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ABSTRACT

This second interim report summarizes the work
accomplished in the experimental and development phases of
the ferrite program during the period from 17 October 1953
to 17 January 1954. The following microwave properties of
eight commercially avajilable ferrites wers investigated in
circular waveguide: ferrite absorption loss, VSWR, axial
ratio, and rotation of plane of polarization -~ each as a

function of applied magnetic field, and with length and

diameter of the ferrite sample as parameters. The frequency

sensitivity of three ferrite samples was examined. Some
information was obtained on the microwave properties of
ferrites located in rectangular waveguide in an applied
transverse magnetic field. Experimental versions of a
modulator, attenuator, and switch were built and some

performance data were obtained.
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PART I
SECTION A
PURPOSE

1. PURPOSE OF PROGRAM

- This program is concerned with the study of the
microwave vroperties of commercially available ferrites, and
the development of microwave conponents using these ferrites
as the active element. This work will be conducted in the

frequency rance of 8500 to 9600 mec.
2. BREAKDOWN INTO WORKING PHASLS
a, Experimental Phase

The properties of existing ferrites will be studied

and data obtained on the following characteristics:

(1) specific rotation

(2) absorption loss in ferrite

(3) phase-shift oroperties

(4) axial ratio of emergent radiation

(5) hysteresis effects

(6) any other pertinent pronerties discovered

(7) reproducibility of data
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The shapes of the ferrite samples to be investigated

are cylinders and plates. The parameters to be varled &re

as follows:

(1)
(2)
(3)
(4)
(5)
(6)

(7)

dimensions of sample

dimensions of waveguide

frequency of microwaves

level of microwave power

strength of magnetic field

orientation of magnetic flux with respect to wave-
gulde axis

temperature of sample

b. Development Phase

With the aid of the data supplied under the re-

search phase, the following components are to be developed

in 1" x 1/2" waveguide for use in the frequency range of

at least 8500 to 9600 mc:

(1)
(2)

(3)

low-power modulator (pcwer level of one watt or less)
high-power modulator (power level as much above one
watt as possible)

nonbilateral transmission unit (power level as high
as possible)

phase shifter



(5)

(6)

variable attenuator having a loss dependent upon
the applied magnetic field

microwave switch
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SECTION B
GENERAL FACTUAL DATA
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L. FORMULAE AND DEFINITIONS

a. Ferrite Types

All ferrites mentioned in this report are manu-
factured by the General Ceramic and Steatite Corporation
and will hereafter be referred to by their type designation

preceded by the word "Ferramic",

b. !lodulation Factor (Fv and Fp)

MODULATED WAVE
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, ¥
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Modulation factor is defined as the ratio of the
peak variation actually used (A-B) to the maximum possible

design variation (A). When A and B are voltage amplitudes:

voltage modulation factor F, = ﬂi§ (1)
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When A and B are power amplitudes:

power modulation factor F = AEE (2)

In the case of microwave modulators, note that amplitude A
is not variable. The percent modulation is obtained by
multiplying Fv or Fp by 100.

\
¢. Harmonic Distortion (Dv and Dp)

For the nth harmonic, the percent voltage distor-
tion Dv and the percent power distortion Dp are defined
as the ratio of the maximum amplitude of the nth harmonic to
the maximum amplitude of the fundamental, multiplied by 100
(where these amplitudes are voltages for D, and powers of
Dp)' In the case of hysteresia, the criterior for distoértion
would involve & Fourisr series with phase and amplitude for
each hermonic component. The quantities defined 2bove should
be considered as approximate figures of merit in view of the

difficulty and expense of obtaining the phase information.

It should be noted that when power modulation is
being considered, only the definition of power distortion
will be used; for voltage modulation, only that of voltage
distortion will be used.
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The hysteresis of total transmission loss (for a

Z.voa lerrite component and for any value of applled magnstic

-

ficld, A) is defined as the magnitude of the difference in
decibels betwcen (1) the value of total transmission loss
at A when the applied majnetic field is increasing and (2)

the total transmission loss at A when the applied magnetic

T O mRE 3 S

fisld 1s decreasing. Therefore,

?h=1d-qi (3)
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where

aq = ap when Ha is decreasing

IS
i

t when H 1s increasing
a

a

Not only does the value of a, depend upon A but also upon

h
the ma metic history of the ferrite sample.

5e TASUREMENT PRQCEDURES
A, Intrnduction

As a part of the ferrite components development
prcgram, it 13 necessary te study ferrite samples located
in rectangular waveguide with an applied transverse static
magnetic fields These samples are being tested fer total
transmissien less, VSWR, and phase shift --each as a function
cf the frequency and of the strength and directicn of the
applied magnetic fields The effects of temperature, ferrite
shape, and the location of sample in the waveguide are also
being studied. These tests are performed using both a pre-
cision measurement setup (for detailed information) and an
automatic setup (for rapidly surveying general behavior).
The automatic setup that 1s used is the same as the one de-
gcribed in the first interim report. The new precision
measuremeﬁt setup will be described in the following para-
graphs. A new setup used to determine percent power modu-

latien is alsn described.
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b. Preclsion Measurement Setup Used for Studles in

Rectangular Waveguide

The precision measurement setup used for obtain-
ing data on ferrite cylinders and rectangular slabs located
in rectangular waveguide is shown in figure 1., In the dis-
cussion of this setup, & numeral in parenthesis following
an item refers to the same item pictured in figure 1. A de-
tailed 1list of the equipment required is given in the

Appendix.

The test chamber consists of a §" section of X-
band rectangular waveguide situated in a 1/2" ;ap in the core
of an electromagnet. The ferrites are placed in the chamber
along the direction of propagation, and microwave energy

in the dominant TElO mode 1s passed into the cell.

The pole face of the electromagnet has an area of
1-1/4" x 3-3/8" and a separation of 1/2". The magnet is
capable of generating a field continuously variable from O
to 5500 gauss as the coil current is varied from O to 3
amperes., This magnetic fleld is applied perpendicular to
the direction of propagation of the microwaves. Measurements

show that the field varies only %1 percent over a length of

3".

e T )
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A heterodyne method, using a microwave receiver
(11) and calibrated couplers, 1s used to measure the total
transmission loss of the ferrite (figure 1). These measure-
ments are made by first obtalning a reference level Pi at
one directional coupler (6a), and then measuring the power

difference in decibels between P, at the first coupler (6a)

i
and P, at the second coupler (éb). The VOWR due to the re-
flected power Pr 1s measured by using an r-f impedance meter

(5) and microwave receiver (1l1).

The absorption loss of the ferrite ( a;) is deter-
mined by measuring the power difference 1n decibels between
the two couplers (5a and b), and then measuring and sub-
tracting the power loss due to reflections:

- P

P.
= 10 log _1i r (L)
PO

¢r

Absorption losses measured with this setup are accurate to

#0.1 db.
c. lleasurement Setup Used to Determine Percent Modulation

Fijure 2 shows the setup used in measuring the
percent modulation. Because of the square-law properties of
the crystal detector (8), this system indicates power; hence,

the power definitions of modulation and distortion given in

E paragraph L of this report apply. A coupler (12) 1s used to
3
%
4 10
e T & ET: e P iy ™3 ;
L 2 b . 3 p
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monitor the power to assure operation in the square-~

law region of the crystal. A power level of 1 mw is set

on a bridge (7) giving a -20-dbm level at the crystal., In
order to reduce distortion, & constant-current generator (13)
is used to maintain the waveshape of the appllied current
independent of the load; in this case, the load is non-
linear because of the ferrite. The actual measurement of
power modulation was performed on an oscilloscope (9) by
measuring the detected envelope., Harmonic distortion was

measured on & harmonic analyzer (11).

11
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SECTION C
DETAIL FACTUAL DATA

6. SUIMARY OF PREVIOUS INTERIMS

Two systems have been described so far: one being
especially suited for precise measurements, and the other
for rapidly surveying general behavior. Sample curves were

submitted to demonstrate the performance of the rapid

(autcmatic) setup. By means of the precision setup, microwave

propertles have been determined and presented for Ferramic
D=216 in circular waveguide, witlii length of sample as &

parameter,

With reference to statements made in paragraph 6
cf the first interim report, note the following additions
and corrections which are represented by the underlined

words:

Only those ferrites in which M is magnesium, copper,

manganese, lithium, nickel, cobalt, calcium, liead,

or iron are ferromagnetic.

Ferrites in which M is zinc or cadmium display certain

magnetic properties, but are not ferromagnetic.
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7. PROPZRTIES OF FERRITES IN RECTANGULAR WAVEGUIDL

In an article published in 19u9*, Polder developed
a theory which described the behavior of micrcwaves propa-
gating in an infinite ferromagnetic medium saturated by a
static magnetic field. He showed that the intensity of the
r-f magnetic field and the »-f flux density are related by a
tensor permeability. Polder's solution of Maxwell!'s
equations for a plane wave incident on such a ferromagnetic
medium (magnetized to saturation by an applied static
magnetic field directed paraliel to the direction of
propagation) was discussed in the first interim report. The
case of a ferromagnetic medium saturated by an applied
static magnetic field transverse to the direction of propa-

cgation willl be treated in this report.

In _eneral, for a plane wave propa;jating in a
saturated ferromagnetic medium of infinite length magnetized
in any arbitrary direction with respect to the direction
of propagation, liaxwell's equations yield two solutions
which represent two elliptically polarized waves, prcpagated

in the same directlion but with different velocities.,

* D. Polder, "On the Theory of Ferromagnetic Resonance,"
Philosophical Magazine, Vol. 40, po. 99-115, January, 1949.

13
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The special solution for the case of a plane wave

propagating in a saturated ferromagnetic medium magnetized

parallel to the direction os propagation represents two

circularly volarized waves rotating in opposlte directiocons.
If, instead of an Infinite ferromagnetic medium, a finite
length of material is used, the emergent wave will be
elliptically polarized and 1ts major and minor axes will be
rotated through a certaln angle with respect to the incident
wave, The ellipticity is produced by the differential at-
tenuation of the two circularly polarized waves. The dif-
ferentlal phase shift of the two waves gives rise to the

observed rotatilon.

For the case of an infinite medium magnetized

perpendicular to the direction of propagation, the solution

of Maxwell's equations for plane waves represents two
orthozonal linearly polarized waves. One wave has 1lts k-
vector polarized parallel to the directlion of magnetization
and has a phase velocity which 1s a function of magnet-
ization of the medium. This is the "extraordinary" wave.
The other wave is polarized perpendicular to the direction
of magnetization and has a phase velocity which 1s not a
function of the magnetization of the medium. This repre-

sents the "ordinary" wave.

1y
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Polder's theory was derived for plane waves propa-
gating in an infinite ferromagnetic medium, homogeneously
magnetized to saturation. In the case of propagation in
rectangular wavegulide, these conditions do not hold com-
pletely. The infinite ferromagnetic medium does not exist.
Also, plane waves do not exist in waveguide; rather,
cylindrical waves are present in several modes of propa-
gation. In any wavegulde, one mode will be tlie dominant
mode; in 1" x 1/2" 0.D. rectangular waveguide, this is the

TElo mode.,

In a ferrite-loaded waveguide, the ferrite piece,
though small in cross section, may excite higher-order modses.
These modes will be either transverse electric or transverse

mégnetic, but the TE1 mode will always be present. The

0
higher-order modes can propagate only in the section of wave-

guide containing the ferrite.

Polder's theory can be used as a reasonable
apnroximation for the case of a static magnetic field
applied perpendicular to the broad dimenslon of rectangular
waveguide which is propagating energy in the dominant TElO
mode. In X-band waveguide, the wave polarized perpendicular

to the direction of magnetization sees & waveguide which is

beyoncd cutoff, and therefore cannot be propagated past

15
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the ferrite section. This leaves only the extraordinary
wave; its characteristics can be controlled to a certain
degree by varyin; the magnetization of the medium since

its properties are functions of this magnetization.

The phase velocity and absorption of a wave being
propagated in a ferrite-loaded rectangular waveguide, de-
pend upon the geometry, type, magnetization, temperature,

and position of the ferrite in the waveguide.

ror the case shown in figure 3, the direction of
propagation 1s along the y axis and the magnetic field is
applied along the z axis. Under these conditions, it is
possible to construct either a eciprocal or nonreciprocal
element, depending upon the location of the ferrite in the
waveguide, The reciprocal or nonreciprocal properties of a
ferrite-loaded wave-uide situated in a transverse magnetic
field have been shown theoretically for all modes which are
independent of the 2 coordinate.* According to this analysis,
with the static maznetic field applied along the z axis as
shown in figure 3, the microwave components of B and H can

be written as follows:

* ML, Kales, H.N, Chait, and N.G. Sakiotis, "A Nonreciprocal
Microwave Component," Journal of Applied Physics, Vol. 24,
PPe. 816-817, June, 19530

16
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By = uily = J wH (s)
By = Ju'H_+ #Hy (6)
B, = aH, (7)
where u = low-~frequency portion of the initial
permeablility

pw' = algh-frequency portion of the initial
permeability

The dielectric constants and permeabllities of the empty
wavegulide and those of the ferrite-loaded waveguide are

represented by ¢, u; 8nd ¢, ugy respectively. Let

P [#_']’“‘] o

and assume an e'jﬁ y y dependence. It has been shown
that the propagation constant 8 then satisfies the follow-

ing equation:

12
#gzKl“-#lz[Kzz* [B&—] ]tan K,d tanX,d’ ftan Kt +
s
J

#1#2;(1K2[tan Kld"’ tan Kldl] e (9)

L

B’Z [tan K,d - tanK,d'Jtan Kyt = O

17



where

K12 = w2€1#1 _’BQ

Kg? = wPequp - 87

If the ferrite plece is symmetrically located
within the waveguide, d4=d', and the last term vanishes. The
propacation constant will then have the same value for either
direction of propagation, However, for the asymmetric case,
where d#d', the last term does nct vanish and the equation
is no longer symmetrical in 8. In the latter case, the
proparcation constant will not be the same for the two

directions of propagation.

Therefore, in the asyrmetrical case, a change in
the direction of propagation will result in a change in the
attenuation and phase constant. This permits the con-
struction of a nonreciprocal component with a ferrite piece
as the active element. The relationship of a to a' in
fiure 3b and d to d' in figure 3& controls the nonrecipro-
cal properties of the component, Thus, in considering the
effects of ferrites in rectangular waveguide, the location
of the ferrite in the waveguide is of major importance. For
studies of the symmetrical properties of the ferrite-loaded
waveguide, the ferrite sample is located at the center of

the waveguide or at the center of the broad wall of the

18



waveguide (see figure 3). In the study of the asymmetrical
properties, tests show that if the ferrite is placed in

the waveguidé where H vector of the normal waveguide mode is
circularly volarized, for certain values of applied magnetic-
field the component has a very large attenuation for one
direction of propagation and & much smaller attenuation for
the opposite direction. An explanation of this effect has
been obtained from the theory of gyromagnetic resonance.%
If the r-f magnetic field is circularly polarized in a plane
perpendicular to the direction of magnetization of the
ferrite, a large absorption of power will occur at that
value of applied magnetic field and frequency which will
bring the ferrite into gyromagnetic resonance (provided the
sense of polarization is positive with respect to the direc-
tion of the applied magnetic field). This large resonant
absorption of power does not take place for the negative

sense ol polarization.

In the case of a rectangular waveguide propagating

energy In the dominant TE mode, there are two parallel

10
planes so located (equidistant from the narrow faces of the

N.G. Sakiotis and H.N. Chait, "Properties of Ferrites in
Javeguides," Transactions of the I.R.E. Professional Group

on Microwave Theory and Techniques, Vol, M.7.T.-1, pp.ll-16,
November, 1953,

19
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waveguide) that, at any point in these planes, the H vector

of the normal wavepguide mode is circularly polarized. In
either nlane, the circular polarization is of one sense for
one direction of microwave propagation and of the opposite
sense for the opposite direction of propagation, This

arises from the fact that, at the two planes, the longitudinal
and transverso components of the H vector are in phase quadra-
ture and of equal amplitude (see figure 4). These are, by
definition, the conditions for circular polarization. How-
ever, the longitudinal components are 180 degrees out of

phase at one plane as compared with the same component at

the other plane (see figure 4). This change in sizn is
equivalent to a 180-degree phase shift, and the H vector

of the wave 1is circularly polarized in the positive sense

in one plane and in a negative sense in the other plane. If
either the direction of propagation or the direction of applied
magnetic fi~ld is reversed, the senses of polarization are re-

versed.

The presence of a ferrite in wavegulde effects
the location of the planes of circular polarization of the
H vector. For the case of an air-filled waveguide, the
planes of circular polarization are located at a distance
one quarter of the broad dimension from the narrow wall. For

the case of a ferrite-loaded waveguide, the planes of circular

20
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polarization will be shifted by a small amount. The amount
the planes are shifted is determined by the size and
geometry of the inserted ferrite, and also by & change in

frequency of the incident radiation.
8. CIXFCRIMENTAL DATA ON FRRRITES

Data on the microwave properties of ferrites in
circular waveguide with an applied lon itudinal magnetic
field has been obtained on several samples of commercially
avrilable ferrites. This data consists of ferrite absorp-
tion loss, VSWR, axial ratio, and rotation ol plane of
polarization; each proverty has been taken as a function
of the intensity of applisd magnetic field, with length and
diameter of the ferrite samples as parameters. Measurement
of the above properties was made on the following types of
Ferramics: A-106, B-90, C-159, D-216, G-254, H-L419, I-141,
J-=472, and 1331. The frequency and temperature were held
constant at 9600 mc and 23°C (73°F), respectively. The data
is shown in figures l through 21, Of the ferrites tested,
Ferramics A=106 and 1331 have the lowest ferrite absorption
loss. Ferramic 1331 is the better rotator of the two, but
Ferramic A-106 has a more predictable set of character-
istics, In the case of Ferramic A-10€ magnetized to sat-
uration, the rotation of the plane of polarization increases

linearly with increasing frequency, and the ferrite absorption
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loss decreases with Increasing frequency. At a length of
3,00" and a diameter of 0,375", Ferramic 1331 has a VSWR of
seven and a ferrite absorption loss of approximately 8 db
over & very narrow region of applied macnetic field (figure
21)., Also, a similar effect has been observed in Ferramic
1331 for a length of 1.13" and a dilameter of 0.250". 1In

both cases, ths effect was observed with an applied magnetic
field of 100 to 150 gauss. A reversal of the direction of
rctation for various sample diameters has been observed for
Ferramics B-90, C-159, G-254, H-419, and J-472 (figures 8,
10, 13, 15, and 19, respectively). This reversal of rotation
was observed for Ferramics H-419 and C-159, having diameters
of 0,250" and 0.375", and for Farramics 3-90, G-254, and
J-4472 having a diameter of 0,375". The length of sll samples
was 3,00".

Data taken on the microwave vroperties of ferrites
in an applied longcitudinal magnetic field with frequency as
the parameter is shown in figures 22 through 24. This data
was obtained from cylindrical samples of Ferramics A-106,
D-216, and 1331, all 3.,00" long and 0.250" in diameter. The
rotation of plane of polarization at saturation varies over
the following limits: from 540 degrees at 9600 mec to 230
degrees at 8500 mc in Ferramic D-216, from 575 degrees at

9600 mc to 220 degrees at 8500 mc in Ferramic 1331, and from
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2L0 degrees at 9600 mc to 140 degrees at 8500 mc in Ferramic
A-106. This change in the rotation of plane of polarization
1s approximately linear with respect to changes in fre-
quency. The ferrite absorption loss, VSWR, and axial ratio
also chan~e as a function of frequency, but in & nonuniform
manner. It 1s significant that in contrast to other ferrites,
the absorption loss in Ferramic A-106 shows a definite in-

crease with a decrease in frequency (figure 22).

The microwave properties of ferrite cylinders
located in rectangular waveguide in an applied transverse
magnetic field are being investigated. Measurements of
ferrite absorption loss vs applied magnetic field, using
Ferramic 1331, with the location of the ferrite in the wave-
guide as a parameter, are shown in figure 25. When the
ferrite sample is located along the center of the broad
dimension of the waveguide, the ferrite sample exhibits
symmetrical-propagation characteristics for any value of
applied static magnetic field. This is also approximately
true for the case of the ferrite sample located in one
corner of the waveguide, However, with the sample located
in the plane of circular polarization, a large differential
absorption loss is observed (figures 25 and 26). The point
of circular polarization, determined at 9000 mc, using a

ferrite cylinder 0.122" wide and 3.00" long, was found
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to be 0.210" from the narrow wall of the waveguide (fig-
ure 26)0

The nonreciprocal properties of a component of
this type (that is, with the ferrite lccated along the plane
of circular polarization of the H vector) are of special
interest.” Using Ferramic A-106 as the active element, a one-
way transmission system can readily be obtained with an
attenuation of 2.4 do in the forward direction and 32 db in
the opposite direction (fi ure 27). If Ferramic 1331 is
used as the active element, an attenuation of 3.4 db is
observed in the forward direction and 41 db in the opposite

direction (figure 26).
9. CCHMPONENT DEVELOPMENT
ga. Introduction

The development phase during the second quarter
consisted of testing various units for use as modulators,
attenuators, and switches. The information furnished in the
following paragraphs was obtained on experimental models and

should not be considered as final; as new techniques and

* Sakiotis, "Ferrites in Waveguides."
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materials are developed, changes can be expecteds All com-
ponents were tested in a crossed-waveguide position as

shown in figure 28,

The operation of all units to be described in this
report depends upon the rotation of the emergent wave with
respect to the incident wave due to the applied magnetic

field (Faraday effect, described in first interim report).

WWhen the symbol Ha is used, it 1s understood to

mean the applied magnetic field.
b. Ferrite lModulators

A microwave mocdulator is a device which can cause
a prescribed change in the microwave signal passing through
it. These changes can be made to occur in the amplitude,

phase, or frequency, depending upon the application,

Althourh freguency modulation is feasible by means
of variable phase shifting, only amplitude modulators have
been considered here, as this type has more immediate ap-

plication.

The modulator shown in figure 28, hereafter called
the type 1 modulator, is an amplitude modulator of the

simplest design. It uses a plece of ferrite located along
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the axis of a section of circular waveguide, The resistor
card absorbs that component of the rotated wave whose E
vector is in the plane of the card. Hence, if the applied
marnetic field Ha is varied, the rotation of the plane of
polarization @ is varied, and the emergent microwave energy
will be moculated. The manner in which H, and @ are related

for Ferramic 1331 is shown in figure 24.

Three of the basic criteria for a modulator are the
parcent modulation possible, the harmonic distortion pre-
sent, and the frequency of modulation possible, Other
criteria are hysteresis, insertion loss, microwave-frequency

sensitivity, and temperature variations.

The percent modulation is determined by such
characteristics as those shown in figure 2. These curves
define the applicable operating range of the total trans-
mission loss (in decibels) of the ferrite component. For
a sample of Ferramic 1331, 3.00" long and 0.250" wide, the
maximum range of ajplied magnetic field, Ha’ over which Ha
and the rotation of nlane of polarization are linearly re-
lated, is about 20 gauss. Over this range, the rollowing
relation exists: @ = KHa. The constant, X, relates the
axial rotation to the applied magnetic field, and is ex-

pressed in degrees/gauss. The important fact is that
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rotations of at least 90 degrees are obtainable in this
range. A modulator using this ferrite sample can not be
expected to function properly unless its operating point is

abont 10 gauss, with a maximum signal swing of 10 gauss.

Harmonic distortion results if the modulation
signal swings beyond the linear region. It can be shown that
harmonic distortion also results when a sinusoidal modulation
1s applied even if the ferrite modulator is not "overdriven'".
This 1is true, since the output of the modulator, assuming
ideal ferrite characteristics., 1s related to the modulation

8lgnal, Ha’ by the expression

- R
Eout Ey, sin KHa (10)

where Eyn 1s the incident microwave signal. Thus, if the
output is to be slnusoidal, Ha must be a linear functicn

of time. The distortion introduced by using a sinusoidal
modulating signal will depend upon the magnitude of © and
hence the percent modulation being used. This effect has
been observed in most cases. Results of tests performed

on the type 1 modulator, for a sinusoidal modulation signal
and a sample of Ferramic 1331, are shown in figure 29. The

measurement setup used is shown in figure 2.
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While the variations in temperature and fre-
quency are large, the harmonic distortlon does not seem
excessive. On the average, the moduvlation resaches 90 per-
cent. Before fipgure 29 was plotted, the operating point
and the amplitude of the modulation signal were varied to
obtain a minimum harmonic distortion. Variations in the
operating point were effected by blasing the unit with
magnets. Figure 30 shows the plot of total transmission loss
vs frequency, with temperature as a parameter. It is noted
that the variation in operating pcint with frequency and tem-
perature is significant. Similar effects were observed
when Ferramic A-106 and D-216 were used (figures 31 and 32),
except that, generally, the criteria are not satisfied as
well as when Ferramic 1331 is used., The distortion at room
temperature is smallest for Ferramic 1331, Note that dis-
agreement between samples can be large (figure 31). The
percent harmonic distortion at 9200 mc for various farrite
samples used in the type 1 modulator is given in the fol-

lowing table:
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PERCENT POWLR HARMONIC DISTORTION (Dp)

TEMPERATURE
FERRITE SAMPIE YARMONIC | -4LO°F 72°F 150°F

2nd 10.5 0.9 6.2
Ferramic 1331

3rd 3.4 5,2 Li.2
(refer to figure 29)

Lth 0.5 0.4  0.75

2nd h.O 8.2 10.5
Ferramic A-106, Sample lio. 1

_BPd 506 505 3'0
(refer to figure 31)

Lth 0.6 1.0 2.5

2nd 7.2 8.0 S.4
Ferramic A-106, Sample No., 2

3rd 12.1 1«5 1.8
(refer to figure 31)

Lth 1.8 0.6 1.5

The applied modulation signal was 50 cps. The
upper limit in modulation frequency is primarily determined
by the coil impedance and the modulation driving impedance.
Relaxation effects may be a factor at high modulation fre-

quencies, but have not been investigated.

c. Ferrits Switch

A ferrite switch can be »of two different forms:

(1) a component that passes or reflects all power incident
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upon it, or (2) @& component that passes or absorbs all power
incident upon it. The advantages of ferrite switches in
seneral, is that they have no moving parts, have switching
times faster than conventional switches, and are compact.

The switching time 1s limited by the external switching

circuits rather than tha ferrite material,

A switch of the first type, hereafter known as the
type 1 switch,was built (figure 28). The results of tests
performed on this unit using Ferramic 1331 are shown in fig-
ure 33, The microwave properties seem satisfactory in view
of the reasonable temperature and frequency characteristics,
in addition to the particular advantages previously mentioned.
It may be observed that the switch exhibits a 28-db differ-
ential tetween "on" and "off" positions (at room temperature).
Unfortunately, the ferrite must be desaussed each time;
several trials showed only a 15-db differential for the samples

that had not been degaussed.
de Ferrite Attenuator

A ferrite attenuator is a device whose insertion
loss depends in some way upon the intensity of the applied
magnetic field. The model shown in figure 28 will hereafter

be called the type 1 attenuator. Fipgure 34 shows the results
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of tests made on a single unit and on two identical units in
series. This data was obtained by means of the automatic
measurement setup described in the first interim report.
Samples of Ferramic 1331 were used as active elements in

each case., Figure 34b shows hysteresis, a to be small,

h
amounting to a maximum of apnroximately 3 db, and an average
of 1 db over a range of about 30 db. The spike shown in
figure 34b has been observed several times; its cause has

not yet been investigated. Figure 34a shows the good agree-

ment between two identical units measured separately.

The match obtained for the single type 1 attenuator
zave an average VS'JR of two. This match was obtained by
nlacing the ferrite at various positions along the axis in
its circular-vavegulde housing. Figure 35 shows the change
in VSWR as a function of ferrite position for a single unit.
Evidently, this parameter is only moderately effective. Plots
of VSWR vs freauency and total transmission loss vs frequency,
with the ferrite near the position of minimum VS'R, are shown
in figures 36 and 37, respectively. Figure 36 shows the
variation in VS'/R vs frequency for the two values of applied
magnetic field at which the total transmission loss is a
maximum and minimum. For the same conditions, figure 37

shows the variation in total transmission loss vs frequency.
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For example, zero at the ordinate in figure 37 represents a
1,5-db minimum transmission loss for the one curve and a
32-db maximum transmission loss for the other. The VSIR
never exceeds three over the band, and the maximum vari-
ation in a, is approximately *3 db over the entire operating

range and frequency band,

10, PROJECT PERI'ORMANCE aND SCIEDULE

See figure 38 for a chart showin; the project

performance and schedule.
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SECTION D
CONCLUSIONS

11, CONCLUSIONS

The data obtained on several types of ferrites
indicate that Ferramics A-106 and 1331 have the lowest
ferrite absorption loss, and that both ferrites are good
rotators., In addition, Ferramic A-106 has characteristics
which follow a predictable pattern, making it adaptable to
component development, 'lith proper broadbanding techniques,
Ferramic 1331, with its low absorption loss, should also be

readily adaptable to component development,

Ferrite-loaded rectan‘ular wavegulde located in an
applied trensverse magnetic fleld exhibits either reciprocal
or nonreciprocal properties (determined by the location of
the ferrite in the wavegulide). Several interesting possi-
bilities are suggested by the curves in figure 26. The non-
reciprocal properties illustrated define a unidirectional
component with a loss differential of approximately 37 db
and a VSWR of 1,15 at 9000 mc. This same curve contalns

a region of a, and Ha in which a power modulator, attenuator,

t
or switch may well be designed. A preliminary test showed

the hysteresis to be very small. The difficulty is that

33
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with the present ferrites the magnet size required to ob-

tain the fields needed is much too large for component use.

The type 1 modulator exhibited a modulation cap=-
ability of 90 percent with an rms harmonic distortion (Dp)
of S percent at room temperature. Ferramic 1331 is superior

to Ferramics A-106 and D-216 in this application.

The type 1 switch exhibited a change in attenuation
from 1 to 29 db., Hysteresis effects, however, can amount to

a 10-db change unless the ferrite 1is degaussed between trials,

Two typve 1 attenuators in series had an average
hysteresis of 1 db and a maximum of 3 db. The range of this
combination extends from 8 db to spproximately 30 db, whereas
the sinzle unit has a range of 4 db to 23 db. DMore accurate
measurements using a heterodyne precision measurement setup
showed the range to extend above 50 db for two units in
series, On the basis of the tests on the two units, re-

producibility is within approximately 1 db.

In general, the study of the broadbanding problem
has been postponed until more progress 1s made in initial

developments,
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PART II
PROGRAM FOR NEXT INTERVAL

12, PROGFAI1 FOR THE THIRD INTERIM

a. Research Phase

In the research phase additional tests will be
made to determine any changes in ferrite absorption loss due
to the absorption of water vapor by the ferrite samples,
Also, data will be obtained on the microwave properties of
ferrites in circular waveguide as a function of frequency
and temperature. Teosts on ferrites in rectangular wave-
guide located in an apvplied transverse magnetic field will
contirue, Determination of the effect of temperature on the
microwave properties of ferrites in rectangular waveguide

will be made.
b. Development Phase

The development program will consist of improving
existing designs and investigating new techniques. Further

checks will be made on the type 1 attenuator.

The design implications of the unidirectional

characteristics ¢ ferrites in rectangular waveguide shown
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- in figure 26b will be investigated for application to de-
vices for modulation, attenuation, switching, and non-

reciprocal transmission.

Studies of broadbanding devices will be initiated.
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PART III
APPENDIX

ENUIPMSNT REQUIRED rOR PRECISION MEASUREMENT SETUP
USED FOR STUDILS IN REC''ANGULAR WAVEGUIDE

The following list of items and item numbers refer

tly to figure 1:

Sperry MicrolineR Klystron Sipgnal Source, Model 555

Sperry Klystron, 2K39

Sperry Variable Attenuator, Model 152

Sperry Cavity Frequency eter, .lodel 273

Sperry Impedance lleter, ‘lodel 145 with R-F Head

Sperry Directional Coupler, iiodel 235

Ferrite Cell, Consisting of 5" length of X-band wave-
gulde in traverse magnetic fileld

Sperry Termination, Model 150

Sperry Adapter, iiodel 167-A

Sperry Mixer, Model 379

Sperry Microline Receiver, ilodel 296-A (used with a
preamplifier)

Weston D-C Ammeter, lModel 30

FPheostats for varying magnet-coil current
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14, E"UIPMENT RINUIRZED *OR iODULATION KLASURLMENTS

The

following list of items and item numbers

refers directly to fi-ure 2.

1 Sperry

ne

Sperry
Sperry
Sperry
Sperry
Sperry
Sperry

Sp..>ry

O © ~N O WM £ w

Duifont

Microline Klystron Signal Source, Model 555
Klystron, 2K39

Adaptor, liodel 8¢

Attenuator, iiodel 152A

Frequency lleter, ifodel 126

Barretter Mount, :lodel 184

Jattmeter Bridge, !Model 123B

Crystal Detector, iiodel 360-H

Oscilloscope, Model 304-H

10 Hewlett-Paclkkard Audio Oscillator, "odel [0OOC

11 General "adio Harmonic /inalyzer, Type 736A

12 Sperry

Directional Coupler, iiodel 235

38



ot G R B

F; 3
KLYSTRON
ATTENUATOR
SIGNAL
SOURCE
3 8
3
ng‘#%"nm TERMINATION
Pyl 5 6a 7 6b
i DIRECTIONAL DIRECTIONAL
LA COUPLER RESREIE SO COUPLER
3 3
ATTENUATOR ATTENUATOR
3 5
ACAPTER ADAPTER
O (o]
2 3 4 o] 1]
LocAL FREQUENCY MICROWAVE
OSCILLATOR ATTENUATOR METER FUNER RECE IVER
— COAXIAL LINE
WAVEGUIDE
FIGURE |

PRECISION MEASUREMENT SETUP
USED FOR STUDIES M
RECTANGULAR WAVEGUIDE



|
SIGNAL
SOURCE
2 g
POWER
YSTRON
KLYSTRO BRIDGE
Ja ol
2 b 2 [T T eowes ¢
FREQUENCY FERRITE BARRETTER
ARHIIER STTERUIIOR METER [ | MODULATOR MOUNT
[ |
' \wanw
3 )
CONSTANT-
CURRENT OCEF;YESCTTAOLR
AMPLFIER
10 9 n
- HARMONIC
OSCILLATOR OSCILLOSCOPE =0 ANALYZER
— SINGLE LEAD
WAVEGUIDE
- €
FIGURE 2

i

MEASUREMENT SETUP USED TO
DETERMINE PERCENT MODUL ATION

e, "

SR SR

Ty



g e

&

B FERETY

\....Gl-}'-‘l EI'P'l
€ M2

e d -l E — ] —
- t

(a) FERRITE SLAB IN RECTANGULAR WAVEGUIDE

TN -

(b) FERRITE CYLINDER IN RECTANGULAR WAVEGUIDE

FIGURE 3

FERRITES IN
RECTANGULAR WAVEGUIDE

=

ol mumw 4



e 4. 03

&

" Ho

2.

entudiii

H,y
——- —e - = = — — == = —m e e A - - - _-_——_——- - — - —— = —_—— e~ = = — = -
‘ b o B
] ' ! ' ' e
: Y i
[P B L SR U R g e G L Sy RSy (e v N e e e RS
— -
H, AT =1,
-_—— = - - = o= o =lEas e ~HCC DL sl oty y—-—— - - = — = — = - == ==
Y i | + *I
: i . b ,
___‘____l e e e _’_____f Ne e = e e e ‘________l
PERIOD
HZAT'g'D'T

Hy

‘ FIGURE 4

MAGNETIC FIELD IN
RECTANGULAR WAVEGUIDE
FOR TE, MODE




(SSNV9) 01314 D1L3INOVW 0311ddV

= N e Il r_
N . - t
i / :
M , cscs KA X RS S oz
HILIWVHVD SV HION3T HLIM
H-v OINWHY3d JO SIILNIJONd 3IAVMONOIN
$ 3J¥N94
.2920 ¢ PEVE L1721
OM0096 «  AININO3IH4
14,€£2)0.£2 « IWNLVHIINIL
($SNY9) 01314 D1LINOYW 0 311ddV
00 009
] _M _ L IJWAL..
! il
L H
; =
: E g 2
— w i =)
+4 .002:m1cn37 e
1S ha — o
= L]
[ 001HIONIT i !
bl 57| i il i il i
W R 3 A AN
00w 002 )
T — ©
.
= am AN o
4 + BBt ot
I I S i s
i M i i i 38
00€emioNIT TYT T
G EMEE U NRES
! 1%
{ o 5 2T
-
B S g el R R S S £
+ 9 D
- =
-
s % — 4 >
i s 2
o
E]
- 4 £ 3
P G 3
= - (=]
[+]] Zz
Ly it fad 4. 5 .
4 LR 1 B 2
h i T ELEEl o
= J_ 2
— 4 Y e < a
4 [ dod 1117 )
¥ s F ]
i m [ T
4 B
4 91
& o
4 Bt WS b
_ A i b 1g
—- — - S e P —
'Y ¥ e g




T o SRy e J.J.. \dl gt -+ ———
T T R S e T
..n. P ] . = ’ > -
| : & ’
ﬁ'}. - v..%ah_\. ; - o
- — : Bl .
& = -
=t £ 3 . T P TR e mg—— £ T

HILINVHEYD SV HILIWVIO HLIM

(S334930) NOILYZINYI04 40 3NYId 40 NOILYLON

.
901-¥ DINVHN3II JO $I11HIOHd IAVMOHOIN 00 » e
9 3HN9I3 OW0096 = AONINOIN 4 {SSN¥9) 01314 DILINSYN 0311ddv
(4:£2)0.82 « 3¥N1VH3IINIL
000! ooR 009 00w 002 0
(SSNV9) G314 DILINOVN 0311ddV . G S 5 R 0 O 10 0 D 1
000! 008 oow 002 [
T T - ™ e [] . ¥l
! e : | Al
AERHLRS T _
o RN, in T = o O e e T e o o o v e A o (R 2 5 I S
- i AN o )
e {557 A O & i
: X i 1 3
M . i : ¥T]
4 2 : |
I » e
w B =z S
=3 3 it
i ) K850y % B
o @ kil i
ad . e = 1
- bV ] Al i
1 it <
000! ]
p ]
002 0+4313nvi04
. .292 0°5313nVI0 o.
i E - "
€8€ 0°531INY
oo
-
-
o
D o
=
-
>
& oz
3 [S
b
i)
L]
z [
=
o
w
o
oar
a2
o
@ 0%
t o
LSBE OrHILINY
o




L 4 ».
g - 2 et S —— =gyt
s ¥ P
| £ % = - M.
; - - il — PR A Al T S T N T T 3
H3ILINVEYE SV MUIONIT HLIM
6-8 OINVHY3J JO S31LH3d0Nd IAVMONDIIN (SSN¥D) 01314 JLINOVA Q31NddV
4 3H8N914 00v 002 [
s RCks e - o
.9920= ¥3L3avi
oW 0096 = ADNINOTH 4 )
14501082 = 3ynivedendl v
BB HION3
L]
(S8NVY9) 071314 D11INOYA Q3 asV
0001 ooe 009 00y -
il i R XICYCERE G i, =% 00 €7HISN]T zZ2
T 881 HIONT | B =] e g S
= " _ 2 o2 §
i3 H 001+ H1ONI - J |
¥ ik - >
]
E o€ _
Ed
>
- =
T o W v
i H S
- ° A
(214 Ei LY
i
i 1
os Oov
0001 o008 [+] O0w o002 o
o - ]
it .o..o..x_—.usz. 2 _ S
LO01sHIONIT - 2
- 2
I . ;
3 ?
e L] —
2 LT R
A . 0ot ,
B i i3] 4
" 2 z
i po e k] I vor §
i i 3 [ ]
o B . 3
i o= »
i o0 Q ooam
w i "
i o =
= i ; 2
a8 ~ 009 .
= ; m
| L0ErHIONTT
T 9 008
- - s S —

e L =J :




YILINVHYY SV HILIWYIQ HLIM
'06-8 JINVHY3I JO SIILYIJOUd IAVMOUIIW ISSNYO} 071314 JILINOYM 0 I ddY
0001 009 009 00v 002 °
8 3unoid 3 e e
00€ s HI9NDIT
(448213082 JuN 198 IIMIL
IN0096+  AININOIH
|
($SNY9D) 04 JILINOVA 03 ddV
0001 008 008 oow 002 0 |
- - 0
992 01431 MVI0 17
dlpe o, e
bt 09§ 0* 531 3mw10 [ 4l . 2
ot s fiig (i 43 @
80 I 3
Er : 02 » - -
ot x 2
7 .6210+8313INVI0 = .-N.W
. g o m L
3T ) F
& i S 1
ot @ h
S oy ~ - 1
. ; -+
" L
CETE I d 0 -
000! 008
- ey 3 001-
098 0-5313n910 i
i) TR ] : h i
" . . i
1 _6210°43130V10 il o i . ' T A
: = P 6210-1 3, 3wvi0 bl ; 3
. g 3 Ei b B oon 3
.9920°8313WVI0[ L S
= ARHE R 2, 3
3 ™ i z
2 e 5 a
E ﬂvﬁ‘% g5 g 00z ©
- - -~ bJ
» T 4
g @ 4 - z
.t B 00¢
4 - i g ; 2
095 0+ 131 INVIOL >
g g
- ‘e i o0y m
(=] M ~N
“ " »
- 4 e 5
-+ ; i [ - ; 008 2
i v 2 ! 2
P H
v - i 008 m
B i r 1 2}
4 b L BE ik AE 33
._ 9% 1992083130910 Loty
+ 3 oz ol
b 1
. o 000
- -
y ] a - . -
- f‘ R e




P -
/ Sy
N .....I_ Sy -3
/ T
=
} X7 = R \
=i H AN r L P S . - - - = e o S T -
Y3L3WVEVd SV HION3T HiIM
651-0 JINVHY3] J0 $31L43d0Hd IAVMOYIIN (SS0¥9) 01314 9113
Vo) 14 JILINOVA 0310ddV
6 3un9d 000! 00w o
z i b s 2 T IR =4
L9920 YILINVIQ i 5 o
IM0096 AININOIY S g
14,82)0,82 ¢ JyNIvyIawil i 4
| 4.00€ +H1ON3TL
’ 'Y
($S0¥9) G1314 JILINOYW QINVdd¥
6001 008 009 oor 002 o,
s . 7 T T T
s "8 H i T ¥ 117 R
L . -
b .00 € HiON3O; i - 1] «
dii i - w “ N o1 M
te b w . 820:119N 37 ] i N - 2
! oy
W 1 s w0 i 5
it i A A
| I3 i
f ' : H b
it : Lo i s t |
>
=45 i = Be
] oy 2 =
Ltd ! i
>
: os ©
FaW o
i H 1 8 000!
SEED P SO 1 B U AR S EE D e e S e -~ ol i
4 09 & 5
L1 2 = . ]
] W ; G
o Lk oz - "8
P
Ir o i B 3
ol 5 i )
L I <5 } = =
I i 1 I 08 2
v
2
1.3
A
J
0001 008 009. o, = )
i sy T £ r 3
- E]
T + * - s
bt X Ll " H
1 »
. : z = &
It : } ¢ 2 H
2 ]
+ U i 3
8.0 HMINIT T T = , S $
T o I T (=]
. it g s 8 PR e z :
] : 69 1om16N3T [T s A
Y = g @ m
. 9 ©» Ll
T o 2
= a
ol M Lig ] & pel
I e 2 d oy
- —l"lll‘ = e e e e . el Ty T g 5 Rz —me e — R




HILINVHYS SY HILINVIO HLIM
6C1-0 JINVYYIY 20 SIILYIJOUd IAVMONDIIN
Ol 3¥N94 ($SNV91 071314 D1IL3INOVW 0311daV
L00¢ ¢ HIONIT
OWO0096 = AONINOIYS

009 oov

140€2104£2 + JWNIVHIAWIL
(SSNV9) 01315 D1LINOVW Q3iTdaV
0001 008 009 oow 002 [
g T e M L LGS - i ;
bt 992 0: 43130710 | S L\ ;
i ALt
Sn it e G R A e T T :
' . ol “F _G4£ 01 ¥ILINVIO
bbb b ot i ol
. bl 1 i f i
T + t
3 SRECL 4 H
. ; s 0z
: gl A i i B »
>
4 e -~
of 5 i [
B
i i W iEw
;i & 3 T
8 e Lash
+ 1 - A it g e et ) i s hen o g
T B, CriRiat G ! 11 i i SRR M ﬁ ot +t+ - ;
- : os St A G i W -
0001 008 009 oor 002 o
L ¥ T T T T T T o
W EE4RSSR . HANNE L UNEERARE RN
. . a1
+ , c S AN Ot . o ' i LJ../ 0001 008 009 oov 002 ]
+ . o+ S e 2 g T - - P ! —T 0 T 08-
A i Ty g L il - 1R . L. e I - = - + +
£ B +_J i : e FLET 3
.V. IS S + $ i t B i o e 7 o
el B bl 3 g i -4 . 11 .9v20:83130V10 T »
1 i “ el o9 %
* FEe + HH - kit 2 g
+ e =
: S e N et i, 2 2
- -+ =
3 e 4 + Q Bitht e
£ I o G H ®
+ ﬁq/g “ i 4
..Mv I.+ > mv.- + m
- t ERR 2 B °
w I 3 I §
bt - g § (R = ! Har W
»
w g 5 i | 2
AE £ - 2 UGt BEG i B 2 0 »
- LT ) F
! ~ B l -
e o T
| , 2 EgEas g
= T -
ol " S fad
- "
4 LAl bt
- 44 - T 6210- 431 3wvio |
fif 7 . 1 1 O Gt 8 G 20 O i
] NG & et T8
. 3 ——— = -H‘.’l. I——— = ﬁf B e ]
L




Y3LINVEYY SY ¥ILINVIO HILIM
2-0 DINVHY3Z JO SINLYIJOHd IAVMONIIW

LU T LTF ]

p
4
4
/
~ -
[4
S — - -
L00€ « HiIONIT
OW 0096 ADN3INOIY4
(F4€21 0,82 ¢« 3¥NLYYIINIL
(SSNYD) 01314 1LINDYN QI NddV
000 009 oor ooz o
m - , o
N
1 T
e
. o
] H
+- B -
L oz X
i G s 2
=
=
- - I.r og ©
Osu3L B et e __ =
H @
bt OF
] e
; T
tek il ] 0
oor [LH o
. = o
L3 0ruILINe0 . 1+ ,._!
b—— | | KT T
[ 1 1
= i“ 1 2
N -
h Vi
J -
{ m
T ke
)
L
b
@
3
g
°
=
3
z
L« .
o
w
w
e
2~
=)
=
wl
a
8!

o m

— e e . -

{SSNV¥9) 01314 D11 INOYW Q317ddV

.4210°4313nvId

et

. L Ll
. .€9C0+¥313nva ||

252 0:u313WYI0
e B
o

200!
= wgla i

- "
£ .2200°8313nY1Q

8

L520:8313nvi0

AR mREl

14

091

- 00¥

o114

09¢

ox

UMSA

($334930) NOLYZINY 10d 4O 3NV 40 NONLVLIOH




] ] L B W
rd > .
o / Y
%.ul. G e st
2 \|\\ R %
n 1 4‘ S — - = —— - -3 . P

YILINVYYd SV HIONIT HLIM
-9 JINVHYIJ 40 SIILYIJOUd IAVMOHIIW

21 N9 4
1SSNVYD) 01313 JNLINOYW 031Tddv
009 oo 002

1 ..oo.,x.pozwd

1920 = ¥3L3INVI0
IN 0096 = AININO3b 4

(4,82} 362 = 3uNivelawl. i
00§ - H19NT1
50080
1SSN¥9) 01314 J1LINTYA 031 gy
000! 008 002 [
" .. Ty ey TR O e
CHITN 0 R Rt e 161+ H19NTT -
£ .00€*HION3IT [~ it 443 <
i o1 didoz %
» 1§k i
E ]
oz 2 of¢
x
3
2
=]
os 2 - R vi
5
2
o» - X
d o¢ EXS
000! 008 009 cov 002 [ 00 oov 002 0
. e . M— - - 0 - P o
i . ’ e ] 400 rioN3T LT T I .
| §R 1 3 mi Ik lww H«n
S F 1t .00€ : HLONIT N ? 00! 5
=
Lty o 002 $
+ 2 Eotod - £
i 3 001 HI9N3 ?
y ~ . ] »
\° : 00s
i 2 A
g 3 -
3 i )
v it
LI & 00y
7+ S : 3
- ; H
I LL61PH1ON3Y ]
[ - 00§ 3,
e ik 2
o & 009 B
:
»
5 00§+ H1ON3T 004
= 91 008
b - - . Wl A TGRS - . L e Sy S "’7!‘! B e e e et




ﬁ.r,. ¥ vt SRR |M
. 3 2 T e ' —— e e s S P AR N N T
YILINVYVY SV YIALIWVIO HLIM
'$62-9 JINVNYIS JO S31LHIJ0Nd IAVMOUIIN (S5N¥9) 01314 NLINOYW U NddV
€1 3HNoI4 008
o0g 62101834310
g . HION3T m i
IWO0096 = AIN3INO3IN4
(448212462 » 39NIYHIINTL
(SSNWO) 07314 2ILINOYW 031ddY b -
000! aiid = PR Y5 1
T
5 T g T I _
i 3 . . i Y = T
T :
s - + 1 H sﬁ . rt 1 ; | g i 3. -
S e + P o M t + . S e L g Ir
e F NN~ e o T
- I T L1t 0z ® ] N ...Eno.u.."upgqm..nr.. ) Jdedd Rl i 0%
4 5 S g i m E :
» 1 ¥ vion | - 4
e 3 SESEREESCY 0 O et 1 o
i T § 1 3 6 e NS -
[ .s210rw313nwo | T T 1 a8 3 ! T .
S e ] ! S R R
95 SN PR B o' i - LI TR
o000 008 009 00r et 9 o01-
T T TR e T —
009 oow 002 o [ sccormatammo {1 1 T w 3
. r ETTTLL EEE SR " ° Gl | aa e Ll* _ : o
. ; L o T b
| i O R M~ H T 1 s A i
=102 0r631 IWVIQ 1 i g e i i A i e
7pr Tt WD Tkt ] I .8210¢u313mv10 3 oo_m
£ i A e M o T 1 | sl 3
Vi . 1 i 3 - H 3
! 1 R o Rh S St SUW SN SES IS S S -
dr4 I —+ .Jﬂ\v. 2 ! 1 - SNM
st “ W, %
- r o
T Y ? . 1 R ~+4 ~
; 1 i . + 5 i -
En ¢ . o .-
E = E #i!a z 11 =3
g 3 L -BE 1
L W T T $ 000W
R 1 (o
'Y -
o o 3 £
{ @ fi i &
! 1 “ [
- 3 -
+ i 8 : g
+ - TR i 4
o i id R b g AR 0098
= D920y INYIO ) |
: ot i 2o wamwol 3
o vl ]
: -+ ~~ L] oo™
i § - k- .-
1.t e
— - r—————— mmo — e SRR T e i e
& e.”:
. L.
s -~ A




‘ ..i. o .
E“".‘ T

Y3L3INYUVd SY HLIONIT HLIM
‘6I¥-H JIWYYH3II JO S$I1LHIdOUd JAVMOUIIN

¥ 34N913

e AR e O e

6920 = 4313wviI0
IN00%6 = AININO3IYS
$4.84) 3 €2 = 3yNivyIandl

(SSN¥O) 07314 J1LINOYW 0 ggv
008 009 00v 002 o

(80) O1ivy Wvixy

'$S07 NOILaNOSBY 31iNy3d

(8allo

d
,1
—~r
o

£SSNVO) 01313 JILINOVA 031 lddV
000 008 009 00 002

001:H19NID

OC oI ¥610HLONIT

——— A ERTTTTIRG —

o1}

»

22

92

v

09-

(8330930} NOINVIINEING 1A Fuwrs sa s




e i

Y3L1IWVHVY SY HILIWYIO HIM
6i¥ —H JIWVHE3S JO S31143IdOHd 3AVMONIIN

S 3un913

185NV} 01314 L INOYK Q3i1dav

008+ mown “a e o i
14e€2) 2482 = Junivy3enidt T 1210-4313wv10 1] i
N 0096 *  ADNINOINJ e &8 2 T
- - . vl
i 692 0- 431 3NVIO
1SSNYD) 01314 21 13NDYK G317 e s
000t 000 Q09 43 o0 oy, 002 o 29C O 4313KVIQ
= : v v ™ 0
RETE RS - - (2
w1 i i S
4+ - \1_ o =
i 40 ¥ I
z H
; 7
0z »
2 L <
' - i 0
— = 4
ot W T : f
: - s
ov -
[ ot
009 000! 002 [
= 7 i - - i T L
- = - F.6920-8313WviQ e y
- o - . T i, ¥ o8- 3
2210°¥313nv:i0 -} =
b
=
: = : L S
2 Iy Q
i = b ebeiag i
- =
692 0-¥313IWVIO z o B
oy » - ~m
(=} ny g
3 : 5 e <K
: = - m
¥ 3 a
3 2 I =
§ : 5 )
5 2 . 0 =2
#9€ O ¥313WVI0 - °» =
[+] hu o =
- 2 oz g
3 = (]
=TT 2 4 3 I =]
o 1 .4210° ¥3I13NVIO L "
. - or 2
o B S -
. 5 ; L Bl R

@b

\ . j?lfﬂll.i%! l..l.llrt_.l
... . j ’
PRl - T %

i



‘ v i
: 4

YILAWVHYD SV HLIONIT HLIM
Ii-1 JINVHEE3S 30 $31LH3608S IAVMOUOIN

1SSNV9) 01314 JiLINOYA 0317ddV

91 34n9I4
009 oow o
o
L0820 « ¥313IWVI0 ]l = _ _ ik .“ Tl “ I “ -
IW0096 «  AININOIY t 3 O =t =
(40521 0.€2 « FUNIVYIGWIL . - : = O VRS GE P
i “ { ! ol alad
; i R o A T e
B cocciona | _ e
(SSNY9) 071314 2LINDYW Q31 7ddV A L R et wt «
oo cos oo o 0, pSmamain e a5 x dr
- O i o E :_T A 3 o @l 2002 100 Sl + i & - - [
] L00 Z+HiONIT ik v 2l i 12 EEG) 1T i I x
| — . ! x I o e T =
e, I _ o 5 ! ; : :
(L 001sHiONTT } | Wl e Dg 1 g % - e + } e
: + * 1 T T } T 1
| . : : +1 A - % 3.3 Al i
+ L ! q LD € *HLON3T - 0z 3 L& w ! A ; I i i !
T - "Wl 7 b ;- A + T 4 . =
HH ] I . R e Lasazabs P
T | i % T | 1 ] ’ iy g
BEmEESNREETR SN I s o AEEAERSREEEmASHMSRCELE _ .
! I i & il 1 S E B 11 11 o 1 = F
) = o e +.W+ + 4%4!., = B i 11+
i B S il i1 Bl ] v
008 009 oos 002 0
v ] ] A ° fiasannunesannuunne s an emamnmEmn ¢ T4 °
ATRERTER S i 9 1 p Wi si'e A A : ]
T + Pl TR 5 O R R - A
T NN T L T I o
00 2+HIONIT | o + e L R Al il 1 \_
R T Tl B SRTE o o C— _—— * = = {
up SapE ” 4 ol = S+ .001eH1ON3Y L L 40 ,— {1 4. . } 2
- -- 4 4t [t 1 | + 4 3 H i - i e L
i o ' o8
gEasusEss N e e 5B
i S R L i B i i - : - 2
Jx : - il b IE6 5 ¢ P o 4 o za +
{ i 8 - S = 00 2:HIONIT ptrt 4ttt ot + oz R
i b > i T S A et | ! . 2
s 2 Sngp EEE NEEEGER : i 2
: t e 3 S e s T A Y G W g S o o o il < W1 § + z
L 1 L B I . : el . o9 ™
T 2 I+ § 08 B vt o 8 8 iRl I Ll S
; i IR A3 B+ 1 1 i
gt + - f=a 0z © WD o R A O R U IR AR | AR e - 2
i T U i B & o ) Y t -+ oot g
_ . 7 : e e 5
i i a T ; 1 At + t ~
4 e - 4 - et s ot 8 O BRI 11 i 23
pElS 3 4 - : o 3
- - ++444 - i TB e - —— A =
: R R i e b+ .00€H10N3T t + . : . S
- : . H SRR - L o
t t [<] 1
thH SR R w15 5 HigTH ¢
pREaE Lanm ]
+ e + {0zt
i 6 S A W A 1
ol 1] !
I
¥ ol | Ik 1 - SR ooc.
e — - ———— —— S AR—
y .




i\

s e CESSE S

HILINVHYD SV HILIWVI) HLIM

il - &
14 JINVEYEIS JO SINLYIJO¥d IAVMOUDIN (SSNY9) 07313 D1LINOYW 0313ddV
4 3un0)3 090: 008 kg =< :
i £ i o'l
TR BRI G
L00€ Hi9N31 : .6210:4313IWVI0
AW 0096 AININOINS | il &l u il d
[4.84)9,62 + 3N 1vHIINIL Il LR
(SSNVD1 Q1314 JLINDYA 03179dV !
0001 008 009 003 ek
- - T Y o "
£l 4 t bty Lot
R aam i
. v & 5 i | = 2
e — ¢ ¢ 1t t i B 1 o Ef
F CEFELLILE T : i 1 T . i 1 =
! - T X
{ - 0z 7
b S0 0 wIINwI0T L : . =
T 0 3 1 r =
! . ._ i & ;. M
+ o _
] TEELT .+ - - £
i T =4 4 A ! 8 el | AT -
b p IBEL o aw o
2
000! 009 009 oot ooz [4
T _,_~~ Y e O A v.wh‘._-w1qa..1__l._‘l.ljljlqll..«l1l.‘ °
i T = = RGN ooor
: : o Few M T Tt T Tt s20 w3samwo
s _ o ]
e T g T T 2200 -
. ¥9€ 0om31IWvIO | T llv%tl.. 5 o SR T O Sl A Be Va8 ‘ P
e SR . . .m S b : 3
2
-t i O O T v i K
- £ g
+ - :
m
- > i 9
At R Rl S T e 2, [
t + NS A B ’
T ANERN & 2
T 20 @ "
BRE ) , 3 e T T : z
H d 2
RARTET. T 1 £ M
-t t -+ 2
{ 3 i + {02 3 3
! _ ! = :
i - t L1 = e
; gEEE THE 8 EEW g
| t + vz & >
: 44 -+ 3
. ‘ 5 e S ] w
] T = i = s 5
EERE 35 R 052 0+ HILINTIO ~id e
! i Sttt P S
L I iR 8 1§11 B i 0982
HE

2

T b B con D - i = Cow

T e




y | ) 5
-
4 4
4~
i L B g
P e = A eEe ikl e e i e Bt - 4
; H3ILIWYYYd SV HIONT H1lm
2LP-1 JINVHYIS 4O SIILHIJONd FAVMOHIIW
8l 3¥N9I4
220 - ¥ILINVI0
JN0096 ¢ AININOIW3
(4,8212,€2 + IWNIVHIGNIL
|
1SSNYO) 01313 D11INOYW 031 1ddY |
000! 009 oo 002 |
[
id R
; =
T 01}t %
boddod 1983 z (SSMWD) 01314 HLINOYM 031NddV
- T
B M,.ew.,ux r ooa 008 009 ooz o
' N oz 3 ESHMAREEE S ETRBRANE 4 FEm '
1 SEMEE 1 5 3 e 4 2
H ' ~
: : m oc 8 3 TR " <
F - Sl e e * LSO HIONIT T T 4
| ! 9 =
i A = O i & t - L9811 HiNIY o
oz
{ 22
000t 008 009 oo 0 4
il i i 2 T 2 I L T o o2~
0 64 4 T i
-]
ek B e oz s os- B
<162 3 : = 3
A P =z
v, + E THION3 T
; gt o m How- S
o KO HIONI T n 2
» o 2 =z
1 7 n ~
- 09 , i <]
N, Y m ”
} \ b
5 T AT =
: oe 3 o m
£ S 44 ] F-]
H z \_ ~
; \ < ; ]
Eﬂ. " \ oo +4 08
x t4 g : B i b
a (=4
ot b L 2 T 1 b
; 02g 111 o2 A
1 o @ ZEMLION Rl P m
? ] i 1T =
i i LT { D ow o9
% PR TN S ST - - —— R e
; .-
N - .
. s
; . o
J . - \/\ '
A \ - 7 -3
e




YILINYHYL SY WILINVIO HLIM
ﬁhv._. JINVYYIS 4O SIILYIJO¥d IAVMONIIN

61 3uN9014
{SSNYO} €313 DLINDYN 031TgdY

L00€ = HIONIT
(4,82) Je€2 = JMNivHIINIL
On 0096 » AININOIY

(SSN¥D) 07313 J1LINIYN 0317gdY

000t 009 009 oo 0% .
: G » = = : s O
T ,2v20.u313nvi0 T TR £ .

s

4 _€2€0°4313NVI0

MMSA

«$210°831INVI0 |

190) Olivy vixe

o

JEiE OrHILINVIO

~

-

190110 SSOY NOI1L4E0SAY ILiubdd

P20 HILIN

($334930) NOILYZINVI04 40 INVYd 30 NOILYI0M

A vt e e 1MOd SHL ONOA38
, i " SININISNSY IN JLIveN00V MOV O

TIWNS O0L SUM OLLVE TWIXY ML

9




(80} 011wy Xy

180) ¢ 0SS0 NOILAHOSOT Iileuds

(SSNv9) 01313 DILINOYA 031Tady

[e/1 002

LO0 2°H1ION3IT

0oz

L .00 1:WiON3D

HILEE

e
t

L1 00 €+M1ON3T

P _00 2 :HIONI T

L5
. I
s s o S
Y3L3INVHYd SV HIONIT HLIM
“ICE1 NV HE IS 40 $31LUIJOUd JAVMONDIIN
02 3un914
092 0: 4313nvig
DM 0096+  ADN3NOIYS
(3o£0) %22 38N1IVEIWIL
1$SNY9) 07315 JN13INOTW 0317gav
T
==
F, .
v
s P .

ot

»e

et

[o1]

o
*
~

ox

8

g

{S33¥930) NOLIVZIEYI0d 40 INVd 40 NOILYLOY




HILIWVHYD SY H3ILINVIO HLlM
1IE€1 JINVHY3J 40 S3ILYIJOHd IAVMONIN

12 3un914

—-r

0001

1$50v9} 01313 JILINOYK 0317ddV
009 00%

y

il

i it

F.2210 * 431 3WYI0 g
e2lon 5

A

ETE M e

+
!
T
T

—f p

o

07313 JNLINOYW 0310ddY

0v2 0 ¥31Iny0 [
dwng -

(80) Olivy vixv

I REE: +

R e o e W T
i 1

B E C o 2 L) 5 s +

T 1 ST E W

i

R

r.x_..n .@vl.+x|l L. 1 et +

ARl I

i SRR E s . T 1 4550 i i i

+ 4

FEEC SLRLAL Y

COoO1

+
k
RER
{
i
[
I
T
1
;

T
SE
+

b

31

i o M

M .2210+ ¥313INVI0

- R

[ S
e
t

e

(80) 40 'SS07 NOILJMOSBY 31:8¥34

Tt

-

o

Lt

T

g o v o

190+ 43I1INVIO]

YMSA

149

(1%

o

(243

o1 4

09

16334930) NOILY2I¥YI0d 40 INVId 30 NCIIVIOH



¥ILINVHUYE SY ADNINOINS Hilm
pOI =¥ DINVENIJ JO SIIiHIJONd IAVMONIIN

22 NoLd

-
ya -~
¢
£
o
[ #TR
00¢€ = HION3T
(254) 0,62 = 3uNivy3ands
€920 = ¥3i3nvio

155nvy9)

009

Q7313 J1LINOY W Q31 gdY

i
LILEET

i

[
i

{0

ki s

IMOSLB s AIN D

ile)

02

2
(80) O1ivy IWixy

=]
-

(90) *0*$S0Y NOILGUOSBY J1IHHII

(SSNY9) 07314 D113INOVYW 0311deV

0001 009 009 oor
OW0006 * AONIN03Y DMOS48°45N3N03Y 4|

00967 AIN3NO I
e if i INO0L6-A3NINO3Y 4

INOO0SR *AININO Y4

o] 3

L om005 8+ 40N 31034 |

o}on»c;wlu:Owcu.
18 18 ok

4 S 0006 » AON N0 IY 3

JWO0C 6+ AININO3Y 4 = i A Y

Raed Wi Er AT

IW 0096 : ADNINOIY S

vl

92z

13

€

iv

[¢2]

081

o2

ov2

1S334930) NOILPNPIOW SO INVIa 20 NOILVLOH




VILINVYEVYd SY ADNINO3YY HIIM

N3-0 JwvuyId 40 SILYIdOUd IAVMOHIIN

€2 3N+

000! 008 009 ] 4
IW0096:4ININ0 Iy I WOOOES A5N303U 3 I
: B
x
s 2
OWO0GLB:AININO3Y I s OMO0$0:4DNIN0IY S | 2
"
- JW00E6°AIN3N0 I 4 3
£ T &
<
0001 008 009 00y 002
hdl g5 L R TUR L e i
OWOGLBAININOIYS | IWOOE6:ADNINOIY 4 T
i 2 z T $ 5 1
SPETTI L N T P
OW00$8°AIN3N03Y 4 B JW0006° AININ0IY 4

00¢:

it 1

SIS S PV e e

HION3T

(4e£2)2e£2 J¥NLIVYINIL

2920

Y313nvI0

($SN¥9) 0731 DiLINOYW 03 ddY

IW0096 *AININ0IN 4

-
-
Pl
>
=
-
©
@
¥ @
o
e 3
-
Q
ot z
2 e o
44 00 &
P a
1 o
S
“_ 44 21 ©
: e
L+
\d
9

R

i
[ R LA —_—
-
By
.
(SSNY9) 071314 J1LINOYM O3 1daV
000! 008 009 oov o0z
IWO006 ¢ AIN3IN03 4 OWOSL0¢ AIN3N0IYS
e bl -
! OW00S8:AIN3N0IY 4 [ 2}
IMO0EE: AININ0TY 3 :

22

L X4

o€

*<

[ R

b4 4

091

8 8
. L

o
{$3IIW0I0) NOILY 21V I0d 4O INY 1d 40 NOILVION

MSA

-

. =

&



T ——r e, ¢
.
f E ™)
Ll >y ]
m \»s.! — e ..m.
~ — .W( - — ——— = o gt R e = o= -
YIALIWYHYD SV AONINOIYY HIIM
JINVYYIS 4O SILLUIJOBd IAVMONIIW
#2 3NN
(SSNY9) 01313 J1LINSYW 0311ddV
ooo! 008 009 002 0
L4 bl SRR R o1
00§ MION3T 7| OK00S8+AIN3IN03Y 4T i -,
LOv20 ¥3L13INVI0 . o T N P i e 4 o
(382} 20€2 o WNLIVEIINIL . [ 3]
G : ]
91
44 _. ..u: L
oo 1 i o
{SSNY9) 07313 J1LINOYW 031ddV : - — -+ oz %
11 &
ooo 000 oo 002 0 S 4 W 2z
R R ° B i ve
A - - . - L HWO006 < 49N 3N0 31 3 &
1 ONOOS 640N 3N035 | 1 B { et Tl ol e 'S
L B LG8, 1o Bt I et SRR i e R 2
INO096 « AININOIY 5 3 T e 3 £ o
et NOO0E +AININOIY 3 -
5 W2 - -+
++34 02 »
" i H
»
OWOOSBAIN3N03u [ 000! 00e 002 0
" i . or 2 m T —~ o
OWNOSL8: ADNINDIY 3 | o = 3 4 3 |
£ m 2
1 or = ]
i OWOO0C6°A0NIN0TN s 4
3 i - B 0 o
)
3
=
B
e =
-I. - u.v}.mvmv.m.n;uzﬂwu.ﬂw - (o] 24 ﬁNv
- Lt TR N 5 [
0001 008 009 [ 002z o i k- OWOSL8:4IN3N0Iy 5 g o
BTy . it AR EFATE LA &g ° 2 ,Jl.r..._ri e o
g INOSL8:AIN3INOIYI |4 u:oonm;uzwwouﬁ Sor P I3 : =
X z [ : £ ONO006 +AON3N03Y S |- : Q
vo @ B o i ooy
B, g 13 i 5 p. ne -
+ad 90 I i - I
= S T W
IN0036+AIN3NOIHS E1 ] S ORI R orioote oNanoakd 5 - oo &
. 3. - 4 4 >
IN0006 « AXN3IN03I4 3 oS o m I : il =
IWO0SE *ADN3IND3Y3 K i T e
e - - e - - - o9 5
- F om0096+4583n03u 3 ! R
o % m:i 1T_ . ] -
= 1 oS &
= 3 - v T — ———— e - — — S— P . |
3 B
2
. &




H w ™ [ HiT
3 1 ozl s msesammms,
0 O gé’ ' IaRDRRE TR
i IS S = & ..l ISSSSe Seeessena.
- IS S90S 0080 B 4= 5 Lol 1. S80S R0 REEN
b S PSSES SSS 84S B4 b 3‘ SO B¢ 1SS SHNSS DED S
= HE & o o aeannnsnan: b ]
1 VE O SRG DE S0 B O & ISESBUSE BUBA "
1 18 pnandaanes o H°a 00 108 enaeEEREA E]
- s hessas g . PR R EEEEEEE Y L-4
S e S SISSETes s eeeey: b1
180 PESYESOSSE HOSHO IS ENE NSO SR N B AN T -
804 30 58U Ty : x
.
©r+1(80) '® 'S507 NOILHOSBY 31i¥H34 ;;J;;” =)
-"‘Q‘llJ“"‘Qll.lit...‘i't.l.(-l'."‘ll‘l‘ ... d
L SapppeusEEEEe B T =
T el o T .
....u...:...u... e H313
- - ° 2
I B t IS8 b -: a
. . R R e - !
bttt L L L ISeRsRaEEE B Ll [
T )
i e8NS EENENEEEREREEEE SRS B ISESEESSE 00B0ESEEEESESSSR0ES | ullc =
INSEN SRR INREEANEOEENERERERNE 0] ISESESNSENNEESSEENENDENERRES | e
I e e IE8EEASESESERSEEREEEREEE RS 5
! AN EONNE SR REN RAESEIRSRRSEENE B IS EEESN I RNNESRNEEERSE SR =
a
e - R DS - .. RS 4 e e aa P
:---- . uBe | NOSS 94 w ™ 444 1988 I BEEE Iney <
oo . “es ey R R R EEEEES s ...
| SRSEY & aaeE IS88En o 2 0N I 1
anssd o sesaa Saesas: 5 HHEEET 1 -
feoeaafe reagt et E =2 i leaidd 1SS0S SOUNS TS DEUSE FES -
i seey e O = et . D R s =iy
o 1 IS8SE00USEESERE EEESE RN
reras e be e - 3 e . :. B R R R
L.
¥ Tl 1 w g IEREEHE 5 S S SR
8 --‘-:‘ - QE P R e {...._._..... DS SESH0 NN L 3
s T jesnnnas 2
; ..H: - [SSSS S SSEES ISR EEERE REEEERREEE REREEEREE ~
it T S 58 BESSSS8S So8ES S80S Sassa saas aanssSs:
|
] IDODE . ‘t.. NS REIEE B
= | P . R R R R
2 TH ¥ R ESENGTIERY BRSNS NI
I sasesa: T
E 14 R +
o 1% R B | 18 8 8 1
e 3 o Eissmazams
'8 smms 3 sesuRBEREE u i mvEs: smmamzmnan
et usswssamwnE e ssssssssns
et ess. TS5 C + ittt ommmama.. 4
' SSSSEReNe. NS seeea M B R B I B .
I SeENARSEESRSWSREEEEE o 2 SaENESEEES RRERE S HHHEHES
s sna 4 ERaRESEN S R e e T T,
0 amm 18 aa0En on 0 5828200080088 s00ss sRES: T
= emas s MRESEEoN ISENE IS ENENNEECNGEEENSEs sREREES RN




¥3L3INVHVd SV 31I¥Y¥3Id JO NOILVOOT
HLIM ‘30IN93AVM ¥VINONVLOIY NI
IEEI DINVHY3d 40 ALH3dOMd 3IAVMONOIN

G2 3YyN9old4

(SSNYO0TIN) QY314 i INOWA Q03Mddv

v
N NSRRI B

7 NOLLVIOVIO Hd
40 NOILD3NIO

LL 40 NOILD3MIO

T
.

0
« 4
i §

(80) '© 'SS07 NOILHOSEY I1INNI4




DIRECTION OF

PROPAGATION '

e tididl

bt

DIRECTION OF
PROPAGATION 2

thpedisas

ST

44t

32

48

mmms smma: T Issms sEaESsaS:
reSEEBEa S ' 1
i m e AR B REA G888 8RS . 1880800008000
1880 RS BuaN 1 1980 g sasns sn s

. -

FIELD (XILOGAUSS)

=
=
w
Z
o
<
-3
o
-
o |
a
a
a




I€€1 OINVHY3I4 ONISN
3QIN93IAVM ¥V INONVLO3IY NI NOILVZIYY10d
HVYINOHID 40 S3INVId 30 NOILVYNIWY3L3Q

92 34NOI3

(SSNVO0IN) 07313 JI13INOYW Q31NddV

“.
ks
kg
=
=
»
@
22 B
o
n
v
=
! NOUVYOYIONd _\N-.
40 NOILID3INIO -~
| w
e
1 o
{13:18
........ 8

A ——paas R

I NOILVOVAOHd '
40 NOIL23HI0

R

'
.4 .
FEE0S SS00h SOHa

82 oot

SN S PP .

e

2 -

T T T e e S




SRODA T " RES T T T B e e R e e —= L ioa o e O S ]

DIRECTION
PROPAGATIO

 DIRECTION OF |
{PROPAGATION 2

.FERRITE ABSORPTION LOSS, a4 (DB

00 o8 16 24 32 40 48 56

56 48 40 3.t 24 16 [oX:}
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TEMPERATURE « 23°C (73°F)
FREQUENCY * 9000 MC
DIAMETER +0125°
LENGTH » 300

FIGURE 27
MICROWAVE PROPERTY OF FERRAMIC A-106
IN RECTANGULAR WAVEGUIDE AT
PLANE OF CIRCULAR POLARIZATION
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PERCENT POWER MODULATION
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FIGURE 29
PERCENT POWER MODULATION VS TEMPERATURE
FOR TYPE | MODULATOR USING FERRAMIC 133,
WITH FREQUENCY AS PARAMETER
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FIGURE 30

TOTAL TRANSMISSION LOSS VS FREQUENCY
FOR TYPE | MODULATOR USING FERRAMIC
1331, WITH TEMPERATURE AS PARAMETER
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FIGURE 3I

PERCENT POWER MODULATION VS TEMPERATURE
FOR TYPE | MODULATOR USING TWO SAMPLES
OF FERRAMIC A-106, WITH FREQUENCY
AS PARAMETER
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PERCENT POWER MODULATION
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FIGURE 32

PERCENT POWER MODULATION VS TEMPERATURE
FOR TYPE ! MODULATOR USING FERRAMIC D-216,
WITH FREQUENCY AS PARAMETER
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FIGURE 33

TOTAL TRANSMISSION LOSS VS TEMPERATURE
FOR TYPE | SWITCH USING FERRAMIC 133},
WITH FREQUENCY AS PARAMETER
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DISTANCE OF FERRITE FROM INPUT FLANGE (INCHES)

FIGURE 35

VSWR VS FERRITE POSITION FOR TYPE |
AT TENUATOR USING FERRAMIC 133
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FIGURE 36
‘ VSWR VS FREQUENCY FOR TYPE | ATTENUATOR

USING FERRAMIC 1331, AT POINTS OF MAXIMUM
AND MINIMUM TRANSMISSION
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FIGURE 37

TOTAL TRANSMISSION LOSS VS FREQUENCY FOR TYPE |
ATTENUATOR USING FERRAMIC (331, AT POINTS OF
MAXIMUM AND MINIMUM TRANSMISSION
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