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Abstract. Under conditions of limited access to laboratory equipment, particularly during martial law, the

implementation of simulation modelling to study the behaviour of electrical circuits becomes especially relevant. This
article examines the potential of using the cloud-based simulator Multisim Live to model transient processes in first- and
second-order linear DC circuits. Examples of typical circuits are presented, for which simulations were carried out in
Multisim Live, analytical calculations were performed, and graphs of the target quantities were plotted using Microsoft
Excel. The obtained dependencies were compared with simulation results, and a complete correspondence was
demonstrated at characteristic time points.

Using a third-order circuit as an example, the advantages of simulation modelling are demonstrated in situations
where analytical calculations become significantly more complex - particularly when finding the roots of the
characteristic equation and determining integration constants.

The article discusses the features of the software interface, probe types, available analysis modes, output formats,
and limitations of the basic licence level, which were taken into account during circuit design. Practical ways of partially
overcoming these limitations are proposed.

The results obtained confirm the feasibility and effectiveness of using the Multisim Live environment for conducting
laboratory work on the study of transient processes in the context of distance learning for future technical specialists.

Анотація. В умовах обмеженого доступу до лабораторного обладнання, зокрема під час воєнного стану,
особливої актуальності набуває впровадження імітаційного моделювання для дослідження властивостей
електричних кіл. У статті розглянуто можливість використання хмарного симулятора Multisim Live для
моделювання перехідних процесів у лінійних електричних колах постійного струму першого та другого порядків.
Наведено приклади типових схем, для яких здійснено моделювання у середовищі Multisim Live, виконано
аналітичні розрахунки та побудовано графіки зміни шуканої величини у Microsoft Excel. Отримані залежності
порівняно з результатами симуляції, продемонстровано повну відповідність результатів у характерних точках
часу.

На прикладі кола третього порядку показано переваги імітаційного моделювання у випадках, коли складність
аналітичного розрахунку істотно зростає, зокрема на етапах визначення коренів характеристичного рівняння
та знаходження сталих інтегрування.

Розглянуто особливості інтерфейсу програми, типи зондів, доступні режими аналізу, формат виводу
результатів, а також обмеження базового рівня ліцензії, які враховано при побудові схем. Подано практичні
шляхи часткового усунення цих обмежень.

Отримані результати підтверджують доцільність і ефективність використання середовища Multisim Live
під час виконання лабораторних робіт із дослідження перехідних процесів в умовах дистанційного навчання
майбутніх фахівців технічних спеціальностей.
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Introduction
The analysis of transient processes occurring during the transition from one steady-state operating mode to another is

an essential stage in the design aааnd operation of any electrotechnical device, as it is precisely at these moments that the
properties of the electrical circuit, its individual sections, and components are most clearly and fully revealed.

The study of transient processes makes it possible to determine how the shape and amplitude of signals change as they
pass through amplifiers, filters, and other radio-frequency devices. It enables the identification of sections with extreme
loading, where voltage or current may exceed permissible limits, and helps to prevent fault conditions by appropriately
selecting circuit element parameters and protective devices [1, 2, 3].

On the one hand, this ensures the stable operation of devices; on the other hand, there is a wide range of
electrotechnical and electronic systems for which transient modes are part of normal operation.

Therefore, a properly conducted analysis contributes to improving the efficiency, reliability, and safety of equipment
performance under real operating conditions.

Analysis of literature data and the formulation of the problem
Mastering the analysis of transient processes requires a combination of theoretical calculations and experimental

investigations, typically carried out during laboratory sessions using specialised equipment. However, there is currently
a real threat to the lives of educators and students due to hostile shelling, which has resulted in damage to many educational
institutions.

In accordance with the recommendations of the Ministry of Education and Science of Ukraine [4], the educational
process in such institutions has been organised in a remote format. Nevertheless, without the acquisition of practical
skills, it is impossible to ensure the high-quality training of technical specialists.

At present, a considerable body of positive international experience has been accumulated in addressing this issue
[5, 6, 7]. However, unfortunately, it cannot be fully applied in Ukraine due to the conditions of martial law.

One of the ways to partially substitute work with real equipment is through the use of computer simulation software
[8, 9]. In this context, the selection of simulation programmes that enable the modelling of electrical circuits - particularly
for the analysis of first- and second-order transient processes - has become especially relevant.

Ideally, such software should offer a free version, feature an intuitive interface accessible regardless of the user's level
of computer literacy, require minimal time to master, and be easily installable on digital devices with any technical
specifications and operating systems.

According to recent studies [9, 10, 11, 12, 13], one of the most widely used circuit simulators in engineering education
is NI Multisim [14], which offers a user-friendly graphical interface, built-in analysis tools, and virtual equivalents of real
measuring instruments. However, in recent times, there has been a growing number of cases where students are unable to
install the free version of this software on their personal devices. The situation becomes even more complicated when the
device operates on an operating system other than Windows.

In such cases, it is advisable to use Multisim Live [15] - a cloud-based circuit simulator accessible via a web browser
without the need to install any dedicated software. It features a built-in component library, real-time parameter adjustment
for circuit elements, and enables the generation of transient response graphs in real time.

Purpose and objectives of the study
The purpose of this work is to demonstrate the feasibility and practical benefits of using the cloud-based environment

Multisim Live for performing laboratory work in electrical engineering disciplines, particularly for studying transient
processes in first- and second-order electrical circuits with a constant voltage source by distance learning students.

Methods and materials of research
In the following sections of this work, examples will be presented demonstrating the use of Multisim Live for the

calculation and analysis of first- and second-order transient processes in electrical circuits with a constant power supply.
Before beginning the simulation, it is advisable to examine several important aspects in more detail, including: the

choice of licence level, the selection of interactive components that enable switching, and the specification of the
simulation type.

In the Multisim Live environment, transient processes can be analysed using two simulation modes: Interactive
Simulation and Transient Simulation. The first mode emulates the real-time operation of an oscilloscope - the simulation
runs continuously until manually stopped or paused. The second mode performs a time-domain analysis of the circuit’s
response over a specified simulation interval. In both modes, probes must be used to observe the results, displaying
graphical representations of voltage or current over time.

Switching in a circuit can be modelled using elements such as switches, relays, or pulse power sources (in the case of
DC circuits).

Within the basic Multisim Live licence, which allows the use of up to five components in a circuit (excluding ground),
it is advisable to investigate transient processes that occur when a circuit with zero initial conditions is connected to a
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power source. This approach enables switching to be implemented solely via a pulse source (Pulse Voltage Source or
Clock Voltage Source), allows for the modelling of a load circuit using four components, and thereby expands the range
of possible circuit configurations for analysis.

Research results
The following examples are the result of practical confirmation of the effectiveness of using the Multisim Live

environment for the study of transient processes.
Figure 1 shows an electric circuit with parameters: R1 = 10 Ω, R2 = R3 = 20 Ω, L1 = 50 mH, which is connected to a

constant source Е = 90 V, and a graph built in Microsoft Excel corresponding to the law of the voltage change on the
resistor R3 𝑢𝑅3

𝑡 .

A graph of voltage
across resistor

Fig. 1 - Schematic diagram of an electric circuit and a graph of voltage across resistor R3 𝒖𝑹𝟑
𝒕 , built in

Microsoft Excel
Taking into account the initial condition 𝑖𝐿1

0+ = 𝑖𝐿1
0− = 0 𝐴 the voltage at the resistor terminals increases

exponentially from zero to a steady value
𝑢𝑅3

(𝑡)
𝑓

= 𝐸

𝑅1 +
𝑅2∙𝑅3

𝑅2 + 𝑅3

∙
𝑅2∙𝑅3

𝑅2 + 𝑅3
=  90

10 + 20∙20
20 + 20

∙ 20∙20
20 + 20

= 45 𝑉 

according to the law
𝑢𝑅3

𝑡 = 𝑢𝑅3
(𝑡)

𝑓
+  𝑢𝑅3

(𝑡)
𝑛

= 45 − 45𝑒−533𝑡, 𝑉.

The value of the transient process root, 𝑝 ≈  − 533 𝑠−1, was determined using the input resistance method from the
characteristic equation

𝑅1∙𝑅2
𝑅1 + 𝑅2

+  𝑅3 + 𝑝𝐿1 = 0.  

The time constant 𝜏, the value of the voltage 𝑢𝑅3
𝜏 and the time of the transient process are:

𝜏 =  1
𝑝 = 1

− 533 = 1,875 𝑚𝑠;
𝑢𝑅3

𝜏 = 45 − 45𝑒−533𝜏 = 28,435, 𝑉; 

𝑡𝑡𝑝 = 5∙𝜏 = 5∙1,875∙10−3 = 9,375 𝑚𝑠.

Fig. 2 - Simulation result of the voltage across R3 in the Multisim Live environment

http://www.atbp.ontu.edu.ua/
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The model of this electric circuit, in which the switching is carried out by a pulsed voltage source (Clock Voltage
Source) with the turn-on edge at time t = 0, and the graph 𝑢𝑅3

𝑡 in the cloud simulator Multisim Live are shown in
Figure 2. A Voltage Probe was used to observe the law of voltage change.

For the electric circuit (Figure 3) with parameters: R1 = 10 Ω; R2 = R3 = 20 Ω; C1 = 5 μF the law of current change in
resistor R2 𝑖2 𝑡  is simulated (Figure 4).

A graph of current
across resistor

Fig. 3 - Schematic diagram of an electric circuit and a graph of current in resistor R2 𝒊𝟐 𝒕 , built
inMicrosoft Excel

The law of change of current 𝑖2 𝑡 , the graph of which is shown in Figure 3, corresponds to the expression
𝑖2 𝑡 = 𝑖2(𝑡)𝑓 +  𝑖2(𝑡)𝑛 = 3 − 0,75𝑒−7500𝑡  𝐴; 

where  𝑖2(𝑡)𝑓 −  the value of the steady-state (forced) component
𝑖2 𝑡 𝑓 = 𝐸

𝑅1 + 𝑅2
=  90

10 + 20 = 3 𝐴;

𝑖2(𝑡)𝑛 – is the natural (free) component, with 𝑝 ≈− 7500 𝑠−1  - the characteristic root of the transient process,
obtained using the input resistance method from the equation

𝑅1∙𝑅2
𝑅1 + 𝑅2

+  𝑅3 + 1
𝑝𝐶1

= 0. 

To determine the integration constant А, a system of equations was constructed for the post-switching circuit at the
moment 𝑡 = 0+:

𝑖1 0 =  𝑖2 0  + 𝑖3 0
𝑖1 0 ∙𝑅1 + 𝑖2 0 ∙𝑅2 =  𝑒(0)

𝑖2 0 ∙𝑅2 − 𝑖3 0 ∙𝑅3 − 𝑢𝐶1
0 = 0

.

Taking into account the independent initial condition 𝑢𝐶1
0+ = 𝑢𝐶1

0− = 0 𝑉, the value

𝑖2 0 =  𝑒(0)

𝑅1 + 𝑅2
𝑅3

𝑅1 + 𝑅2

=  90
10 + 20∙10

20 + 20
=  2,25 𝐴 was obtained,

and the integration constant was found to be
𝐴 = 𝑖2 0 −  𝑖2 0 𝑓 = 2,25 − 3 =  −  0,75 𝐴.

The time constant 𝜏, the duration of the transient process 𝑡𝑡𝑝, and the current value 𝑖2 𝜏 were calculated as follows:
𝜏 =  1

𝑝 = 1
− 7500 = 0,133 𝑚𝑠;

𝑡𝑡𝑝 = 5∙𝜏 = 5∙0,133∙10−3 = 0,665 𝑚𝑠;
𝑖2 𝜏 = 3 − 0,75𝑒−7500𝜏 = 2,723 𝐴.
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Fig. 4 - Simulation result of the current 𝒊𝟐 𝒕  in the Multisim Live environment
To observe the law of current change  𝑖2 𝑡 in the cloud simulator Multisim Live, a Current Probe was used.
The schematic diagram of the circuit with two reactive elements (with parameters: R1 = 32 Ω, R2 = 50 Ω, L = 12 mH,

C = 7 μF) and the graph of the voltage change across the resistor terminals R1 𝑢𝑅1
𝑡 , during the connection to a constant

voltage source Е = 48 V, are shown in Figure 5.
Since the roots of the characteristic equation

𝐶𝐿(𝑅1 + 𝑅2)𝑝2 + 𝐶𝑅1𝑅2 + 𝐿 𝑝 + 𝑅2 = 0

6,888∙10−6𝑝
2

+ 0,0232𝑝 + 50 = 0
 𝑝

1,2
= − 0,0232 ± 0,029𝑗

13,776∙10−6
=− 1683,5 ± 𝑗2103,6

- are complex conjugates with a negative real part, resulting in a transient response of oscillatory nature:
𝑢𝑅1

𝑡 = 𝑢𝑅1𝑓 + 𝑢𝑅1𝑛 = 𝑢𝑅1𝑓 + 𝐴𝑒𝛼𝑡 sin 𝛽𝑡 + 𝜓 = 𝑢𝑅1𝑓 + 𝐴𝑒−1683,5𝑡 sin 2103,6𝑡 + 𝜓  𝑉,
where 𝑢𝑅1𝑓 is the steady-state (forced) component 𝑢𝑅1𝑓 = 0 𝑉;
А, 𝜓 – are integration constants determined from the system of equations:

𝐴 sin 𝜓 = 𝑢𝑅1𝑛(0)
 

− 1683,5𝐴 sin 𝜓 + 2103,6𝐴𝑐𝑜𝑠 𝜓 =
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

.

A graph of voltage
across resistor

Fig. 5 - Schematic diagram of an electric circuit and a graph of voltage across resistor R1 𝒖𝑹𝟏
(𝒕),

built inMicrosoft Excel
The value of the natural (free) component 𝑢𝑅1𝑛 0 = 𝑢𝑅1

0 = 𝑅1 𝑖1 0 = 0 𝑉 was obtained from the third
Kirchhoff equation in the system composed for the time instant 𝑡 = 0:

http://www.atbp.ontu.edu.ua/
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𝑖 0 = 𝑖1 0 + 𝑖2 0

𝐿 𝑑𝑖
𝑑𝑡 𝑡=0

+ 𝑅1 𝑖1 0 + 𝑢𝑐 0 = 𝑒 0

𝑅1 𝑖1 0 − 𝑅2 𝑖2 0 − 𝑢𝑐 0 = 0.

(1)

To determine the derivative of the free component  
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

the first and second equations of system (1) were

differentiated
𝑑𝑖
𝑑𝑡 𝑡=0

=
𝑑𝑖1
𝑑𝑡

𝑡=0

+
𝑑𝑖2
𝑑𝑡

𝑡=0

 𝑅1
𝑑𝑖1
𝑑𝑡

𝑡=0

− 𝑅2
𝑑𝑖2
𝑑𝑡

𝑡=0

−
𝑑𝑢𝑐
𝑑𝑡

𝑡=0

= 0, 
 

where di
dt t=0

the derivative was calculated using equation two:
𝑑𝑖
𝑑𝑡 𝑡=0

= 𝐸
𝐿

= 48
0,012

= 4000 𝐴
𝑠

.

The result of the solution is given by

𝑑𝑖1
𝑑𝑡

𝑡=0

=

𝑑𝑖
𝑑𝑡 𝑡=0

1 +
𝑅1
𝑅2

= 4000

1 + 32
50

= 2439 𝐴
𝑠

;

𝑑𝑢𝑅1

𝑑𝑡
𝑡=0

= 𝑅1
𝑑𝑖1
𝑑𝑡

𝑡=0

= 32∙2439 = 78048,8 𝑉
𝑠

.

Taking into account the derivative of the steady-state voltage component  
𝑑𝑢𝑅1𝑓

𝑑𝑡
𝑡=0

= 0 𝑉
𝑠 , the derivative of the free

component was found to be
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

=
𝑑𝑢𝑅1

𝑑𝑡
𝑡=0

−
𝑑𝑢𝑅1𝑓

𝑑𝑡
𝑡=0

=
𝑑𝑢𝑅1

𝑑𝑡
𝑡=0

= 78048,8 𝑉
𝑠

.

Thus, the final form of the system for determining the integration constants is:
𝐴 sin 𝜓 = 0

− 1683,5𝐴 sin 𝜓 + 2103,6𝐴𝑐𝑜𝑠(𝜓) = 78048,8.
From the first equation, it follows that sin 𝜓 = 0,  hence 𝜓 = 0°; from second -

𝐴 = 78048,8
2103,6 = 37,1 𝑉.

The calculated expression for the voltage across resistor 𝑅1 is:
𝑢𝑅1

(𝑡) = 37,1𝑒−1684𝑡 sin 2104𝑡 V.
The time constant τ, the voltage value 𝑢𝑅1

𝜏 at t = τ, and the transient process duration 𝑡𝑡𝑝 are as follows:

𝜏 = 1
− 1683,5 ≈ 0,594 𝑚𝑠;

𝑢𝑅1
𝜏 = 37,1𝑒−1684𝜏 sin 2104𝜏 ≈ 37,1𝑒−1 sin 71,6° ≈ 12,96 𝑉

𝑡𝑡𝑝 = 5𝜏 = 5
− 1683,5

≈ 3 𝑚𝑠.

The result of the circuit simulation in the Multisim Live environment in two simulation modes (Interactive simulation
and Transient simulation) is shown in Figure 6.
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Fig. 6 – Simulation result of the voltage across R1 in the Multisim Live environment
The discussion of the results
To demonstrate the correspondence between the results of analytical calculations and computer-based simulation, the

time constant of the transient process and the equation describing the variation of the target quantity were determined for
each of the presented examples. Based on this equation, the corresponding graph was plotted in Microsoft Excel. The
following values were obtained:
- the duration of the transient process ttp​;
- the value of the target quantity at the switching moment t=0+ and at the moment corresponding to the time constant t=τ;
- the steady-state (forced) value of the quantity.

For ease of comparison, the results of the analytical and simulation-based approaches are presented using the same
scale. Cursors were placed on the oscillograms to mark the values of the target quantity at specific moments in time. The
match between these values and the results of the analytical calculations confirms the adequacy of the developed models.

One of the key features of the Multisim Live simulation environment is the capability to measure physical quantities
using probes, which, unlike real-world instruments, have only a single terminal. The current probe is placed directly on
a conductor in such a way that the direction of its arrow corresponds to the conventionally positive direction of current
flow within the branch. To measure the voltage between points in a circuit, the voltage probe is connected to the point
with the higher potential, while a Voltage Reference is connected to the point with the lower potential. If the reference
probe is not installed, the voltage is measured relative to the global ground of the circuit (see Fig. 6).

In addition, the environment provides a combined probe (Voltage and Current Probe), which allows for the
simultaneous measurement of the current through a component and the voltage across its terminals. For correct voltage
measurement, the global ground of the circuit should be connected to the terminal with the lower potential, as this type
of probe does not support the use of a Voltage Reference.

The process of circuit construction is significantly accelerated by the use of keyboard shortcuts. Unlike simulators
that require installation on a local computer, Multisim Live enables the rapid insertion of components using such shortcuts,
which is particularly advantageous when working on mobile devices.

Activating the built-in browser translator allows both the interface and help materials to be translated into Ukrainian,
thereby facilitating the learning process for users with only a basic command of English.

The simulator also serves as an effective tool for investigating transient processes in electrical circuits that contain a
large number of reactive elements. The mathematical analysis of such circuits is often complex, particularly during the
stages of determining the roots of the characteristic equation and calculating the integration constants, and frequently
requires the use of supplementary online resources. The complexity of these calculations increases substantially with the
order of the circuit.

In contrast, simulative modelling enables visual analysis of voltage and current waveforms without performing
complex calculations, allowing for the identification of their peak values and evaluate the dynamics of change in time.

For the third-order electrical circuit (Figure 7) with the parameters: R1 = 32 Ω, R2 = 50 Ω, L1 = 12 mH, C = 70 μF, L2
= 10 mH, connected to a DC source with an EMF of Е = 41 V, a voltage waveform across resistor R1 𝑢𝑅1

𝑡 , calculated
using the classical method, is presented.

Since the roots of the characteristic equation
𝑝3𝐶𝐿

1
𝐿2 + 𝑝2𝐶(𝐿

1
𝑅2 + 𝐿2𝑅

1
) +  𝑝(𝐶𝑅

1
𝑅2 + 𝐿1 + 𝐿2 ) + 𝑅1+  𝑅2 = 0

p1 = - 4730.84 s-1; p2 = -1165.74 s-1; p3 = -1770.08 s-1 – are real and negative [16, 17], the voltage response is aperiodic.

http://www.atbp.ontu.edu.ua/
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A graph of voltage 𝑢𝑅1
𝑡

Fig. 7 – Schematic diagram of an electric circuit and a graph of voltage across resistor R1 𝑢𝑅1
(𝑡),

built inMicrosoft Excel
The voltage across resistor R1 is expressed as:
𝑢𝑅1

𝑡 = 𝑢𝑅1𝑓 + 𝑢𝑅1𝑛 = 𝑢𝑅1𝑓 + 𝐴1𝑒
𝑝

1
𝑡
+ 𝐴2𝑒

𝑝
2
𝑡
+ 𝐴3𝑒

𝑝
3
𝑡
,

where the steady-state (forced) component is
𝑢𝑅1𝑓 = 𝐸

𝑅1 + 𝑅2
𝑅1 =  41

82
∙32 = 16 𝑉;

А1, А2, А3 – are integration constants determined from the system:
𝑢𝑅1𝑛 0 = 𝐴1 + 𝐴2 + 𝐴3

𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

= 𝑝
1
𝐴

1
+ 𝑝

2
𝐴

2
+ 𝑝

3
𝐴3

𝑑2𝑢𝑅1𝑛

𝑑𝑡2

𝑡=0

= 𝑝2
1
𝐴

1
+ 𝑝2

2
𝐴

2
+ 𝑝2

3
𝐴3.

Given zero initial conditions:
𝑢𝑅1𝑛 0 = 𝑢𝑅1

0 − 𝑢
𝑅1𝑓

0 = 𝑖1 0 𝑅1 −  𝑢𝑅1𝑓 0 = 0 − 16 =− 16 𝑉.

From the second equation of the system:
𝑖1 0 = 𝑖𝐶 0 + 𝑖2 0

𝐿1
𝑑𝑖1
𝑑𝑡

𝑡=0

+ 𝑅1 𝑖1 0 + 𝑢𝑐 0 = 𝑒 0

𝐿2
𝑑𝑖2
𝑑𝑡

𝑡=0

+ 𝑅2 𝑖2 0 − 𝑢𝑐 0 = 0

the derivative of the current  𝑑𝑖1
𝑑𝑡 𝑡=0

was determined to obtain the value
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

. The derivative of the steady-state

voltage value is zero, therefore
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

= 𝑅1
𝑑𝑖1
𝑑𝑡

𝑡=0

= 𝑅1
𝑒(0)
𝐿1

= 32∙ 41
0.012

= 109333.3 𝑉
𝑠

.

The second derivative of the voltage  
𝑑2𝑢𝑅1𝑛

𝑑𝑡2
𝑡=0

(the second derivative of the steady-state voltage value is zero)

𝑑2𝑢𝑅1𝑛

𝑑𝑡2

𝑡=0

= 𝑅1
𝑑2𝑖1

𝑑𝑡2
𝑡=0

=−
𝑅1
𝐿1

∙
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

=− 32
0.012

∙109333.3 =−  291 555 555,6 𝑉
𝑠
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calculated by differentiating the same equation with substitution of the value of the first derivative:

𝐿1
𝑑2𝑖1

𝑑𝑡2
𝑡=0

+ 𝑅1
𝑑𝑖1
𝑑𝑡

𝑡=0

+
𝑑𝑢𝐶
𝑑𝑡

𝑡=0

= 𝑑𝑒
𝑑𝑡 𝑡=0

𝐿1
𝑑2𝑖1

𝑑𝑡2
𝑡=0

+ 𝑅1
𝑒(0)
𝐿1

+
𝑖𝐶 0

𝐶
= 0.

According to the calculation results [16, 17] А1 = - 0,34 𝑉
𝑠
; А2 = 132,39 𝑉

𝑠
; А3 = - 148,05 𝑉

𝑠
, and the complete expression

is
𝑢𝑅1

𝑡 = 𝑢𝑅1𝑓 + 𝑢𝑅1𝑛 = 16 − 0,34𝑒−4730.84𝑡 + 132,39𝑒−1165.74𝑡 − 148,05𝑒1770,08𝑡 𝑉.
The time constant τ, the voltage value 𝑢𝑅1

𝜏 at t = τ, and the transient process duration 𝑡𝑡𝑝 are as follows:

𝜏 = 1
− 1165,74 ≈ 0,858 𝑚𝑠;

𝑢𝑅1
𝜏 = 16 − 0,34𝑒−4730.84𝜏 + 132,39𝑒−1165.74𝜏 − 148,05𝑒1770,08𝜏 ≈ 32,26 𝑉

𝑡𝑡𝑝 = 5𝜏 = 5
− 1165,74

≈ 4,29 𝑚𝑠.

The simulation results (Figure 8) fully correspond to the analytical calculations, as confirmed by the cursor readings at
points t = 𝜏 and t = 5𝜏.

Fig. 8 – Simulation result of the voltage across R1 in the Multisim Live environment
When the capacitance of the capacitor is set to С = 7 μF the mathematical analysis becomes more complex. The

characteristic equation yields one real and two complex-conjugate roots [16, 17]:
p1 = -3930 s-1; p2,3 = -1868,3 ± 𝑗4620,4 ,

as a result, the voltage response exhibits a periodic (oscillatory) behaviour:
𝑢𝑅1

𝑡 = 𝑢𝑅1𝑓 + 𝑢𝑅1𝑛 == 𝑢𝑅1𝑓 + 𝐴1𝑒
𝑝

1
𝑡
+ 𝐴2𝑒𝛿𝑡 sin 𝜔0𝑡 + 𝜓 =  𝑢𝑅1𝑓 + 𝐴1𝑒−3930𝑡 + 𝐴2𝑒−1868.3𝑡 sin 4620.4𝑡 + 𝜓  𝑉,

where А1, А2, ψ – are integration constants determined from the system:
𝑢𝑅1𝑛 0 = 𝐴1 + 𝐴2𝑠𝑖𝑛 (𝜓)

𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

= 𝑝
1
𝐴

1
+ 𝜔0𝐴

2
cos (𝜓) + 𝛿𝐴2𝑠𝑖𝑛 (𝜓)

𝑑2𝑢𝑅1𝑛

𝑑𝑡2

𝑡=0

= 𝑝2
1
𝐴

1
+ 2𝛿𝜔0𝐴

2
cos 𝜓 + (𝛿2 − 𝜔2

0)𝐴
2
𝑠𝑖𝑛 (𝜓).
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Taking into account the previously calculated values 𝑢𝑅1𝑛 0 ,
𝑑𝑢𝑅1𝑛

𝑑𝑡
𝑡=0

and
𝑑2𝑢𝑅1𝑛

𝑑𝑡2

𝑡=0

, the integration constants were

found to be: А1 = − 10,96 𝑉
𝑠
; А2 = 13,3 𝑉

𝑠 ; ψ = - 22,29° [16, 17]. The analytical expression describing the voltage across
the resistor is given by:

𝑢𝑅1
𝑡 = 𝑢𝑅1𝑓 + 𝑢𝑅1𝑛 = 16 – 10,96𝑒−3930𝑡 + 13,3𝑒−1868.3𝑡𝑠𝑖 𝑛 4620,4𝑡 − 22,29° 𝑉.

Time constant and response characteristics:
𝜏 = 1

− 1868,3 ≈ 0,535 𝑚𝑠;
𝑢𝑅1

𝜏 = 16 – 10.96𝑒−3930𝜏 + 13.3𝑒−1868.3𝜏𝑠𝑖 𝑛 4620.4𝜏 − 22.29° ≈ 18,92  𝑉

𝑡𝑡𝑝 = 5𝜏 = 5
− 1868,3

≈ 2,675 𝑚𝑠.

The corresponding results of the analytical calculation and simulation are presented in Figure 9. The relative error between
the voltage values at the point t = τ is less than 0.5%.

A graph of voltage 𝑢𝑅1
𝑡

Fig. 9 – Voltage variation law across R1. Simulation result in Multisim Live and graph in Microsoft Excel
Conclusions
Multisim Live is an interactive online environment with several notable advantages, including:

- optimisation for touchscreen devices;
- availability of a free basic licence;
- compatibility with devices running any operating system (Windows, macOS, Linux, iOS, or Android);
- ease and speed of mastering the interface regardless of the user's proficiency in a foreign language;
- access to circuit designs from any device (mobile phone, tablet, or computer) and the ability to resume work at any time
thanks to cloud-based project storage;
- availability of reference materials and an open library of circuits developed by other users.

However, it also has certain limitations:
- it cannot be used without a stable Internet connection, which poses challenges for learners in regions with poor
connectivity;
- the free licence does not provide access to some components (e.g. Pulse or Arbitrary sources), limits the number of
components in a circuit, and allows only four types of analysis;
- there is a potential risk of data loss in the event of a cloud service failure.

Some of these limitations can be partially mitigated by:
- opening and modifying circuits created by other users that include components unavailable in the basic licence version;
- upgrading to the standard licence, which allows the use of up to fifteen components per circuit and supports six types
of analysis.

Thus, Multisim Live, when used with consideration of its licensing terms and functional constraints, can be effectively
employed for organising laboratory work - particularly in the context of remote learning.
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