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ABsTRACT

Standing wave technique has been used for measuring the dielectric constant and dielectric
loss in 10 cms. region of five grades of indigenous seed-lac. The accuracy of the dielectric
constant measurement is within 1 per cent and that of tan § within 5 per cent. Attenuation or
microwave power loss in these materials has also been calculated.

INTRODUCTION

Sced-lac is a refined form of stick lac secreted by lac insects which are reared
in large parts of Central India. The natural sced-lac from which shellac is prepared
contains more than 88 per cent of lac and 4-5 per cent of wax and the remainder
being made up of colouring matter gluten and moisture. The dielectric properties
of seed-lce (Saxena and Vyas, 1956) and those of various grades of pure shellac
(Srivastava el al., 1957) have already been reported previously in 3 cms. region. It
was considered desirable to measure the dielectric constant and tan 8 of seed-lac
in 10 cms. region by standing wave technique in spite of the large size of the
apparatus required (Pl. VII).

The complex dielectric constant of a material can be expressed as

e=¢'—je" = ¢y K (1—j tan 8)

and therefore K and tan 8 completely define the diclectric properties of the mate-
rial where K is the relative permittivity of the material and tan 8 represents the
dielectric loss of the material.

METHOD OF MEASUREMENT

The standing wave method employed for measurement is based on that of
Roberts and Von Hipple (1946) and others (Dakin and Works, 1947 ; Srivastava
et al., 1956). The method consists of reflecting the wave at normal incidence from a
slab of dielectric which is placed against a perfectly reflecting surface. The incid-
ent and reflected waves form the standing wave pattern (Fig. 1) in the wave guide
where the direction of electric field is maintained at right angle to the direction of
propagation of waves (T' £ mode).

The distance of the first minimum from the face of the sample depends on the
wave length inside the sample and its thickness. Further, if there is any attenuation
in the sample there will be a change in the V.S.W.R. (Ewmin /Emax).

The shift A, in the position of the minimum depends on V.S.W.R. and the
sample thickness ‘d’ as given by the following relation (Roberts and Von Hipple,
1946 ; Dakin and Works, 1947).
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F1a. 1. Standing wave formation in guide.

Equation (1) yields (Dakin and Works, 1947)

A . 360(A,4d)  tanBud
‘mtall Ag = Bzd .. v - (3)

The values on the left hand side of the equation (3) are measured quantities so the
rough values of fod can be found out by means of the graph of tan 6 against 8 for
radian arguments. More accurate values of Bod are determined by resubstitution.
The value of the dielectric constant is evaluated from the following relation (Dakin

and Works, 1947)
1\2 2
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where A, is the cutoff wave length and A, the guide wave length. The equation (3)
for Bed is multiple valued and so to get correct value a second measurement is
necessary using a second sample of different thickness.

The value (Dakin and Works, 1947) of tan d is

w |\ A KX2 1-tan2
tan § == (1)2 : = S fanﬂzd (5)
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where
tan ¢ = tan w and w = /\_g Emin.
Ag K Emax
Em. is determined by the method suggested by Von Hipple for measuring small
min.
V.S.W.R. (Barlow and Cullen, 1950) and is given by
Bmin anw

where ‘w’ is the width of minimum of standing wave between the double power
points (Fig. 2).

Meter DeFLecTion.

]
!
|
f
)
]
]
!

™

o

N

Distances avone THe Guipe
F1a. 2. Double power points in S.W.R.

Equations (4) and (5) are further simplified for the ‘8’ band and 7' E,, mode
as follows.

K =04543423864 87 .. .. .. .. (1)

. 14tan?
Tan8=’i’[1—04543][ +tan? ¢ ]

and

K

K tan Bod
2 —
1 tan28,d Bod
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where
Ay = 13-14 cms.

A; = 14-40 cms.

By measuring A, w and ‘d’ we find tan ¢, Bod and tan Bd with the help of equa-
tion (3), then by means of equations (7) and (8) we find K and tan 3.

MEASUREMENTS

The microwave test bench consisted of a klystron oscillator valve type CV 35
mounted on the centre of the broad side of a short length of wave guide, together
with a short length of concentric line and probe. The line was terminated by a
loop which gave a correct coupling into the guide. The power for klystron valve
was supplied by means of regulated power supply having a good stabilization. A
variation of 40 volts on the input side did not vary the output voltage more than
200 millivolts R.M.S. Further this power supply was fed by a constant voltage
transformer for greater stability of the- oscillations. The standing wave indicator
was procured from B.T.H., England. The probe assembly head for varying probe
depth was fabricated in our Departmental Workshop. The probe penetration could
be adjusted in the guide by a micrometer and was tuned with choke plunger for
maximum energy transfer from the probe to the crystal detector, tunable over a
range of 9-2 cms. wave length.

INPUT FIXED WAVEMETER VARIABLE STANDING SHORT
C.V.35.VALVE | ATTENUATOR ATTENVATOR WAVE CIRCQUIT
INDILATOR END,
POWER CONSTANT —o0
subpLy VOLTAGE A.C.MAINS
TRANSFORMER[™0

Fra. 3, Block diagram of 10 cins. equipment.

The probe penetration was kept to a minimum in the case of dielectric measure-
ments and moderate in the case of loss measurements. A short circuit termination
was used at the end. It consisted of a non-contact plunger attached to a micro-
meter drive, mounted in a short length of wave guide. The position of the plunger
was accurately determined by the micrometer.

DIELECTRIC SAMPLES

The measurement of dielectric constant by this method required that the
sample should fit exactly into the guide. It is possible to prepare such samples by
melting seed-lac in a suitable cast, but complications arise on account of the pres-
ence of small air bubbles in the samples so prepared. In order to obtain bubble
free samples the technique of preparing the samples under vacuum (Saxena and
Vyas, 1956) was utilized.
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The cast could be dismantled into five pieces for convenience in removing the
samples. Instead of lubricating the cast, thin paper sheets were applied each
time inside the cast. The purity of the samples was thus retained and secondly the
samples did not stick to the walls of the cast because of the viscous nature, when in
liquid form under preparation. The paper was then removed by means of glass
paper. The samples were grounded to proper dimensions so as to obtain a close fit
to the wave guide.

The prepared samples were then kept in a desiccator for dehydration (Surber
and Crouch, 1948) for at least 36 hours prior to experiments.

It has been shown by Roberts and Von Hipple that the errors in the measure-
ment of A, and V.S.W.R. are greatly reduced when the thickness of a sample is an

odd multiple of %’—, where ); is the wave length in the sample within the guide.

The thickness of the samples used in the experiment were A/4.

REesuLTs

The accuracy of the measurements have been checked on some known dielec-
trics as given in Table I. The values of the dielectric constant, loss tangent and
attenuations of five different varieties of seed-lac were obtained by measurements
as given in Tables IT and III. Their history and place of origin are indicated in
Table IV.

TaBLE I

A air = 9-706 cms.

Experimental Accepted
Substance Source

K Tan 8 K Tan &
Perspex ICIL 265 0-0143 2:64+0-02 | 0-0128
Polystyrene 1.C1 2-53 0-001 2-556+0-02 | 0-0007

TapreE II
Dielectric constant of different varieties of seed-lac

A air = 9-706 cms.

d o2 A J4
. Greatest Least value Mean value
Variety value of K of K of K Error

4 2891 2.889 2.890 +0-001
8 2.937 2932 2.934 +0-002
9 2888 | 2886 2.887 +0-002

10 2.953 ' 2.952 2.952 +0-001

12 2041 | 2031 2.937 +0-003

1
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TasLe IIT
Loss tangents and attenuations of different varieties of seed-lac

Aair = 9706 cms.

d oe A f4.
Greatest
. Least value | Mean value Attenustion
Variet,

anety va;gf g £ of tan & of tan & Error in Db/meters

4 0-0229 0-0226 0-0228 + 0-0001 31-60

8 0-0267 0-0264 0-0265 + 0:0001 36.73

9 0-0273 0-0270 0-0271 + 0-0001 37-56

10 0:0330 0-03110 0-0324 * 0-0003 43-79

12 0-0345 0-0342 0-0343 + 0-0002 47-81

Corrections were applied for clearance error (Montgomery, 1947) while the error
due to excessive probe projection (Redheffer and Dowker, 1946) and wall losses
(Huxlfay, 1947) were neglected because the V.S.W.R. was measured at minimum
electric field and wall losses were found to be negligible when practically observed
by measuring the V.S.W.R. at successive minima without the sample in the guide.
To a:V01d error in the shift of minima due to frequency modulation, unmodulated
carrier waves were used.

Tarie IV

Ref. No. Host Area Crop Year Washed in
4 Palas Kundri Bysakhi 1955 June 1956

8 Ber Jhalda Bysakhi 1955 '

9 Palas Dalton- Bysakhi 1955 .

ganj.
10 Palas v Katki 1955 '
12 Kusum Sundega Aghani 1956 .
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