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Abstract

In this thesis, we have developed and analyzed fourth-and sixth-
order stable and implicit finite difference schemes for general nonlin-
ear Klein-Gordon equations. Stability and consistency of these schemes
were studied theoretically and numerically for the case of nonlocal bound-
ary conditions together with nonlinear Klein-Gordon equations. We
have included for this purpose two numerical examples in which we
clearly appreciate the different convergence rate and stability of these
schemes. It was shown that they can be considered for a wide range of
different nIKGE, including with typical Dirichlet, but also some nonlo-
cal integral boundary conditions.

Keywords: Klein-Gordon equations, consistency, stability, nonlo-

cal boundary conditions, finite difference methods.



University of Kurdistan
Faculty of Sciences
Department of Mathematics

A Thesis Submitied to the Postgraduate Studies Office in Partial
Fulfillment of the Requirements for the Degree of M.Sc. in Applied

Mathematics
Title:

Numerical schemes for general Klein—Gordon
equations with Dirichlet and nonlocal boundary
conditions
By:

Roya Azhdari

The above thesis was evaluated and approved by the following members

of the thesis committee very good quality on June 21, 2023.

Position Name and Title Signagure
1. Supervisor: Dr. Amjad Alipanah \%\_

2. External Examiner: Dr. Shahrokh Esmaeili

3. Internal Examiner;:  Dr. Kamal Shanazari

&
Aol SO

)
.




University of Kurdistan
Faculty of Sciences
Department of Mathematics

A Thesis
Submitted in Partial Fulfillment of the Requirements for the Degree of

M.Sc. in Applied Mathematics

Title:
Numerical schemes for general
Klein—Gordon equations with Dirichlet

and nonlocal boundary conditions

By:

Roya Azhdari

Supervisor:

Dr. Amjad Alipanah

june 21, 2023



&

. &
Sity of W

Supervisor:
Dr. Amjad Alipanah

june, 2023

S ]
llllll""'""""'"’




	مقدمه
	مقدمه و پیش‌نیازها
	فضای برداری
	فضای نرم‌دار
	فضای حاصل‌ضرب داخلی

	معرفی انواع خطاها
	خطای داده‌های ورودی
	خطای گرد کردن
	خطای روش حل
	خطای مدل

	عملگرهای تفاضلی
	تقریب مشتق با استفاده از عملگرهای تفاضلی

	روش تفاضلات متناهی
	مقدمه
	همگرایی، سازگاری و پایداری
	حل معادله گرما در یک بعد
	روش کلاسیک صریح
	روش کلاسیک ضمنی برای معادله گرمای یک بعدی
	روش کرانک-نیکلسون برای حل معادله گرمای یک بعدی
	روش دیوفورت-فرانکل


	ﺣﻞ ﻣﻌﺎﺩﻻﺕ ﻛﻼﻳﻦ-ﮔﻮﺭﺩﻭﻥ ﺑﺎ ﺷﺮﺍﻳﻂ اولیه ﺩﻳﺮﻳﻜﻠﻪ ﻭ مرزی ﻏﻴﺮمحلی
	مقدمه
	مرحله اول
	روش‌های صریح و ضمنی مرتبه چهار و شش برای تقریب معادله کلاین-گوردون
	شرایط مرزی غیرمحلی
	پایداری روش‌های عددی

	 نتایج عددی
	نتیجه‌گیری و پیشنهادات

	منابع
	 واژه‌نامه فارسی به انگلیسی
	واژه‌نامه انگلیسی به فارسی



