SEMESTER-III

Course Code: DSC-7 CHEMISTRY - I
Course Title: Chemical Energetics and Equilibria

Total Credits: 04 (Credits: Theory-02, Practical-02)
(Total Lectures: Theory- 30, Practical-60)

Objectives: The objective of this paper is to develop basic understanding of the chemical
energetics, laws of thermodynamics and ionic equilibrium. It provides basic understanding of
the behaviour of electrolytes and their solutions. The students will also learn about the
properties of ideal and real gases and deviation from ideal behaviour.

Learning Outcomes:
By the end of this course, students will be able to:

e Understand the laws of thermodynamics, thermochemistry and equilibria.

« Understand concept of pH and its effect on the various physical and chemical properties
of the compounds.

o Use the concepts learnt to predict feasibility of chemical reactions and to study the
behaviour of reactions in equilibrium.

Unit 1: Chemical Energetics Lectures: 16

Recapitulation of Intensive and extensive variables; state and path functions; isolated, closed
and open systems, concept of heat, Q, work, W, internal energy, U, and enthalpy, H.

First law

Concept of heat, Q, work, W, internal energy, U, and statement of first law; enthalpy, H,
relation between heat capacities for ideal gas, Joule’s experiment, calculations of Q, W, AU
and AH for reversible expansion of ideal gases under isothermal conditions.
Thermochemistry

Enthalpy of reactions: standard states; enthalpy of neutralization, enthalpy of ionization enthalpy of
hydration, enthalpy of formation and enthalpy of combustion, Integral enthalpy of solution, bond

dissociation energy and bond enthalpy; Hess’s law, Born Haber’s cycle (NaCl/ KCI).

Second Law
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Concept of entropy; statements of the second law of thermodynamics (Kelvin and Clausius).
Calculation of entropy change for reversible processes (for ideal gases). Free Energy Functions: Gibbs
and Helmholtz energy (Non-PV work and the work function); Free energy change and concept of
spontaneity (for ideal gases).

Third Law

Statement of third law, qualitative treatment of absolute entropy of molecules (examples of NO, CO),
concept of residual entropy

Unit 2: Chemical Equilibrium Lectures: 4

Criteria of thermodynamic equilibrium. Free energy change in a chemical reaction and equilibrium
constant, exergenic and endergenic reactions with examples such conversion of ATP to ADP or vice
verca,, Le Chatelier’s principle, relationship between Kp, Kc and Kx for reactions involving ideal gases.

Unit 3: lonic Equilibria Lectures: 10

Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree of ionization,
Ostwald’s dilution law, ionization constant and ionic product of water, ionization of weak acids and
bases, Degree of ionization, pH scale, common ion effect, Buffer solutions, Henderson-Hasselbach
equation. Solubility and solubility product of sparingly soluble salts — applications of solubility product
principle

Practical: Credits:02

( Laboratory periods: 60)

Chemical Energetics:
Determination of heat capacity of calorimeter.

1
2. Determination of enthalpy of neutralization of hydrochloric acid with sodium hydroxide.

3. Determination of the enthalpy of ionization of acetic acid.

4. Determination of enthalpy of neutralization of acetic acid and ammonium hydroxide using Hess’s law.
5. Determination of integral enthalpy of solution (both endothermic and exothermic) of salts.

6. Determination of enthalpy of hydration of Copper sulphate.

lonic equilibria:

7. Preparation of buffer solutions: (i) Sodium acetate-acetic acid or (ii) Ammonium chloride-
ammonium acetate. Measurement of the pH of buffer solutions and comparison of the values with
theoretical values.

8. Study the effect of addition of HCI/NaOH on pH of the buffer solutions (acetic acid, and sodium acetate).
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9. pH metric titration of strong acid with strong base,

10. pH metric titration of weak acid with strong base

References:
Theory:
1. Castellan, G. W. (2004),Physical Chemistry, Narosa.

2. Kapoor, K. L. (2015),A Textbook of Physical Chemistry,Vol 1, 6" Edition, McGraw Hill
Education.

3. Kapoor, K. L. (2015), A Textbook of Physical Chemistry, Vol 2, 6"Edition, McGraw
Hill Education.

4. Puri, B. R, Sharma, L. R. and Pathania M. S. (2020), Principles of Physical Chemistry,
Vishal Publishing Co.

Practical:

1. Khosla, B. D.; Garg, V. C.; Gulati, A.(2015), Senior Practical Physical Chemistry, R. Chand
& Co.

2. Kapoor, K. L. (2019), A Textbook of Physical Chemistry, Vol 7, 1% Edition, McGraw Hill
Education.

3. Batra, S. K., Kapoor, V and Gulati, S. (2017) 1%t Edition, Experiments in Physical Chemistry,
Book Age series.

Additional Resources:

1. Mahan, B. H.(2013), University Chemistry, Narosa.

2. Barrow, G. M. (2006), Physical Chemistry, 5th Edition, McGraw Hill.

Teaching Learning Process:

e Teaching Learning Process for the course is visualized as largely student-focused.
« Transaction through an intelligent mix of conventional and modern methods.

« Engaging students in cooperative learning.

« Learning through quiz design.

e Problem solving to enhance comprehension.

Assessment Methods:

Assessment will be done on the basis of regular class test, presentations and assignments
as a part of internal assessment during the course as per the curriculum. End semester
university examination will be held for both theory and practical. In practical, assessment
will be done based on continuous evaluation, performance in the experiment on the date
of examination and viva voce.
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9. Wolfgang Kaim, Brigite Schwederski, Axel Klein, Bioinorganic chemistry: Inorganic
elements in the chemistry of life

PRACTICALS:

1. Vogel, A.l. (1972), Qualitative Inorganic Analysis, Longman.

Svehla, G. (1996), Vogel’s Qualitative Inorganic Analysis, Prentice Hall.

3. Marsh, D.G.; Jacobs, D.L.; Veening, H., J. Chem. Educ., Analysis of commercial vitamin
C tablets by iodometric and coulometric titrimetry. 1973, 50 (9), p 626. DOI:
10.1021/ed050p626

4. https://edu.rsc.org/experiments/catalytic-oxidation-of-potassium-sodium-
tartrate/1736.article

N

Teaching Learning Process:

Conventional chalk and board teaching,

Class interactions and discussions

Power point presentation on important topics.

Encouraging students to correlate the concepts of Biology class with chemistry class
topics.

e Group discussions and quiz

Assessment Methods:

e Presentations by Individual Student/ Group of Students

e Class Tests at Periodic Intervals.

e Written assignment(s)

e End semester University Theory Examination
Keywords: Homogeneous and heterogeneous catalysis, Ziegler Natta catalyst, Wilkinson's
catalyst, Fischer Tropsch process, zeolite as catalysts, role of metals, chelates in medicine; cisplatin

Course Code DSE - 5: CHEMISTRY
Course Title: Polynuclear Hydrocarbons, Pharmaceutical Compounds,
UV- Visible & IR Spectroscopy
Total Credits: 04 (Credits: Theory-02, Practical-02)
Total Lectures: Theory- 30, Practical-60

Objectives: The purpose of this course to introduce the chemistry and applications of polynuclear
hydrocarbons and heterocyclic compounds. The learners are introduced to spectroscopy, an
important analytical tool which allows identification of organic compounds by correlating their
spectra to structure.
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Learning Outcomes:
By the end of the course, the students will be able to:

e Understand the fundamentals of polynuclear hydrocarbons and heterocyclic compounds
through the study of methods of preparation, properties and chemical reactions with
underlying mechanism.

e Gain insight into the basic fundamental principles of IR and UV-Vis spectroscopic
techniques.

e Use basic theoretical principles underlying UV-visible and IR spectroscopy as a tool for
functional group identification in organic molecules.

Unit 1: Polynuclear Hydrocarbons Lectures:05
Introduction, classification, uses, aromaticity of polynuclear compounds, Structure elucidation of
naphthalene, preparation and properties of naphthalene and anthracene.

Unit 2: Pharmaceutical Compounds Lectures: 13

Introduction, classification, general mode of action of antipyretics and analgesics, aspirin;
Synthesis, uses and side effects of the following drugs:

Antipyretics - Paracetamol (with synthesis and mode of action); Analgesics- Ibuprofen (with
synthesis and overview of the mode of action); Antimalarials - Chloroquine (synthesis and mode
of action).

An elementary treatment of Antibiotics and detailed study of chloramphenicol including mode of
action. Medicinal values of curcumin (haldi), azadirachtin (neem), vitamin C and antacid
(ranitidine).

Unit 3: UV-Visible and IR Spectroscopy Lectures:12

UV-Visible and IR Spectroscopy and their application to simple organic molecules.
Electromagnetic radiations and their properties; double bond equivalence and hydrogen deficiency.
UV-Visible spectroscopy (electronic spectroscopy): General electronic transitions, Amax & émax,
chromophores &auxochromes, bathochromic & hypsochromic shifts. Application of Woodward
rules for the calculation of Amax for the following systems: conjugated dienes - alicyclic,
homoannular and heteroannular; «, f-unsaturated aldehydes and ketones, charge transfer complex.

Infrared (IR) Spectroscopy: Infrared radiation and types of molecular vibrations, the significance
of functional group & fingerprint region. IR spectra of alkanes, alkenes, aromatic hydrocarbons
(effect of conjugation and resonance on IR absorptions), simple alcohols (inter and intramolecular
hydrogen bonding and IR absorptions), phenol, carbonyl compounds, carboxylic acids and their
derivatives (effect of substitution on >C=0 stretching absorptions).

PRACTICALS: Credits: 02
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(Laboratory periods: 60)

Isolation and estimation of the amount of aspirin in a commercial tablet.

Preparation of Aspirin.

Synthesis of ibuprofen.

Systematic qualitative identification and derivative preparation of organic compounds

(Aromatic hydrocarbons, Aryl halides)

5. Detection of simple functional groups through examination of IR spectra (spectra to be
provided). IR spectra of simple compounds like phenols, aldehydes, ketones, carboxylic acids
may be given.

6. Differentiation between of o-/p-hydroxybenzaldehyde by IR spectroscopy (Spectra to be
provided).

7. Differentiation between benzoic acid and cinnamic acid by UV spectroscopy.

Diel’s Alder reaction using Anthracene and Maleic anhydride.

9. Partial Reduction of m-dinitrobenzene to m-nitroaniline and then analysing the IR spectra of
reactant and Product.

10. Laboratory preparation of Paraacetamol.

M wnh e

o
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B.A./B.Sc. (Prog.) with Mathematics as Non-Major

Category-III

DISCIPLINE SPECIFIC CORE COURSE - A-3:
DIFFERENTIAL EQUATIONS

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course Credits | Credit distribution of the course | Eligibility Pre-requisite
title & criteria of the course
Code Lecture | Tutorial | Practical/ (if any)
Practice
Differential Class XII
Equations 4 3 1 0 pass with Nil
Mathematics

Learning Objectives
The primary objective of this course is to introduce:
e Ordinary and partial differential equations.
e Basic theory of higher order linear differential equations, Wronskian and its properties.
e Various techniques to find the solutions of above differential equations which provide a
basis to model complex real-world situations.

Learning Outcomes
This course will enable the students to:
e Solve the exact, linear, Bernoulli equations, find orthogonal trajectories and solve rate
problems.
e Apply the method of undetermined coefficients and variation of parameters to solve linear
differential equations.
e Solve Cauchy-Euler equations and System of linear differential equations.
e Formulate and solve various types of first and second order partial differential equations.

SYLLABUS of Discipline A-3

Unit-1

Ordinary Differential Equations
First order ordinary differential equations: Basic concepts and ideas, First order Exact
differential equations, Integrating factors and rules to find integrating factors, Linear equations
and Bernoulli equations, Initial value problems, Applications of first order differential
equations: Orthogonal trajectories and Rate problems; Basic theory of higher order linear
differential equations, Wronskian and its properties.

(15 hours)

Unit -2
Explicit Methods of Solving Higher-Order Linear Differential Equations

(12 hours)
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Linear homogeneous equations with constant coefficients, Linear non-homogeneous equations,
Method of undetermined coefficients, Method of variation of parameters, Two-point boundary
value problems, Cauchy-Euler equations, System of linear differential equations.

Unit -3 (18 hours)
First and Second Order Partial Differential Equations

Classification and Construction of first-order partial differential equations, Method of
characteristics and general solutions of first-order partial differential equations, Canonical
forms and method of separation of variables for first order partial differential equations;
Classification and reduction to canonical forms of second-order linear partial differential
equations and their general solutions.

Essential Readings
1. Myint-U, Tyn and Debnath, Lokenath (2007). Linear Partial Differential Equations for
Scientist and Engineers (4th ed.). Birkhduser. Indian Reprint.
2. Ross, Shepley L. (1984). Differential Equations (3rd ed.). John Wiley & Sons.

Suggestive Readings

e Edwards, C. Henry, Penney, David E., & Calvis, David T. (2015). Differential Equations
and Boundary Value Problems: Computing and Modeling (5th ed.). Pearson Education.

e Kreyszig, Erwin. (2011). Advanced Engineering Mathematics (10th ed.). Wiley India.

e Sneddon I. N. (2006). Elements of Partial Differential Equations. Dover Publications.

Note: Examination scheme and mode shall be as prescribed by the Examination
Branch, University of Delhi, from time to time.
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Congruence relation and its basic properties, Linear congruences and the Chinese remainder
theorem, System of linear congruences in two variables; Fermat's little theorem and its
generalization, Wilson's theorem and its converse; Number-theoretic functions for sum and the
number of divisors of a positive integer, Multiplicative functions, The greatest integer function;
Euler’s Phi-function and its properties.

Unit -3 (12 hours)
Public Key Encryption and Numbers of Special Form

Basics of cryptography, Hill’s cipher, Public-key cryptosystems and RSA encryption and
decryption technique; Introduction to perfect numbers, Mersenne numbers and Fermat
numbers.

Essential Reading
1. Burton, David M. (2011). Elementary Number Theory (7th ed.). McGraw-Hill Education
Pvt. Ltd. Indian Reprint 2017.

Suggestive Readings

e Jones, G. A., & Jones, J. Mary. (2005). Elementary Number Theory. Springer
Undergraduate Mathematics Series (SUMS). Indian Reprint.

e Robbins, Neville (2007). Beginning Number Theory (2nd ed.). Narosa Publishing House
Pvt. Ltd. Delhi.

e Rosen, Kenneth H. (2011). Elementary Number Theory and its Applications (6th ed.).
Pearson Education. Indian Reprint 2015.

Note: Examination scheme and mode shall be as prescribed by the Examination
Branch, University of Delhi, from time to time.

DISCIPLINE SPECIFIC ELECTIVE COURSE - DSE-1(iii):
THEORY OF EQUATIONS AND SYMMETRIES

CREDIT DISTRIBUTION, ELIGIBILITY AND PRE-REQUISITES OF THE COURSE

Course Credits | Credit distribution of the course | Eligibility Pre-requisite

title & criteria of the course

Code Lecture | Tutorial | Practical/ (if any)
Practice

Theory of Class X

Equations 4 3 1 0 pass with Nil

and Mathematics

Symmetries

Learning Objectives
The goal of this paper is to acquaint students with certain ideas about:
e Integral roots, rational roots, an upper bound on number of positive or negative roots of a
polynomial.
e Finding roots of cubic and quartic equations in special cases using elementary symmetric
functions.
e Using Cardon’s and Descartes’ methods, respectively.
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Learning Outcomes
After completion of this paper, the students will be able to:
e Understand the nature of the roots of polynomial equations and their symmetries.
e Solve cubic and quartic polynomial equations with special condition on roots and in
general.
e Find symmetric functions in terms of the elementary symmetric polynomials.

SYLLABUS OF DSE-1(iii)

Unit-1 (18 hours)
Polynomial Equations and Properties

General properties of polynomials and equations; Fundamental theorem of algebra and its
consequences; Theorems on imaginary, integral and rational roots; Descartes’ rule of signs for
positive and negative roots; Relations between the roots and coefficients of equations,
Applications to solution of equations when an additional relation among the roots is given;
De Moivre’s theorem for rational indices, the nth roots of unity and symmetries of the solutions.

Unit -2 (12 hours)
Cubic and Biquadratic (Quartic) Equations

Transformation of equations (multiplication, reciprocal, increase/diminish in the roots by a
given quantity), Removal of terms; Cardon’s method of solving cubic and Descartes’ method
of solving biquadratic equations.

Unit -3 (15 hours)
Symmetric Functions
Elementary symmetric functions and symmetric functions of the roots of an equation;

Newton’s theorem on sums of the like powers of the roots; Computation of symmetric
1 _ 2 a’+ Py
a’B, D’ Py, Y ——. D a, D (frr—a), D —,...
functions such as 2 2 2 2 a’py 22 2 B+y  of
polynomial equations; Transformation of equations by symmetric functions and in general.

Essential Readings
1. Burnside, W.S., & Panton, A.W. (1979). The Theory of Equations (11th ed.). Vol. 1.
Dover Publications, Inc. (4th Indian reprint. S. Chand & Co. New Delhi).
2. Dickson, Leonard Eugene (2009). First Course in the Theory of Equations. John Wiley
& Sons, Inc. The Project Gutenberg eBook: http://www.gutenberg.org/ebooks/29785

Suggestive Readings
e Prasad, Chandrika (2017). Text Book of Algebra and Theory of Equations. Pothishala Pvt Ltd.

Note: Examination scheme and mode shall be as prescribed by the Examination
Branch, University of Delhi, from time to time.
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Category 11

Physical Science Courses
with Physics discipline as one of the Core Disciplines

(B. Sc. Physical Science with Physics as Major discipline)

DISCIPLINE SPECIFIC CORE COURSE - PHYSICS DSC 3:

HEAT AND THERMODYNAMICS

Credit distribution of the Pre-
q q course Eligibility e
Course Title & Code |Credits Criteria requisite of
Lecture | Tutorial | Practical the course
HEAT AND
th
THERMODYNAMICS 4 ) 0 ) Passed 12 NIL
Class
PHYSICS DSC -3

LEARNING OBJECTIVES

This course will review the basic concepts of thermodynamics, kinetic theory of gases with a
brief introduction to statistical mechanics. The primary goal is to make the student understand
the applications of fundamental laws of thermodynamics to various systems and processes.
This coursework will enable the students to understand the connection between the
macroscopic observations of physical systems and microscopic behaviour of atoms and
molecule through a brief knowledge of statistical mechanics. The lab course deals with
providing the knowledge of the concepts of thermodynamics along with Planck’s law and
Stefan Boltzmann laws related to black body radiation.

LEARNING OUTCOMES

At the end of this course, students will be able to,

e gain an essence of the basic concepts of thermodynamics, the first and the second law of
thermodynamics, the concept of entropy and the associated theorems, the thermodynamic
potentials and their physical interpretations along with Maxwell’s thermodynamic
relations.

e Know the fundamentals of the kinetic theory of gases, Maxwell-Boltzmann distribution
law, mean free path of molecular collisions, viscosity, thermal conductivity and diffusion.

e Learn about the black body radiations, Stefan- Boltzmann’s law, Rayleigh-Jean’s law and
Planck’s law and their significances.

e gain the basic knowledge about quantum statistics: the Bose-Einstein statistics and the
Fermi-Dirac statistics.

e In the laboratory course, the students are expected to: Measure of Planck’s constant using
black body radiation, determine Stefan’s Constant, coefficient of thermal conductivity of
a bad conductor and a good conductor, determine the temperature coefficient of
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resistance, study variation of thermo-e.m.f. across two junctions of a thermocouple with
temperature etc.

SYLLABUS OF PHYSICS DSC -3

THEORY COMPONENT

Unit —1I - Laws of Thermodynamics (10 Hours)
Fundamental basics of Thermodynamic system and variables, Zeroth Law of
Thermodynamics and temperature, First law and internal energy, various thermodynamical
processes, Applications of First Law: general relation between Cp and Cv, work done during
various processes, Compressibility and Expansion Coefficient, reversible and irreversible
processes, Second law: Kelvin-Planck and Clausius statements, Carnot engine, Carnot cycle
and theorem, basic concept of Entropy, Entropy changes in reversible and irreversible
processes, Clausius inequality, Entropy-temperature diagrams.

Unit — II - Thermodynamic Potentials and Maxwell’s Relations (5 Hours)
Basic concept of Thermodynamic Potentials, Internal Energy, Enthalpy, Helmholtz Free
Energy, Gibb’s Free Energy, derivation of Maxwell’s Thermodynamic Relations and their
applications in Clausius Clapeyron Equation, value of Cp — C,, TdS Equations, Energy
equations for ideal gases, evaluation of Cp/Cy

Unit — III - Kinetic Theory of Gases and Molecular Collisions (6 Hours)
Maxwell-Boltzmann Law of Distribution of Velocities in an ideal gas and its experimental
verification, Mean, Root Mean Square and Most Probable Speeds, Mean Free Path (Zeroth
order), Transport Phenomena in ideal gases: Viscosity, Thermal Conductivity and Diffusion
(for vertical case)

Unit — IV - Theory of Radiation (5 Hours)
Blackbody radiation, Spectral distribution, Derivation of Planck’s law, Deduction of Wien’s
law, Rayleigh-Jeans Law, Stefan Boltzmann Law and Wien’s displacement law from
Planck’s law

Unit — V - Statistical Mechanics (4 Hours)
Macrostate and Microstate, phase space, Entropy and thermodynamic probability, Maxwell-
Boltzmann law, qualitative description of Quantum statistics — Bose Einstein and Fermi
Dirac, comparison of three statistics.

References:

Essential Readings:

1) Heat and Thermodynamics: M. W. Zemansky and R. Dittman, Tata McGraw-Hill, 1981

2) Thermal Physics: S. C. Garg, R. M. Bansal and C. K. Ghosh, 2" Edition, Tata McGraw-
Hill.

3) Thermodynamics, Kinetic Theory and Statistical Thermodynamics: Sears and Salinger,
Narosa, 1988

4) Concepts in Thermal Physics: Blundell and Blundell, 2™ Edition, Oxford University
Press, 2009

5) Thermal Physics, A. Kumar and S. P. Taneja, R. Chand Publications, 2014

6) A Text Book of Heat and Thermodynamics for Degree Students, J. B. Rajam, S. Chand,
1981
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Additional Readings:

1)

2)
3)

An Introduction to Thermal Physics: D. Schroeder, Oxford University Press (earlier
published by Pearsons), 2021

Thermal Physics: C. Kittel and H. Kroemer, 2°¢ Edition, W. H. Freeman, 1980

Heat, Thermodynamics and Statistical Physics, Brij Lal, N. Subrahmanyam and P. S.
Hemne, S. Chand and Company

PRACTICAL COMPONENT

(15 Weeks with 4 hours of laboratory session per week)

At least six experiments to be done from the following:

1)

To determine Mechanical Equivalent of Heat, J, by Callender and Barne’s constant flow
method.

To determine the Coefficient of Thermal Conductivity of Cu by Searle’s Apparatus.

To determine the Coefficient of Thermal Conductivity of a bad conductor by Lee and
Charlton’s disc method using steam or electrical heating.

Measurement of Planck’s constant using black body radiation.

To determine the temperature coefficient of resistance by Platinum Resistance
Thermometer using Carey Foster’s bridge.

To study the variation of thermo-e.m.f. across two junctions of a thermocouple with
temperature.

To determine Stefan’s Constant.

To determine the Temperature Coefficient of Resistance using Platinum Resistance
Thermometer (PRT) by Callender-Griffith Bridge

References for laboratory work:

1))
2)
3)
4)

3)
6)

7)
8)

Advanced Practical Physics for students: B. L. Flint and H. T. Worsnop, Asia Publishing
House, 1971

A Text Book of Practical Physics: Indu Prakash and Ramakrishna, 11" Edition, Kitab
Mahal

Advanced level Practical Physics: Nelkon and Ogborn, 4" Edition, reprinted 1985,
Heinemann Educational Publishers.

An Advanced Course in Practical Physics: D. Chattopadhyay and P. C. Rakshit, 1990,
New Central Book Agency.

Practical Physics: G. L. Squires, Cambridge University Press, 1985

B.Sc. Practical Physics: Harnam Singh, P. S. Hemne, revised edition 2011, S. Chand and
Co.

B. Sc. Practical Physics: C. L. Arora, S. Chand and Co.

B. Sc. Practical Physics: Geeta Sanon, R. Chand and Co.
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DISCIPLINE SPECIFIC ELECTIVE COURSE - PHYSICS DSE 13a:

BIOPHYSICS

Credit distribution of the

T
Lecture | Tutorial | Practical
Biophysics
Passed 12t
PHYSICS 4 3 0 1 Class NIL
DSE 13a
LEARNING OBJECTIVES

This course familiarizes the students with the basic facts and ideas of biology from a
quantitative perspective. It shows them how ideas and methods of physics enrich our
understanding of biological systems at diverse length and time scales. The course also gives
them a flavour of the interface between biology, chemistry, physics and mathematics.

LEARNING OUTCOMES

After completing this course, students will

e Know basic facts about biological systems, including single cells, multicellular organisms
and ecosystems from a quantitative perspective.

e QGain familiarity with various biological processes at different length and time scales,
including molecular processes, organism level processes and evolution.

e Be able to apply the principles of physics from areas such as mechanics, electricity and
magnetism, thermodynamics, statistical mechanics, and dynamical systems to understand
certain living processes.

o Get exposure to complexity of life at i) the level of cell, ii) level of multi cellular
organism and iii) at macroscopic system — ecosystem and biosphere.

e Gain a systems level perspective on organisms and appreciate how networks of
interactions of many components give rise to complex behaviour.

e Perform mathematical and computational modelling of certain aspects of living systems.

e Get exposure to models of evolution.

e Be able to perform experiments demonstrating certain physical processes that occur in
living systems.

SYLLABUS OF PHYSICS DSE —13a

THEORY COMPONENT

Unit—1 (4 Hours)
Overview: The boundary, interior and exterior environment of living cells. Processes:
exchange of matter and energy with environment, metabolism, maintenance, reproduction,
evolution. Self-replication as a distinct property of biological systems. Time scales and
spatial scales.
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Unit - II (12 Hours)
Molecules of life: Metabolites, proteins and nucleic acids. Their sizes, types and roles in
structures and processes. Transport, energy storage, membrane formation, catalysis,
replication, transcription, translation, signaling. Typical populations of molecules of various
types present in cells, their rates of production and turnover. Energy required to make a
bacterial cell. Simplified mathematical models of transcription and translation.

Unit - IIT (12 Hours)
Molecular motion in cells: Random walks and applications to biology: Diffusion; models of
macromolecules. Mechanical, entropic and chemical forces: Osmosis, cell assembly,
molecular motors, bacterial chemotaxis.

Unit - IV (12 Hours)
The complexity of life: At the level of a cell: Intracellular biochemical networks. Dynamics
of metabolic networks; the stoichiometric matrix. The implausibility of life based on a
simplified probability estimate, and the origin of life problem. At the level of a multicellular
organism: Numbers and types of cells in multicellular organisms. Cellular differentiation and
development. Brain structure: neurons and neural networks. At the level of an ecosystem and
the biosphere: Foodwebs. Feedback cycles and self-sustaining ecosystems. Allometric scaling
laws.

Unit-V (5 Hours)

Evolution: The mechanism of evolution: variation at the molecular level, selection at the
level of the organism. Models of evolution

PRACTICAL COMPONENT

(15 Weeks with 2 hours of laboratory session per week)

List of experiments

1) Demonstration of diffusion, effect of medium, temperature, molecular weight and size on
the rate of diffusion.

2) Demonstration of osmosis in a living system.

3) Demonstration of the relationship between viscosity and density.

4) Demonstration of how microscopic particles travel in air through aerosols.

5) Graphic visualization and demonstrations of 3D structure of biomolecules using in-silico
visualization tools.

6) Estimation of serum protein using BSA as the standard. (Optional).

References:

Essential Readings:

1) Biological Physics: Energy, Information, Life; Philip Nelson (W. H. Freeman & Co, NY,
2004)

2) Cell Biology by the Numbers; Ron Milo and Rob Phillips (Garland Science, Taylor &
Francis Group, NY USA and Abingdon UK, 2016)

3) Physical Biology of the Cell (2™ Edition); Rob Phillips et al (Garland Science, Taylor &
Francis Group, NY USA and Abingdon UK, 2013)

4) Evolution; M. Ridley (Blackwell Publishers, 2009, 3™ Edition).
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