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ABSTRACT

Wave guide reflectometer and voltage standing watie (VSWR) methods have been used to study bHan (8-
12 GHz) microwave perturbation and permittivityledf stem material of Ficus Bengalanesis. The effemoisture
content has been investigated on the stem takem tih@ places in the branch. The transmittance efvtlaveguide
decreases and reflectance increases due to the 3teenperturbations in the reflection mode are highequency
dependent. The real permittivityof the stem has a value of ~ 80 afids ~ 180 at ~ 10 GHz. Beyond 10 GHz the
dielectric constant shows frequency dependent traria. The permittivity decreases with decreasemivisture
content in the stem. The microwave impedance shoiyscapacitive and inductive reactance varyingdamly
with frequency and moisture content.

Key Words: Permittivity, microwave, leaf stem, perturbatiomrismittance, reflectance

INTRODUCTION

The dielectric properties of the leaf vegetationterial due to presence of water in varying quasgittan be
detected using microwave methods [1,2]. Leafy \eigmt forms a major constituent of the agricultigattor. Most
of the high frequency studies available on agrigeltrelated biomaterials are on seeds and graiii$ herein the
moisture content has been measured. Dielectric afataoist granular materials is very limited [3,Beéhd data on
leafy vegetation material is still lesser [10,1T¢. the authors knowledge there are no studies®stdm part of the
leafy vegetation material.

The water and nutrient bearing part to the lediiégsstem. The density of the stem varies from ptaqdace due to
which the water content also varies. In this wdr X band microwave permittivity and perturbatidfeets of the
stem of Ficus Bengalanesis are reported. The waide dransmission, reflection and voltage standiaye ratio
(VSWR) has been used for the measurements. Thet effencisture content on the properties is algmried.

MATERIALS AND METHODS

The leafy stem material was from Ficus Bengalanasiery common tree available in various partsnofid. The
stem from one of the branches at the top was chiose¢he experiment. These stems were chosen beedubke top
new leaves starts sprouting. Two portions 2.2 cng land diameter 0.8 cm were cut from two regionthefstem.
The region of the stem corresponding to the toprandtwas termed S1 and 4” below was termed S2 siieeof
the stem was such that it completely filled the efthe waveguide.

The wave guide reflectometer method as shown iardigl(a) was used for perturbation measurementsttend
slotted section as shown in figure 1(b) was usegéwmittivity measurements. The input microwavevpowas in
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the frequency range 8-12 GHz was given through sdeqy of Gunn oscillator, isolator, attenuator, cienal
coupler and the output measured by diode detecdospecial sample holder of bakelite was made @dihg the
stem such that the axis of stem was perpendiculdnet E field in the waveguide.

Detector Detector
(Reflection) (Transmission)
Source Isolator + Directional Sample Directional Match
™ Attenuator ||  coupler [ ”| holder [  coupler [
Fig.1 (a). Schematic of the microwave reflectometaneasurement set up.
Source Isolator + VSWR Slotted Sample Short
X > attenuator > Section ™ holder >

Fig.1 (b) . Schematic of the microwave VSWR measument set up
The permittivity was measured using double miningthad [12]. Initially the slotted section was cadited with
short as the load. The positions of the minimehefstanding wave were obtained. The sample holdbrtihe stem
material was placed before the short and agairptsitions of the minima and the reflection coeéfius were
measured. Using Smith chart [12], the phase staft measured. From the attenuation and phase tshiftomplex
permittivity of the stem was calculated using tbkofving equations [6].

g = {1+ (ADAY360d)} ande” = (AA Ao £¥2)/ (8.6861d)

where A® is the phase difference with and without sampla, the difference in attenuation with and without
sample, d is the thickness of the sample

The effect of moisture content in the stem was alsestigated. The moisture content on wet basis maasured
gravimetrically. The percentage moisture was fousidg the following equation

MC % = (M,/M,+ Mg) X 100 where N} is the weight of water and Ms the weight of dry material.
Initially the fresh stem was studied and it wastKep drying naturally for 24 Hrs at room temperatuAfter every
drying period the weight was measured and microwsiudies done. The results reported are after remgahe
effect of sample holder.

RESULTS AND DISCUSSION

The perturbation in transmittance and reflectaageneasured from reflectometer method is showiginds 2 and
3 respectively.

29

Scholars Research Library



R %

Pradeep Kambleet al Euro. J. Appl. Eng. Sci. Res., 2013, 2 (2):28-32

80 80
70 Sl 04 o - 69% —+—40%
60 1 60 1 - 27% —+17%
50 501

40 - WO~ T76% £ 40
30 - —+—54%  —=—26%
20 | — 15%

Frequency GHz
Frequency GHz

Fig. 2. Perturbation in transmission due to stem
The transmittance and reflectance without samp@) has also been plotted for reference.

The transmittance was ~60% and reflectance ~2.5%eo06ystem without the sample. The effect of tleensis to
decrease the transmittance and increase the eaftect The fresh stem from the top of branch (S#l)+%6% MC
whereas S2 had ~69% MC. The initial rate of de@eadsmoisture content after 24Hrs drying of S2 \eager as
compared to S1.

In the transmission mode a peaking tendency isrebdewhereas in the reflection mode large dispars®o
obtained. The introduction of S1 in the path pregul@rger reduction in transmission than S2.

80 80
st wo 76% s2
- T —— 69% —— 40%
60 4 +54% - 26% 60 -
——15% —-—27% —-—17%

Frequency GHz Frequency GHz

Fig.3. Perturbation in reflection due to stem

As the moisture content decreases transmittancedses and reflectance decreases. An interessng mbtained
is that between 10-11 GHz the transmittance aridateihnce both are high.

Figure 4 depicts the variation gfand figure 5 that of” as a function of frequency. From the figuressiseen that

the dielectric constant’ lies in the range 20-40 in the frequency rang8.8-GHz and 10.5-12 GHz. In the
frequency range 9.5-10.5 GHz tslecurve shows peaking tendency with a maximeirof ~75-80 at 10 GHz. The

dielectric loss factot” curve also shows a peak value of ~ 180 at 10 Gttinther frequencies below 9.5 Gldzis

~ 30-90 and shows oscillatory behaviour beyond BH&. As moisture content decreases kbtnde” decreases.
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Fig. 4. Real permittivity € as a function of frequency and moisture content

200 200
180 | S1 % 76% —454% 180 | S2 ' —>—69% ——40%
160 4 - 26% ——27%

0 T T T

8 9 10 11 12
Frequency GHz 8 o 10 1 12

Frequency GHz

Fig.5. Moisture dependent dielectric loss

The real and imaginary part of stem impedance sileded from VSWR measurements is tabulated ifetabThe
microwave impedance is given by Z=R + jX

where X can be +ve or —ve.

Table I. Data of microwave impedance of stem as msared by VSWR method.

Microwave Impedance
Type of stem — S1 S2
Moisture content Moisture content

Frequency GHz | 76 % 54 % 26 % 69 % 40 % 27 %
8.2 31+j17 30-j19 35-j22 33+j17 34+j21 -6B0
8.6 34+j11 33-j4 40 -3 37-j31 30-j26 1p#
9.0 45 - j39 61-j33 70+j37 17-j15 21-j15 -2{7
9.6 14 -j10 20+j19 24+j19 27+j21 16-j11 HF
10.0 37+j28 29+j17 50-j10 26-j17 29+j170-6j35
10.6 27+j21 30-j21 35+j22 14-j10 27-j152-8
11.0 17 -j13 21-j15 14+j10 24-j16 61-j337 #j9
11.6 37-j31 50 —j37 63—-j40 34+j11 35-jl16 -3R2
12.0 33+j17 36-j27 47-j13 31+j17 36-j275 5
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From the table it is seen that in general for highmisture content the real impedance is less B, the

characteristic impedance of the system and theaeege shows both capacitive (-ve) and inductives)+effects.
There is systematic change from capacitive to itideaue to frequency or moisture content.

The stem is the major carrier of water and otheremals to the various parts of the plant. The sirecof the stem
bearing the leaves is such that the topmost poididenser than the lower portions. The water cdgngemore in S1
than in S2. The stem is a heterogeneous matensisting of materials with different dielectricHaiors.

When stem is kept in the path of microwaves inwla@eguide, the electromagnetic waves are pertulnedo the
properties of the stem. These perturbations ane asechanges in transmission and reflection. Intrdu@smission
mode microwave passes through the entire matevigdreas in reflection mode only the surface is ived. S1 is
more densely packed than S2 which is more fibrouktellow due to which the transmittance is largee to S2
and reflectance higher due to S1.

In almost all vegetation related biomaterials wagethe most dominant factor dictating the dielecltrehaviour at
microwave frequencies. If it were only moistureeeft it is expected that as the moisture conteatedses, the
dielectric loss factog” should decrease. Since at many frequengigscreases it seems that the effects other than
only moisture content also play a role.

The impedance also indicates the measure of pattarb The waveguide system has a characterispedance of
50 Q. Any perturbation in the form of unmatched loatkifs) changes the VSWR from 1. The amount of dewiati
from 52 indicates the lossy nature of the material.

CONCLUSION

Moisture dependent microwave perturbation and péwity has been measured for vegetation biomdténastem

of Ficus Bengalanesis. Since the complex perntijti@hd impedance are intrinsic properties, theylmamxtracted
from the reflection and transmission measurem@rts. permittivity decreases with decrease in moéstaumtent in
the stem. The microwave impedance shows both dapacnd inductive reactance varying randomly with
frequency and moisture content.

The amount of the biomaterial required for thesasneements being very small the VSWR techniquebeaused
as moisture sensor or also as dielectric sensaafdous solid biomaterials materials.
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