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COURSE OVERVIEW 

Analytical mechanics is a subfield of mathematical physics which uses techniques of analysis, in particular the 

calculus of variations, to solve problems in mechanics. Hence, instead of solving equations in vector quantities, it 

involves solutions of differential equations of scalar quantities. 

 

 

GOALS AND OBJECTIVES 

The course aims at introducing students to the motion of dynamical systems is typically 

described in terms of two basic quantities: scalars and vectors. The vector is the position vector 

r of a moving particle and the parameter is the time t, the derivative of r with respect to t is 

called the velocity v, The time derivative of the velocity is called the acceleration a. Isaac 

Newton's law three fundamental laws of motion, describe damped harmonic oscillator. 

Explain motion of charge particle in electric and magnetic field. Newton formally announced the 

law of universal gravitation in the Principia. To prove Kepler's first law, differential equation for 

the orbit of a particle in any central, isotropic field of force. Explain center of mass and linear 

momentum of a system. Decided to use it as the fundamental Lagrange's Equations and 

Hamilton's equations. Rotation of a rigid body about an arbitrary axis: moments and products 

of inertia-angular momentum and kinetic energy. 

https://faculty.uobasrah.edu.iq/faculty/en/2386/teaching
https://faculty.uobasrah.edu.iq/faculty/en/2386/teaching
mailto:mohanned.mohammed@uobasrah.edu.iq
https://proofwiki.org/wiki/Definition:Mathematical_Physics
https://proofwiki.org/wiki/Definition:Analysis
https://proofwiki.org/wiki/Definition:Calculus_of_Variations
https://proofwiki.org/wiki/Definition:Calculus_of_Variations
https://proofwiki.org/wiki/Definition:Mechanics
https://proofwiki.org/wiki/Definition:Equation
https://proofwiki.org/wiki/Definition:Vector
https://proofwiki.org/wiki/Definition:Differential_Equation
https://proofwiki.org/wiki/Definition:Scalar_Quantity


 Page 2 of 8 

TEXTBOOK AND READINGS   

[1] Analytical Mechanics, 7ed, by G. Fowles & G. Cassiday     

[2] Theoretical Physics 2 (Analytical Mechanics),  by Wolfgang Nolting    

[3]  

COURSE ASSESSMENTS 

The course grade ( 100 points ) will be based on the following elements:  

  Points 

Exams  Final Exam(60), Monthly Exams (04) 

Reading Checks 1 

Participation 1 

Attendance 1 

Assignments 10 

COURSE DESCRIPTION AND ASSIGNMENT SCHEDULE 

This NO. 2-credit hour course is 15 weeks long. You should invest 2 hours every week in this course.  

 

WK DATE TOPIC READING ASSIGNMENT 

1 21/10/2021 Lagrangian Mechanics 

Another way of looking at mechanics, other 

than from the Newtonian perspective, was 

developed in continental Europe somewhat 

contemporaneously with the efforts of 

Newton. In 1717, he established the principle of 

"virtual work" to describe the equilibrium of 

static systems. 

This principle was extended by Jean Le Rond 

D'Alembert (1717—1783) to include the 
motion of dynamical systems. The development 

culminated with the work of Joseph Louis de 

Lagrange (1736—1813), who used the virtual 

work principle and its D'Alembertian 

extension as a foundation for the derivation of the 

dynamical equations of motion that, in his honor, 

now bear his name. 

Assignment 1 

2 28/10/2021 
Generalized Coordinates. 
 

Coordinates are used to define the position in space of 
an ensemble of particles. In general we can select any 
set of coordinates to describe the motion of a physical 
system. Certain choices, however, prove to be more 
economical than others because of the existence of 
geometrical constraints that restrict the allowable 
configuration of any system. 

Assignment 1 

3 4/11/2021 

Lagrange's Equations of 
Motion for Conservative 
Systems 
 

We are now ready to derive Lagrange's equations from 
Hamilton's variational principle. First, we should point 
out that all our examples thus far have consisted only of 
conservative systems whose motion is either 
unconstrained or, at worst, subject only to time-

Assignment 2 
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independent holonomic constraints. 

4 11/11/2021 
Forces of Constraint: 
Lagrange Multipliers 

Notice that even though the physical system discussed 
in several of our previous examples has been subject to 
holonomic constraints, nowhere in our calculations 
have we had to consider specifically the forces that 
result from those constraints. 

Assignment 2 

5 18/11/2021 
D'Alembert's Principle: 
Generalized Forces 
 

We showed how Hamilton's variational principle led to 
Newton's laws of motion for the simple situation of a 
body falling freely in a uniform gravitational field. 

Assignment 3 

6 25/11/2021 
Potential Energy and 
Equilibrium: Stability 
 

Before we take up the study of motion of a system with 
many degrees of freedom about an equilibrium 
configuration, let us first examine just what is meant by 
the term equilibrium. 

Assignment 3 

7 2/12/2021  The First Monthly Exam 

8 9/12/2021 

Coupled Harmonic 
Oscillators: 
Normal Coordinates 
 

Before developing the general theory of oscillating 
systems with any number of degrees of freedom, we 
shall study a simple specific example, namely, a system 
consisting of two harmonic oscillators that are coupled 
together. 

Assignment 4 

9 16/12/2021 

Vibration of a Continuous 
System: The Wave 
Equation 
 

Let us consider the motion of a linear array of 
connected particles in which the number of particles is 
made indefinitely large and the distance between 
adjacent particles indefinitely small. 

Assignment 4 

10 23/12/2021 

Introduction: Center of 
Mass and Linear 
Momentum of a System 
 

We now expand our study of mechanics of systems of 
many particles (two or more). These particles may or 
may not move independently of one another. Special 
systems, called rigid bodies, in which the relative 
positions of all the particles are fixed are taken up. 

Assignment 4 

11 30/12/2021 
Collisions 
 

Whenever two bodies undergo a collision, the force 
that either exerts on the other during the contact is an 
internal force, if the bodies are regarded together as a 
single system. 

Assignment 4 

12 6/1/2022 Iraqi Army Founding Day 

13 13/1/2022  The Second Monthly Exam 

14 20/1/2021 
Center of Mass of a Rigid 
Body 
 

A rigid body may be regarded as a system of particles 
whose relative positions are fixed, or, in other words, 
the distance between any two particles is constant. 

Assignment 5 

15 27/1/2021 

Rotation of a Rigid Body 
about  a Fixed Axis: 
Moment of Inertia 
 

The simplest type of rigid-body motion, other than pure 
translation, is that in which the body is constrained to 
rotate about a fixed axis. 

Assignment 5 

Final Exam 

 

 

 

Is it possible to develop the curriculum <within the teaching authority 20%> to include vocabulary 
that serves sustainability 

1- Fighting poverty 2- No hunger 3- Developing life-long learning and 
education 4- Green chemistry 5- Sustainable development 6- Water 
purification 7- Water recycling for agriculture 8- Creativity and 

1- Yes, it is possible (point an 
appropriate aspect) the axes 
(point the axis) 
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production -9- Sustainable energy (wind Sun and organic energy) -10- 
Environmental development- 11- pollution measurement -12- child care 
program-13- public health development program-14- measuring the 
efficiency of health institutions-15- gender equality-16- non-extremism-
17- drug efficiency    18- Food efficiency for infants, children, adults and 
the elderly -19- Efficiency of the overall environment -20- Waste 
recycling-21- Heavy water disposal mechanisms-22- Literacy program-
23- Mechanisms for preserving biodiversity-24- Mechanisms for 
spreading peace and justice in society- 25- Developing life in the seas 
and oceans-26- Studying the level of university education and the 
mechanisms for its development-27- Mechanisms for developing the 
local industry in Iraq-28- Mechanisms for developing infrastructure in 
Iraq-29-Reducing racial discrimination in all its forms-30-The basics of 
sustainable cities- 31- Mechanisms to reduce consumption and increase 
production- 32- Mechanisms to provide job opportunities for all-33- 
Study aspects of developing green areas-34- Study climatic phenomena 
in the country-35- Mechanisms for obtaining good health and well-being. 

 2- Suggest aspect that serves 
sustainability 
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 جًهىريت انعراق –وزارة انتعهيى انعاني وانبحث انعهًي  

 

 جايعت انبصرة : انجايعت 

 انعهىو  : انكهيــت 

 انفيسياء: انقطى 

 

0400-0402: انعاو انذراضي   الأول : انفصم انذراضي   

  <المٌكانٌن التحلٌلً: > يفرداث انًُهج 

 :رقى انًىبايم 

 محمد جاسممهند . د.ا: أضى انتذريطي 

 

 

 قطى انفيسياء/كهيت انعهىو :جهت الاَتطاب  0 :عذد وحذاث انذرش 

: رابط انصفحت انرضًيت 
https://faculty.uobasrah.edu.iq/faculty/en/2386/teaching 

 

 : الايًيم انرضًي 

mohanned.mohammed@uobasrah.edu.iq 

 

 َظرة عايت 
 

،  وبالنتٌجةحمل فرعً من الفٌزٌاء الرٌاضٌة التً تستخدم تمنٌات التحلٌل ، ولا سٌما حساب التغٌرات ، لحل المشاكل فً المٌكانٌكا.  هوالمٌكانٌكا التحلٌلٌة 

 فبدلاً من حل المعادلات فً الكمٌات المتجهة ، فإنها تتضمن حلولاً للمعادلات التفاضلٌة للكمٌات العددٌة.
 

 

 الأهذاف وانغاياث

   
ت. المتجه هو ٌهدف الممرر الدراسً إلى تعرٌف الطلاب بحركة الأنظمة الدٌنامٌكٌة التً ٌتم وصفها عادةً من حٌث كمٌتٌن أساسٌتٌن: الحجمٌات والمتجها

ٌصف لانون  .a، مشتك الولت للسرعة ٌسمى التسارع  vٌسمى السرعة  tبالنسبة إلى  r، مشتك  tلجسٌم متحرن والمعلمة هً الولت  rمتجه المولع 
شرح حركة الجسٌمات الشحنة فً المجال الكهربائً والمغناطٌسً. أعلن نٌوتن رسمٌاً  إسحاق نٌوتن الثلاثة لوانٌن أساسٌة للحركة ، مذبذبًا توافمٌاً مخمدًا.

ً أي مجال لوة مركزي متناح. اشرح مركز الكتلة عن لانون الجاذبٌة العامة فً كتاب المبادئ. لإثبات لانون كبلر الأول ، المعادلة التفاضلٌة لمدار الجسٌم ف
ن والزخم الخطً للنظام. لررت استخدامه كمعادلات لاغرانج الأساسٌة ومعادلات هاملتون. دوران جسم صلب حول محور اعتباطً: لحظات ونواتج م

 الزخم الزاوي والمصور الذاتً والطالة الحركٌة.

 

 انًصادر 
[1] Analytical Mechanics, 7ed, by G. Fowles & G. Cassiday     
[2] Theoretical Physics 2 (Analytical Mechanics),  by Wolfgang Nolting    
[3]  

  
 

https://faculty.uobasrah.edu.iq/faculty/en/2386/teaching
https://faculty.uobasrah.edu.iq/faculty/en/2386/teaching
mailto:mohanned.mohammed@uobasrah.edu.iq
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 انتقييًاث انًعتًذة 
 : ٍ٘صػت ػيٚ اىض٘اّب اىخبىٞت ( قَٞت اىذسصت  )    حؼخَذ دسصت اىَبدة 

 

 انتفاصيم  انذرجت  

 الايتحاَاث  

 درجت الاضتيعاب 

 انًشاركت  

 انحضىر 

 انذرجت انكهيت  

 

 وجذول انتخصيصوصف انذرش 

  . أعب٘ػًب 55 ٘صػت ػيٍٚؼخَذة ٍٞت عب٘ػػذد اىغبػبث الأ -عبػت (   ????) ٝخؼَِ اىذس ط 

 

الاٍخغبّبث 

 ٗاىخقَٞٞبث 
 الاعب٘ع اىخأسٝخ اىَ٘ػ٘ع  اىقشاءة فٜ اىَظذس

 5اى٘اصب 

 فٜ حط٘ٝشٕب حٌ اىْٞ٘حّٜ٘ اىَْظ٘س بخلاف ، اىَٞنبّٞنب إىٚ ىيْظش أخشٙ ؽشٝقت ْٕبك مبّج

 اىؼَو" ٍبذأ أعظ ٕ٘ ، 7171 فٜ. ّٞ٘حِ صٖ٘د ٍغ ببىخضاٍِ ٍب عذ إىٚ أٗسٗبب

 ىٞشّٗذ صبُ قبو ٍِ اىَبذأ ٕزا ح٘عٞغ حٌ .اىزببخت الأّظَت ح٘اصُ ى٘طف" الافخشاػٜ

 ػَو ٍغ رسٗحٔ اىخط٘س بيغ. اىذْٝبٍٞنٞت الأّظَت عشمت ىٞشَو( 7171-7171) داىَبشث

 ٗ الافخشاػٜ اىؼَو ٍبذأ اعخخذً اىزٛ ،( 7771-7111) لاغشاّش دٛ ى٘ٝظ ص٘صٝف

D'Alembertian اىخٜ ىيغشمت اىذْٝبٍٞنٞت اىَؼبدلاث لاشخقبق مأعبط اىخَذٝذ بٔ اىخبص 

 .اعَٔ حغَو اُٟ ششفٔ فٜ ،

 5 25/51/2125 ٍٞنبّٞل لامشاّش

 5اى٘اصب 

 َٝنْْب ػبً بشنو. اىفؼبء فٜ اىضغَٞبث ٍِ ٍضَ٘ػت ٍ٘ػغ ىخغذٝذ الإعذارٞبث حغُخخذً

 بؼغ أربخج فقذ ، رىل ٍٗغ. ٍبدٛ ّظبً عشمت ى٘طف الإعذارٞبث ٍِ ٍضَ٘ػت أٛ حغذٝذ

 بٔ اىَغَ٘ط اىخنِ٘ٝ حقٞذ ْٕذعٞت قٞ٘د ٗص٘د بغبب غٞشٕب ٍِ اقخظبدا أمزش أّٖب اىخٞبساث

 .ّظبً لأٛ

 2 28/51/2125 ىخغذٝذ الإعذارٞبث

 2اى٘اصب 
 أُ ٝضب ، أٗلاً . اىَخغٞش ٕبٍيخُ٘ ٍبذأ ٍِ لاغشاّش ٍؼبدلاث لاشخقبق صبٕضُٗ اُٟ ّغِ

 عشمخٖب حنُ٘ ٍغبفظت أّظَت ٍِ فقؾ حخنُ٘ اُٟ عخٚ ىذْٝب اىخٜ الأٍزيت صَٞغ أُ إىٚ ّشٞش

 .اى٘قج ػِ اىَغخقيت اىنيٞت ىقٞ٘د ىـ فقؾ حخؼغ ، الأع٘اه أع٘أ فٜ ، أٗ ٍقٞذة غٞش إٍب

 لاغشاّش ٍؼبدلاث

 ىلأّظَت ىيغشمت

 اىَغبفظت
 

4/55/2125 3 

 2اى٘اصب 
 الأٍزيت ٍِ اىؼذٝذ فٜ ٍْبقشخٔ حَج اىزٛ اىفٞضٝبئٜ اىْظبً أُ ٍِ اىشغٌ ػيٚ أّٔ لاعع

 ػيٚ ىيْظش عغبببحْب فٜ ٍنبُ أٛ فٜ ٝغذد ىٌ أّٔ إلا ، شبٍيت ىقٞ٘د خبػؼبً مبُ اىغببقت

 .اىقٞ٘د حيل ػِ اىْبحضت اىق٘ٙ فٜ اىخغذٝذ ٗصٔ

 ٍؼبسٝب: اىقٞذ ق٘ٙ

 لاغشاّش
 

55/55/2125 4 

 3اى٘اصب 
 ٝغقؾ ىضغٌ بغٞطت ىغبىت ىـغشمت ّٞ٘حِ ق٘اِّٞ إىٚ اىَخغٞش ٕبٍٞيخُ٘ ٍبذأ أدٙ مٞف أظٖشّب

 .ٍ٘عذ صبربٞت ٍضبه فٜ بغشٝت

 ةاىق٘: داىَبشث ٍبذأ

 اىَؼََت
 

58/55/2125 5 

 3اى٘اصب 
 ، اىخ٘اصُ حنِ٘ٝ ع٘ه اىغشٝت ٍِ دسصبث بؼذة ٝخَخغ ّظبً عشمت دساعت ّخْبٗه أُ قبو

 .اىخ٘اصُ بَظطيظ اىَقظ٘د ٕ٘ ٍب فقؾ ّفغض أٗلاً  دػّ٘ب

 اىنبٍْت اىطبقت

 الاعخقشاس: ٗاىخ٘اصُ
 

25/55/2125 6 

 7 2/52/2125 الايتحاٌ انشهري الاول

 4 اى٘اصب
 ّذسط ع٘ف ، ىيغشٝت اىذسصبث ٍِ ػذد بأٛ اىَخزبزبت ىلأّظَت اىؼبٍت اىْظشٝت حط٘ٝش قبو

 ببؼؼٖب اىَقخشّت اىخ٘افقٞت اىَزبزببث ارِْٞ ٍِ ٝخنُ٘ ّظبً ٕٗ٘ ، بغٞطًب ٍغذداً ٍزبلًا 

 .اىبؼغ

 اىخ٘افقٞت اىَزبزببث

 إعذارٞبث  :اىَضدٗصت

 ػبدٝت
 

9/52/2125 8 

 4 اى٘اصب
 ٍِ ػذدٕب ٝبيغ اىخٜ اىَخظيت اىضغَٞبث ٍِ خطٞت ٍضَ٘ػت عشمت فٜ ّفنش دػّ٘ب

 أصو إىٚ طغٞشة اىَخضبٗسة اىضغَٞبث بِٞ ٗاىَغبفت ٍغَٚ غٞش أصو إىٚ مبٞشة اىضغَٞبث

 .ٍغَٚ غٞش

الاّظَت إخضاص

 ٍؼبدىت : ٍغخَش

 اىَ٘صت
 

56/52/2125 9 

 4 اى٘اصب
 قذ ٕؤلاء(. أمزش أٗ ارْبُ) اىضغَٞبث ٍِ اىؼذٝذ أّظَت ىَٞنبّٞنب دساعخْب بخ٘عٞغ اُٟ ّقً٘

 حغَٚ خبطت أّظَت. اىبؼغ بؼؼٖب ػِ ٍغخقو بشنو حخغشك لا أٗ اىضغَٞبث حخغشك

 . اىضغَٞبث ىضَٞغ اىْغبٞت اىَ٘اػغ حزبٞج ٝخٌ عٞذ ، الأصغبً  صبٍذة

 اىنخيت ٍشمض: ٍقذٍت

 ىيْظبً اىخطٜ ٗاىضخٌ
 

23/52/2125 51 



 Page 7 of 8 

 

 4 اى٘اصب
 ق٘ة ٕ٘ الاحظبه أرْبء اٟخش ػيٚ حَبسط اىخٜ اىق٘ة ، ىخظبدً صغَبُ ٝخؼشع ػْذٍب

  .ٗاعذ مْظبً ٍؼبً اىضزذ اػخببس حٌ إرا ، داخيٞت
 الاططذاٍبث

 
31/52/2125 55 

 52 6/5/2125 ضيص انجيش انعراقيعيذ تأ

 53 53/5/2125 انشهري انثاَيالايتحاٌ 

 5 اى٘اصب
 رببخت اىْغبٞت ٍ٘اػؼٖب حنُ٘ اىخٜ اىضغَٞبث ٍِ ّظبً أّٔ ػيٚ اىظيب اىضغٌ اػخببس َٝنِ

 .رببخت صغَِٞٞ أٛ بِٞ اىَغبفت ، آخش بَؼْٚ أٗ ،
 اىضغٌ مخيت ٍشمض

 اىظيب
21/5/2125 54 

 5 اى٘اصب
 اىضغٌ فٞٔ اىزٛ رىل ٕ٘ ، اىبغخت اىخشصَت بخلاف ، اىضبٍذة اىضغٌ عشمت ٍِ ّ٘ع أبغؾ

 .رببج ٍغ٘س ع٘ه ببىذٗساُ ٍقٞذ

 طيب صغٌ دٗساُ

: اىزببج اىَغ٘س ع٘ه

 اىزاحٜ اىقظ٘س ىغظت
 

27/5/2125 55 

 ايتحاٌ َهايت انفصم

 

 حخذً الاعخذاٍت فشداثػيٚ اُ حخؼَِ ٍ  < %21ػَِ طلاعٞت اىخذسٝغٜ  >  حط٘ٝش اىَْٖش ٕو َٝنِ 

اىخَْٞت  -5 -اىنَٞٞبء اىخؼشاء -4 -حط٘ٝش اىخؼيٌ ٗاىخؼيٌٞ ٍذٙ اىغٞبة -3-لا ىيض٘ع -2-ٍغبسبت اىفقش -5 انًحاورَعى يًكٍ ضًٍ  -2

اىشٝبط ) اىطبقت اىَغخذاٍت -9-الابذاع ٗالاّخبس-8-حذٗٝش اىَٞبٓ ىيضساػت -7-حْقٞت اىَٞبٓ -6-اىَغخذاٍت

حط٘ٝش  -53-سػبٝت اىطف٘ىت  -52-قٞبط اىخي٘د  -55 -حط٘ٝش اىبٞئت -51-( ٗاىشَظ ٗاىطبقت اىؼؼ٘ٝت

 -57-ػذً اىخطشف -56-اىَغبٗاة بِٞ اىضْغِٞ -55-قٞبط مفبءة اىَؤعغبث اىظغٞت -54-اىظغت اىؼبٍت
حذٗٝش  -21-مفبءة اىبٞئت اىضبٍؼت -59-مفبءة اىغزاء ىيشػغ، الاؽفبه ٗاىببىغِٞ ٗمببس اىغِ -58-مفبءة اىذٗاء

 -24-اىٞبث عفع اىخْ٘ع اىغٞ٘ٛ  -23-ٍغ٘ الاٍٞت  -22-ض ٍِ اىَٞبٓ اىزقٞيتاىٞبث اىخخي -25-اىَخيفبث 
دساعت ٍغخ٘ٙ -26-حط٘ٝش اىغٞبة فٜ اىبغبس ٗاىَغٞطبث-25 -اىٞبث ّشش اىغلاً ٗ اىؼذاىت فٜ اىَضخَغ 

اىٞبث حط٘ٝش اىبْٚ  -28-اىٞبث حط٘ٝش اىظْبػت اىَغيٞت فٜ اىؼشاق -27-اىخؼيٌٞ اىضبٍؼٜ ٗاىٞبث حط٘ٝشٓ

اىٞبث -35-اعبعٞبث اىَذُ اىَغخذاٍت-31-حقيٞو ٍِ اىخفشقت اىؼْظشٝت بنبفت اشنبىٖب-29-خغخٞت فٜ اىؼشاقاى

دساعت ص٘اّب حط٘ٝش -33-اىٞبث ح٘فٞش فشص اىؼَو ىيضَٞغ-32-اىخقيٞو ٍِ الاعخٖلاك ٗصٝبدة الاّخبس

ٚ طغت صٞذة ٗ اىٞبث اىغظ٘ه ػي -35-دساعت ظ٘إش اىَْبخٞت فٜ اىبيذ  -34-اىَغبعبث اىخؼشاء 

 .اىشفبٕٞت
أقترح يىضىع يخذو  -0

 الاضتذايت
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