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Abstract 

 

The knowledge of the student about harmonic oscillators is quite limited. The purpose of this PPM is to 1) 

increase the knowledge of Bengkulu City 5 SMAN students about Quantum Harmonic Oscillators and 

their application in everyday life 2) improve the skills of Bengkulu City 5 High School students in 

calculating Quantum Harmonic Oscillators using the fast-forward method to accelerate quantum 

dynamics adiabatic. PPM was carried out at SMAN 5 Bengkulu City, especially in class 12 IPA 5 on 

October 24, 2022. The research method was carried out in three stages. The first stage is preparation. The 

second stage is the presentation of quantum harmonic oscillator material using research instruments in 

the form of power points, the third stage is research evaluation. 
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A. Introduction 

Physics is one part from the field science done by process discoveries that are mostly learned from natural 

events [1]. In physics material, harmonic oscillators are often used as a model approach in many physics 

cases. If in classical mechanics, harmonic oscillators can be solved by using the relationship of Hooke's 

Law and Newton's Second Law, but in quantum terms a system of harmonic oscillations can be solved by 

transforming the time-independent Schrödinger equation in one dimension [2]. 

In quantum mechanics, the Schrödinger equation has an important role in that it can describe the behavior 

of waves as particles that cannot be explained in classical mechanics [3]. The harmonic oscillating 

particle system can be solved by transforming the one-dimensional time-independent Schrödinger 

equation into the Hermite differential equation for the asymptotic boundary taking into account the 

normalized condition of the wave function [2] . We can state that the solution to the Schrödinger equation 

using the Hamiltonian is a momentum space solution while the solution to the Schrödinger equation using 

the Hamiltonian is called a coordinate space solution. The wave function in the coordinate space is written 

as  ( �⃗�, 𝑡) and the wave function in the momentum space is written as (x,t) . Harmonic moving quantum 

particles can also be used via the one-dimensional Schrödinger equation. 

There are several studies that review the Harmonic Oscillator system that have also been carried out, one of 

which is an attempt to accelerate the quantum dynamics of microscopic particles that move in oscillations. 

There are two methods for accelerating quantum dynamics, namely Shortcut to Adiabaticity (STA) [4]-[8] 

and Fast Forward (FF). The STA method was developed by Gonzalo Muga and the FF method was 

developed by Nakamura. Masuda and Nakamura have developed an adiabatic process scaling technique 

(fast-forward) to accelerate state dynamics [9] with examples of its application, namely for the transport of 

particles or time depending on potential harmonics, and charged particles in an electro-magnetic field. The 

fast-forward method is also applied to systems in motion, to quantum orbital systems by applying the 

method of obtaining additional potential terms. This method aims to accelerate known quantum evolution 

and to obtain desired target states on shorter time scales, by accelerating adiabatic quantum dynamics 

[10]. An adiabatic process occurs when the external Hamiltonian parameters of the system are changed 

adiabatically [11]. Applications of fast-forward theory can be found in accelerating Dirac particle 
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dynamics, classical adiabatic invariant dynamic construction and quasi- adiabatic spin dynamics from 

stochastic dynamics [12]. In this study, researchers tried to introduce a quantum harmonic oscillator using 

the Fast Forward method which is linked to quantum physics to 12th grade students at SMAN 5 Bengkulu 

City. Quantum physics is a micro-sized particle and is a microscopic phenomenon. Microscopic 

phenomena are phenomena that cannot be seen directly by the eye, for example atomic protons, electrons, 

neutrons and so on [13]. 

Previous studies have stated that the harmonic oscillator energy is determined from its Schrodinger wave 

function. The method used to solve the Schrodinger wave equation of the harmonic oscillator is to use the 

generator function from the Hermit function [14]. 

Based on the explanation above, the researcher intends to hold a service which is formulated under the title 

"Adiabatic Phases and Driving Potential to Accelerate Adiabatic Dynamics in Harmonic Oscillator Systems 

and Complex Wave Functions". Research to accelerate adiabatic quantum dynamics has also been carried 

out using general adiabatic parameters using additional potentials. In previous studies, the adiabatic phase 

of the Harmonic Oscillator wave function was obtained for the ground state and first excited state with the 

same value, namely 𝜃 = −
𝑚

4ℏ𝜔
𝑥2. 

Additional potential is also found in the Harmonic Oscillator 
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By introducing quantum physics material to students, it is hoped that students will be able to understand 

more broadly about physics so that they are more interested in researching everything that happens in this 

universe. The success of a study not only influenced by only the teacher, but the material and examples of 

the application of the teaching materials teacher used. 

But apart from all that, there is something more important for us to think about, which is about what are the 

advantages of studying physics, and what are the disadvantages if we do not want to study physics. In fact, 

whether we realize it or not, essentially every human being needs knowledge and follows technological 

developments in order to live this life in harmony. Where the development of technology is certainly an 

implication of the physical sciences that have been studied by experts who are experts in their fields [15] . 

B. Methods 

The method used in this research is through three stages, namely: 

a. Preparation 

D done by preparing and make a power-point according to the quantum harmonic oscillator 

material that will be introduced 

b. Explanation 

Practice explains _ quantum harmonic oscillator material. 

c. Evaluation 

At this stage is to conduct a question and answer session and summarize the quantum 

harmonic oscillator material that has been explained. 

PPM was carried out at SMAN 5 Bengkulu City, especially in class 12 IPA 5 on October 24, 2022. 

C. Result and Discussion 

Implementation of community service followed by students SMAN 5 Bengkulu City . First, providing 

material on harmonic and quantum oscillators , evaluation of the delivery of harmonic and quantum 

oscillator material . Students are motivated to understand the importance of studying material about 

quantum physics to find out the benefits of quantum physics in today's sophisticated technological world 

even though it has not been studied in school . Second, evaluation of the delivered kateri . Students are 

given the opportunity to ask questions about the explanation of the material that has been delivered and 

also answer the questions given to close the material that has been delivered. 

Based on the method that has been implemented, the preparatory stage is to make a Power Point which is 

submitted including the following: 

1. Introduction to Quantum Physics material 

2. Explanation of Quantum Harmonic Oscillator material 

3. Use of Harmonic Oscillator in everyday life 
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4. Application of Quantum Harmonic Oscillator technology 

At the Explanation stage, the activity begins with: 

1. Preliminary questions about whether students know quantum physics and harmonic oscillators. 

2. Furthermore, examples of the phenomenon of harmonic oscillators in everyday life are carried out to 

make students more familiar with and interested in quantum physics. 

3. Then explain the material through PPT 

At the Evaluation stage, activities are carried out: 

1. After the presentation of the material through PPT, a question and answer session was held about the 

material that had been explained. 

After the presentation of the material, it turned out that many students still did not understand. This was 

evident when the question-and-answer session was conducted, students were less enthusiastic about asking 

questions. So it can be concluded that in the presentation of the material, real additional props are needed 

so that students more easily understand the material. 

 

Figure 1. Practice explains harmonic and quantum oscillator material 

 

 
Figure 2. Material evaluation of harmonic and quantum osscilators 
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The implementation of community service carried out at SMAN 5 Bengkulu City can improve students' 

knowledge and thinking skills well in understanding the introduced quantum harmonic oscillator material. 

It is said to have worked well because from the results of the evaluation to students , all stages have been 

carried out and can be categorized well. 
  

D. Conclusion 

Submission of material on quantum physics and quantum harmonic oscillators at SMAN 5 Bengkulu City 

has been completed. The material is delivered through PPT with the method of preparation, explanation 

and evaluation. Based on the introduction that has been done, students are still less enthusiastic because 

the material is difficult. Therefore, physics material which is quite difficult requires visual aids so that 

students more easily understand the material. 
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