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Abstract— Use of Computer interface for data
acquisition and analysis is constantly being pursued and
incorporated into curriculum developed at Quantum
University. Several experiments at Introductory level for
Science and Engineering students have already been
successfully modernized, tested and implemented in the
curriculum. Devices such as the ExpEyes, that offer
flexibility in designing experiments, have been well
received by the students and help them be better prepared
for the real world technologies after graduation.

In this paper, we describe alternate experimental
setups for measurement of acceleration due to gravity of a
Compound Bar Pendulum using ExpEyes that allows us to
measure and analyze the data on a computer. The
experimental analysis clearly shows that using the
Ultrasonic sensor gives reliable and excellent results and
proves to be an effective technique for achieving student
learning outcome.
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l. INTRODUCTION

With the use of computer based technologies in industries
worldwide, new doors have been opened for enhanced
learning by modernization of experiments, computer
interfaced data collection and subsequent analysis[1,2] It is
quite inevitable that more and more of the traditional
measurement techniques for physics majors will be updated
for more effective teaching and learning outcomes [3,4]. In
this regard we present our work on couple of alternative
methods to perform the typical experiment for measurement of
Acceleration due to gravity with a Bar pendulum by use of
ultrasonic motion sensor. This experiment is usually part of
the introductory mechanics course in many universities and
our own. The experiment is interfaced with computer using
ExpEyes device developed by Ajith et al. (2009) and entire
data analysis was performed on softwares such as Excel,
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Grapher and Desmos which are readily available for use in a
lab setting.

II. BACKGROUND

Oscillatory motion is quite common occurrence from a boat
swaying in the sea, child playing on a swing, to the vibration of
a molecule or an atom [5,6]. Study of pendulum motion in a
lab setting gives one the opportunity to get acquainted with this
important phenomena in detail. A simple pendulum is not ideal
when it comes to measurement of acceleration due to gravity as
approximations are made related to mass of thread used to hang
the bob and amplitude and motion of the bob. A Compound
Bar Pendulum provides much more accurate results as it is
applicable to body of any shape oscillating about the known
axis [7-10]. The Bar Pendulum used in undergraduate physics
labs consists of a uniform rectangular metal bar (100cm x 4cm
x 0.6cm) with several holes drilled along its length such that
the holes pass through the centre of gravity. The known time
period of the bar pendulum of length I and radius of gyration k
is

2+ 12
T=2m |— (1)

If the effective length, L is
[ = K+ @)

1

Then acceleration due to gravity, g can be written as

4L

9= ®)

Simplifying equation 3 in 2 one can rearrange the equation
in the form

P=g——K> @)

Hence, one can calculate the value of acceleration due to
gravity, g by measuring different time periods for different
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lengths of the pendulum by changing the point of suspension.
The practical lab for bar pendulum when computer interfaced
gives the opportunity to do accurate measurements and hands-
on experience with more skills such as data fitting and use of
sensors. For this purpose ExpEyes is ideal toolkit to get this
implemented as it is easy to use and already widely being
applied [11-15]

All additional information for analysis and data is present in
the Appendix Section
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Fig. 1. (a) Board Echo measurement setup with sensor on the side
of the pendulum reflecting the echo from a flat board b) Wall Echo
measurement setup with sensor in the front of the pendulum. The
wall acts a fixed background with pendulum obstructing the signal
every time it oscillates in front of the sensor.

A. Board Echo Measurement Technique—

One alternative method to measure the time period of a
compound pendulum is by using an ultrasonic sensor placed
along the side of the Bar pendulum that reflects a signal of a
flat board(8cm x 8cm) attached to side of the rectangular bar
pendulum (see figure 1(a)). The distance vs time response of
the sensor should itself represent a simple harmonic motion
(sine curve) that can fitted using a sine function to directly
find the frequency of the oscillation. Inverse of the frequency
will give us the time period of each oscillation corresponding
to the length of the pendulum. The length of the pendulum is
changed for every run by choosing the point of suspension | =
45 cmto | = 5em.

B. Wall Echo Measurement Technique—

Another alternative method is to use a reference reflection for
example from a wall behind the bar pendulum with the sensor
fixed in front of the pendulum (see figure 1(b)). The sensor
will measure the fixed position of the wall in continual mode
and every time the pendulum swings in front of the sensor, it
will record the distance between the sensor and the pendulum.
Therefore one can use the peak to peak distance between the
obstruction caused by the pendulum and if we measure the
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time for one complete cycle (pendulum will swing by twice)
one can calculate the time period.

The measurements in both the cases mentioned earlier were
done by interfacing the sensor HCSR04 module to the Expeyes
device and recording the distance vs time response using the
inbuilt program feature in the Expeyes program. Using the
values of time period and length I, one can plot a graph of 12 vs
IT? to extract the acceleration due to gravity (see equation 4).
Equation 4 is of the form of an equation of a line and hence the
slope of the curve is extracted by fitting the data to the equation
of a line. Acceleration due to gravity is 4z times the slope and
one can also extract the radius of gyration, K by using the
intercept value of the equation.

EXPERIMENT AND RESULT

A. Board Echo Results —

The experimental results for compound pendulum using Board
Echo technique are summarized in Table 1. Figure 2(a) shows
the simple harmonic response of the I=5cm suspension run
which has a corresponding frequency of 0.37Hz and time
period of 2.703 seconds. The corresponding frequencies from
sine curve fittings for all the different suspension lengths are
shown in Table 1. For additional data related to the
experiment, please see Appendix section at the end.

(@) (b)

! Equation ¥ = 0.2488555 * X - 0.0856838
Correlation coefficient, R = 0.9996033

Time (sec)

Fig. 2.(a) Simple Harmonic Curve measured for the case of
suspension length of 5cm of the pendulum. b) 12 vs IT2 plot
with fitted equation of a line to extract the slope and
intercept. Acceleration due to gravity is extracted using the
slope and Radius of gyration is extrapolated using intercept.

The simple harmonic data is analyzed and is shown in figure
2, where in the fitting of the curve gives us the equation of a
line. The value obtained for acceleration due to gravity is 9.81
m/s? and radius of gyration, K= 29.2 cm As expected the time
period varies with length | of the pendulum and time period is
minimum which corresponds to the condition when its length
is equal to its radius of gyration i.e. I=k.
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Table -1 Experiment Result of Board Echo measurements

Distance | of the | Frequency | Time | I? IT?
suspension from one | from  fit | Period | (m?) | (ms?)
end (cm) (Hz) (sec)

45 0.62 1.613 | 0.203 | 1.209
40 0.64 1.563 | 0.160 | 0.977
35 0.65 1538 | 0.123 | 0.828
30 0.65 1.538 | 0.090 | 0.710
25 0.65 1.538 | 0.063 | 0.592
20 0.63 1.587 | 0.040 | 0.504
15 0.59 1.695 | 0.023 | 0.431
10 0.51 1.961 | 0.010 | 0.384
5 0.37 2.703 | 0.003 | 0.365

B. Wall Echo Results —

The experimental results for compound pendulum using
Wall echo measurements are summarized in Table 2. The time
period varies with length | of the pendulum and time period is
minimum which corresponds to the condition when its length
is equal to its radius of gyration i.e. k. The distance vs time
response of the I=5cm suspension run of compound pendulum
is represented in the figure 3(a). The average time period of
2.76 seconds was calculated by measuring time period
between three random oscillations and then averaging them
(see Appendix Table 3). The average time period from peak to
peak for an entire cycle for all the suspensions is shown in the
Table 3. For additional data related to the experiment please
see Appendix Figure 5.

() (b)

¥ =0.2564572 * X - 0.0891797
Correlation coefficient, R = 09990959

Fig 3. (a) Distance vs time response measured for the case
of length of 5cm of suspension from the pendulum. The
peak to peak time for an entire cycle is measured from the
curve. b) I2 vs IT? plot with fitted equation of a line to
extract the slope and intercept. Acceleration due to
gravity is extracted using the slope and Radius of gyration
is extrapolated using intercept.
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The Wall echo data analysis is shown in figure 3(a) where
in the fitting of the curve gives us the equation of a line.
The value obtained for acceleration due to gravity is 10.12
m/s? and radius of gyration, K= 29.9 cm

Table -2 Experiment Result of Wall Echo measurements

Distance | of the | Time |I? IT?
suspension from one | Period | (m?) | (ms?)
end (cm) (sec)

45 1.600 0.203 | 1.152
40 1.563 0.160 | 0.959
35 1.538 0.123 | 0.818
30 1.538 0.090 | 0.699
25 1.538 0.063 | 0.588
20 1.587 0.040 | 0.498
15 1.695 0.023 | 0.430
10 1.961 0.010 | 0.381
5 2.703 0.003 | 0.381

IV. CONCLUSION

The results clearly show that the Board Echo measurement
gives us the reliable and accurate results of the Acceleration
due to gravity. Moreover, the data that is recorded as a Simple
harmonic curve is a much better representation of the
technique and presents the opportunity for students to relate to
the concept better. There is less noise in the data from the
technique as seen apparent in difference of Appendix figure 4
and figure 5. We would also like to draw your attention to the
fact that the Wall Echo technique is much more cumbersome
for evaluation of the time periods and hence may be avoided
in the lab setting. The experiments performed here surely
validate the importance of using computer interface to perform
introductory physics experiments and we hope to continue
along these lines to incorporate more experiments like these in
the student curriculum.
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VII. APPENDIX
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Fig. 4. Simple harmonic data from Board Echo measurement for
various lengths | of the bar pendulum
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Fig. 5. Wall Echo measurement data for various lengths, | of the bar
pendulum.

Table -3 Calculation data extracted from the Wall echo measurement
to measure the time period for various lengths, | of the pendulum

the hole from
ne end (cms)

Initial
time

Initial
time

Final
time [ perio

Final | Time
iod 2

time | peri

Initial
time

Final | Time
time |period 1

AverageTime| .
period (sec) "

as
a0
35
30
25
20

15.36
14.957
14.007
15.495
15.337
15.199
15 16.438
10 14,199
5 14.237

16.96
16.518
15.636
17.015
16.858
16.779
18.138
16.139
16.976

16
1.561
1539
1.52

1521

18.56
18.078
17.935
20.055.
19.076
18.358
20.64
18.938
19.716

20.16
19.618
19.455
21.505
20.616
19.939

232
20.918
22.456

1.6
154
152
154
154
1.581
168
198
274

26.52
2.772
23.314
23.708
22.996
23.088
20.38
24.058
25.155

28.121
24317
24,842
25.314
24,536
24.658
26.579
25.997
27.957

1.600
1.549
1529
1527
1534
1578
1.693
1.953
2760

0.203
0.160
0123
0.090
0.063
0.040
0.023
0,010
0.003

1.152
0.959
0.818
0.699
0.588
0.498
0.430
0.381
0.381

17
1.94
2739




