Advances in MT THE NEW SOLUTION ASPECTS OF ELECTRIC SMALL LOOP 5
2/2006

René HARTANSKY
Ladislav MATEJICKA

THE NEW SOLUTION ASPECTS OF ELECTRIC SMALL LOOP

Reviewer: Ivan Kneppo

Abstract:

The paper deals with the vector potential calculation of an electric small loop. This type of
integral occurs in antenna theory. Presented method is more simple than the standard method
and makes the connection between the radiation theories of the point source at the far field
and the loop at the near field.

1. Problem formulation

In antenna theory it is often needed to express electric respectively magnetic field in
scattering area via wave equations. For the possibilities of the attainment of this
preparation so-called vector potential was introduced. This vector potential
significantly simplified the radiation solution. For a scatters located as in Fig. 1, the
retarded vector potential of the electric current has three components. Its value is:
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where R is the dimension of vector displacement from the radiation place to
observation place as shown Fig 1. In the figure it is possible to define R which is
dependent on the displacement of the observation point in the centre of the coordinate
system and the current element.

At the most complicated geometry of the emitter is solving of the equation (1)
relatively lengthy and exacting. For this reason there are only approximate solutions in
the sources [1].
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Fig. 1. The determination of the displacement from the observation point

The aim of this paper is to find an accurate solution to vector potential for a real
emitter type. The name for this emitter is an electric small loop.

2. Electric small loop antenna

The dimensions of this antenna type are much smaller than the wavelength.
According to [2] is the current distribution along the loop constant:

1, = const. (2)

It means that the solution has to focus on the integral solving:
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This is directly tied with loop antenna geometry. For example, the classic solution can
be explained now. On the basis the loop antenna geometry (see Fig. 2) the dimensions
of the position vector R(b) can be explained:

R(b) = r” +b% + 2brsin@cos D . (4)
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Substituting (4) to the integrand in (3) we obtain:

— jleyf P2 +b2+2brsin@cosd
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The integration of this function is in most sources solved by the

X

Fig. 2. Geometry of electric small loop

approximation of suitable series. The equation (3) is simplified. The sources [1]
describe the evolution of function to Mac-Lauren series in point b=0. In real case b is
not equal to zero. This approximation is valid only for a big distance of r. In this case
the loop appears to be infinitely small:

if r—>o then b—>0. (6)

In this case the loss of solution objectivity can be seen and the expression of function
g(b) is unnecessarily demanding.

3. Modification of the solution

In this modification the solution does not use the approximation of relation (5) but
only approximation of function R(b) and e "’ . Each of these function calculate near

the point 0. While multiplication of estimations complete approximation can be
obtained:
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According to Taylor series:

2
2(b) = g(0)+¢' ()b + g"(é)b? ®)

where & is point from interval (0,b). Function g(b) can be defined from the following
expression:

gb)=g(0)+g'(0) . €))
and the approximation fault is:
s0)=g"O% 0<5<h. (10)
Choose
1
gb)= R0 Y

and compute the derivation of displacement vector. The result of calculation was used
in the expression of Taylor series:

: R'(b)
g =-— (12)
R™(b)
from this
L—l+ib(sin@cosq>)+g(b) (13)
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where g(b) is the approximation error and its valuation is:
L —R'BREB)+2RBRZ (b))  R'(b) 2R (b)
g'"(b)= 4 =" + 3 (14)
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next:
b—rsin ® cos @
R(b)y=——— (15)

R(D)
after modification:
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from this:
() = (Lj" _ | N (b - rsin@cosCD)2 N 2(b - rsin@cos(I))2 (17
R(b) R3(b) R (b) R (b)
If>—0,then R(b)>r and g''(b) —> g''(0) obtained result is:
g”(o):—l+3si11:3®coszcb ' (18)
The approximation error can be obtained:
|gl(b)|_)|—l+3sin23@)coszCDb2|S21)32 . (19)
| r 2 | r
Choose:
gb)y=e ™" (20)
and use Taylor series, obtain this:
gb)y=e ™V =e O 1N by, (b) @1
where
&)=l ), % : (22)
Similarly as above case relevant derivations can be calculated:
R R O 23)
and
(e Y = jke ™ sin®cos D . (24)
The approximation of the exponential function has acquired the form:
e MO =e " 1 jkbe " sin@cos D +¢,(b). (25)

Approximation error &(b) require the same manner as in the previous case. The
calculation type has the same way. For this reason is presented only result.

w2 2
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Now we can create the Taylor approximation of the vector potential integrand
(condition: constant current distribution):

i 1 -7 -7 1 b
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r r r

27
where g(b) is the approximation error:
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4. Vector potential of electric small loop

In this paper the mathematical apparatus for vector potential calculation of electric
small loop has been prepared. For the concrete loop characteristics computing the
current distribution is needed.

Fig. 3. Determination of electrical current in a small loop

The standing wave on the electric small loop doesn’t exist. In this case the loop current
distribution is constant /, = konst and the current has everywhere the same amplitude
and phase.

For computing there must be chosen two elements on loop, the localization of which
are symmetric because of the y axis. In these elements will be a constant current but its
orientation in space is different. In Fig. 3 the current /, can be seen which is possible
divided on two components /, and /,. Component I, is affect in the same orientation
and are added. The component in /, is affect in mutually opposite orientation and their
effect is eliminated. The result of this consideration is: the field in radiation zone is
created by /, component. This current can be as follows:
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Iy =1g cos® (29)

Put the equation (29) into the integral of vector potential and the obtained result is:

— jkr 0.2
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(30)

5. Conclusion

In this paper the alternative possibilities of the vector potential solution for an
electric small loop antenna are presented. In comparison with classic solution where
the integrand of vector potential is extended into Mac-Lauren series and the
approximation is sufficiently exact only for the loop whose dimensions are very close
to zero. In this case the information about field shape in the far zone is losing at
calculation. The loop is no appearing in this far zone as infinitesimally small.
Approximation which was used in our solution is significantly exact for the real loop
dimension. The reinstate approximation into the integral of vector potential is the
obtained relation (30) which has the same expression as is asserted in [1]. From these
verities two conclusions can be deduced:

- the right calculation of the vector potential

- the field solution in the far zone for environs of electric small and elemental
electric loop is the same

The presented method is original. The substitution of the integrand of till used Mac-
Laurin series is exact, but only about zero point of view thus only for the loop size
approaching to zero. The applied Taylor series gets correct results also for the
neighborhood of the point of view thus for the real loop size. The method can be used
in the analytical description of the antennas created on the base of small loop antennas
as are disc antennas, cylindrical antennas and its clones.
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