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Iv. Javakhishvili Tbilisi State University
Faculty of Exact and Natural Sciences
Syllabus

	Title of the course
	Differential Models in Biology, Chemistry, and Life Sciences 

	Code of the course
	

	Statute of the course 
	The obligatory one term course is provided for the undergraduate students of Faculty of Exact and Natural Sciences (Bachelor Program) 
with orientation in biology, chemistry, and life sciences in the second term of the first course

	ECTS
	5 credits
60 contact hours (lecture – 30, practical works – 30, Laboratory works) 65 hours for the independent work

	lecturer
	Prof. George Jaiani, Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, I. Vekua Institute of Applied Mathematics, Phone: 303040, 188098 (office), 290470 (home),
e_mail: jaiani@viam.sci.tsu.ge 
Dr. N. Avazashvili, Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, I. Vekua Institute of Applied Mathematics, Phone: 185992 (office), 221074 (home),
e_mail: avaz@viam.sci.tsu.ge
Dr. Natalia Chinchaladze, Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, I. Vekua Institute of Applied Mathematics, Phone: 303040, 185995 (office), 230738 (home), e-mail: natalic@viam.sci.tsu.ge 


	 The aim of the course
	The present course is a natural continuation of the calculus. The aim of the course is to give to students the basic knowledge in the theory of ordinary differential equations and elements of partial differential equations. A special attention will be paid to mathematical models of biological, chemical,  and other processes in life sciences described by differential equations.

	Prerequest
	Calculus

	Format of the course
	Lecture, Practical works, Laboratory works

	Contents of the course
	                                        Topics

Introduction

1. Functions and Differential Methods of Plotting

1.1. Some notion and Theorems of Calculus. Applications to Chemistry
       (s. [4], $5.1, $4.4, [7], 1.7.1, 1.7.4)

                                                                     2h lecture, 2h. practical work
1.2. Plotting (s. [1], $5.8) 
1.3. Power Function(s. [1], $4.2, 1-4)
1.4. Exponential Function(s. [1], $4.2, 1-4) 
1.5. Logarithmic Function (s. [1], $4.2, 5) 
1.6. Trigonometric Function (s. [1], $4.2, 7)

                                                                     2h lecture, 2h. practical work                                                                  
1.7. Functional Sequences and Series (s.[5] Chapters 20,21)  
1.8. Power Series, Taylor’s and Mackloren’s Formulas 
    (s.[6] Chapter 8, $$ 2.3,2.9, 2.10, 5)
                                                                     2h lecture, 2h. practical work 
1.9.  Fourier Trigonometric Series (s.[5] Chapter 23)  
2h lecture, 2h. practical work
2.Complex Numbers
2.1.  Notion of Complex Numbers (s.[1], $7.1)
2.2.  Trigonometric Representation of Complex Numbers(s.[1], 
    $$7.2- 7.4)
2h lecture, 2h. practical work

3. Differential Equations
1. Foreword
2. Introduction
3. Ordinary Differential Equations
3.1. First-order Ordinary Differential Equations. Bacteria Reproduction Problem. Radium Decay Problem (s. [1], $$2.1, 2.2, 3.1, [2], Chap. I, $1.1)
2h lecture, 2h practical work

3.2. First-order Separable equations (s. [1], §2.1, [2], Chap. I, §2)
3.3. First-order Homogeneous equations (s. [1], §2.1, [2], Chap. I, §2)
2h lecture, 2h practical work

3.4. Second-order Ordinary Differential Equations with constant Coefficients (s. [1], §§4.2, 4.4, [2], Chap. IV, §2)
2h lecture, 2h practical work

3.5. Exact Differential Equations (s. [1], §2.3, [2], Chap. I, §3)
2h lecture, 2h practical work

3.6. Bernoulli Differential Equations (s. [1], §2.4, [2], Chap. I, §4)
3.6.1. Balance Method (s. [3], Chap. 3, §2, 2.1)

3.6.2. Malthus Differential Model (s. [3], Chap. 3, §2, 2.2)

3.6.3. Simple Models of Epidemiology (s. [3], Chap. 3, §2, 2.4;

          s. also [1], Chap. 2, A,B,C,D, Chap. 3, A,B,C,D, Chap. 4, A,B,C,
          Chap. 6, A,B,C, Chap. 7, A,B,C, Chap. 8, A,B,C,D,E)

                                                                      2h lecture, 2h practical work

3.7. System of First-Order equations of the normal Type (s. [1], Chap.6, 
       [2], Chap. V, §§1,2)
3.7.1. Predator-Victim Mathematical Model  (s. [3], Chap. 3, §2, 2.3)
2h lecture, 2h practical work

3.8. Higher-order Ordinary Differential Equations. Existence Theorem 3.8.1. Linear Equation of n-th Order

3.8.2.Order  Decreasing 
        (s. [1], Chap. 4, [2], Chap. III, §§1,2, Chap. IV, §§1,3)
                                                                     2h lecture, 2h. practical work
3.8.3. n-Order Equation with Constant Coefficients

         (s. [1], Chap. 4, [2], Chap. III, §§1,2, Chap. IV, §§1,3)
                                                                     2h lecture, 2h. practical work
4. Partial Differential Equations 
4.1. Introduction (s. [2], Chap. V, §3)

4.2. First-order Partial Differential Equations (s. [2], Chap. V, §4)

2h lecture, 2h practical work
4.3. Second Order Partial Differential Equations. Fourier Method (s. [2], Chap. V, §5; [5], 23)

2h lecture, 2h practical work
Laboratory works (s. [8])
1. Ordinary Differential Equations
2. First order Partial Differential Equations

3. Mathematical Models in Biology, Chemistry, Medicine and Ecology

4. Typical Equations of Mathematical Physics
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	Grades
	100 points grades are used:

1. two written tutorials with three questions each up to five points;

2. students activity at seminars up to 20 points;

3. attendance at lectures and seminars up to 10 points;

4. final written exam with four questions each up to 10 points. 

	Exam prerequest
	Within the first three parameters of grades students have to earn at least 30 points and to take part at least at one tutorial.

	Grading scheme
	Attendance
10%

Participation in tutorials (2x15)

30%

Activities at seminars (15%) and Laboratory works (5%)
20%

Final exam
40%

Final grade
100%



	Obligatory literature
	1. Martha L. Abell, James P. Braselton, Modern Differential Equations, Brooks/Cole,, Thomson Learning, Printed in the USA, 2001
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4. Z.Dzidziguri, Mathematics for Natural Sciences, Tbilisi, 2006 (textbook in Georgian)

5. F. Morgan, Real Analysis and Applications, AMS, 2005

6. L. Bers, Calculus, Moscow, Vysshaja Shkola Press, v.1, 1975
      (Russian)

7. G. Areshidze, M. Gverdtsiteli, N. Gunia, Application of elements of 
      Calculus to Chemistry, Tbilisi University Press, 2001 (Textbook in 
      Georgian)
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	Additional litera​tu​re
	1. J. M. Mahaffy, Calculus for Biology I, 2003 (Lecture Notes: San Diego State University; http://www-rohan.sdsu.edu/~jmahaffy/ courses/s00a/math121/lectures/intro.html)

2. William E. Boyce, Richard C. DiPrima, Elementary Differential Equations and Boundary Value Problems, John Wiley & Sons,2001

3. Dennis G. Zill, A First Corse in Differential Equations with Modelling Applications, Brooks/Cole, Thomson Learning, 2001

4. C. Henry Edwards, David E. Penney, Differential Equations & Linear Algebra, Preutice-Hall, 2001

5. G.Smith, Mathematical Ideas in Biology, Moscow, Mir, 1970
6. R. Illner, C.S. Bohun, S. McCollum, Th. Van Roode, Mathematical Modelling, Student Mathematical Library, AMS, 2005

7. L. Bers, Calculus, Moscow, Vysshaja Shkola Press, v.2, 1975

      (Russian)

8. F. Ayres, E. Mendelson, Theory and Problems of Differential and

       Integral Calculus, Schaum’s outline series, McGRAW-Hill, 1990
9. K. Kuttler, Calculus, Applications and Theory, 2003 (Lecture Notes)

	Results of study
	Students will get basic knowledge in ordinary and partial differential equations. They will be able to set correctly and investigate initial and boundary value problems for them. They will be acquainted with basic methods of ordinary and partial differential equations and in some cases with methods of construction of solutions in explicit forms. They will be also acquainted with several differential models of physical, biological, chemical, technical and other processes.


Remark: The corresponding to this syllabus lecture course can be found on the following website

http://www.viam.science.tsu.ge/others/ticmi/index.html
