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ABSTRACT

Design guidelines were developed for the installation of vertical black-
out shades to alleviate glare and fluorescing phenomena caused by sunlight
on and around console-mounted BRITE radar displays in Air Traffic Control
Tower Cabs. Experimental shades were installed in the Gulfport, Mississippi,
Tower Cab and were subjected to a 60-day evaluation. Results demonstrate
that vertical blackout shades can eliminate adverse working conditions
attributable to sunlight at the radar approach control position{s).
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INTRODUCTION

PURPQSE.

The purpose of this effort was to develop a solution to adverse glare and
fluorescing phenomena caused by sunlight on and around two console—mounted
BRITE IV radar displays at the Gulfport, Mississippi, terminal radar approach
control cab (TRACAB).

BACKGROUND.

Use of two BRITE IV displays at the radar approach control positions in the
Gulfport TRACAB was hampered during late afterncon due to sunlight shining
through the west windows, reducing contrast on the cathode-ray tubes (CRT's)
and making them marginally usable, even with standard smoke~grey transparent
window shades in use. The Southern Region requested that the National Aviation
Facility Experimental Center (NAFEC) participate in an investigation to alle-
viate this problem, This request was implemented under the NAFEC sustaining
engineering program,

DISCUSSION

A solution to the sunlight problem was proposed following inspection of condi-
tions within the TRACAB by Gulfport Tower and NAFEC personnel on June 13, 1978,
The recommended approach involved mounting a serlies of retractable shades
vertically from the cab ceiling, the lower portlon of each shade to be opaque,
while the remainder would consist of clear plastic, The purpose of having a
series of shades was to allow for selection of shades as required for sunlight
blockage during seasonal variation in sun azimuth.

The inclusion of clear plastic in the upper part of each shade was to provide a
transverse viewing area for tower personnel, Subsequent evaluation of the
experimental shade installation demonstrated that the clear plastic section
provided no significant benefits or use at Gulfport. However, this feature
should be considered in the design of shade installations within other TRACAB's,
particularly in regards to the local control position in relationship to the
shade(s) location,

Figure 1 detalls the installation of the three shades as located in the
Gulfport TRACAB, each of which was fabricated 48 inches wide with the bottom
30 inches consisting of black Tontine material joined to 54 inches (minimum}
of clear plastic with sufficient clear plastic rollup at the top (8 inches) to
insure proper operation. The shades are mounted on standard spring-operated
rollers attached to 1- by 4-inch wood plates for ceiling mounting. The shades
ference, particularly in regards to local control. Angular positioning of the
shades within the tower was primarily determined by the azimuth of the sun
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during late afternoon hours and the East-~West radar positions as shown in
figure 1. The appendix contailns an illustrative example for computing sun
azimuth.

For evaluation purposes, the West radar was not fully shilelded during the
winter months by the experimental installation in order to compare this posi-
tion with benefits obtained at the East radar position. Figure 2 is a
photograph taken on January 16, 1979, during overcast cloud conditions, and
illustrates the improvement in protection from sun glare obtained with all
shades in the lowered position. Figure 3 is a photograph of the three shades
as mounted within the tower cab.

Following the evaluation period, two additional shades were ordered for
installation; a 4-foot-wide shade for installation at the location designated
as @ in figure 1 to provide complete shielding during the winter months for
the West radar position; and a 5-foot-wide shade with a 15° bias cut along the
right edge for installation at @) in figure 1 to improve shielding during the
summer montha., The 15° bias cut was included to allow the shade to meet the
window glass.

DESIGN PROCEDURES.

Facilities experiencing adverse glare and fluorescing phenomena induced
through sunlight on or around BRITE displays should consider the use of
some form of vertical blackout shades to alleviate this condition. Initial
design entails the determination of angular relationships between BRITE
radar location(s) and sun azimuth for June 21 and December 21 during the
affected time of day. The preparation of a plan view of the tower

similar to figure 1 will allow for the determination of shlelding require-
ments. In the Gulfport example, the dashed line (3) parallel to the 284°
azimuth delineates maximum summer limits, while the dotted line(:)parallel
to the 225° azimuth shows maximum winter limits.

In order to minimize interference between personnel movement in the tower and
the shades, a compromise location for the shades may be expedient. This was
done with the final installation at Gulfport by placing the shades adjacent
to and in line with the stalrcase/bookshelf. Complete shielding of the East
radar will not be attained during the week before and after June 21.
Selection of partial or full-length blackout shades 1s dependent on position
arrangement of the tower cab and field of view requirements. Interference
with airport operations will either preclude installation of blackout shades
or will result in marginal benefits. Any proposed installation should provide
complete shielding for affected BRITE displays for 80 percent of the year
prior to initiating procurement of shades.









RECOMMENDATION

Based on project results, it 1s recommended that vertical blackout shades be
considered for installation in TRACABS experiencing adverse glare and
fluorescing phenomenal on and around BRITE radar displays caused by sunlight.

L

This effort was conducted in response to a focrmal request from AS0-510, dated
May 1, 1978, to ANA-4 for assistance under the Terminal Sustaining Engineering
Program, Subprogram 144-170, sponsored by ARD-120, Richard Simon. The project
number is 144-170-820 and the NAFEC Program Manager is Felix F. Hierbaum, Jr.,
ANA~210. This report concludes scheduled activitiea on this effort, although
the following NAFEC personnel are avallable for consultation during future
design and installation phases:

Felix ¥, Hierbaum, Jr. Program Manager
Donald M, Millar Project Manager

These 1ndividuals can be contacted at:

ATC Applications Branch, ANA-210
NAFEC

Atlantie City, N.J. 08405

Tel. FTS: 346-2630

Tel. Com: 609-641-8200 X-2630



APPENDIX

DETERMINATION OF THE SUN'S TRUE AZIMUTH FOR THE TIME OF SUNSET
AND SUNRISE FOR THE DAYS OF WINTER AND SUMMER SOLSTICE

The true azimuth of the sun for the time of sunset and sunrise for the days of
winter and summer solstice can be determined by use of "The Air Almanac"
(reference 1) and "Sight Reduction Tables for Air Navigation" {(reference 2).
The procedure 1s outlined below and an illustrative example given., The proce-
dure also applies to the determination of the sun's true azimuth at any time
on any date.

FROM THE AIR ALMANAC

1. Determine the Greenwich mean time (G,m.t.) of sunset/sunrise for the win-
ter solstice (about December 21) or summer solstice (about June 21) as desired,
from the appropriate table. (Figure A-1 shows the December table,) Inter-
polate the time for your latitude using the December 22/June 22 column. Con-
vert your longitude to time using the "conversion of arc to time" table
(figure A-2). If in west longitude, add the time conversion to the G.m.t. to
get the G.m.t. of sunset/sunrise for your longitude. (For east longitudes,
the time conversion is subtracted from G.m.t.}. If the value is over 24, sub-
tract 24 from it. If negative, add 24 to it. If you want to determine the
local time of sunset/sunrise in west longitudes, subtract the number of hours
between local time and Greenwich from G.m.t. Add if 1in east longitudes.

2. Enter the page listing for December 21/June 21 for the G.m.t, of sunset/
sunrise as determined for your longitude and extract the Greenwich Hour Angle
{(GHA) and Declination (Dec) of the sun. (Figure A-3 shows the December 21
listing). Interpolate as required. Subtract your west longitude from the
GHA of the sun (add east longltude) to determine the Local Hour Angle (LHA)
of the sun. Round thils to degrees LHA.

FROM THE SIGHT REDUCTION TABLES,

3. Enter the table for your nearest latitude (figure A~4 shows 30° N) with
the rounded LHA and closest (rounded) declination. If both latitude and
declination are north (or south) use "same name as latitude" portion; otherwise
use "contrary name portion." Extract the listed azimuth (Z), then convert

this to true azimuth (Zn) as indicated in the upper left~hand corner of the
table, The true azimuth will be accurate to within 1° with this procedure.
Greater accuracy can be achleved by interpolating between latitude tables,
LHA's and declinations,
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Aroz CONVERSION OF ARC TO TIME
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The above table in for converting expressions in src to their equivalent in time; its main use in this Almanac is
for the conversion of longitude for application to L.M. T, (added if west, rubtracted if east) 10 give G.M. T, or vice versa,
particularly in the case of sunrise, sunset, etc.
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FIGURE A-3. GHA AND DECLINATION OF THE SUN FOR DECEMBER 21, 1978

A-4



2aN1IIvI ,0€ ¥0d NNS FHI 40 (2) HINWIZV

*H=V HdNoId

LAT 30°

340LILY1] O4 INVN THVHINGD (,62-S4) NOLLYNI1234 P imos ot s e Yo} 1 %
[ 87 i 2 oY 1 &% | % | ¥z [ 0F | - =
0b2 |621 %- L5 00421 ®-20 10| €21 - L020|221 S- 2y 20 |t2% ™-21€0 127 % 15¢0 [0z( #-9290|6TT - 1050|911 %-5¢50|L1T *~-0190 ®-rr 90 (91T ®-BIL0ISTT %-€5L0 1T w-2280 [CT1 %~ 1060
6B |2t o FICOIECT & 6700/ €21 % £2101221 & B85 10 (12T % 220|027 W 90€0(6TT % Tr<O[8TT W STHO[BTT % &P rO[L1T = €250 ®oZEo0 LT % 5010 |#TT & AEL0([CTT W €180 _ﬁ
BBZ |#2T % 620-|€21 X 5000|221 % 6E0OJI2T " 110(0ZT » v TO|OZT » TZZ0(6TT % §520(9TT = 6250]L1T % €O#0|91T * icv0 6 ppSO (Rl o SIS0 [CIT ™ 2690 (211 & Szi0|2L
{82 (2T W Z11-|221 % 8C0-1 221 @ SOO~T2T % £200(02T & Z010|6TT = %5 (0 (9TX % OTIC|LTT & €¥ZO|LIT * LTI£0[91T & 0S€0 6 LSO ICTT O 0€SO |2IT * »090[21T & (90 |§L
98Z (€21 & 95 T-| 221 ™ ZZT-| T3T & 6rO{OZL & #10-[6It & rT00[6TI % TS00(WEL & #ZTO|LTT & ZSTO[STL & Q£20[51Y & £0€0 v OTHO[CTT & b0 21T & 9150|111 & 8BS0 |4l
$8Z (22T @-6€2-| 121 &~ L£02~| 121 - yC {021 M- 10 I~ |61t A-020~|aTT &-5000 (LT @-9C00|9TT @~ (110911 Z-chto[STT or-9120 @-22€0 21T =65 €0 [TTT 2-L290 (111 a-005D |5
Y8 | 221 ® wZe-| T2 X TS2-{021 & GHU261T & G I-[ATT & ¢(T-|aTT o TPO-[ITT & w00-|9T01 & #Z00|SIT & 9500|¢TI @ 210 o 20 |ZTT & S0€0IIT & £€C0 (01T X ITeD am
€821 12T 5 BOP-(020 & See~|021 X O(-6T] X 2(2-(810 & 65 [-[LIT & L2T-[9T0 & $50-|STT & €20~(SIT & &000|FIL & 1ro0 ® 9y 10 (TTT & 81200 & 0520|601 B 22t0|if
2821zl & Z54—(021 It IZ9—( 611 B phE—{8LT & LT€-(LT0 & SH2—|L10 W *[2~|9T1 & Z¥T-[STT & OTT-|¥II & BEO-|CI{ & 900~ ® o0 (TET I 620|011 o 1020 01 X £c20|BL
TBZ|0ZT & L65{02T ™ 905 6T & FEp-(OTT 1€ €O¥—[LT1 & 2€€—|91T & QO<=|SUT % &22-|PIT & LST-|pTE U 92T-[CTT & #50~ U 5000 (01T X Tr00 [60L 16 ZTTID[ROT X ##10|6L
| 0B2 1921 1€-22 9| 6T1 [€~ 156~ B1T ¥-026~{LTT T6- 4 i[9 tr-QLo—|9TT 10~ 20 ¢=|STT W-9T¢-|pTT te-Sh2—|CTE &X-€12-[2TT H-20T- H- 40~ [0T] K- 009~ 60T T6-¢Z00 [BOT 1~ Y500 | 08
BIL '€ 909HLIT U S€4|9TT & SO |SIT I wCo=|o0T € €O |CIL I 26¢-|€TT ¥ T0E=[ZT0 8 O€2- W gZT-[601 i€ [S0~[807 ¢ 920D~ |201 ¢ $0D0 |18
BL91T o 229-(9TT & 299-|SIt 1 TZ5—|¥TL % TSH—|[€IT W 029 |2TT 1€ ore-[1TT & 616~ 1 L12-160T ¥ 9 1-[801 &€ 9T |01 1€ Syo—|28
E_.-hle: m €T o @E5—|2T0 = 905—|2IT & @Ev[IIT K iy 1 1 90¢-[201 % 9¢~[0t U S02- (901 10 W I-|{3
; ® 929-[ZIT & 9S6-|TTIT & 928-[0TL o 954 T 16 95¢-[80T o S2€-[L0T & &52—~ (90t ¢ p22- |48
GLZI 1T &-$T9-[0TT M-Sh 5 T %-Gp - |20 %-STH— (90T O6-Sp(- (SO M- p1¢- |58
- FIZIO0T & ¥C 9 90T % ¥E - [L0T % ¥05- (90T o€ $Ci—[SOT1 X ¥O - |58
£0T 42 #9907 o6 §SS—(SOT & $24~ |¥OL & SS9 18
TETIS0T ¢2 $19- WDl o Sy |88
UZ101 & 99| &f
AL
phe|es STTTI Tt 911
SHZ|€5 U+iZv{€5 Uepdo-| ¥ +TRE{SE BELF|5T1
9bz|Es U spe-les W 22y|55 & pse{95 W 55|95 K 219
Y2 ¥ % pOC-|55 X OvE—{56 X 9T495 M ZSy-[I5 x »«T.ﬁwnﬂlﬂ.ﬂ.mmﬁalaﬂ;
BT rs ® 22z-|55 W 5295 W €6 % G0¥y-|I5 X Sr—|8% & Q25 =
GPZ[55 % OPT-|95 & ST2— 95 & 06Z-[I15 % 9Z¢-lgs « Tor-|es « o€w-oo = :Tmﬁuj:u T 2 15
Q52|66 S+150-]95 S+2ET IS U+L0Z-|85 w+Zr2-|eS S+ 15|65 v+15E-|09 S+92w-|i9 W+ 105|209 x+mn?rmhua|ﬂﬂ+ on
TEZ|95 ™ PLO-|LS & epO-|15 M €27-185 S BGT-[66 ™ Z02-|09  90¢—|19 SC T¢-|29 w ST1w[29 w ori-|c9 o ¢25-[F W Boo—
262[95 ® 6200|285 % S00-{25 w ecodes ® €IT-|09 W LpT-[09 m (22|19 M S52-129 w eze-|co o (DE|¥9 W LEv|S9 ¥ ITS-[59 & w S
€6Z|45 v ZLTOlES ™ BEOO|SS € SopojeS ¥ HZ0-[09  ZOT-|19 ¥ 9E1-|Z9 ® 0TZ-[€9 & t¥z-|t9 X LUE-[¥9 6 QSE—[59 ¥ $24-[99 & [Sy—
$SZ|LS ® 95T0lBs W ZZTO eSS & 6¥00{09 ¢ 9100|159 & LT0-|T9 % T60-|29 « #21-|C3 € iST-|¥9 & DEZ-[59 & €DE-|99 & HE(—[9F K DIy ¥ 515~ 69 901
SOZ|8S G+eE20|6f WL1020(65 W+HCTO(0F WHIDIO[T9 €+BZ00|29 €+S00-|{9 CC+REO-|¥9 GHTIT-|¥9 J+(p1-|59 FAQIT-[99 G+prz-((7 BezZE- K+ 1|69 @1
95Z|8s A vzegles & ISZ0[09 W HT20(I% & SrI0(Z9 X #II0|29 o Tvoo|cy = s0O|¥y € w2D~|5% B 950-|99 W HZI-[i9 H WI-|¢v W - “ &cc-[0L & 1Ur|401
162|es & 80v0l09 = 9€co{09 = pOe0[T9 B 2C20[29 uw eST0fed m f210|¥9 = g500{59 & CZoo|sy M &DO-|9% B TWO-|I9 ¥ ¥TI-[E9 &N N I- x ps2- |1 & 2ze-|4m1
B52|eS 2 25¥0l09 1 1ZvQ|19 X 6be0[29 M LTCO|€y B SpZ0|€9 it $TZ0|¥9 X 2vID|SY X OLID|99 M BEOO(I9 5 SOOO(9 B 989 X 80— a -t & €Z-|201
B5Z[09 U ofoco|lT9 U 5050/ T8 B wEMD|Z9 W €OWD|€9 !0 ZECO|YS & 00€0|59 € A2Z0|99 X LST0|99 Ik SZID(LT X ¥SOD(PY M Z200(69 VO &Q0— I 2TT-[2L & ¥ri-| 101
(92|09 t+zz90(T9 M+TSS0(29 +0ZS0|€F IE+E¥¥O|P9 WHGTHO[M9 TC+IPCO|S9 W ITLO|I9 I+ Sp20[i9 ALCIZ0[BY T+ TD|69 WHLINO[49 HW+sL00 H+9000 (1L W+g20-[2L s+¥50-]001
92|19 o foeg|T9 * L€90/29 ™ 9090(¢9 U Scsolve o s0solse te vEw0|99 T Cowols9 v 2cep|i9 W To¢h|@o U pEZD[e9 6 eST0f0L W @210 teozg00 (22 1 9200f€ 6 S00-|66
2|19 & 25i0]29 o™ 2z[p|€9 % Zg90|be o 2Z90[v9 X Z6S0|s9 ¢ (250|995 O ISe0|s9 1€ 0ZwD|89 0 &yeO[e9 o ETCO|OL ¢ Br0foL ¢ (120 woorte(al o STIOIEL « Swo0lgé
Z|19 % 8ce0f29 o B080/€9 o SCLO|PY W &0L0[59 % 6£90|99 16 S090|L9 o BESD[89 o BOSD[RY & PEyO[69 6 [Qvo 0r ¥ legg(lz u 050 % 9CZO[EL U S0ZO(bL IC ¥ETO %
t92[29 o pZeD| €9 o pcaolv9 e S280(S9 o 5510|599 W 9ZL0[99 o 959019 ox 9200|899 o 985D[69 X o9zspipL ® SeQ(TL ™ 9ZHO(TL Tt 8550 o SZEOfEL of SS20(¥L U 4220
§9Z(29 W+QUOT| €9 HrIv60( 9 T+2T60[(ST #+200|99 H+CTB0(L9 R+¥p L0589 o0+ dLL0|B9 S+ppo0[s9 R+g190I0¢ +SPSO(TL ®+STSORL X+5p¥0 WK+STH0 [PL M+SHEO[SL VE+PTED |56
99Z[€% % 950T w9 e rZol 59 o 8s0[G9 W 6260|99 W 0D&O|Z9 & tee0|ey ® 2080|s% & cei0for = cogfte & w90[Ze % #Q9Q(ZL o ¥ES0 X WSO [N o FEED(SL X ¥ORO b6
192159 ® Zr1lfv9 ® BITL|S9 ® SHOL99 ® L101[49 o ave0|83 & 6160[69 ® 05BD[6% ® 1280|02 ® 25(¢|wL o £2.0|q % €S90[¢L o ¥290 K FSS0[SE & 5250(9L o S50 nw
8979 = 8227/ p9 & 1021[69 & 26TI99 ® ¥OIT[49 ® 9E0L(89 & [00T|69 ™ 6co0|0L & O1AD[1: & treg|ad o 2T80(€L & Sre0lef ® ¥lL0 o rE90 S 2 STI0L % SK¥S0|2
692 v9 & SKcT|59 ® LpI7 99 @ 0z2Yiy R 2STT[99 W wZIL[69 W 950T|e9 # LZOT|OL ® s660[1: & oCe0|2i & T04d[cL & C8(eL o (080 & PELO[9L & S0LD|LL ® %90 | 16
DLZ|#9 Q+20%1 59 L+SCEY 99 W+L0CTL Q+OPZI[R9 W+ZTZL|69 ®+ppTLj02 M+9TTIT[IL W+9p0T[22 oralol|Cl ®+T560|CL W+Z2860(¥L WR+¢580 RepZz80 9L R+SSL0(LL #+9210|06
TIZ|59 % obrI[99 & 22v7|19 & S5¢7/89 & B2I|®9 ® 00€T|69 & €C2ZT|02 ® SO2T|IL W LTIz & s0Ttfcz o ovQT|ve ® ZTIOI[SL & ¢¥bd & sTanlre o gwe0(zz o L160|68
ZiZ|59 % 9gsi[99 1z 05T/ L9 % £¥PE|8Y £ 9TPI|69 £ eb€I|0L W TZEY|IL & we2l 2l ® 9z2tfrz e gs1tfcL & QCRI[L ® Z0TR[s2 & ¥OT ® C00T(L: o 940 (8L ® 8960|088
€L2[99 % €791|L9 ® I§SYL9 ® 16589 & wOST[e & ZCRI[0f 42 OT¥I|TL & cecIj2i ® STCET[CL & ew2C|ws ® pZIU[se W STl m w11 " o9sei[Be o fROT(3L & B%60|i8
PIT[99 % OTL1|i9 ® seol(89 %= 619169 2 25STj0L % 92ST[T2 & eSer|2r @ Zex|€L o soet|fL & ecctjes & piqlfs: & 2p2rjer wm Y21 ® spilfe: e GIUI[6L ® &FOI|98
SIT|99 sz+RS il L9 We2eLl[ B9 ST+L0M69 W+TRIT|OL W+STOT[IL w@egrsl|ar WReZZST €L LeSSol|vL Rei2oT|ss 2+Q0¥T7[9¢ @reccljzd MrsO€T ®ei02T(8 ®epOT (6L W+OPTI|SE
9Z[i9 W 9vgT|89 ® 028769 W SSiffoL ® 6ZLT|IL W OLI[ZL & p£91)2r R TUOR|es L& wwsT|es 1 rTSLSe L2 aswI[%r @ €Telll W sSEL & g2eT[6r e 00€tfog & TCZI|EB
LIZI (9 9 (cellB? ® 6067|695 & PrBUOL ® BISI|TL St €SZT|2L % L221|¢f %= toLt|er & #C9T[ssL 2 1091[9L % ISU/iL & CUST[BL & Skl 7 Blelfer & TSET (08 ™ €2CT|€R
BLZ[8% W TepE|e9 M 5669 W ZeeT0L R L06TfTL ® zeeIf2t W qrat|<: ® osit|er ® wzit|sL % es9t|eL a4 ICA[iL < ¥0O1|BL "L IgST ® o 0ST[08 & Zwpl[18 W #IdT|Z8
bIZ[B? ¥ 601769 W SeDZloz w T20gT ® 95el|2L R Teel[€ @ 90st|w: ® owat|sc ® eT@t|9r W @wiflis o TXLI[L: W sSUBL L& @291 & 009108 L& €esT[te = sosT|T8
0B2(B9 w+@S 17|69 Mrpe1Z(0f W+DTIZTL S2+5+02[2L R+020Z[€L 2+sS4T|pL S+0Ce1|SL Mep0aT(9L W+BIAT|LL W+2T8T[A¢ <2eSveljsl Wralil m+2591(18 w+p290 (20 Le+255T|0R
IBZ|69 f 9¥7z(0f W ZTZZ|1L @ 651Zj2L ™ SCTZ|€L ST OTTZ|w W sy0z|s: o 0z0Z|or W sself[9r % se2et|ir o <ost|dr & 9etjer % Ol81 & oCrilfte e ostiT(Ze & 2991 ws
2|69 @ pecZ(0f W OTICYTL @ BrZZjze ™ p222[€L W QoZ|vl W S{IZ|SE & OTIZI9L R Sv0Z[ri % eloz[er % (sefles W LZ61/08 w loet]ie & wcEL|2R L& LOSTC8 4 QvlI|8L
§82(69 2 ¢zyz|lol & QO T @ fecrzl w CU€Z|€l o ev2Z|eL w c2zz|Si s 0022[9f % Scl2|ii ® QUIZ|BL % wed2[6f w qrozZ(oe W etfie & sZel[z8 L& SBT(Ee & TEBI|LL
$R2(02 B FNS7|TL & evvZ|ai = 9ZwIlEL @ covZleL W efgT|eL W SICZ|9L ™ IS2Z2[iL W 9zZ2|eL X 1022 el W SKRZ[0e w &QtzZ(18 W (¥02|2@ % LIOZ|CB LI QSOT(¥E i £261|9L
SBZ(0L BeQ09Z| 1L HB+BESZ 22 W+ITSZCL RH+CSHZ[WL Wo6ZWZ|6L W+SONZ[9L M+ TPEZ|IL R+9TCZ[BL RHISTT 6L H+9ZTZ[(0B *+00ZzT8 W+¥CIZ[28 W+BOTIZ|CB L2+ Tv0Z (VB L2+¥10Z|GL
9BZ(0L 2 ewo7|TL & [297l€L = S09Z|eL o IesSI)SL W 615Z|9r & eswz|il w 2pwzfer O fowz[er 62 2vczjo@ X LT€R(I8 R Zozzjze w 9zzzfse W 00RZ|CR M CCIT(e8 U SOTZ|WL
IBZI 1L W BCL2|ZL W OITIT|€L @ SS9E[vl ® 2¢9Z|sL © &09Z|9L < 9vgI[il w Zzczler W #Sezfel = Cco2jon = S0¥2|I8 T Cvgz[22 W LICZ[KR W ISTL|¥E W SZIZ|SH U4 BEIZ|EL
BRZ| Tt 1t 2i 1w 9087\ €L @ weigee @ riIfSL B 00LZ|9f o 9¢9Z[if @ C19Zfer W evsz[ed o y2szlodn w 0052|108 % ¥rijze W eovZlee o fecZ|ve L2 Sez|se w 0522|Zi
6BZ|2: O (le2(€L 1 9SET M @ riselsi B ITNEIL B 0%i2|Ll M L2LZ[BL R woLZfRL M O¥9Z[0D w 9192|168 W 1562|28 ST 9ZSZ|ck W QOSZ|ve W riwZ|SH W B0KZ(9@ & TRCZ|TL
DbZ| 2L Br+GDDE| €L Re+eQupZb Pl 14+0262|SL R I06Z|9L TrOP8Z|LL WSUR|0L wWepsiZl6l @-(0LZ[08 Wep022|10 ReZP9Z|28 SLTO2|EF SEe2SSZ [y WASZST[S@ WHOOSZ (SR W+CEWZ 0L
e ¢ » |0 ¢ el 4 e |9 + 4 e |®e 1 s+ @ |e [ N L i 4 F @ |8 t F w |@ ¢Fr 8 |e dor e s 3 o oale ¢ 8 |® ¢+ B | 4w
L1 4 uuumnmuum~‘uxnu.u:u SHIZ F 1T SHIZ F SHIZ F SH[Z ) 3 3H
* mnllmnlllmﬁ |bu||rmu .mu .m_ um_ 2
0€ 1V 3ANLILYT SY JNYN 6Z-.%81 NOILLYNINO3d

FAA WIH Technical ¢
RS
00092513



ILLUSTRATIVE EXAMPLE,

Determine the true azimuth of the sun at Gulfport, Miss. (30° 24'N/89° 04'W)
for sunset on December 21, 1978,

FROM THE ATR ALMANAC FOR JULY-DECEMBER 1978

1., Using figure A-1, the G.m.t. of sunset at Greenwich for 30° 24'N on
December 22nd interpolates out to 17:04, From figure A-2, 89° 04' west
longitude converted to time is 5:56. Adding this to 17:04 gives 23:00 for
the G.m.t, of sunset at Gulfport, Miss.

2. From figure A-3, the GHA and declination of the sun for 23:00 G.m.t. are
165° 27' and S (south) 23° 26', respectively. Subtracting 89° 04' west lon—
gitude from the GHA gives an LHA of 76° 23' which rounds to 76°.

FROM VOL. ITI, SIGHT REDUCTION TABLES

3. Figure A=4 shows the table for the nearest latitude (30° N), range of
declination (15°= 29°), and name of declination (south)., Using an LHA of 76°
and a declination rounded of 23°, the listed azimuth (2Z) 1is 117°. Following
the convention noted in the upper left-hand corner of figure A-4, the true
azimuth (Zp) 1is 243° (360°-117°).
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