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where n = 14 nm–3 is the concentration of conduction electrons inside K@CNT (here it equals to the electron 
concentration in metallic potassium [23] and it does not depend on the radius R of nanotube); S = pR 2. The re-
sults of calculations of relativistic electrostatic potential j^ ( )R  using equation (10) are shown in figure b.

It follows from equation (10), that the magnitude of the electrical conductivity G R( ) can be determined 
from the magnitude of the measured relativistic potential j^ ( )R  for the known nanotube radius R and vol-
tage U (voltage generator mode). With known electric current I R G R U( ) = ( )  (current generator mode) and 
nanotube radius R, according to equation (10), it is possible to determine the concentration n of ballistically 
moving electrons inside K@CNT.

Conclusion
The dependence of relativistic potential j^ near a potassium-filled straight resting carbon nanotube with 

a stationary electric current on nanotube radius R in the limit of zero absolute temperature was studied ana-
lytically and numerically. The potential is calculated at a distance d, from the center of K@CNT, that is much 
less than the nanotube length L. At a fixed distance from the center of the nanotube the value of j^ increases 
in a sawtooth manner with the nanotube radius R. The appearance of «teeth» in the dependence of j^ on R is 
a consequence of two competing factors: i) the electrical conductivity G R( )  changes in a stepwise manner 
(increases with the radius R), i. e., it increases with the number of subbands filled with electrons in the dis-
crete energy spectrum of the «transverse» motion of electrons inside K@CNT; ii) when the nanotube radius R 
increases until the next jump of conductivity G, the value of the potential j^ ( )R  decreases (since, for fixed 
K@CNT conductivity, the potential is inversely proportional to the square of CNT radius). For nanotube with 
diameter 2R ≈ 2 nm and length L = 100 µm, under an external electric field of strength U

L
= 5 mV/ m,µ  the 

magnitude of the potential of the relativistic electric field is of about j^ ≈ 2 µV.
It is shown that the value of the electrical conductivity G R( ) can be determined from the measured mag-

nitude of relativistic potential j^ ( )R  for known nanotube radius R and applied voltage U. While for known 
electric current I R G R U( ) = ( )  and radius R the concentration n of electrons ballistically moving inside K@CNT 
can be determined.
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Dependence of the direct current electrical conductivity G,  
according to equation (9), on the radius of K@CNT (a). Relativistic electrostatic potential j^,  

according to equation (10), at the distance d = L from the center of K@CNT to the registration point  

of the potential, as a function of the radius R for L = 100 µm at the electric field strength U
L

= 5 mV/ mµ  (b)


