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I. INTRODUCTION

Ferrites are compounds with the chemical formula MFe 04, where

M is a divalent metal such as magnesium, manganese, zinc, irgn, or
cobalt. They have high resistivities in the order of 106 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-1 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 5' 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 5' 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 fingér-
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
3" 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 plusthe 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 -ﬁo 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 w at right angles to the static
,fieldﬁo, the magnetization vector M precesses at fr_ezquency w.around ﬁo’
as shown in Fig. 4. This causes the magnetization M inside the ferrite to
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\ M
— \_//
Path of M_/
I:I~

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. Polder1 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:

pojk 0
[k]l=] & n» O | (1)
0 O Ko
2 2
Y P'OHOBO - W myp,oMo
Y p‘oHo -w . Y p.oHo-w

where
Bo = I"’o(Ho + Mo)

Y.= gyromagnetic ratio of the electron in orbital motion.

B-[w]E (2)

where B is magnetic flux density vector in the ferrite.

Consider Maxwell's equations:

= _ 9D
V-H =3t (3)
v-E=-22 (4)
v-B=0 (5)
v-8=0 (6)
B=pH (7)
B=ct (8)
where _

€: electric field vector.

&: electric flux density vector,

H: magnetic field vector.

¢ : dielectric constant,

B ¢ 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 sinusoidally with time, we can re-

write egs. (3), (4) as follows:
VXﬁ:: jwe E (9)
»Vxﬁ = -jmg (10)

Because of the physical arrangement, there is no variation in z-direction
andE_ =E, =H =0. E=3zEz

P "¢ Tz
From (10), we get

H=jL. L wvxE (1)
w
(1]
Take the curl of (11)
VxH= j ivx 1 yxE (12)
w
[n]

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

joe E = j—vx 21— vxE (13)

[r]

Welet E = zfineq (13). By working out explicitly the right side of eq. (13)

and equating the z component ofﬁ, we get

2
1 {1 0 f pof 2
- — .._..._( —_—) - }:w e f. 14

2

The left side is V" in cylindrical coordinates, so

2 .2 :
2 2 -k 2 2
Vf=we“7___f = w¥ep g f= BEE (15)

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

i
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Ferrite post
g< —

<

-00
Fig. 5 Ferrite post as a scatterer of primary source g.



We put a conducting sheet over the surface of the ferrite post and remove

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

Egl = Ego + Eco (16)

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

-l

Eco 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 Egl will not
be disturbed. Egl can be expressed by

E,=E ,+E,

where Egz is the field due to the primary source in the presence of the

(17)

ferrite post
Ecz is the field due to the equivalent source in the presence of the
ferrite post.
Equating (16) and (17), we have
Ego + Eco = Egz + Ecz
We use any test source t to measure the fields, then

<g, t>2 - <g, t>0= <c, t>0_— <c, t>2 (19)

The explanation of the reaction formulae is given.as follows: (The field

(18)

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 = ZAmm. : (20)

By using the reciprocity theorem, the reaction <c, t>o can be written

e, t> 0 =, <> 0= EAm< t, m 0 (21)

Let t be any one of the mode sources, m,the orthogonality condition gives

i _<°' m3,

A=
(m, m>,

(22)



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

Km g
A_= ™ Do - (23)
To evaluate the reaction (c, t> 5 We have to use the reciprocity theorem

for the anisotropic medium, so

&t =), (24)
where? is the field due to test source in the transposed medium at source C.

Source C is the same in both cases. <Af,c >2 can be expressed as

-
(m g>ZC m s Bimd, s

In order to calculate (;m,t >2, we consider the reaction

<m’g‘>z = <§’ m), (26)

Recall the reaction <§, m>z which is the field due to the primary source

<At"°>2= -z

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
Em)y,=-{&mp,=-mc),= S 70
(mmd g
Because g is any primary source, we can set it to be any test source t,

= G

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

obtained
(&t , - oty = E{ém’m> 2. 1}<<m’jr?>(; & (29)

(mm) (27)

(m,m), (28)




For the calculations of (m,m>z and <m,m> o> the mode source can
be obtained by finding the discontinuity of the taﬁgential 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 ; and ;1-; components,

1 8f
jopH + okH, = -= — 30
1o ¢ p 3¢ (30)
-wkH + jopH, = o8t (31)
p $ 0op
solving H and H,, we get
p ¢
1 . of ,k 8f
Hy = ———— 'JP-—"'—-—'} (32)
2 . 2 { F]
¢ w(pc-k%) dp p 99
1 . B Of of
H=—_J[;& +k—} (33)
73 |
P w(p. -'kz) Pod P
Outside the ferrite medium, the component H¢ is simply given by
1 9f
H = — —_— 34
¢ Jop, ap (34)
The mode fields f are as follows:
p>a f =E_, =2A HZ(g 0)e ™ g = wNE_e (35)
p<a £ =E_, = EFan([3¢p)e'Jn¢ (36)
Atp=a, Ez is continuous,
(2) -
A H(p a)= F I (a). (37)
The mode source ch is
(2)
B H "(p_2)
JcZ - jAn l:- wp.o Hf’xZ)(ﬁoa) * n2 g
o w(p -k )Jn(pf a)
{aenaniaa + l‘;‘i:rnusfa)}]e‘m“’ (38)
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B. In Free Space

The mode fields are designated by g,

p>a g =E_00 zanLZ’(ﬁpop)e‘j“‘i" (39)

p<a. g:E

=D _J (B p)e ¢ (40)

The tangential components of H, are given by

B ¢
° (2)' -jné
p>a H¢0= Tom, C H (B,p)e (41)
Po -jno ~
p<a- Hq)i =-3'Wo Dan(ﬁop)e (42)

At p = a, EY‘0 is continuous.

The relation between two undetermined coefficients is

2
c u!? (g a)=D_1_(p_a) (43)
The mode source is expressed as
(2) ‘
Fiocn (2)! Hn ( oa) j
- T T - ' -jné
Jeo= Fow [H" (B2) FEE 3! (B2l e (44)
o
In these two cases, the mode sources are same, i.e.,
Je2™ Jco (45)

The reactions of €<m, m> 2 and <m, m> 0 are calcgla.ted as follows
z T

_ _lim A2 14(2)
<mm> = SlszEmzds = S dz S JAn H, (ﬁoa)

(2)
ﬁo (2)' Hn (ﬁoa) kn
- — H + J'( +—7J ( )
W ooon ([303,) Q(H&'kz)Jn(ﬁfa) {1Beln ﬁfa) a n pfa}
;e'j2n¢a, dé (46)
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(mm} = SmO Emo? ZILHQOS ‘S (J)C H(Z)(B ) o

(2)
' H (B 2) -
{Hff) (Bo2) - T(par° ;(ﬁoa)*} ™2 aa
(47)
Then (2) -
r ﬁ (2)1 H (B _2) , B (2) Y
”o (B a)‘—j—(-p—ngn(ﬁ ay + :Hn (B 2)
ut2)
(B 2) k
n o . n
- nBJ Bt =27 (p.a)
J (Mz‘ikZ)Jn(ﬁfa) [ faP T 3 n fa]
gt>, -t D =1
< >2 < 0 [30 (2)' H(Zy(ﬁ a)
_Hn (ﬁoa)+ 2
l“"O ( "k )Jn(ﬁfa)
L [ERACPSERERACIN]
&™) g
{mt) (48)
e,
If we know the field due to the primary source as in this case,
Eoo= HJ)"Ean(BOP)e'jm" (49)

The reaction< g,m) o is

BC
(Em>o = ;2205 dz5< -HUIE I (8 ) —22 [‘2’(5 a)

(2)
. Ha (Po2) -j2n¢

25

Finally, the scattered field is

=11~




—}%ngmoannmfa) -

J (B 2)
(»

-{Asf:r;l(ﬁfa) + %Jnmfa)}

Z7%)

<gt>2- <gt>0 =Ezs= Z;(‘i)nEo.

o ytar
b, m

!

Jut2) -jné
H "(Bple

The corresponding Hq)S and Hps are given by

T (B 2)

(B2l (Bea) - ————
(0"~ k%)

%3
I>J'O

Bof

H

(2)

H (B 2)
ﬂn_oT‘{”BfJﬁ(ﬁfa) +%Jn(‘3fa)} |
(™ - k%)

(B 203 _(B )

(51)

-
(]

-

prh(ﬂfa“%k‘Jn(ﬁfa)]l

owyl (2)
ohl2)g o)

J

K 7
Zxz WPelalPe?)? = IalBg2)

(u” -
1P (B _pre I
Po

J a)
n
(2-k?)

[m6: 310

(o]

B .
- =23 (6,2 (B j2)

(52)

fa)+'1;.—k'Jn( ﬁfa)]

Bo .
{;—Jn( B,2)_(B 2)-

.1(2) . o ind
H (B p)e

From egs. (51), (52) and (53), the scattered field is T

the recurrence formula for Bessel's function,

-12-
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(2)'(5 P)_. n (2)

ap B (B o) - 12 (g o).

(54)

J(Bp)=5=T (Bp) - T .1(Bp)

ﬁpn

the. magnetic field vector is elliptically polarized for small p. For large
Ps Hp dies out. The scattered field becomes a TEM field. The asymptotic
expansion of Hilz)(ﬁop) for large (ﬁop) is

-iBp-21
B 0) — 72— e O F= P H e p) (55)
o

Pe TnnlPe2)  Tnig(Po2)

B Jn(sfa) T B2 T (B2

E,_= -E_2(-1)" x
“8 B, I (B2 HZ (g a)  Hp a]/ RoP
+
B, 1B H(z)“3 0
"J [ﬁ of” Z] -jn¢ .n ° (56)
IEH =0, p=p_, k=0, ﬁf=je_po then
Bg TBA) JilBa) BeInnlPed) Jni(Be2)
E =-E '30/ Jo(ﬁfa) JolB2) Id(ﬁoa) _ oy 3(- 1)n By J (ﬁfa) JalBo2)
2 o Engwfa)JrH{Z’(soa) n'%(p a) B n+1(pfa)+H‘ ’us a)
Bo Jo(ﬁfa) I-Igz)(poa) ﬁo J’n(pfa') ngy(ﬁoa)
—(—,——J”(%a) ¢ (57)
X cosn .
H 2B a)

In eq. (57) cosnd is an even function. This shows the pattern is symmetric
with respect to ¢ = 0.
When we reverse the d-c magnetic field, we set a new coordinate

system X', Y', Z', with Z' in the direction of I_:Io. The relation between

the coordinate systems is shown in Fig. 6.

-13-
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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 <g,m> 0 to be negative. The scattered field in the
new coordinate system is

J a
E -E—:J;I(Boa):rn(rsfa) - % {uﬁflg(sfa)Jr—l‘;‘iJn(sfa)}
Ezs=-E(J) I:-:o H(Z)(p a)
n o

B )
' k (2)
F'_—kz_)—'{p'ﬁf']nmfaH—:-Jn(pfa)}-ﬁiHn ([303)Jn([3fa)

12 o). emind!
H g _p) ™" (58)

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 An is

B, : Jn(ﬁoa) ' n.
o B nlPoRalPR) Tz (BT R TR g2)
A = GVE — p- k%) :
n o H;Z).(Boa) ' kn. B, (2)"
—'2_2—(“ A MBI (Ba)t—T (B2) '-;L: H "' (B 2 (B2)

(59)
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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 <g,m/\ 0 to be negative. The scattered field in the

new coordinate system is

B J (B2)
221 27,020 5% s 3 a1 223 (5,0
E -’-‘-'E(j)nE o (“' ."k )
zs (2)
Hn‘(ﬁoa) I +kn P ‘3°H(2))_ 74
w2 e nlP) =T ThlB ) - By (82N (B g2)

.2 Le-in ¢!
H “(Bp)e (58)
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 egs. (51) and (35), the coefficient An is
By 3 (B ,2) K
O ._n_o ' =
™ JB 2N (BR) m—z) KBI (BR)T =T (B3) ]
(2)
H ~(l3°a)

B u
W k5 {“ﬁf"h(ﬁfa)+—k§-:fn(ﬁfa)}anf.nff) (B 20 _(B2)

I
A = () E]

(59)
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From eq. (59), we rewrite An,as follows:

e %o [—’.‘—(Hl&)_ TartlPR) n  In(Bo?)]
A o) o Pe|FE T A B TR || T8
tn €t Bo n k Jn+1(ﬁia) n Hﬁ-)l(p oa’)- H[ )(ﬁ a') °
b e i oryl RS
n .

(65)

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

Ree)
Ezso = ngZ)(poP) 'Ao + Z [(_1)‘1(Aln+Ar'l)cosn¢+ j(A'_n-A'n)sin nqil} ‘Eo
1

(66)
= (x\"0
where Ain = -(j) '.,.Ain.
The phase angle of the scattered field is
o}
)™M (AY -A')si
Z( 1) (A-n An)31nn¢ 7
tan® =1 (67)

o0
At Z (-l)n(A'_n+A;1)cos né
1

For ﬁfa and 503. very small, the approximate expressions of the Bessel's

functions are

n
T pa)= B2 (68)

n!Zn

) (pa) = d2=llL (B%)n (69)
We only take n= 0,1, -1.
€

Ay 3B (1 -DE, (70)
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p'o k

m (L+ ;-)-1
A= g _off 2. (B _a)? (71)
1 o p k 4 o
t_°_)(1+ S+l
eff B
v
uo (1-§)-‘1
Al = -E_—of %6 2)° (72)
- o M X o
(—2)(1-=)+1
Metf B
The value of tan ® can be approximated as
*
(._9._.)_1_<, sind
Heff '
tan § = “=— m > - m m
(—2— )21+ K )-1| cose - %(e_f pdee 1) (k.o )2
Hefs " o Heff P
(73)
€ v
If we get — = 12 and —>— =1, then tan 0 is
€ B
o eff
IJ-— sin ¢
tan © = (74)
(ﬁ)zcos $+5. 5(-5)2.-22
n m
k _ k _
The curves for F-Z’ —= 275 and ;-— 3 are plotted.
T8

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>0 in Eq. (51), is symmetric with respect
to the line joining 5-186 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-
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difference between this pattern and the pattern with the ferrite post in
the ground plates, which gives the reaction <g, t>2 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-1 type ferrite.
The reason is that the pattern is quite symmetric with respect to b= 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
p and k are functions of Ho’ where Ho is the d-c magnetic field to saturate
the ferrite post. From the catalogue of the R-1 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 ¢ = 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. III, the scattered pattern is the mirror image
of the previous case with respect to ¢ = 0, when the dec 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 $ = 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 gaﬁ-g‘s\ 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 pn and k, we get p= 0 at 2600 gauss of the static
magnetic field. The patterns corresponding to n = 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 ¢ = 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. B

In order to check the occurrence of the side lobe, we reversed the
ferrite post and measured the scattered patterns with Ho 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 Ho’ the scattered patterns
of the reversed ferrite post should be the same as before. The measured
patterns are ingood 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 isthe same with the corresponding pattern without reversing the
ferrite post. These results show that the scattered pattern of the ferrite
post hasa significant side lobe.

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

used as the scatterer. The scattered pattern without d-c magnetic field
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applied along its axis shows also the symmetry with respect to¢ = 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 ¢ =0. Themain 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 ¢ = 0. The minimum in-
tensity of the main lobe occurs at 2600 gauss corresponding to the value of
d-c magnetic field to give n = 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
the150-degree side of the axis. The positions of the deflection of the lobes
are the mirror images of the patterns with Ho.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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