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Although Dr. Bennett is
challenging traditionally accepted theory, his
intent is to find improved insight into electro-
magnetic understanding.

Introduction

The electric and magnetic fields of a cur-
rent element are characterized by viewing it
as a differential segment of a current—a nan-
ocurrent. It is not viewed as it was by Heinrich
Hertz, as a differential dipole antenna. Then,
using a concrete description of each field of the
nanocurrent, three of James Maxwell’s
abstract field equations are seen to be incor-
rect. Thus, if current elements are truly viewed
using concrete mathematics, basic electromag-
netics are made much easier to understand,
and it is also seen that there is a need for cor-
rection.

A Nanocurrent and Its Fiel ds

A nanocurrent, i(¢)d¢ is any chosen differen-
tial segment of an electric current—a current
element. However, Heinrich Hertz viewed i(z)
de¢ as an isolated differential dipole to find its
electric and magnetic fields. And, any full-
sized current has been viewed as superposi-
tioned Hertzian dipoles to find its fields for a
century, or more. However, nanoscale electron-
ics have created a critical need for current
elements to be truly viewed, and to establish
near-field accuracy in their field descriptions.

The fields of a nanocurrent are caused by
the electric charge movement in each differen-
tial cross section dA4 of its differential length d¢
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And, if d¢ Is centered at (0,0,0) in an other-
wise empty medium, and i(z)d¢ has the direc-
tion #=0 then at any given observation point
(, 6, ¢), the charge movement i(z)d¢ CXm/s)
causes the ¢-directed magnetic field

Hy(r) = %i(r)do (Amperes/meter)

where

i(t) (Amps) is both the midpoint current and the average current in dl;
4nr? (m?) is an imaginary spherical surface area with i(t)d( at its center;
T =t -1, was the cause time of Hy(z) at (0,0,0), and its emission time;
t, = rlv, (sec) is the field propagation time from (0,0,0) to (,6,¢); and
v, (m/s) is the field propagation velocity in the medium containing i(t)dl.

A time-varying charge flow, or current, of
i(t) (C/s) causes a time-varying charge move-
ment of i(1)d¢ (Cxm/s/s) that causes the addi-
tional magnetic field

Hy(x) = t,Hy(t) = %tpi’(r)dﬁ (A/m)
together with the electric field
E)7) = ZuHy(t) = Zn Zi;r‘g tpi'(2)dl (Vim)

Where Z (Ohms) is called the characteris-
tic impedance, or intrinsic impedance, of the
medium containing i(z)d¢ and its fields.

The difference in end-currents,

di(t)/d¢ # 0 causes the net charge
o0 = aof ED g = AL [y = 104

to form in d¢ [1,2], where v, (m/s) is the
field propagation velocity in the conductor of

i(t). And, the net charge

o) = i(y)derv,, (C) causes the electric field

ZnVp _
4gp? @) =

©)

E(x) = Zuk_ iyl
Tr

m (V/m)
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where

k=v/v . And, as it is with charge movement, a time-
varying net charge of

i'()del/v, (Cls) causes another electric field
Znk
4

E(m) = £k

t,i' (7)dl (Vim)

So, in an otherwise empty medium, the fields of a
nanocurrent i(z)d¢ will be

Hy(x) = Ho(0)+ Hy(®) = SDEfi) v i (@)d (M)

E.(t) = E.(1)+E.(r) = 427;”:; [i(r)+tpi/(r)]dﬂ (V/m)
and

Ex(r) = Eyr) = ZuHy(@) = Zn30E (i@ (Vim)

Also, in practice, few mediums are entirely empty, and
changes may occur in Z and v, with changes in (; 6, b).
Therefore, any such changes should be watched for, and
accounted for, as necessary.

A Hertzian Dipole and lis Fields

The current element i(z)d¢ was viewed as a differential
dipole by Heinrich Hertz, because its fields would then
satisfy James Maxwell’s field equations. Hertz also
assumed the end-to-end current to be i(?) in d¢ so that it
would have a net charge of

q(t) = I(i(t) — 0)dt (C) on one end, and —¢(2) = J(0 — i(2))dt
(C) on the other end.

Also, a current element so-viewed would have a mov-
ing charge of i(1)d¢ (CXm/s), the same as a nanocurrent.

Therefore, because its fields are each viewed as leav-
ing the midpoint of d¢, using its nanocurrent fields

Hy(7), Eg(t), and E(7), a Hertzian dipole’s fields would
be

Hoy(t) = Hy(x) = S8 [i(x) +1,i'(0)]dl (AJm)
Eo(r) = 20080dLE () — 20080l Zukpiiry 4 1,/ (z)]d (Vim)
du 4nr
and
Eoo(r) = SN0dLE (1) 4 Ey(r)

7

_ sinfdl Zwk ., 1
= - li(r) + tpi' (v)]dl + Z 7

sinf , i'()]dl - (V/m)
r

These are the fields of a differential dipole viewed as
two nanocurrents with i(z) at its midpoint where its nano-
currents join, and zero current on their open ends. And,
as shown in [2], these equal the textbook equations given
for Hertzian dipole fields for many decades—further
implying that it should be viewed as two nanocurrents.

Hertzian dipoles have long been used as current ele-
ments, because when viewed in superposition, they form
true points of net charge and moving charge. However,
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each point of net charge is separated from the points of
moving charge that cause it by

de2, but each dipole field is viewed as leaving its mid-
point. Therefore, for » >> 0

superposed Hertzian dipoles do give accurate field
descriptions, but for » — 0 those field descriptions are
not accurate. So, to engineer electromagnetics in nanoscale
electronics, current elements cannot be viewed as
Hertzian dipoles.

Maxwell’s Equations
Two of James Maxwell’s four abstract equations for
the fields of any point source with the magnetic field
H(7), and the electric field E(t) are
OE(7)

VxHz) = —Zmlvp =7

_Zn OH(1)

and Vo Ot

VxE(r) =

and the other two of Maxwell’s equations are

V.H(z) =0 and V.E(x)=0

And, forany A= (4,, 4o, 4s), VxA=(V,xA,VexA, V,xA),

where
_ 1 O(sinbAy) 94
V-xA = rsin@[ 20 o9
_ 1[_1 o4, 0@ds)
VoxA = 7 [ sing o9 or
and

_ 1[040 _ oA,
Voxa = [ S-S

Thus, for the fields H(z) = (0, 0, Hy(z)) and E(r) = (E.(r), Es(r), 0)
of any chosen nanocurrent i(¢)dl,

_ 1 OGin6Hy(r)) 1 O0(rHy(r)) )
VxH) = (rsin@ 00 ’ r or » 0
and
1 OE(x) _ ( 1 OE.(r) 1 OEy(z) 0)
Znvp Ot Zwvp Ot ' Zwvp Ot

However, because the nanocurrent field E,(z) is independent of 6,

V.xHr) = —L

Oin0Hy(D) . 1 OE(x)
rsinf 00

Znvp Ot

So, for any i(t)dl

1 OE(@)
VxH() + Zov, 8

Also, because 0E,(7)/06 = 0,

Yy E(r) = LACEND) | 1 00E)

or or
Zu 0(rH,() Zm(ﬂ¢r(r) . aﬂ,,(r))
or

r or
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And, noting that 7, = 7/v,, ©=t-r/v, and &i'(r)/or = —<-0i'(z)/ot,
it follows that
0H,(r) ; i’
40 _ o (sing _ sinbdl 8 (i'(x) )
or ar( i) 4nv, 6r( g

_ smeda( i) , 1 (r))
r? roor 4nvy,

4nv, r? Yo ot
_sinedo(z(r) zgr)): _Lsine(() 8l(r))
4nv, r? r2 ot Vo 47p?
_ Hy(z) 6H¢(r) __Hy(m) g 0Hy(r)
- Vp tp ot - r Vp ot
Therefore,
H OH
VxE() = zm(—“’,(f) + —a‘*’r(’))
_z H,(z) _ Hy(z) _Laﬂd,(r) _ _Z_m6L1¢(r)
” r r Vp ot Vp ot
However,
_ Zy M@ _ 2, O(H®) + Hy@)
- Vp ot
So, for any i(t)dl
_Zw 6H{®)
VxE(t) # v ot
Lastly, forany A = (4, , 4o, 44),
A= Lo o4
VA = ¥ or A+ TSne rsm«‘) 60 26 (SinbA0) + Tog rsm0 o¢

And, for the fields H(z) = (0, 0, Hy(r)) and E(z) =
nanocurrent i(¢)dl,

(E.(z), Eo(z), 0) of any

=0

__1 OHy@)
V- H@) = rsind 0

and
. -1 .02 10 (g
V.E(r) o (r*E (1)) + sind 20 (sin@Ey(7))

5 Err(T) 4 9E(D) + 2c0s0 g/ @) #0

or rsin@

Thus, V. H(z) = 0, but V. E(t) # 0. So, three of Maxwell’s four equations are not
satisfied by the fields of a nanocurrent i(t)d( — a true current element.

Observations and Conclusions
From an engineering point of view, any nanocurrent i(t)dl is a basic source of the
magnetic field

Hy(r) = Zg‘rﬂ i(r)dl (A/m)
and the electric field
L i(7)dl
E(x) = 7% ’(ﬁﬂ)‘, vim)
And, the time-variation of i(t) causes the additional magnetic field
Hy(@) = 1 aHgT(’) = im‘z 1,1 (z)dl (A/m)
and the additional electric fields
_ OHy(®) _ , sind , 4
Ey(t) = Znty e = Zn e t,i'(7)dl (VIim)
and
OE, Znvp i (T)dl
E@) =1 agr) - 2= ”'V(;) (Vim)
Thus, the total magnetic field of i(t)dl is
H(z) = Hy(z)+Hy(7) (AIm)
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_ sinfdl (_ i'(r) _%( | o) )

and, the total electric field of i(t)dl is

E(r) = E/1)+E,(2) + E,(x) (V/m)

These basic field causes and their fields are keys to
understandable engineering electromagnetics. Each field
description is accurate for all » > 0, because all fields are
viewed as leaving the midpoint of i(?)d¢, where their
causes are centered. And, each field description should
be easily understandable, because each field cause is a
factor in its field’s description.

The Hertzian dipole has been a useful tool for over a
century, but it is inaccurate for near-field use, and the
onset of nanoscale electronics makes its replacement
with the nanocurrent extremely necessary.

Another conclusion resulting from the above is that
abstract mathematics should never be used until a good
physical understanding of the subject under study has
been achieved. That follows, because Maxwell’s equa-
tions have long been used and taught [3 — 8], but it is
clearly shown above that they are not correct for a very
common point source, the nanocurrent i(?)de.
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