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ON DETERMINING THE MELTED WATER CONTENT OF SNOW BY
DIELECTRIC MEASUREMENTS

Zeitschrift fffr Gletscherkunde und W. Ambach
Glazialgeologie (Journal of Glaciology
and Glacial Geology), Vol. 4, No. 1-2,
1958, pp 1-8

(Current Report from Physical Institute at University of Innsbruck]

[With I Illustrations]

As is known, the dielectric constant (DC) of a snow-water mixture de-
pends on the mixture ratio. Accordingly, through a determination of the DC,
in principle it must be possible to make a statement concerning the melt wa-
ter content ([Note]: I am grateful to a friendly suggestion from H. Moeke17
as an inspiration to prepare this report). For a more precise investigation
of the relationship, we introduced between the plates of a specially designed
plate capacitor snow-water mixtures of varying composition, and the related
capacitance values were measured. For a precise capacitance measurement, a
bridge substitution technique was utilized. The concept of determining the
water content in the manner described has a certain resemblance to identify-
ing the moisture content of soil from dielectric measurements [1, 7].

Preliminary Tests

For attaining optimal measurement conditions, the following testing
technique problems had to be studied more closely:

1. The method of capacitance determination and type of capacitor.

2. Effect of electrolytic direct-current resistance of the snow-water
mixture on measurement accuracy.

I. Effect of alternating-current loss (effective resistance) as a re-
sult of ionic mobility and dielectric polarization [2, 4],

4. The frequency most favorable for the exact bridge synchronizing.



Figure 1 shows the bridg3 subttitution connection which proved quite
useful both through its precision .- ,d also its convenient application in
field operations. The bridge's t tiag was done through both potentiometers,
whereby in the bridge branch, uw, c:t. place as desired a comparison capacitor
of 500 picofarads or 80 picofarcd, The bridge voltage is taken from a spark
coil fed by two in-parallel connz.ed flashlight batteries. As a balanced

5 KII/ I 1KJ

SRO PF

500pF

Fig. 1. Circribry of Bridge Substitution Method Utilized.

bridge zero-setting instrument, use was made of a pointer-type microameter
with lined-up germanium diode to rectify the bridge alternating-curre.' vol-
tage. To determine the capacity C of the plate capacitor filled with the
snow-water mixture, this capacitor was connected to the bridge branch Lid the
bridge was synchronized. After that in place of C , a variable air capacitor
was installed and this was adjusted until bridge talance had once more been
achieved. The directly readable capacitance required for this is then ident-
ical with Cx. Since the spark coil provides no sinusoidal alternating voltage,
the methods in which a calculation of the capacitive reactance is necessary
are eliminated.

As a measuring capacitor, a plate capacitor was made of four copper
sheets (10 X 10 cm and I cai plate spacing); this was pushed as a unit into
the snow.

Direct-current resistance of a snow-water mixture is very dependent
on the mixture's composition; for the measurements mentioned, there thus re-
sulted values ranging from several tens of kilohms to several megohms. As a
result of the slight capacitance of the measuring capacitor from about 100
to 100 Picofarads, in the audiofrequency range its capacitive reactance re-
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anai.ns very high so that the cited direct-current resistance (especially at
the low values) in effect causes a short-circuiting of the capacitor. However,
this would make a capacitance measurement impossible. To eliminate this dir-
ect-cuarent short-circuit, the copper foils of the measuring capacitor were
cmented between two plexiglas plates. In order to impart greater stability
to the plates, they were supported by two plexiglas strips. In air, the cap-
acitor has a capacitance of 20 picofarads. Since capacity changes occur only
in the measuring capacitor, the connecting cable had to be made as low in
capacity as possible with about 2 meters length in order to attain the high-
est possibi, sensitivity. Through the addition of a coaxial cable with inser-
ted copper wire (0.1 mm diameter), a cable capacity of 40 picofarads was at-
tained. It is certainly possible to further reduce this value in half by the
use of commercial low-capacity cable.

However, with the direct-current type of insulation, one still fails to
attain an ideal phase angle of the snow capacitor. Through the alternating
voltage there specifically occur additional losses in each dielectric, which
(losses5 reduce the accuracy of the capacity measurement. Through phase com-
pensation by means of a resistor connected in-parallel to the comparison cap-
acitor, thiL effect can be eliminated only if the dissipative (loss) resis-
tance remains very high as compared with capacitive reactance. Accordingly
it was necessary to study more closely the values which are able to affect
the phase angle of the snow capacitor.

Studies of Frequency Response of Capacity and Phase (Loss) Angle

J. Oranier [;] using pure ice which had been frozen from twice-distil-
led water has already measured a strong frequency response of the dielectric
constant and of phase angle between 6, 7.106 and 4, 1 Hz. J. Errora (5] has
also found a pronounced frequency response of ice's dielectric constant in
the range from 103 to 104 Hz. From theoretical considerations [2], it follows
that a frequency response of phase angle is simultaneously linked with a fre-
quency dependent dielectric constant. This frequency curve (response) is also
demonstrated clearly by actual measurements of snow-water mixtures and at the
same time thereby confirm the measured frequency dependence of the DC. In Fig.
2b, the loss resistance and in Fig. 2c, R W C, the cctangent of phase angle,
has been plotted vs. logarithm of frequency. Between 104 and 105 Hz, both val-
ues have a minimum. Hence the tuning accuracy is the least in this frequency
range.

The increase in capacitance at audiofrequencies (Fig. 2a) favors the
measurements in the lower frequency range because the lesser contribution of
frequency is partly compensated by an augmented total of capacitance. To be
sure, capacitance increases only by a factor of 2 to I if frequency drops
from 105 to 103 Hz, hence by 2 powers of 10. The question as to whether water
content had be determined more precisely at low or high frequencies does re-
main of decisive importance. In this connection, investigations indicate that
the difference in the capacitance value evoked by a certain change in the mix-
ture ratio is greater at low frequencies (l03 Hz) than at high frequencies (10S
Hz); however, in the frequency range studied, the percentual capacitance var-
iation remains about the same.
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In this context, Table 1 provides an overall idea of the comparative
measurements. These measurements and the frequenci curves shown in Fig. 2a,
2b and 2c were not conducted with the plexiglas capacitor but with a steel
plate capacitor, the plates of which had been covered experimentally with a
nylon skin for direct-current insulation. The utilization of a capacitor with-
out nylon skin naturally enlarges the phase angle; in spite of this, capaci-
tance measurements could still be performed in the laboratory with adequate
accuracy at trequencies which are not too low. The fact that without a nylon
covering, other capacitances occur is insignificant because it is merely a
question of relative capacitance variations.

Table I

Several Comparative Mtaaurements of Capacitance Variation of a
Snow.-Packed Capacitor

Capacitance Capacitance
PregKuency C prior to C after va-

w aer ddi- ter addi-
on t"onC '-C C' Remarks

Sample 1 103 Hz 115 pf 500 pf 165 pf 1.5 With nylon
skin

104 Hz 170 pf %90 pf 220 pf 2.1
105 Hz 84 pf 175 pf 91 pf 2.1

Sample 2 10 11z 410 pf 690 pf 280 pf 1.7 With nylon

105 11z 150 pf 280 pf I0 pf 1.9 skin

Sample ' 10' Hz 470 pf 1'00 pf 810 pf 2.8 Without ny-
105 Hz 150 pf 470 pf 120 pf 1.l Ion skin

Calibration of the MeasuinCacitor

It is probably inadmissible to calibrate the described measuring device
empirically because the relationship between type of snow and water content is
of too complex a nature to permit us to develop a matl natical relationship
betweon these values Several calibration results which have been obtained
with the plexiglas (ipacltor are already available. For this purpose, snow-
water mixtures of a known composition were prepared, Figure I reflects a cal-
ibration curve derived in such a way. It can be observed that capacitance in-
creases linearly with melt water content. As the average from several cali-
brations, for an increase in melt water of 1% by volume, there results a cap-
acitance rise of 88 pf. We have yet to investigate whether it is preferable
to determine the water content of the given sample by a calorimetric method.
"Worthy of mentioning are the observations made by Person [7] to the effect
that in moist sand samples, a linear relationship occurs between the varia-
tion in the DC and -.'.at of the water content, and -.. , the calibration curve
depends on the grain size of thiw matcroal applied. A similar dependence of
the calibration curve on type of snow (grain size) will probably also occur
in the snow studiis. Extensive additional field projects mat be undertaken
to clarify these felationships.
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Fig. i. Capacitance Change of a Plate Capacitor Caused by Melt
Water Content of the Snowt Sample.

Key: a. percent by volume; b. capacitance in pf; and c. calibra-
tion curve.

Discussion of the Experiences Gained

We should first of all discuss which frequency range is best suited

for the measurements of the melt water content.

The audiofrequencies have the advantage that the difference between

capacitance with dry snow and with wet snow is greater; moreover, the capaci-

tances' absolute values are higher. However, in the application of low fre-

quencies, it has to be taken into account that capacitance is dependent not

only on water content but also on density of packing (graii. size) of dry snow,
as can be inferred from the measurements made by J. GrAnier [1] and J. Errera

[5]. The cited authors show that in the range of low frequencies (below 5
KGz), ice's dielectric constant increases sharply. Thereby, density would ap-

pear in the calibration curve as a parameter. Moreover, in this 1requency
range a temperature dependence of the DC might also be anticipated.
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The measurements indicated permit us to conclude that at high- fre-

quencies (105 to 106 Hz), the capacitance's dependence on dry snow's density
remains very slight and that no temperature dependence of DC occure with dry
material. The disadvantage of these frequencies lies in the slight capacitance
change at varying water content as contrasted with the values in the audijfre-
quency range. I

The final results on the usefulness o± the mehod described and its
limitations can not be announced until after the completion of the field
operations at Hintereisferner (Otztaler Alps).

For the support of these studies, I thank Prof. Dr. R. Steinmaurer, the
Board of Directors at the Physical Institute at the University of Innsbruck,
and Lecturer Dr. J. Kolb.

Summary

By measuring the capacity of a plate condenser filled with a mixture
of snow and water, one is able to determine the water content of this mixture.
Capacity is measured with a bridge in which the condenser to be measured is
substituted. The condenser's plates are sealed in plexiglas so as io insulate
them for direct current. The experiments showed the capacity and the loss
(phase) angle to be a function of frequency in the range of 103 to l05 Hz.
To date, measurements indicate a linear increase in capacity by approximately
10 pf for a 1% by volume increase in water content. Original capacity of dry
snow was 50 pf.
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