — 7 7 2 3  1-10 - 7 1 . 3 4 - 6  - 3 . 0 6 3  — -3 . 9 8 4
1 22 7 .50 103 —- 12 1  05-” 0 .34 6  9 . 0 6 3  — 0 . 2 8 4  ‘75 777
3 22 -~.73 - ‘-2 ! — 122 11- -~ 3.246 0.063 —-9.984

~ 3 2 : 2 . 2 0  2 - 2 3  — - 122  054 0 .035 0 . 0 6 3  — 2 . 964 /76 72
i 2 3 ~~.23 22 1 — - 2 - 2 2  05 1 3.032 3 . 06 3  — ‘17.23 4
1232.5-3 1717 21 —2 -23 12” 0.333 0.063 — 9.764 /73 05
1233.75 “- 21 —-323 50-4 0.338 0.063 —0.964
12 3 3 .0 5  7 7 2 1  — 023 7703 3.033 0 .061  — 0 . 984 F3 05-
3 2 3 6 . 2 5  ‘321 — - ‘7-33 ‘17-9) 3 0 .538 0.06 1 — 0 .9 8 4

• 3 2 3 7 .5-0 172 1 —-2 24 2-03 0.033 0 .06 3  — 1 7 . 964 /7 3 05
1 21 0. 7 5  021 — -92 ” 003 0. -/738 0 .06 1 —0. 264
12 - 1 0 . 0 0  2 2 1  — 02 ”  133 0.033 0. 063 —0 .984 FS 7 17

o 12~ 1.25 323 —025 -133 0.038 0.061 — -3.984
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32:3.75 5-21 —0 25 -770 3 0.038 0.06 1 — -0.984

• 12 4 5 . 1 3  0- 21  — 0 2 - 5  17-13 0 .2 -3 8  0 .061  — 0 . 984 PB ‘72
I 2 4 ~~.25 / 7 2 3  — -926 7-2 3 0 .038 0.06 3 — -0 .9 84
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32;- :- 5’) -923 — 9 ) 34 51’- ’) 0.023 0.053 — -77 .977: /777 /i~ . 
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~ 
329 ~~.�s -322 —035 9)07 0.173 5 0.053 —0.318:
322 7.5 -0 022 —035 007 0.0?~ 0.053 —0 .96 5 ‘76 7F
1210 .75 -7722 —035 9)03 0 .035 0.053 —0.985

~ 3 2 0 5 . 0 0  022 —03 : 003 0 .035 0.053 —0 .985 SB 7F
12 10 .2 5 -‘5.22 —03 -5 003 0.0 3 5 0.053 —Q~ 3133
110-2.33 023 —036 006 0.015 0.053 —0.925 FB ‘IF

~ 3293. 75 9)23 — 03-5 002 0.333 0.053 —0.935
12 15 .95 023 —037 7709 0.035 0.053 —0.935 FB
1 2 2 ~~. 2 5  023 —037  -20) 0 .035 0.053 —0 .935

~ 1 2 7 . 3 D  023 —037 009 0.003 0 . 0 5 3  — 0 . 9 8 5  /73 7 77
1229 . 75 02” —03 3 0 3 0  0 .008  0 .033  — 0 . 9 3 5
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.,, 13 0 5 . 2 3  02 ”  —03 -3 0 ? ?  0.008 0.033 —3.935
1312.50 02” —03 6 0 ? ?  0.008 0.353 —0 .935 /72 7/7
13 713. 15 ‘1724 — 033 0 3 2  0 .003 0.353 —0 .985

.
~~~ 3 2 1 3 . 2 9  024 — ‘333 012 0.9)06 0.053 —0 .965 FB 7/7
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1202 . 5(5) 324 —0 1 6 9 )3 4 1) 1 0 5 .3  0. 06 1 — 0 .’i34 1

~~~
—
~ 
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• 1203 .7: 02.3 — ol 7 9 ) 3 3 0.9)53 r)~ Qf3 3 —9). 104
1 205 .0 9)  - 172 3 — 0 3 7  ‘ 5 1 3  0. 9) 45 - 1 . 0 5 ?  —0 . 984 1-0 05
120~ .25 -17)23 — 7 7 17 771 2 0.34: 3.061 — ) . ‘) 0- -j

~ 12 ’57.;0 023 — 017 ‘173 2 0.145 0.06? —0.9134 /75 777 -
120 8 .75 023 — 0 3 8  0 1 1  0.045 0 .0 6 3  — 3. 1 3 4
1 2 1 0.93 023 —0 3 1 3 I I I  0.145 0.063 — - -0 . 154 P5

~ 12 3 3 .25 022 — 0313 -930 0.143 0.061 —01094
3232. 50 022 —0 38 31-0 0.045 0.061 —-/7~~Q~~4 / 7 3  717
3 213. 75 022 —0 3 9 7709 0.045 0.061 — ‘7. 984

~ 
3215 .00 022 —0? ’9 00-3 0.9)45 0.063 —0 .994 776 70
12 3 6 . 2 5  ‘ -322 —9 )1 9 058 0.345 0.063 —0 .964
1217 .50  322 — ‘/71 9 7707 0.045 0.06? —0.984 /73 717

• 12 1 - 8 . 7 - 5  1721 — 020 1707 ‘3.045 0.061 — ‘1.984
3 22 77 .9)0 9)2? —020 -735 0 .7745  0 .061  — -9 . 984 !-13 13
122 1 .25  9 ) 2 1  —“ 320 1-06 3.945 0.061 —-3 .984

• 3 222.50 1721 —0 2(2 ‘2-05 0 .745  0.06 1 —0 . 984 773 717
1223.75 ‘321 — 921 7704 0.045 0.063 —0.984
3225.0-0 1721 — -323 3-04 0.045 0 .06 1 — -0 .964 /73 717

• ? 2 2 o . 2 5  17 2 1 —021 1-34 0 .346 -3 . 06 3 —0.984
1 227 .50 2 - 2 1  — 7 7 2 1  ‘054 0.046 0 . 0 63  — 1 7 . 9 8 4  FR 771-
322 4.75 ( 123 — 1722 117774 3.046 0 .063  —0 . 984

~ 1230.77 0 921 — “2-22 ‘504 0.038 3.061 —0.984 FB 73
12 21 .25 1721 —022 1774 -3.038 0.061 — -0.984
3232 .5-3 021 —02 3 -0-04 0.1733 3.063 — -3.984 /73 7

• 1233 .73 77 21 —023 -004 0.038 0.06 1 —0 .964
1235.00 -172 3 —023 003 0.333 0.061 —0.984 F3 70
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A.2 Vertical Seeking Maneuver - 180° Roll Test
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0210 .2-0 1 05 —02-5 34-2 0.04) 0.673 71. ,’46 --~-A /0

~ 3256 .2: 305 —027 360 0.042 0.679 1). 1’~l
0237 .5-’) 105 —023 3:3 0.054 0.684 0.736
323 2.75 304  —029 336 0.034 0.690 0.730

~ 0743.3-2 104 —029 334 0.054 0.690 -3.730 /- E~ IC
L2 .i~ .25 303 — 029 332 0.054 0.693 0 .72 5
3242.53 103 —03 0 330 0.060 0. 7 0 3  0 . 7 2 0  12 70

~ 02 ’-3 .7 5 103 —030 2”2 0.060 0.706 3.714
02~~;. 2-17 102 —031 105 0.0-55 0. 712 0.708 13 7 t 3
02L. -5.2 5 102 —031 344 0 .071  0. 737 0.703

~~ 0 4 7 .50  302  —032 3~~2 0 .07 1  0 .722  0 .698 t~L) 7F-
02 -- ’- ’ .75 1 0 1  —032 343 0 .071 0 .727 0 .622
2 2 5 2 . 2 0  3 0 1  —033 333 0 . 0 7 3  0. 727 -3 .692 AD 73

~~ 2 2 5 3 .10 1 0 1  —0 33 338 0.075 0. 732 0.685
0-2 52 .35  3 0 3  —034 33-9 0 .276 0. 737 0 .6 83  A~ 73

2 517 . 73  10 3  —-2 35 339 0.076 0 .743 0 .675
:~ :2775 .217 10 3 —035 33.? 0.076 0.748 0.669 13 73

25 6.23 lOt — 1733 339 0.082 0.752 0.663
-: 2 57 .33  131  —036 359 0.382 0.752 0.663 AF 71

~~ 1055.73 10 3  —037 339 0.032 -3.757 0.658
101023 300 —037 3”0 0.087 0.762 ‘3 .651 IF 1. ’-

- -2~~! .23 100 —033 343 0.393 0.767 0.645
-~ 1010.~~:- 100 —039 3*5 0.093 0.772 0.639 20 7,-\

22 5 3. 75 100 —03 9 343 0. ’J~~3 0. 777 0.633
10’—5. -071 I C-C) — 042-) 3~~0 0 .093 3 . 7 6?  -3.527 3 ?

~ -10::.25 3170 —0-07 - 3*5 0.399 0 . 7 8 ?  3.627
1 0 ±7 . 5 0  317 0  —0 ’7-1 10? 0 .09? 0 .786 17 .521  3 3  79
10:~~.73 10 7 1  — * 5 3  .3~~1 0 .099 0.790 0. -S i :

~ - : 2 7 1 . 2 3  3 : 0  — ,,~~2 *5? -17 .299 0.795 3 .503 3 1 7 -7-
10I .25 3 - 01) —0 52 3- L I 0 .1 -35 0 .799 0 .603
:2 7 2 . 3 2  3 2 - 2  —- 5 *5 3 ’ - I  0 . 1 1 7 9  0 .0714 0 .396 32 71~

~~ : 2 7 7 1. 1 0  30 0  —2 - 4 3  *52 0. 3 0 ’)  0.303 0.590
‘22 10.10  3 1 7 0  —*54 3~~2 2 .1 - 39  Q~~330 0 .390 32 75
2:10.10 32- 2- 7143 0.116 0.832 0.554

0 10’T.’;2 31 7 ?  — -2-55 343 0 . 3 3 6  0 . 9 3 - 5  3 .577 10
107’’- . 7: I , :? — 5-- :  344 0 . 1 1 6  0 . 82 ?  -2 . 3 7 )
10 2 ) 110 -‘5 3 30) 0 32i ‘

~~ 5:: -
o 1017 - .2 ) 332 — *5 7  *55 0 . 3 2 2  0 .820 U . s S O

10:2.10 123 — ‘3 42 *5-5 0 . 12 2  0. — 3 33 3 .352 34 79
:103. 75 3 0 3  — * 5 - 3  *57 0 . 3 2 6  0.13 33 7 7. : 5 1

O :-,::‘- J .  ‘1) 171$ —C4~ 317 71 .326 3.7137 O.5- -5 54 h’
2-77 30— ’- — - ‘ -~ 7- ,: 0 . ?  33 “ .010 0 .537

— ,)~0) 
:L 0 . 3 3 2 ~~~~~~ 0.,,32 9-j -‘f

~ 10- ~.T - ’ IL -- : —- 711 *5 -‘ 0 .3371 1.71-71’- 0.10-) -
-
~ 7- I n ”  —

~~~ I 2 2 3 * 5  7- ~~l ”
- ‘ .2: 110 —‘:1 2’’~ 71.li- ~ 1. 1 :  ,‘ .,. 32
.-~ ) 3 : 7 - /’ — ‘~ - 1 -‘ 3 . I 2- - Q~~7 1 - ; - )  0 . : 0)  “ - -) 

- ;

- 
- . 71: 107 - /  — - 7’’’ ’7- 2 .? -~ 71~~77’9 4 ‘ .:71 -’7-

I ‘_ ‘ — ‘ ‘ , 7- 3’:’ 0 . 3 - 1 7- (‘.‘~- ‘3 - 7 - .- l - 9 5  5: :
- . H I ‘77 ~~~~~~~~ 

: ~ 7- 71. I :’- ’ - 7 - ., -o : 77 .  71) ?
- ‘

. ‘ - i~~~~
-
~ —:H~ 7 - - i - ; ‘7- . ? : )  0. )-,-) , ‘~~~- -: ,-

~~.: *5-
• ,-: 7 - 71 --’ — -

~~~:‘ ‘ - . 0 . ? :  7- 17. - i i ’3 7- . -t ’i:,~
- . -~~~ In — o:- - ,-~~: 3 . ?  1-1 0. :7-S’ S 71.4 / I ~ 7 - - )



REPORT NO. NADC-79240-60

• T a D’;I ~-*5~ 7’- o3 i~L .0 ’ -WD o- - .
0203 .25 110 —056 ~10 0. 1:7  - .~~~~ / i  1.’~o’i
3302.:0 11 0 —-77:7 35? 0 .160  0. ~ ‘).‘*5’ / - -

~ 0303. ‘/5 1 10 —057 ~4’ 71.1 4~ o• ~~~~~~~ ~~~

0205.00 109 —-10-3 54—i 0.167 0. - -:5 77.”4) 10 i - ,~
0206.25 10) —0-:: 7146 -1’ . 167 0. ~;3 77.

c 0207.50 109 —4-5) ,3 i14 0 . 3 5 7 0.~~9 3  3 . 43 5 ~~~~~

030~~.75 7 - 0 7 1  —o~ - 5 42  0 . 1 6 1  0.395 5. 52 0
0210. -20 I - c-) — 142 247 - )  -3 . 3 7 4  C- .~597 2.422 ~ -/7 *5

• 0213 .25 309 —1760 338 0.I ’/7 0.7171(3 3.433
0332.50 10) —063 7136 0.177 0.903 0. 406 30 14
0313.75 109 — fl~ 2 324 0.0)4 0.902 0.406

• 5 3 7 - 5 . 0 0  109 —0 471 533  0 . 3 - 5 4  0. 905 3.399 OH ( - 7 -
0-2 15 .25 -1 09 —-102 101 -17 . 384 0.iC’/7 5.332
0317. 5-0 171~3 —-:63 ~2) -3. 33 4 0.7 - 1 1  ).3715 0)

~~ *5 :5 .7 5  2 5  — *54  107 7 1 . 1 2 4  0 * 5 ) 2  .3~/7
23 10.33  1-3 5 — -3o -~ 7 1 2 5  0. l~~- ’- 0 . 7 1 1 5  71 .37 71  5)  /1
02 2 3 .25 108 — ; ~~: 32 5  3 . 3 9 4  0. 3 3 5  0 .370

c *522.5-0 1 1 ,3 — *5H 32 1 0.194 3. 2 1 4  17.363 5-71 *5
2 - 7 1 2 3 . 7 3  30 — -77: 5 22-9 0 .20 1 5. 7 1 1 9  O.35ó
322 5 .0 17 305 — 2 - 6 5  3 3 2  3 .201 - 0 . 2 2 2  0.349 5-9 7 5

o :32s.~~3 :37 —~-57 3 6 0.203 0. 7124 1.343
:227 .50- 107 — 06 7 5 14  0 . 2 1 1  17. 923 3 .340 31 771
2 2 2 5 . 7: 0 7 —- 3577 7 1 3 2  0 .2 1 1  3 .2 2 5  -3.333

o 010:.-’*5 106 —7110 3 1 - 1 7  0.2 13 0.223 -2.326 SA 72
*521 .25 1 2 6  —2 -7 0 33) 0.211 2.930 0.316
*532 .50 106 —07- ’) 2-37 3 . 23 8  -0 .931  3 .31 1  BA 72

• 0233 .75 05 —3 7 1 205 0 .22 1 0 . 9 3 ?  5 .330
03 10.2-0 30 5 — -1772 3-173 0 .221 0 .933 0.302 BA 7 3
0236.23  104 —073 301 0.22 1 0 .936 3 .295

• 022 7.5 0  104 —074 2 9-2 0 .228 0.936 0.288 5-.;
*533.75 104 —07 4 29 -3 0 .228 0.936 0.288
03~ C.00 303 — 177 5 2 2 6  0 .228 0. 938 0 .281 BB 7 7 -

• 0 3 4 1 . 2 5  303 —0 76 294 0.230 0 .940 0.272
03”2 .50 102 —07 6 292 0.237 0 .940 0 .264 38 70
03”3.75 302 —077 290 0.237 0.940 0.264

• 0-3”-5.00 102 —073 283 0.237 0.942 0.257 33
0346.25 30 1 —079 287 0.237 71.944 0.250
0347.50  10 1  —079 2S5 0.246 0.942 0.248 BB 70

• 024~~.T3 100 —- 170-3 2e3 0.246 0.944 2.24?
52 5 5 . C - -3 -0-3 —- 1783 23? 0.246 0.946 0.233 33 72
1725 1.23 7 - 0 0  — 7182 232 0.246 0.948 0.226

• 3 3 5 2 . 5 3  101 —-2-83 25~ -3 .254  0 .2 4 6  0 .22 6  33
*553 .75 3 0 ? — 2-83 23-5 0.255 0.947 0 .217
0355 . 00 3 -9 2 — 0 77 4  2 / 7 7  0.255 0 .9~i9 3 .209 33 -10

• 17133:.25 102 —0 5 ,3 2 0-5 0 .263  0 .947  0.209
- 3357.53 7 - 1 7 3  —0 -77 6 .1071 0 .263 0.94 8 0 .202 23 :71

035~~.75 1 -173 — -371: 293 0.263 0.950 2 .195
• 03:0.33 104 —- 719 7 2*5 3 .264  0 . 9 3 ?  3. 193 :33

-23:3.25 104 — * 5 5  271 4  7 7 . 2 7 1  0 .9~~9 - 2 - . 1 C 5
0 3 : 2 . 2 5 0  105 —0-77) 1713 9 . 2 7 1  - 3 . 1 0 1  0 . 3 7 8  7753

• -23:3.7: ‘2-5 — 710 :)  29: : ) . 7 7 1 ?  T) .- : , 1 7 . 3 1 1
0 *53. 03 I n-S — ‘ - 7 1  ,,

- -
~~~ 0 . 2 7 7 1  0 .0 , 3 - “ . 16 1  - : 2 -

2-71c :10: 10 — - 7171?  “ ‘-9 - ) . ‘ 7 - 5 ”~ - “' . 2 7 7 ?  3 . I c - ?
* 0*57. 5 2  77: — 2 9 ’  2 5 - ) ?  : 3 . 2 - 5 - 17  3 . 7 -0 2  ~2 - . I :~i - -

1-5:5. 75 0/ — 1 * 5 ~ /‘~~~ 7 7 . , 2 : - 7 -  1 0- 1 0  3 . 3 * 5
- 2 - 71. .’. 71,) lOt  — -

‘- 

~ 3 71.251) -3. : -~ 0.  13 9 773 -~~
~ 10,3 .7717 307 — : ) ~ 71’: 0.2717- (10 - 10. 0.137

-2- 102.:() 108 — i ) 10 3- ’~ 0.2~
’--~ -7. 2:3 -) .130 00

773 7,” .7: 308 — -~~~~~~~~ 30d - 102~5/7 0 . 10-? 0 . 1 2 2
- 0 0310. -117) 109 —7197 309 0.2”5 0.90: 71. 1 1 5  i3C 71



REPORT NO. NADC-79240-6 ()

• I C) P DCI 0712 003 14L .C177- 11) PC. n - - t o
~- 3 3 : ’) —-17 9 /  iY’ 0.296 0.9:3 - j.  1 1 3

037 7.:’) H?  — - ‘25 3777 -17 .2)-’) 0.9:3 7- ; . 1 -175 ~7-C 10
o 037-~.7: 12 —- 17 )-) 30’) 0.290 0.3:4 ‘1.07-1

11 -‘1 —711’) 305 3•317- 1 71. i:3 - 17.2 1) ? ‘53 -10
0,3 ’

~).2 3 1 7 - :  — l ’ 7 7 )  3 0-2  Q•’)04 0. -~”:3 ~.-17 5- l
-a 0 3 1 0 .j l’) lI - S  1Y) 31~3 Q • 3 1 7 ’ l  0.7571 3.017 1

0322 . 75 M I  — 1 - 3 ? 71- 175 0 .304 0. ’i:’~ 17.274
33*5.173 1 1 3  — 1 01 3077 0.312 0.952 3.266 *5 60

~ ‘*5-0.71: 1 39 — 302 3 173  0.332 0.952 0.057
173 37.50 120 — 3 0 3  3-3 8 0.332 0.7152 0.357 60
0 3 5 0 . 7 5  3 2 2  — 1 0 3  317- 7 - 0 . 33 9  0.950 -3 .349

• 0 3 7 1 7 . 3 - 3  1 2 2  — l 0 - ~ 30- 7 0 .3 3 9  0.950 0 .042 88 SB
05711 .25 1-2 4 — 304 3:7 0.319 0.953 (3.7132
02)2.5-2 325 — I - C-S s:- 7 0.327 0*543 -17.1732 23 *5

o 0*53.75 32 6 — 3 0 5  30-7 0.327 Q~943 0.025
*55.10- 127 — 305 3177 0.327 0.948 0.316 83 -:77

*525.25 32 0 — 3 0 6 326 0.334 0.946 0.003

~ 0727.5-3 130 —107 10-5 0.334 0.946 0.00-3 33 61
0 2 7 3 . 7 5  *5! — 1 2 - 7 3-3 6 0.334 0*546 0.0710

-L ’ ’
. -*5 132 —10 8 3176 0.334 0.246 —0.0’09 C2 51

3 0~~: : .2 5  3 3 3  — 308 303 0.343 0.943 —0.037
3*52.50 133 —10 9 3-17 1 0 . 34 1  0 .943 — 2 . 3 2 4  2 61
3 - *5 .75 330 —10 71 220 Q •3~ 1.l 0.943 —0.324

-
~~~ 17*55.:: 129 — 7 - 02 295 0.343 0.940 — 0 . 3 3 . 1  02 52

C-.10.25 328 — 3 1 0  2~~ 0.34-3 0.940 — 0 . 3 4 1
2 *57.50 7- 27 — 1 3 0  223 0.348 0.939 -*5.049 02 :9

~ 04*5.75 327 — 3 1 0  2772 0.355 0.936 —0.349
CL I .’- 126 — 1 1 ?  2775 0.355 0.936 —-3.058 03 69
0-~H .2: 125 — I I I  25-’ 3.355 0.935 —0.3 65

~ . ~~ 7- .53 32 4 — 3 3 3  221 0.362 0.933 —3.365 03 :77
*51107-5 1 2~ — 1 12 2*5 0.3o2 0.232  —3.37:
*5-35.10 123 —1 12 277 0.362 0.931 — 0 .3 3 3  03 4 2 -

.
~~~ -2 1 - 6 . 2 5  122 —1 1 . 2  27~1 0.3:2 0.92:~ —3.3 -sc

0~~i~~.10- 3 21 — 1 1 3  717.2 0.359 -17.71 277 — 100 710  03 :3
2 -*5 -’ .~~s *5 ; — 7 - 3 3  210 0 .3 :0  0 . 92 7  — 3 . 7 - 0 3

3 *5-21010 320- — M S  257 10373 17.220 —-10 1 07 Ci 67
213 1 .2 5  I I )  — 3 7 - 4  2*5 0 . 2 7 2  0*523 — 9 . 1 - 7 1 7

~~~~~~~~ i i • ~ - 3 7 - 4  :~~: C s ’-’- 0 7110 —J 1 1 7  -~‘3
.
~~~ *52-. I - — I l i  .~ — 71 0.. i- ~ -7-10~~2 3  — . :~~~:

:1*50.2: 1 1 7  — 1 7 - S  *57 9.101 0.935 — -2 .i2 ~ 3.: 10
17.1’~~~~~ 25  I 1 7 — M S  2;;- --9.32.7- 0 . 2 3 7  — 3 . 3 3 2

• —10 .12- 3 3 6  — I i : -  *55- 71 .3 3- 3 -  3 *5 7 - :  — 1 7 . 7 - 1 2  0-: :7
0 . : *5 . Ts  1 1 6 — 1 1 7  2*5 0.107 -2.71 13 —~~.j42
71—10 1’ ?: ~ — 1 : 7  0 107 :37 _- ,, 3 ~‘

~~ ~- - - ‘ .10 1: — M  2772 3.377; 0 . 7 1 3 2 — 0 . 3 1 7 2
1 -- *5.253 3*5 — 1 1 3  251” 0.3~~: 0 .9?? —0. 1:2 04 :7
3.:$;.7-3 1 7 - S  — 7 - 1 9  2:-) Q~~$03 -3.9-26 — -2. 355

~~ “ 1 7 7~~ 71~’ 3 1 5  — H  7 .15 0.103 -‘).90c —0. l c-S 04
2- -01:.2: 1 3 5  — * 5  2:7 3.3)1 0.71:: —5 .376
*517•53 3 7 - 1  — ; _ 2- 2 4

: 7 7 . 3 23 0.92*5 —5 .103 CS -~~
~ :~~1010-~ Il- I  — I I I  2 7 7 3  0.3*5 -3.9 ;3 — 2 .1 533

71 : . .2 77 I 1 - -  — 3 7 1 2 ~~~ 0 . 39 1  17~~5~~4 — - 5 . 3 * 5  “:
3 ) 1  _ * 5 ’) 2 - 13  3~~~1~) 4  0 . - . - --’- : — . 1 3

~ *5- ” .,77 H3  — 1 ,2-3 2 -~ 3.40-: 77 - :- - .: ~~ 5~~~~1 7 * 5  CS
75 1 1 5 -  —l 10 *53 ).- •-u ‘ 3.’-’*5 — . ‘ 7 - 7 1

~ :1- ~~~’~9 3 25 — ~ 0*5 0. 10) 0.2’). ’ —~ . 2 1 0  0:
~~~ 

‘ ‘ - - ,.10, 1 1 7 1  — 1 2  7117 4 0. 12 - ~ t9 .~~~10 —- ‘ 1 0 3 1
*5 .; -  3 7 - 2  — 310 * 5 ’  71 . :~~i 0. - i -H — ,‘.:*5-j
3 : :~~~7 - ,, 1 1 7  — 3 * 5  3~ 77*5 - 7  o*5~~’~ — .22 7

• -~~~ ~~~~~~~~~~~~~~~ l l ,~ — i71~ 7110 J~~ i : /  u.~~-’ ; —1 .7110 Co



REPORT NO. NADC-79240-60

C T 17 P 10? 1,122 L-C ? ~L . 0 ’~7 - i  - n . .

*551.23 12 — 327 235 -3. 434 3.71:3 — 1 . 2 3 4
0 152. 10 3 1 3  — 1 2 7  23 7 0. 4 12  .012 — - 3 . 2 4 4  CO -

• 54517.7: 7 - 1 4  — 3 2 7  2*5 j~~4 3 2  1 7 . 4 7’) — - ; .
~~~~~

- -
~~~~

34 10.01) 3 1 4  — *571 2’0 71~~4 i )  0*5!-: — -10,0’) O f
0456.25 15 — 12 ’ )  �~~1 0 . 4 3 7  0 . 072 —0.260

• 0-’-:7 .50 3 1 5 ,  — 3 7 1 2  2~~2 0. 4 1 7  71 *572 —-5.260 07
1 36 —1 2 ) *53 3 .417 0.17.,’)’ — -3.26/

0453.00 H 6  — 3 2 17 2 : 0. 4 2 3  0.106 —71.270 07
• -*5253.25 3 1 7  — 32 - 0 246 0. 4 2 1  71.36” — -3.277

0462.50 3 3 7  — 3 3 7 1  247 0.421 0.7162 —2 .244 C7
0463. 75 3 1 8  — 1 3 3  *58 0. 426 -2*559 — 0 . 1 07

• 3”65.0-3 1 1 - 0 — 1 3 3  2~~9 0. 426 0.836 —0 .293 05
- 4-S-S.25 1 3 - )  — 1 3 2  251 0.426 0.3:4 — 0 . 3 7 1 0
3457~ 53 - 1 20 —132 252 0.430 (1.100 —0. 3- 3 3 ‘*5

~ *5-53~ 73 12- C —1 3 _ S  253 3 .430 0.843 — - 2.3 1- 3
C - ’ 7 - .C0  3 2 3  — 3 3 3  254  -0. 4371 0.- —- 10 210 03
:- ‘7 1 .2 5  3 2 1  — 1 3 - ’  25: 0. 42 7 0.540- —0.320

~ ‘*510.53 1 2 2  — 1 * 5  23ó 0.~~34 0 .5-~.-2 — -0.326 09 :4

:- 73.75 322 — 134 *577 3.434 0.340 —0.326
*575.00 3 2 3  — 3 1 7 5  1710 17.43 3  -3 .537 —3 .336 09 5 4

~~ *575 .2 5-  1 2 3  — 13 3  257 3.437 0.33 3 — 0 . 3 4 3
*577 .53 123 — 3 1 0  2 5-3 0. 437 0 . 3 33  — -3 .343 cc
*573.75- 1 2 3  — 7 - 3 4  2 5 - 2  10:35 - 3 . 7 7 2 3  — - 3 . 3 5 2

o :-‘~~0 .0-3  3 23 — 1 * 5  250 0. 14 ?  0.322 —2.359 CA 53
*503.23 12~ —12 4 2 715- 3.441 0.52-2 —0.359
045,2.50 22 — 7 - 3 1  *56 -17.438 3.019 —0.36-9 CA 10

~ :-‘a3.75 1271 — 7 - 3 4  244 0.444 0.316 —10368
-‘55 .C0 7 - 2 7 1  — 1 3 4  2 4 1  0. 444 - 3 . 3 3 2  — 0 .3 7 5  CA -53
*5-10.25 122 — 334 2*5 3.44 7 - 0 . 3 3 0  — 0 .385

~~ *5-07 .50 7 - 2 2  — 13 4  237 0. 44 1 0 .5 3 - 0  — 0 .385 CS 63
34377.75 7-22 — 3 3 3  223 0.448 0.003 —0.391
3*50*50 122 — 133 233 0.444 0.303 —0.294 CS ‘33

c 3*51.25 122 — 333 23-’) 0.444 0.800 —0.400
01 2.50 322 — 7 - 3 3  228 0.450 0.793 —17.406 CC -53
-*53.75 122 — 7 - 3 3  226 0.447 0.793 — -0 .410

C 9*55~~’*5 1 2 2  — 3 3 3  224 0. 447 3.790 — - 3 . 4 3 6  CC -2571
*5~2 o . 23  3 2 2  — 7 - 3 3  222 0 .4 5 3  0 .7 8 6  — 0. 4 3 6
0*57.5-3 122 — 332 21 71 3.430 0.783 —0.426 CC :3

• 3425.75 322 — 3 3 71 2 3 7 0.450 0.783 —0.426
3300 . 20 12 2  — 3 3 2  2 1 - 5  3.456 -0.776 —0.432 CD :2
3 5 -23 .25 2 3 — 1 3 2  7 1 1 2  0.452 0.776 —0.435

• 2 5 1 7 2 . 5 0  320 — 1 32 210 0.452 -0.773 — --17. 441 CD :3
-2033.75 3 1 7 1  — 1 32 2713 0.452 0.769 —0 .447
35-05.0 - ’)  1 3 3  — *52  *52 0.455 0.766 —-3.457- CD -:2

• 05-2-6.25- 11 7  — 3 32 I )-) 17.455 0.762 —0.457
0507 .30 3 3 6  — 3 3 1  371:  0 . 455  -3.762 — 0 . 4 57 CE :2
3503. 75 1 1 5  — 7 - 3 3  1 7 1 3  -3 . 437 3.755 —- 3 .466

o 175 12. 071 3 1 4  — 3 3 1  390 0. 4~~7 0.755 —-3 .460 - E  471
3 5 1 1 .25 3 3 3  — 1 3 1  310 0.45-7 0.731 —0. 72
3102.10 3 1 2  — 3 2 3  30 3 3.453 0.75? —17. 473 CE 10

• 3113.75 1 7 - 1  — 7 - 7 7 1  10’) 3.1571 71.7-715 — 2 . 175
0-10-5. 11 H O  — i _fl 1*5 71. 1-71 -71 .’1~~- : — 0 - 1 8 3  -CF *5
_ 25 1~D.2’: 3-29 — 3 5 3  1 ” - ; 71•4~~-~ -1074-1 — - ) . -~~~

~ :;i .:- 17---- — ; 1  I - :  
_ _ _ ._ ,_ ,, I  - 1 0 i.:-:) ‘ . - -* 5

5:-IC.,: 100 —i *5 3:17 0.-~:l - 2 - .73o — ) ,  70 . -
-, -*5” I - — ‘  I : :  “ 110 2 72’ — 17

- ~~ 2 : 2 1 • 77 -j 110 —1 1~:’ I 71*5_7 -77.722 — .). ‘,,( ‘ )

.2-512.173 017 — 3 , ’ 1 L,4 77. 7713 o.7:~ —3~ -~:*5 777 -
-

3-~_ 3~ 
7:; io -~ 

—
~~ so i o. i~~~~~ 0.12’) — --0:0-71

• 0:25.20 303 —7 - 3:) 3:2 ()..1:~ 0.110 ~~~~~~~~ DO

—~~~~~~ -- q~ p~c



REPORT NO. NADC-7924 0-6 0

T 1? 3 P DCI 0-712 1JC 3 I?L.C,’.lil [) PC.(2-7-U! )
2’).25 I03 — 3 2 )  ‘10 0.450 0.72 3 —0.5?’)

O-~ ?/.:’) 3 02 — 3 3 )  ISO Q • -t 6 )  0.7 3 7  — -
~~~~~~~ >~~~~~~ 

.
~~

~ 35271.7~ 302 — 320 35 (1 0.’~ o
’
~ 0.737 — 0 .53

)~~3’). 071- 302 — 331 I 411 0.1-6-0 0.7? 3 — ()• :103 :3 10
35713 .23 3*5 — 33” ) 310 0.456 0.733 —0.527

~ 3532.30 30? — 333 343 0.461 0.730 —0 .10/ Dl
17:33.75 I -S- I — 330 3 1 -7 0.463 0.73w —0.532
0535.00 10 3 — 330 346 0.457 0.705 —0.s36 0? 52

~ 0536.25 301 —3 33 346 0.437 0.70? —O .:’~217537 .50 1 0 1 — 330 3~~5 0.462 0.698 —0.542 1)2 62
0538.75 7 - 01 —130 344 0.458 0.698 — 0 .:4s

~ 0540.00 3 71-0 —130 3 43 0.45-a 0.693 —0.550 1)2 62
0 5 4 3 .25 3-00 — 3 30 3 43 0.458 0.693 —0.5~0
-3542.10 0O — 130 142 0.459 0.6~ 0 —0 .1754 1)2 62

o 054 3. 75 300 —130 34 3 0.459 0.635 —0.559
3345.0-3 3 -30 — 33-3 3 4 3  0.459 0.685 —0.359 03
0546.25 099 — 330 140 0. 454 0.685 —0.563

$ 0-5 47 .50 099 —130 139 0.460 0.677 —0.363 03 62
0548.75 099 —1 30 138 0.450 0.577 —0.568
-3550.03 099 — 130 338 0.460 0.573 —3 .573 D3 62

~ 055 3 .25 100 — 3 29 3 3 71 0.435 0.673 —0.377
2552.5-71 7- 0 3 —129 14 3 0.460 0.669 —0 .577 -04 62
05-53.75 101 —12 8 143 0.460 0.564 —0.582

~ 0505.0: 302 —3 2 8 3 45 0.456 0.664 —-0.386 1)4 62
055-6.25 303 —127 147 0.456 0.664 —-0.586
2- 557 .10 10~ — 1 2 6  3 4 9  0 .46 3 0. 656 — 0 . 3 9 3  04 62

~ 0-556.75 3 05 —12 6 15 3 0.436 0.656 —0.594
0030 .03 3 -36 —125 7 - 5 2 0.456 0.656 —0.594 04 62
35 63 .25 106 —125 35 4 0.463 0.548 —0.599

~ 562.50 107 —124 35 6 0.456 0.548 —0.603 03 62
0- 5-25 3. 75 108 — 3 2 3  155 0.436 0.543 —0.608
- 5 3 5 . 0 7 1  309 — 3 2 3  16-1 ) 0 .456 3. 543 —0.603  03 62

~~ -3- -5:.25 1 3 0  — 3 2 2  7 - c l  0 .456 0 .540 — 3 . 6 1 1
0567. 5-TI 3 1 1  —122 163 0.7150 -0.535 — 0.ó15 06 o2
0-5:3. 13 3 3 2  —121 6-5 0.456 0.535- — 0 .67-6

~ 1070 . 0-3 1 3 2  — 3 2 - 3  1:7 0.451 0.530 —0.62 : 06 53
-07 3.25 1 1 3  —7 - 2- 3 3 3 )  0. 456 -3. 526 —-0 . 6 25

C5~~2 . 5 0  3 3 ~ : — 3 3 9  7 - 7 3  0 . 456 ( 1 . 6 2 6  — 3 . 6 2 0  06 :2
~ 

7- 73•75 31 5  — 1 1 3  172 0*5:6 0.621 —0.63-3
-0 :70 .3-)  3 1 6  — 1 3 3  1*5 0.45: 0 . 5 3 3  — 0 . 5 3 3  07 :2
T-57:.25 II-: — 7 - 3 7  1 7 7 -  0. 7726 -106 13 —0.2539

~ -75’)’7 . 5 2  1 1 3  — 1 3 7  I:.-3 0. 456 0 . 5 1 3  —- 3 . 5 3 8  *5 :2
3*53.7: 1 1 5  —11 - : 3017 0 .7153 0.5-08 —- 10:4:
251*5.33 1 35 — H O  163 Q~ 425ó 10:04 —0.-cl: 174 10

~~i 71553 .10 3 7 - 1  — 3 3 - 3  3571 0.45 6 0 .534 —0.o46
* 5 4 2 . 5 2  3 3 - ’. — 7 - 3 4  1.-S 0 .456  71 .599 — 0 . 5 5 1  10 :2
C512.717 31 ’ :. — 1 3 4  7-52 0 . 1 05  -3.59: _ 3 •2 5 5 4

3 2 5 - 2 5 . 3 3  3 3 3  — 3 3 3  I - ~- • 0.775: ~.:9C —0.6:9 0’) :2
*510.7-5 I I ?  — 1 3 3  3 :~ 3.10: 0.540 0.o571

7 - 3 3  — 3 3 2  7 - 4 3  3 . 1 0 -’) - ‘.;)0  — 0 . 6 6 7 1  1)’) -:3
3 7 - 3  — I I I  7- :.) 3 . 1 0 4  3. 102 — 1 - .:~~f
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REPORT NO . NADC-7924 0-60
T 0 p IL I 0713 . 7 7 .  5 4 7 - f )  77 - . . -

360 3 .25 3-2 9 — 3 0 1 7  1 ; 3  17. ’, , I  0. . , : ,,: — ( 1. - : -- 3
06-32 . 50 3 0 8  — 30 -5 ) 1715 0 4 6 1  3. - - -~5 _ 3• -) 2 -~3

C 0603.717 12 6 — 304 I ’ ) ?  ~ •-t ,jI 2.::’: — -) . -0 711
0-60: . 3’) 30 :  — 1 0 4  *57 0. 1) 1 0.:-~’ ~ ‘ .6’;: ¶ 1-; - ‘

0’206. �5 1.4 — 3 1 ) 3 1711-; 0. 430 ‘0106 — ‘2. 6~~
e 0607 .30 103 — 3 7 1 3  311-’) 0. 4 170 0.54 ’i. — ‘). IY,I F3 10

060 3 .70 302 — 102 ~.10 0.- -~-:O 0.545 — .1 . 1)93
0630 . 00  3 0 ?  — 3 02 0-1 3 0 .450 0.54 ? — 7 1 . 103 DC

• 0 6 1 1 . 2 5  100 — 1 0 ?  1779 0. 440 0 .5 37 — 0 . 7 0 6
3632.50 098 — 3 0 1  -3717 0.-~433 -‘0:37 —0.706 CC :3
C 6 1 3 . 75 ‘*57 — 3 0 0  -272 0. 443 3 . 3 3 7  —- ‘0 706

• 17635.00 0716 — 300 362 0. 7-48 0.537 — -3 .706 00 -25 3
0616.25 095 —099 36-17 0.447 0.5-34 —0.709
0637.50 394 —-399 (152 -0.447 -0.520 —0 .714 20 53

e 0630.75 1793 —- 3713 ‘1-10 0.447 0.52-3 —17 .714
6*5.00 1792 —390 1734 0.447 0.52-3 —0.714 DL) 63

-3 621.25 1790 —097 ‘1753 0.445 0.525 — ‘0737
o 06 2 2 . 5-0 339 —097 017 Q~~ i145 0 .5-25- — ‘2.717 121) 63

‘2 623.75 233 —396 1743 3•L43 0.~~ 25 —0 .737
0625.00 1737 —096 17~0 0.4~ 5 0.523 —-(1.717 flD 63

~ 362 6.23 107 —1771: *52 0.440 0.519 —0.724
71627.50 ‘17 38 —096 344 -3.444 0.516 —-3.724 [A) 63
0620.75 1733 —7196 *55 0.444 0.5-3 6 — -3.724

o 06317.00 1)88 —396 74 7  0.444 10516 —0.724 30 53
362 1 .25 289 —-396 0-i) 0.438 0.53 6 —0.723
2632.30 1709 —096 1751 0.442 0.532 —0.728 DE 63

e 1032.75 1789 —-396 *53 0.442 3.512 —-3.72~3
CLSO5 .C0 3710 —096 -3- 55 0.442 3.512 —0.728 DE 63
0636.25 *50 —096 -2-07 0.436 0.337 —0 .735

• -17637.50 -1720 —096 -1759 0.436 0.507 —0.735 DE 64
-263-3.73 179? — -396 0- 53 0.440 0.503 —0.735
0642.00 091 —096 363 0.440 0.503 —0.735 DE 63

o 0-641.25 391 —096 064 0.434 0.503 —0.739
0642.50 092 —096 0-56 0.434 -0.503 —0.739 DE 64
0643.75 092 —096 -1768 0.438 0.500 —0.739

• 06~~5 .00 092 —096 070 0.438 0.494 —0.743 OF 63
0646.25 1793 —096 -072 0.432 -3.494 —0.746
0647.50 093 —096 074 0.432 0.494 —0.746 OF 64

• 064 -9 . 7 5  394 —0716 -1776 0.436 0.493 —0.746
0650 .00 294 — 096 373 0. 43 6 0. 491 — 0. 746 DF :4
0 6 5 3 . 2 5  0713 —096 -35-0 0.436 0.485 —0.750

• 0652.50 1796 —095 102 0. 43-3 0 .4 85  —0 . 75 3 DF 64
0653.75 1797 —-7794 023 0.430 0.485 —0.753
0655.00 090 — 7 7 9 4  085 0.434 0.4S2 —0 .753 EQ :4

• 0655.25 1799 —093 087 0.434 0.482 —0.753
0657 .50 100 —092 039 0.428 0.476 —0.760 E’0 64
3a53~ 73 301 —092 090 0.428 0. 476 —0. 760

• 0610.00 3 -32 —-391 092 0.431 0.472 —0 .760 30
0661.25 303 —093 17714 0.431 0.472 —3.760
0662.50 04 —090 39-5 0.425 0.472 —0.763 10

~ 06 :3 . 7’: 1 3~ ~
“ - 9 O-71c7 - 0.-I’S O.- 1 -~-: _ T~~7 7

C1’:5 . C ~77 L’o — *571 *5Q Q~~4 ) - )  0 . 7 1 - 3  — ‘2.7:7 31
(2-::-:. 25 7 - 7 7 — “ -~--3 I 1~3 3. 42 - ’  ‘0-3:3 — - 1 1 .7sf

• 0~’:7.’:J L)’5 —*57 -33 1) • 1 ”)  ‘0) 1 0  — - 1 .7:7 31 10
0c10. 5 3.1 ’ — - ) a 7  3 7 1 - 7  - ) .-f l :  ‘0-104 — 3 . 1 1 -7 -
Cc- 2-’$.12 1 l - ~ —- ‘‘10 3 7 1 1  0 . 171: 0. 4 J 4  — - 0 7 7 4 31 “‘i

• 1073.25 Ii — 1 - 1 0  3 1 0  0.411: 71.4%-) —-2.774
3 ? ?  —-s ~ 3 3 7 1  0.4716 Q. - ) 4 ~-~ — 7 7 • 777

0 73.15 3 1 3  — 7-7 - -S 3 3 2  0*504  0. 1 4-1  —0./H
* 0675.00 3 1 4  —110 - 1 3 1 4  0 .4 ,74  0. 444  — 0 . 1 8 ?  32 -‘—4

lh ’ - ~~~~~~~~~~~~~~~ _ . i .~~~~~~-c~~~~~~~ _ ,‘~‘.‘ — ~~— -——— —-—— — —. ____

— - - - - ..~~~~
._ 

-



11) REPORT ~O. NADC-79240-60

‘ a T R 0 P DCI 1)02 1)017 1~L.C-1i1[) PU. 0 - O t i f )
‘Do7 6 .2~ 1 1 3  —0 115-3 1 1 0 0.424 0.444 —“O ’f- -)I
0677.00 3 12 — 0’~2 306 0.427 0.435 —0.704 43 -:4 - 

-

~ “.I ’170. 7: 3 3 2  —0-52 303 0.427 Q.435 —‘3 . 7101
:6217.71-) I I I  —(J r~3 ‘329 0. 4 2 ?  Q~ 435 — 3.707 153 :6
0601.2: 337 1  — - - -~0 1)26 0.423 0.435 — 0 . 7 7 ’7

~ Os ’32.51) 33 (1 —-0 /9 392 0.424 0.425 —0 .793 03 64
0623.75 109 — 0 1- 2  030 0.424 0.425 —0.79?
0677:.O0 108 —073 085 0.424 0.425 —0.791 E3

o 0635.25 307 —077 02i 0.418 0.~~25 —0.794
0687.50 307 —075 077 0.42? 0.~~I 6 —0 .797 E4 65
06-33.73 306 —075 074 0.421 0.416 _;J~ 797

~ 0690.00 306 —075 1770 0.423 0.416 —0 .797 E4 65
0693.25 1-05 —074 0-66 0.424 0.433 —3.727
0692.50 104 —073 063 0.43- 3 0.413 —0.833 E~ 65

~ 06)3.75 103 —073 059 0. 4 3 3  0. 4 13  —0.30?
O-59:.0O 103 —072 355 0.413 - 0.406 —0.804 E4 55
0696.25 102 — -0 7 ?  1)52 0.423 0.403 —0.004

~ 3-597.50 10 3 —070 048 0.423 0.4-33 —0.304 98 IA
0520.75 101 —07-3 044 0.421 0.403 —0 .304
07217.00 3 0-1) —069 *5? 0.415 0.403 —0.307 90

~ 071.2~ 099 —068 -1738 Q•413 -0.400 —0.307
37*5.5-2 098 —068 ‘1735 0.433 0.400’ —0.307 9-2
‘17703.7 5 097 —067 332 0.432 0.400 —-17.307

~. -07-175.00 096 —067 030 0.438 0.400 —-3.007 90 I.;
0705.25 095 —066 1727 0.421 0.390 —0. 330
0707.50 093 —066 -324 0.414 0.390 —0. 333 27 IA

~ 07-25. 75- 092 — -365 32 3 0.43 4 0.390 —- 3 .833
-3710.0 0-  09?  —065 - 17 19  0 . 4 3 4  0.3 111) — 0 . 3 1 3  97 I A
3 7 3 3 . 2 5  090 —0 64 0 1 6  Q• 4 1$  - 17.393 — - 3 . 83 3

~ 0 7 3 2 . 3 - 1 7  - 1789 —064 1 7 3 3  0.437 0.337 —-3 .93,17 97
0713. 75- 030 —‘363 31-2 ) -3.437 3.3-3 7 —0 .333
0715.32 087 —-1763 1)07 0.431 2.337 — 0.335 97 1..

~ 371 5.25 086 — -062 305 0.41 1  3~ 337 —3.31 6
0037 517 -17*5 —0-5 ? 002 0.414 2 •3 3 4  — 3.83 5 97 10
* 5 1 8 . 7 :  034 ~O:I  — -17-77 3 0 . 4 3 4  -2.3:4 — ‘0-773 6

3 0T *5 .0 0  002 3ó ? — ‘104 71 . 4 3 4  0.384 10.31.’ 97 IA
0721.2: 05-3 —360 — 2 0 7  0.434 0.354 —- 0.936
07*5.511) 000 — 060 —0779 0.407 Q•334 —0. 03-) 97 10

~ 07*5.75 -17 79 —3179 — 012 0.41-7 17.381 —-17 .83?
-372:103 -1773 — -359 —7 317 0. -HO 7~ 393 — ‘013-2 97 10..
-3726.25- 7178 — 05-9 —3 33 0. 4 7 - )  0.3711 — -,17 .5-I )

Q 0727.5-0 ‘319 —71:9 — 3-H 0*51-’~ 0.3FH — 3 * 5 3 9  -.17 10
0T .~-3. 75 1)7—) —059 —-7103 3.H 0 ‘0301 10.319
-3 7 11 33 - 1017 OCO — -.1071 —770-: 0. 3 1 3  -2.373 —:J~ 33’) 97 10

0 377-3 .2: 080 —0 5- 9 —7104 0*507 0.375 —71 .523
0732 . 17- 5 1117 31 —35’? —~ 0I 3•437 0.373 —0.32 3 97 I -
3733.7w 11101 — -35-9 -:17 3 -1 . t 1) 7  71.37-s — 7 * 5 1 7 3

~ -7177717.0-3 3 - 1 2 — - 77 179 7123 0*5-7 1 .37 3 — ‘1. -7- ,1~7 717 I -\
0710.2—~ 

[ j 3 ’) — )-7,) -‘
~~~~~ -

~~
, ‘.3’) 71 77 3  ~~~ )~ “~~;

0~~~7. -10 )c7-3 —0:) ~-77 0.3-11 17- ) - 1 . 7 - 7 - j 0- 7- ?3 ‘

G. 07*5.7: f l - 10  —-3-:) 0371 ‘0V’’1 :17 .3/17 — ‘.102
f ’- i - . : .~~~’ ) 3  — 1 ’ ) .’ ~i 7  0*5-3.1 “- .3 ’: —). I-’~ - ‘ ,- I i
3 - 7 4 7 - ~~2 :, 7 7 : 4  — 77m ) 1 7 1 - ,  0 . ‘~~ 017 f - . —

~ Ji-10.~~-~ -10-1 — o-~ 
,‘I-: - 1 . ~~

- ‘ - ..- 7 7 - — )*5~~’~
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. - 3
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~~ 71 7 - :~~ 1’- I) -1 -~ —3~ 0 3.11.3 -3 . 10: ¶ 3 . 3 / I  — • -- 1
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— 
REPORT NO. NADC-79240.-60 

-

• T 0 P DCI ~)1172 1)03 -:L. 12. : 111 ~(7 . - 3
075 3 .25  0718 —Q5 ’ (‘)32  3- . -1172 17 360 — -17. 1
0752.:-’) (10) —05) -3 -3 4 0.402 3 .3(:0 — ‘012’~ - 9,_ l i

• Q 7 5 - 1~ 7: 090 —0~~’ 1736 0. - l O S  0 . 7-6~ —0*5~~’ . 
-

0755.00 1792 —010 7133 1 .405 :.36-j — -1 .1720 96
0736.2: - -~ 3 —C~~-1 -0- -I ’) ‘0.373 -17 . 2~- 1 7  —9 .~~*5

• 0757.50 1774 —- ‘101 0-12 7).398 (7 317-1) ._r )~ ~~ 5 3 7
0758.7: 1795 —057 -174~ ).4’)3 (1.3~~: —71 .7 3 17
0760.00 096 —057 17”O 0.103 0.356 — -17.42- . )~ I ,-

• 0761 .25  097 —017 6 04(3 0.4-2)3 0.3)6 —71.~~35-
0762.50 -2)98 — 31756 0170 0.’~03 17.3 ’~’5 — 17.5 -35 717 37
0763.75 300 —0017 352 -117 .404 0.363 —C . -*5)

• 0765. 0-0 103 —055 -054 71.3)7 0.3-73 —0.3.3 ~3- ,‘17 1)
- 0766.25 302 —3517 056 0.0-9 7 17 .3172 — -17.71571

0767 .50 103 —-175-4 170-; 0.417 17.346 — ‘.~~~o ~‘-s 10
c 076-2.75 104 —054 “10.3 -2).-*50 -17~~3 4 2 )  _ (

•
-~~~~~~~)

0 773105) 105 —053 7163 17~~1 17() 0.343 — ‘0 - : ’!”) Qd 1 . -
0-77 3 . 2: 106 —05~3 ~65 17.400 0.17-10 —-~ .-j-~”o -3772*52 I’D-a —1)53 17:7 -17 .4-00 ‘0343 — 3.  -7- -~fl 74 7 - ?
0773.75- 1 -179 —0 5 - 2 067 0.402 17.3’*5 — -17 .5-40
0775 .00 11 0 —052 ‘~‘7I 3.3917 ‘2.333 —-2 ).-~~~ *5

~~
, 0776.25 3-3 9 — C - S i  1762 3.395 2.333 — -0.3-16

0777.50 17 9 —-25-1 2)65 3.3*5 3.333 —0 .-S’s 94 17
0773.73 308 —010 1762 -3.298 2.330 — ‘0Sao

• 0 72 0.30 10-8 —049 1759 -.3- .. ? i5  ( 7. 33 ”) — ‘2.3 ’~6 04 19
-3751.25 I .37 —0-~9 1)56 -2).3’~’8 17.330 —~~.-:7-~6
375-2.517 107 —043 7153 3 .3 110 0.323 —0*549 “13 3 9

~ 0733.75 06 —047 050 0.394 0.320 —0.352
07~ E.017 106 —047 1747 0.394 0.320 —0.352 93 39
075-6.2: 306 —0~ 6 044 71.324 71.320 — -3.65-2

• 2727.5-3 105 —045 041 -17.396 0.317 —0.352 93 39
-3788.75 104 —045 1738 3.396 -0 .337 —0.1252
0790.00 104 —044 035 0.396 0.337 —0 .352 93 19

o 0791.25 1.33 —043 1732 0.396 0.337 —0.352
0792.50 303 —043 2-29 0.399 0.334 —0.052 -23 19
0793.75 102 —042 1726 IJ.399 0.314 —0. 352

o 0795.00 1 -32 —7142 1723 0.392 17.303 —3 .307 92 10
0796.25 101 —041 1720 0.392 0.308 —0 .357
-3797.50 10 3 —040 017 0.394 0.305 —0.1757 c-2 33

o 07C0.75 3 0 0  —040 -17 14 -3.394 3.305 —0.7157
c-s- :’o.oo 100 — 0 3 )  0 3 1  -3.2-94 -3.305 —0.357 92 3-)
0603.2: 0)3 —038 “0-3 0.394 0.305 —0.057

o 08032.3-’) -‘1798 —- 7135 2-3-6 0.396 0.302 —o.-~57 -
~~2 *5

0603.75 -308 — 0 33 ‘03 17.396 0.302 —0 .:i57
OO C 5 .*5 3-97 —-337 .703 17.3 ’1S 0.302 — 0 . 1 07  92 *5

0 0505.25 2-2 3 —037 — 103 3.3716 0.3-32 —-3.--~177
0 6 0 7 .5 0  095 —0 3 6 — “06 . 2 . 3 - 9 9 0 . 2 98  —-“*537 2 7- 9
06 3 3 . 717 1795 — 033  —- .700 1 . 3 3 - 2  0 .2 9 0  —0 .  5-os)

• 02 10.00 1104 -j~~ —- 1 7 1 1  0.3*5 0 . 29 3  — -~~.7161) 32 3’ -’
06 1 3  ‘5 ‘ c) 3 — - 1 3 - ’  — “ 3 . 1  ~ 5— :’) H) “ -) )~ — -cO

- -“~~3 _ - 3 - 3 - ; 2  ~~~~~~~~~~~ ~~ 37 “ . ‘9 4  “
~ “ .~-5- — ‘ 1 ’  ‘1 I - -

• ~,- : : I : . 1; 7 7 : 2  — - 1* 5  _ ‘~~~: ).3~ -1 -.‘..10: —77 . -: 17
0 3 1 5 . 13 - “ - 1 3  — - 3 3 . ’ — -~~~~~

-
~ 

—
. ~~~ ‘

_ - — ‘~~ -
- ‘ 0 -
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REPORT NO . NADC-79240-60

3-fl 1 ,33 -~L . 11 1017 p71~ - : : - 0 ’ ,

~10)-17.717 01-1 --:..- — :73? — ‘102 ‘7. .3.i 2 Q. ,.’. -l ’; — .‘:Y .,

- 0- r- : / . 1 7 - )  ~3 - 7  — - 3 3  —-0 - ’- ’ 0 . 3 7 W ’ 3~~7:-!9 — :,~~17’717 - 3 I - i

.~ 0- ?~~~~. ‘0 C 3 - - ’-1 — 1733 —~~.7 17.3*5. -) .2’~T) — i * 5~~3-
71 ,7 — *53 —- ~~~ 0 . 3 ) - ;  0 . 2 — - : - -. —- ‘0 -33 ) 2 3  10

1 0 3 3 .2: OiO —‘iDI —“:33 0.00 : 0.273 —9. -~- . I
-~~~ ‘1102.10 0-)-; — - 1 7 3 3  —- 017 1 -3.4’)4 0.2)3 —0. 103 23 1 ’ -

-1030.75 091 — 03? —0~217 17.3174 3.2:13 — 1 .  -~- , l
I 0’)2 — -17713 — 7126 0.39-5 0.290 — 3 .~~~- ?  2 ?  7

~ o33~~.217 023 — 03 3 — 1724 0.370 0.2v0 ~~~033 7 .10 074 — 0 3 1  — 7 1 2 3  0 . 3) 6  0 .290  — 0 . 7 1 6 1 9 1  1 ’)
083 17. 7: 025 -  —03 3 — 0 7 - 7  -3 .339 0 .290  — Q . T 3~~4

~ 17E~ ’D-.311) 096 —03 ? — - 173 7 0.399 3.293 —0 .3714 -)I 3 3
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. 5 1 0. 75  3 1 7  — 107  —0~~7 0.275 1 7 . 3 4 1  — ‘)*563 17

o 101)5.10 1 7 - 7  —10 7 —-348 0 .275  3• 1 7 4 3  — 3 . 9 4 6  83  I I
l 3 9~~.25 117 —107 —343 0.267 -0.029 —3 . 9 5 0
3107.30 1 1 3  — -1757 —: 4 9  0 .267 0.3-39 —3.950 73 177 -

• 210.75 33 — -102 —04? -3 .267 3 .239  — 0 . 9 5 0
2 r 0 .33 3 1 5  —210 — - 12-4 ) 0 .263 0 . 1 05  —0. 153  91 H

3-103. 2 : 3 — ,.-:: —0:3 0.~~co 0.34: — - .910)

• 1~~O2 .5 C  1 3 8  — 107 —05 17 0 .2 6 3  0 .105 — 3 * 5 7 5 0  31 7 - 3
433~~75 [IS —-103 —75-2 0.253 0.103 —0.9752
!435• -33 3 1 5  —110 —-1750 0.2-10 3.103 —3 - .°52 31 1 1 7

• 1 7 L 3~.~~55 1 1 9  — 110 — 1 7 : 1  0.100 0 . 0 4 3  —i ~ .952
1 4 - T . 3 7 1  1 1 8  — 3 1 0  —0 - 3 1 - 3 . 2 o - ’  0 .0 43 — -3.952 3 - 1 1 3
10.7. 7 3  1 1 9  —7110 —~1 17 5 I  0*5-751 Q •1741 — -3.952

• I - ~~0 .20  H - ?  — 1710 — 3 51 - 3 . 2 7 5 7 -  -3- .0- ;3 — .17 . 275 2 7, 17 I I I
1 4 3 1 .2: II ?  — 1 0~ — 1 7 1 0  0 .2753 3~~3-. 7) — 1 0 9 5 - 1 7
1 — 1 2  10 1 —10. — 

— , 

~. 103 ~) 
“ — ‘  -. I

o ‘ 1 0 3.75 1 I ~ —10 — -
~
‘ 3- -2.1710 3• 71:- -

1 7 - -; ~ 7 1 ; -  — 7 :  17. 1071 1 0’ ’ — 1 0 . ~~ 1 2))
3 - 1 7 3 1 7~ 3; H - )  — 1- - - - — 2 . 2  1 7 . 2 - 1 0  1 7 .  -~~~~~ — ‘

*5. :

.~, l . V . -~1 ’17 H )  —
~~~~~~~~~ — 1 0 3  1 0 ’-~. - 10 ’  — -~ 2)’

I L’ — - -10 — -2-; 3 10 S ::, 10 — . : -  -
- 317 7- I~ ’ — ‘, -- ~~ — ‘ : 3  -10 ‘: : ,  7.17- ‘ — -

~~~~ .:‘ .-~~ .).2 . -

1 - :
~~

T . ’
~ 

170 — -~3 .’’~ 
1 7 ’ ’. -.7.17-.’- 17 — .10-’;;

l -.
~~~~2. .*5  17 .17- ’~) —07-17 — ‘10.3 10.’- : - - -.10-- ’- - -~ — 1 0 1 0 ’.’ 2

• 1-103.75 3 .10 — 17- 20 — 11:-~ D. 17 71 -~ 7~ . 2)) — ‘. 71:)
• I . 1 7~~-~~~3~3 120 —10-~ —717.17 0 . 7 11 7  2 ‘P 1 7 2 )  — . 1 0 ) ) )  . -

~ _17



REPORT NO. NADc-79240-60

• 7-17 2 7- -i L~C 1 ~L2 372 7 1L . -’;,.100 1’0. ’-7-13j
.
~~:~ 3-3 320 —2 /’) — -1s 1 .10271i (10.10? —0*5*5
1-107.517 310 — -137 1- — 13-10 2.[~ 

(102)417? —~~102i 172
• 17 71,-9 • /17) 3 7517 — - ) /  — ) j ) ? . - ~ 10 T1071~ o 

— ) .  I

-100.313 10-’) — *517 — ‘1017 1 02 -’- ’) (100-10 ~~~~~ 10 -OF
1-10 17 .25 371  — 1 / 7 -  —17-:: 0.2-’.0 17.17:4 —~~.1 7 - I
-102.517 3 21 — 1 7 7 3  — 17::  ?.,102 0.71:’~ — -10~’ -) ‘-75 10

7-103 .7.. 375 7 -  —27 1 — 173 - 3 -3.2.3? 71.13 -~~ —0. ;:;~-
3 :7575 •32 7 - 2 3  — O i l  —I10~75 3.2275 0 .3 :2  ~_ 1 7 .~~:1 771

G 1-10:.~~: 121 —- ,j- - — 2 : 6  0.434 0.052 — .10)
7 - 4 3 7~~~3 1 2 1  — - 1 7 1 7  — 1 7 : 1 7  0.233 0.010 — 10 ’~10 -72 -‘10
3433• 75 122  — 1 7 7 2  — 1 2 3 7  0 .23 3  0.059 — 0 . 110

• I 7140•173 122 — 1772 — 057 0.22: 0.358 —-7.760 ~2 275
i 4 ~~I . 2 5  7 - 2 2  —07 2 —1037 0.255 0.053 — -0.950
I 7 1~172~~753 122 — 0 7 2  —2-57 0.225 0 .056 —10~~63 32 0:

‘~~ 10-10.75 122 — 2 7 2  — 1758 0 . 2 23  0 . 3 7 5 7 5  — 2 ~.~~- 75D
[~~~ :*5-17 322 — 1 2 7 2  — 2 5 3  0.225 0.1755 —1717.17750 173 2 03
17~~~5.25 122 —- 2 7 75  — -103 -2 .213 0.062 — 0*5517

~ 71.717 517 123 — ‘2 7 13 _175~3 0.21-9 0.062 — 0.103 92 -1717-
1 4-10.75 1 2 2  —273 —1759 0.21-3 0 . 1 7 - 1 7 2  —-3 .9- 17 1
1 - 7510.20 123 — 1273 —25 -? 0.21) 0 . 1 7 6 7 -  — 9 . 1 0 7 -  32 00

t~ 10-31 .23 323 —21775 —310i 0.21; 0.3~~1 — 3 . 9 5 7 -
i~~32 .23 123 —2 10 — 102 0.232 0 . 3 6 7 -  —1710-761 -32 7117
7-453 .75 7- 23 — 1373 —-:-so 0. 2 7 - I 3.051 —-0.962

-~ 7 - 7 1 5 5*5-17 23 —0-73 —1017 0 . 2 7 - 7 -  0 .067  — - 17 . 963 s: 00
;~~5:.25 7- 2 —072 —176-3 0.211 -0.1767 — -2 . 263

7137~~53 l 2 ~ — -27~ — 100 0 . 2 1 1  0 .0 75 7  —0 *563  .33 00
~ 1~~5-5.75 32 —3 771 — 101 0 . 2 1 2  -3.065 —.2.253

7-~17c- 7•7) 12 - 75 — ( 7 7 1  — 1 0 7 -  0.2-04 0.3o5 — -17. 254 53 00
17~~1 717 .23 7 - 24 —3 771 — 103 0.204 0.065 —17.95~

•) 1~~:0.33 17 24 10-7-: —3-52 0 .233  0 . 1 7 5 3  — .75 .10~ - 173 03
- 1 0.75 23 —0 7-17 —10-2 0.2107 0.071 —17 .1)54

7--10:.03 125 _ 77,. 

~ - 17517 0 .2 0 - 75 0 . 3 7 7 -  _3*5.5~t 33 -2- 17)
o 7 - 4 1 0 . 2 5  325 —1717 .: —102 0.235 0.069 —1010 :

7- ~o7 .50 7 - 2 :  — -2 .2 . : — 2 5 7 1  -3. 1 2 3  0 . 1769 — 0 . 2 1 0  173 102
- . 75 7 - 2 5  — -0 2 -: — 1 0 3  17 . 1 7 ? - ?  0 . 3 5 ?  — -7*555

‘a 1071022 10-15 — 1710 — 103 -3 . 1 1 0  0.310 — 0 . 210 10 170
~:T 17 .25 3 2 5  — 2 7 1 7  — 2 : 3  1 0 7 - 2 1 7  0 . 2 - 7 6  — -: 1010

14 72 . 1 0  7 - 2 6  —- 1013 — .c- 71 0. 1 1 ) 3  -0 .0 7 5  — 1 7 * 5 7 5 7 5  :1.3 10’
~) 10-72.75 325 — 1 7 7 :  —1010- 0.7- 10 -0.374 — 10275- ’-

I ~~~~~~ I ‘1 .-  ~~~~~~~ - I -~~ “I ~~~7 .  ~ - - -~ 
‘

~~~~~~~~~~~~~~ ~~~~~~~ ~~~~.-,., ‘ LJ . I~~~~ ’ “. J .-/  • 
_

-.,.~~~~~- _ _ ,  -‘.. - . - -

~T5.25 1 2’S —01: —10--)  .2. 310 0.074 — -3.10:
10 — 1 0  —

~~~~ 0 1 0  1 7 1 7 ’ 3  —

1~~73.7: 177 —9 7 - 3  — 10-5 0 . 1 9 2  2 . 1 7 1 7 0  — - 2 . ’ :-:
1~~10. -172 7 -2 7 —10’S —1075 .17. 1017-i 17J~~ 3 7 1 1 1 7  — 17.107 7 5 - 1 7  ;: ,

~‘ 1- 1 0 1 . 2 7 5  107 — -37; —10s 17•L$4 3.17710 —17 .2 :7
7 - 4 7~~~5 17 7 - 2 7  —0 7 17 — 1 - 5 3 0. 1110 3.07° —3 .1037 -17-: *5

— 3 2 ~ — “10 ~~~3’D 3 I 3 10~ —
~~~ D

.:.-3~ 10 32’? —-101: — 1 0 - :  7110 10 (S
:. 10’-.’ — 1017101  - 1 7 . :  ‘ ‘ 1 7

- ‘10.2: 110 — -2 7:-’ — Ic- : ‘17 . I 7 1 -  1) .101: — -2)’!
; .: -~~~‘ •~~~~‘ 3 2 1 7  —~~I :  —3 -z~ 2 . 7 - 1 0  1 7 . 017 :  — 1 7 . - , -’ - -  ‘~ :

I - 
~~~

‘
. /: 10-’ — .17 1.’ — 10’ 10 1 - 

2 . 2 1 7 ;  — . -‘ - -

17 - .  ‘ -‘ 
. 17 3 17 -, — ‘ ‘

~~~ — .1710 71. 1 1 - . 3: - - -- — - 2) - 17 -
17 1 7 - 1  • 

‘-
~ - 1 -‘ — 17 1.. —17 1 7. I / 4  - 1 7 .  ‘ 17- -  — - . 71- -

- - 
- 

‘. 3 ‘ 1  —32 ) — 107 17 . 7- - - 71 .  ~‘ - ‘- i  — - 1 0  -~~.:

3 - -- . • -J I ~ — ) 17- — —‘ - 3- 1 I I  ~17 3 - 7 1  — - ‘ - -

- . 10 — • ‘ — - ‘- - 3. 7 - I  .~. - -  — . — c - - -

10 — ‘ — ‘c- - - ‘ 1 0 1 7 1 7 -  C . 7 1 - ’0  —
- —

.
-

‘ 
) I - 7 - ’ ’  — ‘

~~~
‘
. — ‘c- ’ . 1- - ) . - P 7 1 -  — : .,

:
‘ - .

1 — ‘ . 10 3 .757 -  — 1 7 1 /  — 7 1 - - — - 1 7 .  I - — 2). -Th’~ 
— -

7- _ _ ‘ . I . 1- _ ) I~ H — .‘ ?  — ‘ c - -3. Id- 1 10 10’) — 10913 - 714 ‘3 -17
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‘ -- . , - II - - - ,: : I

03 - , OW) 7-
~~~ 

t ’ , f ’ 2)  7-lOP
‘, t - ; 3  ~- 3  Dr

-10 .~1 -~7- -~3 / LXI 0i~, 131717i1317)
1717 17-:)0 3  C A LL I ~17/j ~~- 1 7 1 1 7~

~J I  -
~~~- .

‘ -2O17~ 0 71AL [. I : 1 .~:~ :~
177 - 0~ 0_ /~:0!3 CALL ‘ ; .7 - O11. .1771
‘ % I - i . . .  (S I Er-  • ‘ P ? I  r~- - - - ’r r ! -  - P

I ~~~~~ . .. & J I  ~~~~~ ~.. t \L L .  r ~~~ ‘ . 1 C . - ~~-~
D I M  C32i00 CALL ~~i -i1Ii17T~_ 7
07 - 34 0U5 170 I CALL I uzo~;i~
031 7 (3-L)’~’750 I CALL f l - I Z I I 1 7 1 L S
0 7 - I A  0317002 CALL I7-IZ.-?L)ATA
0! 3 3  CD9FO5 CALL Il-i ZD17~FT.17
0 120 CDSSOI CALL Ii1Z3S~
3323 C03 107 CALL r:~ZD5.—~2)
0125 034807 J~A~’ EJKEY

I iJZ~ R!JT ):
07-29 21327D LXI H,7D32H
0 1 2 0  3 6 3 3  - ~VI .‘A, 1 3~1032.2 21173970 LXI H, 7L39~0333 3612 MVI M ,1 2:17

;SET UP SAUL) RATE
0133 3E40 ~VI A ,4 0;-i
3135 33F3 OUT 0~ 3H
0137 21-0301 LXI H,00103-i
Oi3A 3535 MVI M,3O~-1
013C 21003 1 LXI H,OL)100 17
013F 3668 :.~VI !A ,ÔE-i

~4 1 3600 MY l M,0
~ .43 AF X.~A A
OI 4-~ 71733 3 OUT 1 3r1
01 ’ó 0313 OUT 13r1

~. 0343 3333 OUT 1 3117
0I4~i. 2340 MVI A ,4071
01CC 0 . 3 7 - 3  OUT 13~-I
0 1- ’-E 3~~ A M VI A ,00A17-1
ciso OUT 13H
0 3 5 2  3 3 7  MV I A ,37 i
0154 17-3 13 OUT 1 33-I

LIZDSP;
;CL Ek~ S17~? Ei17 -i , USE 4) CL’-~i-~S.,
; tJO E UPP 1717 A~ D LQ:- 17 R CASE

035w 0320F$ CALL -3C17a01
01 5-2 1721? MV I A , I3, i
0 1 :3  C10- 3~~~ CALL ( .)F~~) flj  i ; 40 C QL M17~

- 
0 3 5 2  3 1710 MVI A , 43 3-f
0 3 6 3  -010323 . CALL 0F~$)3J
0363 357 - 3 - MV ! A , I f t~- J i - : -  171010F.. CALL -3F713 3 171
Q3.Y~ ~~~~ -tV I A , ~~ 3 i
07 - -:17- 7110337171 CAI..I_ 0i—~ ; C173iI
3 10—i C- -’ ~~ F

~ 7 - 7 -~~ C ()71C17 __ ) 1 . 7--17~~~71Z.
;

; - ,.~o th-’22)17 .;L!. - I L ~:-

17 17: - - 7 - 2 LX 1 17 - , F017 17 ;; I

- 

_
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?i~0TO’J L . ~~~ 

. 
~~~~~~ ,-‘)

0 3 7 3 ‘- ‘ - - MV I -~ , 17)
0373 ~.; I , _ ’17C)O LXI ~s , 12

) 0~ 1 /17~, I ~~
- ‘

; 3 :~V 1 17 , 3
71 I ’ 3 ’ 1 7  M V !  0,22

LP ’1 : -

) O I 1 A  -~~ DAD 13
LPO :

317E~ 362-17 i.W I ~17 ,0) ‘31 73 23 UX F-I
03775 15 DC~ 0
017F C27301 JNZ L?S

) 0182 lOla MV ! 0,22
0184 2~ DCX H
01-85 30 DC~ E

) 01786 C27A03 JflZ LP17~
0 3 8 2  02-O F M V ! C,OP :rI
O 1 8E~ 110042 LXI 0,FC1~~i1) 01 32 010500 CALL B0O~
0191 132142 LXI D , F03L) i-~FfM
039~ C~105-3-0 CALL BD O~) 0197 114242 LXI D,EC~3DE171717 )
019A 03-05-00 CALL BOOS
O 1c~D 09 ~?ET) IiIZV2BLS:.
01’22 AF XkA A
019~ 2 1) 0 2 3  LXI 3-1 ,0
) -33A 2 327-2)2-41 STA 000T

~‘I A17 32F44 1 STA SEO I -IUX
A 3 22E94 I SHLL) Y/71~

~ 01017 225-04 1 ~)HLD PIC 1~
C)IAE 225243 SHLI) 10LL 317
C’IE. ! 321041 S~ILD ?517i -J —2

, ~~~~ ;17~:~j c-’t I SHLD Y31717172—2
0101 020:43 SF-iLL) PSU: -17I--2
01 ~3A 010443 Si-ILL’ ?SU.-12—2

~ 3317 2 2101771~~1 SI-ILO RS U 171—?
37- 3-17 222101 S~1LJ :107-17 . 2 — 2
0 3 0 3  2 2 2~~4I S~-1L~

) ‘(ii - :3

~ 0L~ .~-2:~241 3, 17i_ u ‘( 7 1 J :~ 17
.)I 02 ..3~ ::.1$ I SFII_ L) ‘c:t,I.~ I
“~j - ~:’ 220~ 4I 

- 
S~17LD 71 JU -132

3 ~~C17 02-054 1 Si-ILL) 11710 J.- , I
7110 -2 2-10- 17-75 1 SHLD ~.5J.

’--.2
0I[.17~ 32 177543 STA ‘i’.-1017i0

~ oi F317 3 0 J 1 7~~1 STA P711 -0
C ’I ~~ 22 1- 10 I STA ~7 - L I
03 1:17 31 :5_ s 7- STA TO’ ~~
3 3 0 3  2 3  003:3 L1’~T 17 , 35~~ ) !
.33 ;:; 3 )1717 47 - ~7 - i i7 - 10  io~’ 1 7 : 1 7
03 :75 ’ ‘ I 10371 L17~ 17 h , 071,:- ’’ 7-

?753_zi S ’ 1 . ’ . :: t ’~~ i ~~t I~~;- r : : i : 2
L X I  i , ; .-‘ 1 7 7 1

V . )  
~71 ~ 1 7 ;  3 _ i7 - 1 f ) / . ) :  :-~

—. i ~~~~~ I:’ .~. ,17 1. ): 1 t
~ I i - . ~~~~~ ~‘ -17 I . •~ 33 _ I ’
.1 7 1 ! -  ~ 7- .:~~( ~ 3 ’ ~ 

- F , - -‘ i -  -2 - 1 7 - 7 1

~ ‘_ ; I 1 7 -  .~. 2 ;- ’ - M ~;h L l~
-3; 10- .:. - .~~~.
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-

I ~Zki)ATA :

;k ~-AJ FIl .~- •.‘ r f 7 -  EU! )  PO!OT:i
Ai-!D I ~~~~~~~~~~~ 

- 17 ;i - ,
32 0( .) I ’ I : - ( ~ i0 r): : i )A~~17 2 -~’:1I -2 )~
1/3 1, P IT C H A 3L )’ POLL •~A rL: 17

0200 21 0036 LX I  H , 3 ó ) O H
~~ 0203 220237 SF7 -LI ) ;-~OV P T!-i

0206 0603 MVI 3~~ 3
- SET UP IPS :

~~ 02O~ 0 5 14  MVI C ,~~E AD
020A 110042  L XI I C ~~~Lfl
0203 C~ 3~~00 CALL 57-303

;
_

; .‘C)VE 80i-i ~ YTt~S TO I II T ?TS.STO~RA17E

~~. 0210 2A52.3 7 L3-iLi) ~C)V?TR0 2 1 3  1 lU 0 - 3 0 L X I  D,~~0,i:4C )VL O OP:
~~ 02 16  I A  LDAX C

0217 77 ~17OV -.c , j -,
- 3 2 1 8  13  INX 0
0219 23 IN X :1
O 2 l A  AF ‘XRA A
0213  9A CM P 0
0210 CA Io-32 JZ MOVLOOP
021F 225237 SHLD :~o VPT P
0222 05 0C2 1-)

- - 3223 020602 J NZ SETU? I P S

;SET UP TO L- !TERP OLAT E Y A - ’~ R AT ,2 DATA

- 
- 

0226 210026 LXI H,3EOYIP
0229 22EA 3 7 SFI L D STRTPT

~ 022C 2 1 E04.A LXI H,YR DATA
022F 22E837 SHLD STI-17LOC
0232 CD5432 - CA LL LI ;-~T

; SET UP TO I N T ER POLAT E PITCH RATE DATA

0235 2 l 7 A 3 o  - LXI  i-1 , B E O P I P
0238 22E A3 SHL D ST R I P Y
0236 2 1 5 2 4 1  LX I  H , P P ~)A TA

~ 0235 222 S37 51-FL O STP L Q C
0241 CD~ 402 CALL L I N T

;S~ T UP ro I P Y E P P O L A T E  ROLL RATE DATA

0244 2 1F 4 3 6  LXI  !I ,~~I S 3 P I P
a 0247 2 2 7 5 A 3 7  S17I LD Si ’!~ i~~1

024A 7 I E - ; - -~A LX 1 1-! , .Th2D AT , \
02 40 2171037 SitU) 3 1 7 1  ~Lft2
02~ 0 71~Y 3-~00 CA !.L 1.1L41 ’
02~ 3 C9 ~1iT

LI  ~T:

1 (  XI  )~~[ - - ‘ 1 7 1 - 1 7 1  X0 + ( F l  _F :j )~ -~ I 1 / I  X I  - X 2 ) ]

0
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7- — - L A

-r’;y3e. I -071 )O Li 1 3 ,’)
C’2~ I - 6A- ) 717 - ’

~~~~~ 
17 ) - I -’~~ 7 j::7- fl

,217 -~- ‘
~; I — n i  11_ X E 717 -- , i. :

.
~~~ -3~~~ i1~~0,~ L~.I :3 , 10fl

- 0 2 6 3  I l - O V)’) L X I  0,1
17264 0- ’ P I JS i1  i~

o -02-5~ 35 ?317571 t

1726-3 075 PUS,- ! ~0267 2A cA3 7 L H L D . T2T? F
~ 026A F~ SP NL

LIL OO P :
0263 El  P OP H ;F 0

3 0260 2 2 2 1 3 7  SH L D ~LTP2
026F 22 17~ 37 SF - I LD FZE ~ o ; F O R LAT 0~H 3272 2 A17 437 L FI L D XZEP O

~ -3275 3 2 3 4  M ’/ I A , 20
0-277 ~5 ADD L
-3273 52 MOV L,A ;OET X l

0 027~ 7 MOV 1, 17
0271 017-3 -3 AO l 0
-3270 67 , - LC ) V 17 ,1

~ 327:- 220737 SHU) ?.1L f~ I ; FO X X I
-32e:- 210000 L X I  17- 1 , 3
-3233 39 OAD 3?

~) 3284 22E63 7 SH LD T OP SP

; S A V S  STACK PT P 3-322025 CALL MU LT
3

17237 3 7 - 0 2 3 7  L X I  5? ,SCi?AT~:H
02~~,-\ Ci2 -) -~O3 CALL .‘~YJL f

; P~ OL)UcT OF ?-I ’JLT = 17-17 X XI

.~ 
- 2’10 212 337 L17—FLO 1712L
D2~ 0 210037 51:10) FOXI L
1717(173 2 17170337 LIILO 1175-.’

~ 
L)2c~ 02~—~ 37 ~ HLD F O X I - ;
317~’~’ 2132)37 LI17LD i; ’PS-~
32~3-0 F9 SP -IL

~ 32917 21 PO~ H ; G5F F- I
32-1717 ~ ) DC X SP
J2~~,.: 33 DCX 3? ;=17XT FO

•~ 0 17- 170 2 2 7 1 1 37  SHLL) XLT~~2
-0 2 ,173 32213 7 53- 7-LU !-(X 2
02~~o 2 .-17~-4 37 LI-iL!) X 2 E3 - 17 )

~ -32A-) 22073/ SHLC ~;LT? 3

; !-i A~F Xu = C - J 2 - 7 - 2J F x :  + 20

7 - 7 - 7- -~017 L X I  17 2 ,20
-~~‘~~

‘I~~ - d 1710 ‘17
‘ . -

~~~ 0 — 3 /  17 :7 - L O X - ’~1 0 t)
‘.71 21 ‘‘1 ‘-3 L X I  .1 , 0
- 0:-: ; - -  — —

- - -
- > : . , ‘ 

~

- 
.,~ 1 1 L  L ~‘1 ’  1’

I - ~I ;~~
V
, ) .~~~~~~ : )  

—
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o2~ :) (:U9(~- 17 :~ ~:AL1. . —WLF

• ;PflO~ U C” ~~~~~~ .17-iL F — r I .-~

; ~-!O,! C317 )~ P U i~ r :U ,~ I — 117 (3
o

0200 2AFL37 LHL D FOXI L
0203 23 XC !-IG
02O~i 2AF c~3i  LHL~ F OXI - I
02C7 4D .17~OV C , L
O2CS 44 :~tov H , tI

; B CU75 — F O X I

• 02C9 2 A C 1 3 7  LHLD A 37 -~~L0200 70 :~OV A ,L
3203 2;: CMI

•. 0205 COO l 101 1
02:10 oF c!o V L ,A
022- I 7C -;IOV A ,1-i

.- 0222 2F C-il
0233 7120C- AOl 17
-17235 67 • 17X) V ~i , A

• 2-22-a 2 2 0 1 0 7  SI3 LD AOS L
02:9 2A C~~07 LHL_ - 117150
0217170 70 ,‘~3. ?V A , L

•.. -2 -2 2F C 17A
022 -S 02-00 AC T 0
02E0 617 OOV L , A

~~~ . 32E I 70 :‘)OV A ,N
02E2 2F C1~’170223 CEDO A Ol 0
02E5 67 :-

~Fov 17,1
02E6 220327 SHLD AU SO

= — F I X O

02E9 21C137 LHLD AOSL
~

-. 0220 7 - 9  DAD U
O2ED 22EC37 51-7-LU ALST
02F0 2AC33 7 LHLD AU SM
-32 F3 32F702 J ib LIC 1-b l
02F6 23 l i-IX H

L I C N I
02 177 09 DAD 3
02F5 22 5E2 7 SHLL) ~~~~

;C OM P UT E F l  — FO

02F3 2A 7 - - 627  L I I L 17 17ZE IW
0220 70 ‘.17)V A ,L
02 FF 2F
-o :; 

~~~~ ~ .H -J 2 •
7- 2 I I ) . ’ 1, 3

-~ -; r-, ) ) , - - ‘ I ’  -
~-~~--- -

~, - - ~~I ._~~- -  1 -

~~~: - ~~~‘ 7 -
— _ ) f .I~~ / )~~~~t

~ (3 ~ -; C) 3 ~ ox ~33C- 1- 2. -!~ L I L L - :~~;, :

- a
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>

1)/1717 17-
13 - 2 -- .- _ .

~ .17 ~: 7 - L U ~
- I .‘17~--:)

L t .OJ3L : ’:

;~~~ 17- U i~ (7-— I —~-~~~) :-: < I )

:3320 2.’~.
’-37 L T L -  0l

0301 22C73 I :17ILiJ - 17.- ~P I
~ 03 12 2~- . - ~237 L I-ILD E V I L

03 35 220 3 37 Sl-ILD MLTP2
03 13 23 I N X H

~ 02 39 22 17237 SHLD I V A L
0310 0179603 CALL :~UJLT

;COOP . ( F O X 1 — F I X O ) + ( F 1 — F 0 ) X  X ( I )

0 - 3 1 5  212037 L H LD AL ST

~ 0322 23 XC H G
0322 2 10 137 L-3L D A—5 L
032: 1 9 DAD C

~ 
0327 ?23-337 SNLD DV HDL
032 - 2 12237 L3 -IL -0 A ;-!ST
0322 - :  23 XC H G

~ 032 17 :10237 LRLD 1175:-!
0037 -  i..-22~~33 J~-~C LI C~~2
010~ 23 I:17~< i-I

L 10172:
03-35 19  DA D 0

“33- ~ 22 3237 SriLD DVHDL
- ,— ‘ - -  — I I - ‘/- \ t ~‘1 U

I I I_/S i ~~~
0 2 - 3 2  22 1037 517-fL U D7S~L
30217- 171 - 2 - 1733 LXI 17,0

~) 
-3~ - . 20~~~37 StiLL) 1 7 1 5 1 7 1 7
010:- 103:10 CALL D I V I O S

;~
_ -3-)2. = (F0XI— FIX ’3 )÷ (Fl—Ffl )X X C I )  / 23

- —  — —~ — \‘ ‘ -
~~~~~~~~~~~~~~~~ ...~~_.) — — -

- 

~ -17$-~~ 013~171~7 LHLD 0710717
-~~ 

- XC I -UJ

; STOOS r O Tt75PLAOS J .JAY.A p0 i: - -~o

i~~.Y ’  2. ~~:037 L 17LD STF17 L OO

~ 
00 -~H .‘3 :.7-OV 17 , 175
:‘-~-~o 10 t 7 - 17: -~ El
17 7- / 2  30V 17 , 17

lOX 17Y -) TO ~Tc-?0 17 17-OF DATA PuI ’!T

~ :0 - . I I - ) ~~”- -~- L ’l I . ,

:~‘~-‘17~
) 1~

)
SII LL ) - 3C . 17_ 71

~ 1 
- ì  r~ 171?

~ ~ 
- 3 - 1 7 1 7 . _ i -  1717 \ L7~ ~2’)

1 )  - . - I 17~ -17
—~~ - 

: -~~ / _; _ -\ ~~~~ 17-17
i i  -Oi > (  I’)
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P~ f-7-TOUT. P 17 - lb ‘ 3: /
0

0362 C20003 J7- !Z LftU173L7-’
0365 AF X 7 - > A  A

• 0366 32F037 ~TA OTP2O
0369 2A 17137 L E I L U  z - i X I i :
0360 56 X CI7 - C J  -

o OJaD 2AE F ’37 LHL !) ST1?LOO

; STO17 2 f: i AS 201~I PC )  I 17’i~
•
• 0370 73 MOV ~, E

037 1 23 INX H
• 0372 72 MO’/ / ,0

0373 3 10500 L X I  D , 5
0376 19 DAD D

~~. 0377 22E537 SHLE’ ST173LOC

;22S10~RE ~ 10K PTP TO 1751

• ;ENI.) P01 -ITS

037A 212637 LHLU T .7 -?SP
• 037D FY SP~iL

0372 2117237 Li-IL_i I - J AL
0-381 23 ~NX H

•, 0382 22 17237 
- 

SHI_L. I V A L

; i i A L~ OOX2 O P35 3251717 0E17 (E IA TED?

0385 3AF 13 ’  LDA 02260
0388 3C IFI R A

• 0369 32 17137 STA CTl-~60
038C FE3C CPI 60
038E C2O302 JNZ LIL OO P

, 039 1 2117637 LHLD LI SVS P
0394 i~9 SPHL
0395 C9 RET

MU LT:

;ZER() OUT MST 1/2 INS AND CAP~~ SAVE

0396 2100 00 L X I  H , 0000
0399 22C337 SHLD ANSM

.~ 0390 22C~ 37 SHLD CA R YSV

DETE R ?~ IN E SIGN OF AN SP E R

- 
039F 2 10737 LHL I )  OLTP 3
0312 7C ‘40V A , rI

~ C3A3 2 1C33 7 LII LD OL TP2
03A6 AC XPA -7-

- 

- 03A7 3201727 SL\ S t J U
~~~

-. 03 A1 31720 I-W I ~~~~~

II — . /. L i  P 2 <u , - L 1 P 2= 17. . ,

0310 - - - ; AN,\ 17
0211) 7 - : :-’ c~~:;- .~ (3~. 10 1 6

~~ . C_17170 01 ) 1- 7- i - ; CAL L 7117
C’_3P3 217711 07 SI LO .:! ..Th2
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03~- : 2A f ; 73 7  L UL l) 17LT2 1
0217’i 3 17~ 0 -17’.’I A ,~ 3 0 1 7

;ir 7 -L Fi ’l< O , L.i P l ~~~ ’-’ L 1 7 P 1

~ 0~~3~- 14 AIIA 7-- I
3350 ~0O17 04 C17 TOlO
03SF C37304 CALL Ci I KLE17I2 ( )

s 0302 22C737 SHL D ~‘-7-LTP I

;SAVE SP FO~ RE T U I? i -7 -
o

0305 2 10000 LXI  H , 0
0303 39 DAD SP

a 0309 22C 937 SH LD M SV SI ’
;
521’ UP 31T COW-IT

a
03(170 3 511  M VI  1, 17
0305 32C337 STA CU T

b 032 17 37- 0137 LXI SP , ML TP2
MLTLP :

1702--’- 21FFFF LXI H,OFFFF17

~ 0327 39 DAD SP
0313 3 35 DCR ‘4
0309 0A4C0 4 JZ M LPD OO7 - E

‘3 ;P U T TEST BIT  I NTO CA R RY

-~~~ - 3 3 2 - 75.  F l  POP PS~17’
03: 17 D 2 3 ~ -04 JIIC B I b

3~~~1 :
-) 03 52  1) 1 POP 0

03 2 1  ‘171  P O P B
03 172 El  P OP H

;f l= 17-~ST 1/2  AO S
;~~=C!- P2Y SAVE
;O I = J S T  - ‘- 17U L71 ?L I E :R

C)
; OS T S7-..J M 7-il ITH O~ T CA 17171 ES

~~ 0323 7~
( M C ) V A ,3

-332-17 IA XRA U
0321 AC X R A  H

~~ 035:~ .17 MO V ~3,A
C’357 /9 MOV 1,0
0322 : A~ X RA E

o 03E ~ - -b )  XPA L
I-_ I - _ I -  - 1 I t  ‘
Ij ~~~~~~ —er 9 . I J V  L- ~

0!_: ’ -
! 3 17AF O L X I  Il , 01717F11 i

~ 
0.-2~ ~~ DAD ~ P
C)li::: 17-~-~ SPI lL

;C’_ ) - ’ - - 1 7 1 1 7 1 7  b~~;l ~17 .A~17?

-1731 ’ . ’ i ’ Or > I i
) ( 1  - - -u ~ I ,

-) ~1 ’ - - 
~

- I PC)? -
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PRI4TOUT.P:t , ‘ _ _ 7-~~~ -,

C
03173 A4 MM ii
03174 57 ,A C)V 17,1

o 03175 70 - -7 -OV A ,17
173F6 5 1 P(, 1~ U
03177 14 17-:1 7 -

-

• 03~~3 [32 1)1>-A U
03179 57 N OV D , A
03F 1 7C N OV 1, 17

• O3F~ 2 1F125 L X I  ; : ,OF F ~ AK
- 0317E 39 DAD 53)

03FF 179 SPHL
o- 0400 El POP H

0401 14 17-IA H
0402 82 

- ORA D
o 0403 57 MOV D , A

0404 70 ~/ ‘)‘/ A ,L
0405 51 POP H

• 0406 15 A !-75 A L
040 / SF .~ )V 5,A
C)4C~ 70 -.~oV A

• 0402 El PC)? i-I
0401 15 1171 L
:3405 33 0171 5

• 04CC SF NoV 2,1
0402 71) N OV A , L
0405 2 I F A F S  L X T  -1, OF17 FA H

~~ 04 1 1  39 DAD SP
0412 F9 SPIl L
0413 2 1 POP H
04 14 AS AUA L
0415 33 ORA E
0416 SF N OV E , A

~~ 0417 El POP H
M STR :

;STORE N E - b  PS U
;STCRE ~E -~ 0 5 ( 1)

~ 0 4 3 8  05 PUSH D
04 19 05 PUSH B
041 1 38 DCX SP

~~~ ‘ 04 15 35 DCX SP
0430 17)1 POP U
04 10 CI POP B

;E3C N: =PS (T )— M UST 31775 SHIFTED 17107- IT
;P’( 1

SUET :
041 2  -\F X R A  A

.‘. -‘)-; I F 7-~ . 17I I V -
~ , 17;

2-1217 3
0 . 7 - 1 7  I 41 - ‘ 1- 1 1 , --\

- (‘ -t 33 7-) . _ _ I :
_
- -

_ 
‘ , (

~ -;~~ ~:- ~~ C, -\
e-’~ 17- 1~ ’~ - ~iA  .‘ ) v  - ‘- ,17

I F
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-~_ : _ j _ ) 1 7 j j .  ‘.~O .-‘ 7 1 1 7  I (~)

.‘!i\’ !),\
73 M C ) ~/ -\ ,

., 7 1 - c 2 .’ I . -
‘ -7 -2 .!O;/ c , —

~~~~~~~~~~~ 17~ PJ 17;i ~
P U J O  o

_ i-~2 :  0306-0 3 J 17’ P NL T L P
2 170 :

;Co:-~PUTE PS (fl

~ 3430 Dl  POP 0
0431 Cl POP B
0~~32 7-3 Ma y A ,B

~ 10-33 ~- A XRA U
0 Li 34 47 !~V)V 3,A
1035 79 - M O V A ,C

~ 0435 13 XR A E
1037 417 N OV C , A
342~~ 33 DCX SP

-~~~ 103-’ 33 DCX SP
043.A 33 DCX 5?
- - ‘-317 33 DCX SP

:~ ;COl-1? UTt C~~( I )

~ 043217 21 POP i-I
-~43D 7C NOV A ,H
432 50 NOV E,L

~ -1025 SI  POP H
A HA H

- L ~ i17 ~7 M OV D , A

~ >i — ’2 7173 40V 1, 2
0~~.-~3 15 AN A L

SF NOV E , A
~~ :- 1-~: 23L 1 0~i JMP .-17ST~17

- k-’ ~ . - ~~~- “ -

C) 00.- 17JTE P5 (17-I ) + (175 (N)

4 - C  33 I i- IX 5?
lO X ~ ?

171 
- POP 7-1

01 POP ~
E~ 

0 -~- -17 .‘-3 011) 3
:-~ -:o 7517~ PUSH H
-:--

.
- -~

__i ~~ PU Sn >~

0 3~~--:5 1000177 LULD MSVS ?
3453 17- -- SPOL

- ; 17ET~ i17 sr: ; : ~~oPs:~ : oF P7-~O 17YJ0 i’

. 7- 1717 - ~3 i L uR s r
~~~ ~~~ ~~~: -  i> 17 ’7- 17 ~~

- 17 : . - 
- 

-0  -f l _ i

‘ 1 7 ’ 
_
~_ i I- 

~ 117 L A~17~-;
-

- 
:.- - - : -

- 
1 ‘‘17 -~ i L 1717
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P i :rou-r . ~~:; 

- -

0
0460 ( U0 ’~C~ CALL i :cb-2-o:~046 3 220 137  SOLD A: ; 17L

a 046O ~0 X(.17,
0467 22033 7 ~17!_ U -‘~ i 17- .~
046? 09 -

• TCI6:

; SL!NROIJ T I  NE TI) TA KE f 1700 0 - ~~L17--17 17T
0 ;oF Ia i~IT ;-loRL) 17L

0463 71) N OV A ,L
o 046C 2F CUA

- C4OD 317 NO V L , A
0462 70 NOV 1,7-3

• 0~ 6F 2F CMI
107-3 67 N OV H ,A
0471 23 lO X H 14

~ 0472 C9 175_f
C H K > ~5Po :

0~~73 .AF X R A A
• 0474 BC COP U

0475 00 1
~NZ

1076 317) C:.~P L
•- 0477 CO

0473 210CC- S L X I  H , 0
0473 22 0 13 7  SOLD AN SL

• 0475 CI  POP B
047 17 C9 ~ET

DI V 105 :
•

;DIVID~ BY PEP~ AT~D ~~~~~~~~~~~~~;T I E 17I  ROU N D QUOTIENT TO :IEAPEsT
;IOTEGER

0460 2 1F F F F  LXI  H , Q FFFF7-1
0483 22D 837 SHLD CU OTL
0486 22D A3 7 SHLD CIJ OrM

;D 5TER . -c I i ~E SI3N oF QUOT I ENT

0459 2 1D637 LHLD DVS~ M
• 0480 70 MOV A , H

048D 2A132 3 7 LF-ILD DV U D M
0490 -~~ X R A H
0491 32CF37 STA SIGN

- 

; IF D’-/171D<0, DVND=
•

- 
0494 70 NO V 1,7-- I
:349’ ) 56170 A N I 221 I

• 7~lo 7  F17\~ 0-; J;’ o- :o vs P
1717 -1:1 (3

~~~ 2~~.- -~~~7 L; 1.fl f l V O~) L
‘.~~ :/ 1 7 1 7~ _

I • 5 ~~~ . ( 1 7 4 1 .L i .~O _ *0 - i -
)- -17 22 17 - 173 / :~ 1 .0 -V i I f l !_
0- - !-’- 17,; XC~ 0.‘ o-: ~~~~ ;-2172~~7 s : L D  17-I LL-I
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- >~~~ . 1-17 3 ‘I- )E I

; t F 17)7.3 -~<Q , :i173k : 0721?:

~~~~~ :,_ ~_i 3 7  - LOLL l ) V 1 7 J O
- ;- - 

-
í .117)7 A , -

-~_:;-17 75r) y.j 1171 ~0H : ~~~~~~~~~ JP DOCKS
:41-I XCI IC
i - ~~B2 21u437 L!-7-LD DVSPL
)~~~5 000403 CALL TU O SCON P
0~ 17 -~ 220 4 37 SHLD D VS 17L
105-75 23 XCHG
2 4 2 1 7 2  220637 SI -I L l) DVS~ N

.
L”~~L. I\.

a
;IS DVSP 0 OR I ?

a 04? F  ES XC H G
040-0 210437 LHLD DVSRL

‘I ,-,
_1 ’.I .__, _. _)

~ 3410 117 XRA A
54 () R A H
35 OP.A L

~ 1007 32 () P A 0
1009 C2 -404 J t’IZ CKDI -i-3
10-23 33 aPI

• ?‘-0C 0A0305 JZ D I V Z E R O

~4C~ r_ -)l CPI I

~4 D l  CAE D O4 JZ DIVONE
CKD~1 7J :

;IV DVUD=0 ,°UOT = 0

?_i.10 117 XRA A
:~:.2~ 2 12237 LP. LD D V NDM

~ 0-’- .~ 3 2~ XCH G
~~~~~~ 2 A ) C 3 7  LHLD D V > -JOL

:32 o P _ -\ 1)

• 0~~~0 -33 ORA E
17754 ORA H
35 ORA L

~ ‘1023 C 2 - ~~~5 JOZ SETUP

10c3 21:200 LXI 0,0

~~ -2- -. 175~ 22 A 3 7  SULD ~U O F . ~
- 3 : ~~~ 2:937 SHLD iJorL
3~:5-2 179 PET

DI jflOE:

IF i)V S17= I ,DU O f~ DV17D

•
‘ 2 4 1 ) 2 1 7 1  L U L l )  ) V ; 7 - 1 7 -’-:

- :~~~_~ .17 2 XC I- .;
-~ 171717 OOLS o~~:ot

- - - r -  - ‘i. z - -
- -  ~~~

- - _ J t ~~ ’ _ ” .) I ~~~~~ •~)

- ‘ -  ~~~ - ‘ 
-~~ 17

:— _ :~~~ -~~- ~~~~ C- -I j . , U_ i L .. - - 17 
.-~~ 

- - 1 7 /  5- L17 uuuiL



REPORT NO. NADC-7924 0-60
PP 7-7-TOUT. ifl - : , 7 -

- 
- - -

0
04F2 EU
O4EF 17217437 1717I _ 17 )!j()j .

o 0502 07
171 -I L : : > C)

0503 76 OL 17
•

; 17;0173oIJT~~ L 17 ~~~~~~~~~~~ 1 2’ 17O .17P .
- r :  - r

• , . ) -_ r .  I - -

0s04 72 - ‘07 A ,L
a 0503 2 17

0506 CoO l A D I  I
0508 617 N OV L , A

• 2 170V ~~~

0503 05017 40 1 3
• C~~C D  57 . 1 7 ) 1  17 , 1

0-302 75 NO V 4 , 17
OSOF 2F 0- 7-A

o 0512 17500 AOl -0-
0-512 175 ->~OV s, A
0 > 1 3  71 - 1717 ) -!  1, 17

• -~~ 1 - ’. 2F C IA
T)~~13 05-D C- A Ct 0

-‘3> 17 ~7 ..IO’/ 17,1
• 031-3 ‘1) 2ET

i170000f:

o ; 117CR . ~ UOT 11TH 210% SUCCESSFUL
; S U3 TP.~.CTIG1i

•- 051-p ;?,-17:337 LULD ;3UOTL
0510 70 .107 A ,L
05 30- COO l AOl 1

• C ’ S I F  OF ~iOV L,A
0520 70 N oV 1, 17
—~~~

-_
~ t c- _ ’-’~~~~~~~ \__~~~~~_ - -

• 3~ 23 67 N OV lI , A
(17524 ‘200-37 SOLD OUOTL
O~~~’ 2 131i1 L~~L 1) Q U O t I

• 17~)172.~ 
7) N OV A ,L

~-3173 C;:7n ~~ ~ 3
17Th217i OF ~OV L ,A

• -D-~25 70 .•~OV A ,H
1 7 _i

2
1 2E-17~0 AOl -17)

- Q:)3 1 a7 -1707 17,1
• 0 32 ?2L.A37 SHLC 2 U O T ’ .~

~~~~~ ~~~~~ - o -) -~~ 22

; ~17T V S 1 — — .-- !171~ 170 -20 5U17~ 10- 17171 1O- 17~

~~~~~~~~ .1 . -~~~~~~ 
L: i T -~) 0V 51717-17

> ‘3 • :~ 1 )
: 7 -~~ \ 3 ~17

~ 17- ) 
•

‘- :~ 
- 
i .  17 ~. 1

~~

‘ -

~~ 

17 17 1 7 - 1  ;(~ / 1 , 171

C.
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•
. ( ; : - ~ 1 4

- - I .~~~~ ; 17Th1 C, L
:3 /1717 :

~~ ~~~
- -- I1 7 [ 1  I 117317(1 r

~~~~~ ..17AO~-33 1 L OL D L ) / ~. )L

~2.~~37 .5 7-!L2

~~ ~ : i - ’ 
: , A 17 )  ‘

II...j- _ _ . j~~ _ .~~~~.. I . .~ - I — -—. .) I

0-_,~~ 
2 : 1 7 2 2 7  L OL O 17 1 173 : .

~ :-s~~ 22 .~z37 
sULU 1 7 1 7 . -I

C - 555  70 > 0-1 A , L
- 0-~3ó - - 75-3 b C  17

, 0557 SF  .10>1 L ,A
r3559 70 N OV 1, 17
0559 01 ADO 0

a 05 5A 67 MO V ri , A
-0 553 220237 SHLD DV —i0 --~
-0532 ~.~~205 JO DIVLP

~ 0317 1 2 172037 - LHLD PEI..L
70 NOv1 A ,L

05-175 17 PAL

~ 101717 175 ..-1 GV L,A
01757 7 AC ) V A , H

17 PA L
~ -2-55 0 57 NOV -i , A

10-17~ 222-237 SHE D 221717
Ob.; 24 -237 LHLID

-~ 0 573  7: M O-I A ,L
57~ 17 PAL

517 :.O/ L ,A

-a ..5T 3 70 MO V 1, 17
‘3574 17 -RA L
- .513 57 b y  17,1

~ -~~~~ 22~~~21 517L17 $5. - -

:37~ 100:37 LHLO- 175 - 17
- 3 -10 -~-~~ ~

E l- l E D

7” - - (7 - 1 A , L

3 3 2 1  ‘S ~
-‘C S

~ 
0~~— . -~~~~ 

( ‘ ~ .~~~ I1

- — ‘- -I - —

- - -I — ~~~~~~~~~~~~~~~~~~ 
- --,

O 3~~F7 2 ’17) :37  172: . 310.
‘1.~~~’ ’  

~
- -~~T’-

~- :~~ J 1 7 )  P
~ ~~ 1 7 )  2.17171727 L H L 2

3~- ) I 5.\~~ 3T LV7 - L~ 17:.;:-:

~ 
017-- -~ :o~ -~.03 _‘_ L L ,- - , - . 0 :  -~~~

>~~~~~ — ‘:o ’37 ~> 171 :- ..::
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P P1172017 J 2 .  1 ’ > í l  ~ 
-

051> 3 I 3 2 1 4 2  L X I  ,

G~~A4 C!X)-Y ‘~) (3 /> J . L - ; ; ~ , 1 7 ;
C OL75I ALI :

‘3547 1 1 2 0 - 1 7 ( 1 7  L X I  17 , .-~Q17
J~~i - . 0~~~i ~.Vi C , ;~ h- l . i ,

o 0 . A C  07N ’)-2 2~~LL 17~. ( 17~
>1741717:

05i~i- 02134 ..IVI C, INL IPE
a O B I  1l 60~’- i LXI J, U417~J}-O5F~4 CIY)17172- CALL 5-DOS

0337 2 I~~I 41 LX I H ,I%3172F+I
o C -33- ~ 75 .i.OV A ,~-I
‘3IFS 1-506 C?I 6
C:51717~ -IF -IOV 17, 4

• ODE S -2� 10 7 1700 A I N V E N T
030 1 23 I N X
05C2 ‘3171739 05 CALL . ASE-’3D

• 0:05 17-17 2307 JO 4iO-i E IT
()
~ C~17 1 1 6 1 4 1  LX I J , I N OJF+ I

0503 1A  L0~.X 0
• 1Th 20 13 i 17-I X 17

~~~~~~~~~~ - o - .- ~~~~~~

0505 0 505 - V I  C ,~o 0- 5172 1 2174’,i LXI H ,II -~3UF+2C050-1 17:17-2110 CALL PPc?
C>:7 ~ 174— : LX I r> ,I SJF +2 0

o ~~~~~~~~~~ I I ~~0~~ L1d ~ ,0
os:o 005106 CALL TI-I TUOUS
5E0 22364 1 SOLD ALT

• 05E3 O1A FBO LXI 3,— 1300 1
OSEa 09 DAD B
0527 1) 12 107 JO A I U V E - IT

O ;GET SPEED
O SEA OEOS MV1 C , P R I I ’I T
OSEC 1 11500 LXI D,OAE H

• 0-325 CD 0 Sfl O CALL BOOS
RD SPEE D :

0-352 11604 1 LXI D,IN3UF
• 05175 05-174 i-OI l C, INL I I-I E

05177 O:-osao CALL BOOS
355 -.2 I ~~l~~I LX I Ff ,INBUF+ 1

• (b r :  72 N OV A , N
-01710 5504 CPI 4
1010 - 7 - 17  N OV C,A

• 0~.. 01 2.22107 Ji- -IC S I N V E L I T
Th0-. 23 I N X  H
m:: 0~ --~10 CALL ASBOD

JC SIIIVENT
- - I - l - 1  L X I  0, IN2UF+ 1

1710>1 2
— - lO X 17

3
- /1 C ,~~

171 :1 1, IOO17 F +.)~’-1717 17. P10
L X :  7-, I 1 7 1 7 3 ~J F + ? o

I • i,

~~1.
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I S

2 2 .).: ~4 1 N-IL(i .-~PLc.j
:~2c . - fl .177017 LX I F~,— 617l

~ -?: ~?( -o ‘ UAJ :1
.~~A i~~~~) 7  JC : ; f 1 7 -~

’ z- . : i

17~O217 2 .’-17o 10 7 - L17iLL ) A L 17
1700-i LXI H,— I ~flC)

0533 17-,’ Dt~rj :3
017 3-- 17117205 JO T41’T5

~ 0~ 37 2 A E 6 ~1. I LIbEL ) ALT
0o3$. 01)023 LXI 3,—O-000
0.530 09 DAD B

~ 0~ 32 1)21306 JNC TIPT3
-17641 2A3-~4l LHLD SPEED
054-I 0 1 1 0 F F  L X I  3,—240

-
~~~ 0o47 09 DAD B

0668 172-17205 JI-IC TIPTS
0645 21I600 LXI 0,22

~ 0o~~ 220737 SHED MLTP I
3651 215-343 LOLl) SPEE7-3
065~ 220137 SOLD MLT?2

• 0 o 3 ’  01)2-603 CALL NULF
0654 21384 3 LHLD SPEED
1052 29 DAD N ; 2X S

~ 0652 220037 SOLD DVi-IJL
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XCHG
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0A7~ 73 NOV M ,17
10-73 23 INX —17

- - ,-~75 72 00 ’-! M , D
0177 23 l O X  H
2- 173 2250 1 17 SOLD TLM ?T P
2.1773 0-) PET

A SS :
C-.172 ~7 :.~oV 3,A
2173 252-C- ICV I 1,800

~ 0-275 -10 117-IA 1-3
01-0-0- 177 -:tOV D , A
0-13 1 7 3 MO V A , B

.‘~~ 0-110 17-2 PP
0-133 217 CMI

;a- 32 I t-IP A
31 20 ‘ 7 MO V 5, 2.
3117 ‘~ 10 1710

~~~ O I l  217- C- -A
10-~~3 30 

lOP A
C - 17~~ 2-7

5117317?:
17 2 1 3 2 —  1 L3iLD 1OT TP

0100- XCHG

~ 0- 1 0  2. 4 ~~~- LHLD PLi-~17 i2-C

~~~~ 12 ,-~:ov 1, 5
Ci! ~ ? 41 C_O P 0

— -2- 17 -7 3 -3 1 7 1 0 3!  - 
JOZ 517110 - -- .-.3
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- ‘2~~.-1 7 2 7  J 1~Z 171 I T I O O
1 7 ’-.)~ 017- .- O V I  C , 2
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1017 t
10!. ~ LX I 0-17 ,173170-30
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PRNT17IJT .P--.1I ‘

-
.

0
0A~ C (7~~. r . ) . ~ CALL I - 

I JL P

OA B F 2 I ~-44 I L X I  0 , 03;?
o OAC2 000 17 -2 5 CAL L C 17V17 50-0-

01(25 00D7-O A CALL f ) ICP I F
01C3 (203 2-0 -17 CALL 17~ I i :LP

• OACB 2 I17~~~I L X I  0,033
OACE CO0~~C 0 - CALL C
0101 010771 CPLL D I S P I T

• 01174 C3000-0 J.~-17-’ 0
DISPIF :

0A97 OSOC; ~VI C,P~1 71i —~T
o OAD9 l1 42~-3 LXI 9,FDISP

OADC 000500 CALL 9D03
• OADF 09 RET

• FI!-17L?:
0150 21550-1 LXI H ,~~O17+1OAE3 34 lOP ~

• 0154 3 S 1 3 ~ 0 - V T  A , ESC
0135 (200317-5 -0-ALL 0-F5030
0AE9 3230 :-~V I  A ,’=’

• 01173 Cu0353 CALL 0F8030
02 -E S 353 I 170 - 1 :  1717 VI 1, 0- 17-3
0-1170 2003173 CILL (00-8030

~~ 01173 .31737 M~/ 1 1, 370
0153 0003170- CALL 175~ -D3O
0153 2137~ 2 L X I  ~-j ,FC0T

o -OAFO 717 - --Coy A ,M
0150 34 I!JR M
OAFD 2I 44~3 LXI I--1 ,FDISP +2

~ 
OBCO 77 V~oV M ,A
0BO~ 0 14~~~3 LXI $,F~-I~~P+60504 C9 PET

• COVRTDCS :
;C OM I NC3 I?1 , HL=AD D RES 5 OF DC TO 317 C O N V E F -~TED
;FoR DISPLAY OR PRIIJT

• ;R C =ST ORAO E 3UFF ~ R ADD. FOR CO17 -~VER TED VALUE
0505 1717 17COV 17, M
0306 23 lOx 0

• 0807 36 MO V D , M
0808 175 XCH O
0209 3560 M V I A , 8017

o 0509 14 AOl H
0300 31720 M V I  A , ’ /

0505 1721600 LiP COVCONT1
o 0 8 1 1  00-632 - 4 CALL t O l o  ; IF  <0 ,TA K E  2’S CO:-~P0314  3E2D - -WI A , ’— ’

CNV CO 3-15 1:
• OBlo 02 STAX B ;STOPE SIGN OF VALUS ( +  OR — )

0 B 3 7  03 l O X  :3
• 0~~I 3  05 P J S F I  ~ ; S A V E  8EF 0~ E 0 -ALL TO ‘-‘liLT li-ID J I J i 2 - 1 7
o ;DE-2i- - .-\L 7 .11717.3- OF DC H2X ~‘- ‘LJL17 / -~’-0 - O ) i i

; => I -~Ci )— .- 7) 17C . -i .\L= 1 fl~’0-*H~~X V A L / - ~0- -flC ) 5
( S L I ’ - C t . . ’T3S ~~~~~~~~~~ 0 - 1 7~ : - .17 c101717 , 17L 0 - -l-~I~~IJO )- 331 )  172-2710 ~:iL: - -1710 I

17:-C ! .17 , 3 0-00
C I I 1 L10’

o 0-17.: 0-17~) c - 173 0 - -~LL -ULI
- . o - -. 2!I~ •~ i I ~ Li ~‘- N 0 L

C e
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b
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- - :: 72 1 03 7  0-Hi~7) 2!C.~L
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3 4 — ~ 1 353 1 M V I  A, ’I ’
0843 21171737 LHLD QUO-FL

—~~ (J2’6 11160 - C  LXI L),—I0 00
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034 1 DAS3O B JC CUV0 017 T2

-
~~~ 31743 310-0 MV 1 A , ‘0’

10~~F HE-303 L X I  0 , 3 000
-0-7332 3— ) CAL) U

-~~~ 
C 1 7 - I C O 1 7- 1 T2 :

2353 -32 STAX B
3354 33 l O X B

-~~~~ 10517 3105 /17’I A ,’.’
0357 02 STAX B
0-106 -10 lOX E3
10? 0:3:33 CALL 17-ITOA

OTO A :
331-SD I1 ~~~-5 LXI D,— 100
3360 C7)~ 1703 CALL OSTASC

~3o2 135 6317 LXI iD ,—1 0-

~~ 01-363 010 17Y3 CALL GETIOC
s o  - - C ) ~ A ,L

106 17 0-63-0- AOl 3-0-H

~ 01-:~~C 0-0- STAX 17 

~J L.. _ - - . -

7 : 3 4 5  3100- :71 1,217-0-
Gzi17-100L7
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717 JC GCIFASCLP
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CALL iC lS
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PRNTOUT .P:~ 1

0
(D~36C C2~~?c:~ .J~ Z C.L LP
0F38 F o~ oF ~Y/ 1 ~,OP~~1

~~ 0~~9 1 CL05~~
) CI~L L ; ~ .

‘)F~94 0i~14 .~VT  ~~~~~~~
3~39O CJC~1 ’Y) ~ ALL ~~~~

~~ 0399 I I S C ’ ~C~ L X I  ~) ,~~O:i
0i~9C o~~~’ .~V I C , P ~ I ~T
0~ 9E Ci10b00 CALL ~~J

o (~~TT~ i~~:O B A I  OE’) l .~V I  C , C O f I I I I
OBA3 CC0:.~

;) CALL ~;:os
~ 03A6 320c~~2 STA FC~~~J I + 6

36A9 FE3 I CPI 3 i t ~OSAS CA~ E cB JZ TEST I

• CB A E FE32 OPI  32 1i
C3E~0 CAC~~~ JZ TEST 2
0553 3~~~4 ~V I  ,~, 4

~ 0f3E5 CL) 03~-~ CALL OF E ) 3 ’i
0B2~ C 3 A 1 D ~ J~~~I’ 0i TTSi~TEST I

• 05F8 1 l 2 ~~~3 LX I  D , II J TL r )C 3
0~ 3E C3:~i~~ J~ P s~~i T I :~ci~~I~~;

Ti~ST2 :
~ , ?~ CI 113443  L X I  ~ , r i ~TLDCS~ o

03C 4 OEOo :~VI C , 6
~~ O BCÔ 2 1E24 1 LXI ~i , D3 l

F OE C 9 C22 2C~ CALL Mo VA ~ UF
03CC CD~)C33 CALL SET? RNDC S

• O3CF CD~ 203 CALL SETFDI S? 1
OBD2 C9 ~ET

MO VAB UP :
o ;MO VE ‘C’ CHA ~RS .  FR OM ‘D’ BUFF To ‘~~~‘ ~C~ F

03D3 I A  LDAX U
03D4 77 . .~OV M , A

• aBCS 13 I~[X D
03D6 23 IN X ~-I03D7 00 iJC~ C

• OBD8 C203C~ JWZ 4O VA SUF
03DB C~ ~ET

SETPP IDCS :
• OBDC 2 1 d 2 4 1  L X I  H , D3 1

OBi) F 0 1004 2 L X I  3, PR i~T SU F+2 3
JBE2 CD0 ~ 03 CALL C~’ 1Vi ~TDCS

• 0L3E5 2 1E 4 4 1 L X I  ~ , D32
• CBE 6 0 1C842 L X I  3, P RN TF3U F+ 3 6

• OB E ~3 CU0 5~~B CALL C~JVRTDC S
OBEE 2 1 i O 4 1  L X I  1 , [:33
0~ F I  0 I ~~C~~2 L X I  ~ , P~~~Ti~U~ + 4

o } ‘ ~ 0~~35: C,~LL C ~~~ r:. 25
J~ F7 C~

i i  L~ I fl , fl
L~~i ~~~~~~~~~~~~~

~~~~~ I L , ~)

~~~ ~~~~ C • LL : \ ‘ ,3~. F
‘C C )~ 1 1  ~~~~~ 1_ ~~i ~~~~~~ i :~ i~~ -~~~

- ..-——- -~-.— .
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• ~ 
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-
~;~~ ~

)

L X I  1, ~~~~~ 1+64
:.‘1V1 ( : ,r’,

~~_j •  ~~~ AL [. .~~VM JF
i .~ L/ 1 3 , ~~r.J C . ~U I f  ~4

l x i  -‘~, fd i ;a I + f ~J
% 

— -
~~~~.: ~~~~~~~~ .. V I  ~~~~~

— ~~ll 
r~ o~i~ . b uf

c;

C O l A  2 l ~~~:t2 LXI ~l , Pk~i~J1?
0C1~ 33~~ i~V I  A ,70

~~~‘ O d E  3 2 - ~~42 STA CL IA RC iI T R
C022 :::3:oc CALL P R I ~— I T I T
CC2~ 0~JEE O D c a l l  tmou t
0C2~. ~~~~ ~lVI A, 59
OC2A 3 2 3~~12 STk LNC !~TR
OC2C 0 F~ET

302 i 2 lA ’~42 LXI H,P2~!T3UF
0C3~ 3E45 MVI A ,69

~ 3C33 32~~42 STA CHA~-~C~ITR
003i 02320 2 CA LL P~~I: iTI T
3C3~ ~~O call trnout
0030 0? PET

P~~t~TIT :
0C32 0E0 5 M ’i I C, LIST

P~~~TL P :
03F :5~ MC ) V E ,M

J’2~ 7 :3 Ii - ;x H
-‘~~ C0~- [  T~~~20 CALL BiJOS

3O~ -~ 3A 3 ~~~2 LDA C i t A i ~Ci~T~
0~ 7 3. DC~ A

0C~:-: .2 5 5 4 2  STA C:iA~ Ci’iTR
TC~ E: 3 F D ~ .J~ z P-TfLP

r~Ef
0L~~~.~~ U F :

~~) : i I ; ;E  T(~ OL~ A~ P~~I ;[T 3 U F F ~~
~ f l ’ T P’ -
•.~ V I ~~~~~~~
L X I  ,~~~.~T3UF
;.~v r  A , 2O~1

- Cs: 77 ‘oV .‘,A
12~ 7 3 r~ix H

oc~ c
‘~~ “0~~ ~2~~o~ O J~ Z P r? CL iR L?

2
P~~-TL i . i

~ ‘2-~E :~-C’2 CALL C L R P R H U F
M V I  ~., I

~- ,2~~’ ::.-\LL U~TX 2 PT ~
;~~~I :~

( l . ’:i)
LH L~) P: I i f + 2

- i • ~ - - • ~~~ L X I  3 , ; 1y :~u::÷ l
- 
.

- .~ C’ U. 2~ v~ 2 -\T.\
; .~~ : ~( I • ~

* $ 1. i L i  - -~~E :~~ I +4
-
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P~~!!TOUi’.P~~i

* ;GLI  ~ ( 1 .25 )
0C77 2A~ E42 LIILU p i k r u j + 6

~ OC7A 0I~~A42 LXI ~, ?~~:JI~~i~ +2?
OC7D CL) 3 3 0L) CALL C -/ .~L A ~ A

; ‘Jii i 0 ? I (  1 .2 ~~~~)

o 0C~ 0 2 1 ?6 4 2  L X I  ~i , ?[~~P~~I .~ i+ l ’ 1
DCC3 0 1 C 0 4 2  L X X
OCEÔ CDO~ C~3 CALL C.~V~ TDCS

• ;OET J32 (l .2 5)
OCE9 2l~~~42 LX I H,PREPRINT+ i6
0C80 01 C~ 42 LXI ~,Pk11TE3UF+3ô

• CC~ F 0205-O b CALL C~VRTD CS
-;GET D33(I.25)

0092 219A42 LXI H ,PPEP~ I:-IT+Ia

o 0095 012042 LXI 3,P~ UT~IJF+44
CC~~3 C~ 0~ Cr3 CALL C 1V ~TDCS
009B 212020 LXI ~,2020H

~ occE 22d~ 42 ~HLD ~R[~TBUF+ 55 ;~ c) ~~LL 0~~ 0
0CM 22E .i 42 SFiLD ?R 1IF 3UF +64 ;i —

~~~) PCH C~-~II)
0CA~i 3E45 ~V I  A , 69
CCA & 328542 5TA CHA~?0N TR
OCj~ 2 A442 L X I  N ,?~ JT BUF
CC!tC 003200 CALL ?~ IN T I T
0- OAF 0~~~ OD call tnout

~ OCE3 O2~ F0O CALL CLRPRBUF
• OCS5 AF XRA A

CC~ 7 CJ7200 CALL fl-4TX2PT3

• 
;GET ~ (2 . 5)

OCBA 2A9042 LHLD P R E ? R I N T + 8
OCBD 01 AE 4 2 LX I  B , PR N TBU F+1 0

• OCCO 00333D CALL CN VP DA TA
;GET 0 ( 2 . 5)

OCC3 2A9242 LHLD P~ E P R I N T + l 0
• OCCo -313 442 LXI B,PR~T~ UF+16OCC9 CD33 OD CALL CN V~ DATA

;CET P(2.5)
I o OCOC 2A 44 2 LH LD PRE?RINT+12

CCCF 0 15A~ 2 LX I  2 , P f ~~TBUF + 22
0002 CJ33-J~ ALL 2~ V~ DATA

G ;OET E~3 l ( 2 . 5)
0023 21)042 LXI ri ,PREP fl1 :~T+2O
C[~ OI CC -12 LXI ~,P~~ TL3UF+2O

o 0C0~ 0 0= C~ CALL 2 i ’ ~ T~ CS
;U ~ T 2

i 3 2 ( 2 ~~~~~~ )

c0E~ 2I)~ 42 LXI H, P~~~PPINT+ 22
~ C-CE I 01 ’42 LXI 5,PP14TL~UF+36• c:- :-~o~ CALL C~ V R f l ;C 5

4 ;-J ~ T fl .~3 ( 2 . * J )
~ (~ _~~7 1. A ’) 4 2  L X I  ~~~~~~~~~~~~~

~:C~ .-\ 2 1 :  ; 2  L X I  ~3 , ~‘~-:~~f:[~h-+•; -L
‘~ (~~r : )  ~_ • n - •

~ *_
,
~~ -\ L.

• ;-2.~1 ~)~_L 2 . ’-
‘V ‘~~ ~ 2 L L ) •)  T +2  ~

- I ~~~~~ . •, -~ .L
~~ r~~~- • ) 

~.- : 2 - 4 .7 - : ~~~~ 1 
-~ j : ~~ ~~~

~2I-~ ( L 2 j O~~ C - I.L ~~~ L
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7~~.: ~n ’; :. ;~ ? :I  r~A~~E :32

‘ ) ~ ‘~ ~~ r 
~ 

r

;U : i  ~‘C. ‘~ . I L
- ..:-)•J L~~i *

- 3 - ; iI : :) J CALL (
~~T2~ T

~3 3 2 L~~~
- ’~~~~ 

STA ~~~ i~~JF+64
~~~ 

-
•~~~~

-
~~~ ,~~•;~- :) CA I. L UETLJT

STA P~~~T~3 [JF+O5
o:.c•: ~~; -~~ :~vr A ,69

~ oco~ 32 - ~~42 .STA CHAR CH T~
-3[~ 11  21 A442 L X I  H , P ~flT3JF
-3L1 4 CU3~ -JC CALL P~~I~ TI T

r~ 0’17 CD~~~’DD c a l l  tmo’it
ODJA 02 RET

GET~L3T:
~~ -3J13 3EFO M V I A , OFO [-{

OD J O ~5 AiR L
001~ I F  P A R

i~~ JD J E I F
-0320 IF PAR
3221 i F  P AR
0:22 032800 J~ P CETC .~ I

• GETLS r:
* 2:25 3~0F M ’-/ I A ,OFH

r -~~ 27 AS A N A L
GE T C~~~:F 0 2 8  FE0i~ CPI 10

~ 302A 2A300 0 JC L T J O

~~2u Coi l AOl 37ri
RET

L T I Q ;
0333 -2630 ADI 30H
0032 09 RET

-~~ C;~vF ;3ArA :
;~-iL = VALU E To 3i~ Co:~ - .’~~ TED ;HEr ~ CALLE 3
;BO=BEG A 123. ;F SToRA0~ FoR c:~v~ :o. VA L

3~ 3 3E30 :~vi  A , 33H
~‘J3~ ~~• . AHA i-[

‘~~2-~ 3 2 2  MVI A ,’
— :2~~ F2:~

TO
~
’ JP C~-~ ’~ D i

‘:3~i c~~~: - ;  CALL r c i i
-323~ ~22~- •-AV I A ,’—’

Ci :V~ -2 I :
~~~~~~~~~ ~~ * \
• — . ~. ‘Jr .

_ _ _ • . • I  ~ , L . A  ~
-~~~~ ‘H ~‘ U~~~ r1 2

~~~~ ~~ - 737 ~~iL~) LI P I
3 - ~

- 2 I L~~J3 LXI 1 ,10 30
2 22 1 .37 SH LD •.~L U 2 2

CALL - J L i
LHLU -‘-~~i.~

r F . -~ 2 ~~237 S~ LiJ ~3V~~7 -~

2 ’  : 1 3 7  L~ L2 ~~
- • .:: ~~3 7 ~~~. !L 3 .JV ;;JL

I : : ~
) LX I * I , ~3 )  -~

S~ [2) 
- .‘~~-~L:~ ~~~~~~~~~~~~ ~~~~~

p - 
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Piflr rouT. ~~~ ~

-,.
-

* -

C)
0E)6 A 2 A033 7 LHL U 0 UC i l l .
0O6L~ Cf P o p  ~~

~ 0L~6E CD~ EC~3 C. ALL 1TOA - 
-

OL)7 1 C9 - 
[~ ET

I : iT X2P i~~: 
-

~~ 0072 32~~~- - STA X2 PThFI .0
0L7... 2 A ~ A~ I LHLL) I NTC HT~
0~)78 22C7~ 7 SiI LU :.‘LT-’ l

o OD7 i3 2 l O R ’~~ LXI  H ,10
• 0I.j 7E 2 2 0 1 3 7  SHLD ~LTP2

00~~I CU-2603 CALL •‘.WLf

~~~, 0D~ 4 2 ;0137 L -[LD Ai’ISL
• 0D87 3A8~ 42 LDA X2P ThFL G

0D~;A FEO 1 - CR1 I
~ ODEC CAbFOD JZ SUdTI?T25

A N D B IT 3:
0~~ F E~ XCrIG

• 0090 3E03 ~v I A ,3
0092 A3 Ai R E
0093 07 PLC

o 0094 213A43 LXI fl ,fASLE
0097 85 ADD L
0093 oF 30V L,A

~ 0099 D2900J 21C CoHTI~~X2
OD9C 24 IN ~ ri

COUi i~~X 2 :
~ OD9D 22A 103 SHLD TBLLBL + I

TBLL3L:
ODAO 2A3A 43 LHLD TAELE

• ODA3 22AA 42 S~[LD PRNTBUF+6
0DM 3E2E MVI A ,’.’
ODA8 32A942 STA P RN TB U F+ 3

• ODA5 EB XCHG
ODAC CDCóOD CALL PO TRGHT
ODAF CDC603 CALL 7~OTRGHT

o 0032 1 J I 8 F C  LXI  D , — 10 00
0D~ 5 01A542 LX I  3, PPfl T3UF+ 1
ODES CCÔEO 3 CALL GETASC

o ODE E 3 CD500B CALL r-ITOA
OD3E 09 RET

SUBT I PT25:
• 00SF I I F 3 F F  LXI D ,— 5

ODC2 19 DAD D
00C3 C38F0 2 JWP AUL ) BI TS

RO T RGFI r :
• OD CO AF X R A A ;CLR CA R RY

ODC7 7C MO V A ,H
o O i.)C3 I F  ~AR

02~C9 67 :. C)V H,A
COCA 70 .~OV A , L

• cr.c~ I F  RA~00CC OF ;.~OV L , A
OL CO o9 ~ET

.~V I A ,
-0~ L-0 32’~~- .-~ ~

ji-\ C~i M L H i ~, •c- . .- _s ~‘‘I ~~~~~

~~~~ 
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?~~::
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P t ’ .. :  ~,4

TU FL ? :
-222 7 nrc  : )O -2ALL ~303

,~~ ‘ L ) - .-\ ‘ 3 :~~~:I’j
’
) c- ’~ i i  U:K j t i ~

~ ~A-:~~~ -~ l’i’i Ch .’r rc f l t r
~~~~r ’  ~~) :icr a

-~ .Y~ :1 32~~~~,12  st~ chdrcntr
22:)133 ~nz t o l l o

,—‘ .— f -. — ,_~~
_•_. 1.-~~ reL

trrio,it :

~) 3  2 1-30F 0 LXI H,OFJ-20H
TMOU TLP :

~ 00E3 20 DCIi L
-32E0 C2~ U0D JNZ T’~O UTLP
ODEF 25 DCR H

•~ 02~-3 C2~~~D2 JHZ T:~oUTLP
COF3 29 RET

;l~~ITIALIZE 5YS. CALL P~MTRS.
0010 = ASSDPV : ECU 28
030 5 = 33Q~~: 0U ~
0-31-3 = CLOSE: ECU 16

~ 000 1 = C0~-~I .i : ~~ J I
0002 = COi- 0JT: ECU 2
3- = C0i~~7Y: E3U II

= 0~ LETE : ECU 19
= 0flV I~~: ECU 31

co:: = D R V OU T : ECU 32
3’J2~ = ~~~~5G: ECU 33
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~~~ multiplication algorithm used in the program is based on a xrett~x1which was actually designed for hardware irtp1et~ntation in digital
systens kx~~ n as the Carry-Save Multiplication. (See DIGITAL SYSTE~4S:
HAP~~~RE OI~ ANIZATI0N AND DESI2,~ Frederick J. Hill and Gerald R. Peterson.)

3~SIC DESCRIPTI~~

~~~ process of multiplying t~~ n-bit binary ntinbers (to obtain a 2n-bit
product) can be viewed basically as focting a ‘list’ of n ni.~iibers
(partial products , where each oartial oroduct ~ i’ i=l , N) is equal to
the multiplicand shifted i-i places to the left if the ~th bit of the
multiplier is l~ otherwise is equal to 0) to be added together , one at
a tiir~ , generating n—l partial szns , the final suii being the product.
This process , with n=4, is illustrated in the e~~xrple in Figure 3-1.
It is this concept of the multiplication orocess which ~rovides the
basis for the Carry-Save algorithm. There is a difference however in
the way in which the partial su ns are generated. In the carry-save
addition process , each coluzrui is considered as essentially independent
of the others so that the carry bits are not propagated, but saved as a
separate value. This value is then shifted left by 1 arid incloded in
the next ‘addition ’ - By this process , n partial suns are generated -
The final carry-save value is then added (nortx~l addition ) to the ~th
partial sun to get the product. Figure B—2 illustrates the basic Carry-
Save multiplication process on the sane nrobl~ n illustrated in Figure B-i;
Figure 3—3 illustrates a ‘ccariputer form ’ of this exaxrple.

An analysis of this example shows that each ~~rtial sun is actually a M)D 2
sun of the 3 values. This can be effected logically by XORing the values,
which gives the following equation :

~~i,i=l ,n=
~~i-1

0 Pj 
~~i-i~ ~~

Though not as obvious , it can be seen that the logic equation for the
Carry—Save value generated with PS! is:

~~i, i=l ,n=(~~j_i PSi_ 1)+(~~i_l P~3+(PSi_l Pi) ; 
~~o=0

where is logical AND , and + is logical OR. Thus , to irripl~~~nt these
equations in soft..-are then requires only that the n~ chine provide the
capability to perform the logic fur~ tions XOR, AND , OR.

flPL~~~ ’~ .TION

I~~ paraneters (the multiplier arid the multiplicand) are passed , in
n~~cxy locations 37C116137C216 arid 37C716,37C816 respectively, when
the ~ JLTIPLY subroutine is CALLed. Each of these is a signed (inst
bit = SI~~J ) ,  16 bit t~os ca~~l~ rent ntmuber. When the multiplication
is carplete, a signed 32 bit product is returned, in rr~ tory locations

—31—
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1011 multiplicand
- xllOl — multiplier

1011 p1
PS2 

PS1 ~ 
- partial p2

p = PS 41 t 1011 — products p33 1011 p410001111 — product

0000 *

PS1 — p 1 +P 2 — 1011- +0000
01011

01000 *

PS2 = PS1 + p3 = 01011
+1011

- 110111

1110000 *

P = P S 3 =P S 2 + p 4 = 110111
1011
10001111

*The superiTpcsed bits indicate the carry bits generated by the previous
~~1utwi as they propagate through each addition

FIQJRE B—i
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1011
xllOl
1011
0000
1011
1011
10001111

0000 PS
~ 

(for ui~1~~~~~ty)
0000 CS0 (for uniformity)
+1011
lOll PS1
0000 CS0

0000 CS0 (shifted left by 1)
1011 PS1

+0000
01011 — PS2
0000

0000 CS2 (left shifted by 1)
01011 ~~PS2

+1011 4- P3
100111 — PS~
0010 CS3

0010 — CS3 (left shifted by 1)
100111 PS3

+1011 I-P4
1101111 ‘- PS4
0010 4- CS4

0010 CS4 (left shifted by 1)
1101111 PS4
10001111 - Product

FIGJRE 3—2
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Reg.~ Val.

PS 0000 1101 PC ML
0000 

— cs
Pj 1011
PS1 i~ir 1101 PC ML
CS1 0000 CS
Shift 0101 1110 ‘ PC ML
P2 0000 

—

PS2 ~I~5T 1110 PC ML
CS2 0000 ) CS
Shift 0010 1111 ‘ AC ML.
P3 1011 

— 

MD~~l
PS3 1001 11].]. PC ML
CSa 0010 CS
Shift 0100 1111 AC ML
P4 1011 

— 

MD~~1PS4 U~I 111]. AC ML
CS4 0010 1 CS
Shift 0110 1111 AC ML
Add = prod 1000 1111 AC ML

Note: left shift of CS value is acca~p1ished by right shift of PS1.

FIQJRE B-3
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37C116 37C216 37C316 37C416 to the C~ILing routine.

Before proceeding to multiply the t~~ nutibers, the subroutine checks to
see if either nunber is 0; if so, the product is set to 0 and returned
to the ~ iILing routine.

Since , in order to multiply the nurbers they must both be positive , theroutine r~~ checks the sign of both nunbers and determines the sign ofthe product and sets a flag accordingly ; then, the absolute value of
each nunber is used. At the end of the multiplication, the sign flag
is checked and the product is set accordingly.

-35-
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