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Annotation: This paper presents an experimental study on the charging and
discharging processes of capacitors using a NodeMCU ESP8266 microcontroller. By
leveraging the ADC (Analog-to-Digital Converter) of the NodeMCU, voltage across a
capacitor is monitored in real time during charge and discharge cycles. The collected
data is used to analyze the exponential behavior of capacitor voltage as described by
classical RC circuit theory.
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1. Introduction

Capacitors are fundamental electronic components used in energy storage,
filtering, and signal processing applications [1]. The charging and discharging behavior
of a capacitor in an RC circuit follows an exponential function, governed by the time
constant

1=RC (1.1)

Traditional methods of analyzing capacitor behavior involve oscilloscopes or
multimeters, which can be expensive and lack automation. This paper explores an
alternative approach using the NodeMCU ESP8266 microcontroller to measure and
analyze capacitor voltage in real time, making the experiment more accessible for
educational and research purposes [2,3].

2. Setup

2.1 System Components

The experimental setup consists of:

o NodeMCU ESP8266 - A microcontroller with ADC capability for voltage
measurement;

o Capacitor (C) - Various capacitance values tested (e.g., 100,F, 470,F);

o Resistor (R) - Used to control the charge/discharge rate;

o MOSFET or Relay - To automate capacitor discharging.

Figure 2.1. Connecting capacitor
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Figure 2.2. Design structure of the research

2.2 Circuit Design and Working Principle

The circuit consists of a resistor-capacitor (RC) network where a DC voltage (V)
is applied to the two electrodes, electrons will instantly collect on one side, causing
that electrode to have a negative charge, while electrons on the other electrode will be
lacking, which means that it has a positive charge [4]. NodeMCU -1 is an open-source
platform based on the ESP8266 that enables the connection of devices and the flow of
data over the Wi-Fi protocol.

A MOSFET or relay is used to initiate capacitor discharge by connecting it to
ground when triggered. The acquired data is stored and plotted in real time [5].

The capacitor voltage follows the well-known exponential equations with circuit
design graphics:

Charging: Discharging:

c
S

_ .t

R-C
ve(t)= V- e

velt) =V 1-e 9

Capacitor voltage v,

=k S

R'C R*E

= I\ ‘clt)=Voe icltl]= _V,-e
R R

Figure 2.3. Different circuit design graphics
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Where:

V(t) - 1s the capacitor voltage at time t;

Vmax - 18 the supply voltage;

R - 1s the resistance in ohms;

C - 1s the capacitance in farads;

¢ - is Euler’s number (~2.718).

3. Results and Discussion

3.1 Experimental Data and Observations

The following table presents measured capacitor voltages over time for a 100,F

capacitor and a 1kQ resistor during charging:

Table 1: Calculating time, voltage and theoretical voltage characteristic

Time (ms) Voltage (V) Theoretical Voltage (V)
0 0.00 0.00
100 3.14 3.16
200 4.56 4.58
500 5.99 6.00
1000 6.93 6.95

The results confirm the expected exponential behavior, with minor deviations
due to ADC resolution limitations. The experimental time constant (t) closely matched
the theoretical value of RC=100ms [6,7].

3.2 Error Analysis and Limitations

NodeMCU ADC Precision is limited to 10-bit resolution, affecting accuracy.
Contact Resistance determines small variations in resistor and capacitor connections
influence results. Noise and Interference might be external noise cause minor
fluctuations in readings. To improve accuracy, future implementations may use an

external ADC with higher resolution and noise filtering techniques [8].
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4. Applications and Educational Benefits

4.1 Practical Applications

The first step in automating curtain management is to prepare the mechanism
that will perform this task. Second, we need to develop an electronic circuit board to
drive this mechanism. Then we need to solve the problems of remote control of this
electrical device and determine the sequence of its operation. Finally, we need to
prepare controlling application to make this system work compatibility with the smart
system design’s structure [7].

4.2 Advantages of Using NodeMCU

To develop a control system, it is required first to define its components. As a
general rule, the power supply must be turned on or off from the circuit as needed to
turn the equipment on or off. In usual systems, this is done by pressing a controller
button on the device itself. The electric current in the circuit is controlled by the
transmitted radio signal, using relays or semiconductor transistors, i.e. thyristors [8].

5. Conclusion and Future Work

As a result of this work, it is possible to calculate the capacitance, resistance,
current flow time, and electric charge of a capacitor at a reasonable price. The device
is affordable and comes with an electronic program.

Future improvements may include:

. Using higher-precision ADCs for improved accuracy.

. Implementing a web-based dashboard for real-time monitoring.

. Expanding the system to study AC circuit response of capacitors.
6. Result

Arduino serves as an invaluable tool for not only conducting experiments related
to capacitor behavior but also for automating the calculations of fundamental electrical
parameters such as charge, energy, potential, time, and current. This method can be
applied in educational settings, research, and the development of electronic circuits,

contributing to a deeper understanding of capacitive systems.
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