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

Syllabus

	Title of the Course
	Calculus for Biology and Life Sciences 

	Code of the curse
	

	Status of the course
	The obligatory one term is provided for the undergraduate students of Faculty of Biology and Life Sciences 

	ECTS
	6 credits

60 contact hours (lecture – 30, practical works– 30, Laboratory works) 90 hours for the independent work

	Lecturers
	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. Natalia Chinchaladze, Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, I. Vekua Institute of Applied Mathematics, Phone: 303040, 545995 (office), 230738 (home), e-mail: natalic@viam.sci.tsu.ge 
Dr. Inga Gabisonia, Sokhumi University, Phone: 541675 (office), 940735 (home), e-mail: ingagabi@ posta.ge

	The aim of the course
	Biology is one of the most rapidly expanding and  influencing on diverse areas in the sciences. The problems encountered in Biology are frequently complex and often not totally understood. Mathematical models provide a means to better understand the processes and unravel some of the comple​xi​ties. This gives a natural synergistic relationship between the two fields as research expands in the future. The mathematical tools provide ways of developing a better qualitative and quantitative understanding of some bi​o​logical problems, while the biological problems often stretch the tech​ni​ques that mathematicians must use to find solutions.
The present course actually consists of the Differential and Integral Calcu​lus with the elements of Linear Algebra and Analytic Geometry. The aim of this course is to give to students the basic knowledge which is necessa​ry for understanding of mathematical models, describing biological, me​di​cal, ecological, chemical and other processes, contained in the lecture course.

	Pre-request
	Elementary Mathematics with the framework of high school program

	Format of the course
	Lecture, Practical work, Laboratory work

	contents of the course
	Introduction. Mathematical Biology. What is a mathematical model

1. Numbers
1.1. Operations on the numbers  (s. [1], Chap. 1. §§1,2)

2h lecture, 2h practical work
1.2. Inequalities. Absolute Value (s.[1], Chap. 1, §3)

1.3. Numerical Axis (s. [1], Chap. 1, §5)
2h lecture, 2h practical work
2. Coordinates
2.1. Coordinates of Points. Distance formula (s. [1], Chap. 2, §1)

2.2. Straight Lines. Chirping Crickets and Temperature. Juvenile Height (s. [1], Chap. 2, §2; [5], lecture 2, [6], Chap. 1)

2.3. Circle (s. [1], Chap. 2, §3)

2.4. Parabola (s. [1], Chap. 2, §4, Chap. 1)

2h lecture, 2h practical work
3. Linear Algebraic Equations and Vector Algebra
3.1. Matrices, Determinants (s. [3], Chap. 3, $$2-4, Chap. 1, $8, [7], Chap. 3, $$3.2, 3.4, 3.6). The First and Second Kind Contacts in Epidemiolo​gy (s. Additional literature [5], $2.8) 
3.2. Systems of Linear Algebraic Equations (s. [2], Chap. 2, §2;  [3], Chap. 1, $9, Chap. 3, $5, Chap. 6, $4, [7], Chap. 3, $3.1) 
2h lecture, 4h practical work
4. Functions

4.1. Functions [in particular, Power Functions (Determination of the Pulse as a Function of the Weight), Exponential Functions (Discrete Malthusian Growth), Logarithmical (Height and Weight Relations for Children)] and Graphs (s. [1], Chap. 3, §1, [5], lectures 7, 12, 14) 
2h lecture, 2h practical work
4.2. Sequences. Progressions (s. [1], Chap. 1, §2.5)

4.3. Continuous Functions. Limits of Functions (s. [1], Chap. 3, §3 and §4; [5], lecture 11; [6], Chap. 2, $$2.2, 2.7)

4h lecture, 3h practical work
5. Derivative (the Derivative as a Growth Rate)
5.1. Derivatives and Differentials of Functions, Tangent, Normal, Veloci​ty of the Motion (s. [1], Chap. 4, §§1,2,3; [5], lecture 11, [6], Chap. 2, $$2.3, 2.4). Cats and Gravity (s. [5], lecture 10)

2h lecture, 2h practical work
5.2. Partial Derivatives. Divergence. Gradient
5.3. Extremum of the Functions (s.[1], Chap. 4, §4, [5], Chap. 13)
5.4. Graphs

2h lecture, 2h practical work
6. Integration
6.1 6.1. Notion of Integrals  (s. [1], Chap. 5, §1; [6], Chap. 5, $$ 5.1, 5.2)

2h lecture, 2h practical work
6.2. The Fundamental Theorem of Calculus (s. [1], Chap. 5, §2, [6], Chap. 18, $18.3)

2h lecture, 2h practical work
7. Differential Models of Biological Processes. Simple Differential Equa​tions
7.1. Logistic Growth and Nonlinear Dynamical Systems (s. Additional literature [5], $9.8, Introduction)

7.2. Population Dynamics Model (s. Additional Literature [5], $9.8, 1)

2h lecture, 2h practical work
7.3. Differential Model of Epidemiology (s. Additional Literature [5], $9.8, 2)

7.4. The Malthusian Growth Model (s. [2], Chap. III, $2, 2.2; [5], lecture 7)
7.5. Predator-Prey Mathematical Model (s. [2], Chap. III, $2, 2.3 )

2h lecture, 2h practical work
Laboratory works (s. [5], Laboratories)
Introduction to Lab
1.  Lines and Quadratic (A1). Introduction to using Maple for editing graphs
2.  Intersection of Line and Quadratic (A2). Graphing a line and a quadratic and finding significant points on the graph
Linear and Least Squares
1.  Cricket Thermometer (A3). Listening to crickets on the web, then using a linear model for relating to temperature
2.  Concentration and Absorbance (B2). Linear model for urea concentration measured in a spectrophotometer. Relate to animal physiology
3.  Olympic Races (B3). Linear model for winning Olympic times for Men's and Women's races
Allometric Models
1.  Pulse vs. Weight (K2). A allometric model relating the pulse and weight of mammals is formulated and studied
Discrete Dynamical Models
1.  Malthusian Growth Model for the U. S. (F1) Java applet used to find the least squares best fit of growth rate over different intervals of history. Model compared to census data
2.  Malthusian Growth (F2). Data for two countries presented with a discrete Malthusian growth model used for analysis
3.  Malthusian Growth and Non-autonomous Growth Models (F4). (Alternate F3) Census data analyzed for trends in their growth rates. Models are compared and contrasted to data, then used to project future populations
4.  Bacterial Growth (G1). Discrete Malthusian and Logistic growth models are simulated and analyzed
5.  Model for Breathing(G2). Examine a linear discrete model for determining vital lung functions for normal and diseased subjects following breathing an enriched source of argon gas
6.  Immigration and Emigration with Malthusian growth (G3). Find solution of these models. Determine doubling time and when equal
7.  Logistic Growth for a Yeast Culture (H1). Data from a growing yeast culture is fit to a discrete logistic growth model, which is then simulated and analyzed
8.  Logistic Growth Model (H2). Simulations are performed to observe the behaviour of the logistic growth model as it goes from stable behaviour to chaos
9.  U. S. Census models (H3). The population of the U. S. in the twentieth century is fit with a discrete Malthusian growth model, a Malthusian growth model with immigration, and a logistic growth model. These models are compared for accuracy and used to project future behaviour of the population
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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 practical and laboratory works up to 20 points;

3. attendance at lectures and practical works up to 10 points;

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

	Exam pre-request
	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 practical (15%) and laboratory works (5%)
20%

Final exam

40%

Final grade

100%



	Obligatory literature
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3. G. Lomadze, Lectures in Higher Algebra, Tbilisi University Press, Tbilisi, 2006 (Georgian)
4. R. Illner, C.S. Bohun, S. McCollum, Th. Van Roode, Mathematical Modelling, Student Mathematical Library, AMS, 2005

5. J. M., Mahaffy, Calculus for Biology I, 2003 ( Lecture Courses, San Diego State University; http://www-rohan.sdsu.edu/~jmahaffy/ courses/s00a/math121/lectures/intro.html)
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	Additional litera​tu​re
	1. S. Grossman, G. Terner, Mathematics For Biologists, Moscow, 1983

2. F. Ayres, E. Mendelson, Theory and Problems of Differential and  Integral Calculus, Schaum’s outline series, McGRAW-Hill, 1990
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5. Ts. Dzidziguri, Mathematics for the Natural Sciences, Tbilisi, 2006 (Georgian)
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	Results of study
	Students will get basic knowledge in differential and integral calculus, in analytic geometry, in algebra, and in vector analysis.  They will be also acquainted with several differential models of biological, medical and other processes. The Students skills of their perception will be developed.


Remark: The corresponding to this syllabus lecture course can be found on the following website
http://www.viam.sci.tsu.ge./others/ticmi/index.html
