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ABSTRACT 

The standard model of AGN suggests that the broad-line regions of high-luminosity AGN should be so 
large that any variability in the broad emission-line fluxes should be on timescales of —2-4 yr or more. 
Spectrophotometric observations of eight radio-quiet QSOs over a period of 1 yr revealed definite Yiß 
flux variability in one of these objects and possibly in two others. This may be an indication that the 
BLRs in high-luminosity AGNs are much smaller than those predicted by the standard model, as is 
apparently the case in Seyfert galaxies. 

1. INTRODUCTION 

Because the broad emission-line regions in high-luminosi- 
ty active galactic nuclei (HLAGN), or quasistellar objects 
( QSOs ), were thought to be very large, little or no variability 
in the broad emission lines was expected. However, reports 
of significant broad emission-line variability in HLAGN on 
timescales of less than — 1 yr started to appear in the litera- 
ture in 1986 (Gondhalekar et al 1986; Zheng & Burbidge 
1986). Since then further reports have been made (Zheng et 
al. 1987; Gondhalekar 1987; O’Brien etal. 1989; Perez etal. 
1989; Gondhalekar 1990), and the strong possibility of such 
variability in HLAGN can no longer be ignored. Here we 
describe a study undertaken to see if broad emission-line flux 
variations in HLAGN on these short timescales could be 
confirmed. In Sec. 2 we describe the observations. We pres- 
ent the results in Sec. 3 and a discussion and summary fol- 
lows in Sec. 4. 

2. THE OBSERVATIONAL PROGRAM 

2.1 The Program Goals 

A relatively large sample of QSOs were to be systematical- 
ly observed spectrophotometrically at predetermined inter- 
vals on timescales of 1 yr and less. QSOs have been observed 
in this way for broad emission-line variability only once be- 
fore (Perez et al. 1989) for a sample of six radio-loud QSOs. 
Here 12 radio-quiet QSOs were chosen to be observed on two 
separate timescales: 2-3 months and 9-12 months. It was 
not our intention to determine the size of the BLRs of QSOs, 
rather this was to be a preliminary investigation into deter- 
mining whether the broad emission lines of high luminosity 
AGN (HLAGN) do indeed vary on timescales of — 1 yr or 
less as had been recently reported (however, note that con- 
tinuum variations in QSOs have been known for — 25 yr). 
With a relatively large number in the sample (12) we also 
wanted to establish just how prevalent the short timescale 
broad emission-line variability in HLAGN is. 

We wanted to acquire higher quality data than that upon 
which most other reports of HLAGN broad emission-line 
variability were based, with convincing results at some rea- 
sonably low level of variability ( — 15%). This kind of data is 
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attainable with the Ohio State University CCD spectrograph 
on the 1.8 m Perkins telescope of the Ohio State University 
and Ohio Wesleyan University at the Lowell Observatory, 
and using a nearby constant narrow line for internal flux 
calibration. This program has the advantage over earlier 
studies in one or more of the following ways: ( 1 ) the data are 
of higher signal to noise; (2) we do not need to rely on abso- 
lute spectrophotometry; we require only relative fluxes cali- 
brated internally with a nearby constant narrow line; ( 3 ) the 
QSOs are systematically sampled on predetermined time- 
scales. 

However, a few setbacks occurred in the implementation 
of the then newly built CCD spectrograph, and the program 
had to be scaled back due to time constraints. Fewer objects 
(8) were observed less frequently. Only five objects were 
observed on timescales of 2-3 months and five objects on the 
timescale of 9-12 months, including an Image Dissector 
Scanner (IDS) observation made in the Autumn of 1987. 
Note that not all of the 8 objects were observed on each 
timescale. However, any discovery of broad emission-line 
variations would be significant, and the project went forth as 
described below. 

We chose to observe the broad Balmer emission line H/? 
A 4861 for the following reasons. In order to put all of the 
data from each object on the same flux scale (in general they 
will not be on the same scale due to the grey extinction of 
clouds), we scale the data to the flux of the nearby forbidden 
[ O in ] /I 5007 line, which is not expected to vary on the time- 
scales of interest. Without this scaling capability made avail- 
able by the nearby constant [O ill] line, we would have to 
rely on acquiring absolute instead of relative spectropho- 
tometry. This is the most important reason for our choice of 
broad emission line. The last two reasons are more inciden- 
tal: Yiß is a relatively strong broad emission line, and with 
the available instrumentation we could in principle observe 
it in QSOs of redshifts just under 1.0, giving us a large num- 
ber of QSOs from which to choose. 

2.2 QSO Selection Criteria 

High-luminosity AGN have a wide range in observed 
characteristics. Those of common traits are often put into 
their own category, such as: radio-quiet QSOs, radio-loud 
(steep and flat spectrum) QSOs, blazars [BL-Lac objects, 
optically violently variable QSOs (OVVQs), and high polar- 
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ization QSOs (HPQs)], and broad absorption line QSOs 
(BALQSOs). In addition they also come with a variety of 
brightnesses, apparent and intrinsic. To optimize the quality 
of the data and to constrain as much as possible the range in 
interpretations of the results, the sample of QSOs in this 
study was carefully chosen from Hewitt & Burbidge ( 1987) 
according to the selection criteria described below: 

Luminosity. All AGN in this study are brighter than 
Mb = — 22.1 (for Äq = 75 km s -1 Mpc~1 and qQ = 0.5), 
which defines the distinction (real or not) between Seyfert 1 
galaxies and QSOs (see, for example, Osterbrock 1988). 

Apparent Magnitude. The QSOs in the sample were re- 
quired to have apparent magnitudes brighter than 17 mag in 
order to acquire a desirable signal to noise in a reasonable 
integration time (<2 hr). 

QSO Redshift. As stated above we may observe H/7, 
[O in] À 5007 and some surrounding continuum in those 
QSOs with z< 1.0. However, in order to avoid the telluric 
absorption bands and the OH sky emission bands, we re- 
stricted the redshifts to z<0.34. 

[O II] and Fe I I Emission. In order to put the spectra on 
the same flux scale, we must measure the [O m] /I 5007 flux 
with reasonable accuracy. Thus we avoided those QSOs with 
weak [O ni] À 5007. In addition we wanted to avoid those 
QSOs with strong broad permitted Fe n emission, which in 
the form of (m42) ÀÀ 4924,5018 (and other multiplets as 
well) often muddles the spectrum near the red wing of H/7, 
significantly contaminating the [O m] lines, while the Fe ii 
À 4570 and À 5250 blends can confuse the placement of the 
continuum near Hß. Both criteria were checked through a 
literature search for previously published spectra. In sum- 
mary we wanted to avoid the problems associated with 
[O in] flux calibration when the contrast between [O m] 
and the underlying Fe n is small (see, for example, Baribaud 
& Alloin 1990). 

Radio Properties. We required the QSOs in our sample to 
be radio quiet, in contrast to the monitoring program of 
Perez et al. ( 1989) in which all the objects were radio loud. 
This means we excluded radio selected objects (3C, 4C, and 
PKS objects), and additionally BL-Lac objects, HPQs, and 
OVVQs. All of these type of QSOs are thought to have at 
least some fraction of their observable continua beamed (in 
many cases along or near our line of sight), while there is no 
evidence for continuum beaming in radio-quiet QSOs. If a 
significant fraction of the exciting continuum is beamed, 
then the light curves of the variable continuum and the vari- 
able broad emission lines tell us nothing about the size and 
little about the structure of the BLR in HLAGN, which are 
ultimately the questions we want to answer. All but four in 
our (original) sample of 12 are ultraviolet excess objects 
(PG and US surveys), three are x-ray selected objects, the 
last an NAB object (a QSO found lying in the direction of an 
Abell cluster). All are radio quiet. 

2.3 Observations and Data Reduction 

Most of the observations presented here were obtained 
with the Ohio State University CCD spectrograph on the 
1.8 m Perkins telescope of the Ohio State University and 
Ohio Wesleyan University at the Lowell Observatory. The 
CCD is a Texas Instruments 4849 400 X 580 chip, and it is 
mounted on a Boiler and Chivens spectrograph. The 350 
lines per millimeter grating used (at first order) has 1100 A 
coverage, and when coupled with a 5 arcsec slit width, re- 
sults in a spectral resolution of 9 Â. The wide slit was em- 
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ployed to ensure that most or all of the light fell into the slit, 
even on nights of fair or poor seeing. Typical seeing was 2-3 
arcsec, although one night (ID 2447848) the seeing varied 
between 3 and 5 arcsec. Because of the large distances of 
these objects, it was not expected that aperture effects, due to 
the interplay of guiding/seeing effects and extended [O m] 
often observed in Seyfert galaxies, would be a problem in this 
study. However, to be absolutely certain the large 5" slit was 
used. Sky conditions were generally clear with thin cirrus; 
only one night (ID 2447573 ) was deemed to be photometric. 
Individual exposure integration times were 1800 s, and 
usually 3-4 exposures were taken per object. This resulted in 
signal-to-noise ratios of typically 40-65, although a couple 
observations were in the 20-30 range (e.g., 1E0357 + 107). 
An order separating filter was used when necessary to block 
out second-order blue light. A log of the observations is giv- 
en in Table 1. The object name, redshift, the Julian Date of 
observation, the total integration time, and the instrument 
used are listed in columns 1-5, respectively. 

The CCD data were reduced in the usual way with IRAF. 
Every CCD frame contained a 20 ms preflash which, along 
with the bias level, was subtracted from the data. Several 
quartz lamp exposures were taken for every grating setting 
to remove the CCD pixel-to-pixel variations. One to two 
iron-neon lamp and standard star exposures were taken per 
object per night to wavelength and flux calibrate the extract- 
ed spectra. All program objects, including standard stars, 
were observed along the same column on the CCD chip. This 
column ( + few pixels ) corresponds to the center of the chip 
where the slit illumination profile is relatively constant for 
—100 pixels on either side. Thus no sky flats were necessary 
to determine the slit illumination profile. The background 
was carefully fitted along either side of the object and sub- 
tracted off during the extraction of the data to one dimen- 
sion. 

A few of the observations were obtained with the Ohio 
State University Image-Dissector Scanner (IDS) (Byard et 

Table 1. Log of observations. 

QSO 

(i) 
z Julian Date 

(2) (3) 
Integration 
Times(s) 

(4) 
Instrument 

(5) 

0.142 

PG0052+251 

PG0157+001 

NAB0205 +024 

1E0357+107 

1E0514-005 

0833+446 

0.155 

0.182 

0.292 

0.255 

4553 7413 7778 7848 
7778 7847 
7788 7848 
4553 7783 7847 
7572 7848 
7560 7573 7849 
7534 7560 7572 7849 
7571 7572 7573 7848 7915 

1600 3600 5400 5400 
5400 5400 
5400 7200 
1600 5400 5400 
5400 7200 
5400 7200 7200 
3600 7200 5400 
7200 
5400 5400 7200 7200 7200 

IDS IDS CCDsp CCDsp 
CCDsp CCDsp 
CCDsp CCDsp 

IDS CCDsp CCDsp 
CCDsp CCDsp 
CCDsp CCDsp CCDsp 
CCDsp CCDsp CCDsp CCDsp 
CCDsp CCDsp CCDsp CCDsp CCDsp 
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al 1981) on the same telescope with 7 arcsec circular en- 
trance apertures and reduced as described by Peterson 
( 1987). These data are from the OSU IDS data archive, and 
were not part of the observing program outlined above. 
However, these data could be used to investigate variability 
on longer timescales, and one of the three IDS observations 
was taken (PG0026 -f 129: by the author) only 1 year prior 
to the first CCD observation of PG0026 + 129. These data 
are also listed in Table 1. 

3. THE RESULTS 

3.1 Measurements 

consistently measured between 4750 and 4950 À, just 
blue ward of the narrow line [O m] A 4959. This measure- 
ment includes the constant but very weak narrow-line H/7, 
Fe ii (m42) A 4924 and possibly other multiplets of Fe n 
( Joly 1988 ). Permitted Fe n is known to vary with the broad 
emission lines, but the optical multiplets may vary with a 
lower amplitude ( Wamsteker et al. 1990). If the nearby Fe n 
does vary with a lower amplitude, then this would again 
result in an underestimate of broad H/? variability. How- 
ever, the weakness of the Fe n in all of the spectra guarantees 
that A 4924 did not confuse the measurement of broad H/?. 
Missing from this measurement are the extreme red wings of 
H/7, containing very little ( ~ 7% ) of the total line flux. 

As discussed above all data for each QSO were scaled to 
the same flux in [O m] A 5007. In addition difference spectra 
were formed for each QSO dataset, and the residual was 
checked for any evidence of the [O m] lines. In all cases 
[Om] A 5007 is contaminated with Fen (m42) A 5018; 
however, the contamination is weak as these objects were 
selected against strong optical Fe n emission. In all cases the 
chosen flux scales resulted in minimum [O m] residual, de- 
monstrating that weak Fe n did not confuse the flux mea- 
surement of the [O in] A 5007 line (to the level of accuracy 
that we are looking for, namely, better than ~ 10%). One 
must keep in mind that we do not require the absolute flux of 
[O hi] , and in general the contamination of the broad Fe n 
would lead us to underestimate the broad emission-line vari- 
ability. We found that the relative scaling between spectra, 
based upon the constancy of the [O m] flux, was good to 
— 8% for 1E0357 + 107 and —4% for the remainder of the 
QSOs observed. That is, if the relative scale factor differed 
from that chosen by more than this amount, one could begin 
to detect residual [O m] emission. 

The estimated flux measurement errors are 9.8% for 
1E0357 — 007 and about 5.8% for the remainder of the ob- 
jects. The flux measurement errors for the IDS data were 
estimated to be 8%-10%. One may assess the significance of 
any variation in the broad emission line or continuum by 
comparing the flux differences with their estimated 1er mea- 
surement errors (here we assume that our flux measurement 
errors are Gaussian distributed), as well as by looking at 
Figs. 1-8 (see below) in which the “difference” spectra are 
plotted just below the “parent” spectra. From these differ- 
ence spectra one may judge the following: ( 1 ) how well the 
flux scales in the parent spectra were set by looking for resid- 
ual [O ill] emission, and (2) the extent to the variation in 
broad Wß compared to the nearby “continuum,” if any 
(note, however, that in the spectral region shown in Figs. 1- 
8, very few pixels, if any, are strictly emission-line free). It is 
the very significant ( > 3cr) flux variations that we are espe- 
cially interested in to confirm the short timescale broad line 
flux variability in HLAGN. This type of variation would 
also be required in future studies to determine the sizes of the 
BLRs in QSOs. However, we considered those flux varia- 
tions at better than the 2ít-level to be suggestive of true varia- 
tions and are thus included in the tables and discussion. Fin- 
ally, those variations below the 2a level are mentioned for 
completeness, but are given very little weight. 

To set and measure the continuum a straight line was 
drawn between about 4750 and 5100 À; these endpoints are 
relatively free of emission lines. So as to not introduce more 
noise and sources of error, the two narrow lines of [O hi] 
and the broad Fe n were not subtracted from the region near 
the red wing of H¿?. Instead, all broad H/7 line fluxes were 

3.2 Individual Results 

Of the eight QSOs observed, two showed evidence for 
broad emission-line variability (PG0026 + 129, 
1E0357 + 107) at the > 2a level, and one at better than the 
3<j level ( 1E0514 — 005). Two others (0833 + 446 and 
PG0052 + 251) varied marginally, with variations at the 
1.9(7 and 1.4cr levels, respectively. Not even continuum var- 
iations were observed in the other QSOs. Table 2 outlines, for 
those QSOs which varied at the 2a level or better, the (rest 
frame) broad emission line and continuum fluxes and equiv- 
alent widths. The time intervals between observations were 
binned into the two groups discussed earlier: 2-3 months 
and 9-12 months. In addition, multiple CCD observations 
and some IDS data allowed us to check for variability in a 
few objects on timescales of 2-4 weeks and 8-9 yr. The 
binned time interval between observations, the number of 
QSOs observed in the binned time interval, the number of 
pairs of observations per time interval, the number of pairs 
that showed broad line variability ( > 2a) during a given 
time interval, and which QSOs were observed to vary on that 
timescale are shown in columns 1-5 of Table 3, respectively. 
An observation pair has been defined to mean two consecu- 
tive observations. Figures 1-5 show examples of (rest 
frame) spectra of the nonvarying, or marginally varying 
( <2<t), QSOs and their differences, while Figs. 6-8 show 
the same for the three significantly varying ( > 2<r) QSOs. 
CCD observations that were compared with the IDS data 

Table 2. Rest frame continuum and H/? fluxes for the varying 
QSOs. 

QSO Julian Date F/ F(H/3)b WA(Â) 
(2440000+) (5000Â) 

(1) (2) (3) (4) (5) 
PG0026+129 4553 3.59±0.29 

7413 2.99+0.24 
7778 3.15+0.18 
7848 2.97+0.17 

1E0357+107 7572 1.23+0.12 
7848 1.75+0.17 

1E0514-005 7573 2.61+0.15 
7849 3.27+0.19 

a: in units of 10'15 ergs s'1 cm'2 A"1 

b: in unite of 10'13 ergs s'1 cm'2 

2.27+0.18 60.0 
2.00+0.16 64.8 
1.68+0.10 50.1 
1.93+0.11 63.0 

1.30+0.13 105.1 
1.64+0.16 90.6 

2.28+0.13 81.6 
2.82+0.16 79.6 

c: for continuum and line variations, respectively. 
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Table 3. The distribution of QSO observations and broad line variability. 

tßlN 

(1) 

Number of QSOs 
observed per bin 

(2) 

Number of Pairs of Number of Pairs Which QSOs 
Observations that Varied Varied 

(3)  (4) (5) 

2-4 weeks 2 3 0 - 

2-3 months 5 5 0-1 PG0026+129 

9 - 12 months 5 5 1-3 1E0514-005 
1E0357+107 
PG0026+129 

8 - 9 years 2 2 0 

Total Number of QSOs Observed: 8 

were smoothed to the IDS resolution in each case. Below we 
discuss the individual results for the observed QSOs. 

3.2.1 PG0052+251 

Figure 1 shows variations in the broad H/? flux at the 8% 
level and in the continuum at the 7% level over the time 
interval of Af = 69 days. The excess emission in JD 2447778 
near 4850 and 4876 Â (rest frame) are apparently not spur- 
ious, as they appear in every exposure for that night. The 
nearest night sky line lies 21 A blueward of the blue excess, 
and we do not believe them to be artifacts of the division by 
the flatfield. However, whether these represent a true profile 
variation and thus a change in the line flux is difficult to say. 
The broad emission line and continuum varied at the 1.4<7 
and Lier levels, respectively, and are thus taken to be mar- 
ginal detections of variability. 

3.2.2 PG0157+001 (=Mrk 1014) 

The continuum and broad line flux levels are the same in 
both observations, separated by 60 days, the only observa- 
tional pair for this QSO (see Fig. 2). Note in Fig. 2 the 
[Om] profiles have a fairly strong blue asymmetry. The 
“blue” feature is real as it appears in both spectra, and it is 

Wavelength (Â) 

Fig. 2. The same as Fig. 1 for PG0157 + 001 ( = Mrk 1014) (JD 
2447788 light, JD 2447848 heavy). Note the strongly blue asymmet- 
ric [O ill] lines. 

almost certainly [O m] since the blue asymmetry has the 
correct flux ratio of 3:1. Blue asymmetries in narrow lines 
are common in Seyfert and radio galaxies (Heckman et al. 
1981). Direct imaging (Heckman et al. 1984; MacKenty & 
Stockton 1984; Smith et al. 1986; Stockman & MacKenty 
1987) has shown a large (~90 kpc) extended spiral-like 
continuum emission region surrounding the nucleus, but lit- 
tle if any extended [ O m ]. In any case the ratio of the blue to 
the main component remained constant between the two 
spectra. We are therefore confident that the secondary 
(blue) component did not affect our ability to accurately 
place both observations on the same flux scale. 

3.2.3 NAB0205+024 

No continuum or broad emission line variations were de- 
tected between JD 2447783 and JD 2447847 (see Fig. 3). 
Another observation made with the IDS taken — 9 yr prior is 
identical to the above two spectra. 

Fig. 1. The two observations of H/? PG0052 + 251 (JD 2447778 
light, JD 2447848 heavy) and their difference (lower heavy = JD 
2447848-JD 2447778). All difference spectra in the figures that 
follow are the later date minus the earlier. 

Fig. 3. The same as Fig. 1 for NAB0205 + 024 ( JD 2447783 light, 
JD2447847 heavy). 
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Wavelength (Â) 

Fig. 4. The same as Fig. 1 for 0833 + 446 ( = US 1329) (mean of JD 
2447572,7560,7534 light, JD 2447849 heavy). 

3.2.4 0833 + 446 (= US1329) 

Observations separated by 26 days ( JD 2447534 and JD 
2447560) and 12 days (2447560 and 2447572) show no vari- 
ation and are all identical. A mean of these three spectra was 
then compared to one taken 277 days later (JD 2447849). 
Figure 4 shows a — 11 % change in the broad H/7 flux and 
+ 11.6% change in the continuum over the latter period. 

These are 1.9a and l.Scr variations, respectively, and thus 
were considered to be marginal. 

3.2.5 PG0906+484 

Those observations of this QSO taken on JD 2447571, 
2447572, and 2447573 were averaged and compared to that 
taken on JD 2447848 (Ai = 275 days), and the latter was 
then compared to 2447915 ( A¿ = 67 days). No variations in 
continuum or broad emission line fluxes were detectable in 
either case (see Fig. 5). 

3.2.6 PG0026+129 

Significant variations in both the broad emission line and 
the continuum on short timescales have, apparently, been 

Wavelength (Â) 

Fig. 5. The same as Fig. 1 for PG0906 + 484 (mean of JD 
2447573,7572,7571 light, JD 2447848 heavy). 

45 

observed before for this object: 10 months (Zheng et al. 
1987) and 12 months, based on broad H/?/[0 m] flux ratio 
comparisons between data from Peterson et al. ( 1981 ) and 
Shuder ( 1984). Table 2 and Fig. 6 show that the broad H/7 
flux decreased ( — 16%) between JD 2447413 and JD 
2447778 (365 days) and then returned ( -(- 15%) to the JD 
2447413 level by JD 2447848 (70 days). These variations 
occurred at the 2-2.3<r level. The night sky line of [O i] 
X 5577 falls on the red side of the core of H/7 (near 4872 Á). 
However, Fig. 6 shows that most of the variation occurred, 
or at least most of the residual flux lies, blueward of where 
the sky line falls. It is clear that the residual broad emission 
flux in Fig. 6 is not due to imperfect removal of this night sky 
line in any of the spectra. The continuum was essentially at 
the same level during all three observations. If the broad 
emission-line variation is real, then the continuum must 
have changed twice (decrease and then increase) sometime 
in the past, perhaps between JD 2447413 and JD 2447778. 
These short timescale variations are important if they are 
indeed real; a 70 day variation of the broad emission-line flux 
would be one of the shortest ever measured for this luminosi- 
ty class. A 2.1(j continuum change ( — 17%) and a 1.5cr 
broad emission-line flux change ( — 13%) also occurred 
over the long time interval between JD 2444553 and JD 
2447413, the latter deemed a marginal detection of variabil- 
ity. 

3.2.71E0357+107 

This QSO has not been observed to the extent of 
PG0026 + 129. There have been no previous reports of con- 
tinuum or broad emission-line flux variations in this object. 
However, we have detected a very significant (3.1 <7 level) 
change in the continuum at 5000 A ( + 44%) and a 2.1(7 
level change in the broad Hß flux ( + 26% ) between JD 
2447572 and JD 2447848 (276 days) (Refer to Table 2 and 
Fig. 7). No night sky lines of any significance fall anywhere 
near the Hß region. 

3.2.8 1E0514-005 

There are no previous reports of broad emission-line vari- 
ability in this QSO. The first two observations, JD 2447560 
and JD 2447573 (Ai = 13 days) were identical, and aver- 
aged together. However, Table 2 and Fig. 8 show that this 

Fig. 6. The observational pair of PG0026 + 1219 (JD 2447778 
light, JD2447848 heavy) and their difference. 
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4700 4800 4900 5000 5100 5200 5300 
Wavelength (Â) 

Fig. 7. The two observations of 1E0357 + 107 ( JD 2447572 light, 
JD 2447573 heavy) and their difference. 

QSO underwent very significant broad Hß and continuum 
variations ( + 24% and + 25%, respectively) between a 
276 day period ( JD 2447573 and JD 2447849). The changes 
in the broad emission line and continuum are 3.4<j and 3.5(7 
variations, respectively. The night sky lines of [O i] 
ÀÀ 6300,6363 fall near 4876 and 4925 A, respectively. How- 
ever, there is no indication of over- or undersubtraction of 
these lines in any of the spectra, and indeed the bulk of the 
residual flux lies blueward of these positions, and is as broad 
as either of the parent broad Hß profiles. He n À 4686 and/or 
the Bowen fluorescence line N m À 4640 and probably broad 
Fe ii apparently also increased in flux over the time interval. 
In this instance, we have no doubt that variations occurred 
in both the continuum and the broad emission lines; Fig. 8 is 
especially convincing. 

4. DISCUSSION AND SUMMARY 

Even with a smaller sample and lower temporal coverage 
than originally planned, it is significant that this variability 
study found definite short timescale ( < 1 yr) broad emis- 
sion-line variations in at least one and possibly three radio- 
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quiet QSOs. We believe that this confirms that the broad 
emission lines of the higher luminosity AGN do vary and on 
relatively short timescales. Column 6 of Table 4 lists the 
estimated characteristic sizes of the BLRs of the HL AGN in 
this study, assuming the “standard model.” The characteris- 
tic timescale for broad emission-line variability is thus ex- 
pected to be ~7?blr A* (note, however, that accurate predic- 
tions need to be carried out with a photoionization model for 
a specific AGN). In the case of 1E0514 — 005, this is over a 
factor of 7 larger than the observed timescale (after taking 
into account ä factor of 1 + z). This is similar to the situation 
with the better-studied lower-luminosity Seyfert 1 galaxies 
(see, for example, Peterson 1988). We note here that al- 
though the amplitude for broad emission line variability was 
measured to be rather small ( —16%-24% ), we believe that 
the whole BLR was responding, as the amplitudes for con- 
tinuum variability were comparable to those of the emission 
lines. This argument assumes that the continuum-emission 
line process is not highly nonlinear. 

Short timescale variability is certainly not rampant among 
the radio-quiet QSOs as only one > 3a broad emission-line 
change is detected. The sample of 6 OVVQs observed by 
Perez et al ( 1989) appear to be more variable than the ra- 
dio-quiet QSOs selected here, for example. However, they 
suggest that an ionizing continuum beamed near our line of 
sight could account for the short timescale broad emission- 
line variability observed in some radio-loud QSOs and per- 
haps all AGN. Although there is no evidence for beamed 
continua in the BLRs of radio-quiet QSOs, such as those 
selected in our study, this possibility must be considered. 
Comparisons of broad emission-line variability in larger 
samples of OVVQs, “normal” steep and flat spectrum radio- 
loud QSOs, and radio-quiet QSOs of comparable luminosi- 
ties might indicate to what extent the ionizing continuum 
incident upon the BLR gas is beamed in high luminosity 
AGN. 

Further studies are needed to better establish what tempo- 
ral sampling would be sufficient in future monitoring pro- 
grams to determine the transfer functions of the BLRs (see 
Blandford & McKee 1982) in the high-luminosity AGN 
(variability studies of Seyfert galaxies are leading to the deri- 
vation of the transfer functions in some of these objects; see 
Maozeia/. 1991; Krolik eia/. 1991; Horne a/. 1991). 

Fig. 8. The observational pair of 1E0514 —005 (mean of JD 
2447573,7560 light, JD 2447849 heavy) and their difference. 

Table 4. Expected characteristic sizes of the BLRS from the standard 
model. 

QSO mv Av* -Mv
b log Q(H)C RBLR(light-days)d 

JO (2) (3) (4) (5) (6) 

890 
790 
890 

1000 
700 

1580 
1580 

560 
*: Galactic extinction in magnitudes (Burstein and Heiles 1982) 
b: Veron-Cetty, M.-P. and Veron, P. (1989); including Av when applicable 
c: Assuming the "mean" AGN continuum of Mathews and Ferland (1987) 
d: Assumptions: ionization parameter, U = 0.02 

hydrogen density, log nH = 9.5 cm'3 

PG0026+129 14.78 
PG0052+251 15.42 
PG0157+001 15.69 
NAB0205+024 15.40 
1E0357+107 16.78 
1E0514-005 16.18 
0833+446 15.60 
PG0906+484 16.06 

24.2 56.1 
23.9 56.0 
24.2 56.1 
24.4 56.2 

0.29 23.4 55.9 
0.38 25.5 56.6 
0.10 25.4 56.6 

23.1 55.7 
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