M.Sc (5-yr Integrated) Systems Biology

New Course Contents 2015 -2016 Batch onwards

SEMESTER: 1 (July – Nov)     (FIRST YEAR)    
1. EN101 English-I (4 Credits)
2. ES101 Environmental Studies (3credits)

Unit 1: The multidisciplinary nature of environmental studies: Definition, Scope and importance   

            Environmental Milestones 

Unit 2: Ecosystems: Concept of an ecosystem (Abiotic and biotic environment), Structure and   

            function of an ecosystem Producers, Consumers and decomposers. Energy flow in the  

             ecosystem, (Nutrient cycle in the ecosystem) Ecological succession Food chain, food webs  

             and ecological pyramids. Introduction, types, characteristic features, structure and function of 

             the following ecosystems: Forest ecosystem, Grassland ecosystem, Desert ecosystem aquatic  

            ecosystems (ponds,streams,lakes,rivers,ocean estuaries).

Unit 3: Biodiversity: Conservation:  Introduction, Definition: genetic, species and ecosystem diversity, 

            Hot spots of biodiversity, Threats to biodiversity: habitat loss, poaching of wildlife, man  

             wildlife conflicts.  Endangered and endemic species of India, Conservation of biodiversity: In-  

            situ and Ex-situ conservation of biodiversity. 

    Unit 4: Natural Resources and non-renewable resources An overview of natural resources and 

                associated problems with references to a) Forest resources b) Water resources c) Mineral   

                resources d) Food resources e)Energy resources f)Land resources.

    Unit 5: Environmental Pollution: Definition a) Air pollution  b)Water pollution c) Soil pollution  

                 d)Marine pollution e) Noise pollution  f) Thermal pollution g) Nuclear pollution Solid waste  

                management: Causes, effects and control measures of urban and industrial wastes. 

                Environmental impact assessment. 

     Unit 6: Environment: Socio-Political Issues: Environmental Ethics: Science/Nature Debate) Global  

                  Environmental Issues a) Global Warming, Climate Change, Acid Rain, Ozone layer depletion,   

                Pollution) Global Environmental Issues a) Deforestation, Loss of Bioidiversity,   

                Desertification, Land Degradation) Global Conventation on Environment: Indian   

                environmental Laws. 

 Unit 7:  Human –Environment Interaction: Modes of Resource Use, Development and Environment   

           Population growth and Environment, Environment and Human Health. 

    Unit 8: Project Work (Group of….) Select List of Themes:  Study of simple ecosystem: 

                pond/lake/rocks, Biodiversity Register of Campus Pollution Energy sources Water   

               Conservation Waste Disposal and Recycling GM crops. 

3. PY101 Physics-1A: Mechanics -4 credits 

Topics


1.
Physical quantities, Units and dimensions  (2)

2.
Scalars and Vectors, Dot and cross products
(3)

3.
Velocity and linear momentum, Acceleration and force, Motion in one and two dimensions with   

       constant acceleration
(8)

4.
Projectile  motion, Uniform circular motion, Newton's laws of motion and their applications (8)

5.
Friction, Work and energy (6)

6.
Conservation of energy
 (3)

7.
Rotational motion, Angular momentum and torque
(6)

8.
Collision and conservation of momentum during collisions
(5)

9.
Pendulum motion, Double pendulum, Atwood’s Machine, Kater’s Pendulum.
(5)

      Books recommended:

1.
Main Text Fundamentals of Physics by Resnick, Halliday and Walker, 6th edition, Wiley;

2.
University Physics, by Sears and Zemansky, 10th edition, Addison Wesley series

3.
Concepts of Physics, H.C. Verma, TMH.

Physics-1B: Mechanics (Compulsory for Physics Students and optional For Students with 

Mathematics in class 12)
Topics


1. Quick Review of Vector Algebra, Quick review of differential calculus ,Quick review of integral calculus ,Coordinate systems; Curves, Applications of calculus. 
(7)

2. Newton's laws and inertial frames ,Transformation under rotation of coordinate systems  (9)

3. Kinematics , Constant linear acceleration , Constant angular acceleration , Projectile motion, Change of  frame (8)

4. Applying Newton's Laws, Pulleys, Inclined planes, Friction, Circular motion, Motion in gravitational field, Satellites and planets  (8)

5. Motion in Non-Inertial frames, Centrifugal force and coriolis force, Applications, Sideways deviation of a freely falling body, Foucault pendulum; Cyclones, Winds.
(8)

6. Work and Energy Symmetries and Conservation laws, Work and examples of computation of Work, Work energy theorem, Conservative and Non-Conservative forces, Definition of potential energy, Conservation of energy, Simple harmonic motion, Law of gravitation, Gravitational potential energy (9)

7. Centre of Mass, Conservation of Linear Momentum Center of mass, Motion of center of mass, Conservation of linear,  momentum, Collisions in one dimension (9)

8.  Momentum, KE and Ang. Mom. of a System of 2 Bodies Do the special case of two particle system. Torque and EOM show that the two body problem is equivalent to motion of center of mass and of one body of reduced mass. Conservation of Angular Momentum, Kepler's Laws of Planetary Motion, Satellites  (10)

9. Rigid Body Dynamics: KE and Angular Momentum .of a system of several particles, Degrees of freedom of a rigid body, Kinetic energy, Angular momentum of a rigid body, Moment of inertia tensor, Combined rotational and translational motion, Euler's equations, Examples. (10)

           Books Recommended:
1.Main Text  Mechanics, Berkeley Physics Course VI, by Charles Kittel, Walter

Knight, Malvin Ruderman , Carl Helmholz, Burton Moyer ( Tata -McGraw-Hill 2007)

2. University Physics, by Sears and Zemansky, 10th edition, Addison Wesley series

3. Concepts of Physics, H.C. Verma, TMH.

4. An introduction to Mechanics by Kleppner and Kolenkow ( Mc Graw Hill   1973)

5. Alternate main text Classical Mechanics by T. W. B. Kibble ( World Scientific, 2004)

6. Introduction to classical mechanics, D Morin ( Chapters 1-8, chapter 10)
4. CY101 Chemistry 1 Stiochiometry, Solutions & Gases – 3credits

Prerequisite: None

Experimental evidence of the atomic hypothesis; Chemical compounds and their composition – introduction to nomenclature; Chemical reactions and stoichiometric calculations. (8h) ; Solution Chemistry – electrolytes and non-electrolytes. Colligative properties. Ideal and Non-Ideal solutions. Reactions in solution – redox, acid-base, precipitation, ion-exchange. Colloids. (14h); Properties of gases – Avagadro’s hypothesis, the ideal gas law.Kinetic molecular theory. Gas mixtures. Solubility of gases.Gases at high pressure and low temperatures – critical phenomena. (14h)

5. MM103: Maths1 (complex numbers, Vectors, Matrices, elementary functions, analytical geometry) –  

                     4 credits

1.1   Matrices (20 Lectures) Basic concepts of matrices, multiplication of matrices by scalars, addition    

         and multiplication of  matrices, transpose, trace, determinant of a matrix, rank and inverse of a  

         matrix, special  matrices such as Hermitian, unitary matrices, system of linear equations, solution by    

        Crammer's rule, existence and general properties of solutions, eigenvalues, eigenvectors,      

        diagonalization of matrices, functions of matrices and Caley-Hamilton theorem. 

1.2   Elementary functions (7 lectures) Definition and examples of sequences and series. Using these,   

        study Trigonometric functions, logarithmic, exponential function, hyperbolic trigonometric  

        functions. 

1.3   Analytical geometry in 3-D (8 Lectures)  Cartesian co-ordinates in 3-D, distance between two    

         points, direction cosines, direction ratios and their properties, equation of plane using given data,   
               distance between a point and a plane,  equation of straight line in different forms, image of a point   

        with respect to a plane, distance between a point and a plane along a straight line, equation of sphere,   

        circle. 
1.4   Complex numbers, vector algebra (5 Lectures) Algebra of complex numbers, polar form, argand  

        diagram, triangle inequality, curves and regions in complex plane. Addition of vectors, dot product,   

        cross product and their geometric interpretation, triple product, area, volume given in terms of vector   

        products. 

References 
1. Linear algebra, Kenneth Hoffman and Ray Kunze,Pearson, 1971. 

2. Linear algebra: a geometric approach, S. Kumaresan, Prentice hall of India, 

    2004. 

3. Calculus and analytic geometry, George Thomas & Ross Finney, Addition 

                 Wesley, 1995.

6a* SB102 Foundation Biology (for Math students)  (3credits)

Science of life and its chemical basis: introduction to what is life, how biology is studied and importance of studying biology (2hr).

Chemistry of life: importance of water, brief mention of macromolecules that make life forms (4hr). Nucleic acids and origin of life (4hr)

Brief introduction to microscopy: taking examples of a couple of structures as visualized by light microscopy to fluorescence to confocal to electron microscopy (2 hr)

Cells as units of life: Features of fundamental units of life, prokaryotic and eukaryotic cell, organization of prokaryotic cell, organelles in eukaryotes (nucleus, cytoplasm, mitochondria, lysosome, peroxisomes, endomembrane system, cytoskeleton, chloroplast, cell wall, extracellular matrix) (6)

Cell membranes: basic structures, specialization of membranes: adherence, selective permeability, active process of transport and communication between organelles, communication between cells and between cells and environment. Other specialized functions of membranes (8)

Cell communication and multicellularity: signals, signal receptors, response to signals (10)

Total credits: 36hr

6b* MM102 Bridge Maths (for Biology students) (for students with no Mathematics in class  

         12) – 3credits 

Real number system; Mathematical induction, Binomial Theorem, Relations, Equivalence classes, Definition of a group, Residue classes, Continuity, Differentiation, Integration (as an inverse process), Permutations and Combinations, Sequences and Series, Power Series, Tests for convergence, Trigonometric functions, Conic Sections, Equations of lines and circles in 2-D Geometry, concept of set, functions and relation, Graphs of functions. 

6c* EC101 Introductory Economics (for students who have done Biology and Maths) – 4credits

         * Students choose any one of the three courses

7. IPY102-Mechanics Lab (1.5 credits) 

1. Verification of Newton’s second law using an air track 

2. Verification of conservation principles (momentum and energy) using a friction free metal     

     track.  

3. Estimation of the value of “g” using the principle of free fall.

4. Estimation of the spring constants of spring using the principle of Simple Harmonic motion

5. Projectile Motion: To predict and verify the range of a ball launched at an angle and 

    determine its initial velocity.

6. Estimation of the value of “g” using a Kater’s pendulum.

7. Estimation of the Moment of Inertia of a Fly wheel

8. Estimation of the Moment of Inertia about the different axes of a bifilar suspension

9. Estimation of the Young’s modulus of a steel wire using a Torsion Pendulum. 

Books recommended: 

Practical Physics by R K Shukla and A Srivastava
CY102 Qualitative Analysis lab (1.5 credits)

Prerequisite: None Reactions of common cations and anions. Semimicro analysis of mixtures

SEMESTER: 2 (Jan – April)   (FIRST YEAR)

8. English-II : English-2 (4credits)

9. SB151 Introductory Biology  3Credits

Energy, enzymes and metabolism: Start with Thermodynamics and move to ATP in   

biochemical energetics; Enzymes and how they work, introduction to respiration and  

photosynthesis (8)

Cell cycle (basic regulation and introduction to apoptosis and cancer) (2); 

Inheritance biology: mitosis and meiosis (1hr); Mendelian genetics (2)

Introduction to classification: (8)

Body Plans of plants and animals:(6)

Plant responses to environmental challenges (4)

Animal physiology, homeostasis and temperature regulation; endocrine system and defense   

systems (6)

Total credits: 36

a) Life: The Science of Biology by Sadava et al 

b) Biology by Raven and Johnson

c) Campbells Introduction to biology

10. PY 201 Physics (Waves and Oscillations; Light and Sound) 4 credits 

	        Topics

	1. Introduction of the course, overview of periodic motion, Introduction to simple harmonic motion (SHM), its applications (with examples from physical situations), the equation of motion, Introduction to the complex exponential and the rotating vector notation Problems (based on lectures 3 & 4)      (5)

	2. Solving the equation of motion of SHM using the complex exponential for various systems (Free vibrations ) Systems with damping (Damped oscillations), Forced vibration and Resonance, Problems on free, damped and forced     

             oscillations  (5)

	3. Superposition of periodic motion, Beats,  Lissajou’s figures and related problems Coupled oscillators and normal modes including discussion of problems based on coupled oscillators(Free vibrations)  Normal modes of continuous systems (Stretched strings, air columns)   (8)

	4. Brief introduction to Fourier analysis    (2)

	5. Normal modes in 2D-3D systems , Problems on normal modes in continuous systems (without Fourier analysis) (2)

	6. Progressive waves, superposition, dispersion, energy transport etc and problem discussion (5)

	7. Reflection, transmission and other wave phenomenon in longitudinal and transverse waves (3)

	8. Doppler effect (in both electromagnetic as well as pressure waves) and related problems  (3)

	9. Huygens-Fresnel Principle, reflection, refraction interference and diffraction. Discussion of related problems (3)

	10.  Sound wave details, wavelength range, shock waves, velocity of sound and its measurements, Musical Instruments (2)

	11. Revision of optics : Image formation in mirrors and lenses,  (2)

	12. Defects in image formation, Chromatic and Spherical aberration, Achromatism of two thin lenses separated by a distance etc   (3)

	13. Optical Instruments (Telescope and Microscope) (1)

	Books Recommended:
Main Textbook Vibrations and Waves, A.P. French (The M.I.T Introductory Physics Series )
The Physics of Vibration and Waves, H. J. Pain (John Wiley and Sons Ltd)
Optics, E. Hecht (Pearson Publication)   Fundamentals of Optics, Jenkins and  White  (McGraw Hill )



11. CY151 Chemistry (Energetics and Kinetics) – 3 Credits 

Thermochemistry –enthalpy and enthalpy change-calorimetry-enthalpies of formation and of reactions. Entropy and free energy. State functions. (8h), Chemical Kinetics – reaction rates – effect of concentration and temperatures. Steady state approximation. Reaction mechanism from rate laws. (8h), Chemical equilibrium in the gas phase – equilibrium constants and their relation to free energy – temperature dependence. (6h), Equilibrium in the aqueous phase- pH, buffers and indicators –complex ions. Heterogeneous equilibria – adsorption. (6h) and Electrochemistry – voltage and free energy – standard potentials Batteries, fuel cells (8h).

12. MM152 Maths 2(Multivariable calculus, Mathematical analysis) – 4Credits 

2.1 Multivariable calculus (25 Lectures) 

      Brief introduction to co-ordinate systems- spherical and cylindrical systems double integral over a    

      rectangle, double integral over a region, change of order of integration, triple integrals, change of    

      variables and Jacobian. 

      Vector fields, gradient, divergence, curl, vector calculus identities, parametric curves, line integrals,    

       path dependence, fundamental theorems of line integrals, conservative fields, application of Greens   
             theorem in 2-D, parametric surfaces, surface of revolution, surface integrals, applications of Stokes   

      theorem and Gauss divergence theorem, Green's identities, statement of integration by parts. 

2.2 Mathematical Analysis (15 lectures) 

      Rational numbers, sequences, subsequences, monotonicity, boundedness, convergence, limit of a    

       sequence, Cauchy criteria, series, different tests of convergence, power series, radius of convergence. 

       References 
1. Calculus, Vol. 2: Multi-Variable Calculus and Linear Algebra with Applications to Differential    

Equations and Probability, Tom M. Apostol, Wiley and Sons, 1969. 

2. Higher engineering Maths, B.S.Grewal, Khanna Publishers, 2001. 

3. Calculus and analytic geometry, George Thomas and Ross Finney, Addition Wesley, 1995. 

4. R.G.Bartle and D.R.Sherbert,Introduction to Real Analysis, Wiley and Sons, 2011. 

5. Richard R. Goldberg, Methods of Real Analysis, Wiley and Sons, 1976. 
13. Information Technology IT-1 (2credits)

14. SB 152 Biology Laboratory I: Introductory Biology: 1.5 credits   (1.5*3 =4.5 credits)
1) Parts of flowers: show several types from the University/local neighbourhoodetc

2) Peel of Onion

3) Cheek cells

4) Stomata opening and closing

5) Culture of Paramecia: Feeding,behavior, chemotaxis, conjugation (Can use any model system or combination of model systems)

6) Respiration in animals

7) Permanent slide: mitosis, meiosis, Blood cells (diff types of cells from various animals) etc.

8) Observation of colour: scales vs insects

       PY152 Waves, Oscillations, Sound and Light Lab: 1.5 credits 
             List of experiments:
1. Coupled oscillator – Measurement of Normal Mode Frequencies
2. Kundt’s tube – Determination of Velocity of Sound in Air
3. Vibration of strings – Melde’s experiment
4. Sonometer – Resonance Modes of a Stretched String & Velocity of Wave
     Propagation

5. Superposition of waves: Lissajou’s figures
6. Helmholtz Resonator
7. Damping Oscillations in various media. 
      CY152 Quantitative Analysis lab (1.5credits)

Prerequisite: None Titrimetry – acid-base, redox, complexometry. Gravimetry- determination of water of hydration, estimation of sulphate, chloride, aluminium, manganese, iron, nickel. Colorimetry – Beer’s law, estimation of a metal ion (eg., manganese).
