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I. INTRODUCTION 
From optical datd for QSO's with very different redshifts, 

Baldwin (1977) constructed a composite emission-line spectrum 
covering the range XX1000 - 7000. He concluded that the hydro
gen line intensity ratio I (La)/I (HI?) is between 3 and 6, or about 
an order of magnitude less than the value expected for the case 
of a pure recombination spectrum with optically thick Lyman 
lines (viz., case B). This prediction or its equivalent, 
I (La)/I (Ha) - 1, subsequently has been confirmed with spectrally 
extended observations of four QSO's. Type 1 Scyferts and N -
galaxies now are known to exhibit anomalously low Lyman/Balmer 
line intensity ratios too (cf. Davidsen, 1979). The published 
ratios for QSO's and active galactic nuclei (AGN) having broad 
emission lines are given in Table 1, together with other relevant 
spectral properties. Also listed are mean values for QSO's 
and AGN, as determined from a much larger sample of objects in 
each class. 

The different entries in this table collectively suggest 
that there is nothing atypical about the specific objects for 
which Lyman/Balmer line ratios have so far been determined 
(see also Canizares, McClintock, and Ricker, 1978), and that 
these observed quantities are quite similar for QSO's and 
AGN with broad-emission-line regions (BLR). Of particular 
interest are the large luminosities L in the kilovolt X-ray 
region; recent satellite observations reveal that such large 
X-ray fluxes are commonplace (Tananbaum et al., 19 79; Elvis 
et al., 1978). We have investigated the influence of the 
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X-radiation on the thermal ar d ionization structure of the BLR. 
A preliminary report was given by Shields (1979). In this paper 
we describe detailed numerical calculations which show that 
standard photoionization models, when extended to include 
kilovolt X-rays, yield hydrogen emission spectra that are in 
harmony with the data. In Section II wo summarize the relevant 
atomic processes; in Section III we present numerical results; 
and in Section IV we discuss our calculations vis-a-vis other 
recent work on this subject. 

II. INTERACTION OF X-RADIATION WITH BLR GAS 

A. Parameters of the problem 
A thorough discussion of many properties deduced for line-

emitting regions in QSO's and AGN has been given by Davidson 
and Netzer (1979). Briefly, it is believed that the widths of 
broad lines are due to large dispersions in velocity 
(fiv/c ?- 10 ) among numerous clouds that have a sti.all covering 
factor, (fi

BLR/4ir) ~ 0.1, as viewed from the central object. 
The absence of broad forbidden lines and the presence of a broad 
CIII intercombination line together imply a high gas density 
within each cloud, 10 < N(cm ) « 10 . Instances of detected 
absorption of X-rays with energies h\> * few keV indicate that 
the total column of material in a BLR cloud is N = J N d£ ~ 

lC' cm" , from which it follows that the cloud thickness 
13 

t - 10 cm. Optical observations of high redshift QSO's reveal 
power-law photon fluxes near the Lyman continuum limit 
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*v ~ VH^' fv ~ v a U V with uv spectral indices in the range 
0.5 « a u v < l.s. 

When those parameters are used in photoionization models 
of QSO's and AGN (e.g., Shields, 1976; Davidson, 1977; Shuder 
and MacAlpine, 1979), it is found that at the surfaces of BLR 
clouds the ionizing flvx needs to be 

f20vH ? 2 
*uv V v (f vAv) dv = 10 * Kc (photons/cm^ s) (1) H 

in order for the models to reproduce important ultraviolet 
spectral features. 

The X-ray fluxes of QSO's and AGN also exhibit power-law 
behavior, with spectral indices a ~ 1/2 (cf. Stark, Burnell, 
and Culhane, 1978; Mushotzky et al. , 1980; Tananbaum et_aJL., 
1979). However, the magnitudes of the X-ray fluxes are less 
than values obtained by straightforward extrapolation of the 
ultraviolet fluxes, and to a good approximation the number flux 
of X-ray photons is given in terms of the luminosity ratio 
Lxr / Lopt ( c f " T a b l e X ) a s 

f{5 k e V ) 

**r " J ( 0 . 5 k e V ) C V h V ) ^ S °'°2 *uv I Lx 1A,pt 1- ( 2 ) 

(The integration range has been chosen to nearly coincide with 
the range of the IPC detector aboard the Einstein satellite.) 

In order to estimate various quantities discussed in the 
remainder of this section, we shall adopt the numerical values 
N = 3 x 109cirf3 and L x r/L Q ,t = 1/2. These numbers yield 



$ = lo 1 8cm~ 2 s" 1 and 0 =« 10'6 c m - 2 s - 1 , and fix the typical 
distance of a BLR cloud from its continuum source at d » 
2(LOpt/l046erg ^ V ^ p c . 

B. Hydrogen ionization equilibrium 
In a BLR cloud, the depth Jtuy to which ultraviolet photons 

can keep hydrogen mostly ionized is given by the familiar 
photon counting estimate, 

*uv s *m/ N\ ~ " n - 5 c n , (3) 

where B„ * 10 cm s is the effective rate coefficient 
4 

for hydrogen recombination at a temperature T - 10 K. 
For a gas with normal cosmic abundances, the mean X-ray 

ionization cross section per H atom is Ccf., Brown and Gould, 
1970) 

<o > xr = [Xr Cfv/hv)a(v) ^ \ U x r = 10' 2 l" 5cra 2, (4) 

Kilovolt X-rays penetrate a BLR cloud to a depth 

9'xr = [ N 0 ^ ] " 1 ~ I0 1 2(hv/1 keV) 3cm, (5) 

and then deposit the i r energy in i t s predominantly neutral 

in te r io r . Almost a l l of the photoabsorptions represented in 

Eq. (4) are K- or L-shell ionizations of heavy elements and, on 

average, each ionization yields an addit ional 1.3 electrons 
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due to Auger processes (Weisheit, 1974). In a partially ionized 
gas, the metal ions are neutralized predominantly by charge-
exchange collisions with H atoms, since these reactions pro
ceed faster than radiative "(or dielectronic) recombination 
when 10 ? T(K) < 10 4 (see, for instance, Butler, Bender, and 
Dalgarno, 1979; Watson and Christensen, 1979; McCarroll and 
Valiron, 1976). Therefore, it follows that the effective 
hydrogen X-ray ionization probability per unit time is 

TH(xr) = 2.3 < o x r > * x r = 10" 5' 1 s" 1 • (6) 

An additional number ¥ of secondary hydrogen ionizations 
are caused by the fast Auger and photo-electrons, which initially 
have a total energy E almost as large as that of the absorbed 
X-ray. The thermalization of energetic electrons in a partially 
ionized hydrogen gas has been studied by several authors ' 
(e.g., Spitzer and Scott, 1969; Habing and Goldsmith, 1971; 
Bergeron and Collin-Souffrin, 1973; Shull, 1979). The tabulated 
results of Bergeron and Collin-Souffrin can be fitted adequate
ly for our purposes by the expression 

_J 0.40, 
~ |0.40 - 0.087 (E Q/hv H) ¥(x,E 0) = lfi(x) - S 0 ; 4 0 ' _ o.087 £n(100 x) , x > o!oi. 

(7) 

where x = N /N is the fractional ionization of the gas. This e 
formula yields, for secondary-electron ionization of hydrogen, 

the probability per unit time 
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rH(e~) = 50 < a x r > <(>xriMx), (8) 

due to X-rays in the range 0 . 5 - 5 keV. 
Upon collecting results, wc ".nd that the characteristic 

ionization fraction of hydrogen in the X-ray absorbing region 
is given approximately by the equation 

x 2 [2.3+ SOKXxyi < o x r > » x r ( g ) 

1 - x NB H 

whose solution for our specific set of parameters is 
x s 0.2 . We expect heavier elements tc be predominantly in 
the forms He 0, C +, 0°, Mg +, Fe , etc., subject to present 
uncertainties in various charge transfer rate coefficients. 

C. Thermal equilibrium 
According to Bergeron and Collin-Souffrin (1973), the 

heating efficiency of fast electrons in a hydrogen gas is 

? h = 1 - 2iJ>(x). (10) 

* The true fractional ionization in BLR clouds is somewhat 
higher than the value given by Eq. (9) because very large La 
optical depths maintain a significant number of H atoms in the 
n = 2 state, which is susceptible to ionization by the large 
flux of continuum photons with energies hv > h\)„/4 (cf., Kwan 
and Krolik, 1979). We discuss this point in Sec. IV. 
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(This result can by derived frons first princiijles if one uses 
the Bethe approximation to estiitate the excitation and ioniza
tion cross sections.) In addition, much of the energy lost in 
inelastic e - H collisions leads to the production of La 
photons, and the energy of some of these is converted to heat 
via collisional deactivation of excited, n = 2, II atoms. 
Thus, for example, in a weakly ionized gas (x - 0.1) about 
1/3 of the energy of absorbed X-rays is used to excite and ionize 
the gas, and about 2/3 is used to balance energy lost from the 
cloud in line and continuum radiation. 

Simple estimates show that the cooling predominantly is 
due to La and to Balmer line radiation collisionally excited 
from the n = 2 level. There also are important contributions 
from the thermal excitation of allowed Fe and Mg lines, 
but, of course, fine-structure and optical forbidden line 
radiations are collisionally suppressed in this high electron 
density environment. Because excitation potentials of several 
ev are involved, the temperature is regulated at a value near 
10 K. These qualitative statements are borne out by computer 
calculations described in Sec. III. 

D. Hydrogen line intensities 
Numerous authors, including Krolik and McKee (1978), 

Ferland and Netzer (1979), Kwan and Krolik (1979), and Canfield 
and Puetter (1980), have investigated hydrogen line emission 
from BLR clouds. Here, we give only a summary of the processes 
included in our numerical calculations. 
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We employed depth-dependent escape probabilities to deter
mine the effects of very large Lyman-line optical depths on in
tegrated BLR emission spectra. Let P n m be the probability that 
a photon arising in the atomic transition n -»• m eventually is 
emitted from the cloud after a mean number of scatterings 
<s>. If q is the likelihood, per scattering event, that the nm 
radiative transition n + m does not occur, we have 

Pnm= < 1-<W < S >-* e xP<-'WV>' ( 1 1 ) 

with the exponential form being correct in the limits 
(<s> >> 1, q << 1). For large optical depths T at line 
center, it has been shown (cf., Ferland nnd Netzer, 1979r 
OtsuKa, 1979) that the mean number of scatterings of Lyman line 
photons is 

1.11T 1' 1 0 7 

<s> = 2 _ T (12) 
1 + [U°g 1 0T o)/5.5r 

1/2 whereas for all other (much less thick) lines <s> ~ T ' . 
In the context of the escape probability formalism, the 

occurrence of a large La optical depth T ?, does not result in the 
formation of any "new" atoms in the level n = 2; hence the 
La emission coefficient Is just 

4 T J 2 I ( T 2 1 ) = 4itj21 (0) P 2 1 ( T 2 1 ) . (13) 
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On the other hand, when T 2 1 » 1 the levels n > 3 are efficiently 
pumped by electron impact excitations of atoms in the n = 2 
level, at the rate N^ N e k 2 n, in addition to the population 
mechanisms that operate at low optical depths- Thus, for 
example, the Hot line emission coefficient is 

4*j 3 2(t 2 1) - 4 l r j 3 2 (0) 1 + • M e g f " » 1 K 1 3 ] P 3 2 (T32> ' ( L 4 ) 

where N_B3 is the effective radiative recombination rate for the 
production of Ha. (Note that the branching ratio for Ha/La 
does not appear in the denominator of this equation because we 
are relating j 3 2 {T_-) to the case B limit of the Ha line inten
sity, including collisions from ground-state H atoms.) 

Emission lines' strengths can be determined from equations 
such as (13) and (14) as a function of the local La optical 
depth, once the n = 2 population is known. The quotient 

Ja,b<T21> =7o V T > diJo V T ) d* ( 1 5 ) 

then gives the emergent line strength ratio. 

III. MODEL CALCULATIONS 

After being modified to include processes described in 
action II, the computer code NEBULA (cf., Tarter and Salpeter, 
iSS; McXee and Tarter, 19 75) was used to calculate the radiation 
\':\A, ionic eauilibria, and temperature within a BLR cloud. 
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These quantities wore determined at each point, and then the local 
excited-state density N- was found by solving statistical 
equilibrium equations involving levels n = 1, 2, and 3, plus 
the continuum. The cloud was modeled as a static, homogeneous, 

23 2 
plane-parallel slab of total column density N£ = 10 atoms/cm .. 
irradiated on one side by photons from a distant source. Gas 
outside the cloud was assumed to be optically thin to this radiation, 
which was represented by a single or a multiple power-law spectrum. 
Specific parameters for different computer runs are listed in Table 2 
For comparison, we include a Run S, which is our standard photo-
ionization model. 

For Run A, the temperature, fractional ionization, and column 
density are plotted versus La optical depth in Pig. 1. The 
flat portion of the (Nil) - vs - T_. curve identifies the HII/HI 
transition region at I = t [cf., Eq. (3)]. Because the be
havior of these graphed quantities is similar in all five 
X-ray models, we conclude that the internal structure of BLR 
clouds is not sensitive to restricted variations of the metals' 
concentration, the incident photon spectrum, or the gas density. 
In particular, lowering the abundances of heavy elements (which 
are the main source of X-ray opacity) increases the depth to 
which gas stilv can be significantly heated and ionized by 
X-rays, but it has the overall effect of just stretching out 
tiie £ > i, portions of the curves drawn in Fig. 1. 

In Fig. 2, we reproduce the radiation continuum at 
three depths in the multiple-power-law model, Run B; 
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th e (Nfc) - values in 2 1, IB 2 2, and 10 2 3 cm"2 correspond to Lyman 
continuum optical depths of 3, 10 , and 10 5. The absorption 
of successively higher energy X-rays maintains the extensive 
zone of warm, partially ionized gas that is evident i ; Hi,..'1. 

Although there is much similarity in the generel structure 
of BLR clouds with different model parameters, among the Runs 
A- E there are important differences in relative line strengths. 
This is clear from an examination of Table 3. A representa
tive 0S0 emission spectrum compares best with Run E, which has 
a larger value of the ionization parameter $ /N than the other 
models. In each run, though, x-ray heating and ionization decreased 
the La/Ha ratio from the standard run's value of 50, by a factor 
ranging from 10 to 35. Further, in all runs with solar abundances, 
the strength of Mgll relative to La is increased by about a factor 
of three over the value computed for Run S. 

Some details from Runs A and E are also worth noting. 
The data in Table 4 show that the asymptotic value of the inte
grated La/Ho line strength ratio J,. ,. is reached at much smaller 
optical depths in the lower density BLR cloud. This happens 
because, at a given depth I, the fractional ionization is higher 
in the lower density case, and proportionally more Ha excitations 
occur. The tabulated ratios J21 f^l^^l'°^ a n d ^32^21^ 
j 3 2(0), which measure the local change in the production rates of 
Lyman a and Balmer a radiation, indicate that '.he,.-low La/Ha 
ratios are caused almost entirely by enchanrad Ha emission. 
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IV. A DISCUSSION OF BLR SPECTRA 

A. Dust, and selective destruction of Lyman line radiation 
One scheme fo.' reproducing measured hydrogen line ratios 

within the context of standard, ultraviolet photoionization 
models involves the selective destruction of La photons by dust 
along the line of sight to the BLR, or within BLR clouds them
selves (Netzer and DaviCson, 1979; Ferland and Netzer, 1979). 
However, there now are several observations and arguments which 
indicate that dust has only a small effect on line ratios and 
that few La photons are destroyed. Baldwin and Netzer (1978) 
analyzed the (Hell \ 1640)/La intensity ratio in 13 high red-
shift QSO's, and concluded that La emission is suppressed by no 
more than a factor of two in the BLR clouds of any of these 
objects. Our calculations, shown in Table 3, agree with this 
conclusion. Furthermore, the conclusion of Baldwin and Netzer 
is in accord with the fact that the observed ratio of La photons 
to Lyman continuum photons is approximately equal to the 
estimated covering factor for BLR clouds (cf., Puetter et al., 
1979). Yet another relevant point is that measured Balmer 
decrements do not correlate with optical spectral indices 
& u v in the manner expected if reddening within the clouds is 
the cause of the observed steepening (Neugebauer et al., 1979). 
Altogether., these statements strongly argue that selective 
destruction of uv line radiation occurs outside the BLR, if 
at all. 
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Howfvcr, the idea ot r.t.ronq external roddvning is at 
mldfi with the work of McKco and Petrosian (1974), who found 
1h.it outside our (lalaxy the lines of sight to QSO's are essen
tially dur.t-free, and with the followii g observations. The 
infrared mnjisuroment of tho Paschen a line in 3C 273 (Grasdalon, 
1976), in conjunction with T/t ;md lid data, rules out any signi
ficant nxtinction of uv radiation from that QSO. An analogous, 
but less definite, result was also obtained for the QSO PG 
0026 4 129 (Puetter et al., 1978; Baldwin et. _al., 1978). 
Moreover, IUE observations of tho spectrum of 3C 390.3 (Fori and 
et a^., 1979) reveal that the ratio of strengths of the narrow-
line components of La and Ha is that expected from recombination 
theory, and that only the much stronger broad-line components 
have an anomalously low La/Hu ratio. (This measurement is most 
informative and , if possible, it should be repeated for other 
objects with known Lyman/Balmer ratios.) 

P. X-Rays, and selective enhancement of Balmer line radiation 
If few Lyman line photons are destroyed, then Balmer line 

emission from the BLR clouds must be greatly enhanced in order 
to explain the low La/Ha ratios. This alternative, favored by 
Baldwin (1977) in his original discussion of the problem, also 
is suggested by the inability of standard recombination theory— 
given the observed number of ionizing photons—to account for the 
observed Balmer line strengths (Baldwin et al., 1978). The 
roost plausible source of enhanced Balmer emission is electron 
impact excitation of H atoms kept in the n = 2 level by huge 

http://1h.it
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!,;> optical depths (cf., Xroiik and McKee, 1978). This scheme 
requires a modest ionization fraction deep within the BLR 
clouds (where T,, > 10 6), a situation that is not possible 
in uv ionization models (see, e.g., London, 1979). Recently, 
though, Canfield and Puetter (1980) argued that low Lyman/ 
Balmer line ratios could be achieved if the radiation transfer 
in the very thick La line were properly treated in these models. 
Although their comments regarding La transfer are valid, the model 
they propose is highly ionized throughout, and this condition is 
inconsistent with the observations of broad Mgll and Fell linos 
in QSO and Seyfert spectra (cf., Phillips, 1978; Grandi and 
Phillips, 1978; Netzer, 1980). In any event, our use of depth-
dependent escape probabilities, including partial redistribution 
for La (Eq. Ill)], obviates most of their criticism of earlier 
work. 

An important clue as to the importance of X-rays in the 
enhancement of Balmer line radiation was provided by Elvis 
et al. , (1978), who noticed that the soft X-ray luminosities of 
Seyfert 1 galaxies correlate with their Ha luminosities, but 
not with their luminosities in the recombination line Hell X;4686 
or in the forbidden lines of 0 III. Unfortunately, at least 
for QSO's,there is no strong correlation between La luminosity 
and total optical luminosity (cf., Richstone and Schmidt, 1980). 
Thus, if QSO's and AGN are similar in regard to both of these 
relationships, one would not expect to find a correlation between 
the line intensity ratio La/Ha and the luminosity ratio L ./L 

O p t X3T 
This is true for the data compiled in Table I. 
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Indopondently of our work, Kwan and Krolik (1979) performed 
calculations that included absorption of X-rays by BLR clouds. 
They Hem strated that, at large La optical depths, ionization 
of excit i-state H atoms by the optical continuum keeps the 
fractional ionization above 15 percent for column densities 

2 1 . 6 - 2 
N E, < 10 'cm ; concurrently, Balmer line radiation is efficient
ly pumped by thermal (T ~ 10 K)electron impact excitations from 
the n - 2 level. However, in their model they incorrectly 
assumed that all the absorbed X-ray energy directly heats 
electrons in the gas. Our calculations--which include ionizations 
by nonthermal electrons as well as '(-ray heating, but not the 
excited-state ionizations — therefore are complementary to theirs. 
A detailed computation incorporating all these effects would allow 
more accurate predictions, but would be very difficult to accommodate 
in the NEBULA code. Therefore, we estimated the relative importance 
of these different ionization schemes by computing the ratio of 
ionization rates. 

N_r_ (optical photons) 3 6 N̂ cj 
E(T,.) = z " * — — = 10 J'° j^jH2L. (16) 

x K1?1 (nonthermal e~) "l^xr 

The E ( T 2 1 ) curves for our Runs A and E are plotted in Fig. 3. 

Since the ionization fraction is small when e is large, it 
17 2 follows from Eq. (9) that x(e) = X Q ( 1 + e) ' , where x(e) and X Q 

are the ionization fractions computed with and without the contri
bution of excited-state photoionizations. From Fig. 3, we see that 
only within a restricted range of column density is x(e) signifi
cantly greater than x Q. 
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Thus, it is evident that neither ionization mechanism dominates 
at all depths in a BLR cloud, and that the Nil-values for which 
E > 1 depend upon specific model parameters. This result may help 
explain the uniformity of observed Lyman/Balmer line ratios, since 
conditions in individual BLR clouds undoubtedly vary, and our com
puted models and that of Kwan and Krolik yield hydrogen line strengths 
that are about the same. 

c• Other Spectral Features 
In addition to the lines that we have discus.;ed, QSOs and Sy 1 

galaxies typically show broad, permitted emission lines of He II, 
He I, 0 I, and Fe II. Netzer (1980) has argued that the Fe II lines 
result from collisional excitation in a partially ionized zone similar 
to the X-ray absorbing zone in our models. Our models give an 
acceptable intensity for Mg II A2799 and, within the uncertainties 
in the relevant photoionization and charge transfer parameters, it 
seems likely from Netzer's discussion that acceptable Fe II inten
sities will also result. Our column densities are large enough 
to produce self absorption in the optical Fe II lines, as required 
by Phillips (1978) to give the observed relative line strengths. 
Our success in explaining the Mg II intensity may remove the need 
to truncate the BLR clouds, which Blumenthal and Mathews (1979) 
argued was necessary to avoid excessive Mg II emission. In fact, 
any explanation of the La/Ha ratio in terms of enhanced Balmer 
emission has the consequence of reducing the expected Mg II/HB 
ratio, so that greater Mgll lunimosities can be tolerated. 
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Qbservcd Hell intensities also support the idea of enhanced 
Ralmer line radiation. For recombination line emission only, 
photoionization by a power law continuum leads to the rather 
model independent prediction I (X4686) /I (H|3) = 0.3, whereas 
lower values are often observed. For example, this ratio is <0.02 
in 3C273 (Baldwin 1975). Since the presence of optically thin 
gas Lends to increase this ratio, the low observed values offer 
strong support for the idea of substantial Balmer line enhance
ment. 

It is more difficult to determine the effects of X-ray heating 
and ionization on Hel emission. HeI(X5376) is often quite strong 
in QSO's and AGN (MacAlpine 1976, Netzer 1973), but the combined 
scattering and collisional excitation mechanisms proposed by 
these authors would not be important in our warm, neutral region. 

3 
However, excitation of the metastable 2 S helium state by non
thermal electrons (resulting from X-ray absorption) may be quite 
effective, and this could lead to the same kind of enhancement of 
X5876 as suggested by MacAlpine and by Netzer. 

The 0I(X8446) line, which appears in BLR spectra with an intensity 
several hundredths that of Ha (Grandi, 1980), is thought to be pro
duced by fluorescent conversion of LB photons arising in regions 
with large Ha optical depths T 3 2 (Shields, 1974). For a solar 
abundance of oxygen, Netzer and Penston (1976) derived the 
expression 

I(X8446)]/I(Ho) = l O " 4 - 6 < s 3 2
> - < 1 7) 
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where <s,->is the mean number of Ha scatterings. Heretofore, in 
discussions of this problem, a Doppler profile has been assumed 
for the Ha line shape, with the consequence that <s 32> ~ T 3 2

 t / A n T32' 
However, it is necessary to take into account the damping wings 
of the line, and for the \bigt profile (Athay, 1972) 

<s 3 2> = 1/2 n 3 / 4 fCtfa , (18) 

a being the usual Voigt parameter. 
For a Donpler half-width of 20 km/s (cf. Netaer, 1980) and 

natural damping, a = 0.0024. We estimated the Ho optical depth 
front Bqn, (16) by assuming that E = 1/2 inside the X-ray heated 
zone. Thus, 

T32 N
2
f23 vl2 _ f

N 2 , _ , -3.0 A r ^ ( 1 Q . 
•21 "1^12"23 "1 rviv 

where the £'s are osci l la tor strengths. Upon collecting r e su l t s 
we obtain 

iq8446) m-4.7 , r T-r f n n . 
I (Ha) = 1 0 /T21*xr/*uv ' ( 2 0> 

The large La optical depths computed in our BLR models, 
8 9 

10 _< Tg, ± 10 , together with measured ultraviolet and X-ray 
fluxes, yield 0.03 < I (A8446)/I (Ha) <_ 0.1, in accord with the 
observations. 

file:///bigt
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Table 1. Measured Spectral Properties of QSO's and AGN 

Object I (La) 
I (Ha) 

I (La) 

rim 
I (Ha) 
I(HS) 

5 .5* 3 . 1 a , 6 b 

,- 6 f 

6 1 4 . 0 ° 

• t h - .< 1 0 j 4 . 4 k 

4 . 8 1 5 . 1 1 

4 . 8 n 6 . 1 " 

2 . 2 1 4 . 6 1 

4 . 4 b 3 . 6 m 

_ - 4 . 2 m 

log W ' 3 " 0.6̂ 1.̂ (0.5-5 1 ^ 
erg/s =11 Lopt ( 0- 3 " ° ,6w0l 

3C 273 1.8° 
PKS 0237 - 23 1.7e 

B2 1225 + 317 a.Bf,0.34g 

PG 0026 + 129 
<QS0> (3 

3C 120 
3C 390.3 
Mrk 79 
NGC 4151 

<AGN> 

0.8" 

References to Table 1. 
(a) Boggess et al., (1979) 

(b) Boksengerg et al., (1978) 

(c) Neugebauer et al., (1979) 

(d) Tananbaum et al., (1979) 

<e) Hylartd et al., (1978) 

4G.5 

47. l c 

47.7 h 

45.2 C 

44.5™ 

44.9" 

44.3™ 

43.1" 

1.1" 

0.1 d 

0.3 d 

0.8 d 

0.8» 

0.8 m 

Q.lm 

0.5 m 

0.3 P 

(f) Soifer et al., (1979) 

(g) Puetter et al. , (1979) 

(h) Baldwin (1977) 

(i) Puetter et al., (1978), 

Baldwin et al., (1978) 

(j) Richstone and Schmidt (1980) (p) Ku (1979 

(k) Shuder and MacAlpine (19791 

(1) Oke and Zimmerman (1979) 

(m) Elvis et al., (1978) 

(n) Ferland et al., (1979) 
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Table 2 Parameters for BLR Model Calculations 

Quantity S A 
Computer 

B 
Run 

C 

18 

D 

17 

E 
l08t* u v(cm" 28' • l > ] 18 18 18 

Run 
C 

18 

D 

17 18 

log[N(cnf3)] 10 10 10 10 9 9 

d 0( Pc) 2/3 2/3 2/3 2/3 2 2/3 

metals abundance* solar solar solar 1 
ro" 

solar solar solar 

t spectrum 1PL 1PL MPL 1PL 1PL 1PL 

Txr' Yuv 0 0.026 0.06 3.026 0.026 0.026 

*solar abundances from Withbroe (1971). 
4. 

1PL denotes a single power-law flux, o = a = 1. MPL denote-; 
a(v <_ 50v„) - 3/2, a(50vH < v < 1000v„) - 1/2, a(v > 1000v„) = 1. 
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Table 3 Total, Integrated BLR Line Strengths Relative to 
La - 100. 

Line S* A B 
Computer 

C 
Run 

D E <QS0>+ 

HI(A6563) 2 55 33 36 20 69 77 

HeII(X1640) 3 4 4 3 3 6 5 

CIII](A1909) 3 3 5 1 8 9 18 

GIV(X1549) 21 29 47 15 22 97 40 
OVI(X1034) 1 0.9 0.5 0.3 0.8 35 20 

MgII(X2799) 8 23 25 2 17 34 23 

*In this run, only 247» of La is from radiative recombination. 
Davidson and Netzer (1979). 

i 
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T;iblc 4 Local and Tntegrated Lyman o and Balmer a Line Strength 
Data 

Quantity 1 0 2 1 

NH(cm"2) 
1 0 2 2 1 0 2 3 

(Run A) 
T21 10 7 ' 3 io 8- 7 io 9- 8 

J21,32 9.7 2.4 1.8 

J21 ( l21 ) yJ21 (0) 10-0-35 i o - 2 - 6 0 

J 3 2 ( T 2 1 ) / J 3 2 (0) 70 90 14 

(Run E) 
T21 io 3- 5 I O 8 - 1 io 9- 7 

J21,32 16 1.5 1.5 

j 2 1(x 2 1)/j 2 1(0) 1 1 0-0.34 1 0-2.6 

J3 2(T 2 1)/J 32<°> 1 41 23 
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CAPTIONS FDR FIGURES 

1 Parameters for the BLR cloud of Run A, plotted versus 
La optical depth. T^ =» 10~ 4 T(°K) and x =* N£/N. 

2 The continuum radiation flux computed at different column 
densities NS,(cm" ) in the BLR Cloud of Run B. Tho incident 
flux, identified as the dashed line, is described in Tabic 2 

3 The enhancement factor E for hydrogen photoionization from 
excited states (cf. Eqn. 16). 
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