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Charge Distribution on Thin Conducting 

Nanotubes----Reduced 3-D Model
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BEM Formulation for 

Potential Theory

Governing equation (in 2-D or in 3-D):

�

2u(x) = 0, � x � B (1)

with given boundary conditions on u or q =

∂u/∂n on the boundary ∂B.
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Green’s identity:

Choose v to be the (infinite domain) Green’s

function G(x, y) that satisfies the equation:

where � is the Dirac delta function.
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Green’s functions that satisfy (3) are:
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Substitute (4) into (2) and use (3) to get:

Now let ���� � B � x � ∂B to get the BIE:

where C(x) = � (x)/2� , with � (x) the included angle 

at x � ∂B, and     the CPV of the integral.

(5)

(7)
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Discretization of the BIE (7) - A simple case :

straight constant boundary elements.
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For convex region B:

(13)
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Only the first integral survives for a thin conductor 

with � = A.

BEM Formulation for 3-D Potential Theory

Outside a Doubly-connected Body
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BIEs for CNT

For x x x x � ∂Bc:
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Gradient BIE - Source Point Approaching

the Nanotube Surface
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Charge density q as a function of length

Two nanotube models with � 1 = 1 volt,      = −1 volt  ε = 8.854 � 10-12F/m. 

b = 1 nm and g = 500 nm. 

table 1    varying length of nanotube
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table 2     varying outer radius of nanotube

Two nanotube models with � 1 = 1 volt,     = −1 volt              = 3000 nm and g = 500 nm. 

ε = 8.854 � 10−12 F/m.

Nℓ
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Charge density q as a function of outer radius
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15Figure 9 Charge density q along nanotube for different values of b

500/ ≥bL
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Charge density q as a function of gap
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table 3    varying gap between nanotube and ground

Two nanotube models with � 1 = 1 volt,     = −1 volt              = 3000 nm and g = 500 nm.

ε = 8.854 � 10−12 F/m   b=1nm.
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Charge density q as a function of number of elements
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table 4    convergence test—varying number of elements (8.051)

NℓTwo nanotube models with � 1 = 1 volt,      = −1 volt             = 3000 nm and g = 500 nm

ε = 8.854 � 10−12 F/m.
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Gradient  BIEs for a CNT with image
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Figure 10 2- D cross section model
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q=8.15pC/m
q=14.08pC/m q=22.38pC/m

σA=1.2691 σB=1.2987 q=8.051 σA=2.1986 σB=2.2848 q=14.08 σA=3.2890 σB=3.8870 q=22.45

Figure 11     Polar plots of � for different values of g         3- D reduced model   (a)g=500nm  (b)g=25nm  (c)g=5nm

2- D cross section model  (d)g=500nm  (e)g=25nm   (f)g=5nm
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1.29611.281.2963g=500

Analytical 

soln

2D3D

Aσ

Bσ

Aσ

Aσ
Bσ

Bσ

table 5    charge density on two points A & B

Two nanotube models with � 1 = 1 volt,      = −1 volt             = 3000 nm and g = 500 nm. 

ε = 8.854 � 10−12 F/m    b=1nm
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Three Nanotubes with three imaginary tubes
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Figure 12     Configuration with three tubes



22

nmgggnmNNN 5,3000 321321 ====== ℓℓℓ mFnmb /10854.813,2,1 12

321

−×===== εφφφ

Figure 13          q   along    (a) tube X    (b)tube Y    (c) tube Z    (d) isolated Z tube
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