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An analysis is made of the feasibility of improving the accuracy of measurement of 
the moisture content of raw cotton as a result of additional measurement of an 
electromagnetic wave reflected from the media boundary. Results of a study are 
presented. 

It is known that the following condition must be satisfied [i] in order for Brewster's 
angle to exist in the normal polarization of a wave when it passes entirely into a second me- 
dium 

0 < 1 - -  ~ J e ~ / ~ e i  ~-~ 1. ( 1 )  
1 - -  ( ~ i / ~ )  z 

Raw cotton is a dielectric, the permeability of which is nearly equal to the permeabil- 
ity of air Bc = Ba = i. Inserting ~ into (i), we see that the condition is not satisfied. 
Thus, a normally polarized wave at the media boundary between air and cotton will be re- 
flected at any angle of incidence. Also considering that raw cotton is a disperse medium 
with a distinct nonuniformity with regard to density, moisture content, and other parameters 
which affect the electrical characteristics of an electromagnetic wave, it can be assumed 
that, depending on the aggregate state of the medium, the amount of reflected energy does 
not remain constant but is instead a function of the above-mentioned factors. This fact ul- 
timately leads to a complex relation describing the change in the reflection coefficient R. 

To reduce energy loss due to reflection, which affects the moisture-content measurement 
error, it is necessary to match the wave impedance of the media. The matching is done by 
means of a dielectric of X/4 thickness closely adjoining a sample. The permittivity e of 
such a layer should be equal to the geometric-mean permittivities of cotton e c and air e a. 
However, since E c varies broadly from 2.6 to 23 in the 5-40% moisture-content range, then 
all measures taken to match the wave impedances of the media will be ineffective. Thus, hav- 
ing taken the attenuation A as the main index of moisture content W, it is useful to addi- 
tionally measure the reflection coefficient R so that it can serve as a correction for A. 

The following relation exists between the attenuation A and the moisture content of raw 

c o t t o n  W [2]: 

I17 : 6.53. I0-' ,A 3 - -  3.74. !0--'A: -]- 1.06A + 3.67. 

TABLE I. Comparison of Experimental Results and Standard 

Mean value of the moisture content W Random component of the measurement 
of the material determined en'0r o w 

in the Uz-7-m on the exptl, with allowance without allowance 
dryer 

7;I 
9,2 

10,1 
10 6 
15,5 
21,2 
22,8 
32,0 
41,I 

shf unit 

7,5 
8,8 
9,7 

10,8 
J5,8 
21,3 
23,6 
31,3 
39,3 

for R 

2,2 
2,0 
1,6 
1,6 
1,2 
2,7 
2,1 
I,I 
2,3 

for R 

2,2 
1,9 
1,4 
1,7 
1,3 
3,3 
2,3 
1,3 
2,8 
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Fig. i. Experimental dependence of the reflection coeffi- 
cient on the mass ratio of the moisture content of raw cot- 
ton with different values of the volume density of the sam- 
ple: I) p = 87 kg/mS; 2) 116; 3) 145. 

Thus, when we refine A by additionally measuring R, we increase in the accuracy of the deter- 
mination of W. The value of the attenuation Ao of an electromagnetic wave reflected from a 
media boundary is expressed by the formula [3] 

- -  101g IUP[~--IU~ ---- 1 - - IRI  2. (2) 

fuel ~ 

The attenuation A n of an electromagnetic wave which has passed through the test mate- 
rial is expressed by the formula [3] 

:0 lg 1u~ (3) 

J . _  

lepl ~ 

Then the total attenuation A m of the electromagnetic wave will be 

A -- 10 Ig IUp]~ (4) 

In shf moisture meters, the values of 0 i, 0 o, and Up are measured at the output of the 
detector. Under the condition that the characteristic of this detector is close to quaa 
dratic, the attenuation A introduced by the material can, with allowance for R, be deter- 
mined from the formula 

Up(1 U~ 
ULL (5) 

Am = 10 lg- Ui 

E q u a t i o n  (5)  d o e s  n o t  c o n s i d e r  t h e  e f f e c t  o f  t h e  r e f l e c t e d  wave  f r o m  t h e  r e a r  b o u n d a r y  b e -  
t w e e n  t h e  m e d i a  on t h e  v a l u e  o f  Am. T h u s ,  t h e  e q u a t i o n  i s  v a l i d  i n  t h e  c a s e  when t h e  d e p t h  
of penetration of the electromagnetic wave A is less than the doubled thickness d of the 
test sample: 

1 
A = < 2d.  

/ 

V # + re6 
2 

Figure i shows the dependence of the reflection coefficient R on the moisture content W 
of the material obtained experimentally for three values of volume density 0 = (145, 116, 87) 
kg/m 3 . 

The graph confirms the complex functional relationship between theparameter R and the 
moisture content of the material W. 

841 



Beginning with 22% and more, the reflection coefficient becomes insensitive to the mois- 
ture content of the material. This can be explained by a change in the elastic properties 
of the cotton. Under the influence of moisture it loses its elastic properties and takes 
the form of small lumps. As a result, with the volume and mass of the sample remaining con- 
stant inside the measurement chamber, cavities commensurate with the wavelength are formed 
and cause wave interference. The interference pattern remains the same on the average with 
a further increase in moisture content (to more than 22%), and the path of the curve in the 
figure is shallow in character. 

Table i presents results of calculation of the moisture content measurement error. It 
can be seen that the random component c w of the error obtained with allowance for the param- 
eter R is tenths of a percent lower than without allowance for it, and the effect of the re- 
flected wave on the error increases with an i~crease in moisture content. 

For a specific material (raw cotton), the error of the method used in a serially pro- 
duced moisture meter in a single measurement of an object is 10% (rel.) [4], and the use of 
additional information on reflection has a positive effect only when the methodological er- 
ror is no more than i-5% (rel.) over the entire measurement range. Thus, it is best to use 
the additional information on reflection in the repeated measurement of an object, when the 
measurement error Ow can be reduced to the required level and the speed of the moisture me- 
ter will not be the dominant factor. 

In the present case, this was achieved by folding the sample ten times. The measure- 
ment time here was i0 min. However, there is a method of evaluating moisture content which 
makes it possible to perform up to I00 measurements a second [5]. 

Rotating the specimen in an electromagnetic field after it has been compacted to 300- 
400 kg/m 3 produces the same effect as multiple folding, but the analysis is much quicker in 
this instance. 

NOTATION 

c, permittivity of the medium; ~, permeability of the medium; Up, normalized amplitude 
of the wave incident on the sample, equal to ]UpI2/2; Uo, normalized amplitude of the wave re- 
flected from the forward boundary of the media, equal to IUo12/2; Ui, normalized amplitude 
of a wave passed through the material, equal to I0i12/2; Ao, attentnation of shf energy due 
to reflection; An, attenuation of shf energy absorbed in the load; Am, attenuation of shf en- 
ergy absorbed by the material; aw, measurement error; t, Student's coefficient; n, number of 
measurements; R, modulus of reflection coefficient. 
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