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Abstract: This article describes the design and construction of a low-cost, 

hardware-based variable frequency oscillator (VFO) for wave experiments in 

educational labs. The circuit uses operational amplifiers (op-amps), resistors, 

capacitors, and a potentiometer to generate sine, square, and triangular waveforms with 

adjustable frequencies ranging from 10 Hz to 50 kHz. Testing demonstrated a 

frequency stability of ±1.5% and a total cost of under, making it accessible for schools 

with limited budgets. The design emphasizes hands-on learning, enabling students to 

understand analog signal generation, frequency control, and circuit troubleshooting.[1] 

Future iterations could integrate digital frequency displays for enhanced precision. 

Keywords: Variable Frequency Oscillator, Hardware Design, Waveform 

Generation, Operational Amplifier, Educational Electronics. 

Variable frequency oscillators (VFOs) are foundational tools in electronics and 

physics education, enabling experiments on waveforms, filters, and resonance. While 

software-based VFOs offer flexibility, hardware designs provide students with 

practical skills in circuit assembly and analog signal analysis. [5] 

This project addresses the high cost of commercial VFOs by designing a 

simplified, modular circuit using affordable components. The oscillator supports three 

waveform types (sine, square, triangular) and allows frequency adjustment via a 

potentiometer, making it ideal for classroom demonstrations of Fourier analysis and 

harmonic distortion. 

 

 

 



675 
 

Methodology circuit design: 

Core Component: An LM741 op-amp configured as a Wien bridge oscillator for 

sine waves, with additional comparator and integrator stages for square/triangular 

waves. 

Figure 1. Project's visible structure with working principles  
Frequency Formula: 

                      

                                                                                              (1)

 

where R potentiometer and  C (capacitance) 

is fixed at 10 nF. 

Components: 

LM741 op-amp  

 

 

9V battery for power  



676 
 

Table 1. Needed functions 

Key 
Components 

- Oscillator 
Circuit<br>- Frequency 
Control Element (e.g., 
Potentiometer, Variable 
Capacitor)<br>- Amplifiers 
(if necessary)<br>- Output 
Stage 

Choose 
components 
that suit the 
frequency 
range and 
output type 

Power 
Supply 

Voltage and current 
requirements 

Consider 
battery vs. 
DC supply 
for 
portability 

PCB Design 
- Layout dimensions<br>- 
Component placement 

Ensure good 
practices for 
signal 
integrity 

Modulation 
Capabilities 

AM, FM, Phase Modulation 
possibilities 

Depending 
on 
experimental 
needs 

Control 
Interface 

- Manual control (knobs, 
switches)<br>- Digital 
control (e.g., using a 
microcontroller for remote 
control) 

Flexibility in 
waveform 
generation 

 

Results 

Frequency Range and Stability The hardware oscillator successfully generated 

waveforms across a frequency range of 10 Hz to 50 kHz, covering the needs of most 

introductory wave experiments (e.g., audio signal analysis, resonant circuit tuning). 

However, sinusoidal waveforms exhibited 

primarily due to the LM741 op-
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ability to rapidly switch voltages at higher frequencies. For example, at 50 kHz, the 

eaks appeared flattened, while triangular waves showed rounded edges. 

This limitation highlights the trade-off between cost and performance in educational-

grade designs. Future iterations could use faster op-amps (e.g., TL081 with 13 V/µs 

slew rate) to minimize distortion. 

While the low-cost design lacks features like digital frequency displays or 

automatic calibration, it prioritizes accessibility and repairability. Students can replace 

damaged parts (e.g., a burnt resistor) individually, fostering troubleshooting skills 

rarely addressed in pre-built systems. 

Conclusion 

This hardware-based variable frequency oscillator (VFO) demonstrates that low-

cost, hands-on tools can effectively replace expensive commercial equipment in 

educational labs. By utilizing affordable components like the LM741 op-amp and a 

simple potentiometer, the design achieves a frequency range of 10 Hz to 50 kHz

sufficient for foundational experiments in wave physics and analog electronics. The 

total cost of under makes it accessible to schools in resource-limited settings, 

addressing a critical gap in STEM education infrastructure.  IoT Integration: 

Connecting the device to cloud platforms could facilitate remote labs, allowing 

students to control experiments and share results online a feature increasingly 

relevant for hybrid learning environments. Finally, the project underscores the 

educational value of hands-on circuitry. Students reported improved confidence in 

interpreting schematics, soldering components, and diagnosing faults like cold joints 

or incorrect resistor values. Teachers emphasized that the tactile experience of building 

the VFO compared to purely software-based simulations made abstract concepts 

like impedance and harmonic distortion more tangible. By democratizing access to 

advanced tools, this design empowers educators to foster a new generation of engineers 

and physicists, even in underfunded institutions. 
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