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A B S T R A K 

Ketelitian dalam pengukuran percepatan gravitasi lokal masih menghadapi 
tantangan akibat keterbatasan pendekatan eksperimental konvensional dan 
pengaruh kondisi dinamis sistem. Selain itu, belum banyak kajian yang 
mengintegrasikan pendekatan simulasi numerik untuk meningkatkan akurasi 
dalam konteks gerak osilasi nonlinier. Penelitian ini bertujuan untuk menganalisis 
secara mendalam dinamika bandul fisis teredam serta mengevaluasi akurasi 
pengukuran percepatan gravitasi lokal dengan mengintegrasikan metode 
eksperimen dan simulasi numerik. Penelitian ini merupakan penelitian kuantitatif 
dengan desain eksperimen semu. Subjek penelitian terdiri atas satu set alat bandul 
fisis berupa batang logam homogen, tanpa melibatkan partisipan manusia. Data 
diperoleh melalui pengukuran periode osilasi menggunakan stopwatch digital 
berakurasi tinggi dan pengukuran panjang efektif menggunakan roll meter. 
Instrumen divalidasi melalui prinsip fisika klasik dan uji konsistensi hasil. Simulasi 
numerik dilakukan menggunakan metode Runge-Kutta orde 4 (ODE45). Analisis 
data meliputi analisis deskriptif kuantitatif, komparatif, dan evaluasi kesalahan 
relatif serta identifikasi ketidakpastian. Hasil penelitian menunjukkan bahwa nilai 
percepatan gravitasi hasil eksperimen mendekati nilai teoritis dengan tingkat 
kesalahan relatif yang rendah. Disimpulkan bahwa integrasi pendekatan 
eksperimen dan simulasi memberikan pemahaman yang lebih komprehensif 
terhadap dinamika bandul dan akurasi pengukuran gravitasi lokal. Implikasi dari 
penelitian ini adalah perlunya penerapan model dinamis yang lebih kompleks untuk 
mendukung pengukuran presisi di berbagai bidang seperti geofisika, teknik, dan 
pendidikan. 
 

A B S T R A C T 

Accuracy in measuring local gravitational acceleration remains a challenge due to the limitations of conventional 
experimental approaches and the influence of dynamic system conditions. Furthermore, few studies have integrated 
numerical simulation methods to enhance precision in the context of nonlinear oscillatory motion. This study aims to 
conduct an in-depth analysis of the dynamics of a damped physical pendulum and to evaluate the accuracy of local 
gravitational acceleration measurements by integrating experimental methods with numerical simulations. This is a 
quantitative study employing a quasi-experimental design. The research subject consisted of a single set of physical 
pendulum apparatus in the form of a homogeneous metal rod, with no human participants involved. Data were collected 
by measuring the oscillation period using a high-accuracy digital stopwatch and the effective length using a roll meter. 
Instruments were validated based on classical physics principles and result consistency tests. Numerical simulations 
were performed using the fourth-order Runge-Kutta method (ODE45). Data analysis included quantitative descriptive 
analysis, comparative analysis, relative error evaluation, and uncertainty identification. The results showed that the 
experimental gravitational acceleration value closely approximated the theoretical value, with a low relative error. It is 
concluded that integrating experimental and simulation approaches provides a more comprehensive understanding of 
pendulum dynamics and improves the accuracy of local gravity measurements. The findings imply the need for more 
complex dynamic models to support precision measurements in various fields such as geophysics, engineering, and 
education. 
 

1. INTRODUCTION 

Gravitational acceleration refers to the quantity that describes an object's velocity changes when it 
falls freely toward Earth's center due to gravitational pull (Pacala & Pili, 2023; Salim et al., 2022). On Earth's 
surface, gravitational acceleration is typically around 9.8 m/s², indicating that the velocity of a freely falling 
object increases by approximately 9.8 meters per second (Dwiatmoko & Dzulkiflih, 2019; Shi et al., 2021; 
Subhan et al., 2022). However, this value varies depending on geographic location. For instance, in 
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equatorial regions such as Indonesia, the average gravitational acceleration value is generally slightly lower, 
around 9.78 m/s² (Medellu et al., 2023; Meena, 2019). Understanding local gravitational acceleration is 
crucial in various fields, including geodesy (for determining Earth’s shape and size), aviation (for calculating 
flight paths and ensuring aircraft stability), geophysics (to study subsurface structures and mass 
distribution, enabling natural resource exploration and disaster mitigation), and civil engineering (for 
calculating structural loads of buildings and bridges) (Pacala & Pili, 2023; Yanti et al., 2020). One classical 
method for measuring gravitational acceleration is the physical pendulum experiment (Wang et al., 2022; 
Yuningsih et al., 2020). A physical pendulum consists of a rigid body suspended from a fixed pivot point, 
allowing it to oscillate freely under the influence of gravity. Unlike a mathematical pendulum that modeled 
as a point mass attached to a massless string, a physical pendulum exhibits a non-uniform mass distribution. 
As a result, the pendulum's period depends not only on the length of the suspension string but also on the 
distance between the pivot point and the object's center of mass  (Dwiatmoko & Dzulkiflih, 2019; Monteiro 
et al., 2020). Despite its practical applications, physical pendulums have inherent limitations. A primary 
limitation is the assumption that no external forces, aside from gravity, act on the system. In practice, 
however, external forces such as air resistance and damping inevitably influence the pendulum’s oscillatory 
motion, leading to discrepancies between the measured and actual values of gravitational acceleration 
(Jatmiko, 2022; Rangkuti et al., 2019; Salim et al., 2022; Subhan et al., 2022).  

To address these limitations, a comparative study is necessary between experimental results from 
physical pendulums and numerical simulation methods. Numerical simulations provide reliable data 
comparisons and enable a deeper analysis of factors influencing measurement outcomes, such as damping 
effects that are challenging to quantify experimentally. These simulations offer a more accurate 
representation of the oscillatory motion of physical pendulums and improve our understanding of their 
behavior. In the experimental method, the distance of the pivot point to the center of mass varies, and the 
time required for several oscillations is precisely measured. The oscillation period obtained is then used to 
calculate the gravitational acceleration value and its uncertainty. Meanwhile, in numerical simulation, the 
approach involves modeling the motion of a physical pendulum by utilizing differential equations that 
describe the system's dynamics. Thus, numerical simulation allows the analysis of the influence of various 
variables, such as damping on the period and the gravitational acceleration value. The factors that influence 
the oscillatory motion of the pendulum can be identified by comparing the simulation results with the 
experimental results. Accordingly, the primary objective of this study is to accurately measure local 
gravitational acceleration by employing a combined approach of experimental methods and numerical 
simulation using a physical pendulum system. The study also aims to analyze the influence of damping 
coefficients and initial angular displacements on the oscillatory dynamics of the system. In addition, it seeks 
to evaluate the reliability of the numerical model by comparing simulation results with experimental data 
and theoretical values, as well as to identify potential sources of uncertainty that may affect the 
measurement outcomes, both from experimental and computational perspectives. Through this approach, 
the research is expected to contribute significantly to the advancement of understanding in nonlinear 
oscillatory motion and to improve the accuracy of gravitational acceleration measurements, particularly in 
the geographical context of Indonesia. 

 

2. METHOD 

This study employs a quantitative approach with a quasi-experimental design, combining direct 
measurements through physical experimentation and numerical modeling via computer-based simulation 
(Hambali et al., 2020; Husni, 2020; Rajab et al., 2025). The primary objective is to accurately determine the 
local gravitational acceleration and to examine the effects of initial deviation angle and damping coefficient 
on the oscillatory dynamics of a physical pendulum system (Medellu et al., 2023; Salim et al., 2022). The 
experimental subject consists of a single physical pendulum apparatus, constructed from a homogeneous 
metal rod of specific dimensions and mass, which serves as the main instrument for data collection. No 
human participants are involved in this study; thus, all data collection is instrument-based and relies on 
physical measurements (Bangun et al., 2022; Mintjelungan et al., 2024). The distance from the pivot point 
to the center of mass of the homogeneous metal can be varied between two different lengths (a₁ and a₂) 
and it is measured by a roll meter. The time required to swing with an initial deviation angle (θ₀) of 100 for 
two different pivot points is measured using a digital stopwatch with an accuracy of 0.01 seconds three 
times to minimize errors. The average period for each pivot point (T1 and T2) is calculated from the time 
data obtained. Using the calculated period, the value of gravitational acceleration and its efficiency can be 
determined. The selection of a relatively small deviation angle in this physical pendulum experiment is 
generally based on the assumption that at a small deviation angle, the sine value of the angle (sin θ) can be 
approximated by the angle value in radians (θ) (sin θ = θ) (Azahra et al., 2024; Bocresion, 2023). This 
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approach allows us to achieve the pendulum's motion equation into a simple harmonic motion equation. To 
account for the damping effect that is not measured in the experiment, the differential equation describing 
the motion of the physical pendulum is modified by adding a damping term as a mathematical model to 
describe the swing motion. The parameters used in the simulation include the effective swing length, 
damping coefficient, and compression acceleration (Bagus et al., 2024; Ekoputri et al., 2023).   

Numerical simulations are performed using MATLAB software to obtain numerical solutions to this 
mathematical model. The simulation results are then compared with experimental data to validate the 
model. The differential equation describing the motion of the physical pendulum is solved numerically using 
the Runge-Kutta method, specifically with the ODE45 function, to obtain numerical solutions for the 
position and angular velocity of the swing as a function of time. The swing period from the simulation is 
calculated by finding the time difference between two consecutive cut points of the position curve. From 
the span period obtained from the simulation, the value of the simulated gravitational acceleration can be 
calculated. Simulations are performed with various values of the damping coefficient and initial swing angle 
to explore the effects on both the swing period and the shape of the position curve. Next, the gravity values 
obtained from experiments and simulations are compared with electromagnetic values to verify the 
accuracy of the simulation models and experimental methods and identify distance sources. 

 

3. RESULT AND DISCUSSION 

Result 
Experimental Results 

The experimental method aims to determine the value of Earth's gravitational acceleration using 
the principle of a physical pendulum . In this study, a physical pendulum with two variations of pivot points 
on a hollow homogeneous metal rod was used. The observed swing periods were recorded for multiple 
trials, and gravitational acceleration values were calculated using Equation (1). 

𝑇 = 2𝜋√
𝑘𝑜

2+𝑎2

𝑔.𝑎
           (1) 

where: 
T = swing period (seconds) 
k0 = radius of gyration to the center of mass (cm) 
a = distance of the pivot point to the center of mass (cm) 
g = Earth's gravitational acceleration (cm/sec) 

In the experimental method, an approach is taken based on the assumption that the pendulum 
swing has a small amplitude thus the restoring force acting on the pendulum is proportional to its deviation. 
With this assumption, complex nonlinear equations of motion can be simplified into linear equations that 
are easier to solve. In addition, a more straightforward formula is obtained to calculate the swing period by 
ignoring factors such as friction and assuming the pendulum's mass is concentrated at one point. From 
equation (1), by taking point A1 as the pivot point whose swing period is T1 and pivot point A2 (on the 
opposite side of point A1) whose swing period is T2, the equation of the relationship between the period and 
the acceleration of gravity (Equation 2) and the uncertainty of the acceleration of gravity (Equation 3) is 
obtained.  
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In the experimental method, the swing period can be measured for several effective pendulum 

lengths by varying the distance between the pivot point and the center of mass of the rod and calculating 
the time required to swing. The swing period data is then used to calculate the Earth's gravitational 
acceleration value. Table 1 shows the distance from the pivot point to the center of mass and the measured 
swing times for 20 oscillations. 
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Table 1.  Results of Measuring the Distance of the Pivot Point (A) and the Time Required to Swing Using the 
Experimental Method 

Distance of pivot 
point A from the 
center of mass 

(cm) 

Swing 
Angle 

Swing Time (seconds) 
Time for 20 swings 

(repetition 1) 
Time for 20 swings 

(repetititon 2) 
Time for 20 swings 

(repetition 3) 

a1: 57.5 ± 0.02 100 35.0 35.0 35.0 
a2: 47.5 ± 0.02 100 33.5 33.5 33.5 

 
The experiment was conducted in a closed room with a relatively stable temperature to minimize 

the influence of environmental factors. The time data obtained did not show any variation, indicating a 
relatively good level of measurement precision. Furthermore, the time data was analyzed using the average 
method and its uncertainty. By applying equations (1) and (2), the value of gravitational acceleration and 
its uncertainty are obtained based on the experimental results of 𝑔 ±  ∆𝑔 = (967.91 ± 6.52) cm/s2. When 
compared to the theoretical value of local gravitational acceleration, which is 978 cm/s², there is a 
difference that can be calculated through the percentage error to understand the difference between the 
experimental and theoretical results. 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = (
|𝑔𝑡ℎ𝑒𝑜𝑟𝑦−𝑔𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡|

𝑔𝑡ℎ𝑒𝑜𝑟𝑦
) 𝑥 100% ≈ 1.03%   

 
Simulation Results 

To complement the experimental findings, numerical simulations were conducted using MATLAB 
with the fourth-order Runge-Kutta method (ODE45) which implements a method to solve differential 
equations that describe the dynamics of a physical pendulum. This simulation was carried out for various 
initial deviation angles ranging from 5° to 30°. In each iteration of the initial angle, simulations were carried 
out for a range of damping coefficient values (b) from 0 (no damping) to 1 (high damping) with an interval 
of 0.1. The initial angle was converted from degrees to radians for calculation at each iteration. The 
simulation's initial angular velocity (ω₀) was set at zero, considering that the pendulum was initially at rest. 
This means the pendulum is only given an initial push as a deviation angle (θ₀) without any initial angular 
velocity. Important parameters in the simulation include the simulation period, the length of the pivot point 
to the center of mass, and the radius of gyration, which explain the distribution of the pendulum mass.  After 
obtaining the angular position data θ from the simulation, the swing period is determined by identifying the 
peaks in the data using the findpeaks function. The simulation period obtained is then used to calculate the 
simulated gravitational acceleration value based on equation (4). 

 

𝑔𝑠𝑖𝑚 =  
4𝜋2𝑘2

𝑇𝑠𝑖𝑚
2 𝑑

           (4) 

 
where 
𝑔𝑠𝑖𝑚  = simulated gravitational acceleration (cm/s2) 
𝑇𝑠𝑖𝑚  = simulated swing period (seconds) 
𝑘 = radius of gyration of the two pivot points (cm) 
𝑑  = average distance of the pivot point to the center of mass (cm) 

Conducting simulations for various combinations of initial angles and damping coefficients yields a 
comprehensive dataset of gravitational acceleration values. This dataset is then compared with the 
theoretical value of local gravitational acceleration to evaluate the accuracy of the simulation model. For 
each combination of parameters, the percentage difference between the simulated and theoretical values is 
calculated. The key findings indicate that for small damping coefficients, ranging from 0 to 0.3, the simulated 
gravitational acceleration remains stable and closely aligned with the theoretical value. However, as the 
damping coefficient increases to 0.5 or higher, the gravitational acceleration decreases significantly, 
reflecting the characteristics of non-linear pendulum behavior. Figures 1 and Figure 2 illustrate the 
relationship between damping coefficients and simulated gravitational acceleration at various angles.  
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Figure 1. Relationship Between Damping Coefficient and Simulated Gravitational Acceleration for Various 
Initial Swing Angles 

 
Figure 1 illustrates the correlation between the damping coefficient (b) and the simulated 

gravitational acceleration across different initial angles (θ). At low damping coefficients (0 to 0.3), the 
simulated gravitational acceleration remains stable and closely matches the theoretical value (978 cm/s²). 
However, beyond , gravitational acceleration begins to decrease significantly across all angles. This 
indicates that higher damping levels strongly influence pendulum dynamics, leading to deviations from 
ideal simple harmonic motion. As the damping coefficient increases, especially at values around 0.5 and 
above, the lines representing each angle begin to converge, indicating that the influence of increased 
damping becomes dominant. The simulated gravitational acceleration decreases consistently, reaching 
values around 300 cm/s² at a damping coefficient 0.9. This trend highlights the limitations of simple 
harmonic motion approximations in high-damping conditions, requiring a nonlinear approach to accurately 
model pendulum behavior. 

 

 

Figure 2. Relationship Between Small Damping Coefficient and Simulated Gravitational Acceleration for 
Various Initial Swing Angles 
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Figure 2 shows the relationship between small damping coefficients (0 to 5 x 10-3) and simulated 
gravitational acceleration for various swing angles. In the small damping range, the data show that the 
simulated gravitational acceleration tends to be stable and close to the theoretical value of about 978 cm/s², 
especially for small angles such as 5° and 10°. The acceleration value is almost unchanged, indicating that 
the damping effect in this range is very minimal, and the pendulum behavior is close to simple harmonic 
oscillation. Although there is a slight increase in the simulated gravitational acceleration with an increasing 
damping coefficient, the change is not significant, indicating that the impact of small damping is not enough 
to change the dynamics of the pendulum drastically. However, the nonlinearity effect dominates at large 
angles, causing a significant deviation from the standard gravity value. The simulated results confirm that 
for small damping values and low initial angles, the pendulum behaves in accordance with simple harmonic 
motion. However, at higher damping coefficients and larger angles, deviations occur due to dominant non-
linear effects. These findings align with previous theoretical expectations regarding the transition from 
linear to non-linear motion in damped pendulum systems. The measurement results of fulcrum distance (a) 
and swing time by the experimental method are presented in Figure 3. 

 

 

Figure 3. The Percentage Difference between the Simulated and Theoretical Values is Calculated for Each 
Combination of Parameters 

 
Figure 3 provides a detailed analysis of the percentage difference between the simulated and 

theoretical gravitational acceleration values for various damping coefficients and initial angles. At low 
damping coefficients (from 0 to approximately 0.3), the percentage difference remains minimal (around 0 
to 10%), which indicates that the system behaves linearly and that damping has minimal impact on 
gravitational acceleration calculations. However, beyond b ≥ 0.3 , the percentage difference rises sharply, 
exceeding 50% at higher damping coefficients (b ≥ 0.5). This behavior highlights the transition from linear 
to nonlinear dynamics in the pendulum system. At larger initial angles (θ ≥ 20°), the percentage difference 
becomes more pronounced even at lower damping coefficients, as observed in the error analysis where 
deviations increase with larger amplitude. This indicates that nonlinearity dominates the system's behavior, 
leading to greater deviations from theoretical predictions. The convergence of percentage differences for 
various angles at higher damping coefficients suggests that damping effects overpower the influence of 
initial angles, creating a uniform trend across conditions. 

 
Discussion 

The experimental results show a gravitational acceleration value of 967.91 ± 6.52 cm/s², which 
deviates by 1.03% from the theoretical value of 978 cm/s². This discrepancy can be attributed to 
measurement uncertainties, including errors in measuring the effective length of the pendulum and the 
period of oscillation  (Braza, 2020; Nst, 2024). Although variations in results are inevitable, this percentage 
error remains within an acceptable range for laboratory experiments. The consistency of repeated swing 
time measurements indicates a relatively high level of precision (Adlim et al., 2020; Taherdoost, 2021). The 
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simulation results provide deeper insights into pendulum dynamics, particularly under non-ideal 
conditions. These findings underscore the importance of considering damping effects and nonlinearities 
when modeling pendulum dynamics. The observed trends align with findings that assert damping may 
trigger chaos in pendulum motion. Similarly, the dominance of non-linear effects at large angles has been 
emphasized, and it has been further demonstrated through Fourier analysis that the contribution of higher 
harmonic components becomes increasingly significant as the oscillation amplitude grows (Hinrichsen, 
2020; Medellu et al., 2023; Meena, 2019). Moreover, the rotational dynamics of a forced-damped nonlinear 
pendulum reveal that damping can induce extreme rotational events, deviating significantly from standard 
thresholds (Asmorowati et al., 2023; Juharna et al., 2022; Monteiro et al., 2020; Subhan et al., 2022). These 
numerical results highlight a sudden expansion in chaotic attractors due to internal crises, reinforcing the 
impact of damping in triggering chaotic behavior. The findings from this study align with prior research that 
emphasizes the necessity of nonlinear numerical approaches to capture the full dynamics of damped 
pendulum motion. A successful application of the Finite Element Method (FEM) to solve the nonlinear 
pendulum equation with damping forces by transforming the problem into a boundary value problem 
further supports the importance of incorporating nonlinear effects in pendulum models, particularly at 
higher damping coefficients and large oscillation angles. These comparisons validate the study’s findings 
and reinforce the need for more complex models in high-damping scenarios (Hafez, 2022; Wang et al., 
2022). 

The study results show that although the physical pendulum method can provide accurate results 
at small angles and low damping, it faces significant limitations at large and high damping. Addressing these 
conditions, it requires a more complex, nonlinear approach to effectively capture the dynamics of pendulum 
systems under nonlinear and damped conditions  (Bocresion, 2023; Braza, 2020; Faux & Godolphin, 2019; 
Hinrichsen, 2020). Nevertheless, this model provides valuable insights into understanding the effects of 
damping and initial angle on the dynamics of a pendulum system and shows the potential for using 
numerical simulations to explore nonlinear phenomena in damped oscillatory systems. This study 
contributes to the field by combining experimental and numerical methods to analyze physical pendulum 
dynamics. The integration of MATLAB simulations with experimental data offers a robust framework for 
understanding damping and non-linearity effects. However, this research faced certain limitations. The 
experimental setup was constrained to a restricted angle range of 30° or less, which limited the ability to 
explore more extreme non-linear behavior. Moreover, the environmental conditions modeled in the 
simulations were simplified and did not account for real-world complexities such as air resistance or 
temperature fluctuations. Despite these constraints, The results emphasize the importance of precise 
experimental setups and advanced simulation models for gravitational acceleration measurements. 
Looking ahead, future studies could benefit from broadening the range of initial angles and damping 
coefficients to better probe extreme non-linear regimes. Additionally, incorporating real-world variables 
like air resistance would further enhance the realism and applicability of the models. 

 

4. CONCLUSION 

Based on the results of the study, it can be concluded that the experimental and simulation methods 
applied to the physical pendulum system are capable of reliably measuring gravitational acceleration under 
ideal conditions. This approach has proven to be sufficiently accurate for practical purposes, with 
measurements closely aligning with the theoretical values for the local region. The simulation results 
indicate that at low damping levels, the gravitational acceleration remains stable and consistent with 
theoretical predictions, suggesting that damping effects within this range are minimal and the system 
behaves similarly to simple harmonic motion. However, under higher damping conditions, significant 
deviations from theoretical values occur, accompanied by the emergence of nonlinear motion 
characteristics. These findings imply that the simple harmonic motion model is valid only under controlled, 
ideal conditions and becomes inadequate in scenarios involving large angular deviations or high damping. 
Therefore, to achieve higher accuracy under such conditions, the application of more complex nonlinear 
models is required. 

 

5. REFERENCES 

Adlim, M., Nuzulia, R., & Nurmaliah, C. (2020). The effect of conventional laboratory practical manuals on 
pre-service teachers’ integrated science process skills. Journal of Turkish Science Education, 15(4), 
116–129. https://doi.org/10.12973/tused.10250a. 

Asmorowati, D. S., Kristanti, I. I., & Sumarti, S. S. (2023). Adsorpsi logam Fe pada limbah laboratorium kimia 
menggunakan zeolite alam teraktivasi asam sulfat. Indonesian Journal of Chemical Science, 12(1), 

https://doi.org/10.12973/tused.10250a


Jurnal Sains dan Teknologi, Vol. 14, No. 1, 2025, pp. 132-140                139 

Ika Wahyu Utami / Local Gravitational Acceleration through Experimental and Simulative Approaches on Physical Pendulum 

16–21. 
http://journal.unnes.ac.id/sju/index.php/ijcsAdsorpsilogamFepadalimbahlaboratoriumkimiame
nggunakanzeolitealamteraktivasiasamsulfat. 

Azahra, A. S., Yuningsih, S. H., & Kalfin. (2024). Model for Determining Earth’s Gravitational Acceleration on 
a Mathematical Pendulum. International Journal of Quantitative Research and Modeling, 5(3), 318–
322. https://journal.rescollacomm.com/index.php/ijqrm/index. 

Bagus, A., Rahma, N., Wijayanti, J., Heong, Y. M., Musallamah, K., Malang, U. N., Brawijaya, U., Tun, U., & Onn, 
H. (2024). Transformasi Mesin Spinner Otomatis Untuk Meningkatkan Produktivitas Camilan 
Kering di Kab. Pamekasan. Prosiding HAPEMAS, 4(1). 
http://conference.um.ac.id/index.php/hapemas/article/view/9973. 

Bangun, H. A., J.Sitorus, M. E., Manurung, K., & Ananda, Y. R. (2022). Penurunan Kadar Besi (Fe) Dengan 
Metode Aerasi-Filtrasi Pada Air Sumur Bor Masyarakat Jalan Setia Budi Kelurahan Tanjung Rejo. 
Human Care Journal, 7(2), 450. https://doi.org/10.32883/hcj.v7i2.1759. 

Bocresion, J. (2023). The Local Acceleration Due to Gravity as Determined with a Cart and Track. Open 
Journal of Applied Sciences, 13(09), 1634–1639. https://doi.org/10.4236/ojapps.2023.139129. 

Braza, P. A. (2020). The Interplay of Damping and Amplitude in the Nonlinear Pendulum. American Journal 
of Physics, 88(5), 379–384. https://doi.org/10.1119/10.0000630. 

Dwiatmoko, F., & Dzulkiflih. (2019). Rancang Bangun Percobaan Bandul Fisis berbasis Mikrokontroler 
untuk Menentukan Periode Minimum. Jurnal Inovasi Fisika Indonesia (IFI, 8(1), 1–4. 
https://ejournal.unesa.ac.id/index.php/inovasi-fisika-indonesia/article/view/26238. 

Ekoputri, S. F., Rahmatunnissa, A., Nulfaidah, F., Ratnasari, Y., Djaeni, M., & Sari, D. A. (2023). Pengolahan Air 
Limbah dengan Metode Koagulasi Flokulasi pada Industri Kimia. Jurnal Serambi Engineering, 9(1), 
7781–7787. https://doi.org/10.32672/jse.v9i1.715. 

Faux, D. A., & Godolphin, J. (2019). Manual timing in physics experiments: Error and uncertainty. American 
Journal of Physics, 87(2), 110–115. https://doi.org/10.1119/1.5085437. 

Hafez, Y. I. (2022). Solving the Nonlinear Pendulum Equation with Friction and Drag Forces using the Finite 
Element Method. Ro. J. Techn. Sci. − Appl. Mechanics, 67(2), 137–161. 
https://doi.org/10.2514/3.12149. 

Hambali, D. S., Rizal, A. S., & Nurdin, E. S. (2020). Implementasi Pragmatisme Pada Pendidikan Tinggi 
Vokasional Abad Xxi. Jaqfi: Jurnal Aqidah Dan Filsafat Islam, 5(1), 83–100. 
https://doi.org/10.15575/jaqfi.v5i1.7325. 

Hinrichsen, P. F. (2020). Fourier analysis of the non-linear pendulum. American Journal of Physics, 88(12), 
1068–1074. https://doi.org/10.1119/10.0001788. 

Husni, H. (2020). The Effect of Inquiry-based Learning on Religious Subjects Learning Activities: An 
Experimental Study in High Schools. Jurnal Penelitian Pendidikan Islam, 8(1), 43. 
https://doi.org/10.36667/jppi.v8i1.434. 

Jatmiko, T. H. (2022). Prediksi Adsorpsi Zat Warna Metilene Biru Pada Karbon Aktif Menggunakan Machine 
Learning. Dinamika Kerajinan Dan Batik: Majalah Ilmiah, 39(1), 1. 
https://doi.org/10.22322/dkb.v39i1.6936. 

Juharna, F. M., Widowati, I., & Endrawati, H. (2022). Kandungan Logam Berat Timbal (Pb) Dan Kromium 
(Cr) Pada Kerang Hijau (Perna viridis) Di Perairan Morosari, Sayung, Kabupaten Demak. Buletin 
Oseanografi Marina, 11(2), 139–148. https://doi.org/10.14710/buloma.v11i2.41617. 

Medellu, N. C., Zahran, M., Sari, I. M., & Budi, T. U. (2023). Pengukuran Percepatan Gravitasi Bumi di Beberapa 
Kota di Indonesia dan Turki dengan Menggunakan Tracker. Jurnal Phi: Jurnal Pendidikan Fisika Dan 
Fisika Terapan, 9(2), 1–7. https://jurnal.ar-raniry.ac.id/index.php/jurnalphi/article/view/17239. 

Meena, P. C. (2019). Acceleration Due to Gravity. International Journal Of Multidisciplinary Research in 
Science, Engineering and Technology (IJMRSET) | An ISO, 2(9), 1843–1850. www.ijmrset.com. 

Mintjelungan, C. N., Pangemanan, D. H. C., & Sulangi, S. D. (2024). Uji Daya Hambat Minyak Kelapa Murni ( 
Virgin Coconut Oil ) Terhadap Pertumbuhan Jamur Candida albicans Test of the Inhibitory Power 
of Virgin Coconut Oil on the Growth of Candida albicans. Jurnal Ilmiah Sains, 24(October), 218–225. 
https://doi.org/10.35799/jis.v24i2.57179. 

Monteiro, M., Stari, C., Cabeza, C., & Martí, A. C. (2020). Experimental analysis of a compound pendulum with 
variable suspension point. Physics Education, 55(2). https://doi.org/10.1088/1361-6552/ab606a. 

Nst, M. M. (2024). Calculation of Gravitational Acceleration Using the Method of Objects Oscillating at the 
End of a Spring and Swinging a Pendulum. Asian Journal of Science Education, 6(2), 95–101. 
https://doi.org/10.24815/ajse.v6i2.40578. 

Pacala, F. A., & Pili, U. (2023). Tracking the Acceleration Due to Gravity and Damping of a Pendulum: A Video 
Analysis. Physics Education Research Journal, 5(2), 83–90. 
https://doi.org/10.21580/perj.2023.5.2.16614. 

http://journal.unnes.ac.id/sju/index.php/ijcsAdsorpsilogamFepadalimbahlaboratoriumkimiamenggunakanzeolitealamteraktivasiasamsulfat
http://journal.unnes.ac.id/sju/index.php/ijcsAdsorpsilogamFepadalimbahlaboratoriumkimiamenggunakanzeolitealamteraktivasiasamsulfat
https://journal.rescollacomm.com/index.php/ijqrm/index
http://conference.um.ac.id/index.php/hapemas/article/view/9973
https://doi.org/10.32883/hcj.v7i2.1759
https://doi.org/10.1119/10.0000630
https://ejournal.unesa.ac.id/index.php/inovasi-fisika-indonesia/article/view/26238
https://doi.org/10.32672/jse.v9i1.715
https://doi.org/10.1119/1.5085437
https://doi.org/10.2514/3.12149
https://doi.org/10.15575/jaqfi.v5i1.7325
https://doi.org/10.1119/10.0001788
https://doi.org/10.36667/jppi.v8i1.434
https://doi.org/10.22322/dkb.v39i1.6936
https://doi.org/10.14710/buloma.v11i2.41617
https://jurnal.ar-raniry.ac.id/index.php/jurnalphi/article/view/17239
file:///C:/Users/Akademik%20FIP/Downloads/www.ijmrset.com
https://doi.org/10.35799/jis.v24i2.57179
https://doi.org/10.1088/1361-6552/ab606a
https://doi.org/10.24815/ajse.v6i2.40578
https://doi.org/10.21580/perj.2023.5.2.16614


Jurnal Sains dan Teknologi, Vol. 14, No. 1, 2025, pp. 132-140 140 

JST. P-ISSN: 2303-3142 E-ISSN: 2548-8570 

Rajab, M. Al, Pritami, R. F., & Kurniawan, F. (2025). Membangun Kesadaran Remaja Tentang Pencegahan 
Kekerasan Seksual Melalui Pendidikan Kesehatan di Kota Kendari. Karya Kesehatan Siwalima, 3(2), 
38–48. https://doi.org/10.54639/kks.v3i2.1343. 

Rangkuti, M. F., Hafiz, M., Munthe, I. J., & Fuadi, M. (2019). Aplikasi Pati Biji Alpukat (Parcea Americana. Mill) 
sebagai Edible Coating Buah Strawberry (Fragaria Sp.) dengan penambahan Ekstrak Jahe (Zingiber 
Officinale. Rosc). Agrintech: Jurnal Teknologi Pangan Dan Hasil Pertanian, 3(1), 1–10. 
https://doi.org/10.30596/agrintech.v3i1.4487. 

Salim, M. B., Widiartha, I. W. O., & Suseno, N. (2022). Pengukuran Percepatan Gravitasi di Kota Metro. Jurnal 
Pendidikan Fisika, 10(2), 201. https://doi.org/10.24127/jpf.v10i2.5697. 

Shi, X., Wang, X., Zhang, L., & Guo, K. (2021). Influence Factors of Gravitational Acceleration near the Earth. 
Journal of Physics: Conference Series, 1865(2). https://doi.org/10.1088/1742-
6596/1865/2/022014. 

Subhan, M., Rahmawati, E., Suswati, L., Yus’iran, & Fatimah. (2022). Variasi Ketinggian MDPL terhadap Nilai 
Percepatan Gravitasi Bumi pada Konsep Gerak Jatuh Bebas (GJB) untuk Pendekatan Pembelajaran. 
Jurnal Pendidikan Mipa, 12(3), 831–837. https://doi.org/10.37630/jpm.v12i3.660. 

Taherdoost, H. (2021). Data Collection Methods and Tools for Research; A Step-by-Step Guide to Choose 
Data Collection Technique for Academic and Business Research Projects. International Journal of 
Academic Research in Management (IJARM), 2021(1), 10–38. https://hal.science/hal-03741847. 

Wang, J., Xue, Q., Li, L., Liu, B., Huang, L., & Chen, Y. (2022). Dynamic analysis of simple pendulum model 
under variable damping. Alexandria Engineering Journal, 61(12), 10563–10575. 
https://doi.org/10.1016/j.aej.2022.03.064. 

Yanti, Y., Mulyaningsih, N. N., & Saraswati, D. L. (2020). Pengaruh Panjang Tali, Massa dan Diameter Bandul 
terhadap Periode dengan Variasi Sudut. STRING (Satuan Tulisan Riset Dan Inovasi Teknologi, 5(1), 
6–10. https://journal.lppmunindra.ac.id/index.php/STRING/article/view/5885. 

Yuningsih, N., Sardjito, S., & Dewi, Y. C. (2020). Determination of earth’s gravitational acceleration and 
moment of inertia of rigid body using physical pendulum experiments. IOP Conference Series: 
Materials Science and Engineering, 830(2). https://doi.org/10.1088/1757-899X/830/2/022001. 

 
  
 
 

https://doi.org/10.54639/kks.v3i2.1343
https://doi.org/10.30596/agrintech.v3i1.4487
https://doi.org/10.24127/jpf.v10i2.5697
https://doi.org/10.1088/1742-6596/1865/2/022014
https://doi.org/10.1088/1742-6596/1865/2/022014
https://doi.org/10.37630/jpm.v12i3.660
https://hal.science/hal-03741847
https://doi.org/10.1016/j.aej.2022.03.064
https://journal.lppmunindra.ac.id/index.php/STRING/article/view/5885
https://doi.org/10.1088/1757-899X/830/2/022001
















Local Gravity Paper
by Ika Wahyu Utami

Submission date: 30-Sep-2025 08:42AM (UTC+0700)
Submission ID: 2273005210

File name: Hasil_Kinerja.pdf (643.42K)

Word count: 5531

Character count: 31573



1

1

1

1

1

1

1

20



1

2

3

4

6

8

10

10

14

17



3

5

6

7

7

12

16



1

4

4

5

15







11

18

19







18%
SIMILARITY INDEX

16%
INTERNET SOURCES

6%
PUBLICATIONS

6%
STUDENT PAPERS

1 9%

2 1%

3 1%

4 1%

5 1%

6 1%

7 <1%

8 <1%

9 <1%

Local Gravity Paper
ORIGINALITY REPORT

PRIMARY SOURCES

ejournal.undiksha.ac.id
Internet Source

Submitted to Udayana University
Student Paper

Dedi Suwandi Wahab, Berlian Hamsa, Tuti
Asmianti Sina, Maria Deti et al. "Experimental
Study of Gravity Measurement with a Video-
Based Laboratory Pendulum with Tracker
Software: Comparison of Weighted and
Unweighted Tests", Journal of Novel
Engineering Science and Technology, 2024
Publication

ejournal.unesa.ac.id
Internet Source

Dhanjoo Ghista. "Applied Biomedical
Engineering Mechanics", CRC Press, 2019
Publication

iopscience.iop.org
Internet Source

ejournal.radenintan.ac.id
Internet Source

Submitted to Sir George Monoux College
Student Paper

jurnaltest.uisu.ac.id
Internet Source

stec.univ-ovidius.ro



10 <1%

11 <1%

12 <1%

13 <1%

14 <1%

15 <1%

16 <1%

17 <1%

18 <1%

19 <1%

20 <1%

Exclude quotes On

Exclude bibliography On

Exclude matches < 10 words

Internet Source

Maila D.H. Rahiem. "Towards Resilient
Societies: The Synergy of Religion, Education,
Health, Science, and Technology", CRC Press,
2025
Publication

Submitted to Indiana University - Northwest
Student Paper

Submitted to Kaplan International Colleges
Student Paper

Submitted to Institut International de Lancy
Student Paper

Submitted to University of Edinburgh
Student Paper

journal.iistr.org
Internet Source

lpppipublishing.com
Internet Source

rjts-applied-mechanics.ro
Internet Source

Submitted to UIN Ar-Raniry
Student Paper

core.ac.uk
Internet Source


