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%'ith the assumption of a five-dimensional space-time the field equations and the interactions
of the field and particles are obtained. In this theory, the electrodynamics is in agreement
with the classical theory. In the case of the meson theory, the vector, pseudoscalar, and pseudo-
vector theories are obtained.

I. INTRODUCTION

~CURRENT 6eld theories are of Maxwellian~ and scalar types. These theories are geneti-
ca11y unrelated. Here we propose a unified treat-
ment under the assumption of a five-dimensional
space-time continuum. Instead of the ordinary
four-dimensional space-time we have five, in-
cluding four space-like (x, y, s, xo) and one time-
like (t) dimensions. If a proper assumption is
made on the nature of the charge distributions
in the fifth dimension (xo), the field equations
and the interactions with particles can be ob-
tained.

As the momentum and velocity of a particle in
the fifth dimension have never been observed,
they are assumed to be zero. We also assume the
density distribution along the fifth dimension to
vary as cos (kxq+ e) or sin (kxo+e), equivalent to
the saying that the particle in the five-dimensional
space is a long line extending in the fifth dimen-
sion, and the density varying as cos (kxo+e)
along that dimension.

G. THE FIELD EQUATIONS AND THE LAGRANGIAN

Ke define the five field vector

A„=(A., A„A*,&Q, Ao),

the field tensor

F„„=BA„/Bx„—8A,/Bx„, ii, v =0, I, 2, 3, 4

the charge density

h = (M„,+jQ„)dxdydsdxp (6)

Since all the charge quantities vary as cos (kxo+ a),
each of the variables (A, p, Ao) can be separated
into two parts: (Ai+Am, pi+pg, AD+0) with
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and the field equations
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and the interaction energy between field and
charge density
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Thus all quantities with subscript 1 vary as
cos (kxo+3), while the quantities with subscript
2 vary as sin (kxo+ 4). Since

(cos' (kxo+ 4))», ——(sin' (kxo+ 4))», ——-', ,

(cos (kxo+ 4) sin (kxo+ 4)),„=0,

Eq. (6) can be written in the form

1
b= (M H, ) —(¹E,) —23 grad Ao ——xAo

G

except with diferent choice of the charge
units.

On the other hand the field equations in

space free of charges are derivable from the
following Lagrangian:

a

82r ~ k Bxp Bxs )

+ i
A + ~ d d d (8)

If we put Q A I M/4tQ w'e get the8@2 8A2% 1

Bxo Bxo) C Hamiltonian function,

t
1 BA2 1

K= P P„Q„—2 =— (grad A)'+— '+k'A' + (grad A,)'+—A, '+k'A, '
Sx ~ G2 Bt' G2

1
(grad y) '+—j'+k'y' dxdydzdxo. (10)

c

Here it is to be reminded that (ps+&2, A»+As)
can be separated into independent terms in the
Hamiltonian function, since (cos' (kxo+4))» = 2,
etc.

IIL THE HAMILTONIAN EQUATION CONTAINING
FIELD AND PARTICLE

The five-dimensional Hamiltonian function
for a particle in the Dirac's form of a particle
with spin ~ is

CP„) P„+-A„~+2223C2=0,
c )

where P„satisfies the relations P„P„+P,P„=2b„,
and po ——P2pspsp4. Now by assumption that so =0,
Ps=0, we see that f+Pspog=0 at least for a free
particle. Thus to the first approximation

f.=4+P4PA =4+P4(p» Ps Ps P4, 0)4'.

(i) In the case of electrodynamics, we have
k =0, gp=0, M„=O,then all the equations of the
field and particles in our theory will conform
with the ordinary equations.

(ii) In the case of the meson theory, we adopt
the "single force hypothesis, " i.e. , j„=—0. Put
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(12)

In accordance with Eqs. (8), (10), and (ii), we obtain the complete Hamiltonian function of the
particle and the field:

K CP p + 22+2ocf e Hs+ipsa Es+Pse grad Ao PAPsAo+P—4k—(e As) skpspsps42—

r 1 8A2 1.
+—

~
(grad A)2+—— +ksA + (grad Ao) +—Aos+k A 2 — (grad g)2+—P+k @ dxdydz.

Sx ~ c2 N C C

Here we see that e H»+ipsa Es corresponds to p4e grad Ao is the pseudoscalar coupling, while

the current vector meson coupling and the term the last two terms give the pseudovector coup-
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ling. Thus all types of coupling necessary come
in our scheme with equal importance.

Finally it should be noted that in our theory
all quantities must be expressible in the tensor
form in consistence with the assumption of the
five-dimensional space, or, in other words, all
quantities must be invariant under the five-
dimensional rotation. As a consequence the
coupling constants must be alike for all kinds
of coupling.

IV. CONCLUSION

the assumption of the five-dimensional space-
time. The electrodynamics in our theory is in
agreement with the classical theory. In the case
of' the meson theory we obtained the vector,
pseudoscalar and pseudovector couplings. But
an important and also rather stringent conse-
quence of our theory is that all coupling must
appear in equal importance, i.e., the coupling
constants must be alike for all kinds of coupling.
Moreover, our theory corresponds to the weak
coupling of the current theories. *

Ke have obtained the field equations and the Cf. %.Pauli and S. Kusaka, Phys. Rev. 63, 40Q (1943}.
In this paper they have shown that weak coupling is in

interactions of the field and the particles with better agreement with the experiment.
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A study was made of the maximum ranges and elevations for which the earth-flattening
approximation in the theory of microwave propagation is valid. It is found that at a range
equal to half the radius of the earth the error introduced by the earth-flattening approximation
is only 2 percent, and this independently of the wave-length. The fractional error 6 in the
height-gain functions is found to be proportional to the 5/2th power of the elevation, and to
the inverse power of the wave-length. Values of b, for various wave-lengths and elevations are
shown in Table I. For wave-lengths of the order of several centimeters the earth-flattening
approximation breaks down at elevations greater than a few thousand feet.

1. INTRODUCTION

HE central problem in the theory of micro-
wave propagation is the determination of

the electromagnetic field produced by a dipole
antenna situated at some elevation above the
ground. The electromagnetic field is affected
primarily by the polarization of the antenna
(vertical or horizontal dipole), the properties of
the ground, the variation with elevation of the

* This paper is based on work done for the Naval Re-
search Laboratory under contract with the Navy's Once
of Research and In~entions. Publication assisted by the
Ernest Kempton Adams Fund for Physical Research of
Columbia University.

f Columbia University Mathematical Physics Group,
on leave of absence from Massachusetts Institute of
Technology.

refractive index of the air, and by the spherical
shape of the earth's surface. The last mentioned
factor is, of course, very serious for propagation
into regions below the horizon. It also introduces
great complexity into the mathematical solution
of the problem, ' especially in the presence of a
variable refractive index in the atmosphere.

Considerable simplification of the analysis has
been achieved in recent years through a device
due originally to Schelleng, Burrows, and Ferrell, ~

and later developed by M. H. L. Pryce, ' whereby
' See Arnold Sommerfeld's article in Frank-Mises, Dgfer-

entielgkkk@ngen der Pkysik Vol. II, p. 918,
~ Schelling, Burrows, and Ferrell, Proc. I. R. E. 21, 427

(1933).
M. H. L. Pryce, unpublished report. See also J. E.

Fr@chafer, Radiation Laboratory Report 447, 1943.


