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I. INTRODUCTION

Ferrites are compounds with the chemical formula MFe O , where

M is a divalent metal such as magnesium, manganese, zinc, iron, or

cobalt. They have high resistivities in the order of 10 ohm-cm. The

most important property of ferrites is their permeability. The

permeability is not a constant but is a function of the ex

ternally applied magnetic field (d-c magnetic field). This.causes the

ferrites to exhibit nonreciprocal properties. In these measurements, two

ferrite samples (R-l type, i.e., Mg-Mn ferrite) are used to scatter a

plane wave of frequency of 9372 mc/sec. We measured the scattered field

patterns for different applied static magnetic fields. The nonreciprocal

property of the ferrite yields measured patterns which are not symmetric

to the axis of the transmitting antenna. When we reverse the applied mag

netic field, the patterns are mirror images of those with the original d-c

field.

II. ARRANGEMENTS

The schematic diagram of the experimental apparatus is shown

in Figure 1.

In Fig. 2, each of the ground plates is made of four 51 x 5' sheets

of seamless, aluminum bonded to a 1" thick aluminum honeycomb. The

edges.are filled with epoxy plastic. The spacing between the two ground

plates is 0. 5" which is maintained by cylindrical brass spacers so that

only the TEM mode wave can propagate for the. X-band operation. In

order to make an electrically infinite parallel plate region, a 51 diameter

annular wooden ring into which the wedge-shaped absorbers are inserted

radially,is placed between the plates. A horn used as the transmitting

antenna is inserted between the ground plates by cutting a small part of the

annular wooden ring. A 28" diameter cast aluminum turntable is mounted

flush with the lower plate. A spring-like arrangement of brass finger-

stock attaches the rim of the turntable to the lower plate. The angular

position of the turntable is determined by the degree scale along the under

side of the turntable and a fixed marker. A standard electric probe used
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as a receiving antenna is mounted in a brass plug which fits snugly in the

turntable. The position of the receiving antenna can be obtained from the

degree scale of the turntable. The center part of the turntable with diameter

3M can be removed, so that we can take the ferrite out of the ground plates

and put it back again without disturbing the upper ground plate. The static

magnetic field along the axis of the ferrite post is provided by an electro

magnet, one leg of which is on the upper plate and the other under the lower

plate. The current in the winding of the electromagnet is supplied by a d-c
power supply (not shown in Fig. 2).

The total field pattern (the incident field pattern plus the scattered

field pattern) is obtained by using a bridge circuit to null the signal in the
spectrum analyzer as shown in Fig. 1. The bridge circuit is made of two

arms. One arm consists of X-band waveguides, the horn, the space between

the ground plates, the receiving antenna, and one arm of the magic tee.

The other arm includes a 20-db direction coupler, the X-band waveguides,

the attenuator, the phase shifter, and one arm of the magic tee. One of the

other two arms of the magic tee is connected to the matching device and the

other to the spectrum analyzer (which serves as a sensitive detector).

To check the correct frequency, a modulator and a frequency meter

are inserted in the system before the 20-db direction coupler. An 800c/sec.

audio signal is applied to the modulator. By setting the frequency meter to

9372 c/sec. and tuning the microwave oscillator circuit, we find the dip

in the output of an audio voltmeter which, with a crystal detector, replaces

the spectrum analyzer for this particular test.

III. THEORETICAL CONSIDERATIONS

Because the parallel ground plates form the image of the ferrite

post, we can consider this to be the problem of a plane wave normally in

cident on an infinitely long cylindrical ferrite post magnetized uniformly

along its axis, i. e., the Z-axis. The magnetic field vector H of the plane

wave is perpendicular to the static magnetic field H as shown in Fig. 3.
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Fig. 3 Plane wave is incident on (normally) an infinitely

long.cylindrical ferrite post, magnetized uniformly

along its axis.

When the ferrite is magnetized by the strong d-c magnetic field and the r-f

alternating magnetic field H at frequency u> at right angles to the static

field H , the magnetization vector M precesses at frequency co around H ,

as shown in Fig. 4. This causes the magnetization M inside the ferrite to

Path of M

Fig. 4 Diagram of precession of magnetization.M.
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be not in the same direction with the r-f magnetic field H. Polder derived

the tensor form of the permeability of the ferrite by considering the simple

classical model of the precessing magnetic moment of the electron in a mag

netic field. We use the following form:

jk 0 -1

where

fc]= ik•PLo

2

K-:= HV

0 u J
no

H B - o>
o o o

xj"2—*v M.QH - <o

B = u (H + M )
o ro* o o

k =

coYuoMo
2 2„2 2Y M-0H0-co

Y = gyromagnetic ratio of the electron in orbital motion.

B= [ji]H

where B is magnetic flux density vector in the ferrite.

Consider Maxwell's equations:

V-B = 0

V-B= 0

where

B = |iX

5= € £

E: electric field vector.

& : electric flux density vector.

X: magnetic field vector.

€ : dielectric constant.

u : permeability.

B : magnetic flux density vector.
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We neglect the conduction current source and space current source. The

four vector quantities above are varying sihusoidally with time, we can re

write eqs. (3), (4) as follows:

VxH= jW€ E (9)

VxE = -jcoB (10)

Because of the physical arrangement, there is no variation in z-direction

and E = E, = H =0. E = z*Ez
P 9 z

From (10), we get

H= ji~VxE

Take the curl of (11)

VxH = j —Vx -i— VxE

The left side of eq. (12) can be replaced by eq. (9), so

VxE• ? • 1 T7 1jw€ E = i — Vx

(ii)

(12)

(13)

We let E = z f in eq. (13). By working out explicitly the right side of eq. (13)
and equating the z component ofE, we get

u - k

1 ( 1 9 lntt df . MM 2 -
T 17T a^; (P P aT' " « 5" f = w € f•,2 lp dp dp p A ,2/

,2 .
The left side is V in cylindrical coordinates, so

V 1=0) €
,2,_ 2 u2 - k2 2 - 0Z._f = w «|i £ff= pi

M-

(14)

(15).

Consider a primary source and the ferrite post as shown in Fig. 5.

Ferrite post

g<

L^o
-00

Fig. 5 Ferrite post as a scatterer of primary source
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We put a conducting sheet over the surface of the ferrite post and remove

the ferrite. The field outside the conductor is designated by E

E . = E + E (16)
gl go CO N '

where E is the field due to the primary source in free space.

E is the field due to the equivalent source over the place of the

conductor surface.

We put the ferrite post inside the conducting sheet. The field E . will not
-* gl

be disturbed. E . can be expressed by

=gl =gg2 +Ec2 <17>
where E is the field due to the primary source in the presence of the

g£
ferrite post

E is the field due to the equivalent source in the presence of the

ferrite post.

Equating (16) and (17), we have

E + E = E , + E , (18)go co g2 c2 v '

We use any test source t to measure the fields, then

<g. t>2 - <g, t> 0=<c, t>Q - <c, t>2 (19)
The explanation of the reaction formulae is given.as follows: (The field

due to source g at t in the presence of the ferrite post} -(the field due to

the source g at t in free space)= (the field due to the equivalent source at t

in free space)-(the field due to the equivalent source at t in the presence of
the ferrite post)= The scattered field.

The equivalent source can be expanded into mode source m.

Jc = SAmm- (20)
By using the reciprocity theorem, the reaction <^c, t/ can be written

<c, t> Q=<t, c> 0=SAm< t, m> Q (21)
Let t be any one of the mode sources, m,the orthogonality condition gives
A

m

Am = Z T (22)<m, m_>Q
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If we move the test source to the surface of the conducting sheet, the field

over the surface is zero, This means the field due to the equivalent source

at the surface of. the metal sheet is the negative of the field due to the pri

mary source at the surface. The expression for A can be rewritten as
* m

<m' %>0
A™ = " -; — (23)

\m'm/0

To evaluate the reaction (c, ty , we have to use the reciprocity theorem
for the anisotropic medium, so

<c,t>2 =<£c>2 (24)

where c is the field due to test source in the transposed medium at source C.

Source C is the same in both cases, ^t^c^- can be expressed as

<(m,m>0 <mm)>
S* v \*B/0y x \ */0 y v
<tjC>2= "S)„,,„x <t>m>2s "S) ^T"<mt>2 (25)

0

In order to calculate <r'm,t^ , we consider the reaction

<m.g>2 =<g',m>2 (26)

Recall the reaction /g, ni^ which is the field due to the primary source
in the transposed medium at the mode source m. This field is the negative

of the field due to the equivalent source in the transposed medium at the

mode source m. So

/m,g^0
<g,m>2= -<c:,m>2= - <m,c>2= — <m,m> (27)

<;m,m^0

Because g is any primary source, we can set it to be any test source t,

<m,rn>(
y x ' /a<^m, t)>2 =-- <^m, m)>2 (28)

From eqs. (19), (21), (23), (24), (25) and (28), the scattered field can be

obtained , v * ^

<«. o2-<^>0==g£* -r£t<-» o <»>
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For the calculations of <^m,m")> and Cm,m^) ., the mode source can
be obtained by finding the discontinuity of the tangential component of H at

the surface of the boundary.

A. In the Presence of the Ferrite Post

By working out eq. (9) explicitly, we equate the p and <}> components,

jcouH +wkH =-i |1 (30)
P 9 P 9<P

- cokH + jwuH, = |1 (31)
p <l> 9p

solving H and H,, we get

H*"^?rrJ^+F^} (32)

Ho=-L2-T-|^l7+k|4} <33>

Outside the ferrite medium, the component H. is simply given by

H* =-^ V- (34)<l> Jwuo 3p x '

The mode fields f are as follows:

p>a f =E -ft=SA H(2)(6 p)e"Jn* S = iWu e (35)
r o z20 n n *ror' Ko no o x '

p<a f. = E _. = SF J (6 .p)e"Jn<J) (36)
r i z2i n n>r<pr x '

At p = a, E is continuous,
z

V^iV^WM- <37>
The mode source J _ is

c2

J = jA
c2 J n

P ... H(2)(S a)o ,^(2), « x^n " o

Hn '<Poa> + -7TT72- ro w(u -k )Jn(Pf a)

{pf^ jyPf*) +̂ Jn(Pfa)}Je"Jn<,> <38>
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B. In Free Space

The mode fields are designated by g,

p>a g =E 00= SC H*2)(«3 p)e
r 6o z nnXhoK/

-jn<J>

p<a g. =En. = SD J (p p ) e
°i zOi n n ror

-jn<t>

The tangential components of H, are given by

Po
C H(2)' (6 p) e -^

n n *K or
p > a H

4>0 JO) u

p < a H.. = — D J (S p
r 91 j cojjl n n xror ) e

-jn<|)

At p = a, E n is continuous,
zu

The relation between two undetermined coefficients is

(2)C H* ' (S a) = D J (6 a)
n n K^o ' n nx^o '

The mode source is expressed as

J

(39)

(40)

(41)

(42)

(43)

r(2)P C /,», HNW (6 a) . '
0 n- JH(2) (p a) - n *P° J' (p a)} e'^ (44)

* n ^o ' t (6 a) n *Ko ,J N 'cO JCOJJ.

In these two cases, the mode sources are same, i. e.,

J -> = J nc2 cO

The reactions of <m, m> 0 and <m, m> n are calculated as follows
2 TT

(45)

<mm> =1 J E ds= lim
m2 m2 z -• 00 y^i jA„HL2)(poa)

-z

P H (6 a)

0 H12)'(P^)+ - 2"2 ° ..{^AtPf^^J^p^)}o)u n
n o 0 c^-k^Jjp^)

^•j2n<l>a- d<|>

-10-
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z 2ir

<mm> =fj nE nds= ^ f dzC (.j)C2H(2)(S a)i
\ /O J mO mO zr^coj Jn n n XHo ' cou

z ^0

k2)'<Poa)--^^-j;<Po^}e'2jn*-^
Then

(47)

f P f /,u H(2)(p a) 1 p ,,., ,
-l°H<2>'(p a)- Tn/ft°/j'(P a +!£H(2> p a)ul n X|"o JniPQa) n"o j uq n VfJo '

H(2)(P a)
n Xho '

(^2-k2)Jn(pfa)
[up^p^^J^p^)]

<g,t>2-<g,t>0=s,
-^H<2>'(p a) +̂ -,

^ n XKo ' . 2 ,2

<t-m>0
<8m>0

<m,t>

H(2)(p a)
n *ro

<H -k')Jn(Pfa)

K Jn<M +̂T Jn<Pfa>]

If we know the field due to the primary source as in this casej

E = 2(j)"E J (p p)e
gO o nxror'

The reaction/ g,mN _ is

-jn<|)

2ir

vyo-OzS **Si-^oW^k
-z 0

H(2)(p a)
n *po '

jkp a>J (p a) unvpoc
n ro

Finally, the scattered field is

-11-
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P J'(Poa)-^j;(Poa)Jn(pfa,--iL-V
*o ([X - k )

<«t>2-<8t>o =̂ .=2!<«,,Eoi L
H(2)(6 a)

n ro<Pna> f kn 1Z3^^Pf^(Pfa) +̂nJn(pfa)J
(n

*Hn2)(P0P>e

- _° H(2)'(p a)J (p.a)
u. n XKo ' n*^f '
no

-jn<{>
(51)

The corresponding H, and H are given by

H. =-^(j)n+1E -^Sl<t»s <*j* osjn (2)

PQ Jn(Poa) r nk n^ j;(Poa)Jn(Pfa) -^T^rhfW^*W^

(P a) r k -i p ,oV j
\ -> ^PrJ'(Pra) +—J (p-a) -—2-J (p.a)HU' (p a), 2 jj2. L f n f ' a n>rfj u n*rf ' n XKo '

H^'^oP)-"^ (52)

J (P a)

=_i -P/nnir J o (l* -•* ) *• J

n2)(Poa)r nk 1 P0 U)>^-[^fjyPf-J+^-VPfa)] "^Jn(Pfa>Hn ' <M'
H = ——S(j) E,—™Ps u^p o-j-^zy( a)

(H -•*' )

•Hn2)<PoP)-e'Jn* (53)
From eqs. (51), (52) and (53), the scattered field is TE mode. Using

the recurrence formula for Bessel's function,

-12-



Hn2>^^P>=^H<>op)-H>op>.
(54)

Jn<PP) ="p7J„<PP)-Jn+l<PP)

the. magnetic field vector is elliptically polarized for small p. For large

p, H dies out. The scattered field becomes a TEM field. The asymptotic
P (2)

expansion of H* '(p p) for large (p p) is

<2W> - "09= *'^]= (i)X2)<PoP)- (»)
Pf JnH^^ , Jn+l<P0a>

E - T T{ »» P° VP^ Jn(Poa) TJn<Poa' /-2—
zs ° pfwpfa'."n2)i<p7T ^My-,rpop

.rBoWlPo Jn<Pfa> H(2'(P a).e-j[PoP-^.e-jn* .» P° (56)
If H = 0, |i= u , k= 0, pf=/Tp then

o

^ J^a) J^a) PfJn+l(Pfa>xJn+l<Poa>
Po^o1^?7 ^P^ J#oa) '.„ '..nCoW Jn*Poa)

Ezs=-Eo1 llr^ 727 ^ +S2(-1) ^
Vf W^A (P°a) Ho (Poa) PfWPf^n+W'
Po^oW^ H»2'(p a) Po Jn<Pfa> H<2)(0a)

o *ro n * "o

J (P.a)
x—j^r cosncj)). (57)

HU'(p a)
n *ro

In eq. (57) cos n<}> is an even function. This shows the pattern is symmetric

with respect to <J> = 0.

When we reverse the d-c magnetic field, we set a new coordinate

system X1, Y', Z', with Z' in the direction of H . The relation between

the coordinate systems is shown in Fig. 6.
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Fig. 6 The relation of coordinate systems for

both directions of d-c magnetic field.

In this new coordinate system, <{>' varies in opposite direction

as <|>. The incident wave is now polarized in the -Z' direction; this

yields the reaction ^gm) to be negative. The scattered field in the
new coordinate system is

^ |fJn(P0a)Jn(Pfa)- ^^| fPfJ'tPf^^VP^}
I—ij-^Pf^P^+̂VPf-)} "^<2> (Poa)Jn(Pfa)

•H(2>(p p).e-Jn+'
n *ror

Comparing to the case before, the constant part except the negative sign

and the variation in p are the same in both cases. .The. scattered field is a

mirror image as we reverse the d-c magnetic field.

Comparing to eqs. (51) and (35), the coefficient A is

n ^Wo*»nW'Jtt
A = (i)nE -2^ ^ "k >l Li

° H^tp a)
n ro

(58)

^M^j;^i*

(59)
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(p,<n

Fig. 6 The relation of coordinate systems for
both directions of d-c magnetic field.

In this new coordinate system, 4>' varies in opposite direction

as <}>. The incident wave is now polarized in the -Z' direction; this

yields the reaction <^gm) to be negative. The scattered field in the
new coordinate system is

„e |fj;(P0a)Jn(Pfa)-^^^PfJn(Pfa)+^Jn(pfa)|
TT^rfWPfa>+iT-VPf"} -]THn2) W>Jn<Pf*>E"=-S(J)E°^<P„a>

A = (j)

(I

Comparing to the case before, the constant part except the negative sign

and the variation in p are the same in both cases., .,The> scattered field is a

mirror image as we reverse the d-c magnetic field.

Comparing to eqs. (51) and (35), the coefficient A is

n ^n^V^-j^
= (i)nE -2-*, ^ -k H J -

° H^tp a)
n ro

(58)

fc^W^+̂ J^^
(^

(59)
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Atp=a,withtheincidentplanewave,wehave

r(2).»n.
FJ(p^a)=AHx"'(pa)+(i)"EJ(pa) nnxri'nn*ro'w/onXKo'

Fromeq.(60),thecoefficientFcanbeevaluated,

(j)n+12E.

(60)

F=
n

u,ira
ro

rH(2)(pa)
~rr~7zr~
(m--k)HPfJ'(P^+i^Jn(p^j-̂HJf)'(poa)Jn(p^

(61)

Thefieldinsidetheferriteisgivenasfollows:

•«i^H0«-Hv-,(pa)
2E

fP̂Pf^H^Jn(Pfa)]-^<2)'(poa)Jn(p^
Jn(P£p)e

-jn<f>

H
4>.-E

H
-•I P1"iraK.„u((i."-k")Hr'(P„a),_p n

.,n+2

n»'o

(l^2-k2)

2E

(j)
2T27"^T;

of^f^^'T1^^}
(62)

irau.ca(u.-k)H'(pa)
nro,r'nXfo'

—2T~A

P

W^nMf^'W
(63)

U)n+1
2_,2,SJ2T2Eo{fv^wiM

Hr^^^^fj^^f—Hg)^^^^ (n-k)

(64)

TheresultsshowthefieldinsidetheferriteisTEmode,andthemagnetic

fieldisellipticallypolarized.

-15.
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From eq. (59), we rewrite A as follows:
* n

+n

.n

= 3 <

a)!i'!« f-ELlHia J°+l(Pfa) n ,Jn+l(P°«0'Pf l/j^V- Jn(M 'Poa T^jTa]

^Mff* ^ ^^FT'PJ H<2>(p a) J
*- n ro -1

Combining eqs. (65) and (55), E can be expressed as

J (p a)
n ° E

H(2)(p a) °
n ro

(65)

E =jH(2)(p p)< A +
zso J o xroK/ 1 o

^ (-l)n(A:n+A;)cosn(|»+j(A^n-A»n)sinn(j) I Eq

whe
-nre A;n = -(j) ?A

The phase angle of the scattered field is

CO

^(-^•(A^-A^sinncfr
tanG =

CO

Ao +̂(-l)n(Aln+A;)cosn<i,

(66)

(67)

For p^ and PQa very small, the approximate expressions of the Bessel's
functions are

J„(pa) =-^- (68)
n1

n!2

H(2>(pa)=i2d)L(^
n '• it

We only take n = 0,1, -1.

A = j?(P a)2 (— -1)E
O J 4*0 ' %€ ' o

o

-16-
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*o „ . k
(i + frM

^eff ^ it 2
Ai=-JEoi^—r—i<Poa> <71>&(i+i,+i

eff

° (l-^)-l
^eff ^ it 2

Ali= -jEoir^- i<Poa> <72>
(_£_Hi-A.)+1

The value of tan 9 can be approximated as

(-^°-.)-^sin<j>
^eff ^

tan 3 =

f^-)2(i+ j£,.il cose -\ (1L .iJ^^.tJi.^)2)
[>eff 7^ J 2 €o l^eff > ^eff J

If we get — = 12 and —— = 1, then tan 9 is
^eff

(?3)

u~" sin*
tan e = -ttz *rz <74>(^rcos<j>+5. 5(^-22

k k
The curves for —=2. —— 2. 5 and —=3 are plotted.

IV. MEASUREMENT RESULTS AND THEIR RELATION TO THE THEORY

In doing the measurement, we check the correct microwave frequency

first as described in Sec. II. The pattern without putting the ferrite into

the ground plates, the reaction <g, t>Q in Eq. (51), is symmetric with respect
to the line joining 5-18$ degrees of the angular scale on the turntable. We

take this line as the axis of the transmitting antenna and call it <(> = 0. The

-17-



difference between this pattern and the pattern with the ferrite post in

the ground plates, which gives the reaction /g, t\? in eq. (51), is the
scattered pattern.

The scattered pattern of the post without the static magnetic field

applied shows that the ferrite acts as a dielectric post with dielectric

constant of about 12 at frequency 9372 mc/sec. , for the R-l type ferrite.

The reason is that the pattern is quite symmetric with respect to <{> = 0.
This agrees with the solution of eq. (57).

When we apply the static magnetic field along the axis of the post

(the Z-direction), the permeability of the ferrite is no longer a constant.
It is expressed in eq. (1) and is called tensor permeability. The quantities

u and k are functions of H , where H is the d-c magnetic field to saturate
o o • °

the ferrite post. From the catalogue of the R-l type ferrite, the value of

the saturation magnetic induction is about 1750 gauss. In these measure

ments, the range of the d-c magnetic field is 1700-2930 gauss. Under

the application of the d-c magnetic field, the gyromagnetic property
of the ferrite causes the scattered pattern to be asymmetric with respect
to cj> = 0 as predicted in eq. (56).

All the measured scattered patterns show the main lobes are de

flected to one side of <}> = 0 (120-degree side). With the stated range of the
applied d-c magnetic field, the deflections vary between 10-20 degrees from
the axis. The variation of the deflection is not monotonic with the increasing
of the d-c magnetic field. The maximum intensity of the main lobe occurs
at 1950 gauss of the d-c magnetic field and the minimum is at 2400 gauss.
The difference between the two intensities is 3. 04 db.

Each pattern shows a significant side lobe occurring at the same
side as the main lobe. For different d-c magnetic field the angular positions
of the side lobe vary between 40-45 degrees from the axis <\> = 0. Compared
to the intensity of the main lobe, the side lobe has its relative maximum

intensity (. 024 db down to the intensity of the corresponding main lobe)
at 2400 gauss of the d-c magnetic field.

As we discussed in Sec. Ill, the scattered pattern is the mirror image
of the previous case with respect to <j> = 0, when the dt-c magnetic field is
reversed (in Z' direction). This is due to the non-reciprocal property of
the ferrite. The measured results quite agree with what is shown in eq.
(58).
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The scattered patterns, in these cases, are at the other side of <j> = 0

(150-degree side). Compared to the previous pattern with the same value of the

d-c magnetic field, the deflection of the maximum of the main lobe occurs at

the symmetric angular position with respect to the axis. The main lobe has

maximum intensity at 1950 gauss of d-c magnetic field and minimum intensity

at 2400 gauss> The difference between the two intensities is 2. 97 db.

It is interesting to note the side lobe of each pattern is also a mirror

image of the pattern with the d-c magnetic field in the Z-direction. At 2400

gauss, the side lobe has maximum relative intensity (0. 03 db down to corres

ponding intensity of the main lobe).

From the plot of the u and k , we get u = 0 at 2600 gauss of the static

magnetic field. The patterns corresponding to u= 0, however, do not show

appreciable change. The reason is that we calculate the tensor permeability

without taking into account damping effects in the ferrite.

Extra measurements are taken at a d-c magnetic field of 3340 gauss,

the field corresponding to a Lamor frequency of 9372 mc/sec. The de

flections of the main lobe is 10-degree to <j> = 0. The side lobes in this case

are relatively low; they are about 4 db down to the intensities of the corres

ponding main lobes.

In order to check the occurrence of the side lobe, we reversed the

ferrite post and measured the scattered patterns with H in Z-and Z-directions,

respectively. The gyromagnetic property of the ferrite depends on the d-c

magnetic field only. So, with the same value of H , the scattered patterns

of the reversed ferrite post should be the same as before. The measured

patterns are in good agreement to what we expect. We also notice that the maxi

mum intensity of the main lobe occurs at 1950 gauss for both directions of the

d-c magnetic field.

The side lobe appears in each scattered pattern. The angular position

of the side lobe is the same with the corresponding pattern without reversing the

ferrite post. These results show that the scattered pattern of the ferrite

post has a significant side lobe.

For the purpose of comparison, a ferrite post with 3M/16 diameter is

used as the scatterer. The scattered pattern without d-c magnetic field

-19-



applied along its axis shows also the symmetry with respect to <j> = 0, as

predicted in eq. (56). The intensity of the main lobe is -4. 96 db down to

the corresponding intensity of the pattern of the 7"/8 ferrite post.

With the d-c magnetic field applied, the gyromagnetic property causes

the scattered pattern to be asymmetric to <j> =0. The main lobe is deflected to the

120-degree side of the axis. The deflection is 10-25 degrees. The angular

positions of the side lobe are 40-50 degrees from <f» = 0. The minimum in

tensity of the main lobe occurs at 2600 gauss corresponding to the value of

d-c magnetic field to give \i = 0. At 3340 gauss, the deflection of the main

lobe is 25 degrees from the axis and the side lobe is weak (about 5 db down

to the intensity of the corresponding main lobe).

When the d-c magnetic field is in Z'-direction, the scattered patterns

show clearly the non-reciprocal property of the ferrite. All the patterns.are at

the 150-degree side of the axis. The positions of the deflection of the lobes

are the mirror images of the patterns with H in Z-direction.

Compared to the scattered patterns of the larger scatterer, these

patterns have two special features: First, the intensity of the scattered

patterns is low (about 5 db down). Secondly, the relative intensity of the side

lobe (the ratio between the intensity of the corresponding main lobe and the

intensity of the side lobe) is large, i. e. , the scattered field of the small

ferrite post has a strong side lobe.
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Scattered Pattern in volts 0 dc Magnetic Field
Sample = 7"/8 Ferrite Post
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Scattered Field Pattern in volts 0 dc Magnetic Field Sample = 3"/l6 Ferrite
Post _23_
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Scattered Field Pattern in Volts Ferrite Normal 1, 95 kilogauss
Reversed dc Magnetic Field, Sample = 7"/ 8 Ferrite Post
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Scattered Field Pattern in volts Ferrite Normal 1. 95 kilogauss
dc Magnetic Field, Sample = 7M/8 Ferrite Post
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Scattered Field Pattern in Volts, Ferrite Reversed, 1. 95 Kilogauss
Reversed dc Magnetic Field; Samples: 3"/16 Ferrite Post
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