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sign equations,

is not easily satisfied when operating below
resonance in L or .S band. In fact, since

U3 1.84/rr = 1 and 451 which is the angle
defined by Fig. 2, the quantity

must equal or exceed unity to satisfy (7).

At low frequencies, where 4~M,/H0 cannot

be much smaller than one, this may be im-
possible. See Fig. 1. At higher frequencies it
is inconvenient to make the quantity

( l/v@( ~Px/k/P) approximate unity be-
cause this would require a rather small
K/P. Small values of K/P reduce the band-
width of the circulator. The graph in Fig. 1
shows how I.Leff, k/p, and 4G/k/~ vary

with H;/H. for three particular values of

47rM./H0. Thus, instead of using the two
design equations of Bosma,l (7), and

and solving them to find Hi and the radius of
the ferrite disc R, the design can be made
in the following way:

1) Choose H, k accordance to (5).

2) Calculate ,aCff from (3).

3) Find R from (8).
4) Match the ports of the circulator to

the 50 ohm external line.

The impedance-transforming arrangement

should have as wide a frequency band as

possible so as not to limit the bandwidth

of the circulator. The use of a half wave
tapered line transform er and dielectric discs
(Fig. 2) of high dielectric constant e~ gives a
rather compact solution. In this case e~
must satisfy the relation
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where U,uo/eO = 120rr = the intrinsic im-
pedance of free space. The use of A/4 trans-
formers offers another solution. In this case
the dielectric constant of the dielectric disks
must satisfy the relation
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The width of the strip line and

(lo)

the
distance between the ground plates must be
such that the characteristic im~edance of the
strip line is 50 ohms when air- insulated.

J. SOKOLOV

Zenith Radio Co.

Chicago, Ill.

Surface Wave on a Perfectly

Conducting Plane Covered

with Magnetoplasma

It has been found by Ishimaru~ and

Seshadri’ that a unidirectional TEM surface

wave is trapped along a perfectly conducting
plane covered with transversely magnetized
semi-infinite plasma.

This communication gives a brief de-

scription of a surface wave which is found to
be trapped along a perfectly conducting
plane covered with longitudinally mag-

netized semi-infinite plasma. When the

plasma is magnetized in the direction of

propagation, the electromagnetic fields can

not be separated into TE or TM modes, and
are given by a combination of two char-

acteristic wave modes having each different,
but interrelated, characteristic values to

satisfy Maxwell’s equations for magneto-
plasma. The combination is determined by

the boundary conditions.
The coordinate is chosen so that the per-

fectly conducting plane is located in the

Y~z Plane (~= O). and the z axis is the direc-
tion of propagating waves or the direction of

magnetization.
All tbe field components are assumed to

be independent of the y coordinate and have
the time and z dependence of ew~-~~o~z (h:
relative axial propagation constant). The
electromagnetic fields satisfying Maxwell’s
equations and the boundary conditions can
be expressed by a combination of a right-
handed plane wave mode and a left-handed

plane wave mode with the same axial

propagation constant h. The resulting field

equations are given by

& = 20(s7 + 63){ ($12 — k’2 + Cl)e–’lko”

– (s,’ – k’+ CJe-’j’o’)

& = — jC2Zo(@ + 63) { CSI~O. — ~–.zko. ]

E. = jZOSJZ(S12 — JL2+tJ { e–’lk@’ — e–ajko~}

Hz = jdi (s12+ eJ { e–slko’ — e–@o~} ,, (1)

H. = qk(s12 – k’+,,)

“1
~–,lko. — ? e–.zko.
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H, = — 62(s12+ CJ {sle–slkOz — sze–’zko~ ]J

with the dispersion equation

.,2 + S,2+ .$,.$2- k’ + - = o, (2)

where sI and sz are relative transverse
propagation constants normalized with re-
spect to free space propagation constant ko
and are solutions of the quadratic equation:

“-s2[’2’(1+3+:-’’-”1
+ ; [(k’ – ,,)’ – ,,’] = o. (3)
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Fig. l—Frectuency characteristiccs of the relative
Propagation constants for UH <up. —– : trapped
wave; — — : plane wa~,e; —– - : Improper wave.
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Fig. 2—Frequency characteristics of ! he relative
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Fig. 3—Illustrating the relation between the propaga-
tion constant h of the trapped wave and the permis-
sive axial propagation constants of two char-
actenstlc plane waves in a free magnetoplasma.
Symbols R ~mri L denote the resions of the permis-
sive axml propagation cOnstants of a nOnattenuat-
mg right-handed and a left-handed plane wave,
respectll-ely.
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Solving (2) and (3) for hZ and sl,zz leads to

/2’ = 61 + <61(.1 – 1), (4)

and

& ,,#2(q + E,)W – c1+ 631.(5)

For ~ smaller than ~G.!p2+@H2, k’ given by

(4) is always real, and s-IsZ is also real from
(2) and (3). For this case the signs (i- ) in (4)
corresponds to CWS$ O if S,SZ>0, and

61C:~ O if sls~ <O, respectively.
When S1S9is negative, real part of either

of .rI and S2 is negative in general, therefore

the fields increase to infinity at x+ Q. In
Figs. 1 and 2 the frequency characteristics

of the relative propagation constants for

these improper modes are plotted by the

dotted lines.
When slsz is positive, and in the fre-

quency range of

up < m < %“%,2 + WH2, (6)

either of SI and Sz is a positive imaginary and

the other is a negative imaginary. This im-
plies that the fields are merely the super-

position of two nonattenuating plane waves,

a left-handed and a right-handed plane

wave, one being incident on the conducting

plane and the other reflecting from the
plane. The angle of incidence is different

from that of reflection since Is, \ # Is, 1. The
frequency characteristics of h are plotted by

dashed lines in Figs. 1 and 2.
In the frequency range of

Q < Min (ax, tir), (7)

the electromagnetic wave is found to be
trapped along the conducting plane. The

relative propagation constant h is given by

~e,+ti~,(c, –1) ]’}2 and is plotted by the
solid lines in Figs. 1 and 2. For this case $1

and s~ are both positive real numbers or con-

j ugate complex numbers with positive reals,

therefore the equiphase surface is vertical
to the guiding plane. The group velocity

ug of this trapped wave is obtained as

Cdfld

‘ (@H’ – (02)((+2 + 0.!.42 – (.-! 2)1/21, (8)

where c is the velocity of light.
Fig. 3 illustrates the ~elation~ between

the propagation constant k discussed above
and the permissive z-directed propagation

constant of nonattenuating left-handed and
right-handed plane waves in a free magneto-
plasma. It is seen from this figure that there

can exist no right-handed and left-handed
plane waves propagating with the axial
phase velocity equal to that of the trapped
wave in the region of a <Min(~P, ti~r). The
incident and reflecting angles of the left
handed and right-handed waves take imag-

inary values in the trapped-wave region.
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A Multistub Coaxial Line Tuner

INTRODUCTION

To date, one of the major difficulties in
precision coaxial line reflectometer work has

been the !ack of suitable coaxial line tuners.
The tuner described here was designed spe-

cifically for reflectometer work and over-

comes the major problems of mechanical in-
stability y, coarse tuning adjustments, and

leakage prevalent in presently available
coaxial line tuners.

DISCUSSION OF TUNER

The geometry of the tuner is essentially
that of a parallel plane transmission Iinel

where the ends of the parallel plates have
been closed at a distance sufficiently far from

the center of the line so as not to alter appre-

ciably the characteristics of the parallel
plane line

The electric field configuration in this

type line is shown in Fig. 1. The field is very
strong in the narrow gap between the center
conductor and the side wall and is very weak
in the large region between the center con-

ductor and the top. This condition is repre-
sented by the high concentration of lines
in the narrow gap and low concentration

of lines in the large region. To get the desired

tuning operation, one set of tuning stubs

has been placed in the side wall directly
across from the center conductor for opera-

tion in the region of the concentrated elec-

tric field and another set of tuning stubs

has been placed at the top of the tuner for
operation in the region of the weak field. The
location of these tuning stubs is shown in
Fig. 2. The stubs in the region of the concen-
trated electric field give a coarse tuning
operation, and the stubs in the region of the

weak field give a fine tuning operation.
The tuning stubs are threaded through a

collet-type lock to obtain smooth stub ad-
justment and to prevent leakage to the out-

Fig. l—Electric field configuration in the enclosed
parallel plane line.
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Fig. 2—Cross section of tuner showing location
of tuning stubs and collet-type locks.
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Fig. 3—(a) Photograph of tuner.
(b) Photograph of tuner.

side of the line. Also, a groove has been cut

completely around the side plate and a
woven gasket has been placed in this groove
to prevent any leakage from around the side
plate. This groove is shown in Fig. 3.

RESULTS

Fig. 3 shows a photograph of a tuner de-
signed to tune out a reflection coefficient of
0.33 (VSWR of 2 to 1) over the frequency


