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Design of an Experimental Procedure for Measuring Liquid Surface Tension

Using the Pendant Drop Method and Tracker Software
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Abstract
This research aimed to: (1) design an experimental procedure for measuring the surface tension
of liquids, suitable for resources and budget limitations, (2) apply image analysis technology

using Tracker software, and (3) evaluate the developed experimental setup’s feasibility
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and accuracy for future practical implementation in science education. The study focused on
measuring the surface tension of water and vegetable oil using the Pendant Drop Method.
The research process consisted of two main steps: (1) designing an experimental setup for
capturing images of liquid droplets, and (2) analyzing the shape of the droplets from the
captured images by applying Tracker software to measure relevant parameters and calculate
surface tension using the Young-Laplace equation. The results demonstrated that: (1) the
developed experimental setup was capable of capturing clear images of liquid droplets while
employing low-cost equipment and aligning well with resource limitations; (2) the application
of Tracker for image analysis effectively enabled the measurement of relevant parameters and
the calculation of liquid surface tension using the Young-Laplace equation, with the obtained
values showing trends consistent with the standard values of water and vegetable oil; and (3)
the experimental procedure is suitable for instructional implementation, as it involves non-

complex steps and yields measurement errors within acceptable limits.
Keywords: Surface tension, Young-Laplace equation, Liquid droplet, Tracker software
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D= 1.24 mm D= 0.84 mm | D=0.60 mm |

= 0.34 mm = 0.25 mm D= 0.20 mm
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M3l 1 uansensfimefvemeniuazannuisinvesihidielddudneiifduiugusnans
YUIAR 9
wusugudnatada R De Ds ARSI
Ds/De  1/H ARa MD  %error

(mm) (mm)  (mm)  (mm) (N/m)
1.661 3.322 2,571 077  0.65 0.071

1.623 3.246 2406 0.74 0.73 0.075 0.07231 0.00184 5.56
v 1.670 3340 2586 077 0.65 0.071
1.607 3.214 2418 0.75 0.70 0.071

1.581 3.162 2377 075 0.70 0.069 0.07107 0.00163 3.83
oo 1.566 3.132 2275 073 0.77 0.074
1.441 2.882 1972 0.68 0.89 0.072

1.445 2.890 1.990 0.69 0.88 0.072 0.07172 0.00038 4.73
oo 1.442  2.884 1.985 0.69 0.88 0.071
1.351 2.702 1.757  0.65 1.01 0.072

1.371 2.742 1.806 0.66 0.98 0.072 0.07218 0.00015 5.38
o4 1.355 2.710 1.764 0.65 1.01 0.072
1.280  2.560 1.579  0.62 1.15 0.074

0.34 1.306 2612 1.645 0.63 1.10 0.073 0.07308 0.00056 6.61
1.294  2.588 1.625 0.63 1.10 0.072
1.187  2.374 1380 058 134 0.074

1.196 2.392 1399 058 132 0.074 0.07332 0.00053 6.95
0 1.164 2.328 1341 058 137 0.073
1.143 2.286 1.336 058 1.32 0.067

1.147 2.294 1.354 059 1.29 0.066 0.06737 0.00073 1.52
02 1.146  2.292 1.335 058 1.33 0.068
1.045 2.090 1.098 053 1.72 0.074

1.046 2.092 1.121 054 1.64 0.070 0.07188 0.00114 4.97
ot 1.049 2.098 1.116 053 1.67 0.072
0.987 1.974 1.030 052 1.75 0.067

0.08 0.921 1.842 0861 047 231 0.077 0.07090 0.00377 3.59
0.997 1.994 1.033 052 179 0.069
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M7 1 UARINANTIMANANUFRRIvegnE3S Pendant Drop Tngldidudneniididuniu
Augnans 1.24, 0.84, 0.60, 0.40, 0.34, 0.25, 0.20,0.16 waz 0.08 adluns lagllAT1grAINITEwes
Ry, Dy 9700 6 8TUSUNT Tracker WAz AIUINAIAMUAIRIMNLANNIST 1 WUl Araufisiamede
LN 1A U 0.07231, 0.07107, 0.07172, 0.07218, 0.07308, 0.07332, 0.06737, 0.07188 ag 0.07090

TIPURDLUAT AIUAIPU

AN51997 2 LER9ANNNSINWSTRIMEALNT AL AIAURIRIYesNTU T U Anen ATl EuN U

AUGNANVUIARN 9

wusiugudnanady Re De Ds ANUAIEY

Dy/De  1/H ARage  MD  %error
(mm) (mm) (mm) (mm) (N/m)
1.400 2.800 2.162 0.77  0.66 0.046

1.24 1.342 2.684 2.003 0.75 0.72 0.046 0.04494 0.00120 36.32
1.370 2.740 2.130 0.78 0.65 0.043
1.224 2.448 1.919 0.78 0.63 0.034

084 1.227 2.454 1.939 0.79 0.62 0.033 0.03337 0.00024 6.93
. 1.222 2.444 1.927 0.79 0.62 0.033
1.153 2.306 1.717 0.74  0.72 0.034

0.60 1.143 2.286 1.690 0.74  0.73 0.034 0.03404 0.00001 8.94
1.166 2.332 1.752 0.75 0.71 0.034
1.075 2.150 1.526 0.71 0.81 0.033

0.40 1.063 2.126 1.483 0.70  0.85 0.034 0.03303 0.00090 5.92
1.060 2.120 1.519 0.72 0.79 0.032
1.024 2.048 1.385 0.68 0.92 0.034

034 1.030 2.060 1.430 0.69 0.86 0.032 0.03328 0.00061 6.67
. 1.035 2.070 1.426 0.69 0.88 0.033
0.972 1.944 1.293 0.67 0.96 0.032

0.25 0.952 1.904 1.246 0.65 1.00 0.032 0.03243 0.00049 4.08
0.988 1.976 1.314 0.66 0.96 0.033
0.903 1.806 1.108 0.61 1.17 0.034

0.20 0.913 1.826 1.166 0.64 1.06 0.031 0.03362 0.00152 7.69
0.916 1.832 1.114 0.61 1.20 0.036
0.876 1.752 1.098 0.63 1.11 0.030

0.16 0.897 1.794 1.130 0.63 1.10 0.031 0.03091 0.00046 0.70

0.871 1.742 1.073 062 1.16 0.031
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M7 2 uanIRansAATRIveniiuge3s Pendant Drop Taeldifudnenfisidy
H1uAugnane 1.24, 0.84, 0.60, 0.40, 0.34, 0.25, 0.20 wag 0.16 Tadiuns lagdias1gviAmisdnes
Rz, Dy 9700 6 8TUSUNT Tracker WasAIUInAIAUAIRIINLENNIST 1 wud1 AAufRawmie
WinAu 0.04494, 0.03337, 0.03404, 0.03303, 0.03328, 0.03243, 0.03362 Laz 0.03091 TIAUADLUAT

AUAIAU

5. afiusneuasasunan1sig

2INN1308NUULYANIIAADIE T UE TR InE At Az eatniTy THn e g e Imenth
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entsuduneaiesoguaeifuiifdasvaresninuamedy fdnvuesuiiamnesluwis dae
neauarlyunuusiliiuduuuiauiazduanii agunssiiliamsomuindinuiin
I ieunzusiugn dninveameaveuvaluazanufsiadarmaunadu jUs1evemenvesnalgn
muaslagaunsds-anats Fsmsdnamauisilagldaunsd-avam fanuuivdgaiensn
yoamariigusadsuluannsnanegistaay aenndosiu Saad et al. (2011) sryi1AImLsIUEN
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