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Abstract

This paper explores a new possible type of high-power mesoband radiator. This consists of a pair of
dipoles, one electric and one magnetic, with aligned vectors, but 772 (90°) out of phase. This gives a circular

polarization in the far field.
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1. Introduction

For mesoband high-power radiators [21] we need appropriate antennas to radiate the energy from some

source such as a switched oscillator. Various types are possible [12-18, 20]. Here we consider yet another kind.

Noting that the switched oscillator can be described by a resonant circuit (for frequencies of interest), we
can consider a combination of loop (magnetic dipole) and electric dipole as a resonant circuit matched to the source
in an appropriate way. By making the magnetic dipole moment m parallel to the electrical dipole moment ? , but

out of phase by 772 (90°) we can achieve approximate circular polarization in the far field.



2. Crosspolarized Electric and Magnetic Dipoles, 772 Out of Phase

Consider the basic antenna geometry in Fig. 2.1, which schematically illustrates the approach. Here we

have electric and magnetic dipole moments given by

P(s) = o p(s) . m(s) = Tz m(s)
s = Q+ jo = Laplace-transform variable or complex frequency 2.1

~ = Laplace transform (two-sided)
Our concern here is with a parallel resonant frequency

50 = Jjag
]_1/2 (2.2)

oy = [Lhce

There are also radiation losses which shift sy over into the left half plane [LHP]. Such are not included in the

present analysis.

Here we have cylindrical (W, ¢, z ) coordinates

1/2
Y = [xz +y2} , ¢ = arctan(lj
X (2.3)
X = ‘I’cos(¢) , ¥ = ‘I’sin(¢)
and spherical (7, 8, ¢) coordinates
1/2
r o= [‘I’2+22} , 8 = arcsin(ij
r (2.4)

!
[

rsin(@) , z = rcos(0)

The identity dyadic is
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Fig. 2.1 Combined Electric and Magnetic Dipoles
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c = [,uogo]_l/z = speed of light
1/2
Zy = [&} = wave impedance of free space

€0

s .
y = — = propagation constant
c

The dipole moments are related to voltage and current as

(2.5)

(2.6)
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Previous consideration of combined electric and magnetic dipoles [3, 4, 7-11] have the dipoles at right
angles and in phase to give a cardiod pattern. In this case, in the main-beam direction the ratio of the electric and

magnetic fields is Z), including for the near-field terms. The present case is different. The dipoles are 772 out of

phase and parallel as in (2.8).

Choosing
he =h, 1z , Ap = 45 12 (2.9)
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Now, specializing to the resonant frequency jay , set



B(jmg) = Zm(jay) (2.11)

which implies

_ 4 Velim) , (2.12)
¢ Jjaooly
he 1 1 _ay
4 copliC o

Note the convention here. In Fig. 2.1 7 is taken as parallel to ? . By reversing the loop connections we could

reverse the polarity of . This will interchange the roles of right- and left- handed circular polarization.

At this resonant frequency, then replace m by p in (2.10), and noting that

c (2.13)

gives
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Now look at the farfield, the rl term, which is

N )
Ef(7.jay) = e‘W%ﬂo Sin(é’)ﬁ'ﬁ +f—1>¢}~’(j“’0)

(2.15)

% — 2 . % % ~
ZoH r(7,jay) = e 70r%ﬂosm(9){1¢—j I e}p(jwo)

. N ; e S A >
Here we have, noting an oscillation as e’ wot’ a far field with E y xH ¢ in the 1, direction, and a sense of

polarization given by (at a constant r)

T
{_1)9 + j_l)¢}eja’0t = ?¢ +e 2_1)¢ /! (2.16)

As one looks in the 1, direction this represents left-handed circular polarization (counterclockwise). By reversing
the loop connections in Fig. 2.1, this would give right- handed circular polarization. Note the sin( &) term making
the pattern zero on the z axis. This antenna can then be constructed in two complementary forms which are mirror

images of each other.

Note that the near-field terms ( 72 and r_3) are not quite as simple, having radial as well as transverse

components. However, these simplify on the equator (8 =7/2).



3. Some Considerations Concerning Antenna Geometry

The previous section assumes some ideal electric- and magnetic-dipole antennas. There are various ways

one might realize these. For such designs an important consideration is symmetry [24].

A first consideration is that of colocating the effective centers of the electric and magnetic dipoles. Then in
Fig. 2.1 move the loop so that it is centered on the z axis as well as being of circular shape (approximately a body of
revolution centered on the z axis). The electric dipole can also be a body of revolution about the z axis, as wall

being symmetric with respect to the xy plane.

Consider then the geometry in Fig. 3.1. The magnetic dipole takes a form which is approximately a thin
annular disk lying on the xy plane. As in Fig. 3.1A this interferes very little with the electric field from the electric
dipole due to the symmetry with respect to the xy plane. The capacitance and equivalent height of the electric dipole

are governed by its shape (fatness and length).

The electric dipole takes a shape which is narrow near the origin so as to have minimal interference with
the magnetic field from the magnetic dipole as in Fig. 3.1B. This leads to a shape of the electric dipole much like
the ACD (asymptotic conical dipole) [2, 6]. In this context one can readily calculate C, and Z)e . There will be
some (ideally small) interference with the magnetic field of the magnetic dipole. Detailed calculation or

measurement can estimate this.

The annular-disk loop, as in Fig. 3.2, is described by

Y| = inner radius

¥, = outer radius 3.1

There is then some effective radius, ¥y, for the effective area

2
Ay = 7Y (3.2)
\Pl < \PO < ‘1’2
For highly inductive loops with
\Pz - IPI << lPO (3.3)

then, approximately, we have
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Fig. 3.1 Symmetric Combination of Electric and Magnetic Dipoles



Fig. 3.2 Annular-Disk Loop

‘PO = %[\Pl + \Pz] (3.4)

For low-inductance loops without the (3.3) approximation one can resort to a more detailed calculation.

For such highly inductive loops we can approximate the loop by a thin toroidal loop as in Fig. 3.3. In this

case we can use the equivalent radius, b, of a strip as [22]
1
b = Z[‘I’z -] (3-5)

We then go to the well-known inductance formula [23]

11
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Fig. 3.3 Equivalent Toroidal Loop

L, = yo\yo{zn(glzo j—z}

2¥
,uO‘I’O In 3—0 -2
¥y -

The annular disk will have some (ideally small) thickness. However, at the edges one may wish to thicken

(3.6)

I

them to minimize losses [19] and high electric fields. Consider a rollup on these edges as in Fig. 3.4. As shown in
[5] a rollup of radius b’ is approximately equivalent to a disk edge extending out an extra distance of 5’ to the ideal-

disk outer radius of ¥, . The same result can be applied to a rollup on the inner edge, extending ‘¥'; to a radius

smaller by the b’ of the inner rollup.

Another consideration for loop design concerns higher-order terms in the current and charge on the loop. If
the loop is cut at one place to connect the source, there is also a charge displacement across the loop, particularly at
high frequencies. This can be avoided by a technique used in the MGL (multigap loop) [1]. As illustrated in
Fig. 3.5 one can suppress the electric-dipole term by cutting the loop into two half-loops driven in parallel. This

reduces the loop parameters as

1 1 .2
Ay = — 4, = -V}

27 T

1 1 Y 3-7)
L, =L, =—%¥y|n —2|-2
a0 (b) }

12
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where the subscript “1” indicates the parameter for the single-turn loop, being now applied to the half-turn loop.
Here L; needs to be increased some to allow for the lead inductances. This needs to be taken into account when

balancing the electric- and magnetic-dipole moments.

In balancing the electric- and magnetic-dipole moments there are then some steps to follow:

1. Adjust C, and Lj, to match desired ay .

- -
2. Adjust he and Aj to match |?| to |;1>|/c.

This gives two constraints on four parameters. Noting the scaling, if one chooses one of the parameters, this still
leaves three, giving various possibilities. For the electric dipole 76 and C, are independent within geometric
constraints. Similarly, for the magnetic dipole Z h and Lj are independent within geometric constraints. One of
these constraints on how much the parameters can be varied is the electrically small constraint. Note that we can

- —
addto C, and L, if needed by “trimming” elements which do not contribute to /4. and A4} , respectively.

14



4, Combination of Antenna with Switched Oscillator

Having chosen our antenna parameters, we can now consider matching the antenna to a source. Let us
consider the switched oscillator as such a source [20] as indicated in Fig. 4.1. The oscillator is approximated as a
quarter-wave resonant transmission line. While the center conductor is charged, the blocking capacitor Cp, keeps
the charging voltage V| off the antenna. The closing switch is represented by a voltage which we can approximate

as ¥V /s, except for the (sufficiently fast) risetime.

With a transmission-line characteristic impedance of Z., the switched oscillator has a source impedance

due to a short circuit at the switch end of

~ 1—e 27"
ZS(S) = ZCHe——2y€ = ZC tanh(yf) (41)

The open-circuit voltage out of the switched oscillator is

~ _ & Ze_ﬂ

Voe (s) = &cosh_1 (7/6)

S 14727 s

s .
y = — = propagation constant
v

v = propagation speed in switched oscillator

s = Q+ jo = Laplace-transform variable or complex frequency 4.2)
~ = two-sided Laplace transform

Like the antenna, the switched oscillator is tuned to @y , for which (near @y )

o = ay+Aw

yl = jki = jﬁ[a)O+Aa)]
\'%

Il
N

15
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= jVp=—
/70 7T Aw
Z(jo) = chtan([a)o +Aa)]£] = chcos_1[£{1+%D (4.3)
v 2 ax
- _zgsin [ EAe| L _z ;2 &
2 ay 7T Aw
The antenna has an impedance
1 B ) -1 y o7l
Za(s) = +sC, | = sl [1 s LaCa] - s, [1+s o } (4.4)
Ska
Near ay) this is
o] o] —jdlL
Z,(jo) = joL,|1-| — = jogl,| ——| = “J%%a (4.5)
@ a 2Aw

This allows us to set (near @y )

. . . TaoL 2
Ziot (Jo) = Zg(jo) + Zs(Jw):—J{wO 2 + ZC—}@

2 7 |Aw
Ja + Jo =1

-1 -1

/, - w-%o{% . Zcz} _ {1 R ii}

a oLy 7 (4.6)

-1 -1

2| oL 2 wol, 7

=Z,= 4+ z. = =|1+ a_

Jo C7Z'|: 2 Cﬂ':| { Z, 4}

Zy (]a)) = JaZtot (Jw)
Ze (]a)) = f0Ztot (]a))

The combination of the source with the antenna can be considered as a voltage divider. As f, increases the fraction

of source voltage on the antenna increases. This implies for a given «y, a large L, and associated small C,.
. . . . - — . . .

However, there are other considerations, including large p and m . Note that the impedance of Cp , being finite at

@y , 1s neglected for this analysis.

With the switched oscillator matched to the antenna, we next need to estimate the dipole moments at

resonance. The antenna voltage near resonance is

17



= S, ) 21
Va(fa’) = faVoc(Jw) = jfa Vo 7 Ao — © as w—ay (4.7)

Of course, this is not exact, since we have neglected losses which move the resonance, at least a little, into the left-

half s plane.

Now reinterpret (4.7) in terms of s to achieve a dominant term near resonances as

~ 2 1

Va(s) = —foVO;S_SO
50 = Joy (4.8)
s:ja)zj[a)o—i-Aa)]

Including the conjugate pole we have

Va(s) = —faVo%{[s—SoTl * [S‘SSH

(4.9)
* .
S0 = —Jd
In time domain this resonant term is
2 *
Va (t) = — 1 _|:esot + esot:| ”([)
Vs (4.10)

= — Sy eos(anr)u(1)

This gives, for small losses, the time-domain form of the resonance at modestly early times. There are other
transients not included here. Note also that there is a delay due to the length of the switched oscillator which is not

included in (4.10). Subtracting this delay gives

V(1) = faV()%sin(a)ot —%)u[t - ﬁ] (4.11)

T
t——

“|ran)
which needs to be multiplied by e 20 to account for radiation and other losses.

From Section 2 we have

18



p(s) = CVals) = Cof Ve (j) (4.12)
from which the time-domain form is
p(t) = CeVa(0) (4.13)

It is this that we wish to maximize, noting that m(¢) is constrained to this with a 7/2 phase shift. Going back to

(2.14) gives the far fields.

5. Concluding Remarks

In this new form of mesoband radiator the energy sloshes back and forth between inductance and
capacitance (in both the source and antenna), instead of being lost in a resistive termination. Of course there are still
the radiation losses and losses in the conductors, dielectrics, and the high-voltage switch. These losses may also

affect the quadrature relation between p and m, giving some (small) dependence on ¢. The foregoing is, after all,

a high-Q approximation.

While our primary concern is with the far fields, there are corrections for the near fields depending on the

distance to the target. There are also higher-order antenna terms (quadrupole, etc.)

19
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