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ABSTRACT

Photometric data for over 200 extragalactic sources have been obtained during an 11-yr moni-
‘toring program. Twenty that are optically violent variables were reported on by Pollock et al.
(1979). The present paper provides data for 114 less active sources, 58 of which exhibit optical
variations at a confidence level of 95% or greater. Light curves are given for the 26 most active
sources. In addition, the overall monitoring program at the Rosemary Hill Observatory is
reviewed, providing information on the status of 206 objects in all.

I. INTRODUCTION

Photographic observations of over 200 quasars and
related objects have been obtained at the Rosemary Hill
Observatory since 1968. Results from the first seven
years of the program were presented by McGimsey et
al. (1975) and by Scott et al. (1976), hereafter referred
to as Papers | and 11, respectively. A recent paper by
Pollock et al. (1979), hereafter referred to as Paper 111,
ptovided updated and improved data for 20 optically
violent variables (OVV’s) extending through early 1979.
The present paper is a report on 114 additional sources
that have well established comparison sequences. Of
these, 50 are designated as quasi-stellar radio sources,

14 as members of the BL Lacertae class, 14 as N galaxies

or Seyferts, and 19 as radio-quiet QSO’s. The remaining
17 sources are suspected QSO’s but have not been
spectroscopically confirmed. Also presented in this paper
is a synopsis of the entire monitoring program at Rose-
mary Hill, including information on 206 extragalactic
sources.

The methods of data acquisition, reduction, and error
analysis are discussed in Paper I, and we refer the
reader to that paper for discussions of such matters.

Comparison sequences from the literature were used
when available. In most cases, however, sequences were
calibrated by photographic transfer from nearby stan-
dard fields such as the Mount Wilson Selected Areas of
Brun (1957). Table I cites the references for the com-
parison sequences used in our reduction procedure.
Smoothing of comparison sequences has been facilitated
by the additional four years of observations since Papers
I and I1. All data, going back to 1968, have been re-
reduced for the present paper to take advantage of this
and to ensure internal consistency over the entire run of
data. Furthermore, extended and improved sequences
have become available since 1976. In several instances,
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questionable data points have been reexamined, old
plates have been re-read, and the light curves have been
improved in accuracy as well as being extended in
time.

1. RESULTS

The 114 extragalactic objects in our sample are listed
in Table I in order of increasing right ascension (column
1). The common name of each source is provided in
column 2, and column 3 gives the type of object. A source
is classified as a QSO if emission lines have been detected
spectroscopically and a redshift is available (see Verdén
and Verdn 1975). BL Lacertae objects lack emission
lines; these are discussed extensively by Stein, O’Dell,
and Strittmatter (1976). References for recently dis-

‘covered BL Lacertae objects are provided where needed.

Some objects are detected as radio sources and appear
stellar on the Sky Survey (thus making them prime
candidates for designation as QSO’s). However, these
objects have not been confirmed spectroscopically and
for those cases the space in column 3 is left blank. Col-
umn 4 indicates the range of variability recorded in the
observations at Rosemary Hill. Column 5 gives the
confidence level for variability based on the chi-squared
statistical test outlined by Penston and Cannon (1970).
A confidence level of 95% or greater is a good indication
that a source is indeed variable. The reference for the
calibration of comparison sequences is given in column
6. Mount Wilson selected areas are designated as SA
(followed by the selected area number). In some cases,
photoelectric sequences from the literature were used,
and these are referenced. In other instances, secondary
sequences derived by photographic transfer from other
fields are denoted by the object name (e.g., the com-
parison sequence for 0422+004 was derived by photo-
graphic transfer from the 0350—07 field). Finally, col-
umn 7 includes comments regarding the source’s vari-
ability subclass (see Sec. 111), unusual properties, etc.
For most objects, references to finder charts are given
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TABLE I. Observational data for 114 sources.
[¢5) () 3) (&) (s) (6) (&)
COMMON 2 CALIBRATTON
OBJECT NAME TYPE  RANGE(mag.) x (%) REFERENCE REMARKS
0008 + 10 IIT 2w 2 Seyfert 0.81 85 SA 94 1
0013 - 00 1.17 99.5 SA 92
0024 + 34 0B 338 Qs0(?) 0.99 95 SA 20
0035 + 41 0A 33 BL Lac 1.04 94 SA 67 2
0035 + 121 BL Lac 0.69 86 a
0048 - 09 BL Lac 2.19 %9.5 SA 117 jads
0109 + 22 BL Lac 0.89 82 b, c 3
0119 - 04 Qs0 0.62 18 SA 93
0141 + 33 DA 58 Qs0 0.20 31 SA 45
0159 - 11 . Qso 1.18 %99.5 a ()
0202 - 17 Qso 0.84 45 sA 118
0219 + 42 3C 66A BL Lac 1.10 79 d 1
0222 - 23 1.48 9.5 SA 119 1
0229 + 13 Qs0 0.63 70 SA 71
0251 + 18 0.58 7 SA 71
0301 - 243 BL Lac 0.76 9.5 a 4
0333 + 32 NRAO 140 Qso 1.07 48 SA 48 1
0336 - 01 CTA 26 Qso 1.18 %9.5 SA 95 111
0338 - 214 Gal. 1.17 %9.5 0237 - 23 4
0340 + 04 3¢ 93 Qso 1.14 %99.5 SA 95
0347 + 13 0.30 - SA 72
0350 - 07 Qs0(?) 0.35 6 a
0414 - 06 OF - 024 Qs0 0.49 18 0350 - 07
0422 + 004 BL Lac 1.96 %9.5 0350 - 07
0642 + 44 OH 471 Qso 0.97 98 SA26/NGC2366
0711 + 35 o1 318 Qso 1.31 9.5 SA 50a I(I11)
0725 + 14 Qso 0.62 99.5 SA 76 1
0736 + 01 Qso 0.97 99.5 SA 99 (11D
0738 + 31 01 363 Q30 0.43 55 SA 52
0805 + 04 4C 05.34 Qs0 0.70 95 SA 100
0812 + 02 Qs0 0.57 98.5 SA 100
0829 + 18 N-gal. 0.49 91 SA 76
0850 + 14 Qso 1.14 9.5 SA 77 w(?)
0922 + 14 Qs0 0.56 50 SA 77
0945 + 07 N-gal. 0.73 93 SA 78
0953 + 25 OK 290 Qso 1.04 9.5 SA 54 1
0957 + 00 Qs0 1.02 99 SA 102
1004 + 13 Qso 0.72 9.5 SA 78 11
1021 - 00 0.94 70 SA 101
1040 + 12 Qs0 0.99 9.5 SA 78
1049 + 21 Qs0 0.87 97.5 SA 79
1055 + 20 Qso 0.82 40 Sa 79
1101 + 38 Mrk 421 BL Lac 1.59 9.5 e
1116 + 12 Qso 1.38 9.5 SA 79 111
1119 + 18 oM 133 Qso 0.72 98.5 SA 79
1123 + 208 N-gal. 1.06 98.5 SA 79 1
1127 - 14 Qs0 0.25 10 SA 128
1148 - 00 Qso 0.64 88 SA 104
1215 + 30 ON 325 BL Lac 1.53 9.5 £ 1
1217 + 02 Qso 1.08 9.5 SA 104 T
1226 + 02 3C 273 Qso 0.88 39.5 3 1
.1229 - 02 Qso 0.75 299.5 SA 104 1
1237 - 10 Qso 0.70 9.5 SA 129
1240 + 09 4C 09.42 0.73 95 SA 81
1252 + 11 Qso 0.91 98 SA 81 1
1253 - 05 3c 279 Qso 1.53 9.5 SA 104
1318 + 29 Ton 155 Qso 0.57 72 SA 57
1318 + 298 Ton 156 Qso 0.80 15 SA 57
1330 + 02 N-gal. 0.32 - SA 104
1340 + 05 N-gal. 0.36 60 SA 105
1361 + 14 0.63 35 SA 82
1347 + 21 0.89 80 SA 82
1356 + 19 Qso 0.71 99.5 a
1402 - 012 0.55 55 SA 106
1437 + 22 N-gal. 0.71 75 SA 83
1462 + 10 0Q 172 Qso 0.64 7 SA 83
1505 + 01 0.46 90 SA 107
1510 - 08 Qso 1.44 9.5 SA 132 11
1615 + 029 0.85 5 SA 108
1618 + 17 Qso 1.18 299.5 a I1(11T)
1645 + 17 N-gal. 0.56 2 SA 85
1652 + 39 Mrk 501 BL Lac 0.61 99.5 3¢ 345
1704 + 60 3¢ 351 Qso 0.22 <1 h
1727 + 50 1zw 186 BL Lac 0.89 29,5 d 1
1749 + 09 oT 081 BL Lac 1.56 299.5 d
1831 + 731 Wild's Variable Seyfert 1.35 %99.5 SA 7 5
1845 + 79 3¢ 390.3 N-gal. 1.07 9.5 g 111
1921 - 29 ov - 236 BL Lac 2.61 %99.5 SA 133a w(?)
2059 + 034 Qso 0.84 99 SA 113 1
2111 - 25 0.95 98 SA 138
2128 - 12 Qso 1.01 <1 a
2131 - 021 1.23 %99.5 sA 113
2134 + 004 Qso 1.40 78 SA 113/4
2135 - 14 Qso 1.00 9.5 SA 137
2145 + 06 QS0 0.56 27 SA 90
2209 + 08 Qso 1.05 40 SA 114
2216 - 03 Qso 0.68 60 2345 - 16
2230 + 11 CTA 102 Qso 1.13 299.5 i 1
2254 + 07 oy 091 BL Lac 0.84 $99.5 d
2300 - 18 N-gal. 0.85 9.5 SA 116
2331 - 24 oz - 252 N-gal. 0.95 96 SA 139
2335 - 18 1.53 93 SA 116
2349 - 01 N-gal. 1.26 9.5 SA 92 11
2354 + 14 Qs0 0.69 28 SA 68
2354 - 11 0.79 77 SA 116
0058.2 + 019 PHL 938 RQ QSO 0.51 72 j(SA 94) 6
0128.4 + 075 PHL 3375 RQ QSO 0.57 - j 7
0130.5 + 034 PHL 1027 RQ QSO 0.50 73 j 7
0139.9 + 062 PHL 3632 RQ QSO 0.66 99.5 3 8
0147.6 + 090 PHL 1186 RQ QSO 0.85 93 3 7
0148.7 + 090 PHL 1194 RQ QSO 0.50 28 3 7
0151.2 + 048 PHL 1222 RQ QSO 0.24 - 3 7
0151.8 + 046 PHL 1226 RQ QSO 0.42 90 3 7
1246.5 + 377 BSO 1 RQ QSO 0.96 99.5 i (M3) 8
1246.5 + 347 B'46 RQ QSO 0.89 9.5 i 8
1248.3 + 338 BSO 2 RQ QSO 0.81 88 i 8
1252.9 + 359 B 114 RQ QSO 0.98 98 i 8
1255.0 + 353 B 154 RQ QSO 0.69 97 i 8
1256.1 + 357 B 194 RQ QSO 0.38 12 i 8
1257.4 + 347 B 201 RQ QSO 0.55 40 1 8
1259.5 + 345 BSO 6 RQ QSO 0.52 75 i 8
1300.7 + 361 B 234 RQ QSO 0.88 95 i 8
1304.9 + 375 B 312 RQ QSO 0.75 - i 8
1311.3 + 363 BSO 11 RQ QSO 0.78 82 i 8

Key to Table |
Finder references (column 7)

. Arp (1968).

. Donivan et al. (1978).

. Owen and Mufson (1977).
. Condon, Hicks, and Jauncey (1977).
. Wills and Wills (1979).
. Kinman (1966).
. Sandage and Luyten (1967).
. Braccesi et al. (1968).

Calibration references (column 6)

. Angione (1971).
. Sandage and Johnson (1974).
Landolt (1970).
. Craine, Johnson, and Tapia (1975).
McGimsey, Miller, and Williamon (1976).
Wing (1973).
. Penston, Penston, and Sandage (1971).
. Dumortier (1976).

Sandage (1970).

Purgathofer (1969).

Variability subclasses (column 7)

1. Short time-scale variations dominant.

II. Long-term fluctuations dominant.
II1. Short-term and long-term variations comparable.
IV. Behavior is episodic.

o e Y O S

TR 0 a0 o

by Ver6n and Verén (1975). Finding charts for newer
ID’s not appearing in the Verdn catalog are referenced
in column 7. ‘

In addition to the 114 objects listed in Table I, 92 other
sources are presently being monitoréd at Rosemary Hill.
Of these, 20 optically violent variables were reported on
in Paper 111 and data for eight sources in the Ohio State
survey were presented in a recent paper by Donivan et
al. (1980). The 64 remaining objects either are new ID’s,
are recently added sources, or do not as yet have the
accurately calibrated comparison sequences needed to
determine their magnitudes.

Table 11 provides a synopsis of the 92 additional
objects monitored. Column 1 lists the PKS-type desig-
nation in order of increasing right ascension, while col-
umn 2 gives the object’s common name. Column 3 lists
the type of object and column 4 indicates the approxi-
mate date monitoring was begun at Rosemary Hill. (A
blank space in column 4 means that we have not as yet
taken any plates of that field.) Columin S is reserved for
remarks and includes references for finder charts when
these are not provided by Verén and Verén (1975).

The results of our observations of the 114 sources
listed in Table I are presented in Table 111. Column 1
gives the UT date of the observation, and column 2 gives
the Julian date — 2,400,000 for the midpoint of the ex-
posure. Column 3 gives the observed magnitude, column
4 the rms error of the observation (defined as the rms
scatter of the comparison-star magnitudes around the
calibration curve), and column 5 the magnitude system.
Plates taken in mpg are denoted by P. The sources are
listed by their common names in order of increasing right
ascension except for the radio-quiet QSO’s. In both
Tables I and 111 we have grouped the radio-quiets at the
end of the list. In this way one can more easily compare
these objects as a group and thus study their properties
as a whole.
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TABLE Il. 92 additional sources monitored at Rosemary Hill. For those objects which have a sufficient amount of
‘ data, and have exhibited variability at a confidence level
(1) (2) (3) (4) (5) . .
coioN DATE BEGAN of 95% or greater, we present light curves (Fig. 1). The
OBJECT NAME TYPE MONITORING REMARKS . —_ .
length of the error bar for each light curve, £, is simpl
g . . .
Q038 + 32 gl Lo/ . the average of the rms errors of the individual plates
0127 + 23 3 43 gso 9/73 ¢ listed in Table III. The light curves are in order of in-
0133 + 47 oc 457 Qs0 9/71 b . : N
ux+n 3c 48 a0 o . creasing right ascension.
0202 + 14, 0 e v . The most interesting objects among the sample of 114
gaut + 62 W0 27 x-ray source are discussed individually below, with pertinent related
0306 + 10 B0, Rl 1;;;; a vyork on the objects as well as remarks concerning the
0400 + 25 3/80
0406 + 12 g:g 9/79 hght curves. . .
9i1s + 37 i gal. 9118 111 Zw 2. This compact galaxy was discovered b
0420 - 01 Qso 12/69 a R . .
S0 s 120 seyfere 12/68 : Zwicky (1967) and spectroscopic studies by several
0446 + 11 gal. 3180 authors reveal it to be a type-1I Seyfert (see, for example,
0458 - 02 Qso 12/69 c .
o518 7 16 e 120 e 1o ! Weedman 1977 and references therein). The x-ray and
0548 522 = o radio emissions were examined by Schnopper et al.
e ol e . (1978). They find a sharply rising radio spectrum, w1.th
Horaa or-on2 g0 am N a = —1.5 between 4.9 and 31.4 GHz, and substantial
S v B Lac AR H v'ariability'at 10.7 GHz. JHKL-band infrared obse.rva-
802 7 10 0J-100 = AL b tions by Rieke and Lebofsky (1979) reveal that slight
0802 10 Qso 3/72 . -
et o1 287 QOBL Lac 180 3 variations occurred b_etween December 1975 and Jgn-
0937 + 5 e % cravitacionat 1enst UATy 1978, and Miller (1978) reports substantial
1019 + 3 oL 313 450 s : brightening in the visible. ‘
1038 = 528 oso: A % We began monitoring 111 Zw 2 in December 1977,
Tous oy o 1788 . and marginal variability has been detected.
N : P e ¢ 0013—00. We have been monitoring the radio source
1117 + 14 Qs0(?) 3/80 . g
132e 4 oN 203 e ol : identified by Bolton and Ekers (1967) and have detected
1308 + 24 or 124 Lt pyiie : variability. Johnson (1974) identified a faint red stellar
Téa + 28 0q 208 seytert s . object to the northwest of this source and there is some
iz + 20 050 3780 Fossible O 3 confusion as to the correct identification. No spectros-
Ist - 24 a Lib BL Lac gﬁ% : copy is reported for either object. Rapid variations were
4 . . .
133 + 1 o Tac 7779 detected in 1972 and 1976. The object brightened by 0™9
1548 + 05 4c 05.64 %50 on . between 13 September 1972 and 12 October 1972, al-
1600 + 33 0s 300 Ry AN though the flare was recorded on only one plate. A rapid
1607 + 26 5768 . drop of 0™7 occurred during a two-month interval in
3/8 . . . .
Te v 3 WRAO 512 a0 5573 . 1976, which seems well substantiated, and similar
6/70 . . . . .
1657 + 28 w2651 450 o/ . short-term flickering is evident throughout the Florida
1730 - 13 NRAO 530 Qso 4/71 a i R
1749 + 70.1 BL Lac(?) :m Gal/QsO pair; 7 hght curve.
1801 + 01 Qso c . . oo .
1807 + 69 3¢ 371 N-gal. 12/68 a 0048—09. Hoskins et al. (1974) identified this as a
190 1 3/80 . . .
;g;i i 23; ov om0 u/s9 : stellar object of neutral color and Tapia, Craine, and
+ RN . . .
218 + 18 ox 131 a0 o b Johnson (1976) classify it as a BL Lacertae object. Our
21 - c . . .
24 + 09 o ond w0 e : data indicate that an outburst occurred in November
2155 - 15 ox - 192 BL Lac 7173 c 1972, in which the source reached P = 15.3. A slow de-
2155 - 30 BL Lac 7/79 . . . . . .
2200 + 42 BL Lac oL Lac 10769 a cline in mean brightness ensued, with the object reaching
2223 - 05 3¢ 466 %o 12/68 a a minimum of 17™5 in December 1979, yielding a total
2233 - 148 877 range of variability of 2™2. Short-term flickering of as
2243 - 12 oY - 172.6 EF 8/75 b m . . . .
as1 - 178 i o 8 x-ray source much as 0™8 is superimposed on the long-term activity,
+ . a . . . . . .
2251 + 24 o uss %o 6/69 e possibly putting this source in the class of optically vio-
' . s L end
2254 + 024 as0 6171 c lent variables (OVV’s, see Paper 111). A historical light
+ al. . .
2345 - 16 aso 10/69 a curve by Usher, Kolpanen, and Pollock (1974) indicates
Finder References a total amplitude of almost 3™,
2 Taple st a1, (1977) The optical energy distribution of 0048—09 was ex-
e e eills (1980) . amined by Tapia, Craine, and Johnson (1976) and found
b el K277 i Menard (1975) to be rather steep (caopt = 1.85, where F, « v~<). The
5 resestisny radio spectrum is fairly flat (a;aq &~ —0.4 according to
Additional Notes Altschuler and Wardle 1975), and the optical polar-
Rk L o sources ization was fopnd to be as hlg‘h a.s.14% (Kmrr}an 1976b).
¢ Source needs calibracion The combination of rapid variability, flat radio and steep

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1980AJ.....85.1442P

1445

o

ococoooorToR

. e
B
etrer-—ace e o
Rttt 13 £225508 LR T 11
o
MR
L) -
o 4 =
3 ? ¢ 2oranzegnoe: .v 4
(32 IR
P « o 25ead 1t ~
o 0 ] o °
22
4:
H
] RTTIIIA S S RN R U HRRTRH mrrrvrwrr
F] PRI tV/V//vr///IIVVV//IVIV/VIIIIII Sl
3 b4 deid] gt 34 4-3-3-S-beagigbigt 4 oot} 23%38
d ASNSSNSNY ST Ta 1 a TTTTTTA LA T ATTIST0Ta a0 WIS

csecgasansscessacadan

[L}Y

.G
conr,

ceco

My OMCOCENEN000 e

esessses

1Y T4 1T I

0109022
31
34
08
29
%6
0119-0e

Konnbo-nOranro000

nneceeviin
mese

veeeeeteccevrece

5 o
4 m X KRS
3
@ ese
O eeeereeccevreccae
=
9 ~ ocnan .e
(=3 R R R R RN SEARRATRALINRSREE R TR RN NN
SINNAILINNNNNNNNNNNNNY SNINNS DSYSY SANLNANNANNNNNNNNAN NN NN NN
.2 SINNSIIIIAZANIISSIzoN S 3333 3 dee8 3
= SSNAN=C T L2A SSNNASoR 2 i NNo=2D R R £33
] 5 SENRSSASSIIMNEIAANASE SSTsaaaSsaasassss 3N N N N N NN
° 2 2 Py
> Pttt pb-Sudetitubdotitadidoti b el =22 potatobopgel sezz-eC azezz 2= =<
o
D
7]
mw
m ccaacacaccaccade ccroccorfocecorore aeccscncaacaccascanacadotasactaaaanas
.
. ° -
= m RN ] T35S
w ecegerocnoryocon
. m <
R Ny
m - °
< - H 2
" 2 .
[ s~ ©
< n nl e
b3 r Coroooonrooco| ©
1 o . ‘el o

OPTICAL BEHAVIOR OF EXTRAGALACTIC SOURCES
[ N

rfrrocceccercroceTOC

CONR QO aNNECOONh OV N FO”
b3

s °
ARRRRRRERRRRNRR R ARRNRRRRARETER AERCRCRRRRRRY
SINTANNNNNNNNANNS SANNNNNNNSNNNNY IAIINNINNANNY
NN RN R P A T L P R N N T R L3
Sesindassnianess QUNTTH T AT TCIRSTSISSa s na s S8y
© )

asacansccaccasae

ceveee

448

~ enecons snmae wnowrs el
- Senenn
T H
H
°
&~ $ 2
[ a% A n
s -
« - °
3 3 H 8
) we 3
< 2 o acser anee
o < RaNhRO seon-
el
Q e ERTET TR PRERPLRR R PR )
—
anrec ~rrnooo 200000000 =NAMONN
A ERRNNY 2 papRRRRRR [ 3RS UG I S 3 T IS E NN 4 4 SORRRRRRRININERNT
ﬁ P SANINNNNNNS 1///V/////MN///////V/////////u ISASSNNNNNNNNNN
Ane
aea'2 aNNASSD PuococaNaoN AN NN =
- S3NNS NANNNNNARAN ///'////////////////////////1/ SANNNNNNANNNNANN
3 ARAZZ Scscosnrcos 323803

o VI RAIK dsBa "

Lo VL QATE dalls BAG

Q. WI_RAIE da0a s

I _QATE daDa

conv.

8336-01

cont,

o229e13

0222-23

CONT o

0202-17

Sttasatatiatatcatatastatanctataatatacssatants
$ -3 4 ] =2 4 (1 3 3443
s kg ..m.....a.....n...... ......-u-mu..
28233y 3538 WonElegn=eesy
13en8 3533 R R
- o
: 3
~ . m
i . 3 g
3¥35edene 3
aegise w geggediditins ¢ g
33335350299 999959993599959799333% 3333
ECESRRRRRRSROSss RRRRRRESRRRALLLELRRSASRREREL|  LrrRRRRRZERE
I T SRS w
S T L L ATT TSR TS TY L L SRR S S0RT N AR TaduaaTa eSS <
SINSITISIAIISANGIIINAIISI2IISIAIINGRINST| eI M22WAResz|  zAe3szolsy
. sataatataatgtannnn sce®pece atatatanantanse skt
. 3 g=23 {3 sanne
IS et B o o I b o e ] I
z|  =ssegzzanes 38335535
i IR 133 §3ady
|3 H H :
ol = *n U wongmpgn 30525 5! - cml murn w
§| & dps3gtacas 3 $Ra8aREs| o £ j3stgsasassgstizey) 2
53 5% H i et 3
H I L :
% s3n 235233485008382
. . eee ‘l““‘l““‘ e
. . o8
~ 111111'1'"" NI s 44y 0”11'7
1y uuumuuu,«u,,uuyuu. NI FIINY
] ggosases fatcsaiaainy 3 2383
S P S Y SASSNNSY SERUANNAOINNANAANN NN NN ONSNAY PSS IY
atestataatatanacsctatactgcacaces Gatathscatastacascacanann tssccasacan
I "
R R R I A ] s s ar rar aa e
o $882202882803502255°2 40539328
% A SRR
"
3
(3 00e9eOMONM,
: §d 2i3tsagesst
5 5 AR
H & $ernnan s
4 AAIAQAN‘AOAAAAAQAAAAAAAlll\lA e -
sz crezsaner r preese
AUANAASNNANANNNNNANN NN NN NN llth//ll/lVl//vow/vuuuuyzvuvuvkuuvuwvnMMUI
i g PR s3ss T L 833
P N N N N N N N N S0 2 Y T T T T A SRS A 0 1 2000 1A T30S0 a3
testadcacc0ectasatanccostetactacacadacaan L]
R e L e 2227353300 ae0aTan 88 cenRRanet

° . oweroon
A IR IR S I ]
<
NN 34 “
- an
eSnsnengoNbooaas
AR T ¥
se98s
RRE Nt e i
deeeeeT et eqvevee
see
RS 13 ny 2ee2eR22
N NN I/ NNAN N NSNS ANNRNNNNNAYNNNAN ANSSNSANANNNNNANNANNN AN N
SIASARAZIIASIIIASAIIINAS u:s'vuunvu:crns S3s3RIIIN AN
A=A NNN=-. reten ” NN m- P NN e NN N Nolaman
/II////I/IIIII’/II//I////I’I//’I’II’/II "”"///l’/////I’II’/’//I/I////

Data System

1CS

1 Society « Provided by the NASA Astrophys

mica

© American Astrono


http://adsabs.harvard.edu/abs/1980AJ.....85.1442P

1446

Data System

1CS

1 Society « Provided by the NASA Astrophys

u acacaccacancacncacoasncacatatactedannnancana caceacneacaceasaceaacese ae m asctecscdencaccacanaandateacdacaccacssasacanasaacatatasctaascaaaas [YYYTY YTy
AREoCMeNENEORnCh —roge ~n or on - .-
° o3 3 o8 344 4 2
%% R IR TR A I R N S s i sesssesess
oo °
oo ~0 nOOR NN rO=OONNN
1 nn eosoona ~e
@ © 1] IO g 4
nc o0 Sansrdenad|
n °
° e .
- " eo ° arcoyennororceunees-noe| B goarme -
H k3 ~ © ogrgec:’
RS -~ K] o RNE32C-
qf ° . ¥ o8N ONCON Sun| © gnfessi”
¢ ~ ~ reo-
5 nes cear 33 1 BT LTI noun:auvooouvoAgvvz&eyvoz)ss 32o2R
° sestoasntesorttessey NN LT gece Argocte-
e ! an :
ERRRRBRPPRRPPPLRRL PR PR < R R P AR R PR LR PR R PR P b bR dadar e ) R PN
W mreesesees e ° an .
P A R R IR IR RSN i3 IRIRIRINNRNNNS (NN IIRINSS RN [HSTIINES
ARSI AL IR ANA AN NN UNANN NN NSNS A TN NN SN NN DY Y S b9 SNINSY NSNS NSSN NSNS SSSSSNNY [N 3
§ ARIAIIAAIIASASINNAINISIAIIANIIAIAINANINARRIISIIIAISANIS saaaNe Sy N 3333333 $S355 3885 88SsESS TN INNS SIS
i PSS rieta =gt NN NN NNNNNNC NNV S N o en mome NN=N - YNy, RO IIIT SN AANNNNANN= e NN == =n N Ne =M N
= z/////////fff;/tf//////////////;1;////////1////;//1/1/1//////11//1////1 3 B N N N N N N N Y SRR
ese ~ e=n =
el 2
C 3 ssccacaccasana ascacsacacaccnancacnctoccacabtaacsdgacncaccasdat scacaccacace estcacatcachncaananasan ceacacanccatada
o ervEmonNONN OO0 cooorner0onn co
] ° Zoc= m S
) TeeeeTNeTNtT .
7 ]
MW -l NOCN-NOCNCONT IO Tan 2Zeora=00orn PR P LR AT AL BL T SN St e
v LN
- = . »~
&) : 3 : 3
= & $ ogwsopgmoors ) H :
< & 83-URRE bt qRee % 23vsasal PR H ~ <
sz 8 " PR3 ° H
- . ° : ° ° oy
(@] ] 2 T —onent
~ - Roc: b .o ° %e gorgNnTLay
A —~ ° eNFoOrOo N Qu=NNENN OO ° ~n Nern-eeen
AnAnAnAR Ne
el PR R R R R R R R R R R R R R R R R R R R R e tedeceve
- 3]
A 3 w eevee (34
= - PESNNNYON [38333 IR RRREN NS PG 3 3 3 I P I I 4
) £ T OIINAINIINNNNNS ////v/J/////////////1/J/vzzzu//uuv11/////uu lllvztlllllv/lllzuzlll SaNasessaNey SN /z/V//vz1//1V/V/V////1/1z///
= RN NS N SNS2CaNeIaNsRs SORSL ISNNNNITT ] R AN NNS e ey Lt Eat bt F 344
< = N S S SR ////////////////////////////1/1//111u1///// Tnaaaanal /1/1//////// SSXINSSESSE Y S350 0 A8 TTL A QTTUSNSSSISSNANNSY
a3 I s
=3 pobiibs) fotiiget oiab-totntl azz foutodital 22z z - = - - -
o o
s3] ol m engectasataa teaaacaccasaactatgcanancace “ caccsascacancasseada aecacacaacna caacas
o) w cone-0e » ~ o 2 s
o - ] R R R R SR R R TN IR UNIINIISY 8
<]
< - ~norecoo0 on I veeecr
=4 [ oz Same ~o oor ]
H R R R R R N N R R Y] st asssesese . ¥ 3
v © <o NN
o “ . RSN
- © 2 b4
t— ~ 2 : 3 3 N
4 venne| ¢ we nmoe wel na0oe: en ~ ° <
3 mages onNoamnennaN ~oer NN ne = & )
° owve~| x ~ ~ Snkw - . © ] ° <
< PR B R e S A A N A X N N A R K O X IO I N I R N 0 . ° ° °
N noaon ° o
T 7 gpese LRI H £
- cco ShASsecee
HEH T H 35 T
m ee%:s SITIIYTYIIYILOYIIIILYINLILoILeoLIIN b SYTIILLIT
m soo0p nnanesse onn
123333 IS S I I I I S S S T I NI d3S3 11
NNNNY N N sy //V/tl/V/f//,/111////V//1////
| ongow ~<d000 2N o
2oR2T PR LT aeoNNo FANNENN. N NNNNm NN ES oo 22233 Hradasd
< RIS B T N P S R SN Fiiannana s JLLLTITVITTT L A0aan g uuvu//r/////rlrlllzt
. m aae accoaga corcoe L] m cacabacccuascacaccancaccacasa
@) wea|  esvscss| mosermmosnsoson|  so-wrue —— gcerzos
a4 =eS “n=Zeno “
¥ E ROeeLSS RN i e aseses ¥ il . TTesaate
. x 8o S
~ 2 onee covonenonteecas| ooermmnnonn.gmmon |  woronsemorrrrmose-e L conmoromgmmheonrECngYoeEgRrENL
27 New ~ N H Sar
RN LR ULNNNNNSY ce e i eassreesess e X EIEN
HICIENNY o
joiatel IFY ~ . -
T - ° - ° "
< zeel ® ° ol S n < ogan ¢ govrergnoro moec -
- o asecy
€3] I H 21 § sXrogsses IS IRt S bt by " < 82 & k3 Se2el
BRI 7 ecsdonnroonmonn | 4 ~ ve 2 o
& e NCl e ° SN LAt TReNLLS b3 3 rd v I3 X
< R {T H < s 71n0uuuuarsrruwuu soonae < R3S anng-
= ve eor ~=oo © acrn =n00 0 = = s “nEneero 352¥S
o 23¢ AP e 3 i3 . c 200ONAKRanRARANE <Py 000 r8geco0000000g00cl PPISSS
Kl INER
Q £ STLSLS0I903%% ERER I P e ) PR P BR300 ) PRI
p—
a. ~no amemaerert
e SINTILE RRRRCENR RN RRNR N [SNSISY SIS NNR [ 2 14 3 1 e 4 S g o o Y Y e N
NN SININNY SANNIINANNNNNNY JUSRORLTNSASNLAS ////////// SASNIAINY I S T T TS
Sed ! GonIRa~ 23309 P $=0 “Ro~e ASInRFIaR
= LSRN PRI ey P R S QNocoooe NNAA A= o R A L A N S L A L e
e Saayia? SSSSaTaaaaaassy T8 a TTSATRARRSNSS ////////11///////U/ Saaan TR A N T TR N S SR s Y
28 o233 222 2282 PO EPRRLE IR

mica

© American Astrono


http://adsabs.harvard.edu/abs/1980AJ.....85.1442P

rTYB0ATL T I I85!

1447 PICA ET AL.. OPTICAL BEHAVIOR OF EXTRAGALACTIC SOURCES 1447

TABLE III. (continued)
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FIG. 1. Light curves of 26 sources.
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FIG. 1. (continued)
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F1G. 1. (continued)

optical spectra, and high degree of linear polarization
is typical of members of the BL Lacertae class (Stein,
O’Dell, and Strittmatter 1976).

0109+22. While this BL Lacertae object has been
monitored at Rosemary Hill since late 1977, it has shown
little activity. The optical identification was established
by Owen and Mufson (1977), and a continuous optical
spectrum was observed by Wills and Wills (1979). De-
spite the object’s recent quiescence, Pica’s (1976, 1977)
examination of the Harvard plate archives showed that
it displayed a total range of more than 3™, with a rather
violent outburst in 1943. 0109422 exhibits a flat radio
spectrum and a rather flat optical continuum as well
(O’Dell et al. 1978a).

0159—11. This QSO, also known as 3C 57, shows a
range of slightly greater than 1™, Short-term activity
dominates the light curve, with rapid flickering of up to
0™8 appearing in 1978 and 1979. The historical light
curve compiled by Angione (1973) shows similar activity
in the past. In addition, a long-term increase in bright-
ness seems evident between late 1972 and 1977.

3C66A. The Rosemary Hill data indicate that this BL
Lacertae object has varied by about 1™2 since 1974. No
long-term trend appears in the light curve, but short-term
variations are present. Photoelectric intraday observa-
tions were obtained by Miller and McGimsey (1978),
but no significant variation was detected. O’Dell et al.
(1977) obtain a mean spectral index of o ~ 1.1 between
86 and 830 THz (3.5-0.36 um), which is consistent with
the observations of Tapia, Craine, and Johnson
(1976).

0222-23. The Florida light curve for this object shows
that a long-term maximum occurred in January 1971,
with a smaller outburst in October 1972. A subsequent
decline of about 1™5 ensued, with the object seeming to

level off at P = 16.8. A small outburst of about 0™5 was
detected in late 1978.

0301—-243. Condon, Hicks, and Jauncey (1977)
identified this source as a neutral stellar object with a
continuous spectrum, making it a member of the BL
Lacertae class. Eight plates have been obtained at
Rosemary Hill, dating back to October 1977, during
which time the object varied by about 0™75.

NRAO 140. This QSO is a radio variable according
to Medd et al. (1972). The optical object has shown no
long-term trend in nine years of monitoring at Rosemary
Hill. However, short-term activity is strongly suggested,
with variations as large as 07 recorded in late 1978.
NRAO 140 was detected as an x-ray source by Marscher
et al. (1979) using the new A2 experiment on HEAO-
1. :

0336—01. This QSO, also known as CTA 26, has
exhibited radio variability at 2.7 GHz (Medd et al.
1972), 7.8 GHz (Dent and Kojoian 1972), 6.6 and 10.7
GHz (Andrew et al. 1978), and 15.5 GHz (Dent, Kap-
itzky, and Kojoian 1974). A radio outburst detected at
several wavelengths in early 1972 may be correlated with
a broad optical maximum which peaked in 1971. A
cross-correlation analysis performed by Pomphrey et al.
(1976) indicates that this correlation is real, with a radio
time lag of about one year. Furthermore, both the radio
intensity at 10.7 GHz and the optical intensity rose by
the same factor (a factor of 1.8 above the “base”
level).

Short-term optical activity of up to 0™9 shows up .
in the Florida light curve, with rapid outbursts detected
in late 1976 and early 1978. Long-term trends of the
same magnitude are also suggested by the present
data.

0338—214. This source is classified as a possible
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galaxy by Wright et al. (1977) but exhibits some prop-
erties of the BL Lacertae class. Since we began moni-
toring it in October 1977, the source has varied by about
1™15, with short-term fluctuations of up to 0™5 recorded
on a time scale of a month.

0340+04. Also designated as 3C 93, this QSO was
recently confirmed spectroscopically by Smith and
Spinrad (1980). The Florida data indicate a range of
variability of about 1™, with a possible outburst recorded
in late 1977. The radio spectrum is fairly steep (ctaq =~
0.8 according to Craine 1976), a characteristic that
seems typical of the less active BL Lacertae objects
(Stein, O’Dell, and Strittmatter 1976).

0422+004. Kinman (1976a) assigned this object to
the BL Lacertae category. We began monitoring it in
late 1976, at which time it was rather bright (B = 15.45).
The object remained at this level for about two years and
then faded rapidly to B = 17.41 in early 1979. This
“antiflare,” or sudden dip below an apparent “base”
level, may in fact indicate that the source had been in a
prolonged active phase.

OH 471. This high-redshift quasar (z = 3.40) has
been relatively quiescent throughout our observing
program. The most pronounced activity occurred in early
1975, when the object faded by about 0™5 in two months.
Similar short-term flickering was also recorded in late
1976 and in 1979. Andrew et al. (1978) found that the
10.7-GHz radio emission showed absolutely no variation
between 1973 and 1976.

OI 318. Both short- and long-term activity are evident
in the light curve of this QSO. An outburst of nearly 1™
was recorded in late 1970 and flickering of about 0™5 is
common throughout the Florida light curve. In addition,
a long-term increase between 1970 and 1979 is sug-
gested.

0725+ 14. This QSO has exhibited a fairly constant
base level in the nine years it has been monitored at
Rosemary Hill. The short-term activity amounts to 0™4
or less, and the quiescent nature of this source is verified
by Grandi and Tifft (1974) and Lii (1972).

0736+01. The light curve for this QSO indicates that
the dominant activity is rapid flickering with a range of
about 0™5. A long-term maximum was observed in
January 1975, with a steady decline thereafter, the total
amplitude of this drop being about 1™. The source is a
radio variable at 6.6 and 10.7 GHz (Andrew et al. 1978)
and at 15.5 GHz (Dent, Kapitzky, and Kojoian 1974),
but no optical-radio correlation was found by Pomphrey
et al. (1976).

4C 05.34. This high-redshift quasar (z = 2.877) is
only marginally variable according to our analysis. The
data show a relatively constant brightness level of P ~
18.2, with the suggestion of some short-term activity.
Most notable is a fluctuation of 0™4 recorded in April-
May 1978, although the variation is probably not sta-
tistically significant. Grandi and Tifft (1974) indicate
an amplitude of only about 0™5, in agreement with our
observations.
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0850+ 14. Little activity was reported for this object
at the time Paper 11 was written. However, a long-term
rise in brightness occurred between early 1975 and
mid-1977, with short-term activity of about 0™5 present
as well.

OK 290. The radio emission at 6.6 and 10.7 GHz
showed little variation from 1971 to 1978 (Andrew et al.
1978), but Medd et al. (1972) observed a 50% increase
in flux between 1967 and 1971 at the same frequencies.
The optical light curve shows significant activity during
the entire monitoring program (1970-1979). Short-term
activity of about 0™7 is present, superimposed on what
appears to be a gradual, long-term decline.

1004+ 13. The Florida light curve of this QSO has a
strikingly sinusoidal appearance. The maximum
brightness was recorded in February 1977, and short-
term flickering of about 0™4 is superimposed on the
long-term activity. Jackisch (1971) found no significant
optical variability, and historical records show a total
amplitude of only 1™ (Grandi and Tifft 1974). The radio
spectrum of 1004+13 is quite steep (.9 =~ 1.0 ac-
cording to Craine 1976), while the energy distribution
in the optical and near-infrared is perfectly flat (Neu-
gebauer et al. 1979).

B2 1101+38. While this BL Lacertae object, also
known as Mk 421, is generally considered to be an op-
tically violent variable (OVV), it has been relatively
quiescent since we began observing it in April 1977.
Miller (1975) reports that its total historical range of
optical variability is AB = 4™7, which is among the
largest of all known QSO’s. High-time-resolution pho-
tometry was obtained by Miller, McGimsey, and Wil-
liamon (1977), but no evidence for short-term variability
was detected. Zhukov (1976), however, reported fluc-
tuations of 0™0S on a time scale of twenty minutes or
$0.

The Rosemary Hill data span a range of about 1™,
with a rapid event occurring in February-March 1978.
The object brightened from B = 14.1 to B = 13.3 in only
two days, and then quickly faded to B = 14.0 over the
next ten days. Photographic photometry of this object
requires great care because of the strong surrounding
nebulosity and the nearby 6™0 star. Exposure times have
been adjusted to record nuclear magnitudes.

Coordinated spectroscopic observations in the radio,
infrared, and optical regions were obtained by O’Dell et
al. (1978a). Their data show a perfectly flat radio
spectrum between 1 and 100 GHz, and a steep optical
continuum (copr = 1.7) with some curvature in the
near-infrared. Since the object lies in the nucleus of an
elliptical galaxy, this curvature, as noted by O’Dell et al.
(1978b), is concave downward (C~) because of the
contamination by galactic starlight.

Mk 421 was detected as an intense and variable x-ray
source by Mushotzky et al. (1978), with the x-ray
emission being at least as great as the optical lumi-
nosity.

1116+12. This quasar has shown a total amplitude
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of about 1™4 during the nine years it has been observed
at Rosemary Hill. The source brightened between 1971
and 1972. Following a brief hiatus in the observations,
the object underwent a 2'5-yr period of activity which
peaked in early 1975. Short-term excursions of up to 0™6
also appear to be a normal phenomenon of this source,
with the variations sometimes manifesting themselves
on a time scale of only a week or so.

1123+20B. A range of a little over 1™ has been de-
tected for this N galaxy at Rosemary Hill. Short-term
activity of 0™S or so seems common and an outburst was
observed in April 1978. No real long-term activity is
evident in the ten years of data we have obtained.

ON 325. This BL Lacertae object exhibits rapid and
intense variability that marginally places it in the class
of optically violent variables (see Paper I111). An outburst
in 1977 displayed fluctuations in excess of 1™ over a four-
or five-month period. Several “sub-bursts” occurred
during this event, with peaks observed in May, June, and
July. This multipeak activity seems common to the BL
Lacertae objects, and particularly to the OVV’s (see
Pollock 1975b, Leacock et al. 1976, and Pica, Smith, and
Pollock 1980). Archival records indicate that ON 325
displays a total amplitude of variability of about 2™ (Hall
and Usher 1973).

The radio spectrum is relatively flat (q,q = 0.3 ac-
cording to Altschuler and Wardle 1975) and the energy
distribution in the optical and near- infrared shows aop
~ 1.0 (Craine, Tapia, and Johnson 1976; O’Dell et al.
1977). The optical-near-IR spectrum is not as steep as
in most BL Lacertae objects (the average being aop =
1.8 according to Stein, O’Dell, and Strittmatter 1976),
and this may be correlated with the somewhat less violent
nature of the source.

12174+02. A cursory examination of the Florida light
curve of this QSO might suggest the presence of a si-
nusoidal variation. The data prior to 1975 are quite
spotty, however, and there is probably no significance
to the seemingly periodic phenomenon observed. No
short-term activity is present in our data, and a total
amplitude of about 1™ is observed.

3C 273. No violent activity has ever been detected for
this QSO and our data indicate an amplitude of about
0™8, in agreement with the findings of Grandi and Tifft
(1974). The source appears to have brightened by about
0™3 in 1978 and remained bright for an entire year,
reaching B = 12.59 in February 1979.

Andrew et al. (1978) find evidence for radio vari-
ability at 6.6 and 10.7 GHz and Dent, Kapitzky, and
Kojoian (1974) report variability at 15.5 GHz. A search
for an optical-radio correlation was performed by
Pomphrey et al. (1976) with negative results.

1229—02. The dominant characteristic of the light
curve of this QSO is a long-term decline between 1971
and 1979.

1252+11. A possible long-term variation is present
in the Florida light curve, with a minimum occurring in
early 1975. Short-term fluctuations of about 0™6 also
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appear, particularly in 1976 and 1977. According to
Folsom et al. (1971), the source has varied considerably
since the date of the Palomar Sky Survey. Our mea-
surements indicate the object was at P =~ 17.5 on the Sky
Survey, about 1™3 fainter than the average brightness
recorded at Rosemary Hill.

3C 279. This well-known OVV has been rather
quiescent over the past few years, showing only 1™3 of
variability in our data. The historical light curve was
derived by Eachus and Liller (1975). They found the
total amplitude to be AB = 6™7, possibly making it the
most variable and most luminous QSO ever studied. The
object reached B = 11.27 in early 1937 with variations
of 2™2 reported over a 13-day interval in 1936. Oke,
Neugebauer, and Becklin (1970) found the optical
spectrum to be rather steep (a 2~ 1.5) between 0.32 and
2.2 um. Andrew et al. (1978) find that 3C 279 is an in-
tense radio variable at 6.6 and 10.7 GHz, with a large
and prolonged outburst recorded between 1966 and

1968.
1354+19. The Florida light curve of this QSO spans

1974-1979. Little activity has been detected, which is
consistent with observations reported by Grandi and
Tifft (1974). Oke, Neugebauer, and Becklin (1970) find
that the optical spectrum is relatively flat (cop = 0.3)
in the spectral region from 0.32 to 2.2 um, while the
radio data show a fairly steep slope (&rad 2 1.0, Craine
1976).

OQ 172. This source exhibits the largest redshift (z
= 3.53) of all known QSO’s. Optically, OQ 172 is one
of the more quiescent objects monitored at Rosemary
Hill, with a total range of about 0™6 and a confidence of
variability of only 7%.

1510—08. Substantial activity is observed in the light
curve of this QSO. In an outburst occurring in June
1975, the object brightened by about 0™8 in only two
months, and then faded by the same amount over the
next two months. Short-term fluctuations of 06 or more
occur repeatedly, and long-term variations are present
as well. An overall range of almost 1™5 has been recorded
since we began monitoring 1510—08 in 1969.

The optically violent nature of this source has been
discovered by Liller and Liller (1975), who found a range
of 6™ From Harvard archival records, they found the
source to vary between B = 11.8 and B = 17.8, dropping
by a factor of 2 in 24 hr. They report that at one point,
the object was the most luminous known source in the
Universe!

The energy distribution in the near-infrared is fairly
steep (ajr =~ 1.13; Oke, Neugebauer, and Becklin
1970), but it flattens substantially in the optical region
(Neugebauer et al. 1979). The radio spectrum appears
to be relatively flat (Craine 1976) and intense variability
has been detected at 6.6 and 10.7 GHz (Andrew et al.
1978) and at 15.5 GHz (Dent, Kapitzky, and Kojoian
1974). A radio outburst was observed in early 1971 at
all three frequencies. The possibility of an optical-radio
correlation was examined by Pomphrey et al. (1976)
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with negative results, but the optical data prior to 1974
are somewhat sparse.

1618+17. Also known as 3C 334, this QSO exhibits
a steep radio spectrum (g =~ 1.2, Craine 1976), but
a flat optical spectrum (aop = 0.45; Oke, Neugebauer,
and Becklin 1970). The total amplitude of variability
observed at Rosemary Hill is AB = 1™2, with a steady
long-term decline over the interval 1971-1979. Short-
term excursions are also in evidence during 1977 and
1979.

Mk 501. This radio source was identified with a gal-
axy of magnitude B = 14.4, and it exhibits properties of
the BL Lacertae class of objects. No optical variability
was detected by Ulrich et al. (1975), Kinman (1976b),
or Miller and McGimsey (1978). Our observations, in-
itiated in March 1977, indicate that the object has been
only marginally variable. Similar caveats are to be ap-
plied to photographic photometry of this source as to B2
1101+38 because of associated nebulosity.

Mk 501 was detected as an x-ray source by Mush-
otzky et al. (1978); the x-ray emission is of the same
order as the optical luminosity. Maza, Martin, and Angel
(1978) report a spectral index of o =~ 0.8 for the optical
continuum.

1727+50. 1 Zw 186 is the alternative designation for
this BL Lacertae object. Rapid short-term variability is
the dominant characteristic of the Florida light curve,
with changes of up to 0™8 recorded during a three-week
interval in June 1975. Usher (1975) has determined that
AB ~ 2™(0 based on the Harvard archival records. The
radio spectrum is flat (ar.q =~ 0.3; Stein, O’Dell, and
Strittmatter 1976), and the optical-near-infrared
spectral energy distribution is steep and variable (otop
=~ 1.9; Tapia, Craine, and Johnson 1976).

1749+09. Also known as OT 081, this source was
identified as a BL Lacertae object by Browne, Crowther,
and Adgie (1973). Since observations began at Rose-
mary Hill in August 1978, the source has shown sub-
stantial variability. A range of 1™56 has been recorded
on only six plates, with an outburst detected on 11 April
1979. Examination of the Palomar Sky Survey print
reveals the source of P ~ 18.4, yielding a total known
range of variability of about 2™4. Andrew et al. (1978)
find the object to be a radio variable at 6.6 and 10.7
GHz, with a major outburst occurring in early 1970.

1831+731. Wild (1975) initially identified this as a
possible BL Lacertae object but it exhibits Seyfert
characteristics according to Wills and Wills (1979). Our
data indicate that it has remained at a relatively constant
level of P ~ 15.4 over the past four years, with a
brightening of about 0™5 recorded in August 1977. It is
noteworthy that Wild’s variable appears much fainter
on the Palomar Sky Survey (Wills and Wills 1979). Our
measurements indicate a magnitude of P = 18.3 on the
Sky Survey, making the total amplitude in excess of 3™3.
It is equally interesting that the source has remained at
its present brightness for over five years, indicating a
prolonged phase of intense activity, or that an antiflare
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occurred when the Sky Survey plate was obtained in
September 1953.

3C 390.3. A change in brightness of 1™15 in only three
days was reported for this N galaxy by Shen, Usher, and
Barrett (1972), suggesting it is in the class of optically
violent variables. No such extreme activity has been seen
at Rosemary Hill, but short-term fluctuations are sug-
gested, particularly over the period July-September
1977, where AB ~ 0™7. The outbursts in 1974 and 1975
display remarkable similarity in their overall shape and
duration. A steady long-term decline from 1974 to the
present is also quite noticeable.

OV—236. This BL Lacertae object has recently un-
dergone much violent activity. The most intense activity
was recorded in July 1977, when the source faded by 1™4
in only nine days, with a 0™8 drop between 12 and 14
July. Our most recent data indicate an outburst occurred
in mid-1979 with the object reaching P = 15.47, making
its total amplitude in excess of 2™5.

Recently, an exceedingly large radio outburst was
detected by Dent and Balonek (1980). At 31 GHz, they
report that OV—236 is presently the strongest known
quasar in the sky. An optical-radio correlation based on
these most recent data is clearly a possibility, but further
analysis is needed.

2059+034. A possible long-term decline ensued be-
tween 1972 and 1978, and short-term excursions are
present, especially during 1975 and 1976.

2135—14. This QSO, which has been monitored at
Rosemary Hill since mid-1975, has shown about 1™ of
variability. Historical data indicate that the total range
of variability is only about 1™3 (Li 1972). The radio
spectrum is quite steep (®;aq =~ 1.2, Craine 1976) and
the energy distribution in the optical and near-infrared
is fairly flat (aopy =~0.75, Neugebauer ez al. 1979).

2145+06. The most striking characteristic of this
QSO is its remarkably constant brightness level. In 11
yr of monitoring, the source has maintained a magnitude
of P =~ 16.3 with few exceptions. Interestingly enough,
Oke, Neugebauer, and Becklin (1970) report the opti-
cal-near-infrared spectrum is very flat (o = 0.13), a
characteristic typical of the more quiescent QSO’s. The
6.6- and 10.7-GHz data of Andrew et al. (1978) show
a steady decline in radio flux between 1966 and 1976,
and Dent, Kapitzky, and Kojoian (1974) report a rela-
tively constant flux at 15.5 GHz.

CTA 102. The dominant feature of the Florida light
curve is a rapid outburst occurring in August 1978, when
the object brightened from B = 18.19to B = 17.12 in
only three days! The analysis shows that this event is
significant at the 2.5¢ level, suggesting that this QSO
is a member of the class of optically violent variables.
Spectral scans by Oke, Neugebauer, and Becklin (1970)
show that ap = 0.95. The source is a radio variable at
6.6 and 10.7 GHz, according to Andrew et al. (1978).

2254407. Commonly referred to as OY 091, this BL
Lacertae object exhibits a steep and variable optical
continuum and flat radio spectrum (2.08 < qop < 2.72,
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Qrad = —0.36; Tapia, Craine, and Johnson 1976). Pollock
(1975a) reports a total amplitude of 16, based on ar-
chival records, and the Florida data indicate substantial
activity for the source. A range of 0™84 was recorded on
only 11 plates obtained at Rosemary Hill between July
1979 and the present.

2349—01. The Florida light curve of this N galaxy
shows a well defined long-term outburst which lasted 415
yr, reaching a maximum in late 1974. Short-term ex-
cursions of about 0™5 on a time scale of a few months are
present as well. The Palomar Sky Survey indicates the
source to be at P = 14.6, about 0™6 brighter than we
have ever observed it, making its total amplitude at least
1[1]8.

a) Radio-quiet QSO’s (RQQSO’s)

A program to monitor the optical brightness of 19
radio-quiet quasi-stellar objects has been conducted at
Rosemary Hill since 1974. The RQQSO’s in the sample
are grouped in two survey fields, one centered at
1"36m+06° and the other at 13P4-36°. The objects in the
1136m+06° field were detected on the basis of ultraviolet
excess by Haro and Luyten (1962), and photometric
studies were carried out by Sandage and Luyten (1967).
Sandage and Verdn (1965) used the same method to
detect sources in the 13P+36° field.

Of the 19 RQQSO’s studied, six exhibit optical vari-
ability at a confidence level of 95% or greater. Based on
our limited data, the incidence of variability among
RQQSO’s seems lower than that of the rest of our sample
of 114 sources. However, when a complete sample of
radio-emitting and radio-quiet QSO’s is considered, the
RQQSO’s tend to show variability as often as radio-
emitters. Recent studies by Bonoli et al. (1979) on the
13h436° field tend to confirm this. Studies of other
survey fields have also been undertaken with similar
results. Examination of the Sandage-Luyten field at
8h48m+18° by Usher (1978), and a field at 15P10m+24°
by Usher and Mitchell (1978) also reveals that a large
percentage (~60%) of the RQQSO’s exhibit optical
variability at a confidence level of 97%. It is interesting
to note, however, that the number of optically violent
variables among the radio-quiets is very small. Bonoli
et al. (1979) report that the incidence of OVV’s among
the RQQSO’s is a factor of 10 less frequent than among
the radio-emitters. Furthermore, the radio-quiets in
general have a smaller amplitude of variability than the
radio-emitters. Certainly, our observations tend to
support this conclusion.

I11. DISCUSSION

A continuing 11-yr study of a large sample of quasi-
stellar objects reveals that the optical variability of these
sources is a complex and multifaceted phenomenon.
More than half show convincing evidence of variability,
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with 20 sources exhibiting optically violent activity (see
Paper III). If we use the 95% confidence level as our
criterion for variability, we find that 58 of the 114
sources reported here are variable by this definition.
Undoubtedly, more objects in the sample will be classi-
fied as variable as the data base expands. There is evi-
dence that the 95% level may represent a somewhat rigid
criterion, since several known variables (according to
Grandi and Tifft 1974) are not classified as such by our
data when the 95% criterion is imposed. For example,
0202—17, 1148—00, 2128—12, and 2145406 are all
known variables that did not meet the rigid criterion for
variability in our study.

In an attempt to categorize the similarities and dif-
ferences between sources in our sample, each object in
Fig. 1 has been assigned to one of the four variability
subclasses originally defined in Paper I. Subclass I in-
cludes sources whose light curves are dominated by short
time-scale variations without conspicuous long-term
trends. Members of this subclass include ON 235 and
I Zw 1727+450. On the other hand, objects in subclass
[T exhibit conspicuous long-term changes with little or
no short-term flickering. Examples are 1004+13,
1217402, and 2349-01. In subclass III, long-term
variations and short-term flickering are of similar am-
plitude, with the best examples being 0048—09 and 3C
390.3. Finally, objects in subclass IV are episodic in
nature, exhibiting only sporadic activity. The QSO
0850414 might be categorized in this group.

Examination of the light curves in Fig. 1 makes it
obvious that the classification scheme described above
is by no means definitive. Sources such as OI 318 and
0736+01 may fit into more than one subclass. Other
objects, such as 0159—11, may even change their sub-
class from one epoch to another. While the distinction
between subclasses may not always be well defined (and
this tends to be especially true for objects that are only
moderately variable), the system nevertheless provides
one useful tool for categorizing the diverse and extensive
sample of presently known quasars.

Several potentially significant properties associated
with optical variability have been mentioned here.
Correlations between optical variability and parameters
such as optical spectral index and radio variability were
discussed for a number of individual sources. The data
show that active sources tend to have steeper optical
spectra and flatter radio spectra than the less active
sources. The BL Lacertae objects are prime illustrations
of this pattern. A more detailed analysis of this rela-
tionship is being undertaken. »

Correlations between optical and radio variability
were mentioned for certain objects, with positive corre-
lations appearing in the cases of 0336—01 (see Pomphrey
et al. 1976) and OV—236 (Dent and Balonek 1980).

Various other properties related to optical variability
are being studied and will be discussed in a future paper.
The absolute energy associated with specific optical
outbursts of a number of sources is presently being an-
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alyzed, and a continuing investigation of color changes
during flares has been undertaken (see Pica, Smith, and
Pollock 1980).
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