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TECHNICAL MEMORANDUM X-73391

HEAOQ-A NOMINAL SCANNING OBSERVATION SCHEDULE

I. INTRODUCTION

This document is intended to aid investigators in planning and performing
observations in conjunction with the High Energy Astronomy Observatory-A
(HEAO-A) Guest Observer Program. It contains data on the schedule of avail-
ability of known X-ray sources by the observatory during normal scanning opera-
tion; celestial maps showing scan planes as a function of time; and, for coor-
dinated optical observations, examples of the elevation of sources in the scan
plane during the night. These data should serve only as observing guides; more
precise data depend on refined source locations, actual spacecraft spin axis
attitude, and detector angular response functions.

The HEAO-A spacecraft (Fig, 1) carries four large X-ray and gamma-
ray astronomy experiments designed to scan the entire celestial sphere in a
6 month period. Experiments A-2, A-3, A-4, and one module of A-1 are
coaligned in the +Y direction, while the remaining six modules of the A-1
experiment view in the -Y direction. Several modules of the A-2 experiment
are offset by 6 degrees in the XY plane, These experiments will locate and
determine spectral and temporal characteristics of perhaps several thousand
sources in addition to over two hundred presently known X-ray sources.
Table 1 shows several key characteristics of the four experiments,

I1. HEAD-A MISSION PLAN

HEAQ-A is scheduled for launch in late June 1977 into a circular
orbit with an altitude of 445 km, an inclination of 22. 75 degrees, and a period
of 93 min. During most of its orbital life, the observatory will operate in a
scanning mode, spinning at a rate of from 0.03 to 0. 1 rpm (a spin period, PS,

of 10 to 30 min) with the spacecraft' s +Z axis { Fig. 1) aligned within 0.5
degree of the Sun { Fig. 2). Although the spin rate will be controlled to ~10
percent, the spin phase will not be controlled and most likely will not be predict-
able more than several orbits in advance, if at all,
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Figure 1. HEAO-A observatory, experiments, and coordinate systems.
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@ TABLE 1. HEAO-A EXPERIMENT CHARACTERISTICS
Total
No. of FOV XY X FOV Y% Area
Experiment Major Objectives Detectors ( TWHM) {em?) Energy Range
A-1 Survey entire sky for X-ra > 4 1° % 4° 8800 0.15 keV to 20 keV
Friedman sources down to ~10™* Crak. 2 1°x1/2° 4400 0,15 keV to 20 keV
{7 large area collimated : . 1 8°x2° 2200 0.15 keV to 20 keV
Measures spectra, locafions, and
proportional counters) .
and temporal variations.
A-2 Measure spectrum and isotropy 2 i1/2°, 3°, 6°x3° 2000 0.2 keV to 3 keV
Boldt/ Garmire of diffuse X-ray background. 1 11/2°, 3°x 3° 1000 1.5 keV to 20 keV
» o o o -]
(6 collimated proportional Observe spectral and temporal 3 11/2°, 3°,6°%x 3 3000 2 keV to 60 keV
counters) s \
- characteristics of discrete
sources.
A-3 Locate stronger X-ray sources 1 4% X 4° 450 1.5 keV to 15 keV
Gursky/ Bradt to ~5 arc 8. 0.5 are min
(2 hlgh-)':'esolutmn modula- Meastre structure of extended n.lodulation col-
tion collimators, star sources on 0.5 to 16 are min limator :
trackers) ' i 4° x 4° 450 1.5 keV to 15 keV
geales.
2 arc min
modulation col-
limator
A Extend spectra of gironger 2 1° x 20° 220 10 keV to 200 eV
Peterson/ Lewin point sources to ~1 MeV. 4 20° circular 170 100 keV to 6 MeV
{7 scintillation detectors 1 40° circular 120 200 keV to 10 Mev

in an aetive collimator)

Measure spectrum and lsotropy
of diffuse X-ray and gamma ray
background.
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Figure 2. HEAO-A celestial scan geometry.



The date at which a point on the celestial sphere is in the scan band is
determined by the ecliptic longitude of the point. The duration of availability
depends upon the field-ol-view of the detector in the YZ plane (FOV YZ) and the
ecliptic latitude of the source. When a source is available (i.e., in the scan
band), it is viewed each spacecraft rotation, subject to Earth occultation, for
a period

_(Fovuy)e

s 6o~ s

TFigure 2 shows the scanning geometry for HEAO-A. The duration of Earth
occultation for a given direction depends upon the orbital altitude and orbital
orientation being a maximum for directions in the orbital plane, Soon after

the HEAO-A orhifal insertion, the orbital parameters and precession will be
known with sufficient acecuracy to prediet speeific source occultation times many
weeks in advance if they arc needed for an observational program.

After the first 3 months of normal scanning observations, HEAO-A is
scheduled io perform special mancuvers such as offset scanning and pointing.
In the offsect scan mode, the spin axis is moved up to 7 degrees from the solar
direction while maintaining a normal spin rate. During pointing operations, the
spacecraft is pointed in inertial space for a period of at least two orhits while
maintaining the Z axis within 7 degrees of the solar direction. Ilowever, these
speeial maneuvers may be madificd depending on propellant gas consumption
and the operating performance of HEAO-A while in orbit. The approved HEAQ-A
mission is 6 months, although the operational lifetime is 1 vear, If the mission
is extended beyond 6 months, the normal scan bands will repeat at G-month
intervals.

{11, X-RAY SOURCE CATALOG

The catalog used in this report ( Table 2) was provided by Dr. G. Riegler,
Jet Propulsion Laboratory (JPL). It combines data from various sources,
including preprints, the open literature, and IAU circulars. It was compared
with a similar catalog provided by Dr. W. Daity, University of California, San
Diego (UCSD), and with several published catalogs. The locations given are the
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choa.54

DEC

DEG
-15n53
S5.49
49 gy
=6f.356
w47 .27
=93,.5H5
39,68
"‘“5-53
=-44.,08
2lob4
sb.42
wHbal3
29,07
-37.77
"’ShGSb
42,98
=32.11
=43,17
‘QQﬂbb
32ul8
78,54
~27 .21
=4u.oU
"23-36
b“ .iﬁkﬁ
-59...’3&0
~51.84
~55.8¢
~16.95
"240?1
=33,45
=45,80d
-44»42
~28.45
43,5
~28.92
-29,60
~29.52
"'29915
=28.58
=26.56
"'.Sbola
~28,.35
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177
178
179
1du
i81
182
183
184
185
1806
187
188
189
194
191
192
193
194
195
196
197
19
199
2uy
241
ave
245
204
245
2ud
28/
2838
2eY
21
211
212
2is
214

21y

2l6
2if
2it
219
224
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NAME 1

AUt Tde=-37
31759 =-33
341758=25
Aui758=2v
MAXLbBAS=24

3UiBu9+s5u
3ui8ii=-17
3uldieg=ize
ulbrs=14
AUlplu=5u
3urbga=-s7
Juleeé=vd
Julagn+ol
A 1b2y=1y
A lul2d9=ub
Uinid2=23
Jyulsdc—ed

3UlB37+4

A laddtel
idindi+s67
A lgdS—~gZ
A lodi=~Eh
Zy1849-77

A 1oSu=ul
A 185u+vid

YL9vi+uid
u19vd+o’
A 194b+dy
MA19do+uit
w1980+ 9
IU19¥B+ud
A 1949+v4
3ulvid+al

3u1v15=05
A 1918+14
3U1921443

3u19535+51

TABLE 2. (Continued)

NAME ¢

WieCodal

GX S5=1
GX 9+1

AM HER
GX 13+

uX L7+
neELooddy

3C3594.5

SER X~=1

yvoCeT1l2

56K G-1

MXB19Lb+ sy
AlIdTHeY
AQL 1
Al9uB+wl]

A 1916=45

ABEL 23149

PSR 1929+10

MEAN OF 1954.u EUUATOKIAL CUOORD
oEC

kA

Hi=
i7
17
17
17
1y
138
i
ib
13
14
18
lb
i
13
148
i8
14
ig
1l
iy
1o
108
16
1a
18
1o
lo
ia
i8
18
1y
19
19
iv9

19

19

1y

19
1v
19
19
19
19
19

W
46
55
54
58

3

Y

7
15
11
ic
15
2
ce
22
gl
ey
29
31
5d
36
57
-y
43
4%
47
49
49
54
St

U,
-~ L ET~NU U e~

AT TG v s e e
v LG~ O

UEG
=37
-35
~25
-24
-24
~18
-2

0
=17
=12
=14
=3
~37
A
81
-1

-5
w25

i
=22

LA

i
47

4
32
Y
37
2y
S5a
11

b

k]
23
il

2
1o
v
41
13
18
42
59
17
S
35
18

5
57
dé
42
54

i

]

d

6
31
34
45
15
26
ld
A6
52
he
56

RA
DEG
2bb.70
2bé,. 89
269.493%
2bY9.564
27w, 9%
271.38
27l.be
273.75
272.92
els,ue
el3e30
2iva11
275.56
275.72
276.4v
eiT.38
277 .u4
276 .u1)
278 .4

279,494

27ives]
c8ue e
281,86
28t.350
81,94
28c.rY
d8cdotgd
22l
2bc.Tu
edu. 18
2ub.42
28b.c9
286,54
285,048
28 45
267.18
28735
87 .49
288 .46
89,47
289.549
2o9.u3
292.47
c98.ub

BEC
DEG
w37 .03
-.’250627
~25.u8
-33.54
"El-ioblﬂ
m18.62
=27.48
49,84
-17.18
-1¢.11
“«i4,45
30059
-570 19

Vsl
6la.3¢
“l.99
wb 74
wldi. 22
-5,5d
~22.74
4,99
1.3
6l.54
2e0i
-4, 54
-77.18
-f{a.96
“8.78
welW¥
«36,9¢
3.142
ol .vid
Vol
.14
953
da51
Galh
Ta25
=5.44
14,64
43,58
lv,b8
31.94



CINDEX NAME 1

221
222
283
224
225
226
22’7
228
229
23u
231
232
233
234
235
236
237
238
239
iy
241
242
243
244
245
246
247
248

3U1956+65
3U1956+35
IYi9botll
3u1957+49
3U1959~6Y

Ju2Bdn+dy
U2B41+75

3U2052+47
3Zu2129+81
3y2129+47
3y2isi+il

MX214¥=64
3U2142+38
3u22v8+54
302233+59

Mx2244=24.

MX2321=23
3u2321+58
MX23Ub+26
3U2346+26
MX2386=65

TABLE 2. {Concluded)

NAME 2

CYG X1
CYG A

W bb
CYG X3

H8 21

CYe LOOP
CYG X4

NGC7u78,M15
55 CYGNI

CYG X2

LAC X3
GRB 72-6

CAs A

MEAN OF 19506.4 EWUATORIAL COORD
LEC

A
HR
19
19
19
19
19
24
ey
24
24
2¢
21
24
21
21
21
2]
21
21
2e
ee
2e
22
23
23
23
25
23
23

MN
5%
56
56
57
59
24
39
41
43
52
15
52
28
29
28
44
44
42

8
32
39
44

4
21
21
45
46
54

DEG
6%
35
11
4

~69
4
4y
75
59
30
38
47
51
47
12
43

-61
38
54
59
54

-24

-68

“23
58

-64
26

-64

M
¥
5
36
35
41
1
47
25
39
(5}
0]
55
A5
1
4
21
12
5
29
32
#
i2
%}
¥
33

41

59
5

RA
DEG
299 .v8
299,12
299,29
299.30
299.99
345,14
5897 .64
3l 48
3lu.77
5313.49
319,998
313.10
3Z22.29
322.49
322.18
325.19
325.23
325.65
332.15
538.25
349,008
341,10
345,40
35p.25
358.34
356,44
356,53

359.71

DEC
DEG
65.69
35.46
11,64
40,60
4d.92
473
75.42
S5B.65
30.00
38.09
47.92
81.64
47.05
12.47
43,36
-6;&'3@
38.09
54,49
592.55
54.99
"'aq'. 21
«bH8 .68
~23.0d
58.56
-bﬂ.?ﬂ
26.5¥

=6d,19

11



most probable; location wncertainties range from optical identifications up to
several degrees. The index number is used in tables and figures in this docu-
ment. Name 1 is from an existing X-ray source catalog, Name 2 is an alter-
nate, usually older, X-ray source designation or the name of an identified optical
or radio counterpart. For convenience, the celestial coordinates of each

source are given in both hours and minutes and in decimal degrees. TFigure 3 _
shows the X-ray sources mapped onto the celestial sphere in each of three
coordinate systems. Most individual sources in the galactic plane cannot be
discerned due to crowding.

V. NOMINAL SCAN SCHEDULE FOR CATALOG SOURCES

Table 3 gives the X~ray source locations in galactic and ecliptic coor-
dinates. The ecliptic longitude determines the scan date which is given in the
last column. The length of time a source remaing in a scan band depends upon
the ecliptic latitude and the field-of-view. Table 4 gives the inclusive dates of
availability for two representative fields-of-view, 1 degree and 4 degrees
( FWHN), rounded to the nearest day. These data are plotted in Figure 4.
Dates of availability for other fields-oi-view may be extrapolated from the
dates given. The center lines of the scan bands are shown in 15.day intervals
together with the location of 22 prominent sources (Table 5) in Figure 5.

‘ These tables and scan maps were generated covering a 6-month period
beginning April 1, 2 weeks prior to the originally scheduled HEAO-A launch date,
The delayed launch does not affect these data since they are governed only by the
Earth-Sun-celestial sphere orientation. The scan dates repeat at 6-month

intervals so that scan dates beyond October 1 can be derived from earlier scan dates.

V. SCAN DATES FOR OTHER OBJECTS

The ecliptic longitude, A, and ecliptic latitude, B, may be derived for a
source with right ascension, «, and declination, &, from the following formulae:

sin f=sin & cose -~ cos 6 sin @ sine
sin Acos B=cog d sin @ coge + sind sin e
where ¢ ig the obliquity of the ecliptic (23. 45 degrees).

12
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Figure 3. X-ray sources mapped onto the celestial sphere
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INDEX

LB -0 E -

4y
il
42
43
44}

TABLE 3. X-RAY SOURCE LOCATIONS AND SCAN

GALALTIU
LUfily Lal
lel.Bn  =7/d.vb
99,99 =06.24

11i.62 =cdail
12e.14 f.45
117.453 “1l.b60
1id.6d =, U4
Lla.40 -42 .40
jad,an =71.49
11de.30 =i0.25
12i.51 =29.d8u
125.49 5.0
Bud.bd =47.1712
192,41 =86.41
.j'cj";.lij -‘350,""\"3
19 .44 1.114
14%.d2 =bl.tid
1e?.40 =N
lsb.ob =24d.1%
161.10 =19.4¢
lnn.o =928
1ad.88 =59.21
lub /7 =15.435
158,24 1,99
29%,40 =91.24
10,47 =1ld.Ya
lud.gs -y ,24
15u,.58 =13.23%
1a5.27 -1.40
dod 4y =91,55
15,0 =17.11
clu.61  =dd 03
iel, 72 =29,.952
274,8e  =5Y.94
1oH, 55 R
2vh, bbb =34 .90
190,84 =2/ .24
1ve,27 +«24.40
160.55 o5l
143,62 id.43
chv.ed  =A5,LY
162.50 it oD
edll o4 =54d,d0
2By, Y =i2.89
1ab,04 -6.,91

DATE CENTERS

ORIGINAL PAGE IS
¥ POOR QUALITYI

eCLIPTILC

LuhG Lal
Yo, 9 =2b, 30
L I “-fhai?
en,it 35,50
e, el 53,76
3y, 5¢ H5¢.b0
S0, 58 43,11
15,71 19,24
el =11 .46
17.51 ig.%2
2.4l 29,10
dl.06 B .ud
290,21 =ho.bd
s.9l w2l.o6
511,48 bty g 4%
9,22 39,03
Pr.cd =ld.lo
9l.5Y 4bH.2¥
39,450 25,58
.21 éland
30,99 ~lw.%é
Ys.1 5 -5.27
93,62 25.n9
be,dY 41 .50
17,02 =bu.l3%
59,47 e g
br.ud 54,61
271.95% 2. 54
S PR S Ao 44
14,59 =bbald
Y- ) lu,ib
1d9n  =74,59
6l.eS  =idah9
b.lo =79,79
Tl.10 15,19
be .S =3).4Y
Af.nf =lb.f1l
6Y .45 =1%.+4
fn.uo 22459
e o 48 45.917
bb.9H «o0f.13
dil.lo cdath
fe.2d =b6e.f5
297,659 =d5,.59
842,306 “1l.c4

SLan uATE
swJ/UAY
6/
6/de
fs17
b/ 9
1729
1750
i/ b
/260
/e
{/1o
v/
4/1lo
o/2bv
a2/ £
8712
1715
8754
3/ ¢
o/lz
1/%8
o/ o
B/1Y
w/co
iZlw
8/1c
8/£5%
brél
ag/dn
7711
a/éb
ir i
8/24
V-]
¥/ o4
8/24
3/ 5¢
v/ 2
3/ 9
/15
K/ 459
4/ 14
9/ 5
4/16
$/15



InhE X

45
4t
47
i4d
43
S5¥
51
5¢
95
54
o5
Se
57
S8
HY
bad
ol
oz
6%
o4
bhH
56
a7
b#
09
le
71
i2
13
74
15
76
i1
16
19
&y
Bl
o2
B3
84
0h
8o
a7

TABLE 3, (Continued)

GALACTIC
Luiy Lal
glt.ly =52.1¢
Zut.l9 =2u.i3
cdidl.08 =~31,04
lbqubb “5-?“}
2lo.,55 =52,51
1l.45 -Zab
&75.56 -52-!:)0
2Bvl.2¢ =351.91
2sl.24 =2b,8u
lob.de 11,31
2oV .08 =347
2viv .96 “0.DY
189,41 d.b7
205,86 +¢h. b4
2él.ce =0, 38
ervelY =1.l0
dus.04% =13,.73%
2b5.b8 =13%,.95%
215.85 15.47
£bs.895 =ll.5%0
244,12 Lo/o
2ofe.bs =11,21
dowed /! -5.117
1/9.05 57 .45
col.9Z 5,91
£hd.do .95
25t.4b 2h,. 82
151wt 4, bo
275.85 -5.88
1w d/ A9 .23
2ud.Yy 17.52
228 .91 43,7«
283,24 1.4¢
2of.i9 -1, 49
2od.H66 2o.5
179.45 eh.26
144,89 53,49
29calY -, b2
292,487 Yado
24,71 -2.1¢
294 .20 g, 27
256 .80 715.20
£96.79 =i2,]76
<945, 60 -, 2

ECLIPTLL
Litni LAT
524,99 =~B6,46
Badg i =gd.ud
T6.,68 =614
05,48 bl W 1%
559,76 =87.34¢
Su.97 £e%%
ubyqu -Bb.?é
297 .47 =8b6.23
BikaHH  =H5 .98
Qu,oH4 25,69
93,86 =ld.29
95,591 =23,07
94,00 Vel 3
16,48 =78.18
144,46 =3Y9.60
loo.v]  =29,87
tice2d =97.44
Ly .46 =T6.17
llo, 79 «17.42
195,1¢  =b67.67
1edv.21 =49.,91
19%.73 =6Y,0d
ld4o,0> =bv,54
119,69 £5.36
191,19 =5d.nd
190,49 =%5,9%
1ld4ua,492 «=25.18
Ilo.61 44,85
176,15 =bt .96
Llo 14 52D
1o, 14 =41,11
Ld/ vl =l ,n3
192.39 =9b.l1
il 18 =S5b.72
112,13 ~355.28
19w, 5 29 .69
157,91 Bd.ad
20‘3.&5 "qubﬂ
2,52 =-56,52
2l .69 =57.29
2le.n3d =5%.94
ihd, 52 lo.47
?..5f1.b6 '65.11
dl“.')‘-‘ "'35-19

SCAiy DATE
MU/uAY

5/16
9/14
9711
9716
5721
/L7
8/ o
4/18
9/17
/23
/27
Q729
9/28
47 1
47 5
4/ b6
4712
5/ 3
4/17
/14
4750
5725
S5/18
4/19
5722
L“/2s
5/12
4/19
6b/1Yy
4/ie
67’3
5/18
77 4
/714
b/13
5722
S/ 9
7/ee
7721
7728
1726
6/ 9
B/18
77206
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18

INDEX

69
98
91
92
93
94

Q7

a8

99
lug
vl
1v2
143
luy
145
16
197
lud
169
119
111
112
113
1i4
115
116
117
118
119
128
121
122
123
124
125
126

127

128
129
130
131
132

TABLE 3. (Continued)

GALACTIC
LONG LAT
155,14 74.94
298.88 "2.55
Iy, ~Jold
289,04 64,20
283.56 74.51
293.69 69,32
298. 1w 55,29
342.66 21.56
583,92 33.63%
343,60 =-1.41
Ip3.,.48 -6.45
b6.33 87.96
3y .Y 1.24
54,15 dd.16
Jub. 75 tiaboy
549,45 19,359
312,97 34,42
317.067 28,91
24,48 76.10

5.31 75.43
309,92 2,77
.512.!64 -ﬂ-f:\'l
559,17 b3.79
SISOBD -@005
315,40 =2.50
325.27 i8.70

74,66 6.17
527,64 14,78
350,09 15.44
328,31 ~1.21

6.88 49,94
32é.1¢ Ya.u¥d
328,15 “4,b66
328,32 =8,43
Se7.44 2,24
327.62 d.99
521,71 6,29
558,93 S5.306
313,24 =16.75
27,51 46,39
327.95 -B,85

44,21 48,68
324,15 =5,.97
338,98 -1.d4

ECLIPTIC
LUNI LAT
163,24 36.065
2211 =55.21
224,98 =Ba.o7
184,89 4,04
161,30 14,43
184 .44 9.69
lgigbm _EOBB
d‘d&.bq -32.74
283,75 =21.42
eéb. /% =51.54
232,21 =55,44
164,85 51.36
224,69 49,21
184,45 34,05
228.57 =47.98
2lo.8vy =31,38
212.59 =2¢,42
216,62 =19,09
195,1¢ 35,160
198,63 28.u9
235,35 =48,28
235,28 «=45.29
211.59 G55
236,67/ ~44,21
248,16 =43,99
229.79 =22.53
190,71 54.69
234,59 =23.,48
2%6.14 21,61
245,284 ~39.,43%
224,04 25.68
243,44 =57.cH
246,79 =41.,67
246,59 =41,39
245,29 =31.73
246,19 =32,78
649.68 “41w36
244,91 =27.b5
256,49 «53.99
231,32 35.14
24b.62 =33.13
226,56 46,45
251,11 =39.18
25vw.86 =38,76

SCAN DATE
MO/DAY
6/ 4
8/ 4
87 3
6/26
6/23
6/26
77 3
7/721%
7716
8/ 9
/715
6/22
87 7
6/26
8/11
EL
7/26
1738
7/ 7
7711
8/18
8/18
7725
872y
8/23
8713
7779
8/1b
8/19
8727
&8s 7
as27
87306
8738
8729
8/30
97 2
&/28
9/ 9
8714
9/°1
8711
97 4
9/ 5



INDEX

153
154
155
130
157
158
159
ldw
141
lag
145
1ad
ius
iab
147
148
14%
15v
151
152
153
154
155
156
157
by
159
low
1ol
1o0d
lo3
Y
165
106
167

168

169
17w
171
172
173
174
175
170

TABLE 3. (Continued)

vaLACTIC
LUNe LAT
591w 23.79
19.74 4,64
3‘5‘0-9& -&ﬂ.dl
32i.ln =135.406
536,91 Yedd
524,635 =1l1,358
352.91 -4,H1
b .89 Hh,. 10
339,54 “ted!
Jdyg,.bb Gall
Yy a0 Jb!ul
ba, b 37 .92
53&095 -4.5;’.
95,84 Tel0
247,76 2.11
349,99 cg.lb
345.64 =-l.27
S9d.10 4,96
Jug e -1.84
543.3%2 LY. 1)
Sy b s4,70
liv,b2 31.81
3sl.ed 744
S54b .92 =i, St
a4 G.d4
Ys.b4 S4,99
548,21 iy 7Y
494,48 .14
554,74 g 17
dabol F.45
1.94 4,79
55“.“4 . "V}.lo
5“5.&5 "b.&?}
Sub .49 =-b.97
399,97 i.906
6b.83 51.40
7R - .00
shd.u0 =0, 45
359,56 -y, 4
3nY .95 ~Gebh
ety WS
e ! deB¢
3949,.13% -l 2w
felo 5.12

ECLIPTIC
L Hiis Laf
2uS,.14a 5.74
i85 26.0d
ehd 0SS =2i.97
257,51 =44,92
295,37 ~2h.14
297,48 =41.63
29977 +=31,2¢2
¢25d.q2 b’v.1.U5
259,29 ~ei.vb
2uh.el =zl,53%
245,717 45,4%
2idng 5 57 .59
gat bt =25,86
dho. il ~leld
29789 =1d4.9n
e58,la  =1i.59
2bo.81 =2, 09
293,18 -%.23
2ud .58 =2u,.fé
29Y .54 =21,1d
gt hHY4,63%
L. L3 17.44
chba.il ~U4,56
2nd,95 =17,.599
£9d .4l “gLld
cal .59 84,58
2byt MG wlb,.cd
2. Hi —Hell
r.’o.':.:i‘:'z mldianb
2be .o 0.52
£be b =1.4Y%
cos ol =ld,ul
d‘340°6 “81.06
ﬁbb'db ""diot.’.jf
dounf 5,1
2%, 28 bb.28
2bo,14 “5.55
280,24 0.1
coo,. 28 “beld
2o HY =nal3b
Zho, b -5 e l¥
dob,,o8 ~5%.10
c¢hy 7 =12,71
2bo, 79 Sekb

SCaw VDATE
Wy UAY
/28
B/26
9/ b
/1y
g/ 6
9/1e
9/ o
8715
9/ o
9/ b
B/29
8729
/12
97 9
g/11
9/11
9/1ie
2/
94/12
9/1&
97 3
g4s 2
2711
9/1s
B/11
(/14
G714
9/13%
G/16
9715
Y/la
9717
9/1b
9/18.
9si/
2/1¢
9/19
9719y
3/19
/719
9719
Q/Ew
9/24
/2
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177
178
179
18¢
161
id2
183
184
165
igeé
187
168
1869
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191
192
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194
195
196
197
198
199
2u
2yl
2ue
23
2v4
2uh
2ib
2u7
2ubd
249
214
211
212
213
214
215
216
217
218
219
a22v

TABLE 3, (Continued)

GALACTIC
LUNG LAT
353,54 -5, 60
SSF-EQ “Qngl
S5.d8 “«1.,43
907 1.15
6,13 ~1.,91
11,55 .68
o =4 ., 3%
77.85 25.67
15.5¢ edd
18.41 2.45
16,43 1.28
2.78 =7e91
3b.u2 5.81
113,19 27.94
2ledtl “¥ie 49
2d.82 1.24
la.d1 =H.90
2b.306 l1.28
11.29 “7.04
36,12 4.8
53,21 2.42
97.68 25.064
34,87 c.¥d
28515 “2015
517.47 =26,.6h5
26.40 ~3,.,84
29.37 =4,57
33,863 -, G
w.%ﬁ *1f.66
37418 wial.le
97.83 25.50
54.87 .“3959
35.¢4 =5.71
43,061 B.26
35,74 -hal4
59,57 . =2.352
41.62 “il o 85
31.49 =8By
51l.46 -8,45
49,26 B.43%
75,69 15.57
47.58 -3%.,89
08,39 . 1.8Y

314.54

ECLIPTIC

LONG LAT
£b7.29 “13n61
2bY .66 +~18,.35
369.57 "1.b3
269.bb 2.91
278,86 =l,16
271,31 4,83
871.06 WQqu
278,38 73.18
2lé.bli ©.24
e¢ib,01 11.51
275,24 .50
374-qq -7.38
274,50 ~15,83
2Tb.25% 2i.3b
86.22 I9.17
eif.30 12,76
e77.67 16.55
271.55 Ga03
278,42 17.92
278,59 389
28w, b0 26.14
gdl.2i 24,35
1/.61 85,66
282,55 25.56
e, 44 17.64
27U.61 =53.45
282.73 is4,94
28,88 1i4.1)
2d5,48/¢ 2a.54
282,986 =18.p0
287,12 25.56
11.45 B3.61
287 .08 22.453
2817 ,.8Y 2z .54
289,78 31.82
2e8.70 . 22.85
289,49 - 27 .03
289,448 29.56
ed9 .22 16.79
289 .88 lo.9d
293,68  36.46
3us.23 64,62
296,506 32.34
51.46

SCAN DATE
MO/DAY
9/24
9/2s
Q/23%
9/23
9/24
Q724
/2%

1a/ 2
2/26
/26
9/26
9/28
Ys/28
9/29
9719

1671

la/

19/

14/

19/

147
4/
7714
4/ 2
47 ¢
/28
4/
4/
a7
4/
4/
r/
4/
iy
G/71e
4/°9
4/ 9
4/ 9
4/ 9
4/1v
4/14
4/25
4/16
5/71
)

3 s [ e e

OO U D R

-



INUEX

2el
2eeé
223
2e4
2725
2eb
2cv
2eH
ech
254
231
25l
253
254
255
256
257
258
259
2dy
241
2a¢
2H5
Z2h4
245
2l
-t
248

TABLE 3. (Concluded)

GaLaCTIL

Lulis

97.82
{l.34
51, 3%w
16,14
343.80
Tou.lu
[+4.84
1%, 50
49, 6
I4,05
bi. 4l
Bl{.ob
1io.u/f
91,5
Yé.90
553%,.61
bisb3
Inla.ob
lub,%5
1wd, 68
52.45
517,50
4,58
11l.75
515,77
165,99
311,95

LAl
16,44
3,49/
-9.27
S5.8%
wil.67
1,34
d.71
19,46
o I 1)
w53
e
2.9
2l 84
-5.,11
=27 o549
=711

edd 4y

=11.5¢
“1,14
1.350
wh .30
~-bl.,o5
=Gt ,259
=oY .04
~Z.le
~51.56
=54,ue
'3&.“&

ECLIFTIC
LUNG LAT
bl 78.11
3le.99 H4.z2%
344,159 51.65
H16,84 59.38
cihd.92 =df.79
524,14 S7.ubd
s2¢,.8% bYo.Y2
a9, 2l fd.9Y
sAu2.é2 bha.2h
5P7.1u 45,519
54n .92 S384
LU YY) tl.le
67,017 Thebd
590 .0V Bo.lT
LY £9.52
s49,7H DeL0b
445,79 =45.14
s45,A1 47,96
.91 58.75
19.94 Y .95
14,98 55.51
585,29 =14,98
Sud. 58 =h4.2Y
s41 .79 =1t7.24
Po.l5 . B4,.EH
,')17.1"7 ”bao"jb
0,15 £5.93
.Sd&'-‘l.:)u '55053

SCAN DAIE
AW/VAY

/28
97 4
g4/24
S/ 7
47 9
5/15%
571y
8/15
&/ 4
5/16
5/56
6/ 2
9/ 2
b/sle
9w/2v
6/11
4724
6/ 1
6/ 5L
1712
7/ 6
5/24
4/29
6/ ¢
/19
YA
6/ 359
5711

21



22

INDEX

OE~NT U B

TABLE 4, SOURCE AVAILABILITY DATES

SCAN

6/ B8
b/22
/17
8/ S
/1729
1734
7/ 6
6/24
/14
i1/716
8/ 4
4/16
6/25
5/ 2
b/12
7715
B/14
b/ 2
/12
7730
6/ 8
v/17
B/26
7714
B/18
v/23
8721
B/26
7711
8/26
/7 7
b724
6/28
9/ 4
B8/28
b/ 36
G/ 2
9/ 9
9/15%
6/734
Q/14
9/ 3
g4/18
4/15

Fav

of 7
n/déd
Y]
8/ 4
7/¢8
779
/7 5
a/23
A
1715
b/ 3
4/15
6/24
57 1
a/ll
7/14
6/13
B/ 1
n/lt
it sd
ar i
3716
a/¢e5s
1/ 9
8718
4725
3/ 20
3/26
i/ 9
34725
i/ 5
8/c24
6/2%
97 4
u/eT
a3/ 5
v/ 1
9/ 3
4713
B/ed
9/13
9/ 2
4/15%
9/14

1 vku

&/ B
€/23
1717
8/ b
71738
775¢
7/ 6
6/24
7714
1747
g7 5
4/1b
67249
57 3
8/13
1715
8/15
a8/ 2
6/13
7751
g7 8
86/17
brs2e6
7/11
8/19
B/24
6/22
8/27
i/ie
B/20
7/ 9
&/25
7/ 1
9/ 5
b8/28
B/31
9/ 2
9/ 9
9714
a9/ 1
9/15
Q/ 4
y/2¢e
9/15

FOv

o/ 5
o/2n
izl
87 1
1725
i/eo
7/ 4
6b/21
7 7
fr714
87 1
4711
b/22
4721
&/ 9
/713
8711
{1730
B/1w
1728
8/ &
86/14
4725
17 v
8716
8/21
8/19
B8/24
f7 5
u/24
6/24
/22
b/l6
9/ ¢
8/2%
84/26
G751
3/ 7
Ysiw
B/25
9/12
8729
3/3%4
9/13%



INDEX

495
do
47
48
49
B
91
52
5%
54
94
oY)
57
54
59
oy
bl
be
b5
by
65
bb
of
s
69
v
71
ie
73
74
75
76
77
.78
73
s
bi
e
B3
B
b
8o
67
Y]

SCAn

HY/1a
Q714
9/11
9/16
6721
/17
5/ 8
4/1b
9rs117
9/2%
9/s2i{
Y/29
9/24
47 1
4/ 5
4/ 6
4/1¢2
5/ 3%
4/117
5714
4/39
H/2%
5718
4/1v
/2
5/c28
S/1e
4/19
6/19
/1o
6/ 3
5/18
i/ 4

1/14

6713
“/ed
S/ 9
1722

7721

1728
7726
6/ 9
6/18
1/728

TABLE 4. (Continued)

Fav

Y/ &
9/15
Y/
/16
&6/14a
9/17
AT
4/1w
3717
/s
w/26
9/en
/27
4/ 4
4/ 2
4/ 9
4/11
5/ 1
4/16
-5/13%

4/29

w/23
S/17
4/19
5721
S/e
a/11
4/1s
o/18
4/15
of 2
H/ri
77 3
7/13
/i3
S/2%
5/ 8
7721
71728
177
1725
o/ 9
8/16
1727

1 DEG

H/2a4d
9714
9rsie
/17
1/ 3
Y/18
B/17
q4/26
9/14
/24
G/217
/a9
9/258
Ly 9
4/ 4
4/ o
4715
W 5
4711
5715
4/ 34
5/26
B9/19
/e
5/23%
“Y/ev
5712
4719
/2l
4/17
b/ 3
w/l8
77 5
7715
o/t4
5/22
Y/ 9
7723
1722
1729
71726

. 6/1d

6/19
T/29

FUv

4711
/11
R/ 7
9/14
5/ &
9/15
&/ 58
LYY
Q714
/21
Q/EY
Y/2e
Q9/20
5728
47 1
a7 4
4/ 5
4/24
4/1y
5/ b
yr2i¢
hW/19
Hrid
4717
9/71o
5/24
v 9
4/10
6/15
4/13%
S/3])
5/1b

6/30

f/1v
6/11
/19
S5/ 5
/16
i/18
7724
i/722
o/ 7
8713
T/24

4 DEG

6/z1
/10
Yv/15%
9/1b
B/714
9/2v
9716
9/21
grs21
9/25
Qre9
1/ 1
Y/54
a/11
4/ b
47 8
4716
S/71¢
4/19
5/19
VA
“/31
s5/de
/21
bW/2o
H/ 5%

5/14
4722

6fad
w/2a
v/ D
H/2v
7/ 8

7718

YA
/24
5712
1726
7725
47 1
{729

6711

8/22
71751

23
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INUEX

69
Y
91
Q2
95
9y
95
90
Q7
9
EA
_1vw
14y
142
1ub
144
1dh
1wt
luof
iv8
149
1ie
111
112
115
tld
115
116
117
118
119
12
121
122
123
124
125
126
127
124
129
149
151
13

SCAN

6/ 4
&6/ 4
s 3
6/26
b/a3
6/26
i/ 3
7721
7718
8/ 9
8715
w/2e
87 1
6/2o0
8711
77348
7/26
{758
17 7
711
/138
8/18
7725
85/2¢
/23
¢/13
17 9
u/18
8/19
8/e1
8/ 7
8rs27
8/39
8738
B/29
u/59
G/ 2
/29
9/ 9
8/14

g9/ 1

8/11
Y/ i
9/ 3

TABLE 4. (Continued)

FJy

b/ 3
A/ 3
o/ 2
2/ 26
ofae
or/adn
17 5
7721
77186
o/ 9
A/14
a/2e
3/ o
6749
3714
7/29
7745
7’9
i7 1
7/71a
a8/18
a/714
7724
3/19
3/25
B8/12
77 8
3717
A3/19
g/2n
8/ 6
a/26
a/cyY
8/29
3724
d/29
3/ 1
3/248
9/ 8
#4/15%
8/51
8719
9F 5
9/ 3

I DEG

6/ S
8/ 5
8/ 4
6/27
6/23%
6/27
17 4
irée
/717
8/1d
8/16
b/es
8/ o
o/26
8/12
1734
17206
f/3u
i/ 8
7/12
8719
8/19
7725
8/72¢
/24
6/13
7714
8/1y
8/2v9
8727
87 7
87217
8751
B/31
a/2y
8731
9/ 3
83/29
9714
8719
9/ 2
8/71¢
9/ 4
.9/ 4

FOV

&6/ 1
/731
7751
&/24
6/21
6/24
I/ 1
1719
7714
3/ 6
8/11
6/2¢v
8/ 4
b/23
6/ &
i721
7725
f7248
i/ 5
7/ 9
8/15
3/15
i/7ce
8/17
g/2¢
8/1u
i/ 5
B/1b
87117
8/24
8/ 4
8/24
87217
8/27
8/26
s/27
8736
8/26
¥/ o

d/71e2

8739
87 8
Qs 1
v/ 1

4 DEG

6/ b
as 7
87 7
6/2%
6/2%
/28
7/ 6
/724
7719
8715
3719
0/2%
8/14¢
b/28
8714
87 1
7728
86/ 1
71/1¢
{713
o/2l
5/2l
/727
o/es
&6/26
6/in
77153
d/2v
8721
8/29
87 9
o/24
9/ 2
9/ 2
874l
4/ 1
9/ 5
8/51
/15
3717
9/ 4
8714
¥/ 6
9/ 6



INVEX

153
154
135
136
157
138
139
149
141
142
143
144
145
146
147
144
149
150
151
152
153
154
155
156
157
158
159
1oy
161
162
163
164
105
166
167
168
169
179
171
172
173
174
175
176

SCAN

8/28
8/26
9/ 5
9/19
9/ 6
97190
9/ 8
8/15
9/ 8
9/ 8
8/29
8/29
9/12
97 9
9/11
9/11
9/12
9/11
9/12
9/12
9/ 5
4/ 2
9/11
9/135
9/11
7/14
9/14
9/15
9/10
9/15
9/16
9/17
9718
9/18
9/17
v/12
9/19
9/19
9/19
9/19
9/19
9/24
9/29
9/29¥

TABLE 4. (Continued)

FOV

8/28
8/26
v/ S
9/14
9L 5
/14
9/ 8
8/14
LT
9/ 7
3/28
3/28
9/11
9/ 9
9/19¢
9/14
9/11
9/11
9/12
9/12
3/ 2
3731
9/14
/12
9/11
1/ 9
9/13
9/13
9/16
7415
ST LS
9/ 16
/17
9/18
/17
9/11
9419
9/19
/19
9/19
3/19
9/19
/19
9/19

1 DEG

8/29
8727
9/ 6
9/11
9/ 7
9/11
S/ 9
8/10
9/ 9
9/ 8
8/30
8/39
9/12
9/14
9/11
9/11
9/1¢2
9/11
9/15%
9/13
9/ 4
4/ 4
9/11
9/13
9/12
7/19
G/14
9/14
9717
9716
9/16
9/17
9/18
9/19
9/18
9/13%
9/29
/24
9/29
9/24
9/2¢
9/28
9/2u
9/24

FOvV

8726
8/24
9/
9/
e/
9/
9/
8/11
9/ 6
9/ 6
8/26
8725
9/
9/
9/
9/
9/
9/
9/148
9/1¢
8736
3724
9/ 9
9/11
Q49
6/22
971
V741
9/14
9715
9/14
9/14
9715
9716
9/15
9/ 1
9/17
9/17
QLT
9/17
9717
9/11i
9/16
9/18

O~NE~NW

eI oY e Jle S NI o)

4 DEG

87351
8/28
9/ 8
9/13
9/ 8
9/15%
9/11
85/19
9/14
9/14¢
9/ 1
9/
9/14
9/11
9/153%
9/15%
9/14
9/13
9/14
9/15
9/ 6
4/11
9/13
9/15
9/13
8/ >
9/10
9/15
9/18
9/17
9/18
9/19
9/29
9/28
9/2¢
9/17
9/21
9/21
9/21
9/el
9/21
9/22
9/22
9/22

25



INDEX

177
178
179
18y
181
laZ
les
184
18%
1486
187
188
189
19v
i91
192
195
i9d
199
196
197
198
199
20
2ul
242
2u3
2yy
2yl
2yb
247
294
2a9
2iv
211
212
215
214
a15
216
217
218
219
22y

26

SCAN

9/2w
Q/22
/23
9/235
Yy/24
9/24
9/en
1v/s 2
B/26
9/26
9/26
97248
g/
9/29
9/19
18/ 1
14/
1v/
14/
i/
id/
4/
7/14

e S b Yy e s

4/ 2
4/28
a7
4/
4/
4/
¥4
7/
¥4
4/
4/19

[o Mo EVERL NI FRULER Y AV

47 9
4/ 9
by 9
4/1s
4/14
4785
4/16
57 1

TABLE 4, (Continued)

Fav

/29
vy/22
gw/22
E L A-T4
3/23
9/24
/24
9754
9/£5
/26
9/2%
2/27
3/27
/29
/LT
/54
3/ 58
2/ 54
1la/
ta/
1u/
4/
1/
uy/
4z
3/27
4/ 2
4/ 2
4/ 5
4/ 1
4/ b
6/e9
a/
4/
4/
4/
4/
4/
4/
4/
4/13%
4724
4/ 1A
4/3u

o Mo v o= o

[ BN Y « BEN PR e RN o RS B

1 VEG

9721
9/25%
9723
G973
9/24
G/25
9/2b

1v/

3

9/20
9/27
9/27
Q/28
9/2%
/56
9/21

18/
lv/
iv/
1o/
18/
1e/

4/

3

et - A A VI

1717

4/
4yt

3
3

3/29

4/
44/
4/
4/
4y
i/
4/
4/

Lo e ol o LR AW S Y VRV

4/14

4/

q

4/1e
47149
471w
4/1ivn
a/14
4/27
a/17

5/

2

4711
4s21
4/14
4/28



INDEX

221
222
223
224
225
226
227
224
229
234
231
232
235
234
235
236
237
234
239
24y
241
242
243
244
244
246
247
24t

SCAN

6/28
5/ 3
4/24
S/ 7
4/ 5
5715
5719
8/15
&/ 3
5/18
5750
6/ 2
9/ 2
o/l2
5/29
6/11
4724
6/ 7
6/354
7712
1/ o
5724
4729
6/ 2
7719
5/ 9
6/34
5/11

TABLE 4. {Concluded)

Fov

6/¢5
5/ 3
u/24
3/ 6
4/ 4
5714
5/18
3/13
6f 2
s/17
5759
6/ 1
9/ 1
6/11
5719
6/14
4/23
b/ 6
6/2%
7711
17 5
5/24
4/28
6/ 2
1/19
3/ 8
6&/29
5/14

1 DEG

6/34d
5/ 4
4/25
5/ 8
4/ 5
5716
5/2v
5/17
6/ 4
5719
5751
6/ 3
3/ 4
6712
5724
6/1¢
4725
6/ B
17 1
7/15%
77 7
5725
4759
6/ 3
7/72¢
S/1u
77 1
H/l2

FUV

6/17
473
4/22
5/ 3
47 2
/11
S/1S
as 7
5/29
5/15
5/27
5729
8/27
6/ Y
5/17
6/ 7
4s21
6/ 4
b/26
i7 &
i/ 2
5/22
4/25
5/31
1716
5/ 5
6/28
5/ 8

4 DLG

1/ 8
5/ 7
4727
5/11
4/ o
5719
5723
8/23%
6/ 8
5721
6/ 5
6/ 6
9/ 8
6/15
5722
6/14
4/27
6/1¥
7/ 4
7716
/714
5/27
5/ ¢
6/ 5
7/7¢3
5/1¢
7/ 2
5715

27
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SOURCE INDEX
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Figure 4. Plot of scan availability dates.
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SOURCE INDEX
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Figure 4. (Continued).
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Figure 4. (Continued).
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Figure 4. (Continued).
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Figure 4. (Continued).
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Figure 4. (Continued).
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Figure 4. {Continued).
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Figure 4. (Continued).
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Figure 4. (Concluded).
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TABLE 5. X-RAY SOURCES PLOTTED ON SCAN MAPS

Index No. Source
3 M31, Andromeda Galaxy
4 Tycho! s SNR
14 SMC X-1
22 Perseus Cluster
30 X Persei
48 Crab Nebula
52 LMC X-1
67 Puppus A
68 Vela X
70 Vela X-1
83 Cen X-3
89 NGC 4151
93 M87 |
100 Coma Cluster
104 Cen A, NGC 5128
133 Sco X-1
144 Her X-~1, HZ Her
172 Galactic Center
184 AM Iler
188 NGC 6624
222 Cye X-1
224 Cvz A
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Figure 5. (Continued).
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The source will pass through the scan plane on the date that the longitude
of the Sun (as found in the ephemeris) is 90 degrees from A. This will occur
twice each year. The time of availability in the scan hand, t , is related to the
field-of-view in the YZ plane, FOV YZ, by: a

_365.25 x (FOV YZ)°

a 360°X cosf days

Vi. COORDINATED NIGHTTIME OBSERVATIONS
WITH HEAO-A

Unfortunately, the observing geometry of HEAQ-A is not ideal for making
coordinated nighttime optical observations, since the accessible sources are in
the band coinciding with the twilight band of the Earth projected onto the celestial
sphere. The nighttime accessibility of sources in the HEAO-A scan band is
illustrated in Figure 6 as a function of declination at the eguinoxes and solstices.
(Note that the declination of a source and the observation dates are dependent
on each other, according to the previous sections.)

A representative ohserving latitude of +35° was used for Figure 6. The
same data may be used for Southern Iemisphere observations {-35°) by chang-
ing the sign of the declinations and by changing the date by 6 months. The region
of twilight refers to astronomical twilight (when the Sun is 18° below the
horizon).
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