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Abstract—The laboratory work holds a great importance for 

an undergraduate student of science. And during COVID -19 

pandemic, when the theory classes were moved online, 

migrating practical classes to online mode turned out to be a 

challenging task. This article aims to study the use of 

mathematical programs as an extensive methodological 

approach to enhance the learning of electronic circuit designing 

at undergraduate level. The students were given a task of 

designing a well-known oscillator circuit using a mathematical 

program written in open source application Scilab. The values 

of all the components needed to design an oscillator were 

calculated. The circuit was then designed practically for various 

frequencies using the theoretically obtained component values. 

The obtained output frequency of oscillator circuit was within 5% 

variation to the theoretically obtained one. In this article, the 

authors captured the experience of 500 undergraduate science 

students studying at various colleges of University of Delhi, 

India via a valid online questionnaire circulated through 

different platforms. The response of the students was gauged 

and it could be inferred that mathematical programs are 

working as a decent replacement during these demanding times 

and can be used as an add-on, once the physical labs start 

operating back to normalcy. 

 
Index Terms—Education, phase shift oscillator, Scilab. 

 

I. INTRODUCTION 

The clamping of lockdown due to COVID-19 pandemic 

led to a world-wide abrupt shift of face to face teaching- 

learning process to online mode in schools as well as colleges. 

The remote learning became a reality during the global 

lockdown by virtue of various platforms like Google meet, 

MS Teams, Zoom, etc. These tools are now being widely 

used to deliver lectures, take tutorials and carry out 

assessment task [1]-[4]. But for science students, particularly 

Physics and Electronics, the course curriculum also mandates 

performing practicals in laboratories [5]. The laboratory 

work aims to provide an opportunity to acquire hands on 

experience of working on various complex instruments while 

designing and studying different circuits [5]. The traditional 

way of teaching practical component of circuit theory to 

undergraduate students is to give them specification of the 

circuit to be designed [6]. Using the theoretical background 

of the circuit and the equations involved, the students solve 
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the task and problems in circuit theory. But, if there is any 

error in the calculations, then the designed circuit may not 

work for given specification or it may burn out [7], [8]. These 

issues were somehow addressed with the use of simulation 

tools like LT spice, PS spice, etc. as a prelab assignment 

[7]-[9]. Some of the limitations of using these simulation 

software are requirement of shareware license, subscription 

cost (as some of them are not free to use) and an additional 

burden to learn these tools, as these are not a part of science 

undergraduate curriculum [10]-[12]. Computer programming 

is one of the important papers that a science undergraduate 

student studies in the course curriculum and this tool has been 

exploited well earlier by many researchers in designing 

various electronic circuits [10]-[12]. Thus to avoid the 

anticipated mistakes, save upon the limited resources 

available in the laboratories [13] and foresee the results of the 

circuit to be designed, mathematical programs can prove to 

be of significant help [10]-[12]. This realization could be 

made during the COVID-19 pandemic times when the 

physical lab work was transferred to virtual labs that provides 

pre-lab, in-lab and post-lab requisites for the remote conduct 

of the practical work [1], [14]. To make the virtual lab 

learning effective, it is very important for the student to be 

familiar with the theoretical paradigm being employed to 

work out the problem and to build clarity into what to look 

for.  

This is illustrated in the present work through a task of 

circuit designing given to Physics and Electronic Science 

undergraduate students. They were asked to design a 

transistor based circuit of phase shift oscillator of given 

frequency with the help of a mathematical program. The 

oscillator circuit is chosen in present study as it is an integral 

part of the curriculum of both Physics and Electronic Science 

courses at undergraduate level. 

Phase shift Oscillator is a well-known sinusoidal audio 

oscillator since long time [15], [16]. Phase shift oscillator 

circuit is a low frequency oscillator circuit that has a number 

of applications in musical instruments, GPS units and voice 

synthesis [15]-[17]. And for this reason, it is one of the 

important practicals to be carried out by the undergraduate 

Physics and Electronics students. The challenge that students 

at undergraduate level face is to design an oscillator circuit 

that works at the desired frequency. Many circuit designers 

use either complex mathematical procedures or an expensive 

(and inaccessible for most of us) computer aided design 

(CAD) technique to design the transistor-based phase shift 

oscillator [18], [19]. These advanced techniques strengthen 

the conceptual knowledge in students through enhanced 

graphical aids and interactive simulations [20], [21]. Since 

these advanced techniques are not a part of the student 
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curriculum, so investing extra time in learning the use of 

these tools can turn out to be burdensome for students [5]. 

Also, these are expensive tools and their maintenance on an 

accessible computer is a projected problem [20], [21]. More 

so, particularly during this pandemic time, the remote use of 

these tools is not possible. On the other hand, Scilab 

practicals are an integral part of undergraduate science 

curriculum. So students are familiar with the use of Scilab 

programming. Since this is an open source platform, a student 

can comfortably use it for circuit analysis and designing, 

without putting any extra effort and time in learning the 

concept.  

This paper provides a simple step-by-step method that will 

enable the students to design an oscillator circuit. A program 

written in Scilab to calculate the component values of various 

components like resistors, capacitors, etc. to be used in phase 

shift oscillator circuit operating at desired frequency is 

presented. The program also shows the wave output of the 

designed phase shift oscillator circuit. Using the values 

obtained from the program, the circuit for the given 

specification was actually realized in the laboratory. The 

results obtained from practical realization of the circuit were 

in line with the ones obtained using mathematical program.  

The mathematical code can be written easily for various 

circuits to be studied and designed at undergraduate level 

with in open source environment Scilab. The students were 

asked to share their experience regarding the use of 

mathematical program in the designing of the circuit through 

an online questionnaire. The outcomes reflect the possibility 

of introducing the use of mathematical programs before 

actually realizing the circuit in laboratories. This 

methodological technique tends to not only save time and 

limited resources, but also equip the students with circuit 

designing techniques and help them visualize the output 

graphically prior to realizing it practically. This has also 

proven to be a savior in teaching-learning of designing 

concept in the COVID-19 pandemic times where the 

practical learning in physical laboratories has essentially 

come to a halt. 

 

II. THEORY AND PROCEDURE  

To analyze the potential use of simple mathematical 

programs as a methodological tool in the designing and 

analysis of electronic circuits, Physics and Electronics 

undergraduate students studying at various colleges of 

University of Delhi were given a task to design a basic 

transistor based phase shift oscillator circuit operating at 

given frequency with the help of a mathematical program 

written in Scilab platform.  

Fig. 1 explains the step wise procedure followed in the 

present study to capture the response of students’ experience 

of using mathematical programs in design and analysis of 

electronic circuits. 

The basic circuit of a transistor-based phase shift oscillator 

is shown in Fig. 2 [15]-[16]. It comprises of a single stage 

common emitter (CE) amplifier working in voltage divider 

configuration with a positive feedback through RC networks 

as shown in Fig. 2. The resistances          and    

provide base and collector bias. The capacitor    bypasses 

the emitter resistor    and prevents any AC feedback. The 

task was to calculate all these component values 

(                and   ) for the circuit to operate at a 

given frequency.  
 

 
Fig. 1. Research flowchart of the present study. 

 

The basic principle of transistorized phase shift oscillator 

circuit is that the transistor bias in common emitter 

configuration introduces a phase difference of      between 

the base and collector voltage. The additional phase shift of 

     is provided by frequency selective RC networks to 

make a total phase shift of      which is the prime 

requirement for the oscillations to occur [15], [16]. 

When the power is applied to the circuit, noise (these are 

random electrical variations generated internally in any 

electronic component especially due to motion of electrons) 

is generated. These noise signals result in a change in flow of 

base current. This change in base current produces an 

amplified change in collector current which is shifted 

by     . When the signal is returned to the base, it is shifted 

in      phase by RC network. However, this positive 

feedback is experienced by only one frequency and only that 

frequency is amplified [15], [16]. 

The expression for that frequency of the circuit is then 

given by [15] 

 

    
 

     √   
   
 

        (1) 

 

 
Fig. 2. Basic circuit of transistor-based phase shift oscillator. 

 

Apart from providing the required phase shift, RC section 

in the circuit also acts as an attenuator. With the passage of 

the signal through each successive section in the RC ladder, 

the signal reduces by some amount and becomes (-1/29) 

across all the three stages. The condition on the gain of the 

CE amplifier to have sustained oscillations is given by [22]. 
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To compensate for this passive RC loss, it is required to 

have a voltage gain of the transistor amplifier, sufficiently 

higher than 29 [22].  

Even though the working principle of the circuit is easy, 

but the involvement of so many components in the circuit 

makes it complicated to design. The unnoticed effective input 

and output resistance of the CE amplifier circuit plays an 

important role in determining the starting condition and the 

oscillation frequency of the oscillating circuit. Moreover, the 

stability factor of CE amplifier plays an important role in the 

circuit design. The stability factor for voltage divider bias 

configuration is given by [22], 

 

   
   

   
   

       

                                      (3) 

 

where, 

 

      
    

      
                                      (4) 

 

Now to find the component values of the different 

components used in the oscillator circuit shown in Fig. 2, we 

apply Kirchoff’s Voltage law (KVL) across the input and 

output circuit. Using KVL, we have input voltage at base    

given by: 

 

   
   

  
                                    (5) 

 

where     is the supply voltage,     is the voltage drop 

across base-emitter junction,    is the emitter current (nearly 

equal to collector current      
Applying KVL round the output circuit gives 

 

                                                (6) 

 

Thus, the circuit can be designed for the desired frequency 

using Eqs. (2), (3) and (4) in Eqs. (5) and (6).  

A program is written in open source Scilab to obtain the 

values of the components used to realize the PSO circuit 

operating at a given frequency. The code also depicts the 

output of PSO circuit and the output voltage is expressed as 

[23], [24]: 

 

    (   (                (                  (7) 

 

III. SIMULATION 

To design the basic transistor-based phase shift oscillator 

circuit given in Fig. 2 and operating at a desired frequency, 

parameters and components mentioned in Table I were 

chosen.  

A code is written in scilab to calculate the component 

values of               nd    . The code also depicts the 

output of the oscillator circuit designed using these 

components [22]. The transistor used in the circuit and the 

associated values of hfe and hie can be easily changed in the 

code given in Fig. 3 and the circuit can be re-simulated. In the 

present case we have used transistor          with input 

resistance  4.5    and gain     . The components of the 

circuit are calculated for firing voltage of     and frequency 

output of      . 
 

TABLE I: DETAILS OF THE COMPONENTS/PARAMETERS CONSIDERED TO 

DESIGN PSO CIRCUIT 

Transistor used BC 547 B 

hie  4.5    [25], [26] 

hfe  330  

Stability factor 10 

 

 
Fig. 3. Scilab simulation code. 

 

Fig. 4 shows the output obtained from simulation. The 

code provides the values of all the components used in 

designing the PSO circuit to generate a frequency output of 

      and it also shows the output waveform. 
 

 
Fig. 4. Component values and oscillator output obtained from simulation for 

f = 2 kHz. 

 

IV. EXPERIMENTAL 

The circuit given in Fig. 2 is realized for different 

frequencies using transistor          and the component 

values calculated with the code given in Fig. 2. The values of 

              and    obtained theoretically are presented in 

Table II. For the implementation of the PSO circuit the actual 

values of               nd    used were chosen to be 

nearest to the standard values available. These are mentioned 

in brackets in each row below the theoretically obtained ones 

in Table II.  

The output voltage     (   and the frequency of the output 

wave of the circuit were measured using Agilent 

Technologies DSO 1052B. The oscillator circuit is designed 

for five different frequencies viz         500Hz, 2 kHz, 10 

kHz and 40 kHz. The waveform output of experimentally 
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designed phase shift oscillator and the one obtained through 

simulation is shown in Fig. 5 for two frequencies    
                   . The frequency of the output 

waveform obtained theoretically and experimentally is 

presented in Table II. 
 

TABLE II: THEORETICAL AND EXPERIMENTALLY OBSERVED VALUES OF 

FREQUENCY OF OSCILLATION 

 
 

 
Fig. 5. Waveform output of phase shift oscillator obtained using: simulation 

((a) & (b)) and experimentally designed circuit ((c) & (d)). 

 

The experimentally obtained results are in close proximity 

to the theoretically obtained ones. The maximum deviation 

between the theoretical and experimentally obtained 

frequency is about    and is attributed to the tolerances 

(     of the components [27], [28]. It is worth to mention 

here that with transistor        , the oscillator circuit with 

wave output frequency less than        (say        ) 

cannot be designed. This is because the condition on the gain 

of the CE amplifier given by equation (2) fails for frequency 

less than       . The same is observed in experimentally 

realized circuit.  
The usage of mathematical software to design and analyze 

various electronic circuits has been explored earlier and 

found to be an important tool as it provides many benefits 

that traditional way of cook book method cannot provide 

[10]-[12], [29]. Wanhammar has shown that electronic 

op-amp based circuits at undergraduate level could be 

beautifully realized with the help of mathematical programs 

written in MATLAB [29]. Such analysis can be done for 

various other circuits mentioned in the syllabi of Physics and 

Electronics undergraduate courses using appropriate 

mathematical codes. 

A. Survey Report and Analysis 

The present study also aims to gather what the students 

stance about the idea of introducing the use of mathematical 

programs as a pre lab tool for designing and analyzing 

electronic circuits and their experience with the task of 

designing an important electronic circuit given to them using 

a mathematical code. The authors used Google Forms to 

circulate an online questionnaire, the link for which was 

conveyed through different social media platforms. The 

questionnaire consisted of 7 questions to gauge the student’s 

perception about their experience and viewpoint on use of 

mathematical programs. Five-point Likert scale was used to 

calibrate the levels of agreement or disagreement with the 

statements and for data analysis, the following values were 

assigned to different levels: 

 

Strongly Agree - 5, Agree - 4, Neutral - 3, Disagree - 2, 

Strongly Disagree - 1. 

 

The reliability and validity of the aimed questionnaire in 

the present study was first examined. Reliability refers to the 

accuracy or precision of a measuring instrument [30] and 

defines the level of consistency or dependability of the 

measure of construct. Amongst several measures, internal 

consistency is a widely used measure for assessing scale 

reliability. Internal consistency assesses whether several 

items that propose to measure the same construct produce 

similar scores. The internal consistency of the instrument has 

been assessed using Cronbach’s Alpha. Whitely [31] states 

that Cronbach’s alpha score exceeding 0.70 indicates a strong 

item co-variance. The Cronbach’s alpha score of acceptance 

of mathematical programs as a prelab activity is found to be 

0.820028627, which indicates that the instrument can be 

presumed to be reliable. 

Validity can be defined as the extent to which data 

collection methods accurately measure what they were 

intended to measure. For the current study, we have used face 

validity. Accordingly, the questionnaire has been validated 

by the two major stakeholders: the students and the 

professors. Before collection of data, feedback regarding the 

validity was taken from professors and students from the 

electronics and mathematics field. The obtained Cronbach’s 

alpha score and approval of the questionnaire to address the 

intended research issue from the masters in field validate the 

use of questionnaire as an able instrument to gauge the 

students’ stance.  

More than 500 Physics and Electronics undergraduate 

students from different colleges of University of Delhi 

participated in this survey. The opinion on adoption of 

mathematical programs as a methodological tool in practical 

labs for the design and analysis of electronic circuits was 

sought. Most of the respondents answered in favor of the 

statement that programming simulation tools are easier to use 

for design and analysis of electronic circuits. This is because 

they are familiar with the use of mathematical programs, as 

the latter is an integral part of their course curriculum. The 

ease of use of mathematical programs in designing and 

analysis of electronic circuits has also been experienced 

earlier by many researchers [10]-[12], [29]. When asked 

about the flexibility provided by the simulation tools, a 

majority of respondents answered in favor of using 

programming tools in comparison to doing the designing and 
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analysis manually in the labs, as these tools comfortably 

provide a route that allows for cycling different scenarios of 

the circuit design [10], [11]. When asked about deeper 

understanding of the concept via mathematical programs, all 

the respondents were lying in the category of positive 

responses: Agree or Strongly Agree. Probably realizing the 

same, Wanhammar also came up with his work on designing 

op-amp based circuit using MATLAB programming tool [29]. 

Also, a majority of survey respondents agreed to the 

statement that use of mathematical program as a pre lab 

activity is very satisfying and stimulating. All these results 

are clearly depicted in Fig. 6.  

Most of the students were able to realize the circuit given 

in the task, successfully in the physical laboratory using the 

designing parameters obtained through the mathematical 

program. The obtained results were in good agreement with 

the results shown by the mathematical program. 
 

 
Fig. 6. Opinion on ease of use of mathematical programs in designing and 

analysis as compared to doing it manually. 

 

Most of the participants of the survey were found to be 

neutral and a significant number was found to be inclined to 

believe that there is a need of inclusion of mathematical 

programs in science undergraduate curriculum for design and 

analysis of electronic circuits. This response is presented in 

Table III. It may be seen from Table III that obtained 

response on inclusion of mathematical programs is 

negatively skewed with median and mode both as unity, 

indicating more positivity towards acceptance of use of 

mathematical programs. It is also evident from Table III that 

more than half of the respondents were in favor of 

introducing this methodological approach formally in their 

curriculum.  
 

TABLE III: INCLUSION OF MATHEMATICAL PROGRAMS AS AN ESSENTIAL 

TOOL IN CIRCUIT ANALYSIS AND DESIGNING IN SCIENCE UNDERGRADUATE 

CURRICULUM 
 

Mean 0.552083333 

Standard Error 0.051019844 

Median 1 

Mode 1 

Standard Deviation 0.499890339 

Sample Variance 0.249890351 

Kurtosis -1.99675772 

Skewness -0.212812632 

 

The data from the Likert type questions indicates that the 

use of mathematical simulation tools is well perceived by 

most of the students owing to its contribution in saving time 

and helping them enhance the learning experience. It also 

gives the students a feeling of satisfaction and motivates them 

to realize the circuits manually. The only drawback with the 

use of mathematical program is that the user should have 

access to the basic computing device i.e. computer or laptop.  

Hence the proposed approach in the present study can be 

instrumental for educating the practical component of circuit 

theory to science undergraduate students. This technique is 

cost effective as it does not require expensive hardware and 

software. Moreover, the students need not put extra time and 

effort in learning this tool. The realization of good and swift 

design results using simulation tools facilitates stepping up of 

practical component learning and enhancement of its quality. 

 

V. CONCLUSION 

The article throws light on the potential use of 

mathematical programs in making the design and analysis of 

electronic circuits easier for learners. The success of 

programming platform is gauged through an online survey, 

where the respondents were asked to complete a given task 

using a mathematical program and answer a few questions 

based upon their experience in doing so. Around 93% of the 

survey respondents show positivity towards the use of 

mathematical programs in the practical papers related to 

circuit theory. The survey respondents express their 

agreement to the fact that the use of mathematical programs 

provides more flexibility in terms of changing the variables 

effortlessly, saves time and things work out decently well. It 

also gives them user satisfaction and stimulates them to 

complete the task of designing flawlessly. As per the results 

of the conducted survey, a majority (55%) of science 

undergraduate student-respondents are also in favor of formal 

inclusion of the use of mathematical programs as a 

complementary methodological approach in the practical 

component related to papers on circuit theory. Although this 

analysis shows that the use of mathematical software in 

circuit theory has been very well accepted by the students yet 

the present study is restricted to the use of mathematical 

programs in circuit theory analysis only. The present work 

has not checked the possibility of introducing mathematical 

programs as an aid in strengthening the practical component 

learning in other disciplines. As a result, the conclusion in 

this study does not intend to define the over-all usefulness of 

mathematical programs. Therefore, in future, researchers 

may carry out further investigations to amplify the present 

work and reach the attributes needed. 
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