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Abstract

To explain the energy levels of the atoms, we use a new equation of quantization. This
equation is a modified potencial Coulomb energy multiplied by the period which has the SI
unit of angular moment (J.s). The calculations are in agreement for the atoms of H, He, Li,
Be and C. The maximum error is 3.6% but only using the Coulomb force. It is necessary to
continue the research for the others forces too.

1. Introduction
The calculation of the energy levels of H, He, Li, Be and C are in the next sections. They

are in agreement with the experimental energy between an error of 3.6%, see table 1 and 2.
In the calculations we compute only the Coulomb force.

Atom |Z | e-|E (eV) |E (eV) |Error

theoret. | exper. %
HI 1|1 13.6 13.6| 0.0
Hel |2 |2 78.7 79.0/-0.4
Hell |2 |1 54.4 54.41 0.0
Lil 313 196.0| 203.4|-3.6
Lill |3 ]2 200.1| 198.0| 1.5
Lilll |3 |1 122.4| 122.4| 0.0
Bel |4 |4 385.2| 399.1(-35
Bell |4 |3 386.8| 389.8(-0.8
Belll |4 |2 377.6| 371.6]| 1.6
BelV |4 |1 217.6| 217.7|0.0
Cl 6 |6 998.4| 1030.1|-3.1
Clll |6 |4 992.2| 994.5(-0.2
Clv |6 |3 951.3| 946.6| 0.5
CV |6 |2 8945| 882.1| 14
CVl |6 |1 489.8| 490.0| 0.0

Table 1 . Atom energies theoretical and experimental of H, He, Li, Be and C. Experimental
values from [1].
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Table 2 . Error in % between the atom energies theoretical and experimental. The atoms are
for 1 electron (for exemple: Fm C), 2 electrons (Fm XCIX), 3 electrons (Fm XCVIII), 4
electrons (Fm XCVII) and 6 electrons (Fm XCV).

The atoms of the Table 1 are the simplest of calculating because the eletrons are
symmetrical.

In the development we used the Newtonian equations. In Section 7 we have the relativistic
correction. All the tables are with the relativistic correction.

The method of calculation is described below. We use the Hel as example.

1.1. The equation of forces for the Hel and for a circular path of the electrons is:

2 2
mvo_ e (2 1 (1)
rdre,\r2  (2r)2

1.2. The new equation of quantization is:

Vg T =nh [J.5] @)

where T is the period and Vg, is the equation of Coulomb force with the denominator of
the right term without being high to the square and in scalar form. For the He I is:
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1.3. The modified equation of energy for each electron is:

Ze? g2 2
m.el m.e2 47[80 472_80 r ( )

so, the modified potencial energy is the atom nucleus charge (Ze?2) divided by the radius r
and the Coulomb constant.

1.4. The energy calculated for the Hel is

E =Ke +Keo +Viner +Vime2 ()
where K, is the kinetic energy. For low velocities we have:

Ke = %mv2 (6)

where Vg, T has the SI unit of angular momentum [J.s], n is the quantization number, h

is the Planck constant, r is the distance between the nucleus and the electron, Ze is the
charge, 1/4re, isthe Coulomb constantand m and v are respectively the mass and the

velocity of the electron.
2. Hydrogen atom

For the hydrogen neutral atom (1 protons and 1 electron), for circular path of the electron
the forces are:

v2 e2 1

r 4ze, r2

a2
mv2ar =

()

Are,
The period is:

T =2—’”=§At 8)
\Y



where

at=" ©)
C

and c is the velocity of light.
Substituting (9) in (8) we have:

_2m
\"

4 (10)

Substituting (10) in (7) we have:

2
. 1( 5) (11)

- Az, M 21

From Section 1.2 we have:

e2 1
Vg, = = 12
au. Argy ¥ (12)

which for H is the potencial Coulomb energy.
Multiplying (12) and (8) we have:

2
e Lot (13)
Argy 1

VauTl =

Substituting (9) in (13) we have :

2
T=—1 e nh psy (14)
Arg, C

un.

Substituting (14) in (11) we have:

Are, N2h2
r =
e2 m

(15)

Substituting (15) in (7) we have:

e 1
Argy Nh

(16)



Substituting (16) in (10) we have:

£ = 4”icnh =137
27 e
So, for hydrogen a =27/& where « is the fine structure constant.
From Section 1.3 we have:

1 e?
Argy 1

Vme:_

which for H is the potencial Coulomb energy. The total energy of H is:

2
E=Kg+V, :%va L

17
Arey 1 a7

Substituting (15) and (16) in (17) we have:

me4 1
E=-Kyzooo 18
® (47mey)22h2 n2 (18)

The total energy for H is:

E= —%27.2 =-13.6 eV

Equations (15), (16) and (18) are the same of Bohr and are in agreement with the
experiments for the hydrogen atom.

3. Helium atom
3.1-Hel

For the He | atom (2 protons and 2 electrons) and for circular path of the electron the
forces are:

vz e2 (2 1
m—= ——
r dze,\r2 (2r)2

o 1 €2
mv2r = —
4 4re,

(19)



Substituting (10) in (19) we have:

2
o7 e i(ij 20)
27C

44z, m

From Section 1.2 we have:
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LA -
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Multiplying (21) and (8) we have:

_3.e2 ant

Voo T == 22
au- 24ng, 1 (22)
Substituting (9) in (22) we have:

2
T=2 8 & _p (23)

a2 4rg, C

Substituting (23) in (20) we have:

; _ 7 4zey n2h?

= 24
9 e2 m (24)

Substituting (24) in (19) the velocity of electron 1 (e;) and electron 2 (e, ) is:

4
a9 @ . L (25)
4 (47e,) n2h?2
4
Ky = 0.59 e m

4 (4,2 22
From section 1.3 we have:

Ze?2 e2 2
Vet =Vimes = — =— = (26
m.el m.e2 472_80 r 472_80 r ( )

Substituting (24) in (26) we have:



18 et m
7 (47e,)2 n2h2

Vm.el :Vm.eZ = (27)

The total energy of the Hel is:

E= Ke1 + Ke2 +Vm.el +Vm.e2
E= 2(§—§)X27.26V =—-78.7 eV

3.2—-Hell

For the He Il atom (2 protons and 1 electron), for circular path of the electron the forces
are:

g2
mvar =2
4rs,

From section 1.2 for el is:

2 2
un. -2
Aregy 1

From section 1.3 we have:

ez 2
Arey 1

Vm.el ==

Making the same sequence of calculation of the electron 1 from He we have:

1 4re, n2h2
r==
2 e2 m

e4 m
Vo =4
mel T (4me,)2 n2h2

The total energy of the He Il is:



E=Ke +Vime
E=(2-4)27.2eV =-54.4 eV
4. Lithium atom
The lithium neutral atom has 3 protons and 3 electrons (Li I), see Figure 1.
4.1 — Electrons 1 and 2

The resulting force on electron 1 (see Figure 2) is:

e2 2.7362
Are, 12

I:res. =

The angle 8 =1.095° is small and we will consider a central force and a circular path. So,
the forces for electron 1 and 2 are:

v2 e2 2.7362

r 4rze, 12

e2
4reg,

mv2r = 2.7362

From Section 1.2 for e;and e, is:

e2 1

Argy 1

r 2r 4.1231r

e2 (3 1 1
un.l.e: (

j =2.2575

4re,
From section 1.3 we have:

Ze? e 3

Vinel =Vimer =— =—
me me Argyr Argy ¥




Figurel — Lithium neutral atom with 3 electrons

!

N >

Fres.

Figure 2 — The resulting force Fs on the electron 1

Making the same sequence of calculation of the electrons 1 and 2 of He we have:

2H2
r = 053689 %0 1% (29)
€2 m
1 g4 m

Keg = Kez = 50964 o )2 212

e4 m
(47g,)2 n2p2

Vel =Vimez = —5.9877
4.2 — Electron 3

The modified potencial energy for e3 is:

4
Vines = \/rrr]1_21e _Vmie _ 54003 & M

4 (472'80 )2 h?

The forces are:

v2 g2 ( 3 200514.036J

ar 4me, | (4r?  (4.1231r2)



g2
4rs,

mv2r =0.29348

(29)

Substituting (28) in (29) we have:

g4 1

v2 =0.54794
(472'80 )2 n2h2

e4 m
(4764)2 N2h2

Kes = Keo :%0.54794

The total energy of the Li | is:

E= Kel + Ke2 + Ke3 +Vm.e1 +Vm.e2 +Vm.e3

E= [2x2.5482 +0.27397 — 2x5.5877 —1.4003]x27.2 =-196.0 eV
5. Berilium atom

The berilium neutral atom has 4 protons and 4 electrons, see Fig. 3.

5.1 — Electrons 1 and 2

For circular trajectory we have the same equation of forces for electron 1 and 2:

v2 g2 (4 1 25in14.036°j

T dmg,(r2 (2r)2  (4.1231r)2

2
Ars,

mv2r =3.7215

— Pe

o
NS
vc\\' ¢ 4r
Ny

Neét/

Figure 3 - Berilium neutral atom with 4 electrons
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From Section 1.2 for e;and e, is:

2 2
Vaute :e_(f_i_ 2 j:3_015 ec 1
' Areg\r  2r 4.1231r drey 1

From section 1.3 we have:

Y y Ze? e2 4
el=Vme2 =~ =- -
m-e me Areyr Arey ¥

Making the same sequence of calculation of the electrons 1 and 2 of He we have:

4 252
e N4H (30)
e2 m

r =0.4094

g4 m
(476,)2 N272

Ko = Keo :%9.0901

e m
(4rgy)2 n2p2

Vel =Vme2 =-9.7704

5.2 —Electron 3and 4

The modified potencial energy for e3 and e4 is:

V Vv 4
Vine3 =Vmes = mie — “MIe - 24426 : i

n2 4 (47, )2 h?

The forces are:

vz e ( 3 1 200314.036}

4r dms, | (4r)? (8r)2  (4.1231r2)
2
mv2r = 0.48098— (31)
Ars,

Substituting (30) in (31) we have:

11



e4 1

v2 =1.1748
(47[&‘0 )2 n2n?2

1 g4 m
Kes = Keg =-11748 Ges)? 22

The total energy of the Li | is:

E= Kel + Ke2 + Ke3 + Ke4 +Vm.e1 +Vm.e2 +Vm.e3 +Vm.e4

E =2(4.545+0.5874) — 2(9.7704 + 2.4426)27.2 = —-385.2 eV
6. Carbon atom

The carbon neutral atom has 6 protons and 6 electrons, see Fig. 4.
6.1 — Electrons 1 and 2

For circular trajectory we have the same equation of forces for electron 1 and 2:

r 4dre,

v2 e2 (6 1 1 1 2sin14.036°
_ o _ + _
r2 (2r)2 (5r)2 (3r)2 (4.1231r)2

e2

mv2r =5.7926

4re,

Figure 4 - Carbon neutral atom with 6 electrons

From Section 1.2 for e;and e, is:

e2 1

r 2r 5r 3r 4.1231r

e2 (6 1 1 1 2
un.l.e = (

j =4.4815

4rs, Argy 1
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From section 1.3 we have:

\Y =V =— =—
m.el m.e2 Arg,r Argy 1

Ze? e2 6

Making the same sequence of calculation of the electrons 1 and 2 of He we have

Arey N2h?2

r =0.28842
e2 m

(32)

g4 m
(476,)2 N2h2

Ko = Keo :%20.083

e4 m

Ve =V =-20.803
m.el m.e2 (472_80)2 n2h2

6.2 — Electron 3 and 4

The modified potencial energy for €3 and e4 is:

_ _Vimte  Vmie _ et m
Vimes =Vimes _n—z - 4 =—5.2007 (4”8 )2 h_2
0

The forces are:

vz e [ 6 1 2c0s14.036 25in45j

4 due,| (ar (B2 (4.1231r2)  (5.6568r)?
g2
mv2r = 0.8042 (33)
4re,

Substituting (32) in (33) we have:

e4 1
(47[80 )2 n2h2

v2 =2.7883

1 g4 m
Keg =Keq =2.7883 s )2 nn?

6.3 — Electron 5 and 6
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The modified potencial energy for e5 and e6 is:

4
Vines =Vmes :Vm.le :Vm.le =—5.2007 AR

n2 4 (47, )2 h?

The forces are:

vz  e? 6 1 1 2sin45
Mo = 2 (3r)2 (8r)2 2
4r  4reg, (4r) (3r)¢ (8r)¢ (5.6568r)

g2
mv2r =0.81628

34
4rs, 34

Substituting (32) in (34) we have:

g4 m
(476,)2 N2h2

Kes = Keg =%2.8302

The total energy of the C I is:

E= Kel + Ke2 + KeS + Ke4 + Ke5 + Ke6 +Vm.e1 +Vm.e2 +Vm.e3 +Vm.e4 +Vm.e5 +Vm.e6

E =2(10.042+1.3941+1.4151) — 2(20.803+5.2007 +5.2007)27.2 = —998.4 eV

7. Relativistic correction

Consider the Fm C (one electron, Z=100), and the velocity is 0.7333c.
We make an approach and consider the electron with circular path and the forces are:

m, v2 e2 100

J—p2 1 4zg, r2

The relativistic Kinetic energy is:

Ke =myc2 1 __
)

The equation above are the relativistic correction.
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Making the calculations with the equations above we have the results presented in the
tables 1, 2 and 3.

Z |e-| f r (relat.) | E (Newt.) | E (relat.)

x10-11m| error % | error %
HI 111 /0.0073 5.29 0.0 0.0
He Il 2|1]0.0147 2.65 0.0 0.0
Ccvi 6|1 [0.0440 0.88 0.1 0.0
P XV 15| 1 {0.1100 0.35 -0.3 0.0
Ca XX 20| 1 10.1467 0.26 -0.5 0.0
Zn XXX 30| 1 0.2200 0.17 -1.2 0.0
SnL 50| 1 [0.3667 0.098 -3.4 0.1
Hg LXXX 80| 1 |0.5866 0.053 -9.2 0.3
FmC 100| 1 |{0.7333 0.036 | -15.2 0.6

Table 3 - . Error in % between the atom energy theoretical and experimental. Energy
calculated with Newtonian equations and with relativistic correction.

Conclusion
This method of calculation of the atoms energy levels has the maximum error of 3.6%.
In this paper we use only the Coulomb force. And it is necessary to continue the research
and to include the other forces.
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