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Purpose. The purpose of this work is to develop and experimentally validate a cursor-based method for measuring
capacitance and resistance in an RC circuit using a digital oscilloscope. The study focuses on determining circuit pa-
rameters through the time constant extracted from transient response waveforms.

Methodology. The research is based on analytical modeling of an RC circuit using step-response theory and
Heaviside unit step functions. The transient response to a rectangular input pulse is mathematically described, and the
time constant (t = RC) is determined from the characteristic waveform levels (63.2% during charging and 36.8% dur-
ing discharging). Experimental validation is carried out using a pulse generator, a digital oscilloscope, and a test RC
circuit. The cursor measurement technique is applied directly to oscilloscope waveforms to extract time-domain param-
eters without additional computational processing.

Findings. The study demonstrates that the proposed method enables the accurate determination of the circuit pa-
rameters. For the test circuit with R = 1 kQ and C = 1 uF, the measured time constant t = 1 ms coincides with the theo-
retical value. The method provides reliable results when the input pulse duration is selected appropriately (3-5 times
the rise time). Experimental waveforms show strong agreement with theoretical predictions, confirming the correctness
and stability of the approach.

Originality. The originality of the work lies in the development of a simple and practical cursor-based technique
for parameter extraction directly from oscilloscope displays without complex data processing. Unlike traditional meas-
urement methods, the proposed approach emphasizes real-time visual determination of electrical parameters using
transient response characteristics.

Practical value. The method is easy to implement using standard laboratory equipment and does not require spe-
cialized measurement instruments such as LCR meters. It is particularly useful for educational laboratories, engineer-
ing practice, and rapid diagnostics of electronic circuits, offering high accuracy due to precise time measurements of
modern oscilloscopes.

Keywords: RC circuit; time constant; capacitance measurement, resistance measurement; transient response;
digital oscilloscope; cursor method; step response; electrical measurements.

I. INTRODUTION tween current and voltage; the four-terminal (Kelvin)
method, which eliminates the influence of lead resistance;
and the voltage divider method, which determines re-
sistance based on voltage distribution [1] - [4].

The selection of a specific method for measuring ca-
pacitance or resistance depends on the required accuracy,
measurement range, and the availability of instrumenta-
tion.

Modern digital oscilloscopes provide extremely high

Methods used for measuring resistance include: the
bridge method (e.g., Wheatstone bridge), which compares
an unknown resistance with known reference values; the
direct current method, which calculates resistance using
voltage and current measurements according to Ohm’s
law; digital multimeters, which commonly include re-
sistance measurement functionality; the alternating cur-
rent method, which relies on the phase relationship be-
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accuracy in measuring time-related parameters, reaching
up to 0.0001%. This capability can be utilized to develop
a more precise approach, namely the cursor-based meth-
od for measuring capacitance and resistance.

Any electrical circuit responds to an input signal not
instantaneously but with a certain delay. This behavior is
described by the step response g(f) of the circuit. The
primary parameter of the step response is the time con-
stant 1. The time constant is defined as the time interval
from the moment a unit step input is applied to the circuit
until the output reaches a level of (1 — 1/e) -100 = 63,2%
of its steady-state value.

Unlike traditional transient-based approaches, the
proposed method emphasizes direct parameter extraction
using oscilloscope cursor positioning without additional
computational processing. The method is optimized for
practical implementation, including recommendations for
pulse duration selection and measurement conditions to
improve accuracy and repeatability.

The object of study is the transient charging and dis-
charging process of an RC circuit excited by a rectangular
pulse and recorded by a digital oscilloscope.

The subject of study is a cursor-based method for
determining the time constant of an RC circuit and indi-
rectly measuring capacitance or resistance from the tran-
sient response waveform.

The purpose of the work is to develop and experi-
mentally verify a cursor-based method for measuring ca-
pacitance and resistance in an RC circuit by determining
the time constant from the transient response displayed on
a digital oscilloscope

II.ANALYSIS OF LAST RESEARCHES

The measurement of resistance and capacitance is a
fundamental task in electrical engineering, instrumenta-
tion, and laboratory diagnostics. Conventional resistance
measurement techniques include bridge-based methods,
direct current methods based on Ohm’s law, digital mul-
timeters, four-terminal measurement techniques, and volt-
age-divider-based approaches. These methods are well
established and provide reliable results under standard
measurement conditions, especially when the un-known
resistance is measured directly using dedicated instru-
ments [1], [3], [4].

Similarly, capacitance measurement is commonly
performed using LCR meters, RC bridge methods, or in-
direct transient-based approaches. In practical educational
and laboratory environments, however, the availability of
specialized instruments may be limited. For this reason,
indirect methods based on circuit response analysis re-
main relevant, particularly when modern digital oscillo-
scopes with high temporal resolution are available [2],
[3].

The theoretical basis for transient-based measure-
ment methods is rooted in the classical analysis of linear
time-invariant circuits. The time-domain response of first-
order RC circuits to step and pulse excitations has been
extensively described in the literature. In particular, the
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capacitor voltage in a first-order RC circuit under unit-
step excitation follows an exponential law characterized
by the time constant T = RC, which determines the speed
of charging and discharging processes [3], [4]. This rela-
tion-ship makes it possible to estimate either resistance or
capacitance when one of the parameters is known and the
time constant is measured experimentally.

Mathematical representations of step and pulse sig-
nals using the Heaviside unit step function are also widely
used in electrical engineering and applied mathematics.
Such representations simplify the derivation of analytical
expressions for the input and output signals of linear cir-
cuits under piecewise-defined excitation [5]-[7]. In par-
ticular, the decomposition of a rectangular pulse into two
shifted unit-step functions of opposite polarity provides a
convenient analytical framework for modeling the transi-
ent response of RC circuits, which directly supports the
method proposed in this study [5], [6].

Previous research has also demonstrated that transi-
ent analysis can be used not only for classical parameter
estimation, but also for more advanced circuit diagnostics.
For example, probabilistic and analytical approaches to
the investigation of RC transient behavior with un-known
capacitance have been reported, confirming that the tran-
sient waveform contains sufficient information for param-
eter identification [2]. Other studies have considered the
behavior of RC circuits under more complex or disturbed
operating conditions, including stability analysis and data-
driven evaluation methods, further confirming the diag-
nostic significance of transient responses [12].

The significance of the RC time constant as a meas-
urable physical quantity has been emphasized in both
theoretical and applied studies. Oldham analyzed the
physical interpretation and practical implications of the
RC time constant in electrochemical systems, showing
that the concept of the time constant remains central
across different domains of circuit and system analysis
[10]. In addition, studies devoted to transient and steady-
state analysis of electrical circuits, including first- and
second-order systems, support the broader applicability of
time-domain parameter extraction techniques in engineer-
ing measurements [11].

A key practical consideration in transient-based
measurement is the correct selection of the excitation
pulse duration relative to the dynamic properties of the
circuit. The rise time of the response waveform is directly
related to the time constant and can be used as a practical
criterion for selecting the duration of the rectangular pulse
applied to the circuit. Related measurement studies have
shown that the relationship between transient duration and
system response is essential for improving accuracy and
avoiding waveform distortion during observation and
parameter extraction [9], [10].

Despite the availability of substantial theoretical lit-
erature on RC transient analysis, most published sources
focus either on general circuit theory or on the use of ded-
icated measurement instruments. Comparatively less at-
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tention has been given to simple oscilloscope-based cur-
sor methods that can be directly implemented in laborato-
ry practice without complex postprocessing. Therefore,
the present study addresses this gap by proposing a prac-
tical method in which the time constant is determined
directly from the oscilloscope screen using cursor posi-
tioning at characteristic levels of the transient waveform,
namely 63.2% during charging and 36.8% during dis-
charging. This approach combines classical circuit theory
with the precision timing capabilities of modern digital
oscilloscopes and offers a straightforward solution for
indirect measurement of capacitance and resistance in RC
circuits [2]-[4], [9], [10].

III. FORMULATION OF THE WORK PURPOSE

Measuring the capacitance of a capacitor and the re-
sistance of a resistor is one of the most common opera-
tions in applied electronics. A wide range of measuring
instruments are used for this purpose. In some cases,
highly accurate measurements are required. Specialized
measuring instruments have been developed for this pur-
pose. However, both of these instruments are unavailable
to the average user. Therefore, the method for measuring
capacitance and resistance using a cursor described in this
article is of great practical importance. The measurement
is based on the formula for the time constant of an RC
circuit: T=R,C or =RC,, where R, and C, are the meas-
ured resistance and capacitance, respectively. These for-
mulas relate three parameters: resistance, capacitance, and
time constant. Clearly, given the known values of two
parameters, the third parameter can be calculated as:
R=1/C or C,=t/R. The accuracy of the measurement is
directly determined by the accuracy of the time constant.
High accuracy in time constant measurements is more
than guaranteed by modern digital oscilloscopes. Howev-
er, in most cases, even a hobbyist oscilloscope can pro-
vide the required accuracy.

IV. EXPOUNDING THE MAIN MATERIAL AND
RESULTS ANALYSIS

For the purposes of this study, it is assumed that a
rectangular pulse duration t; is applied to the input of the
electrical circuit. As a result, a pulse of the same duration
7; is formed at the output. The mathematical representa-
tions of the input and output signals, expressed using the
Heaviside function o(f) are given as follows [5]-[8]:

uin(t)= o(?) - o(t — ), (M

Uou()=g(t) o(r) - g(£-1) o(t- T.). 2

In expressions (1) and (2), the amplitudes of the in-
put and output signals are not considered, as they do not
affect the nature of the problem under investigation. The
circuit diagram of an RC network, in which the output
signal is taken as the voltage across the capacitor is shown
in Figure 1.

The step response of the RC circuit is given by [3]:
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g(®)=[1-exp(-t/1)]-o(1), 3

where 7=RC is the time constant of the RC circuit.

R
] 2
Ui (t) () O — l Uout (t)
1)

Figure 1. RC Circuit Diagram

Based on the above analysis, it can be inferred that a
known step response of the RC circuit and a known resis-
tor value (R) can be used to determine the capacitance
(Cy). Conversely, a known step response and a known
capacitance (C) can be used to determine the resistor val-
ue (Ry).

In accordance with the problem under consideration,
it is necessary to establish a direct relationship between
the step response, the time constant, and the shape of the
output signal of the RC circuit. Using equation (3), the
step response of an RC circuit with component values
R=1 kQ and C=1 pF was calculated and plotted (Fig. 2).
It should be noted that the actual values of the RC circuit
components can be arbitrary.

7,pu’

Figure 2. Step Response of the RC Circuit for R=1 kQ
and C=1 pF

From the graph in Figure 2, it can be observed that
at the time t =1 ms, the step response reaches 63.2% of its
final value, in this case, unity. In other words, the time
constant of the considered RC circuit, determined indi-
rectly from the graph, is 1 ms, which coincides with the
calculated value RC = 1 ms.

From the standpoint of practical implementation, a
unit step voltage is not typically used in measurements;
instead, a rectangular pulse of duration t; is applied. This
pulse is formed by two-unit step signals of opposite po-
laity, shifted relative to each other by the time interval ..

Using equation (2), the output response of the RC
circuit with parameters R=1 xQ and C=I pF to an input
rectangular pulse of duration ti = 5 ms was calculated
and plotted (Figure 3).

Under these conditions, the time constant of the RC
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circuit can be determined from both the rising and the
falling edges of the output response. When determining
the time constant from the rising edge, the time at which
the output response reaches 63.2% of its steady-state val-
ue is measured. When determining the time constant from
the falling edge, the time at which the output response
decreases to 36.8% of its steady-state value is measured.
In the latter case, the measured time is equal to the sum of
the pulse duration and the time constant of the RC circuit.
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Figure 3. Output Response of the RC Circuit with for
R=1kQ and C=1 pF to a Rectangular Input Pulse of
Duration ti=5ms

During the measurement process, the selection of the
input pulse duration ti is of significant importance. In this
context, it is necessary to consider the rise time of the step
response T,. This parameter is related to the time constant
7 as follows [9-12]:

.=In(9) - 1. 4

For improved accuracy, the duration of the input
pulse ti should be selected to be 3—5 times greater than
the rise time tr of the step response of the RC circuit.

The graphs in Figure 2 and Figure 3, as well as
equations (1), (2), (3), and (4), clearly illustrate the rela-
tionship be-tween the step response, the time constant,
and the shape of the output signal of the RC circuit. All of
these provide a solid theoretical foundation for the cursor-
based meth-od of measuring resistance and capacitance in
an RC circuit.

This section describes the measurement procedure. It
should be noted that the procedure is not strictly fixed and
may be adapted depending on the specific conditions. The
experimental setup is shown in Figure 4. A rectangular
pulse with a duration of 1=5 ms, generated by the G5-54
pulse generator, is applied to the input of the RC circuit
and is also used to trigger a RIGOL MSO 4052 oscillo-
scope.

G5-54

d

RC

. MSO
circuit

o a 4052

Figure 4. Experimental Setup Diagram
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The rectangular pulse of duration t=5 ms from the
G5-54 pulse generator and the signal from the output of
the RC circuit are applied to the first and second input
channels of the MSO 4052 oscilloscope, respectively.

The oscilloscope waveform of the input signal in the
form of a rectangular pulse with a duration of =5 ms and
an amplitude of 2 V is shown in Fig. 5(2). The corre-
sponding output response waveform of the RC circuit
with parameters R=1 kQ and C=1 pF is also presented in
the same figure Figure 5.

The output response waveform of the RC circuit
matches the shape of the calculated graph shown in Fig-
ure 3. Therefore, any parameter measured from the output
response waveform of the RC circuit can be used to verify
the theoretical assumptions for this electrical circuit. In
other words, the time constant value obtained from the
output waveform can be used to determine the resistance
and the capacitance.

::::::
T OMphs AR AR AR AR R AR IR

RIGOL

§
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Figure 5. Oscilloscope Waveforms of the RC Circuit Re-
sponse (1) with R=1 kQ and C=1 pF to a Rectangular
Input Pulse (2) with Duration 1=5ms

1 = 100V -5 1603

Measurement. The principle is as follows. One of the
components of the RC circuit (Figure 1) is to be meas-
ured, while the other component is known. The cursor is
positioned at the level corresponding to 63.2% of the
steady-state value of the output response. In this case, this
level equals 1.264 V. The time constant is then deter-
mined; in this example, T = | ms. Subsequently, using the
relation T = RC, the unknown parameter is calculated. In
this case, a resistance of 1 kQ corresponds to a capaci-
tance of 1 pF.

The obtained results confirm that the proposed cursor-
based method is theoretically justified and practically
feasible for the indirect measurement of capacitance and
resistance in first-order RC circuits. The method relies on
the well-known exponential nature of the transient re-
sponse and the physical meaning of the time constant t =
RC. Since the time constant can be identified from char-
acteristic points of the waveform, namely 63.2% of the
steady-state value during charging or 36.8% during dis-
charging, the unknown circuit parameter can be calculated
directly when the other parameter is known [3, 4, 10].
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One of the principal advantages of the proposed meth-
od is its simplicity. Unlike bridge-based or dedicated LCR
measurement techniques, the method does not require
specialized capacitance or resistance meters. Instead, it
uses a standard laboratory configuration consisting of a
pulse generator, a digital oscilloscope, and a reference
component. This makes the method especially useful in
educational laboratories, engineering training, and situa-
tions where rapid approximate diagnostics are needed
using already available instruments [1], [3].

The experimental results presented in this study
demonstrate good agreement between theory and practice.
For the tested circuit with R = 1 kQ and C = 1 pF, the
experimentally determined time constant was T = 1 ms,
which exactly matches the theoretical value RC = 1 ms. In
addition, the observed oscilloscope waveform was con-
sistent with the analytically calculated transient response.
This agreement indicates that the proposed approach pre-
serves the essential dynamic behavior predicted by classi-
cal circuit theory and that cursor-based extraction of the
time constant is sufficiently accurate under controlled
laboratory conditions [2], [3], [8].

An important practical issue is the selection of the in-
put pulse duration. If the rectangular pulse is too short, the
capacitor may not reach a sufficiently developed transient
level before the falling edge begins, which can reduce the
accuracy of time-constant estimation. For this reason, the
recommendation to choose the pulse duration 3-5 times
greater than the rise time of the step response is technical-
ly justified. This ensures that the charging transient be-
comes clearly observable and that the cursor can be
placed at the required voltage level with minimal ambigu-
ity [9], [10]. Thus, pulse-duration selection is not merely a
procedural detail but a critical factor affecting measure-
ment reliability.

From a metrological point of view, the accuracy of the
method depends primarily on the time-measurement pre-
cision of the digital oscilloscope and the tolerance of the
known reference component. Since modern digital oscil-
loscopes provide very high temporal resolution, the in-
strumental contribution of time measurement error can be
considered small in comparison with the tolerance of
practical resistors and capacitors. Therefore, when preci-
sion reference components are used, the method can yield
sufficiently accurate results for laboratory and engineer-
ing applications [1], [3]. However, in practical implemen-
tations, parasitic capacitances, contact resistances, probe
loading, and component tolerances may slightly affect the
measured waveform and should be considered when very
high accuracy is required.

Compared with classical direct measurement tech-
niques, the proposed method has both strengths and limi-
tations. Its main strength lies in the ability to determine
the unknown parameter visually and rapidly without addi-
tional computational complexity. This makes it highly
suitable for demonstration purposes and for intuitive un-
derstanding of transient processes in first-order circuits.
At the same time, the method is inherently limited to sys-
tems whose response can be approximated by a single
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dominant time constant. In more complex networks, such
as higher-order RLC circuits or circuits with significant
non-idealities, the transient response may not follow a
simple first-order exponential law, and direct cursor-
based interpretation becomes less straightforward [4],
[11].

Another important aspect is the educational value of
the method. Because the measurement process is directly
linked to the physical meaning of the RC time constant,
the method not only provides a practical measurement
tool but also serves as an effective didactic technique.
Students can visually observe the charging and discharg-
ing process, identify characteristic waveform levels, and
immediately connect theoretical formulas with real exper-
imental data. This integration of theory and practice
strengthens understanding of linear system response, step
functions, and transient analysis [S]-[7].

The proposed method may also be viewed as a foun-
dation for further development. In future studies, the ap-
proach can be extended to automated digital processing of
oscilloscope data, where software-based cursor placement
or waveform fitting could reduce operator dependence
and improve repeatability. In addition, similar principles
may be adapted for parameter estimation in more complex
circuits if appropriate analytical models are used. There-
fore, while the present work focuses on a first-order RC
circuit, the general concept of extracting circuit parame-
ters from characteristic transient features has broader per-
spective for instrumentation and diagnostics [2], [8], [12].

Overall, the discussion of the theoretical background,
experimental verification, and practical constraints indi-
cates that the cursor-based method is a valid, accessible,
and efficient approach for measuring capacitance and
resistance in RC circuits. Its combination of analytical
transparency, low implementation complexity, and com-
patibility with common laboratory equipment makes it a
useful contribution to both engineering practice and edu-
cational methodology [3], [4], [9], [10].

Conflict of interest. The authors declare that they
have no conflicts of interest.

V.CONCLUSION

There is a wide variety of rectangular pulse genera-
tion circuits. At the same time, the requirements for the
pulse parameters are not strict. It is sufficient that the du-
ration of the rectangular pulse be 3—5 times greater than
the rise time of the RC circuit step response. Thus, the
cursor-based method for measuring capacitance and re-
sistance provides higher measurement accuracy compared
to conventional methods when a modern digital oscillo-
scope and reference resistors and capacitors are available.
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Mema pobomu. Memoro yiei pobomu € po3pobka ma excnepumeHmanbHa nepesipKa KypeopHo2o Memooy eUMIpro-
sanHa emmocmi ma onopy 6 RC-xoni 3a 0onomozorw yugposozo ocyuroepaga. JJocnioxicenus 30cepedrceHo Ha 6U3HA-
YeHHi napamempie Ko1d 3a 00NOMO02010 ROCMIUHOL Yacy, OmpuUMaHoi 3 popm cueHanié nepexioHol XapaKxmepucmuxu.

Memoou docnioxcenns. Jlocnioxcenns 6a3yemovcs Ha aHarimuuHomy mooemosanti RC-cxemu 3 6UKOPUCMAHHAM

meopii cmyniHuacmoi Xapakmepucmuxkyu ma oOuHUYHUX cmyninuacmux Qynxyit Xesicavioa. Mamemamuyno onucano
nepexiony Xapaxmepucmuxy Ha NPAMOKYMHUL 8XiOnutl imnyise, a nocmiiny yacy (t = RC) eusnaueno 3 xapaxmepnux
pisHie ¢hopmu cuenany (63,2% nio uac 3apsoacanusi ma 36,8% nio uwac pospsoxcanns). Excnepumenmanvha eanioayis
npogedena 3a 0ONOMO2010 2eHepamopa IMIYIbCi8, yugpposozo ocyunozpaga ma mecmogoi RC-cxemu. Memoo kypcop-
HO20 8UMIPIOBAHHA 3ACTOCOBYEMbCS De3N0CEPeOHbo 00 (POPM CUSHANI8 Ocyunozpapa Oas BULYUEHHS NAPAMEmpIig ya-
€080l 0bnacmi 6e3 000amKo8oi 0OUUCTIO8ATLHOL 00POOKU.

Ompumani pesynomamu. J[ocniodxcenHs 0eMOHCMPYE, WO 3aNPONOHOBAHULL MeMOO 00360A€ MOYHO SUSHAYANU
napamempu xoaa. /[na mecmosoeo kona 3 R = 1 kOm ma C = I mx@ sumipsna cmana yacy t = 1 mc 3bieaemocs 3 meo-
pemuunum 3uavenuam. Memoo 3abe3neuye Haoilini pe3yIbmamu, KOIU Mpusanicmy 8xXiono2o iMnyisey subpaua nane-
orchum wunom (v 3-5 pasie Oinvuwie yacy napocmanus). Excnepumenmanvhi gpopmu cuenanie 0emMoHCMpyIOms CUNbHY
8ION0OGIOHICMb 3 MEOPEeMUUHUMU NPOSHO3AMU, WO NIOMBEPOIICYE NPABUTLHICIb MA CMADLIbHICMb RIOX00Y.

Haykoea nosuszna. Opuzinanvricms podomu noiseae 6 po3pooyi npocmozo ma npakmuiHo20 Memooy Ha OCHOBI
Kypcopie 071 8uy4enHs napamempis 6e3nocepeouso 3 oucnieis ocyuiocpaga be3 ckiaonoi oopobku danux. Ha eiomi-
HY 810 MPaoUYitiHux Memooie 8UMIPIOBAHHS, 3aNPONOHOBAHUL NIOXIO poOUMb AKYEeHM HA 8I3YATbHOMY BU3HAUEHH] ejle-
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KMPUYHUX NApaMempis y pedaibHOMY Yaci 3a 00NOMO2010 XAPAKMepUCmuK nepexionozo npoyecy.

Ilpakmuuna yinnicmes., Memoo nezko peanizysamu 3a 00NOMO2010 CMAHOAPMHO20 1AOOPAMOPHO20 0ONAOHAHHSL
ma He 8UMAzae Cneyianizo8anux euMiplogarbhux npunadis, maxux axk LCR-mempu. Bin ocobaueo kopuchuil 015 Hagua-
JILHUX 1aDOPAmMOpIl, iHHCeHePHOL NPaKmuKy ma weuoKoi 0iaeHOCIMUKY el1eKMPOHHUX CXeM, NPONOHYIOYU GUCOK)Y MOY-
HICMb 3A80SIKU MOYHUM BUMIPIOGAHHAM HACY CYHACHUMU OCYULOZPADAMU.

Kmiouoei cnoea: RC-xono, cmana uacy, BUMIprO8AnHA EMHOCI, BUMIPIOGAHHS ONOPY, NEPeXiOna XapaKmepucmuxa,
yugposuii  ocyunoepagh), KYypcopHuii  Memoo, CMYRiHYACmMa — XAPAKMePUCMUKa, — eleKmpUuydHi — GUMIPIOBAHHSL.
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