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change. However, the stray coupling of the

initiating pulse was reduced by 30 dB. This
invariance of the delay modes with changes

in coupling orientation indicates that these
spin waves are circularly polarized [4].

The sample employed in this experiment

was a parallelepiped, with dimensions of
0.440X0.142 XO.117 inch and oriented so
that the [1 11]-direction was parallel to the
rod axis. The static magnetic field was ap-

plied parallel to the rod axis and the mea-
surements were conducted at a frequency of

2 Gc/s, using pulses of 0.5-ps width and
l-mW peak power.
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Synthesizing Air with a Radome

Sandwich

It is possible to design Iossless radome

sandwiches which have a transmission co-

efficient of unity and an insertion phase

angle of zero. If the magnitude and phase of
the electric field within the sandwich ap-
proximates that of the electric field in air,

the edge diffraction of the sandwich should
be small,

Consider the symmetrical sandwich,
shown in Fig. 1, consisting of three lossless
conducting films or grids of negligible thick-
ness and two layers of an ideal dielectric.
Let e denote the relative dielectric constant

of the dielectric layers, B. denote the sus-

ceptance of the outside films or grids, B~ de-
note the susceptance of the center film or
grid, O denote the angle of incidence in air,

and A denote the wavelength in air. It is
assumed that the relative permeability of the
dielectric is unity. For convenience in nota-
tion, let

k = Cose.

For perpendicular polarization, the trans-
mission coefficient is unity and the insertion
phase angle is zero if

Be = h- cot KD – k cot kD,

2K2 cos kD sin kD
B,. = 2K cot ED –

k sinz KD

The corresponding values for parallel polari-
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Fig. 1. Symmetrical sandwich.
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Fig. 2. Relative magnitude of the
electric field within the sandwich.
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Fig. 3. Relative phase of the electric
field within the sandwich.

zation are

Be = (e/K) cot KD – (l/k) cot kD,

2k62 cos kD sin kIl
B% = 2(e/K) cot KD –

K’ sin’ KD

These equations can be derived by usin~ the
transmission-line analogy for radome ~and-

wiches [1], [2].

For e-= J ‘and o = O, these equations
become

B. = — tan D,

B~ = 4B..

A sandwich may be designed for use at a
frequency of 9375 Me/s, using fiberglass
laminate with c= 4 and parallel wires. Let
d= O.05A=0.062 inch. Then B,= –0.325,

which corresponds to 0.005-inch wires
separated approximately 0.45 inch, and

l?~ = – 1.3, which corresponds to 0.005-inch
wires separated approximately 0.19 inch.
Although such wire grids do not satisfy the
ideal assumptions, these parameters indicate
that an ideal sandwich can be approximated.

The relative magnitude and phase of the
electric field within an ideal sandwich with
.$=4, 0=0, d= O.05A, B.= –0.325, and

B~ = – 1.4 compared to that in air are shown

in Figs. 2 and 3. It should be observed that

the electric field within the sandwich does

not deviate greatly from what it would be
in air.
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A Variable Harmonic Phase

Delay Coaxial Network

A simple, adjustable, harmonic phase

delay, equalizer network has been developed
in coaxial transmission line. A harmonic

equalizer network is defined as a circuit
whereby the phase shift or phase delay
through the device between two harmoni-
cally related or widely separated frequencies

differs from an ideal dispersionless circuit.
This circuit makes use of the phase shift

properties of a reactive cutoff type netw-ork

as the cutoff frequency is varied. A coaxial
low-pass filter type network was chosen be-

cause of the mechanical simplicity that this

type of transmission medium yields, in addi-
tion to the broad range of operating band-

widths available. Figure 1 shows the dis-
persion relationship betw-een an ideal trans-
mission line and a low-pass filter. Whatever
the phase relationship of a fundamental sig-
nal jO with respect to its harmonic 2~0 at the

input to the filter, the output phase relation.
ship will be changed by +O. This relative
phase shift is realized due to the character-

istics of the filter network near cutoff. For

example, in a Constant-k design, the total
phase shift through the filter network is a

function of the number n of LC filter sections
employed and the proximity of the fre-

quency ~ of interest with respect to the cut-
off frequency ~G. If the cutoff frequency is
varied as shown in Fig. 1 from j,l to .f.~, the

relative harmonic phase shift @ may be com-

puted, depending on the cutoff condition,
according to the general relation

ONE SECllON
LOW-PASS FILTER

—

–.
FREQUENCY

Fig. 1. Phase w. frequency characteristics of
different transmission networks.
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Fig. 2. (a) Open condition of variable cutoff low
pass coaxial filter. (b) Mechanical clia~ram show-
ing the simplicity of the filter adjustment mecha-
nism.
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Fig. 3. Reflection coefficient for three conditions
of a variable cutoff low-Pass filter.
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Fig. 4. Correlation of theoretical and measured
phase shift data for three conditions of the vari-
able cutoff low-pass filter.
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For the case ~= 2~0 in ( 1), the chauge in @

at j“” is assumed negligible because of the

frequency separation of ~,, with respect to

either f,l or ~c!. In almost any application,
it must be uoted that the frequeucy of inter-
est must not be selected too close to the
filter’s cutoff frequency if the reflection co-
efficient is to be acceptable.

Figure 2(a) exhibits the practical coaxial
low-pass netwwrk. The smaller center cou-

ductor high impedance line sections repre-
sent the required series inductance whereas
the low impedance ring sections produce the

desired amount of shuut capacitance. ~Tpon

cutting four equally spaced axial slots iu the
outer couductor, as shown in Fig. 2(b), this

outer diameter w-as made quite flexible

by applying concentric external pressure
through the use of adjusting nuts. The di-

electric shown was a sheet wrapped inside
the outer coax cylinder to partially fill up
the gap between the center ring conductors

mld the outer coaxial shell. Thus, by varying
the designated air gap (d – x), the shunt

capacitance is made adjustable with a con-
sequent change in the filter cutoff frequent>-.

The ratio of the cutoff frequencies for the

two limiting conditions (fully open and fully

closed) can be approximately equated as,

d
f.(wn) - _ c

~c(closed) =
. (2)

1+; (6–1)

Normally, the lowest cutoff frequency ~.

(closed) is initially determined when design-
ing the filter network. Theu the upper cut-

off frequency f. (open) may be obtained from

(2) which should be good for ratios of

.f. (open) to .f, (closed) up to at least 1.2.s.
t\n .S-baud harmonic phase delay net-

work was designed to exhibit a maximum
cutoff variatiou from about 4.0 to 4.8 Gc/s
through the use of (2). The dielectric mate-
rial used in this ten section filter was Aclar,

which has a relative dielectric coustant of

approximately 2.5. Three of the cutoff con-

ditions are shown in Fig. 3 as a fuuction of
the reflection coefficient characteristics from

4 to 5 Gc/s. The reflection coefficient was
under 15 percent at all frequencies below
3.9 Gc/s for each cutoff condition shown.

Correlation of the theoretical with mea-

sured relative phase shift data for the three
cutoff conditions is graphically related in
Fig. 4. The theoretical phase shift was deter-
mined by ( 1). Considering that small mis-
matches occurred over the band, 2.5 to -LO

Gc/s, each correlation is quite good. Thus, a
continuously controllable difference iu phase
shift of about 280°, at 4 Gc/s with respect

to 2 Gc/s, was observed in this simple co-
axial configuration which proved to be ade-
quate for a particular circuit application.
However, it should be observed that a 360°
variation could have readily been realized by
increasing the number of filter sections. In
addition, it should also be noted that the
frequencies of coucern do not necessarily
have to be harmonically related. However,
the closer the frequency separation, the
smaller will be the relative phase difference

in any given filter. If both frequencies of

concern were closely spaced near the filter’s

cutoff frequency, then, the actual phase
shift or phase delay w-ould be the relati~,e

angle difference +2 —@l.
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A Semi-Automatic Technique

for Tuning a Reflectometer

INTRODUCTION

Tuned microwave reflectometers are used

in single-frequency high-precision nqicro-

wave measurement applications. The tuners
are adjusted such that a constant detector
output is achieved when th[e reflectometer is

terminated by loads of constant reflection
coefficient magnitude and variable p base.

At present, the phase variation is achieved

by sliding the loads inside a terminating

section of uniform wavegu ide.

The tuning procedure is accomplish~d in
two steps: 1) tuuer x, as shown iu Fig, 1, is

adjusted for no variation in the detected out-
pnt as a low reflection load is moved i Inside
the terminating wavegnide, and 2) tuner y
is adjusted for no output variation as a short-
circuit is moved inside this waveguide

[1]-[3].
This correspondence describes a method

which substantially shortens the tim (: re-

quired for tuning the reflectometer by auto-
matically driving the load inside the uniform

waveguide and synchronously display in j~ the

tuning response on an oscilloscope. The ap-

plication of this method to existing micro-

wave systems employiug the reflectometer
technique requires the utilization of addi-
tional equiprneut, which is commer(: ially

available, except for one item, the carriage.

DESCRIPTION or EQUIPMENT USErJ

Figure 1 shows the simplified diagram of

the reflectometer in the left part and the

added equipment required for the ap plica-
tion of this technique in the right part.

In the tuning process two types of loads

are used, a large reflection and a low reflec-
tion termination, as in Fig. 2. Teflou spi~cers
are used to support the loads inside the \vave-
guide and to reduce wear of the guide.

The reciprocating motion of the loi~d is

accomplished by attaching the load to a
driven carriage. The carriage, show 1, in
Fig. 3, was made in the National Bureau of
Standards instrument shop.1 It converts the

oscillating rotational motion of a commer-
cially ax-ailable “sweep drive” output into

reciprocating longitudinal motion. Adjust-
ments are provided on the carriag,r for

alignment.
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1 This carnage is more elaborate than required

but was avadable and satisfactory for demonstrating
the technique.


