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Abstract
The spinning period for a free electron and the periods of spin and orbital motion of the electron
in an atomic state have been calculated. We have shown that for a free electron the spinning pe-

riod is: (TS) e = 1.9% 107 s. But in the atomic case we show that, both the spin and the orbital pe-

riods depend on the quantum numbers n, m,, m. and the effective Landé-g factor, §g° which is a

function of the quantum number | of the atomic state |n,|,m,,ms) given in Dirac notation. We
have also calculated these periods for the ground state and some excited states—hydrogen and hy-

drogen-like atoms. For atomic states the approximate values of spinning period are (TS )ammiC =10"%s

and the related orbital periods are: (T,)

which are related to the pulse of 10-18 s will filter the orbital motion of the electron but will be
long enough to detect the details of the spin motion, such as flip-flops.

atomic

= (10"16 - 10"15)5. Therefore atto-second processes
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1. Introduction
To calculate the periods of spin and orbital motions of an electron in an atomic state |n,l,m,, ms) in Dirac re-
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presentation, we consider the total magnetic moment of an electron in the presence of a magnetic field in the z
direction. The z-component of the total magnetic moment of electron is given by [1]

Hhoar = M (M) + "M, ) = My + p159"M, = 4+ 1, @)

where g is the Bohr magneton, which is given by 7e/2mc and g is the effective Landé-g factor which
takes the values g" =1+1=1,2,3,4,5 depending on the values of the outermost electrons and 1=0,1,2,3,4
(corresponding to the so called s, p,d, f states respectively).

To calculate the spin period of an electron, we will use the magnetic top model which was first introduced by
Barut et al. [2]. For calculating the period of the orbital motion we will use the current loop model [3]-[7].

2. Period of the Spinning Motion of Electron

From Equation (1) the z-component of magnetic moment associated with the spinning motion is:

. g 9 ( eh
:us :uBg S 2 IUB 2 (sz) ( )

To proceed further, we calculate the intrinsic magnetic moment of electron with a semiclassical, magnetic top
model which was first introduced by Barut et al. [2].

In the magnetic top model, the spin angular momentum of electron is produced by the spinning of the elec-
tronic charge (—e) which is assumed to be uniformly distributed inside a sphere of a radius R. We denote the spin
angular frequency of the rotating charged sphere by a,, then the magnitude of the magnetic moment of this
sphere can be calculated(Appendix I) to be

ew,R?
Hsphere = ? (3)

In the presence of the magnetic field B = BZ, the z-component of the magnetic moment of the spinning
sphere becomes:

ew,R?
=t—— 4
H, = (4)
If we compare Equation (2) and Equation (4) we can write:
59°h
o, = 5a
* 4mR? 2)
2
T, - 87‘CR* m (5b)
597

where T, is the spinning period.
Let us consider the equatorial velocity of this spinning sphere, v =Ra,. A simple relativistic argument

shows that v = c. Therefore from Equation (5a) we can write:

59°%
v=Ro, =—=—=¢ 6
* 4mR ©)
Which defines the radius of electron as below:
59°h
R=——7- 7
4mc ()
For a free electron g~ =2 substituting other related variables in Equation (7) gives us the radius of a free
electron, R, :
Riee =9x107" cm 8)

Substitution of Equation (8) in Equation (5b) gives us the spinning period for a free electron:
(TS)free =1.9%x10%s 9)



Z.Saglam et al.

which is in good agreement with the semiclassical calculation of Olszewski [8].

For an electron in an atom, we cannot calculate the radius directly from Equation (7), because we need to
know the effective values of g". For the same reason we must take the effective values of g in Equation (5b)
which gives us (T,) aimm, oI the state [n,1,m;,m

In the following section ‘we find an expression for the period of orbital motion, (T0 )(n,l,m|,m ) for the outer-
most electron in hydrogen and hydrogen-like atoms: which is given by Equation (14): )

(TO )(n,l,mj,ms) =

When we take the ratio of the periods given in Equation (5b) and Equation (14), we find:
(TS )(n,l,m|,m5) _ 4|ml

2nr’m
h|mI

— (10)
(T ntmm) 59 r
Substitutin R—m (from Equation (7)) and r =n’a, with _ we get:
g ame q hn =Na =7 get:
m +g'mJe*(g")
(TS )(n,l,m|,ms) = 4n4h2C2 (TO )(n,l,m|,m5) (11)

It is known that when there is no quantum entanglement, for a free electron, the Landé-g factor is equal to 2.
For an electron in an atom the Landé-g factor is given by:

I+ +S(S+1)-L(L+1)
- 2J(3+1)

(12)

which varies is in range of g,,, =1<g<2=g,, . Recently, Saglam et al. [1] showed that because of the
quantum entanglements in an atom the Landé-g factor is replaced by the effective g-factor, g which takes the
values 9" =1+1=12,3,4,5 depending on 1=0,1,2,3,4 (corresponding to the so called s, p,d,f states
respectively) values of the outermost electrons together with the unfilled shells respectively. So the maximum
values of the effective Landé-g factor, g~ can be as high as 5. Therefore g;in =1<g < g:nax =5,

If we calculate the effective g-factor, g~ for the ground state hydrogen atom, |1 0,0 1/2) we found that
9" =1. For this value we calculate the period of ground state orbit and find: (T, ) =2.6x107 s. Substi-
tuting this valueand n=1, m, =0, m,=1/2, 9" =1 and other related parameters |n ]équatlon (11), we find the

spinning period of electron in |1,0,0,1/2) state, (T,) =1.48x10% s. We give the values of (T, )

$/(1,0,0,1/2) n | mj, mS

and (T,)
1.

() TOT the states: 1,0,0,1/2),]2,1,0,1/2), [3,2,2,1/2), |4,311/2) and |4,3,2,1/2) in Table

3. Period of the Orbital Motion of Electron

From Equation (1) the z-component of the total magnetic moment is:

Table 1. The values of (T, )(n. and (T, )(nr,m,,ms) for the states.

I,mj,mg )

Spinning periods Periods of orbital motion
(T )100,1/2) ~1.48x10*s (TO)(LO‘O,]/Z) —26x10%s
(T, ) psoys = 7-66x107 s (T0)as0ys) = 2:08x10™ s
(T) o0y =1T7%107s (T sy = 6-4x107 s
(T, )y =1.59%107 s (Ty ) ayy = 23%107 s
(T ) sy =L79%10% s (T anyy =1:1x107 s




Z.Saglam et al.

1) =t =t (M + Q"M ) = gy + p259°M, = 21+ 1,

where m =0,+L---,#l, m =+1/2, s :2e_h and g =1,2,3,4,5.
mc
Now we find another expression for g, in the current loop model [2]: we assume that the magnetic mo-
ment associated with the orbital motion of electron is produced by the fictitious point charge (—€) rotating in a
circular orbit with the angular frequency o, = 27:/TJ. and the radius r, in x-y plane. In this model the z-com-
ponent of the magnetic moment will be
IA_eoymr’  ger?

Hiotal c 27C cT ( )

total

If we compare Equation (12) and Equation (13) we write:

2nr’m
(TO )(n,l,mj,mS (14)

) h|m, +g'm,

where we replace T, by (TO)(nlm_m);here the subscript (0) stands for orbital motion.
Amjmg

Now we can find the values of (TO)(nIm- m) for hydrogen and hydrogen-like atoms: especially for
Lmj.m

h2
n,n-1, ml,ms) states we can put I, =n’a, where a, =—.
me
With these replacements Equation (14) becomes:
_ 2mrim 2nh’n’
b n|m+g'm,

] _ 15
( 0)(n,|,m|,mS me4|m. +g*ms -

We note that the quantum number (I) gets involved through the effective Lande-g factor, g~ which takes the
values g =1+1.

For example, for the ground state of hydrogen atom
parameter in Equation (15), we find:

1,0,0,1/2), substituting g =1 and the other related

(To o0z = 2:6¥107 s (16)

Similarly for the state |2,1,0,J/2> the corresponding period is:
(To )(2,1,0_1/2) =2.08x107® s .

wherewe put: n=2, I=1, g =1+1=2 and m, =0 in Equation (15).
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Appendix I: Calculation of the Magnetic Moment of a Spinning Charge, Q
Distributed Uniformly inside a Sphere of Radius R

Let us denote the uniform charge density by p, which is related to the total charge Q by:
Q R dn
Q=[dQ = p, [4nr’dr = p, (?st (AD)
0 0

where q=dQ = p, (4xr’dr) is the charge of the spherical shell with the radius r and thickness dr . First we
want to calculate the magnetic moment of this spherical shell with the surface charge density (o = q/47rr2 ). Let
us assume that the spinning is about z-axis with the angular frequency, .. Let us consider the charge element
dg in the area of the band with the radius (rsin @) and the thickness (rd@) in spherical coordinates:

dq:o-da=( . anzsinejdb’:(ﬂsinejde (A-11)
4nr 2
The current element dl produced by the rotating band charge with the angular frequency, o, will be:
dl =2 dg = 29sing |d6 (A-111)
2n 47
The magnetic moment element of this band current will be:
2
Aty :d?ln(rsin 0)° :(%sin3 GJdQ (A-1V)

Integrating over the spherical shell gives us the magnetic moment of this shell, s,

M oqr’ . oqrit .,
= = || =——sin° @ |dg =———|sin6d o
Hhell J.;uband I[ 4c j ac {

0

2 w2 21 2 (A-V)

_odr [ (1-cos® 6)sinode :ﬂj(l—xz)dx &I

2c 2c g 3c
we substitude q=dQ = p, (4nr“dr) in (A-V) and integrate over the spherical volume, we find the tota
If bstitud dQ = p, (4nr’dr) in (A-V) and i he spherical vol find th I
magnetic moment of the sphere of radius R:
g Ro,r’ (Po47“’2dr) Anew,p, 4nw,p, R®
— d — — s/~ o r4dr= sf7o °* A-VI
/usphere _([ /usphere E‘). 3C 3C _([ 3C 5 ( )
Substituting (A-1) in (A-VI1) we find:
Qu.R?

,usphere = 55C . (A-V“)
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