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ABSTRACT
This report describes the application of hybrid computing techniques to
three areas of scientific investigation. The areas of investigation
were:
I. A Hybrid Ccuputer Air Density Model for a Satellite
Trajectory Program
II. Propagation of Electromagnetic Energy in the Ionosphere

IT1I. An Optically Scale' Nuclear Emulsive Track Tracer

The text comprises three separate sections, or reports. Each report
includes a discussion of: mathematical modeling, considerations for

selecting the hybrid approach, hybrid computer implementation, conclusions

and recommendations.
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I.

A HYBRID COMPUTER AIR DENSITY
MODEL IMPLEMENTATION FOR A
SATELLITE TRAJECTORY PROGRAM
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I1.1.0 INTRODUCTION

The r.cpose of this work was to modify the previously existing
orbital satellite simulation (Cortract No, F19628-67-C-0359) to
include a more sophisticate? air density model implemented on the
hybrid computer, Originally, air density was prcvided by a digital
subroutine which modeled it as being a function only of altitude,
This over simplification is unrealictic in that it neglects many
other variables that have a signficant effect on the density,

Among the more obvious of these are latitude and longitude, and the

relative position of the sun,

The new density model that was implemented is taken from U, S,

Standard Acmcsphere Supplements, 1966, Part 3, Latitude, longitude,

hour angle of the sun, day of the year, season, geomagnetic activity,
and solar activity effects are included in several formulas which

determine the exospheric temperature, T, , i.e. the temperature
at the outermost portion of the atmosphere.

T is used as a term in solving a set of differential equations
which yield the number density, n, (molecules per cm3) for each

significant atmospheric constituent, as a function of altitude,.

The n,, along with their respective moleci:lar weights m,, are used
i i

to complete the density calculation by a simple algebraic formula,

Implementation of the ne+ model produced a new hybrid SUBROUTINE
DENSTY to replace the old digital subroutine of the same name, For
each At of the digital solution of the satellite motion equations,
SUBROUTINE DENSTY is called to compute the atmosyheric densi-v,

In the subroutine, ¥  is first computed on the digital side since
the needed formwlas are purely algebraic. T_ and the altitude, z,

are then transferred to the analog which integrates the molecular




density equations, Four such equations are solved in parallel --
one for each of the four most significant gases in the atmosphere:
Nz, 0, 02, and He. The molecular densities at altitude z are

transferred back to the digital which completes the density calcu-

lations,

I addition a density check subroutine was added to the program which,
when called, performs a dynamic check of the entire hybrid density

molel to coufirm that it is operating both correctly and accurately,

Tte new hybrid orbiting satellite simlation program is called
SIMSAT ITI,

1.2.0 CALCULATION OF EXOSFHERIC TEMPERATURE

In order to solve for the number densities leading to the air density,
it is necessary to compute the exopsheric temperature, xn ;s 1l.e,

che temperature at the outeirmo.t portion of the atmosphere, It is T,
which is modeled as a function of all the parameters, except altitude,
which influence dersity. The effect of each parameter is treated

separately,
1.2.1 VARTATION WITH SOLAR ACTIVITV

The parameter used to describe variation of gn dJue to solar
activity is the 10,7-centimeter solar flux which is monitored by the
National Research Council in Ottawa, Ontario, Effects of the siow
11-year cycle variation and the 27-day solar rotation are both

considered,

1.2.1.1 VARIATIGN WITH THE SCLAR CYCLF

Let f,o 7 be the 10.7-centimeter solar flux in units of
2277

[V watts/mz/cycle/sec and To the night time global minimum value




of T, , each averaged over three solar rotations., The formula

relating these two quantities for quiet geomagnetic conditions is:

To = 362 + 3,60 F10.7

1.2.1.2 VARIATION WITHIN ONE SCLAR RCTATIGN

Let F10 7 be cthe daily mean of the 10.7-centimeter solar flux, We
can correct To for the day-to-day temperature variation due to the
variation within one solar rotation. The formula:

Ty =T+ 1.8 Fpy 5 - Fyp )

. ,
yields T , the corrected night time global minimum of T,. Values
o

of F ., 5 and ? at orbit insertion are kept constant for the
U,

10.7
lifetime of the satellite.

1.2,2 SEMI-ANNUAL VARIATION

The semiannual variation is described by the function

d-151 . d-59
£f(d) = (0.37 + 0.14 sin 2n -3—6-5—) sin 41‘1’—-%5-

where d is the number of days elapsed since January 1 of each year.

This variation is used to produce To, the night time global minimum
exospheric temperature according to the formula

t

To = To + £(d) F10.7
The combination of sine terms produce two unequal pairs of maxima

and minima, The primary and secondary maxima occur on October 14 and
April 20 respectively; and the primary and secondary minima occur on

July 18 and January 8 respectively,




Note that the solar and seminnual variations can be combined by

substitution into the single formula:

To = 362 + 1.8 F10.7 + (1.8 + £(3)) F10.7

1.2.3 DIURNAL VARIATION

The distribution of exospheric temperature on the earth is such
that the maximum occurs at 1400 hours local solar time., The
atmosphere bulges out in the bright hemisphere (the durnal bulge),
producing higher densities above 200 km., The center of the bulge

is at latitude GB.

The maximum global exospheric temperature, Tx’ and minimum global

exospheric temperature, To’ are related by the formula

=1+R

e
o %
I

where R has been found to be 0.28,
For latitude ¢ two new angles as defined:

Tel [a-an‘ and § = % !¢+¢Bl

QB is taken to be zero; i.e. the diurnal bulge is modeled as

residing on the equation., Thus n= 9 = % (G! .

To represent the effect of the sun's position, an angle T must be

computed:

W Y
T=H +B +psin (H + v)

- The constants used in the above formula are assigned values as follows:

PR




B = =45
= 12°
vy = +5°

*
H is the hour angle of the sun measured from its most overhead
position, i.e. 1200 hours local solar time., The relationship

between hour angle and local solar time is illustrated by Figure (I-1)

Noon
1200 LST

Sun

Point of d
Observation

0600 LST \\~F;7 1800 LST
Earth

0000 LST
Midnight

FIGURE (I-1)
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The diurnal variation can now be computed from the formula:

I = 1 +R sin" s ( 1+A cos™ T

m .M
cos M - sin B

TR

e

i where A = R ~
; 1 +R sin §

m= 1.5
2,5

=
"

1.2.4 VARIATION WITH GEOMAGNETIC ACTIVITY

In order to complete the calculation of exospheric temperature, a AT . P

due to geomagnetic influence must be added to the already computed T.

This is found from the three-hourly geomagnetic planetary index, Kp,

by the formula:
K

AT = 28 K +0.03 e P
Note that AT s O for KP= 0 and increases with Kp. Since temperature
variation lags behind Kp by about 7 hours, the value of Kp 7 hours
before orbit insertion time is used in the model and is kept constant
for the lifetime of the satellite, - O
The computation of exospheric temperature is completed by the addition

T =T + AT

1.3.0 CALCULATION OF AIR DENSITY

» Having computed the exospheric temperature, the deunsity for any

altitude can be found by integrating the gas equations. The solutiomns

to these equations produce air densities that are considered valid




for the spring and fall season, For the summer and winter seasons,

modifications must be made to complete the density model,
I.3.1 THE DIFFUSION EQUATIONS

Diffusive equilibrium is assumed above 120 Km. Using the ideal gas
law with a diffusion term, the diffusion equation is for the number
density, n., is written as:

dn, m.g
L =22 . E(1+a) 6

Here, @ is the thermal-diffusion factor, K is the Boltzmann constan:,
and g is the acceleration of gravity, m, is the mo’ecular weight of

the constituent,

The temperature follows an exponential rise from 120 km to infinity:

TaT - (T - T120)e -5(2-120)

This is the solution of the differenitial equation:

%—13 = -s(T - 1) ()
n

Multiplying equation (1) by H% and substituting equation (2) yields:

dn n,m,g n, (1+ a)s
i ii i
@z " xr *t T T-1) G

The value of O for helium ha: been found, by Kockarts and Nicolet,

to be -0.38. For N,, O, and 02 it was assur>d that ¢ = O,

For all values of T the boundary values are fixed as follows:

)




¢ T120
- n (V)
: n(0,)
S n(0)
n(He)

n

L]

[}

s is a function of Tm and

s = 0,0291

P T_ - 800

355.0°K

4.0 x 101 em”
10

3

7.5 x 10 cm-3
7.6 x 10

3.4 x 107 cm

10 -3
cm

3

is found by the formula:

exp (-q2/2) in units 1/km

where q =

g

lations, the acceleration

Because great variations in altitude are

g =

750 + 1.722 X 10‘4 (T - 800)2

involved with these calcu-

of gravity, g, is not taken as being

constant but is found from tne inverse square formula:

2

gO (o]

(RO + z)2

Where 8, is the value of g at the earth's surface and Ro is the

earth's radius, taken to be 6371 km,

Integrating the set of four equations (3) from 120 km to altitude

z yields the needed n,.

The density, p, is then found by thke simple formula

0 =

where A is Avogadro's number, 6.023 x 1023

1.3.2

A

1
o

molecules/mole,

THE SUMMER AND WINTER MODIFICATIONS

It is found that the densities computed from the diffusion equations

are accurate representations of the behavior during spring and fall.




However, modifications must be made for the other twec seasons because
the air at the altitudes considered is less dense in summer and more
dense in winter.

The deviations from the spring-fall models are illustrated for three .

values of T, by the chart in Figure (I-2) taken from Page 40 of U. S,

Standard Atmosphere Supplements, 1966. e
|
280 SUMMER | WINTER ;
—— T0:=600°K L
260} ereeem=To0 21500°K b i
- - —Te0 =2100°K ; o
240L :
220
3
¥ 200} .
w ‘.
o
ol
© 180
5
a
60 .
190 LS
4
20—t —lo o 10 20 30 40 80
FERCENT DENSITY DEPARTURES FROM SPRING/FALL
MODELS
-

FIGURE (1-2)-Densitv departures from the spring/fall
models for summer and winter with three
exospheric temperatures.
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Note that at higher altitudes, the winter and summer densities
merge into the spring-fall density. The lowest altitude that the
models first match, Zm’ is a function cf T and are taken from

Table 1 in the reference and are listed in Table (I-1).

TABLE (1-1)

qn 2, (Summer) Zln (Winter)
K km km
600 195 220
700 200 225
800 210 230
900 220 235
1070 230 249
1100 235 240
1300 245 245
1500 250 250
1700 255 255
1900 255 255
2100 255 255

Below Zn’ the winter density, 0y and the summer density, 0gs are
found from the spring-fall density, 0 by multiplying by the factors

found in the formulas below:

o = ojwr

s oer

where W_ = (1,4848 - .4848y)
S_ = (.7919 + .2081y)

‘and % = tanh 1,75D + .05952

z~120

D = o

21-120

Jud

. ma~




I.4.0 ORGANIZATION OF THE HYBRID PROGRAM

The air density model described was incorporated into the orbiting
satellite program developed previcusly by EAI for AFCRL under
Contract Number F19626-67-C-0359, The all-digital SUBROUTINE DENSTY
of that program, which modeled density only as a function of altitude,
was replaced by a new hybrid SUBROUTINE DENSTY to implement the

more realistic model described in this report.

The day of the year and Greenwich Mean Time of orbit insertion are
read in on cards, as are both the daily and monthly means of the
10.7-centimeter solar flux, Since SUBROUTINE INITAL read all cards
in the original program, theee new read statements were added to
that subroutine, SUBROUTINE INITAL also calcuates AT from the
value of Kp rcad in on a card, Initialization of all variables

used in the density calculation is done by this subroutine,

1.4.1 SUBROUTINE DENSTY

For each time step of digital integration SUBROUTINE DENSTY is called
by the main program, The subroutine first checks if satellite
altitude z is less than BRNOUT, the minimum altitude before satellite
burn~out, If it is, a variable IBNOUT is set to 1, and the main
program halts the simulation., If the satellite has not burned out,

the subroutine proceeds with the density calculationm.

First the day of the year is calculated from the initial day and

the total elapsed time, The exopheric temperature Tm is then calcu-
lated using all the algebraic formulas described in Section 2.

This is used to compute the value of s, Then Tm, 8, and the satellite

altitude z are sent to the analog computer through digital-to-analog
converters,
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A control line is reset which puts the z2nalog circuits in the
operate mode, The diffusion equations are then integrated from
120 km to z . (The prime is used to distinguish satellite
altitude from the independent variable, z, on the analog computer.)
The values of n, for NZ’ 02, 0, and He are transferred back

to the digital computer by analog-to-digital converters and the

analog circuits are reset,

The spring-fall density is then calculated as a weighted sum using

the molecular weights and Avogadro's number,

The proper summer or winter modification is multiplied if the

season is not spring or fall, A variable, ICT, indicates the number
of days elapsed in the present season of the year. After ICT reaches
91 the subroutine changes the season, which is represented by the
variable ISN; the seasons summer, fall, winter and spring being
represented by the values 1-4 respectively, Note that a seasonal
change (for example from fall to winter) would add an "instantaneous"
jump in density if the modification factor were applied directly,

In order to smooth out this jump in density the winter and summer
modifications are weighted by a smooth curve that applies them such
that there is no effect at the beginning of the season, increases to
the maximum at the middle of the season, and decreases to no modifi-
cation again at the end of the season, This "modification to the
modification'" is described by a second order algebraic equation

(parabola) and is illustrated in Figure (I-3).

A detailed flow chart and list of variable definitions for SUBROUTINE
DENSTY are given in Appendix IA.S5.
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1.5.0 MODEL VERIFICATION ‘
An automatic pot setting subroutine and static check subroutine
have been incorporated into the new hybrid orbiting satellite

program, i

In addition, a complete dynamic check of the density model is

availatle to the user, .

At the beginning of each run, the operator can initiate the dynamic

denrity check by setting a console switch., The analog integrates Lo
the diffusion equations up to a number of different altitudes for

sach of several values of Tm. The log n, are returned to the digital ‘
and the density computed for each case. 1

The results are displayed cn the line printer in the same format as

the tables at the end of the U, S. Standard Atmosphere Supplements

book. Note that the units have been changed for the printout to
agree with the entries in the tables. This allews for ready com-
parison of values to verify that the model is operating properly,

and if not, help determine the source of the problem,

I.6.0 CONCLUSIONS AND RECOMMENDATIONS

The hybrid air density model implemented is a great improvement over
pure altitude functions for use in low altitude satellice simulations,
By integrating the diffusion equations at high speed on the analog
computer, the digital computer can still integrate the satellite
trajectory equations accurately and a: speeds as high as 1000 time real

time,

In addition, the time step is avtomatically adjusted to be smaller
‘when the satellite is at lower altitudes, Thus maximum accuracy is
achieved at the portion of the orbit where air density is most signi-

ficant.

o e L A - AL st b A T 2k




The additional parameters included insure a more realistic representa-
tion of the atmosphere and its influence on satellite motion, However,
to further improve the density model it is recommended that a variable

represgentation be included for the parameters F , and Kp.

, F
10.7* 10.7
In the present version of the program, the values of these three parameters
at orbit insertion are kept constant for the lifetime of the satellite,
Since these parameters are continuously varying an improvement would be
realized by replacin; them with time dependent functions which would

better represent their behavior,

s




APPENDIX 1

s o wl CE R R ENU e i O, A s AN e WIS oS i,

Lol R e




IAl AMPLITUDE SCALING
IAl.1 TEMPERATURE EQUATION

The equation for temperature variation along with its unscaled
analog circuit diagram are shown below:

-/ T120
s
T
Equation: daT _ _s(T-Ta)
dz ®
The scaling table is:
Problem Variable Estimate Maximum - Computer Variable
T 25009k T
2500
3 1/30 km™ [303

The scaled equation is now formed:
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From this equation the scaled diagram is drawn
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Al.2 INVERSE SQUARE GRAVITATIONAL VARIATION

The variation in gravitational acceleration with altitude is given

by:

]
]
o
<
-
»

iy
V, = —2 with R, = 6371 cm

. ; ®  (Ro + 2)




The scaling table is

Problem Variable Estimated Maximum
z 1000 km
Vis 1

The scaled equation is then developed.

_ Ro2
Vig = 2
Ro + 1000 | —2=
o+ 1000
2
Vis = Ro

7
8 Ro z
10 (10,000 + '1[1000])

Substituting 6371 for Ro yields

.4059

2
Z
(.6371 + . l[m])

The scaled diagram is thus:

Vis =

.4059

Computer Variable

Square

= o >—X

20
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iAl.3 DIFFUSION EQUATIONS

The set of diffusion equations to be solved are repeated here for

convenience:

(T - T
Szi . n.mg . Ei (L+0) s (T _m)
dz KT T

Because of scaling considerations, it is preferable to work with

In n,., From the basic relation - Inn, = L it follows that
i dni i ni

dni =n; In n,. Substituting in the above diffusion equations yields,

after canceling n,:
i

m,g
d_ (In ni) I S 1 +& Q) s (T - Tm)

dz KT

Tt is this final set of equations which is solved on the analog

omputer,

The unscaled diagram that describes the four diffusion equations

is shown below:

1o ni(120)

In n,
i

D ‘;4( X

L




Note that for scaling Purposes we have defined the outputs of

the summer and divider as x and D respectively .

In order to be consistant with the tabtle entries in U, S, Standard . .

Atmosphere Supplements, 1966, the common logaritkm is substituted

for the natural logarithm according to the formula:

In n = 2,3026 log n

The unscaled diffuaion equation now becomes:

m g (1+a) s (T-T)

2. 3026 (log n) = - -K-,f— + 7 ]

The scaling table is:

Problem Variable Estimated Maximum Computer Variable
o T
T 2500°K [75.66“]
1 -1
s 0 km [30s]
X 100°k /K = :
m 100 ‘
1 -1
D '5 km [3D
log n 30 [1?——8—“]

The scaled equat.ions are now formed:

x=- = -+ s @-T)
K
x ™8 2500 T
100 [1—06] =\ " T O+ 3 ) [zsoo] .
X nE 333 (1 [3 2 ] [T ]) .
o0 = - | Toog - -8333 (1 +a) | 30s [zsoo 7500 f

ro
o
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-2.3026 = (log n) = D

-30(2.3026) gz [12§55] = % [BD]

-d 105 LY
P [ 30 ] .004826[3D]

From these equations the scaled diagram is drawn:
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IAl.4 ALTITUDE RAMP

A circuit is necessary to integrate from 120 km up to the satellite

altitude z',

The unscaled equation is merely:

_d._%= 1 ‘,.‘

dz

But z has a scale factor of 1000 so this becomes

d z
dz [muo] = .00l L

The scaled diagram is: o
.1200
ALL INT.
- HOLD Sense
.0010 - ‘
) M-MS ‘ Line
DAC

(This pot eliminated
by time scaling) <:>“‘—
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IA2, "TIME" SCALING OF THE ANALOG COMPUTER

During each At of digital integration, the digital computer
waits for the analog computer to integrate the diffusion
equations to obtain density, Therefore to keep At small to

insure high accuracy it is advantageous to run the analog computer

as fast as possible,

A value for £ of 107 is chosen because it provides the best

combination of speed and accuracy.
According to the formula
t = Bz

This means that z will integrate 1000 km in 1 millisecond.

TA3. ANALOG COMPUTER CIRCUIT DIAGRAMS

The complete scaled diagrams for the hybrid density mcdel are

shown in figures IAl and IA2. Values of potentiometer settings and

static check values for these circuits are given in Tables fAl and

IA2 respectively.
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m
Calculation of _lEE_

3
[ N
1]

m grams /mole

where m is molecular weight as a pure number
2

g = ,0098 km/sec

k = 1.3805 x 10726

2 20
gm km /sec K molecule

Using above

m, g o,
i "o 7.098 x 1023 m molecules K
K w mole km

[}

We can simplify the units by dividing by Avogadro's number 6,02 x

2
10 3 molecules/mole which yields

Using this formula, the following table of values is formed

Atmospheric M mig o
Contituent v K ("K/km)
N2 28 33,05

16 18.88
O2 32 37.76

He 4 4,72

ey s o S

S DUy
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Pot_Num

¢
[£3
2]

co10

col1

Cc212

C213

C411

€200

€201

€202

€203
€210

C400

C401

C402

Cc403

C410

Parameter

T120
7500

.00333 -4
]

R
0

120

1000

log n
( 30

.000g826 10-3

Nz ﬁ (scaling)

120

migo

100K

Y8333 (1 + @)

log n
30

.000;826 10-3

120

0 (scaling)

m,
1g0

[ 100K
.8333 (1 +17)

TABLE (IAl)

POTENTIOMETER SETTINGS
FOR DENSITY MODEL

Setting
L1420
.3333

.6371

L4059

. 1200

. 8867

.4826

. 1200

.3305

. 8333
.8627
L4826

.1200

.1888

.8333




R L

PTG comiarmmnns o -

Pot Number

- €600

. €601

€602

€603

C610

€800

801

€802

€803

Cc810

He

Parameter Setting
log n
120 "
30 .8625
.0004826 10-3 4826
e
(scaling) . .1200
m g
i o
TOOK .3776
.8333 (1 +a) .8333
log n
120
30 .7510
.0004826 10-3 4826
B
(scaling) L1200
m, g
i o .
00K L0472
.8333 (1 +a) .5166

TABLE (IA1) CONT'D
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Component
A002

A003

AQ12

R801

P0O11

PO10
A010

A011

P212

A212

R80O4

A213

P213

M-2F (231-R)
P411
A411

P200
A200

P201

M-3F (231-R)
P202

A203

P203

P210

P400
A400

P401
M-3B(231-R)
P402

A403

STATIC CHECK

TABLE (IA2)
STATIC CHECK VALUES
FOR DENSITY MCDEL

Value

-.4000
. 2580
.8430
-.2175
-.0725
-.1420
. 1420
.2175
.6371
-.6491
-.4213
.4213
-.4059
.9634
-.1200
.1200
-. 8867
. 8867
.2039
.4225
-.0600
-.4996
.3184
.1812
-.8627
. 8627
. 1482
.3070
-.0436
-.3631

i d




i o

Comgonent

P4G3
P410
P600
A600
P601
M-3D
P62
A€n:
P603
P610
P8GO
A800
P80l
M- 8F
P802
AB03
P803
P810

(231-R)

(231-R)

e

TABLE (IA2) CONT'D

Value

.1819
.1812
-.8625
.8625
.2223
4606
-.0654
-.5450
.3638
.1812
-.7510
L7510
.0642
.1331
-.0189
-.1579
. 0455
L1124




34

IA4, VARIABLE DEFINITIONS FOR SUBROUTINE DENSTY

Z - satellite altitude

R - orbital radius

R¢ - radius of earth

BRNOUT - minimum satellite altitude before burm-out
IBNOUT - set to 1 if satellite has burned out

D - present day of the year

IPD - integar part of D

D@ - day of year of orbit insertion

T - elapsed time in seconds from orbit insertion
ICT - number of days elapsed in present season
F - semiannual variation function

T@ - night time global minimum exospheric temperature
GMT - present Greenwich Mean Time

GMI'¢ - Greenwich Mean Time at orbit insertion
LAMN - longitude of satellite

LST -  local solar time

IN - latitude of satellite

ETA - m

THETA - B diurnal bulge angles

TAU - 7

H - hour angle of the sun (H*)

A - ) intermediate values in diurnal

RATIO - } variation computation

TNF - exospheric temperature (Tm)

TNFDLT - geomagnetic variation (AT)

™ - (T - 800)

? - } temperature constants

S -

DA (3) - digital to analog conversion array

LOGN (4) - analog to digital conversion array

ﬁHO -~ air density (p)




ISN

RNTNF
NTNF

ZMS (NTNF)
ZMW (NTNF)
ZM

PSI
SR

A,B,C
SRMOD
WRMOD

season of the year indicator

winter-summer matching altitude pointer
integer part of RNTNF

summer altitude matching table

winter altitude matching table

matching altitude, Zm

intermediate value in summer-winter modification
, summer-winter modification parameter
summer modification (Srt)

winter modification (Wr)

constants for parabolic smoothing function
modification to summer modification

modification to winter modification

P




Z =001 « (R-RO)

YES ( )
Z < BRNOUT IBNOUT = 1 RETURN
?

D = DO + 7/86400
Moduto 365

YE
o-1pp =1 STES ) ICT = ICT +1 ‘f
? ‘

N

NO ___l
[
03;5‘)sinn°—;€‘jr’—9

F=(37+.14sin2n

T, =362+ 1.85FD
(1.8 + F)aSFM

GMT = GMT0 + T/36

LST- GMT + LAMN _
I
Modulo 2400

2400

ETA = F/LN/
THETA = ETA

LST ~ 1200
1200

H= ER ]

Figure (IA5.) Flowchart for Subroutine Density £
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] TAU = H* — 785 + .208 sin (H* + .786)
% Au,vn YES TAu=TAU - 21
NO :
z s
i TAU<-1 DY drau=TAU+21
.
%
: NO
E A = 2 COSTETA) — SIN™(THETA)
i‘; 1+ .28 SIN™(THETA) ‘
-
: |
% RATIO = {1 + A COS" {TAU/2)] » [1 +.28 SIN™ {THETA)] '
&
¥
TNF = T, + RATIO
&
s YNF = TNF + TNFOLT
e
i,
H TM = TNF - 800 =
+ :
)
€
% ™
B Q= ——
¥ 750 + 00017226 TM
; NOTE: INCLUDES
. SCALE FACTOR ———| S~ .8730 » EXP (—Q + Q/2.0)
OF 2
¥ '
: DA{1) » --§ 4
DAI2} = THF/2500.0 ‘
. DAISE - Z7 000 1

Figure (IAS5.) Flowchart for Subroutine Density, Cont.
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| Dac
ARRAY DA(3)

Reset Sense Line -I

Reset Control Line (Analog to Op.)

Sense Line

High
?

Integration Complete
ADC
ARRBAY LOGN(4)

Set Control Line (Anslog to I.C.}

RHO = Waeighted Sum of
the LOGN(I)

1ICT <92
?

1St = ISN modulo 4
+1

1ICT=1

Figure IA5 Flowchart for Subroutine Density, Cont.
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1
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b NTNF = ANTNF .-.@- 1 --{ 2 NTNF = RNTNF
3 S

¢
ZM = ZMS (NTNF) ZM = ZMW (I(TNF)
] RETURN S
b
¢ YES
oM
?
N N
: NO
Z-120 !
E= £-=
) " zm-120 | M- 120

PSI = TANH {1.75E) + .050%> PSI = TANH (1.75E) + 059E*

SR ~.7919 + 2081 » PS; WR = 1.4348 -. 4848 » PSI
: [ S—_—
: A = 000493827 « (1 ~ SR} A = 000493327 » i1 - WR)

B=--920¢A B=—920+A

C=19-A-8 C=10-A-B

SAIMOD = A «iCT’ +B+ICT+C WRMOD = A »ICT +B+ICT+C
[ RHO + SHMOD + RHO EHO = WRMOD » RHO
; ( KETURM ) RETURN ) m, A:,j{‘
Figure IAS5 Flowchart for Subroutine Dersity, Cont. . i
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IA6., DIGITAL LISTING OF SUBROUTINE DENSTY

SUBROUTINE DENSTY(RsLAMNsLNoRHO s IBNOUTsDoDOsGMTOsSFMsSFDs TNFDLT
1 TCTHISNST)
REAL MaNoLNs L AMNILSTA .
REAL LOGN(4)
INTEGER GMTO9ZMS(11)sZMW(11)sDsDO
DIMENSTON DA{(3) .
COMMON /CONSTS/ GO +ROSBRNOUT
DATA P1/3.141593/ !
DATA AR>MeN /0e2851e55245/ :
DATA (ZMS(J)sJ=14111/1959200+21002209230+235+245+250925542554255/ L
DATA (ZMW(J)eJ=1911)/22092259230+23592409240+24592509255+25549255/ C
DATA BETAWFPsGAMMA /~-0,78539840,20944+0,785398/ |
£3n = 1.0E30Q | ‘
C Z IS ALTITUDE IN KILOMETERS |
Z = +001*(R-R0O) j
IF (Z.LT+BRNOUT) GO TO 30 ;
1IPD = D ;
ID = DO +~ T/86400,0
D = MOD(IDs365) !
TF (D=IPDLENS1) ICT = ICYT + 1
F = (0637+0414%¥SIN(240%51%(D=151)/365))*SIN(4L0*P[*(D=-59)/365)
TNFQ = 36240 + 1e8%SFD + (148+F)*5FM
GMT = GMTO + T/3640 !
LSTA = GMT + LAMN#240040/(20%*P1)
LST = AMODI{LSTAs2400e0) ~ 045
ETA = 0.5%ABS(LN)
THETA = ETA
CHIS H¥*
H = ((LST-1200)/1200)%P|
TAU = H + BETA + P*SIN(H+GAMMA)
IF (TAUWGTSPL) TAU = TAU -2.0%*PI
IF (TAULLT.=PI) TAU = TAU + 2.0%P]
A = AR¥(((COS(ETA) *¥M — (SIN(THETA))*¥*M)/ (1+AR*(SIN(THETA))**M})
RATIO = (1+A*(COS(TAU/240) ) *%N)® (1 +AR®(SIN(THETA) ) **M)
TMF = TNFO*RATIO
TNF = TNF + TNFDLT
IF (TNF4LT460060) TNF = 600,0
IF (TNF4GT&210060) TNF = 210040
IF (TNFeGTe1100s0Y GO TO 5
RNTNF = (TNF=50040!/10040
GN TO 6
5 RNTNF = (TNF+10040)/720Ne0
6 CONTINUE
TM = TNF = 800.0

O = TM/(750eN + ¢0001722%TMRTM) ;
S = 8730%EXP{-Q¥Q/2.01} :
DLil) = =§
NAv2) = TNF/2500e0 * ’
NDA(3) = 2/1000.0 E
CALL NDAJMO(D93 9NDA s IERR» JCHAN) B
ASS5TMBL )
TSL S1604) 992 RESET SENSE LINE 1
SFL 2160461492 RESET CL1 OPERATE

STUY TSL =16041962 TEST SL1




JNZ STU

FORTRAN

CALL QADCVOINs4+L. OGN IERR s JCHAN)

/ SFL =16061992 SET CL1 IC
RHO = 4,6515E-35%(F30)**LOGN(1) '+ 2.6561E~35%#(E30)**LOGN(2)
1 + 5431225-35%(E30)¥*LOGN(3) + 0466453E-35%(E30)*¥*¥LOGN(4)
C SFEASON SUMMER FALL WINTER SPRING
C 1SN 1 2 3 4
C ICT IS HOW MANY DAYS INTO THE SEASON

Q9
70

71
73
72

30

IF (ICT«LT&«92) GO TO 9

ISN = MOD(ISNs4) + 1

ICT = 1

GO TO (70571972+73) 15N

MTNF = RNTNF

ZM = ZMS(NTNF)

IF (Z.GFsZM) GO TO 73

F = (2~120s0)/(2M-120.0)

PSI = TANH(1e75%E) + 0eD59*E*E
SR = 047919 + 0.2081%#PS1

A «0NN493827*#{1.0-5SR)

f ~92.0%A

C le0=-A~-8

SRMOD = A*®JCT*ICT + B#[CT + C
RHO = SRMOD*RHO

RETURN

CONTINUE

RETURN

NTNF = RNTNF

ZM = ZMWINTNF)

IF (Z4GFeZM) GO TO 73

F = (2-12040)/(2ZM-120,0)

PS] = TANH(1eT75%F) + 0e059%EXE
WR = 144848 = 0.4848%PS1l

A «00NG93827T*(1.0-WR)

B =92 o N A

C l1.0~A~R

WRMOD = A®JCT*#ICT + B#ICT + C
RHO = WRMOD#*RHO

RETURN

IBNOUT = 1

RETURN

END

wonwon

[/
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IB. OPERATING INSTRUCTIONS FOR SIMSAT II

The orbiting satellite simulation program with the hybrid air

density model has been given the name Simsat II,

For the sake of completeness, the operating instruvctions, although

an independent self-contained document, are included in this sectiom.
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Princeton, New Jersey 08540

Prepared for

AIR FORCE CAMBRIDGE RESEARCH lARS,.
United States Air Force
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October 8, 1969




SIMSAT Il is a satellite trajectcry simulation program written for the 8900 hybrid ;
computer, This program was designed for use in evaluating the effects of various 1
perturbative forces, such as atmospheric drag, solar radiation pressure, and

gravitational anomalies, upon the trajectory and lifetime of an orbiting satellite,

SIMSAT I1 is identical to SIMSAT I with the addition of a more sophisticated

density model as discussed in U, S, Standard Atmosphere Supplemerts, 1965. Inte- } ‘
gration of equations to calculate atmospheric density and, in turn, drag force .
is done on the 8800 anaiog portion of the hybrid system, In addition variables

of interest are transferred to the 8800 analog computer where they may be ob- ;
served and plotted. To operate SIMSAT II, the following steps must be followed. l

1) Patch a pair of 8800 analog arnd logic panels as shown in Figures 1AL, IAZ,
and IA3. These are the equations for molecular density of the major
atmospheric constituents. The additional patching allows the user to plot
iatitude versus longitude on the x-y plotter and also to control the transfer A
of program variables to the analog computer,

2) Punch a set of data cards which specify initial position and velocity of
the satellite, and the scale factcers to be used in digital/analog transfers,
as well as initial data needed for the density calculation, (See Table 2,
section 7,)

3) Mount the 8800 patch panels, Switch 1013 off.
4) Load and execute the digital program,

5) Control r{ the running prcsram may be maintained from either the analog or
digital consoles as follows:

a) If console register switch 8 is on, control is from the digital console,
otherwise it is from the analog console,

b) If control is from the digital console (C8 on), then the mode of the
simulation is determined by the following table.

Console Switch Console Switch
Mode 1 2
IC ON OFF
(o ON ON
HOLD OFTF OFF
op OFF ON ]

c) If it is desired to print out the values of the program variables on
the §400 line printer, turn on console register switch 7. All program
variables will have their values printed out once, and the console
switch will be reset. This may be done whether the simulation is under

44
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analog or digital control, but only when in OP or HOLD modes,

d) If it is desired to read in new initial conditions for the satellite,
this may be done by pressing console register switch 10, when the
similation is in IC mode, under either analog or digital control,

e) If console register switch 9 is set, the progran will go into HOLD
mode after each complete orbit of the satellite, This is useful in
checking out the change in orbital parameters from one orbit to the
next.

€) Which program variables are transferred to the analog conmputer is
controlled by four logic function switches on the 8800 console, as

follows:
FUNCTION SWITCH 011
DAC CHANNEL LEFT OR CENTER FUNCTION SWITCH 011 RIGHT
3 radius radial perturbation
4 longitude in orbital plane perturbation in orbital longitude
5 velocity normal to radius perturbation in tangential velority
6 velocity in radial direction perturbation in radial velocity
7 geographical longitude Keplerian radius
8 geographical latitude Keplerian orbital longitude
9 altitude Keplerian tangential velocity
10 air density Keplerian radial velocity
11 X component of drag force x component of drag force
12 y component of drag force y component of drag force
13 x component of velocity See tangential velocity
14 y component of velocity Table zero
15 z component of velocity 1 radial velocity

As outlined in the report AFCRL 69-0123 several coordinate frames are
used in the simulation. The satellite's velocity is resolved into each
of these coordinate systems, and the x,y, and z components of any of
these velocity representations may be transferred on DAC channels 13, 14,
and 15, respectively. Which velocity components are transferred is
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controlled by logic switches 1012, 1013. amd 1211 a3 follows:

TABLE 1
! Switch 1012 } Switch 1013 l Switch 1211 ? Velocity Transferred
OFF | OFF I OFF i H frame components
OFF OFF E ON H frame components
OFF f ON & OFF i Modified Euler frame components
OFF ON : ON EjOrbital frame components
ON OFF OFF ) Inertial frame components
— ‘
ON OFF ON Navigational frame components
ON ON : OFF Euler frame components 1
ON ? ON B ON Euler frame components

7) The format of the data cards required by SIMSAT IT1 is described below,

The first four cards contain the scale factors to be used in the.

D/A transfer of program variables. Cards 1 and 2 contain the scale
factors to be used when logic switch 1012 is on, and cards 3 and 4
contain the scale factors to be used when switch 1012 is off. Each
scale factor 1s punched in 10 colum floating point format, The
fifth card contains gg, the gravitational constant in columms 1-10,
Rg, the radius of the earth, in colums 11-20, and Hyyy, the altitude
below which the satellite is considered to have burnt out, in

colums 21-30. During execution of SIMSAT II, if the altitude of the
satellite goes below HMIN, the run is terminated and the time at
which burnout occurred is printed out. The last three values on

the fifth card are for use in the density calculation. The 3-hour
geomagnetic planetary index, Kp, is found in columns 31-40. Columns
41-50 and 51-60 contain respectively the monthly and daily means of
the 10.7 cm. solar flux. (See U. S. Standard Atmosphere Supplements,
1966, pg. 47.) Card number 6 contains either "YES" or "NO" in
colums J-3, to indicate if the satellite's initial position and
velozity, orbital inserticn time and day are to be read in from
cards, or typed in on the console typewriter. NO means the data

]
.




|

Card

WO W W NN RN NN RN NN e b e e e

is to be read in from cards, in which case three more data cards are
required which contain the following initial data, the first two of
which are in 10 column floating point format: Radius in meters,
longitude in degrees, latitude in degrees, velocity in meters/sec.,
azimuth in degrees, flight path angle in degrees, mass in kg., area
in square meters, drag coefficient, and time scale factor (factor
by which gimulation is to be sped up over real time, normally
(1000.0). The thivd card contains the day of the year in columns
5-7 and Greenwich Mean Time at orbit insertion in colurms 11-14,

The layout of all the data cards is summarized in Table 2.

TABLE 2
Scale Factors Should be the Reciprocals
Colums - cof the Maximum Valve

1-10 Scale factor for DAC3, switch 011 right.
11-20 Scale factor for DAC4, switch 011 right.
21-30 Scale factor for DAC5, switch 011 right.
31-40 Scale factor for DAC6, switch 011 right.
41-50 Scale factor for DAC7, switch C11 right,
51-60 Scale factor for DAC8, switch 011 right.
61-70 Scale factor for DACY9, switch 011 right.
71-80 Scale factor for DAC10, switch 011 right.

1-10 Scale factor for DAC1l1, switch 011 right.
11-20 Scale factor for DAC12, switch 011 right.
21-30 Scale fac-or for DAC13, switch 011 right,
31-40 Scale factor for DACl4, switch 011 right.
41-50 Scale factor for DAC15, switch 011 right.
51-60 (Blank)

61-70 (Blank)
71-80 (Blank)

1-10 Scale facter for DAC3, sawiteh Oll left or center.
11-20 Scale factor for DAC4, switch Oll left or center.
21-30 Scale factor for DACS5, switch 3. left or center.
31-40 Scale factor for DAC6, switch 011 left or center.
41-50 Scale factor for DAC7, switch 011 left or center.

51-60 Scale factor for DAC8, switch 011 left or center.




Card

S~ B B P LW

-~

O O R N N N N N N N NN oYy B

Colums

61-70
71-80
1-10
11.20
21-30
31-40
41-50
51-60
61-70
71-80
1-10
11-20
21-30
31-40
41-50
51-60
i-3
1-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80
1-10
11-20
5-7
11-14

TABLE 2 (continued)

Data

Scale factor for DACY, switch 011 left or center,
Scale factor for DAC10, switch 011 left cr center.
Scale factor for DACll, switch 011 left or center.
Scale factor for DAC1Z, switch 011 left or center,
Scale factor for DAC13, switch 011 left or center.,
Scale factor for DACl4, switch 011 left or center.
Scale factor for DAC15, switech 011 left or center.
(Blank)
(Blank)
(Blank)
8ys gravitational const, (misec.z).
Ro’ radius of earth (meters),
HMIN’ bumout altitude (kilometers).
Kp, geomagnetic planetary index,
Monthly mean of 10,7 cm solar flux,
Daily mean of 10.7 cm solar flux,
"YES" or "NO", input is/is not from typewriter.
Initial radius (meters).
Initial longitude (degrees east of Greenwich).
Initial jatitude (degrees north of equator).
Initial velocity (meters/sec.).
Initial azimuth (degrees clockwise from north).
Initial flight path angle (degrees away from earth).
Satellice mass (kilograms).
Satellite cross-sectional area (square meters),
Drag coefficient.
Time scale factor.
Day of the year.

Greenwich Mean Time.

et
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If card no, 6 is YES, indicating typewriter input, the user should
follow the directions typed out, and input the initial data as it
is requested.

After new initial conditions are read the system will type that
tte operator may set a certain console switch for a density check,

If the operator sets this switch the system will automatically
perform a dynamic check of the entire hybrid air density model,
The results of the check is ocutput on the lineprinter in the form
of the tables of SPRING-FALL density in the U, S. Standard
Atmousphere Supplements, 1966,

Comparison of these values will confirm proper operation of the
model, or if there are difficulties, help locate the source.

et et AR N




TI,

PROPAGATION OF ELECTROMAGNETIC
ENERGY IN THFE IONOSPHERE

Pracading page blank

itk SRR




I1.1.0 INTRODUCTION

This section of the report describes modifications which have been
made to the basic hybrid ray tracing prograr. tnat was developed
under a previous contract (No. F 19628-67-C-0359). The results
and derivations of the ray tracing equations were included in the
final report on that contract: AFCRL Report 69-0123, "Hybrid Com-
puter Applications to Mathematical Models of Physical Systems,'

February 1969.

The meaifications to the program were as follows:

(1) Addition of ele ~tron collisions.

(2) Addition of an automatic covergence scheme
based on the range between transmitter and
receiver.

(3) Time history storage of pertinent varizbles for
the optimum ray path wher deternmined by the

covergence scheme.

11.2.0 DESCRIPTION OF ELECTRON COLLISIONS

The ray tracing equations solved to determine the path of electro-
magnetic enrergy transmitted through the ionosphere are describ ' in
AFCRL Report 69-0123, Section IIl. In these equations the expression
for the refractive index neglected the effect of electron collisions.
.Under the current contract the Appleton-Hartree formula for the
refractive index was modified to include the ganeral case of electron

collisions. This formula in genera' form is:

R

.
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1 -1iz - Yt + ‘ Yt + YLZ X
2(l-x-iz) l 4(1-x-iz)2
whein,
u = refractive index
.2

- N

-T2

rn

1
fN = 8,98 x 103 x N, the plasma frequency

£

wave frequency

electron density (electrons/cc)

[}

i

normalized magnitude of the earth's magnetic field vector
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£ m

angle between 77, earth magnetic field vector, and the

<
[l

wave normal

Y sin g

Y
Y

L Y cos

z = electron collision frequency
+ » an ordinarv ray

- > an ex“ra ordinaty ray
1.3.0 DESCRIPTION OF CONVERGENCE SCHEME

The oonvergence scheme used is basically a gradient method which
corrects the firing angle (@) of the transmitter based om the
longitude and altitude of the ray path upo: arrival at che latitude
of AFCRL. At the outset it was thought desirable to correct not only
@, but alsc the azimith angle (B). However, it was later decided

to maintain B constant since maguetic field effects were not thought
to be of significant magnitude as to cause large deviation in B

aiong the path of the ray.




54

By way of introduct’on to the scheme used, it should first be
pointed out that for a given electron density distribution, the
approximate range of firing augle is not in general known, For
this reason, it was thought best to choose three firing angles
separated sufficiently far apart so as to determine the approxi-
mate area iu which to advince (see flow chart and convergence

scheme flow for specifics of program),

The first three paths for a given electron density profile are
shown qus'itativelv below, In this instance, the path which

is closest to the desired path is curve number 3,

300
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11.3.1 CONVERGENCE SCHEME MATHEMATICS

If o, B* are definei to be the firing and azimuth angle,
12s8pectively, which gave the minimum altitude at AFCRL latitvde,
we write

(1) D@, f¥) = HE@¥, B¥) + A (3-9)
where A is a constant to b. defined which will dictate the necessary
tolerance on 9§ (longitude), H (@*, B*) is the final height, and
eT = longitude (target) of AFCRL,
D is the quantity which is monitored for the optimum ray path, i.,e.
if we require a 1 km tolerance on the final altitude H (&, B) and
a .l tolerance on (Q-QT) then equation (1) becomes

(2) D@E*, p*) =1+ 1(.1) = 1,1
so that when a ray path is found whose final conditions satirsty (2},
then this is the optimum ray. As it turns out magnetic field
deflections are slight and as a result the boundary condition of
equation 2) is effect’vely a function of final altitude caly, i.=,
stopping the hybrid program at the latitude of AFCRL also means

stopping at the correct longitude,

Of course, in general one of the first three rays will give us

only an approximation of the general area in which to advance,
Therefore, since equation (1), (2) will most often not be satisfied,
the aucomatic gradient scheme takes over to choose : new alpha and
beta increment as follows: To start the proc.ss ¢ and 3 are
incremented (rfor the general case; only a was incremented, B was held
constant) by a constant (1°) to determine to slope. First increment

aipha and monitor the value of D. We then have

(3)  D(UE,AH) = H@HHORF) + A (0EFATAR) =6,

and as an approximation,
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D(U* + AQB¥) - D(O*,B%)
Nx

2D
O

Now increment P and write,

e

(5) Dk,E% + 1B) = HOWB% +48) +  A(SCH,B% + 48) = 6))

and,

3D _ D(@*,B¥ + AB) - D{Q*,B%)

(6 B ‘B

using this in‘ rmation we must now chcose the next &, B pai:

The magntidue of the gradient of D is defined as

2 _a° , wf
M =B + 3

or

2 2
Z an_ aD_
® @ \J x ¥

Therefore we may write

H@* + AX,B*) 3D
9) A _ = =
NEW (VD)Z X
and,
(H@*,B% + AB)) aD
(10) AB = ¢
NEW (vn)z P

which reduces to (when LA, 0),

B

(1) p, - HEELLLEY)
o




and

(12) ABp = O
Using the AY the hybrid program starts dnew and tle same process

is repeated until convergence criteria (equations 1, 2) are met,

Once the optimum ray path is reached it is repeated so that the
time history array raiy be stored and printed at the end. This is

the end of one run for a given electron density profile,.

11.3.2 CONVERGENCE SCULEME FLOW

As mentioned in the introductory remarke to this section, the
first phase of the convergence scheme flow is to pick three
firing angles and determine the ray path for each. These angles
as may be seen from the flowchart Apendix A3 are 12,5, 25, 37.5
degrees, Referring to the system flowchart, at statement 615

we begin the scheme, After first having chosen O, set the
necessary pots, and initialized the program, we enter the hybrid
loop at statement number 7@¢. TCL1 is thke Fortran constant which
specifies the tolerance on the latitude as a stopping conditiom,
i.e. once DIFF, which is the difference between the present
latitude and the final latitude, is less than or equal to TOL1
we fall out of the hybrid loop and call subroutine QHOLD@., This
subroutine (which is part of the hybrid run time library) places

the analog computer in the HOLD mode,

The next decision block is necessary for the time history storag:
END is a logical variable which is set true upon completion of
the run which satifies the criterion D(*, f*) «1,1 as expressged

by equation (2) of section (3.1), Once END becomes true we repeat
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the run so that we may store the pertinent time history
variables, The criterion =xpressed above is staterd in the Fortran

program as DIFFD < TOLZ; hence the decision block for DIFFDL,

If DIFFD is greater than TOL 2 and the first three firing angles
have been completed, we incr.nent @ (statement number 651) and
procead through the program again, The remaindar of the flowchart
follows exactly the mathematical descriptior. in the last section,
This procc:dure begins at statement number 17¢1. The following
equivalences are helpful in comparing the FORTRAN program to the

matheaatics:

DADA = D (%, B¥)
PDPA = 3D

)
PDPB = 3D

3B

2 2 2
GRADD2 = vD° = 3D 4+ D
b2 ap

GRADD = ¥D
DALPH = AX
DBETA = AB
AORIG = O original
BORIG = B original

Note the presence of :he logi:al variable NOTBE on the third page
of the flowchart. This variable acts as an indicater in determining
if B is to be corrected alung with &. As mentioned previously, 8

optimization was not desired, thus NOTBE was false during all runs.

11.4.0 RESULTS

_ 1f the ray paths are not convergent the automatic acheme can do

nothing. In this case there is no time histury stored. In

runiing the various twelve electron density profiles eight of

e -




twelve profiles would not allow convergence to occur 3t the given
altitude, latitude and longitude of AFCRL., Essentially what
happens is that the program chooses the next angle based on the
previous calculation aud finds that instead of decreasing the final
altitude it increases it, i.,e. the final altitude as a function

of firing angle @ reaches, at least, a local minimum, This event

is described qualitatively by Figure (II-2).

150
E
;’5 100
']
g ®
+
-
2 xp.!
g 50-
i ®
@
o T T T T T T T
0 10C 200 300 4C0 500 600 7G0

DISTANCE ALONS EARTH SURFACE
FIGURE (IT1-2)

In this case the program tries again to decrease the height by
going in the other direction and this process becomes endless,
On most of the rays which did not converge the final altitude was

in the range of 100-150 km,

These results were verified by the conventional ray tracing program

with no convergence scheme,

Based on the fact that the automatic scheme showed non-convergence
for eight of twelve electron density profiles it was desired by
AFCRL to have the running procedure for the conventional hybrid
ray tracing program, The procedures supplied for both programs

are included in Appendix II.

.,
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11.5.0 CONCLUSIONS AND RECOMMENDATIGH

Based on the results of the convergence scheme, it might be .
desirable to first mzke 2 small modification to the automatic
program which would alliw the program to pick say the ray path
which gave the absolute wminimum altitude at the latitude and
longitude of AFCRL, for a given ;rofile, Once thiz ‘s completed,

it would be informative to ir truduce perturbations into the electron
density distribution during a transmission for the ray path
determined above. The resul:s of this might be used for comparison
with ionosonde data. Foin ¢xample what perturbations (or random
disturbance patteru) introduced into the program correlate most

nearly with ionosonde datu regarding intensity, dispersion ctg.

The results of study of this nature might be very useful in pre-

dicting at least qualitative changes i1 electron density distribucrioms,

e . M
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IIAL. ANALOG SCHEMATICS

Figures (TIAl.) aud (IIA2.) are the analog diagrams of the automatic system.
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ITA2, COMPONENT ASSIGNMENTS

Pages €5 through 69 are the pot and amp. assignment shects plus
static test voltiges. Page 70 is the switch assignment sheet for

the sense lines on the 8800,

et 3 e . v e e
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Pot Number Parameter Setting

C203 Scaling L1111 '
€210 —1%— . 1800
10 B )
€310 o (1) .0500
10
Cc410 Scaling .5000 ,
c601 .57_3_5_.. .0286
2x10° B
€810 212 .0143
4x10° B
c812 SFinal
1 _Final
1560 .6070
)
1
€001 L
00 100 ¢ 1.0000
1
c010 1
500 6 .1000
€603 2 .2000
1000 8
c513 Scaling .2000
C612 Scaling .2000
1
2 vy L
cot 1000 B 1000
1
c711 —_ .1000
1000 B

Cc313 S+aling .4000




Pot Number Parameter .Setting
C213 Scaling .0010
H
€312 *Scaling for ht _f__ .0100
1000
C311 Scaling . 1000
c701 0
700 .2500
C910 Lo . 1000
400

*Hf is the height at which there is a scale change on H for better
resolution Hf = 10 km,

tcttivondinecnoclne. W eyt~ PP —
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Component

A002
A201
A203
A212
A210
A410
A602
A803
A601
A810
A800
A603
A400
A613
A802
A801
A412
ALl4
A413
A204
ALTY
AL12
A012
A612
A0l1
A611
A214
AOl4
P203
P210
P310

STATIC CHECK

Value

0.6000
-0.,2500
-0.3500
0.3890
0.0500
-0.9999
-0.5000
-0.3000
0.2500
0.1000
-0.9999
-0.5000
0.2500
-0,5000
-0.2500
0.2500
0.0500
0.0500
C 100G
C.3500
-0.5439
-0.0500
-0.6244
-0.4381
0.2500
0.3535
-0.0000
-0,4000
-0.0389
0.0700
-0.0500




Bl e

Component

P601
P810
P701
P910
P603
P513
P612
pPO12
P711
P311
P213
P311
P312
T311
T312
T303
T310
T300
T301
T313
T400
T302

STATIC CHECK

Value

-0.0144
-0.0043
-0.2500
~0.1000
-0.1000
+0.0244
+0.0381
-0.0624
-0.0438
+0.4000
+0.0010
‘0.0050
+0.0100
+).2500
-0.6000
+0.5000
+0.3000
+0,5000
+0.6000
+0.3486
+0.5439
40,4000

e TR MO




SWITCH ASSIGNMENT |

(AUTOMATIC) |
Sense Line Exc Function 3
i‘
¢ SWw 1012 Print Out Check & Time Hist.
*1 SW 1211(1) Py = f (Pr, Pg, u)
*2 SW 1053 (0) Pg = f(Pr, P3, 1)
SW 1013 Not Used
Used as Monitor (for He-10km)
Used as Monitor (for H<10km: Scale Change) ‘
*6 oP Hold Simlated |
*7 IC IC Simulated

|
!
{
|
!
i
i
i

*Asterjsks denote sense lines which are hard wired.
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1IA3. SYSTEM FLOW DIAGRAM

Figure (IIA3) represents the flowchart of the system. The purpose of
this diagram is to shcw the flow of the convergence scheme, For

derivation of and insight into the ray tracing equations see AFCRL
Report A69-0123, Contract No. F19 628 -67-C0359, February 1969.

Included also is the digital listing of the program.




CIRCLES DENOTE STATEMENT NO'S
USED IN DIGITAL PROGRAM

CALL NUN DATA
CALCULATE READ IN RUN DATA FOR DATA
8,0 RESEY OF PROGRAM
SENSE LINES

WITIAUZ:
TiME MSTORY

AIRAYS
ILAST, OUTH, ETC.

[ e

. READ RECR
a"ALMA PLUS TRANS
DATA
Pap— THTARG, THTRAN : ,

e

THO = 4TRAN
PHIO » OTRAM

CALL
INITIAL

INET A AZE HYOMID
LOOw:
1TIME ~0
WIRO =0

T
CALCULATE IC )

POTS AND ST
HJERO, THTR, Paag

CALCULATE AND
TEANSPER ICE

e v 008

Figure (IIA).) System FPlowchart
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WRITER PAUSE
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FOR IC
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}
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|
i
|
:
|
|
|
|
i

| o
wAss 1 /‘(“" irass1 - o

FOR iC PRINT

PRESE FLAG 3.~
AT THIS POISIT ONE

RUN IS COMSLFTE

END  TRUE.
IMPLIES THE
RUN (S A
REPEAT OF

THE(I} « THD
THORN = J0.THO
B —
i Ntkﬂ(l)m‘
[ 10K
+‘ DNEW = MERR(1)

¢ CONST « (THE(1)) -
I THTARG:

DIFFD - OnEw:

| }
t
i !
i
; |
i |
H !
| I
i |
1 | q .
; ] nORIG ~ 2000 |
! i FIND W MtaeU

] HERA (K o), Ko

' \

Bt ay——;
AONIO « AL (R -T]
NORIG ~ HERR (K 1)
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NPT

e et e 1701

\
AN

DORIG « HORKG = "OKST (THOHIG~THT ARG
DDA = HERR {1) + [CONST (THEL! ~ THTARG:
PDPA = (D5 DA - DORIGHDALPH

_ MOTBE 13 A LOGICAL VARIABLE
TO DETERAING OPT WRT 3

e

t=h
687 » BORYG « DRETA 220
ALPHA - AORIG

a~ADRIQ « DA"#
8+ BORIG + DEETA

HOAKG ~ HERR {1}
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Ayt AR o e 3

R

' SUBROUTINE ANALOG SET -UP

~

S fART

e L SN,

READ SCALE FACTOR (K},K=1,7
READ POT AGDRESSES

RETURN

SUBROUTINE RUN DATA
{ sny

READ,:RUN NO.,h, 8g,90.9,3
SIGN, i

b Figure (I7A4.) Subroutines Analog Ss:t-Up and Rup Data
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START

¢

FKCSQ= txc®
rKCT=8.988/1Kc?

SINTHG = Sin({6p/57.29578)
COSTHG=Cos(8p/87.29578)
SINPHG: Sin (¢ /57.29578)
COSPHG 2Cos(¢hy/57.29578)

i

CALL GEOTOM - CONVERTS g, o FROM
GEOCENTRIC TO GEOMAGHETICC INATES

~

C;=.3511739 Cos 80Cos H +.93358 Cosbp Sin $)~.0714822 Sin g
C2:~.9148337Cos fg Cos g +.3285" CosbySindg+.1861278 Sir 8
C3:-.19937 Cos g Cos $p ~.97992 Sin 6
0;=-.3811739 Sin $o+.93358 Cos ¢y

D2 :+.9148337 Sin P +.35837 Cos oy

D3:+.19937 Sindp

850m=C\ Cos oG Cos g +C2Co8 85 Sin ¢:g ~Cx Sin bg

¢'@8M=‘C| Sin 4‘6 +02 COO¢Q

0 ¢ =D Cos g Cos g + D3 Cos 8g Singhg~D3 Sinblg
$;Pu=—0Sinpg+D2Cos g

Prp > 8in (a/57.2957R)

Pggo=Cus{a/57.29578)#Sin{ 5/37.29578)

P #30:Cos(a/57.29578) #Cosi8/57.29578)

P& SGGOM ‘Ipeeo +¢Ga“ 'P¢GO

Pao 96 Pu*Pec0 +adM *PRGo

RETURN

Figure (IIA5.) Subroutine Initial




'L-&f

Figure

e o

START

reh+6370

1

CALL MAGTOG
TRANSFORM GEOMAGNETIC TO
GEOQRAPHIC COORDINATES

v 1880 %443 Coe®6 u(y—;m)'/Fxc

Y 2 =3Y/,

Yg1-3Cos 8308 YA/ 143 Coetd
N x2Cos 8%4-“ os’d
Mg:Sin8//A+3C0s*0

CALL ELECTRON DENSITY
CALCULATE N,dn/dr

XsNu8.98%/F {c
omxsi-X
xomx = x{1=X)

Pea 5P PS40 40
PO *Pg Ng,' +Pg‘+p¢'
Pon1PgA/P; + +;;r

]

PN
Cos¥ .«/P,‘+pg‘+r¢ vt +Pa‘+r¢
Shvls/l-Cu 1 4

]

8:2/ivsing)* +40-x" (Y Cooy )*
02 2(1-X) +8~(/Siny

#r iI-2xt-x1/0

(IXA6.) Subroutine Index of Refraction
REF: (PP(3-12) to (3-14) APCRL 69-0123)
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a5 ot s e RO

PrM%-PgNr
8 +3¢on 9[ 4Sin :]
'

p2:[2(1-x)-vsinty 2 [(vsin y)* +4v'(|-x)'co-"#]y' ]l

:

p*smw:(l-zxogl-xy)siw %

I(—

-
|

T _
g_;‘ { X=1=X (1= X)[2+4(|—sx)(vc«‘h }/{ I- gx_(_t_;g}
#%_Y& {X(I-X)Y[ 2(1~Cos 'Y} + |(2(vs|n\b)‘(l Cos ') +4(1-x)%Cos ]}/{ (l-_)g_«_—_g))}
’L‘% { 2X0-X)Y SmWCosW[(YSInW) 200" ]}/{ '(l— 2x(1- X))}

i
, Preos VW~ nr
aPr pisiny
3V _ Pgcos ¥-KMg
P9 ulsinyg

¥ _Pocos ¥
p9 Alisin¥

i

(B A2 (- 3)

X o
o u(- -g-ugmv)-n--’i- gg g—g—

RETURN

Figure (IIA7.) Subroutine Partial MU
REF: (PP 3-24, 3-25 AFCRL 69-0123)




LR A ¥ty
i, B B4 h 7

o At e

=0 1,

dp/gn=0

p=N(h max) +-%E-(ll-hmax) RETURN

5

p=N(N)(h=h2)(h—h3) N{ha}h=h)(h=~Nh3)
(h -ha)(nj—hzg) * (hao—Nh;)(h2—h3)
N(hz)(h=h X h—hp)
(hg=h)(Nz=hg)

PeNIRGH (h=ha)(R=hz) N(h )N=Ri}h~h)

(b —h2)(h~h3) (hg-h {hg—h3)
N(hg)(h=N)(h=h2)
(hg—n1{hz—hg)

dp N(hH(2h=Ng—h3)  N(hg)(2h—h —h3)

dp N(hg)(2h—ho—hg) Nk} (2hN—Rk —h3)

@ {hy=ho)(h=h3) (ho—=hy)(ho~hy) a"’ (h|'-h2)(i|—h3)+ (hg—h}(ho—h3)
N(hs)(2h—h —hp) N(h2){(2h—h;—h2)
(hs"’hlﬂ R3—ha) "m
RETURN

Figure (IJAB.) Subroutine Electron Density

REF. (Pg (3-22) AFCRL 69-0123)
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START

Feat|
-_.I.J,
READ IN

h () Nlk)
DATA

DEFINE
Pmax
hrop

PRINT OUT
ALL DATA

2

Figure (IIA9.) Subroutine Data Read-In

80




COEFF =.9998

COEFF 3.0002

U

ITRY 2 ITRY +I|

>
ITRY .3 PRINT:NULL FAILURE ,ADDRESS

CALL POT SET FROM RTL

PAUSE }

—r

PAUSE

PRINT: INVALID
ADDRESS

PRINT . COEFF
OVERFLOW

PRINT :CONSOLE

DISCONNECTED

Figure (IIA10.) Subroutine Set Pot




START

¥

AzCos ¢ Sirfg
B:8in$gSinfg

Cos O =.074822A - 18612788 +.97932 Cos 8¢

sin 8y = 4/ 1-Cos2 8y

Z A <
sOu:0

Ay

i
r . -] i ;e s' E .
Byp=TAN™ ( %’;—5"!‘) %57.29578 81y = TAR™ ( -c-:::%l:-‘) % 37.29578+180 i !
|

Singy=(.933584+.3538378)
Sin 9"

Cos ¢yys (. 3511739A~.91433378 ~.19937 Cos 86 )
Sin BM

g

Sin ¢M .q( Sin ¢y )
-4 . = TAM [Sulani in-.. )
Pu=TAN (——T—c )* §7.29370 u Cosd #57.29878 +18C ;

(./_/4’;,; 0 > P Py + 380

\L/ > l_-,.._]...___.._

Figure (IIAli.) Subroutine GEOTOM
REF: (P3-21, A¥CRL 69-0123)
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A:Sin GyCos py
B:SinOySindm

IS

Cos8g =.97992 Cos By ~19937A
sinBg = v/1-Cof8g

|
o s

-y Sind
[—— Brg=TAN (E;;—g%)*sw.zssre

~i; Sin8
B1g = TAN" { 2278 V¢ 57 295764180
Te ( Casfg ) &

3in PG =(—.9148337A +.358378-.1861278 Cosfy)/Sinfg
Cos $3:(.351739A +. 933588 +.0714822 Cos 8y )/Sindg

4

b= TAN'( 226 57 295784180
wvos ¢G

j

Rl
dg:TaN( %:%-g ) #37.29578
L

@ < $g =g +360
2

Figure (ITA12). Subroutine MAGTOG
PEF: (PP 3-20, 3-21, AFCRL 69-0123)




R BT

TIA3.2 DIGITAL PROGRAM LISTING

$FOsalUUl9'4021
DIMENSION ANGI. IC(3)sRINPUTI(8)sOUTPUT(13)+SF(8)
DIMENSTION QUTL(100)s0UT2(100)s0UT3(100)s0UT4(100)
DIMENSION OUT5(100)
DIMENSION AL{3)sTHF(6)sHERR(6)
COMMON/SCOOP/HGT(100)sED(100) sKMAX s HMAX s HTOP
COMMON/SCOQOPL1/SCAL(T)sPOTADRI(3!
COMMON/SCOOP2/H s THOsPHIOsALPHASYBETA s IRUIN
COMMON/SCONP3IYALL14A125A139A219A22+A234AB14A325A33
COMMNON/Z SCOOP4/PRDSPTHO PPN
COMMON/INFO/FKCT 9FKCr»SIGN
COMMON/ INFOL1/RsCOSTHsSINTHeCOSPMsSINPNM s THD»PHIDOPT+SOPT
COMMON/ INFO2/YsYRsYTHsYSQsNRsMTH 9 X9 XRyOMX sOMX 2 y XOMX
COMMON/ INFO3/MUCKsPRNsPTHN s PPNsCOSPSsCNSP22SINP2sSINPS
COMMON/Z INFOG/YL sYToYL2sYT2eMUsMISQe 2922 2R ZIMOD
COMMANZAINFNS /PSPRGPSPTHPSPP 4PS T TH s MUOMU ¢ MURMU y MUTMU s MUPHM,LOPMUPQ
COM INZINFNS /R sMP2 9 AC A1 9A2 s AL AH 9 A6 AT s ABB0OIB1+B2,R4sR5:B6,B79RE -}
COMMON/ZINFOT/NY sD23AsBsRS4G RS THS 151952 4DSQsAAsAA23BBBR2 N
COMMON/ INFOB/RM4 s THRMy M1 o MUZMU s MUXMU s MUIYMU
COMMON/COGORD/THTG o PHG o THTM s PHM |
EXTENDED POTACR »
RTAL NR yMTHsMUZK oMU s MUSQ sMUP MU g MURMU s MUTMU o MUPHM s M2 s MUZMU s MUXMU »

IMUYMU o N {
LOGICAL INDICL INDICM,INCICN INDICK ’
LNGICAL INTFG3
LOGICAL INTEGSINTEGI»INTFG2 s IDAVE
LNOGICAL THIST«FND4NOTBE
FQUIVALENCE (SNPTYsH}s (SNPT2+sTH) s (SNFT3,PHI)

FQUIVALENCE (SNPT&4 PRI (SNPTSsPTH)»!SNPT64PP) 9
FQUIVALFENCE (SNPT7,P) R
FQUIVALFNCE (SNPTBsD) -
NATA AMPL/4HANNO/
DATA Al1TsA129A137 043511730,-Ng9148337,~0,19937/
NATA A213A22eA23/ 04933598+4042583790.0/ B
DATA A313A32,A3537 Ne0714822+=0.186127840497992/ !
DATA (SF{J)ed=148)1/710N0e0+34488B936097T892eMN92e052eN35000¢N
6270040/
/ LNOR =140N4LN 44172
CSE$EaEEDATA READ IN AND VFRIFICATION PRINT OUT OF FLECTRON DENSITY
CALL DATA READ IN
Crernss®¥RCAD SCALFE FAZTNARS, 00T ANDRFSSES
CALL ANALNG SETUPR
CH#-uxex®RFAD [N RUN DATA AND PRINT OUT
8400 CALL RUM DATA
CHuedxn®uRFESET SFENSE LINFS Neie243
DN 55 K=1:¢4
9=K=-1
CALL DTIFRFNLL 402 INDITL,IFRR) i
AR FONTIMNYGE X
Crmrwp®x IMNITIALIZO STATE VARTARLES THRU COORDINATE XFORMATION
CERINTITIALIZE TIMF HISTORY ARRAYS
TCOUNT =N "
NNz FALSF
MITARF =z TRUC o




TAU=0.0
ITEST=1
STEP=10,0
ILAST=100
OUT1(1)=040
0UT2(1)=040
0UT3(1)=0.0
QUT4(1)=060
CeeBEGIN ALPHA APPROX CALCULATION
READ (54610) THTARGsPHTARGIDTARGs THTRAN sPHTRANYDALPHIPDBETA»CONST
WRITFE (6+610) THTARGYPHTARG+NTARGsTHTRANSPHTRANSDALPHDBETASCONST
610 FORMAT (55X 92F 10684 9FHels2F1Neth92F5419F10,3)
BETA=221443
BORIG=BFTA
BETAE=270.0=BETA
TOL].:OO 01
TOL2=10.,0
IMDD=0,0
120
615 I=1+1
7979 FORMAT(5H Ie5X,5HALPHASX 95H BETASXs5H H  95Xe5H THD 95X
15H PHID//)
1IF({1.GT&3) GO TO 700
ALPHA=12.5#FLOAT(])
7777 FORMAT(5XsF842)
AL(T)=ALPHA
650 THO=THTRAN
PHIO=PHTRAN
CALL INITIAL
ITIME=0
HZERO=0.0
Crexnnx®xCALCULATE AND SFT I1C POTSeHyTHETAMyPHIM
POT1=HZFERO/1NN0 L0
POT2=THTM/200.0
POT3=zPHM/4000
CALL QPSO(141ERR)
CALL SETPOT (POTADR(1),POT1)
CALL SETPOT (POTADR(2)+P0OT2)
CALL SETPOT(POTADR(3)4+P0OT3)
CALL QRDALO(1+AMPL »DUMMY s [ERR)
Cexnnxn#tCALCULATE AND TRANSFER IC'S PRsPTHWPP
PR=PRO
PTH=PTHO
PP=PP( ;
TH=THN %
PHI=DHIO ]
TMO=THN
PMO=pPHIO
TM=aTMO
PM=PMN
S=0.0
TAU=0,.0 *
ChanansanwCALCULATE INDEX OF REFRACTION
CALL INDEX OF REFRACTION(H«THsPHI+PRsPTHPP)

86
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e

AR R T

B

L ot A o ] O SO SRR T DR b T

PRO=PRO*MU
PTHO=PTHO*MU
PRO=PPO*ML)

Crexxxx##SET (JP BUFFER ARRAY FOR IC'S
ANGLIC(1)=-PRO/2.0
ANGLIC{2)==PTH( /240
ANGLIC(3)==PP0/2.0

CHRxxxxn*%L OAD AND TRANSFER DAC!'S

2228 CALL QDALDN(13939sANGLICSIERRSIECHL)
IF{IERR.FQ.2) WRITF(6981) TECHL
IF(IERRL,EQa3) WRITE(64+82)

CALL QODAXRN(1294s1ERR)
IF(IFRR«EQe2) WRITE(6+83)
CALL GICO(1+1ERR?

CALL CTFFFN(1+7+INTEG2sIEE)
CALL QSYNCO(1+7+INTEG2)
TPASS]=1

GO 10 70

1118 TPASS]=0
WRITF (6 7725)ALPHASBLETAE
TYPE 1108
PAUSE

CHeexxTEST SLn FCR PRINTOUT
CALL QTEFFO{1+0Q09sIDAVESIERR)
[F{IDAVE) GO TO 70

1936 IDAVE=.FALSE.

TYPE 1109

1108 FORMAT{42H BLIP FsSwW 1012 FOR IC PRINT..ePRESS FLAG 8)
1120 FORMAT(26H PRESS FLAG 8 TO CONTINUES)
PALISE
/ StL =163440
/ LDT =177777

CALL COPN{1+I1ERR)
CALL QTEFFN{1+69INTEGLWIFE,
CALL QSYNCO(1s6+INTFGL)
Cruteaxs®kENTOR HYBRIO LOOP
10 CONTINIE

/ S5TT 7 1TIME
/ LDT = 771777
/ sru =162490

6662 DELTAT=(32767~1TIME)*SCALLT)
CRELREXERREAD ADCS

CALL NSTREN(Ds1641FRR)

TFUTIFRRENWZ) WRITE (6490)

CALL OANCYO(N,83RINPUTHIERR ILCHAN)

TFLIFERRGFOG2)Y WRITF(6491) TECHAN

TFITERRGFNG3) URITE(6492)

CALL QTRCKD (0164 1ERR)

IF{IERR4FN2) WRITE (6+93)
CRedexurdALL ANALDG INPUTS RECEIVED = UNSTALE ANALDG INPUTS
CHBXCHECK FOR H FQUAL 10. [F SO CHANGE SF(1])

CALL NTFEFN(1e5+INTECSWIFE)

CALL QTEFFN{1+5+IMTEGS,,IFRP)

TFLINTERRYISF{1)=19,0

]




CH*¥X¥*CHECK FO H LT =10 KM
CALL QTEFFO(ls44INTEG,IEFE)
IFCINTEG)SF(1)1=1000.0
SNPT1=S5F(1)*RINPUT(1}
SNPT2=5F(2)*RINPUT(2)
SNPT3=S5F(3)*RINPUT(3)
SNPT4=5F (4)¥RINPUT(4)
SNPTS=zSF(9)Y¥RINPUT(5)
SNPT6=SF(6)*¥RINPUT(6)
SNPTT7=SF(7)Y#RINPUTI(T)
SNPT8=SF(R)*RINFUT(8)
SF(1)=100040
530 CONTINYE
CHexxxxx*% TEST SL 6 FOR OPERATE MONE OF AMALOGe IF ANALNDG NOT IN THE
CEexduxxxk OPERATE MODE SET DELTAT=0.0
CALL GTEFFO(106sINTEZGL,IFEE)
IF(eNOTSINTEG1) PELTAT=0.0
CERC=SQRT(DTHCH*DTHCHSINTH*SINTH* (DPC*DPC))
TM=TM+DELTAT*DTHC
PM=PM+DELTAT*#DPC
TH=TM
PHI=PM
S=S5+6370.0%CERCHDELTAT
Crexrxnnn® TEST SLT FOT IC MODE OF ANALOGs IF ANALOG IN IC REINITIALIZE
CH%stnxese® THETA AND PHI
FALL QTEFFO({1s7+INTEGZHTEE)
IF(eNOTJINTEG2) GO TO 8765
TM=TM0D
PM=PMQ
S=0e0
TAU=0.0
8765 CONTINUE
IF{«NOT.ENDIGO TO 71
TAU=TAU+DELTAT
ICOUNT=TAU/STER+0,001
IF(ICOUNT«GTWILASTIGO TO 71
IF({TICOUNT+1)eEQeITESTIGO TO 71
1CP ={COUNT+1
OUTI(ICPY=TAU
QUT2(1CP) =H
OQUT3(ICP) =S
oUT4(ICP)=D
QUTS(ICP) =P
ITEST=ICP
71 CONTINUE
CHRnixntnCALCULATF MU(ELECTRON DENSITY{ELECTRON DENSITY DERIVATIVES
CHudnxndaMAGNFTIC FIELD,AND MAGNETIC FIELD DFRIVATIVES
CALL INDEX OF REFRACTION(HsTHoPHI»PRePTHPP)
CrxnnuusdnAPPLICATIOM OF CONSTRAINT BETWEEN Mil AND PRyPTH.PP
CRennens22FOR DETERMINING CORRECT PRWPTHPP
CHERens 2 2UNNORMALTZE PR
AR=PRN#MU
CHunruenwnTEST SLY TG CHOOSE PP AS A FUNCTION OF PR:DTHOMU
CALL QTEFFO(19) o INDICLIKERRSS)

88
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IF (KERRSSeEQe2) PRINT 4001
IT (KERRSS.EQe3) PRINT 4302
[F{eNOTLINDICL) GO TO 969
CHuxunx®*¥HERE WE HAVE CHOSEN PP=F(PR+PTHsMU)
PSIGN=-1.0
IF (PPeGTeNe0) PSIGN=140
RADCL=MUSQ*(1«~PTHN*PTHN)-PR*PR
ARADCL=ARS{RADCL)
PP=PSIGN* SQRT (ARADCL)
GO TO 1969
CHexnxn®2TEST SL2 TO CHOOSE PTH AS A FUNCTION OF PRsPPsMU
969 CALL QTEFF0O(1+2sINDICM,ICRUS)
IF({ICRUS.EQe2) PRINT 4001
IF(ICRUS.EQ.3) PRINT 4002
TF(«NOTLINNDICM) GO TO 1969
CHuunxn®%HERE WE HAVE CHOSEN PTH=F (FR,PPyMU)
RPSIGN=-1.9
IF(PTHe«GTe0e0) RPSIGN=1.0
RADCL I=MUSQ#*(]1.-PPN¥PPN)~PR#PR
ARADIC=ABS(RADCLI)
PTH=RPSIGN#SQRT (ARADIC)
1969 CONTINUF
CHERREXFRPR4PTH,PP ARE NOW DETERMINEDs WITH IR WITHOUT THE
CHu®axn®2APPLICATION OF THE CONSTRAINT
Coum:inuaxCALCULATION OF PARTIAL DERIVATIVES OF MU NOW FOLLOW
CALL PARTIAL MU(PR4PTH,PP)
CHxxanudxxCALCULATION OF STATE VARIABLES FOLLOW
CHx#nnn®¥xTHETA DOT/C
DTHC= (FTH/MUSQ-MUPMU*PSPTH} /R
Crenrnua®t®tPHI DOT/C
NPC= (PP /MUSQ=MUPMLI*PSPP )}/ (R®*SINTH)
CHuexn®®%¥PR DNT/C
NDPRC=MURMU + PTH*DTHC + PP%* DPC*SINTH
CH*x#xx®¥xPTH DOT/C + PTH*R DOV/C
PTHOTM=MUTMU/R + PP*COSTi*DPC
Ce#%#xx®%PPH] DOT/C + PPHI*R DOT/RC
PPHDTM= (MUPHM/R - PP*COSTH*DTHC) / SINTH
CHxsexin®x 0OAD DAC BUFFERS
GROUP=1 (+0PMUPO /MU
OUTPUT (1) =SCAL(1)*#50.0%DPRC
OUTPUT(2)=SCAL(2)%#500,0%PTHOTM
OUTPUT(3)aSCAL(3)%#500,0%PPHDTM
QUTPUT ' 4)=SCAL{4)#DTHC#1000.0
QUTPUT(5)=SCAL(5)%DPC#1000+0
QUTPUT (6 =(PR/MUSQ}Y /240
OUTPUT{7)==SCAL (6) *MUPMU#PSPR/2.0
OUTPUT(R) =50NNN*PTH/R
QUTPUT(9) =5nNN,0%PP /R
OUTPUT(1D)==MU/2.N
QUTPUTI(11)=DELTAT/1G0.0
OQUTPUT(12)=5/10N0,0
QUTPUTI(131=-GROUP/50¢0
Counnnn®u#TEST SLN FOR PRINT OUT CHECK
CALL QTEFFO(1+0sINDICKsIERSS)




Q

IF(IERSS«EQe2) PRINT 400]
IF(IERSS+EQe3) PRINT 4002
IF(«NOTL(INDICKeORSIDAVE)) GO TO £06
CHxxxnn®%]IF INDICK TRUE (SLO SET) WE PRINT OUT
N=X/FKCT
ONR=XR/FKCT
CHxxnxx%¥PRINTING FORMATS
WRITE(6+77)
WRITE (649140) PRyPTH,PP
WRITE (6+49141) HeTHDWPHID
WRITE (6+9147) NRyMTH,COSPS
WRITE(6+2145) Y sYRX
WRITE (6391531 XRsD1slL?2?
WRITE (6+9700) Z92Rs22
WRITE (6+9701) AsBsRS4
WRITE (629702) RS»THSS1
WRITE (699703) S2+DSQ:AA
WRITE (6+9704) AA2,BB,8R2
WRITE (6+9705) RM4yRM,THRM
WRITE (6+9706) M1sM2yMUSQ
WRITE (639707) AOsAl9A2
WRITE (699708 A4,3AB2A6
WRITE (6+9709) A7,A8,80
WRITE (&s39710) BlyR2sB4
WRITE (6+9711) B5,R6+B7
WRITE (6+9712) B8y PSITHsMUXMU
WRITE (6+9713) MUYMUSMUPMUMUZMU
WRITE(649159) PTHOTMsPPHDTMsGROUP
WRITE (699156) PSPRsPSFTHYPSPP
WRITE (6+9157) MURMUsMUTMU s MUPHM
WRITE (6+9158) DTHC»DPCsDPRC
WRITE (699154) MU,MUCK
WRITE(6+8150) COSTHsSINTH
WRITE(6+8151) OPT4SOPT
WRITE(6+8152) NsDNR
WRITE(6+9155) THsPHI
WRITE{(6,77)
WRITE(6+916)
916 FORMAT(3TH J QUTPUT(J)
NO 816 .=1413
JCH=J-1
WRITE (6+9160) JsOUTPUTI(J) »JCH
9140 FORMAT(T13,6XsF1446911Xs12)
816 CONTINUE
WRITE(6477)
WRITE(6+9922)
9922 FORMAT(37H J RINPUT(J)
DO 47 J=1+6
JCH= J=1
WRITE{849160G) JsRINPUT(J) +JCH
4T CONTINUE
PAUSE
Couux s ®2DAC LOAD AND TRANSFER
506 CALL GDALDO(N»13s0UTPUTHIIERRGIECHL)

CHANNEL /)

CHANNEL/ /)




IF(IERRA+EQe2) PRINT 81sI1ECHL
IF(IERR44EQe3) PRINT 62
CALL QDAXRO(0N91631FRR5)
IF(IERR5.EQe2) PRINT 83

Cexxxx®xTEST SL3 FOR NEW RUN

7982

79813

690

692

695
651

700

1701

CHun

1754

1702

17513

CALL QTEFFO(1+35INPICN,IERR)
IFCINDICN) GO TO 8400

IFCIDAVE)IGO TO 1936

DIFF=ABS(PHTARG=PHIN)

IF{IPASS1.EQ.1)1GO TO 1118

IF(DIFF.GT.TOLY) GO TO 70

CALL QHOLDO(1+I1ERR)

IF(ENDIGO TO 913

THE(1)=THD

THORN=9060=~THD

HERR(1)=10s0%H

IF(I1.LE«3) GO TO 7982

WRITE(6+7979)
WRITE(6+7983) 1 s ALPHAYBETAF 9Hys THORNSPHID
FORMAT(1592XsFB8e292XsFBe292XsFB8e292X1FBe2+2XsFB02/)
ONEW=HERR (T )+ABS(CONST#(THE(1)-THTARG))
DIFFD=ABS (DNEW)

IF(DIFFD.LESTOL2) GO TO 663

IF(I~-3) 615+690,700

HORIG=20000e0

DO 695 K=1,43

IF(HERR(K)oLTeHORIG) GO TO 692

GO TO €95

AORIG=AL (K)

HORIG=HEFRR (K)

THORIG=THE (K)

CONTINUE

1=4

ALPHA=AORIG+DALPH

BETA=RORIG

GO TO 650

IF(I=5Y1701,1703,1703
DORIG=HORIG+ABS(CONST*{THORIG-THTARG))
DADA=HERR( 1) +CONST*#(THE([)~THTARG)
PDPA={DADA-DORIG) /DALPH

TEST LOGiCAL VARIABLE NOTBE TO DETERMINE BETA OMISSION
IF{eNOT.NOTBE) GO TO 1754

PDPRBRF=NLN

GO TO 1753

1=5

RFETA=BORIG+NRETA

ALPHA=AORIG

GO TO 650

DBDA=HERR (1) +CONST#(THE(1)~THTARG)
PCPRF=(DBDB=DORIG) /DBETA
GRADD2=PDPA®PDPA+PNHPBE #PDPRE

GRADD=SNRT (GRADD?)
DALPHI =DALPH
ADALF1=ARS (DALPHI)




DALPH=-(DADA/GRADD2 ) *PDPA
ADALF=ABS (DALPH)
KAD=1
IF(ADALF+GTeADALF1) KAD=ADALF/ADALF1
DALPH=DALPH/KAD
DBETA=~{DADA/GRADD?2 ) *PDPBE
CHxuxxx*® TEST NEW ALPHALBETA
ALPHA=ALPHA+DALPH
RETA=BORIG+DBETA
HORIG=HERRI(I)
I=1+1
GO TC 650
CHuxxand® RE~INITIALIZE FOR CONTINUED SEARCH
1703 AORIG=ALPHA
BORIG=BETA
THORIG=THD
IF(END)GO TO 650
IF(NOTBE) GO TO 1701
GO TO 651
Cr#exxxesn STATEMENT 725 INDICATES SUCCESSFUL TARGETING
663 TYPE 725
FND=sTRUE »
725 FORMAT(29H THIS IS THE OPTIMUM RAY PATH)
7725 FORMAT(TH ALPHA=»FB+2910Xs5HRETA=+FB8e2/)
PAUSE
GO TO 1703
C*¥#SET SLO FOR TIME HISTORY PRINTOUT
913 TYPE 915
915 FORMAT(?5H SET SLO FOR TIME HISTORY:
PAUSE
C*%*TIME HISTORY ARRAY CHECK FOR PRINTOUT
CALL QTEFFN{(1s0sIHISTHIERR)
IF(IHISTIGO TO 914
926 FND=+FALSE.
CALL QICO(1s1ERR)
GO TO 70
CHex¥PRINTOU: OF TIME HISTORY
914 WRITE!642121)
2121 FORMAT(10Xs15H H=ALTITUDE(KM)/+10X+28H S=GREAT CIRCLE DISTANCE(KM)
6/+10Xs17H D=PHASE PATH(KM)}/:10Xs17H P=GROUP PATH(KM)/)
DO 89 ICP=1+ITEST
WRITE(64s80)ICPsOUTI(ICP)OUT2(ICP)
WRITE(6+84, OUT3(ICP)0UT4(ICP)OUTS(ICP)
8N FORMAT(SH (CP=124+5H TAU=F10e2910X+2H H2F10e6)
84 FORMAT(8Xs3H S2F10e6910Xs3H DaF10e6910Xs3H PaF10.6)
89 CONTINUE
TYPE 444
4464 FORMAT(32H TIME HISTORY PRINTED, RESET SLO)
PAUSE
GO TO 926 .
Chnmnnn®tFORMAT STATEMENTS
90 FORMAT (31H BLK ADR ERROR 'N STORE ROUTINE)
91 FORMAT (23H ADC CHANNEL OVERLOAD =,15)
92 FORMAT (21H NOW-EXISTING CHANNEL)

i
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93
81
82
813

001

4002
77

8150

8151

8152

9155

9147

914N

9141

9145

91513

9154

9156

9157

9158

9159

37NN

2701

2707

97013

9704

9705

3706

9707

9708

2779

a71n

9711

Q712

9713

FORMAT
FORMAT
FORMAT
FORMAT

s I5)

FORMAT(21H CONSOLE DISCONNECTED)
FORMAT (33H NON-EXISTING COMPONENT REQUESTED)

FORMAT (1H
FORMAT ({ TH
FORMAT ( 5H
FORMAT ( 3H
FORMAT { 4H
FORMAT (4H
FORMAT (4H
FORMAT( 3H
FORMAT (3H
FORMAT ( 4H
FORMAT ( 4H
FORMAT ( 6H
FORMAT
FORMAT ( 6H
FORMAT ( 8H
FORMAT (2H
FORMAT ( 3H
FORMAT 4H
FORMAT (4H
FORMAT (5H
FORMAT ( 5H
FORMAT ( 4H
FORMAT ( 4H
FORMAT ( 4H
FORMAT (4H
FORMAT ( 4H
FORMAT { 4H
FORMAT( 4H
FORMAT(7H
FND

)

COSTH=9FTelts11Xs7H SINTH=yFT744)
OFT=9FBs4912X9y6H SOPT=4F844)
N=9F13e69+9X3s5H DNR=9E13.6)
TH=3F10,6911Xs5H PHI=4F10e6)
NR=sF Te5514X95H MTH=9FT7e5s13X9s7TH COSPS=4F7e5)
PR=3FT7e5s14X9s5H PTH=9FTe5913X s4H PP=3F7,5)
H=3F12.6910X95H THD=9F124698X36H PHID=9F1246)
=S9F7e5415X94H YR=9F945912X93H X=sF10e5)
¥R=4F13,698X94H D1=3FE134698Xys4H D2=9E13.4)

MU= oF TeS9 14X s5H

MUCK=4FT745)

(314 BLK ADR ERROR IN TRACK ROUTINE)
(25H OVERFLOW IN DAC CHANNEL
{25H NON-EXISTING DAC CHANNEL)
(22H DAXFR BLOCK ADR ERROR)

PSPR=sF12e¢697Xs7H PSPTH=sF12.696X96H PSPP=43F1246)

{(7TH MURMU=3F12¢6+6X s TH MUTMU=9F12+s696X97TH MUPHM=3F1246)

DTHC=3F124697X95H DPC=3F124698Xs6H DPRC=yF12¢6)
PTHOTM=3F12+6+5X9s8H PPHDTM=9F12+695XsTH GROUP=3FT44)
7=9E134699X94H ZR=9E13e698Xs4H 22=9E1346)
A=3F13.699X93H B=9F13.,699Xs5H RS4=9E13.6)
RE=9F144698X95H THS=sF13e697X s4H S1=9E13,6)
S2=9E13.6s8X95H DSQ=9F13e697Xs4H AA=yE13,6)
AA2=93E134697Xs4H BB=3E134698Xs5H B32=9E13.6)
RM4=9E13e697Xs4H RM=3E13,698X9s6H THRM=yE13,6)

Ml=9E13,6s8Xs4H
AN=3E13,698Xs4H
Aa=3F13,68¢8Xy4H
AT=9E134,693X94H
Rl=sF13.6+8Xy4H
R5=9E134698Xs4H
B8=¢E13,6s8Xs7H

MZ2=9E134698Xs6H
Al=9F1346+8Xy4H
AB=3E134698Xy4H
AB=9E134698Xs4H
B23+E134698Xs4H
B6=yE13+.698Xy4H

MUSW=+E13,6)
A2=4+E13.6)
Ab=4E13.6)
BO=+E1346)
B4=sE1346)
B7=3E13,6)

PSITH=E134695Xs7H MUXMU=z4E[346)
MUYMU=3E134695Xs TH MUPMU=3E13,6395Xs TH MUZMU=3E1346)

-ttt B




3158 FORMAT (6H DTHC=,F12,6,7X,5H DPC=,F12.6,8X%X,6H DPRC=,F12.6)
9159 FORMAT(3H PTHOTM=3F12.6y)5X,8H PPHDTM=,F12.6,5X,7H GROUP=,F7,4)
END

SUBROUTINE ANALOG SETUP
COMMON/SCOOP1/SCAL (7),POTAOR (3)
EXTENDED POTADR
READ(S,77) (SCAL(K),K=1,7)
WRITE (6, P7) (SCAL (K)4K=1,7)
77 FORMAT (7F11.5)
READ(5,777) (POTAOR(J) ,J=1,3)
777 FORMAT (Al ,4X, Ak, 4X,A4)
RETURN
END

SUBROUTINE RUN DATA
COMMON/INFO/FKCT,FKC,SIGN
COMMON/SCO0P2/H, THO,PHIO,ALPHA,BETA, IRUN
8400 READ (5,34) IRUN
34 FORMAT(IB)
READ(S,7033) H, THO,PHIO ,ALPHA,BETA
7033 FORMAT (5F15.7)
READ(S,7033) SIGN,FKC
WRITE(6,7000)
TG00 FORMAT (1H1)
WRITE(6,7010) IRUN
7010 FORMAT(12M RUN NUMBER ,13//)
WRITE(6,7011) SIGN,FKC
7011 FORMAT(AH SIGN=,Fu4.1,6X,7HFREQKC=,F8,2/)
WRITE(6,7012) H,THO,PHIO
T0120FORMAT (3 H=,F2.2,6X,7HTHETAG= Fbs 2y 3X,5HPHIG=,
1F6.27)
HRITE(6,7013) ALPHA,BETA
7043 FORMAT(7H ALPHA=,F6.2,3XySHRETA=,F6,2/)
RETURN
END

SUBROUTINE INITIAL
COMMON/INFO/FKCY ,FKC,SIGN
COMMON/SCOOP2/H, THO,PHIO,ALPHA,BETA, IRUN
COMMON/SCOOP3/A11,412,A13,A21,A22,A23,A31,432,A33
COMMON/SCOOP4L/PRO,PTHO ,PPD
COMMON/COORD/THYG,PHG, THTM ,PHN
FKC>u-FXC*FXC
FXCT= 89.6451/FKCSQ
SINTHG=SIN(THO0/57,29578)
COSTHG=COS(THO/57.29578)
SINPHG=SIN(PHI0/57.29578)
COSPHG=GCOS(PHIO/57.29578)
CALL GEOVOM(SINTHG,Z0STHG, SINPHG ,COSPHG)
THO=THTX/57,29578
PHIO=PHM/57,29578

CeovseessTHO(PHID ARE NOW GEGMAGNETIC COORDINATES
SINPM=SIN(PHIO)
COSPH=COS(PHIN)
SINTHzSIN(THD)
COSTHM=CNSITHD)
Ci=AL11*%COSTHOCOSPHNEAZL*COSTHESINPN=-AJLI*SINTN
C2=A12°COSTHOCOSPM+A22°COSTHOSINPN-ASZ?SINTH
C3=AL13*COSTMSCOSPHEA2I®COSTMOSINPH-LI3*SINTM

9
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D1=-A11*SINPM+A21%*COSPM '
D2=-812*SINPMeA22*COSPM

D3==A13*SINPM+A23I*COSPM

THGTHM=COSTHG* COSPHL*C14COSTHG*S INPHG*C2-SINTH(G®CS
PHGTHM=z=SINPHG*C14COSPHG*C2

THGPHM=COSTHG* COSPHG*D1+COSTHG*SINPHG*D2=-SINTHGC®*D]
PHGPHM=z=~SINPHG*D1+C0SPHG*D 2

PRO=SIN(ALPHA/ST .295%78)
PTHGO=COS{ALPHA/S57,29578)*SIN(BETA/S57,29578)

PPGO =COS (ALPHA/57.2957R)*COS(BETA/57.29578)
PTHOzTHS THM* PTHG D+ PHGTHM®*PPGO
PPO=THGOHM*P THLG +PHGPHM®* PR GO

RETURN

END

SUBROUTINE INDCX OF REFIACTION (H,TH;PHI,PR,PTh,PR)
COMMON/COORD/THTG,PHG, THTM ,PHM
COMMON/INFQ/FKCT ,FKC,SIGN
COMMCM/INFOL/RCOSTH,SINTY,COSPM ,SINPM,THD,PHID,0PT,SCPY
COMMUON/INFO2/Y YRy YTH, YSOy NRyMTH X y XRy OMX, OMX2 , XCHX
COMMON/INFQO3I/MUCK,PRN,PTHN,PPN,COSPS,C0SP2,SINP2,SINPS
COMMON/INFOQU/YLyYT,YL2,YT2,5,0,MUSG,MU
REAL NR,MTH,MUCK,MUSD,MU,N
R=H+63717.1
COSTH=CIS(TH)
SINTH=SIN(TH)
COSPM=COS(PHI)
SINPM=SIN{PHI)
CALL MAGTOG(SINTH,COSTH,SINPM,COSPM)
Ce**®x¥®8THO, PHID ARE GEOGRAPHIC COORCINATES
THO=THTG
FHID=PHG
QPT=1. + 3.,%* COSTH®**?2
SOPT=SQRT(OPT)
=83 0.%(SOPT®*(E370./R) **3) /FKC
Ceevsryrey 1S THE NOFMALIZED MAGNEYIC FIELD
YR=: = 3.,0% Y/R
YTHz=3,*COSTH*SINTH®*Y/CPY
CHess¥3¥¥yR,YTH ARE DERIVATIVES WRT R,TH, RESPECTIVELY
¥YSQ = veY
NR= 2.*C0STH/SCOPTY
Ceeversvsyanr IS THE MAGNETIC FIELD COMPONENY IN THE R ODIRSCYTION
HTH-SINTH/SOFT
Crevenssdsysmiy IS THE MAGNETIC FIELD CCMPONENT IN THE TH OYERCYTIQON
Crevvesrsyr NIW CALCULATE ELECTRON DENSITY ANN ITS DERIVATIVES
CALL ELECTRON OENSITY (H,N,DONR)
L0 X=N*FKCT
XR=DNR®FKCT
CMX=1,-X
30 OMX2=0MX*0OMX
XOMX =X*QMX
MUCK=SQRT(PR*PR+PTHOPTHIPP #PP)
Ce®»eses S NORMALIZE PR,PTH,PP
PRNz FR/4UCK
PTHN=PTH/MUC K
PPN:-PP/MUCK
COSPSzPRE*NR +PTHN®NTH
COSP2=CISPSYCOSPS
SINP2=1,-COSP2
SINUS=SIRT (S INP2)
YL=Y®CDSPS
YTsY *SINPS
YL2=2YL®YL
Y¥Z-vyyevy




S=SIGN¥GQRT(YT2*YT2+4L, 0% 0OMX2%YL2)
0=2.%0HX#S-YT2
HUSQ=1.0-2,0*X0MX/0

300 MU=SCGRT(MUSQ)
RETURN
END

SUBROUTINC PARTIAL MU (PR,PTH,PP)
COMMON/INFOL/R,COSTH,SINTH,COSPM,SINPM,THD,PHID,0PT,SOPTY
COMMON/INFO2/Y YRy YTH, ¥YSQyNRyMTH X 3 XRy OMXy OMX2 o X OMX
COMMON/INF 03 /MUCK , PRN, PTHN,PPN,COSPS,COSP2,SIMP2,SINPS
COMMON/INFOL/YL,YT,YL2,YT2,5,0,MUSQ, MU
COMMON/INFOS/PSPR,PSPTH, PSPP ,MUPNU ,MURNU , MUTMU , MUPHN
REAL NR,MTH,HUCK,MUSQ, MU

REAL M2YSP,MUXPMU,MUYMU ,MUPMUY ,MURMU ,MUT MU , HUPHM
PSITH=2.*(PR*MTH=PTH*NR) /7 (MU*SINPS*OPT)

0SQ=5*D

M2Y;-=hUSQ*SINPS

RMUXMI=Z, 044 ,0%0MX*YL2/S

RMUXM2=XOMX*RMUXM1/0

MUXMU=(Z2,0%X~1,0-RMUXMZ) 7(D*MUSQ)
RMUYM1=2,0%YT2%SINP2+44,0%0MX2*COSP2
RMUYM2=-2, ¥ SINP 2+ RMUYML/S

MUYMU=XOMX*Y*RNUYM2/ (DSA*MUS D)
RMUPH1=(YT2-2,0%0MX2)/75-1.0

HUPMU=XOMX*2 ,0%YL*YT*RMUPM 1/ (MUSGC®*DSQ)

c REAPARTIALS OF PSI HWRT PR,PTM,PP
PSPR=(PR¥COSFS~-MU*NR) 7M2YSP
PSPTH=(PTH*COSPS~MU*MTH) /M2YSP
PSPP=PP*COSPSs M2YSP

c REASPATIAL DERIVATIVES OF MU
MURMU=MUXMU® XR +AUYMU*YR
MUTMU=MUYMU® YTH+ MUPMU®PSITH
MUPHM=0.0
RETURN
END

SUBROUTINE ELECTRON DENSITY (HyN,ONR)
COMMON/3SCOOP/HGT t190) ,€0(100) , KMAX ,HMAX, HTOP
REAL N
HMIN=HGT (1)
IF(H.GE.HMIN) GO TO 1
N=G. 0
DNR=0. 0
RETURN
Cersssvnss INTERPOLATION BY PARABOLA
1 IF(HJ.GE.HMAY) GO TO 4
IF(H.GE.KTOP) GO TQ 5
CYveseveses INTERVAL SEARCH
00 10 J=1,KMAX
XMXT =H=-HGT (J)
XIPMXzHGT(J+1) -H
IF(CXMXT.GE. 0. 0) AND I XIPHX.GEL.O.0)) GO TO 3
10 CCNT INUE
3 I=J
T1sHGT (D)
T23HGT (Ie1)
TIsHGT (1 +2)
f12713=(11-T22%(11-1D)
1217232(Y2-T4,%(12-73)
T31732=("3=-T1) *(T3-T2)
Ceeosssvve gAS: VECTORS FOLLOW PL(P2(P3
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P1=(H-T2)* (H=-T3)/T212T43
P2=(H-T1)* (H-T3) /721723
P3=(H-T1)* (H-T2) 7T31T32

Cerrenvass £ cCTRON DENSITY
N=ED(I)*PL+ED(I+1)*P2+ED(T+2)*P3
N=1000.0%N

Ceesssvses CLECTRON DENSITY DERIVATIVE
AL=(2.*H=-T2=T3)/T12713
A2=(2.*H-T1=-T3)/721123
A3=(2.%H-T1-T2 ' /T31732
DNR=AL*E0([) +A2*ED(T+1)+AT ENITI+2)
ONR=1000,0°DNR
RETURN

5 TLz=HGT(I-1)
T2=HGT(T)
T3=zHGT(I+1)
T12T1X=(T1~T2)*(T1~T})
T21T23=(12-T1)*(T2-T])
T31T30=(73-T1)*(T2=-T2)
P1=(H=T2)* (H-T3) /T12713 o,
P2=(H-T1)® (H-T3) /721722
P3=(H-T1)* (H=T2) /131132

Ceeevvesns CLECTRON DENSITY
NZED(I-1)*PL+ED(I) *PR2+ED{I+1) %P3 {
N=1000.7*N

Cevressvss [ ICCTRON CGENSITY CERIVATIVE
AL1={2.%H-T2~T3)/T12T13
A2=(2.%¥H-T1~T3)/T21T723
A3=(2.*H-T1-T2)/T21T32
ONR=A1%€D(T-1) +tAZ*E0(I) +A3SED(I+1)
DNR=1000.0°0DNR
RETURN

c.l.!'iili H GT HMAX

4 N=ED(KMAX)* 1070, 0+0NR® (K -HMAX)
RETURN
END

SULUBROUTINE DATA READ IN
CIMMCN/STOOP/HGT (100),ED(100), KMAX,HMAX,HTOP
DO 10 X=1,100
READ (S5,1) HGT(K) ,ED(K)
L FORMAT(FB.3,1C0X,F10.4)
Ceeeesvss | AST DATA CARDC HAS H=200d
TEMGTI%) W CT,2803.0) U TO 11
10 CONTINUE
Cesesssess MAX IS THE TOTAL NUMBER OF PAIRED DATA POUINTYS
11 KMAX =K-1
HMAX =HGT (KMA X)
HTOP sHGT (KMAX=1)
Ceevovvass yERIFY DATA BY PRINT OQUT
WRITE(6,2)
2 FORMAT (1ML}
WRITE(6,T)
3 FOPMAT(2H 4, X, 5HR({KM) ,10x,1 2HELECTRONS/CCY/) B |
DC 20 X=1,KMAX !
WRITE(6,4) HGT (X),ED(K) R
20 COMTINU
4 FORMAT(F11.3,10X,€13.5)
RETURN
END

e

SUBRAUTINE GEOTOM(LTL YHG,COSTHG, SINPHG ,COSPNG)




COMMON/COORD/THTGyPHG, THTMPHN
A=COSPHG*SINTHL

B2SINPHGESING. €
COSTM=0,0714822%0~0,18€1278%*A¢0.97972¥CASTHG
SINTM=SIRT (1,0-CCSTM*CQSTH) °
IF(COSTM,LT.0.0) GO TO 5

THTM=ATAN{SINTM/COSTM) #57,29578

GO TO &

THTM=ATAN(SINTM/COSTM) #57,29578+ 140, 4

SINPM=(11,93358%4¢0,35927%3)/SINTY :
CUISPM=(0.3511739%4-9,914237%3-0,19937%CCOSTHG) /SINTHM
IF(LO0SPY,LY.0.0) GO TO 6

PHM=ATAN (SINPM/COSPM)I*57,23574

GO Ta 7

PHM=z ATAN (SINFM/COSPM)Y*57,295734+180.9

IF(PHM LT 040) PHM=PHM+360,U

REYURM

END

£\

~N

EOF

SUBROUTINE SETPOT{RUDR,COEF)
EXTENDED ADDR
IF(COEF.FO.1.u000) COEF=0.9998
IF(CCEF.EQ-0.0000) COCF=0,0002
ITRY =19
2 1TPY=TTRY+1
IF(ITRY.GT.3)06OT 0L
CALL QSTPTO(2,ADCR,COFF,TERR)
IF(TERR.FQ.1) PETURN
IF(IERRLED.2) WRITE(6,20) ADOR
IF (IERR,.EQ.2) PAUSt
IF (IFRR.EQ.3) WRITH(H,30) ADDR
IF (IERR.ENL3) PAUSE
IF (IERR,EQ.u) WRITF(5,40) ADDR
I7 (IERR.EN. &) PAUSE
IF(IERRLECL5)0OTCE
RETURN
4 WRITE(H,50)ACDR

IF (IERRLEQ.5) PAUSE

20 FOPMAT({17H INVALIC AOUIRCSS ,A4)

30 FORMAY(16H CCEFF OVERFLOW ,A4)

40 FORMAT (21H CCNSOLE DISTONNECTER)

50 FORMAT (14M NULL FATLURY ,Ab)
RETURN
END

SURROUTINE MAGTOL(SINTHY,COSTHM, SINPHY,COSPHM)
COMMON/CONRD/ZTHTSG ,PHG, THTM ,PHM
AsSINTHMECOSPHY
BSINTHAPS INFHM
COSTG=29.97992%CCSTHM~-0,19937%A
SINTG=SIRT (1,0-CCSTe®TCSTG)
IFICOSTS.LT.0.0) GO TO 16
THYGSATANISINYC/E0STG)957,29%/8
co T
1% THTG:ATANCSINIG/COSTIG)*57,29578+180.0
1h SINPGZ(~0.91648337%A40. ISAY7*A-0,1861278°COSTHNI/ZSINTG .
COSPG= (0,350 1739%A¢0.9336R%:500,0716822%COSTHH) /SINTC
IFLCC3PL.AT.0.0) 0 TO 1€
PHG=ATAN(SINPG/ZCCSPLI®SY (29578
60 10 %7
16 PHGIATAN(SINPGL/CCSPLI®ST,29571 80 .0
17 IFIPHNG LT 0.0 PHOEPAGEIRND,D
Rt YURH

98




by

ARREIIREO N

SRRl LS S L TR

g Qe

' B

APPENDIX II B

IIB1, PROCEDURE FOR RUNNING THE RAY TRACING PROGRAM (I)

i) Load main program plus subroutines and data into the hopper.

i1) Type $GO on the console typewriter,

Sequence of events

a) Program plus'data will be read in,

b) After reading data, the electron density profile
used will be printed plus the target and trans-
mitter paramet=ers.

¢) Next the run number will be printed witih the
initial cornditions which specify an ordinary
or an extraordiwiry ray.

d) Tiis should be followed by the IC mode of the
analog computer and the console typewriter
output message: "BLIP FSW 1012 FOR IC PRINT...
PRESS FLAG 8". This will be followed by a
PAUSE .

iii) Release the PAUSE, There are two courses of action which

could follow:

a) 1f FSW 1012 was "blipped" an IC print will follow
anding with a PAUSE, Releasing this PAUSE will
cause the typewriter tc type, '"PRESS FLAG 8 TC
CONTINUE",

b) If FSW 1012 was not "blipped" the typawriter will
immediateiy t,pe, '"PKESS FIAG 8 TO CONTINUE"
after releasing the PAUSE of step 11}d,

) Either (a) or (b) of this section is followed by
a PAUSE,

¥
A
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iv) Again release the PAUSE,

v)

vi)

vii)

viii)

100

Sequence of events

a) Once the tolerange on PHI is satisfied, i,e, the
end of one run, the anslog computer will be placed
into HOLD.

b) The line printer will write the headers for
"I, ALPHA, BETA, H, THD, PHID" followed by their
values at the end of the run.

¢) Next the IC potentiometers will be set (H, PHID,
THD), the analog computer will go to IC and the
typewriter message of step i1i)d will be repeated.
Also, as a verification of the next 5, O pair
their modified values will be printed on the line

printer,

From this point steps ii)d rhrough iv) are repeated until

convergence criteria are met,

When the ray is the optimum one within the constraints, the
typewriter output is "THIS IS THE OPTIMUM RAY PATH". A
PAUSE will follow.

Release the PAUSE and repeat steps ii)d through iv) for

this ray. (We are repeating the optimum ray for time

history storage.)

a) At the end of this ray path the typewriter message
1s, "SET SLO FOR TIME HOSTORY PRINT" foliowed by a
PAUSE . *

Set FSW 1012 and release the PAUSE,

a) Time history printout will follow,

b) Typewriter message at conclusion of print is,
"TIME HISTORY PRINTED RESET SLO". (The last

message is to ensure that th: switch is not

left in the set position for the next run.)




&
%
%
£
o
3
3
:

This is conclusion of one run for a given electron density

profile,

To load new electron density data, replace the old

electron density profile with a new one in the data deck.
The end of electron density data signal (H = 2000) must

be retained.

Since line zero (SLO) is FSW 1012,




I1B2, CHANGES TO ANALOG BOARD REQUIRED
TO CONVERT FROM AUTOMATIC
TO MANUAL RAY TRACING

Amp 210 goes directly into trunk line 330 for the manual
case., In the automatic case amp 414 goes into trunk 330 and amp

210's output into trumk 330 is removed,

For the automatic case, the output of amp #l4 should innut

comparator #¢¢.

For the manual case, the output of amp 812 should input

comparator #00.
For both cases the timer in the 8400 should be set st 10 ysec.
Other than the above there is no change to the analog board. The

static test program is applicable to both cases. Essentially all

that is done by the above is to remove the H optimum circuit.

The pots will be set by the static test program but it doesn't make

any difference since amp 210 bypasses the optimum circuit.
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IIB3.

Sensge Line

*1
*2

*6
*7

MANUAL RAY TRACE
PHASE 1I
SWITCH AND SENSE LINE
ASSIGNMENT

F. Switch

1012

1211(1)

1053 (0)

1013

Not Used

T.ot Used

oP

IC

411

(For X-Y Plotter)

*Asterisks denote hard wired sence lines,

G

Function

IC Printout Check
P = £{Pr, Pp, u)
Py = £(Pr, P§, )

New Run

Hold Simulated

IC Simulated

L-Alt, C-Phase Path
R-Group Path

et tida el . —




I1IB4. PROCEDURE II
(ORIGINAL MANUAL RAY TRACING)

i) Place deck (Main plus subroutines) in the hopper

ii1) $GO on console typewriter

Seqﬁence of Events

a) Program plus data will be read in

b) After reading data (see data deck org)
W 1) The electron density profile will be output
on the line printer
2) The IC pots (C310, C701, C910) will be set

3) The analog computer will go to the I.C, mode |

iii) To make sure the program has been loaded properly, blip
function switch 1012, This will give you an IC printout
followed by a Fortran pause (Flag 8 high). Release the
pause, more printout will insue with a second pause.

Release the second pause.

iv) Go to the analog console and manually place the analog
computer in the operate mode, The ray will run and the

analog computer will hold ot the distance 607 KM, i.e,

is distance from Greenbelt, MD. to AFCRL, Bedford, Mass,
If at this point a printout is desired follow the stens in
iii  After this place the analog computer into IC. This
. is the end of one ray.

v) To reinitialize the progrum for another ray (i.e. increase

alpha) Flip function switch 1013, to the left. The new data

cards will be read, their values printed, the pots set and the
analog will go to IC. From here repeat step iv). Yo




IIBS.

Data is read into the computer at the beginning of each run.

Initial conditions for each run are centained on three cards

DATA DECK ORGANIZATION

as indicated below:

CARD (1):

CARD (2):

CARD (3):

.RUN (I8)

IWN is the run number. It is fixed point and

can be up to eight digits in length.

H, THQ, PHIC, ALPHA, BETA {5F15.7)

The initial value of Height, Theta, Phi,
Alpha and Beta are on card 2 in floating
point form. They can be defined with up
to seven decimal places.

SIGN, FKC (2F15.7)
SIGN indicates the type of ray. For an
ORDINARY ray, SIGN = 1.0

For an EXTRAORDINARY ray, SIGN =-1.0.
FKC is the frequency of the ray in kilohertz.

et adede o A
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IT1.1.0 INTRODUCTION

A nuclear emulsion is a material which records, photographically, the tracks

of charged particles. An ionizing particle, one with suificient energy, on

encountering a crystal of nuclear emulsion renders if developable. After
development and further processing, the paths of charged particles that
penetrated the emulsion are visible through a microscope as trails of minute

grains. This trail of grains represents a three-dimensional imuge of the

charged particle's path.

Emulsions provide the means with which interactions between charged parti-

The major application of nuclear emulsion is in experimental physics. 4
i
cles may be observed. 1

The instrument used for anslyzing the behavior of tracks in emulsions is
the microscope. The path of a high energy particle through an emulsion is
presently scanred by human scanners using microscopes. This scanning

process, as performed by humans is tedious and subject to errors caused

by fatigue of the human scanner.

This repourt describes the concepts developed for a track tracing system
and their embodiement within an optically scaled breadboari mcdel for
automating the scarning and analysis of nuclear emulsions. The results

obtained with this breadboard model established the credence of these W

concepts. A
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I11.2.0 REQUIREMENTS OF AN AUTOMATED SCANNING SYSTEM

Any system for automating the scanning process for nuclear emulsions

must coordinate and integrate the following tasks:

a)

b)

c)

d)

e)

£)

Search the emulsion for track entries;

Determine whether the entry point is isolated or part

of a track;

Determine directional properties of tracks emanating
from an ertry point;

Trace along tracks until a termination or vertex is
encountered. A vertex is defined as a point aiong a
track where splitting occurs; this also includes
degenerate splitting, i.e. ro splits at all.

Determine whether a termination along a track is either
an end point of the track or a vertex; if a vertex is
detected, the emanating tracks must be classified accord-
ing to their directional properties for subsequent track
tracing;

Organize detected entry points, tracks, vertices, and
terminations in a storage format which enables the
assemblage of several frames. Nuclear emulsions are
generally stacked in frames, frames are eramined indi-
vidually, so that the information retrieved from a frame
must be coordinated with information retrieved from

upper and lower frames.
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Figure (I1I-1) depicts a conceptucl block diagram of the optically scaled

breadboard model.

DATA
RETRIEVAL ENTRY
OPTICAL OPTICAL sraRies e FINTS | svoRanE
SYSTEM SENSOR 3YSTEM VERTICES MEDIUM
CONTROL TERMIN ~
- ATING
TRACKS,
EXITS

CONTROL CHANNELS

110

FIGURE (III-1). CONCEPTUALIZATION OF TRACK TRACING

The optical system comprises the collection of lenses which project real
images of events, from the nuclear emulsion onto the face of an optical
sensor. These images must represent with minimal distortion, the real
events within the emulsion. The breadboard model used a simple Cooke

triplet with 1:1 magnification and a .375 inch depth of focus.

The optical sensor produces electronic signals from images, projected

onto its face, of events or segments of events within the nuclear emulsion.
These electronic signals represent *the observed measurements taken from
the nuclear emulsion -- figuratively, it is the “eyve" of the track tracing
system. Our breadboard simulation used an electrostatically focused

vidicon as the optical sensor.




The means for controlling the relative movement of the frame with respect
to the optical system and sensor as well as for movement along an optical
axis (i.e. an axis along which optical properties are varied for depth

perception) was accomplished by servomechanisms.

A hybrid computer was selected as the medium for implementing the bread-
board model of the system because it combined continuous and sequential
operations along with storage of data -- preciscly the requirements of

an emulsion scanning system.

The analog sections provide for the generation of scanning regimes, dezta

retrieval from the vidicon, and generation of control functions for the

servomechanisms.

The digital section serves as an executive to coordinate the scanning
tasks, to provide for information retrieval, and its transformation to
a data base compatible with the assemhlage of data from the many frames

of a stack.

The implementation for the tasks listed at the beginning of this section,
were combined within our opticallv-scaled breadboard model {:r a nuclear
emulsion track tracing s, .tem. The remainder of this repert treats the
scanning concepts applied to this model and their implementatior and the
tmplementation of a data base for the assemblage ot data from frames of

a stack.




II7.3.0 CHARACTERISTICS OF THE OPTICALLY SCALED BRr:ADBOARD MODEL

During the early phase of this study nuaerous track following and vertex
analysis procedures were studied by EAI in an effort tou select methods |
suitable for the analysis of nuclear emulsion stacks by hybrid computer --
vidicon sensor éystems. The procedures ultimately selected and inco:-
porated in the logic of software programs subsequently developed are

!
based upon a ‘'vertex-to-vertex' philosophy, administrative control of 1
which resiles in a FORTRAN IV main program. Three basic scaaning modes

are incorporated. They are:

Edge Scamning

For purposes of tiis stud), an edge was detined as the physical

boundary of the fiame. Track intersecrions with an edge are

located by optically scanning a rect: ‘gular grid imposed over

the edge surface.

Vertex Analysis

Vertices thought t ist at a noint =re analyzel bv optically

constructing a thin spherical she'! about the point in question.

Conf:rmation of tracks suggested by 'blobs' encountered within

R,

the snherical sheil itself is accomplished by scanning along a

line connecting such blobs with the central point.

Track Following

A track is followed from a startiag point with an initial

direction by scanning along three directions -- the initis:

B
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direction and two adjacent ones -- selecting as a valid direc-
tion that angle for which a maxinum optical length occurs.
This length and angle determine the next position along the

track.

The administr:tive control of the scenning procedures, recording of data
and its correlation from a stack, contisting of an arbitrary number of

frames, is accomplished by the main prtgram.

IIT1.4.0 THE "VERTEX-TO-VERTEX" PHILOSO’HY

An event, as observed in nuclear emulsions, is a collection of verticles
and links. These links, in general, are curved lines as opposed to
straight iines, so that a characterization of an event should include
vertices and links, coupled with a measure of curvature for the links

connecting the vertices.

The events, based on the characterization above, can be recorded in a
compact form which utilizes the vertex locations and their multiplicity
along with the directional properties of the links connecting the

vertices.

This characterization ther defines sequences within the track tracing

process, namely:

1) Detectiun of track entries -- treated as vertices,
2) The directional properties of links emapating from a vertex. The

number of emanating links is termed the mulviplicity of the vertex.
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3) The tracing of links emanating from one vertex to another vertex,

which may have multiplicity zero (a termirnation point, or a
multiplicity of two or greater (a splitting of the track indicating

disintegration phenomené).

These regimes were incorporated into tﬁe software for the optically scaled
breadboard model. The administrati-e control for coordinating the inter-
action of these regimes resides within the main program. These regimes
collectively comprise what we term the "vertex-to-vertex" bhilosophy of

the breadboard model.
I11.5,0 THE VIDICON-OPTICS SUBSYSTEM

The vidicon is a photoconductive device which generu<es electrical current
proportional tc the light intensity incident on its face -- - photoconduc-
tive layer of phosphor. An image projected into the face of the vidicon
can be transmitted electrically by exploring tne face in a systematic
manner and transmitting at each instant the generated current. The result
of such a process is to produce a current that varies with time in accord-
ance with the light intensity of successive eiements of the image projected
into the vidicon's face. This process of exploring an image to obtain a
current that varies with time in accordance with the light intensity of

successive areus of the image is called scanning.

The scanning .f the vidicon®s face is accomplished by sweeping an electron
beam across the photoconductive layer of the vidicon's race by means of

electrostatic deflection voltages.




e it

Schematically, the vidicon face is representcd below

- —

Y OR
VERTICAL
DEFLECTION
VOLTAGE

N
7
X OR
HORIZONTAL
DEFLECTION
VOLTAGE

The deflection veltages control the position of the electron beam's point
of impact with the photoconductive layer. The current produced by the
phctoconductive layer is proportionei to the light intensity incident in

the layer at the point of impact for the electron beam.

The scanning mode used for the breadboard model vidicon s a radial scan

with a variable radius and variable angle. Schematically,

X AXIS
/ @:SCAN ANGLE




The angle a is measured relative to a horizontal axis. This scanning
procequre was realized by generating the x and y deflection voltages

in the form:

Xvolts = (R - Ry) cosy |

Yyolts = (R - Ry) sing

with R, voitage represer.ing the radius of the vidicon face, and R a

swept voltage varying from zero to 2R, every 2 milliseconds.

The analog implementation of this scanning procedure appears in

Figure (III-2).

=

FLIP-FLOP

compP,

| (= Ry )COBL

RESOLVER

, p— (A~ Ay ) SiNCr

FIGURE (I11-2). RADIAL SCAN VOLTAGE GENERATION
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The waveform of R produced bty the above oscillator is shown in Figure (III-3)

2Ryt

. l S 3 VS t(MILLISECONDS)

FIGURE (II1-3). WAVE SUPE G© THE RADIAL SCAN VOLTAGE

Information is retrieved during the rising slope of the radial vrltage,
on the descending slope the vidicon is blanked to reduce the average

current produced by the vidicon -- a protective measure.

The Vidicon Output

We consider the vidicon face to be a disk onto which images of segments

. Y-~
of events are projected, as shown below. AXIS

Establishing a coordinate axes system with an origin at the center of

the disk fixes a reference frame for projected images of events.

g
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For each scan angle, a, the vidicon scan of its face -- for the projected

image above -- produces a current proportional tn the intensity of 1light

incident on its face. Typical vidicon outputs are shown below:

(ilaz0

<

VIDICON
CURRENT

—

+Rvy

SCAN ENCOUNTERS A
/LINE OF THE EVENT

X |

BLANKED
REGION

e
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Ry CURRENT

X=~Rv

)
x

x=x* x=Ry
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H— REGION

X IS DIRECTLY PROPORTIONAL TO TIME

SCAN ENCOUNTERS A
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]

|
X=~Rv
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|
Y=
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Exarination of the above scan shows that when the scan encounters a dark
region, such as a portion of a line, the light intensity decreases causing
the current to drop to zero producing a pulse shaped output. The location
of these pulses relative to the origin of the established coordinates is

determined from the time at which the scan encountered the time segment.

[11.6.0  EDGE SCANNINC IN THE BREADBOARD MOPEL

Our study assumed that the stack of frames was shieldced from above and
below and that all observable events begin on the sides of the stack.
This assumption covers the largest class of expected events. These are,
however, events which are visible only within the interior of a stack,
e.g. non-interacting primary particles which decay within the stack and

produce interacting particles, that is, non-interacting particles are

not visible as tracks.

With this assumption that events begin on the edge of a frame in the
stack the track entry point 1s located by imposing a rectangular grid

of cells over the edge of a frame und determining which «eils have been




e-posed. That is, the entry point is not really a point bhut a region of
exposed grams cf emulsion -- & blob -- on the side of a frame. The

exposed region must be enclosed by a closed curve and its centroid used

as the point of entry of a track.

mig

Y [

£ X A = Xmax

FIGURE (III-4). THE BLOB CONFIGURATION ON THE EDGE OF A FRAME

Figure (IIT-4) depicts the edge of a frame with a rectangular gria imposed.

The rectanguiar grid is generated by the points:

X; = 1Ax i=0,1,2, ,N
z; = ilz i=0,1,2, M

: The zj noints refer to the plane of focus of the optical system with Az its

depth of focus. Ay correspcnds to the width of the electron beam. Ax is

the scan window for the vidicon facc, e.g., Ax = 2R, for a coarse grid,

Ax = K2R, K<l for a finer grid.

B e e




A blob is indicated by the darkened cells within the grid. Generally,

the blobs do not occupy cells in so orderly a manner, but for our

purposes this sketch does not impose any difficulties.

For the breadboard model, the track entries were represented as the

intersection of linc segments from events and the physical boundary of

the frame face.

Z=4Z

Z20Z

FIGURE (I1Ti-5). THE BREADBOARD MODEL IMPLEMENTATION OF A FRAME

Figure (111-5) depicts the implementation of a frume in the breadbeoard model.
Three levels of z were used -- due to limitations in physical size and
optical parameters of our components, Each level, or z-phase of a framc
comprised a view graph slide with events represented by thin strips of

tape.  Three dimensional trachs were represented by taping projestions

in each z-level.




The edge scanning proceeded by moving the frame reletive to the vidicon

optics assembly.

ARROWS INDICATE
DIRECTION OF
SCAN LINE

a=90°
E0GE 2

X mox

FIGURE (IIT1-6). THE EDGE SCAN TECHNIQUE

The rectangular shape in Figure (III-6) represents the physical boundaries
of a frame. The circles imposed along these edges represent positions of
the vidicon optics assembly relative to the frames edges. The edges of

the frame are numbered 1,2,3, and 4; respectively; for

X 2 0, 0<X<Xpay; X = Xpax, 0<y<Ymax; ¥ = Ymax» 0<X<Xpax; X = 0, O<y<ymax.

This edge scan program is illustrated by Figure (I1I-7)

Y
O —x
0 ooy Y + Zi
‘ Xy X2 Xy
F4 2 L3 8 \
LI LS Ll ¥ zz
X, Xz X3
3 4 9
 Ema e e 3

FIGURE {I11-7). ILLUSTRATION OF EDGE SCAN PRODEDURE
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The electron beam when scanned across the vidicon face with a=0 produces

a pulse on encountering the line segment.

////,»———-——pulse indicating intersection of the
VIDICON _____

e

CURRENT scanning beam with the projected image

l of the line segment.

The time of occurrence of this pulse, relative to the start, determines
the coordinate of this cntry point in the reference frame of the vidicon

face. Upon detection of an entry point, the main program proceeds to a

vertex analysis. The vertex analysis determines whetaer or not tracks
i cmanate ftrom the point and if so, their number and respective direction

angles.

[I1.7.0  VERTEX ANALYSIS IN THE BREADBOARD MODEL

Once a vertex, such as a track entry point, is detected, the vertex is

analyzed, or processed, to identify emanating lines.

The process begins by positioning the center of the vidicon optics assembly

over the vertex point.
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Assuming an origin 0(x=0, y=0, z=0), the first cell scanned is cell 1
(z3, 0<x<xy), if a track entry is detected, we proceed to a vertex
analysis of the entry point, if not, we scan cell 2(z7,0<x<x;) by moving
the vidicon ontics assembly along the z axis, if no track entiies are
detected we scan cell 3(23,0:;§;1), again if no track entry appe-rs we
scan cell 4(z3,x}<x<Xx;) by moving the vidicon assembly to a new starting
position along the frame edge (x=xj), and proceed to scan, provided no

entries are detected, cells 5,6,..., etc.

Detection of an Entry Point

An entry print i; defined as the intersection of the frame boundary and
a line segment of au event. As we scan alony the edge of a frame, as

shown above, images are projected onto the vidicon face.

,__LINE SEGMENT
7" FROM EVENT

The first position,of the assembly, circle 1, will not have a line segment

projected onto its face. The second position, circle 2, of the assembly

will have the image of the line segment projectecd onto its face.

as0

- IR e




An imagc of the vertex point and its ne:ghboring area is projected onto the
face of the vidicon optics ussembly. The vidicon face is scanned for suc-

cessive o scan angles, for each such scan angles, for each such scan angle,
an integral derived from the vidi~on signal is computer, referved to as the

Brightness Integral.

Vidicon [] ‘
Si 1 :
Hene ______,‘ L.J \__J t...n

Logic Signal
Derived From
The Vidicon

Signal AJ—I l[“ i ll

With a vidicon signal as shom above, a logic signal is derived by com-
parison against a threshold, during the data retrieval portion of the
radial scan. This logic signal controls the operate mode of an integrator
with constant input. So that the integrator value, at the end of a scan,
represents a measure of coincidence for the scan with a line segment

projected on the vidicon face.

If we graphically represent the resuits of this procedure, the brightness

integral as a function of & appears as:

Brightness
Intcgral

a| ﬂz

Scan Angle Alpha
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Peaks occur at the scan angles a; and ay along whi-h the projected image
has line segments. The brightness integral also serves to establish,

when compared against a threshold value, the existence of a line segment.
These peaks are detected by the main program -- at present the program

s ~avable of recognizing as many as five peaks -- but this can be extended

to include greater numbers.

Each of the detected line segments emanating from a vertex pcint is then
traced along its path until a new vertex -- either a termination, or a

splitting point -- aprears, at which time the vertex analysis proce.ure

is repeated.
IIT.8.0  TRACK TRACING ON THE BREADBOARD MODEL

The track tracing regime occurs after the disclosure of non-zero direction
angles for emanating tracks of a vertex. The track trace is initialized
with a vertex point and a direction angle. The track tracir~ continues

until a new vertex is encountered.

In the diagram below, A is the vertex point -- the starting point of the

track tracing process. O is the center of the vidicon.




The vidicon optics asseruly is positioned at the point O, computing the

assembly's coordinates as

X

+
v Xp RV COosa

Yy = Yp *t Ry sina

The heavy dashed line in the diagram represents the projected irage of a

line =segment emanating from the vertex of point A with directicn angle o

The vidicon scans from point A along the angle «. The corresponding
vidicon signal appears as a series of pulses, each pulse representing an

1

encounter of the electron beam with a dashed section of the line.

Vidicon
Signaf"‘"‘ﬂ”’“ﬂﬂﬂr‘f‘ f

—»  SCAN LENGTH

That scan length for whcih pulses no longer appear is recorded as the
maximum travel, Rscan s from point A along the direction angle « of
coincidence between the line segment and scan. For the case, shown in

the above figure, Rgoyn = 2Ry,

For each starving point of a known line segment, such as A, three suc-

cessive angular scans take place; o-Aa, o, a+ba with Aa an incremental change




in o (approximately 2 degrees). Ezch of these scans, starting at A, !
result in a maximum length Rscan(“)' That o for which Rscan(“) is
maximized is defined as tne corrected direction angle for the line

segment. This o is used to repesition the vidicon asse¢mbly on a new

starting point and the procedure repeated until a new vertex appears

- ceincidence of the track and scan no longer occurs.

A minimal measure of coincidence, or scan length defined as a threshold,

serves to detect the occurrence of a new vertex whenever coincidence

falls below th.: threshold value.

The repositioning is computer as

*
Ay = Xp * Rpax *cosapax

- * 1
Yv = Yp * Rpax *sinop,y

FIGURE (III-8) ‘

Figure (III-8) illustrates successive stages of this process for track

tracing an event from point A to point Ag.
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ITI.9.0 THE MAIN PROGRAM - COORDINATION OF Tut "CiNNING MODES

To demonstrate the data handling capability of the main program igital
simulations of the analog scanning mode for the system were constructed.
Utilizing tab card descriptions of the tracks, the program 1) Identifies
track entries through frame edges, 2) Traces events from vertex t:- vertex,
3) Assembles event related data requiring scanning of more than one frame,
and 4) Summarizes results of completed analysis and produces both card

and printed copy tabulations of all vertex coorcinates associated with

each event identified.

The program utilizes a single working tape and instructs an operator to
mount emulsien frames (card deck simulations) as called for by the logical

assembly of acquired data.

Presented below is a description of the operation of the iwain program.
ihe program will be described by following its operation cn a hypothetical

event which embodies most poscsible cemplexities.

For our hypothetical case we treat an event which covers three frames of
a stack. The event is represented below by its projections into each of
the three frames and by a composite view of projections for all three

frames.

The event, as sketched below represents a particle track entering t11 ~e 1,
at A. The track travels to B, a vertex of order 2, where a splitting occurs
forming two new tracks. One of these emanating tracks from the vertex at
B travels to D where it descends into the second frame. This track passes

threugh the second frame, D to E and descends to the third frame where it
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exits at edge 3, E to X;. The second emanating track from B travels to

C where it then descends into the second frame. In the second frame the
track travels from C to M, a vertex of order 2. Two new tracks are

formed. The first of these tracks travels to F where it then descends into
the third frome and exits at edge 2, F to X3. The second track leaving

M travels to G where it then ascends to frame 1 and exits at edge 3, G

to X2.

Flow diagrams detailing the operation of the program are shown in

Gigures (ITII1-9) through (II1I1-20}.

The main program begins with initialization of arrays and variables which
indicate the status of the tracing procedure. As our hypothetical event
is traced we will encounter these arrays and variables and, therefore,

defer their definitions.

The flow aiagram of Figure (I[1-9), illustrates the identification of a
frame (for cur first frame, FRAME=1}, the initialization of pertinent edge
scan arva;s, and variables, and a test for determining whether any interv-
frame tracks are to be considered in the frame under study. At this point
we have not as vet discovered any interframe transfers, so that we proceed

to test for completion of the stack edge scan, Figure {II1-10).

STKFLG and EDRGFLC are integer variables with two possible values -- 1 and 0.

SiKFLG=1 signifies that the edge ccanning of ali frames in the stack is
incomplete, while STKFLG=0 signifies completion. EDGFLG=1 signifies edge
scanning of frame sclections in normal frame number sequence. EDGFLG=9

signifies that the nermal edge scanning of a frame selection is interrupted

due to an excessive number of interframe track references.
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A starting point for the edge scan of the selected frame is defined --
iaitially we start at (0,0,0). The edge scanning routine is entered and
a possib’¢ trrck entry point is retrieved; namely, point A on edge 1 of

our hypothetical event, 1.e.

XO(I) = XA
YO(1) = YA
Z20(1) = Zp

This entry point is compared with the starting point (0,0,G). XatYptip=0,
implies a complete traversal of the frame edges and, therefore, a return

to the origin.

This ent y point ther serves as the starting point for suhsequent edge

scanning, so that we redefine XS, YS, and ZS accordingly,

XS = Xu
YS = YA
8 = ZA

In Figure (I1I-11), the entry point is compared against previously defined
cxit points -- il may happen that this entry point 1s actuatly an exit point
for a previously traced event. Initially the arrays XE, YE, and ZE are
defired with zero values so that the program flew proceeds to the track

entry confirmation procedure.

The distance from the origin, troveling along the edges of the frame, is

computed, 1.e.

P
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TEST FOR COMPLETED STACK EDGE SCANNING

STKFLG

EDCE SCANNING PROCEDURE

STARTING POINT GF EDGE SCAN

X0(2) = XS
YO{2) = YS
Z0(2)= 28

¢

RETRIEVE POSSIBLE
TRACK ENTRY POINT

X0(1), YO(1), 20(1)

!

TEST FOR COMPLETION OF
FRAME EDGE SCAN

XX = X0(1) + YO{1) + 20(1)

(o > (=)
l’>o

TRACK ENTRY DETECTED
INITIALIZE EDGE SCAN

XS = X0l1)
Y$ = YO(1)
Z8 = Z0(1)

|

(=

Figure (1II-10) Edge Scan Procedure
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COMPARE WITH
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Figure (III-11) Exit Comparison and Confirmation
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EDGES = X,, since the edge number equals one. 1

The entry point, cousidered a vertex, is analyzed to determine its
multiplicity or the number of emanating tracks, from A. The vertex
analysis is perfurmed by subroutine VERTEX. The arrays ALPHA, and
SINBT are returned to the main program; ALPHA contains direction angles
in the plane of the frame, SINBT contains the sine of departure angles
along the depth, or z axis, of the frame. The first non-zero ALPHA(1)
is recorded as an event, intially EVENTS=0, therefore, following Figure
(111-12), EVENT=1. ORDER is an array, initialized with zero values,
which contains the ordev -- the number of emanating tracks -- of a

designated vertex, i1.e. A is designated vertex 1.

Following along, Figure (III-13), the vertex A is stored in the array

COORDT. STAR is the integer variable denoting vertex numbers of an evert.

With STAR = 1, we have

COORDY(1,1) = XA o - V 1S ENCOUNTERED
* v HY THE TRACK OV.

COORDT(1,2) = ¥,

COORDT(1,3) = Zp \

AN

The order of the vertex, A, is determined by testiny th2 ALTHA array for
non-zero values which do not complemenl the oviginal t{rack entering A.
In generai, an interior vertex is encountered zlong a track, when determin-

ing its order the oviginal track should not contribute. For example, in

the sketch pelow.
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VERTEX ANALYSIS

* ANALYZE ENTRY VERTEX FOR
NON-ZERO DIRECTION ANGLES

* RETURN WITH ALPHA AND sinBT
ARRAYS, THE MAXIMUM NUMBER
OF TRACKS EMANATING FROM A
VERTEX IS SET AT NINE,

I=1+1

TRACK ENTRY
NOT CONFIRMED
CONTINVE WITH
EDGE SCANNING

FIGURE (I11I-12) - VERTEX ANAL 18

ALPHAT = 4n
SINBT = 2,

INCREMENT
750 EVENT IDENTIFI-
CATION COUNTER

EVENT = EVENTS
+1

START =0 J

ORDER(1) =0

DIGITAL DATA

800 ) sTORAGE
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DIGITAL DATA
STORAGE

STAR =1 "
XX = ORDER(I) |

COORDY (STAR,1) = X0
COORDT (STAR,2) = YO ;, ‘
COORDT (STAR,3) = 20 + (FRAME-1) » ZMAX

i

ALPHA(I)

<0

ORUDER (STAR) = ORDER (8TAR) +1

TEST FOR TRACKS WHICH COM- !
PLEMENT EACH OTHER WITHIN THE
ANGULAR RESOLUTION OF THE
|_”] SCAN. THOSE WHICH NO ARE
ASSUMED CONTINUATIONS OF THE
STARTING TRACK, PRIOR TO THE

VERTEX
NO, A NEW TRA
Y COMPLEMENT ce
?
COORDA (STAR,1,J) = ALPHA()}
COORDA (STAP,2.J) = SINSTII) B
Je a1 '

Figure (I11I-13} Digital Storage Format
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V is an interior vertex -- internal to the frame boundaries -- the order

of V is 2 not 3.

The order of vertex A is 1, since only one track leaves A. The values of

ALPHA(1) and SINBT(l) are stored in COORDA,

COORDA(1,1,1)

1

oA

COORDA(1,2,1)

#

singp

where ap and [j are respectively the planar direction and planar departure

angles for the track leaving A.

The first subscript in COORDA is the vertex number, STAR, the second
subscript designates either planar direction or departure, and the third

subscript identifies the amanating track, presently J=1.

In Figure (III-14), the vertex is examined for a point of exit, if it is
an exit point it is recorded in the arrays XE, YE, and ZE. The subscript
S represents a running count of exit points. The vertex, A, is then
tested for coincidence -- within a tolerance -- with the preceding vertex.
If coincidence occurs, the present vertex is identified as the preceding
one and any emanating tracks are added to its order. If coincidence docs
not occur, as is the present instance, a check is made for an interframe
transfer, i.e. a penetration into either an upper or lower frame. FRAME 1
is an array which lists the frames into which tracks penetrate from the

event, initially FRAME 1 is set to zero.




TEST THE VERTEX FOR A -
POINT OF EXIT

WO AN YES
EXIT

XE(S) = XO

YE(S) - YO

ZEI8) = 20
$=8+

]

COMPARE VERTEX AGAINST PREVIOUS VERTEX, (F
THEY ARE CLOSE WITHIN THE TOLERANCE OFf BLOS
DIAMETERS THEY ARE CONSIDERED COINCIDENT.

k]
A= Z [COORDT(STAR,J) —~ COORDT(STAR,J)) ?

i
4:1

A={ —~ TOLERANCE

}
SEPARATE VERTICES :

CHECK FOR
cOQ::éS:;lCE <0 INTERF IAME TRANSFER

-
[
-

ORDERISTAR) =~ ORDER{STAR) + 1

]
I =t

900 TIE3]
I
>0
<0 ¥ 100
= 100

Figure (1II-14) Test for Exit and Coincidencc
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If an interframe transfer does occur, it is catalogued in the arrays
FRAME 1, COORD 1, EVENT 1, STARNO, and the variable FRMTRN. In the

present case, an interframe transfer has not yet occurred.

The next step in the scanning process is an evaluation of the event
status, Fig. 5 (III-15) and (III-16). The status of an event is evaluated
by comparing the rumber of tracks traced from a vertex with its order. If
the numbe~ of tracks is less than the order of the vertex, this indicates

that the tracing of tracks emanating from the vertex is incomplete, and

therefore the remaining tracks are traced. The integer variable START
is an identifying number for a vertex with remaining tracks to be traced.
The integer variable COUNT maintains a running .adex for the number of

tracks emanating from the vertex.

For the hypothetical event,

START = 1

COUNT = 1

ALPHAT = COORDA(1,1,COUNT) = a,
SINBTT = COORDA(1,2,COUNT) = singy
X,@) =X,

Y (2) =Y,

2.(2) = 2,

The track leaving vertex A, identified by the value of COUNT, is traced.
This track is traced using the track following routine, starting at vertex
A with direction angles defined by ALPHAT, and SINBTT. The track is

foliowed until a vertex is reached, presently vertex B. An analysis of




DOES AN INTERFRAME
TRANSFER OCCUR?

m [ves

@ BELOW ABOVE ABOVE

el

FRAMEI{1}) = FRAME +1 FRAME!(!l) = FRAME — 1
COORDI{11,3) = 0 COORDIIL,3) =» ZMAX

COORDI{i1,1) = XO
COORDI{11,2) » YO
COORDI{I,4) = ALPHAT
COORDI(1,5} = SINBTT

EVENTI({1) = EVERT
STARNO(H) = STAR
FRMTRN » FRMTRN + 1

%o)

VIGHRE (111-15) ~ INTERFRAME TRANSUER STATUS
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R .

(=

COUNT = 0
Le1
1=1
K\\ >9
-1
<0 COUNT = 1
L=0
ORGER(I)
- =0 '
=t =141
{
STAROG()—i
%0
-0
Jede1
COUNT = COUNT + 1

COUNT
~ ORDER(I)

START ~|
COUNT = COUNT+L
ALPHAT =~ COORDA(1,1,COUNT)
SINBYT = COORDA(i,2,COUNT)
X0{2} = COORDT(), 1)
YO{2) = COORDT(1, 2
70{2) = COORDT(,3)

1000

Figure (iII-16) Event Scanning Status




TRACY FOL

1000 ) | owing

STARTING WITH VERTEX
CGORDINATES

X012i,Y0(2),20(2)
TRACK UNTIL A NEW VERTEX
{S REACHED. THE NEW VER-
TEX COORDINATES ARE

RETURNED TO THE MAIN PRO-
GRAM AS

X0(1),YO(1),20(1) ’

ANALYZE VERTEX

DETERMINE
ALPHA SINBT ARRAYS

R

FIGURE (I11-17) - TRACK FOLLOWING
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this vertex, B, results in the detection of three emanating tracks,

defined by:
ALPHA(1) = a5y SINBT(1) = sinBy;
ALPHA(2) = ap; SINBT(2) = singyy
ALPHA(3) = a3 SINBT(3) = sinBpg3 \

The third elements of the arrays represent the original track, and will

be eliminated during the test for complementation.

Returning to Figure (ITI-13), vertex B is designated as vertex 2, STAR=2,

and its coordinates are stored in the array COORDT.

COORDT(STAR,1) = X

B

Yg

ZB + (FRAME-1)*ZMAX

COORDT (STAR, 2

COORDT(STAR, 3)

"

The order of vertex B is deduced and stored as an element of the ORDER

array with subscript STAR. 2

ORDER (STAR) = 2

The third emanating track, from A, is eliminated during the test for com-

plementation and the COORDA array is computed.

COORDA (STAR,1,1) = ALPHA(1) = ap)
COORDA(STAR,2,1) = SINBT(1) = singy
- OORDA (STAR.1,2) = ALPHA(2) = aj;
{{OCRDA(STAR,2,2) = SINBT(2) = sing)?

Continuing with Figure (I111-14), vertex B is tested for a point of exic,

whican it isn't, and then for coincidence with vertex A. Vertices B and A



arz not coincident, the program then checks for an interframe transfer,
and returns to evaluate the event scanning status, Figure (III-15), .
Since vertex 1,A, had only one emanating track, which has already been
traced, the tracks emanating from vertex 2,B, will now be traced. The

first track to be tracad is defined for the track following routine by

START = 2
COUNT = 1
ALPHAT = COORDA(2,1,1) = ajpy

SINBTT = COORDA(2,2,1) = sinBy

X,(2) = COORDT(2,1) = Xg 1
Y,(2) = COORDT(2,2) = Y

Z9(2) = COORDT(2,3) = Z,

The first track leaving B is traced until the vertex at C is reached. ;

This new vertex is analyzed to determine its order and direction angles. 3

Tha coordinates of vertex C, vertex 3 (STAR=3), are stored in COORDT.

COOKDT(3,1) = x,
(COORDT(3,2) = y,.
COORDT(3,3) = z, + (FRAME-1)*zMAX

Tre order of C is 1, since C is a vartex due to the interframe transfer
(Frame 1 to Frame 2). The direction angles returned for tracks leaving
C complement the entering track direcil.u angles and accordingly, «re

deleted from the list in COORDA.
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The interframe transfer, at vertex C, is recognized, Figure (III-15),
: and recorded in the appropriate arrays, accordingly;

FRAME1(1} = FRAME+1 = 2

COORD1(1,3) = O

COCRD1(1,1) = X.

COORD1(1,2) = Z,

COORD1(1,4) = ap)

COORD1(1,5) = sinB,, p
An interframe event counter EVENT] i< listed with i

EVENT1(1) = EVENT = 1

i.e., the interframe event counter links the transfer to the event under

study. The vertex number of the event is recorded.

STARNO(1) = STAR = 3

The number of frame transfers is updated

FRMTRN = FRMTRN + 1 = 1

and the program returns to evaluate the scanning status of the event.

The evaluation of the event scanning status results in the tracing of the

second track leaving vertex B. This track is defined, for the track

following routine, by




START = 3

ALPHAT = COORDA(2,1,2) = a3

SINBT = COORDA(2,2,2) = sin8,,
X _(2) = Xy
Y (@) =Y,
Z(2) = 2,

The vertex at D is reached by the track following routine; it is then

analyzed and recorded as

ettt il

STAR = 4

COORDT(4,1) = X,

COORDT(4,2) = Y,

CUORDT(4,3) = Z(, +(FRAME-1)*2MAX

The order of D is determined as 1, an interframe transfer is recognized
(Frame 1 to Frame .) and recorded as :

FRAME1(2) = FRAME+l = 2

COORDI (2,3) = 0 Lo
COORD1(2,1) = %, g Ly
COORD1 (2,2) = Y ‘:'%
COORD1(2,4) = a2
COORDI (2,5) = siny, 'l

The interframe -ounter is listed with

EVENT1(2) = 1




and vertex number of D recorded with

STARNO(2) = STAR

1]
E-N

and the number of interframe transfers is updated
FRMTRN = ARMTRN+1 = 2
The program then returns to an evaluation of the event scanning status.

The evaluation of the event scanning status, since all tracks leaving all
vertices within FRAME 1 have been traced, results in the tape storage
of all retrieved data with an identifying tape record number. After

storing these results on tape, the arrays and variables

ORDER
CCORDT

COORDA
are initialized with zero values.

The program returns to the edge scanning mode and searches for further
track entries. For the hypothetical event under study, the exit point
in frare 1, Xy, is detected as an entry point -- although it is actually
a point of exit with respect to the convention established during the
tracing process. Accordingly, this entry point is treated as the start
of a new event. The results for this 'mew' event, i.e., STAR, COORDT,

., etc. are

]




N

EVENT = 2 the second event encountered

STAR = 1 designates the vertex X, . )
COORDT(1,1) x component of Xy

COORDT(1,2) y component of Xz

COORDT(1,3) z component of X,

The vertex X, undergoes analyses which results in the detection of a

track leaving XZ’ This track is then followed until it reaches the vertex !
at G, the interframe transfer from Frame 1 to Frame 2. The evaluation of
the scanning status for this 'new'" event recognizes that all tracks leaving

all vertices of Event 2 have been exhausted, the pertinent data for Event

i sl Dna

2 is stored on tape with an identifying record number and the program returns

to search for new track entries.

Since there are no further entries to be detected the program then selects

Frame 2 as the next frame to be investigated, Figures (III-18) and (TIi-19).

From Figure (1II-18), we sce that

FRAME = LSTFRM+1 = 2

)
LSTFRM = 2
4
EDGFLG = 1
4
Since the new frame number, 2, is less than the total number of frames, i J

Frame 2 will be mounted. With Frame 2 mounted and readied, the program
first investigates surface track entries, by examination of the interframe : g
list, and then searches for track entries of new events originating on

the edges of Frame 2.

LA
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EDGE SCANNING PHASE
FRAME SELECTION

>175

FRAME = LSTFRM + 1 =0
LSTFRM = FRAME..
EDGFLG = 1 ‘
4
LSTFRM = FRAME {
EDGFLG = 3

> NFRAME

LSTS-’.FLG =0 l
=0 #*0
- FRMTRN

FRAME SELECTION
FROM INTERFRAME LIST

FICURE (111-18) - EDCE SCANNIN. PHASE 0! FRAME
SELECTINN




MAX = 0
J=1

COUNT =0
=1

—f"—é‘mum L
=141
= J -‘T—-—

COUNT = COUNT +1 J=J+1

J\< 100
|
=100

< MAX

> MAX

MAX = COUNT
FRAME = J

{J < NFRAME

= NFRAME
FRAME MOUNTING
AND IDENTIFICATION

FIGURE (TT1-19) - FRAME SELECTION FROV INTERFRAME
LIST

i
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kefore continuing with the trace of the program for our hypothetical

.event, pertinent information from Frame 1 is summarized in the table

Interframe List:

below.
Event 1
VERTEX NO. VERTEX

1 A

2 B

3 C

4 D
Event 2

1 X5

2 G

ORDER

1

3

1

1

Entries into Frame

CHARACTERISTI(

Entry point
Internal Vertex
Interframe Transfer

interframe Transfer

Erntry Point

Interframe Transfer

2 from Frame 1

EVENT. |

FRFAME1 (1) =
COORDI(1,1)
COORD1(1,2)
COGRD1(1,3)

COORD1(1,4)

"

i

COORD1(1,5)=sin. 7

EVENT1 (1)

STARNO (1)

FRAME1 (2)

EVENT1(2)

STARNO(2)

COORD1 (2,1)
COORD1 (2,2)
COORD1 (2,3)
COORD1 (2,4)

COORD1(2,5)=

"

it

EVENT 2
FRAMEL(1) = 1
COORD1(1,1) = Xg
COORD1(1,2) = Yg
COORD1(1,3) = 0
agy COORDI(1,4) = ag

sinB22 COORD1(1,S)=sinfg;

EVENT1 (3) = 2

STARNO (1)

1

FRMTRN = 1
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In Figure (111-9), Frame 2 is identified and those variables pertinent i
to the edge scanning moae are initialized. The interframe transfer

list is examined with the program recognizing the existence of surface

track entries. :

The frame surface track entries are identified, Figure (II1-20), and

recorded as,

Il = 1 !
EVENT = EVENTL(1) = 1 |
Xg = COORDL(I1,1) = X |
Yo = COORD1(I1,2) = Y l
Zg = COORD1(I1,3) = Z, |
ALPHAT = COORD1(I1,4) = ap; |
SINBIT = COORDI (I1,4) = singp)

The interframe reference is then deleted, so that only those references
that remain are to be censidered during any further investigations of

surface track entries, accordingly;

FRAMEI(I1) = 0

FRMTRN = 1

The analysis of the vertex at C, Frame 2, results in the detection of a

track leaving C. The result of the analvsis is summarized by

ALPHA(1)

I
[}
D

ot

SINBTI]) = Sin521

ALPHA(1) =

i
(=]
-
—
v
o

SINBT(i) = 0, 1>1

-3
1




( ~ FRAME SURFACE
1700 ) TRACK ENTRY IDENTIFICATION

EVENT = EVENTI(}1)
START = STARNO!I1) g
X0 = COORDI(11,1)
YO = COORDI(I1,2)
20 = COORDI{I1,3)
X0(2) = X0
YO(2) = YO , .
Zo(2) = 20
ALPHAT = COORDI{1{,4)
SINBTT = COORDI(11,5) i
FRAMEHI1) =0
FRMTRN = FRMTRN-~1

ANALYZE THE VERTEX ON
=1 THE FRAMES SURFACE

|
\\ >0
ALPHA(I)

ORGER(START) = ORDER(START) +1

L.=.+1

FRAME SURFACE EVENT SCANNING
ENTRY PREDICTION STATUS

PhEmportr 2y PRACE CEREACH TRACN PNIREES
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The non-zero value, ALPHA(

is computed as

ORDER(3) = ORDER

Continuing in Figure (III-

with a STAR value

STAR = 1

and its coordinates stored

COORDT (STAR, 1)

CGOCRDT (STAR,2)

COORDT (STAR, 3)

The tracks leaving C are t

1), indicates that the order of vertex C

(START) = 2

13), the vertex number of C is designated

in the COORDT array

XO = XC
Ypn = YC
Zo + (FRAME-1)*ZMAX

ested for complementation, resulting with

ORDER(1) = 1
COORDA(1,1,1) = ATPHA(1) = ap
COORDA (1,2,1) = SINBT(1) = singy

C is tested as a possible
test is passed through and

evaluation yields

START = 1
COUNT = 1
ALPHA+ = COORDA(

SINBTT = COONDA(

exit point, which it isn't; the interframe

the scanning status is evaluated. The

1,1,COUNT) = aj)

1,2,COUNT) = sinByy




for the track leaving C, in the surface of Frame 2, and this track is

traced by the track following routine.

is analyzed and three tracks leaving M are detected.

ALPHA(1) = oy
ALPHA(2) = aypp

SINBT(1)
SINBT(2)

SINBT(3)

"

1

sinBy
sinByp

sinBy2

The new vertex is listed, designating the vertex with

recording its coordinates.

STAR = 2

CCORDT(STAR,1)

COORDT (STAR,2)

COOKDT{STAR, 3)

The vertex at M is reached; it

a STAR value, and

The third track, defined by uy3 and sinfy3, is eliminated from consider-

ation since it is the complement for the original track entering M.

Accordingly,

COORDA (STAR,1,1)
COORDA(STAK, 2,1}
COORDA (5TAR,1,2)
COORDA (STAR, 2,2)

ORDER(2) = 3

These tracks are evaluated by the program for their scanring status.

The evaluated status dictates that the two tracks leaving M are followed




until the vertices, F and G, are reached. They are each identified,

respectively with

STAR = 3, F
COORDT (STAR, 1) = Yp ‘
CCORDT(STAR,2) = Yj
COORDT(STAR,3) = Zp
and ?

E

!
STAR = 4, G | ]
COORDT (STAR,1) = X *
COORDT(STAR,2) = Yg 1
COORDT (STAR, 3) = Zg |

Vertex F is recognized as a point of penetration for the track descending
Frame 2 into Frame 3, and is subsequently recorded in the interframe

transfer lists,

FRAME1(1) = FRAME+l = 2
COORD1(1,3) = 0
COORD1 (1,1) = Xg
COORD1 (1,2) = Y

COORD1 (1,4)

1]
=]
-
—

COCRD1(1,5) =

1
1
[
=
oW

n
-

EVENT1(1)

n
fu—

STARNO(1)

4]
(7]

FRMTRN = 2 Iy
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Similarly, vertex G is recognized as a penetration point for the track
ascending Frame 2 and into Frame 1, and is recorded in the interframe

lists.

FRAME1(2) = FRAME-1 =1

COORD1 (2,3) = ZMAX

COORD1 (2,1) = Xg
COORD1(2,2) = Yg

COORD1 (2,4) = O’Gl

COORD1 (2,5) = sinBg;
EVENT1(2) = 1
STARNO(1) = 4
FRMTRN = 3

After exhausting the tracing of event segments from Event 1, that event
which entered Frame 2 through its surface, the program then proceeds to

search feor track entries along its edges, no further entries appear.

Following the edge search procedure for Frame 2, the third frame is then
mounted for investigation. The track entries into the surface of Frame 3,
vertices F and G, are treated, resulting in the detection of two tracks --
a track leaving F and exiting the edge at X; and a track leaving G and

exiting at the edge at X,.

The program then searches along the edge of Frame 3 where no ncw track
entrics are detected, however the zxit points X; and Xy were detected

but only to be eliminated when compared against the list of exit points.
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The program then examines all the data and recognizes that Events 1 and 2
are both one of the same, that is Event 2 designated the track which left .
the entry point X, and penetrated into the second frame. The program

recognizes that this entry point X, is actually an exit point for Event 1.
II1.10.0 CONCLUSIONS

The study demonstrated the viability of the conceptualization for a vidicon-

optics hybrid computer system for a nuclear emulsive track tracer. Major
emphasis, during the study, was placed on investigating scanning concepts,
data assemblage, and their coordinated interaction in a realization of an

automated system. ; i

In order to accomplish the study's cbjectives -- {emonstrating feasibility
of vidicon-optics scanning concepts and data assemblage for particle track
events -- an optically scaled breadboard model was constructed. This model,
though crude, provided the means with which to evaluate, experimentally, the |

realizations for the concepts developed during the course of this study.

These experiments verificd the success of the conceptual scanning regimes --
edge scanning, vertex analysis, and track following -- but of most importance
they provided insight relevant to the hardware requirements for achieving

any useful implementation of an automated track scanning system.

It is necessary to point out that the degree of resolution for any automated
track scanner rests aimost entirely with its hardware. Software can only

treat the data produced by hardware, mathematical inference can, of course,
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refine this data; but the ultimate bound or resolution is clearly limited
by the hardware's performance. Our comments below relate to criteria for

hardware selection.

The three major hardware aspects are the optical sensor, the optical sub-

system, and the mechanical sub-system.

|
|
|

Present day optical sensors, e.g. vidicouns, flying spot scanners, etc.,
have the capabilities to offer solutions of the o:der of 500 lines per
inch and greater. Each of these sensors should be considered for speed

of scanning and resolution.

The optical subsystem -- the collection of lenses which project real images
of events onto the face ¢f an optical sensor -- must be capable of provid-
ing variable magnifications with minimal distortion and variable depths
of focus. These capabilities would provide faster track following, and

greater resolutions in determing depth departure angles.

The mechanical subsyvstem relates to the mechanisms for controlling the

motion of a two degree of freedom stage and motion along the z-axis --

the relative motion of the optical subsystem and sensor to the nuclear
emulsion under investigation. The requirements for this system are

quite severe; it must be capable of resolutions, in its movements, to
the order of microns coupled with fast response times. These required
resolutions imply that great care must be tuken to mechanically shieid

the system against external distrubrances.



It is recommended that each of these three subsystems be evaluated in
light of present day technology -- reviewing existing devices and systems -- ‘

including considerations for their interdependence with a system.

The software developed during this study is applicable with minor modi-
fications to almost any realization of an automatic track scanning system.
The ''vertex-to-vertex' philosophy remains not only valid but appears to be

a most efficient scheme for correlating the vast amounts of event data.

Most modifications to the present software are envisioned in the fomm of

hardware interface routines and editing programs which inject the princi-

ples of physics into evaluations of the data.




