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Abstract

Article presents a new version of the hydrostatic method for determining bulk density. A spring balance was
designed and constructed for measuring the bulk density of porous samples using the liquid displacement method
(Archimedes’ principle). In the innovative spring balance, a weight-to-frequency converter based on LC oscillator
was used, in which the sensor consists of springs that simultaneously serve as the inductance of the oscillator’s
resonant circuit. Changes in inductance caused by the variation in the spring length under the load of the weighed
object result in a change in oscillation frequency. The spring balance design is characterized by great simplicity
and the converter has a high sensitivity at the level of 107. In this work, the bulk density of reference samples,
both porous and non-porous, was investigated. The results of bulk density measurements for aluminum block and
porous sandstone were compared with values obtained from professional pycnometers, namely the helium
AccuPyc 1340 and the quasi-liquid (powder) GeoPyc 1360 (Micromeritics Instrument Corporation, United States).
The results confirm the full suitability of the spring balance for the intended purpose.
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1. Introduction

A reliable density measurement is essential in laboratory research and serves as a starting
point for analysing processes occurring in porous materials [1]. Depending on the cohesiveness
of the sample, density measurement can be performed in various ways [2]. Inductive sensors
are successfully used in our laboratory to measure the mechanical properties of rock samples
(such as Poisson's ratio and Young's modulus) in a high-pressure chamber (up to 400 MPa),
where they act as deformation sensors. It was decided to apply the advantages of inductive
sensor for density measurement as well [3]. The mathematical foundations of the resonance
circuit operation in the Colpitts oscillator were formulated by [4]. The characteristics of the
sensor, particularly its high sensitivity, prompted the development of a spring balance dedicated
to accurate volume measurements of porous samples and determination of their bulk density.

Bulk density, also referred to as envelope or geometric density, is one of the fundamental
parameters used to describe the properties of porous materials. Rocks that are not continuous
materials and, in addition to the solid phase, also contain voids of various shapes and sizes that
make up their pore space. [5]. The bulk density of a sample (most commonly denoted by p) is
expressed as the ratio of the mass to the total volume of the dried sample, including the pores
contained within the sample. Knowledge of the bulk density is essential for determining the
void space in materials (open porosity). Bulk density and open porosity are crucial for assessing
the durability of materials and, in studies of natural stone for construction purposes, they are
determined as mandatory parameters [6].

In the case of regular-shaped samples, bulk density can be easily determined directly by
dividing the sample’s mass by the volume calculated from its dimensions. For irregular
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samples, determining bulk density requires an accurate measurement of the sample’s volume,
which must account for all internal voids. Obtaining a precise value of the bulk volume of
irregular and porous materials is not a simple task. It requires the use of methods such as
mercury porosimetry, quasi-liquid (powder) pycnometry, or hydrostatic displacement [2, 7, 8].
Each of these methods has its advantages but also certain limitations. Measurements of bulk
density performed using mercury porosimetry or quasi-liquid pycnometry require expensive
equipment. Additionally, porosimetry necessitates placing the tested sample in mercury, which
is toxic and environmentally harmful [9]. In the quasi-liquid pycnometric method, strict control
of measurement conditions is essential to obtain reliable results. The bed formed by the sample
and powder must fill the measurement cell in appropriate proportions [2, 10]. The hydrostatic
method, based on Archimedes’ principle, offers a low-cost alternative for measuring the bulk
density of both regular and irregular samples [8, 11, 12]. Various structural designs of balances
used in the Archimedes method, as well as different approaches to implementing the
displacement method, are known [1, 13, 14]. This also applies to the sensors used for liquid
level measurement, where among electrical, optical, and mechanical sensors, those based on
optical technologies have been considered optimal [15].

This study presents a new version of the hydrostatic method for determining bulk density.
The core of this method is the measurement of the volume of the tested sample using a custom-
designed and built inductive spring balance. The novelty is that the springs are simultaneously
the inductance of the LC oscillator resonance circuit. Changes in inductance caused by the
change in the length of the spring under load cause a change in the vibration frequency. The
design of the spring balance is characterized by great simplicity, and the transducer has a high
sensitivity of 10-°. The paper also presents the results of bulk density measurements of an
aluminum block and porous sandstone using the spring balance, which are compared with the
results obtained using pycnometric methods.

2. Description of the spring balance

In bulk density measurements conducted using the innovative spring balance, an inductive
weight-to-frequency transducer was used. In this transducer, the sensor consists of a pair of
springs, which simultaneously serve as the inductance element of the LC oscillator’s resonant
circuit. Changes in the inductance, caused by the elongation of the springs under the load of the
weighed object, lead to a changes in oscillation frequency. Therefore, the measurement of
weight essentially reduces to measuring the elongation of the springs. The schematic diagram
of the spring balance, its general view and example sample prepared for suspension are shown
in Fig. 1. The characteristics of the weight-to-frequency converter are shown in Fig. 2.

The construction of the spring balance with a weight-to-frequency transducer is quite simple.
The only mechanically sensitive components of the balance are the sensors/springs, which are
inexpensive and easy to obtain or manufacture independently. At this point, it is important to
clarify the issue related to the use of the terms mass and weight. Balances measure weight,
which is a force expressed in newtons (N). However, the vast majority of balances are calibrated
in mass units, such as grams (g). As a result, there may be inconsistencies in terminology within
the text, leading to phrases like “a weight of 5 g”, which is technically incorrect.
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Fig. 1. Spring balance; a) schematic diagram, b) general view, ¢) sample prepared for suspension on a thin wire
passing through an opening in the base of the balance.
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Fig. 2. Spring balance; comparison of relative frequency changes Jf with the actual characteristic obtained
through calibration.

The springs forming the sensor are connected electrically in series and mechanically in
parallel. This design ensures that the electrical leads from the sensor to the oscillator are located
on its fixed side. A thin wire is attached to the lower end of the sensor, passing outside the
balance through an opening in the lower base of the housing. The weighed object is suspended
from this rod (see Fig. 1c). The oscillator is best implemented using a Colpitts circuit [16, 17].
The short-term stability (minutes) of LC oscillators is approximately 10, meaning that under
ideal conditions (no mechanical vibrations or air movement), the presented balance can achieve
a resolution of 10°. For example, a 10 g (full measurement range) can be measured with a
resolution about 3.0-10” g. The accuracy of the measurement depends on both the calibration
precision of the balance and the medium-term (hours) and long-term (days) stability of the
oscillator. The main destabilizing factors include temperature fluctuations around the oscillator
and sensors and rheological phenomena in the springs over prolonged measurements (creep or
relaxation effects). The oscillation frequency f of the resonant circuit is given by the formula:
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where L, L, are inductances of the sensor itself and parasitic inductance (i.e., connections to
the oscillator), respectively, C is the total capacitance of the resonant circuit, /s is length of the
sensor (in this case, the total length of the coils), 4 z, S are magnetic permeability, number of
turns of the coil/sensor, and cross-sectional area of the coil/sensor, respectively (for an air-core
coil, the permeability of vacuum can be assumed as 1 = 1).

The connection between the sensor and the oscillator is very short (1 to 2 cm), so the value
of parasitic inductances can be considered negligible. The elongation A/ of the loaded spring
depends on its geometric dimensions and the material from which it is made, according to the
following relationship:

for L, = 0, (1)

Alg = ——2 =kF, ()

where F is the force acting on the spring (i.e., the measured weight), G; is shear modulus
(Kirchhoff’s modulus) of the material from which the springs are made and D, d are diameter
of the spring and diameter of the wire from which it is made, respectively. Then, the elongation

of a single turn of the spring Al* is given by the formula:
* F D3
Al =4-— 3)
and the relative sensitivity of the spring s;", defined as the ratio of the relative elongation of
a single turn Al;" to the incremental force AF causing it, will be given by:

e _ap
SUSF T Gar (4)

Equation (4) shows that, to achieve high sensitivity of the spring as a weight sensor, the
D/d ratio should be as large as possible.

The analysis of (1) and (4) shows that doubling the coil diameter D results in a fourfold
increase in the coil’s cross-sectional area S, and consequently, a fourfold increase in the sensor’s
inductance Ls. At the same time, this is accompanied by a twofold increase in the sensor’s length
l;, which also doubles its resistance R. As a result, the relative sensitivity of the sensor can
increase up to eight times, which is highly beneficial. However, excessively increasing the coil
diameter D while keeping the wire thickness constant leads to unstable coil positioning
(variable distance and angle of inclination of the coils relative to each other), with a tendency
for the coils to touch each other, causing short circuits and friction. In commercially
manufactured springs, for wire diameters below 1 mm, the D/d ratio is typically limited to
10+15 to ensure sufficient spring reaction force to stretching. In the case of a spring balance,
the appropriate reaction force is achieved by selecting the wire diameter. However, it is
desirable to aim for a higher D/d ratio, ideally in the range of 17 to 20, which will result in high
inductance and good electrical quality of the spring as a coil, sufficiently stable coil positioning,
most importantly, high sensitivity of the springs (sensors).

Increasing the spring length by increasing the number of coils, for example, fourfold, will
also result in a fourfold increase in its inductance (see (1)). However, it will also lead to
a fourfold increase in its resistance. As a result, the quality factor of the coil will decrease
twofold. This is undesirable because in order for the quality factor of the resonant circuit to
remain unchanged, it is necessary to reduce its capacitance by a factor of four. This, in turn,
may cause the unstable parasitic capacitances to have a destabilizing effect on oscillations. In
practice, the length of the unloaded spring is a few centimeters.

Considering (1) and (2), the weight-to-frequency transducer has a nonlinear characteristic,
as the frequency change depends on the square root of the force:
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where /, is the length of the unloaded (unstretched) spring. Fig. 2 shows the frequency-load
dependence graph as a result of simulation using (5) and the actual curve obtained through
calibration. The differences between the two curves result from imprecise estimation of the
capacitance and inductance values of the parasitic connections between the sensor and the
oscillator, as well as the value of the elasticity coefficient.

The sensitivity of the weight-to-frequency transducer sy can be obtained by differentiating

(5) with respect to the F force applied to the balance. This gives:
2
sp=L~—=2—forL, =0. (6)

4zFD3
Ga*VC [lo+— 3

A better parameter for characterizing the sensor than absolute sensitivity is the relative
sensitivity, defined as the ratio of the sensitivity from (6) to the oscillation frequency from (1),
assuming negligible parasitic inductance (Lp=0). This parameter describes the relative
frequency change under the influence of the applied force:

Sf 2
=Sf X o (7)
—+4F
The above relationships are approximate, as in typical oscillators, the goal is to achieve the
highest possible coil quality factor O; by minimizing the distance between the turns, which is
essential for ensuring maximum oscillation stability.

X, _2nfL 1 |L

s (8)
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where X; and R, are the reactance and resistance of the coil, respectively.

Estimating the value of this parasitic inductance is difficult. Therefore, the transducer
characteristic should be determined by calibration. To obtain high accuracy in converting
frequency changes to weight, the transducer characteristic should be approximated by
a polynomial of at least the fourth degree.

Achieving a high quality factor of a coil used as a balance spring is difficult for two reasons:
the coil is single-layered and lacks a magnetic core, and it has high resistance because the spring
steel used to make the spring has high resistivity. Consequently, to achieve the required quality
factor of the circuit, it is necessary to significantly reduce the capacitance of the resonant circuit
(see (8)).

It should be emphasized that the resonant circuit parameters represent a compromise due to
factors such as parasitic inductances and capacitances of the connections, capacitances of
electronic components, spring sensitivity, and the quality factor of the resonant circuit. For
example, in a prototype spring balance with a measurement range of up to 10 g, the sensor was
made from spring steel wire with a resistance of R = 30 Q, and the resonant circuit capacitance
was C = 1.3 nF. The initial inductance of the 20 mm - long spring (with coil spacing equal to
the wire diameter) was L = 12 pH, and the oscillation frequency was f'= 1.3 MHz, resulting in
a resonant circuit quality factor of approximately 3.3. For the fully extended spring, the values
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were: L =6 uH, f=1.75 MHz, O = 2.2. Despite such a low quality factor, the oscillations have
a sufficiently high amplitude (0.3 Vpp) and stability, with fluctuations of only a few hertz.

3. Effect of temperature on measurement

Variations in the readings of the inductive spring balance due to temperature changes are the
result of three factors: changes in resistance, and in the elasticity and thermal expansion
coefficients of the spring material. First, an increase in temperature causes a decrease in the
modulus of elasticity, so the spring will elongate with rising temperature under a constant load.
This will lead to a decrease in its inductance, and consequently an increase in oscillation
frequency and an apparent increase in the measured weight. The modulus of elasticity decreases
by approximately 10/°C [18, 19], and the balance readings will increase by roughly this value.
Second, a temperature rise increases the length of the spring wire (thermal expansion), resulting
in a slight increase in the number of turns, and consequently an increase in inductance, which
leads to a decrease in the oscillation frequency of the resonant circuit and an apparent decrease
in the measured weight. Third, an increase in temperature causes an increase in resistance,
leading to a drop in the oscillator’s supply voltage, which also affects the oscillation frequency.

The impact of temperature on the measurement can be reduced either through software - by
applying mathematical corrections to the balance readings based on its thermal characteristics
- or through hardware, by utilizing the temperature dependence of coil resistance in a low-Q
resonant circuit. In the presented balance, thermal compensation was achieved by exploiting
the relationship between the oscillator’s supply voltage and oscillation frequency, incorporating
a thermistor into the voltage stabilizer circuit. Fig. 3 shows the values of the thermal coefficient
of relative changes in balance readings, om, depending on the applied load. The oscillator
parameters were selected so that the balance would be thermally compensated within 80% of
its maximum measuring range, as this is the range in which the balance is expected to be most
frequently used.
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Fig. 3. Thermal coefficient of relative changes in balance readings vs. its load.

Figure 4 shows the relative measurement error of weight due to changes in ambient
temperature over a period of 5 days. The value of this thermal coefficient is approximately 10"
4/°C. Since the temperature influence is regular, this allows for further reduction of its impact.
The presented graph also indicates that the short-term stability of the balance readings,



Metrol. Meas. Syst., Vol. 32 (2025), No. 4
DOI: 10.24425/mms.2025.155808

excluding the effect of temperature, is at the level of 10~. Minor disturbances appeared only
between the 20th and 30th hour of recording.
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Fig. 4. Relative balance error (a) vs. ambient temperature (b).
4. Indication tests
4.1. Weight measurement

The spring balance was tested using standard weights of 10 g and 5 g +2 mg. A series of
16 weight measurements was performed. Table 1 presents the average measurement results
(from 16 trials) along with the relative measurement error. The deviation between the correct
and actual value simulates errors in the procedure of measuring the weight of a soaked and
taken from a liquid (in air) and the sample weighed in liquid, during density determination. The
frequency changes were converted into weight values using polynomial approximations of the
characteristic curve (see Fig. 2) with polynomials of 2nd, 4th, and 6th degree.

Table 1. Test of the measurement of 10 g and 5 g calibration weights.

Polynomial degree 2nd 4th 6th Standard deviation deviation
Am (10g-5g), mean 5.04495 ¢ 5.00312 g 5.00179 g
om (10g-5g)/5g, mean 9.0-10* 2.6:107 0.36:10° 0.15-10°
5g, mean 493749 ¢ 494723 g 494742 ¢
om (5g), mean -12:1073 -11-10° -10-10°3 0.0021-10°3
10g, mean 9.98244 ¢ 9.95035 g 9.94920 g
om (10g), mean -1.7-107 -5.0-107 -5.1-10° 0.10-10°

Analysing the values recorded in table 1, it can be concluded that the measured weight for
both 5 g and 10 g was lower than the actual values, likely due to inaccurate determination of
the spring balance characteristic curve. Despite this, the calculated weight difference between
these weights was small, with a relative error of 5m((10g-5g)/5g) = 0.36-107, for the 6th-degree
polynomial approximation. The 2nd-degree polynomial approximation is not recommended
(relative error of om = 9-10). The 5 g weight calibration measurement was performed with



J. Nurkowski, M. Tram, B. Dutka: MEASUREMENT OF BULK DENSITY USING THE ARCHIMEDES METHOD ...

a very small standard deviation of 0.0021-1073, due to effective suppression of mechanical
oscillations in the springs. For the 10 g measurement, mechanical oscillations were more
pronounced, leading to greater measurement spread.

4.2. Density Measurement

The procedure for determining the bulk density of rocks using the hydrostatic displacement
method is recommended both by the standards currently in force in the European Union [20,
21] and by the International Society for Rock Mechanics [22]. It is also a standard testing
method in the case of highly porous light materials [23]. In the case of a rock that absorbs the
displacement liquid, the sample should first be weighed in a dry state, and then saturated with
the liquid. After saturation, the sample should be weighed in air and in the liquid. In this case,
the bulk density p is given by the formula:

mq

)

where ms, and mgn are the masses of the saturated sample measured in air and in the liquid,
respectively. For samples that do not absorb the liquid, ms, = ma.

Test density measurements were conducted on objects with regular geometry to allow
calculation of their density by determining the sample’s volume through dimensional
measurements using a micrometer screw and weighing them with a laboratory balance. This
method of calculating volume using a micrometer is referred to as the geometric method.
The sample volume was also measured using professional pycnometers: the helium method for
accurately determining skeletal density (py), and the quasi-liquid method for measuring bulk
density p, using the AccuPyc 1340 and GeoPyc 1360 (Micromeritics Instrument Corporation,
Norcross, GA, United States), respectively. In the displacement method, a water density of
0.998 g/cm* was taken. The samples tested included a ground aluminum cuboid with
dimensions of 17.5 mm % 18.0 mm x 10.0 mm and a mass of 8 g, as well as porous “Tumlin”
sandstone (Fig. 5).

P = Prn

9
Mgq—Msh

Fig. 5. Samples for density measurements using the spring balance: sandstone cylinder on the left and aluminum
cuboid on the right.

4.2.1. Volume and density measurement of the aluminum block

In the case of aluminum, which is a non-porous material, its bulk density is equal to its true
(skeletal) density (p = py), and the bulk volume and bulk density of the aluminum sample could
be measured using all four methods. Table 2 presents the results of these measurements, with
several repetitions performed for each method.
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Table 2. Testing density and volume with different measurement methods: aluminum.

Aluminium Viem® | p, glem?® Mlj;slllllll“)ee;l:its Dsetfi::ii?):ldc op: x/He
Helium Pycnometry 3.1460 2.798 16 0.27-10° 0
Spring Balance Method 3.128 2.801 16 0.19-10° 1.1-1073
Powder Pycnometry 3.1473 2.964 10 4.2-103 59-103
Micrometer screw 3.1627 2.783 10 7.3:103 -5.3:1073

The measurement results presented in Table 2 allow for the following conclusions:

a. The measurement variability - expressed as the standard deviation (fifth column) - is the
smallest for measurements performed using the spring balance.

b. The spring balance method shows the lowest value of the difference dp compared to the
helium method, which is considered the most accurate.

c. The highest dp value - almost 6% - was observed in the powder method.

d. The greatest variability in measurement results occurred when the volume was
determined using a micrometer screw, which is a consequence of inaccuracies in grinding
the aluminum cuboid.

4.2.2. Volume and density measurement of sandstone

“Tumlin” sandstone, with a porosity of approximately 7.5%, was selected for the study as a
representative porous material that absorbs water. It was characterized by a high structural
uniformity, which is essential for measurements of samples with different dimensions. For such
a material, p # ps, and the helium method cannot be used to determine its bulk volume.
Therefore, the results of bulk density determination using the spring balance were compared
only with those obtained using the powder method and the geometric method, where volume
was determined using a micrometer screw. Three cylindrical samples of different sizes were
prepared to estimate the influence of sample size on measurement results. Table 3 presents the
averaged results from 16 measurements. The first column provides the sample diameter d and
height 4, the second shows the weight measurement results obtained using the laboratory or
spring balance. The third column contains the calculated density of the samples based on
volume measured with a caliper or the powder method, and the weight measured with either
the laboratory or spring balance. The last column presents the standard deviation value of the
density calculation across the 16 measurements.

The largest sample (d = 32, 1 = 80) was too heavy for density measurement using the spring
balance and too large for the powder method. It was assumed that the weight measurement
using a laboratory balance is sufficiently accurate, so any errors in the calculated density are
solely attributed to volume measurement errors - whether using the geometric or powder
method.

Table 3. Testing density with different measurement methods: “Tumlin” sandstone.

Sample, mm Dry Mass, g p, glem? o p, per mille
d=32,h=280 Laboratory Balance: 119.42 Caliper: 2.422 0.71

_ _ ) Caliper: 2.389, 1.8
d=22,h=45 Laboratory Balance: 43.885 Powder: 2.4501 29

_ _ ) Caliper: 2.390 3.1
d=22,h=9 Laboratory Balance: 9.037 Powder: 23932 13
d=22,h=9 Spring Balance: 9.045 Spring Balance: 2.432 1.5
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The apparent density values summarized in Table 3 are presented graphically in Fig. 6.
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Fig. 6. Measurement of “Tumlin” sandstone density for samples of different sizes (a) using various methods,
along with the deviation of measurements relative to the density measured with a spring balance (b).

The most reliable density measurement likely pertains to the largest sandstone sample, as in
this case the relative error from surface grinding and dimensional measurements is the smallest.
This assumption is supported by the lowest measurement variability in this case (o= 0.071%).
If this assumption is considered justified and this density is taken as the reference value, then
the results presented in Table 3 allow for the formulation of the following conclusions:

1. The most accurate density measurement was obtained using the spring balance, which was
used to measure both the weight and the volume of the sandstone. The calculated density was
only 0.4% higher compared to the reference value.

2. The density measured using both the powder and geometric methods for the small and
medium samples was approximately 1.7% lower compared to the reference value. This is most
likely caused by the granular structure of the sandstone. In such cases, the sample’s bases and
lateral surface cannot be perfectly flat, and the caliper measures "over the peaks of
irregularities," resulting in overestimated volume measurements. This also applies to the
powder method, due to the incomplete surrounding of the sample by the powder in the
instrument's container, which leads to an overestimated measured volume.

3. An exception is the density measurement using the powder method for the medium sample
(h =45mm, d =25mm), which yielded a value 1.1% higher than the reference sample. The
cause of this deviation from the other measurements may be the use of a different, larger powder
container.

4. The measurement variability for the small sample using the powder method is ¢ = 1.3%,
which corresponds to the repeatability declared by the manufacturer in the GeoPyc 1365 device
manual V3.01/2001, stated as +/-1%. The measurement variability using the spring balance is
o = 0,15%, which must be considered a significantly better result. It should be emphasized that
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the specifications provided by the manufacturer of the GeoPyc 1365 device do not include
information on the accuracy of the performed measurements (see GeoPyc 1365 Envelope
Density Analyzer, n.d.).

5. Uncertainty of bulk density measurement using the spring balance

The uncertainty of bulk density measurement involves determining the density of the liquid
and weighing the sample: in its dry state (in air), in its saturated state (in air, for samples that
absorb the displacement liquid), and in its saturated state when submerged in the displacement
liquid.

The estimated balance of relative uncertainties is as follows:

— uncertainty of water density: uw = 0.2:1073,

— threefold uncertainty of determining the balance's characteristics (three weighings of the
sample, geometric sum): ue = 1.5-1073,

— twofold uncertainty related to mechanical vibrations of the springs during weighing of the
dry and saturated sample removed from the liquid: uq = 0.5-1073,

— uncertainty of the procedure for removing excess liquid from the sample: us = 1.0-107,

— uncertainty related to liquid evaporation: u, = 0.5-1073,

— uncertainty caused by attached air bubbles during weighing of the sample in the liquid:
up=0.5-1072.

By summing all the above uncertainty components geometrically, the final formula for the
uncertainty of bulk density measurement is obtained as follows:

u, = Juwz +3(ue)? + 2(ug)? + ug? + upy? +up? =
(10)

=1073,/0.22 +3-0.524+2-0.52 + 1+ 0.52 + 0.52 = 1.67 - 1073,

Thus, the calculated total relative uncertainty of the bulk density measurement is
up=1.67-103. Assuming an expanded uncertainty coefficient k= 1.65 for a rectangular
distribution (finite range), we obtain a final uncertainty value of u, =2.8-1073, corresponding
to a confidence interval of approximately 95 %. This value aligns well with the uncertainty
calculated from the test measurement results presented below.

6. Final Conclusions

The use of a spring balance for determining volume and bulk density via the hydrostatic
displacement method in liquid is fully justified. This applies to both absorbent and non-
absorbent materials with respect to the measuring liquid. The uncertainty of bulk density
measurement using the spring balance for non-absorbent samples can be estimated at a few per
mille. For absorbent samples, this uncertainty is higher, around 1%, due to uncertainties related
to saturation, removal of excess liquid from the sample during weighing in air, and evaporation
of the liquid during weighing.

The powder method involves several times greater uncertainty in bulk density measurement
compared to the liquid method, as demonstrated by the test results presented in this article. The
powder method is less labor-intensive, as it does not require saturation, wiping, or multiple
weighings of the sample. The “classical” method, which involves determining the sample
volume based on its geometry, is only applicable to regular-shaped samples. Achieving
sufficient geometric regularity in rock samples is difficult and, in most cases, impossible. The
design of the spring balance with a weight-to-frequency converter is inexpensive and
mechanically simple, as well as in terms of its electronic circuitry. The metrological parameters
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of the inductive spring balance presented in this article enable its use for real-time recording
and visualization of the dynamics of liquid or moisture absorption by a sample. The results of
such studies will be the subject of a subsequent publication.
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