| g |
1 O
- .o
W coPY NO. . °
, Do o=
“_ n TECHNICAL REPOR‘I? 1287
! _
YEAR - ROUND VISIEILITY LIMITS
E FCF
SCHEDULING YA'"* SONDE FIRINGS
3 L. SGERHARD
~+ARCH 1972
APPROVED FQR Pt EASE; DISTRIBUTION UNLIMITED.
=N O
S £ TP
r) L N
E:{ ‘II Wiy . |\‘ ‘
{ “'\.\ AvL BB B M
o DTEhNie S SRR
. l TION SERVICE UUL&;‘\; ol U L
L eld Va 2215 L, -
PIC - NNY ARSENAL
I % NEW JERSEY 47




The findings in this report are ant tv e construed
as an official Department of the Army position.

DISPOSITION

Destroy this report when no longer needed. Dc not
return it to the originator.




™

UNCLASSIFIED
) ‘ Secusty Classificstion

e et . - - e ———— e - —

DOCUMENY CORTROL DATA-R& D

(Security classitication of titie, body of ab and indexing fom must be d wiren the overall repsrt Is classified)

1. ORIGINATING ACTIVITY (Corpreate author) 28, REPORT SECURITY CLASHFICATION

UNCLASSIFIED

Picatinny Arsenal, Dover, New Jersey 078C1 Iﬁ crour

3. REFORT TITLE

YZAR-ROUND VISIBILITY LIMITS FOR SCHEDULING YAW SONDE FIRINGS

4. DESCRIE TIVE ~CTES (Type of raport and lnclusive datos)

$. AUTHOR(S) (Firet aame, viddle initial, Jast name)

S. L. Gerhard

I REPORT DATZ 78. TOTAL NO. OF PAGES 7b. NO. OF REFS
46 17
®6. CONTRACT OR GRANT NO.. %a. ORIGINATOR'S REPORT NUMBER(S)
5. PROJACT NO. Technical Report 4287
e. AMCMS Code 819.16.2222.6 5. OTHER REPORT NO(S) (Any othes numiere hat may be sesigned
this report)
4

10. DISTRIBUTION STATEMENT

P, -
i1- SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

’
H

135. ARSTRACY

site.

DD ,':.?"1 47 CRCOLETE POR ARy UGH. JAN 64, mHICH 10 UNCLASSIFIED

To study the rotational motion of prcjectiles in free flight, yaw sonde devices
are mounted in them to record the motion. Since these devices ase the sun's rays

to obtain a record, it is necessary to fire test rounds only at times when the sun is
in a favorable position. This revort describes a method for determining these timeg
for any giveu firing site. Yeer charts for three sites (NWC, China Lake, Califorma
Yuma Prov;ag Ground, Yuma, Arizona; and NASA, Wallops Island, Virginia) are
shown. From such charts, the most favorable firing times may be chosen for each
day in any given year. Range azimuth is the most important factor in determining
whether the yaw sonde will see the sun.! The nearly north-south range at China
Lake, California, is most favorable, allowing firings before 0830 hours and after
1430 nours all year long. The 2ast-west range at Yuma Proving Ground, Arizona,
ig least favorable aliowing firings only in three winter montha between 0900 and
1400 hours. Wallops Island, Virginia allows firings after 1300 hours from Septem -
ber to April. Out of the 07, 30°, 45° . and 60°quadrant elevations considered, the
60° quadrant elevation offers the most restricted opportunities for firing at every

T Hecurity Classification

T ARt S oy



e - e ———————— e o— ———— e e e

» _ oo o et oottt e A

Technical Report 4287

YEAR-ROUND VISIBILITY LIMITS #OR
SCHEDULING YAW SONDE FIR!'{S

by

S. L. Gerhard

MARCH 1972

Appiroved for public release; disiribution unlimited.

AMCMS Code 481C.16.2222,6

Engineering Sciences Division
Feltman Research Laboratory
Picatinny Arsendl
Dover, ¥. J.

asan 1 VARIAAAR OB o I e kAN




TABLE OF CONTENTS

..Asbstract
Notation
Introduction
Theory and F'rocedure
Limit Calct iations
Solar Grid - .alculations
Year Chart Display
Trajectory Heights at Different Terminal Slopes
Results
Discussion
Limit Line¢s
Site Paranieters
Year Char:s
How to Rend the Year Charts
Individusal Sites
Conclusions
Recommendiations
References
Appendices

A Alzebraic details of the solution for S'l and S

B Program Listings

3

Page No.

0 =W

12
13
13
14
15
15
16
16
16

17

24

26




S AIIIBITL A T

Tables

1 Geographic details of firing sites

2  Declination and solar meridian passage (LMT)
for each day of the year

3  The number of each day of the year

4  Heights at early cutoffs

Figures

1 Definition of unit sun vector and range azimuth

2 Solar grid for China Lake

3  Solar grid for Wallops Island

4  Solar grid for Yuma

5 Year chart for China Lake

6  Year chart for Wallops Island

7 Year chart for Yuma

10

12

18

19

20

21

22

23




el e

e T

- - R e nre < Lactathun i ndtiiani ek ST

ABSTRACT

To study the rotatior.al motion of projectiles in free flight, yaw
sonde devices are mounted in them to record the motion. Since these
devices use the sun's rays to obtain a record, it is necessary to fire
test rounds only at times when the sun is in a favorable position.

This report describes a method for determining these times for any
given firing site. Year charts for three sites (NWC, China Lake,
California, Yuma Proving Ground, Yuma, Arizona; and NASA, Wallops
Island, Virginia) are shown. From such charts, the most favorable
firing times may be chosen for each day in any given year. Range
azimuth is the most important factor in determining whether the yaw
sonde will see the sun. The nearly north-south range at China Lake,
California, is most favorable, allowing firings before 0830 hours and
after 1430 hours all year long., The east-west range at Yuma Prc ing
Ground, Arizona, is least favorable allowing firings only in three win-
ter months between 0900 and 1400 hours. Wallops Island, Virginia al-
lows firings after 1300 hours from September to April. Out of the 0,
30°, 45°, and 60°quadrant elevations considered, the 60° quadrant ele-
vation offers the most restricted opportunities for firing at every site.
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NOTATION
A Sun‘s azimuth
E Sun's elevation
D Sun's declination
L Latitude of firing site
24 Range azimuth
Q Quadrant ¢levation
S Unit sun vector
v Unit velocity vector
V‘ Angle between S and V
LHA, H Hour angle of sun
CVT Civil standard tiine
LMT wocal mean time
DLG Longitude correction on L}
MP Meridian passage at LM™T
v Initial (muzzle) velocity
X Horizontal coordinzte
y Vertical coordinate
g Acceleration due to gravity
r Horizontal range
h Height
y! dy/dx = slope
Sukscripts

1,2,3 On any vector denote its ¥, y, 2 components

X, Y, Z Coordinate axes in Figure 1




INTRODUCTION

One of the devices used to study the angular motion of projectiles
in free flight is the yaw sonde (Ref 1). Since these devices use the
sun's rays to obtain a record, test projectiles should be fired only
when the sun shines from a particular direction on the side of the pro-
jectile while in flight. To schedule yaw sonde firings, it is therefore
necessary to know in advance when the sun will be in a favorable po-
sition. The work described in this report was done to fulfiil this need
at three firing sites. A general method was devised for predicting

the sun's visibility at any given range (azimuth and latitude) on any
day of any year.

The computational techniques employed here are more compre-
hensive than those used previously. La Combe!'s technique (Ref 2)
was restricted to a single day in a certain year, based on Nautical
Almanac data for the date in question. The bagis for our new tech-
nique was furnished by Doan and Sandford (Ref 3) who showed that for
many practical applications, where an error of 1°in the sun's position
is acceptable, the year-to-year changes in the sun's position on a given
day are negligible. Doan and Sandford provide two sets of graphs the
combination of whichformsthe key-to the isolution of our. probiedns,m.

Two independent lines of computation are combined to obtain the
desired results. The first line uses the yaw sonde trajectory charac-
teristics to determine where the sun must be for yaw sonde record-
ings. The second line uses the chart devised on the basis of Reference
3 to tell when the sun will be in these desgired positions.

THEORY AND PROCEDURE

Limit Calculations

The purpose in this first line of computation is to locate the sun
when it is on the edge of the field of view of the yaw sonde at certain
stages in the flight of a projectile. The position of the sun is defined
by a unit vector S which is defined by two angles, A and E, represent-
ing azimuth and elevation, respectively, as Figure 1 shows. In the

same figure, it can be seen that the components of this unit sun vector
are

j
i
;
3
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cos E cos A

1
S2 = sin E (1)
S3 = cos E sin A

The sun is assumed to be stationary relative to the earth during the
entire flight of the projectile. However, the field of view of the yaw
sonde changes as the projectile follows the tangent to the trajectory:
hence, the sun may be visible at one stage of flight and not at another.

The orientation of the projectile is given by unit vector V, whose
components are

Vl = cos @ cos R
vV, = sinQ (2)
V3 = cos Q sin R

where R is the ranze azimuth and Q is the quadrant elevation. This
unit vector is calleda the velocity, but it really is the vector along the
projectile axis, which is here assumed to be tangent to the trajectory,
i.e., the projectile flies without yaw. This is a slight limitation that
will be discussed later. The sun's visibility was calculated for three
segments of the trajectory, by setting Q equal to QE, zero, and -QE,
representing launch, peak, and impact, respectively. This assumes
a parabolic trajectory, where the descending portion is a mirror image
of the ascending pcrtion. This assumption is valid in this project, be-
cause the difference between actual anu vacuum trajectories is within
the range of error in locsling the visibil.ty limits.




Fig 1

Definition of unit sun vector and range azimuth
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The field of view of the yaw scnde is a cone with a 90° apex angle,
the axis of the cone being perpendicular to the axis of the projectile.
The angle ¥ is measured from the nose of the projectile to the sun
vector drawn from the yaw sonde position on the projectile’s axis.
Kor the yaw sonde to see the sun ) must lie between 45° and 135°.

From the above descriptions of S, V, and ) , it may be seen that
the angle ')L is given by the scalar product.

cos ¥ = SV = S,V +5,V,+5,V,

Since 70 is known to be 45° and 135° along the twn edges of the field
of view, it will be practicable to use it as an indepsndent parameter
for finding the sun's position (A, E).

We note that E has a known range, hence it is assigned a set of
values in 2°steps, from 0°to about 80°, This leaves A as the remain-
ing unknown angle. From Equation 1

S2 = sin E

and

A = arctan (53/81) (4)

Thus A can be calculated if S1 and S, can be found, and this can be
done by using the directional cosine law for S,

1 =8 "+8S, +8 (5)

in connection with Equation 3. The details of the algebra involved in
solving for S1 and S3 are given in Appendix A and in the listing for
the computer program called YSFIRE, in Appendix B. The above
calculations were made for each of the three firing sites in Table 1,
at launch, peak, and impact, for 30°*, 45°, and 60° QE.
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TABLE 1

Geogiraphic details of firing sites

Site Latitude Longitude DLG 7PRange
(North) (West) (hour) Azimuth
China. Lake, California 35.75° 117.67° -.155 48,0
Wallops Island, Virginia 37.83° 75.48° +,032 128,0
Yuma, Arizona 32.83° 114,25° -+ 382 90.0

The punched cards from YSFIRE contamning the (A, E) points are sorted
and those points discarded that fall outside the solar grid which will be
described in the next section.

These results tell where the sun has to be for yaw sonde sightings.
The next task is to find when the sun will be at these positions.

Solar Grid Calculations

This second line of computation, to find when the sun is in certain
positions, is based on a new type of graph, called a "solar grid." The
technique used in Reference 3 was extended to combine on one graph
the sun's azimuth and elevation as functions of declination and hour
ar.gles for each latitude under consideration, as Figures 2, 3, and 4
show. An array of (A, E) points as functions of D and H was generated
and plotted by the computer program named SOLAR, using the equa-
tions

sin E = sin L sin D 4+ cos L, cos D cos H' (6)
sin A = -cos DswiI/cos E (7)
cos A = (sinD - sin E sin L)/(cos E cos L) (8)

Each line of constant declination (except tne solstices) represents two
dates, because the sun makes a round {rip across this grid each year,
as Table 2 indicates.
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The computer - 7ram SOLAR aleo plots on this grid the lirit liaes
obtained from :h- FIRE progra.~ in the previous step, as Figures 2,
3,and 4 show. t . »>w evident why it was expedieut to combine azimuth
and elevation on . : graph, because this makes it possible to graphically
translate the sun':. limiting angular {A, E) positions into date ai.d hour
(D, H) numbers. This is done by ha:ud, reading off the interseciions of
each limit line with succes<ive date and hour lines over a complete year
cycle., These (D, H) numr'sers are punched on carde for the final plotting
of the year chart.

Many of the limit lines cross the grid from winter to summer s>ls-
tice. For such lines, a standard set of 22 dates (at every 5° of declin-
ation) was established, to expedite the translation to (D, H) nun.bers,
starting with 1 January at 22. 0 S declination. TkLis type of limit line
transforms to lines that cross the year chart frota Jeauary to December,
e.g., the impact limit for 45° QE in Figurr. 5.

Other limit lines do not cross the grid, but enter and !eave at either
solstice. These lines transform to closed loops on the year chart, e.g.,
the launch limit fcr 60° QE in Figure 5. T the same figure, the limits
for peak and 30° impact also form loops which are int2rrupted at the
year's end.

Year Chart Display

The actual plotting of the (D, H) numbers is done by the computer
program YSYEAR. Special calendar year graph paper was obtained
expressly for this part of the project.1 The dates D were changed to
day number by reference to Table 3, to fit the dates iuto the 366 divi-
sions on the long axis of the graph paper.

To produce Civil Standard Time, the local hours H are corrected
for Meridian Passage (MP or EMP) and longitude in the¢ YSYEAR pro-
gram according to the equation

CVvT = H - EMP + DLG (9)

1The special graph paper was taped to the paper on the drum of the
Calcomp Plotter, to draw the graph directly on the year paper.
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TABLE 3

The number of each day of the year

D Jan. Feb. Mar. Apr. May Jun., Jul. Aug. Sep. Oot. Nov. Des.
Mo. Mo.
1 1 32 [ 1] 91 121 162 182 213 34 274 306 3% 1
2 2 3 [ 93 3§22 153 183 214 245 ~T0 306 3 ]
3 3 M [ 93 123 154 184 2156 246 208 vV 337 3
4 4 3 6 94 124 155 185 216 247 277 30. 338 4
3 .3 36 64 95 128 1 186 217 248 278 SO0 3% 3
[ [ ] 3¢ a3 90 126 157 187 218 249 279 310 340 [ ]
7 7 38 [] 97 127 1 188 219 250 280 311 341 7
8 8 39 67 98 128 159 180 220 251 281 312 342 [ ]
) 9 40 68 9 120 160 190 221 252 282 313 343 ]
10 10 41 69 100 130 181 191 223 253 283 3i4 ¥4 10
11 11 42 70 101 137 162 192 223 254 284 315 345 11
12 12 4 71 102 132 143 193 224 2556 285 316 348 12
13 13 44 72 103 133 194 194 225 256 288 317 347 13
14 14 45 73 104 134 135 105 228 257 287 318 M8 14
15 15 46 74 105 135 108 106 227 258 288 319 349 18
14 16 47 75 106 138 167 1 228 259 289 820 00 16
17 17 48 76 107 137 168 198 220 260 290 321 51 17
18 18 49 7 108 138 169 199 230 261 291 322 3.2 18
19 19 50 78 109 139 170 200 231 263 2902 323 35. 19
20 20 51 o2 119 140 171 20Ff 232 203 203 324 354 20
21 21 82 80 112 141 172 202 233 204 294 325 355 21
22 22 63 81 112 142 173 203 234 265 205 328 358 22
23 23 54 82 113 43 174 2 235 266 296 327 357 2
24 24 55 83 114 144 175 205 236 267 207 328 358 24
25 25 56 .1 115 145 176 208 237 208 208 329 359 25
28 26. &7 85 16 43 177 207 238 269 299 330 360 26
27 27 58 86 117 47 178 208 239 270 300 33t 361 27
28 28 59 87 118 .48 179 209 240 271 30, 332 362 28
29 29 * 88 119 149 180 210 241 272 302 333 303 29
30 30 89 120 150 181 211 242 273 303 334 364 h 1)
31 18 90 151 212 243 304 365 § 31

* In leap yoars, after February 28, add 1 to the tabulated numbaer,

10
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The MP figures are obtained frem Table 2 and converted to hours be-
fore reading into the program, thus

EMP = (MP - 12)/60

The MP is the local mean time at which the sun crosses the meridian
at any given site. Throughout the year it varies from +15 to -15 min-
utes.

Tt.e correction for longitude, DLG, converts local time to civil
time, i.e., the clock time in the particular time zone where the fir-
ing site is situated. The limit lines plotted by YSYEAR are shown in
Figures 5, 6, and 7.

Trajectory Heights at Different Terminal Slopes

A preliminary review of the windows ‘or the different quadrant
elevations in Figures 5, 6, and 7 showed that the 60° quadrant eleva-
tions are the most restricted, but they are also the trajectories that
are of the greatest interest. Since the descending branch of a trajec-
tory seems to be less important than the ascending it may be worth
estimating how much of a trajectory is recorded if the projectile is
fired at some time point in the obscured region for the actual quadrant
elevation. That is, how much of a 60° trajectory will be recorded if
it is fired at a point on the impact limit for, say, a 45°trajectory.
This may widen somewhat the windows for the steeper trajectories,
if part of the descending portion can be disregarded. A few calcula-
tions have been made to investigate this possibility, assuming sym-
metrical parabolic trajectories.

From elementary mechanics, the equation for a parabolic tra-
jectory witl. origin at the launch point, is

y = xtanQ - gxz/(:v2 c':.s: Q)
The rarge is
r = (Zv?'/g) sin Q cos Q
and the maximrura height is
h = (vz/Zg) sinZQ

11
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Through suitable manipulations, the velocity is eliminated and dimen-
sionless height and range coordinates are introduced, giving

7/ = (4/r) (x - x%/r)

The problera now is to find the height at which a given trajectory
has a smaller slope than its initial quadrant elevation. This is done
by diiterentiating the above equation, which gives

y'/h = (4/7) (1 - 2x/r)

where y!' is the slope at height h, Eliminating the dimension!ess range,
we find

y/h = 1 - (ry' /4h)2 = 1 - (y® cot Q)2

where r/4h = cot Q and y' is the arbitrarily chosen smaller slope.
Table 4 shows the results for tiree simple cases encountered in
this project.
TABLE 4

Heights at early cutoffs

u-drant Elevations y y/h
£5° 45° 2/3
60° 30° 8/9
45°* 30° 2/3

i2
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A projertile fired at 2 time point on the impact limit curve for y'
will go beycnd the peak to the above fraction of h before the sun disap-
pears from the yaw sonde. Conversely, a projectile fired at a point
on the launcn limit curve for y' will not see the sun until it reacnes
the above hright on the ascending segment ofthe curve. All projectiles
fired at tim = points on the peak curves will either cut off there, if in
the terminai regio.., as in Figures 5 and 6 and the upper part of Fig-

ure 7, or w:1l start only at the peak, as in the launch region of Figure
7.

RESULTS

The resiults obtained in this study are the solar grids and year

charts for cach of the three sites, Figures 2 through 7 inclusive.
Table 4 shows the height at which early cutoffs in steep trajectories
occur.

DISCUSSION

Limit Lines_

The procedure in YSFIRE for calculating the limit points (A, E)
leaves out the positive identification of the visible side of the boundary.
This identification is fairly evident from past experience and from
the geometry of the firing rang: situation. In ambiguous cases the
visible side was identified by using ¢ values of 50" and 130° in
Equation 3 and noting to which side of the original A points the new
A points fall for the same E values.

In general, the limit lines may have minima and maxima in the
solar grid region, i.e., there may at some places be two different
A values for a single E value for a given quadrant elevation line.
This possibility is anticipated in the YSFIRE program. A corollary
to this is the requirement that all limit lines enter and exit the grid
somewhere; they dare not end inside the grid.

The effect of the actual yawing of a projectile would be to widen
the limit lines into bands. To delineate such bands for a given yaw
aiigle, say 5°, one would use in Equation 3 four values of ¥, namely,
45° £ 5° and 135°+ 5° ., This would produce a pair of A values for

13
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each E. When the two sides of a band are traunscribed to (D, H)
values a corresponding band would be produced on the year chart.
But the width of any such band is not easily estimated. In practice,
if one fires too close to a limit line, periodic breaks will occur in
the yaw sonde record when the angle 7~ exceeds its limits during
projectile precession about the velocity vector.

Site Parameters

Two site parameters that affect the results are range azimuth and
latitude. We will discuss first the azimuth, which has the greatest
effect. This parameter has nearly its maximum possible spread of
90° in this study. It influences the A values in the (4, E) limit points,
as can be seen in Figures 2, 3, and 4, where the latitude spread is
only 5° . When these limit lines are translated to the year charts the
resulting windows present very different appearances. The nearly
north-south azimuth at China Lake provides the widest windows, where-
as the east-west azimuth at Yuma provides the narrowest windows.
As the latitude has a different sort of effect one may infer that north-
south azimuths will always yield wider windows.

If new firing sites are contemplated they should be located where
nearly north-south range azimuths are available, since the rarge
azimuth at any particular site is rather permanently and narrosly
limited by geographic and demographic restrictions, and cannot be
changed to suit the convenience of ordnance experimenters.

It is also interesting to note that, if one fires a projectile in the
opposite sense along a given range line, the curves on the solar grids
and year charts will be the same, except that the lauach and impact
labels will be interchanged.

The other site parameter, latitude, has less influence on the limit
lines, through its effect on the solar grid. On all grids the equinox
line (O° declination) always passes through the sunrise and sunset
lines at 90°and 270° azimuth, respectively. At noon it passes through
an elevation equal to the colatitude (90° - L.). Thus, all grids have
the same width, but lower maximum heights for higher latitudes.

The latitude effect for a given range azimuth may be estimated by
imagining that the limu lines for one latitude are drawn on the grid
for another latitude. Because the slopes and shapes of the limit lines

14




themselves differ, each quadrant elevation line would have to be
studied in detail, a tedious procedure not warranted in this study.

In general, it may be inferred that change in latitvde will change
slightly the sizes and shapes, but not the topology, of the yaw sonde
windows.

Year Charts

The limit lines on the year chart are almost symmetrical if re-
flected about the summer or winter solstice, and they would be ex-
actly symmetrical if it were not for the MP correction, which fluctu-
ates during the year. The MP has a different phase from the sun and
has two different periods and amplitudes. The maximum variation
is from +15 minutes in February to -15 in November. This produces
a 'ertical shear" in the lines, between 3 November and 8 February,
on which days the sun has the same declination (15 S).

The sunrise, sunset, and peak limits are coinmcn to all trajec-
tories, regardless of their initial quadrant elevation. The peak limit
is the same as that of a flat trajectory. Starting with this QE of 0°
and proceeding through 30°, 45°, and 60° quadrant elevations, one can
see on any year chart successive decreases in visibility. The steepest
trajectory has the smallest window at any site.

The windows for the steeper trajectories can be extended somewhat
by firing at time points outside their visibility area, if one is content
to lose part of either the ascending or descending branch.

How to Read the Year Charts

The limit lines are labelled with quadrant elevation symbols identi-
fied in the legend near the right side of each chart. In these charts
and in the solar grids, the letter T is used for ""Terminal" in place
of I for "Impact" because the symbol [ is too easily mistaken for a
number 1. Lettering in certain areas states which segments -~ ladnch,
peak, or impact -- are invisible for all quadrant elevations surround-
ing the lettering. Other segments and quadrant elevations are visible
in such areas. On the Wallops Island chart, the launch segments are
visible above the lines labelled "Launch Limits." On the Yuma chart,
all launches are visible above the lower group of lines, and the impacis
are visible below the upper group, e. g. at Yuma the 60° launches
(60 L) are visible only after 1235 hr, and the 60° impacts, 60 T, be-
fore 1030 hr, in midsummer.

15
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Individual Sites

China Lake oifers the largest windows. All launches are visible
¢1l year at any time gf day, except for a short period for the 60°
launch (60 L) eround noon in midsuramer. Impacts areiinvisible
over the noor: .our all year, excep. fcr 9° and 30° during the summer.

Wallops Island presents a simpler pattern. Ail launches are visi-
ble after 1330 in the summer and noon in the winter., Impacts are
visible between September and April in the afternoons, but between
April and 3eptember the peak cuts off 2t 1620 bours and the steeper
trajectories cut off at eariier t'mes.

Yuma offers the smallest windows; here, the only open spot for
all trajectories is from 0900 to 1400 hours from November to Feb-
ruary. The peak is clear between 0800 and 1500 hours all sumamer.
The launch segments for the other quadrant elevations are visible

after 1030 or 1230 hours, and the ‘mpacts are visible before 1230
or 1030 hours.

These charts are offered as a rough guide for selecting suitable
firing times. It is not recommended that firings be made at times

too close (say 15 minutes) to the limil lines, for reasons mentioned
earlier in the Discussion.

CONCI._SIONS

It 1s practicable to plot year charts of yaw sonde windows for any
given site and range azimuth. The windows are widest for north-south
azimuths (China Lake) and narrowest for east-west azimuths (Yuma).
The steepest trajectories have the narrowest windows. At the three
sites studied, it is possible to obtain yaw sonde records for all tra-
jectories at some time dur.mng the year.

RECOMMENDATIONS

To expedite scheduling of firing programs, the year charts sub-
mitted here should be consulted,

16
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When new yaw sonde firing sites are chosen, preference should

be given those whose range azimuths are most nearly parallel to the
local meridian.
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APPENDIX A

ENTpRRR—

Algebraic details of the solution for S1 and 53 )

Elimination of S3 from Equations 3 and 4 gives

2,2 2 2 2, 2
STV V) -2 v P - wv,y e -EV,)" V,50-E% = o

The solution for S1 is

1/2
) VI(P - EVZ)

{VlZ
Sl— 3 3 1z l -—

2 2 2 2
+V3 ) (P - EVZ) - V3 (1-E7)
V1 +V3

3
(Vl (P - EVZ) )

< = - E: V - V / v

When the range azim

uth poiuts toward any one of the four cardinal
points of the compass,

Special cases arise because either S

become zero. At Yuma, for instance, where R

1orS3
= 90° andVL = 0,

Sy = (P-EV,) /v,

1/2
2 2
Sl“iG‘E -S3>

and
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Although these solutions are straightforward for hand computa-
tion, many branchings must be anticipated for machine computation,
as the listing for YSFIRE in Appendix B shows. The possibility of

two A values for a single E value is also provided for, by including
BAS1 and BAS2 among the answers when punched.

Because of the way the program is arpanged, the punched cards
are a mixture of different stages for a single quadrant elevation;

however, they are easily sorted out manually to prdduce continuous
limit curves on the solar grid.
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APPENDIX B
Program Listings
YSFIRE

SOLAR
YSYEAR

R T T T

I T s
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RN - e m— L e — T Iy T T T ST K e, L ad

; ————— e ———— Cm— e e . — e e e -
PROGRAM (SFIRE (INPUT ¢ TAPES=INPUT sOUTPUT ¢« TAPEG6=0UTPUT +PUNCH o
¥ TAPET=PUNCH)
. c
- T T T T T UPROGRAM TO CALCULATE OPTTIHUM TAUNCH TIMES FUOR VAW SONDE,
C
- ~—INTEGER DYN— @ — - - — T - - s -
C
TIMENSTON MON 1 Zeo 3 ) (35 3 K7 s
00V(393)o§(393)oQITE(G)9ASR(3),LSH(3)vL§C(J)cLSM(3)¢LCH(3)vA(3)o
T T TR R VAZ NS PS IS ESUAG W AR 36y T T T T T T Tt T T
C

o 100 FORMAT TCIRYY — —° —=~ - —=~ = T mmTmer T T T
101 FORMAT (8A10;

T T2 FORMAT (X 2FSy  ——
103 FORMAT (1216)

- =104 FORMAT C/64Xs4TH OPTIMUM—FIRING “TIMES FOR YAW SONDE TESTS  ~ "y~ "~
105 FORMAT {/21X96HLAUNCHsSXe4HPEAK 94X + BHTERMINAL /22X + 2HAS y6X 9 2HES 9 6%
- — - STIHLHATSXYIHCYTZY — it B

106 FORMAT ( 6XsAb SXe2FBel19F942415013)
T O FORMAT TG IRPS TR IR 10 T/Y
108 FORMAT (//35X¢G9HCALCULATION OF SUN AZIMUTH FOR GIVEN PSI AND SUN
FELFVATION 12H FOR OEe =+FS.17) TTTT T T T
109 FORMAT ( 9X9sAB+20Xe30H NO SOLUTIONs IMAGINARY ROOTS, )
T ITOFORVMAT ( 9XyARSZ0Xy  3I5H RO SOLUTIONy SUN IN WRUNG QUADRANT — )~ —
111 FORMAT (4Xe3HPST91H6X92HSZ298X9HSP oBX92HSM9BXe2HS]1 eRXe2HS53y 8Xs
F AHASP S X IRASHS TX s IRAQ Y 7TXS IRAQS T TS TR eEe = sFae 1)
112 FORMAT(/9X ¢ JORELEVATION oFSe1932Xe SHS? = 4F7.5, 44XOF5 l)
T T YT FORMAT GRS FL SOV IS ARy SFI0.SyaF 10T
114 FORMAT (12Xe2F8,4420X%921444Xy14)
T IS FORMAT L7 A0S T2AVERIF ICATION OF PST VALUES PRIOR TO PLOTTING LIMIT
+CURVES ON YEAR CHART /)

T T T FORMAT OIS IS XS 2SN TWENT Y TWO Sy ’ £ =F5s
+35XeSTHPSI MINIMUM = 4% DEGey EARLIEST TIMES YO FIRE /

6 OSOXISANST =12y — "~ . T T o
117 FORMAT (1H1+S0Xs18HINTERMEDIATE DATES 030X96HQEs =9eF5,1/
T R3S XU HPS T MAX TMUOM = T3S 0EG. s CATEST YIMES TO FIRF 77—~ —— —
T 60XeSHNST =,412)
“ITE FORMAT U ABeF b . 0v4F 8.0 4147 -
119 FORMAT (20X+6HBAS) =9F741910X96HBASZ =4F7.1)
T T T004 FORMAT UTIRT 77 45Xy 32HENGINEERING SCTENCES CABURATORY 7TU0XvATU "
C JOX- 23K AEROBALLISTICS RRANCH )
o
DATA MON/Z6EHJAN Yo6HJIAN 21 96HFER Be6HFEB 23+6HMAR B896HMAR 21+
T K BHEAPR  C+OHAPR 9 'Y ] 7T sARARUG 12y
B 6HAUG 27+¢6HSERP 1096HSEP 2346F0CT  646HOCE 19+46HNOV  346HNOV 21
C ®HANEC ZTv6HRDEC 317 - T

c
DATA AZ78H TLAUNCR 3BH ~ PEAK s8R TMPACY 7 -
C
DATA EMP70. 066730 IR3II30.233330: 2167 U IBIToU [ TO 1900667500
A~00059=0,066790.033340610906083340,0334-0, 05.-0 13?3, 0.20,
T TR0 59 0 2667 9=0.2333¢=0.0333,0,03337
c
C UG = CONGTITUDF DIFFERENCEs PUS WHEN STTYE TS WEST U7 ZONE CTENTER.




Lo

a0 e
o e ——T———

SRAM———YSFTRE— —TRACE c

T T T T T T EMP = MERTDOTAN PASSAGE MINUS 172, -

c
¢ MC =0 TO CACCULATE PST
MC = 1 TO CALCYLATE AZIMUTH FROM GIVEN PSI AND ELEVATION
NPCH =T TO PUNCFASE ON CARDSS -

a6

—————RADN ="57529578 e
NC = 0
~CACLDATECID)—
WRITE (6410064) JO
T UWRITE (61067 - - B
READ (5,101) SITE

READ (57102 ATUTOLGIRAZ —
READ (5+103) MCyNCRVeKLTsNPCH
¢ e R AT = RAT/RADN
WRITE (6+101) SITE
e IR IMCSEQRLTY GO YO 200 T T
WRITE (64+115)
T T INEET=E 22 e
Cc
200 " RERD(S,+102) (QECISC=153)
IF (EOF(5).NE.O0 ) GO TO 201
T TTTTTTM TTREtD) - - -
Cc
TT 20 00 STy T T -
OER = QE(L)/RADN
VI Ty = COSTQER— I YCOSIRAZY
V(Ls2) = SIN(QER )
T T T T TV I 2 COSTRER TIYSTINIRAZY -

C
- e IR MG EDL 0 GO TO 21 -
c
———r'-’mmmrvmm-cmmmm—wrmmnw—-
C PEAKs AND IMPACT,
— — - . — e
WRITE (6+108) QE(])
o TR TS T Y O )
INLE = 14
PSS —=""4%,
PS(2) = 135,
—— e —— —-c———-———-—--—»—— -
DO 37 K=} oKLT
- EStK)y =2;0 ¥ (N =17
ESR = ES(K)/RADN
SZ T SINTESR)
WRITE (64112) ESIK) o S2s ES(K)
- ST ="10,.0
S3 = 0.0
T TTT O TTTTTTTRS = ULU - -
ASP= 0,0
ASM="0,0
C

U0 79 J=1e<d
JSP = P§(J)
ST OIS IR

28
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e A

= RAM - YSFIRE- —TRACE — COCT6R00 FIN VIO-P239 0PT=T 18

T T T T IR tTGEQ I TVAND G MGLEGL IO GO TU 3% - I

g IF (1.EQe2+.AND.MQ.NE.60) GO TO 35

{ =1

; VA = V(L+})

E T T Ty =V lyey T Tt s T
&

E

VC = V(Le3)
S m e e m e e e — e
R = COS(PS(J)/RADN)-SP2*VB
RV = RYVA7TVAYVA F VCYVC)
Q = 1,0 =~ S22
C - I
IF(RAZ4FQe90,0s0ReRAZ.EQ4270.0) GO TO 211
% T/ TFIRAZ EQe U 0. ORRAZENSTRO,UY GO YO 212~ — — -
; C
' T T T T P TE IRYR S O¥YCR¥VCY 7 TRVNR®YRY
R1= 1.0 - P
IT I9T.6T.0,0) RO YO 22 T - T T -oTm T T T
WRITE (6+4109) AZ (D)
b R C1¢ B ¢ B L T T TmTT T T T TTTTT T T

e RV = DURTIRTY
S2 = RV
TTTTT T TSR 2 RVN{LL0 FRTYT T T -
(

SM = RV#(1.0 = RT) A
TTTTTTT T UUIF (RTLEQGD.0) 60 1027 - —

C
C S3 HAS UPPUSTTE STGNS IN TRIGONORETRTC AND GURNNERY FREWES:
C

26 S3IP =R = VARSPY/ZVC T - T
S3IM ==(R - VA#SM)/VC
ASPR = RADNYATANZTUS 3P« SP) -
IF (ASPR .GE,0.0) ASP = 360.0 - ASPR
TF (ASPR,CT 0. 0Y ASP = = ASPR
AQ(TIsJel) = ASP
ASMR = RADN®FATANZ{SIMSH)
IF (ASMR .GE.0.N) ASM = 360.0 = ASMR
TFTASHRLET. 0. Y  ASM == ASMR
AQiTeJde2) = ASM
GUTO 29

SR TR TR S e T R T T T T e e T R TR T

27 ST =52
S3 = - (R - VA®#S])/VC
AS = RADRNYATANZ(SIsST)
IF (AS.GEL0,0) AS = 360, = AS
T (ASSCT . 0.0V AS = = AS
AQ(I+Jsel) = AS
RUTTeJe2Y = AS
GO0 TO 29

U
211 S3 = - R/VC
ST = U= 5J%57
IF (S1.6T7.0.0) GO TO 210
T T T WRTTE UARWTIOY TAZITY T
60 70 135
210 ST = SURTIST)




PO - r——y e T T i TS s G x
.. - e ey Ty T = T

SRAM——YSFIRE —TRLCE - C

—— A% - ATANZ SIS " RADN
AS? = ATANZ2(S39-=S1) * RADN
GO T0 213

212 ST = R'VE
S3 = Q -~ S1#S)
IF 1S3.6T.0.0) GO TO 220
wRITE (691N09) AZ(1)
GO T0 35 -
220 53 = SQRT(SI)
TTTAST TATEANZ T SINST) T Y RADN
AS2 = ATANZ2(~S3.S1) # RADN

213 IF (AS1.GE.0.,0° AS1 = 360.,0 ~ AS]
P AS LTS 0. 0y AST = Rl 0
T IR (ASZ2 LT 0,0 ASZ = = ASZ2
AQ(IeJel) = AS1
T T ARt e 2 =TASZ
C

29 CONTINUE

WRITE (69113) PS{UY9sAZ(]I) 9SZsSPeSM3S19eSIsASPReASMRIAQ (I s el
TTTTTTTW SAQTI IRy - -

INLE = INLE « 1

C
BAS: = AQ(lsJsl)
BASe = AQTTvJs2)
IF (BAS).LT.60.0.0P,BAS1.GT6300,0) GO YO 35
T LT B0 0.0 BASZ. 6T 30050 GO~ T 3% -
WRITE (69119) BAS}eBAS2
T T T TTINCE TETINCE T o
IF (NPCH.EQ.0) GO TO 35
WRITE T TR Y BAS IH ES T S TaMO5 IS
WRITE (7¢114)BAS2+ES(K)s19MGyJSP
e by — - -

35 CONTINUE
T T TTTA3TCONTINUE T
INLE = INLE ¢ 2
TF TINCECT.587 GO TO 37
WRITE (6+100)

T TTTRRITE UGS T QECT)
INLE = S
F7T CONTINUE

WRITE (64100)

- . GO TU 200
“‘“"‘”E;"21'CUNTTNUE*
T ”g'"“VERTFTCATTON’UF“SUN‘VE[UCTTY—INGIET—?STT"IIUNG-ETFTT"CURVt5o
< SO =1
51 READ (Se118) DYNeDUNsBASIBESyBSHA»BMP oL PoKTPoMOP o NSP
- JF =70

IF (EQF(S)NE.O) JF = ]
T UTTIF TUIR LJEQLTT T GUTUTTE

e 30

P
.




= RAN YSFIRE ™ TRACE C

e —— S~ —

- —— -
NST = NSP

“KTG =T KTP
IF M.GT.1} GO YO «9

o - — - —
IF (NST.EQ.1) 6O ¥O 7

B WRITE 16y g s NST
GC TO 8

T %RITE a9 T00Y
INLE = .1

- B WRITE (651173 UETT)YSNST - T
8 WRITE (6+105)

t -
49 S(1s1) = COS(BES/RAULN)#*COS(BAS/RADN)

ST 2T = SINTBES7RAUNTY
S€1+3) = COS(BES/RADN)*SIN(BAS/RADN)

i oD TITRC — —
90 53 L=1+3
I ) | LY 7 O3 S
3 AlTY = SQ1.1)
¥ 52 BUIy = VI 1)
c
T T T T CALLCTTANUTAWBPSTILY)
PSI(L) = RADN#*PSI(L)
T T TSI CONTINUE
C
—_—
C AND DLG FOR EACH DATE
— — . .
IF (INST.EQ.') GO TO 5S4
B(‘VT_'_ BSH! - F_NP (n, C 2 'UI €]
GQ TO 55

54 BCVT T BSHA = EMP ¥ OLG
55 LSHB = BCVT

CSCB > LSHE * 100
LSMB = BCVT <« 100 - LSCB

- TCMR =L SMRwE07 100

TF INST.tU.,0) OYRN = MONTH)
YRITE (6+106) DYNeBASIBESBSHA 9L SHBLCMB

WRTTE 161077 (PSTU LV L=ETv3)
INLE = INLE + 3

TF {INLE.LT.64F GO YU 16
WRITE (64100)

INLE = 4
C

TTIE M EN
G0 70 51

T2 NOU=RNC + 1
If WNC,GE.NCRV) GO TO 201}

I (RiG.EHec o ANDeJF oEU ) GO TO 20U
G0 T2 50

e e e —
201 StopP

END - ) -




T OrTTYY

A BT

TRACE COC 6500 FTN VI, U5P239 OPT=I 0
T
SUBROUTINE ANU(V]1eV2-THETA)
€
CANU ANGLE BETWFEN TWO UNIT VECTORS
-t
DIMENSION V1(3 )yv2(3 )
—
DP=v1(]l) #V2(1) +V1(2) #V2(2) +V1(3) #v2(3)
TFETA = ACOSTOPY
5 RETURN
T T END—
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TRPRTTLF

o

oy

R ATV NS W TS L T TR

H

e .

TR ST T < T AT S o

o r——— U o L e e —————- .

T

PROGRAM  SOLAR(INPUT« TARPES=INPFUT «OUTPYT» 1 APF6=0UTPUT)

C

c PLUTS YAW SONNF LIMIT LINES ON SOLAR GRID FOR GIVEN LATITUDE AND

c RANGE AZJIMUTH.

c

c JALLOPS TSLAND CURVFS,

c
UIMENSTON D(T1) «SNH(B1) sCSHIAL) 9A(12+82) 4t (12982)¢NEC(LL) sHRILIT)
¢ ABLEL)CEF (1) oSTTE(R) 9ES (HN)9AS (HO) . AZ(3)+JA(b1) s
2 KR(LL1)oKE(11) +RU(2)

C

100 FORMAT (172Fa.6)
101 FORMAT(/55Xe”1H LOCAL HOUR ANGLES /12Xl 3(7XeA2)) ~
107 FORMAT (7Xel4H DECLINATION =4 A0S 94XeaHKRT=9 I390Xe4HIFT=9 1304 X94HNK
+ =el39AReGHI =eI1346Xe3HJO=e17 /3XeIHELEVATIONS 9F9 .4/
+ 3X49H AZIMUTH o YF9.4/)
103 FORMAT ( 2XeRAIN)
106 FORMAT (S5X«7H SINE Pel3FSe4a/)
105 FORMAT (/33Xxe54M SUN ELEVATION AND AZIMUTH vS CeCLINATICN AND HOUK
+ ANGLE /)
107 FORAAT (//21%«T3422H LIMIT CUKVFS PLOTTED )
113 FCPMAT (10XeHF10eG4931394X9A6)
116 FORPMAT (2X4uF10e4e3Xe31I3)
1158 FORYAT  (415)
118 FORMAT (12XePFR.4ePOXsT10ePXeAl} .
119 FORMAT (/53Xe24HGKTD POINTS AT RIGHT END  /8X+SHKET =e7XeI2010(RXe
9 I?’/SXQ.IHELFVc ’l‘Fl“.“/Hx.?"AZIM. OllFl"-‘G)
1004 FORMAT ( 1HT // 45x o IZRENGINEFRING SCTENCFS LABORATOKY /10XeA10.
C 3I0Xe 23H AEROHALLISTICS HRANCH  //)

C
UATA DEC/5rHP3.4ny3R20N  «3HLSN  o3HIUN  o3H SN 43H0L0  «3H 63
+3H10S  $3HIBS  «3HANS WSR2 4S5/
C
DATA HR/ZPHG «2HE 42HA 92HT 928 92HY +2H10427HITecHE2e2H1TeH1 4,
2 2H) S e 2HIBAPHI T PHIN W PHI942H20/
C
NATA A/9H&¥0,0/ Reproduced from
DATA E/984%0,0/ est_available copy,
NDATA AZ/4H LeanP o 4H T/ ]
DATRE EQ/6HJ CONSe6hK CONS/
C
UATA D/?B.ho?ﬂ.“vls.()ol()o”1‘5.090.0!'5.00-“).00‘1‘.‘)-!)0-20.('!‘2*-Q/
C
KADN = %7,79578
calt DATF «Jiv
CALL, PLOT (3,0¢5409=3)
Y} wRITE (6hel00a) JD
WRTTE (Asl%)
C.

READ (54103) SITE

READ (S5¢100) ATUIDLGIRAZ

IF (FOF (5) (NE ,040) 0 TO 311
RFAD (54115) KR

ATUR = ATU/RADN

SAT = SINCATUR)
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Y

v g = o T o vy

g NIRRT

GRAM

T et e e S i)
_SOLAR IRACE _ LDC A40Q0_ FTN V3.0~P239 QPTI=1__4
. COT = COSCATURY____ . __ i S
c
WRITE (helU3) SITE
WRITE (Ael0l) (HR(L)YeL=}91747)
C - N
CALL SYMBOL (0.796459¢538H SUN ELEVATION AND AZIMUTH VS DECLINA’IOB
—= AND HOQUR ANGLE _ __ 582002190402 ... ____ . _. .- —_——
C
_CALL SYMBOL (0c59641¢531TE9H0904174040)
CALL SYMROL (1.795e6¢74HSHOWING LIMIT LINES FOR LAUNCH9 PEAK, AND
+IMPACT AT Q4F¢ = 30+ 45« 60 DEG, 27490el449040)
c
DO 2 K=1sR] X I [ _
H = (57.0 + K*3 0) =~ 180, 0
. SNH({K) = SIN(H/RAUN)
2 CHHIK) = COS(H/RADN)
WRITE (Ael04) (SNHI{K) eK=19R1410) _ . -
c
CALY. AXIS_(0aN9Ne09)IHAZIMUTH (DEG)913012:0:0a026020e20.0) . .
CALL SYMAOL (04790449 )7HDECLINATION (DFG) 17404129 0.0)
CALL PLOT (0.091404=-3)
EJS = =0,3?
FJF = =0,1
JE = 1
KBY= 1 - et m et —
KET= ]
C
DO 517 M=1.81
517 JQ(M)y = 11 -— -
C
. .bus9 J = 1)) I - - e e e e e
(o
DR = D(J)/RADN - -
SID = SIN(DR)
.- €QD = .COS(DR) .

¢ SYMMETRY OF GRID USED TO CALCULATE RIGHT SIDE FROM LEFI SIDk.
c
DO & K=1,81
IF (KaGT.41) GO TO 57
_ SNE = SAT#SID + CUT#COD#(SHIK)
CSE = SQRT(1,0 - SNE*SNF)

v - - EGJsK) = RADN# ASTH(SNF)

E(JeB2=K) = F (JsK)

SNA == COD#SNH(K)/CSE
CSA = (SID = GNF#SAT)/ (CSE#COY)
AlJoK) = RADN#ATANZ (SNALCSA)
AF (AGIeKD WLT e0a0) - A(JeK) = AdJaR) ¢ 360.0
ACJyR2=K) = 36040 = A(Joh)

57 CONTINUE
4 CUNTINUE
59 CONTINUF
C
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P

GRAM

DO

oD

)

-~
<

SOL AR TRACF

“y
a(

67

CALL SCALF (AeSB4slelZzet)96Qe0920,0914).

CALL SCALF (£E+9R4e)e 4ale Oe09204001)
ANR = 0,0

ANF = 1740

DO 61 J=ls11}

N0 A0 K=1+81

AB(K) = A(JeK)

£E «K) = F(JeK)

IF “\lE')ll) -0 TU A4
IF (KJGTe4l) GO TU &9

J CUNSTANT -
IF (F(Jarn4]) (LT, 04000ReF(JsKIGT0s0U) (O TO 94
KHT = K + 1
SLY = (E{JeKAT) = E(JenHI=1})/(A(JsKRTI=A(UKBTI=1)}

AJRT = B8 (JaKRI=-1) ~ F{JeKHT=11/5LJ
KET= d72 = KHKT
AJF T = /2.0 = AUMT

K CONSTANT

IF (F(JeR) LT eNeU0eURSE(JHL oK) oGTatbalivy GU TO 0
Jro= J

Juitk) = JUF

JQHP=X) = UF

IF (KeGT JKHT o AN eJeEWasl) GO TO 60

SLK = (FAJF+)eK) = B(JESKIV/(A(JIE+]L oK) = A(JE4K))
ANR = A(JFer) =~ £ (JFoK)/SLK

ANF = Q7.0 ~ ANn

KAT = & Eeproduc_ed from

KET = 42 - RRT L2est available copy,

IF (JeFuelt) GO TO AD

CALL PLOT (A(JanBT)sE(J9KBET) 43)
CALL PLEOT ( ANKeueDe?2)

IF (JsFQal1) GO TO 60

CeiL FLOT (ACJeRET) oF (UsKET) ¢ )
CALLL FLOT (ANFeUe0e2)

CONTINUF

CUNT INUF

NK = KEI= KuT+ )
IFC(FE(KHT) LTedad00l) GO TO €2
CALL PLOT (an(KKT) EE(RBT)Y ¢ )
Celll PLCT (AJR] 20.002)

WwITE DECLINATIONS
COMT InUE
IF (JetQal) GO TO 3

IF (MUN(Je?2) NF40) GO 10 HR
AJS = AdBT = Rl

35
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PR Y

HeRAM SOLAx TKACE CDC 64uU0 FTN V3,0-P239 0PI=1 (

CALL SYMBOU (AJSeEJSsDEC(I): 300412y S3.0) - ..
3 IF (JaFNo0a0RGJEQeO4ORJF(4B) GO TO
i GO T 9%
3 AJd = AA(4])) - NG9

Yd = EE(L)) =~ 0k

CALL SYHROL (X JeYJeDFZ< 'yyr90elle0.0)
S8 CUNT INUE -

'F (JuNEo‘l) GO TO »wna

SJX = AU3T = 0.2H

SJY = = .40

CALL SYWHOL (SJXeSJUYDEC(IY 95904129 93,0)

66 CALL LINF (AA(KAT) «EE(KRT) oNKols09090)
JF(FF(KFT) el Toa0,001) GO TO 63

CALL PLOT (AA(KET) oFFU(KET) o)
CalL PLOT (AJET «0s0.2)

63 CONTINUE
KR{JF) = nAT
nNE(JE) = RET
IF (MUDLJe2YoNFLU) GO TO 5
AJF = AJFT
CALL SYMHOL (AJF 4 EJFWDEC(J) ebelalze=53.0)

S5 CONTINUE
IF (JNFGI1) GO TO 61
Sdx = AJFT
CALL SYMROL (SUXsEJIFDEC(II0500e12¢=53,0)
61 CONTINUF
L =1

KR
KET

KH (1)
KE (1)

U n

DU 9 KoKrTeKET
K CaLb LIMNF (A(1eK) o ti K)o JU(K Delse040)
IF (K.EQst) GU TO 10
M = K - |}
IF (MUD( Me5) o NFL0) Gu TO 9 -
10 CONTINUF

WRITE HOUR ANGLES

OO0

IF
Xu
Yu
AL
YL
ABuU
ERV
ARL

KeNFaal) GO TO 1o

Allesl)

E(leul) + 1

A(lleal)
E(lleal) - o1

XU} = 0K

YU + o013

KL = o0r -

[ I T {

[ T 1




—r rwres m

T AT e SR N YR XA e | e CTmwmy by T Mg wwneg = ke mTmowycow

bl

AN . A o 7 = o o e o e

GRAM

o

O

e Ne

= E(1eKD) /(A (2en) =~

= E(10sK))/(ACL1]sK)

e l/5LPL
o1

SOLAK TwACE
FH¥L = YL - 417
GO 10 7
1S sSLP = (F{?¢K)

SLPL = (E(lLlsK)

IF (SLPL.FQ.0.0) GO TO 9
KL = A(l]l«k) =

YL = E(11leK) =

IF ( X6T.41) GO TO 3

IF (SLPUFQ.0.0)
Xt! = A(l+K)
YU = E(leK)

AR}
£81)

Xt
YU »

GO Tu 9
~ .]
- II*SLPU
« 18

o7

IF (KenNELT) G TO 14
AFA = AWi) = (1,9
ERA = gHY = 0,60
( AmAy FHAGITHLOCAL HOUR ANGLES 17068l et5,.0)

CALL SYMAROL

1= ABL = xL
£Rt = vl
GO YO 17

13 IF (SLPULEWU,.0)
XU = A(]leK)
YU = E(lek)

ARy = Xy -
ERU = YiJ +
AR = XL -
ERL = YL -

17 CONTINUE

L =1 ¢+ K/5
CALL SYMROL
(xUsYs3)

(Al eax)sE(1eK) o 2)

CaLL PLUT
CALL FLOT

o1/

+ .‘

60 T 9

+ J1%SLP0

nauy
G2
oJU
o3

CDC 6400 FIN v3.,0-P239 0UPT=1

A(leK))
= A{jusK))

( ARUsFHUIHR(L) 92901200 .1)

IF (RabLTaKF11)) GO TO 9

IfF (XeGToKE(1}))
(A(11eK)oEC(RIT1oR)3)
(XLoeYLe?)

CALL PLOT
CALL PLOT

GU O 9

CALL SYMBOL ( ABLsFHLsHR(L)I92sUal2eV.0)

9 CONTINUF
472 CUNTINUF

CalLL AXIS(lco090a0s It5HELEVATION
(Ug0oligt e ISHFLEVATTION

CALL AXTS

IF (KReFQou)

60 TO 311

LIMIT CukVES PLOTTED. IF

Ik =
1o M = |

20 READ (S411R8)

ASIM) «rS (M) o TTEMP ¢ MUP

37
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Ty

e

Fmﬂ“ﬁ%

1GRAM

O

O

(@

SOLAR TRACF

21

44

°n

n

IF (EUF(S)anNFa0,0)G0 TU 21

I = 1ITE#P
MaF = Jyp
M= M
Gu TO 26
J= 8 -1

CaLl. SCALF (ASedelaiPetioblal)glValel)
CaLL SCALE (ESoeJaly vele va0e20400l)
CALL LINF  (ASeFSeJeledetien)

X = LS(J) + Luk
vY = S (J)

IF (leFidez) GO Tu 2«

Call SYMHOL (#XeWYoeMUEsZe0al2euat))
CALL SYMROL  (WXawYeAZ(F) «Gel)o12e00.0)
€0 Tu 2k

CALL SYMBUL (WXewYeAZ(I)e 440all90eU)

IR = [k + |

IF (IR.LTenw) GO U 19

CALL SYMSBPL (D.449y,30910HL = LAUNCHeL1N90412904.0)
CALL SYMHOL (S5.5%netalbe HHP PFEARs  290ellel)e)
CALL SYMRUL (S,6  +=o,209)24T
WRITE (Ae)NT)Y  TK

STop
FND

38

CNC h4un FTIN V3. 0~P23y UPT=)

TENMEINAL 419U alPelia0)
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Lo

[ ¥e !

OO

1491}
107
1603
104
113
119
124
1004

7

OO0

PROGRAM YSYFArR(INPUT» TAPES=INPUT yONTPUT « TAPEO=0QUTPUT)
PROGRAM PLUTS YAw SUNDE wINDOWS FOk WHOLFE YEAw

DIMENSTON NYN(S() sCVT(H0) 9HR(14)9QE (3) +EMP (22) +LUNI22)
+oMON(Z2) o STTF{R) aNSY (€)

CHINA LAKE CURVFS.

FORMAT (41%)

FORMAT (12F+,0)

FORMAT (BALM)

FORMAT (/7 17XeI3415H CUKVFS PLOTTEL

FORMAT ( AheFHo094FAGa4].)

FOKMAT (//43%X+36H YEAR CHART CF YAw SONDE wINDOWS AT /)

FORMAT (2(1uXeaRDATF o)) («X9ABY/L0XKesaH CVIsl1(FL10e2)/)/)

FORMAT ( 1H]1 // 45X o 32HFNGINEERING SCIENCES LABORATURY /10XeAl0e
C 30xe 23H AEKORALLISTICS ARANCE )

DATA HR/2H BelH (420 Ba2H a2k 10ePHL102FR]12ePH] 392H16ezH1942H]1 64
+2h1792H1892R19/

DATA EMP/Of(’60700016330‘).?13300-2167.0.lq.f’ionol1670000"7('\70000’
A=) e 05911600607 00.033300e109106083 3900603379400 05¢=061340=0ac(
Rea254=1a26T9=0a2333e-0,0323300,0333/

DATA DUN/ 1a0y

+ Plella ?9000‘5‘0'“96"‘-008!-0093009107-07172-0-1‘41009173009
C 209409725010 240e09294601902ATaN197B0e113293e00030H6093270093%6400
N 166,01/

NATA MON/ZAHJAN  1abHJAN 2le6HFER  ReAHFER 2396HMAK  RetHMAR 21,
A EHAPK 24AHAPR 16+6HMAY 1 e6EMAY 20+06HJUN PlehbJdUi 2346HAUG 124
R AHAUG P7e6HSEP 1046HSEP 23,6F0CT  646HICT 1946FNOV 34AHNOV 2l
C 6HDEC Z21+6HDEC 31/

4 trom
DATA NSY/03404306900s02¢51/ Reeg‘ro:y:{\’ab\e copY:

CALL DATE(JD)
CALL PLOUT (0e000oefie=3)
CALL SYMBOL (04D9742¢UDel0aG,1400.0)
CALL SYMBOL(2.5¢7.2¢35HYAW SONUFE WINDOWS FNOR WHOLE YF AR 13590,18
+sU00)
READ (5,103%) SITE
IF (EQF(5) sNF.0.0) GO FO 49
READ (5¢102) ATULDLGLRAZ
CALL SYM3OL (0e9¢5¢79 SITE28BUeUs}asVe0)

La 1 MQ 30

L 2 MG 45

Lo 73 MQ 60

LQ 4 PEAK

ta 5 SUNSET

Ly 6 SUNKISE

39
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OO0

O

21
22

12

40

41

45

KTG = 1 FOR POSITIVE SLOPE (LAUNCH)

KTG = 2 FOR NFGATIVE SLOPF (IMPACT)

KTG = 3 FOR SUNSET LINE

NST = 0 FOR STANDARD DATES (22 OF THEM)
NST = 1 FOR INTERMEDIATE DATES

NCRV = NUMBER OF CURVES TO BE DRAww

READ (5¢101) NCRvV

WRITE (6+2004) JD

wRITE (Ael119)

WRITE (6+103) SITE

NC = 0

I =1

READ (9«118) AEDsDYN(I) eBASIRES9SHAIBMP oL IP o KTP o MQP o NSP
IF (EUF(5)NELOL0) GO TO 12

LQ LIP

KTG KIpP

MR = MQP

NST = NSP

IF (NST.EQ.1) GO TO 21

AN S SHA =« FMP(I) + DLG

DYNC(T) DUN(T)

GO 10 2
CVT(I)
I =1+ 1
GO T0 11}

inu

([N VI B 11

SHA = HMP + DLG

N=1=1

CALL SCALF (DYNeNslolUoelOos0e0e36,501)
CALL SCALE (CVTeNsla7ee AallglanlRyl)
CALL LINF (DYNsCVToNos1oNSY (LY 01 000)

IF (LQ.FUe6) GO TO a4y
IF (KTG.NE.3) GO T0O 4|

CALL SYMBOL (8470906635 96HSUNSETe690e1Us=206,0)
GO 10 41
CALL SYMBOL (Ba30:0e5747HSUNRISE«750al041740)

NC = NC + 1
IF (NCoLTenCrV) GO TO 9

Nkaw HOUr LINFS

DO 45 K=1413
YE = Ueshbh % (K = 1)
YL = (H + 07
YR = YH =~ 07

CALL SYMBOL (UeUSeYLeHR(K) 92406124040)
CALL PLOT (0eDeYHs )

CALL PLOT (10.0eYHs?2)

CaLL SYMBOLI(10.NGs YRR (K)+24041240.0)
CONTINUE

DRAW VFr1ICAL AXES
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laid

)

CALL PLOT (10eNaBeR53)

CALL PLOT(11,0e04,042)

CALL SYMBOL (=N,0542,9e¢19HCIVIL STANDARD TIME«}Ge0e12990.0)
CALL PLOT ( DNelafeB85e3)

CALL PLOT (0a0e0q002)

CALL SYMROL (3.%e5¢7920HALL SECMENTS VISIBLF420e0ela40.0)
CALL SYMROL (3eB9e0ebesUHALL SECMENTS VISIBLE 92090e144040)
CALL SYMBOL ( T.192.9422030T AND PEAK TNVISIBLE 4224161440 00)
CALL SYMBROL € 0,793,0e22HPEAK AND 30T TANVISIRLE 922e0,1440,60)
CALL SYMBOL (34950350 13HA60L INVISIBLE13e0e14e040))

CALL SYMBOL (3459148391 7HIMPACTS INVISIRLE«1740el49040)

CaLL SYMBOL (94”P0C93430 o THSYM WLe79Gel09060)
CALL SYMAOL (9.7093.71%e 7TH O 0e7404109040)
CALL SYMHOL (9.70+3.577« 7H 3 3007+0.10s0e0)
CALL SYMHOL (Yerue3,439e TH 4 45¢7+U,1090.0)
CALL SYMBUL (9e4rde3.30le IH b 6Uss0a10s0.0)
wRITEF (He104) NC

STuP

£END

Reproduced |
besy avaifa bleroc’I;py.
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