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1 .  Introduction 

The permittivity and dielectric loss in the microwave region can be determi­ned by s everal methods 1 - 6> .  In this work, a method 5 > which dep ends on standingwave measurements in a rectangular waveguide is used. 
L et the waves prop agating from the source be incident normally at the sur­fa ce of the material of dielectric constant e*. As a result of reflection a standingwave p attern is p roduced. From the shap e and p osition of this p attern the reflection

coeffi cient I R I and the phase change on reflection <P can be obtained. 
From the transmission line theory the reflection coeffi cient R is R = ! + ! 

e}tZ>, where S is the reciprocal of the standing wave ratio. If S0 and S5 are therecip rocal of the standing wave ratio in the op en and short circuited cases, thereflection coefficient I R I for the two p revious cases denoted by I R0 I and I Rs I can be calculated. 
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According to Heath 7 > , the attenuation a in decibels for  very low loss materialscan be calcu lated from 
a = 10 log I Ro I + I Rs I . 2 (1)

From the s tanding wave r atio and phas e  s hift, the inpu t impedances r0 and rs in the open and s hort circu ited cas es can be calcu lated us ing the Smith Chart ands' and s" obtained from8> the express ion 
l s' - q . s" -- = -- - 1 --, r0 rs l - q I - q 

). where q = T; A is the wavelength in air and Ac is the cu t off wavelength. By
C equating the real and imaginary p arts s' and e" can be obtained. The measuredvalues denoted by s� and s: can be us ed to calcu late s' and e" of the materialfrom9· 1 0. 1 u  

s: = 1 + P (s' - 1) (2) an d
, , e: B = -, 

P. (3) 

where P is the dens ity of p acking of the material as given by the ratio of the volumeof the material to the overall volume occup ied. The volume of the mater ial is obtained from the mass divided by dens ity and the overall volume obtained fromthe dimens ions of the sp ace occupied by the material. The accuracy in e' is betterthan 5 % .  
2. Experimental

The app aratus us ed fo r  the measurements of p ermittivity and attenu ationcaused by the ins erted s amples in the microwave region is descr ibed els ewhere8> .The cell used in the measurements is a p iece of wavegu ide 4 cm long and clos edfrom both s ides by thin mica windows . The cell is closed by a s horting metal p late for the measurements in the s hor t circuited cas e. For the measurements in the op en circuited case, the cell is connected to a movable shor t adjus ted to inter -
p os e  a � air filled wavegu ide between it and the back fa ce of the tes t  material.

M easu rements were carried ou t on clinoens tatite, fors terite, magnes ioferrite,magnes iochromite, /J -dicalcium s ilicate and tr icalcium s ilicate. Each s amp le was dried at 200° C fo r  s ix hours till a cons tant weight is attained and compressed ins ide
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the cell by means of a plunger and an oil press. The voltage standing wave r atiois determined by taking the probe positions L1 x at which the power equals twiceI nL1  x its minimum value and substituting in the Eq u 1 2 > S = - = --. Also,

u Ag from the position of the first minimum from the interface, (/) can be computed.K nowing S0, Ss and (/) the values of r0 and rs can be obtained and used t� finds' and s". 

3. Materials

Clinoenstatite and forsterite minerals. Clinoenstatite and forster ite mineralshave good dielectr ic properties and are extensively used in the production ofinsulators for high freq uency equipment. Standard clinoenstatite (M g O · Si O 2) minerals were  prepared synthetically from the finely ground mixtur es of M g  0 and silica in the molecular propor tion of 1 : 1 and 2 : 1 respectively. The homo­geneous mixtures were fired on two per iods of 10 hour s  at 1 3 50° C in case of cli­noenstatite minerals and l 600° C in case of for sterite minerals with intermediategrinding. 
Magnesioferrite and magnest'ochromite spine/ minerals. Magnesioferrite (M gO ·

· Fe2 0 3) and magnesiochromite (M gO · Cr2 03) spinels are important in highfrequency engineer ing as nonmetallic mater ials with high electr ic resistance. Standard magnesioferrite spine! was obtained from the finaly ground mixture
of M gO and Fe2 03 in a stoichiometr ic r atio. Homogenization of the mixture  ina special steel bull-mill was carr ied out for a period of 6 hour s fo llowed by fir ingto the sinter ing point at temperature r anging between 1 OOO - l 300° C in the
presence of the stream of oxygen. Standard magnesiochromite was prepared from a mixture of finely ground
M gO and Cr2 0 3 in the molar r atio I : I .  The presence of 0.5 - 1 % excess Cr2 0 3 is necessary due to sublimation of Cr2 03 • The homogeneous mixture is fired at1200° C for a per iod of 6 hours  fo llowed by gr inding and fir ing at 1200° C for other 6 hours. The product is reground, moulded and fired at l 600° C for a per iodof 10 hours. Check by chemical analysis was necessary to ascer tain that M gO and Cr2 03 molar r atio r emains I : I. 

fJ-dicalcium silicate and tricalcium sili'cate minerals. /J-dicalcium silicate(2 CaO . SiO 2) and tr icalcium silicate (3 CaO · SiO 2) minerals are present inPortland cement. /J-dicalcium silicate mineral inverts on cooling at 675° C to they -form. The preparation of standard  /J- dicalcium silicate was carried out by heatinga mixtur e  of finely ground CaO and SiO 2 in the molecular r atio 2: 1 at l 4 50° C.The process of r egrinding r eheating was r epeated until the preparation was ho­mogeneous. The product is t hen reground, mou lded and fired at l 600° C for aper iod of 10 hours, cooled slowly till 1000° C and then q uenched in air to obtainthe B-form of dicalcium silicate. 
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Trica lcium silicate is s table only over a tempera ture range from 1250-19000 C and decompos es both a bove a nd below this range i nto dica lcium silica tea nd CaO. The prepara tion of s ta ndard tricalcium silica te necessitates a s eri es ofburns . A mi xture of Ca O and Si 02 i n  thei r molecula r ra ti o was heated a t  1200° Cfo r  a peri od of 6 hours. This process was repea ted until the combi nati on was com­plete. The produc t was ground, moulded and fi red a t  1 600° C fo r  a period of 1 0hours followed by quenching rapi dly i n  ai r. X -ray diffrac ti on pa tterns of the pre­pa red mi nerals proved their complete forma tion. 

4. Results and discussion

The mi nera ls are press ed in the cell under low press ures less than I 00 kp/c m  2 • •  The packing density P is ca lc ulated from the specific gravi ty of the samples a nd the dimensions of the cell. The true value of the di elec tric cons ta nt e' is ca l­c ula ted from the meas ured va lue e� using Equ. (2). The a ttenua tion a is calcula tedusing Equ. ( 1 ). The res ults obtained fo r  e�, e' and a a re given i n  the Table. 

2 Mg0,Si0z 

p 

Fig. t .  Dielectric constant e' versus packing density P for different samples. 

To disc uss the d: elec tric behaviour of thes e c rys ta lli ne materia ls ,  it wi llbe helpfu l to es tima te their di mensi ons from the a toms and ions ra dii 1 3 > . For thefi rs t  approxi mati on, the a toms and i ons can be consi dered as ri gi d s pheres, andthe c rys tal ra di us taken as the s um of the ra dii concerned. For more accuratei nterpretati on . we have to ta ke i nto consideration the pola risa tion a nd deforma ti onproperties . 
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It i s  also worthy to find the variation of the packing density in the crystal 
from one mineral to another. As shown in the Table, the volumes of the crystals 
are calculated using the estimated radii and the ratios of the atomic weight to the 
corresponding volume are given. This ratio is proportional to the packing density 
in the crystal and is given also in the Table. 

TABLE 

Results of the dielectric constant e' and attenuation a for the investigated samples

Substance I r 
Ao 

5.28 
Clinoenstatite 
(MgO • Si02) 

7.34 
Forsterite 
(2Mg0 • Si02) 

Magnesiochromite 7.52 

(MgO • Cr203) 

Magnesioferrite 7.54 

(MgO • Fe103) 

P-Dicalcium 8.00 

silicate 
(2Ca0 • Si01) 

Tricalcium Silicate 10.39 

(3Ca0 • Si01) 

I V IAtomt�'I �� I (A 0)3 weight V vity 
p 

630 100 0. 1 60 3.19 0.335 
0.355 
0.405 
0.432 -- -- -- ----

1 630 140 0.012 3.22 0.458 
0.461 
0.474 
0.497 -- -- -- -- --

1740 1 92 0.01 1 4.39 0.345 
0.358 
0.363 

-- -- -- -- --
1 805 200 0.01 1 4.20 0.435 

0.5 1 1  
0.536

---- -- -- --
2150 1 68 0.078 3.28 0.369 

0.381 
0.384 
0.399 -- -- -- -- --

4720 228 0.040 3 . 15  0.422 
0.437 
0.443 

I B'm I s' I a 
d b  

1 .80 3.39 -0.235
1 .89 3.51 -0.280
2.27 4.1 3 -0,400
2.41 4.27--
2.37 3.99 -0.240
2.46 4. 1 7 -0.255
2.52 4.21 -0.275
2.68 4.37

--

2.41 5.09 -0.192
2.47 5. 1 1 -0.203
2.51 5. 1 6

--

3.03 5.67 -0.205
3.63 6. 1 6 -0.255
3.90 6.40 -0.280

-- --
2. 19 4.22 -0. 150
2.29 4.39 -0.270
2.37 4.57 -0.300
2.40 4.52 -Q.400 --
3.78 7.60 -0.255
3.95 7.74 -0.275
3.97 7.73 -0.300

The relation between e' and P is illustrated in Fig. 1 for the three ·groups 
investigated in this work. As expected e' increases linearly with P. i. e. with the 
pressure. Similar behaviour was found before in the case of titanate ceramics1 4 >. 
It is interesting to find that for each group, the mineral of lower specific gravity 
has the higher dielectric constant the same packing density. e' for calcium compo­
unds at any pressure are higher than the magnesium compounds. This was noticed 
before in the case of Mg and Ca-titanates 1 4 >. 
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Attenuation of the samples is shown in Fig. 2 at the different pack ing den­sities. MgO. Si02 having the smallest radius of all the investig ated magnesium
minerals exhibits the highest attenuation, while MgO ,  Fe2 03 having the largestradius the lower attenuation. The attenuation of the other samples lies within thesetwo curves. This may lead to the conclus ion that the attenuation in this frequency range  depends upon the dimensions of the cry stal. Since MgFe2 00 has low atten­uation and high electrical resistance (known to be between 10 2 und 10 6 !J), itcan be used for cores in high frequency coils. It is to be added that tricalciu m silicatsposseses high dielectric constant and low attenuation as shown in the Table,which are the properties of a good insulator. 
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Fig. 2. Attenuation a versus packing density P for 
a) MgO · Si02 ,
b) MgO · Fe20a.

The dielectric loss s' ' of the investigated material s is low and the reflectionmethod adopted here was not suitable for its determination. A method describedby Roberts and V on Hippel5 > using two sample lengths is more convenient butit was diffi cult to press two samples under the same pressure and so s" could notbe measured by the method used in this work. 
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