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ABSTRACT 

An important application of simulation methods in the fields of Computational Physics, 

Physical Chemistry and quantum chromodynamics used to perform complex calculations related to the 

construction of the thermal covering on a spacecraft. In this study, we tried to establish a framework of 

appropriate software known as Computational Physics Laboratory and simulate a propagation of 

waves by computer. 
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1.  INTRODUCTION  

 

Humans to meet their needs diverse systems ranging from manufacturing and service 

has created. These systems have developed over time and, in turn, also have created some 

problems. On the other hand the complexity of the decision-making process systems, 

guidance and control for those responsible for highly sensitive and difficult. Objective 

analysis and empirical observation and mathematical techniques of operations research can be 

seen as an example of these methods. It is natural that each of these methods have strengths 

and limitations and to use all of them about a specific system is not simply possible and not 

have a similar result. One of the ways to recognize the status quo and improve system 

performance caused is simulation. Simulation is one of the most powerful and most useful 

tools to analyze the performance of complex processes systems. Any engineer or manager 
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who wants to complete his information should be familiar with this method. Largely through 

simulation modeling to computer science, mathematics, probability and statistics is based. 

Computer simulations to run a simulation using a computer program so that the computer 

program simulation model to define. Computer simulation model simulated on the computer 

program and that some data in a few minutes, and some computer-based networks made up 

for hours to analyze the data. Scale events simulated with computer simulations far faster than 

traditional methods, which are performed by one or more individuals and mathematics on 

paper. 

 

 

2.  WHAT IS SIMULATION? 

 

Simulation science is making dramatic (model) of a process or system to evaluate and 

test strategies or simulate a way to know the results of the proposed ideas before 

implementing them, “Simulation is seeing before being”. 

When should use simulation: 

     *Conditions that can not be algebraic analysis: 

• Non-deterministic systems 

• Dynamic Systems 

• complex systems 

     * While there is no possibility to test in the real world: 

• The system is not created yet. 

• High risk and dangerous. 

• high cost of testing. 
 

     * What time should not be simulated: 

• studying the issue has not been fully investigated. 

• There is no objective formulated. 

• The issue can be solved through algebra. 

• There is no insight into the answers. 

• system efficiency is very high and the input pattern is chaotic. 
 

      * What steps can be simulated include: 

1) define the problem: 

• Is there any problem? If the answer is yes, what is the problem? 

• Except for your whole approach: First, the overall definition and then provide more precise 

definitions where necessary. 

• Worst-case approach to the issue of preferences (replacement) is available. 

• Do not model first and then think about solving your problem with it! 

• Achieve a model that expresses all aspects of the system will be almost impossible and very 

costly. 

• model that is designed to be 100 percent in order to solve the problem. 

2) Set goals: 

• Goals should be quite bright and clear. 

• objectives, guidelines, you are in the whole project. 
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• It is better to list your desired performance criteria are listed: 

• The throughput 

• Efficiency 

• The time it takes to complete product 

• .... 

* Replace your preferred specify: 

• As one of the early works, the definition of pay alternatives. 

• identify the alternatives affect the design model. 

• All assumptions and conditions governing the issue specify: 

• The total volume of investments is determined. 

• non-work time is subject to change. 

• ... 

3) express a general description of the system: 

• References 

• Processes 

• lines 

• displacing of 

• shared resources (operators) 

• Products 

• Inputs 

• Initial inventory 

• material flow pattern 

• combinations 

• redirections 

• Change the state of Products 

• Change properties 

• Assembly 

• disassembling 

• Restrictions and controls on the movement of goods 

• Mandatory delays 

• displacement of batch 

• Control of shipping and materials 

• downtime resources 

• Predictable 

• unpredictable 

4) data collection: 

 Input parameters and output results in the fact (to compare results) 

• Surveys 

• timing 

• Samples of work 

• Estimates 

• Based on experience 

• try and error 
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Assumptions: 

• whether the data are independent from each other? 

• Do're just looking for answers relative? (For example, if A increases, B and C are reduced or 

not) 

• And ... 

5) Build Model: 

• objectives in mind. 

• difficult parts of the modeling and experimental initially create simple models. 

• Model is divided into different phases and modeling phase to do. 

• If the model is large; it's smaller models with different degrees of abstraction from reality    

   that each have the capacity to respond to some of the questions. Einstein says: "In the  

   simplest case it may work, but not as naive!" 

• Avoid adding too much detail, because detailed models, models and busy makes it difficult  

   to determine the relationships between model elements. 

6) Validation & Verification  

• Validate: Determination of compliance with the reality model 

• The validity of the diagnostic tests: 

• match results from model to reality 

• behavior consistent with theoretical models 

• Is the model can predict. 

• Do simulation model is confirmed by other people? 

• Accreditation: Increasing adaptability of the model to reality 

• hundred percent fit the model with reality is impossible. In the most ideal situation can only 

be claimed is not at odds with reality model! 

7) Implementation of the model: 

• run the model many times and for each of the performance metrics set a confidence  

   interval. 

• In each experiment, only one parameter change detection analysis of the changes.  

   Otherwise it will be difficult. 

• Try to an optimal value for the number of repeat tests or methods used and the results  

  reach critical data. 

8) The analysis of the results: 

• Focus your attention on your performance metrics. 

• Remember your goals. 

• use of graphs and tables. 

• the results you are looking for a reliable process. 

• Compare your results with the financial scale. 

9) Summarize and report 

• a simulation for failing to provide proper can not be effective. 

• Depending on your model use (disposable or reusable) of user interfaces or use Interface. 
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10) Fixed a bug of models 

     Types of errors: 

• Identification: false identification system to build the model is wrong. 

• integration: forgetting or not applying the model in detail the situation causes damage to  

    the model. 

• Data: Suppose (model) lift made. You should never expect to hit the floor to 

    reach the floor. 

• Structure: the easiest possible flaw in the model that will usually be told by the software. 

• Rationale: objections that software is not considered wrong, but you will not Disruption. 

• Time: operational apply regardless of simulation time. 

• Analysis: inaccuracies in the calculation of the number of run-time performance. 

• Seller: bugs in the software. 

11) The process of bug fixes: 

• Do not repeat the problem? 

• Investigate the different tools that are delivered in a variety of repeat performances. This is  

  the key for solving the problem. 

• Explain to complete forms 

• precise definition of the problem in many cases the solutions it suggests. 

• objection in writing by pen and paper. 

• the views of a person unaware of the simulation can also be effective. 

• Always assume your fault. 

• Assuming you have to focus more to solve the problem. 

• Find a division of objection 

• By eliminating frills model to close problematic. 

• creative and look up the model. 

• bugs are not necessarily where we expect origins. 

• make the software tool (that is to find the problem) use. 

• Be sure the programs can be of great help to you. 

• a detailed program to check all the invoices. 

• Try to see the issue resolved and all factors. 

• After troubleshooting, check whether the fault is entirely gone. 

• Do not forget to fix one problem can cause another problem develops. 

• Share your experiences with others. 

• It helps you to use the experience of others and vice versa. 

12) Troubleshooting tool: 

• Intuitive software and help files 

• Intuitive study contributes a lot to learn and fix bugs pays model. 

• Animation 

• Check the tools to identify and solve problems is animated. 

• Tracking the model. 

• Prevent the creation of objection. 

• In cases where you feel there delivered with a tool enabling the creation of an early warning 

of a problem soon. 

• Basic understanding (Common Sense) 
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• those who mind do not match with the separate check. 

• Assist the Support Software. 

13) Powerful ways to fix the problem: 

      simulation requires three factors: Introduction to statistics, familiarity with at least a     

      basic understanding of simulation software and its programming language. 

• Create a logical system for bug fixes 

• As a project based on defined as doing the simulation algorithm to arrange bug fixes. 

• knowledge in the field of computer 

• Having information about your computer and how it is a great help in identifying the  

   problem. 

• Details of the simulation of discrete events systems. 

• Information of discrete events systems in ways that are beneficial troubleshooting. 

• a more detailed understanding of how to operate a model. 

• better understanding of the model under consideration is of great assistance in  

   troubleshooting it 

• Build models easier. 

• Build a simple model has many advantages such as find fault. 

• Test each segment discrete model. 

• Build the model so that if the end user has the possibility of mistake easiest sections  

   (scope for data entry - ...) 

• models run on different computers. 

• If possible, use a foreign individual for final review model. 

14) "Should not" in Troubleshooting 

• Do not condemn another person. This movement not solve the problem. 

• Do not entire model in one step 

• Several factors together do not change. 

• Any change can be a problem that can not identify with it. 

• Do not shaped pasta models. As a result the model is not only tough, but it also fixes the  

   problem. 

 

 

3.  WAVE PACKETS SIMULATION 

 

Light is an electromagnetic wave and now know that a very small part of the 

electromagnetic spectrum forms. Therefore, the light should be paid to the study of 

electromagnetic waves. However, since classical mechanics is not able to explain the 

electromagnetic signals, must necessarily refer to quantum mechanics. But before getting into 

quantum mechanics must be familiar with some of the properties of light and the failure of 

classical mechanics, Therefore, in the light of knowledge before getting famous Planck 

equation and examine the wave packet [1-2]. 
 

 Wave packet 
 

On the basis of Dobroy hypothesis also attributed to each particle is a wave. But it is 

difficult to imagine the extent of the wave-particle form of the association. That's why the 

classic Fernell diffraction experiments and Young's wave theory of light led to unquestioned 
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acceptance. On the other hand, one can be considered very localized configurations of the 

waves. Such a configuration is called a packet waves. 

 How to produce the wave packet 

The sound of thunder is a simple example of superposition of waves localized in time 

and space given to the effects of lead. Such a superposition of waves with different 

frequencies can be localized wave packet where the waves outside the scope of a given space, 

completely destroying each other are obtained. Technical means to do so to enable, Furrier 

integrals. 

 The wave function attributed to the wave packet 

We know that quantum mechanics, Schrödinger equation of quantum mechanics 

starting point and its solutions is the proper interpretation. The equation of classical physics 

can not be achieved in any way, because it is outside the realm of classical physics. In fact, 

Schrödinger equation based on the initial proposal to be wisdom guess. A wave function for 

waves is considered to be attributable to material particles, Schrödinger equation is the 

answer. In other words, the Schrödinger equation must be true. 

 The speed of the wave packets 

Planck and Einstein's work consequently leads to quantization of energy, i.e. energy for 

energy quanta expression and relationship E = hv it was intended for. The speed of a wave 

with frequency v = E / h and wavelength λ = h / P (based on the relationship Dobroy) as V = v 

λ = E / P is expressed. This is called phase velocity and to determine its speed, an index that 

the Fecal word ph (Latin phase meaning the phase) is added to it. This speed is the same 

monochromatic wave velocity is attributed to a material particle. However, the observations 

related to the probability of finding a particle is not related to the phase speed of the wave-

particle attributed to the speed goes, so does not create a nuisance. But in addition to the phase 

velocity, group velocity is defined as an additional speed. When a group of individual sine 

waves that vary in frequency and phase velocity, we combine a wave packet be achieved, in a 

region with strong constructive interference is produced. The group velocity, the speed at 

which the area it goes quickly. The concept of a wave packet, speed particle velocity is the 

same group to which they ascribe a wave. 

 Probability density 

With the wave attributable to particles of matter, we must define some concepts are 

revised. For example, no longer spoke of the existence of the particle in one place with 

complete certainty. Here the probability density function is defined in the name of renewal 

that is equal to the square of the wave function that obtain solving the Schrödinger equation 

for a given particle is obtained. At each point where the probability density is higher, the 

greater will be the likelihood of particle and particle there is less Wherever possible, the 

probability density will be minimum. So the probability density in three dimensions p(r, t) is 

displayed, the number one (maximum value of the probability density) and zero (lowest 

density) will fluctuate. In the next chapter the equations of the wave packet written and we 

simulate it by computer [3]. 
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4.  SIMULATION CODE 

 

After a series of testimonials about the basics of computer simulation as well as physics 

of waves and wave packet in  modern physics especially in this season with a series of 

formulas by computational software Maple to simulate it in physics explains. 
 

 Equations of wave packet 

 

 

Real part of this function can be linear superposition of waves with a wavelength    

                   λ = 2π / k 

 

 

 

 

And an example for the function F (x) 

 

 

 

 

 
 

And the probability density function 

This function at x = 0 and reaches a peak in terms of size α wave packet is broad or 

narrow 
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F(x)=       exp(ik0x) exp-(     )
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Figures (1) 

 

In the pictures above from left to right respectively of α values 1, 2 and 3 is taken. At 

this point, there is a two-insulate a function that is localized in x is based on extensive k and 

vice versa. Soon we will see that this is a consequence of quantum mechanics is very deep. 

More on this topic in a simple plane wave and wave packet in several waves further  

examine flat. 

 

 

 

 

This wave can be demonstrated as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) 
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If two or more waves with different phases of this category have together result is as 

follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) 

 

 

If the interaction of the waves with the amplitude g (k) to consider, then we have 

 

 

 

 

 

 

Have stated that generally ω is a function of Κ. Then consider a wave packet in k space 

is localized around it(corresponding to α large). It is enough to ω (k) extend around: 

 

 

 

 

 

 

 

 

 

 

 (k)≈ω(k0)+(k-k0)(dω/dk)+1/2         (   /d  )
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Here we have the 

 

 

 

 

 

 

The release of the wave packet is described by the formula: 
 

 

 

 

 

 

 

 

This relationship shows a wave packet that moves quickly. In this connection, 

broadband is closed, and the larger α is smaller widening songs. In following, the 

superposition of multiple waves and wave packet by software Maple drawn: 

 

Case 1 

 
plot({cos(x),cos(1.2*x),cos(1.3*x),cos(1.4*x),cos(1.1*x),cos(x

)+cos(1.1*x)+cos(1.2*x)+cos(1.3*x)+cos(1.4*x)},x); 

 
 

 

(d  /dk)=  
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Case 2 

 
plot({cos(x),cos(1.2*x),cos(1.3*x),cos(1.4*x),cos(1.1*x),cos(x

)+cos(1.1*x)+cos(1.2*x)+cos(1.3*x)+cos(1.4*x)},x); 

 

Case 3 

plot({cos(x),cos(1.2*x),cos(1.3*x),cos(1.4*x),cos(1.1*x),cos(1

.5*x),cos(x)+cos(1.1*x)+cos(1.2*x)+cos(1.3*x)+cos(1.4*x)+cos(1

.5*x)},x); 
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Now, we can use the code above to draw diagrams wave envelope 

 
restart;for i from 1 by 1 to 100 do 

e[i]:=cos(((i/10)+1)*x): 

end do: 

e[8]; 

p[0]:=0;for f from 1 to 99 do 

p[f]:=p[f-1]+e[f]:end do:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The chart above clearly shows the motion of a wave packet that much of the energy is 

localized in a specific region of space [4-31]. 

 

 

5.  CONCLUSION 

 

As mentioned above, in this report we have shown with regard to what principles can be 

carried out in computer simulations. Then, using software Maple computational simulation of 

a wave packet did. Either way, people can be inspired from above calculations to simulate 

similar cases in different sciences to fulfill. 
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