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SUMMARY: The gravitational field effect on atomic data for H and C IV tran-
sitions are considered as a perturbation of initial and final energy levels. We found
that this perturbation increases with the principal quantum number. Here we give
several expressions for estimation of this effect and its influence on atomic data
parameters. Also, the calculations of atomic data for 1s − 2p (Lyα) and 2s − 3p
transitions of hydrogen atom as well as atomic data for 2s2S1/2−2p2P 0

1/2,3/2 transi-

tions of C IV (1UV) as a function of deformation of energy levels due to gravitation
field and gravitational redshift are given. The gravitational field effect should be es-
timated and should be taken into account in calculation of atomic data for emitters
in Broad Line Regions (BLRs) of Active Galactic Nuclei (AGN).

1. INTRODUCTION

One of the effects that can influence electro-
magnetic radiation of massive objects is the gravi-
tational redshift effect – where emitters are located
in strong gravitational field and observed by an ob-
server in weak gravitational field (gravitational red-
shift effect). This effect can influence the spectral
line shapes in spectra of Active Galactic Nuclei
(AGNs) (Popović et al. 1994, 1995, Atanacković-
Vukmanović et al. 1994, Corbin 1995, 1997) as well
as atomic data (Popović 1997, 1999). Recent obser-
vations of X-ray emission from Sy1 galaxies obtained
by ASCA show that the model which includes rotat-
ing or nonrotating black hole (BH) in the center of
these objects is appropriate (Nandra et al. 1997).
Considering that in some AGNs we can see radia-
tion from Broad Line Region (BLR) that is located
several tens of gravitational radii from BH (Corbin
1997), the influence of gravitational field on emitters

should be taken into account in modeling of this re-
gion (e.g. by including the probability of emitting a
line from some parts of the Emission Line Region of
AGN).

Also, the radiation from atmospheres of massive
white dwarfs may be influenced by gravitational field
(log g = 6 − 9, see e.g. Werner et al. 1991, Greve et
al. 1994, Unglaub and Bues 1996, etc.). The influ-
ence of gravitational field on chosen energy levels and
transition probabilities for modeling of atmospheres
of massive white dwarfs has not been considered.

Here we give several expressions for estimation
of the influence of the strong gravitational field on
atomic data (energy levels, transition probabilities,
oscillator and line strengths) for an emitter in strong
gravitational field. Moreover, we present calculated
atomic data for 1s − 2p (Lyα) and 2s − 3p transi-
tions of Hydrogen atom as well as atomic data for
2s2S1/2 − 2p2P 0

1/2,3/2 C IV (1UV) transitions as a
function of energy levels deformation due to gravita-
tional field and gravitational redshift.
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2. THEORY

The hydrogen atom in strong gravitational field
at the level of traditional quantum mechanics the-
ory has been considered in several papers (Thirring
1961, Audretsch and Schäfer 1978, Paker 1980, Par-
ker and Pimentel 1983, Gorbatsievich 1986, Gor-
batsievich and Priebe 1989, Hughes 1990). Taking
into account perturbation by gravitational field, the
Hamilton operator (H) of the atomic electron can be
written as (see e.g. Gorbatsievich and Priebe 1989,
Hughes 1990)

H = H0 + HG, (1)
where H0 is the Hamilton operator without influence
of gravitational field, HG is the additional term due
to influence of the external gravitational field on the
atomic electron. This perturbation causes that the
energy En of an electron in n state is shifted as (see
e.g. Gorbatsievich and Priebe 1989, Hughes 1990,
Popović 1997)

En = E0
n + ∆EG

n , (2)

where E0
n is the energy of the electron in n state

without influence of gravitational field. The term
∆EG

n� depends on gravitational field magnitude. The
derivation of exact expression for this term in Sch-
warzschild, or Kerr, metric is very complicated and
the aim of this paper is not to derive such expres-
sions. Such expressions only for two Hydrogen lev-
els (n=1,2) are given by Gorbatsievich and Priebe
(1989) for the case of Kerr metric. Considering that
from celestial sources one can measure only gravi-
tational redshift, here we derive the approximative
relations which exspress ∆EG

n� as a function of grav-
itational redshift.

In order to give some quantitative results and
derive several equations that can be used for estima-
tion of influence of this effect, here we take into ac-
count the assumption that the gravitational redshift
has nothing to do with the ”weight of photons”, but
rather it is a consequence of the fact that the energy
levels reflect the relativistic time difference which is
coupled to the gravitational field (Bell 1987). Con-
cerning this, we assume that

∆EG
n

En
∼ ∆ω

ω
=

ω − ω0

ω
= zG, (3)

where zG is gravitational redshift, ω0 = (Ei −Ef )/h̄
is the frequency of transition between initial (Ei) and
final (Ef ) levels, and ω is the shifted frequency due
to gravitational field.

Actually, the observer can measure the shifted
frequency

ω =
E′

i − E′
f

h̄
(4)

where E′
i and E′

f are shifted energy levels due to the
strong gravitational field. Concerning Eqs. (2), (3),
and (4) the gravitational shift can be written as

zG =
E′

i − E′
f − (Ei − Ef )
E′

i − E′
f

=

=
E′

i − E′
f − (E′

i − ∆EG
i − E′

f + ∆EG
f )

E′
i − E′

f

=

= −∆EG
i − ∆EG

f

E′
i − E′

f

(5)

where ∆EG
i and ∆EG

f are the deviations of the initial
and the final levels, respectively.

Considering that for an emitter the gravitational
shift is the same for different transitions, for the tran-
sitions where one of the levels is the ground state
with EGS = 0, from the Eq. (5) follows

∆EG
1 − ∆EG

GS

E′
1

=
∆EG

2 − ∆EG
GS

E′
2

= ...

... =
∆EG

n − ∆EG
GS

E′
n

= −zG, (6)

where E1,2,..,n are energies of levels for which the
transition to ground state, where EGS ≈ 0 is allowed
and ∆EG

GS is the deformation of ground state by the
strong gravitational field. From Eq. (6) we can de-
rive a very useful expression for the estimation of
levels deformation in strong gravitational field:

∆EG
n =

∆EG
GS − En · zG

1 + zG
. (7)

From Eq. (7) we can conclude that ∆EG
n ∼

En, so for ground state for all emitters we have that
∆EG

GS ≈ 0. Consequently, we have, first that E′
n <

En, for the case where the gravitational field observer
is smaller than gravitational field where the emitting
source is located, i.e.

∆EG
n < 0, (8)

and, second, taking into account that

∆EG
GS

En
≈ 0,

the approximative expression for ∆EG
n can be writ-

ten as

∆EG
n ≈ − zG

1 + zG
· En. (9)

According to Eqs. (2) and (9), the energy of shifted
energy levels can be estimated as

E′
n ≈ En

1
1 + zG

. (10)

In order to derive the expressions for calculation
of atomic parameters (oscillator strengths, transition
probabilities and line strengths) first, we will con-
sider hydrogen atom. In the case of hydrogen atom,
the energy of the electron in state n depends on prin-
cipal quantum number as (see e.g. Sobelman 1992)
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En ∼ 1
n2

. (11)

Using Eqs. (2) and (11) the energy of the electron
in state n in strong gravitational field can be written
as

E′
n = En(1 − |∆EG

n

En
|) =

Ry

(n + δn)2
, (12)

where Ry is the Rydberg constant and δn is the prin-
cipal quantum number defect (QND) due to strong
gravitational field.

From Eq. (12) the QND can be written as

Fig. 1. Deformation of principal quantum num-
ber as a function of |∆EG

n /En| (top) (Eq. 13) and
gravitational redshift (bottom) (Eq. 14).

δn = n · {
1 −

√
1 − |∆EG

n

En
|√

1 − |∆EG
n

En
|

}. (13)

If we take into account the approximation in Eq. (9)
the QND can be written as

δn = n · {√1 + zG − 1}, (14)
or the expression for the principal quantum number
in gravitational field (n′) is

n′ = n · √1 + zG. (15)

In Fig. 1 we present the relative value of the
quantum number (δn/n) as a function of |∆EG

n

En
| and

gravitational redshift, respecitevly. As one can see
from Figs. 1a and 1b the QND due to strong gravi-
tational field depends on the principal quantum num-
ber as well as the magnitude of the gravitation field,
and sometimes this defect should be taken into ac-
count only for transitions from higher levels, when
transitions from lower levels may be neglected. Also,
in the case of transitions from higher levels (with
higher energy) we can use Eqs. (9), (10) and (14) for
taking into account the strong gravitational field ef-
fect in calculation of atomic data if the gravitational
redshift is known.

3. METHOD OF CALCULATION

Generally, the deformation of energy levels due
to strong gravitational field can be included in a
method for atomic data calculation by using given
expressions (Eqs. 2, 9, 10 and 14) for energy lev-
els and principal quantum number. In order to give
a quantitative result, here we will use the Coulomb
approximation (Bates and Damgaard 1949, Oertel
and Shomo 1968). Then for the line strength we can
write

S =
2J + 1

a2
0

· �2
n,�,

where �n,� is the matrix element for dipole transition
and in the calculation of matrix element (�n�) we
take into account the deformation of the levels due
to strong gravitational field as

�n� → �(n+δn)�, (16)

where δn is taken from Eq. (14).
In the case of non-Hydrogen emitters, consider-

ing effective quantum number – neff (see e.g. Griem
1974) we can obtain expression for effective quantum
number in the case of gravitational field influence
(n′

eff ) as

n′
eff = neff · √1 + zG = Z ·

√
EH

I − En
· (1 + zG).

(18)
where EH is ionization energy of Hydrogen atom, I is
ionization energy of the emitter, and Z is the nuclear
(or core) charge of the emitter (for neutrals Z=1, for
single ionized Z=2, etc.).

4. RESULTS AND DISCUSSION

Using Coulomb approximation (Bates and Dam-
gaard 1949, Oertel and Shomo 1968) and taking into
account the deformation of the energy levels due to
the gravitational field influence (Eqs. 1-15), we have
calculated the atomic data for 1s − 2p (Lyα) and
2s−3p transitions of hydrogen atom as well as atomic
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data for 2s2S1/2 − 2p2P 0
1/2,3/2 C IV transitions as a

function of |∆EGS
n /En| and zG. The data needed

for the calculations were taken from Moore (1971)
and Wiese et al. (1966). The results are presented
in Tables 1 – 3 and Fig. 2. As one can see from
Figs. 1 and 2, the deformation of the energy levels
in strong gravitational field may be very important,
especially in the case of higher levels. This defor-
mation depends on principal quantum numbers (see
Eqs. 13–15 and 17). If we have transition between
levels from higher series (with large principal quan-
tum number) we can expect that deformation of the
levels will be higher, and this effect may be impor-
tant for relatively weak gravitational fields (e.g. in
atmospheres of massive white dwarfs).

The deformation of energy levels influences the
atomic data (Tables 1-3 and Fig. 2). Generally, the
transition probabilities for all considered transitions
(see Fig. 2) are smaller (for zG=0) when the gravi-
tational field influence has been included. Also, it is
interesting that for some values of |∆EGS

n /En| tran-
sition probabilities, oscillator and line strength for
s− p transitions of hydrogen atom are too small, i.e.
the minimums are present (see Figs. 2 and Tables
1–3). This is not the case for 2s − 2p transitions of
C IV.

In Tables 1 – 3, the atomic data are given (line
strengths, oscillator strengths and transition proba-

bilities) as a function of gravitational redshift (zG).
As we can see from Tables 1 – 3 the Lyα is more
sensitive to the gravitational field than the resonant
lines of C IV. Also, we can see that line and oscil-
lator strengths of C IV resonant lines increase with
gravitational field strength.

In the case of AGNs the gravitational effect sh-
ould be considered, especially in modeling of BLR of
these objects. If we take that in some cases the av-
erage distance of BLR from center of a Black Hole is
about several tens of the corresponding gravitational
radii (Corbin 1997), our results show that at this
distances atomic data may be significantly different
from data calculated without gravitational field in-
fluence. For example, if we suppose that in this case
|∆EGS

n /En| ≈ 0.05 ≈ zG(= 0.0526) we have for Lyα

that Aki/A
0
ki = 0.797 fik/f0

ik=0.895 and S/S0=0.946
and for λ = 1550.77 Å of C IV Aki/A

0
ki=0.959 fik/f0

ik

=1.076 and S/S0=1.135.
As one can see, taking into account the gravi-

tational field influence may significantly change the
atomic data and if it is not taken into account we
can obtain wrong conclusions about e.g. element
abundances, gas density etc. Consequently, we sug-
gest that the gravitational field effect should be es-
timated and, if not negligible, taken into account in
atomic data calculation for emitters in gravitational
field of AGNs, especially for transitions between lev-
els in higher series.

Fig. 2. Transition probabilities for 1s − 2p and 2s − 3p trasitions of hydrogen atom and the resonant C IV
line (2s2S1/2 − 2p2P 0

1/2) as a function of gravitational redshift.
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Table 1. The line strength (in atomic units), oscillator
strength and transition probability for Lyα as a function of
gravitational potential difference. The values of the param-
eters where the effect of gravitational field is not taken into
account are: S =3.330 at.u. fik =0.4162 Aki=4.699E+08

sec−1

∆E/E S (at.u.) fik Aki (sec−1)

0.918E+00 0.4698E+00 0.4804E-02 0.3633E+05

0.916E+00 0.1576E+00 0.1650E-02 0.1308E+05

0.914E+00 0.1320E-01 0.1415E-03 0.1176E+04

0.912E+00 0.2653E-01 0.2911E-03 0.2532E+04

0.910E+00 0.1825E+00 0.2048E-02 0.1865E+05

0.908E+00 0.4572E+00 0.5248E-02 0.4998E+05

0.906E+00 0.8437E+00 0.9902E-02 0.9860E+05

0.904E+00 0.1253E+01 0.1503E-01 0.1564E+06

0.902E+00 0.1674E+01 0.2053E-01 0.2231E+06

0.900E+00 0.2119E+01 0.2655E-01 0.3013E+06

0.898E+00 0.2520E+01 0.3225E-01 0.3818E+06

0.895E+00 0.2871E+01 0.3752E-01 0.4634E+06

0.893E+00 0.3185E+01 0.4251E-01 0.5474E+06

0.891E+00 0.3467E+01 0.4723E-01 0.6339E+06

0.889E+00 0.3708E+01 0.5156E-01 0.7208E+06

0.886E+00 0.3895E+01 0.5527E-01 0.8046E+06

0.884E+00 0.3995E+01 0.5784E-01 0.8764E+06

0.882E+00 0.4016E+01 0.5930E-01 0.9350E+06

0.879E+00 0.3981E+01 0.5995E-01 0.9831E+06

0.877E+00 0.3880E+01 0.5958E-01 0.1016E+07

0.875E+00 0.3716E+01 0.5818E-01 0.1031E+07

0.872E+00 0.3502E+01 0.5589E-01 0.1029E+07

0.870E+00 0.3257E+01 0.5297E-01 0.1013E+07

0.867E+00 0.2978E+01 0.4936E-01 0.9800E+06

0.865E+00 0.2694E+01 0.4548E-01 0.9372E+06

0.862E+00 0.2400E+01 0.4127E-01 0.8825E+06

0.860E+00 0.2107E+01 0.3690E-01 0.8185E+06

0.857E+00 0.1816E+01 0.3239E-01 0.7450E+06

0.855E+00 0.1534E+01 0.2786E-01 0.6643E+06

0.852E+00 0.1267E+01 0.2343E-01 0.5790E+06

0.849E+00 0.1020E+01 0.1920E-01 0.4914E+06

0.847E+00 0.7966E+00 0.1526E-01 0.4045E+06

0.844E+00 0.5988E+00 0.1167E-01 0.3204E+06

0.841E+00 0.4282E+00 0.8489E-02 0.2413E+06

0.839E+00 0.2719E+00 0.5485E-02 0.1613E+06

0.836E+00 0.1431E+00 0.2935E-02 0.8930E+05

0.833E+00 0.5620E-01 0.1173E-02 0.3691E+05

0.830E+00 0.9671E-02 0.2052E-03 0.6678E+04

0.827E+00 0.1417E-02 0.3058E-04 0.1029E+04

0.824E+00 0.2987E-01 0.6552E-03 0.2278E+05

0.822E+00 0.9278E-01 0.2068E-02 0.7432E+05

0.819E+00 0.1862E+00 0.4220E-02 0.1566E+06

0.816E+00 0.3066E+00 0.7060E-02 0.2707E+06

0.813E+00 0.4503E+00 0.1054E-01 0.4171E+06

0.810E+00 0.6169E+00 0.1467E-01 0.5993E+06

0.807E+00 0.8031E+00 0.1940E-01 0.8181E+06

0.804E+00 0.1001E+01 0.2457E-01 0.1069E+07

Table 1. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.801E+00 0.1183E+01 0.2947E-01 0.1323E+07

0.797E+00 0.1351E+01 0.3420E-01 0.1583E+07

0.794E+00 0.1520E+01 0.3906E-01 0.1865E+07

0.791E+00 0.1704E+01 0.4447E-01 0.2189E+07

0.788E+00 0.1885E+01 0.4994E-01 0.2533E+07

0.785E+00 0.2054E+01 0.5524E-01 0.2888E+07

0.782E+00 0.2211E+01 0.6036E-01 0.3251E+07

0.778E+00 0.2358E+01 0.6532E-01 0.3624E+07

0.775E+00 0.2494E+01 0.7012E-01 0.4007E+07

0.772E+00 0.2621E+01 0.7478E-01 0.4399E+07

0.768E+00 0.2743E+01 0.7939E-01 0.4809E+07

0.765E+00 0.2860E+01 0.8399E-01 0.5236E+07

0.762E+00 0.2972E+01 0.8852E-01 0.5678E+07

0.758E+00 0.3076E+01 0.9295E-01 0.6134E+07

0.755E+00 0.3173E+01 0.9724E-01 0.6601E+07

0.751E+00 0.3261E+01 0.1014E+00 0.7077E+07

0.748E+00 0.3331E+01 0.1050E+00 0.7535E+07

0.744E+00 0.3378E+01 0.1079E+00 0.7966E+07

0.741E+00 0.3408E+01 0.1104E+00 0.8375E+07

0.737E+00 0.3422E+01 0.1124E+00 0.8762E+07

0.734E+00 0.3421E+01 0.1139E+00 0.9124E+07

0.730E+00 0.3407E+01 0.1149E+00 0.9460E+07

0.726E+00 0.3380E+01 0.1156E+00 0.9770E+07

0.723E+00 0.3343E+01 0.1159E+00 0.1006E+08

0.719E+00 0.3307E+01 0.1161E+00 0.1035E+08

0.715E+00 0.3257E+01 0.1159E+00 0.1060E+08

0.711E+00 0.3196E+01 0.1152E+00 0.1082E+08

0.708E+00 0.3125E+01 0.1141E+00 0.1100E+08

0.704E+00 0.3045E+01 0.1126E+00 0.1114E+08

0.700E+00 0.2958E+01 0.1108E+00 0.1124E+08

0.696E+00 0.2864E+01 0.1087E+00 0.1131E+08

0.692E+00 0.2766E+01 0.1063E+00 0.1134E+08

0.689E+00 0.2669E+01 0.1038E+00 0.1136E+08

0.685E+00 0.2569E+01 0.1012E+00 0.1135E+08

0.681E+00 0.2464E+01 0.9829E-01 0.1130E+08

0.677E+00 0.2356E+01 0.9514E-01 0.1121E+08

0.673E+00 0.2248E+01 0.9188E-01 0.1110E+08

0.669E+00 0.2149E+01 0.8889E-01 0.1100E+08

0.665E+00 0.2048E+01 0.8577E-01 0.1087E+08

0.661E+00 0.1948E+01 0.8255E-01 0.1072E+08

0.657E+00 0.1848E+01 0.7924E-01 0.1053E+08

0.653E+00 0.1750E+01 0.7595E-01 0.1034E+08

0.649E+00 0.1657E+01 0.7274E-01 0.1013E+08

0.644E+00 0.1563E+01 0.6944E-01 0.9903E+07

0.640E+00 0.1471E+01 0.6608E-01 0.9644E+07

0.636E+00 0.1379E+01 0.6268E-01 0.9360E+07

0.632E+00 0.1289E+01 0.5926E-01 0.9053E+07

0.628E+00 0.1201E+01 0.5583E-01 0.8725E+07

0.624E+00 0.1115E+01 0.5242E-01 0.8379E+07

0.619E+00 0.1032E+01 0.4905E-01 0.8016E+07
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Table 1. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.615E+00 0.9509E+00 0.4572E-01 0.7640E+07

0.611E+00 0.8733E+00 0.4245E-01 0.7252E+07

0.607E+00 0.8003E+00 0.3933E-01 0.6867E+07

0.602E+00 0.7309E+00 0.3631E-01 0.6479E+07

0.598E+00 0.6642E+00 0.3336E-01 0.6082E+07

0.594E+00 0.6005E+00 0.3048E-01 0.5678E+07

0.589E+00 0.5398E+00 0.2769E-01 0.5270E+07

0.585E+00 0.4823E+00 0.2500E-01 0.4859E+07

0.581E+00 0.4280E+00 0.2242E-01 0.4450E+07

0.576E+00 0.3770E+00 0.1996E-01 0.4044E+07

0.572E+00 0.3293E+00 0.1762E-01 0.3645E+07

0.567E+00 0.2851E+00 0.1541E-01 0.3253E+07

0.563E+00 0.2442E+00 0.1333E-01 0.2873E+07

0.559E+00 0.2067E+00 0.1140E-01 0.2507E+07

0.554E+00 0.1680E+00 0.9362E-02 0.2101E+07

0.550E+00 0.1262E+00 0.7100E-02 0.1625E+07

0.545E+00 0.9078E-01 0.5159E-02 0.1204E+07

0.541E+00 0.6160E-01 0.3536E-02 0.8419E+06

0.536E+00 0.3840E-01 0.2225E-02 0.5404E+06

0.532E+00 0.2091E-01 0.1223E-02 0.3029E+06

0.527E+00 0.8854E-02 0.5231E-03 0.1320E+06

0.523E+00 0.1979E-02 0.1181E-03 0.3037E+05

0.518E+00 0.1775E-04 0.1069E-05 0.2802E+03

0.513E+00 0.2705E-02 0.1644E-03 0.4392E+05

0.509E+00 0.9780E-02 0.6001E-03 0.1633E+06

0.504E+00 0.2099E-01 0.1300E-02 0.3603E+06

0.500E+00 0.3607E-01 0.2254E-02 0.6365E+06

0.495E+00 0.5478E-01 0.3455E-02 0.9935E+06

0.491E+00 0.7688E-01 0.4893E-02 0.1433E+07

0.486E+00 0.1020E+00 0.6548E-02 0.1952E+07

0.481E+00 0.1299E+00 0.8419E-02 0.2555E+07

0.477E+00 0.1606E+00 0.1050E-01 0.3243E+07

0.472E+00 0.1937E+00 0.1278E-01 0.4016E+07

0.468E+00 0.2292E+00 0.1524E-01 0.4876E+07

0.463E+00 0.2667E+00 0.1790E-01 0.5824E+07

0.458E+00 0.3062E+00 0.2072E-01 0.6860E+07

0.454E+00 0.3474E+00 0.2371E-01 0.7984E+07

0.449E+00 0.3902E+00 0.2686E-01 0.9197E+07

0.444E+00 0.4344E+00 0.3015E-01 0.1050E+08

0.440E+00 0.4799E+00 0.3358E-01 0.1189E+08

0.435E+00 0.5265E+00 0.3715E-01 0.1337E+08

0.431E+00 0.5741E+00 0.4084E-01 0.1494E+08

0.426E+00 0.6226E+00 0.4465E-01 0.1660E+08

0.421E+00 0.6717E+00 0.4856E-01 0.1835E+08

0.417E+00 0.7215E+00 0.5258E-01 0.2018E+08

0.412E+00 0.7718E+00 0.5669E-01 0.2211E+08

0.407E+00 0.8224E+00 0.6088E-01 0.2412E+08

0.403E+00 0.8733E+00 0.6515E-01 0.2621E+08

0.398E+00 0.9244E+00 0.6949E-01 0.2839E+08

0.394E+00 0.9756E+00 0.7390E-01 0.3066E+08

0.389E+00 0.1027E+01 0.7837E-01 0.3301E+08

Table 1. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.384E+00 0.1078E+01 0.8290E-01 0.3544E+08

0.380E+00 0.1129E+01 0.8748E-01 0.3796E+08

0.375E+00 0.1180E+01 0.9210E-01 0.4056E+08

0.371E+00 0.1231E+01 0.9676E-01 0.4324E+08

0.366E+00 0.1281E+01 0.1014E+00 0.4600E+08

0.362E+00 0.1331E+01 0.1062E+00 0.4883E+08

0.357E+00 0.1373E+01 0.1103E+00 0.5147E+08

0.352E+00 0.1411E+01 0.1142E+00 0.5403E+08

0.348E+00 0.1449E+01 0.1181E+00 0.5666E+08

0.343E+00 0.1487E+01 0.1220E+00 0.5936E+08

0.339E+00 0.1524E+01 0.1259E+00 0.6211E+08

0.334E+00 0.1561E+01 0.1299E+00 0.6493E+08

0.330E+00 0.1598E+01 0.1338E+00 0.6782E+08

0.325E+00 0.1634E+01 0.1378E+00 0.7076E+08

0.321E+00 0.1670E+01 0.1417E+00 0.7377E+08

0.316E+00 0.1706E+01 0.1457E+00 0.7684E+08

0.312E+00 0.1741E+01 0.1497E+00 0.7997E+08

0.307E+00 0.1776E+01 0.1537E+00 0.8316E+08

0.303E+00 0.1812E+01 0.1578E+00 0.8650E+08

0.299E+00 0.1849E+01 0.1621E+00 0.8996E+08

0.294E+00 0.1886E+01 0.1663E+00 0.9345E+08

0.290E+00 0.1921E+01 0.1704E+00 0.9700E+08

0.285E+00 0.1956E+01 0.1746E+00 0.1006E+09

0.281E+00 0.1990E+01 0.1787E+00 0.1042E+09

0.277E+00 0.2023E+01 0.1828E+00 0.1079E+09

0.272E+00 0.2055E+01 0.1868E+00 0.1116E+09

0.268E+00 0.2087E+01 0.1908E+00 0.1154E+09

0.264E+00 0.2118E+01 0.1948E+00 0.1191E+09

0.260E+00 0.2149E+01 0.1988E+00 0.1230E+09

0.255E+00 0.2179E+01 0.2027E+00 0.1269E+09

0.251E+00 0.2208E+01 0.2066E+00 0.1308E+09

0.247E+00 0.2236E+01 0.2104E+00 0.1347E+09

0.243E+00 0.2264E+01 0.2143E+00 0.1387E+09

0.238E+00 0.2292E+01 0.2181E+00 0.1427E+09

0.234E+00 0.2319E+01 0.2218E+00 0.1468E+09

0.230E+00 0.2345E+01 0.2255E+00 0.1509E+09

0.226E+00 0.2371E+01 0.2292E+00 0.1550E+09

0.222E+00 0.2396E+01 0.2329E+00 0.1591E+09

0.218E+00 0.2420E+01 0.2365E+00 0.1633E+09

0.214E+00 0.2445E+01 0.2402E+00 0.1675E+09

0.210E+00 0.2468E+01 0.2437E+00 0.1718E+09

0.206E+00 0.2491E+01 0.2473E+00 0.1761E+09

0.202E+00 0.2514E+01 0.2508E+00 0.1804E+09

0.198E+00 0.2536E+01 0.2543E+00 0.1847E+09

0.194E+00 0.2558E+01 0.2577E+00 0.1891E+09

0.190E+00 0.2580E+01 0.2611E+00 0.1935E+09

0.186E+00 0.2601E+01 0.2645E+00 0.1979E+09

0.182E+00 0.2621E+01 0.2679E+00 0.2023E+09

0.178E+00 0.2641E+01 0.2712E+00 0.2068E+09

0.174E+00 0.2661E+01 0.2746E+00 0.2113E+09

0.170E+00 0.2679E+01 0.2776E+00 0.2156E+09
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ATOMIC DATA ESTIMATION FOR H AND C IV LINES

Table 1. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.167E+00 0.2695E+01 0.2807E+00 0.2200E+09

0.163E+00 0.2712E+01 0.2837E+00 0.2244E+09

0.159E+00 0.2729E+01 0.2867E+00 0.2288E+09

0.155E+00 0.2746E+01 0.2898E+00 0.2333E+09

0.152E+00 0.2762E+01 0.2928E+00 0.2378E+09

0.148E+00 0.2778E+01 0.2958E+00 0.2423E+09

0.144E+00 0.2795E+01 0.2988E+00 0.2469E+09

0.141E+00 0.2810E+01 0.3018E+00 0.2515E+09

0.137E+00 0.2826E+01 0.3047E+00 0.2561E+09

0.133E+00 0.2842E+01 0.3077E+00 0.2607E+09

0.130E+00 0.2857E+01 0.3106E+00 0.2654E+09

0.126E+00 0.2873E+01 0.3135E+00 0.2700E+09

0.123E+00 0.2888E+01 0.3164E+00 0.2747E+09

0.119E+00 0.2902E+01 0.3193E+00 0.2794E+09

0.116E+00 0.2917E+01 0.3222E+00 0.2842E+09

0.112E+00 0.2931E+01 0.3250E+00 0.2889E+09

0.109E+00 0.2946E+01 0.3279E+00 0.2937E+09

0.106E+00 0.2960E+01 0.3307E+00 0.2984E+09

0.102E+00 0.2973E+01 0.3335E+00 0.3032E+09

0.990E-01 0.2987E+01 0.3362E+00 0.3080E+09

0.957E-01 0.3000E+01 0.3390E+00 0.3127E+09

0.925E-01 0.3013E+01 0.3417E+00 0.3175E+09

0.892E-01 0.3026E+01 0.3444E+00 0.3223E+09

0.860E-01 0.3039E+01 0.3470E+00 0.3271E+09

0.828E-01 0.3052E+01 0.3497E+00 0.3319E+09

0.797E-01 0.3064E+01 0.3523E+00 0.3367E+09

0.765E-01 0.3076E+01 0.3549E+00 0.3415E+09

0.734E-01 0.3088E+01 0.3574E+00 0.3462E+09

0.704E-01 0.3099E+01 0.3599E+00 0.3510E+09

0.673E-01 0.3110E+01 0.3624E+00 0.3558E+09

0.643E-01 0.3122E+01 0.3649E+00 0.3605E+09

0.613E-01 0.3133E+01 0.3674E+00 0.3653E+09

0.583E-01 0.3143E+01 0.3698E+00 0.3700E+09

0.554E-01 0.3154E+01 0.3722E+00 0.3747E+09

0.525E-01 0.3164E+01 0.3745E+00 0.3794E+09

0.496E-01 0.3174E+01 0.3769E+00 0.3841E+09

0.468E-01 0.3184E+01 0.3792E+00 0.3887E+09

0.440E-01 0.3193E+01 0.3814E+00 0.3934E+09

0.412E-01 0.3203E+01 0.3837E+00 0.3980E+09

0.384E-01 0.3212E+01 0.3859E+00 0.4026E+09

0.357E-01 0.3221E+01 0.3881E+00 0.4072E+09

0.330E-01 0.3230E+01 0.3902E+00 0.4117E+09

0.303E-01 0.3238E+01 0.3923E+00 0.4162E+09

0.277E-01 0.3247E+01 0.3944E+00 0.4207E+09

0.251E-01 0.3255E+01 0.3964E+00 0.4251E+09

0.226E-01 0.3263E+01 0.3984E+00 0.4295E+09

0.201E-01 0.3271E+01 0.4004E+00 0.4338E+09

0.176E-01 0.3278E+01 0.4023E+00 0.4381E+09

0.152E-01 0.3285E+01 0.4042E+00 0.4423E+09

0.129E-01 0.3292E+01 0.4060E+00 0.4465E+09

0.106E-01 0.3299E+01 0.4078E+00 0.4505E+09

Table 1. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.836E-02 0.3306E+01 0.4095E+00 0.4544E+09

0.626E-02 0.3312E+01 0.4111E+00 0.4581E+09

0.430E-02 0.3317E+01 0.4126E+00 0.4616E+09

0.256E-02 0.3322E+01 0.4140E+00 0.4647E+09

0.117E-02 0.3326E+01 0.4150E+00 0.4672E+09

0.300E-03 0.3328E+01 0.4157E+00 0.4688E+09

0.213E-04 0.3329E+01 0.4159E+00 0.4693E+09

0.967E-07 0.3329E+01 0.4159E+00 0.4693E+09

Table 2. Same as in Table 1, but for λ = 1548.2 Åof C
IV.

∆E/E S (at.u.) fik Aki (sec−1)

0.920E+00 0.2603E+03 0.2041E+01 0.1814E+08

0.918E+00 0.2508E+03 0.2014E+01 0.1878E+08

0.916E+00 0.2417E+03 0.1987E+01 0.1943E+08

0.914E+00 0.2329E+03 0.1961E+01 0.2008E+08

0.912E+00 0.2245E+03 0.1934E+01 0.2075E+08

0.910E+00 0.2165E+03 0.1908E+01 0.2142E+08

0.908E+00 0.2088E+03 0.1882E+01 0.2210E+08

0.906E+00 0.2015E+03 0.1857E+01 0.2280E+08

0.904E+00 0.1945E+03 0.1832E+01 0.2351E+08

0.902E+00 0.1877E+03 0.1808E+01 0.2423E+08

0.900E+00 0.1813E+03 0.1784E+01 0.2496E+08

0.898E+00 0.1751E+03 0.1760E+01 0.2570E+08

0.895E+00 0.1692E+03 0.1736E+01 0.2644E+08

0.893E+00 0.1635E+03 0.1713E+01 0.2720E+08

0.891E+00 0.1579E+03 0.1689E+01 0.2795E+08

0.889E+00 0.1525E+03 0.1665E+01 0.2870E+08

0.886E+00 0.1473E+03 0.1641E+01 0.2946E+08

0.884E+00 0.1423E+03 0.1618E+01 0.3023E+08

0.882E+00 0.1375E+03 0.1595E+01 0.3100E+08

0.879E+00 0.1329E+03 0.1572E+01 0.3178E+08

0.877E+00 0.1285E+03 0.1549E+01 0.3257E+08

0.875E+00 0.1242E+03 0.1527E+01 0.3337E+08

0.872E+00 0.1201E+03 0.1506E+01 0.3418E+08

0.870E+00 0.1163E+03 0.1485E+01 0.3502E+08

0.867E+00 0.1126E+03 0.1465E+01 0.3587E+08

0.865E+00 0.1090E+03 0.1445E+01 0.3672E+08

0.862E+00 0.1055E+03 0.1425E+01 0.3758E+08

0.860E+00 0.1022E+03 0.1406E+01 0.3846E+08

0.857E+00 0.9903E+02 0.1387E+01 0.3934E+08

0.855E+00 0.9594E+02 0.1368E+01 0.4022E+08

0.852E+00 0.9297E+02 0.1350E+01 0.4112E+08

0.849E+00 0.9010E+02 0.1331E+01 0.4203E+08

0.847E+00 0.8733E+02 0.1313E+01 0.4294E+08

0.844E+00 0.8461E+02 0.1295E+01 0.4383E+08

0.841E+00 0.8197E+02 0.1276E+01 0.4472E+08

0.839E+00 0.7942E+02 0.1258E+01 0.4562E+08

0.836E+00 0.7696E+02 0.1240E+01 0.4652E+08

23
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Table 2. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.833E+00 0.7459E+02 0.1222E+01 0.4743E+08

0.830E+00 0.7231E+02 0.1205E+01 0.4835E+08

0.827E+00 0.7011E+02 0.1188E+01 0.4927E+08

0.824E+00 0.6798E+02 0.1171E+01 0.5020E+08

0.822E+00 0.6594E+02 0.1154E+01 0.5115E+08

0.819E+00 0.6397E+02 0.1138E+01 0.5209E+08

0.816E+00 0.6206E+02 0.1122E+01 0.5305E+08

0.813E+00 0.6023E+02 0.1107E+01 0.5402E+08

0.810E+00 0.5845E+02 0.1091E+01 0.5499E+08

0.807E+00 0.5679E+02 0.1077E+01 0.5601E+08

0.804E+00 0.5519E+02 0.1063E+01 0.5705E+08

0.801E+00 0.5363E+02 0.1049E+01 0.5809E+08

0.797E+00 0.5213E+02 0.1036E+01 0.5914E+08

0.794E+00 0.5068E+02 0.1023E+01 0.6020E+08

0.791E+00 0.4927E+02 0.1009E+01 0.6127E+08

0.788E+00 0.4791E+02 0.9966E+00 0.6234E+08

0.785E+00 0.4659E+02 0.9838E+00 0.6342E+08

0.782E+00 0.4532E+02 0.9713E+00 0.6451E+08

0.778E+00 0.4409E+02 0.9590E+00 0.6561E+08

0.775E+00 0.4289E+02 0.9469E+00 0.6671E+08

0.772E+00 0.4174E+02 0.9349E+00 0.6782E+08

0.768E+00 0.4062E+02 0.9231E+00 0.6894E+08

0.765E+00 0.3953E+02 0.9115E+00 0.7007E+08

0.762E+00 0.3848E+02 0.9001E+00 0.7120E+08

0.758E+00 0.3745E+02 0.8886E+00 0.7232E+08

0.755E+00 0.3643E+02 0.8765E+00 0.7338E+08

0.751E+00 0.3543E+02 0.8647E+00 0.7444E+08

0.748E+00 0.3447E+02 0.8530E+00 0.7552E+08

0.744E+00 0.3354E+02 0.8415E+00 0.7659E+08

0.741E+00 0.3264E+02 0.8303E+00 0.7768E+08

0.737E+00 0.3177E+02 0.8192E+00 0.7876E+08

0.734E+00 0.3093E+02 0.8084E+00 0.7986E+08

0.730E+00 0.3011E+02 0.7977E+00 0.8096E+08

0.726E+00 0.2932E+02 0.7872E+00 0.8206E+08

0.723E+00 0.2855E+02 0.7769E+00 0.8317E+08

0.719E+00 0.2781E+02 0.7668E+00 0.8428E+08

0.715E+00 0.2709E+02 0.7568E+00 0.8540E+08

0.711E+00 0.2640E+02 0.7471E+00 0.8652E+08

0.708E+00 0.2572E+02 0.7374E+00 0.8765E+08

0.704E+00 0.2507E+02 0.7280E+00 0.8878E+08

0.700E+00 0.2443E+02 0.7187E+00 0.8992E+08

0.696E+00 0.2382E+02 0.7096E+00 0.9106E+08

0.692E+00 0.2322E+02 0.7006E+00 0.9221E+08

0.689E+00 0.2264E+02 0.6918E+00 0.9335E+08

0.685E+00 0.2209E+02 0.6833E+00 0.9453E+08

0.681E+00 0.2157E+02 0.6755E+00 0.9578E+08

0.677E+00 0.2106E+02 0.6678E+00 0.9705E+08

0.673E+00 0.2057E+02 0.6602E+00 0.9831E+08

0.669E+00 0.2009E+02 0.6527E+00 0.9959E+08

0.665E+00 0.1963E+02 0.6454E+00 0.1009E+09

0.661E+00 0.1918E+02 0.6381E+00 0.1021E+09

Table 2. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.657E+00 0.1874E+02 0.6310E+00 0.1034E+09

0.653E+00 0.1831E+02 0.6239E+00 0.1047E+09

0.649E+00 0.1790E+02 0.6170E+00 0.1060E+09

0.644E+00 0.1750E+02 0.6102E+00 0.1073E+09

0.640E+00 0.1710E+02 0.6035E+00 0.1086E+09

0.636E+00 0.1672E+02 0.5968E+00 0.1099E+09

0.632E+00 0.1635E+02 0.5903E+00 0.1112E+09

0.628E+00 0.1599E+02 0.5839E+00 0.1125E+09

0.624E+00 0.1564E+02 0.5776E+00 0.1138E+09

0.619E+00 0.1530E+02 0.5713E+00 0.1151E+09

0.615E+00 0.1497E+02 0.5652E+00 0.1165E+09

0.611E+00 0.1465E+02 0.5591E+00 0.1178E+09

0.607E+00 0.1434E+02 0.5532E+00 0.1191E+09

0.602E+00 0.1403E+02 0.5473E+00 0.1204E+09

0.598E+00 0.1373E+02 0.5415E+00 0.1218E+09

0.594E+00 0.1344E+02 0.5358E+00 0.1231E+09

0.589E+00 0.1316E+02 0.5302E+00 0.1244E+09

0.585E+00 0.1289E+02 0.5247E+00 0.1258E+09

0.581E+00 0.1262E+02 0.5193E+00 0.1271E+09

0.576E+00 0.1236E+02 0.5139E+00 0.1284E+09

0.572E+00 0.1211E+02 0.5087E+00 0.1298E+09

0.567E+00 0.1185E+02 0.5028E+00 0.1309E+09

0.563E+00 0.1159E+02 0.4970E+00 0.1321E+09

0.559E+00 0.1135E+02 0.4914E+00 0.1333E+09

0.554E+00 0.1110E+02 0.4858E+00 0.1344E+09

0.550E+00 0.1087E+02 0.4803E+00 0.1356E+09

0.545E+00 0.1064E+02 0.4749E+00 0.1367E+09

0.541E+00 0.1042E+02 0.4696E+00 0.1379E+09

0.536E+00 0.1021E+02 0.4644E+00 0.1390E+09

0.532E+00 0.9995E+01 0.4593E+00 0.1402E+09

0.527E+00 0.9791E+01 0.4542E+00 0.1414E+09

0.523E+00 0.9592E+01 0.4493E+00 0.1425E+09

0.518E+00 0.9399E+01 0.4444E+00 0.1437E+09

0.513E+00 0.9211E+01 0.4396E+00 0.1448E+09

0.509E+00 0.9028E+01 0.4349E+00 0.1460E+09

0.504E+00 0.8849E+01 0.4303E+00 0.1471E+09

0.500E+00 0.8676E+01 0.4258E+00 0.1482E+09

0.495E+00 0.8507E+01 0.4213E+00 0.1494E+09

0.491E+00 0.8342E+01 0.4169E+00 0.1505E+09

0.486E+00 0.8182E+01 0.4126E+00 0.1517E+09

0.481E+00 0.8026E+01 0.4083E+00 0.1528E+09

0.477E+00 0.7873E+01 0.4041E+00 0.1539E+09

0.472E+00 0.7725E+01 0.4000E+00 0.1551E+09

0.468E+00 0.7581E+01 0.3960E+00 0.1562E+09

0.463E+00 0.7440E+01 0.3920E+00 0.1573E+09

0.458E+00 0.7303E+01 0.3881E+00 0.1584E+09

0.454E+00 0.7169E+01 0.3842E+00 0.1595E+09

0.449E+00 0.7039E+01 0.3804E+00 0.1607E+09

0.444E+00 0.6912E+01 0.3767E+00 0.1618E+09

0.440E+00 0.6789E+01 0.3730E+00 0.1629E+09

0.435E+00 0.6668E+01 0.3694E+00 0.1640E+09
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ATOMIC DATA ESTIMATION FOR H AND C IV LINES

Table 2. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.431E+00 0.6550E+01 0.3659E+00 0.1651E+09

0.426E+00 0.6436E+01 0.3624E+00 0.1662E+09

0.421E+00 0.6324E+01 0.3590E+00 0.1673E+09

0.417E+00 0.6215E+01 0.3556E+00 0.1683E+09

0.412E+00 0.6109E+01 0.3523E+00 0.1694E+09

0.407E+00 0.6005E+01 0.3490E+00 0.1705E+09

0.403E+00 0.5904E+01 0.3458E+00 0.1716E+09

0.398E+00 0.5805E+01 0.3427E+00 0.1726E+09

0.394E+00 0.5709E+01 0.3396E+00 0.1737E+09

0.389E+00 0.5615E+01 0.3365E+00 0.1748E+09

0.384E+00 0.5523E+01 0.3335E+00 0.1758E+09

0.380E+00 0.5438E+01 0.3308E+00 0.1770E+09

0.375E+00 0.5356E+01 0.3282E+00 0.1783E+09

0.371E+00 0.5276E+01 0.3257E+00 0.1795E+09

0.366E+00 0.5197E+01 0.3232E+00 0.1807E+09

0.362E+00 0.5121E+01 0.3207E+00 0.1819E+09

0.357E+00 0.5046E+01 0.3183E+00 0.1831E+09

0.352E+00 0.4973E+01 0.3159E+00 0.1843E+09

0.348E+00 0.4901E+01 0.3136E+00 0.1855E+09

0.343E+00 0.4831E+01 0.3112E+00 0.1867E+09

0.339E+00 0.4763E+01 0.3089E+00 0.1879E+09

0.334E+00 0.4696E+01 0.3067E+00 0.1891E+09

0.330E+00 0.4631E+01 0.3044E+00 0.1903E+09

0.325E+00 0.4566E+01 0.3022E+00 0.1914E+09

0.321E+00 0.4504E+01 0.3001E+00 0.1926E+09

0.316E+00 0.4442E+01 0.2979E+00 0.1937E+09

0.312E+00 0.4383E+01 0.2958E+00 0.1949E+09

0.307E+00 0.4324E+01 0.2937E+00 0.1960E+09

0.303E+00 0.4266E+01 0.2917E+00 0.1972E+09

0.299E+00 0.4210E+01 0.2897E+00 0.1983E+09

0.294E+00 0.4155E+01 0.2877E+00 0.1994E+09

0.290E+00 0.4101E+01 0.2857E+00 0.2005E+09

0.285E+00 0.4049E+01 0.2838E+00 0.2016E+09

0.281E+00 0.3997E+01 0.2819E+00 0.2027E+09

0.277E+00 0.3946E+01 0.2800E+00 0.2038E+09

0.272E+00 0.3897E+01 0.2782E+00 0.2049E+09

0.268E+00 0.3849E+01 0.2763E+00 0.2060E+09

0.264E+00 0.3801E+01 0.2745E+00 0.2070E+09

0.260E+00 0.3755E+01 0.2728E+00 0.2081E+09

0.255E+00 0.3709E+01 0.2710E+00 0.2091E+09

0.251E+00 0.3665E+01 0.2693E+00 0.2102E+09

0.247E+00 0.3621E+01 0.2676E+00 0.2112E+09

0.243E+00 0.3579E+01 0.2659E+00 0.2122E+09

0.238E+00 0.3537E+01 0.2642E+00 0.2133E+09

0.234E+00 0.3496E+01 0.2626E+00 0.2143E+09

0.230E+00 0.3456E+01 0.2610E+00 0.2153E+09

0.226E+00 0.3416E+01 0.2594E+00 0.2163E+09

0.222E+00 0.3378E+01 0.2579E+00 0.2173E+09

0.218E+00 0.3340E+01 0.2563E+00 0.2182E+09

0.214E+00 0.3303E+01 0.2548E+00 0.2192E+09

0.210E+00 0.3267E+01 0.2533E+00 0.2202E+09

Table 2. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.206E+00 0.3232E+01 0.2518E+00 0.2211E+09

0.202E+00 0.3197E+01 0.2504E+00 0.2221E+09

0.198E+00 0.3163E+01 0.2490E+00 0.2230E+09

0.194E+00 0.3129E+01 0.2475E+00 0.2240E+09

0.190E+00 0.3097E+01 0.2462E+00 0.2249E+09

0.186E+00 0.3065E+01 0.2448E+00 0.2258E+09

0.182E+00 0.3033E+01 0.2434E+00 0.2267E+09

0.178E+00 0.3002E+01 0.2421E+00 0.2276E+09

0.174E+00 0.2972E+01 0.2408E+00 0.2285E+09

0.170E+00 0.2942E+01 0.2395E+00 0.2294E+09

0.167E+00 0.2913E+01 0.2382E+00 0.2302E+09

0.163E+00 0.2885E+01 0.2369E+00 0.2311E+09

0.159E+00 0.2857E+01 0.2357E+00 0.2320E+09

0.155E+00 0.2830E+01 0.2345E+00 0.2328E+09

0.152E+00 0.2803E+01 0.2333E+00 0.2336E+09

0.148E+00 0.2777E+01 0.2321E+00 0.2345E+09

0.144E+00 0.2751E+01 0.2309E+00 0.2353E+09

0.141E+00 0.2725E+01 0.2298E+00 0.2361E+09

0.137E+00 0.2701E+01 0.2286E+00 0.2369E+09

0.133E+00 0.2676E+01 0.2275E+00 0.2377E+09

0.130E+00 0.2652E+01 0.2264E+00 0.2385E+09

0.126E+00 0.2629E+01 0.2253E+00 0.2393E+09

0.123E+00 0.2606E+01 0.2242E+00 0.2401E+09

0.119E+00 0.2583E+01 0.2232E+00 0.2408E+09

0.116E+00 0.2561E+01 0.2221E+00 0.2416E+09

0.112E+00 0.2540E+01 0.2211E+00 0.2423E+09

0.109E+00 0.2518E+01 0.2201E+00 0.2431E+09

0.106E+00 0.2497E+01 0.2191E+00 0.2438E+09

0.102E+00 0.2477E+01 0.2181E+00 0.2446E+09

0.990E-01 0.2457E+01 0.2172E+00 0.2453E+09

0.957E-01 0.2437E+01 0.2162E+00 0.2460E+09

0.925E-01 0.2418E+01 0.2153E+00 0.2467E+09

0.892E-01 0.2399E+01 0.2143E+00 0.2474E+09

0.860E-01 0.2380E+01 0.2134E+00 0.2481E+09

0.828E-01 0.2362E+01 0.2125E+00 0.2487E+09

0.797E-01 0.2344E+01 0.2116E+00 0.2494E+09

0.765E-01 0.2326E+01 0.2108E+00 0.2501E+09

0.734E-01 0.2309E+01 0.2099E+00 0.2507E+09

0.704E-01 0.2292E+01 0.2090E+00 0.2514E+09

0.673E-01 0.2276E+01 0.2082E+00 0.2520E+09

0.643E-01 0.2259E+01 0.2074E+00 0.2527E+09

0.613E-01 0.2243E+01 0.2066E+00 0.2533E+09

0.583E-01 0.2228E+01 0.2058E+00 0.2539E+09

0.554E-01 0.2212E+01 0.2050E+00 0.2545E+09

0.525E-01 0.2197E+01 0.2042E+00 0.2551E+09

0.496E-01 0.2182E+01 0.2035E+00 0.2557E+09

0.468E-01 0.2168E+01 0.2027E+00 0.2563E+09

0.440E-01 0.2154E+01 0.2020E+00 0.2569E+09

0.412E-01 0.2140E+01 0.2012E+00 0.2574E+09

0.384E-01 0.2126E+01 0.2005E+00 0.2580E+09

0.357E-01 0.2112E+01 0.1998E+00 0.2585E+09
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Table 2. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.330E-01 0.2099E+01 0.1991E+00 0.2590E+09

0.303E-01 0.2086E+01 0.1984E+00 0.2595E+09

0.277E-01 0.2073E+01 0.1977E+00 0.2600E+09

0.251E-01 0.2060E+01 0.1970E+00 0.2605E+09

0.226E-01 0.2048E+01 0.1964E+00 0.2610E+09

0.201E-01 0.2036E+01 0.1957E+00 0.2615E+09

0.176E-01 0.2024E+01 0.1951E+00 0.2620E+09

0.152E-01 0.2013E+01 0.1945E+00 0.2624E+09

0.129E-01 0.2002E+01 0.1939E+00 0.2629E+09

0.106E-01 0.1991E+01 0.1933E+00 0.2633E+09

0.836E-02 0.1981E+01 0.1927E+00 0.2637E+09

0.626E-02 0.1972E+01 0.1922E+00 0.2641E+09

0.430E-02 0.1963E+01 0.1917E+00 0.2645E+09

0.256E-02 0.1955E+01 0.1913E+00 0.2648E+09

0.117E-02 0.1949E+01 0.1909E+00 0.2650E+09

0.300E-03 0.1945E+01 0.1907E+00 0.2652E+09

0.213E-04 0.1943E+01 0.1906E+00 0.2652E+09

0.967E-07 0.1943E+01 0.1906E+00 0.2653E+09

Table 3. Same as in Table 1, but for λ = 1550.77 Åof C
IV.

∆E/E S (at.u.) fik Aki (sec−1)

0.920E+00 0.1303E+03 0.1020E+01 0.1808E+08

0.918E+00 0.1256E+03 0.1007E+01 0.1871E+08

0.916E+00 0.1210E+03 0.9932E+00 0.1936E+08

0.914E+00 0.1166E+03 0.9799E+00 0.2001E+08

0.912E+00 0.1124E+03 0.9665E+00 0.2067E+08

0.910E+00 0.1084E+03 0.9533E+00 0.2134E+08

0.908E+00 0.1045E+03 0.9403E+00 0.2201E+08

0.906E+00 0.1009E+03 0.9279E+00 0.2271E+08

0.904E+00 0.9734E+02 0.9155E+00 0.2342E+08

0.902E+00 0.9397E+02 0.9032E+00 0.2413E+08

0.900E+00 0.9074E+02 0.8912E+00 0.2486E+08

0.898E+00 0.8765E+02 0.8793E+00 0.2559E+08

0.895E+00 0.8467E+02 0.8675E+00 0.2634E+08

0.893E+00 0.8181E+02 0.8559E+00 0.2709E+08

0.891E+00 0.7900E+02 0.8438E+00 0.2783E+08

0.889E+00 0.7630E+02 0.8318E+00 0.2858E+08

0.886E+00 0.7371E+02 0.8199E+00 0.2934E+08

0.884E+00 0.7121E+02 0.8082E+00 0.3010E+08

0.882E+00 0.6881E+02 0.7966E+00 0.3087E+08

0.879E+00 0.6651E+02 0.7852E+00 0.3165E+08

0.877E+00 0.6429E+02 0.7740E+00 0.3244E+08

0.875E+00 0.6216E+02 0.7629E+00 0.3323E+08

0.872E+00 0.6011E+02 0.7520E+00 0.3403E+08

0.870E+00 0.5818E+02 0.7418E+00 0.3487E+08

0.867E+00 0.5632E+02 0.7317E+00 0.3571E+08

0.865E+00 0.5453E+02 0.7217E+00 0.3656E+08

0.862E+00 0.5281E+02 0.7119E+00 0.3742E+08

Table 3. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.860E+00 0.5114E+02 0.7022E+00 0.3829E+08

0.857E+00 0.4954E+02 0.6927E+00 0.3916E+08

0.855E+00 0.4800E+02 0.6833E+00 0.4005E+08

0.852E+00 0.4651E+02 0.6740E+00 0.4094E+08

0.849E+00 0.4507E+02 0.6649E+00 0.4184E+08

0.847E+00 0.4369E+02 0.6559E+00 0.4275E+08

0.844E+00 0.4233E+02 0.6466E+00 0.4364E+08

0.841E+00 0.4100E+02 0.6373E+00 0.4452E+08

0.839E+00 0.3973E+02 0.6281E+00 0.4541E+08

0.836E+00 0.3850E+02 0.6191E+00 0.4631E+08

0.833E+00 0.3731E+02 0.6103E+00 0.4721E+08

0.830E+00 0.3617E+02 0.6016E+00 0.4813E+08

0.827E+00 0.3507E+02 0.5930E+00 0.4905E+08

0.824E+00 0.3400E+02 0.5846E+00 0.4997E+08

0.822E+00 0.3298E+02 0.5764E+00 0.5091E+08

0.819E+00 0.3199E+02 0.5683E+00 0.5185E+08

0.816E+00 0.3104E+02 0.5604E+00 0.5281E+08

0.813E+00 0.3012E+02 0.5526E+00 0.5376E+08

0.810E+00 0.2924E+02 0.5449E+00 0.5473E+08

0.807E+00 0.2840E+02 0.5378E+00 0.5575E+08

0.804E+00 0.2760E+02 0.5308E+00 0.5678E+08

0.801E+00 0.2682E+02 0.5240E+00 0.5782E+08

0.797E+00 0.2607E+02 0.5172E+00 0.5887E+08

0.794E+00 0.2534E+02 0.5106E+00 0.5992E+08

0.791E+00 0.2464E+02 0.5040E+00 0.6098E+08

0.788E+00 0.2396E+02 0.4976E+00 0.6205E+08

0.785E+00 0.2330E+02 0.4912E+00 0.6312E+08

0.782E+00 0.2266E+02 0.4850E+00 0.6421E+08

0.778E+00 0.2205E+02 0.4788E+00 0.6530E+08

0.775E+00 0.2145E+02 0.4727E+00 0.6640E+08

0.772E+00 0.2087E+02 0.4668E+00 0.6750E+08

0.768E+00 0.2031E+02 0.4609E+00 0.6861E+08

0.765E+00 0.1977E+02 0.4551E+00 0.6973E+08

0.762E+00 0.1924E+02 0.4494E+00 0.7086E+08

0.758E+00 0.1873E+02 0.4436E+00 0.7197E+08

0.755E+00 0.1822E+02 0.4376E+00 0.7302E+08

0.751E+00 0.1772E+02 0.4317E+00 0.7408E+08

0.748E+00 0.1724E+02 0.4258E+00 0.7515E+08

0.744E+00 0.1677E+02 0.4201E+00 0.7622E+08

0.741E+00 0.1632E+02 0.4145E+00 0.7730E+08

0.737E+00 0.1589E+02 0.4090E+00 0.7838E+08

0.734E+00 0.1546E+02 0.4036E+00 0.7947E+08

0.730E+00 0.1506E+02 0.3982E+00 0.8056E+08

0.726E+00 0.1466E+02 0.3930E+00 0.8166E+08

0.723E+00 0.1428E+02 0.3878E+00 0.8276E+08

0.719E+00 0.1391E+02 0.3828E+00 0.8387E+08

0.715E+00 0.1355E+02 0.3778E+00 0.8498E+08

0.711E+00 0.1320E+02 0.3729E+00 0.8610E+08

0.708E+00 0.1286E+02 0.3681E+00 0.8722E+08

0.704E+00 0.1253E+02 0.3634E+00 0.8835E+08
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Table 3. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.700E+00 0.1222E+02 0.3588E+00 0.8948E+08

0.696E+00 0.1191E+02 0.3542E+00 0.9061E+08

0.692E+00 0.1161E+02 0.3497E+00 0.9175E+08

0.689E+00 0.1132E+02 0.3453E+00 0.9289E+08

0.685E+00 0.1104E+02 0.3411E+00 0.9406E+08

0.681E+00 0.1078E+02 0.3372E+00 0.9531E+08

0.677E+00 0.1053E+02 0.3333E+00 0.9657E+08

0.673E+00 0.1029E+02 0.3295E+00 0.9783E+08

0.669E+00 0.1005E+02 0.3258E+00 0.9909E+08

0.665E+00 0.9814E+01 0.3221E+00 0.1004E+09

0.661E+00 0.9589E+01 0.3185E+00 0.1016E+09

0.657E+00 0.9370E+01 0.3150E+00 0.1029E+09

0.653E+00 0.9156E+01 0.3114E+00 0.1042E+09

0.649E+00 0.8949E+01 0.3080E+00 0.1055E+09

0.644E+00 0.8748E+01 0.3046E+00 0.1068E+09

0.640E+00 0.8552E+01 0.3012E+00 0.1081E+09

0.636E+00 0.8362E+01 0.2979E+00 0.1094E+09

0.632E+00 0.8177E+01 0.2947E+00 0.1107E+09

0.628E+00 0.7996E+01 0.2914E+00 0.1120E+09

0.624E+00 0.7821E+01 0.2883E+00 0.1133E+09

0.619E+00 0.7651E+01 0.2852E+00 0.1146E+09

0.615E+00 0.7485E+01 0.2821E+00 0.1159E+09

0.611E+00 0.7324E+01 0.2791E+00 0.1172E+09

0.607E+00 0.7167E+01 0.2761E+00 0.1185E+09

0.602E+00 0.7014E+01 0.2732E+00 0.1198E+09

0.598E+00 0.6866E+01 0.2703E+00 0.1211E+09

0.594E+00 0.6721E+01 0.2675E+00 0.1225E+09

0.589E+00 0.6581E+01 0.2647E+00 0.1238E+09

0.585E+00 0.6444E+01 0.2619E+00 0.1251E+09

0.581E+00 0.6311E+01 0.2592E+00 0.1264E+09

0.576E+00 0.6181E+01 0.2565E+00 0.1278E+09

0.572E+00 0.6054E+01 0.2539E+00 0.1291E+09

0.567E+00 0.5923E+01 0.2510E+00 0.1303E+09

0.563E+00 0.5796E+01 0.2481E+00 0.1314E+09

0.559E+00 0.5672E+01 0.2452E+00 0.1326E+09

0.554E+00 0.5552E+01 0.2425E+00 0.1337E+09

0.550E+00 0.5434E+01 0.2397E+00 0.1349E+09

0.545E+00 0.5320E+01 0.2370E+00 0.1360E+09

0.541E+00 0.5210E+01 0.2344E+00 0.1372E+09

0.536E+00 0.5102E+01 0.2318E+00 0.1383E+09

0.532E+00 0.4997E+01 0.2292E+00 0.1395E+09

0.527E+00 0.4895E+01 0.2267E+00 0.1406E+09

0.523E+00 0.4795E+01 0.2242E+00 0.1418E+09

0.518E+00 0.4699E+01 0.2218E+00 0.1429E+09

0.513E+00 0.4605E+01 0.2194E+00 0.1441E+09

0.509E+00 0.4513E+01 0.2171E+00 0.1452E+09

0.504E+00 0.4424E+01 0.2148E+00 0.1463E+09

0.500E+00 0.4337E+01 0.2125E+00 0.1475E+09

0.495E+00 0.4253E+01 0.2103E+00 0.1486E+09

0.491E+00 0.4170E+01 0.2081E+00 0.1498E+09

Table 3. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.486E+00 0.4090E+01 0.2059E+00 0.1509E+09

0.481E+00 0.4012E+01 0.2038E+00 0.1520E+09

0.477E+00 0.3936E+01 0.2017E+00 0.1531E+09

0.472E+00 0.3862E+01 0.1996E+00 0.1543E+09

0.468E+00 0.3790E+01 0.1976E+00 0.1554E+09

0.463E+00 0.3719E+01 0.1956E+00 0.1565E+09

0.458E+00 0.3651E+01 0.1937E+00 0.1576E+09

0.454E+00 0.3584E+01 0.1917E+00 0.1587E+09

0.449E+00 0.3519E+01 0.1899E+00 0.1598E+09

0.444E+00 0.3455E+01 0.1880E+00 0.1609E+09

0.440E+00 0.3394E+01 0.1862E+00 0.1620E+09

0.435E+00 0.3333E+01 0.1844E+00 0.1631E+09

0.431E+00 0.3275E+01 0.1826E+00 0.1642E+09

0.426E+00 0.3217E+01 0.1809E+00 0.1653E+09

0.421E+00 0.3161E+01 0.1792E+00 0.1664E+09

0.417E+00 0.3107E+01 0.1775E+00 0.1675E+09

0.412E+00 0.3054E+01 0.1758E+00 0.1685E+09

0.407E+00 0.3002E+01 0.1742E+00 0.1696E+09

0.403E+00 0.2951E+01 0.1726E+00 0.1707E+09

0.398E+00 0.2902E+01 0.1710E+00 0.1718E+09

0.394E+00 0.2854E+01 0.1695E+00 0.1728E+09

0.389E+00 0.2807E+01 0.1679E+00 0.1739E+09

0.384E+00 0.2761E+01 0.1664E+00 0.1749E+09

0.380E+00 0.2718E+01 0.1651E+00 0.1761E+09

0.375E+00 0.2677E+01 0.1638E+00 0.1773E+09

0.371E+00 0.2637E+01 0.1625E+00 0.1786E+09

0.366E+00 0.2598E+01 0.1613E+00 0.1798E+09

0.362E+00 0.2560E+01 0.1601E+00 0.1810E+09

0.357E+00 0.2523E+01 0.1589E+00 0.1822E+09

0.352E+00 0.2486E+01 0.1577E+00 0.1834E+09

0.348E+00 0.2450E+01 0.1565E+00 0.1846E+09

0.343E+00 0.2415E+01 0.1553E+00 0.1858E+09

0.339E+00 0.2381E+01 0.1542E+00 0.1869E+09

0.334E+00 0.2347E+01 0.1530E+00 0.1881E+09

0.330E+00 0.2315E+01 0.1519E+00 0.1893E+09

0.325E+00 0.2283E+01 0.1508E+00 0.1904E+09

0.321E+00 0.2251E+01 0.1498E+00 0.1916E+09

0.316E+00 0.2221E+01 0.1487E+00 0.1927E+09

0.312E+00 0.2191E+01 0.1476E+00 0.1939E+09

0.307E+00 0.2161E+01 0.1466E+00 0.1950E+09

0.303E+00 0.2133E+01 0.1456E+00 0.1961E+09

0.299E+00 0.2105E+01 0.1446E+00 0.1973E+09

0.294E+00 0.2077E+01 0.1436E+00 0.1984E+09

0.290E+00 0.2050E+01 0.1426E+00 0.1995E+09

0.285E+00 0.2024E+01 0.1416E+00 0.2006E+09

0.281E+00 0.1998E+01 0.1407E+00 0.2017E+09

0.277E+00 0.1973E+01 0.1397E+00 0.2027E+09

0.272E+00 0.1948E+01 0.1388E+00 0.2038E+09

0.268E+00 0.1924E+01 0.1379E+00 0.2049E+09

0.264E+00 0.1900E+01 0.1370E+00 0.2060E+09
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Table 3. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.260E+00 0.1877E+01 0.1361E+00 0.2070E+09

0.255E+00 0.1854E+01 0.1352E+00 0.2081E+09

0.251E+00 0.1832E+01 0.1344E+00 0.2091E+09

0.247E+00 0.1810E+01 0.1335E+00 0.2101E+09

0.243E+00 0.1789E+01 0.1327E+00 0.2111E+09

0.238E+00 0.1768E+01 0.1319E+00 0.2122E+09

0.234E+00 0.1747E+01 0.1311E+00 0.2132E+09

0.230E+00 0.1727E+01 0.1303E+00 0.2142E+09

0.226E+00 0.1708E+01 0.1295E+00 0.2152E+09

0.222E+00 0.1689E+01 0.1287E+00 0.2161E+09

0.218E+00 0.1670E+01 0.1279E+00 0.2171E+09

0.214E+00 0.1651E+01 0.1272E+00 0.2181E+09

0.210E+00 0.1633E+01 0.1264E+00 0.2190E+09

0.206E+00 0.1615E+01 0.1257E+00 0.2200E+09

0.202E+00 0.1598E+01 0.1250E+00 0.2209E+09

0.198E+00 0.1581E+01 0.1242E+00 0.2219E+09

0.194E+00 0.1564E+01 0.1235E+00 0.2228E+09

0.190E+00 0.1548E+01 0.1228E+00 0.2237E+09

0.186E+00 0.1532E+01 0.1222E+00 0.2246E+09

0.182E+00 0.1516E+01 0.1215E+00 0.2255E+09

0.178E+00 0.1501E+01 0.1208E+00 0.2264E+09

0.174E+00 0.1486E+01 0.1202E+00 0.2273E+09

0.170E+00 0.1471E+01 0.1195E+00 0.2282E+09

0.167E+00 0.1456E+01 0.1189E+00 0.2290E+09

0.163E+00 0.1442E+01 0.1182E+00 0.2299E+09

0.159E+00 0.1428E+01 0.1176E+00 0.2307E+09

0.155E+00 0.1414E+01 0.1170E+00 0.2316E+09

0.152E+00 0.1401E+01 0.1164E+00 0.2324E+09

0.148E+00 0.1388E+01 0.1158E+00 0.2332E+09

0.144E+00 0.1375E+01 0.1152E+00 0.2341E+09

0.141E+00 0.1362E+01 0.1147E+00 0.2349E+09

0.137E+00 0.1350E+01 0.1141E+00 0.2357E+09

0.133E+00 0.1338E+01 0.1135E+00 0.2365E+09

0.130E+00 0.1326E+01 0.1130E+00 0.2373E+09

0.126E+00 0.1314E+01 0.1124E+00 0.2380E+09

0.123E+00 0.1303E+01 0.1119E+00 0.2388E+09

0.119E+00 0.1291E+01 0.1114E+00 0.2396E+09

0.116E+00 0.1280E+01 0.1109E+00 0.2403E+09

0.112E+00 0.1269E+01 0.1103E+00 0.2411E+09

0.109E+00 0.1259E+01 0.1098E+00 0.2418E+09

0.106E+00 0.1248E+01 0.1093E+00 0.2425E+09

Table 3. continued

∆E/E S (at.u.) fik Aki (sec−1)

0.102E+00 0.1238E+01 0.1088E+00 0.2433E+09

0.990E-01 0.1228E+01 0.1084E+00 0.2440E+09

0.957E-01 0.1218E+01 0.1079E+00 0.2447E+09

0.925E-01 0.1209E+01 0.1074E+00 0.2454E+09

0.892E-01 0.1199E+01 0.1070E+00 0.2461E+09

0.860E-01 0.1190E+01 0.1065E+00 0.2468E+09

0.828E-01 0.1181E+01 0.1060E+00 0.2474E+09

0.797E-01 0.1172E+01 0.1056E+00 0.2481E+09

0.765E-01 0.1163E+01 0.1052E+00 0.2488E+09

0.734E-01 0.1154E+01 0.1047E+00 0.2494E+09

0.704E-01 0.1146E+01 0.1043E+00 0.2501E+09

0.673E-01 0.1137E+01 0.1039E+00 0.2507E+09

0.643E-01 0.1129E+01 0.1035E+00 0.2513E+09

0.613E-01 0.1121E+01 0.1031E+00 0.2519E+09

0.583E-01 0.1113E+01 0.1027E+00 0.2526E+09

0.554E-01 0.1106E+01 0.1023E+00 0.2532E+09

0.525E-01 0.1098E+01 0.1019E+00 0.2538E+09

0.496E-01 0.1091E+01 0.1015E+00 0.2543E+09

0.468E-01 0.1084E+01 0.1012E+00 0.2549E+09

0.440E-01 0.1076E+01 0.1008E+00 0.2555E+09

0.412E-01 0.1069E+01 0.1004E+00 0.2561E+09

0.384E-01 0.1063E+01 0.1001E+00 0.2566E+09

0.357E-01 0.1056E+01 0.9971E-01 0.2572E+09

0.330E-01 0.1049E+01 0.9935E-01 0.2577E+09

0.303E-01 0.1042E+01 0.9900E-01 0.2582E+09

0.277E-01 0.1036E+01 0.9866E-01 0.2587E+09

0.251E-01 0.1030E+01 0.9832E-01 0.2592E+09

0.226E-01 0.1024E+01 0.9799E-01 0.2596E+09

0.201E-01 0.1018E+01 0.9766E-01 0.2601E+09

0.176E-01 0.1012E+01 0.9735E-01 0.2606E+09

0.152E-01 0.1006E+01 0.9704E-01 0.2610E+09

0.129E-01 0.1001E+01 0.9674E-01 0.2615E+09

0.106E-01 0.9954E+00 0.9645E-01 0.2619E+09

0.836E-02 0.9903E+00 0.9617E-01 0.2623E+09

0.626E-02 0.9855E+00 0.9591E-01 0.2627E+09

0.430E-02 0.9810E+00 0.9566E-01 0.2631E+09

0.256E-02 0.9771E+00 0.9545E-01 0.2634E+09

0.117E-02 0.9739E+00 0.9527E-01 0.2636E+09

0.300E-03 0.9720E+00 0.9517E-01 0.2638E+09

0.213E-04 0.9714E+00 0.9513E-01 0.2638E+09

0.967E-07 0.9713E+00 0.9513E-01 0.2638E+09
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PROCENA ATOMSKIH PODATAKA ZA H I C IV PRELAZE
U JAKOM GRAVITACIONOM POǈU

L. Q. Popovi�

Astronomska opservatorija, Volgina 7, 11160 Beograd–74, Jugoslavija

UDK 52−355.3
Originalni nauqni rad

Efekt gravitacionog poǉa na atomske po-
datke za H i C IV prelaze se razmatra kao
perturbacija poqetnog i krajǌeg energijskih
nivoa. Ova dejstvo je ve�e za prelaze sa ve�im
sa glavnim kvantnim brojem. Ovde dajemo iz-
raze za procenu ovog efekta i ǌegovog uti-
caja na atomske parametre. Tako�e, dati su

proraquni za 1s − 2p (Lyα) i 2s − 3p prelaze
kod atoma vodonika kao i atomski podaci za
2s2S1/2 − 2p2P 0

1/2,3/2 prelaze kod C IV (1uv) kao
funkcija deformacije energijskih nivoa i
gravitacionog pomeraja. Ovaj efekat bi tre-
balo proceniti i uzeti ga u obzir pri prouqa-
vaǌu xirokolinijskih regiona u aktivnim ga-
laktiqkim jezgrima.
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