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Abstract 
 
We consider the effect of a magnetic field on the motion of an atomic electron in its orbit. The usual treat-
ment deals with the change in magnetic dipole moment assuming the electron's speed changes but the radius 
of its orbit remains unchanged. We derive the change in the magnetic dipole moment allowing both the 
speed and the radius to change. The cases of fixed radius on one hand and of fixed speed on the other are 
treated as special cases of our general case. 
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1. Introduction 
 
Typically, classical electromagnetism predicts a change 
in the magnetic dipole moment of an orbital electron 
when an external magnetic field is set up normal to the 
plane of the electron's orbit [1, 2]. It is usually assumed 
that the speed of the electron changes but the radius re-
mains unchanged during the time through which the 
magnetic field is changing [3]. This assumption is not 
consistent with the effect of perturbation on classical 
orbits for Coulomb potentials. Griffiths [3] discussed the 
effect of a magnetic field on an atomic orbital and de-
rived the change in the magnetic dipole moment of the 
electron keeping the orbital radius unchanged. He also 
mentioned (without derivation) that if one assumes con-
stant speed while the radius changes then he would get a 
change in the magnetic moment which is twice its mag-
nitude for the case of fixed radius and change in speed. 
When an atomic electron is subject to an external mag-
netic field, most authors attribute the speed change to the 
additional magnetic force. This justification is confusing 
since the students learned that magnetic forces cannot do 
work and thus incapable to change the electron's speed. 
A more thoughtful idea is to attribute the speed change to 
the modified centripetal force and to assert a fixed radius. 
Even though there has been considerable interest in the 
effect of magnetic field on the motion of an electron 
[4-8], but there has been no direct investigation of the 
above problem for the general case in which both the 
speed and the radius are allowed to change. Therefore in 
the present paper we discuss the effect of an external  

magnetic field on an atomic orbital electron. In particular, 
we derive the change in the electron's magnetic moment 
for the general case in which both the speed and the orbit 
radius are allowed to change during the time through 
which the magnetic field is increasing to its final value. 
Our treatment for the general case is motivated not only 
by its fundamental importance but its close relation to the 
so-called satellite paradox which deals with the effect of 
atmospheric drag on a satellite orbit [9-11].  
 
2. An Atomic Electron in a Magnetic Field 
 
Consider an atomic electron that rotates counterclock-
wise with a speed 0  in a circular orbit, in the x-y plane, 
of radius . In practice the period of the electron's mo-
tion 
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and thus its orbital dipole moment is 
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where e  is the charge of the electron. The electric 
force exerted on the electron by the nucleus (of charge 

e ) is balanced by the centripetal force, 
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where  is the mass of the electron. Now, introduce a 
magnetic field in the z direction, of strength 

m
 B t , 

which, initially zero, increases to . The form of 
is irrelevant provided that it varies sufficiently 

slowly, which means on a time scale long compared to 
the electron's orbital period. The magnetic force exerted 
on the electron points toward the center and of magni-
tude , so the centripetal force must be modified to 
accommodate for magnetic force. Thus 
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where we allow both the speed and the radius of the orbit 
to change from 0  to  and  to v v 0r r respectively. 
Letting  and , Equation (4) reads vvv  0 rr  0r
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which, with the help of Equation (3), can be written as 
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Using binomial expansion to first order in r  and 
and neglecting terms containing the product 

, Equation (6) yields 
v

( r ))( v
2
0

0
0 0 0 0

1 2
mvv v

eBv
v r v r

   
    

  

r 



 (7) 

which, with a further use of binomial expansion for the 
left hand side term, gives 
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Our result in Equation (8) is the general case which 
allows changes in the speed and the radius of the orbit. 
Before we proceed further, we need to consider the two 
special cases in the following section. 
 
3. Special Cases 
 
Our aim here is utilize our result of Equation (8) for two 
special cases: The first deals with fixed orbit ( 0r  ) 
but  changes and the second deals with fixed speed 
( ) but 

v
0v r  changes. 

 
3.1. The Fixed Orbit Radius Case 
 
For , Equation (8) immediately gives 0r

 (9) 

which corresponds to a change
moment predicted by Equation 

 in the magnetic dipole 
(2), namely 
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The above result is the same as that deriv
in ref. [3]. This change in magnetic mom

ed by Griffiths 
ent corresponds 

to a change in the orbital angular momentum, L  through  

the relation L
m

e 
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One may also derive L


  and thus 
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field  of t  
xer

which is created during the change he magnetic
field. Faraday’s law of induction gives an induced elec-
tric field given by 
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 and thus the torque exerted on the electron is 
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which immediately gives the change in
tum, that is 
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where we used for the average speed vvv 
2

1
0 .  

Using the expression for 


 in Equation (2) and that of 



  in Equation (10), the work done takes the form 

1

2
W B       

 

 
 (16) 

Alternatively, one may calculate the c
energy of the electron, 

hange in the kinetic 
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which upon the substitution of v from Equation (9), 
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change in the kinetic energy takes t e form 

1

2
K B        

 

 
 (18) 

The above result for K  is equ
given in Equation (17) and thus the 
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work-energy theorem 

is verified. 
 
3.2. The Fixed Speed Case 
 
For 0v , Equation (8) gives
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Obviously, our result shows th
change of the magnetic moment

at the magnitude of the 
 for fixed speed is twice 

its magnitude for the fixed radius case. The result in 
Equation (21) is what Griffiths claimed in reference [3] 
but without any derivation. This change in the magnetic 
moment corresponds to a change in the angular momen-
tum, that is 
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Note that the last term on the right hand-side looks 

like the same as for the fixed radius case. Therefore, us-
ing Equation (9), we get 
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The above result is exactly the same as that for the fixed 
radius case, and thus it corresponds to the same change 
in the angular momentum which is given i
(14). 
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4. Conclusions 
 
In this
a
ment of this proble
fi
change. In the present paper we considered the general 
case in which both the speed and the radius are allowed 
to change. We used binomial expansion to first order in 
the change of speed and in the change of the radius. The 
two special cases for fixed orbit and for fixed speed were 
deduced from our general case and in each of these two 
cases the change in the magnetic moment and the change 
in the angular momentum have been derived. Interest-
ingly, our result for the general case yields a change in 
the magnetic moment which is the same as that for the 
fixed radius case. 
 
5. References 
 
[1] R. P. Feynma

Feynman Lectur
Reading, MA,

] E. M. Purcell[2
McGraw-Hill, New York, 1985. 

[3] D. J. Griffiths, “Introduction to Electrodynamics,” 3rd 
Edition, prentice-Hall

[4] N. Nauthier, “A New-Faraday Approach to Electromag-
netic Energy and Angular Momen
tromechanical System,” American Journal of Physics, 
Vol. 70, No. 10, 2002, p. 1034. 
doi:10.1119/1.1485715 

[5] S. Olszewski and T. Rolinski, “Orbital Angular Momen-
tum, Its Torque and Magnetic Moment Calculated for the 
Electrons Circulating on the Landau Levels of a Crystal-
line Solid,” Physica Status Solidi
2008, pp. 1623-1634. 

(b), Vol. 245, No. 8, 

doi:10.1002/pssb.200743381 

[6] J. M. Aguirregabiria, A. Hernandez and M. Rivas, “A 
Lewis-Tolman－Like Paradox,” European Journal of 
Physics, Vol. 3, No. 1, 1982, p. 30. 
doi:10.1088/0143-0807/3/1/008 

[7] V. Kumar, “Understanding the Focusi Charge Particle in 
a Solenoid Magnetic Field,” American Journal of Physics, 
Vol. 77, 2009, p. 737. 

Copyright © 2011 SciRes.                                                                                 JMP 

http://dx.doi.org/10.1119/1.1485715
http://dx.doi.org/10.1002/pssb.200743381
http://dx.doi.org/10.1002/pssb.200743381


S. M. AL-JABER  ET  AL. 
 

Copyright © 2011 SciRes.                                                                                 JMP 

4 

doi:10.1119/1.3129242 

[8] S. L. O’Dell and R. K. P. Zia, “Classical and Semiclassi-
cal Diamagnetism: A Critique of Treatment in Elemen-
tary Texts,” American Journal of Physics, Vol. 54, No. 1, 
1986, pp. 32-35. 
doi:10.1119/1.14766 

[9] B. D. Mills, Jr., “Satellite Paradox,” American Journal of 
Physics, Vol. 27, No. 2, 1959, pp. 115-117. 

doi:10.1119/1.1934766 

[10] L. Blitzer, “Satellite Orbit Paradox: A Ge
American Journal of Ph

neral View,” 
ysics, Vol. 39, No. 8, 1971, pp. 

882-886. 
doi:10.1119/1.1986317 

[11] F. P. J. Rimrott and F. A.
lite Dynamics,” Techni

 Salustri, “Open Orbits in Satel-
sche Mechanik, Vol. 21, No. 3, 

2001, pp. 207-214. 

 

http://dx.doi.org/10.1119/1.3129242
http://dx.doi.org/10.1119/1.1934766
http://dx.doi.org/10.1119/1.1986317
http://dx.doi.org/10.1119/1.1986317
http://dx.doi.org/10.1119/1.1986317

