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Rubber-Ferrite Absorber 

K. MIYATA 

CRECEIVED ON 31 October. 1972) 

1. INTRODUCTION 

This paper is concerned with electromagnetic wave absorber， a mixture of 

rubber and ferrite， and is aimed to investigate several electromagnetic chara-

cteristics to apply it for microwave antennas. 

In microwave antennas， radiation of unnecessary electromagnetic wave 

backward and side direction is chiefly due to its diffraction and scattering at 

the rim of an antenna. To suppress this radia tion， it has been suggested rec-

ently to attach absorbers to the rim of an antenna and to the .supporting poles 

of a primary radiator.It is required，however， that the materials of such absorber 

are of high flexibility and possibly thin to be applied to the curved surfaces. 

Electromagnetic absorbers so far used have been multilayered and quite 

thick ones of lossy dielectric materials. It has been found， however， that very 

thin rubber-ferrite is applicable as an absorber at UHF， VHF bands 

2. PRINCIPLE 

Let complex relative permea bility and permittivity of rubber-ferrite be μr， 

er 

then 

f-lr =μr'-jpr"l -…・・・・ 一…①
εr =εr' -jし'

where μ，.' : real part ofμr 

μγ11 : imaginary part ofμr 

εr' : real part of εr 

ィ:imaginary part ofεr 

As shown in Fig. 1， let rear face of rubber-ferite be intimately contacted 

to a conductor. Normalized input impedance i and reflection co-efficient S 

under this condition for plane incident wave are given as follows. 

主= ν 7 ・ tanh (・ 2竺〆 :~-:-=- d i …・・・・・・・…・・…・・ ② μr/εr nv-lwεr a .) 

S = Ci-1 ) / Ci+ 1 ) … ・・…..........….........…...・ H ・..….........….......・ H ・...… ③ 

w here d : thickness of a bsorber 

A : wave-length of incident wave in a vacuum. 

In Fig. 1 Z = 1 is necessary for S= O. 

then Eq.① must satisfy following Eq.④. 
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/ 
COAXIAL SAMPLE 
CABLE 
(WX-20D) 

Fig， Fig. 2 MEASUREMENT SYSTEM 

-jωta伽 =irT-d ④

where 

hj  Z?1Fて -d
Eγμγ 

It is desirable that the thickness of the absorber satisfies 

Eq.④ under 

d く え・….........…・・……・…・・・…・・・ ・…・…・・….....・."…・・・…………・・…-・…・・…・・-…… @ 

3. MEASUREMENT 

To calculate complex relative permeability and permittivity of an absorber， 

we must know its input impedancc. 

d =5.15111網

SAMPLE !¥ 

Fig. 3 

1， 4.:.GIIZ 

2 5.0 11 

九回 5.5 11 

4. G.O 1/ 

5. G.5 11 
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3. 1 MEASUREMENT OF INPUT IMPE山NCE'リ

Rubber-ferrite sample is put in WXー 20Dcoaxial slotted line as in Fig. 2. 

Measurement was done on Cd = 5.15mm， d = 10.3mm) of the same sample， 

aiming 5 GHZ. 6 GHZ band absorber. Fig. 3 ~ 5. Table; 1"-' 3 show input im-

pedance of sample A. B. C. 

d~5目 15111111

SAMPLE B 

Fig. 4 

3. 2 CALCULATION OFμr ANDεr 

Let i 1 • i2 be normalized input impedance 
i1 =まctaω;d 

1. 4.5GHZ 
2. 5.0 1/ 

3. 5.5 11 

4._ 6.0 .11 

5. 6.5 11 

i2 =ic tanh2rd 
ic . _t坐位三ァー t .…...・ H ・-…・・…・.......・ H ・...・ H ・..…⑥

1 +tan九2rd I 
where 

ic = も/て了τ了一μr /εγ 
2π 一片一一ー一

= J -l V flr er 

d : thickness of sample 

then from above equation ⑥. we obtain 
Zl 、

主c= j 2tl_-1 I 
， Z2 i ..、....・ H ・....・ H ・..……………・-… H ・H ・-…………………⑦

_/ 2i1 I tanhrd = J一一一_1 I 
Z243  
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1. 4.5GHZ 

d =5.15 ... 

SAM_PLE C 

2. 5.0 11 

3. 5.5 11 

4. 6.0 " 

5. 6.5 11 

Fig. 5 

f.1r = μr'一jμr"=附，( 1ーjt川 μ)=三2t
J-l-

-・・@
r 

Zc (j子)
er' -jer" = er' ( 1ーjtanos)=εr 

Table 
SAMPLE A 

FREQUENCY 1 D = 5.15mm 11 D = 10.3mm 

(GHZ) IN-IMPED--i IiiAPE-五日cillN・IMPEDANCE万一EDANCE
一三-5--I---~+J両 1 55.'; j-~~.511-~39 ~示瓦「函ヲ忌

三ζ1-三ヨ子-¥.65 ~一竺〕王子三互[玉三75
5.5 1 1.1ー j0.22 1 55 -j 11 [1 0.37 -j 0.10 ，18.5ーj5

6.0 I~甲1- j O.子 |ブ竺-j 14 11_0竺コ壬竺_I_:o -j 1.25 
6.5 I 0ω7乃3一j 0.39ω労 i吟千竺空己目ゴせ主竺ι乙己づI1い川一JOω同3苅8+ j川0叩竺 jγ1ω9 +巴

*列1CHARACTERISTIC IMPEDANCE : 50 [[1) 
*2 N・IMPEDANCE: NORMARIZED IMPEDANCE 
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Table 2 
SAMPLE R 

FREQUENCY 1 D = 5.15mm 11 

(GHZ) I N・IMPEDANCE¥ IMPEDANCE 11 N・IMPEDANCE! IMPEDANCE -z寸川市川+j-5~.11-~~~.~jo~;-T;ιι一
二-5~~-=[_--1 ・， 1日。一戸 [二55-ι5いん1J「区三13L
_ 5~5 ~--T= L~3~ j o~~_ ]-51.6-j 15-rMO;-=三E]竺竺竺一一

6~_0 _ _ J__~.~~_-_j_~~3~___I_~0- j_~__ll____0.42，コ竺_12_1二j 4.25 
__  6_.5 ___~1_~:6~- j 0ヂ-1125ー j1_7 11~~ て巴土子竺一一

Table 3 
SAMPLE C 

FREQUENCY 1 D = 5.15mm 11 D = 10.3mm 

(GHZ) ! N' IMPEDANCE 1 IMPEDANCE 11 N' IMPEDANCE I IMPEDANCE 

-457 ムご7biI寸函ごj11.5 円五ご長吉 121 -j 9 
コ:「「五ご;';:30---\-一三ご05-'ll--;:~;~- 市-8-1-;-=-]-4--
5.5 0.67ー j0.36 1 33.5ー j18 II 0.43ー j0 101215-15 

6.0 竺7竺一竺 ~8: _1竺・5ソ 2_4 .~5 11 一千十 j一0.04 22一二j2 
6.5 0.47ー j0.295 123.5-j川 511 0.39-j 0ω119.5-j 3 

PERMEABILITY OF 
RUBBER-FERRITE 

ー一一一‘一 一一εr i.ーミヰ』品二二d===司

-ー一一・SAMPLE A 
B 

" c 10 

PERMITTIVITYOF 
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μ〆 l ・ーー一・ SAMPLEA 

μ，・

tand'.μ 

1.0 

0.1 

。-----0
'/.--ーポ 11 

P・たと当主主司一平4
一‘

μ附r' :~トA
・--..::.ととき2=ニ=----==恥』

\・ベミ':~-..._.，_".，
~、-.

Mμ;二子~_:::.r-"=-ä~~九、---~
一一..........，_~---o

-----、J-_恒E・E・-・

B 

C 

4.0 4.5 5.0 5.5 6.0 6.5 i.O 
4.0 4.5 5.0 5.5 6.0 6.5 7.0 

j(GHZ) 

Fig. 6 Fig. 7 
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4. RESUL T OF EXPERIMENT 

Substituting data in table 1. ~3. into Eq. @， we have the resuIt in Fig6， 7. 
Fig. 8 ~ 9 show vswr v・sf and B/fo v.s f characteristics of one of the absorbers. 

% (BJfo) 

;}U 

20 

1.oi 
]0 

GilZ 

Fig. 8 

(\_.~ 

Fig. 9 

f.: 01・TIMUMMATCHING 
FREQUENCY OF EACiI 
I'lilCKNESS 

Il・IlANOWIDTiI(VSWR=J.2) 

7 fGIIZ 

5. CONCLUSION 

o wide specific bandwidth is obtained 

o By changing thickness， same absorber is available for both 5 GHZ and 6 GHZ 

band. 

o Development of w巴ather-proofrubber is necessary for long-term practical 

appla pplica tion 

o Technics for keeping thickness constan t is necessary， as the change of 

thickness gives szrious displacement of optimum matching frequency. 
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