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NIGHT-SKY-BACKGROUND CONDITIONS AND LAUNCH WINDOWS
FOR RESEARCH EXPERIMENTS

By Jean C. Keating
Langley Research Center

SUMMARY

Darkness of the night sky background is required by many research experiments
during various portions of their flight. A method was originally developed for the
Trailblazer series to define launch windows that coincide with periods during which the
brightness of the night sky background results solely from the illumination produced by
the myriad of stars. Since this same method has proved useful to many other experi-
ments as well, a general description of the method and the computer program developed
to determine such launch windows are discussed. For any location between latitudes
600 N and 60° S, such times of launch may be determined to an accuracy of 2 minutes.

INTRODUCTION Sy

For an increasing number of research experiments, maximum darkness of the
night sky background is required either during the launch of the vehicle, during the data-
gathering phase, or throughout the entire interval from launch to completion of the flight.
A method was originally developed for the Trailblazer series (ref. 1) to determine
vehicle launch windows that would coincide with periods when the sky background would
be no brighter than the average illumination produced by starlight. During such periods,
the brightness of the sky background would be approximately 2.15 X 1073 1ux (ref. 2).
This method was capable of defining such periods of darkness of the sky background to
an accuracy of 2 minutes for any location between latitudes 60° N and 60° S. It was
subsequently used to determine the launch windows of many other experiments where
darkness of the sky background was essential. A description of the method is presented
herein.

SYMBOLS
D, calendar day

GMT Greenwich mean time



h altitude, meters

N integer
LMT local mean time
. AT elapsed flight time between launch and some event with regard to flight,

minutes

At difference in times of moonrise (or moonset) on any two successive days,
-minutes

Az increase in zenith angle with altitude of astronomical phenomenon, degrees

A ldngitude, degrees

¢ latitude, degrees

Ap meridian of a standard time zone at which local standard time equals local

mean time (for example, the 750 meridian of the eastern standard time
zone), dpérees

4] declination, degrees
Subscripts:

E some geographic location
G Greenwich

M moon

T astronomical twilight

SKY-BACKGROUND CONDITIONS
Maximum darkness of the sky background at any specific location is assumed to
exist if the moon is below the horizon — after moonset and before moonrise — and the

sun's zenith angle is greater than or equal to 108° — after the end and before the
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beginning of astronomical twilight. During such time periods, the brightness of the sky
background results from the illumination produced by the myriad of stars.

The local mean times of moonrise, moonset, and the end and beginning of astro-
nomical twilight for latitudes between 60° N and 60° S at the Greenwich meridian,
00 longitude, may be obtained from the American Ephemeris and Nautical Almanac
(ref. 3), which is published yearly approximately 16 months in advance. From data
listed in reference 3, the times at which these four phenomena. will occur at any location
other than Greenwich are determined to an accuracy of 2 minutes for all locations
between latitudes 60° N and 60° S. A plot of date and times of each of these four phe-
nomena results in the four curves shown in figure 1. For all times defined by points
which lie within the area enclosed by these four curves, maximum darkness conditions
will exist at the given location.

Twilight

The end and beginning of astronomical twilight is defined as the instant when the
true geocentric zenith distance of the center point of the sun's disk is 108°. For various
latitudes between 0° N and 60° N the local mean times of the end and beginning of astro-
nomical twilight at the meridan of Greenwich are given in reference 3 at 5-day intervals
throughout the year, as shown in figure 2. Theoretically, interpolé.tion is necessary to
obtain the local mean time of the end and beginning of astronomical twilight for other
days. Corrections for intermediate days are unnecessary, however, for the 2-minute
accuracy requirement. On any given day D, and for a given latitude ¢, the local
mean time of astronomical twilight at any meridian AR is assumed to be equal to the
local mean time of astronomical twilight at Greenwich:

LMT1(\g,$,Dp) = LMTp(rg,,D,) (1)

The local mean time of astronomical twilight at any latitude ¢g is obtained by
assuming a linear interpolation between the two values of ¢. listed in reference 3 which
are nearer to ¢p. The local mean time of astronomical twilight at a specific location
of latitude ¢ and longitude Ap thus determined is denoted as LMTT(‘PE:’\E)-

Times for astronomical twilight are listed only for northern latitudes in refer-
ence 3. For southern latitudes, these times are determined by means of correction
tables given at the bottom of the page of northern latitudes, as shown in figure 2.

Moonrise and Moonset

Moonrise and moonset are defined as the instant when the true geocentric zenith
distance of the central point of the moon's disk is



90°34' + S -7 (2)

away from the observer's zenith where

S semidiameter of moon
m horizontal parallax of moon
34’ atmospheric refraction

Correction for infermediate longitude.- For latitudes between 600 N and 60° S, the

local mean times of moonrise and moonset at the meridian of Greenwich are tabulated in
reference 3. The times are listed for both northern and southern latitudes. Moonrise

and moonset occur later on each succeeding night by an amount which varies from about
1
2 .
determining the times of moonrise and moonset for meridians other than Greenwich. To

to 1% hours, as shown in figure 3. Therefore, a longitude correction is essential in

the accuracies required by vehicle launch times, it is sufficient to assume a linear inter-
polation with longitude between the time of these events on two successive days. For any
given day D), the local mean time of moonrise at the meridian of Greenwich is denoted
as LMTM(Ac,,cp,Dn). The corresponding time on the succeeding day Dj,1 is denoted
by LMTM(AG,cp,Dm_l), and the corresponding time on the preceding day Dj_1 is
denoted by LMTM(AG,cp,Dn_l). Any meridian Ap other than the meridian of
Greenwich is denoted by a positive sign if the meridian is west of Greenwich and by a
negative sign if the meridian is east of Greenwich. For any meridian Ap other than
the meridian of Greenwich, the local mean time of moonrise for the day Dy, denoted by
LMTM(AE,¢,Dn), is determined from the following equation:

LMTM(AE,¢,DH) = LMTM(AG,q),Dn) + (%) At (3)

where if A > 00
At = LMTy(Ag,#,Dp,1) - LMTp (A, ¢,Dp)
and if AR < 0°

At = LMTM(AG,(b’Dn) - LMTM(AG:(P’Dn'l)

Correction to intermediate latitudes.- For each of the two values of ¢ listed in
reference 3 that are nearer to ¢, the local mean times of moonrise or moonset at
AE are determined from equation (3). A linear interpolation with latitude is used to
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determine LMTM(AE,cpE,Dn), the local mean time of moonrise or moonset at the given
longitude and latitude. If the local mean times of moonrise, moonset, and the end and
beginning of astronomical twilight thus calculated are plotted against date (as shown in
fig. 1), the area enclosed by the four curves then defines the local mean times when
darkness conditions will exist for that given location.

Altitudeé Corrections

The foregoing procedure determines the local mean times at which moonrise,
moonset, and the end and beginning of astronomical twilight will occur at ground level,
An increase in altitude produces an increase in the geocentric zenith angle necessary to
attain similar conditions of illumination. This increase in zenith angle (in degrees) with
altitude (in meters) is

Az =0.0321}h (4)

for small values of Az. (See, for example, ref. 2.) The elapsed time required to attain
the increase in zenith angle Az given by equation (4) is dependent on both the latitude of
the location and the apparent declination of the celestial body. For extreme altitudes and
latitudes such corrections are very complex. If altitude is a factor, use of the method
described herein should be limited to cases where the latitude of the location is between
459 N and 45° S and values of Az from equation (4) are 3° or less.

Altitude corrections for moonrise or moonset.- For small values of Az, a change

of Az degrees causes a difference in times of rising and setting of the moon of
A Az minutes (ref. 2) where

-1/2
A = 4.14(cos%¢ - sinZoy) /

The value of the factor A is dependent on the apparent declination of the moon &yg
which varies with time. For latitudes between 45° N and 45° S, the value of A never
exceeds 8.0, however. In the program described herein, a constant value of A equal
to 8.0 is used to eliminate the need for defining the value of &p;. This altitude correc-
tion of 8Az is added to the time of moonset and subtracted from the time of moonrise.

This approach gives a conservative accounting for the moonrise and moonset
conditions for altitudes less than 9000 meters and latitudes between 45° N and 45° S.
Geometry problems encountered for other latitudes and altitudes exceed the scope of this
simplified approach. Thus, this method should not be used for altitudes greater than
9000 meters or for values of ¢ greater than 45° N or less than 45° S.



Altitude correction for astronomical twilight.- The illumination produced by the
sun should be the problem of greatest concern. Based on data from reference 2, the
illumination of the sky background which exists at various zenith angles of the sun is
shown in figure 4. The times of three twilight conditions at the Greenwich meridian are
readily available in the form of tabulations from references 3 and 4. They are as fol-
lows: (1) civil twilight, corresponding to a sun's zenith angle of 96°; (2) nautical twi-
light, corresponding to a sun's zenith angle of 1029; and (3) astronomical twilight, corre-
sponding to a sun's zenith angle of 108°. The third condition, astronomical twilight, was
used as a boundary condition for the launch windows. As shown in figure 4, the illumina-
tion of the night sky background produced by the sun at astronomical twilight is approxi-
mately 6.7 X 10-4 lux, a value which is less than the illumination produced by starlight.
Thus, at a zenith angle of 1059, the illumination produced by the sun is still less than that
resulting from starlight and the altitude correction for twilight may be omitted where Az
is less than 3°. This corresponds to an altitude of 9000 meters or less.

LAUNCH WINDOWS

In general, the need for darkness conditions by any particular experiment should
fall into one of three basic categories. Darkness of the night sky background might be
required (1) during the launch operations of the flight, (2) during some data-gathering
phase or reentry phase occurring downrange, or (3) during the entire interval from
launch to termination of the flight. The geographic location of the particular event is

used to determine the local mean time at which maximum darkness conditions will pre-
vail for that location. To be of any practical use, however, these local mean times

must be expressed in terms of some standard or clock time, either Greenwich or the
local standard time of the launch site. The local standard time must be corrected by a
factor of AT to account for the elapsed flight time between launch and the arrival of the
vehicle at a particular point downrange.

Vehicle launch times are defined as the intervals during which the launching of the
vehicle will insure that the occurrence of some particular portion of the flight will coin-
cide with maximum darkness of the sky background. Such times are expressed as plots
similar to figure 1. The area enclosed by the four curves is called the launch window.

Conversion to Local Standard Time

The Greenwich mean time GMT at which modnrise, moonset, and the end and
beginning of astronomical twilight will occur at a specific location (‘PE’}‘E) is determined
by adding the equivalent of Ag expressed in time to the local mean time of these events.
Thus,



AE
GMT = LMT + |32 (5)
The times of maximum darkness conditions at some point (ng,)\E) in terms of any stand-
ard time are as follows:

Ap ' ,
LST = GMT - |75 (6)

where '>‘P is the prime meridian for the standard time zone.

Determination of Launch Windows for Three Example Conditions

As outlined previously, the needs of various experiments will dictate the locations
for which darkness conditions are necessary. However, most of the factors likely to be
involved in the determination of launch windows for any individual experiment can be
illustrated by the following examples. The information necessary for the determination
of these example launch windows was given previously in figures 2 and 3. The ground
track of a vehicle which will be used as an example is shown in figure 5. ‘It was con-
sidered to be launched from NASA Wallops Station along a flight azimuth of 130°. At
AT = 660 seconds after launch, reentry occurred at Q, a point downrange at latitude
30° N and longitude 65.3° W. Darkness of the night sky background might be required
(1) during the launch phase only, (2) 660 seconds after launch when the reentry occurred
at Q, or (3) during both launch and reentry. The launch windows which satisfy each of
these three conditions are shown in figures 6.

Maximum darkness conditions during launch.- Of the three example conditions,

the simplest to determine is the launch window for maximum darkness during the launch
phase of the flight. The local mean times of moonrise, moonset, and the end and begin-
ning of astronomical twilight are determined for the coordinates of the launch site and
converted to the desired standard times. The correct launch window is obtained by
plotting the standard times of these four phenomena against date. The launch window for
this condition, in eastern standard time, is represented by the area enclosed by the
dashed curves in figure 6. ' ' ‘

Maximum darkness conditions downrange.- Other experiments may require dark-
ness conditions at some geographic location and time other than launch — for example,
during the reentry or data-gathering portions of the flight. The determination of launch
times which insure that this downrange event occurs during periods of maximum dark-
ness is similar to that for the maximum darkness conditions during launch. Times of
maximum darkness conditions are determined for the latitude and longitude of this down-
range event rather than the launch site, and they are corrected to the desired standard
time. But for this case, an additional correction must be made for AT, the elapsed




time in flight between launch and the downrange event. The local standard times of
moonrise, moonset, and the end and beginning of astronomical twilight must be corrected
by -AT. The launch window is obtained by plotting these corrected times against date.
The eastern standard times of these four limiting conditions at Q are corrected by
-AT of 11 minutes to obtain the correct launch window, which is represented by the area
enclosed by the solid curves. in figure-6.

Maximum darkness conditions during entire flight.- For still other experiments,
maximum darkness conditions are necessary during the entire interval from launch to
termination. The launch window which satisfies these conditions is obtained by treating
the problem as a combination of the two previous cases. The launch window insuring
maximum darkness conditions at launch is computed as previously described and repre-
sented in figure 6 by the dashed curves. A second launch window, insuring maximum
darkness conditions at the end point of the flight is then computed and superimposed upon
the previdus plot. Maximum darkness conditions will prevail during the entire interval
of the vehicle flight so long as the vehicle is launched during any time within the enclosed
area of both windows, which is represented by the shaded area of figure 6. Maximum
darkness conditions would exist at ground level during the entire interval of the ground
track shown in figure 5 so long as the vehicle was launched from NASA Wallops Station
during the launch window represented by this shaded area of figure 6.

APPLICATION OF METHOD

Frequently, difficulties with wind and weather conditions, with the vehicle, or with
the payload may cause delays in the countdown. It is often desirable to know what sacri-
fices, if any, would be made by exceeding the limits of a given launch window by a few
minutes. In the procedure discussed herein, the points which lie within some of the
individual windows but are not common to all are effective in determining critical fea-
tures associated with exceeding the limits of the launch window.

In the launch windows discussed in the preceding section, the points which lie
within the areas of one or the other of the windows, which insure maximum darkness
conditions at launch or reentry but are not common to both, may be roughly divided into
four areas. These four groups are designated by the letters A, B, C, and D in figure 6.

The significances of the launch times represented by points which lie within these
four groups are as follows:

A maximum darkness conditions would exist at reentry but launch would take
place prior to the end of astronomical twilight at the launch site.



B maximum darkness conditions would exist during launch but reentry would
occur after the beginning of astronomical twilight

C maximum darkness conditions would exist during launch but reentry would
occur after moonrise

D maximum darkness conditions would exist at reentry but launch would take
place prior to moonset

In the example case, the vehicle was assumed to be launched from NASA Wallops
Station toward the southeast. Thus, launching the vehicle at some time earlier than the
nominal launch window, as represented by points in groups A or D, would be more desir-
able than an extension of the launch time into area B. No extension of launch time into
area C could be tolerated.

For any particular experiment, darkness conditions might be required at one, two,
or more locations. Regardless of the number of locations at which darkness conditions
are needed, the launch window may be obtained by extending the method described pfe—
viously. Darkness requirements at N different geographic locations and times during
a flight would result in N individual windows. The launch time which would insure
maximum darkness conditions at all N locations would be represented by points in
common to all N windows.

COMPUTER PROGRAM TO DETERMINE LAUNCH WINDOWS

The use of a computer is a big time-saver where launch windows: at several dif-
ferent sites are needed, since the basic information from reference 2 necessary for the
computations can be programed once and reused. A program for this purpose was
written in FORTRAN IV for use with the Control Data 6600 computer system at Langley
Research Center. Inputs required by the program are listed in the appendix and include
the times of the various astronomical events at the Greenwich meridian, the longitude of
the location at which darkness conditions are required, the prime meridian of the stand-
ard time in which launch windows will be expressed, the elapsed flight time from launch
to occurrence of the event, and the altitude for which corrections to moonrise and moon-
set are to be made. No corrections are made for intermediate latitudes.

A listing of the program and the inputs for and printout of data necessary to deter-
mine the launch window defined by the solid line in figure 6 are given in the appendix.
Input values for latitude and altitude are tested by the program. Those in excess of
values for which this program has been defined to be applicable will cause the program
to abort.



CONCLUDING REMARKS

The method described herein has proved useful to many research experiments in
determining launch windows which coincide with periods of maximum darkness of the
night sky background. During such time intervals, the brightness of the night sky back-
ground results from the illumination produced by starlight. For any location between
latitudes 60° N and 60° S, these time intervals may be determined to an accuracy of
2 minutes by this method. '

Langley Research Center, o
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., Dec. 31, 1968,
715-02-00-01-23.
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APPENDIX
COMPUTER PROGRAM TO DETERMINE VEHICLE LAUNCH WINDOWS

In order to speed the calculations of launch windows, the method described in the
text was incorporated into a computer program (A2259), written in FORTRAN IV for use
with the Control Data 6600 computer system at the Langley Research Center. A com-
plete listing of the program is given in table I. The inputs required by the program are
as follows:

/ HOUR (1, J)
/ LAT, ALONG, CORR, KEY, DRTC, ALT, ISIGN

/:

A
/ DAY (D)

/Y\r, ICODE

1. N, ICODE
Format (14, 12)

N specifies the time interval in days for the particular case.
ICODE is used to distinguish whether computations deal with sun or moon.

ICODE =2 signifies twilight conditions; ICODE = (0 signifies moonrise or
moonset conditions.

2. DAY (1)
Format (18I4)

DAY array provides a 4-digit designation of the date; that is, March 7 is shown
as 0307.
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APPENDIX - Continued

3.A
Format (12A6)

A array provides a 72 field label available for case identification on printout.

4. LAT, ALONG, CORR, KEY, DRTC, ALT, ISIGN
Format (I3, 2F6.1, 13, F6.1, F10.1, I2)

LAT gives the latitude for which moon and twilight conditions are required.

ALONG gives the longitude for which the times of moon and twilight conditions
are required. West longitude is denoted by a plus; east longitude, by a minus.

CORR is the prime meridian Xp of the standard time in which launch windows
will be expressed. For example, CORR value used to obtain launch windows
in eastern standard time would be 759,

KEY is used to indicate computations that should be repeated for different lati-
tudes using the same dates in the DAY array. KEY # 0 causes program to
repeat for a second latitude.

DRTC gives the correction for elapsed flight time from launch to the occurrence
of the downrange event, AT. The value of DRTC used as input to the program
must always be positive.

ALT denotes the altitude in meters for which moonrise and moonset are to be
corrected.

ISIGN is used to designate whether computations deal with moonrise or moonset.

ISIGN = -1 indicates moonrise; ISIGN =1 indicates moonset.

5. HOUR (L,J)
Format (3612)

HOUR array denotes the local mean time of twilight or moon condition at

Greenwich. Information is punched in form given in American Ephemeris and
Nautical Almanac (ref. 3), in hours and minutes.

12



APPENDIX - Concluded

The launch window defined by the solid curves in figure 6 may be determined from
information found in figures 2 and 3. This same information in the form of inputs to the
computer program is shown in table II. The output which would be obtained from these
inputs is shown in table III. A plot of this output results in the launch window defined by
the solid curves in figure 6.

Use of input values for altitude in excess of 9000 meters will cause the program to
abort and result in a printout similar to the one shown in table IV. Use of input values
for latitudes greater than 45° N or.less than 45° S when 0 < h = 9000, will cause the pro-
gram to abort and result in a printout similar to the one showh in table V.
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TABLE I - LISTING OF COMPUTER PROGRAM

P\\lul\l\M TARRS59TINPUT, UUTPUT ,TAPES=INPUT ,TAPEG=0uTPUT) ~ 777777
INTEGER DAY ¢+ DATE, HOUR,,TTHE "DEL’TKTTR‘A_NT‘"'—""’“_'"" T/

_'."_ ‘DIMENSTON MINUTE(365),RAWTIIGS Yy A Y2 7+~ ~= 7 »m—

DIMENSTON DAY1365)y DATE(365 ), HOURTIE5,2), TTHMEL365 Y, OFLTAT(Jb‘ﬂ

TC T TICODE SPECTFTES WHETHER MOONTOR SUN BEING COMPUTED

N TICIDET=E2 SUN

co T T TICODE = ZERO MOON - —  — T T
c

T T KEY NOT"EQUAI'"TO—‘LERU INDICATES CTASE TO BE REPEATED uSl 4(, SAMET
o0 .~ DATES FOR DIFFERENT LATITUDE

c S
c '_’"""'”"_""':‘_"_”“1—“_A'E’T"“‘="'AL’rI‘T‘U‘D‘E_ N METERS ™~~~ — =~ & T
C T DRTC = DOWNRANGE TIME CORRECTIGN IN WINUTES
e TISTGN = =1 FOR MOONRISE AND +1 FUR MOONSET

T T4 TREAD(S, 100) N, ICODE o T
TTT100 FORMATI(T4,12) , _ T

TUTSTREAD(S, LOLV{DAYIT)Y [=1,N)

IF(EOF,5) 55,5

Lo FORMAT(1'8T4) o

"103 FURMAT(12A6)

TREAD(S,103VA

300 READI(S, 102)(L—ATTLONG_'COP 'y KEY,DRTC,ALT, ISTGN)

1027 FORMAT(T3,2F6. 1,13, F6.1,F10.1,T2)

TTREAD(S, IOV (THOUR(T 3 J) »J= 1,22 = 14N )
104 FURMAT(3612) -
T TWRITE(6,2000A

200 FURMATULHISI2A6/7) ’ -
T ALTEASS(CALTY T , T
T WRITE(67203)VDRTCTALT, TSTGN e —

| 203 'FORMAT (1THO, 23H DOWNRANGE TIME CORR. =,F6.2/13XIOHALTITUDE =,F9.T6

201 FORMATUTHOIXEHLATITUDETX9HUONGT TUDE SX13ASTANDAR D TIME/ /T IXFIT. Ty

TTTLX24HSTIGN OF ALTITUDE CORR. =,12)

TWRITE(6420T )LAT,ALONG,CORR

L7XF9 L/ /772 XTI 3HSTANDARD TTHEVTX4HDAT E/2X4HAROURIX 6HMTNUTES X4 HMONSIXS
~_2HDAY//)

T DU 10 MET,YN T
T10T MINUTE(M)=THOURTM, 1Y ¥60) #+HOUR (T, 2)
TF(TCODE.EQ.2) GU IO 6
T CALTERL E O3 2T HSQRTCALTY ¥ FLOAT(TSIGNY T T
TTTIE(CAT.GTL60Y GUTTO 40 ) T
T IFTCALTL T .01V GO TO Y j - Tt
__WI'F‘(’ALT G17.9000.) GO TO 45 . T
IFCLAT.GT.45) GO TO 46 TooTmThmmTmn s e
7 J=1 - T
TIN=N=2
D0 90 K=1yIN = ~ e e e e L
TIFUATNUTEUK L YO GT O MINUTE(K)Y ) bO TO 30 T o e
"TMINUTEIK41) =MINUTE(K¥Y) #1440 — ° T

TDELTAT{KI=FLOAT(MINUTE(K* 1) “MINUTEUKTI¥ALONG/3607 "~ "7 77
TRAWTUK) =MINUTE (K #DELTAT (K)#+IFIX TUATONG=CORR ) #% <DRTC+CALT) "~~~

T UHMINUIERFIYEMTNUTECK# L = 1440
TR (RAWTHUKYJGTLOY GO TOL ] ] T
T1H -(K)-RANT(K)HM,O—'” T T CoTr
DATE(K)=DAY (9-1) T T
GU 10 3
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TABLE I - LISTING OF COMPUTER PROGRAM - Concluded

T IFIRART(KY L LT.1440) GU™ riéz"“‘"' ' -
TTTTIIME(R Y ERAWT (K =1440
TTUDATE(K)=DAY (JFL)
"GO TO 3
T2 TIME(RYERAWTURY
T DATE(K)Y=DAY{J)
T3 U=Ue2T T
TGO TOTTS
T30 DEL TAT(K)=FLOAT(MINUTE(K+ 1LY =ATNUTE(KY ) ®ALONG/360.
TURAWT (K)—MlNUTt(KTfDED’AT(K)‘FIFTXT(“A—UN_G‘“CDFRT*Z'.—DRTC"TAYT)
TUUUTIR(RAWTU(KYLGTLO)Y GOTOTS0
T TIME(K)=RAWT (K) #1440
DATF(K)=DAY (U= 1)
ey ) ‘DR D)
TSOTIF(RAAT(KYLLUTT440Y GO TO 60
TIME(K)Y=RAWT(K)=14%40
T DATE(K) =DAY (J¥1)
— 0 10 70"
60 TIME(K)SKAWT(K)
TTTDATECK)Y=DAY (J)
70 J=Jd+1
_,75 MZo- o
O T IFITIME(KILLT.60T GO TO 90
TTMEMel T
TTIME(K)Y=TIME(KY=560
6 1O 80
Q0 WRITE(6 4202 YMZ TIMETK) DATE(K)
202 FORMAT(15,4Xy[448X,15)
TIF(KEYLEQL.OY GO TO 4
6O .TOo 300
6 IF(LAT.GT.60) GU TO 40
IF(ALT.GT.9C00.) GO TO 45 =~
T D 20 K=T N~
TUODATE(K)I=DAY(K) T
Rwr(K)—MlNUTE(Ki+l)ELTAT(r<)+IFIX((ALONG—CORR)#4.-0“(‘.)
TTM=0 T T
T 25 TF(RAWTIKIJLT.60) GO 10720 ™
\4 !4]_ T T T o . Tt
T RAAT(K) =RAWT(KT=60
TGN TOU2S
wr(llr(b.ZOZ)"M RAWT(K").OATE(K)
3 ‘6L T 8 B T o T
' 40 WRITE(64,204)
204 FORMAT(1HOSX2THLATITUDE EXCEEDS 60 DEGREES)
(60 ToTgTTTT
[as WRITE({6,205)
{205 FURMAT(IHObXZBHALTlTUDE EXCEEDS 9000 METERS)
TT6u YOO 8T -
46 WRITE(6,206)
ZOb"FuRMAT(IHO?S(TIFL_M ITU DE HCFED’S_IFS—FUR_ATTTT_DTCASE -
] lF(r(EY £Q.0) GO 10 &4
© 6L T07300
55 CONTINUE

i
-
L2
-

N
<

END




TABLE II.- COMPUTER-PROGRAM INPUTS FOR SAMPLE CASE

16 )
0114011501160117011801190120012101220123012401250126012701280129
MOONRISE BEGINNING JAN,., 14,1968
30 65.3 75.0 11.0
161017111814191920222125222823320037014502550404051006080658

18
012701280129013001310201020202030204020502060207020802090210021102120213
MOONSET BEGINNING JAN, 27,1968
30 65.3 75.0 11.0
15101617172418301932203021262221231500100106020303010358045105400623

6 2
010501100115012001250130
BEGINNING OF ASTRONOMICAL TWILIGHT - BEGINNING JAN, 5, 1968
30 65.3 75.0 11,0
053105320533053205320531

6 2
010501100115012001250130
END OF ASTRONOMICAL TWILIGHT - BEGINNING JAN, 5, 1968
30 65.3 75.0 11,0
183918431846184918531857

17



TABLE III.- OUTPUT OF COMPUTER PROGRAM FOR SAMPLE CASE

T MUONRTSE BEGINWING JANT 14,1968

“TTOOWNRANGE TIME CORRY =E711.00° 4 , :
T UALTITUDETE 0.0 STGN OF ALTITUDE CORR. ==

T TUATITUDE ~~ ° LONGITUDE ~ STANDARD TIME

30 07 65.3 75.0
~ STANDARD TIME DATE -
THOUR™ MINUTE MON. DAY

RS & 2 ¥ I1%
R - N 115
IR S A T - 116
18 T4l 17
R S 2 T 118
p g g g e g
TTT2L T s T 20
e T I
24 O 122
1 3 124

18



TABLE II.- OUTPUT OF COMPUTER PROGRAM FOR SAMPLE CASE - Continued

MOONSET BEbINNING JANe 27,1968 T

- [)UNNRANGL TINE' CORR.‘ = 11 00"~
B ALTITUDE ™= ""0.0 " " "SIGN OF "ALTITUDE CORR"=-0 "~

''''' LATITUDE ™ 77 LONGITUDE ~~ STANDAR D_'TTHE T T

T30 65.3 75.0

T STANDARD TIME DATE

HOUR ___MINUTE MON. DAY

1% T 337 127 T
TTTISTT T 40 128 ' D

TTTl6TTT T4 129 T
17 52 130
7"” 187 T 53 131 T
197751 201 -
20 T 46 202 S

: 21 e 203
22 735 204
23 31 205
—T 27 207
- 24 208
Ty 209
18 210
3 10 211
4 58 212




TABLE III.- OUTPUT OF COMPUTER PROGRAM FOR SAMPLE CASE - Continued

BEGINNING OF 'AS TR ONOAICAL TwWILIGHT =78 E'G_I__N'f\d ING JAN. 5, 1903

DUWNRANGE TIME. CORR. = 11.00
ALTITUDE = 0.0 “SIGN OF "ALTITUDE CORR. =-0

___LATITUDE ~—~ " LONGITUDE "~~~ STANDARD TIMg "~ "~

L0 ey 1540 e

_ _STANDARD TIME 7 DATE
__HOUR ~ "MINUTE MON, DAY

T e 54 105
T 4 55 110
T 4 777 557 115

4 Thy 120
D 125
T 47 52 130

20



TABLE III.- OUTPUT OF COMPUTER PROGRAM FOR SAMPLE CASE - Concluded

) END UF ASTRUNUMTCAL TWILIGHT = BEGTNNING JAN. 5, 196y

TDUANKANGE TIME CORR. =11.00 - )
T © ALTITUDE = 0.0 STGN OF ALTITUDE CURR. ==39

L AT I TUDE " TLONGITUDE —  STANDARD TTME C T

BN T T 5.3 7530 —

“STANDARD TIME DATE -
_HOUR " MINUTE MON. DAY

g = g 105 e
718 6 . 110 - ’ h
S S L1 .
18 I 120 -

“T1s T 14 125 , -

18 T 18 130

21



TABLE IV.- SAMPLE OF OUTPUT OBTAINED IF INPUT VALUE
FOR ALTITUDE EXCEEDS 9000 METERS

" MUGNKISE BEGINNINEfQ}N. T4, ;gﬁg__m_M_“wwﬂw~_mmm___m_"

quNRANuE TIWE ‘CORR. = 11.00
_ _ AL TI T u DE = "10000.0 SIGN OF ALTITUDE CG R'R"‘:’:"‘-i‘—’l"-
LATIT pD E_' TTTTTTTTLONGITUDE STANDARD TTIME - '

I 65.3 7520

MS‘T'A'N'OARO T{ME T DATE .
HOUR ~ MINUTE ~_~ MON. DAY - S

TALTITUDE EXCEEDS 9000 METERS .

22



" MOUNRISE BEGINNING JAN. 14,1968 77 """ -

TABLE V.- SAMPLE OF OUTPUT OBTAINED IF INPUT VALUE
FOR LATITUDE EXCEEDS 45° FOR CASE WHERE
ALTITUDE CORRECTION IS TO BE APPLIED

B DUNNRANGE TIME CORR. '-— 11 .00

 LATITUDE " LONGITUDE STANDARD TIME

ALTITUOE S 7000.0 7 STGN OFALTITUNE CORR. ==1

S 5.3 , 750 -
" STANDARD TIME DATE
HOUR — MINUTE MON. DAY

T "TTLATITUDE EXCEEDS 45 FOR ALTITUDE CASE

23



s Bj ; [14
5
M hf’
T L
W 18
T |
F ‘20
. S ]
0
-22
\Cf} -S
- M ]
) T F 24
[ h L 26
F .
N R : 28
L | R End of
s 1 . astronomical i
- twilight L i
M 29 s T Beginning of 30
T T astronomical
W 3L | twilight L1
T 1 I
F - L 3
s E
9|5 4 5
S M 1 L B
I S Moonset | 7
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©
=g i 1
S . 104 111
S A :
VR T) S = . : r ' 13

2 T T N
1800 2000 2200 2400 0200

Local mean time, hours

Figure 1.- Time interval during January-February 1968, when the illumination of the sky background at
latitude 30° N and longitude 650 W will resuit only from stariight.
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SUNSET AND TWILIGIHT, 1968

LOCAL, MEAN TIME OF SUNSET AND END OF ASTRONOMICAL
TWILIGHT—MERIDIAN OF GREENWICH

Date Lat. 0° | 410°|420°]+30°|+35°| +40°]| +45° | +50° | +52° | +54°| 4+56° | +58° | +60°
SUNSET-(UPPER LIMB)

hml hml hml hmt hm hmw hm hm hm bm hm hm bhm

Jan. 0 [18071 17 49 17 31] 17 10{ 16 58 16 44[ 16 27| 16 07} 15 57{ 15 46| 15 34| 15 20/.15 03
S5 | 1S 00 17 52 17 34] 17 14/ 17 02 16 48] 16 32 16 12 16 03] 15 52{ 15 40| 15 26} 15 10

{0 IS 11 17 65] 17 371 17 18[ 17 06] 16 53] 16 37 16 18] 16 00 15 509i 15 480 15 35] 15 19

15 11813 17 57) 17 41| 17 22 17 11[ 16 58 16 43] 16 25 16 17| 16 07} 15 56] 15 44) 15 30

20 | 1815 18 00] 17 44) 17 26| 17 16] 17 04] 16 50 16 33] 16.25] 16 16, 16 06} 15 55} 15 41

25 |18 16] 18020 17 47| 17 30 17 21} 17 10} 16 57 16 11| 16 34] 16 25 16 16) 16 06| 15 54

30 IR 1T IS 04 17 507 17 35| 17 261 17 1G] 17 04] 16 497 16 42] 16 350 16 27) 16 17) 16 07

Feb., 4 [1817/18006( 17 53| 17 39] 17 31§ 17 22| 17 11] 16 58] 16 52} 16 45| 16 38} 16 29! 16 20
O |18 18] 18 07) 17 56[ 17 43) 17 36| 17 280 17 18 17 06| 17 01} 16 55/ 16 49 16 41| 16 33

14 | 18 18f 18 OR8[ 17 58| 17 47} 17 41} 17 34| 17 25 17 15| 17 10} 17 05 17 00] 16 53| 16 46

19 1R 170 18 0% 18 01| 17 51} 17 46 17 39] 17 32[ 17 24| 17 20| 17 15/ 17 11| 17 05 16 59

24 1R 17} 18 10 18 03( 17 55} 17 K0| 17 45 17 39 17 320 17 29 17 25 17 21| 17 17| 17 12

29 (18 16 IR 11 18 05) 17 58 17 55/ 17 51} 17 46| 17 411 17 38| 17 35! 17 32| 17 29{ 17 25

Mar. 5 [1815 18 11{ 18 07) 18 02{ 17 59 17 5G| 17 53] 17 49 17 47| 17 45{ 17 43| 17 40| 17 38
10 [ 18 14| 18 11| 18 08| 18 05) 18 04| 18 02) 17 59| 17 57} 17 56 17 54| 17 53| 17 52| 17 50

15 |18 12( 18 11} 18 10} 18 08 18 08 18 07} 18 0G| 18 05) 18 05! 18 04] 18 04} 18 03{ 18 02

20 118 11718 111 18 113 18 111 18 12} 18 12 18 12| 18 137 18 13} 18 13} 18 14] 18 14} 18 15
25 11809] 18 11/ 18 12/ 18 15/ 18 16/ 18 17| 18 19 18 21/ 18 22| 18 23| 18 24{ 18 25{ 18 27

30 [1808] 18 11| 18 14| 18 18] 18 20} 18 22} 18 25| 18 29 18 30 18 32| 18 34[ 18 37| 18 39

Apr. 4 |18 06} 18 11| 18 15| 18 21| 18 24| 18 27| 18 32| 18 37| 18 39} 18 42} 18 44| 18 48| 18 51

END OFF ASTRONOMICAL TWILIGHT

howl homf ol homl bl howd o homl h o bl bhowml howm] hom

Jan, 0 1220 19 O4) 18 H0] I8 35 18 200 18 20] 18 130 18 061 1802 17 /9 17 66 17 52 17 18
5 FO 240 19 07] 18 52 IR 39 IR 320 18 25 I8 I8 IR 10 18 08| IR 04] I8 00 17 50| 17 653

10 [ 19 250 19 10} 18 55) 18 43] 18 361 18 249] 18 22| 18 15[ 18 12| 18 10} 18 07| 18 03] 17 59

15 19 27 19 115 18 58| 18 46| 18 40[ 18 34| 18 27] 18 21| 18 19( 18 16} 18 13| 18 10| 18 07

20 {19 28 19 14] 19 01| 18 49| 18 44f 18 39| 18 33 18 28} 18 26| 18 23f 18 21| 18 19| 18 15

25 (1929 19 15/ 19 03[ 18 53] 18 49| 18 44; 18 39| 18 35| 18 33| 18 30| 18 29| 18 27} 18 25

30 119291 19 17 19 06| 18 57| 18 53| 18 49( 18 45| 18 41{ 18 40| 18 39| 18 38| 18 36| 18 35.

Feb. 4 [1929] 10 18| 10 08} 19 01| 18 57} 18 55} 18 52| 18 49| 18 48| 18 47| 18 47| 18 46| 18 46
9 [ 1929 19 19 19 11| 19 041 19 02 19 00] 18 58| 18 56 18 56] 18 56{ 18 56{ 18 56} 18 56

14 119 29[ 19 19] 19 12| 19 08| 19-06| 19 05| 19 04] 19 04| 19 04| 19 05 19 06] 19 06| 19 08

19 [ 1927 19 20 19 15[ 19 11 19 111 19 10/ 19 10| 19 12 19 13} 19 14} 19 16| 19 17| 19 19

24 [ 19271 19200 19 17| 19 15 19 14] 19 15| 10 17) 19 20] 19 22 19 23( 19 25 19 28} 19 31

20 [ 19250 10 21 19 18] 19 18 19 1O[ 19 21 19 24] 19 29 19 30 19 33 19 36| 19 40{ 19 44

Mar. 5 119 24) 19 21] 19 20] 19 28] 19 23} 19 26) 19 31] 19 37] 19 40] 19 43) 19 47} 19 52| 19 58
10 119230 19 21{ 19 21] 19 24] 19 28{ 19 32| 19 37| 19 45} 19 49 19 53] 19 58 20 05{ 20 i1

15 [ 1921 19 21 19 23] 19 28] 19 32| 19 37 19 44] 10 54| 19 59] 20 04| 20 10| 20 17] 20 25

20 [ 49 20[ 19 23] 19 24] 19 31| 19 371 19 43| 19 51] 20 03] 20 08] 20 15 20 23] 20 31| 20 41

25 119 18] 19 21) 19 26| 19 350 19 41] 19 49) 19 59 20 12} 20 19( 20 27| 20 35] 20 45| 20 58

30 (1917 19 21| 19 28| 19 39| 19 46( 19 55| 20 06| 20 231 20 30| 20 39; 20 49( 21 02| 21 16

Apr. 4 1915|1921} 19 20 19 42 19 51} 20 01) 20 15| 20 33| 20 42} 20 52| 21 04] 21 19 21 36

SOUTHERN LATITUDES (July to October)
For dates on first linc below, enter tables above with dates on sccond line,
and apply the correction (in minutes) given on the third line,
Date July 1 8 11 18 22 27 Aug. lAufz. 7 12 17 22 28fcpt. 28cpt. 7 12 17 22 270ct. 30ct. 8

Use Jan, 0 8 10
+1 0 -2 -3 -4 -8

Apply

15 20 25Jan. 30Feb. 4 0

14 19 24 Feb, 20 Mar. &
-7 -8 —0-10-11-12

-13

10 15 20 26 Mar. 30 Apr. 4

—14 —14 ~14 —15 —-18

(a) The GMT of sunset and end of astronomical twilight.

-15

Figure 2.- Sample pages from the American Ephemeris and Nautical Almanac (ref. 3),
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h oy

6 35

SR DD
EES3%3

SO QNI

m
723 738 745 752 800

704 714 719
6 40} 6461 648 6 51

h
711
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LA DD

m

722 738 758 808 818 830 844 901
715 728 744 751

6 35

h
71

EMBBID S
AR

S0 W

m,
653 70

h

B
0065 % 63 b

S

SUNRISE (UPPER LIMB)
™

642 648 6 56

h

6 57 709
6 46
627} 631

Eo—NmQ
Hmod®m

LW uw

m
638 657 708 720 735 753 802 812 822 835 849

6370 657 709 722 737 756 805 816/ 827 840

h
6 33
6 21

EWOCI vt
— o N O

LA WDD N

m

SUNRISE AND TWILIGHT, 1968

)}

+10° +20° +30°| +35° | +40° | +45° | +-50° | +52° | +54° | +56° | +58° | +60°

619 627 637 643 649 656 705 709 71
BEGINNING OF ASTRONOMICAL TWILIGHT

6 18 6 36

6 21
6200 630

TWILIGHT—MERIDIAN OF GREENWICH

Er R > 00
[=f=J—)- =0

S WD WD

m
607 610 613 616 618 620 622 625 626 627 628 630 632"

559 616/ 635 655 708 722 738 759 808 819 832 8406/ 903
607 622 638 656 706/ 718 732 749 757 806 816/ 828 84l

609 623 637 654 704
610] 617} 624 632 637 642 648 6 56

610 622 635 649 657 707 718 731

611
608 612 617} 622 624 627 63l

610] 623 637 652 701

00

h

6 01

604 620
6 06| 621
61

611

609 615

EFOC —
o H DD

O

Lat.
0
5

10

15

20

25

30
4
9

14

19

24

29
5

10

Jan,
Feb.
Mar.

LOCAL MEAN TIME OF SUNRISE AND BEGINNING OF ASTRONOMICAL

Date

349 339~
8

5 54

414

320 -
4
~18

5 63

3 31
3 Oct.

-1

426 421

5 51
543 544 545 546

532 534 535 535 535 536 535
16 20 25 Mar. 30 Apr.

554] 555 6558 559 601
=14 =14 ~14 15 18

5 41
527 527 526[ 526 526 524

508 514/ 518 519/ 519 5200 519 518 517 516/ 514/ 513
-13

446 439 435 431
448 443 437 427 423 417 412 405 367 ¢

530 542 546) 548 550
19 24 Fob. 20 Mar. 5 10

535 538 541

12 17 22 28Bept. 28opt. 7 12 17T 22 27 Oct.
14

433 4260 416 403 367 360 341
0

~8 -9 -10 —i1 —-12

5 35

513|. 514 514 512 509/- 508 507 505 502 500
-4

532 537 542 546/ 551

5 31
Figure-2.- Concluded. .

4 58 455 451

1 Aug, 7

=}

SOUTI—IERN LATITUDES (July to October)

446 438 4206] 417 408 354 336 328 318 306 253 236
For dates on first line below, enter tables above with dates on second line,

15 20 25Jan. 30 Fob.

and apply the correction (in minutes) given on the third line.
18 22 27 Aug.

500] 505/ 508 508 508 506 504 500 458 455 453 449 445
10

459 503 505 504 502 459 455 449 446 444 440 436, 430

4 58 500, 501
4 53) 449 442 432 425 417) 405 350 343 334 325 313] 258

4 56/ 455 4520 445 4401 4 34 426/ 4,15 410f 404| 357
4 51

4 54 452 448 439
b} The GMT of sunrise and beginning of astronomical twilight, -

500 510f 517, 622 524] 526 527

500 510/ 518 525 528 531
501

458 6510 5201 528 531

4 55 5101 521

4 58/ 510 521

500, 507 511

4 57 458 4 56| 451
8 11
5
0 ~2 -3 —4 -8 -

25
30
4
9
14
19
24
29
5
10

1

0
+1

Apr.
Jan,

Mar,

Feb,

Date July
Apply

Use

26



MOONRISE, NORTHERN LATITUDES, 1968

LLOCAL MEAN TIME OF MOONRISE (UPPER LIMB)
MERIDIAN OF GREENWICH

Date Lat. 0° | 410°|420°]|430° | +35°| +40° | +45°| +50° | +-52° | 4-54° | +-56° | +58° | +-60°
hm hml hmf hmf hml hml h mf hm h m hm hm hm hm

Jan. 0 611 634 658 726f 742 801 824 854 909 926{ 94710 1210 47
| 713 734F 7566 8221 836G 853 014 940, 9531 10 07} 10 23] 10 43( 11 08
2 811 828 847 908 920 934 9561101110 21 10 32( 10 44| 10 59 11 15
3 0020 916f 930 946{ 9565 1006/ 10 19 10 34 10 41} 10 48 10 57{ 11 07 11 18
4 9 49 9 58| 10 08] 10 19} 10 25{ 10 32 10 41|10 50 10 65| 11 00| 11 06 11 12} 11 19
5 10 321 10 37| 10 42 10 48 10 51] 10 55 10 591 11 04} 11 06| 11 09| 11 12} 11 .15 11 18
6 11 13|11 13{ 11 14 11 14 11-15) 11 15/ 11 165 10 1G] 11 16§11 17/ 11 17{ 11 17/ 11 18
7 11 53] 11 49| 11 45) 11 41{ 11 38| 11 35{ 11 32| 11 28; 11 26] 11 24t 11 22) 11 19| 11 17
8 12 331 12 25| 12 17| 12 07/ 12 02| 11 56} 11 48| 11 40! 11 36| 11 32; 11 27; 11 22( 11 16
9 13 14/ 13 02} 12 50} 12 36{ 12 27{ 12 18] 12 07} 11 54| 11 48[ 11 41{ 11 34|11 26| 11 16
10 |13 58] 13 42( 13 26} 13 07| 12 56| 12 44 12 29 12 11} 12 03] 11 54{ 11 43| 11 31| 11 18
11 14 45] 14 26/ 14 06{ 13 43| 13 30| 13 15| 12 506{ 12 34] 12 23] 12 11] 11 57} 11 41] 11 21
12 15 35 15 14] 14 51} 14 25] 14 10| 13 52| 13 31] 13 04] 12 51{ 12 36[ 12 19] 11 58 11 31
13 16 28 16 06} 15 42; 15 14] 14 H8 14 39 14 16{ 13 46] 13 31| 13 15[ 12 54| 12 29| 11 55
14 117 23117 01} 16 37| 16 10] 15 53| 15 34 16 11| 14 42 14 27} 14 10| 13 50| 13 24| 12 49
15 |18 18] 17 568 17 36{ 17 11| 16 55 16 38] 16-17] 15 50 15 37| 15 22( 15 04| 14 43 14 15
16 |19 12[ 18 55} 18 3G} 18 14| 18 01} 17 47] 17 29] 17 07| 16 57} 16 45{ 16 31} 16 15| 15 56
17 120 03] 19 50! 19 35! 19 19| 19 09| 18 58| 18 44| 18 28 18 21} 18 12{ 18 02! 17 52| 17 39
18 | 20 52| 20 43} 20 33| 20 22| 20 16}/20 09| 20 00| 19 50{ 19 45| 19 39| 19 33| 19 27| 19 19
19 {21 39| 21 35{ 21 31| 21 25| 21 22( 21 19| 21 15| 21 10{ 21 08| 21 05 21 03| 21 00| 20 56
20 | 22 20| 22 20| 22 27( 22 28} 22 29| 22 29| 22 30( 22 31| 22 31| 22 31| 22 32| 22 32| 22 33
21 |23 13| 23 19| 23 25| 23 32| 23 36| 23 40[ 23 46 23 52| 23 65/ 23 58/ .. .. .. ..|.. ..
22 oo e b e e e b e e b e 0] 002] 006 011
23 | 002 013} 024 037 045 053 103 116 1221 128 135 143 1563
24 0565 110; 126 145 1566f 209 224 2421 251} 301 312 325 341
25 1561 2100 231 2565 300 325 345 40% 421 435 4561 510f 5 34
26 252 314 337 404 4200 439 502] 531 b46] 603 623 648 -7 23
27 3hH5 417 442 510] 527} 5460 610 641} 6566 "7 14 7 35 802 841
28 457 518 542 608 624 643 705 7334 747 802 821 844 913
29 656 615f 635 658 712 728 746 809 820 833 847 904 924
30 6500 7050 721} 740 751 803 817 835 8431 852 903 914 928
81 |. 739 750 802 815 823 832 842 854 900f 906 913 920 929
Feb. 1 824 831} 838 846/ 850 856 902( 909 912 916f 920 924 929
2 9071 909 911 914 d15 9170 919 921 023 924 925 926 :928
3 947 9451 943 940 939 937 935 933 932 931 930 929 927
4 11028 10 21 10 14/ 10 07 10 03| 9 58 9 52( 945 942 939 935 931 926
5 1109 10 58| 10 47| 10 35{ 10 27| 10 19 10 10| 958 9 563[ 947 941 934 926
6 11 51} 11 37[ 11 22{ .11 05} 10 55| 10 43| 10 30} 10 14] 10 07| 9 58 949 9 38 9 26
7 1123771219 12 00{ 11 39} 11 26| 11 12| 10 55{ 10 34| 10 24 10 13| 10 00| 9 46| 9 28
8 |13 25/ 13 05| 12 43| 12 18] 12 03| 11 46| 11 26| 11 00| 10 48| 10 34| 10 18( 9 59 9 34
9 1141713 55/ 13 31| 13 04| 12 47| 12 29| 12 06] 11 37| 11 23] 11 06| 10 47| 10 22[ 9 50
10 15 11] 14 49| 14 24| 13 56| 13 40| 13 20| 12 57| 12 26( 12 11| 11 54} 11 33| 11 06 10 29
11 16 06} 15 45| 15 22| 14 55| 14 39| 14 21| 13 59 13 30| 13 16| 13 00| 12 40| 12 16|11 44
12 |17 01| 16-42( 16 22| 15 58| 15 45( 15 28| 15 09| 14 45| 14 33| 14 20| 14 04| 13 46 13 23
13 |17 54§ 17 39] 17 23| 17 04] 16 53| 16 40| 16 25| 16.06| 15 57| 15 48| 15 36( 15 23| 15 08
14 (18 45| 18 34 18 23| 18 09] 18 02( 17 53| 17 42{ 17 30| 17 24| 17 17| 17 10| 17 01| 16 52
15 |19 34 19 28] 19 22| 19 14) 19 10 19 05| 19 00} 18 53| 18 50| 18 46] 18 42| 18 38| 18 33
16 |20 22| 20 21| 20 20| 20 19{ 20 18j 20 17| 20 17| 20 16| 20 15| 20 15/ 20 14| 20 14| 20 13

(a) The GMT of moonrise.

Figure 3.- Sample pages from the American Ephemeris and Nautical Almanac (ref. 3).
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MOONSET, NORTHERN LATITUDES, 1968

LOCAL MEAN TIME OF MOONSET (UPPER LIMB)
MERIDIAN OF GREENWICH

N .
Date Lat. 0° [+10°(+20°] +30°| +35° | 4+40°| +45° | +50°| 4+52° | 4+54° | +-56° | +58° | +60°
hm bhml hm bm hm hm hm hml hml bm hm h'ml hm
Jan, 0 18 4118 19} 17 56| 17 28| 17 13| 16 54| 16 31| 16 01} 15 47| 1530} 15 10| 14 45| 14 10.
1 194111922/ 1901|118 37] 18 23! 18 07 17 47} 17 22} 17 10] 16 56{ 16 40| 16 20| 15 56
2 | 20 36| 20 20] 20 04] 19 44] 19 33| 19 20[ 19 04] 18 45| 18 36| 18 26( 18 14| 18 00] 17 44
3 21 25| 21 14] 21 02} 20 48] 20 40} 20 30; 20 19| 20 06| 19 59| 19 52] 19 45 19 36} 19 25
4 22 10] 22 03] 21 56{ 21 47| 21 42| 21 36} 21 30] 21 22| 21 18| 21 14] 21 09| 21 04} 20 59
5 22 52|'22 49| 22 47] 22 43| 22 42| 22 34 22 37| 22 34| 22 33| 22 31| 22 29| 22 28| 22 25
(73 23 321 23 34] 23 36| 23 38} 23 39 23 40) 23 42| 23 44{ 23 45| 23 45} 23 46} 23 48] 23 49
8 012(-018 024 031 035 040 046 0521 055 0569 103 107} 111
9 05620 1021 113} 125 1321 1400 150 201] 207 213 219 227 235
10 135 149 203 220f 230 242 255 312 319 328 338 349 402
11 2200 237 256)] 317 330 344 402 4 23] 433] 445 458 514 533
12 309 329 3500 415 430 447 508 534 547 601} 618 639 705
13 4000 4221 446] 513] 529 548 611} 640/ 655 712 732 757 831
14 4550 517 5411 609 625 645 708 738 752 810 830] 8 56 9 31
156 560 611] 634 701} 7 16| 734 756 8231 837 852 910 9321000
16 '644] 703] 724 747 800 816; 835 858 008 921 935 9521011
17 737 752 809 828/ 838 851 905 923 931 941 95110031016
18 8271 838 850] 901 011 9200 930 943 948 955 1002 10 09 10 18
19 015 921 928 936 941 946 952 950 10 02 10 061 10 09 10 1.1 1018
20 10 011 10 03] 10 05 10 071 10 O8] 10 10} 10 111 10 13} 10 14| 10 15 10 16| 10 17§ 10 18
21 10 48] 10 45] 10 427 10 38| 10 36{ 10 33} 10 31} 10 27} 10 26| 10 24| 10 22| 10 20} 10 18
22 11 36/ 11 28| 11 20{ 11 10[ 11 04} 10 58] 10 51} 10 42| 10 38| 10 34} 10 29| 10 24} 10 18
23 12 271 12 14| 12 00| 11 45] 11 36] 11 26| 11 14} 11 00} 10 53| 10 46} 10 38} 10 29 10 18
24 13 21/ 13 04| 12 46| 12 251 12 13} 11 59 11 43| 11 23/ 11 13| 11 03] 10 51| 10 37| 10 21
25 14 20 13 59| 13 38| 13 12] 12 57] 12 40 12 20| 11 54| 11 42| 11 28] 11 11| 10 52| 10 27
26 15 22| 14 59| 14 35/ 14 07{ 13 51| 13 32| 13 08] 12 39| 12 24| 12 07{ 11 47 11 21| 10 46
27 16 25{ 16 02| 15 38| 156 10} 14 53| 14 34| 14 10} 13 40| 13 25| 13 07| 12 46 12 19} 11 40
28 17 251 17 05) 16 43/ 16 17} 16 02| 15 44| 15 22| 14 55] 14 42| 14 26} 14 08] 13 46| 13 16
29 18 22| 18 05| 17 46] 17 24] 17 12| 16 57[ 16 39{ 16 17| 16 07| 15 55] 15 41| 15 25| 15 06
30 19 14] 19 01{ 18 46] 18 30} 18 20{ 18 09| 17 565G} 17 40[ 17 32| 17 24] 17 14] 17 03| 16 51
31 20 01] 19 52 19 43] 19 32 19 25719 18] 19 09; 18 HY| 18 54| 18 49| 18 43} 18 36| 18 29
Feb, " 1 20 45] 20 40] 20 36] 20 30] 20 27| 20 23| 20 19! 20 14] 20 12{ 20 09{ 20 06{ 20 03{ 19 59
2 21 26] 21 26] 21 206] 21 26{ 21 26§ 21 26; 21 26§ 21 26{ 21 20[ 21 26| 21 2G} 21 26| 21 26
3 22 07] 22 11| 22 15| 22 21] 22 24] 22 27} 22 31| 22 30| 22 38| 22 41| 22 43| 22 46| 22 50
4 22 47 22 56] 23 0h] 23 15H] 23 21| 23 28] 238 36G] 23 46] 23 60j 283 60 .. .| .. ..} .. ..
5 28 200 2840112305 .. ... .o s o o e o 000 007 014
6 o s o 0100 019 02 0411 056 1038 1 10( 11y 1209 140
7 013 029 046 106/ 118 1 31f 147 207 216( 227 2349 2583 10
8 1000 1190 139 2031 2171 234f 253 318 3307 344 359 418 142
9 1500 2111 2341 301 317 335 368 426 440 457 516 5400 612
10 243 305 330 358 4 14] 4 34| 457 527 542 600 621 648 7 25
11 338 4000 424 451 507 526 549 618 632 648 708 732 805
12 4331 453 515 540 554 611 631 G656 708 722 738 757 820
13 | 527 544 602 623 635 649 705 725 735 745 757 811 827
14 619 632 646 701 7101 721733 747 7547 801 809 819 820
15 700 717 7206 736 742 748 756 804 80 813 818 824 830
16 757 800 804 808 810 813] 816/ 820 8 21| 823 825 827 829

{b) The GMT of moonset.

Figure 3.- Concluded.




I1lumination of sky background, lux:

10
N
N
\\
102
\
\
101
A \
\
0
10 1
\
4 \
10 3\
\
-2
10
[ : Y
- Mean illumination of sky
- background produced by
- starlight, 2.15 x 107 1ux 5 \\
N
-3
10
B -
1074 -
90 95 100 . 105 110
Zenith angle of sun, deg.
Figure 4.- 1llumination of sky background as a function of the zenith angle of the sun.
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Figure 6.- Launch window which insures that maximum darkness conditions will exist during both launch and

660 seconds after launch when reentry occurs at Q.
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