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Properties of Co I

Density 8.90 g/cm3

Atomic number: 27
Atomic mass: 58.933195 u
Electronic configuration of Co I: 4s2 3d7

Ground-state term of Co I: 4F9/2

Ionization energy of Co I: 7.881 eV
Classification: transition metal.
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The emission spectrum of Cobalt
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In quantum physics the basic equation to be solved is the Schrödinger equation:

1- Hartree-Fock Theory 2- Thomas-Fermi-Dirac-Amaldi Theory (TFDA)

Theory

It is possible to obtain exact solutions of this equation only for one-electron systems, i.e., for 
hydrogen like ions. For many electron systems approximation methods must be used:
 

Obtaining wave functions for 
the radial equation to get the 
energy levels.

Obtaining effective potentials 
for the radial equation to get the 
energy levels.
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1- H.F Theory

Where we used the Slater Determinant as wave function:
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The solution of this equation is: 

Where 

Where
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1- H.F Theory
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the Thomas–Fermi–Dirac–Amaldi (TFDA) model, where the charge distribution
is assumed to be spherically symmetric,  is a useful procedure to choose the central potential 
U(r ). 
the TFDA model gives a continuous function φ (x) such that

Where,

and     is the constant

Having determined a central potential U(r ), we compute the one-electron orbitals Pnl (r ) by solving the 
wave equation

2- T.F.D.A Theory


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Where

Where

and      is the constant

2- T.F.D.A Theory
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Atomic Structure Codes

• Theoretical atomic data are important for many physics research fields 
including plasma modeling under various physical conditions, X-ray 
spectroscopy and astrophysical research. 

• Scientists have developed several computer programs that perform atomic 
calculations.
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Some Atomic Structure Codes

Code Author Method

Cowan R. Cowan (1981) Breit-Pauli, HF method

SUPERSTRUCTURE W. Eissner et al. (1974) Breit-Pauli, TFDA potential

AUTOSTRUCTURE N. R. Badnell (1986) Breit-Pauli, TFDA potential

CIV3 A. Hibbert (1975) Non relativistic CI method

FAC M. F. Gu (2008) MCDF, Breit-Pauli and QED

GRASP F. Parpia and I. Grant (1989) MCDF or parametric potential.

MCHF C. F.  Fischer (2000) Non relativistic MCHF approach 



Atomic structure codes used: 
1- Cowan code developed by R. Cowan (1981).
2- AUTOSTRUCTURE code developed by N. R. Badnell (1986).

Configurations used in the atomic structure calculations for Co I 

 3d7 4s2

 3d7 4s 4d
 3d7 4s 5s
 3d8 4s
 3d8 5s
 3d8 4d
 3d9

 3d7 4s 4p
 3d7 4s 4f
 3d84p
 3d8 4f
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RCN

[T1] 

RCN2  RCG  RCE 
IN36

out36

radius.res out2

ING11

outg11

IN2 energy

INE20

level 1
level 2
level 3

Oute20      

Cowan suite of atomic structure codes (CW) 

tape2n
tape2e

outgineout2ing
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 Cowan suite of atomic structure codes (CW) 

Input file: IN36
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AUTOSTRUCTURE code (AS)

Input file: das

 
A
S

das olg
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Results of Ab initio Energy Levels (cm-1)
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Results of Fitting Energy Levels (cm-1)
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Ab initio and fitting calculations
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CW AS

Ab initio calculations 18.0
%

5.4
%

Fitting calculations 0.7% 2.6
%



Transition calculations

These calculations are in 
progress…

20



Conclusions

• Ab initio atomic structure calculations (purely theoretical 
calculations) are done using the CW & AS codes.

• Fitting atomic structure calculations (semi-empirical calculations) 
are done using the CW & AS codes.

• New data for plasma spectroscopy and astrophysical applications 
will be provided.
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Thank you

A. Siddig
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