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COMPUTING BASIC LIGHT DATA FROM THE AIR ALMANAC

INTRODUCTION

A pilot comes into your weather office and asks for the time of sunset
at his destination; or perhaps you’'re out in the field and have no
access to a computer or some other means of computing astronomical
data. How can you provide this information using the Air Almanac?

This Tech Note, which has been reviewed by the Nautical Almanac Office.
U.S. Naval Observatory, describes the procedures for extracting these
data from the Air Almanac. It will also describe basic theories and

laws governing these phenomena. A frame-by-frame programmed learning
approach is used.

The Air Almanac is published annually by the Naval Observatory, and is
available from the Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402. Note: AWS units should obtain
the Almanac using procedures defined in AWSR 7-1.

The tables and graphs reproduced in this Tech Note are from the Air
Almanac 1987 edition; consequently the data, table numbers and page
numbers will not necessarily agree with another edition. The
procedures for extracting the data are the same, regardless of the
edition used.

To complete some of the calculations you will need a few sheets of
scratch paper, both to cover the answers (which follow the questions)

and to make calculations. A clear plastic straight edge, and in some
cases either a pocket calculator or trigonometric tables will alsgo be
needed

The following publications were used in preparing this Tech Note:

a. AFM 51-40, 1983, Air Navigation , Chaps 9-10.

b. The Air Almanac, U. S. Naval Observatory, U. S. Government Printing
Office, Washington D.C., 1987.

Upon completion of the Program you should be able to extract the data
necessary to support your mission directly from the Air Almanac. You
can use a worksheet similar to the one provided at the end of this
text, to make the extraction of data easier. ED.Note: The worksheet was
based on an idea of SMSgt Depew of 25 Wea Sq. He had developed a
similar worksheet, which wag digtributed for use to hig subordinate
units.
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LEARNING OBJECTIVEH

1. State *he main reason why sunrise, sgunset and twilight times change
‘rom day-to-day.

2. Name *two factors that cause moonrise/set timese to change from day
to day.
3. Giver a date and a position between 72 Deg. N. and 60 Deg. S,

obtain the times of sunrise/set, moonrige/set, and morning and evening
civil twilights in either Universal Time {(Greenwich Mean Time), Local
Mean Time, Local Standard and/or Daylight Savings Time, by using the
tables in the Air Almanac.

4. Given a date and a position between 85 Deg. N. and 90 Deg. N,
obtain the times of sunrise/set, moonrise/set, and morning and evening
civil twilights in either Universal Time {(Greenwich Mean Time), Local
Mean Time, Local Standard and/or Daylight Savings Time, by using the
tables in the Air Almanac.

5. Given a location, date and time, caiculate the azimuth and altitude
of the sun.
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g PROGRAMMED LEARNING TEXT
)

FRAME 1

In order to utilize the Air Almanac to find Sunrise/set, and
twilight times for your given location you should have some
background as to why these times vary both on a daily baszis and alseo
latitudinally. The main reason the sun does not rise at the same
time every day isgs the fact that the earth’s axis is tilted with
respect to it's orbital plane. There are other factors such as, the
earth’'s elliptical orbit and it’'s wobble at the, poles but this only
vnrtributes a few minutes to the annual variation. However, it is
the tilt of the axis that causes the seasons and the extremes in the
lengths of daylight and darkness.

In the illustration of the earth and its orbit (Figure 1), the 21
December (winter solstice) and 21 June (summer solstice) earth

G representations have been enlarged to show the extremes in length of
daylight caused by first one pole, then the other being tilted
toward the sun. Notice in the enlargements that the length of
daylight varies with latitude. On 21 June, for example, the length
s of daylight becomes progressively shorter as you move from north to
:;jl south.

The axis remains tilted in the same direction as the earth moves in

A ites orbit around the sun. This causes the length of daylight at any
LY

2 one location to vary from day to day. On 21 March (spring equinox)
2 and 21 September (autumnal equinox), the axis' tilt is in a plane

perpendicular to the sun’s rays, and the durations of daylight and

darkness are about 12 hours each for all latitudes.
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Figure 1. ILLUSTRATION OF EARTH’S ORBIT AND EFFECTS
OF TILTED AXIS UPON LENGHT OF DAY (DATES
VARY SLIGHTLY FROM YEAR TO YEAR).
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Using the illustration, (Figure 1) state the approximate duration of
daylight for the latitude 45° N. on the following dates:

A. 21 December
B 21 March

C. 21 June
D

21 September

L EEEERERER X
ANSWER:
A. 9 hours
B. 12 hours
c. 15 hours
D. 12 hours
FRAME 2

The main reason that *he times of sunrise/set, and the begin/end

times of the twilights vary is because:
A. of the obliquity of the ecliptic
B. the poles wobble.

C. the earth’'s orbit is an ellipse.
D

of the earth’'s orbit.
%M KKK KKK
ANSWER:
X D.
FRAME 3

The earth’s axis tilt and other factors are taken into consideration

the earth’s axis is tilted 23 1/2° with respect to the plane

by the Naval Observatory when they compute the times of sunrise/set

and twilights, which are published in the Air Almanac.

published Almanac times are Greenwich Mean Time (GMT)
algo called Universal Time (UT). "Mean time” is based
assumption that the earth rotates about its axis at a

velocity (actual changes from one day to the next are

The
or they are
on the
constant

very slight)

Because of this assumption, it's possible to establish the

following relationship between time and the earth’s rotation:

TIME ARC
4 hours 360°
1 hour 15°
4 minutes 1=

3

% DO
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Thus in two hours the sun will appear to pagf threough an arec of 30°,
Greenwich Mean Time (GMT) is mean time measured with respect to the
Greenwich Meridian (See Figure 2.) At 0000 GMT, the sun (to be

correct we should say the "mean sun’) is directly above the

tongirtude opposite from Greenwich, i.e.; 180° from Greenwich, and “
o at 1200 GMT the mean sun is directly atove the Greenwich longitude. ’
]
! Local Mean Time iz similar to GMT except it is measured with “

respect to your lccal position. At 0000 LMT the mean sun is directly

;: above your longitude.
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Figure 2. Measuring Greenwich Mean Time (GMT).
;: LMT 1s not useful to regulate our daily activities because it
K. varies continuously with longitude Since it is based on the

v position of the observer. LMT is useful in solar calculations

because “for all places of the same latitude the corresponding

¢

»

: phenomena will occur at approximately the same Local Mean Time

2 (L.M.T.) and thig will be approximately the same GMT. tabulated (Ed.

Note. 1n the Air Almanac), since GMT. = L.M.T. at Greenwich. A

0 The disadvantage of using LMT to regulate our daily activities was
‘v
:% overcome by the introduction of zone time. The world has been ‘
': divided :nto 24 zones, each zone being 15 (or one hour) wide. Each
[}

‘ zone uzez the LMT of .ts central meridian as the standard time

o, (local standard time (LST)) for the zone.

I
)

4

"
‘A

e
k.

S I AT R Sy f. O ARG 2 A Y ", VIR LA O G i T N v S G Y
""""f' “"f"'".f"( 'P o ..t. ._ "tﬁfi".! "’* "h 'V ‘o. Tt e ,‘..\‘ N T S



Below is a a replica of the list of contents (Figure 3) taken from

an Air Almanac. The tables and graphs used in this programmed text

have been underlined.

LIST OF CONTENTS

_ Pages ) Contents
Inside front cover Star list (57 stars) and G.H.A. interpolation tables
Daily pages Ephemerides of Sun, Moon, Aries and planets; moonrise and
moonset
! F1-F2 (flap) Star chart
! F3 (Aap) Star list (57 stars) and G.H.A. interpolation tables
i F4 (Rap) Interpolation of moonrise and moonset for longitude, and star index
i A1-Aj Title page, pretace, etc.
! Ag-A17 Explanation
| A18-A1g ’ List of symbols and abbreviations
! Az20-A23 Standard times
' Az4-A121 Sky diagrams
A122-A124 Planet location diagram
Ai1zs Moonlight interference diagram; planet/star confusion table
A126-A129 Star recognition diagrams for periscopic sextants
Ar3o-Ai145 Sunrise, sunset and civil twilight
A146-A1s2 Rising, setting and depression graphs
A1s3~A1sb Semi-duration graphs of sunlight, twilight and moonlight, in high
latitudes
A5y Fraction of Moon illyminated
A158-A163 tar list, 173 stars (accuracy o’ 1)
A164-A165 Interpolation of G.H.A. Sun and G.H.A. Aries (accuracy 0’'1)
! A166 Conversion of arc to time
A167 Polaris tables .
i A168 Corrections for (total) refraction and Coriolis (Z) table
Inside back cover Corrections to marine sextant observations and dome refraction

Figure 3. Air Almanac List of Contents
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FRAME 4

In the sunrise/set, and twilight tables the times are listed in
Local Mean Time (LMT) for every third day for the specific latitudes
shown at the side of the table. When there :s less than a three
minute change between the days listed, simply use the time listed
for the nearest date. If the change is three minutes or more, you
must interpolate for the date required. You must also interpolate

between latitudes, if your latitude of interest is not listed.

Using the sample sunrise table in Figure 4, find the times (LMT) of
sunrise for the following dates and latitudes:

A. 3 December, 50° N.
B. 13 December, 20® S
C. 29 November, 59 N.
D. N

1 December, 23°

.

A144 SUNRISE
November . December Jm—.‘
Lat. 19 22 125 a8 4 4 7 10 13 16 19 23 25 a8 31 3
. ' = " ma e %@ 2 @ma be dm ba e km bk a 4se As bAewe be 2o
N 73 - - - - - - - - - - - - - - - -
70 [ 1013 1038 1115 @m - - - - - - - - - - - -
68 (09 29 09 43 090 §9 1O 1S 10 32 10350 11 (2 am - - - - - - - -

66 | 0900 00 11 09 22 09 33 09 44 09 55 1004 103 1021 1028 1032 1035 (035 10 3¢ 1030 1026
64 ) 08 38 08 47 08 56 09 05 09 14 09 22 09 20 09 36 09 42 09 46 09 50 09 52 OQ 53 09 53 09 5I 09 48
62 20 29 37 o8 44 o8 51 08 58 0g 04 09 10 09 15 09 19 21 24 25 258 24 22
N 6o {0806 08 13 0820 08 27 08 33 0B 39 08 45 08 50 08 54 O 57 09 0O 09 02 09 03 09 03 09 03 09 02
§8 | 07 54 08 oo o8 o7 B k) 18 24 29 33 37 40 0B 43 08 45 0B 46 08 46 08 46 o8 45
56 43 07 49 07 55 08 00 0B 06 08 11 5 19 22 28 28 30 3 3 32 31
S4 34 39 44 0750 0754 0759 0803 o807 oB1o 13 15 17 18 19 19 19
(1) 26 3t 35 40 44 49 07 52 07 56 ‘07 59 0B o2 oBoq 08 06 08 07 08 0B o8 08 08 o8
N so |07 14 07 23 0727 07 32 07 306 07 40 07 43 07 46 07 49 07 52 07 §4 07 56 07 57 o7 $B 07 s8 o7 38
45 | 07 02 07 0b 07 10 07 14 7 2t 24 27 29 32 34 18 36 37 38 38
40 | 06 49 oh 52 06 56 06 Sg 07 02 07 05 0708 07 10 07 12 1S ¥4 18 20 2t 22 22
as | 38 o & 46 06 49 06 51 06 54 06 56 06 59 07 01 07 03 07 04 07 of 07 07 07 08 07 08
3047 28 30 33 35 38 40 42 45 47 06 4B 0650 0652 0633 06 54 06 55 06 36
N 320 | 0611 0613 0614 0616 0618 06 20 06 22 06 24 06 26 06 27 06 20 06 31 06 32 06 33 06 35 06 36
N 10 | 05 56 05 57 05 58 0600 06 01 0603 0604 06 06 0607 0609 0610 0612 0H13 06 15 0616 17
o 42 42 43 0544 0545 05 46 05 47 05 49 05 50 05 52 05 53 05 55 03 56 05 58 05 59 06 00
S 10 28 28 28 28 29 3o 3 32 33 34 35 37 38 40 42 05 43
20 {0512 0512 05 §1 OS5 I1 Of I2 O5 12 0512 0513 0§ I4 0515 0517 0518 0520 05 2t 23 25
S 30 [ 04 54 04 53 04 52 04 52 04 SI O4 ST 04 51 04 52 04 52 04 53 04 54 04 56 04 57 04 59 05 01 0503
35 44 42 41 40 40 39 39 39 40 40 42 41 44 46 04 48 04 51
40 32 30 28 27 26 25 25 25 25 25 26 28 29 31 3 36
45 18 0415 0413 04 11 040G 0408 0407 0407 0407 0407 0408 04 10 04 11 0413 04 16 04 18
50 | 04 01 03 57 ©3 54 03 52 03 49 03 48 03 46 03 45 03 45 03 43 03 46 03 47 0) 49 03 51 03 54 03 57
S 52 | 03 52 03 40 03 45 03 42 03 40 03 38 03 36 03 35 03 34 03 34 03 35 03 36 03 38 03 40 03 43 03 46
54 43 39 35 32 29 6 24 23 22 22 23 24 26 28 n K7}
$6 13 a8 24 10 16 0313 0311 0310 ujoy 0308 v3og 03 10 03 11 ©F 14 17 20
<8 21 16 03 10 0306 0302 02 S8 02 56 02 4 N2 52 01 52 02 52 02 53 02 §§ 02 57 O3 00 O3 04
$ 60 |03 07 03 O1 02 55 02 49 02 45 02 40 03 37 02 34 O2 32 02 31 02 31 02 32 OZ 34 02 37 O2 40 02 4%

FIGURE 4. SAMPLE SUNRISE TABLE




" NOTE: For the rorthernmost latitudes on this and sgimilar tables vou
will see a number of symbols used. The symbols and their meanings

are as follaows:

C—1 Sun continuously above the hor.zon.
SN
" G Sun continuously beiow the horizon.

/777 Twilight lasts all night.

TR KKK KKK KK
ANSWER:
A. 0739 LMT
B. 0514 LMT
0823 LMT
0624 LMT
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o A160 CONVERSION OF ARC TO TIME
-': o'ln o| b m ° v = ° A m e " m o b m 3 Y
L. 0 ooo 60| 4 00 120| 8 00 180 | 12 00 240 | 16 oo 300 | 20 oo o] ooo
N 1| oo4 61| 4 04 1ax | 8 o4 181 | 12 o4 241 | 16 04 301 | 20 o4 1| oo4 *
R o 2| ool 62 | 4 o8 122 | 8 o8 182 | 12 o8 242 | 16 o8 302 | 20 o8 2| oof
o 31 o012 63| 4 12 123; 8 12 183 | 12 12 243 | 16 12 303 | 20 12 3| o112
. 4! o016 64 ) 4106 124 | 8 16 184 | 12 16 244 | 16 16 304 | 20 16 4| o 16
:- s o2 65 | 4 20 126 | 8 20 185 | 12 20 245 | 16 20 305 | 20 20 §1 o120
- 6| o 24 66| 4 24 126 | 8 24 186 | 12 24 246 | 16 24 306 | 20 24 6] o 24 .
L9 71 o 28 67| 4 a8 ¥27 | 8 28 87 | 12 28 247 | 16 28 307 | 20 28 7| o a8
8. 8 o032 68, 4 32 128 8 32 188 | 12 32 248 | 16 32 308 | 20 32 8| o032
- 9! o306 69 | 4 36 129 | 8 36 189 | 12 36 249 | 16 36 309 | 20 36 9| o 36 y
t 10! © g0 70| 4 40 130! 8 40 190 | 12 40 250 | 16 40 310 | 20 40 10| 0 40
% 11 O 44 7 4 44 13t | 8 44 191 | 12 44 251 | 16 44 311 | 20 44 I | o 44
ol 12 o048 72 | 4 48 132 | 8 48 192 | 12 48 252 | 16 48 312 | 20 48 12| 0 48
X 13 o s2 73| 452 133 8 52 193 | 12 52 283 | 16 s2 313 | 20 s2 13| o052
N 14’ 0 56 74| 4 56 134 8 56 194 | 12 56 254 | 16 56 314 | 20 56 14| o s6
~ 15| 100 78| 5 00 135 | 9 o0 19§ | 13 00 285 | 17 oo 318 | 21 oo 15| 1 00
I Y6 ! 1 o4 5 04 136 | o o4 196 | 13 o4 256 | 17 o4 316 | 21 o4 16| 1 o4
: 17 1 o8 77 s o8 137 9 o8 197 | 13 o8 287 | 17 o8 317 | 21 o8 17 1 o8
\ 18 112 8| 5 12 38| 9 12 198 | 13 12 258 | 17 12 318 | 21 12 8| 112
" 19 T 79| s 16 139 | 9 16 199 | 13 16 259 | 17 16 319 | 21 16 19 116
, :'\
= 20 | 1 20 80| 5 20 140 | 9 20 200 | 13 20 260 | 17 20 320 | 21 20 20| 1 20
i 21 124 81 5 24 143 | 9 24 201 | 13 24 261 | 17 24 321 | 21 24 F 13 1 24
- 22 1 28 82| 5 28 142| 9 28 202 { 13 28 262 | 17 28 322 | 21 28 22| 1 28
- 23| 132 83| 532 143 | 932 | 2303|1332 263 | 17 32 323 |21 32 | 23| t 32
o 24| 136 8¢| 536 | 144 | 936 | 204 1336 | 264 | 1736 | 3242136 | 24| 1 36
b 25 | 1 40 85| 540 145 | 9 40 208 | 13 40 265 | 17 40 328 | 21 40 a5 | 1 40
~ 26 | 144 8 ' 544 146 | 9 44 206 | 13 44 266 | 17 44 326 | 21 44 26 | 1 44
> 27| 148 87| 548 147 | 9 48 207 | 13 48 267 | 17 48 327 | 21 48 27| 148
- 28] 1 52 88 | 5 52 148 9 52 208 | 13 s2 268 | 17 52 328 | 21 52 28 | 1 52
: 29 | 156 8 556 149 | 9 56 209 | 13 56 269 | 17 56 329 | 21 56 29} 156
a 30 2 oo g0 | 6 oo 150 | 10 o0 210 | 14 00 270 | 18 oo 330 | 22 oo 30 2 00
\ 31 204 91| 6 o4 ISI | 10 04 21X | 14 04 271 | 18 o4 331 | 22 o4 3x | 204
‘ 32| 2z of 92| 608 152 | 10 o8 212 | 14 o8 272 | 18 o8 332 | 22 o8 32| 208
o 3] 212 93 6 12 183 | 10712 213 | 14 12 273 | 18 12 333 | 22 12 33 2 12
'_;- 34 ‘ 216 94| 6 16 184 | 10 16 214 | 14 16 274 | 18 16 334 | 22 16 34! 216
- 35| 220 95 | 6 20 15§ | 10 20 215 | 14 20 275 { 18 20 335 | 22 20 35 2 20
= 36 I 2 24 96, 6 24 156 | 10 24 216 | 14 24 276 | 18 24 336 | 22 24 36 2 24
b 37! 228 97| 6 28 157 | 10 28 217 | 14 28 277 | 18 28 337 | 22 28 37| 2 28
- 38 2z 32 98! 6 32 158 | 10 32 218 | 14 32 278 | 18 32 338 | 22 32 38! 2 32
39 f 2 36 99 | 6 36 159 | 10 36 219 | 14 36 279 | 18 36 339 | 22 36 39| 236
40 | 2 40 100 6 40 160 | 10 40 220 | 14 40 280 | 18 40 340 | 22 40 40 2 40
A 41 , 2 44 101 6 44 161 | 10 44 22X | 14 44 281 | 18 44 341 | 22 44 41 2 44
SN 42 248 102 | 6 48 162 | 10 48 222 | 14 48 282 | 18 48 342 | 22 48 22| 2 48
. 43 2 52 103 | 6 52 163 | 10 52 223 | 14 52 283 | 18 52 343 | 22 52 43 2 52
‘;\ 44 2356 104 | 6 56 164 | 10 56 224 | 14 56 284 | 18 56 344 | 22 56 44| 256
) : 45 1 3 oo 105 | 7 o0 165 | 11 00 22§ | 15 oo 285 | 19 oo 345 | 23 o0 45 3 oo
'. 46 . 3 04 106, 7 o4 166 | 11 o4 226 | 15 04 286 | 19 o4 346 | 23 o4 46 3 o4
. 47 3 o8 xo7 | 7 o8 167 | 11 o8 227 | 15 o8 287 | 19 o8 347 | 23 o8 47| 3 o8
'_“ 48 3 12 l 7 12 168 | 11 12 228 | 15 12 288 | 19 12 348 | 23 12 48| 312
- 49‘ 3 16 109, 7 16 169 | 11 16 229 | 15 16 289 | 19 16 349 | 23 16 49 | 316
:: 50 ; 3 20 110 : 7 20 170 | 11 20 230 | 15 20 290 | 19 20 350 | 23 20 so| 3 20
~ St 324 7 24 78 | 11 24 231 | 15 24 291 | 19 24 asx | 23 24 s 3 24
?‘ sz | 3 28 12} 7 28 172 | 11 28 232 | 15 28 292 | 19 28 352 | 23 28 s2, 3 a8 ‘
J 53 : 3 32 113 ) 7 32 173 | 11 32 233 ( 15 32 293 | 19 32 353 | 23 32 53 3 32
@ 54, 336 14 | 736 174 | 11 30 234 | 15 36 294 | 19 36 354 | 23 36 54 | 3 36
pr - o |
55' 340 us | 7 40 175 | 11 40 | 235 | 15 40 | 295 | 19 40 355 {2340 | 85| 3 40
$6 | 344 | 126 744 | 176 | 1144 | 236 | 1544 | 206 19 44 | 356 | 23 44 | 56| 3 44 s
) 57! 348 117 | .7 48 177 | 11 48 237 | 15 48 297 | 19 48 357 | 23 48 §7 ] 3 44
. 8, 352 18 l 7 52 178 | 11 s2 238 | 15 52 298 | 19 52 358 | 23 52 s8) 3 52
T 59 3 56 19 . 7561 179 11 56 239 | 15 56 299 | 19 56 359 |.23 56 89 3 56
k- S S SR [ R R R —
! The above table is for converting expressions in arc to their equivalent in time; its main use in this Almanac is
g for the conversion of longitude for application to L.M.T. (added if west, subtracted if east) to give G.M.T., or vice versa,
N particularly in the case of sunrise, sunset, etc. ~ .
)
()
L Figure 5. Conversion of Arc To Time Table
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+y The sunset, and the morning and evening civil twilight tables are
" read just like the sunrise table. Remember, these times are the
i:ﬁ ) Local Mean Time (LMT) for the event, and can be converted to either
;j Local Standard Time or Universal Time (GMT) by using the Conversion
l;; . of Arc to Time table (Figure 5} of the Almanac. Notice that the
\ conversion factor in the Arc to Time Table is simply !® of longitude
v: equals 4 minutes time. The first six columns of the table are the
if' hours and minutes conversion, while the last column is the minutes

. and seconds conversion. For example, (using Figure S5) we will find
‘{ the time difference corresponding to a longitude difference of 147°
._-F 37'. located 147° in the third column. you will find that 147°
;E: equals 9 hr 48 min and the 37’ = 2 min 28 sec. add them together:
?t: S hr 48 min
g + 2 min 28 sec

[ O hr 50 min 28 sec
3: In computing these times, you can round off to the nearest minute.
 ;; thus, the time difference corregponding to a longitude difference of
! 147 37’ is 9 hr. 50 min.
({
«;: Find the time difference corresponding to the following longitude
:;u differences. Round off the time to the nearest minute.

A. 76® 17’

:" O :'a.'.'.'.'

B 14® 55°

A C. 122° 39’

N

0 D. 120° 16°

ii XH N KKK NKK
" .

® ANSWER:

.

" A. 5 hr 05 min
o

N B. 1 hr 00 min
A
1;$ . C. 8 hr 11 min
® D. &€ hr 901 min
1*
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FRAME 6

Using the Conversion of Arc To Time Table to convert LMT to GMT is
fairly simple, since you are simply converting from your longitude
position to the 0° Meridian. First, convert your longitude to time;
then, add this conversion to LMT if your longitude is west, or
subtract it from LMT if your longitude is east.

For example, here is the conversion of 0630 LMT to GMT for Langley
AFB, Va, which is located at 76= 21’ W.

76° 5 hr 04 min
+ 21’ 0l min 24 sec

Hn

% hr OS5 min 24 sec = 5 hr 05min
6 hr 30 min LMT
+ 5 hr 05 min(added; longitude is west”)
IT hr 35 min = 1135 i
|

Convert 0630 LMT on 18 May to GMT for the following stations:

A. Fulda, Germany 9° 41’ E.
B. Osan, Korea 127 02' E.
C. Brasilia, Brazil 47° 56’ W.
D. Amberley, Australia 152< 43’ E.

23X TR N
ANSWER:
A. 0552 GMT, 18 May
B. 2202 GMT, 17 May
C. 0942 GMT, 18 May
D. 2019 GMT, 17 May
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:ﬁt Frame 7

Ei: The easiest way to find LST using strictly the Air Almanac and
}34 nothing else is to simply find GMT, as you did in Frame 6, and apply
o the correction to standard time which is indicated in pages A20-A23
iEi of the Air Almanac. NOTE: Standard Time corrections are also located
jtg in the Flight Information Publication (FLIP) pertaining to your Area
fx‘ ) of interest. The Standard Time zones are based on specific Standard
}ul Meridians which are normally spaced at 15 of longitude, either

;Sa east or west, beginning with the Frime Meridian (0®); however,
: X either geographical considerations or local law can be used to

"N adjust Standard Time. Because the LST for your location must be

'.ﬁ figured using The Standard Meridian for vour time zone, which ig not
EE necessarily the one closesgi teo it., you must :nsure that the proper
::; correction s applied. e.g. In eastern and western Kentucky there
ﬂbh are 2 different time zones; Newfoundland has a Standard Time

:r\ correction of +3 hrs 20 Minutes etc.

4} If you Jdo know the Standard Meridian that is used for your time zone
:23 then you simply apply the correction as determined from the Arc to
;Tﬁ Time Table to the Local Mean Time listed in the Sunrise/set tables.
iﬁq Add the correction if you are west of the Standard Meridian and

;3 subtract the correction if you are east. This correction will

'if normally be less than 1 hour, remember, because Standard Meridians
o

are normally 15° apart, and 1° of longitude = 4 minutes time. (See

O

the map on page 49)

v‘.'
L
w: Let’'s use Langley AFB, VA as an example of this last case. Langley,
-~
3; which i3 located at 37= 05' N., 76% 2!' W. 13 :n the Eastern
' e
;K Standard Time Zone which uses 75% West longitude as 1t's Standard
P Meridian. The LMT for sunrise on the 18th of March 1s 0608 LMT. What
AN
> time does sunrise (LST) occur at Langley? Langley AFE, VA is
vi located 1° 21' West of the Standard Meridian and this equates to a
¥
'.v correction of 5 minutes (1® 21’ = % min 24 sec which rourds off 4o 5
) : min). The correction added to the published LMT., ind:icua“es a1 SURrise
oS time at Langley AFB on 18 March of 0613 LST.
I3
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: Find time of sunrise (LST) for the following stations using a time
l'

) of 0630 LMT:

Standard Meridian

. A. Fulda, Germany (9= 41' E.) 15* E.
l

o B. Oszan, Korea (127= 02' E.) 135® E .
l

& C. Brasilia. Brazil (47° 5&° W.) 45 W.
N)

! D, Amberley, Australia (152< 43’ E.) 150~ E
v I EEREEREREEXR ]

)

. ANSWER:

. A. 0651 LST

| 5. 0702 LST

y C. 0642 LST

) D. 0619 LST
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Some locations use Daylight Savings Time (LDT). For an indication of
which countries use LDT see the Standard Time tables pp. A20-23 or
the applicable Flight i1nformation Publication for your area of

interest. To convert %o Daylight Savings Time (LDT) you just add 1

L

hour to the LST.

ITz:ng the following Figure (Figure 5) and the Conversion of Arc to

i S

T:me Table (Figure 5), find the LDT of sunset on 11 September for

the fcllowing stations:

Standard Meridian

A. Fulda, FRG. (50= 33" N. 9= 41°' E.) 15= E.
B. Langley AFB, Va (37 05’ N. 76 21’ W.) 75< W.
C. Brasgilia, Bra. (15 51°' S. 47 56' W.) 45° W,
D. Amberley, Aus. (27 39’ S. 152° 43' E.) 150~ E.
SUNSET

Lat August September Oct.

" 15 18 21 24 27 30 | a [ 8 1t 14 17 20 33 36 29 2

- hom hom hnom hom h m h m »m bm de bhao bm be Bw bm b a 2= boa

N7z 2145 2124 2104 2040 2028 2011 1954 1938 1922 1906 18 50 1834 1819 1803 1748 1733 1717

70 13 1037 2041 25 2010 19 50 41 27 12 18 58 44 30 16 oz 49 35 21

68 .0 50 30 23 2010 19 50 44 31 18 19 05 52 39 27 14 oz 49 36 24

66 3 10 009 1Y 57 15 34 22 10 18 59 47 35 24 12 o1 49 38 26

64 1% 2007 19 57 40 3o 25 15 19 04 5S¢4 43 32 22 3 0 50 39 29

6z 1000 1956 47 37 28 13 o9 18 59 49 39 29 19 10 18 oo 50 49 30

N60o 1955 1947 1938 1920 1921 1912 1903 18 54 18 45 1836 1827 1817 1808 1759 1750 1741 1732

58 40 39 31 23 15 o6 18 58 50 41 33 24 16 o7 59 50 42 34

56 39 31 2y 17 0y 19 u2 54 46 38 30 22 14 06 58 51 43 35

84 32 25 13 e 04 18 57 50 43 35 28 21 13 o6 58 51 43 30

52 : 9 13 07 1900 55 47 40 33 26 19 12 o5 58 51 44 37

NSO . 1g 20 1914 t9gof 1902 1850 1850 18 44 1837 1831 1824 1818 18 1x 1804 1758 1751 1745 1738

45 1908 1903 18 5% 18 53 48 42 37 3z 26 20 14 o9 03 57 52 46 40

40 1K 58 1M 54 50 45 4 a0 31 26 22 17 12 o7 02 57 52 47 42

35 149 40 42 38 34 31 26 22 18 14 10 o5 ol 57 L] 48 44

30 32 39 30 33 29 20 22 19 15 4 o8 o4 1800 56 353 49 45

N2o 18 :9 1827 1825 1823 1820 1818 3815 1813 1810 1807 1804 1802 1759 1756 17 53 17 51 17 48

N 1o 18 17 15 19 12 1) o9 07 o5 03 1802 1800 58 56 54 52 50

0 8ok 1Ho7 1Bo7 t8ot 18505 18ay 1803 1802 1801 1800 17590 1758 57 50 55 54 53

S10 4753 1758 1758 1758 1758 1758 1758 3757 1757 1757 57 6 s6 56 50 56 55

20 47 48 49 50 50 st 52 52 53 S4 54 S5 55 56 57 1757 1758

S30 1735 1737 1739 1740 1742 1743 1745 1747 1748 1750 17 51 1753 1755 1756 17 58 1800 18 01

. 35 L - % T 1 ZAN ) 41 44 40 48 50 52 54 57 1759 o1 o4

40 20 H 20 29 32 34 37 40 43 40 438 51 54 57 18 oo 03 oo

15 1 i5 w2 25 29 33 36 39 43 46 50 54 57 o1 o5 of

50 17 00 05 04y 13 18 22 27 31 35 40 44 49 53 58 oz 07 12

S$82 1n35 1700 1705 1709 1714 1719 51724 1729 1734 1738 1743 1748 1753 1758 1803 1808 1813

54 0 1635 17 00 05 1t 1o 21 26 32 37 42 47 53 58 o4 o9 %3

56 $3 4w 1655 1701 oL 12 18 24 29 35 41 47 53 58 o4 10 16

58 37 43 49 1655 1702 o8 14 21 27 33 40 46 52 59 os '3 18

S60 b2 1636 1042 1649 1650 1703 1710 1717 1724 1731 1738 1745 1752 1759 1806 1813 18 21

Figure 6. Sunset Table.
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ANSWER:
A. 1946 LDT
B. 1920 LDT
C. 1807 LST Why not LDT? Because it’'s not summer in the
D. 1740 LST southern hemigphere! Gotcha!! !
PROGRESS CHECK
FRAME 9:

Using the extracts from the four sun-event tables provided below and
the Conversion of Arc to Time table in figure 5, find the Local
Standard Times for the start of morning civil twilight, sunrise,
sunset, and the end of civil twilight on 1 January for the following
stations:

A. Langley AFB, Va (37< 05’ N. 76< 21’ W.)

B. Amberley, Aus. (27= 39’ S. 152= 43' E.)

AM Twilight Sunrise Sunset PM Twilight
A.
B.
JD«q Lat. | D&, Dec. Lat, | Dec
Lat. | 30} 3 13 2 L'L? o | 2 ) 30 2
i SR B Ad P |
o!l.l. o, B m N om . " s A m s, A m o oAm
N 72 10 48 10 40 N7z, = = N7z = = N72 1318 1320
70 09 52 09 48 70* - - 70 - - 70 1413 14 20
68 ' 09 18 09 10 68, = = 68 = =m 68 (447 1452
66 08 54 08 52 66 . 10 3t 1026 66 1334 1342 66 1511 1510
64 35 34 64 | 0951 09 49 64 1414 1420 64 30 35
63 19 18 © 62, 24 12 62 1441 1446 62 ' 46 15 50
N 60 | 08 06 08 o§ Néo:°9°3 09 o2 Néo - 1502 15006 N6o '15350 1603
58 | 07 54 O7 4 §8. 08 46 o8 43 8. o 23 s8 611 14
6! 44 4 6| 313 3 LT YO Y 6| ar
4| 36 35 54 o 19 54 40 1550 S4. 33 33
53 28 28 . 52 |08 08 o808 §3 1S 357 thoo s2 38 a1
N so lo'; 20 07 20 * Nsgo 0738 o753 Nso tho; 110 N so ! 16 45 o 48
45 | 0704 0705 4 38 38 45 17 30 4S [ 1701 1704
40 ! 06 51 006 52 40 2 12 40 ' 44 1040 40 , fs 17
35 ! 49 - 40 35 . 0708 o708 38 vs3 (700 38, 20 23
30 19 30 10 | 96 55 06 56 30 (710 12 30! 36 38
N30 0610 061t Nad | 06 34 06 35 Nao 1731 1733 Nzo 1755 1757
N zo | os 53 o5 54 Nt o6 t6 17 Nto 1749 175t Nio 1812 1814
° 310 38 0 | 05 59 0600 o t8on 1808 ° 19 30
S 10 |05 19 20 S to 42 05 43 S to T 15 S 10|18y 1838
v 20 | 04 58 05 00 ”l‘ 13 s 20 18 42 18 43 20 1907 1908
',.' S 30 104 33 04 36 S 3970501 0503 530!1904 19 os $ 30 11932 1932
- 3, 8 35 | 04 43 04 350 3. 17 8 35 1047 1947
.ﬁ‘: 40 ‘0400 04 03 o 33 36 0 3 32 40 2005 20 0§
N 45 {03 38 03 41 48 |04 15 04 18 45 | 19 50 19 50 4 027 27
o $0 | 0309 03 12 S0 i°) 53 03 36 (73 . 1012 0012 [ 56 20 5%
':..":‘ S $3 102 54 02 58 S 53 .03 43 0346 $s3 0.2 2022 S 52 bar e 2t ro
h\{\’ S4 | 37 4 54 30 b sS4 34 34 54 ! 28 27
6 'o21s 02 ro 56 16 o §6 043 2047 56 2150 2143
§8 ot 46 or st/ s8 03 00 03 04 s8 ing 1103 $8 | 2218 2215
S 60 | o1 0o o1 o8 S6o o140 o144 S60 115 2ty S 6o 1303 22357

Figure 7. Sun Events Tables
14
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ANSWER:

A. 0650,0719,1659,1728

B. 0430,0457,1849,1915

{Answers within one minute of these can be conszidered correct

because of the interpolaticn involved.:!

ONE FINAL NOTE: Nautical and Astronomical Twilight times are not
provided in the Air Almanac, but can be estimated by using the time
difference between sunrise and start of civil twilight, or sunset
and end of civil twilight. Add the difference to end of Civil
Twilight to get the end of nautical twilight;, add the difference
again to get end of astronomical twilight. For corresponding start
of twilight times, subtract the difference from starts of civil
twilight etc.

So far, you have learned how to find times of sunrise/set, and the
twilights between the latitudes of 72® North and 60° South. Although
the Air A.manac does not cover the area south of 60° South latitude,
it does cover the area north of 72° North. The next few frames

will expiain these graphs.

**NO RESPONSE NECESSARY##%
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An examplie Of a Semicduration of Sunlight Graph is shown below.

SUNLIGHT AND TWILIGHT A153 .
i|ootTr|¢Yo oTo' ) Io' :_}o'o'nﬁ:|lovc'oT: o‘ 'T "T_T'. I.'.' r-‘:'n‘r"‘ 1\

1
4 12010 12710 |\ 12¢00°* 12¢00°* 3 )
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Figure 8. Semiduration of Sunlight

The graph covers a six-month period; the months are indicated across
the bottom. Every fifth day there are tick marks; they are depicted
along the top and bottom of each chart. The sides of the graph
1indicate iatitudes from 65 North to 90° North. Across the top you
+ls0 see time in hours and minutes. e.g. 12H 14m ....etc. These
vimes are the times »f meridian passage which can be read to the
nearest minute for each day. Meridian passage is the time that the
sgses your long.tude; :1.e. the time of apparent noon during

a
each 24-hour period. The skewed lines on the graph are the

sem:duration lines. They show the number of hours of sunlight that
will occur before and after the meridian passage--hence the term
gsemiduration’. “Sun below horizon® and "Sun above horizon” are
se.f{-explanatory. In the regions of the graph that you find
d41ff1cult to 1n%terpret, the phenomena themselves are generally

speaking, uncertain.
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. FRAME 10 (contd)
QJ' Here's an example of how to read the graph to find the sunrise/set
! times on 1 March at 80° North (using figure 8): first, follow the
o
.- ! March® line tc the top of meridian passage. An “x° has been

%f placed there, between 12h :4m and 12h 10 m, or approximately 12h
P 12m. Thus, the meridian passage time on 1 March for any meridian

» «

! 13 12h 12m LMT. Next proceed along the line to your latitude of

o tnterest (80% N.). An "x° has also been placed at that point. This
e

;: point lies approximately on the skewed line labelled "3h.~

}ﬁ Therefcre, the semiduration of sunlight on 1 March at 80= North
[
. latitude is 3 hours. With 3 hours sunlight before and after the

iﬁ meridlan passage time you can now compute the sunrise to be 0912 LMT
';f 12 - 3n = 0912) and the sunset to be 1512 LMT (12nh 12m + Zh = 1512)
‘:: New 1t's3 your surn! Use figure 8 and find local mean times of

“w

® sunrisesset for the following dates and latitudes. (A clear straight
;.: edge will be useful here.)
,\’ Sunrise Sunset

~U
*S A. 16 April, 80* N.
a 5. 10 February, 707 N.

o C. 15 March, 78= N.

156

.~ D. 1 April, 73° N.

A WK NN NN R

'5 ANSWER :
R A. Sun ccntinuously above horizon.
g

~: 3. 0854 LMT 1534 LMT

N C. 0630 LMT 1739 LMT

o«

Q— . 04493 LMT 1919 LMT
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FRAME 11

L T R T ———
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Figure 9. Duration of Twilight Graph

The Duration of Twilight graph (Figure 9) is similar to the
Semiduration of Sunlight graph; but notice that the skewed

hour lines are not smoothly curved as .hey are on the sunlight
graph. They are kinked in places. These kinks, if superimposed onto
the corresponding sunlight graph, would fall on the "Oh" line, and
along this line the sunrise may or may not occur. We have drawn a
dashed line in the example which enables us to define the four areas
1in the chart as follows:

Area A - No Twilight or sunlight. In this area the sun never gets
within 6® of the horizon.

Area B - This is the area where the sun is continuously below the
horizon but does get near enough (within 6®) to the horizon during a
portion of the day that there is twilight. The value determined in
this region of the graph is actually the interval between the 1
beginning of twilight and the time of meridian passage.
Area C - This value when applied to the time of sunrise (-) or 4
sunset (+) fives you the amount of available twilight

Area D - Continuous Twilight or Sunlight - self-explanatory.

18
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FRAME 11 (contd)

Let’'s work an example to show ust how this graph works (see figure
8) on a worst case scenario. We want to find out the amount of

twilight available on 11 February at 77° North {(Point "x71). Az vy

g
ol

can see 1% sits in the hLeart of the transition zone between sunr

'
[0}
1)

and no sunrise. The first thing we do :s draw a dotted line
connecting the kinks in the hcur lines. Point "x" 1s located between
the "3h" lines, so we must i1nterpolate between the 3h and 4h lines
to get a usable value to work with. It s located about 2/3 of the

way (2/3

£

f 60 min = 40 minutes), so the correct value of twilight

(9]

is 3h 40 min. The sun may or may not rise completely above the
horizon on this date at this position. A good 115ht forecast for
this date would be 7 hrs 20 minutes of twilight, with the
possibilitvy of the sun actually being visible for a few minutez

around the time of meridian passage

Now, you work a few examples. Find the tortal duration of twilight

(0]

(using figure 9) for the following dates:

A, 16 January, 78< N.

i B. 1 February, 73° N.
- C. 31 March . 80~ N.
E D. 16 February, 80~ N.
- ANSWER:

A. No Twilight or sunlight.

B. 6 hr 00 min.

C. Continuous twilight or sunlight.
D. 6 hr 40 min.

FRAME 12

The Duration of Twilight (Figure 11) graph is read in conjunc*icn

with the Semiduration of Sunlight graph (Figure 10). Not:ce that the
twilight graph doeg nct have the timez for meridian pascage on 1t.
However, since the twilight graph is aliways placed directly

underneath the sunlight graph in thz Air Almanac, the mer:dian

passage time can be obtained with a straightedge, 1f necessary.
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FRAME 12 (contd)

%

Let’'s recap the steps for finding the timeg of =unrigfe =sat

W
L

n

twilight times in the 65% to 90® North latitude region.

Find the time 2f meridian passage.
2. Find the Semiduration cf Suniight.
2. Apriy +he value to the meridian passage time for sunrise
igubtract) and sunset (add).
4. F:nd *the duration of twilight.
Z. Aprly the value to the sunrise time (subtract) for begin time of
morning *wilight and %o the sunzset (add) to obtain the end of
evening twilight.
6. Remember, even if there is no sunrise or sunset there can still
be swil:ght. Subtract the value from the meridian passage time for
beginning time,; add the value to the meridian time to compute the
end time of twilight.
Now let’'s find the local mean times (using Figures 9 and 10) for all
of the events listed below:

BEGIN TWI SUNRISE SUNSET END TWI

A. 18 February, 75 N. .
B. 16 April , 78 N.

cC. 1 March , 84= N.

D. 1 April , 75 N.

ANSWER:

A. 0744, 0924, 1504, 1644

B. Continuous, 0200, 2200, Continuous
c. 0722, None, None, 1702
D. 0304, 0444, 1924, 2104

(Twilight times within 15 minutes of our answers may be considered

as corract)
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FRAME 13

To compute the sun's az.muth and elevation at a specific time and
place, you must use the da:ily pages and Interpolation c¢f GHA Table
in the A:r Almanac.

You will need a hand-held calculator; there are numerour p;ograms
avairlable for both the TI-59, and HP 41 calculators. Frcirams are
algo being developed for microcomputers. See AWS TC 8X/001 for a
listing of available programs. They are simple to use: Jjust fill in
the salues from the Air Almanac, as directed.

NOTE: The time of sunrise/set is given as the time the observer on

earth would first see the upper edge of the sun along the horizon.

" a

I e e B

However, solar altitude ig determined by the position of the sun’s

DA
2 & @
>

center not it’'s edge. Consequently, the time that the solar altitude
equals 0° may not exactly match the time of sunrise/set.
*%%NO RESPONSE NECESSARY*#*x

RN X"

FRAME 14

You should now be able to calculate sunrise/set, and twilight times

PR
LR |
A

"") "

e for any point North of 60° S. The next few frames will teach you how
to find moonrise and moonset times for the same area. Their
organization in the Air Almanac is the same as for sun times; there
are tables for latitudes between 72° N. and 60¢ S., and graphs for
latitudes between 65 and 90° N. Before discussing how to read these
tables and graphs, let's look at some of the reasons that make them
necessary.

**NO RESPONSE NECESSARY#*#*
FRAME 15
The moon revolves around the earth once every 28 days or so. The
phases of the moon are caused by its position in its orbit. Using
figure 12 you can see how the moon is viewed from earth, by looking

a* the outer figures at each position. From space the moon can be
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FRAME 15 (contd)

seen ag half-illuminated at all times (the inner figures).

The 24 hour clock face around the earth illustrates to you how you
can obtain a rough estimate of the times of moonrise and moonset by
the phase of the moon. Look at the full moon portion of the diagram,
which is adjacent to 0000 time on the clock face. The full moon
crosses the meridian around midnight. Imagine that you are at a
point on the right edge of the clock-face earth. As this point turns
counter-clockwise (direction of the arrow), the full moon becomes
visible as you approach the 1800 position. Moonrise occurs at about
1800 for a full moon. Continuing around the clock face, the moon
would recede from your view at about 0600. Moonset occurs around
0600 for a full moon.

In other words, the moon is “full® because it is located on the side
of the earth opposite the sun. We tell time on earth by our position
in the daily rotation of the earth with respect to the sun. A full
moon can only be seen from earth from about 1800 to 0600 because of
the mechanics of the situation. .

EXCEPTION: In extremely high latitudes, the mechanics get more
complicated due to the axis tilt and other irregularities that will
be dealt with in succeeding frames.

The other phases of the moon are only visible between certain hours

for the same reasons.

Using Figure 12, state the approximate times of moonrise and moonset
for:

MOONRISE MOONSET
A. Third Quarter Moon
B. Full Moon
C. First Quarter Moon

24
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' CRANE L2
Y, TwNo farttors Tause woanrise and moonzZet times to change from
*
\ 1a: = dav. Thev are the meoon'r orbital speed and 1ts orb:ital angle.
‘old - s v : - T
ot Let’x se2 1f we can explain that more fully. Assume that beth the
o moon's orbital speed and angle are constant. This would result from
v, , .
. “he :dealized situation of the moon being :n a circular orbit
d:rect.y above the equator. The moon orbits the earth once every =2
N davs: this equates toc 1/28 of its orbit being completed every 24
"~ .
-, hours. 1/28 of 24 hours equals approximately 51 minutes. Now, with
AL
: *he moon making a circular orbit 1n the same direction that the
)
2arth turng this would mean that the moonrise/set would occur abour }
L 51 minutes later each day (See Figure 13). !
>,
' The exaggerated 1llustration i1n Figure 12 looks down on the earth at
% the North Pole with the equator the edge of the circle. The earth 1z
{ rotating clockwise and the moon is orbiting in the same direction.
b, Therefacre, each day (24 hourz} when a standard meridian on earth
‘G : . . .
1 makes a complete revolution, it must continue on for 51 more minutecz
K- for the moon to come in view. fonsequently, moonrigse occurs 5!
»
minutes later each day.
‘o Because of 1t's orbital speed, the moon would rize about 51 minutes
L
o laser esach day 1f the m>:>n's orbit was:
o
: A. Elliptiral and 1nclined to the eguator.
. ~ . )
2. Tirctular, and directly above the equator.
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Figure I%. ECLIPTIC AND ORBITAL PATH OF MOON RELATIVE
TO EQUATORIAL PLANE OF EARTH
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Circular and directly above the equator.

With the moon i1n a circular orbit above the equator, moonrise wouid
occur about 5: minutes later each day for all positions on the earth
except the poles). However, the moon is, :n fact, neither i1n a
circular orbit, nor does it orbit directly over the equator. What
does this mean” Well, for any one position in the low and mid

latitudes the moon does rise about 51 minutes later each day, but

the difference along a single meridian longitude can vary more than

6 hours between 60= §S. and 722 N. This is mainly because of the

moon's orbital angle. Rather than orbitting directly above the,
equator the moon moves both north and south c1 the equator dur:ing
each orbit. When the moon is in the northern part of :1ts orbit, it
can be geen earlier by northern observers than by those to the
south, and vice versa.

Earlier, you learned that the sun movez 23 1/2° north and south of
the equator during the course of a year because of the earth's axis
t11t. The apparent path of the sun across the sky is called the
ecliptic. The ecliptic crosses the equator at an angle of 23 1/72~.
The moon’'s path crosses the ecliptic at an angle of 5%. The point
where they i1ntersect moves around the ecliptic in a little more than
18 years, causing the angle at which the moon croszes the equator to
vary betwaen 18 1/2® and 2 1/2¢. These apparent paths are

illustrated in Figure 14.

Moonrise varies by latitude along a particular meridian of longitude
mainly because of the moon's:
A. orbital speed.

orbital angle.

O w

elliptical orbit

circular orbit.
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Tre lagst few frameg have Ihowr that., al.though vou can get a rouigh
riea of moonrigs Jet toimes tv o the phages o!f Yhe moTrn, Ipeciilc times
can Lnly e ohtarned tv ocongrierations and Taloulat:iones ot data
whioh o Lnolude *he moonts o srbotal cpeec and orbditoadl o oangls Nunt we
will Tow2r TasTilanind e moTnrige Setoixta fron he Alr Almanacs

N Wy . Dotne ot faa frim o the Almanac sesms a4 l:ttle

ctinliza=2d, wvou should now have sorne appreclaticn for the

“axlonlationz savoaved NOTE: Althoudh L regquires rno za.-wulatioin,
Fra.owooiral ITllunanartion fata 1g provided in the Air AlmanaT. Ceo

page numbter.
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T o find woonr. = .o g sevween 60% 5. and 7% N. from the Alr
Almanac, vou muE nze “hree different sets of tables. They are:
1. Mrorr:ize, Moconsget data (Daily Pages).

I Interpolation of Mionrise, Moonset for Longitude.

2. Jonversion of Ars o 4“¢ Time Table.

v

The moonset arnd mocnrise tables are found in the upper ri1ght hand

)

wraer of each da:ly paZe. They alternate, with moonset on the left
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the r:ght page of each opening. The next two
rafes (Fidures 6 and 17) are excerptes of complete daily pages with
* e - o.nrige and mocnzet tatbtles circled.
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FRAME 21 (cont:

From the moonrise table (figure 18), list the LMT of moonrise abt G°

and 1807 longitude for the following latitudes:
£,W
t‘ "

~ .

o 0 180
N A. 70% X
" - —

') E. sI° ¢
" -_— -

™ c. 3¢° N
- . 38% N.

s
e KKK KK KK E K KKK
. ANSWER:

)

\? A. 101C, 1042
~\$ BE. ¢342, 0411
Ny C. 0513, 0644
o D. 0633, 0704
B FRAME 22
}{- Now ycu know huw to find the LMT of Moonrise/set at 0® and 180*

:j iengitude. What happens 1f you are located somewhere in between? You
{ can either divide the Diff. by 180 to find the correction for each

Y

+ R . y . . .

N *7 or just use the table that’'s provided. That’s right! There 18 a
r:j tabtle provided in the Air Almanac to assist you in interpolating for
148

xj longitudes other then 0® and 180%. An example of this table,

:titled Interpolation of Moonrise, Moonset for Longitudes is

=3
T

&
97&4
{
—

produced in Figure 19.

4
J

tice that the table actually congists of 3 vertically stacked

1
T
fag
>
o]
mn
-3
o
i

rtop table lists Diff, values from 5-30, the mid level

®

o
)

h

58 -66C, and finally values from 65-90. The longitudes are listed
- a.znd the lefi{+- s1de. The 0% longitude value will always be zeroc and
¢ g

N .he valiue at 1507 wiil always be the same as the value at the head
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FRAME 22 (contd:

To obtain the t:ime difference for your location, usze the Diff. valwe
vou derived Irom the moonrise/set tables and the longitude valuse
neares®t your !ocation the correction amount is accurate encugh sc

that further i1nterpolaticn 18 not necessary.

For example, if your Diff. value ‘r.om
the daily pages was 37 and your

F4 INTERPOLATION OF longitude wag 87° West, you would use
MOONRISE, MOONSET

FOR LONGITUDE

Add f iongitude wesl

a Diff. value of 39 and enter the

Suburact if longitude st Lable at 90° longitude to get a
e Tw B T e % correction of + 18 minutes. It is -
-1 - e o ! = - -
A A A A because you're at West Longitude.
: {
“w oleoaiuiosm .
w0 {om|sos@ 06l 10 Select the correction factor from the
|
uiu|u!miw‘uu
) |
100 03 05 | o n o, 11 i 1 i
el ISR I N I interpolation table for the following
| oslxz‘u[wzs
| Mool 2w Diff. values and longitudes. When the
1 P08 w0 |15 2 B | %
L Dt * . : . O
e v e 5 5w daily tables indicate a "POSITIVE
L e | ® | = -|. X . . @ ow
o oo 0 o] w! w Diff. value indicate "+° 1f the
11 oos aim:ulu1u| ’
06 ! ! i . . w e
::W,‘SE: ﬁ;ﬁ' p correction is West/ "-" if the
w a2z st s | o . .
7|‘u!|1’w a @A | 8 correction is East.
ugwtmiugu}mw
1 2 ! I . .
':l”i:i-:*sf’? * EXCEPTION: If the Diff. value in the
ueoo% 2| M wla e . . ) P
frog aiu‘ e 6| % daily tables is negative "-" then you
o Elniuisle .
S - OO subtract the correction from the LNT
tde 65 170 | 15 T a0 | 85 | w0 ; .
© e e el el =| = when you are at West longitude and add
of: m’ooioooow
[L I 04 & o 06 Y £
o loamiolel it 1f you are East.
L I} 12 02 13 14 15
i “‘l7 LA DIFF. LONG. COERR.
! 1 w!ale!u| s
o - S A. 25 100 W.
uia nfn}uuw
R BE B W) e s B. -7 68 W.
l“]l 9 «@ “ @ &
110 [ 0 [ 48 | ¢ | a9 | 52 | 85
1| S| e | 0 | s 6| e[ . 42 122 E.
mooin|E s
D. -16 5 .
m]u 8| aln|ws ) 1o E
160 &8 & @ & T 16 80
1. 6l % 71"7"‘0 8 | LRI I 2 3K 3 SRR % 2
m-kssAw'vs\lebln‘
: ;‘Wr;r:‘-wxlmdw ANSWER
+14 c. -27
W ~2 D. +2
Frgure 19. Interpolaticn of
Mronrire, Moionzet for Londitude
36
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FRAME 23

m

Conversi1an
convert to

NOTE: Each

FRAME 24
Uzaing th
oages 31
Longitud

C. Osan,

ANSWER:

A. 0724/1€55
B. 081871601
C. 0709/165%7
FRAME 25

Moon phasze data are

Almanac.

At the bottom
lazt New Moon
Illumination data

Contents) .

FREAME 26
For latitudes
graphs are
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FRIAME ¢85 !‘CONTD:'
A Tecembar 1387 <raph 18 chown 1n Figure 20. Dateg are shown across
ThEe Tt and +op and meridian paszZage times are indicated near the
oo i the ohooyr tw o odots ) b wne hour sntervalz., The zkewed
Sormiiuratiirn Lines are z:imiler™ te thoge in the sunlight Zraph, as
are Thée moon asove anda mocn btzlow horizon peortions cof the graph.
Mooy, trhares are :ndicated on the:r date of occurrence. Note that the
fhazes corvrpazTond to meridian passadge times (6 hours apart) and are

above

ame a3 1lilustrated in Tigure 12. You'll need to keep Figure 32

Yt timez are figured for the "correct’

e
Tor example, on 6 December there is a full mcon. As depicted

ful!l moon pagges the meridian near midnight. At 70"
wz that the moon is (continuously)

“he horizon. There 1s. therefore, neither rise nor set on 6

December, but there is continuous moonlight. On 13 December the

macT

mer:dian

n
latitude 757

:3 near third guarter (figes. 12 and 20) and so it passes the

19}

ar 0600. From Fi1g. 20, the zemiduration of moonlight for

North on 13 December is approximately 8 hours. Thus,

wonrise is on December 12 at approximately 2200 and moonset on 13

December 15 approximately at 1400 for latitude 75<.

et n "
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O o ]
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NTS e e I
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] L \J Ll ]
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Figure 20. Semiduration of Moonlight
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h FRAME 26 (CONTD)
X Firnd the LMT of moonrise and moonset for the following dates and
]
' latitudes:
X MOONRISE/MOONSET
N A. 10 Dec, 74* N. /
j B. 25 Dec, 80° X\. /
! C 27 LDec, 707 N. /
'
» D, 17 Dec, 69% N. /
[\
:: [ EEEREEEREREERE ]
o ANSWER:
A, moon above the horizon.
: B. mocn below the horizon.
& C. 1130, 2330
%
= D. 0558, 1159
(|
B
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)
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TEST QUESTIONS
The following test 18 provided 30 you can Adetermine whoether ~» ot
you reached the objectivez stated in the beginning of this Te i
Note. Tables and graphs to be used for this test are located .n the
following pages.

E
e

R State the main reason that sunrise, surset, and twilight *i1mez
~hange from dav-to-day.

2. Langley AFB, VA iz located at 37® 05' N, 76< 21' N. Lizt the
Local Standard Time on !5 April that the following events will
oCccur:

PM Civ Twilight

AM Civ Twilight Sunrise Sunset

3. State the Local Mean Time of occurrence at 75 N. on 1 Apr:il
for the following events:
PM Civ Twilight

AM Civ Twili1ght Sunrise Sunset

g. Name two factors that cause moonrise/set times to change from
day to day.
A.
3.
) F:lda Gap, FRG 13 located at 50® 33' N, 9° 41’ E. Figure *%the
time ol osocurrence of the following events on 15 Apr 37.
¥ornrise Moonset
GMT GMT
L3T LST

‘ Cvave trhe Local Mean Time of moonrise and set at 75% N. on 7 May

Moonse-,
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SUNLIGHT AND TWILIGHT A15H3
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F4 INTERPOLATION OF
MOONRISE, MOONSET
FOR LONGITUDE

Add if longitude west
Subtract if longitude east

Longi- Diff.*
tude 05 10 16 20 25 30

m m m m m m

0 00 00 00 00 00 00
20 01 01 02 02 03 03
40 01 02 03 04 06 07
60 02 03 05 07 08 10
80 02 04 07 09 11 13

100 03 06 08 11 14 17
120 03 07 10 13 17 20
140 04 08 12 16 19 23
160 04 09 13 18 22 27
180 05 10 15 20 25 30
Longi- Diff.*
tude | 35 40 45

55 60

. m m m m m

50
m
0 00 | 00 00 00 00 00
15 03 03 04 04 05 05
30 06 07 08 08 09 10
45 09 10 1 12 14 15

60 12 13 15 17 18 20
5 15 17 19 21 23 25
90 18 20 22 25 28 30
105 20 23 26 29 32 35
120 23 2T | 30 a3 37 40

136 26 30 34 38 41 45
150 29 33 38 42 46 50
165 32 37 41 46 50 556
180 35 40 45 50 55 60
90

m

00

Longi- Diff.*
tude 65 70 75 80 85

. m m m m m

0 00 00 00 00 00
10 04 04 04 04 05 05
20 07 08 08 09 09 10
30 11 12 12 13 14 | 15
40 14 16 17 18 19 20

50 18 19 21 22 24 25
60 22 23 25 21 28 30
70 25 27 29 31 k¢ 35
80 29 31 a3 36 3s 40
90 32 35 38 40 42 45

100 | 3 | 3 | 42 | 44 | 471 | 50
1m0 | 40 [ 43 | 46 | 49 | 52 | 85
120 | 43 | 47 | 50 | 53 | 57 | 60
130 | 47 | 51 | 54 | 58 | 61 | 65
40 | 51 | 54 | 58 | 62 | € | 70

150 54 68 62 67 mn 75
160 58 62 67 n 76 80
170 61 66 n 76 80 85
180 65 70 75 80 85 90

¢ When negative subtract correction if longitude
west, and add if east.
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> s rernverhed ntoe houre and minut
i i ohart oand the minutes 0 of o
SN ninates and geconds uginéd the ri
e oare Lhen added (for WNestn Londitude)
ar.e The regult 12 rhe -~.me of *he event

svert GMT to LST uzing standard correct
gen ATO-AZZ.

o
~
PN
~-

Correction L/ - hre min

from AL3D -Al4%5, At the i1nterszection of 1tems
Time and enter below:

TIVIL TWILIGHT SUNRISE SUNSET End Civil Twilight

. N
P .
7
v
PRI
PERF AN

. IS
1
- T e
PR
R
e
o
~

Y - taal o T . u
vowou the Total GMT Tonv

M7 LMT LMT LMT

The Arc to Time Table, on page AlB66: Determine the GMT
oS} hr

s min bazed con whole (*) longitude. Lagt
ed on minutes and seconds of

d rounding off zeconds to minutes

apzion (7).

5
de. Tombining the Lwo an

L GMT coinversion = +7- _Hrs Min
exvicn for West Longitule / - Correction for East Londgi* ude;
CIN GNT- i add 5 oand T
Cowill Twiiifht) s (55 Hrs Min
073 +/ - Hrs Min
Hrs=s Min Z
IN LET-applvy standard (8) Hrs Min
~or.l4) Lo () t4) +/- Hrs Min
Hrs Min LST

P t, can be computed 1n stepg 8 and 9 using data from
w.l1#h% %ablez. NOTE. Nautical Twilight Time can be estimated
+

Cberacning Yhe diffsrence between civil twilight time and
=)

=3

Begin —iv:. Twii:ght. and adding the difference between
Y, time and zunzet to the end civil twilight time.
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oy MOONTISE/MOONSET CALCULATIONT WORKSHEET

I. Ernter the Date, and the lat:tude/longitude ¢t the leoca<.on oo
Jueltion on the wornsheet below.

whe rniormation irom step I determinz the Moonr:iseszet

the appropriate Air Almanac table t(pp 1-732) fcr the date
InoJusst Some interpoiation will be required. Thiz :g the Lol
Mearn Time 2¢ thae event 1% 07 Longltude. A% the zame *%:me, copy <ows
“rhe DIFE wvalue from the la*i1zude closest %o your location
2.1 7TH ronvert Lo local mean t:ime for your location, Enter page F4,
sging =he longitude and the Diff from step II to determine the
TirreTtion to e applied teo LMT. After applying the correction and
vou will have the local mean time cf the event for your location.

V. Corvers t3> GMT uzing the procedures below in para 9.
V. Convert

' o LET using the procdeures in para 10 (The Standard
Correction (5} t

ained {rom pagesg A20-A23 of the Air Almanac.

1. Late:

2. Latitude

2. Long.-ude (=) (") ")

4. Di1ff valuels) / minutes

Z. Ztandard Time Correction +/- hrs

5. ‘lsing 1 and 2 determine moonrise/set times at 0° Longitude from
ol 1-732 MR : /MES:

- Using 3 and 4 determine the correction for your longitude and
apply to the time arrived at in 6. MR /MS

2. From The Arc to Time Table, on page Al166: Determine the GMT

T erzion on the left gide of the chart hrs min based

zn whole (%) longitude. From the last column determine the min
sec based on minutes and seconds of longitude. Combining the

~we and rounding off seconds to minutes will giv you the Total GMT

Torversion (8).

2 Total GMT conversion = +/ - Hre Min
"Ure a + correction for West Longitude ; a - Correction for East
LomE L Y ade
-
) VDONReWT TN GMT - (add 7T oand @)
(7 Hrs Min
9) /- Hra Min
Hrs M:in
R VEeoMD IN LyT-apply standard (10) Hrs Min
cor. %o (10) (5) +/- Hrs Min
Hrs Min
I
1
l
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~hAal T 1 OF ASTHONOMICAL DATA - TEST ANSWER.

The warti’s axi1g 1s not perpendicular to the plane of i1t's orbit.
N s 27, {or words to that effect.)

<. AM iU Twilight Sunrise Sunset PM Civ Twilight
TEOE QF32 1840 1907
T.0OAM J:iv Twiilfdht  Sunrise Sunset PM Civ Twilight .
2304 0444 1924 2104 -
<
4. A. The moon's orbital speed

) {in either order)
3. The mouon's orbital angle

3 Mconr.ise Moonset
20335 GMT 0449 GMT
2.33 LST 0549 LST

3. Moonrise Moonset

7 May /0645 8 May /0645

{ vou missed any of these questions, go back and reread the
appropriate sections of this Tech Note.
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