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Abstract

This experiment measures the fall of poten-
using an
Arduino
is an open-source electronics platform based
This

experiment demonstrates the use of reflection

tial across a potentiometer wire,

ultrasonic sensor and Arduino Uno.

on easy-to-use hardware and software.

of sound from a barrier to measure length of a
potentiometer wire and of Arduino to measure
potential at different positions of wire. This is
a low-cost, effective method to evaluate stu-
dents’ performance on the basis of task-based
assignments. It also enhances their skills in
determining various parameters through non-
conventional techniques by the applying basic
concepts of physics. This paper emphasizes the
importance of using technology in conducting
physics practicals through e-learning.

Key Words: Ultrasonic sensor, Arduino Uno,

potentiometer wire.

1 Introduction

Due to lack of funds and facilities in some of
the remote areas, it is difficult to conduct prac-
ticals in labs with students at both school and
college level. Therefore, there is an urgent
need for devising some low-cost, effective meth-
ods to enhance students’ skills in practicals or
task-based assignments and evaluate their per-
formances in this field. Arduino Uno has come
to the rescue of the above cited problem. It
is an open-source electronics platform for en-
gineers and non-engineers based on easy-to-use
hardware and software. We just need a specific
sensor, Arduino, and code. Arduino hardware
can read inputs, such as light on a sensor, but-
ton status, detect motion and turn it into an
output (voltage), rotate a motor or set of mo-
tors, activate or deactivate a motor for any de-
sired time, or turn an LED on/off, etc [1-4].
On the software part, Arduino IDE is an inte-

grated development environment that helps in
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creating, verifying, and uploading the program
to the microcontroller to run programs, which
perform specific tasks using various sensors in
devices. Before demonstrating the Arduino ex-
periments, we have to download and install Ar-
duino IDE from www.Arduino.cc. There are a
variety of sensors available at a very low cost,
which, when integrated with the Arduino board,
help in determining various physical parameters
like resistance, temperature, pressure, e.m.f, etc.
Some of these sensors are ultrasonic sensors,
LDRs, temperature and humidity sensors, blue
tooth sensors, IR sensors, etc. The working of
these sensors is based on various basic princi-
ples of physics. Therefore, the integrated use of
sensors with Arduino board helps in doing vari-
ous physics experiments at home, thus eliminat-
ing the requirement of the lab during pandemic
like situations. In this paper, we demonstrate
an innovative way of measuring the change in
potential across potentiometer wire using an ul-

trasonic sensor and Arduino Uno Board.

2 Significance of the experiment

1. Basic principles of physics are integrated
with low-cost, effective technology.

2. Sensor-based real-time measurement s

done.

3. Project and analysis-based learning is en-

hanced by these experiments.

4. Creating an innovation by designing other
experiments based on ultrasonic sensors
and obstacle detection, such as crack de-
tection in metals.

5. Task-based assessment skills can be done.

6. Enhances practical and applied compo-

nents in the curriculum which includes

computer-based learning and electronic
learning blended with low-cost physics ex-
periments, which have an edge over vir-
tual lab experiments. Here, in this experi-
ment, the student prepares the setup him-
self, thereby developing skills to make their

own apparatus.

3 The working principle of a
Potentiometer

The basic principle of the potentiometer is that
the potential drop across any section of the wire
is directly proportional to the length of the wire,
provided the wire has a uniform cross-sectional

area and a uniform current flowing through it.

3.1 Conventional Method Used in the
Lab

The potentiometer is a long piece of uniform
wire across which a standard cell is connected.
The current flowing through the wire can be var-
ied using a variable resistance (rheostat) con-
nected in the circuit. The resistance can be
manually changed to measure the potential dif-
ference. A potentiometer is an instrument used
to measure the unknown voltage by comparing
it with the known voltage. The readings ob-
tained from a potentiometer are more accurate.
It has the advantage of drawing no current from
the voltage source being measured and as such,

it is unaffected by the internal resistance of the
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source.

A standard cell is connected across the po-
tentiometer, allowing a constant current to flow
through it. The current flowing through the wire
can be varied using a variable resistance (rheo-
stat). One end of a connecting wire is connected
to the zero end of the potentiometer wire, and
the other end is connected through a voltmeter
to a jockey that slides over the potentiometer
wire, reading the potential difference. To en-
able accurate measurement, the jockey must be
moved until the voltmeter pointer aligns with
one of the marks. The length of the poten-
tiometer wire is then noted from the scale. For
a given fixed current, a set of voltage (V) and
length (L) values are taken. In our method, only
the L-shaped block is moved to any position,
automatically giving the length of the wire via
an ultrasonic sensor and the potential at that

position via Arduino code.

3.2 Non-Conventional Method of
Measuring the Voltage

Voltage measurement at any point on a wire
of uniform cross-section is done using Arduino
Uno hardware instead of standard cells or batter-
ies. The required apparatus consists of a poten-
tiometer wire, Arduino Uno hardware, an ultra-
sonic sensor, a laptop/PC, an L-shaped wooden

board, and aluminum foil.

4 Experimental Procedure

Make connections as follows:

Standard Cell J,
5*{;__4~fsf\
Rehostat
L
Jockey
Voltmeter

Figure 1: Circuit Diagram of Conventional Po-

tentiometer

1. Take a 100cm long wire of uniform cross-
section and fix it on the wooden platform.

2. Mark one end as A and the other end as B.

3. Connect A to the 5V pin of Arduino and
the other end to the GND pin.

4. Paste aluminum foil at the bottom of the
sliding L-shaped wooden block.

5. Connect the wire with one end wrapped in
aluminum foil pasted onto the bottom of
the L-shaped wooden board and the sec-

ond end to AO. The arrangement is shown
explicitly in Figures [ and [3

6. Connect the ultrasonic sensor to the four
pins (GND, Vcc, Trigger, and Echo) on
the Arduino board using a breadboard, as
shown in Figures [2]and [3

7. The trigger pin of the ultrasonic sensor is
connected to digital pin 7 in Arduino, while

the echo pin is connected to pin 10.
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CONNECTIONS

GND LINE
VOC LINE

POTENTIOMETER WIRE

Figure 2: Circuit connections showing Arduino,
Breadboard, Ultrasonic sensor, and potentiome-

ter wire

8. Write a program in an Arduino file on a
PC, verify the program, and upload it to
the Arduino board through a cable.

9. The ultrasonic sensor triggers a high-
frequency pulse of short duration, and an

echo is received by the Echo Sensor.

10. The time interval of the to-and-fro path,

measured by the Ultrasonic device, gives
the length (L).

11. The potential at different points is read at
Analog pin A0, and readings of potential vs.
length are tabulated in the PC.

5 Results and Discussion

When an electrical pulse of high voltage (5V) is

applied to the ultrasonic transducer, it vibrates

SLIDING L-SHAPED ARRANGEMENT

Figure 3: Sliding L-shaped arrangement

and generates ultrasonic waves. These waves
strike an obstacle, and the ultrasound waves
are reflected in the form of an echo, generating
an electric pulse. The sensor calculates the
time taken between sending sound waves and
receiving the echo using the formula:

. __ Duration , 35000
Distance = 1000000° * 2

velocity of sound is taken to be 350 m/s =
35000 cm/s.

Ultrasonic  detection introduces high-
frequency sound waves into a test object
without damaging it. Sound waves having a
frequency range from 100KHz to 50 MHz are
employed in ultrasonic detection. The distance
of the obstacle is related to the velocity of
sound waves in the medium through which
waves are passed and the time taken for
echo reception. Hence, the distance between
ultrasonic waves and obstacles can be detected
using an ultrasonic sensor.

Arduino Uno helps to read the voltage at
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EXPT: FALL OF POTINTIAL ACROSS POTEN TIOMETER WIRE IS DIRECTLY
PROPORTIONAL TO LENGTH OF WIRE
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Figure 4: (a) Table showing fall in potential across potentiometer wire is directly proportional to

the length of wire. (b) Graph of potential difference vs length of potentiometer wire.

the point where the obstacle is placed on the
potentiometer wire. It can be seen from the
results that the potential falls as the length or
distance increases. Here, we measure potential
at a point and not the potential difference. We
then calculate the potential difference with the

starting point as the reference potential (0).

It is worth mentioning here that Analog pins
processing is 10-bit, which divides 5 volts into
210 — 1024 parts and gives a value between 0
and 1023, depending on the voltage at the ana-
log pin. Digital pins processing, on the other
hand, is 8-bit, giving 28 = 256. The values ob-

tained are therefore between 0 and 255.

It can be seen from the results (Figure [4)

that as the distance between the ultrasonic sen-

sor and the obstacle increases, there is a fall in
potential. Also, the difference in length mea-
sured in the potentiometer wire is directly pro-
portional to the potential difference. The time
interval is measured in microseconds. Also, the
potential is measured to an accuracy of 0.01V.
The experiment was repeated thrice and same

set of readings were obtained.

6 Conclusion

This experiment enables students to learn the
basic concept of fall-in potential across poten-
tiometer wire. Additionally, they can be tasked
with devising another experiment using an ul-

trasonic sensor and Arduino board. For example,
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ultrasonic waves can detect cracks in the metals. 7 Appendix

The key takeaways from the experiment are:
/*ULTRA SONIC HAS BEEN DIRECTLY

1. Nature of propagation of ultrasonic waves  INSERTED INTO ARDUINO BOARD GROUND
in different mediums and use of these con-  GOES TO GROUND ECHO PIN GOES TO
cepts in detecting various parameters like PIN 13. TRIGGER PIN GOES TO PIN
potential, finding cracks, etc. 12. PIN 11 is named as vcc Pin

and IS MADE VCC BY USING STATEMENT

digitalWrite(vccPin,HIGH) This

statement makes Pin 11 5V. %/ int

2. Use of technology to take readings using

software and hardware to experiment.

Learning through a PC takes into considera- SensorPin=A0;// Sliding

tion more extensive access and in this paper ~const int echoPin = 13;
a blended format of e-learning with technol- ~const int trigPin = 12;
ogy and doing physical experiments is discussed ~ 1t vccPin = 115
which has more impact as compared to the vir-  float involtage;

tual labs. This article will orient students and float outvoltage;

teachers to design their low-cost apparatus at ~ £10at Vv;
home. long duration;

float distance;
int del = 10000;
void setup() {

[1] Banzi, Massimo, and Michael Shiloh. “Get- Serial.begin (9600);
ting Started with Arduino: The Open Serial.print (&quot;,&quot;);

Source Electronics Prototyping Platform

(Make)". Maker Media, Inc (2014): 15-24. Relation in Potentometer&quot;);
pinMode (sensorPin, INPUT) ;

[2] Galeriu, C. "An Arduino-controlled pho-  pinMode(trigPin, OUTPUT); // Sets the
togate”. The Physics Teacher, 51(3), +trigPin as an Output
(2013):156-158. pinMode (echoPin, INPUT); // Sets the
echoPin as an Input
pinMode (vccPin,QUTPUT) ;
digitalWrite(vccPin,HIGH) ;

}

[4] Galeriu, Calin, Scott Edwards, and Geoffrey void loop(O) {
// Clears the trigPin

digitalWrite(trigPin, LOW);

References

Serial.println(&quot;Voltage-Length

[3] McCaughey, Mike. “An Arduino-based
magnetometer.” The Physics Teacher
55(5) (2017): 274-275.

Esper. “An Arduino investigation of sim-

ple harmonic motion.” The Physics Teacher
52(3) (2014): 157-159. delayMicroseconds(2) ;
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// Sets the trigPin on HIGH

state for 10 micro seconds
digitalWrite(trigPin, HIGH);
delayMicroseconds (10);
digitalWrite(trigPin, LOW); // Reads
the echoPin, returns the sound wave
travel time in microseconds

duration = pulseIn(echoPin, HIGH);//
Gives time interval in micro second
since pulse was triggered

// Calculating the distance

involtage=analogRead(sensorPin) ;
Serial .print (&quot; ,&quot;) ;
//Serial .print(&quot;V-in at
point&quot;);
Serial.print(involtage*5/1023);
Serial.print (&quot; ,&quot;) ;
//Serial.print(&quot;Distance:
&quot;);

Serial.print(distance);
Serial.print(&quot;,&quot;);
Serial.println(&quot; Cm &quot;);

distance = duration/1000000.%*35000./2.;////analogWrite(outPin,outvoltage);

velocity of sound is taken to be 350

m/s = 35000 cm/s
// Prints the distance

on the Serial Monitor

delay(del);

}
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