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ABST RACT

To study the rotational motion of projectiles in free fight, 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 Prr 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.



NOTATION

A Sun's azimuth

E Sun's elevation

D Sun's declination

L Latitude of firing site

I Range azimuth

Q Quadrant elevation

S Unit sun vector

V Unit velocity vector

Angle between S and V

LHA, H Hour angle of sur.

CVT Civil standard tiire

LMT jocal mean time

DLG Longitude correction on LAVT

MP Meridian passage at LMvT.

v Initial (muzzle) veloc.ty

x Horizontal coordinate

y Vertical coordinate

g Acceleration due to gravity

r Horizontal range

h Height

y, dy/dx = slope,

Sub s cr Ipt s

1, , 3 On any vector denote its x, yt z components

X, Y, Z Coordinate axes in Figure I



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 fulfill 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 basis 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 which forms the key.Vo the olution of our proble*grn.

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 desired 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

3



S = cosEcosA

2 S =snE (I)

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 follow-s 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

V 1 = cosQcos R

V2 = sin Q (2)

V 3 = cosQsinR

where R is the range azimuth and Q is the quadrant elevation. This
unit vector is callea 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 portion. This assumption is valid in this project, be-
cause the difference between actual and vacuum trajectories is within
the range of error in locbting the visibil ty limits.

4
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Fig 1 Definition of unit sun vector and range azimuth
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I

The field of view of the yaw srnde is a cone with a 90" apex angle,
the axis of the cone being perpendicular to the axis of the projectile.
The angle Y, is measured from the nose of the projectile to the sun
vector drawn from the yaw sonde position on the projectile's axis.
For the yaw sonde to see the sun t' must lie between 45" and 135°.

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

cos = SV = SI V +S2V2 +S3V3

Since 7 is known to be 45" and 1350 along the two edges of the field
of view, it will be practicable to use it as an independent 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 0O to about 80". This leaves A as the remain-
ing unknown angle. Fiom Equation I

S = sin E

and

A = arctan (S3 /S1 ) (4)

Thus A can be calculated if S and S3 can be found, and this can be
done by using the directional cosine law for S,

+ = Sl2 + $22 + S32 (5)

in connection with Equation 3. The details of the algebra involved in
solving for SI 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 siteo in Table 1,
at launch, peak, and impact, for 30" , 45" , and 60" QE.

6



TABLE 1

Geogr'aphic details of firing sites

Site Latitude Longitude DLG i'Range

(North) (West) (hour) Azimuth

China Lake, California 35.75" 117.67' -. 155 348.0

Wallops Island, Virginia 37.83" 75.48' +.032 128.0

Yuma, Arizona 32.83" 114.25" -. 382 90.0

The punched cards from YSFIRE containing 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 function- of D and H was generated
and plotted by the computer program named SOLAR, using the equa-
tions

sin E = sin L sin D +cos L cos D cos H (6)

sin A = -cos D s IA/cos E (7)

cos A = (sin D - 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 trip across this grid each year,
as Table 2 indicates.

7
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The computei tram SOLAR also plots on this grid the limit Hles
obtained from .h, FIRE progra,- in the previous step, a; Figures 2,
3, and 4 show. it iw evident why it was expedieat to combine azimuth
and elevation on , graph, because this makes it possible to graphically
translate the sun :• limiting angular (A, E) positions into date aid hour
(D, Hl) numbers. This is done by hp:id, reading off the interseVc!ons of
each limit line with succes'ive date and hour lines ovei a complete year
cycle. These (D, H) nur'Jers are punched on cards for the final plotting
of the year chult.

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) numbers,
starting with 1 January at 2Z. 0 S declination. This type of limit line
transforms to lines that cross the year chart from Jenuary to December,
e.g., the impact limit for 45" QE in Figurra 5.

Other limit lines do not cross the grid, but enter and leave at either
solstice. These lines transform to closed loops on the year chart, e.g.,

the launch limit fcr 60" QE in Figure 5. Tn the same figure, the limits
for peak and 30" impact also form loops which ar.e int3rrupted 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 into 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 •SYEAR pro-
gram according to the equation

CVT = 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.

9



TABLE 3

The number of each day of the year

Ja.. F& Mlar. Amw Mar Jas. Jul. A,& 8ep. O.C Nov De.MO. Mo.

1 1 22 0o 91 121 162 182 21 4 24 306 M2 I
2 2 33 61 92 122 153 183 214 24 '-77 30o 2
8 | 34 a 93 123 154 184 218 246 276 -'47 327 a
4 4 31 63 94 124 155 185 210 247 277 36. 328 4

5 26 64 95 1251 186 217248 278 300 96 6 5 90126157 187 218 249 279 310 340 6
7 7 38 66 97 127 158 U 18 219 250 280 311 341 7
8 8 39 67 98 128 159 189 220 251 281 312 342 89 9 40 68 99 129 160 190221 252 28 312 343 9

10 10 41 69 100 130 161 191 222 253 283 314 344 10
II 11 42 70 101 13M 1e2 192 223 254 284 315 345 11
12 12 43 71 102 132 13 193 224 256 285 316 346 12
13 13 44 72 103 1.33 14 194 225 256 286 317 347 13
14 14 45 73 104 134 155 195 226 257 287 318 848 14

15 15 46 74 105 135 106 196 227 258 288 319 30') 15
16 16 47 75 100 136 167 197 228 259 289 320 '-->O 16
17 17 48 76 107 137 168 198 229 260 290 321 "W51 17
18 I8 49 77 108 138 169 199 230 281 291 322 3.'2 18
19 19 50 78 109 139 170 200 231 262 292 323 35& 19

20 20 51 ,2 110 140 171 201 232 203 293 324 354 20
21 21 62 80 lii 141 172 202 233 204 294 325 355 21
22 22 53 81 112 142 173 203 234 265 295 326 350 22
23 23 64 82 113 A43 174 204 235 206 2906 327 357 23
24 24 55 83 111 144 175 205 236 267 297 328 358 24

25 25 56 84 115 145 176 206 237 268 298 329 359 25
26 26 57 85 116 116 177 207 238 269 299 330 360 26
27 27 58 86 117 f7 178 208 239 270 3JO 331 361 27
28 28 59 87 118 .48 179 209 240 271 SO& 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 30
31 31 90 151 212 243 304 360 31

"In leap rena. after February 28, add I to the tabulated number.

10



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

EMP = (MP - 12)/60

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

TLe 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, che equation for a parabolic tra-
jectory witL origin at the launch point, is

2 12
y = x tan Q-gx /(Jv cx, Q)

The rarge is

r = (Zv?/g) sin Q cos Q

an6i the maxim uni height is

h = (v /2g) sin Q

11



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

7/h = (4/r) (x - x?/r)

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

y' /h = (41r) (1 - Zx/r)

where y' is the slope at height h. Eliminating the dimensionl.ess range,
we find

y/h = I - (ry'/4h)2 = - (ye cot Q)

where r/4h = cot Q and y' is the arbitrarily chosen smaller slope.

Table 4 shows the results for three simple cases encountered in
this project.

TABLE 4

Heights at early cutoffs

Qvudrant Elevations y' y/h

6" 45" 2/3

60" 30 8/9

450 30 2/3

12



A proje•tile fired at a 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 launir limit curve for y' will not see the sun until it retches
the above hight on the ascending segment rofthe curve. All projectiles
fired at tim n points on the peak curves will either cut off there, if in
the terminal regio.., as in Figures 5 and 6 and the upper part of Fig-
ure 7, or will start only at the peak, as in the launch region of Figure
7.

RESULTS

The resilts 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 tuie positive identification of the visible side of tne boundary.
This identification is fairly evident from past experience and from
the geometry of the firing rangz situation. In ambiguous cases the
visible side was identified by using y-4values 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.II

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
auýgle, say 5%, one would use in Equation 3 four values ofX, namely,
450 ± 5° and 135*± 5" . This would produce a pair of A values for

13



each E. When the two sides of a band are trrnscribed 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 (A, 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 tne 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 rege
azimuth at any particular site is rather permanently and narrovly
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 sime, except that the launch 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 (0" 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 limit 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 latitude 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 "vertical 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 coinmmn 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"0, 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 I is too easily mistaken for a
number 1. Lettering in certain areas states which segments -,r laonch,
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 impacLs
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



Individual Sites

China Lake offers the largest windows. All launches are visible
Ull year at any time q/ day, except for a short pr.riod for the 60"
launch (60 L) eround noon in midsummer. Impacts areixnvisible
over the noort iour all year, excepL fer 9" and 30* during the summer.

Wallops Island presents a simpler pattern. Ail launches are visi-
ble after 1330 in the summer and no)n in the winter. Impacts are
visible between September and April in the afternoons, but between
April and September the peak cuts off n; 1620 bours and the steeper
trajectories cut off at earlier tmes.

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 summer.
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 limit lines, for reasons mentioned
earlier in the Discussion.

CONCV..SIONNS

It is practicable to plot yrar 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 durLng the year.

RECOMMENDAT IONS

To expedite scheduling of firing programs, the year charts sub-
mitted here should be consulted.
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When new yaw sonde firing siteg are chosen, preference should
be given those whose range azimuths are most nearly parallel to the
local meridian.
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APPENDIX A

Algebraic details of the solution for S and S

Elimination of S3 from Equations 3 and 4 gives

SI2(V12 +V32) - 2SIV 1 (p - EV2 ) + (P - EV2 ) V32(1 E 2 ) = 0

The solution for SI is

V 1(p- EV(V 2 V z2 - 20 /S =- 2P1 AL)((P - VVjPV V3
V z + V32 

3 --.S 3 (VI (P - EV2))

Then

S3 = (P -EV -SV)/V

When the range azimuth poilts toward any one of the four cardinalpoints of the compass, special cases arise because either S1 or S3
become zero. At Yuma, for instance, where R = 90" and V = 0

S3 (P - EV2 ) /V3,

and

Sl= ( E2S) S /2

24



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
BASI and BASZ among the answers when punched.

Because of the way the program is arranged, the punched cards
are a mixture of different stages for a single quadrant elevation;
however, they are easily sorted out manually to p vdduce continuous
limit curves on the solar grid.

25



a
APPENDIX B

Program Listings

YSFIRE
SOLAR
YSYEAR

26



PR~OGRAM (SFHRE(INPUtJTTA'E5=INPUTOIJTPtJT.TAPE6=OIJTPUTPUNCH,

-- C- - - - - -- PR ri T- CA-- U --- - V"M--AU C ______-R-------------

1 01 FRMATO (8A10

103 FORMAT (1216)

-t4ý fR- t/4.X,947H4 OPT IMUN rl#- NG7 -1' zIMES r 0KR yA1- SONDE-ES IS
105 FORMAT (/2lX,6.1LAUNCH,5X,4HPEAK9 4X,8HTFRMINAL/22X,2HAS,6X,2HES,6X

106 FORMAT ( 6X9A69 5X,2F8o1,F9e2,15#I3)

10A FORMAT (//35X,5(YHCALCULATION OF SUN AZIMUTH FOR GIVEN PSI AND SUN
-41LELV A TION-Y-)H F OR- =~V .T~ o- __

109 FORMAT (9X9A8920X930H NO SOLUTION* IMAGINARY ROOTS.
-t-IT -q0RVART rA SUA4Ir 3WJTILU IIU!t SUN IN UWO -U~TRANTT--

111 FORMAT (4X93HPSI,16X,2HS2,8X,2HSP,8A,2HSM,8X,2HSI ,$A.2HS3, 8X9

112 FORMAT(/9X9IOHELEVATION tF5.1932X, SHS? =,F7*59 44XoF5*1)

_______ 114. FORMAT (12X,?F8,492OX,2I4,4XI'4)
- ~ ~ ~ ~ ~ ~ ~ ~ O PSRAt3O7t!~i~' F I VALUES 'PRIOR( ITl P'LUINGM iLMtT1
*CURVES ON YEAR CHART /

Hfi FORrMAI llhilo5,5Xrc9gWtr~jvIw SIANDARt3 uI4ItS93C9 priuote ,ir'Sej
*35X957HPSI MINIMUM =4b DEG., EARLIEST TIMES TO FIRE

6 60A9514N lI 9pT 2)V- --------- _ _ _ _ _ - -

117 FORMAT (I1H1509,JAHINTERMEnIATE DATES 930X96HQ*Eo =qF591/

7 60X95HNST =912)

119 FORM4AT (20X96HRASI =iF7@I9IOX,6HBAS2 =9F7*I)
U1004 FuKrMA-r-rlfliTW4$rT 32LNGIr'itEtNI3 SLI!2I'4L LftBURAIVRT mIX tQ.u

C 30X9 23H AEROBALLISTICS RRANCt'

DATA MON/6HJAN 196HJAN 21,6HFER 896HFEB 23,6HMAR 8,6HMAR 21,
A 6HA1P]- 296HAPt-t .1)I'HMMP IqbtMAT eU,!,)1JIP4 71I,!,t1JUL 23-r6HAUb lif'
8 6HAUG 2796HSEP 1096HSEP 23961-OCT 696HOC( 19961iNOV 396HNOV 219

C ___________~-J 7-- - '-

UAISA AV7SH{-t AUNCR-9-W-VEAK 98H I MPAC 7~

UA IA tM ,u.u 6rU.Iejj,0*e3jjjU.eeI~,UoIijj.~o. ~toobfou
A-0.05,-O.06679O.0333,0.lOOoO83330,00331,-0.05,-0. 13339-0920, __

ULU, = LUNI'42IUUF uIPttRNCEt Pus WHEN slit. lb WE-iTI Ur LONL_ CIUNjtýK.



- SIR -- ac CDC 180 FIN V30-23 -PM Of . -

C EM MERDIA PASAGEMINU l?

C
c MC u 10 CI..UtLFII P31

C MC =I TO CALCULATE AZIMUTIP FROM GIVEN PSI AND ELEVATION

C

NC = 0
cALL DAVEi0i)
WRITE 4691004) JO

READ (5,101) SITE

R(EAD (5,103) MCNCRV*KLToNPCH

WIE(69101) SITE

WRITE (69115)

IF (EOF(S).NE.0 ) GO TO 201

OER z OE(L)/RAON

9V(L923T=OSl0ER )WIIIDL

C
C~L~rUI!¶AND~ LL!VRIRUI' LU'JIDINIES FOR 611V PSI tillsZI AT LR'JNcf

C PEAK9 AND IMPACT.

WRITE (69108) OE(l)

INLE =14

PS(2) =135.

00 37 K:1,KLT

ESR =ES(gC)/RADN

be S1NIL)P(J

WRITE (69112) ES:K) 9 S29 ES(K)
= 0.0

S3 = 0.0

ASP= 0.0
SM- 0,0

C
Do 33 1 t--vt2--- ____

JSP = PS(J)______ __________ _____

DO_ 
__5_ 

28__ 
_ _ _ _ _ _______



VA = V(Lol)

ri,8 sV-ri9-gi
VC = V(L,3)

R COSIPSIJ)/RADN)-S2*VB

Q 1.0 - S?*S2

IF(RAZ.EQ~q.9.0OR.RAZ.EQ*270.0) Go To 211

RT= 1.0 - P
I, lqr-GT.0.0) r60 TO-Z2 -- - -

WRITE (6-109) AIJ

ee wI = SURiINI
S7? RV

-~ ~~5V RVV(l. . PT 0- V____ _______

SM= RV*(1.O - fRT)

ci b 1F 511~,t SIGNd IN JIRIGUNOMEIRICI AND bUNNLI(T FRAMES.

?6 I 53P -( - VA*SpT7VC---- ________ _____-

S3M =-(R - VA*SM)/VC

IF IASPR .GE0.0.) ASP = 360.0 - ASPR

AQ(IJo1) =ASP

IF (ASMR *GE.0*0) ASM = 360.0 - ASMR

AO'.IJJ,? ASM"

S3 -(R -VA*Sl)/VC

AS R~uNwIA2ANTS-3i95rJ

IF (AS.cE. .0. ) AS = 360. - AS ____________________

1rIAS.~LI.U.U A5 - AS

GO TO 29

211 S3 -R/VC

IF (S1.GT.0.0) 6O TO 210
~WiqTII t 6 9,ffTIN -A- (TY-- ---
60 TO 39



AS' = ATAN2fS3,-S1) * RADN

S3 0- SI*Sl
IF I!SJ.I.1.09UJ VU 10 22D
wRITE (69109) AZ(I)
60U 10 35

220 53 = SQRT(S3)
- - A - AM!RC SP39SP 1RAU"-

AS2 = ATAN2(-S3*SI) *RADN

213 IF (ASI*GE90o0' ASI 360.0 -ASI

IF Ml~.ty.VeUD MSI AS!M~

IF (AS2.GEoO*O) AS2 =360.0 -AS2

- -- I M2-ATS-90M ASZ2 - AS2 -- __ __

AQ(gJtJ,) -ASI

WRITE (6,113) PS(J),Ai(I) ,SZSPSt4,SlS3tASPRASI4RAO(IJ.1)

INLE INLE * I

BAS, AQ(IvJo1)

IF (BASI.LT.6090*OP*BAS1.GT*300*O) 60 !0 35

WRITE (69119) f3AS1,13AS2

IF (NPCH.EQ.0) 60 TO 35

wRITE (79114)8AS2sES (K) ,I9t40JSP

35 CONTINUE

INLE = INLE 4 2

WRITE (69100) ______

INLE =5

WRIFE (69100)
Go Pu ouU

21r ONTINUE-

-C--VIER-1FTCAflON-Of-SL1-VtELOCiuv ANGLt, PS19 PLUN'i LIPM1 CUR~~

51 READ (5.118) DYNOUN,8ASBES,8SHARt4PLP,(TPM0PNSP

IF IEOF(5).NE.0) JF 1



W-YSTRI iKAU- rui)L 6'0 t IN VJ*O-IZ:F OPTF 0

NST =NSP

K = i
IF f'4.GT.1) GO TO 4.9

IF INS'.EQol) 6O TO 7

6C TO 8

INLE =A

8 WRITE (69105)

49 S(191) =COSfBES/RAbN)*COS(BAS/RAON)

SiI,.2) S INIStEI'4.IUNT
5(1. 3) COS(BES/RADN)*SI N(SAS/RADN)

00 53 1=1.1

----- C-At17NUlA9EPS-rrtTT

___ ~PSI(L) RADN*PSI(1)___ __ ________

53 UNFIPJut

C
u IVIL hIMt CACCULAMUI MM~p LUCAL. ?OIUIJAN13't, 9 P1L(IVIAN lVAbA(bto

C AND DLG FOR EACH DATE

IF (NST.EQ.1) GO TO 54
-C; MSH-A- tMPiM) + UL1G

6O TO 55
D4 mvl V SM - MPI ULI,
55 LSHB = I3CVT____ ___________-

L5MB = '3CVT ' 100 - 1CR

C
It INbIleoUl UJIYN =MONIM)
'ORITE (69106) DYNBASBESRSH*,LSHB9LCM8

-WRITt 169iaITiSTTLTJp-_____
_________ INLE = INIE + 3

1--F1TnUE-L'- V641 bU TL 16
________ WRITE (69100)

INUt = 4

GO TO 51

IF %NC.GE.NCRV) GO TO 201
IF (K~olEuJ~e*AN0.JksEU1I) GO 10 euu
6 O T~t 50

201-STOP



SMACE CDC 6400 FI EgV3s*u-Pej9 urPIZ 0

SUBROUTINE ANU(VIVZ-JHETA)

ICANU ANGLE BETWFEN TWO UNIT VECTORS

DIMENSION V1(3 )9V2(3

OP=Vl(I) *V2(l) +V1(2) *V2(2) *VI(3) *V213)

PEA

I~~ ~~~~~ RETURN____________________I~~ ~ END____________ __________________________

I ___ _______________-______________________________________32__



PROGRAM SOLAR(!NPUT.TAPE'=TNIUT.OUTPIJT,)A['F6=OUTPtJT)

C PLOTS YAW SONnF LIMIT LINES ON SOLAR GRID) FOR GIVEN LATITUDE AND

C
C 'JALLOPS ISLAND CIJRVFS.

*AA(A1),EF(0'1),SITF(A1,PFS (mifihAS (80), AZ(3)tJQ(6'1)9

10n) FORM9AT (I?Fh*G)

101 FOWMAT(/ 5SX9?1H LOCAL HOUR ANGLES /I?A91i(7K*A2))

lO? FORMAT (7X,14H nECLINATION =,w ,4X,4HKPT=,13,4X,4HKFT=,13,4X,4HNK
+ =e.13,Xq.4HJ =1P13,P6Xq3HJQ=*I3 /3A99HELEV'4IONg *9F94/
+ 3xo9H AZIMUTH * 9Fq.4/)

103 FORMAl ( 2XF4A~IOI104 FORM'AT (5X*7H SINE -i,13F9.4/)
105 FORMAf (/33X.'iqH SUIN ELEVATION AND AZIIMUTH VS 0OtCLINATICN ANI) HOUR

+ ANG(LE I
107 F~temAT (/If,?HLIMIT CUkvFS PLOTTED
113 FCPMAT (I049HrFI10.4,3I3U,4AA6)
114 FOPMAT (2Xq4FI0.4..3X,2I3)
I Ic FCR'APlAT (4 1 ')
1 1A FORMAT (I?.X.?FA.4.?PJX, T&,?XPA2
)19 iFORMAl (/C;'Xe?4HGkf1) POINT At RIGHT i-NO /AX9,It-KET =,7Av1?,10(RX.1

1004 FORMAT I Hi // 4b ;, HHJGIMNFFRIN6 srIENCF5 LA8MON"TOPY /1I0XqAl0
C 31'X, P'IH AEPO'4ALLJSTICS) HRANCI/1)

C
DJATA DEC/SH?3.'.4wq,3HO1N 43H I LN ,3H11N %.3H 5N 9 3H(I .) 23H %S;I

*31-1QS 93H19S .3H,ýOS *DH-?3@4S/

DTAA9400/ Reproduced from

s)ATA tT/98i4*Q./ 6est available copy.

DATA AZ/4H L94H-P ,'+H T/

DATA IhO/6HJ CONSý4bH-K CONS/
C

fjA TA i/34? ",50I f s 0-.0-O.,1, -?.0- ..

C
RAfOi = S;7.l1997.'
CALL DATF (JI-1
CALI. PLOT

I i'kfTf: (6,1004) JD

Ni-A( (59103) SITE
RFAD (q9100) ATIJDLG,9RAZ
IF (FOFgr,).Nf.0.O) (-(- TO 311
RFAD (5v115) Kk
ATOP =ATU/RAI)N.

SAT =SIN(ATLJN)

33



tGRAM -SPLAR IRACE -C1DC 6A1& FT~hL 3sff-n239OaQPLzi __

COT =COS(ATUR) -

WRITE (hhIU3) SITE

CALL SYMBOL 40.796.5958H SUN ELEVATION AND AZIMUTH VS DECLINATIOý
n-AND H.QUR ANGLE~ 5IO2nkL-

C
--CALL SYMBOL 40.qv6q1,sITE9MOO.Ij,O.O*)
CALL SYMBOL (1.795.647'.HSHOWINC LIMIT LINES FOR LAUNCH, PEAK, AND
+IMPACT' AT (hE. =309 45o 60 DEG. 974909.1490@D)

C
-DO 6=1.*P1_
H =(57.0 K* ~3o0) -180.0

SNH(K) =SIN(H/PAL)N)
2 CS)HIK) =COS(H/RAUN)

C
CALL A -1i.k n9 69-09,Ot93jjAZIMUTH P )a3JLiOfO0
CALL SYMROL (O.79O.4917HDECLINATJON (DFG)91790.129 0.0)
CALL PLOT (0&091.09-3)
EJS =-0.3?
FJF =-0.1
JE = I
Kf3Tj= I - -- - -

KET= I
C

Du 917 M=1481
'317 JQ(M) = 11

C

C
QR =-')(J)/RAiON
SID SIN(DR)
CQD =.C05(DR)-

C

DO 4. !1IqHl
IF (K GT.41) GO1 TO 57
SNE S*AT*SIP + CUT*COD*C5H(K)
CSE =SORT(1.0 - SNE*SNF)
_~~~ EJ1L ADN* 4511,1(StF) --

C -E0JF-K) = F(J9K)

SNA =-COD*St4H(K)/CSE

CS5A (SID - (iNF*-AT)/(CSE*COI)--
A(JK) =RA[ON*ATA,42(SNAgCSA)

A(,J*82-K) 3b0.0 - A(JdJ -

57CONTINUr

5,9 CONTINUE

c --

L3



GRAM SOLAR TRAC:F COC f-4ou FTN V3s0-F239 OPrl- 0

CALL SCALF'.4,,4,QQ00i)
CALL 5CALF (Ft9'A491s 4.09 0.092.091,)

ANP O=
ANF =?.

00 61 J=1911
00 60 K=1,81
AA(K) = A0J9t)
~E~K) = F(J*K)
IF (M.EQ.l) 60O To 61)
IF (KoGT.41) (Go TO '55

cIC J C(NSTANT
C

,il IF (F(Jr%4J).LT.0.I0f).ON.F(JK).f;T.0.OU) (00 TOi,
KHT =K + I

SLJ =(ý(JKki') -EJ~H1)((~~r-~.~~-)

AiT= (J.KF41-1) -F(JqKHT-I)/SLJ O1eO

(ET= dt.KH1.'I..U.A)G OT
(F(JF+U.6 - AH

KN C~\bANJ.)-TiFI/St

ANF = hj )
J;K)T = RerouF

IF (J.FoT.Kl)~l)JEUj G0 TOO6

CJALL =LO A(JF(J. -t)(JfgK)/SLq3
CALL 1?("r - ANH~u0?

IF (J.Fi. I I) GO TO 60

CtLL PLOT (AfJKdf)*F(JqKEl),1l)
CALL HLOr (ANFOe0,2)
(, fl T I iINIJF

60 %CUl~j T1`4IiF

INK = 1~- KýAT+

I F(FE AKHf)L T..O s6) 0 01)G TO t'?
Cbl-l PLOT (~AiAKHiT) ,FFE(tHT)93J
CA-LL IHL,,T (Ajhl 90,09?)

C
C wNIdTF O)ECLINiAIIUN'S

C
~'If (J.t-0h1) G0 TO 3
IF (Mw)(J*?).lNF.OI GO 10 b
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SOLAt( TfkACE CDC 64U0 FIN V3.O-P?39 OPI.=1

CALL ý)YMHOI (k~J59EJSDEC(J)il%0m12v 5.340J
IF (JF,.RJ.Q0O~J.(.)G TO .s
(-!) TO 0 1

3 i(J =AA(41) - fl.1'
YJ =E041i) - OTh

CALL SYAH01- (XJ.YJ.'DFC'ý ,,,)0.1?,0.0)

IF fJ.NE.11) C'0 To "~4
,ijX = A,>-T - O.4ih

SJY = - ý4

CALL bYWINol 4S.J~(,SJY.VEC4J)qLO.12, 53.0)

64 CALL L.i~F fAA(K,:1T)*EE(KHT)qN~(,jOQO) - --

C
IF(FF(KFT).LT*0,0O1) (60 TO63
CALL PLOT (AA(t'ET),EFfKET)93)
CALL PLOT (AJEl .000'?)

C 63 CONTINUE %100

KH(JF) r, FT 0

IF (J.Ft:.[ GO TU c)es

IF (Nui0(Jq?)*NF.U) GO TO
AJF AJF
CALL SYMH~OL (AJF ,LJF .EC (J)%50.29t~.0)

C
1ý C0 NT !'NJE

IF (J.N4F.Il) GO TO (31
SJý = AJFT
CAIL SYPAH(L

C
61 CONTINt)F

C
L =

C
KeT= KH-41)

KFLT =KE(l)

DU 9 KnKHT*KI
COLL LINF (A(1.4K~qtii,K).JUJ4K ).,190,Oj0
IF (K.FU.I) GO To 1C)
M = K- I
IF (MUD( Mob).NF.U) Go TO 9

10 CONTINIF
C
C 0-f HOUR ANGLES
C

IF I K.'\JF.il) GO TO
XU=A(1941)

Yu= E (1.,41) *I
A,L =A(11941)
YL = k(11441) .1

ABU = XO r,

EPU = Yo .01

&13j = AL .0

36



GRAM SOLK TACECIC 6400 FTN w3.fi-P2?39 QJPT1 0

F'HL YL -. 1
6O TO 17

c

SLPL (E(kiIiq) -E(JOK))/(A(IsIK) -A(1UI%))

IF fSLPL*FQ.0*.9) r6o TO 9
AL=A(11,tl.) - .1/SLPL

YL = E(l11K) - .

IF 11 9K.;T.41) GO TO 13
IF 11SLP1JI-O.0.O) GO It) 9
;(I.' A(1,K) - .1
Yu= E(1,K) - .1*SLPU

ARII = Xi- o
Eel) =YU +.0?

C
IF (K.1'4E.31) 60' TO 14.
Al-A = ANIJ - fi.Q

CALL. -,YMROL Of A'-Aq FH-A%17HLOCAL HOUR AK1CLt.S*I.0.i1 ?94to.0)
1'u A8L x

F-L YL I 1
GO TO) 17

13 IF (SLPIi.EO.0.fl) 130 TO 9
XU= A(II.) +

YIj = f(I1hK) + I'LI
41eu X - A9 ~i7
Epoi 1i + P.0?
APL X(L - .)o

CiHL YL - .13iH

17 CONTINUE ,f

L = I * "K/L
CALL SYMROL ( A14J.FH1J.H~fL)q?.o.1?v0.f))
CALL PLUT (XUYIiJ93)
CALL PLOT lA(I.K)9F(1qK),2)
IF ($K.LTaKP(1j)) GO TO 9
IF P(KGTsKE(I1')) 6O U) 9
CALL P-LOT (AI11,K)9E(11,Kd,3)
CALL. PLOT (XLYL.?)
CALL ýYMý3OL ( ARLqF'JLqHH(L)v29U&1?qU.0)

Q CONTI NUr
4? CJNITINU'I

C CALL AYIS411.OO).ovkL)HLFVATION (DE(').-1'-,*4..fl.".U. 0.0qti).Ol

CALL AXIS (0 .090ot 91HJFLkVA I IN (fF()f 6)91940'O0 0.0.20.0)
C

IF IKR.FO.o) Go TO 311
C LIMI1 CJkVJEs I'LOTTEW. IF KR61Z .HO
C

37



)GR~AM SOLAR T;4ArF cfC hi4UO vrN V3.0-P?3v~ OjPT=l

IF (EUFL5).-VF..o0)G0 TO 21

I = ITTF'P

Gou To PCj

21 j= M- I
CALL SCALF7 (ASoJli, .l~ O~OU

CALL L JtNF (AS*e- qJ.1I .P.Li.)

V~ *$- (J)3)\

CALL S'w'IHOL (o'AvwYqmOUE,29.J.?ou.o))
r? CALL S YmAOL V4X YoAZ ( 1 .4 1~?.'i

e4 CALL bYmHtUL f~x*NYoAi(I) 4,O*1?,O.Ui

? I [ = *i I

C CALL 5yt-JUL (I-i.411,.30t1~OHL =L4UN(4191'),O.I90OO)
CALL SYN¶HOL (M'.j.b HP z -PEAIr 09.fu0
CALL .)y4-PoL (r).4 9-..?uPl-T = EIPMINAL912#0o.?.O.O)
vjq!TF (Ao,j~7) T 1

38



PrýOGRAMs YSVF AR11INPUJT TAPEJr= NPUJT *OfITPUT.TAPE 15OI)TIUT)
r

C PqOG,.AM PLOTS YA* SUNDE *!NDOWS, F'O1 WHOLF EAK
C

DIJTENSrON OYN(S0),CVT('3O),HR(14),OE(3),E?*'(?2),CUN(?2)
+,M0N(2,?).STTF(5l)qNSY(b-)

C CHINA LAK~E CtJNVES.

]%)I FORMAT (415)

II)?F IA (12FI.' )
104 FORMAT (// 1799123915H CUHVFS PLOTTED)

119 FOWMAT (//43X,36H YEAR CHAIPT OF YAt4 SONDE wIND)OwS AT /

Pip FORMAT (2U41;X4HD)ATFIfl"XA6)/Io)X4H Cvrg1I(FIO.?)/)/)

1004 POR'{AT 4 P11 // 45X v 3?HFNGINEFRINb SCIENiCES LAIJORATUt<Y /l0A9AI09
C, 30A% 23iw AEPROALLISTJCS q'PANCI-)

+2t-17,2H18,?h19/

C

DATA OUN4/ 1.0,
e* ?~.. 0 9 4.1 8 .0 9 3. 0 , 1 VI. 0 , 1?22.o. 14 1. 0, 1'?3.0,

Ce)5025(.4.O4o270?I.q9..0$0?h0j60
DI 366.0/

C
DATA MON/6HjAN gh~HJAN, ?-1qhHft~ P(,fHFEH 219611MAk 8.ot)Hj-lAR 219
A tHAPR 2,6H-APP 1696HMAY 196FMAY 209b1-JUN ?ls6FJI-J. ?3.f61-AIG 12s

F~ f6HAIJ ?7.fhHSEP 10,d6HSEP 23,61-UCT 696H¶C1 19*6d-NOV 3e(SHNOV 21*
C 6HDEC 2?196HDEC 31/

OATA NSY/03q04v0b900O,62#,b/ 0 oduce Io

CALL DATE (JD)

CALL PLOT (0.0.0.0,-3D
CALL SYMBOL (0,0v,72.JD,10eoG,1'.,.0)
CAL* YHU.9.233O) S)U WINDOWS FOR WHOLE YE.AR 93599.]P

7 RFAn ('i10l) SITE
IF (EoF(5).NF.0.0) GO ro 49
R'EAr) (S*10?) AT0,DLGRA7
CALL SYM90L (O.'io..79 SITE,80*U.14,IJ.0)

C
C LU I MU 30
C LU 2 MO 45
C LU '3 MO 60
C LO 4 PEAK
C LU 5 SUNSET
C LUj 6 SUNRIS)E
c;
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C KTO = 1 FOR POSITh#E SLOPE (LAUNCH)

C KTG =? FOR NFGATIVE SLOPF (IMPACT)
C KTG = 3 FOR SUNSET LINE
C
C NST = 0 FOP STAND)ARD DATES (22 OF THEM1)

C NST = 1 FOR INTERMEDIATE nATESI NCRV = NOM8ER OF CURVES TO BE DR~AwrN

REAL) (59101) NCRVI.WRITE (691004) JO
vwRITF (6,119)
wtR1TE (bg1o3) SITE

NC =0

11 READ) (5.11$) AFDDYN(1),I3AS09E~,iSHiA,8MPLIP.KTPMQPNSP.
IF (EUF(5).NE.0.O) GO TO 12
LO = LIP
tsTG= KfP

HQ= mQp
NST = NSP
IF (NST*EO.1) GO TO 21
CVT(I) = SHA - FMP(I + DLG
DYN(I) = DUNMT
GO TO 2?

21 CVT(I) = SHA - BMP + ULG
?2 1 1 + I

GO TO It

C12 N =I - I
CALL $CALF (DYN9Nv1I'j4.(j090O,36.,b1)
CALL SCALE (CVTqNvl.7*ov.I,.~$1
CALL LINF fDYNqCVIN, 1,NSY (1')) 0.1090)

C
IF (LOeFG96) GO FO 44)
IF (KTG*NE.3) GO TO 41

C
CALL SYMBOL (8.70,6.35,6HSUNSET,6,0. Iu.-kb.0)
GO TO 41

40 CALL SYMBO0L (8.3U,0O.57.?HSUNRISE:.7,U.10.17.U)
C

41 NC = NC + I
IF (NC*LT.'NCRV) GO TO 9

c
C fklfqA H-OtJ LINFS

DO 4b K=1913
Y F = U.'-5 * (K- 1)

YL= IH *.0?
YR = YH - 07
CALL SYMBOL (U.059YL9HN (K) ,i?0*12*0.0)
CALL týLOT (0.09YH913)
CALL PLOT (10.0.YH,?)
C4LL SYM60L(10.f)49YNIt(K) ,2.0.1?,0.0)

45 CONTINUE

C ORAW VFHIICAL A)(kS
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C
CALL PLOT (10.A*6*8593)
CALL PLOT(IO.09O.O.?)
CALL SYMHOL f-().,f?',SIqHdCIVIL STANIJAPfl TIMF49,O199029O.O)
CALL P-LOT (4~-6,53
CALL PLOT(CCO.,?

CALL SYMNOL (3*495.?2O2HALL SEEMENTS VISIIBLF92,2O.e.490.)
CALL SYMROL (a.~,O0f,.jOHALL SEGMENT:S VSISbLE,?OO.14.O.O)
CALL SYMHOL f 7*19?..q,2?t30T AND PEAK INViSiI3LE,229Poj4,O.O)
CALL S'04R0L ( 0o).1 (,3k2tiPEAK AND 30T INVISIRLEP22oO.I49O.O)
CALL SYM90L (3*.q5v3*;, 13H60L INVISItiLt.. 3.0.14,0o0I)
CALL SYMBOL (3*9 i i1HIMPAC3Ib lNVsIRLEqt1,O.14,.o0)

CALL SYM90L (9&?0Q,3.9t) 9 7HSYM UL.1,G.1OO.O)
CALL SYM~iOL 19.?O,:3.71V, ?H 0 O.1,O0iO090O)
CALL SYMHOL (91.eO,3.b77i 7H 3 309790.1090J.0)
CALL SYMtiOL f~?)~o3l 7H- 4 459,790.1090.0)
CALL SYMBOL. (9*eýu.3.3(;i. 7H b 6u,9,4J.1090oO)

49 SIOP .O4 N

EN fl

oduc~pr ed Irombes avauable copy.
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