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PREFACE 

Holistic development of students is the main purpose of the curriculum. While this is attempted 

through prescribing dynamic and updated curricular inputs, the new course that will be effective 

from the academic year 2018- 2019, will follow the Semester mode. The main aim of the revision 

of syllabus was to modify it to meet the unique requirements of students, up gradation of 

knowledge in the subject of zoology and to inculcate the skill of reasoning.  The contents of the 

syllabus have been drawn-up to accommodate the widening horizons of the discipline of 

Biological Sciences. All possible attempts have been made to update the syllabus by incorporating 

current and most recent developments in various branches of Zoological Sciences, nevertheless, 

classical zoology also has been given due weightage. Introduction of an elective paper in zoology 

will also provide a glimpse of its application. Inclusion of research methodology   to the 

undergrads is the highlight of the course. I am sure that these revised syllabi will cater to better 

understanding of the subject and beyond. 

I appreciate and congratulate the entire team of syllabus framing for the co-operation, tireless 

work and wish them success. 

 
                   Chairperson,  

Ad-hoc Board of Studies in Zoology  

 

  



  

PREAMBLE 

 
As a traditional procedural norm of the University of Mumbai, it is the Board of Studies that 

includes various disciplines, which revive the syllabi after completion of a cycle of five years. 

Due to rapid advancement in technology, new ideas and concepts, and an ocean of information 

being generated every day that necessitates updating the students in this present era of exponential 

information and knowledge. However, in the former practice of syllabus revision, students were 

unable to imbibe new ideas and concepts as there was limited scope of including them within the 

syllabi that was theoretical with poor applicability 

Looking at the employment generating potential and need of trained human resource in various 

service sectors in our state, it was became imperative to make a breakthrough from the traditional 

practice of revising syllabus; and instead giving an opportunity to the stakeholders to adapt and 

acclimatize with the changes around them and imbibe knowledge which shall enable them to 

develop entrepreneurship and / or employment avenues and opportunities after pursuing the 

coveted degree.  

With this intention, the Board of Studies in Zoology took decision to put before the S. Y. B. Sc. 

Zoology students one elective, so that they can study topics of their interest. Board of Studies in 

Zoology is the only Board in the University that has offered two electives for the S. Y. B. Sc. 

students and safeguarded their career. Further, BoS formulated Four Syllabus Review Committees 

(one per course with composition of 01 Convenor and 04 Members). All the committee members 

worked extensively and exhaustively; and prepared draft of the syllabus. The said draft was 

uploaded on the website of University of Mumbai for public criticism. The invited opinions were 

thereby incorporated in the syllabus to make it versatile and student friendly with high 

applicability. Further, the draft syllabus was re-discussed in the workshop where several teachers 

and students contributed their views to improve it. In the academic year 2016-17, new syllabus 

was introduced but it is revived immediately after two years with inclusion of new concepts and 

techniques. Due care is taken to make the syllabus interdisciplinary, flexible and choice based. All 

the member teachers have tried their level best to come out with ―Need Based Syllabus‖ that may 

spark motives in all the stakeholders. We hope that the stakeholders will enjoy the learning of this 

syllabus in the classrooms, laboratories and on the field.  

Dr. G. B. Raje   

Coordinator 

  



  

PEDAGOGY 

 
While disseminating the content of the present syllabus, it is imperative and expected that the 

facilitator is well versed or/and develops their Pedagogical Content Knowledge (PCK),which 

would include aspects like content, methodology, evaluation and so on. At the onset, the 

facilitator may include various topic-specific instructional strategies, employing the use of 

organizers (topic announcement in advance, making models, flip charts, photography, etc). 

Learning of topics on chromosomes, nucleic acids, cell biology, biomolecules, physiological 

processes are hence revised, and during the presentations by the learner, the facilitator is able to 

gauge the preconceptions and learning disabilities. Any misunderstanding of basic concepts can 

thus be clarified such as ‗difference between gene and allele‘. Peer teaching is another aspect of 

pedagogy which takes into account participative learning thus enhancing the learning of the 

content and making it enjoyable, for example, the use of ‗Punnet squares‘ for working out the 

crosses in various illustrations on monohybrid and dihybrid ratios, problems based on inheritance, 

pedigree analysis, molecular biology etc. A declarative learning strategy, which employs the use 

of familiar contexts and analogies, illustrative diagrams, questioning techniques, discussions, may 

be used for topics like multiple alleles, polygenic inheritance, DNA testing for paternity issues, 

scientific attitude, methodology, scientific writing etc. This would enhance the relevance of these 

topics and engender motivation, thereby balancing the blend of content and pedagogy in teaching. 

The syllabus includes practical investigations, individual or group student experiments, 

simulations to assist learners in visualizing and /or internalizing the concepts and processes. The 

learner could be encouraged to organize field trips, nature trails and treks in and around the 

ecosystems like lakes, beaches, sanctuaries, national-parks etc. for learning topics like ethology 

and conservation, amazing animals, applied zoology, pollution and other such, where 

sensitization, awareness and action are to be invoked within the learner. Visits to museums, and 

an interdisciplinary approach with various departments like geology, history,  geography, 

chemistry, psychology, medicine would bring about a multi and cross approach to learning 

concepts such as paleontological evidences, nucleic acids, physiological processes, biomolecules, 

holistic health and neurological and genetic diseases . ICT enabled learning is the need of the hour 

and could include screening of documentaries, videos, animations, PPT‘s, and the use of social 

media such as Whatsaap, Instagram, Facebook  be employed for impactful and continued 

learning. Facilitators can upload the teaching material, videos of lectures, links to websites for not 

only enhancing but also focusing and developing the topics of interest by the learner by way of 

self-study. More importantly, the syllabus endeavours to develop life skills by discovering and 



  

honing entrepreneurial skills of the learner. To accomplish this purpose, visits to apiary, 

vermicomposting units, and dairy could be encouraged, also interviews with various 

entrepreneurs, officials of funding agencies must be undertaken to comprehend the nuances of 

business. Also small projects on various entrepreneurial aspects like setting up vermicomposting 

bins and aquaria, sale of the vermicompost or setting up an ornamental fish farms, innovations in 

dairy products and its sale could be encouraged in the campuses. The elective papers are so 

construed that the learner is driven to gain knowledge, experience through activity-based 

assignments, and projects, which would enhance entrepreneurial skills, a logical understanding 

and analysis of business functions. 

Capt. Nilima Prabhu 

Dr. Dilip Kakavipure 

Mr. Venkatesh Hegde 

Dr. Surekha Gupta 

       Convenors 
  



  

 

 

Syllabus for S. Y. B. Sc. Course: ZOOLOGY 

Credit Based Semester and Grading System 

(To be implemented from the Academic Year 2018-2019) 

 

SEMESTER – III 

COURSE 

CODE 
UNIT TOPIC CREDITS 

LECTURES

/WEEK 

USZO301 I Fundamentals of Genetics 2 1 

II Chromosomes and Heredity 1 

III Nucleic Acids 1 

USZO302 I  Nutrition and Excretion 2 1 

II  Respiration and Circulation 1 

III Control and Coordination of Life Processes, 

Locomotion and Reproduction   

1 

USZOE303A 

ELECTIVE 1 

I Ethology 2 1 

II Parasitology   1 

III Economic Zoology 1 

USZOE303B 

ELECTIVE 2 

1 Maintenance of Aquarium 2 1 

II Agricultural, Household Pests and their 

Control 

1 

III Amazing Animals 1 

USZOP3 Practicals based on all three courses 03 9 

 

Important Note: College may choose either Elective 1 or Elective 2 for Semester III and 

Semester IV as their third course depending on the preference selected by majority of the 

students and endorsed by Head of the Department of Zoology and the Principal of the 

college. 

 

 



  

 

 

SEMESTER IV 

 
COURSE 

CODE 
UNIT TOPIC CREDITS 

LECTURES

/WEEK 

USZO401 I Origin and Evolution of Life 2 1 

II Population Genetics and Evolution,  1 

III Scientific Attitude, Methodology, Scientific 

Writing and Ethics in Scientific Research 

1 

USZO402 I Cell Biology 2 1 

II Endomembrane System      1 

III Biomolecules 1 

USZOE403A 

ELECTIVE 1 

I Comparative Embryology 2 1 

II Aspects of Human Reproduction 1 

III Pollution and its Effect on Organisms                  1 

USZOE403B 

ELECTIVE 2 

I Dairy Industry 2 1 

II Sericulture 1 

III Aquaculture 1 

USZOP4 Practicals based on all three courses 03 9 

 

Important Note: College may choose either Elective 1 or Elective 2 for Semester III and 

Semester IV as their third course depending on the preference selected by majority of the 

students and endorsed by Head of the Department of Zoology and the Principal of the 

college. 

 

 

 

 



  

 

 

 

  

UNIT WISE DISTRIBUTION OF SYLLABUS 

Semester III 
 

Semester IV 

 

Course 5 

 

Course 6 
(Elective 1) 

Course 7A 

(Elective 2) 

Course 7B 
Course 8 Course 9 

(Elective 1) 

Course 10A 

(Elective 2) 

Course 10B 

Unit 1 

Fundamentals 

of Genetics 

Unit 1 

Nutrition & 

Excretion 

Unit 1 

Ethology 

 

 

Unit 1 

Maintenance of 

Aquarium 

 

 

Unit 1 

Origin 

& Evolution of 

Life 

 

Unit 1 

Cell Biology 

Unit 1 

Comparative 

Embryology 

 

 

Unit 1 

Dairy Industry 

   

Unit 2 

Chromosomes

& Heredity 

Unit 2 

Respiration & 

Circulation 

Unit 2 

Parasitology 

Unit 2 

Agricultural & 

Household 

Pests& their 

Control 

Unit 2 

Population 

Genetics & 

Evolution 

Unit 2 

Endomembrane 

System 

Unit 2 

Aspects of 

Human 

Reproduction 

Unit 2 

Sericulture 

   

Unit 3 

Nucleic Acids 

Unit 3 

Control and 

Coordination of 

Life Processes, 

Locomotion 

& Reproduction 

Unit 3 

Economic 

Zoology 

Economic Zoology 

Unit 3 

Amazing 

Animals 

Unit 3 

Scientific 

Attitude, 

Methodology, 

Scientific 

Writing & 

Ethics in 

Scientific 

Research 

Unit 3 

Biomolecules 

 

Unit 3 

Pollution 

& its 

Effects on 

Organisms 

Unit 3 

Aquaculture 

 

Practical 

(USZO P3) 

 

 

Practical 

(USZO P3) 

 

 

Practical 

(USZO P3) 

 

 

 

Practical 

(USZO P3) 

 

 

Practical 

(USZO P4) 

 

 

 

Practical 

(USZO P4) 

 

 

 

Practical 

(USZO P4) 

 

 

 

Practical 

(USZO P4) 

 



  

 

SEMESTER III 

Sr. 

No. 

USZO301 (Course-V) No. of 

lectures 

allotted 

Learning 

pleasure 

 Fundamentals of Genetics, Chromosomes and Heredity, 

Nucleic acids  

  

 
Unit 1: Fundamentals of Genetics 15L 25hrs 

 Objectives: 

 To introduce basic terms of genetics. 

 To develop conceptual clarity of Mendelian principles of inheritance 

and other forms and pattern of inheritance  

  

 Desired outcome:  

 Learner would comprehend and apply the principles of inheritance to 

study heredity. 

  Learner will understand the concept of multiple alleles, linkage and 

crossing over. 

  

1.1 Introduction to Genetics  

 Definition, Scope and Importance of Genetics. 

 Classical and Modern concept of Gene (Cistron, Muton, Recon). 

 Brief explanation of the following terms: Allele, Wild type and  

Mutant alleles, Locus, Dominant and Recessive traits, Homozygous 

and Heterozygous, Genotype and Phenotype, Genome.  

02L 02hrs 

1.2 Mendelian Genetics 

 Mendelian Genetics: Monohybrid & Dihybrid Cross, Test Cross, 

Back Cross, Mendel‘s Laws of Inheritance, Mendelian Traits in Man.  

 Exceptions to Mendelian inheritance: Incomplete dominance, Co- 

dominance, Lethal Genes, Epistasis - Recessive, Double recessive, 

Dominant and Double dominant. 

 Chromosome theory of inheritance. 

 Pedigree Analysis-Autosomal dominant and  recessive, X- linked 

dominant, and  recessive.  

08L 12hrs 



  

1.3 Multiple Alleles and Multiple Genes  

 Concept of Multiple Alleles, Coat colour in rabbit, ABO and Rh 

blood group system 

 Polygenic inheritance with reference to skin colour and eye colour in 

humans.  

 Concept of Pleiotropy.  

03L 06hrs 

1.4 Linkage and Crossing Over  

 Linkage and crossing over, Types of crossing over, Cytological basis 

of crossing over. 

02L 05hrs 

 

 Unit: 2: Chromosomes and Heredity 15L 26hrs 

 Objectives: 

 To familiarize the learners with the structure, types and classification 

of chromosomes.  

 To introduce the concept of sex determination and its types, sex 

influenced and sex-limited genes. 

  

 Desired outcome:  

 Learner will comprehend the structure of chromosomes and its types. 

 Learner will understand the mechanisms of sex determination. 

 Learner would be able to correlate the disorders linked to a 

particular sex chromosome. 

  

2.1 Chromosomes  

 Types of Chromosomes–Autosomes and Sex chromosomes 

 Chromosome structure - Heterochromatin, Euchromatin 

 Classification based on the position of centromere  

 Endomitosis, Giant chromosomes- Polytene and Lampbrush 

chromosomes and Significance of Balbiani rings 

04L 08hrs 



  

2.2 Sex- determination  

 Chromosomal Mechanisms: XX-XO, XX-XY, ZZ-ZW  

 Sex determination in Honey bees: Haplo-diploidy 

 Sex determination in Drosophila- Genic balance theory, Intersex, 

Gynandromorphs 

 Parthenogenesis 

 Hormonal influence on sex determination- Freemartin and Sex 

reversal. 

 Role of environmental factors- Bonelia and Crocodile  

 Barr bodies and Lyon hypothesis  

07L 10hrs 

2.3 Sex linked, sex influenced and sex-limited inheritance.  

 X-linked: Colour-blindness, Haemophilia  

 Y-linked: Hypertrichosis 

 Sex-influenced genes 

 Sex-limited genes  

04L 08hrs 

 

 Unit: 3 Nucleic acids 15L 30hrs 

 Objectives: 

 To introduce the learner to the classical experiments proving DNA as 

the genetic material.  

 To introduce the learner the structure of nucleic acids and the 

concept of central dogma of molecular biology.  

 To familiarize the learner with the concept of gene expression and 

regulation. 

  

 Desired outcome: 

 Learner will understand the importance of nucleic acids as genetic 

material.  

  Learner would comprehend and appreciate the regulation of gene 

expressions. 

  

3.1 Genetic material 

 Griffith‘s transformation experiment, Avery-Macleod &McCarty 

07L 14hrs 



  

experiment and Hershey Chase experiment of Bacteriophage 

infection  

 Chemical composition and structure of nucleic acids 

 Double helix nature of DNA, Solenoid model of DNA 

 Types of DNA – A, B, Z & H forms 

 DNA in Prokaryotes - Chromosomal and Plasmid 

 Extra nuclear DNA - Mitochondria and Chloroplast 

 RNA as a genetic material in virus 

 Types of RNA: Structure and function 

3.2 Flow of genetic information in a eukaryotic cell  

 DNA Replication 

 Transcription of mRNA  

 Translation 

 Genetic code  

05L 08hrs 

3.3 Gene expression and regulation  

 One gene-one enzyme hypothesis /one polypeptide hypothesis 

 Concept of Operon 

 Lac Operon  

03L 08hrs 

  



  

    

 SEMESTER – III   

Sr. 

No 
USZO302 (COURSE-VI) No. of lect 

allotted 

Learning 

pleasure 

 Nutrition and Excretion, Respiration and Circulation, 

Control and Coordination of Life Processes, Locomotion 

and Reproduction  

  

 
Unit: 1  Nutrition and Excretion 15L 23hrs 

 Objectives: 

 To introduce the concepts of physiology of nutrition, excretion and 

osmoregulation. 

 To expose the learner to various nutritional apparatus, excretory 

and osmoregulatory structures in different classes of organisms. 

  

 Desired outcome:  

 Learner would understand the increasing complexity of nutritional, 

excretory and osmoregulatory physiology in evolutionary 

hierarchy. 

 Learner would be able to correlate the habit and habitat with 

nutritional, excretory and osmoregulatory structures.   

  

1.1 Comparative study of nutritional apparatus (structure and function): 

Amoeba, Hydra, Cockroach, Amphioxus, Pigeon, Ruminants.  

05L 06hrs 

1.2 Physiology of digestion in man. 02L 04hrs 

1.3 Comparative study of excretory and osmoregulatory structures and 

functions. 

a) Amoeba -Contractile vacuole 

b) Planaria -Flame cells  

c) Cockroach- Malpighian tubules  

05L 08hrs 

1.4 Categorization of animals based on principle nitrogenous excretory 

products 

01L 01hrs 

1.5 Structure of kidney, uriniferous tubule and physiology of urine 

formation in man 

02L 04 hr 

 

 

 



  

 Unit: 2  Respiration and Circulation 15L 27hrs 

 Objectives: 

 To introduce the concepts of physiology of respiration and 

circulation  

  To expose the learner to various respiratory and circulatory 

organs in different classes of organisms. 

  

 Desired outcome:  

 Learner would understand the increasing complexity of respiratory 

and circulatory physiology in evolutionary hierarchy.  

  Learner will be able to correlate the habit and habitat of animals 

with respiratory and circulatory organs.   

  

2.1 Comparative study of respiratory organs (structure and function): 

Earthworm, Spider, Any bony fish (Rohu / Anabas /Clarius),  

Frog and Pigeon.   

03L 06hrs 

2.2 Structure of lungs and physiology of respiration in man 02L 03hrs 

2.3 Comparative study of circulation: (a) Open and Closed type,  

(b) Single and Double type. 

02L 04hrs 

2.4 Types of circulating fluids- Water, Coelomic fluid, Haemolymph, 

Lymph and Composition of blood 

02L 03hrs 

2.5 Comparative study of hearts (structure and function):  Earthworm, 

Cockroach, Shark, Frog, Crocodile and Pigeon. 

04L 07hrs 

2.6  Structure and mechanism of working of heart in man. 02 04hrs 

 Unit: 3 Control and Coordination, Locomotion and Reproduction 15L 25hrs 

 Objectives: 

 To introduce the concepts of physiology of control and 

coordination, locomotion and reproduction. 

  To expose the learner to various locomotory and reproductive 

structures in different classes of organisms. 

  

 Desired outcome: 

 Learner would understand the process of control and coordination 

by nervous and endocrine regulation.  

  



  

 
  

  Learner would be amazed by various locomotory structures found 

in the animal kingdom.  

  Learner would be acquainted with various reproductive strategies 

present in animals.  

3.1 Control and co-ordination 

 Irritability in Paramoecium, nerve net in Hydra, nerve ring and 

nerve cord in earthworm. 

 Types of neurons based on the structure and function. 

  Conduction of nerve impulse: Resting potential, Action potential 

and Refractory period   

 Synaptic transmission 

05L 08hrs 

3.2 Movement and Locomotion 

Locomotory organs- structure and functions; 

a. Pseudopodia in Amoeba (Sol- Gel theory), Cilia in Paramoecium  

b. Wings and legs in cockroach  

c. Tube feet in starfish  

d. Fins of fish  

04L 08hrs 

3.3 Structure of striated muscle fibre in human and sliding filament theory 02L 02hrs 

3.4 Reproduction 

 a. Asexual Reproduction- Fission, Fragmentation, Gemmule 

formation and Budding 

 b. Sexual reproduction 

 i. Gametogenesis  

 ii. Structure of male and female gametes in human 

 iii. Types of fertilization  

 iv. Oviparity, Viviparity, Ovo-viviparity 

04L 07hrs 

 

 



  

 SEMESTER III   

 USZOE1303 (COURSE-VIIA) ELECTIVE 1   

 Ethology, Parasitology, Economic Zoology 15L 26hrs  

 Unit: 1   Ethology   

 Objectives:  

 To equip learner with a sound knowledge of how animals 

interact with one another and their environment.  

 To enable the learner to understand different behavioural 

patterns. 

  

 Desired Outcome: 

 Learner would gain insight into different types of animal 

behaviour and their role in biological adaptations.   

 Learner would be sensitized to the feelings which are 

instrumental in social behaviour. 

  

1.1 Introduction to Ethology: 

 Definition, History and Scope of Ethology 

 Animal behaviour : Innate and Learned behaviour 

 Types of learning: Habituation, Imprinting and Types of 

imprinting - Filial and sexual, Classical conditioning 

 Instrumental learning and insight learning. 

04L 06hrs  

1.2 Aspects of animal behaviour: 

 Communication in bees and ants 

 Mimicry and colourations 

 Displacement activities, Ritualization 

 Migration in fish, schooling behaviour  

 Habitat selection, territorial behaviour. 

07L 12hrs  

1.3 Social behaviour: 

 Social behaviour in primates-Hanuman langur 

 Elements of socio-biology: Altruism and Kinship 

04L 08hrs  

 

 

 



  

 Unit: 2 Parasitology 15L 27hrs  

 Objectives: 

 To acquaint the learner with the concepts of parasitism and 

its relationship in the environment. 

 To introduce the learner to modes of transmission of 

parasites. 

  

 Desired Outcome:  

 Learner would understand the general epidemiological 

aspects of parasites that affect humans and take simple 

preventive measures for the same.  

 Learner would comprehend the life cycle of specific 

parasites, the symptoms of the disease and its treatment. 

  

2.1    Introduction to Parasitology and Types of Parasites 

 Definitions: Parasitism, Host, Parasite, Vector-biological 

and mechanical 

 Types of parasite- Ectoparasite, Endoparasite and their 

subtypes 

 Parasitic adaptations in Ectoparasites and Endoparasites 

 Types of host: Intermediate and definitive, reservoir 

03L 06hrs  

2.2 Host-parasite relationship and host specificity 

 Different types of host- parasite relationship, structural 

specificity, physiological specificity and ecological 

specificity 

02L 06hrs 

2.3 Life cycle, pathogenicity, control measures and treatment 

 Entamoeba histolytica, Fasciola hepatica,  

Taenia solium, Wuchereria bancrofti 

04L 06hrs 

2.4 Morphology, life cycle, pathogenicity, control measures and 

treatment 

 Head louse (Pediculus humanus capittis),  

Mite (Sarcoptes scabei), Bed bug (Cimex lectularis) 

02L 06hrs 

2.5 Parasitological significance 

 Zoonosis-  Bird flu, Anthrax, Rabies and Toxoplasmosis 

04L 03hrs  



  

 

 Unit 3 Economic Zoology 15L 24hrs  

 Objectives:  

 To disseminate information on economic aspects of animals like 

apiculture, vermiculture and dairy science. 

  To encourage young learner for self-employment. 

  

 Desired Outcome:  

 Learner would gain knowledge on animals useful to mankind 

and the means to make the most of it.  

 Learner would learn the modern techniques in animal 

husbandry. 

 Learner would pursue entrepreneurship as a career. 

  

3.1 APICULTURE 06L 08hrs  

3.1.1 Methods of bee keeping and management  

 Introduction to different species of honey bees used in 

apiculture. 

 Selection of flora and bees for apiculture. 

 Advantages and disadvantages of traditional and modern 

methods of apiculture. 

 Pests and Bee enemies- Wax moth, wasp, black ants,  

bee-eaters, king crow and disease control 

  

3.1.2 Economic importance 

 Honey- Production, chemical composition and economic 

importance 

 Bee wax- Composition and economic importance. 

 Role of honey bee in pollination. 

  

3.2   VERMICULTURE 04L 08hrs 

3.2.1 Rearing methods, management and economic importance 

 Introduction to different species of earthworms used in 

vermiculture. 

 Methods of vermiculture. 

 Maintenance and harvesting 

  



  

 Economic importance: Advantages of vermiculture, demand 

for earthworms; market for vermicompost and scope for 

entrepreneurship. 

3.3 DAIRY SCIENCE 05L 08hrs 

3.3.1 Dairy development in India 

 Role of dairy development in rural economy, employment 

opportunities 

  

3.3.2 Dairy Processing  

 Filtration, cooling, chilling, clarification, pasteurization, 

freezing   

  

3.3.3 Milk and milk products  

 Composition of milk 

 Types of milk: 

a) Buffalo milk  

b) Cow milk (A1 &A2) 

 Whole milk and toned milk 

 Milk products  

  

  



  

  

SEMESTER III 

  

 USZOE2303 (COURSE-VIIB) – ELECTIVE 2   

 Maintenance of Aquarium, Agricultural and 

Household pests and their control , Amazing 

animals 

15L 26hrs  

 Objectives:  

 To develop skills for maintenance of aquarium and 

budgeting  for setting up an aquarium and ornamental fish 

farm. 

 To study the biology of ornamental fishes, its food and 

feeding and their transportation. 

  

 Desired Outcome: 

 Learner will develop skills for maintenance of aquarium 

and become familiar with the budgeting aspects for setting 

up an ornamental fish farm. 

 Learner will derive knowledge about the biology of 

ornamental fishes, its food and feeding habits and their 

transportation. 

  

 Unit.1 Maintenance of Aquarium   

1.1 Introduction and scope.      02L 04hrs  

1.2 Exotic and Endemic species.    02L 06hrs  

1.3 Biology of aquarium fishes:  

 Guppy 

 Molly 

 Gold fish  

02L 08hrs  

1.4 Common characters and sexual dimorphism of marine fishes: 

 Anemone fish  

 Butterfly fish  

02L 06hrs 



  

1.5 Food and feeding: 

 Live fish feed 

 Formulated fish feed 

02L 04hrs 

1.6 Fish transportation: 

i) Handling    ii) Packing    iii)Transport 

03L 05hrs 

1.7 General maintenance of aquarium and budget for setting up an 

ornamental fish farm. 

02L 04hrs 

 

 Unit: 2 Agricultural pests and their control 15L 27hrs  

 Objectives: 

 To study different types of pests. 

 To comprehend various aspects of agricultural and 

household pests and their economic implications. 

 To learn about the different pest control measures and 

plant protection appliances. 

  

 Desired Outcome: 

 Learner will gain information on the different types of 

pests and comprehend various aspects of agricultural 

and household pests and its economic implications. 

 Learner will derive knowledge of pest control measures 

and appliances used for plant protection against pests. 

  

2.1 Introduction and concept of pest      02L 06hrs  

2.1.1 Types of pests:        

 Agricultural: Locust 

 Household: Bed bug 

 Stored grains: Flour beetle 

 Structural: Termites 

 Veterinary: Tick 

 Forestry: Grasshopper 

03L 06hrs 



  

2.2 Major insect pests of agricultural importance   

(Life cycle, nature of damage and control measures).  

a) Jowar stem borer  

b) Brinjal fruit borer  

c) Aphids  

d) Rice weevil 

e) Pink bollworm 

03L 06hrs 

2.3 Other  pests:       

Rats, bandicoots, crabs, snails, slugs, birds and squirrels 

02L 06hrs 

2.4 Pest control measures:      

i) Cultural control ii) Physical control iii) Mechanical control  

iv) Chemical control v) Biological control, vi) Concept of IPM 

03L 03hrs  

2.5 Plant protection appliances:       

Rotary duster, knapsack sprayer and cynogas pump, hazards of 

pesticides and antidotes.   

02L 03hrs 

 

 Unit 3 Amazing animals 15L 24hrs  

 Objectives:  

 To comprehend the concept of life timeline, and the 

natural history of some amazing animals. 

 To kindle interest and yearning to study amazing 

animals. 

  

 Desired Outcome:  

 Learner would understand the concept of life time-line. 

 Learner will gain knowledge of and develop various 

skills while studying amazing animals. 

  

3.1 Natural History        

a) Introduction and life timeline 

b) Butterflies the flying jewels- Blue Mormon, Striped 

tiger 

c) Herpetofauna of India- Flying frog, Fan Throated 

04L 08hrs  



  

lizard and Gharial 

d) Feathered Bipeds: Kingfisher, Drongo 

e) Mammals of India: Malabar giant squirrel  

3.2 The world‘s most amazing animals (emphasis should be given 

only on amazing aspects)     

a) Octopus 

b) Spider 

c) Mudskipper 

d) Flying fish 

e) Pebble toad 

f) Strawberry poison frog 

g) Komodo dragon 

h) Lesser flamingo 

i) Great white pelican 

j) Spatule-tailed hummingbird 

k) Cheetah 

05L 10hrs 

3.3 Five most incredible animals discovered within the last decade 

a) The Purple (joker) crab,  

b) The African dwarf saw-shark (stabbing shark),  

c) The Psychedelic (crime fighting) gecko,  

d) The Matilda viper  

e) The Myanmar snub-nosed monkey 

03L 5hrs 

3.4 Marvels of Animals       

a) Mantis shrimp: Fastest punch 

b) Homing in Pacific salmon 

c) Sperm whale: Mechanism of deep sea diving. 

03L 08hrs 

 
 
 
  



  

 
 
 
 
  

 PRACTICAL SEMESTER III 

 Practical USZOP3 (Course - V) 

1 Extraction and detection of DNA 

2 Extraction and detection of RNA 

3 Mounting of Barr bodies 

4 Study of polytene chromosome 

5 Study of mitosis- temporary squash preparation of Onion root tip  

6 Detection of blood groups and Rh factor 

7 Problems in Genetics 

a) Monohybrid/ Dihybrid Cross: b) X- linked inheritance:  

c) Multiple Alleles 

8 Chromosome morphology: (photograph to be provided)  

9 Pedigree analysis 

10 Problems based on molecular biology 



  

 
 
 

 

 

 

  

 SEMESTER III 

 Practical USZOP3 (Course - VI) 

1 Urine analysis—Normal and Abnormal constituents 

2 Detection of ammonia excreted by fish from aquarium water  

3 Detection of uric acid from excreta of birds 

4 Study of striated and non-striated muscle fibre 

5 Study of nutritional apparatus (Amoeba, Hydra, Earthworm, Pigeon, 

Ruminant stomach) 

6 Study of respiratory structures:  

a. Gills of bony fish and cartilaginous fish 

b. Lungs of frog 

c. Lungs of mammal 

d. Accessory respiratory structure in Anabas / Clarius 

e. Air sacs of Pigeon  

 

7 Study of locomotory organs (Amoeba, Bivalve, Cockroach, Starfish, Fish, 

and Bird). 

8 Study of different types of hearts (Cockroach, Shark, Frog, Garden lizard, 

Crocodile and Mammal). 

9 Study of permanent slides on Reproduction: (a) Sponge gemmules,  

( b) Hydra budding,  (c) T.S. of mammalian testis,  (d)  T.S. of mammalian 

ovary. 



  

 SEMESTER III 

 Practical USZOE1P3 (Course - VIIA) Elective I 

1 Extraction of casein from milk and its qualitative estimation 

2 Preparation of paneer from given milk sample 

3 Measurement of density of milk using different samples by Lactometer 

4 Study of Honey Bee: 

a) Life Cycle of Honey Bee and Bee Hive 

b) Mouthparts of Honey Bee 

c)  Legs of Honey Bee  

d) Sting Apparatus of Honey Bee 

5 Study of ethological aspects: 

a) Warning colouration 

b)  Animal instinct 

c) Imprinting 

d) Communication in animals: Chemical signals and Sound signals 

e) Displacement activities in animals: Courtship and mating behaviour in 

animals and Ritualization 

6  Study of Protozoan parasites: 

a. Trypanosoma gambiense 

b. Giardia intestinalis 

7 Study of Helminth parasites: 

a. Ancylostoma duodenale 

b. Dracunculus medinensis 

8 Parasitic adaptations: Scolex and mature proglottid of Tapeworm 

9 Study of Ectoparasites: 

a) Leech       b)Tick    c)Mite 

10 Project- Suggested topics   on economic zoology (e.g. Apiculture/ Sericulture/ 

Lac culture / Vermicompost technique / Construction of artificial 

beehives /Animal husbandry/ Aquaculture / any other ) 

  



  

 SEMESTER III 

 Practical USZOE2P3 (Course - VIIB) Elective 2 

1 Maintenance of Aquarium– Equipments required for setting up of aquarium –

types of filter, type of gravel, aerator pump, lighting, nets, different species of 

aquatic plants and ornamental fishes. 

2 Types of pest – Agricultural-aphids, Household-cockroaches, housefly, 

Structural-termites, Stored grains- borer, Veterinary- fleas,  

Forestry- caterpillar. 

3 Other pests- a) Invertebrates -nematodes, leech, snails, slugs. b) Vertebrates- 

rats, birds 

4 Types of pest control –a) Physical b) Biological c) Electronic d) Insecticides, 

Rodenticides and Special Treatments 

5 Hybrid animals- a) Liger b) Wholphin c) Zebroid d) Savannah cat 

6 Most incredible animals in last decades – a) Joker crab b) Snub nose monkey  

c ) Matilda viper 

7 Endangered animals of India – a) Amboli bush frog  b) Indian egg- eating 

snake ( Wester mann‘s snake) c) Spoon- billed sandpiper d) Snow leopard 

8 A project on aquarium setting in laboratory / vermicomposting. 

9 A field visit to study the natural flora and fauna; and submission of report with 

photographs. 

 

  



  

*Note- The practicals may be conducted by using preserved specimens/permanent slides 

authorized by the wild life and such other regulating bodies though it is strongly recommended 

that the same should be taught by using photographs/audio-visual aids/simulations/ models etc. as 

recommended by the UGC and as envisaged in the regulations of the relevant monitoring bodies. 

No new specimens, however, shall be procured for conducting practicals mentioned here in 

above. 

 

N.B:  

I) It is pertinent to note that we have to adhere strictly to the directions as given in the UGC 

Circular F14-4/2006 (CPP-II).  

II) Apart from the Institutional Animal Ethics Committee (IAEC) and any other Committee 

appointed by a Competent Authority/Body from time to time, every college should constitute 

the following Committees: 

1) A Committee for the Purpose of Care and Supervision of Experimental Animals (CPCSEA)  

2) A Dissection Monitoring Committee (DMC) to ensure that no dissections or mountings are 

done, using animals 

Composition of DMC shall be as follows:  

i) Head of the Concerned Department (Convener/Chairperson)  

ii) Two Senior Faculty Members of the concerned Department  

iii) One Faculty of related department from the same College  

iv) One or two members of related department from neighboring colleges. 

 

 

 

 

 

 

  

USE OF ANIMALS FOR ANY EXPERIMENT/DISSECTION/MOUNTING IS BANNED. 

SIMULATIONS, AUTHORISED PERMANENT SPECIMENS/SLIDES, CHARTS, MODELS 

AND OTHER INNOVATIVE METHODS ARE ENCOURAGED. 



  

Semester –III 

REFERENCE BOOKS AND ADDITIONAL READING 

 

USZO301 (COURSE-V) 

1. Principles of Genetics. Gardner, E. J., Simmons, M.J and Snustad, D.P. John Wiley and Sons  

2. Concepts of Genetics. Klug, W. S., Cummings M. R., Spencer, C.A. Benjamin Cummings 

3. Genetics- A Molecular Approach. Russell, P. J Benjamin Cummings 

4. Genetics: Analysis of Genes and Genomes. Daniel L., Hartl, Elizabeth W. Jones Jones & 

Bartlett Publishers  

5. Introduction to Genetic Analysis. Griffiths, A. J. F., Wessler. S.R., Lewontin, R.C. and Carroll, 

S. B. W. H. Freeman and Co 

6. Cell Biology Genetics, Molecular Biology Evolution and Ecology Verma P. S. and Agrawal 

P.K., 9
th

edition, S. Chand Publication, New Delhi 

7. Principles of Genetics – Eight edition- Eldon john Gardner, Michael J. Simmons, D. Peter 

Snustad 

8. Genetics- Weaver, Hedrick, third edition, McGraw Hill Education  

9. Genetics A Mendelian approach Peter J. Russel, Pearson Benjamin Cummings  

10. Genetics A conceptual approach, Benjamin A. Pierce, Southwestern University, W.H. 

Freeman and company, New York  

11. Genetics, Third Edition, Monroe W. Strickberger 

12. Genetics from gene to genome, third edition, Leeland H. Hartwell, Leeroy Hood, Michael 7. 

L. Goldberg, Ann E. Reynolds, Lee M. Silver, McGraw Hill Education  

 

USZO302 (COURSE-VI) 

1. Vertebrate Zoology Volume I- Jordan and Verm , S. Chand and Co.  

2. Invertebrate Zoology Volume II- Jordan and Verma , S. Chand and Co.  

3. Invertebrate Zoology- Majupuria T. C., NaginS.and Co.  

4. Chordate Zoology- Dhami P. S. and Dhami J. K., R. Chand and Co.  

5. Invertebrate Zoology- Dhami P. S. and Dhami J. K., R. Chand and Co.  

6. Introduction to Vertebrates- Moore Cambridge University- Low Priced Edition.  

7. Zoology- Miller S. A. and Harley J. B., Tata McGraw Hill.  

8. Modern Textbook of Zoology, Invertebrates, Kotpal R. L 



  

9. Biological Science, Taylor D.J., Stout G.W., Green N.P.O, Soper R., Cambridge University Press.  

 

USZOE1303 (COURSE-VIIA) 

1. Animal Behaviour- David McFarland 

2. Animal Behaviour- Mohan Arora 

3. Animal Behaviour- Reena Mathur 

4. An introduction to Animal Behaviour- Dawkins 

5.  Animal Behaviour-Agarwal 

6. Animal Behaviour- Tinbergen 

7.  Biology of Insects- 1992 Saxena S. C. Oxford and IBH Publishing Co New Delhi. Bombay. 

Calcutta 

8. Bee and Bee Keeping- Roger A. Morse, Cornell University Press London 

9. Vermiculture Technology - Clive A. Edwards, Norman Q. Arancon and Rhonda Sherman 

10. Parasitology- Chatterjee K. D., Chatterjee Medical Publishers. 

11. Medical Parasitology- Arora 

12. Textbook of Medical Parasitology-.C.K Jayaram Paniker, Jaypee Brothers. 

13. A text book of Parasitology- Kochhar S. K. Dominant Pub. & Dis, New Delhi. 

14. Essentials of Parasitology- Gerald D. Schmidt: Universal Bookstall, New Delhi. 

15. Introduction to Parasitology- Sharma P. N. and Ratnu L.S., Chand S & Co. Pvt. Ltd. 

16. Introduction to Parasitology- Chandler and Read John Wiley & Sons 

17. Economic Zoology Biostatistics and Animal behaviour – S. Mathur, Rastogi Publicatons. 

18. Economic Zoology- Shukla G.S. & Upadhyay V. B., Rastogi Publications. 

19. A handbook on Economic Zoology, S. Chand & Co. 

 

USZOE2303 (COURSE-VIIB)  

1. A General textbook of entomology -- A D Imms. Asia Publication. 

2. Agricultural insect pests and their control. V.B. Awasthi. Scientific Publication. 

3. A manual of practical entomology. – M. M. Trigunayat. Scientific Publication. 

4. Applied Entomology – Alaka Prakash and Fennemore. New Age Publishers. 

5. Applied Entomology – Awasthi. Scientific Publication. 

6. A Text book of insect morphology, physiology and endocrinology – Tembhare D. B.– Chand 

Publication 

7. Entomology and Pest Management –Larry P. Pedigo. Pearson Education. 



  

8. Forensic Entomology-The utility of Arthropods in legal investigations. –Jason H. Byrd and 

James L. Castner. CRC Press. 

9. General and applied Entomology – David and Ananthakrishnan. Tata McGraw Hill 

10. Insect endocrinology and physiology – Tembhare D B – S Chand publication. 

11. Insect Jewelry by Roger D. Akre., Laurel D. Hansen, and Richards S. Zack: in Summer 

(1991). (Online available as research article). 

12. Insect Year Book of Agriculture- American Agriculture Department Publication. 

13. Economic Zoology- Shukla G.S. & Upadhyay V. B., Rastogi Publications. 

14. A handbook on Economic Zoology, S. Chand & Co. 

15. Candler, W., & Kumar, N. (1998). India: The dairy revolution: The impact of dairy 

development in India and the World Bank's contribution. World Bank Publications. 

16. Milk and dairy products in human nutrition: production, composition and health. John Wiley 

& Sons, Park, Y. W., & Haenlein, G. F. (Eds.). (2013). 

17. Dairy development in India: An appraisal of challenges and achievements. Concept 

Publishing Company, Venkatasubramanian, V., Singh, A. K., & Rao, S. V. N. (2003). 

18. Dairy Development in The New Millennium (The Second White Revolution). Deep and 

Deep Publications, Shrivastava, J. S. M. (2008). 

19. http://listverse.com/2012/12/03/10-amazing-animal-abilities/ 

20. www.toptenz.net/top-10-amazing-animals-discovered-within-the-last-decade.php 

21. dailynewsdig.com/top-10-amazing-animal-hybrids. 

22. https://www.pinterest.com/pin/16044142395584735/ 

23. www.naturalhistorymag.com/ 

24. https://naturalhistory.si.edu/. 

  



  

SEMESTER IV 

Sr. 

No USZO401 (COURSE-VIII) 

No. of 

lect 

allotted 

Learning 

pleasure 

 Origin and Evolution of Life, Population Genetics and 

Evolution, Scientific Attitude, Methodology, Scientific 

Writing and Ethics in Scientific Research 

  

 
Unit 1: Origin and Evolution of Life 15L 30hrs 

 Objective: 

 To impart scientific knowledge about how life originated on our 

planet 

  

 Desired outcomes:  

 Learner will gain insights into the origin of life. 

 Learner will analyse and critically view the different theories of 

evolution. 

  

1.1 Introduction  

 Origin of the Universe  

 Chemical evolution - Miller-Urey experiment, Haldane and Oparin 

theory  

 Origin of life  

 Origin of eukaryotic cell 

05L 10hrs 

1.2 Evidences in favour of organic evolution 

 Evidences from geographical distribution, palaeontology, anatomy, 

embryology, physiology and genetics 

04L 08hrs 

1.3 Theories of organic evolution  

 Theory of Lamarck 

 Theory of Darwin and Neo- Darwinism  

 Mutation Theory 

 Modern synthetic theory 

 Weismann‘s Germplasm theory 

06L 12hrs 

 



  

 Unit: 2: Population Genetics and Evolution 15L 28hrs 

 Objective: 

 To develop  an understanding of genetic variability within a 

population and learn as to how the change in the gene pool leads to 

evolution of species 

  

 Desired outcomes:  

 Learner would understand the forces that cause evolutionary changes 

in natural populations 

 Learner would comprehend the mechanisms of speciation  

 Learner will be able to distinguish between microevolution, 

macroevolution and megaevolution 

  

2.1 Introduction to Population genetics  

 Definition 

 Brief explanation of the following terms: Population, Gene pool, Allele 

frequency, Genotype frequency, Phenotype frequency, Microevolution 

01L 03hrs 

2.2 Population genetics 

 Hardy- Weinberg Law  

 Factors that disrupt Hardy Weinberg equilibrium: Mutation, Migration 

(gene flow), Non-random mating (inbreeding, inbreeding depression, 

assortative mating(positive and negative), disassortative mating, 

Genetic drift (sampling error, fixation, bottleneck effect and founder 

effect) 

 Natural Selection: Patterns of Natural Selection-Stabilizing selection, 

Directional selection (examples: peppered moth, antibiotic resistance in 

bacteria, pesticide resistance) and Disruptive selection 

05L 08hrs 

2.3 Evolutionary genetics 

 Genetic variation: Genetic basis of variation-mutations and 

recombination (crossing over during meiosis, independent assortment 

of chromosomes during meiosis and random union of gametes during 

fertilization) 

 Nature of genetic variations: Genetic polymorphism, Balanced 

polymorphism, Mechanisms that preserve balanced polymorphism-

07L 13hrs 



  

Heterozygote advantage and frequency dependent selection,  

 Neutral variations 

 Geographic variation (Cline) 

  Species concept: Biological species concept and evolutionary species 

concept 

  

  Speciation and Isolating mechanisms: Definition and modes of 

speciation (allopatric, sympatric, parapatric and peripatric) 

 Geographical isolation 

 Reproductive isolation and its isolating mechanisms  

(prezygotic and postzygotic)  

  

2.4 Macroevolution and megaevolution: Concept and Patterns of 

macroevolution (stasis, preadaptation /exaptation, mass extinctions, 

adaptive radiation and coevolution), Megaevolution 

02L 04hrs 

 

 Unit: 3 Scientific Attitude Methodology, Scientific Writing 

and Ethics in Scientific Research 

15L 32hrs 

 Objective: 

 To inculcate scientific temperament in the learner 

  

 Desired outcome: 

 The learner would develop qualities such as critical thinking and 

analysis 

 The learner will imbibe the skills of scientific communication and 

he/she will understand the ethical aspects of research 

  

3.1 Process of science: 

 A dynamic approach to investigation: The Scientific method, 

Deductive reasoning and inductive reasoning, Critical thinking, 

Role of chance in scientific discovery (serendipity) 

 Scientific research: Definition, difference between method and 

methodology, characteristics, types  

 Steps in the Scientific method: Identification of research problem, 

formulation of research hypothesis, testing the hypothesis using 

experiments or surveys, preparing research/study design including 

04L 10hrs 



  

methodology and execution (appropriate controls, sample size, 

technically sound, free from bias, repeat experiments for 

consistency), documentation of data, data analysis and 

interpretation, results and conclusions  

 Dissemination of data: Reporting results to scientific community 

(publication in peer- reviewed journals, thesis, dissertation, reports, 

oral presentation, poster presentation)  

 Application of knowledge: Basic research, Applied research and  

Translational research 

3.2 Scientific writing: 

 Structure and components of a research paper: preparation of 

manuscript for publication of research paper- title, authors and their 

affiliations, abstract, keywords and abbreviations, introduction, 

material and methods, results, discussion, conclusions, 

acknowledgement, bibliography; figures, tables and their legends 

04L 10hrs 

3.3 Writing a review paper  

 Structure and components of review 

 Report writing and types of report  

 Computer application: Plotting of graphs, Statistical analysis of 

data. Internet and its application in research-Literature survey, 

online submission of manuscript for publication  

03L 05hrs 

3.4 Ethics 

 Ethics in animal research: The ethical and sensitive care and use of 

animals in research, teaching and testing, approval from Dissection 

Monitoring Committee (DMC) 

 Ethics in clinical research: Approval from clinical research ethics 

committee or/and informed consent 

03L 05hrs 

3.5 Plagiarism 01L 02hrs 



  

 
SEMESTER IV   

Sr. 

No. 
USZO402 (Course - IX) 

No. of 

lectures 

allotted 

Learning 

pleasure 

 
Unit 1: Cell Biology 15L 24hrs 

 Objective: 

 To study the structural and functional organization of cell with an 

emphasis on nucleus, plasma membrane and cytoskeleton. 

  

 Desired outcome:  

 Learner would acquire insight into the composition of the transport 

mechanisms adopted by the cell and its organelles for its 

maintenance and composition of cell 

  

1.1 Introduction to cell biology  

 Definition and scope 

 Cell theory   

 Generalized prokaryotic, eukaryotic cell: size, shape and structure  

02L 04hrs 

1.2 Nucleus 

 Size, shape, number and position 

 Structure and functions of interphase nucleus   

 Ultrastructure of nuclear membrane and pore complex 

 Nucleolus: general organization, chemical composition & functions 

 Nuclear sap/ nuclear matrix   

 Nucleocytoplasmic interactions 

05L 06hrs 

1.3 Plasma membrane 

 Fluid Mosaic Model  

 Junctional complexes  

 Membrane receptors 

 Modifications: Microvilli and Desmosomes 

04L 08hrs 

1.4 Transport across membrane 

 Diffusion and Osmosis  

 Transport: Passive and Active  

 Endocytosis and Exocytosis 

02L 04hrs 

1.5 Cytoskeletal structures  

 Microtubules: Composition and functions   

 Microfilaments: Composition and functions 

  



  

 

 Unit: 2: Endomembrane System 15L 28hrs 

 Objective: 

 To acquaint the learner with ultrastructure of cell organelles and their 

functions 

  

 Desired outcome:  

 Learner would appreciate the intricacy of endomembrane system.  

  Learner would understand the interlinking of endomembrane 

system for functioning of cell 

  

2.1 Endoplasmic reticulum (ER):  General morphology of endomembrane 

system, ultrastructure, types of ER and biogenesis of ER 

 Functions of Rough Endoplasmic Reticulum (RER) and Smooth  

Endoplasmic Reticulum (SER) 

01L 03hrs 

2.2 Golgi complex:   Ultrastructure of Golgi complex, functions of Golgi 

complex (protein glycosylation, lipid and polysaccharide metabolism, 

protein sorting and secretion, Golgi Anti-Apoptotic Protein -GAAP) 

06L 10hrs 

2.3 Lysosomes:  Origin, occurrence, polymorphism and functions; 

Peroxisomes:  Origin, morphology & functions 

03L 5hrs 

2.4 Mitochondria:   Ultrastructure, chemical composition, functions of 

mitochondria and bioenergetics (Chemical energy & ATP, Kreb‘s cycle, 

respiratory chain and oxidative phosphorylation) 

05L 10hrs 

 

  Unit: 3 Biomolecules 15L 30hrs 

 Objective: 

 To give learner insight into the structure of biomolecules and their 

role in sustenance of life. 

  

 Desired outcome: 

 The learner will realize the importance of biomolecules and their 

clinical significance. 

  

3.1 Biomolecules: Concept of micromolecules and macromolecules 02L 05hrs 



  

  

3.2 Carbohydrates:   

 Definition classification, properties and isomerism, glycosidic bond 

 Structure of Monosaccharides (glucose and fructose);              

Oligosaccharides (lactose and sucrose); Polysaccharides (cellulose, 

starch, glycogen and chitin)   

 Biological role and clinical significance 

04L 08hrs 

3.3 Amino Acids and Proteins:   

 Basic structure, classification of amino acids,  

 Essential and Non-essential amino acids, Peptide bond,   

 Protein conformation: Primary, Secondary, Tertiary, Quaternary 

 Types of proteins – Structural (collagen) and functional proteins 

(haemoglobin)   

 Biological role and clinical significance 

05L 08hrs 

3.4 Lipids:   

 Definition, classification of lipids with examples, ester linkage 

 Physical and chemical properties of lipids 

 Saturated and unsaturated fatty acids 

 Essential fatty acids; Triacylglycerols; Phospholipids (lecithin and 

cephalin); Steroids (cholesterol) 

 Biological role and clinical significance 

04L 05hrs 

3.5 Vitamins:   

 Water soluble vitamins (e.g. Vit C, Vit B12)   

 Lipid soluble vitamins (e.g. Vit A, Vit D) 

 Biological role and clinical significance 

02L 04hrs 



  

 SEMESTER IV   

 USZOE1403 (Course-XA) Elective 1   

 Comparative  Embryology, Aspects  of Human 

Reproduction,  Pollution  and its effect  on organisms                  

  

 UNIT 1:  Comparative  Embryology 15L 25hrs  

 Objective: 

 To acquaint the learner with key concepts of embryology.  

  

 Desired Outcome: 

 Learner will be able to understand and compare the different  

types of eggs and sperms 

 Learner will be able to understand and compare the different  

pre- embryonic stages  

  

1.1 Types of Eggs-  Based on amount and distribution of yolk   03L 4hrs 

1.2 Structure and Types of Sperm 02L 4hr 

1.3 Types of Cleavages 02L 4hrs 

1.4 Types of Blastulae 02L 4hrs  

1.5 Types of Gastrulae 02L 4hrs  

1.6 Coelom -Formation and types  04L 6hrs  

 

     UNIT 2: Aspects  of Human Reproduction 15L 30 hrs 

 Objectives:  

 To acquaint the learners with   different aspects of human 

reproduction. 

 To make them aware of the causes of infertility, techniques to 

overcome infertility and the concept of birth control 

  

 Desired Outcome: 

 Learners will able to understand human reproductive 

physiology  

 Learners will become familiar with advances in ART and 

related ethical issues. 

  

2.1 Human reproductive system and hormonal regulation 

 Anatomy of human male and female reproductive system 

02L 4hrs  



  

 Hormonal regulation of reproduction and impact of age on 

reproduction - menopause and andropause 

2.2 Contraception & birth control 

 Difference between contraception and birth control  

 Natural Methods: Abstinence, rhythm method, temperature 

method, cervical mucus or Billings method, coitus 

interruptus, lactation amenorrhea  

 Artificial methods : Barrier methods,  hormonal methods, 

intrauterine contraceptives, sterilization, termination, 

abortion 

02L 4hrs  

 

 

 

 

 

 

2.3 Infertility 

Female infertility: 

 Causes -  Failure to ovulate; production of infertile eggs; 

damage to oviducts (oviduct scarring and Pelvic 

inflammatory disease -PID, TB of oviduct), Uterus     (TB 

of uterus and cervix) 

 Infertility associated disorders - Endometriosis, 

Polycystic Ovarian Syndrome (PCOS), Primary ovarian 

failure (POF),Sexually Transmitted Infections (STIs) - 

gonorrhoea, chlamydia, syphilis and genital herpes; 

Antibodies to sperm; Genetic causes- recurrent abortions 

 Role of endocrine disruptors 

04L 8hrs 

2.5 Treatment of infertility   

 Removal /reduction of causative environmental factors  

 Surgical treatment 

 Hormonal treatment- fertility drugs  

 Assisted Reproductive Technology (ART) - 

In vitro fertilization (IVF); Embryo transfer (ET); Intra-

Fallopian transfer (IFT), Gamete Intra-Fallopian Transfer 

(GIFT) &Intra-Zygote Transfer (ZIFT); Intra-cytoplasmic 

Sperm Injection (ICSI) with ejaculated sperm and sperm 

retrieved from testicular biopsies; Testicular sperm 

extraction (TESE). 

04L 8hrs 



  

 Sperm bank, cryopreservation of gametes and embryos 

 Surrogacy 

 

   UNIT3:  Pollution  and its effect  on  organisms 15L 27hrs 

 Objective: 

 To provide a panoramic view of impact of human activities 

leading to pollution and its implications. 

  

 Desired Outcome: 

 The learners will be sensitized about the adverse effects of 

pollution and measures to control it. 

  

3.1 Air Pollution 

 Types and sources of air pollutant 

 Effects of air pollution on organisms, its control and 

abatement measures  

03L 6hrs 

3.2 Water Pollution 

 Types and sources of water pollutant 

 Effects of water pollution on organisms, its control and 

abatement measures 

03L 6hrs 

3.3 Soil Pollution 

 Types and sources of soil pollutant 

 Effects of soil pollution on organisms, its control and 

abatement measures 

03L 4hrs 

3.4 Sound pollution 

 Different sources of sound pollution  

 Effects  of sound pollution on organisms, its control and 

abatement measures 

01L 3hrs 

3.5  Pollution by radioactive substances 01L 2hrs  

3.6 Pollution by solid wastes  

 Types and sources,  

 Effects of solid waste pollution, its control and abatement 

measures 

02L 4hrs 

3.7 Pollution – Climate Change and Global Warming 02L 2hrs 

 



  

 

 USZOE2403  (Course-XB) Elective 2   

 Dairy Industry, Sericulture and Aquaculture   

 UNIT 1:  Dairy Industry 15L 30hrs  

 Objectives: 

 To comprehend the functioning of various aspects of 

dairy industry. 

 To study different indigenous and exotic cattle breeds 

including buffalo breeds of India. 

 To develop an understanding of the different systems of 

breeding and various aspects dealing with housing of 

dairy animals. 

  

 Desired Outcome: 

 Learner would gain knowledge on the functioning of 

various aspects of dairy industry, indigenous, exotic 

cattle and buffalo breeds in India. 

 Learner will study different systems of breeding and 

gain information regarding various aspects pertaining 

to housing of dairy animals. 

  

1.1 Indian Cattle breeds – Origin, distribution, distinguishing 

characters and economic uses: 

 Malvi 

 Hariyana 

 Deoni 

 Red sindhi 

 Khillari 

02L 4hrs 

1.2 Exotic breeds - Origin, distribution, distinguishing characters 

and economic uses: 

 Jersy 

 Holstein 

02L 4hr 

1.3 Indian buffalo breeds -  Origin, distribution, distinguishing 02L 4hrs 



  

characters and economic uses: 

 Nagpuri 

 Bhadawari 

 Murrah 

 Jafrabadi 

1.4 Systems of inbreeding and crossbreeding   03L 6hrs  

1.5 Maintenance of dairy farm 02L 4hrs  

1.6 Weaning of calf, castration and dehorning 02L 4hrs 

1.7 Diseases and control 02L 4hrs 

 

          UNIT 2: Sericulture 15L 30 hrs 

 Objectives:  

 To comprehend the functioning of sericulture industry 

and its scope in India. 

 To study the varieties of silk-worms and host plants. 

 To critically study the life history and rearing of 

Bombyx mori, harvesting, processing of cocoon, 

production of silk and diseases afflicting silk-worms. 

  

 Desired Outcome: 

 Learner would understand the basics of the functioning 

of sericulture industry and its scope in India. 

 Learner shall gain knowledge on the varieties of silk-

worms, host-plants and aspects on silk extraction and 

the diseases afflicting silk-worms. 

  

2.1 Introduction and scope of sericulture  02L 4hrs  

2.2 Varieties of silk worm, host plants    02L 4hrs  

2.3 Life history and rearing of Bombyx mori    02L 8hrs 

2.4 Harvesting and processing of cocoon   02L 4hrs 



  

2.5 Reeling and extraction of silk     03L 4hrs 

2.6 Diseases and control measures  03L 4hrs 

 

 UNIT3: Aquaculture 15L 27hrs 

 Objectives: 

 To comprehend various kinds of aquaculture practices 

and its scope as fishery resource in India. 

 To study various techniques employed in aquaculture 

practices 

  

 Desired Outcome: 

 Learner shall understand the aquaculture practices and 

the scope of fishery in India. 

 Learner would gain knowledge of various techniques 

employed in aquaculture practices. 

  

3.1 Pisciculture:        

 Definition and scope of fishery resources in India  

 Finfish culture – monoculture and polyculture 

 Role of exotic fishes in polyculture 

 Cage culture 

 Fish seed transport 

 Fish diseases -- symptoms and control  

05L 6hrs 

3.2 Prawn/shrimp culture: Sources, seed, culture methods –  

 Giant fresh water prawn (Macrobrachium rosenbergii) 

 White shrimp (Penaeus vannamei) 

05L 6hrs 

3.3 Pearl culture:       

 Pearl producing species and their distribution  

 Pearl culture methods  

 Composition of pearl 

05L 4hrs 

 



  

 
 

 SEMESTER IV 

 Practical USZOP4 (Course - VIII) 

1 Study of population density by Line transect method & Quadrant method 

and calculate different diversity indices.  

 Index of Dominance 

 Index of frequency 

 Rarity Index 

 Shannon Index 

 Index of species diversity  

2 Study of prokaryotic cells (bacteria) by Crystal violet staining technique 

3 Study of eukaryotic cells (WBCs) from blood smear by Leishman‘s stain 

4 Identification and study of fossils: 

 Arthropods: Trilobite  

 Mollusca: Ammonite  

 Aves: Archaeopteryx  

5 Identification of : 

 Allopatric speciation (Cyprinodont species)  

 Sympatric speciation (Hawthorn fly and Apple maggot fly)  

 Parapatric speciation (Snail)  

6 Bibliography/ Abstract writing 

7 Preparation of Power Point Presentation based on research paper. 

 

 

 

  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 SEMESTER IV 

 Practical USZOP4 (Course - IX) 

1 Study of permeability of cell through plasma membrane (osmosis in 

blood cells) 

2 Measurement of cell diameter by occulometer (by using permanent 

slide) 

3 Qualitative tests for carbohydrates (Molisch‘s test, Benedicts test, 

Barfoed‘s test, Anthrone test) 

4 Qualitative tests for protein (Ninhydrin test, Biuret test, Millon‘s test, 

Xanthoproteic test) 

5 Qualitative test for lipids (Solubility test, Sudan III test) 

6 Study of rancidity of lipids by titrimetric method 

7 Ultrastructure of cell organelles (Electron micrographs) of:  

 Nucleus 

 Endoplasmic reticulum (Smooth and Rough)  

 Mitochondria.  

 Golgi apparatus  

 Lysosomes 

8. Study of clinical disorders due to carbohydrates, proteins and lipid 

imbalance (Photograph to be provided / symptoms to be given and 

disorder to be identified):  

 Hyperglycemia 

 Hypoglycemia 

 Anemia 

 Kwashiorkar 

 Marasmus 

 Fatty Liver 



  

 SEMESTER IV 

 Practical USZOE1P4 (Course - XA) 

1 Study of air microflora. 

2 Estimation of dissolved oxygen from the given water sample. 

3 Estimation of salinity by refractometer from the given water sample. 

4 Estimation of conductivity by conductometer from the given water sample. 

5 Study of physical properties of soil: temperature, moisture and texture 

6 Study of chemical properties of soil- pH, organic matter 

7 Study of sound pollution monitoring device 

8 Detection of pregnancy from given sample of urine 

9 Study of birth control measures applicable to humans – IUD, condom and hormonal 

pills.  

10 Study of the following permanent slides, museum specimens and materials 

 Mammalian sperm and ovum 

 Types of Egg– fish, frog and hen 

 Cleavage, blastula and gastrula (Amphioxus, Frog and Bird) 

11 Review writing based on programmes telecast by Doordarshan, Gyandarshan, 

UGC programmes or other media sources 

12 Study of natural ecosystem and field report of the visit 

 
 

 

  



  

 SEMESTER IV 

 Practical USZOE2P4 (Course - XB) – Elective 2 

1 Estimation and comparison of protein content in Cow and Buffalo milk sample 

2 Estimation and comparison of fat content in Cow and Buffalo milk sample 

3 Preparation of falooda 

4 Preparation of caramel custard 

5 Restraining devices used in cattle farming- Halters, gags, bull-rings, muzzles, cradle, 

crush and ropes. 

6 Study of life cycle of Bombyx mori 

7 Study of commercially important fishery. (Catla, Rohu, Catfish, Mackeral, Pomfret, 

Bombay duck, Prawn/Shrimp, Crab, Lobster, Edible oyster) 

8 Study of Crustacean fishery – common characters and sexual dimorphism in lobster 

(Panulirus spp.), prawn (Penaeus spp.), crab (Scylla spp.) 

9 Visit to dairy farm /aquaculture/ fish landing centre/fishery institute and submit report of 

the same 

 
 

For Additional and Latest Information on the topics, various Web Sites can be visited. 

 

Note: The practicals may be conducted by using specimens authorised by the wildlife and such 

other regulating authorities though it is strongly recommended that the same should be taught by 

using photographs/audio-visual aids/ simulations / models, etc. as recommended by the UGC and 

as envisaged in the regulations of the relevant monitoring bodies. No new specimens, however, 

shall be procured for conducting practicals mentioned here in above. 

 

# There shall be at least one excursion / field trip. 

 

  



  

N. B: 

I) It is pertinent to note that we have to adhere strictly to the directions as given in the UGC 

Circular F14-4/2006 (CPP-II). 

 

II) Apart from the Institutional Animal Ethics Committee (IAEC) and any other Committee 

appointed by a Competent Authority/Body from time to time, every college should constitute the 

following Committees: 

 

1) A Committee for the Purpose of Care and Supervision of Experimental  

Animals (CPCSEA) and 

2) A Dissection Monitoring Committee (DMC)  

 

Composition of DMC shall be as follows: 

 

i) Head of the Concerned Department (Convener/Chairperson) 

ii) Two Senior Faculty Members of the concerned Department 

iii) One Faculty of related department from the same College 

One or two members of related department from neighboring colleges 

 

USE OF ANIMALS FOR ANY EXPERIMENT/DISSECTION/MOUNTING IS 

BANNED. SIMULATIONS, AUTHORISED PERMANENT SPECIMENS/SLIDES, 

CHARTS, MODELS AND OTHER INNOVATIVE METHODS ARE 

ENCOURAGED. 

  



  

Semester IV 

References and additional reading 

USZO401 (COURSE-VIII) 

1. Theory of Evolution- Smith, Cambridge Press, and Low price Ed 

2. Evolution - Strickberger, CBS publication  

3. Evolution- P. S. Verma and Agarwal 

4. Introduction to Evolution by Moody 

5. Biology. E. P. Solomon, L. R. Berg, D. W. Martin, Thompson Brooks/Cole  

6. Biology -The Unity and Diversity of Life. C. Starr, R. Taggart, C. Evers, L. Starr, 

Brooks/Cole Cengage learning International Edition  

7. Research Methodology, Methods and Techniques- by C.R. Kothari, Wiley Eastern Ltd. 

Mumbai  

8. Practical research planning and design 2
nd

edition- Paul D Leedy, Macmilan Publication 

 

USZO402 (COURSE - IX) 

1. Cell Biology, Singh and Tomar, Rastogi Publication. 

2. Cell and Molecular Biology, E.D.P De Robertis and E.M.R Robertis, CBS Publishers and 

Distributors.  

3. The cell, A molecular approach, Goeffrey M. Coper ASM Press Washington D.C.  

4. A textbook of cytologym Suruchi Tyagi Dominant Publishers and Distributors New Delhi.  

5. Cell and molecular biology, Gupta P. K., Rastogi Publication, India.  

6. Cell Biology, Pawar C.B. Himalaya publication  

7. Molecular Biology of the cell, (6
th

ed) by the Insertus 

8. Principles of Biochemistry, 2005, 2
nd

and 3
rd

edn. Lehninger A.L. Nelson D.L. and Cox M.M , 

9. Biochemistry, Dushyant Kumar Shrma, 2010, Narosa Publishing house PVT.Ltd.  

10. Fundamentals of Biochemistry, Dr AC Deb, 1983, New Central Book Agency Ltd.  

11. A Textbook of Biochemistry, 9
th

edition, Dr. Rama Rao A.V.S.S and Dr A Suryalakshmi.  

12. Biochemistry- G Zubay, Addison Wesley, 1983  

13. Biochemistry, L Stryer, 3rd/4th/5th ed, 1989, Freeman and Co. NY  

14. Harper‘s Biochemistry,1996, 26
th

edition, Murray R.K. Granner D.K. Mayes P.A. Rodwell 

V.M. Hall international USA  

15. Outline of Biochemistry, 1976, E.E. Conn and P.K. Stumpf. John Wiley and Sons USA  



  

 

USZOE1403 (COURSE-XA) 

References of Elective 1 

1. Developmental Biology- 5
th

 Edition, Scot F. Gilbert, Sinauer Associates Inc. 

2. Developmental Biology- Subramoniam T., Narosa Publishers. 

3. Developmental Biology-BerrilN.J., Tata McGraw –Hill Publication.  

4. Essential Reproduction-Martin H. Johnson, Wiley-Blackwell Publication. 

5. Chick Embryology- Bradley M. Pattern. 

6. Embryology-Mohan P. Arora. 

7. Chordate Embryology-Dalela,Verma  and Tyagi 

8. Human Anatomy and Physiology. E. L. Marieb, Pearson Education Low Price Edition  

9. Biological Science. Taylor, Green and Stout. Cambridge Publication 

10. Biology. E. P. Solomon, L. R. Berg, D. W. Martin, Thompson Brooks/Cole 

11. Human Biology-Daniel D. Chiras Jones and Bartlett 

12. The Physiology of Reproduction Vol I & II - E. K . Nobil and JU. D. Neil, Raven Press, 

New York. 

13. Air Pollution, Kudesia V. P. Pragati Prakasan, Meerut 

14.  Fundamentals of Air Pollution Daniel A. Vallero, Academic press 5
th

 Edition 

15. Principles and Practices of Air Pollution Control and Analysis J. R. MudakaniI K 

International Pub. House Pvt. Ltd. 

16. Text Book of Air Pollution and its Control, S. C. Bhatia Atlantic 

17. Water Pollution, Kudesia V. P., Pragati Prakasan, Meerut 

18.  A text book of Environmental Chemistry and Pollution  Control, S. S. Dogra, Swastic Pub, 

New Delhi 

19. Practical Methods for water and Air Pollution Monitoring, S. K. Bhargava, New Age 

International 

20. Hand Book of Water and waste water Analysis, Kanwaljit Kaur, Atlantic 

21.  Aquatic Pollution by Edward A. Laws 

22. Environmental Science and Technology, Stanely E. Manahan 

23. Environmental Chemistry, A. K. De, New Age International 

24. A Text Book of Environmental Studies, Gurdeep R.Chatwal, Harish Sharma, Madhu Arora, 

 

 



  

USZOE2403 (COURSE-XB) 

References of Elective 2 

1. Principles of Dairy Chemistry R. Jenness, S. Patton John Wiley and Sons Inc. 

2. Fundamentals of dairy chemistry B.H. Webb, A.H. Johnson, J.A. Alford Avi Pub. Co. 

3. Food Chemistry Owen R. Fennema CRC Press  

4. Food Chemistry John M. De Man Springer  

5. Technology of Dairy Products Early, Ralph. Academic & Professional, 1998 

6. Quality of milk production and processing technology D.K. Thompkinson and lathasabikhi 

New India Publishing agency, New delhi 

7. Outlines of Dairy Technology Sukumar De Oxford University Press, New delhi 

8. Food Microbiology William C. Frazier, dennis C. Westoff Tata Mcgrew Hill publishing  

Company Ltd. New Delhi 

9. Applied Dairy Microbiology Elmer H. Marth, James L. Steele CRC Press 

10. Dairy plant engineering and management Tufail Ahmed Kitab Mahal 

11. Latest Aquaculture, Principles and Practices by Pillay T.V.R. – Fishing New Books (1988). 

12. Course Manual in Fishing Technology by Latha Shenoy, CIFE, Versova, Mumbai. 

13. Prawn and Prawn Fisheries by Kurian and Sebestian 

 

  



  

MARKING SCHEME OF EXAMINATION (THEORY) 

 

(a)  External assessment of one hundred (100) marks per course per semester should be conducted 

as per the following skeleton question paper pattern.  

(c)  One practical examination of fifty (50) marks per course each should be conducted at the end 

of every semester.  

 

SKELETON- EXAMINATION PATTERN FOR THE ABOVE SYLLABUS  

All Questions are compulsory  

Figures to the right indicate full marks  

Draw neat and labeled diagrams wherever necessary 

Time: 3 hours                                                                                                   Total Marks: 100 

 

Q1 Objective questions* 20 marks 

Q.2.  UNIT 1  

a. Answer any one of the two (10 marks)  

b. Answer any two out of the four (5 marks each) 

20 marks  

Q.3.  UNIT 2  

a. Answer any one of the two (10 marks)  

b. Answer any two out of the four (5 marks each)  

20 marks  

Q.4.  UNIT 3  

a. Answer any one of the two (10 marks)  

b. Answer any two out of the four (5 marks each) 

20 marks  

 

 

Q.5. Answer any four out of six 

Unit 1 - (Two notes of five marks each)  

Unit 2 - (Two notes of five marks each) 

Unit 3- (Two notes of five marks each) 

20 marks  

 

*Note: For Question No. 01 it is recommended to have objective questions on all units, such as –  

(a) Match the column                                      (b) MCQ  

(c) Give one word for                                     (d) True and False  

(e) Define the term                                          (f) Answer in one sentence 

  



  

PRACTICAL (SEMESTER III) 

USZOP3 (Course - V) 

Skeleton-Practical Examination Question Paper Pattern 

 

Time: 2hrs 30 min          Marks: 50 

Major Question          15  

Q1. Extraction and detection of DNA  

OR 

Q1. Extraction and detection of RNA  

 

Minor Question          07 

Q2. Mounting of Barr bodies / Polytene chromosomes 

OR 

Q2. Study of mitosis-Temporary squash preparation of Onion root tip  

OR 

Q2.  Detection of blood groups and Rh factor  

Q3.  Problems based on Genetics and Molecular biology  

       (Transcription /Genetic code) (01 problem each)      10  

Q4.  Identification           08  

A. Chromosome morphology  

B. Pedigree analysis  

Q5.  Viva            05 

Q6. Journal            05 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

  



  

PRACTICAL (SEMESTER III) 

USZOP3 (Course - VI) 

Skeleton-Practical Examination Question Paper Pattern 

 

Time: 2hrs 30 min         Marks: 50  

 

Major Question           15   

 

Q1. Urine analysis—Normal and abnormal constituents  

 

Minor Question           10  

 

Q2. Detection of ammonia excreted by fish in aquarium water 

OR 

Q2. Detection of uric acid from excreta of Birds 

OR 

Q2. Mounting of striated and non-striated muscle fibre  

 

Q3. Identification          15  

a. Nutritional apparatus  

b. Respiratory structures  

c. Locomotory organs  

d. Study of hearts  

e. Permanent slides on reproduction  

 

Q4. Viva            05   

 

Q5. Journal           05  

 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

  



  

PRACTICAL (SEMESTER III) 

USZOE1P3 (Course - VIIA) – Elective 1 

Skeleton -Practical Examination Question Paper Pattern 

Time: 2 hrs 30 min                                                                                                 Marks: 50 

 

Major Question                                                                              12  

             Q1. Extraction of casein from milk and its qualitative detection 

                                                    OR 

Q1.  Preparation of paneer from the given milk sample. 

                                        OR 

Q1.  Measurement of density of different samples of milk by lactometer 

Minor Question (Sketch and label)       08 

Q2.   Life cycle of honey bee 

                                        OR 

Q2.   Mouthparts of honey bee 

                                        OR 

Q2.  Legs of honey bee  

                                        OR 

Q2.  Sting apparatus of honey bee  

Q3.   Identify and describe as per instructions     15 

a. Ethology 

b. Protozoan parasite 

c. Helminth parasite 

d. Ectoparasite 

e. Parasitic adaptation 

 Q4. a) Project submission                        06 

                b) Viva based on project         04 

 Q5. Journal                                                                                                       05  

 

 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

  



  

PRACTICAL (SEMESTER III) 

USZOE2P3 (Course - VIIB) – Elective 2 

Skeleton-Practical Examination Question Paper Pattern 

 

Time: 2 hrs 30min         Marks: 50 

 

Major Question           15  

Q1. Identification (5 Marks each) 

a) Aquarium equipment. 

b) Type of pest (Any insect) 

c) Other pest 

 

Q.2. Identification (3 Marks each)        15  

 a) & b) Types of pest control 

 c) Hybrid animal 

 d) Incredible animal  

 e) Endangered animal 

 

Q.3. Submission of photographs of any five amazing animals with description.  05 

 

Q4. a) Project submission                         06 

       b) Viva based on project          04 

Q5. Journal           05 

 

 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

 

  



  

PRACTICAL (SEMESTER IV) 

USZOP4 (Course - VIII) 

Skeleton -Practical Examination Question Paper Pattern 

 

Time: 2 hrs 30 min         Marks: 50  

 

Major Question  

Q1. Study Population density by Line transect or Quadrant method and calculate Biodiversity  

Indices. (Any 2)          12  

Minor Question           08  

Q2. Prepare a smear to show prokaryotic cell. 

OR 

Q2. Prepare a smear to show eukaryotic cell. 

 Q3. Identify and describe as per instructions.      08  

a) Fossil  b) Speciation  

Q4. From the given article, prepare the bibliography/ abstract.    06  

Q5. Submission of power point presentation.       06  

Q6. Viva.           05 

Q.7. Journal.          05 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

  



  

PRACTICAL (SEMESTER IV) 

USZOP4 (Course - IX) 

Skeleton -Practical Examination Question Paper Pattern 

 

Time: 2 hrs 30 min         Marks: 50 

  

Major Question           15 

  

Q1. Study of osmosis in R.B.Cs. 

OR 

Q1. Measurement of cell diameter by occulometer using permanent slide. 

 

Minor Question           10  

Q2. Qualitative tests for carbohydrates (Molisch‘s test, Benedicts test, Fehling‘s test, Anthrone 

test) 

OR 

Q2. Qualitative tests for protein (Ninhydrin test, Biuret test, Millon‘s test, Xanthoprotein test) 

OR 

Q2. Qualitative test for lipid (Solubility test, Sudan III test) 

OR 

Q2. Estimation of rancidity of lipids by titrimetric method 

 

Q3. Identify and describe as per instructions        15  

 Ultrastructure of cell organelles (a, b & c) 

 Clinical disorders (d & e) 

 

Q4. Viva            05  

Q5. Journal           05  

 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

 

  



  

PRACTICAL(SEMESTER IV) 

USZOE1P4 (Course - XA) – Elective 1 

Skeleton -Practical Examination Question Paper Pattern 

 

Time: 2 hrs 30 min          Marks: 50 

 

Major Question           12 

Q1. Estimation of Dissolved Oxygen from the given water sample. 

OR 

Q1. Detection of pregnancy from given sample of urine. 

OR 

Q1. Determination of organic matter from the given soil sample. 

 

Minor Question           08  

Q2. Estimation of salinity by refractometer from the given water sample 

OR 

Q2. Estimation of conductivity by conductometer from the given water sample 

OR 

Q2. Determination the pH of the given soil sample 

OR 

Q2. Determine the texture of the given soil sample 

 

Q3. Identify and describe as per instructions        15  

 Permanent slides (a &b) 

 Birth control measure (c) 

 Fishery (d & e) 

 

Q4. a) Field report submission        06 

b)Viva based on field report          04 

 

Q5. Journal            05  

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

  



  

PRACTICAL (SEMESTER IV) 

USZOE2P4 (Course - XB) Elective 2 

Skeleton -Practical Examination Question Paper Pattern 

 

Time: 2 hrs 30 min          Marks: 50 

 

Major Question           15  

Q1.Comparison of protein content from cow and buffalo milk 

OR 

Q.1 Comparison of fat content from cow and buffalo milk 

 

Minor Question           08  

Q.2 Preparation of falooda 

    OR 

Q.2 Preparation of caramel custard 

 

Q.3 Identification (3 marks each)                                                                                12   

 a) Restraining device  

 b) Any stage of life cycle of Bombyx mori 

            c) Commercial fishery 

            d) Crustacean fishery   

 

Q4. a) Project submission         06 

b) Viva based on project          04 

Q5. Journal           05  

 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 

 

 

 

 



  

MODEL QUESTION BANK SEMESTER III 

Question bank is suggestive. The paper setters are free to modify the questions 

or include new questions to the best of their perception  

USZO301 (COURSE - V) 

Unit1 (10 Marks)  

1. Define genetics and explain its scope and importance. 

2. Explain Mendel‘s laws of inheritance 

3. Describe in detail the monohybrid cross and state the Mendelian principle of inheritance 

derived from it. Add a note on Co-dominance 

4. Describe in detail dihybrid cross and state the Mendelian principles of inheritance derived 

from it 

5. Discuss in brief inheritance of Mendelian phenotypic traits in humans.  

6. Describe incomplete dominance with a suitable example 

7. Describe Co-dominance with a suitable example 

8. What is epistasis? Give a detailed account of double dominant epistasis 

9. What is epistasis? Give a detailed account of recessive epistasis 

10. What is epistasis? Give a detailed account of dominant epistasis  

11. What is epistasis? Give a detailed account of double recessive epistasis 

12. Explain the pattern of inheritance of recessive and dominant lethal alleles 

13. Explain the inheritance of multiple alleles with the help of a suitable example 

14. Describe polygenic inheritance with reference to skin colour and eye colour in man 

15. Compare pleiotropy and polygenic inheritance 

16. Explain the phenomenon of linkage with respect to Morgan‘s Experiment. Add a note on 

the differences between complete and incomplete linkage 

17. Describe the pattern of inheritance of blood group and Rh factor in man 

18. Explain the cytological basis and molecular mechanisms of crossing over 

19. Explain pedigree analysis of X-linked recessive traits 

 

  



  

Unit1 (5 Marks)  

1. Describe the classical concept of gene 

2. Explain the modern concept of gene 

3. Differentiate between (Any two): 

(a) Genotype and phenotype of an organism  

(b) Dominant and recessive traits  

     (c) Gene and genome 

(d) Homozygous and heterozygous 

(e) Monohybrid and Dihybrid cross 

(f) Incomplete Dominance and Co-dominance  

(g) Multiple alleles and Polygenes 

(h) Test cross and Backcross  

4. Write a note on the chromosome theory of inheritance 

5. Describe co-dominance with a suitable example 

6. Give an account of the symbols used in human Pedigree analysis  

7. Characteristics of autosomal dominant traits  

8. Characteristics of X-linked recessive traits  

9. Characteristics of autosomal recessive traits  

10. Characteristics of X-linked dominant traits  

11. Intermediate lethal alleles  

12. Explain the inheritance of skin colour in humans 

13. Write a note on pleiotropy. 

Unit 2 (10 Marks) 

1. Explain the structure of eukaryotic chromosome 

2. Classify chromosomes on the basis of the position of centromere 

3. Explain any two mechanisms of chromosomal basis of sex determination 

4. Explain the inheritance of colour blindness in man 

5. Explain sex determination in honey bee and Drosophila 

 

 

 



  

Unit 2 (5 Marks)  

1. Describe the terms euchromatin and heterochromatin 

2. Write a note on polytene chromosomes 

3. Write a note on Lampbrush chromosomes 

4. Write a note on salivary gland chromosome of Drosophila 

5.  Write a note on Balbiani rings 

6.  Explain endomitosis 

7. Write a note on Gynandromorphs 

8. Explain the role of environment on sex determination 

9. Explain the role of hormones in sex determination 

10. Explain hypertrichosis 

11. Differentiate between sex limited and sex influenced genes 

12. Differentiate between human X and Y chromosomes 

13. Differentiate between autosomes and sex chromosomes 

14. Write a note on Lyons hypothesis 

15. What are Barr bodies? Give a scientific reason that Barr bodies are present only in women and 

not in men 

16. Give a scientific reason that Y chromosome is a sex determining chromosome in man 

17. Explain parthenogenesis 

18. Give scientific reason that the X-linked genes affect males more than females in human being 

 

Unit 3 (10 marks)  

1. Describe Griffith‘s transformation experiment 

2. Explain Avery, Macleod, McCarty‘s experiment 

3. Give an account of Hershey Chase experiment of bacteriophage infection 

4. Write a note on types of DNA 

5. Explain RNA as a genetic material 

6. Describe the process of DNA replication  

7. Explain in detail the process of transcription 

8. Explain in detail the process of translation  

9. What is gene expression? Describe the regulation of genes with lac operon model 

 



  

Unit 3 (5 Marks) 

1. Chemical composition of nucleic acid  

2. A and B DNA  

3. Plasmid  

4. Function of rRNA 

5. Function of mRNA  

6. Function of tRNA 

7. Genetic code  

8. One gene-one enzyme hypothesis  

9. Concept of operon  

10. ZDNA  

11. H DNA  

12. Chromosomal DNA in prokaryotes  

13. Mitochondrial DNA  

14. DNA in chloroplast  

  



  

 

MODEL QUESTION BANK SEMESTER – III 

Question bank is suggestive. The paper setters are free to modify the questions or include 

new questions to the best of their perception. 

 

USZO302 (COURSE-VI)  

Unit 1 (10 Marks)  

1. Explain in detail the digestive system of cockroach.  

2. Describe the digestive system of pigeon.  

3. With the help of a labeled diagram describe the structure and functions of ruminant stomach.  

4. Explain the physiology of digestion in cockroach.  

5. Give an account of the enzymes involved in the process of digestion in cockroach.  

6. With the help of a labeled diagram describe the structure of mammalian kidney.  

7. Give a detailed account of process of urine formation in man.  

 

Unit 1 (5 Marks)  

1. Write a note on nutritional apparatus in amoeba.  

2. Describe briefly gastrovascular cavity in hydra.  

3. Write a note on wheel-organ of Amphioxus.  

4. Write a note on structure of ruminant stomach.  

5. Write short note on digestion of proteins with respect to man.  

6. Write short note on digestion of carbohydrates with respect to man  

7. Write short note on digestion lipids with respect to man  

8. Write short note contractile vacuoles in protozoa.  

9. Write a note on flame cells.  

10. Describe briefly excretory and osmoregulatory structures in cockroach. 

11. Diagrammatic representation of structure of mammalian kidney.  

12. Write a note on Ammonotelic organisms.  

13. Write a note on Ureotelic organisms.  

14. Write a note on Uricotelic organisms.  

15. Schematic diagram of ultrafiltration in mammalian kidney.  

 

 



  

Unit 2 (10 Marks)  

1. Describe briefly air sacs in pigeon.  

2. Describe briefly the process of cellular respiration inhuman  

3. Describe briefly the process of respiration inhuman  

4. Give a brief account of types of circulating fluids present in animals.  

5. Describe briefly mechanism of working of heart.  

6. Describe briefly the heart of shark/fish.  

7. Describe briefly the heart of frog.  

8. Describe briefly heart of crocodile.  

9. Give a brief account of heart of man.  

 

Unit 2 (5 Marks)  

1. Write short note on cutaneous respiration.  

2. Write a note on book lungs in spider.  

3. Explain the structure of gills of bony fish  

4. Describe briefly lungs as respiratory organs in frog.  

5. Describe briefly lungs as respiratory organs in man.  

6. Write short note on open circulation.  

7. Write short note on closed circulation.  

8 Write a note on heart of cockroach  

10. Write a note on heart of earthworm 

 

Unit 3(10 Marks)  

1. Describe different types of neurons on the basis of structure and function.  

2. Explain conduction of nerve impulse. 

3. Briefly describe synaptic transmission.  

4. Explain Sol-Gel theory of amoeboid movement.  

5. Describe ciliary movement in Paramecium.  

6. Give an account on types of wings in insects.  

7. Describe different types of fins in fishes.  

8. Describe sliding filament theory.  

9. Describe briefly asexual reproduction in animals.  

10. Describe the structure and function of tube feet.  



  

11. Describe spermatogenesis.  

12. Describe oogenesis.  

13. Describe briefly the structure of mammalian gametes.  

14. Give a brief on types of fertilization. 

 

Unit 3 (5 Marks)  

1. Write a note on irritability in Paramecium.  

2. Write a note on resting potential of nerve membrane.  

3. Write a note on action potential of nerve membrane.  

4. Describe different types of neurons on the basis of structure.  

5. Describe briefly different types of neurons on the basis of functions.  

6. Describe the structure of synapse.  

7. Describe striated muscle fibre.  

8. Describe the structure of cilia.  

9. Give an account on types of legs in insects.  

10. Write a note on ovo-vivipariry.  

11. Write a note on viviparity.  

12. Write a note on oviparity.  

13. Describe the structure of mammalian egg.  

14. Describe the structure of mammalian sperm.  

15. Describe the formation of gemmule in sponges.  

16. Write a note on budding as asexual reproduction in animals. 

 

 

  



  

MODEL QUESTION BANK SEMESTER – III 

Question bank is suggestive. The paper setters are free to modify the questions or include 

new questions to the best of their perception. 

 

USZOE1303 (COURSE - VIIA) – Elective 1 

Unit 1 (10 marks each) 

1. How do honey bees communicate for foraging? 

2. What is classical conditioning? Explain with an example. 

3. What is imprinting? Explain different types of imprinting. 

4. What do you mean by animal learning? Describe any two types of learning. 

5. Describe the various ways in which ants communicate. 

6. What is the significance of mimicry and warning coloration? 

7. What is mimicry? Explain different types of mimicry with examples. 

8. What is displacement activity? In what situations do displacement activities occur?                         

Explain with examples. 

9. Comment on any two aspects of non-human primate social behaviour. 

 

Unit 1 (5 marks) 

i. Mimicry 

ii. Innate learning 

iii. Acquired learning 

iv. Warning colouration 

v. Imprinting 

vi. Classical Conditioning 

vii. Territorial behaviour 

viii. Schooling behaviour 

ix. Altruism 

x. Kinship 

xi. Displacement activities 

xii. Ritualization  

 

 

 



  

Unit 2 (10 Marks) 

1. Give an account of the life history and pathogenecity of the parasite causing amoebic      

dysentery. 

2. Describe the life history of Taenia solium. 

3. Give an account of parasitic adaptive features of Taenia solium. 

4. Give an account of the life history of Fasciola hepatica. 

5. Give an account of the life history of filarial worm and discuss its pathogenic effects. 

6. Describe the life history of bedbug and suggest some control measures. 

7. Give an account of the life history of Sarcoptes scabiei. 

8. Give an account of the life history of head louse Pediculus. 

9. What is bird flu? How it spreads and what are its symptoms? 

10. How would you control the transmission of anthrax among humans? 

11. How is anthrax transmitted to man? 

 

Unit 2 (5 Marks) 

1. Describe the structure of E. histolytica. 

2. Write a brief note on amoebiasis. 

3. Write a short note on pathogenecity of E. histolytica. 

4. Briefly describe the life cycle of E. histolytica. 

5. Illustrate the complete life history of T. solium with the help of diagram only. 

6. What is the effect of Fasciola on the hosts? 

7. Describe the life cycle of Wuchereria bancrofti. 

10. What is host specificity? 

11. What are the signs and symptoms of bird flu? 

12. How is rabies transmitted in human? 

13. What are the preventive measures to be taken to prevent infection of rabies virus? 

14. What is toxoplasmosis and what are its causes? 

15. Write notes on:  

i. Parasitic adaptations in endoparasites 

    ii. Cysticercus or bladder worm. 

    iii. Pathogenecity of Wuchereria 

    iv. Control measures of bedbug. 

    v. Types of hosts 



  

 

Unit 3 (10 Marks) 

1. What does the modern method of apiculture include? Explain in brief. 

2. How is an artificial bee hive constructed? 

3. How do you select the flora and bee species for apiculture? 

4. Enumerate the advantages of vermiculture 

5. Describe any two methods of vermiculture. 

6. Describe the processing of raw milk. 

7. Write a brief note on Type A1 and A2 cow milk. 

 

Unit 3 (5 Marks) 

1.  State the economic importance of honey and beeswax. 

2.  What are the disadvantages of the indigenous method of apiculture? 

3.  How does the wax moth cause damage to the honey comb? 

4.  Name any two bee enemies and explain how they harm the bees. 

5.  Give an account of the commonly found species of honey bee in India. 

6.  What are the advantages of the modern method of apiculture? 

7.  Which type of flora is beneficial for apiculture? 

8.   Which type of bee is suitable for apiculture? 

9.   What is the chemical composition of honey? 

10. What is the suitable material for culturing earthworms? 

11. What are the advantages of processing dairy products? 

12. What is whole milk and toned milk? How is toned milk prepared? 

 

  



  

MODEL QUESTION BANK SEMESTER – III 

Question bank is suggestive. The paper setters are free to modify the questions or include 

new questions to the best of their perception. 

 

USZOE2303 (COURSE - VIIB) 

Unit 1 10 mark each 

1. Give a brief account on exotic species used in aquarium. 

2. Give a brief account on endemic species used in aquarium. 

3. Give sexual dimorphism in fresh water fishes along with examples. 

4. Give sexual dimorphism in marine water fishes along with examples. 

5. Give a brief account on feed used in aquarium. 

6. Give a brief account on fish transportation in aquarium. 

 

Unit 2 (10 mark each) 

1. Explain agricultural pests along with suitable example. 

2. Explain household pests along with suitable example. 

3. Explain stored grains pests along with suitable example. 

4. Explain structural pests along with suitable example. 

5. Explain veterinary pests along with suitable example. 

6. Explain forestry pests along with suitable example. 

 

Unit 3(10 mark questions): 

1. Give a brief account on Blue Mormon butterfly and Striped Tiger butterfly 

2. Describe the behaviour of Octopus and spider as most dedicated mothers in the world. 

3. Describe marvellous characters of fan throated lizard and flying frog.  

4. Describe marvellous characters of Mantis shrimp. 

5. Give a brief account on Malabar giant squirrel  

6. Describe marvellous characters of the Purple (Joker) crab and lesser flamingo.  

7. Describe marvellous characters of the Stabbing Shark and Crime fighting gecko. 

8. Describe marvellous characters of the Gharial and the Matilda Viper 

 

 



  

Unit 1 (5 Marks) 

Write short note on:- 

1. Budgeting for setting up of an aquarium 

2. Fish packing 

3. Formulated fish feed 

4. Gold fish 

5. Molly 

6. Guppy 

 

Unit 2(5 Marks) 

Write short note on:- 

1. Jowar stem borer  

2. Brinjal fruit borer  

3. Aphids  

4. Rice weevil.  

5. Non-insect pests 

6. Cultural control of pests 

7.  Physical control of pests 

8.  Mechanical control of pests 

9.  Chemical control of pests 

10.  Biological control of pests 

11. Concept of IPM 

 

Unit 3(5 Marks) 

Write short note on the amazing characters in following amazing animals. 

1. Blue Mormon butterfly 

2. Striped Tiger butterfly 

3. Mudskipper 

4. Komodo dragon 

5. Pebble toad 

6. Lesser flamingo 

7. Great white pelican 

8. Drongo 



  

9. Malabar giant squirrel 

10. Cheetah 

11. Octopus 

 

 

 

  



  

MODEL QUESTION BANK SEMESTER - IV 

Question bank is suggestive. The paper setters are free to modify the questions 

or include new questions to the best of their perception  

 

USZO401 (COURSE - VIII) 

Unit 1 (10 Marks)  

1. Write explanatory notes on: 1. Lamarckism 2. Darwinism and Neo Darwinism 

3. Mutation Theory 4. Modern Synthetic theory 5. Weismann‘s germplasm theory  

2. Discuss evidences in favour of organic evolution by giving examples of geographical 

distribution 

3. Discuss evidences in favour of organic evolution by giving examples based on genetic 

studies. 

4. Discuss evidences in favour of organic evolution by giving examples based on 

physiological studies. 

5. Give a brief account on the  origin of eukaryotic cell 

 

Unit 1 (5 Marks)  

1. Describe Miller-Urey experiment simulating Chemical evolution. 

2. Describe chemical evolution as postulated by the Haldane and Oparin theory 

3. Write short notes on: 1. Mutation Theory 2. Modern Synthetic theory  

Unit 2 (10 Marks)  

1. Define the term ‗population genetics‘. Describe in brief the various evolutionary forces 

that tend to disturb genetic equilibrium and introduce changes in the gene pool of a 

population 

2. State Hardy Weinberg‘s law of equilibrium and discuss its salient features 

3. Give an account of the different factors involved in speciation 

4. Describe the different types of speciation 

5. Explain the role of geographic isolation in the development of new species 

6. Explain the role of reproductive isolation in the development of new species 

7. Discuss the pre-zygotic barriers responsible for reproductive isolation 



  

8. Discuss the post-zygotic barriers which lead to reproductive isolation 

9. Describe the sources of genetic variation in natural populations 

10. Explain the nature and extent of genetic variation within populations 

11. Describe the mechanisms that preserve balanced polymorphisms 

12. Describe the salient features of microevolution 

13. Compare and contrast microevolution and macroevolution 

14. Explain the salient features of macroevolution 

15. Give an account of the different patterns of macroevolution 

16. Elaborate on the role of adaptive radiation and extinction in macroevolution 

17. What do you understand by the term natural selection? Describe the different types of  

natural selection with suitable examples 

18. What is megaevolution? Explain the mechanism of megaevolution using a suitable 

example 

 

Unit 2(5 Marks)  

1. Explain the term ‗gene pool‘. How does evolution operate via the gene pools of 

populations? 

2. Differentiate between:  

a. Allopatric and Sympatric speciation  

b. Biological and evolutionary species  

c. Microevolution and macroevolution  

d. Stabilizing selection and disruptive selection  

3. Explain stabilizing selection with the help of a suitable example 

4. How does the example of sickle cell allele illustrate heterozygote advantage? 

5. How does frequency-dependent selection affect genetic variation within a population over 

time? 

6. Write short notes on:  

a. Role of mutations in evolution  

b. Role of migration in evolution  

c. Non-random mating  

d. Role of natural selection in evolution  

e. Genetic drift  



  

f. Bottleneck effect  

g. Founder effect  

h. Directional evolution in peppered moth  

i. Evolution of Antibiotic resistance in bacteria  

j. Geographic variation  

k. Genetic polymorphism  

l. Parapatric speciation  

m. Adaptive radiation  

7. What is the biological species concept? What are its limitations? How does it differ from 

the evolutionary species concept? 

8. Explain the concept of coevolution using suitable examples  

Unit 3 (10 Marks)  

1. Describe briefly, the steps towards preparing a research design 

2. Describe literature survey, collection of data and its analysis 

3. What is a patent and how is it obtained?  

4. Write an account on application of statistics in research 

Unit 3 (5 Marks)  

1. Define research. State the difference between research method and research methodology 

2. Write a note on computer application in research 

3. Describe briefly identification of research problem and formulation of research hypothesis 

4. Write a note on abstract writing?  

5. Write a note on plagiarism?  

6. Write a note on bibliography?  

7. Write a short note on ethics in scientific research 

 

 

  



  

MODEL QUESTION BANK SEMESTER - IV 

Question bank is suggestive. The paper setters are free to modify the questions 

or include new questions to the best of their perception  

 

USZO402 (COURSE - IX)  

Unit 1 (10 Marks)  

1. Explain prokaryotic cell.  

2. Explain Eukaryotic cell.  

3. Give an account of cell theory.  

4. Describe the ultrastructure of nuclear membrane.  

5. State the chemical composition and functions of nucleolus.  

6. Describe nucleocytoplasmic interactions. 

7. Describe fluid mosaic model of plasma membrane.  

8. Give an account of active and passive transport  

9. Describe various modifications of plasma membrane  

11. Explain endocytosis and exocytosis  

12. Give an account on cell permeability  

13. Differentiate prokaryotic and eukaryotic cell 

 

Unit 1 (5 Marks)  

Write a short note on: 

1. Virus 

2. Nuclear matrix  

3. Number and position of nucleus. 

4. Nucleolus  

5. Membrane receptors  

 

Unit 2 (10 Marks)  

1. Write a note on structural organization & importance of endomembrane system.  

2. Describe ultrastructure of Endoplasmic Reticulum  

3. Describe the types and functions of ER.  

4. Give an account of ultrastructure and functions of Golgi complex.  

5. Write an essay on functions of Golgi complex.  



  

6. Give an account of polymorphism in lysosomes.  

7. Write an essay on peroxisomes.  

8. Describe the structure and chemical composition of mitochondria.  

9. Write a note on mitochondria as powerhouse of the cell.  

10. Describe the major functions of mitochondria.  

 

Unit 2 (5 Marks)  

1. Importance of endomembrane system  

2. Write a short note on biogenesis of endomembrane system  

3. Functions of Rough Endoplasmic Reticulum  

4. Functions of Smooth Endoplasmic Reticulum  

5. Structure of Golgi complex  

6. Chemical composition of Golgi complex  

7. Lipid & polysaccharide metabolism in Golgi complex  

8. Secretion and protein sorting by Golgi complex  

9. Write a brief note on GAAP  

10. Write a brief note on protein glycosylation by Golgi complex  

11. Origin and functions of lysosomes  

12. Write a short note on peroxisomes  

13. Structure of mitochondria  

14. Chemical composition of mitochondria  

15. Write a short note on ATP 

16. Write a short note on glycolysis 

17. Write a short note on Kreb‘s cycle  

18. Write a short note on oxidative phosphorylation  

 

Unit 3 (10 Marks)  

1. Explain the concept of micromolecules and macromolecules.  

2. Define carbohydrate. Add a note on its classification.  

3. What are carbohydrates? Classify carbohydrate with suitable examples.  

4. Explain with suitable example monosaccharide and disaccharide.  

5. Discuss the properties of carbohydrates.  

6. Explain oligosaccharides with suitable examples.  



  

7. What are polysaccharides? How are they classified? Write the structures of glycogen and 

heparin/ chitin and heparin.  

8. Discuss about chemical structure of the monosaccharides / disaccharides.  

9. What are amino acids? Classify amino acids based on functional group.  

10. Give an account of primary and secondary structure of proteins.  

11. Write an account on tertiary and quaternary structure of proteins.  

12. Describe the structure of saturated and unsaturated fatty acids.  

13. What are fatty acids? Add a note on types of fatty acids.  

14. Describe the structure and functions of water soluble vitamins.  

15. Describe the structure and functions of lipid soluble vitamins.  

 

Unit 3 (5 Marks)  

1. Write a short note on monomers and polymers.  

2. Write note on properties of carbohydrates.  

3. Give an account of polysaccharides.  

4. With suitable example explain glycosidic bond.  

5. Explain the linkage in lactose and sucrose.  

6. Give the biological importance of carbohydrates.  

7. What are essential and nonessential amino acids?  

8. Give an account of properties of amino acids.  

9. Define and explain peptide bond with suitable example.  

10. Explain the different types of proteins with suitable examples.  

11. Explain the biological role of proteins.  

12. Peptide bond  

13. Types of fatty acids.  

14. Biological role of lipids  

15. Sterols 

17. Describe properties of lipids.  

18. Discuss the clinical significance of protein / carbohydrate.  

19. Write short note on clinical significance of lipids.  

20. Write a note on isomerism in carbohydrates/amino acids. 

21. Describe the structure and functions of vitamin A/ vitamin B/ vitamin C/ vitamin D. 

 



  

MODEL QUESTION BANK SEMESTER - IV 

Question bank is suggestive. The paper setters are free to modify the questions 

or include new questions to the best of their perception  

 

USZOE1403 (COURSE - XA) – Elective 1 

Unit-1 (10 Marks)  

1) Classify the different types of eggs. 

2) Briefly explain types and structure of sperms (any two animals). 

3) Define cleavage Explain types of cleavages. 

4) Give brief account on various types of blastulae. 

5) What is gastrulation? Explain gastrulation in frog. 

6) Give an account of process of coelom formation and its types 

Unit-1 (5 Marks)  

1) Draw neat labeled diagram and explain any one of the following: 

(Microlecithal, Alecithal, Homolecithal, Heterolecithal, Isolecithal, Telolecithal, 

Centrolecithal, Discoidal). 

2) Explain structure of sperm of frog/ reptile/ bird/ mammal. 

3) Short note on holoblastic cleavage/ meroblastic cleavage. 

4) Short note on equal or unequal cleavage. 

5) Short note on discoblastula /coeloblastula. 

6) Short note on centroblastula /amphiblastula /stereoblaastula, 

7) Explain the process of coelom formation 

8) Explain the process of gastrulation. 

 

Unit 2 (10 Marks) 

1. Describe male reproductive system and its hormonal regulation. 

2. Describe female reproductive system and its hormonal regulation. 

3. Define reproduction. Explain the hormonal regulation of reproduction. 

4. What is contraception? Explain different methods of contraception. 

5. Explain the various measures of birth control. 

6. Define infertility and explain the causes of female infertility. 

7. What are the causes of male infertility? 

8. Explain the hormonal treatment for infertility using drugs. 



  

9. Describe the methods of treatment of infertility. 

10. Give a brief account of infertility related disorders. 

11. What are sperm banks? Add a note on cryopreservation of sperms. 

12. What is testicular biopsy? Explain Testicular sperm extraction (TESE), Pronuclear 

stage transfer (PROST).  

13. What are the steps involved in Embryo transfer (ET) and / Intra-fallopian transfer 

(IFT)/IVF? Add a note on its ethics. 

Unit 2 (5 Marks) 

1. Write a note on impact of age on reproductive stage – 

a. Menopause 

b. Andropause 

2. Write a note on amenorrhea. 

3. How does sterilization act as a method of contraception? 

4. Write a note on birth control. 

5. What is the difference between natural and artificial methods of contraception? 

6. How is T.B. a cause of female infertility? 

7. What are the genetic causes of infertility? 

8. Write a note on STD‘s as infertility related disorders? 

9.  What are the roles of endocrine disruptions in infertility? 

10. Explain the role of the following in infertility:  

a. Gonorrhoea 

b. Syphilis 

c. Genital Herpes  

d. Chlamydia 

11. Write a note on treatment of infertility by removal of causative environmental 

factors. 

Unit 3 (10 Marks) 

1. What are the causes, effects and control measures for air pollution? 

2. What are the causes, effects and control measures for water pollution? 

3. What are the causes, effects and control measures for soil pollution? 

4. What are the causes, effects and control measures for sound pollution? 

5. Define air pollution and give an account of hazardous air pollutants. 



  

6. What is ocean littering? Explain in detail the causes and control measures for 

ocean littering? 

7. Describe the alteration of metabolism of micro-organisms due to soil pollution. 

8. Explain sound pollution along with its measurement and permissible limits. 

9. Give a brief account of methods to control gaseous / particulate matters. 

10. What is pollution? Add notes on: 

a. Effect of air pollution on vegetation. 

b. Effect of sound pollution on animals. 

Unit 3 (5 Marks) 

1. Explain the effects of air pollution on human beings. 

2. What are different types of pollutants that cause air pollution? 

3. Write short notes on: 

a. Ozone depletion 

b. Green house gases 

c. Global warming 

d. Acid rain 

e. Sonic boom 

f. Acoustic zoning 

4. Explain the effect of thermal pollution on biodiversity. 

5. Write a note on ionizing radiation 

6. How is oil spill becomes a cause of water pollution / ocean littering? 

7. How do pesticides and fertilizers contaminate water? 

8. How can oil be retracted back from sea / ocean? 

9. What are the effects of soil pollution on food chain? 

10.  What are the auditory / non – auditory effects of sound pollution? 

 

  



  

MODEL QUESTION BANK SEMESTER - IV 

Question bank is suggestive. The paper setters are free to modify the questions 

or include new questions to the best of their perception  

 

USZOE2403 (COURSE - XB) – Elective 2 

Unit 1 (10 Marks) 

1. Give in brief different indigenous breed of cattle with a suitable example. 

2. Give in brief different exotic breeds of cattle with a suitable example. 

3. Give in brief different breed of buffalo with a suitable example. 

4. Give in brief different housing types in dairy farm. 

5. Explain different types of diseases in cattle and add a note on its control. 

 

Unit 1(05 Marks) 

Write short note on  

1. Malvi 

2. Hariyana 

3. Deoni 

4. Red sindhi 

5. Khillari 

6. Jersy 

7. Holstein 

8. Nagpuri 

9. Bhadawari 

10. Murrah 

11. Jafrabadi 

12. Weaning of calf 

13. Castration 

14. Dehorning 

15. Cleaning and sanitation. 

Unit 2 (10 Marks) 

1. Give in brief life history of silkworm. 

2. Give in brief reeling and extraction of silk. 

3. Give in brief diseases and control measures in sericulture. 



  

4. Give in brief harvesting and processing of cocoon. 

Unit 2 (5 Marks) 

1. Varieties of silkworm 

2. Rearing of silkworm 

3. Silk extraction 

4. Host plants for sericulture 

Unit 3 (10 Marks) 

1. Give an account on pisciculture, add a note on finfish culture 

2. Explain monoculture with respect to aquaculture 

3. Explain polyculture with respect to polyculture 

4. Give an account on fresh water prawn culture  

5. Give an account on pearl culture. 

Unit 3 (5 Marks) 

 Write short notes on:- 

1. Composition of pearl 

2. White shrimp culture 

3. Cage culture 

4. Fish diseases 

5. Symptoms of diseases 

6. Control of diseases 

 

-----------------------The End------------------------- 
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1. Preamble 
 
 

The University of Mumbai has brought into force the revised syllabi as per the Choice Based 
Credit System (CBCS) for the Second year B. Sc / B. A. Programme in Mathematics from the 
academic year 2021-2022. Mathematics has been fundamental to the development of science 
and technology. In recent decades, the extent of application of Mathematics to real world 
problems has increased by leaps and bounds. Taking into consideration the rapid changes in 
science and technology and new approaches in different areas of mathematics and related 
subjects like Physics, Statistics and Computer Sciences, the board of studies in Mathematics 
with concern of teachers of Mathematics from different colleges affiliated to University of 
Mumbai has prepared the syllabus of S.Y.B. Sc. / S. Y. B. A. Mathematics. The present syllabi 
of S. Y. B. Sc. for Semester III and Semester IV has been designed as per U. G. C. Model 
curriculum so that the students learn Mathematics needed for these branches, learn basic 
concepts of Mathematics and are exposed to rigorous methods gently and slowly. The syllabi of 
S. Y. B. Sc. / S. Y. B. A. would consist of two semesters and each semester would comprise of 
three courses and one practical course for S. Y. B. Sc Mathematics and two courses and one 
practical course for each semester for S. Y. B. A. Mathematics.  
 

Aims and Objectives : 
 
(1) Give the students a sufficient knowledge of fundamental principles, methods and a clear 
perception of innumerous power of mathematical ideas and tools and know how to use them by 
modeling, solving and interpreting. 
 
(2) Reflecting the broad nature of the subject and developing mathematical tools for continuing 
further study in various fields of science. 
 
(3) Enhancing students' overall development and to equip them with mathematical modeling 
abilities, problem solving skills, creative talent and power of communication necessary for 
various kinds of employment.  
 
(4) A student should get adequate exposure to global and local concerns that explore them 
many aspects of Mathematical Sciences  
 

2. Programme Outcomes: 
 

(1) Enabling students to develop positive attitude towards mathematics as an interesting 
and valuable subject 

(2) Enhancing students overall development and to equip them with mathematical 
modeling, abilities, problem solving skills, creative talent and power of communication. 

(3) Acquire good knowledge and understanding in advanced areas of mathematics and 
statistics.  
    

  

3. Course outcomes: 
 

1. Calculus (Sem III) & Multivariable Calculus I(Sem IV): This course gives introduction to 
basic concepts of Analysis with rigor and prepares students to study further courses in 



Analysis. Formal proofs are given lot of emphasis in this course which also enhances 
understanding of the subject of Mathematics as a whole.  
 

2. Linear Algebra I ( Sem III) & Linear Algebra II (Sem IV): This course gives expositions to 
system of linear equations and matrices, Vector spaces, Basis and dimension, Linear 
Transformation, Inner product space, Eigen values and eigenvectors. 

 
3. Ordinary Differential Equations ( Sem III) prepares learner to get solutions of so many 

kinds of problems in all subjects of Science and also prepares learner for further studies 
of differential equations and related fields.  

 
4. Numerical Methods and Statistical Methods: Lerner will learn different types of Numerical 

methods and statistical methods to apply in different fields of Mathematics.   
 



(UNIVERSITY OF MUMBAI)

Syllabus for: S.Y.B.Sc./S.Y.B.A.
Program: B.Sc./B/A.
Course: Mathematics

Choice based Credit System (CBCS)
with effect from the

academic year 2021-22
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4. Course structure with minimum Credits and Lectures/ Week

SEMESTER III

Calculus III

Course Code UNIT TOPICS Credits L/Week

USMT 301, UAMT 301
I Infinite Series

2 3II Riemann Integration
III Applications of Integrations and

Improper Integrals

Linear Algebra I

USMT 302 ,UAMT 302
I System of Equations and Matrices

2 3II Vector Spaces over IR
III Determinants, Linear Equations (Revisited)

ORDINARY DIFFERENTIAL EQUATIONS

USMT 303
I Higher Order linear Differential Equations

2 3II Systems of First Order
Linear differential equations

III Numerical Solutions of Ordinary
Differential Equations

PRACTICALS

USMTP03
Practicals based on

3 5
USMT301, USMT 302 and USMT 303

UAMTP03
Practicals based on

2 4
UAMT301, UAMT 302
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SEMESTER IV

Multivariable Calculus I

Course Code UNIT TOPICS Credits L/Week

USMT 401, UAMT 401

I Functions of several variables

2 3
II Differentiation of Scalar Fields
III Applications of Differentiation of

Scalar Fields and Differentiation of
Vector Fields

Linear Algebra II

USMT 402 ,UAMT 402

I Linear transformation, Isomorphism,
2 3Matrix associated with L.T.

II Inner product spaces
III Eigen values, eigen vectors,

diagonalizable matrix

Numerical methods (Elective A)

USMT 403A

I Solutions of algebraic and
2 3transcendental equations

II Interpolation, Curve fitting,
Numerical integration

III Solutions of linear system
of Equations and eigen value problems

Statistical methods an their applications(Elective B)

USMT 403B

I Descriptive Statistics and
2 3random variables

II Probability Distribution and
Correlation

III Inferential Statistics

PRACTICALS

USMTP04
Practicals based on

3 5
USMT401, USMT 402 and USMT 403

UAMTP04
Practicals based on

2 4
UAMT401, UAMT 402



4

5. Teaching Pattern for Semester III & IV

Teaching Pattern for Semester III

1. Three lectures per week per course. Each lecture is of 48 minutes duration.

2. One Practical (2L) per week per batch for courses USMT301, USMT 302 combined and
one Practical (3L) per week for course USMT303 (the batches tobe formed as prescribed
by the University. Each practical session is of 48 minutes duration.)

Teaching Pattern for Semester IV

1. Three lectures per week per course. Each lecture is of 48 minutes duration.

2. One Practical (2L) per week per batch for courses USMT301, USMT 302 combined and
one Practical (3L) per week for course USMT303 (the batches to be formed as prescribed
by the University. Each practical session is of 48 minutes duration.)

6. Consolidated Syllabus for Semester III & IV

Semester-III

Note: Unless indicated otherwise, proofs of the results mentioned in the syllabus should be
covered.

USMT301/ UAMT301: Calculus III

Unit I. Infinite Series (15 Lectures)

1. Infinite series in R. Definition of convergence and divergence. Basic examples including

geometric series. Elementary results such as if

∞∑
n=1

an is convergent, then an −→ 0 but

converse not true. Cauchy Criterion. Algebra of convergent series.

2. Tests for convergence: Comparison Test, Limit Comparison Test, Ratio Test (without
proof), Root Test (without proof), Abel Test (without proof) and Dirichlet Test (without

proof). Examples. The decimal expansion of real numbers. Convergence of
∞∑
n=1

1

np
(p > 1).

Divergence of harmonic series

∞∑
n=1

1

n
.

3. Alternating series. Leibnitz’s Test. Examples. Absolute convergence, absolute conver-
gence implies convergence but not conversely. Conditional Convergence.

Unit II. Riemann Integration (15 Lectures)

1. Idea of approximating the area under a curve by inscribed and circumscribed rectangles.
Partitions of an interval. Refinement of a partition. Upper and Lower sums for a bounded
real valued function on a closed and bounded interval. Riemann integrability and the
Riemann integral.
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2. Criterion for Riemann integrability. Characterization of the Riemann integral as the limit
of a sum. Examples.

3. Algebra of Riemann integrable functions. Also, basic results such as if f : [a, b] −→ R

is integrable, then (i)

∫ b

a
f(x) dx =

∫ c

a
f(x) dx +

∫ b

c
f(x) dx. (ii) |f | is integrable and∣∣∣ ∫ b

a
f(x) dx

∣∣∣ ≤ ∫ b

a
|f |(x) dx (iii) If f(x) ≥ 0 for all x ∈ [a, b] then

∫ b

a
f(x) dx ≥ 0.

4. Riemann integrability of a continuous function, and more generally of a bounded function
whose set of discontinuities has only finitely many points. Riemann integrability of mono-
tone functions.

Unit III. Applications of Integrations and Improper Integrals (15 lectures)

1. Area between the two curves. Lengths of plane curves. Surface area of surfaces of revolu-
tion.

2. Continuity of the function F (x) =

∫ x

a
f(t) dt, x ∈ [a, b], when f : [a, b] −→ R is Riemann

integrable. First and Second Fundamental Theorems of Calculus.

3. Mean value theorem. Integration by parts formula. Leibnitz’s Rule.

4. Definition of two types of improper integrals. Necessary and sufficient conditions for
convergence.

5. Absolute convergence. Comparison and limit comparison tests for convergence.

6. Gamma and Beta functions and their properties. Relationship between them (without
proof).

Reference Books

1. Sudhir Ghorpade, Balmohan Limaye; A Course in Calculus and Real Analysis (second
edition); Springer.

2. R.R. Goldberg; Methods of Real Analysis; Oxford and IBH Pub. Co., New Delhi, 1970.

3. Calculus and Analytic Geometry (Ninth Edition); Thomas and Finney; Addison-Wesley,
Reading Mass., 1998.

4. T. Apostol; Calculus Vol. 2; John Wiley.

Additional Reference Books

1. Ajit Kumar, S.Kumaresan; A Basic Course in Real Analysis; CRC Press, 2014

2. D. Somasundaram and B.Choudhary; A First Course in Mathematical Analysis, Narosa,
New Delhi, 1996.

3. K. Stewart; Calculus, Booke/Cole Publishing Co, 1994.

4. J. E. Marsden, A.J. Tromba and A. Weinstein; Basic Multivariable Calculus; Springer.
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5. R.G. Brtle and D. R. Sherbert; Introduction to Real Analysis Second Ed. ; John Wiley,
New Yorm, 1992.

6. M. H. Protter; Basic Elements of Real Analysis; Springer-Verlag, New York, 1998.

USMT/UAMT 302: Linear Algebra I

Unit I. System of Equations, Matrices (15 Lectures)

1. Systems of homogeneous and non-homogeneous linear equations, Simple examples of find-
ing solutions of such systems. Geometric and algebraic understanding of the solutions.
Matrices (with real entries), Matrix representation of system of homogeneous and non-
homogeneous linear equations. Algebra of solutions of systems of homogeneous linear
equations. A system of homogeneous linear equations with number of unknowns more
than the number of equations has infinitely many solutions.

2. Elementary row and column operations. Row equivalent matrices. Row reduction (of a
matrix to its row echelon form). Gaussian elimination. Applications to solving systems of
linear equations. Examples.

3. Elementary matrices. Relation of elementary row operations with elementary matrices.
Invertibility of elementary matrices. Consequences such as (i) a square matrix is invertible
if and only if its row echelon form is invertible. (ii) invertible matrices are products of
elementary matrices. Examples of the computation of the inverse of a matrix using Gauss
elimination method.

Unit II. Vector space over R (15 Lectures)

1. Definition of a vector space over R. Subspaces; criterion for a nonempty subset to be
a subspace of a vector space. Examples of vector spaces, including the Euclidean space
Rn, lines, planes and hyperplanes in Rn passing through the origin, space of systems of
homogeneous linear equations, space of polynomials, space of various types of matrices,
space of real valued functions on a set.

2. Intersections and sums of subspaces. Direct sums of vector spaces. Quotient space of a
vector space by its subspace.

3. Linear combination of vectors. Linear span of a subset of a vector space. Definition of a
finitely generated vector space. Linear dependence and independence of subsets of a vector
space.

4. Basis of a vector space. Basic results that any two bases of a finitely generated vector
space have the same number of elements. Dimension of a vector space. Examples. Bases
of a vector space as a maximal linearly independent sets and as minimal generating sets.

Unit III. Determinants, Linear Equations (Revisited) (15 Lectures)

1. Inductive definition of the determinant of a n × n matrix ( e. g. in terms of expansion
along the first row). Example of a lower triangular matrix. Laplace expansions along an
arbitrary row or column. Determinant expansions using permutations(

det(A) =
∑
σ∈Sn

sign(σ)

n∏
i=1

aσ(i),i

)
.
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2. Basic properties of determinants (Statements only); (i) detA = detAT . (ii) Multilinearity
and alternating property for columns and rows. (iii) A square matrix A is invertible if
and only if detA 6= 0. (iv) Minors and cofactors. Formula for A−1 when detA 6= 0. (v)
det(AB) = detAdetB.

3. Row space and the column space of a matrix as examples of vector space. Notion of row
rank and the column rank. Equivalence of the row rank and the column rank. Invariance
of rank upon elementary row or column operations. Examples of computing the rank using
row reduction.

4. Relation between the solutions of a system of non-homogeneous linear equations and the
associated system of homogeneous linear equations. Necessary and sufficient condition
for a system of non-homogeneous linear equations to have a solution [viz., the rank of
the coefficient matrix equals the rank of the augmented matrix [A|B]]. Equivalence of
statements (in which A denotes an n× n matrix) such as the following.

(i) The system Axxx = bbb of non-homogeneous linear equations has a unique solution.

(ii) The system Axxx = 000 of homogeneous linear equations has no nontrivial solution.

(iii) A is invertible.

(iv) detA 6= 0.

(v) rank(A) = n.

5. Cramers Rule. LU Decomposition. If a square matrix A is a matrix that can be reduced
to row echelon form U by Gauss elimination without row interchanges, then A can be
factored as A = LU where L is a lower triangular matrix.

Reference books

1 Howard Anton, Chris Rorres, Elementary Linear Algebra, Wiley Student Edition).

2 Serge Lang, Introduction to Linear Algebra, Springer.

3 S Kumaresan, Linear Algebra - A Geometric Approach, PHI Learning.

4 Sheldon Axler, Linear Algebra done right, Springer.

5 Gareth Williams, Linear Algebra with Applications, Jones and Bartlett Publishers.

6 David W. Lewis, Matrix theory.

USMT303: Ordinary Differential Equations

Unit I. Higher order Linear Differential equations (15 Lectures)

1. The general n−th order linear differential equations, Linear independence, An existence
and uniqueness theorem, the Wronskian, Classification: homogeneous and non-homogeneous,
General solution of homogeneous and non-homogeneous LDE, The Differential operator
and its properties.

2. Higher order homogeneous linear differential equations with constant coefficients, the aux-
iliary equations, Roots of the auxiliary equations: real and distinct, real and repeated,
complex and complex repeated.
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3. Higher order homogeneous linear differential equations with constant coefficients, the
method of undermined coefficients, method of variation of parameters.

4. The inverse differential operator and particular integral, Evaluation of
1

f(D)
for the func-

tions like eax, sin ax, cos ax, xm, xm sin ax, xm cos ax, eaxV and xV where V is any function
of x,

5. Higher order linear differential equations with variable coefficients:

The Cauchy’s equation: x3
d3y

dx3
+ x2

d2y

dx2
+ x

dy

dx
+ y = f(x) and

The Legendre’s equation: (ax+ b)3
d3y

dx3
+ (ax+ b)2

d2y

dx2
+ (ax+ b)

dy

dx
+ y = f(x).

Reference Books

1. Units 5, 6, 7 and 8 of E.D. Rainville and P.E. Bedient; Elementary Differential Equations;
Macmillan.

2. Units 5, 6 and 7 of M.D. Raisinghania; Ordinary and Partial Differential Equations; S.
Chand.

Unit II. Systems of First Order Linear Differential Equations (15 Lectures)

(a) Existence and uniqueness theorem for the solutions of initial value problems for a system
of two first order linear differential equations in two unknown functions x, y of a single

independent variable t, of the form


dx

dt
= F (t, x, y)

dy

dt
= G(t, x, y)

(Statement only).

(b) Homogeneous linear system of two first order differential equations in two unknown func-

tions of a single independent variable t, of the form


dx

dt
= a1(t)x+ b1(t)y,

dy

dt
= a2(t)x+ b2(t)y.

.

(c) Wronskian for a homogeneous linear system of first order linear differential equations in
two functions x, y of a single independent variable t. Vanishing properties of the Wronskian.
Relation with linear independence of solutions.

(d) Homogeneous linear systems with constant coefficients in two unknown functions x, y of
a single independent variable t. Auxiliary equation associated to a homogenous system
of equations with constant coefficients. Description fo the general solution depending on
the roots and their multiplicities of the auxiliary equation, proof of independence of the
solutions. Real form of solutions in case the auxiliary equation has complex roots.

(e) Non-homogeneous linear system of linear system of two first order differential equations
in two unknown functions of a single independent variable t, of the form
dx

dt
= a1(t)x+ b1(t)y + f1(t),

dy

dt
= a2(t)x+ b2(t)y + f2(t).

General Solution of non-homogeneous system. Relation between the solutions of a system
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of non-homogeneous linear differential equations and the associated system of homoge-
neous linear differential equations.

Reference Books

1. G.F. Simmons; Differential Equations with Applications and Historical Notes; Taylor’s
and Francis.

Unit III. Numerical Solution of Ordinary Differential Equations (15 lectures)

1. Numerical Solution of initial value problem of first order ordinary differential equation
using:

(i) Taylor’s series method,

(ii) Picard’s method for successive approximation and its convergence,

(iii) Euler’s method and error estimates for Euler’s method,

(iv) Modified Euler’s Method,

(v) Runge-Kutta method of second order and its error estimates,

(vi) Runge-Kutta fourth order method.

2. Numerical solution of simultaneous and higher order ordinary differential equation using:

(i) Runge-Kutta fourth order method for solving simultaneous ordinary differential equa-
tion,

(ii) Finite difference method for the solution of two point linear boundary value problem.

Reference Books

1. Units 8 of S. S. Sastry, Introductory Methods of Numerical Analysis, PHI.

Additional Reference Books

1. E.D. Rainville and P.E. Bedient, Elementary Differential Equations, Macmillan.

2. M.D. Raisinghania, Ordinary and Partial Differential Equations, S. Chand.

3. G.F. Simmons, Differential Equations with Applications and Historical Notes, Taylor’s
and Francis.

4. S. S. Sastry, Introductory Methods of Numerical Analysis, PHI.

5. K. Atkinson, W.Han and D Stewart, Numerical Solution of Ordinary Differential Equa-
tions, Wiley.

xxxxxx

USMT P03 / UAMT P03: Practicals

Suggested Practicals for USMT 301/ UAMT 301
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1. Examples of convergent / divergent series and algebra of convergent series.

2. Tests for convergence of series.

3. Calculation of upper sum, lower sum and Riemann integral.

4. Problems on properties of Riemann integral.

5. Problems on fundamental theorem of calculus, mean value theorems, integration by parts,
Leibnitz rule.

6. Convergence of improper integrals, different tests for convergence. Beta Gamma Functions.

7. Miscellaneous Theoretical Questions based on full paper.

Suggested Practicals for USMT302 / UAMT 302

1. Systems of homogeneous and non-homogeneous linear equations.

2. Elementary row/column operations and Elementary matrices.

3. Vector spaces, Subspaces.

4. Linear Dependence/independence, Basis, Dimension.

5. Determinant and Rank of a matrix.

6. Solution to a system of linear equations, LU decomposition

7. Miscellaneous Theory Questions.

8. Miscellaneous theory questions from units I, II and III.

Suggested Practicals For USMT 303

1. Finding the general solution of homogeneous and non-homogeneous higher order linear
differential equations.

2. Solving higher order linear differential equations using method of undetermined coefficients
and method of variation of parameters.

3. Solving a system of first order linear ODES have auxiliary equations with real and complex
roots.

4. Finding the numerical solution of initial value problems using Taylor’s series method,
Picard’s method, modified Euler’s method, Runge-Kutta method of fourth order and cal-
culating their accuracy.

5. Finding the numerical solution of simultaneous ordinary differential equation using fourth
order Runge-Kutta method.

6. Finding the numerical solution of two point linear boundary value problem using Finite
difference method.

xxxxxx
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Semester-IV

Note: Unless indicated otherwise, proofs of the results mentioned in the syllabus should be
covered.

USMT 401/ UAMT 401: Multivariable Calculus I

UNIT I. Functions of Several Variables (15 Lectures)

1. Review of vectors in Rn [with emphasis on R2 and R3] and basic notions such as addition
and scalar multiplication, inner product, length (norm), and distance between two points.

2. Real-valued functions of several variables (Scalar fields). Graph of a function. Level sets
(level curves, level surfaces, etc). Examples. Vector valued functions of several variables
(Vector fields). Component functions. Examples.

3. Sequences, Limits and Continuity: Sequence in Rn [with emphasis on R2 and R3] and
their limits. Neighbourhoods in Rn. Limits and continuity of scalar fields. Composition
of continuous functions. Sequential characterizations. Algebra of limits and continuity
(Results with proofs). Iterated limits.
Limits and continuity of vector fields. Algebra of limits and continuity vector fields.
(without proofs).

4. Partial and Directional Derivatives of scalar fields: Definitions of partial derivative and
directional derivative of scalar fields (with emphasis on R2 and R3). Mean Value Theorem
of scalar fields.

UNIT II. Differentiation of Scalar Fields (15 Lectures)

1. Differentiability of scalar fields (in terms of linear transformation). The concept of (total)
derivative. Uniqueness of total derivative of a differentiable function at a point. Examples
of functions of two or three variables. Increment Theorem. Basic properties including
(i) continuity at a point of differentiability, (ii)existence of partial derivatives at a point
of differentiability, and (iii) differentiability when the partial derivatives exist and are
continuous.

2. Gradient. Relation between total derivative and gradient of a function. Chain rule.
Geometric properties of gradient. Tangent planes.

3. Euler’s Theorem.

4. Higher order partial derivatives. Mixed Partial Theorem (n=2).

UNIT III. Applications of Differentiation of Scalar Fields and Differentiation of
Vector Fields (15 lectures)

1. Applications of Differentiation of Scalar Fields: The maximum and minimum rate of
change of scalar fields. Taylor’s Theorem for twice continuously differentiable functions.
Notions of local maxima, local minima and saddle points. First Derivative Test. Examples.
Hessian matrix. Second Derivative Test for functions of two variables. Examples. Method
of Lagrange Multipliers.
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2. Differentiation of Vector Fields: Differentiability and the notion of (total) derivative. Dif-
ferentiability of a vector field implies continuity, Jacobian matrix. Relationship between
total derivative and Jacobian matrix. The chain rule for derivative of vector fields (state-
ments only).

Reference books

1. T. Apostol; Calculus, Vol. 2 (Second Edition); John Wiley.

2. Sudhir Ghorpade, Balmohan Limaye; A Course in Multivariable Calculus and Analysis
(Second Edition); Springer.

3. Walter Rudin; Principles of Mathematical Analysis; McGraw-Hill, Inc.

4. J. E. Marsden, A.J. Tromba and A. Weinstein, Basic Multivariable Calculus; Springer.

5. D.Somasundaram and B.Choudhary; A First Course in Mathematical Analysis, Narosa,
New Delhi, 1996.

6. K. Stewart; Calculus; Booke/Cole Publishing Co, 1994.

Additional Reference Books

1. Calculus and Analytic Geometry, G.B. Thomas and R. L. Finney, (Ninth Edition); Addison-
Wesley, 1998.

2. Howard Anton; Calculus- A new Horizon,(Sixth Edition); John Wiley and Sons Inc, 1999.

3. S L Gupta and Nisha Rani; Principles of Real Analysis; Vikas Publishing house PVT LTD.

4. Shabanov, Sergei; Concepts in Calculus, III: Multivariable Calculus; University Press of
Florida, 2012.

5. S C Malik and Savita Arora; Mathematical Analysis; New Age International Publishers.

xxxxxx

USMT402/UAMT402: Linear Algebra II

UNIT I. Linear Transformations

1. Definition of a linear transformation of vector spaces; elementary properties. Examples.
Sums and scalar multiples of linear transformations. Composites of linear transformations.
A Linear transformation of V −→ W, where V,W are vector spaces over R and V is a
finite-dimensional vector space is completely determined by its action on an ordered basis
of V.

2. Null-space (kernel) and the image (range) of a linear transformation. Nullity and rank
of a linear transformation. Rank-Nullity Theorem (Fundamental Theorem of Homomor-
phisms).

3. Matrix associated with linear transformation of V −→ W where V and W are finite
dimensional vector spaces over R.. Matrix of the composite of two linear transformations.
Invertible linear transformations (isomorphisms), Linear operator, Effect of change of bases
on matrices of linear operator.
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4. Equivalence of the rank of a matrix and the rank of the associated linear transformation.
Similar matrices.

UNIT II. Inner Products and Orthogonality

1. Inner product spaces (over R). Examples, including the Euclidean space Rn and the space
of real valued continuous functions on a closed and bounded interval. Norm associated to
an inner product. Cauchy-Schwarz inequality. Triangle inequality.

2. Angle between two vectors. Orthogonality of vectors. Pythagoras theorem and some
geometric applications in R2. Orthogonal sets, Orthonormal sets. Gram-Schmidt orthog-
onalizaton process. Orthogonal basis and orthonormal basis for a finite-dimensional inner
product space.

3. Orthogonal complement of any set of vectors in an inner product space. Orthogonal com-
plement of a set is a vector subspace of the inner product space. Orthogonal decomposition
of an inner product space with respect to its subspace. Orthogonal projection of a vector
onto a line (one dimensional subspace). Orthogonal projection of an inner product space
onto its subspace.

UNIT III. Eigenvalues, Eigenvectors and Diagonalisation

1. Eigenvalues and eigenvectors of a linear transformation of a vector space into itself and of
square matrices. The eigenvectors corresponding to distinct eigenvalues of a linear trans-
formation are linearly independent. Eigen spaces. Algebraic and geometric multiplicity of
an eigenvalue.

2. Characteristic polynomial. Properties of characteristic polynomials (only statements).
Examples. Cayley-Hamilton Theorem. Applications.

3. Invariance of the characteristic polynomial and eigenvalues of similar matrices.

4. Diagonalisable matrix. A real square matrix A is diagonalisable if and only if there is a
basis of Rn consisting of eigenvectors of A. (Statement only - An×n is diagonalisable if
and only if sum of algebraic multiplicities is equal to sum of geometric multiplicities of all
the eigenvalues of A = n). Procedure for diagonalising a matrix.

5. Spectral Theorem for Real Symmetric Matrices (Statement only ). Examples of orthogonal
diagonalisation of real symmetric matrices. Applications to quadratic forms and classifi-
cation of conic sections.

Reference books

1. Howard Anton, Chris Rorres; Elementary Linear Algebra; Wiley Student Edition).

2. Serge Lang; Introduction to Linear Algebra; Springer.

3. S Kumaresan; Linear Algebra - A Geometric Approach; PHI Learning.

4. Sheldon Axler; Linear Algebra done right; Springer.
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5. Gareth Williams; Linear Algebra with Applications; Jones and Bartlett Publishers.

6. David W. Lewis; Matrix theory.

USMT403A: Numerical Methods (Elective A)

Unit I. Solution of Algebraic and Transcendental Equations (15L)

1. Measures of Errors: Relative, absolute and percentage errors, Accuracy and precision: Ac-
curacy to n decimal places, accuracy to n significant digits or significant figures, Rounding
and Chopping of a number, Types of Errors: Inherent error, Round-off error and Trunca-
tion error.

2. Iteration methods based on first degree equation: Newton-Raphson method. Secant
method. Regula-Falsi method.
Derivations and geometrical interpretation and rate of convergence of all above methods
to be covered.

3. General Iteration method: Fixed point iteration method.

Unit II. Interpolation, Curve fitting, Numerical Integration(15L)

1. Interpolation: Lagrange’s Interpolation. Finite difference operators: Forward Difference
operator, Backward Difference operator. Shift operator. Newton’s forward difference
interpolation formula. Newton’s backward difference interpolation formula.
Derivations of all above methods to be covered.

2. Curve fitting: linear curve fitting. Quadratic curve fitting.

3. Numerical Integration: Trapezoidal Rule. Simpson’s 1/3 rd Rule. Simpson’s 3/8th Rule.
Derivations all the above three rules to be covered.

Unit III. Solution Linear Systems of Equations, Eigenvalue problems(15L)

1. Linear Systems of Equations: LU Decomposition Method (Dolittle’s Method and Crout’s
Method). Gauss-Seidel Iterative method.

2. Eigenvalue problems: Jacobi’s method for symmetric matrices. Rutishauser method for
arbitrary matrices.

Reference Books:

1. Kendall E. and Atkinson; An Introduction to Numerical Analysis; Wiley.

2. M. K. Jain, S. R. K. Iyengar and R. K. Jain; Numerical Methods for Scientific and Engi-
neering Computation; New Age International Publications.

3. S. Sastry; Introductory methods of Numerical Analysis; PHI Learning.

4. An introduction to Scilab-Cse iitb.
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Additional Reference Books

1. S.D. Comte and Carl de Boor; Elementary Numerical Analysis, An algorithmic approach;
McGrawHillll International Book Company.

2. Hildebrand F.B.; Introduction to Numerical Analysis; Dover Publication, NY.

3. Scarborough James B.; Numerical Mathematical Analysis; Oxford University Press, New
Delhi.

USMT403B Statistical Methods and their Applications (Elective B)

Unit I. Descriptive Statistics and random variables (15 Lectures)
Measures of location (mean, median, mode), Partition values and their graphical locations, mea-
sures of dispersion, skewness and kurtosis, Exploratory Data Analysis (Five number summary,
Box Plot, Outliers), Random Variables (discrete and continuous), Expectation and variance of
a random variable.

Unit II. Probability Distributions and Correlation (15 Lectures)
Discrete Probability Distribution (Binomial, Poisson), Continuous Probability Distribution:
(Uniform, Normal), Correlation, Karl Pearson’s Coefficient of Correlation, Concept of linear
Regression, Fitting of a straight line and curve to the given data by the method of least squares,
relation between correlation coefficient and regression coefficients.

Unit III. Inferential Statistics (15 lectures)
Population and sample, parameter and statistic, sampling distribution of Sample mean and
Sample Variance, concept of statistical hypothesis, critical region, level of significance, confi-
dence interval and two types of errors, Tests of significance (t-test, Z-test, F-test, Chi-Square
Test (only applications))

Reference Books

1. Fundamentals of Mathematical Statistics,12th Edition, S. C. Gupta and V. K. Kapoor,Sultan
Chand & Sons, 2020.

2. Statistics for Business and Economics, 11th Edition, David R. Anderson, Dennis J. Sweeney
and Thomas A. Williams, Cengage Learning, 2011.

3. Introductory Statistics, 8th Edition, Prem S. Mann, John Wiley & Sons Inc., 2013.

4. A First Course in Statistics, 12th Edition, James McClave and Terry Sincich, Pearson
Education Limited, 2018.

5. Introductory Statistics, Barbara Illowsky, Susan Dean and Laurel Chiappetta, OpenStax,
2013.

6. Hands-On Programming with R, Garrett Grolemund, O’Reilly.
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USMT P04 / UAMT P04: Practicals

Suggested Practical for USMT 401/ UAMT 401

1. Limits and continuity of scalar fields and vector fields, using ”definition and otherwise“ ,
iterated limits.

2. Computing directional derivatives, partial derivatives and mean value theorem of scalar
fields.

3. Differentiability of scalar field,Total derivative, gradient, level sets and tangent planes.

4. Chain rule, higher order derivatives and mixed partial derivatives of scalar fields.

5. Maximum and minimum rate of change of scalar fields. Taylor’s Theorem. Finding Hes-
sian/Jacobean matrix. Differentiation of a vector field at a point. Chain Rule for vector
fields.

6. Finding maxima, minima and saddle points. Second derivative test for extrema of functions
of two variables and method of Lagrange multipliers.

7. Miscellaneous Theoretical Questions based on full paper.

Suggested Practicals for USMT402/UAMT 402

1. Linear transformation, Kernel, Rank-Nullity Theorem.

2. Linear Isomorphism, Matrix associated with Linear transformations.

3. Inner product and properties, Projection, Orthogonal complements.

4. Orthogonal, orthonormal sets, Gram-Schmidt orthogonalisation

5. Eigenvalues, Eigenvectors, Characteristic polynomial. Applications of Cayley Hamilton
Theorem.

6. Diagonalisation of matrix, orthogonal diagonalisation of symmetric matrix and application
to quadratic form.

7. Miscellaneous Theoretical Questions based on full paper.

Suggested Practicals for USMT403A

The Practical no. 1 to 6 should be performed either using non-programable scientific
calculators or by using the software Scilab.

1. Newton-Raphson method, Secant method.

2. Regula-Falsi method, Iteration Method..

3. Interpolating polynomial by Lagrange’s Interpolation, Newton forward and backward dif-
ference Interpolation.

4. Curve fitting, Trapezoidal Rule, Simpson’s 1/3rd Rule, Simpson’s 3/8th Rule.

5. LU decomposition method, Gauss-Seidel Interative method.
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6. Jacobi’s method, Rutishauser method..

7. Miscellaneous theoretical questions from all units.

Suggested Practicals for USMT403B
All practicals should be performed using any one of the following softwares: MS Excel, R, Strata,
SPSS, Sage Math to carry out data analysis and computations.

1. Descriptive Statistics.

2. Random Variables.

3. Probability Distributions.

4. Correlation and Regression.

5. Testing of hypothesis.

6. Case studies.

7. Miscellaneous Theory questions based on Unit I,II,III.

xxxxxx

7. Scheme of Examination (75:25)

The performance of the learners shall be evaluated into two parts.

� Internal Assessment of 25 percent marks.

� Semester End Examinations of 75 percent marks.

I. Internal Evaluation of 25 Marks:

S.Y.B.Sc. :

(i) One class Test of 20 marks to be conducted during Practical session.
Paper pattern of the Test:

Q1: Definitions/ Fill in the blanks/ True or False with Justification (04 Marks).

Q2: Multiple choice 5 questions. (10 Marks: 5× 2)

Q3: Attempt any 2 from 3 descriptive questions. (06 marks: 2× 3)

(ii) Active participation in routine class: 05 Marks.

OR

Students who are willing to explore topics related to syllabus, dealing with applica-
tions historical development or some interesting theorems and their applications can
be encouraged to submit a project for 25 marks under the guidance of teachers.

S.Y.B.A. :

(i) One class Test of 20 marks to be conducted during Tutorial session.
Paper pattern of the Test:

Q1: Definitions/ Fill in the blanks/ True or False with Justification (04 Marks).
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Q2: Multiple choice 5 questions. (10 Marks: 5× 2)

Q3: Attempt any 2 from 3 descriptive questions. (06 marks: 2× 3)

(ii) Journal : 05 Marks.

OR

Students who are willing to explore topics related to syllabus, dealing with applica-
tions historical development or some interesting theorems and their applications can
be encouraged to submit a project for 25 marks under the guidance of teachers.

II. Semester End Theory Examinations : There will be a Semester-end external Theory
examination of 75 marks for each of the courses USMT301/UAMT301, USMT/USAT
302, USMT 303 of Semester III and USMT/UAMT401, USMT/UAMT 402, USMT 403
of semester IV to be conducted by the college.

1. Duration: The examinations shall be of 2 and 1
2 hours duration.

2. Theory Question Paper Pattern:

a) There shall be FOUR questions. The first three questions Q1, Q2, Q3 shall be of
20 marks, each based on the units I, II, III respectively. The question Q4 shall
be of 15 marks based on the entire syllabus.

b) All the questions shall be compulsory. The questions Q1, Q2, Q3, Q4 shall have
internal choices within the questions. Including the choices, the marks for each
question shall be 25-27.

c) The questions Q1, Q2, Q3, Q4 may be subdivided into sub-questions as a, b, c,
d & e, etc and the allocation of marks depends on the weightage of the topic.

III. Semester End Examinations Practicals:

At the end of the Semesters III & IV Practical examinations of three hours duration and
150 marks shall be conducted for the courses USMTP03, USMTP04.

At the end of the Semesters III & IV Practical examinations of two hours duration and
100 marks shall be conducted for the courses UAMTP03, UAMTP04.
In semester III, the Practical examinations for USMT301/UAMT301, USMT302/UAMT302
and USMT303 are held together by the college.
In Semester IV, the Practical examinations for USMT401/UAMT401, USMT402/UAMT402
and USMT403 are held together by the college.

Paper pattern: The question paper shall have two parts A and B.
Each part shall have two Sections.

Section I Objective in nature: Attempt any Eight out of Twelve multiple choice questions
( 04 objective questions from each unit) (8× 3 = 24 Marks).

Section II Problems: Attempt any Two out of Three ( 01 descriptive question from each
unit) (8× 2 = 16 Marks).
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Practical Part A Part B Part C Marks duration
Course out of

USMTP03 Questions Questions Questions 120 3 hours
from USMT301 from USMT302 from USMT 303

UAMTP03 Questions Questions —— 80 2 hours
from UAMT301 from UAMT302

USMTP04 Questions Questions Questions 120 3 hours
from USMT401 from USMT402 from USMT403

UAMTP04 Questions Questions —— 80 2 hours
from UAMT401 from UAMT402

Marks for Journals and Viva:
For each course USMT301/UAMT301, USMT302/UAMT302, USMT303, USMT401/UAMT401,
USMT402/UAMT402, USMT3031:

1. Journal: 10 marks (5 marks for each journal).

2. Viva: 10 marks.

Each Practical of every course of Semester III and IV shall contain 10 (ten) problems out of
which minimum 05 (five) have to be written in the journal. .
A student must have a certified journal before appearing for the practical examination.
In case a student does not posses a certified journal he/she will be evaluated for 120/80 marks.
He/she is not qualified for Journal + Viva marks.

xxxxxxxx





PROPOSED SYBSC SYLLABUS FOR ACADEMIC YEAR 2017-18 
 

Course 

Code  

 

Title 

 

 

Credits  

 

USBO303  

 

CURRENT TRENDS IN PLANT 

SCIENCES I 

2 Credits  

(45 lectures)  

Unit1: Pharmacognosy and phytochemistry 

 Introduction to pharmacopoeia 

 Indian pharmacopoeia, Indian Herbal Pharmacopoeia and 

Ayurvedic Pharmacopoeia 

 Study of Monograph from pharmacopoeia 

 Secondary Metabolites: Sources, properties, uses and adulterants, 

regional and seasonal  variations 

 Adulterants:  Saraca asoca, Polyalthia longifolia 

                      Terminalia arjuna, Terminalia tomentosa 

                      Bacopa monnieri, Centella asiatica 

                      Abrus, Glycyrrhiza 

                     Phyllanthus amarus (Bhuiamla) 
 

15 Lectures 

Unit 2: Forestry and Economic Botany 

 Forestry: Outline of types of forest in India 

 Forestry: Agro-forestry, Urban forestry, organic farming, 

Silviculture 

 Economic Botany: 

 Types of fibers: Jute and cotton,  

 Current trends in Fiber industries 

 Spices and condiments: Saffron and cardamom 

 Commercial market of spices 
 

15 Lectures 

Unit 3: Industry based on plant products 

 Aromatherapy- Introduction, Uses with few examples.  

           Jojoba, lemon, jasmin 

 Botanical and nutraceuticals -Spirulina, Vanillin, Garcinia indica/ 
Garcinia cambogia, Chlorella, and Kale. 

 Enzymes industry: Cellulases, Papain, Bromelain  

 Biofuels. 
 

15 Lectures 

 

 

  



  
 Semester III USBOP3                                 Cr 1 

PRACTICAL - Paper III CURRENT TRENDS IN PLANT SCIENCES I 

1 Study of Phyllanthus amarus  

Saraca asoka 

Bacopa monieri 

2 Study of biodiversity  

(Visit to National Park/ Botanical Garden) 

 Sources of : Fibres & Paper 

                     Spices & condiments 

Preparation of herbal cosmetics (Face pack/ De-tanning cream) 

3 Estimation of crude fibre in cereals & their products 

4 Preparation & evaluation of probiotic foods 

5  Evaluation of nutraceutical value of mushroom/ wheat germ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Course 

Code  

 

Title 

 

 

Credits  

 

USBO403  

 

CURRENT TRENDS IN PLANT 

SCIENCES I 

2 Credits  

(45 lectures)  

Unit I : Horticulture and Gardening  Introduction to 

Horticulture: Branches of Horticulture  Gardening:   

 Locations in the garden- edges, hedges, lawn, flower beds, 

avenue, water garden (with names of two plants for each 

category).  

                      Focal point.    

 Types of garden 

o Formal and informal gardens   

o National Park: Sanjay Gandhi National Park.  

o Botanical Garden: Veer Mata JijabaiUdyan (Victoria 

Garden).   
 

15 Lectures 

Unit II : Biotechnology  

 Introduction to plant tissue culture  

o Laboratory organization and techniques in plant tissue 

culture  

o Totipotency  

o Organogenesis   

o Organ culture – root cultures, meristem cultures, 

anther and pollen culture, embryo culture.   

 R-DNA technology-   

o Gene cloning 

o Enzymes involved in Gene cloning  

o Vectors used for Gene cloning. 

15 Lectures 

Unit III : Biostatistics and Bioinformatics  

 Biostatistics:  

o The chi square test. 

o Correlation – Calculation of coefficient of 

correlation.  

 Bioinformatics o Information technology: History and 

tools of IT, Internet and its uses.  

15 Lectures 



o Introduction to Bioinformatics- goal, need, scope and 

limitation  

     o Aims  of  Bioinformatics:  Data 

 organization,  Tools  of Bioinformatics- tools for web  

search, Data retrieval tools- Entrez,   

     o BLAST  

     o Bioinformatics programme in India.       

 

 

 

  

 
 Semester III USBOP3                                 Cr 1 

PRACTICAL - Paper III CURRENT TRENDS IN PLANT SCIENCES I 

Horticulture 

1 Study of five examples of plants for each of the garden locations as prescribed 

for theory  

2 Preparation of garden plans – formal and informal gardens    

3 Bottle and dish garden preparation.    
 

Biotechnology  

4   Various sterilization techniques     

5 Preparation of Stock solutions, Preparation of MS medium.    

6 Seed sterilization, callus induction    

7 Regeneration of plantlet from callus. 

8 Identification of the cloning vectors – pBR322, pUC 18, Ti plasmid.   

 

Biostatistics and Bioinformatics    

9             Chi square test  

10  Calculation of coefficient of correlation  

11 Web Search – Google, Entrez. 

12 BLAST 
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 1 Title of Course  S. Y. B. Sc. Chemistry 

    

 2 Eligibility for Admission 

F. Y. B. Sc. Passed from this university 
(or with ATKT in any two courses at 
the F. Y. B. Sc. Level) or equivalent 

qualification from other universities as 
may have been allowed by the relevant 

ordinances of this university 

     

 3 Passing marks  40% 

    

 4 
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UNIVERSITY OF MUMBAI 

 

 

Essentials Elements of The Syllabus 
 

 

 

1 Title of Course Syllabus for two semester S. Y. B. Sc. 

course in chemistry 

2 Couse Code USCH301, USCH302, USCH303 

USCH401, USCH402,  USCH404 

USCHP1 to USCHP6 

3 Preamble Attached 

4 Objective  To infuse in the  learner  a spirit of 

inquiry into the fundamental aspects 

of the various core areas of 

Chemistry. 

 To make the learner proficient in 

analysing the various observations 

and chemical phenomena presented 

to him during the course. 

 To make the learner capable of 

solving problems in the various 

units of this course 

 To give the learner an opportunity 

to get hands on experience of the 

various concepts and processes in 

the various branches of chemistry 

 To impart various skills of handling 

chemicals, reagents, apparatus, 

instruments and the care and safety 

aspects involved in such handling 

 To make the learner capable of 

analysing and interpreting results of 

the experiments he conducts or 

performs  

 

5 Eligibility Pass F. Y. B. Sc. 

6 Fee Structure As Per Guidelines issued from the 

University 

7 No. of Lectures 9 lectures per week (three lectures per 

paper) 

8 No. of Practicals 9 periods per week (three periods per 

paper) 

9 Duration of Course Two Semester 



10 Notional Hours 72 hours per paper per semester Theory 

and 36 hours per paper per semester for 

laboratory sessions 

11 No of students per batch 120 students per division (20 Students for 

laboratory sessions) 

12 Selection As per merit. 

13 Assessment End of semester examination of 100 

marks per paper for theory and 50 

marks per paper for laboratory sessions 

14 Syllabus Detail Attached 

15 Title of the Unit As given in the Syllabus text 

16 Title of the Sub-unit As given in the syllabus text. 

17 Semester wise Theory As prescribed in the syllabus text 

18 Semester wise Practicals As prescribed in the syllabus text. 

19 Question Paper Pattern As prescribed by the Faculty of Science 

20 Scheme of evaluation of 

Project 

N.A. 

21 List of suggested reading As Attached 

22 List of websites As Attached 

23 List of You Tube videos As attached 

24 List of MOOCs As Attached 

 

  



 

 

 
REGULATIONS 
 

1. Preamble and objectives of the Course : 
 

In the first two semseters of the six semester graduation program of 

B. Sc.(Chemistry) the learner was introduced to some basic aspects in the 

various core branches of chemistry like Physical Chemistry, Organic 

chemistry and Inorganic chemistry. Concepts about the structure of atom, 

distribution of electrons, Thermodynamics, Formation of organic 

compounds and basic ideas in reactivity of molecules in general and 

organic compounds in particular were introduced to the learner. He was 

made inquisitive about why and how should atoms combine to give 

molecules or ions. The non-orbital approach to appreciating the shapes of 

polyatomic species in general and molecules in particular. 

The story of chemistry is taken further in the coming two semesters 

of the second year of the B. Sc. (Chemistry) Program. However it is also 

realised that some students opting for the course on Chemistry may not 

continue with the subject subsequently as such the syllabus is designed to 

retain the interest of the serious learner of chemistry as well as be helpful 

to non-chemistry learners. With such students who would want to pursue 

other branches of science but would want to acquire a basic appreciation 

and experience of chemistry a separate paper (Paper-III) is designed. This 

paper along with the laboratory session unit that goes with it deals with the 

basics of chemical analysis, separating components from a given sample, 

basic concepts like pH, experimental techniques like Titrimetry, 

Gravimetry, using instruments to carry out analysis, the various techniques 

like chromatography, electrophoresis, Instrumentation in general is felt to 

be of interest to learners of various branches like physics, botany, zoology, 

and microbiology.  
 

The major objectives of B.Sc. Chemistry course are 
 

 To infuse in the learner  a spirit of inquiry into the fundamental aspects 

of the various core areas of Chemistry. 



 To make the learner proficient in analysing the various observations and 

chemical phenomena presented to him during the course. 

 To make the learner capable of solving problems in the various units of 

this course 

 To give the learner an opportunity to get hands on experience of the 

various concepts and processes in the various branches of chemistry 

 To impart various skills of handling chemicals, reagents, apparatus, 

instruments and the care and safety aspects involved in such handling 

 To make the learner capable of analysing and interpreting results of the 

experiments he conducts or performs  

 To make the learner capable of acquiring or pursuing a source of 

livelihood like jobs in chemical industry 

 To arouse the interest to pursue higher levels of learning in chemistry,  
2. Condition for Admission 

 
A candidate who has passed the F.Y.B.Sc. of Mumbai University or 

an examination of some other university accepted by the syndicate as 

equivalent there to with Chemistry, Physics, Maths, Botany, Zoology or 

Life Science shall be eligible for admission into S.Y.B.Sc., course in 

Chemistry. 
To  

3. Duration of the Course: one year 

4. Course of study: 
 



 
 

Draft copy of the proposed revised syllabus for  

Choice Based Credit System 

S.Y.B.Sc. Chemistry  

To be implemented from the Academic year 2017-2018 
 
 

For the subject of chemistry there shall be three papers for 45 lectures each comprising of 
three units of 15 L each. 

 

Semester-III 

 

1. Paper-I (General Chemistry)  Unit-I   Physical Chemistry  
 Unit-II  Inorganic Chemistry   
 Unit-III Organic Chemistry. 

2. Paper-II (General Chemistry) Unit-I   Physical Chemistry  
 Unit-II  Inorganic Chemistry   
 Unit-III Organic Chemistry. 

3. Paper III Basics of Analytical Chemistry 
 

Semester-IV 

 

1. Paper-I (General Chemistry)  Unit-I   Physical Chemistry  
 Unit-II  Inorganic Chemistry   
 Unit-III Organic Chemistry. 

2. Paper-II (General Chemistry) Unit-I   Physical Chemistry  
 Unit-II  Inorganic Chemistry   
 Unit-III Organic Chemistry. 

Basics of Analytical Chemistry 

3. Paper III 

  



Choice Based Credit System 

S. Y. B. Sc. 

Chemistry Syllabus 

To be implemented from the Academic year 2017-2018 
 

Course Content 

Semester III 
 

Course Code Unit Topics Credits L/Week 
USCH301 I Chemical Thermodynamics-II, 

Electrochemistry 
2 1 

II  
Chemical Bonding 

1 

III Reactions and reactivity of halogenated 
hydrocarbons, alcohols, phenols and epoxides 

1 

USCH302 I Chemical Kinetics-II, Solutions 2 1 
II Selected topics on p block elements 1 
III Carbonyl Compounds 1 

USCH303 I Intorduction to Analytical Chemistry and Statistical 

Treatment of  analytical data-I  

2 1 

II Classical Methods of Analysis. 1 
III Instrumental Methods-I 

 

1 

USCHP1 Chemistry Practicals I 1 3 
USCHP2  Chemistry Practicals II 1 3 
USCHP3   Chemistry Practicals III 1 3 

 

 

Semester IV 
 

Course Code Unit Topics Credits L/Week 
USCH401 I Electrochemistry-II, Phase Equilibria 2 1 

II Comparative Chemistry of the transition metals  & 
Coordination Chemistry 

1 

III Carboxylic acids and their derivatives, Sulphonic acids 1 
USCH402 I Solid state, Catalysis 2 1 

II Ions in aqeous medium & Uses and Environmental 

Chemistry of volatile Oxides and oxo-acids 
 

1 

III Amines, Diazonium salts, Heterocyclic compounds 1 
USCH403 I Separation Techniques in Analytical Chemistry 2 1 

II Instrumental Methods-II 1 

III Statistical Treatment of analytical data --II  1 

USCHP4 Chemistry Practicals I 1 3 
USCHP5  Chemistry Practicals II 1 3 
USCHP6   Chemistry Practicals III 1 3 

 

 

 

 



Semester III 

Paper I  
Theory: 45 Lectures 

 

Unit I:Physical Chemistry 

1.1  Chemical Thermodynamics-II(8L) 

1.1.1  Free Energy Functions: Helmholtz Free Energy, Gibb's Free Energy, Variation of 

Gibb's   

free energy with Pressure and Temperature.  

1.1.2  Gibbs-Helmholtz equation, van't Hoff reaction isotherm and van't Hoff reaction 

isochore. 

           (Numericals expected). 

1.1.3  Thermodynamics of Open System: Partial Molal Properties, Chemical Potential and its 

variation with Pressure and Temperature, Gibb's Duhem equation.  

1.1.4    Concept of Fugacity and Activity  

 

1.2 Electrochemistry: (7L)   

 

1.2.1   Conductivity, equivalent and molar conductivity and their  variation with dilution for 

weak and strong electrolytes.  

1.2.2    Kohlrausch law of independent migration of ions. 

1.2.3    Applications of conductance measurements: determination of degree of ionization 

and ionization constant of weak electrolyte, solubility and solubility product  of sparingly 

soluble salts, ionic product of water. (Numericals expected).  

1.2.4  Transference number and its experimental determination using Moving boundary 

method. (Numericals expected). Factors affecting transference number. 

Unit-II 

Chemical Bonding 

 

2.1    Non-Directional Bonding                                                                              (4L) 

2.1.1 Ionic Bond: Conditions for the Formation of Ionic Bond. 

2.1.2 Types of Ionic Crystals 

2.1.3 Radius Ratio Rules 

2.1.4 Lattice Energy, Borne-Lande Equation 

2.1.5 Kapustinski  Equation 

2.1.6 Born-Haber Cycle and its Application                   

 

2.2.       Directional Bonding: Orbital Approach.                                               (6L) 

2.2.1 Covalent Bonding   The Valence Bond Theory- Introduction and basic 

tenets. 



2.2.2 Interaction between two hydrogen atoms and the   Potential energy 

diagram of the resultant system. 

2.2.3 Corrections applied to the system of two hydrogen atoms- Formation of 

H2  

2.2.4 Homonuclear diatomic molecules from He2 to Ne2 

2.2.5 Resonance   and the concept of Formal Charge; Rules for Resonance or 

Canonical structures. 

2.2.6 Bonding in Polyatomic Species: The role of Hybridization. And types of 

hybrid orbitals-sp, sp
2
, sp

3
, sp

3
d, sp

2
d

2
and sp

2
d sp

3
d

2
. 

2.2.7 Equivalent and Non-Equivalent hybrid orbitals 

2.2.8 Contribution of a given atomic orbital to the hybrid orbitals (with 

reference to sp
3
 hybridisation as in CH4, NH3 and H2O and series like  

NH3, PH3, AsH3, BiH3)   

 

2.3  Molecular Orbital Theory          (5L) 

 

2.3.1. Comparing Atomic Orbitals and Molecular Orbitals. 

2.3.2. Linear combination of atomic orbitals. to give molecular orbitals LCAO-

MO approach for diatomic homonuclear molecules). 

2.3.4. Wave mechanical treatment for molecular orbitals (H2
+
 and H2) 

2.3.4  Molecular orbital Theory and Bond Order and magnetic property: with 

reference to O2,O2
+ 

O2
-
,O2

2-
 

 

                   (Problems and numerical problems expected wherever possible)  

 

 

 

 

Unit III: Organic Chemistry 

 

3.1.1. Reactions and reactivity of halogenated hydrocarbons: [4L] 

 

3.1.1.Alkyl halides: Nucleophilic substitution reactions: SN1, SN2 and SNi mechanisms with 

stereochemical aspects and factors affecting nucleophilic substitution reactions-nature 

of substrate, solvent, nucleophilic reagent and leaving group. 

3.1.2.Aryl halides: Reactivity of aryl halides towards nucleophilic substitution reactions. 

Nucleophilic aromatic substitution (SNAr) addition-elimination mechanism and 

benzyne mechanism. 

3.1.2.Organomagnesium and organolithium compounds: [3L] 

        Nomenclature, nature, type and reactivity of carbon-metal bond. Preparation using 

alkyl / aryl halide. Structure, stability and reactions with compounds containing acidic 

hydrogen, carbonyl compounds, CO2, cyanides and epoxides. 

 

3.2 Alcohols, phenols and epoxides: [8L] 



 

3.2.1.Alcohols: Nomenclature, Preparation: Hydration of alkenes, hydrolysis of alkyl 
halides, reduction of aldehydes and ketones, using Grignard reagent. Properties: 
Hydrogen bonding, types and effect of hydrogen bonding on different properties. 
Acidity of alcohols, Reactions of alcohols 

 
3.2.2.Phenols: Preparation, physical properties and acidic character. Comparative acidic 

strengths of alcohols and phenols, resonance stabilization of phenoxide ion. Reactions 

of phenols. 
 
3.2.3.Epoxides: Nomenclature, methods of preparation and reactions of epoxides: reactivity, 

ring opening reactions by nucleophiles (a) In acidic conditions: hydrolysis, reaction 
with halogen halide, alcohol, hydrogen cyanide. (b) In neutral or basic conditions: 
ammonia, amines, Grignard reagents, alkoxides.  

 

 

Semester III 

Paper II 

 

Unit I: Physical Chemistry 

1.1 Chemical Kinetics-II    (7L) 

1.1.1   Types of Complex Chemical reactions: Reversible or opposing, consecutive and 

parallel reactions (No derivations, only examples expected ),  

           Thermal chain reactions: H. and Br. reaction. (only steps involved, no kinetic 

expression   expected).  

1.1.2    Effect of temperature on the rate of reaction, Arrhenius equation, Concept of energy of 

activation (Ea). (Numericals expected). 

1.1.3    Theories of reaction rates:  Collision theory and activated complex theory of 

bimolecular reactions. Comparison between the two theories 

 (Qualitative treatment only) 

 

1.2   Solutions: (8 L)  

1.2.1    Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, deviations from  

Raoult’s law–non-ideal solutions. Vapour pressure-composition and temperature -composition 

curves of ideal and non-ideal solutions. Distillation of solutions.Lever rule.Azeotropes. 

1.2.2    Partial miscibility of liquids: Critical solution temperature; effect of impurity on partial 

miscibility of liquids with respect to Phenol-Water , Triethanolamine – Water and  Nicotine – 

Water systems  

1.2.3     Immiscibility of liquids- Principle of steam distillation.  

1.2.4     Nernst distribution law and its applications, solvent extraction. 

Unit-II 

2. Selected topics on p block elements                                    (15L) 



 

2.1 Chemistry of Boron compounds   

2.1.1 Electron deficient compounds – BH3, BF3, BCl3 with respect to Lewis 

acidity and applications. 

2.1.2 Preparation of   simple boranes like diborane and tetraborane. 

2.1.3 Structure and bonding in diborane and tetraborane  (2e-3c bonds) 

2.1.4 Synthesis of Borax. 

 

2.2 Chemistry of Silicon and Germanium 

2.2.1 Silicon compounds: Occurrence , Structure and inertness of SiO2 

2.2.2 Preparation of structure of SiCl4 

2.2.3 Occurrence and extraction of Germanium 

2.2.4 Preparation of extra pure Silicon and Germanium  

 

2.3 Chemistry of Nitrogen family  

2.3.1 Trends in chemical reactivity - Formation of hydrides, halides, oxides 

with     special reference to oxides of nitrogen. 

2.3.2 Oxides of nitrogen with respect to preparation and structure of NO, NO2, 

N2O and  N2O4. 

2.3.3 Synthesis of ammonia by Bosch – Haber process. 

 

 

Unit III: Organic Chemistry 

 

Carbonyl Compounds: [15L] 

 

3.1 Nomenclature of aliphatic, alicyclic and aromatic carbonyl compounds. Structure, 

reactivity of aldehydes and ketones and methods of  preparation; Oxidation of primary 

and secondary alcohols using PCC, hydration of alkynes,  action of Grignard reagent on 

esters, Rosenmund reduction, Gattermann – Koch formylation and Friedel Craft acylation 

of arenes  

3.2 General mechanism of nucleophilic addition, and acid catalyzed nucleophilic addition 

reactions. 

3.3 Reactions of aldehydes and ketones with NaHSO3, HCN, RMgX, alcohol, amine, phenyl 

hydrazine, 2,4-Dinitrophenyl hydrazine, LiAlH4 and NaBH4. 

3.4 Mechanisms of following reactions: Benzoin condensation, Knoevenagel condensation, 

Claisen-Schmidt and Cannizzaro reaction. 

3.5 Keto-enol tautomerism: Mechanism of acid and base catalysed enolization  

3.6 Active methylene compounds: Acetylacetone, ethyl acetoacetate diethyl malonate, 

stabilised enols. Reactions of Acetylacetone and ethyl acetoacetate (alkylation, conversion 

to ketone, mono- and dicarboxylic acid)  

 



Semester IV 

Paper I 

 

Unit I: Physical Chemistry 

1.1Electrochemistry-II: (8 L) 

 

1.1.1 Electrochemical conventions, Reversible and irreversible cells. 

1.1.2 Nernst equation and its importance, Types of electrodes, Standard electrode potential, 

Electrochemical series (Numericals expected). 

1.1.3 Thermodynamics of a reversible cell, calculation of thermodynamic properties: ΔG, 

ΔH and ΔS from EMF data. (Numericals expected) 

1.1.4 Calculation of equilibrium constant from EMF data. (Numericals expected) 

1.1.5 Concentration cells with transference and without transference. Liquid junction 

potential and salt bridge.   

1.1.6 pH determination using hydrogen electrode and quinhydrone electrode.(Numericals 

expected)  

 

1.2 Phase Equilibria: (7L) 

1.2.1 Phases, components and degrees of freedom of a system, criteria of phase 

equilibrium. Gibbs Phase Rule and its thermodynamic derivation.  

1.2.2 Derivation of Clausius – Clapeyron equation and its importance in phase equilibria. 

(numericals expected) 

1.2.3 Phase diagrams of one-component systems (water and sulphur).  

1.2.4 Two component systems involving eutectics, congruent and incongruent melting 

points (lead-silver system).  

Unit-II 

2.1 Comparative Chemistry of the transition metals  (9 L) 

2.1.1 Position in the periodic table; Natural occurrence principal ores and 

minerals;  

2.1.2 Significance of special stability of d
0
, d

5
 and d

10 
  leading to variable 

oxidation states; Unusual oxidation states and their stabilities in aqueous 

solutions (with special reference to vanadium, and chromium.)  



2.1.3 Origin of colour for transition metals and their compounds: such as 

reflectivity, surface coatings, particle size, packing density for metals and 

nature of d-orbitals, number of electrons in the d-orbitals, geometry, and 

ability for charge transfer). 

2.1.4 Magnetic properties of transition metal compounds: Origin of 

magnetism-spin and orbital motion of electrons; equation for spin only 

and spin-orbital magnetism in terms of Bohr magnetons (No derivation of 

relevant equations expected); Reasons for quenching of orbital moments. 

2.1.5 Chemistry of Titanium and vanadium: properties of Oxides and chlorides; 

use in titrimetric analysis 

2.1.6 Qualitative tests for transition metal ions: General considerations in 

devising tests (with reference to Chromium, Manganese, iron, Cobalt 

Nickel and Copper) 

          

2.2  Coordination Chemistry : (6 L) 

 

2.2.1 Introduction to Chemistry of Coordination Compounds 

i. Historical perspectives: Early ideas on coordination compounds 

ii. Basic terms and nomenclature.  

iii. Types of ligands 

iv.  Isomerism :General Types with special reference to stereoisomerism of 

coordination compounds (C.N=6) 

v. Evidence for the formation of coordination compounds,  

2.2.2. Theories of coordination compounds 

i. Werner’s Theory of coordination compounds, 

ii. Effective atomic number rule. 

iii. Eighteen electron Rule 

2.2.3. Nature of the Metal-Ligand Bond:  

i. Valence Bond Theory; Hybridisation of the central metal orbitals-sp
3
, 

sd
3
/d

3
s

  
sp

3
d

2
/d

2
sp

3
, sp

2
d,  

ii. Inner and outer orbital complexes of .(suitable examples of Mn(II) 

Fe(II),Fe(III),Co(II)/Co(III),Ni(II), Cu(II) Zn(II) complexes with ligands 

like aqua, ammonia CN
-
 and halides may be used) 

iii. Limitations of V.B.T 

2.2.4. Application of coordination compounds. 
 

 

 

Unit III: Organic Chemistry 

 

3.1 Carboxylic Acids and their Derivatives :(11 Lectures) 

 

3.1.1. Nomenclature, structure and physical properties, acidity of carboxylic acids, effects of   

substituents on acid strength of aliphatic and aromatic carboxylic acids. 



3.1.2. Preparation of carboxylic acids: oxidation of alcohols and alkyl benzene, carbonation 

of Grignard and hydrolysis of nitriles. 

 

3.1.3. Reactions: Acidity, salt formation, decarboxylation, Reduction of carboxylic acids 

with LiAlH4, diborane, Hell-Volhard-Zelinsky reaction,Conversion of carboxylic acid to acid 

chlorides, esters, amides and acid anhydrides and their relative reactivity.  

 

3.1.4. Mechanism of nucleophilic acyl substitution and acid-catalysed nucleophilic acyl 

substitution. Interconversion of acid derivatives by nucleophilic acyl substitution. 

3.1.5. Mechanism of Claisen condensation and Dieckmann condensation. 

 

3.2 Sulphonic acids: [4L] 

Nomenclature, preparation of aromatic sulphonic acids by sulphonation of benzene (with 

mechanism), toluene and naphthalene, Reactions: Acidity of arene sulfonic acid, 

Comparative acidity of carboxylic acid and sulfonic acids. Salt formation, 

desulphonation.Reaction with alcohol, phosphorous pentachloride, IPSO substitution. 

 

Semester IV 

Paper II 

Unit I: Physical Chemistry 

1.1 Solid State: (7L) 

1.1.1 Recapitulation of laws of crystallography and types of crystals 

1.1.2 Characteristics of simple cubic, face centered cubic and body centered cubic systems, 

interplanar distance in cubic lattice (only expression for ratio of interplanar distances 

are expected) 

1.1.3 Use of X-rays in the study of crystal structure, Bragg’s equation (derivation 

expected), X-rays diffraction method of studying crystal lattice structure, structure 

of NaCl and KCl. Determination of Avogadro’s number (Numericals expected)  

1.2 Catalysis:  (8 L) 

1.2.1 Types of catalysis, catalytic activity, specificity and selectivity, inhibitors, catalyst 

poisoning and deactivation 

1.2.2 Mechanisms and kinetics of acid-base catalyzed reactions, effect of pH. 

1.2.3 Mechanisms and kinetics of enzyme catalyzed reactions (Michaelis-Menten 

equation) 

1.2.4 Effect of particle size and efficiency of nanoparticles as catalyst. 

Unit-II 



2 Ions in aqeous medium 

2.1. Acidity of Cations and Basicity of Anions 

i. Hydration of Cations; Hydrolysis of Cations predicting degree of hydrolysis of 

Cations-effect of Charge and Radious.  

ii. Latimer Equation. Relationship between pKa, acidity and z
2
/r ratios of metal 

ions graphical Presentation  

iii. Classification of cations on the basis of  acidity category – Non acidic, 

Moderately  acidic, strongly acidic, very strongly acidic with pKa values range 

and  examples  

iv. Hydration of Anions; Effect of Charge and Radius; Hydration of anions- 

concept, diagram classification on the basis of basicity 

2.2. Uses and Environmental Chemistry of volatile Oxides and oxo-acids 

i. Physical properties of concentrated oxo-acids like sulfuric, Nitric and 

Phosphoric acid 

ii. Uses and environments aspects of these acids  

 

 

 

Unit III: Organic Chemistry 

 

Nitrogen containing compounds and heterocyclic compounds: 

 

3.1 Amines: Nomenclature, effect of substituent on basicity of aliphatic and aromatic amines; 

3.1.1. Preparation: Reduction ofaromaticnitro compounds using catalytic 

hydrogenation,chemical reduction using Fe-HCI, Sn-HCl, Zn-acetic acid, reduction of 

nitriles,  ammonolysis of halides, reductive amination , Hofmann bromamide reaction. 

3.1.2. Reactions- Salt Formation, N-acylation, N-alkylation, Hofmann’s exhaustive 

methylation (HEM),Hofmann-elimination reaction, reaction with nitrous acid, 

carbylamine reaction, Electrophilic substitution in aromatic amines: bromination, 

nitration and sulphonation. 

3.2 Diazonium Salts: (7 Lectures) 

Preparation and their reactions/synthetic application - Sandmeyer reaction, Gattermann 

reaction, Gomberg reaction, Replacement of diazo group by -H,-OH. Azo coupling 

with phenols, naphthols and aromatic amines, reduction of diazonium salt to aryl 

hydrazine and hydroazobenzene 

3.3 Heterocyclic Compounds: (8 Lectures) 



3.3.1. Classification, nomenclature, electronic structure, aromaticity in 5-numbered 

and 6-membered rings containing one heteroatom;  

3.3.2. Synthesis of Furan, Pyrrole (Paal-Knorr synthesis, Knorr pyrrole synthesis, and 

Hantzsch synthesis), Thiophene, Pyridine (Hantzsch synthesis), 

3.3.3. Reactivity of furan, pyrrole and thiophene towards electrophilic substitution 

reactions on the basis of stability of intermediate and of pyridine on the basis of 

electron distribution.  Reactivity of pyridine towards nucleophilic substitution on the 

basis of electron distribution. 

3.3.4. Reactions of furan, pyrrole and thiophene: halogenation, nitration, 

sulphonation, Vilsmeier-Haack reaction, Friedel-Crafts reaction. Furan: Diels-Alder 

reaction, Ring opening. Pyrrole: Acidity and basicity of pyrrole.  Comparison of 

basicity of pyrrole and pyrrolidine.  

3.3.5. Pyridine: Basicity.  Comparison of basicity of pyridine, pyrrole and piperidine. 

Sulphonation of pyridine (with and without catalyst), reduction and action of sodamide 

(Chichibabin reaction). 



 

Semester III 

Chemistry Practicals: 

 

Unit I: Physical Chemistry 

1. To verify Ostwald’s dilution law for weak acid conductometrically. 

2. To determine  dissociation constant of weak acid conductometrically. 

3. To determine the critical solution temperature (CST) of phenol - Water System. 

4. Determination of energy of activation of acid catalyzed hydrolysis of methyl acetate. 

5. To investigate the reaction between K2S2O8 and KI with equal initial concentrations of 

the reactants 

6. To  determine solubility of sparingly soluble salts (any two) conductometrically. 

 

 

Unit II:  Inorganic Chemistry 

1. Identification of  cations in a given mixture and Analytically separating them 

[From a mixture containing not more than two of the following: Pb(II), Ba(II), Ca(II), 

Sr (II), Cu(II), Cd(II), Mg(II), Zn(II), Fe(II), Fe(III), Ni(II), Co(II) Al(III), Cr(III)] 

2. Crystallisation of potassium iodate and to estimate its purity before and after the 

separation. 

3. Estimation of total hardness 

4. Investigation of the raction between Copper supfate and Sodium Hydroxide 

(Standard EDTA solution to be provided to the learner). 

 

Unit III: Organic Chemistry 

Short organic preparation and their purification: Use 0.5-1.0g of the organic compound. 

Purify the product  by recrystallization. Report theoretical yield, percentage yield and 

melting point of the purified product. 

Preparation of: 

1. Cyclohexanone oxime from cyclohexanone. 

2. Glucosazone from dextrose or fructose 

3. Tribromoaniline from aniline. 

4. β-Naphthylbenzoate 

5. m-Dinitrobenzene from nitrobenzene 



6. Phthalic anhydride from phthalic acid by sublimation 

7. Acetanilide from aniline 

8.  p-Bromoacetanilide from acetanilide 

9. Iodoform from acetone 

(Any eight preparations) 

 

 

Semester IV 

Chemistry Practicals: 

 
Unit I:    Physical Chemistry 

1. To determine standard EMF and the standard free energy change of Daniel cell 

potentiometrically . 

2. To determine the amount of HCl in the given sample  potentiometrically.  

3. Compare the strengths of HCl and H2SO4 by studying kinetics of acid hydrolysis of 

methyl acetate.  

6.  Industrial visit report. 

 

Unit II:  Inorganic Chemistry 

1. Inorganic preparation – Nickel dimethyl glyoxime using microscale method. 

2. Complex cation – Tris (ethylene diamine) nickel (II) thiosulphate. 

3. Complex anion – Sodium Hexanitrocobaltate (III) The aim of this experiment is to 

understand the preparation of a soluble cation (sodium)and a large anion 

hexanitrocobaltate(III) and its use to precipitate a large cation (potassium) 

4. Inorganic salt – Calcium or magnesium oxalate using PFHS technique 

 

Unit III: Organic Chemistry 

Qualitative Analysis of bi-functional organic compounds on the basis of  

1. Prelimenary examination 

2. Solubility profile 

3. Detection of elements C, H, (O), N, S, X. 

4. Detection of functional groups 

5. Determination of physical constants (M.P/B.P) 

  

Solid or liquid Compounds containing not more than two functional groups from among the 

following classes may be given for analysisto be given: Carboxylic acids, phenol, 

carbohydrates, aldehydes, ketones, ester, amides, nitro, anilides, amines, alkyl and aryl 

halides.  



Students are expected to write balanced chemical reactions wherever necessary. 

(Minimum 6 compounds to be analyzed) 

Reference Books for Practicals: 

Unit I: 

1. Khosla B.D., Garg V.C. and Gulati A., Senior Practical Physical Chemistry, R. 

Chand and Co., New Delhi (2011). 

2. Garland C. W., Nibler J.W. and Shoemaker D.P., Experiments in Physical Chemistry, 

8th Ed., McGraw-Hill, New York (2003). 

3. Halpern A.M. and McBane G.C., Experimental Physical Chemistry, 3rd Ed., W.H. 

Freeman and Co., New York (2003). 

4. Athawale V.D. and Mathur P., Experimental Physical Chemistry, New Age 

International, New Delhi (2001) 

 

Unit II: 

1. Practical Inorganic Chemistry by G. Marr and B. W. Rockett van Nostrand Reinhold 

Company (1972) 

 

 

Unit III: 

 

1. Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson Education (2009) 

2. Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry: 

Preparation and Quantitative Analysis, University Press (2000). Mann, F.G. & 

Saunders, B.C. Practical Organic Chemistry, Pearson Education (2009) 

 

3. Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. Practical Organic 

Chemistry, 5
th

 Ed., Pearson (2012) 

 

4. Vogel, A.I., Tatchell, A.R., Furnis, B.S., Hannaford, A.J. & Smith, P.W.G., 

Textbook of Practical Organic Chemistry, Prentice-Hall, 5th edition, 1996 

 



 
Reference Books: 

Unit I: 

1. Barrow, G.M. Physical Chemistry Tata McGraw‐Hill (2007). 

2. Castellan, G.W. Physical Chemistry 4th Ed. Narosa (2004). 

3. Kotz, J.C., Treichel, P.M. & Townsend, J.R. General Chemistry CengageLearning India 

Pvt.Ltd., New Delhi (2009). 

4. Mahan, B.H. University Chemistry 3rd Ed. Narosa (1998). 

5. Petrucci, R.H. General Chemistry 5th Ed. Macmillan Publishing Co., NewYork (1985). 

6. K.L.Kapoor A textbook of Physical Chemistry3
rd

 Ed. vol.1,2Macmillan Publishing Co., 

NewDelhi(2001) 

 

Unit II: 

1. Practical Inorganic Chemistry by G. Marr and B. W. Rockett van Nostrand Reinhold 

Company (1972) 

 

2. Inorganic Chemistry – Gary Wulfsberg, Viva Book, First Indian Edition 2002  

3. Quantitative Analysis – R.A.Day, A.L. Underwood, sixth edition 

4. Vogel’s Textbook of quantitative chemical analysis – J Mendham, R C Denny, J D Barnes, M 

Thomas, B Sivasankar  

 

5. References. 

6.  Bruce H. Mahan, University Chemistry, Narosa publishing house pg. 611 to 683. 

7.  R. Gopalan , Universities Press India Pvt.Ltd. Inorganic Chemistry for Undergraduates. 

8.  Chemistry of Transition Elements Pg.- 608 – 679 . 

9.  J. D. Lee,   4th Edn., Concise Inorganic Chemistry, ELBS,  The group III elements  

Pg. 359- 648. 

10.  D. F. Shriver and P. W. Atkins, Inorganic chemistry, 3rd edition, Oxford University 

Press (1999) page 325-446. 

11.   Ramesh Kapoor and R.S. Chopra, Inorganic Chemistry, R. Chand publishers, New 

Delhi.  

12.  CNR Rao edited, University General Chemistry, 513-578. 

13.  James E. Huheey, Inorganic Chemistry: Principles of Structure and Reactivity,   

14.  Emeleus and Anderson, Modern Aspects of Inorganic Chemistry, page no. 435-463. 

15.  Cotton and Wilkinson, Advanced Inorganic Chemistry, 3
rd

. Edition. 

16.  Gary Wulfsberg, Inorganic chemistry, Viva Books Pvt,. Ltd. (2002). 

17.  Puri, Sharma and Kalia, Milestone publishers, Principles of Inorganic Chemistry, page 

416-628. 

18. Bruce H. Mahan, University Chemistry, Narosa publishing house. 

19. R. Gopalan , Universities Press India Pvt.Ltd. Inorganic Chemistry for Undergraduates. 

20. J. D. Lee,   4th  Edn., Concise Inorganic Chemistry, ELBS 

21. D. F. Shriver and P. W. Atkins, Inorganic chemistry, 3rd edition, Oxford University Press 

(1999)  

22. Ramesh Kapoor and R.S. Chopra, Inorganic Chemistry, R. Chand publishers, New Delhi.  

23. CNR Rao edited, University General Chemistry 

24. James E. Huheey, Inorganic Chemistry: Principles of Structure and Reactivity,   



25. Emeleus and Anderson, Modern Aspects of Inorganic Chemistry 

26. Cotton and Wilkinson,  Advanced Inorganic Chemistry, 3
rd

. Edition. 

27. Gary Wulfsberg, Inorganic chemistry, Viva Books Pvt,. Ltd. (2002). 

28. Puri, Sharma and Kalia, Milestone publishers, Principles of Inorganic Chemistry  
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2. Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd. (Pearson 

Education). 

3. Finar, I. L. Organic Chemistry (Volume 2: Stereochemistry and the Chemistry of Natural 

Products), Dorling Kindersley (India) Pvt. Ltd. (Pearson Education) 

4. Mc Murry, J.E. Fundamentals of Organic Chemistry, 7
th

 Ed. Cengage Learning India 

Edition, 2013. 

5. Clayden, J.; Greeves, N.; Warren, S.; Wothers, P.; Organic Chemistry, Oxford University 

Press. 

6. Graham Solomons, T.W. Organic Chemistry, John Wiley & Sons, Inc. 

7. Comprehensive Organic Chemistry- The synthesis and reactions of Organic     

Compounds, Derek barton ,W. David  Ollis.      

8. Kalsi, P. S. Textbook of Organic Chemistry 1
st
 Ed., New Age International (P) Ltd. Pub. 

9. Eliel, E. L. and Wilen, S. H. Stereochemistry of Organic Compounds, Wiley: London, 

1994. 

10. Kalsi, P. S. Stereochemistry Conformation and Mechanism, New Age International, 2005 

 

 

Semester III 

Paper III  

Basics in analytical Chemistry 

Theory: 45 Lectures 
The Role of Analytical chemistry in various fields including non-chemistry fields such as 

Environmental Science, Pharmacy, Medicine, Life Sciences, Petrochemicals, Arts (like Painting) 

Forensic sciences and so on can never be underestimated. This course is expected to introduce the 

learner to this interesting field of Analytical Chemistry. 

It is expected to provide the learner an overview of this very important branch of chemistry. After 

successful completion of this course the learner is expected to be familiar with the question of 

what is analysis, why it is required and the methods, techniques, procedures and protocols that 

may be used or required in the course of a given problem of analysis. The learner is also expected 

to appreciate the role of an Analytical Chemist and a Chemical Analyst.  

Correctness or acceptability of the results of a given analysis and how to deal with wrong or 

erroneous results: when to reject them and when and how to retain them to be meaningful and/or 

acceptable are some other attributes expected as outcomes of learning this paper. 



As such it is felt that this paper will be a subject of choice and interest for learners preferring a 

specialisation in Chemistry as well as to those who may have interests in other science fields as 

Physics, Botany, Zoology, Microbiology, Geochemistry and so on. 

Goal:  

To introduce the learner to an area of learning that is vital for the inherent nature of the 

subject itself but also is important and irreplaceable irrespective of the long term interest of 

specialisation or subject of interest of the learner. 

 

 

 

Unit I-  Intorduction to Analytical Chemistry and Statistical Treatment  

                of  analytical data-I                                                                         (15 L) 

 

 

Scope/  Objectives:   

Learners should be able to  

1. Select a method of analysis 

2. Decide how to identify a sample and prepare it for analysis 

3. Select a procedure for analysis 

4. Identify sources of possible errors in the results obtained.  

(Problems including numericals expected wherever necessary) 

1.1.  Role of Analytical Chemistry                 (9 L)  

1.1.1. Language of analytical chemistry: important terms and their significance in Analytical 

Chemistry. 

1.1.2. Purpose of Chemical Analysis; Analysis Based (i) On the nature of information required: 

(Proximate, Partial, Trace, Complete Analysis) and (ii) On the size of the sample used 

(Macro, semi-micro and micro analysis)    

1.1.3.  Classical and Non-Classical Methods of Analysis; their types and importance. 

1.2. Significance of Sampling in Analytical Chemistry 

1.2.1. Terms involved in Sampling 

1.2.2. Types of Sampling 

1.2.3. Sampling techniques 

1.3. Results of Analysis.                                                                        (6L) 

1.3.1. Errors in Analysis and their types 

1.3.2. Precision and Accuracy in Analysis 

1.3.3. Corrections for Determinate Errors 

(Problems including Numericals expected wherever required)  

 

References: 

1.  Instrumental Analysis by Douglas A. Skoog, F. James Holler, Stanley R. Crouch 

2.  Instrumental methods of analysis by Willard, H.H.; Merritt, L.L. Jr.;  

Dean, J.A.; Settle,7
th

 Edition 

3. Fundamental of Analytical Chemistry by  Douglas A. Skoog, West, F. James Holler,   

S. R. Crouch 

https://www.amazon.com/Douglas-A.-Skoog/e/B001H9RV1O/ref=dp_byline_cont_book_1
https://www.amazon.com/F.-James-Holler/e/B00L974PSG/ref=dp_byline_cont_book_2
https://www.amazon.com/Stanley-R.-Crouch/e/B001JSBYSY/ref=dp_byline_cont_book_3
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Willard,%20H.H.%22
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Merritt,%20L.L.%20Jr.%22
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Dean,%20J.A.%22
https://inis.iaea.org/search/search.aspx?orig_q=author:%22Settle,%20F.A.%20Jr.%22
https://www.amazon.com/Douglas-A.-Skoog/e/B001H9RV1O/ref=dp_byline_cont_book_1
https://www.amazon.com/F.-James-Holler/e/B00L974PSG/ref=dp_byline_cont_book_2


4. Modern Analytical Chemistry by David Harvey, McGraw-Hill Higher Education 

 

Unit II- Classical Methods of Analysis(15 L) 

Objectives: 

The main objectives of this unit is to 

 Introduce classical methods of chemical analysis.  

 Appreciate the various terms and types of titrimetric analysis. 

 Ability to select proper titrimetric method  

 Appreciate the usefulness of the gravimetric method of analysis 

 Identify a suitable gravimetric method 

 Perform the required calculations involved in the analysis by titrimetry as well as 

gravimetry. 

 

2. Classical Methods of Analysis.                                                        (04L) 

2.1.  Titrimetric Methods 

2.1.1. Terms involved in Titrimetric methods of analysis. Comparing  volumetry and  

Titrimetry 

2.1.2. The Conditions suitable for titrimetry 

2.1.3. Types of titrimetry – Neutralisation (Acidimetry, alkalimetry), Redox,  

(Iodometry, Iodimetry,) Precipitation and Complexometric titrations and indicators 

used in these titrations  

2.1.4. Tools of Titrimetry: Graduated glasswares and Callibration 

2.2. Standard solutions (Primary and Secondary standards in Titrimetry) and Calculations in 

Titrimetry.  

2.3. Neutralisation Titrations                                                                                (04L) 

2.3.1. Concept of pH and its importance in Neutralisation Titrations 

2.3.2. End point and Equivalence point of Neutralisation titrations 

2.3.3. Determination of End point by using  

i. Indicators causing colour change 

ii. Change in potential, (by potentiometry) 

iii. Change in conductance (by conductometry) 

2.3.4. Construction of titration curve (on the basis of change in pH )of a titration of  

i. Strong acid-weak base 

ii. Strong base-weak acid 

 

2.4. Gravimetric analysis ( 06 L)   

2.4.1. General Introduction to Gravimetry. 

2.4.2. Types of Gravimetric Methods – 

2.4.3. Precipitation Gravimetry: 

i. Steps involved in precipitation gravimetry analysis 

ii. Conditions for precipitation  

iii. Completion of precipitation,  

iv. Role of Digestion, Filtration, Washing, Drying Ignition of precipitate.  



v. Applications of Gravimetric Analysis: Determination of sulfur in          

organic compounds; Estimation of Nickel in Cu-Ni alloy using 

dimethyl glyoxime; Determination of Aluminum by converting it to 

its oxide. 

 

References: 

 

1) Skoog et al. “Fundamentals of Analytical chemistry" Cengage Learning, Eight Edition, chapter 

13, 14 and 15 

2) Day and Underwood, “Quantitative analysis" prentice hall 1991, chapter3  

3) S.M. Khopkar, “ Basic Concepts of Analytical Chemistry”, IInd  Edition NewAge 

   International Publisher 

4) Gary D. Christan,” Analytical Chemistry”, VIth Edition, Wiley Students Edition,  

     Chapter No 8,9,10 

5) Fundamental of Analytical Chemistry by  Douglas A. Skoog, West, F. James Holler,   

     S. R. Crouch 

6) Modern Analytical Chemistry , David Harvey ( page numbers 232 -265)  

 

Unit III:  Instrumental Methods-I                                    [15 L] 

Objectives: 

On completing the learning of this unit the learner is expected to 

 Know the various instrumental methods of analysis 

 Advantages of using instruments to make measurements 

 The various observable properties of a given analyte and the stimulus best suited for its 

analysis 

 Know about a generalized diagram of an analytical instrument 

 Select a suitable instrumental method for analysis 

 Appreciate the basic terms in spectrometry 

 Use the relationship between absorbance (and its variations) and concentration of the 

analyte. 

 Chose a suitable method foe photometric titrations. 

 

3. Basic Concepts in Instrumental methods                       (03) 

3.1.  Relation between the Analyte, Stimulus and measurement of change in the observable 

property. 

3.2.  Block Diagram of an Analytical instrument. 

3.3. Types of Analytical Instrumental methods based on 

i. Optical interactions (eg. Spectrometry: uv-visible, Polarimetry) 

ii. Electrochemical interactions (eg. Potentiometry, Conductometry,) 

iii. Thermal interactions (eg. Thermogravimetry)  

3.4. Spectrometry                                                                                                  (07 L) 

3.4.1. Interaction of electromagnetic radiation with matter: Absorption and Emission 

spectroscopy 

3.4.2. Basic Terms: Radiant Power, Absorbance, Transmittance, Monochromatic  

https://www.amazon.com/Douglas-A.-Skoog/e/B001H9RV1O/ref=dp_byline_cont_book_1
https://www.amazon.com/F.-James-Holler/e/B00L974PSG/ref=dp_byline_cont_book_2


             light, Polychromatic light, Wavelength of maximum absorbance, Absorptivity  

and Molar Absorbtivity  

3.4.3. Statement of Beer’s Law and Lambert’s Law, Combined Mathematical  

Expression of Beer -Lambert’s Law, Validity of Beer-Lambert’s Law, 

Deviations from Beer-Lambert’s Law ((Real deviations, Instrumental 

deviations and Chemical deviations) 

                            (Numerical problems based on Beer-Lambert’s Law) 

3.4.4. Instrumentation for absorption spectroscopy: Colorimeters and Spectrophotometers  

3.4.5. Block Diagrams for Single beam and Colorimeter, and Spectrophotometer 

(Principles, Construction and  working-Details of Components expected  i.e , 

source ,Sample holder , Filters/Monochromators, Detectors such as Photomultiplier 

tube) 

3.4.6. Applications of UV-Visible Spectrophotometry  (02 L) 

(a) Qualitative analysis such as Identification of functional groups in 

Organic compounds ,Chromophores and Auxochrome,cis and trans 

isomers 

(b) Quantitative analysis by Calibration curve method and  

3.4.7. Photometric Titrations: Principle ,Instrumentation, Types of Photometric  

                       titration Curves with examples.                                                     (03L) 

 

 

References:  

1.Instrumental Methods of Chemical Analysis by Gurdeep R. Chatwal , 

    Sham K.Anand pp 2.107-2.148 

2.Principles of Instrumental Analysis by Skoog, Holler, Nieman, 5
th

 Edition pp 143-172. 

3. Instrumental Methods of Analysis by Willard, Merritt, Dean, Settle  

7
th

 Edition pp 118-181. 

Semester III 

Chemistry Practicals: 

Paper III 

Basics in Analytical Chemistry 

 
1. Tools of Analytical Chemistry-I: 

a) Analytical glass wares like burettes, pipettes, Standard flasks, Separating 

funnels. 

b) Weighing tools such as two pan balance and monopan balance, digital 

balances: 

c) Incineration devices: Burners, Electrical Incinerators, Muffle Furnace,  

d) Drying Devices: Hot Air Oven, Microwave Oven, Descicators, Vacuum  

descicators  

e) Monochromators, Filters, Sample holders, Prisms, Diffraction Gratings, 

Photoemissive cells, Photomultiplier tubes 



 (The learner should draw diagrams and write-ups providing uses, care and maintenance of the 

items mentioned in (a) and principle, construction and uses of items (b) to (e) in his journal. 

 

2. Gravimetric estimation of Nickel (II) as Ni-DMG and calculation of % error.  

     (The learner is expected to know the role of the various reagents/chemicals used  

      In the estimation, various steps involved. They should write the complete and  

      Balanced chemical reaction for the formation of the Ni(DMG)2 complex. 

3. Colorimetric Determination of Copper Ions in given Solution by using calibration curve 

method and calculation of % error. 

      (The learner is expected to learn the relation between concentration and  

        Absorbance, to draw a calibration curve, use the slope of the calibration curve 

        and compare it with the calculated slope. They are also expected to state the  

       error estimate of their results). 

4. Determination of buffer capacity of acid buffer and basic buffer. 

      (The learner is expected to learn the use pH meter, standardization of pH meter,  

       use of Henderson’s equation and calculation of buffer capacity) 

5. Estimation of Aspirin  

6. Gravimetric estimation of barium ions using K2CrO4 as precipitant calculation  

      of % error. 

    (The learner is expected to learn the skills of using the counterpoise technique  

      used in this gravimetric estimation; Using counterpoise method whatman No.42  

      for filtration. In such a case no incineration or use of silica crucible is required.  

      They are also expected to state the error estimate of their results)  

 

 

 

 

Semester IV 

Paper III  Basics in Analytical Chemistry -II 

Theory: 45 Lectures 

Unit –I -Methods of separation ( 15 L) 
 

Objectives:  

The learner is expected to understand   

 The importance of separation in sample treatment 

 Various methods of separations 

 How to select a method of separation of an analyte from the matrix 

 How a solute gets distributed between two immiscible phases 

 Principle of solvent extraction and various terms involved therein 

 Effect of various parameters on solvent extraction of a solute 

 Classification of Chromatographic methods    

 Paper and thin layer chromatography and using them in practice. 
 

1. Separation Techniques in Analytical Chemistry                      (02 L) 

1.1. An Introduction to Analytical Separations and its importance in analysis. 

1.2. Estimation of an analyte without effecting separation. 

1.3. Types of separation methods 

1.3.1. Based on Solubilities (Precipitation, Filtration  Crystallisation) 

1.3.2. Based on Gravity- Centrifugation  

1.3.3. Based on volatility-Distillation ;  



1.3.4. Based on Electrical effects-Electrophoresis 

1.3.5. Based on retention capacity of a Stationary Phase -Chromatography; 

1.3.6. Based on distribution in two immiscible phases-Solvent Extraction; 

1.3.7. Based on capacity to exchange with a resin-Ion Exchange; 

1.4. Electrophoresis: Principles, Basic Instrumentation, Working and Application in 

separation of biomolecules like enzymes and DNA.                        (02L)  

1.5. Solvent extraction                                                            (06 L) 

1.5.1. Introduction, Nernst distribution Law, Distribution Ratio, Partition Coefficient. 

1.5.2. Conditions of extraction: Equilibration time, Solvent volumes, temperature, pH. 

1.5.3. Single step and multi step extraction, Percentage extraction for single step and 

multistep extraction. Separation factor. 

1.5.4. Batch and continuous extraction  

1.6. Chromatography :                                                                  (05L) 

1.6.1. Introduction to Chromatography 

1.6.2.  Classification of chromatographic methods based on stationary and mobile phase 

1.6.3. Paper Chromatography: Principle, techniques and applications of Paper 

Chromatography in separation of cations. 

1.6.4. Thin layer Chromatography Principle, technique and Applications in determining the 

purity of a given solute; Following progress of a given reaction . 

                                                                                                                       

References : 

1. D.A. Skoog, D.M. West, F.J. Holler and CX.R. Crouch – Fundamentals of Analytical 

chemistry, 8
th

 edition 

2. G.H. Morrison and H. Freiser , Solvent extraction in analytical chemistry 

3. P. G. Swell and B. Clarke, Chromatographic separations , Analytical chemistry by open 

Learning , John Wiley and sons, 1987  

4. Modern Analytical Chemistry , David Harvey ( page numbers 596 -606)  

5. Modern Analytical Chemistry , David Harvey ( page numbers 215 -217)  

Unit –II - Instrumental Methods-II                                                        (15 L) 

 

Objectives 

On completing this unit  the learner is  

 Expected to appreciate the nature of interaction between applied electrical potential and the 

concentration of the analyte. 

 The nature of chemical reactions that influence potential of a given cell. 

 Familiar with the various types of electrodes or half cells.  

 Appreciate the nature, need and importance of pH  

 Expected to know the applications of the various instrumental methods dealt with in this 

unit.  

 

2. Instruments based on the electrochemical properties of the analytes 

2.1. Potentiometry:                                                         (05 L) 

2.1.1. Principle. 

2.1.2. Role of Reference and indicator electrodes 



2.1.3. Applications in Neutralisation reactions with reference to the titration of a 

Strong acid against a Strong Base (using quinhydrone electrode) 

2.1.4. Graphical methods for detection of end points 

2.2.  pHmetry:                                                                   (04 L) 

2.2.1. Principle 

2.2.2. Types of pH meters. 

2.2.3. Principle, Construction Working and Care  of Combined Glass electrode 

2.2.4. Applications in  Titrimetry (Strtong acid-Strong Base) biological and 

environmental analysis.  

2.3. Conductometry:                                                            (06 L) 

2.3.1. Principle 

2.3.2. Conductivity cell its construction and care 

2.3.3. Applications in Neutralisation Titrimetry with respect to 

i. Strong Acid-Strong Base 

ii. Strong Acid-Weak Base 

iii. Strong Base-weak Acid 

iv. Weak Acid- Weak Base.  

2.3.4. Advantages & limitations of conductometric titrations. 

 

   References: 

 

1) Principles of Instrumental analysis, D. A. Skoog, 3
rd

 edition, Saunders college  

     publishing. Chapters: 20, 23 Page nos: 600 - 605, 631, 704 - 711. 

2) Vogel’s Text book of quantitative inorganic analysis, 4
th

 edition,  

      ELBS/ Longman. Chapters: XIV, XV Page nos: 566 - 601, 615 – 625. 

3) Instrumental methods of analysis, B. K. Sharma, Goel publishing house. 

 Miscellaneous methods: Chapters: 1, 3, 4 Page nos: 1 - 14, 21 - 57. 

 

Unit III- Statistical Treatment of analytical data --II (15 L) 

Objectives:  

On completing this unit the learner is expected to understand   

i) The use of statistical methods in chemical analysis.  

ii) The nature of indeterminate errors 

iii) The randomness of such errors and its distribution around  a correct or acceptable 

result    

iv) Computation of Confidence limits and confidence interval 

v) Test for rejection of doubtful result 

vi) Method to draw best fitting straight line   

 

3.1.Nature of Indeterminate Errors: (03L) 

3.1.1. The true and acceptable value of a result of analysis 

3.1.2. Measures of central tendency: mean, median. mode, average 

3.1.3. Measures of dispersion: Absolute deviation, relative deviation, relative average 

deviation, standard deviation,(s,sigma) variance, coefficient of variation 



3.2.Distribution of random errors: (02L) 

3.2.1. Gaussian distribution curve.  

3.2.2. Equation and salient features of Gaussian distribution curve 

3.3.Concept of Confidence limits and confidence interval and its computation using                 

(03 L) 

(i) Population standard deviation  

(ii) Student’s t test 

(iii) Range  

3.4.Criteria for rejection of doubtful result                                              (02 L) 

(i) 2.5 d rule 

(ii) 4.0 d rule 

(iii) Q test 

3.5.Test of Significance                                                                                  (02 L) 

(i) Null hypothesis  

(ii) F-test ( variance ratio test)  

3.6. Graphical representation of data and obtaining best fitting straight line  (03 L) 

(a) For line passing through origin  

(b) For line not passing through origin  

[ Numerical problems wherever possible, expected ] 

 

 

References: 

 

1. Modern Analytical Chemistry , David Harvey ( page numbers 53 -84) 

2. Fundamentals of analytical chemistry – Skoog and West  

 

 

Semester IV 

Chemistry Practicals: 

Paper III Elective  

( Basics in analytical Chemistry ) 
1. Tools of Analytical Chemistry-II 

a. Filtration Flasks, Funnels, Separating Funnels, Distillation apparatus, Vacuum Distillation 

assembly, Centrifuge machine, Electrophoresis apparatus. 

b. Development chamber for chromatography 

c. Electrodes like Reference Electrodes and Indicator Electrodes (with respect to care and 

maintenance.) 

d. Conductivity cell (with respect to care and maintenance.) 

e. Combined Glass electrode (with respect to care and maintenance.) 

f. Types of Salt Bridges and preparation of any one or use of salt bridge, its effect on the 

potential of a given electrode/cell 

(The learner should draw diagrams and write-ups providing uses  of the items mentioned in (a and 

b) and Principle, Construction care and Uses of items (c) to (f) in his journal.) 

2. Paper chromatography: Separation of cations like Fe(III), Ni(II) and Cu(II) in a sample. 



3. Separation of a solute between two immiscible solvents to determine the distribution ratio 

and/or extraction efficiency. (Solutes could be as their aqueous solutions and the organic 

solvent ethyl acetate) Suggested solute for the distribution study: Fe (III) in aqueous 

solutions. 

 (The learner is expected to learn the technique of solvent extraction by using separating 

funnel, method to estimate the concentrations of the solute distributed in the two 

immiscible phases, determination of the extraction efficiency) 

4. Conductometric titration: Estimation of given acid by conductometric   titration with 

strong base and calculation of % error. (The learner is expected to learn the handling of 

the conductometer and the conductivity cell, determination of end point by plotting a 

graph. They are also expected to state the error estimate of their results).  

5. Estimation of Fe(II) in the given solution by titrating against K2Cr2O7 potentiometrically 

and calculation of % error. (The learner is expected to learn the handling of the 

potentiometer, use of Platinum   electrode and reference electrode like SCE. They will 

learn to determine end point by plotting a graph. They are also expected to state the error 

estimate of their results).  

6. Gravimetric estimation of Sulfate as BaSO4 and calculation of % error. (The learner is 

expected to write a balanced chemical reaction, need for digestion of the precipitate and 

the skill required to carry out the incineration and to estimate the % error.) 

(The learner is expected to write a balanced chemical reaction, need for digestion of the 

precipitate and the skill required to carry out the incineration and to estimate the % error.) 

  

 
REFERENCES:  

For paper III 

1. D. A. Skoog, D. M. West, F. J. Holler, and S. R. Crouch, Analytical Chemistry: An 

Introduction, 7th ed., Chapter 15, pp. 345-381. 

2.  A.I. Vogel. “Textbook of Quantitative Inorganic Analysis,” Longman, London 

(1961).  

3.  R.V. Dilts. “Analytical Chemistry. Methods of Separation,” van Nostrand, N.Y. 

(1974). 

4. Some Experiments for B. Tech in Chemistry & Chemical Technology compiled by 

Prof. J.B.BARUAH, Mrs. Abhilasha Mohan Baruah and Mr. Parikshit Gogoi 

 

   



 

 

 

 

 

 

 

 

 

 

 

  



 
 

 

 

   



 
 
 



 
 
 
 
 
 





 





Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

Course Code SEM III- Title Credits 

USBO302 FORM AND FUNCTION II 
2 Credits 

(45 lectures ) 

Unit II : Cell Biology 

 Ultra Structure and functions of the following cell organelles: 

o Mitochondrion(membranes, cristae, F1 particles and matrix) 

o Peroxisomes and Glyoxysomes 

o Ribosomes (prokaryotic, eukaryotic and subunits) 

 Cell Division and its significance  

o Cell Cycle, structure of Interphase Nucleus(nuclear envelop, 

chromatin network, nucleolus and nucleoplasm) 

o Mitosis & Meiosis  

o Differences between Mitosis and Meiosis 

 Nucleic Acids: Types, structure  and functions of DNA and RNA 

15 Lectures 

Unit III : Cytogenetics 

 Variation in Chromosome structure (Chromosomal Aberrations)  

    Definition, Origin, Cytological and Genetic Effects of the following:  

    Deletions, Duplications, Inversions and Translocations.  

 Sex determination, Sex linked, sex influenced and sex limited traits : 

Sex determination- Chromosomal Methods: heterogametic males and 

heterogametic females. Sex determination in monoecious and dioecious 

plants. Genic Balance Theory of sex determination in Drosophila, Lyon’s 

Hypothesis of X chromosome inactivation.  

Sex linked- eye colour in Drosophila, Haemophilia, colour blindness 

Sex influenced- baldness in man 

 Extranuclear Genetics 

          Organelle heredity-  

o Chloroplast determines heredity - Plastid transmission in plants,       

Streptomycin resistance in Chlamydomonas.  

o Male sterility in maize 

 

15 Lectures 

Unit III :  Molecular Biology  

 DNA replication : Modes of Replication, Messelson and Stahl  

Experment, 

DNA replication in prokaryotes and eukaryotes- enzymes involved 

and molecular mechanism of replication. 

 Protein Synthesis: 

o Central dogma of Protein synthesis  

o Transcription in prokaryotes and eukaryotes: promoter sites, 

initiation, elongation and termination.  

o RNA processing: Adenylation & Capping.  

15 Lectures 



Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

 

 

 

 

Course Code SEM IV-Title Credits 



Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

 

USBO402 FORM AND FUNCTION II 
2 Credits 

(45 lectures ) 

Unit I : Anatomy 

 Normal Secondary Growth in Dicotyledonous stem and root. 

 Growth rings, periderm, lenticels, tyloses, heart wood and sap wood. 

  

 Mechanical Tissue system 

o  Tissues providing mechanical strength and support and their 

disposition  

o I-girders in aerial and underground organs 

 Types of Vascular Bundles. 

   

15 Lectures 

Unit II : Plant Physiology and Plant Biochemistry 

 Respiration: Aerobic: Glycolysis, TCA Cycle, ETS & Energetic of 

respiration; Anaerobic respiration.  

 Photorespiration 

 Photoperiodism: Phytochrome Response and Vernalization with 

reference to flowering in higher plants, Physico-chemical properties of 

phytochrome, Pr-Pfr interconversion, role of phytochrome in flowering 

of SDPs and LDPs;  

 Vernalization mechanisms and applications. 

15 Lectures 

Unit III : Ecology and Environmental Botany 

 Biogeochemical Cycles- Carbon, Nitrogen and Water.  

 Ecological factors: Concept of environmental factors. Soil as an edaphic 

factor, Soil composition, types of soil, soil formation, soil profile. 

 Community ecology- Characters of community - Quantitative characters 

and qualitative characters 

15 Lectures 



Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

 

Semester III USBOP3  Cr 

PRACTICAL Paper II – FORM AND FUNCTION-  II  1 

      Cell Biology   

1 Study of the ultra-structure of cell organelles prescribed for theory from 

Photomicrographs 

  

2 Estimation of DNA from plant material (one Std & one Unknown, No Std Graph)   

3 Estimation of RNA from plant  material (one Std & one Unknown, No Std Graph) 

Cytogenetics   

  

4 Study of inheritance pattern with reference to Plastid Inheritance   

   

5 

 

6        

Study of cytological consequences of chromosomal aberrations (Laggards, 

Chromosomal Bridge, Ring chromosome, Chromosomal ring) from permanent 

slides or photomicrographs. 

Study of mitosis and meiosis from suitable plant material 

Molecular Biology 

  

7 DNA sequencing- Sanger’s method   

8 Determining the sequence of amino acids in the protein molecule synthesised from 

the given m-RNA strand (prokaryotic and eukaryotic) 

  

   

    

   

 

 

 

 

 

 

 

 

 

 

 

 



Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

 

 

SEMESTER IV USBOT P4 Cr 

PRACTICALS Paper II – FORM AND FUNCTION-  II 1 

Anatomy  

1 Study of normal secondary growth in the stem and root of a 

Dicotyledonous plant 

 

   

2 Types of mechanical tissues, mechanical tissue system in aerial, 

underground organs.  

 

3 Study of conducting tissues- Xylem and phloem elements in 

Gymnosperms and Angiosperms as seen in LS and through maceration 

technique. 

 

4 

  5 

Study of different types of vascular bundles.  

Growth rings, periderm, lenticels, tyloses, heart wood and sap wood 

 

 

Plant Physiology and Plant Biochemistry  

6 

7 

8 

Q10 – germinating seeds using  Phenol red indicator 

NR activity – in-vivo 

Estimation of proteins by Lowry’s method (Prepare standard graph). 

 

Ecology and Environmental Botany  

9 Study of the working of the following Ecological Instruments- Soil 

thermometer, Soil testing kit, Soil pH, Wind anemometer. 

 

 

10 Mechanical analysis of soil by the sieve method & pH of soil.  

11 Quantitative estimation of organic matter of the soil by Walkley and 

Blacks Rapid titration method.  

 

12 Study of vegetation by the list quadrat method  

   

  

 

 

 

 

 

 

 



Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

 

 

S.Y.B.Sc.            BOTANY  PRACTICAL SKELETON PAPER                SEMESTER  - III  

TIME - 3 hours                                PAPER – II                                           Total Marks – 50 

Q.1. Make a squash/ smear preparation of specimen ‘A’. Draw and comment on your 

observations and show the slides to examiners.                                                                                               

(10) 

Q.2. To estimate DNA/ RNA from the given sample ‘B’.                                                         (10) 

Q.3. Determine the sequence of bases in a DNA strand by Sanger’s method from the  

given data ‘C’ 

OR 

 Determine the sequence of amino acids in the polypeptide synthesized from the given  

  m-RNAstrand ‘C’                                                                                                                            

(10) 

Q.4. Identify and describe the specimen/ photograph  - D, E and F                                           (15) 

  

Q.5. Journal/Field Report.                                                                                                                        

(05) 

 

KEY : 

A. – Mitosis/ Meiosis 

B.  Germinating seeds/Onion 

C. DNA seq/AA seq. 

D. Cell organelles 

E. Plastid inheritance 

F. Chromosomal aberrations 

 

 

 

 

 

 

 

 



Syllabus for the S.Y.B.Sc.  Program: B.Sc.Course :  BOTANY 
 

 

UNIVERSITY OF MUMBAI  

S.Y.B.Sc.            BOTANY  PRACTICAL SKELETON PAPER                SEMESTER  - IV 

TIME - 2 hours 15 min                               PAPER –  II                                  Total Marks – 50 

Q.1. a). Make a temporary stained preparation of T.S. of specimen ‘A’ and comment on the      

             secondary growth/ mechanical tissue system/ Macerate the given material ‘A’ and       

            describe the conducting tissue seen.                                                                              (10)                                                                                           

Q.2.      Perform the Physiological experiment ‘B’ allotted to you.                                          (13) 

Q.3.      Perform the Ecological experiment ‘C’ allotted to you.                                               (13)   

Q.4. Identify and describe the specimen/ slide/ photograph  - ‘D’ ‘E’ and ‘F’ .                     (06) 

Q.5. Viva - Voce.                                                                                                                       (05)                

KEY : 

A. – Dicot stem/ dicot root / Mechanical Tissue (Coleus stem, Typha leaf,  Maize stem and Maize 

root /Annona / Magnolia for maceration). 

 

B. – Q10 – germinating seeds using Phenol red indicator  

        NR activity – in-vivo  
           Estimation of proteins by Lowry’s method  
 

C-      Mechanical analysis of soil by the sieve method & pH of soil  

        Estimation of organic matter of the soil  
       Study of vegetation by the list quadrat method  
 

D - Vascular bundles 

E. – Growth rings, periderm, lenticels, tyloses, heart wood and sap wood 

F. – Ecological Instrument 
 

 

 



Syllabus for the S.Y.B.Sc. Program: B.Sc. Course:BOTANY  
 

SEMESTER III 

THEORY 

Course Code   
 

Title Credits 

USBO301  

 
                                         PLANT DIVERSITY   

 

2 Credits  

(45 lectures )  

Unit I : Thallophyta (Algae) & Bryophyta    

 General Characters of Division Phaeophyta: Distribution, Cell structure, 

range of thallus, Economic Importance. 

 Structure, life cycle and systematic position of Sargassum  

 General Account of Class Anthocerotae and Musci  

 Structure, life cycle and systematic position of  

o  Anthoceros 

o  Funaria 

 
15 Lectures  

15 Lectures  
 

Unit II: Angiosperms                 

Systematics:    Objectives and Goals of Plant systematic 

 Plant Nomenclature 

 Taxonomy in relation to                        

                        Anatomy 

                        Palynology 

                        Chemical constituents  

                        Embryology 

                        Cytology   

                        Ecology   

o With the help of Bentham and Hooker’s system of Classification 

for flowering plants study the vegetative, floral characters and 

economic importance of the following families: 

o Leguminosae 

o Asterace 

o  Amaranthaceae 

o  Palmae 

15 Lectures 

Unit III :Modern Techniques to Study Plant Diversity   

Preservation methods :Dry and Wet method 

 Microscopy – Principle and working of Light, and electron microscope.

 Chromatography- Principles and techniques in paper and thin layer 

chromatography. 

 Principles and techniques of Horizontal and Vertical electrophoresis. 

 

15 Lectures  

 

   

 

  



 Syllabus for the S.Y.B.Sc. Program: B.Sc.Course : BOTANY  
 

SEMESTER III  

PRACTICAL 

Semester III USBOP3  
 

                            Cr  

PRACTICAL Paper I – Plant Diversity II                                1  
 

Algae  & Bryophyta  
1. Study of stages in the life cycle of Sargassum from fresh/ preserved 

material and permanent slides. 

2. Economic importance and range of thallus in Phaeophyta   
  3 Study of stages in the life cycle of Anthoceros from fresh/ preserved     
material   and permanent slides.  
   4 Study of stages in the life cycle of Funaria from fresh/ preserved 
material and permanent slides.   
Angiosperms 

  5. Study of plants for anatomy in relation to taxonomy 

6. Study of plants for Phenols and Flavanoids  ( chemotaxonomy)   
7. Study of one plant from each family prescribed for theory: 
morphological peculiarities and economic importance of the members of 
these families. 

 Techniques to study Plant Diversity 

  8. Preparation of herbarium and wet preservation technique   
9. Chromatography: Separation of amino by circular paper chromatography   

10. Separation of Carotenoids by thin layer chromatography  

11. Horizontal and Vertical Gel Electrophoresis – Demonstration  
 

 

  



Syllabus for the S.Y.B.Sc. Program: B.Sc. Course:BOTANY  
 

SEMESTER IV 

THEORY 

Course Code   
 

Title Credits 

USBO401  

 
                                         PLANT DIVERSITY   

 

2 Credits  

(45 lectures )  

Unit I : Thallophyta: Fungi, Plant Pathology and Lichens Fungi 

 General characters of Ascomycetae  

 Structure, life cycle and systematic position of Erysiphe and Xylaria  

 Plant Pathology- Symptoms, causative organism, disease cycle and 

control measures of o Powdery mildew and Late blight of potato  

 Lichens- Classification, Structure, Method of Reproduction, Economic 

Importance and Ecological Significance of Lichens.  

 
15 Lectures  

15 Lectures  
 

Unit II:  Pteridophyta and Paleobotany Pteridophyta-  

 Salient features and classification upto orders (with examples of each) 

of Psilophyta and Lepidophyta (G M Smith’s system of classification to 

be followed) 

 Structure, life cycle and systematic position of Selaginella  

 Paleobotany- The geological time scale; Formation and types of fossils;  

Structure and systematic position of form genus Rhynia  

 

15 Lectures 

Unit III : Gymnosperms   

 Salient features, classification up to orders (with examples of each) and 

economic importance of Coniferophyta (Chamberlain’s system of 

classification to be followed)  
 Structure life cycle and systematic position of Pinus  
 Structure and systematic position of the form genus Cordaites    

15 Lectures  

 

   

 

  



 Syllabus for the S.Y.B.Sc. Program: B.Sc.Course : BOTANY  
 

SEMESTER IV 

PRACTICAL 

Semester III USBOP4  
 

                            Cr  

PRACTICAL Paper I – Plant Diversity II                                1  
 

 

Fungi and Plant Pathology   
1 Study of stages in the life cycle of Erysiphe from fresh/ preserved material and 

permanent slides.    

2 Study of stages in the life cycle of Xylaria from fresh/ preserved material and 

permanent slides.    

3 Study of fungal diseases as prescribed for theory.   

4 Study of Lichens (crustose, foliose, & fruiticose).    

 

Pteridophyta and Palaeobotany  
5-6 Study of stages in the life cycle of Selaginella from fresh/ preserved material 

and permanent slides.   

7 Study of form genera Rhynia with the help of permanent slides/ 

photomicrographs.   

 

Gymnosperms  

8- Study of stages in the life cycle of Pinus from fresh/ preserved material and        

permanent slides.      

9- Study of the form genus Cordaites with the help of permanent slide/ 

photomicrographs.    

 

 

 



AC 11-05-2017 

Item No. 4.222 

 

UNIVERSITY OF MUMBAI 

Essential Elements of the Syllabus 

 

Title : Syllabus for the B.Sc. Course in Physics ( from academic year 2017-18) for 

Semester III & IV  

 

Course Code:USPH 

 

Preamble : 

 

 This is a revised part of the undergraduate programme (Six Semesters) in 

Physics, to be taught in Semester III & IV from  the academic year 2017-18 

onwards. 

 Developing Curriculum that is progressive and purposeful to create positive 

improvement in the education system is the logic behind this revision. 

 Out of the three courses in each Semester, two courses are devoted to core 

Physics, catering to Mechanics, Thermodynamics, Optics , Electrodynamics, 

Quantum Mechanics, Mathematical Physics and Digital and Analog Electronics. 

These have been tailored to fit in with the existing FYBSc syllabus (Sem I and 

Sem II) in terms of continuity and to ensure delivery of quality content to the 

learner. 

 The science of Physics has diversified immensely in recent times and 

numerous new fields in Physics, such as Biophysics, Geo-Physics, Radio-Physics, 

Physics of metals and materials, etc. have come into existence.The fundamentals 

and the generality of many principles of Physics are common to all these 

specialized diverse fields. Most problems in applied areas have been discussed 



intensely in academic conferences and journals, but have not found their place in 

curricula or in text books. 

The third course in each semester offers interdisciplinary application- oriented 

topics .It will be offered as a choice to all learnersacross various combinations. 

This course will seek to foster a spirit of multidisciplinary approach in learning. 

 The 'practical' component in the applied course will be seen as a 

combination of laboratory sessions , a visit to a Research Institute/Industry, mini 

project, an assignment on a relevant topic etc. 

 For the various units, experts will guide as 'Resource Persons' and their 

laboratories/ departments could serve as Resource Centers. Faculty 

members/Teachers can avail of their expertise to train themselves in the delivery of 

these courses whenever required. 

 

Objective : 

Upon completion of the course, students should have acquired the following 

knowledge and skills: 

1. a thorough quantitative and conceptual understanding of the core areas of 

physics, including mechanics, , thermodynamics, quantum mechanics, 

electronics  at a level compatible with  graduate programs in physics at peer 

institutions. 

2. the ability to analyze and interpret quantitative results, both in the core areas of 

physics and interdisciplinary  areas. 

3. the ability to use contemporary experimental apparatus and analysis tools to 

acquire, analyze and interpret scientific data. 

4. the ability to apply the principles of physics to solve new and unfamiliar 

problems.  

5. the ability to communicate scientific results effectively in presentations or 

posters. 

Eligibility :Passed semester 1 and Semester II ; asper rules of passing  

Question paper pattern :Paper of 100marks ; 3 hours duration. 

(pattern as per guidelines) 



 

Revised Syllabus in Physics (Theory and Practical ) 

  as  perChoice based Credit and Grading system 

Second year B.Sc. 2017-2018 

The  revised syllabus in Physics as per credit based system (with choice ) of the 

Second Year B.Sccourse will be implemented from the academic year 2017-2018. 

Objectives: 

 To develop  analytical abilities towards real world problems 

 To familiarize with current and recent scientific and technological 

developments 

 To enrich knowledge through problem solving hands on activities, study visits, 

projects etc. 

Semester  Paper  Title Credits 

III USPH301 Mechanics and 

thermodynamics 

2 

III USPH302 Vector calculus ,Analog 

Electronics 

2 

III USPH303 Applied Physics -I 2 

III USPHP3 Practical course -3 (Group 

A,B,C and Skill) 

3 

  Total  9 

IV USPH401 Optics and Digital 

Electronics 

2 

IV USPH402 Quantum Mechanics 2 

IV USPH403 Applied Physics-II 2 

IV USPHP4 Practical course -4 (Group 

A,B,C and Demo) 

3 

  Total  9 

  

  



Proposed syllabus of SYBSc(2017-18)  

 

 

USPH301  : Mechanics and thermodynamics 

 

Learning Outcomes : 

On successful completion of this course, students will be able to : 

i) Understand the concepts of mechanics & properties of matter & to apply them to 

problems. 

ii) Comprehend the basic concepts of thermodynamics & its applications in 

physical situation. 

iii) Learn about situations in low temperature. 

iv) Demonstrate tentative problem solving skills in all above areas. 

 

UNIT –I15Lectures 

I Compound pendulum : 

 Expression for period, maximum  and minimum time period, centres of 

suspension and oscillations , reversible compound pendulum. Kater’s reversible 

pendulum ,   compound pendulum and simple pendulum- a relative study. 

 

Ii Center of Mass , .Motion of the Center of Mass , Linear momentum of a Particle  

Linear momentum of a System of Particles , Linear momentum wrt CM 

coordinate (i.e shift of origin from Lab to CM), Conservation of Linear 

Momentum ,  Some Applications of the Momentum Principle , System of 

Variable Mass  

Torque Acting on a Particle  ,Angular Momentum of a Particle  , Angular 

Momentum of System of Particles , Total angular momentum wrt CM 

coordinate.  Conservation of Angular Momentum  

 

iiiOscillations , The Simple Harmonic Oscillator , Relation between Simple 

Harmonic Motion and Uniform Circular Motion , Two Body Oscillations, 

Damped Harmonic Motion ,Forced Oscillations and Resonance. 

 

 

 

  

  

 

 



UNIT –II                                                                                        15Lectures 

         (Review of zeroth and first law of thermodynamics) 

I Conversion of heat into work, heat engine, Carnot’s cycle: its efficiency. 

 

Ii Second law of thermodynamics, Statements, Equivalence of Kelvin and Plank 

statement, Carnot’s theorem, Reversible and irreversible process, Absolute scale 

of temperature. 

 

iii Clausius theorem, Entropy, Entropy of a cyclic process, Reversible 

process,Entropy change, Reversible heat transfer, Principle of increase in 

entropy, generalized form of first and second law, entropy change of an ideal gas, 

entropy of steam, entropy and unavailable energy, entropy and disorder, absolute 

entropy. 

 

UNIT –III15Lectures 

i Third law of thermodynamics, Nernst heat theorem, Consequences of the third 

law, Maxwell’s thermodynamic relations, Clausius – Clapeyron equation, 

Thermal Expansion.  

 

ii Steam engine, Rankine cycle, Otto engine, Efficiency of Otto cycle, Diesel cycle, 

Efficiency of Diesel cycle, Otto and diesel comparison 

 

iii Low temp Physics: Different methods of liquefaction of gases, methods of 

freezing, Cooling by evaporation, cooling by adiabatic expansion 

Joule - Thompson effect, JT effect of Vander Waal’s gas, Liquefaction of 

helium, properties and uses of liquid Helium 

 

 

 

References: 

Resnick and Halliday : Physics – I  

Mechanics – H. S. Hans and S. P. Puri, Tata McGraw Hill (2nd ED.) 

Thermal Physics, AB Gupta and H. Roy, Book and Allied (P) Ltd, Reprint   2008, 

2009. 

 

Heat thermodynamics and Statistical Physics, Brijlal, N.Subramanyam, P.  

            S. Hemne, S. Chand, edition 2007. 

 



 

Additional reference: 

1. KRS: Mechanics by K.R Symon. 

2. Classical Dynamics of particles and systems by Thornton and Marian, 

(CENGAGE Learning) 

3. Basic Thermodynamics : Evelyn Guha ( Narosa Publications) 

4. Classical  mechanics by Kleppener , Kollenkov 

5. A treatise on heat :MeghanadSaha and BN Srivastava , 1969, India Press. 

6. Mechanics and Electrodynamics Rev Edn. 2005 by Brijlal and  

Subramanyanand  JeevanSeshan. 

 

 

 

USPH302  : Vector calculus, Analog Electronics 

Learning Outcomes: 

On successful completion of this course students will be able to : 

1) Understand the basic concepts of mathematical physics and their 

applications in physical situations.  

2) Understand the basic laws of electrodynamics and be able to perform 

calculations using them. 

3) Understand the basics of transistor biasing, operational amplifiers, their 

applications 

4) Understand the basic concepts of oscillators and be able to perform 

calculations using them. 

5) Demonstrate quantitative problem solving skill in all the topics covered.  

Unit I: Vector Calculus: 15Lectures 

1. Line, Surface and Volume Integrals, The Fundamental Theorem of Calculus, 

The Fundamental Theorem of Gradient, The Fundamental Theorem of 

Divergence , The Fundamental Theorem of Curl (Statement and Geometrical 

interpretation is included, Proof of these theorems are omitted). Problems 

based on these theorems are required to be done. 

 

2. Curvilinear Coordinates: Cylindrical Coordinates, Spherical Coordinates 



 

Unit II: Analog Electronics   15Lectures 

1.Transistor Biasing, Inherent Variations of Transistor Parameters, 

Stabilisation, Essentials of a Transistor Biasing Circuit, Stability Factor, 

Methods of Transistor Biasing, Base Resistor Method, Emitter Bias Circuit, 

Circuit analysis of Emitter Bias, Biasing with Collector Feedback Resistor, 

Voltage Divider Bias Method, Stability factor for Potential Divider Bias. 

 

2.General amplifier characteristics: Concept of amplification, amplifier 

notations, current gain, Voltage gain, power gain, input resistance, output 

resistance, general theory of feedback, reasons for negative feedback, loop 

gain.  

3.Practical circuit of transistor amplifier, phase reversal, frequency response, 

Decibel gain and Band width.  

Unit III: Analog Electronics     15Lectures 

1.  Oscillators: Introduction, effect of positive feedback. Requirements for 

oscillations, phase shift oscillator,Wien Bridge Oscillator, Colpitt’s 

oscillator, Hartley oscillator 

 

2. Operational Amplifiers: Introduction, Schematic symbol of OPAMP, Output 

voltage from OPAMP, AC analysis, Bandwidth of an OPAMP, Slew rate, 

Frequency Response of an OPAMP, OPAMP with Negative feedback, 

Inverting Amplifier, Non-Inverting Amplifier, Voltage Follower, Summing 

Amplifier, Applications of Summing amplifier, OPAMP Integrator and 

Differentiator, Critical frequency of Integrator, Comparator 

 

 

 

 

References: 

Introduction to Electrodynamics 3rd Ed by D.J. Griffith 

Principles of Electronics – V. K. Mehta and Rohit Mehta. (S. Chand –

Multicoloured illustrative edition) 



 Electronic devices and circuits – An introduction Allan Mottershead (PHI 

Pvt. Ltd.– EEE – Reprint – 2013) 

 

USPH303 :  Applied Physics - I 

This paper consists of three modules (units) designed in a way so as to offer 

interdisciplinary & application oriented learning. 

Learning Outcomes : 

On completion of this, it is expected that 

i) Students will be exposed to contextual real life situations. 

ii) Students will appreciate the role of Physics in 'interdisciplinary areas related to 

materials, Bio Physics, Acoustics etc. 

iii) The learner will understand the scope of the subject in Industry & Research. 

iv) Experimental learning opportunities will faster creative thinking & a spirit of 

inquiry. 

Unit 1 :    Acoustics , Lasers and fibre optics          15Lectures 

1)Acoustics of Buildings:  Reverberation, Sabine’s formula (without derivation) 

Absorption coefficient, Acoustics of Buildings, factors affecting Acoustics of 

Buildings, Sound distribution in an auditorium. 

2)Laser : Introduction, transition between Atomic energy states (without 

derivation), Principle of Laser, Properties of Laser, Helium–Neon Laser, 

Application of Laser, Holography  

3)FibreOptics : Light propagation through Fibres, Fibre Geometry, Internal 

reflection, Numerical Aperture, Step-Index and Graded-Index Fibres, Applications 

of Fibres.  

 

References: 

Modern Physics Concept and Applications – SanjeevPuri, Narosa Publication. 



Properties of matter and Acoustics – R Murugeshan and K. Shivaprasath, S Chand 

&Co.Ltd. (2005-Ed) 

 

Unit II :   Biophysics 15Lectures 

 

Introduction, definition, History & scope of biophysics, biological fluids, physico-

chemical properties, viscosity, surface tension, pH, osmosis, osmotic pressure. 

Diffusion, Ficks’ laws of diffusion, dialysis, Cell is unit of life, fundamental 

understanding prokaryotic and eukaryotic cell structure and function, eukaryotic 

cell membrane, Fundamentals of  transport process through biological membrane, 

membrane channels. electrical properties of cell, Action potential, propagation of 

action potential, methods of measurement of action potential,  Nernst equation, 

Golman equation,  The Hodgkin-Huxely model of action potential, voltage clamp 

technique, Patch clamp technique, cell impedance and capacitance . 

References: 

1. Cellular and Molecular Biology: Concept and Experiment by Gerald Karp 

2. The Cell: A Molecular Approach by Geoffery Cooper 

3. Introductory Biophysics: Perspective on living state by James Claycomb 

4. Medical Physiology by Guyton 

5. Molecular Biology of  Cell by Bruce Albert 

6. Text Book of Biophysics by R N Roy 

Unit III : Materials – properties and applications  15Lectures 

Introduction to Materials 

Classification of Materials based on structures (Crystalline and Amorphous, single 

crystal, polycrystalline and nanomaterials) and Functionality (Conducting, 

insulating, superconducting, reflecting, transmitting etc)  

Types of Materials: Metals and alloys, Ceramics, Polymers and Composites, Thin 

Films, Nanomaterials; Some Physical and Chemical methods of materials synthesis                        

           (5L) 

Properties of materials 



Electrical Properties: Review of energy band diagram for materials - conductors, 

semiconductors and insulators, Electrical conductivity in metals, semiconductors 

and insulators (dielectrics), effect of temperature on conductivity  

Optical Properties: Reflection, refraction, absorption and transmission of 

electromagnetic radiation in solids.  

Magnetic Properties: Origin of magnetism in solids (basic idea), Types of magnetic 

order (paramagnetism, diamagnetism, antiferro magnetism, ferromagnetism, 

ferrimagnetism), magnetic hysteresis                                    (6L) 

 

Applications 

Optical materials: LEDs, OLEDs, LCDs, Flat Panel Displays, optical fibers 

Dielectric materials: Piezoelectric, ferroelectric and pyroelectric materials 

Magnetic Materials: Soft magnets (Transformer steels), Hard magnets for 

permanent magnets, Magnetic Recording and Storage                                  (4L) 

 

 

References: 

1. Electronic Properties of Materials, Rolf E Hummel 

2. Materials Science and Engineering: A First Course by V. Raghavan 

 

 

 

USPHP3:  Practical course -3 

Instructions: 

i) All the measurements and readings should be written with proper 

units in SI system only. 

ii) After completing all the required number of experiments in the 

semester and recording them in  journal, student will have to get 

their journal certified and produce the certified journal at the time 

of practical examination. 

iii) While evaluating practical, weight age should be given to 

circuit/ray diagram, observations, tabular representation, 

experimental skills and procedure, graph, calculation and result. 

iv) Skill of doing the experiment and understanding physics concepts 

should be more important than the accuracy of final result. 

 



 

 

Learning outcomes : 

On successful completion of this course students will be able to : 

i) Understand &practice the skills while performing experiments. 

ii) Understand the use of apparatus and their use without fear& hesitation. 

iii) Correlate the physics theory concepts to practical application. 

iv) Understand the concept of errors and their estimation. 

Note: Exemption of two experiments from section A and / or B and / or C may be 

given if student carries out any one of the following activity. 

1) Collect the information of at least five Physicists with their work or any 

three events on physics, report that in journal. 

2) Execute a mini project to the satisfaction of teacher in-charge of practical. 

3) Participate in a study tour or visit & submit a study tour report. 

 

For practical examinations, the learner will be examined in three experiments (one 

from each group ) .  

Each experiment will be of three hours'duration . 

A Minimum 3 from each group and in all minimum 12 experiments must be 

reported in journal. 

All the skill experiments are required to be completed compulsorily. Students are 

required to report all these experiments in the journal. Evaluation in viva voce will 

be based on regular experiments and skill experiments. 

A learner will be allowed to appear for the semester and practical examination only 

if he submits a certified journal of Physics or a certificate that the learner has 

completed the practical course of Physics Semester III as per the minimum 

requirements. 

Group A 

1 Y by bending. 
2 Kater’s pendulum  
3 Searle’s experiment: determination of Y and . 

4 Flat spiral spring (Y) 



5 Flat spiral spring (n) 

6 Young’s modulus by Koenig’s method. 

7 Determination of thermal conductivity of bad conductor by Lee’s Method. 

8 Helmholtz resonator- determination of unknown frequency. 

9 Moment of Inertia of compound pendulum by method of coincidence. 
8. Verification of Stefan’s law ( electrical method) 

9. Temperature coefficient of resistance of conducting material, 

10. e/m by Thomson’s method  
11. Charging and discharging of capacitor. 

12. LCR parallel resonance. 

13. Figure of merit of a mirror galvanometer. 

14.  Determination of absolute capacitance using BG 

15. Measurement of resistance of galvanometer (G by shunting) 

 

Group B 

1. Passive low pass filter 

2. Passive high pass filters. 

3.  Passive band pass filter. 

4. Opamp: Inverting amplifier with different gains 

5. Opamp: Non-inverting amplifier with different gains and voltage follower 

6. Opamp: Integrator and Differentiator  

7. CE amplifier: determination of bandwidth 

8. CE amplifier: variation of gain with load 

9. Lissajous figures using CRO. 

10. Phase shift oscillator 

11. Wien bridge oscillator 

12. UJT characteristics 

13. UJT relaxation oscillator 

14. Colpitt’s oscillator 

15. Hartley oscillator 

 

Group C 

1. Laser experiments: straight edge, single slit, ruler grating 

2. Optical fibre: transmission of signal 

3. Concept of beats 

4. Coupled oscillations and resonance 

5. Standardization of pH meter & acid-base titration. 

6. Determination of Isoelectric point of Amino Acids/protein. 

7. Understanding uv visible spectra of protein/Nucleic Acids. 

8. Surface tension of Biological fluid. 



9.  Microscopic examination of Red blood Cells & White blood Cells. 

10. Synthesis of materials - mini project - thin film/nano materials/bulk powders 

using different routes etc. 

11. Visit to research institutes (equivalent to three practical sessions). 

     12. Assignment & literature survey (equivalent to 2 practical sessions). 

  
 

Skill experiments 

1. Soldering technique 
2. Wiring of a simple circuit using bread board 

3. Use of DMM 

4. Use of oscilloscope 

5. Travelling microscope ( radius of capillary) 

6. Spectrometer: mean μ of yellow doublet of mercury source. 

7. Spectrometer: optical leveling and Shuster’s method 

8. Component testing, colour code of resistors, capacitors etc. 

9. Drawing of graph on semi logarithmic / logarithmic scale. 

10. Radius of ball bearings (single pan balance) 

 

 

References: 

1) Advanced course in Practical Physics D. Chattopadhya, PC Rakshit& B Saha. 

(6
th

 Edition) Book and Allied Pvt.Ltd. 

2) B.Sc Practical Physics – Harnam Singh S.Chand& Co. Ld. 2001 

3) A test book of advanced practical PHYSICS _ SAMIR Kumar Ghosh, New 

Central Book Agency (3
rd

 edition) 

4) B.Sc. Practical Physics – CL Arora (1
st
 Edition) -2001 S.Chand and Co Ltd. 

5) Practical Physics   CL Squires (3
rd

 Edition)  Cambridge University 

6) University Practical Physics – DC Tayal. Himalaya Publication 

7) Advanced Practical Physics – Worsnop&Flint.  

  



USPH401 :Optics and Digital Electronics 

 

Learning Outcomes: 

 

On successful completion of this course students will be able to : 

1) Understand the diffraction and polarization processes and applications of them 

in physical situations. 

2) Understand the applications of interference in design and working of 

interferometers. 

3) Understand the resolving power of different optical instruments.\ 

4) Understand the working of  digital circuits 

5) Use IC 555 time  for various  timing applications.  

6) Demonstrate quantitative problem solving skills in all the topics covered. 

 

UNIT I:                                                                                 (15 Lectures) 

 

Background  knowledge  (devote one lecture at commencement): 

i. Introduction, Huygens’s - Fresnel theory, Distinction between interference 

and diffraction, Fresnel and Fraunhoffer types of diffraction. 

ii. Introduction of Polarization, Natural light is unpolarized, Unpolarized and 

Polarized light 

iii. Brewster’s law , Polaroid sheets 

iv. Prism and grating spectra ,Cornu’s spiral, Fresnel’s integrals. 

 

 

Diffraction: 

Fresnel’s Diffraction: Fresnel’s assumptions, Rectilinear propagation (Half period 

zones) of light, Diffraction pattern due to straight edge, Positions of maxima and 

minima in intensity, Intensity at a point inside the geometrical shadow(straight 

edge), Diffraction due to a narrow slit, Diffraction due to a narrow wire 

Fraunhoffer Diffraction : Introduction, Fraunhoffer diffraction at a single slit, 

Intensity distribution in diffraction pattern due to a single slit, Fraunhoffer 

diffraction at a double slit,Distinction between single slit and double slit diffraction 

pattern and missing orders, Plane diffraction Grating, Theory of plane transmission 

grating, Width of principal maxima . 

 



Unit II              (15Lectures) 

 

Polarization: Types of polarization, Plane polarized light, Circularly polarized 

light, Elliptically polarized light, Partially polarized light, Production of Plane 

polarized light, Polarization by reflection from dielectric surface,   Polarization by 

refraction –pile of plates, Polarization by scattering, Polarization by selective 

Absorption, Polarization by double refraction, Polarizer and Analyzer, Malus’ 

Law, Anisotropic crystal, Calcite crystal, Optic Axis, Double refraction in calcite 

crystal, Huygens' explanation of double refraction, Ordinary and Extra ordinary 

rays, Positive and Negative crystals, Superposition of waves linearly polarized at 

right angles,Superposition of e-Ray and o-Ray, Retarders, Quarter wave plate, Half 

wave plate, Production of linearly polarized light,Production of elliptically 

polarized light, Production of circularly polarized light, Analysis of polarized light,  

Applications of polarized light.  

 

Unit – III 

     Digital Electronics:          (15Lectures) 

Background  knowledge  (devote one lecture at commencement): 

i. Binary number system , Arithmetic building blocks , Types of registers 

Digital IC signal levels, Binary to Decimal ,Decimal to binary , Hexadecimal 

number, Hexadecimal to decimal Conversion, Decimal to hexadecimal conversion, 

Hexadecimal to binary conversion, Binary to hexadecimal conversion, Binary 

addition, Unsigned binary numbers, Sign magnitude numbers , 1's complement , 

2's complement , Converting to  and from 2's complement representation , 2's 

complement arithmetic,  The adder-subtractor (ignore IC specific diagrams ) 

RS Flip-Flops (only NOR gate latch, NAND gate latch) , Gated Flip-Flops, Edge-

Triggered RS Flip-Flop, Edge- Triggered D Flip-Flop, Edge-Triggered J-K Flip-Flop, 

JK Master- Slave Flip-Flops, Bounce elimination switch 

Types of registers : SISO , SIPO, PISO , PIPO [in this chapter the teacher should 

make all IC specific diagrams into general diagrams ie. Ignore pin numbers and IC 

numbers] 

Asynchronous counter -3 bit (ignore IC specific diagrams), Synchronous counter 

only mod 8, Decade Counters Mod5 and Mod10  



A Text Book Of Optics By: Dr.N.Subrahmanyam, Brijlal, Dr M.N. Avadhaanulu 

(S.Chand, 25
th 

Revised edition2012 Reprint 2013)  

 

AJOY GHATAK: OPTICS (5
th

Edition)  

 

LMS – Digital Principles and AplicationsBy Leach, Malvino, Saha   6
th

edn.  

TF – Digital Fundamentals by Thomas L Floyd 10
th
edn. (Additional Reading) 

RPJ – Modern Digital Electronics by R P Jain 4
th

edn. (Additional Reading) 

 

 

USPH402:  QUANTUM PHYSICS 

 

Learning Outcomes : 

 

On successful  completion of this course students  will be able to : 

 

1) Understand the postulates of quantum mechanics and to understand its 

importance in explaining significant phenomena in Physics. 

 

2) Demonstrate quantitative problem solving skills in all the topics covered. 

 

Background Reading (Review): 

 

 Origin of Quantum Mechanics: 

1) Review of Black body radiation, b) Review of photoelectric effects. 

2) Matter waves-De Broglie hypothesis. Davisson and Germer experiment. 

3. Wave particle duality 

5. Concept of wave packet, phase velocity, group velocity and relation between 

them 

6. Heisenberg’s uncertainty principle with thought experiment, different forms of 

uncertainty. 

 

Unit –I:  The Schrodinger wave equation:    15Lectures 

 

1. Concept of wave function, Born interpretation of wave function. 

2. Concepts of operator in quantum mechanics examples – position, momentum 

and energy operators. 

3. Eigenvalue equations, expectation values of operators. 

4. Schrodinger equation. 



5. Postulates of Quantum Mechanics. 

6. Analogy between Wave equation and Schrodinger equation. 

7. Time dependent and time independent (Steady State) Schrodinger equation, 

Stationary State 

8. Superposition principle. 

9. Probability current density, Equation of continuity and its physical significance. 

 

 

 

Unit-II:  Applications of Schrodinger steady state equation-15Lectures  

1. Free particle. 

2. Particle in infinitely deep potential well (one - dimension). 

3. Particle in finitely deep potential well (one - dimension). 

4. Step potential. 

5. Particle in three dimension rigid box, degeneracy of energy state. 

 

Unit-III: Applications of Schrodinger steady state equation –II  15Lectures 

 

1. Potential barrier (Finite height and width) penetration and tunneling effect 

(derivation of approximate transmission probability) 

2. Theory of alpha particle decay from radioactive nucleus. 

3. Harmonic oscillator (one-dimension), correspondence principle. 

 

 [Note: A good number of numerical examples are expected to be covered during 

the prescribed lectures]. 

 

Reference Books: 

1.  Concepts of Modern Physics – A. Beiser (6th Ed.) Tata McGraw Hill. 

2. Quantum Mechanics – S P Singh, M K Bagade, Kamal Singh, - S. Chand : 2004 

Ed. 

3. Quantum Mechanics of Atoms, Molecules, Solids, Nuclei and particles. - By R. 

Eisberg and R. Resnik Published by Wiley. 

5. Introduction to Quantum Mechanics. - By D. Griffiths Published by Prentice 

Hall. 

6. Quantum Mechanics. - By Ghatak and Lokanathan Published by Mc. Millan. 

7. Quantum Mechanics. - By L. I. Schiff. 

8. Quantum Mechanics. - By Powell and Crasemann, Addison-Wesley Pub. Co. 

 

 

 

 



USPH403 : Applied Physics  II 

 

Learning Outcomes : 

On successful completion of this course, students will be able to : 

i) Understand the concepts of mechanics & properties of matter & to apply them to 

problems. 

ii) Comprehend the basic concepts of thermodynamics & its applications in 

physical situation. 

iii) Learn about situations in low temperature. 

iv) Demonstrate tentative problem solving skills in all above areas. 

 

Unit 1 :Introduction to Geophysics15Lectures 

CHAPTER 1   :   GEOLOGY AND GEOPHYSICS  

1.1 Introduction to Geophysics its branches and relationship with other sciences. 

1.2 Earth and solar system: Meteorites and other extra-terrestrial materials.  

1.3 Age of Earth and various methods of determination. Planetary evolution of 

the Earth and its internal structure: Elastic waves and variation of physical 

and chemical properties in the interior of Earth.  

1.4 Major tectonic features of the ocean oceanic and continental crust.  

1.5 Continental drift – geological and geophysical evidence: mechanisms, 

objections and present status.  

1.6 Gravity and magnetic anomalies at Mid-ocean ridges: deep sea trenches, 

continental shield areas and mountain chains.  

1.7 Geomagnetism, elements of Earth’s magnetism: Internal, external fields and 

their causes, Palaeomagnetism, Polar wandering paths and reversals, 

Seafloor spreading and Plate tectonics.  

1.8  Seismic belts of the Earth: Seismicity and plate movements.  

1.9 Geodynamics of the Indian plate.  

1.10 Utility of the different geophysical techniques (discussed above) in 

exploration for academic as well as for harnessing resources. Geophysical 

potential fields: Principles of Gravity and Magnetic methods.  

1.11 Instrumentation, field procedures used in geophysical studies. 

1.12 Case studies 

1.13 Problems. 

 



Suggested Textbooks and References 

1. Geomagnetism: Solid Earth and Upper Atmosphere 

Perspectives.NathaniBasavaiah, Springer (2011). 

2.  Introduction to Applied Geophysics: Exploring the Shallow Subsurface.H.R. 

Burger, A.F. Sheehan and C.H. Jones. W.W. Norton, New York (2006). 

3.  Earth Science.E.J. Tarbuck, F.K. Lutgens and D. Tasa, Prentice & Hall (2005). 

4.  Mantle Plumes and Their Record in Earth History. K.C. Condie, Cambridge 

University Press, Cambridge, UK (2001)  

5.  The Magnetic Field of the Earth: Paleomagnetism, the Core, and the Deep 

Mantle. R.T. Merrill, M.W. McElhinny and P.L. McFadden, International 

Geophysical Series 63, Academic Press (1996). 

6.  Applied Geophysics (Paperback). W.M. Telford, L.P. Geldart and R.E. Sheriff, 

Cambridge University Press, Cambridge (1990). 

 

CHAPTER 2 : GEO-ENVIRONMENTAL SCIENCES  

2.1 Environmental Magnetic Analysis relating to magnetic minerals and 

environmental systems, soil magnetism, mineral magnetic studies of lake 

and marine sediments and magnetic monitoring of  air-, land- and water-

pollution.  

2.2 Geo-Environmental Studies relating to mining, urban, industrial, coastal 

and desert management, palaeoclimate, palaeoenvironment, medical 

geology, climate change and studies related to their impact on ecosystem. 

2.3  Natural Hazard Investigations including scientific studies related to natural 

hazards such as earthquakes, landslides, floods and tsunamis. 

2.4 Impact Assessment of Anthropogenic Activities such as heavy metal 

pollution in Mumbai aquatic system with industries and thermal power 

plants, urbanization, disposal of industrial and radio-active waste, excessive 

withdrawal of ground water and use of fertilizers.  

Problems. 

 

Suggested Textbooks and References 

1. Energy and Environment, 3rd Edition.Robert A. Ristinen and Jack P. 

Kraushaar, John Wiley and Sons, Inc. (2015). 

2. Geomagnetism: Solid Earth and Upper Atmosphere 

Perspectives.NathaniBasavaiah, Springer (2011). 

3. Textbook of Environmental Chemistry.BalaramPani, I.K. International 

Publishing House (2007). 



4. A Textbook of Environmental Studies, 1/e. D.K. Asthana and MeeraAsthana, S. 

Chand and Co. Publishing (2006). 

5. Environment: Problems and Solutions, 2/e. D.K. Asthana and MeeraAsthana, S. 

Chand and Co. Publishing (2006). 

6. Environmental magnetism. R. Thompson and F. Oldfield F, Allen &Unwin 

(1986). 

 

Unit II :   Microprocessors(15 Lectures ) 

 

8085 Microprocessor and Basic Assembly Language Programming (15 

lectures) 

Introduction, Historical Perspective, Organization of a Microprocessor Based 

system, how does 

the Microprocessor works, Machine Language, Assembly Language, High Level 

Languages, 

Writing and executing an Assembly Language Program. 

 

8085 Bus Organization, 8085 Programming Model, The 8085 Microprocessor, Pin 

connection 

diagram and function of each pin, A detailed look at 8085 Microprocessor. 

 

Basic definitions: Instruction, Opcode, operand. Instruction word Size, instruction 

Format, dataformat ,Addressing Modes,The 8085 Instruction Set(Classification) 

Data transfer Operations,Arithmetic Operations, Logical Operations Branch 

Operations , 

 Introduction to AdvancedInstructions Flowchart 

 

Main References: 

1. G: Microprocessor Architecture, programming and Applications with the 

8085 by Ramesh Gaonkar, 5th Edition, Prentice Hall of India. 

Additional references: 

1) Microprocessor and Applications by Vibhute and Borole, Technova 

Publications, Pune. 

2) Microprocessor, Principles & Applications by Gilmore (2nd Ed) TMH 

 

 

 



Unit III :   15Lectures 

A)Radiation Physics 

1: Basics of Radiation Science        3L 

    Electromagnetic Spectrum, Introduction to radioactivity, Sources of radiation: 

Alpha, beta and gamma radiation, high energy electron radiation and X-rays, 

Radiation units, Sources of radiation: natural and man-made, Radiation protection 

2: Radiation Detectors and Beam Calibration     4L 

Types of radiation detectors, Ionization detectors, scintillation detectors, particle 

detectors, TLD, thin film detectors, Radiation field analyzer, Basic principles of 

beam profile measurement 

 

Recommended Books: 

1. Course in DRP by Dept of Atomic Energy 

 

B) Radio communication : 

1: Basics of Communication         3L 

Block diagram of communication system, types of communication system: simplex, 

duplex, analog and digital communication, 

Electromagnetic spectrum, base band and broad band communication. Noise 

concept and types, signal to noise ratio, noise figure, noise temperature. 

2: Amplitude Modulation           2 L 

Need of modulation, concept of modulation, AM waveform, mathematical expression 

of AM, concept of sideband, demodulation principles. AM Receiver: TRF and super-

heterodyne receiver,  

3: Frequency Modulation          2 L 

FM modulation: definition, mathematical representation, frequency spectrum, 

bandwidth and modulation index. 

4.Concept of ASK, PSK, FSK, PAM, PWM, PPM, PCM.    1 L 

Recommended Books: 

1. Communication Electronics: Principles and applications by Louis E Frenzel 3rd 

edition TMH Publications. 



2. Electronics Communication Systems by Kennedy 

3. Telecommunication Switching Systems and Network by Vishwanathan and 

Thiagarajan, PHI publication. 

4. Electronics Communication Systems by Denis Roddy and John Coolen, PHI 

publication. 

 

USPHP4: Practical course -4 

 

Instructions: 

i. All the measurements and readings should be written with proper 

units in SI system only. 

ii. After completing all the Required number of experiments in the 

semester and recording them in  journal, student will have to get 

their journal certified and produce the certified journal at the time 

of practical examination. 

iii. While evaluating practical, weight age should be given to 

circuit/ray diagram, observations, tabular representation, 

experimental skills and procedure, graph, calculation and result. 

iv. Skill of doing the experiment and understanding physics concepts 

should be more important than the accuracy of final result. 

Learning Outcomes : 

On successful completion of this course students will be able to : 

i) Understand &practise the skills while performing experiments. 

ii) Understand the use of apparatus and their use without fear & hesitation. 

iii) Correlate their physics theory concepts to practical application. 

iv) Understand the concept of errors and their estimation. 

For practical examination the learner will be examined in the experiments ( one 

from each group ) . Each experiment will be of three hour duration; 

 Minimum 3 from each group and in all minimum 12experiments and all the 

demonstration experiments are required to be completed compulsorily.  

Students are required to report all these experiments in the journal. Evaluation in 

viva voce will be based on regular experiments and skill experiments. 



A learner will be allowed to appear for the semester and practical examination only 

if he submits a certified journal of Physics or a certificate that the learner has 

completed the practical course of Physics Semester III as per the minimum 

requirements. 

Group A 

1. Optical lever: determination of μ 

2. Cylindrical obstacle: determination of λ 

3. Single slit diffraction 

4. Fresnel’s bi-prism: determination of λ 

5. Determination of Couchy’s constants. 

6. R.P. of telescope. 

7. R.P. of grating 

8. R. P. of prism 

9. Brewster’s law: determination of μ 

10. Double refraction 

11. Polarimeter 

12. Laser beam profile  

13. Determination of wavelength of laser using grating 

14. Determination of R.I. of liquid by laser 

15. μ by total internal reflection 

 

Group B 

1. Square wave oscillator using gates. 

2. Half adder and full adder (7486, 7408) 

3. Study of MS-JK flip flop  

4. Study of Latch (74LS373) 

5. Study of 3:8 Decoder (74LS138) 

6. Study of 8:3 Priority Encoder (74LS148) 

7. Counters mod 2,5 and 10 

8. Shift registers 

9. Transistorized Astablemultivibrator 

10. Transistorized Monostablemultivibrator 

11. Transistorized Bistablemultivibrator 

12. Op-Amp as Astablemultivibrator 

13. IC 555 timer as Astablemultivibrator 

14. IC 555 timer as Monostablemultivibrator 

15. IC 555 timer as a Ramp generator 

 

 



Group C 

1.  Study of 8085 microprocessor kit and commands. 

2.  8 -bit addition, subtraction, multiplication  

3. Two digit Decimal addition, subtraction. 

4. Memory block transfer from one location to another. 

5.  Find largest/smallest number in given block. 

6. Find number of positive/negative, odd/even elements in given block. 

7. Arrange given number in ascending/descending order 

(Note: Use 8085 kit or any 8085 simulator to perform practicals) 

8. Use of initial magnetization curve to find flux in core 

9. Project on a topic  (equivalent to three practical sessions) 

10.Visit to research institutes (equivalent to three practical sessions) 

     11.Assignment& literature survey (equivalent to 2 practical sessions). 

      12.Visit to Hospital with medical diagnostic equipment. 

     13.Plotting and analysis of detector data (from University /research institutions) 
      14. Design, Build and test Amplitude Modulator and/or Frequency Modulator    

15.Time Division Multiplexing circuit. 

16 Frequency Shift Keying(FSK) using IC 555 or XR 2206 

     17. Demonstration of PAM, PPM and PWM. 

 

Demonstration experiments 

1. Error analysis of a given experiment 

2. Wave form generator using Op-amp 

3. PC simulations: graph, curve fitting etc. 

4. Straight edge Fresnel diffraction 

5. First order active filter. 

6. DAD instruction. 

 

References: 

1. Advanced course in Practical Physics D. Chattopadhya, PC Rakshit& B Saha. 

(6
th

 Edition) Book and Allied Pvt.Ltd. 

2. B.Sc PRACTICAL Physics – Harnam Singh S.Chand& Co. Ld. 2001 

3. A test book of advanced practical PHYSICS _ SAMIR Kumar Ghosh, New 

Central Book Agency (3
rd

 edition) 

4. B.Sc. Practical Physics – CL Arora (1
st
 Edition) -2001 S.Chand and Co Ltd. 

5. Practical Physics   CL Squires (3
rd

 Edition)  Cambridge University 

6. University Practical Physics – DC Tayal. Himalaya Publication 

7. Advanced Practical Physics – Worsnop&Flint.  
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FOUNDATION COURSE      

Semester III     

Internal marks: 25               External marks: 75                Total Marks: 100  

Lectures: 45 

    
Objectives 

i. Develop a basic understanding about issues related to Human Rights of weaker sections, 
ecology, and science and technology.  

ii. Gain an overview of significant skills required to address competition in career choices 
iii. Appreciate the importance of developing a scientific temper towards technology and its use 

in everyday life  
 

Module 1 Human Rights Provisions, Violations and Redressal (12 lectures) 

A. Scheduled Castes- Constitutional and legal rights, Forms of violations, Redressal 
mechanisms.         (2 Lectures) 

B. Scheduled tribes- Constitutional and legal rights, Forms of violations, Redressal mechanisms. 
        (2 Lectures) 

C. Women- Constitutional and legal rights, Forms of violations, Redressal mechanisms.  
(2 Lectures) 

D. Children- Constitutional and legal rights, Forms of violations, Redressal mechanisms. 
(2 Lectures) 

E. People with Disabilities, Minorities, and the Elderly population- Constitutional and legal 
rights, Forms of violations, Redressal mechanisms.   (4 Lectures) 

Module 2    Dealing With Environmental Concerns    (11 lectures)  

A. Concept of Disaster and general effects of Disasters on human life- physical, psychological, 
economic and social effects.     (3 Lectures)  

B. Some locally relevant case studies of environmental disasters.  (2 Lectures)  
C. Dealing with Disasters - Factors to be considered in Prevention, Mitigation (Relief and 

Rehabilitation) and disaster Preparedness.    (3 Lectures)  
D. Human Rights issues in addressing disasters- issues related to compensation, equitable and 

fair distribution of relief and humanitarian approach to  resettlement and rehabilitation.  
       (3 Lectures) 

 
Module 3  Science and Technology I     (11 lectures) 

A. Development of Science- the ancient cultures, the Classical era, the Middle Ages, the 
Renaissance, the Age of Reason and Enlightenment.   (3 Lectures)  

B. Nature of science- its principles and characteristics; Science as empirical, practical, 
theoretical, validated knowledge.      (2 Lectures)  

C. Science and Superstition- the role of science in exploding myths, blind beliefs and 
prejudices; Science and scientific temper- scientific temper as a fundamental duty of the 
Indian citizen.        (3 Lectures) 



D. Science in everyday life- technology, its meaning and role in development; Interrelation and 
distinction between science and technology.  (3 Lectures)   

Module 4  Soft Skills for Effective Interpersonal Communication   (11 lectures) 

 Part A           (4 Lectures) 
I) Effective Listening - Importance and Features. 
II) Verbal and Non-Verbal Communication; Public-Speaking and Presentation Skills. 
III)  Barriers to Effective Communication; Importance of Self-Awareness and Body 

Language. 

 Part B           (4 Lectures) 
I) Formal and Informal Communication - Purpose and Types. 
II) Writing Formal Applications, Statement of Purpose (SOP) and Resume. 
III) Preparing for Group Discussions, Interviews and Presentations.  

 
Part C           (3 Lectures) 

I) Leadership Skills and Self-Improvement - Characteristics of Effective Leadership. 
II) Styles of Leadership and Team-Building.  

 
    

 
Projects / Assignments (for Internal Assessment)  

i. Projects/Assignments should be drawn for the component on Internal Assessment from the 
topics in Module 1 to Module 4.  

ii. Students should be given a list of possible topics - at least 3 from each Module at the 
beginning of the semester.  

iii. The Project/Assignment can take the form of Street-Plays / Power-Point Presentations / Poster 
Exhibitions and similar other modes of presentation appropriate to the topic.  

iv. Students can work in groups of not more than 8 per topic.  

v. Students must submit a hard / soft copy of the Project / Assignment before appearing for the 
semester end examination. 

  
 
 
 
 
 
 

 

 

QUESTION PAPER PATTERN  (Semester III) 

The Question Paper Pattern for Semester End Examination shall be as follows: 

TOTAL MARKS: 75   DURATION: 150 MINUTES 

QUESTION 
NUMBER DESCRIPTION MARKS 

ASSIGNED 
1 i. Question 1 A will be asked on the meaning / 

definition of concepts / terms from all 
a) Total marks: 15  



Modules.  

ii. Question 1 B will be asked on the topic of the 
Project / Assignment done by the student 
during the Semester 

iii. In all 8 Questions will be asked out of which 5 
have to be attempted.  

b) For 1 A, there 
will be 3 marks 
for each sub-
question.  

c) For 1 B there will 
be 15 marks 
without any 
break-up. 

2 Descriptive Question with internal option (A or B) 
on Module 1 

15 

3 Descriptive Question with internal option (A or B) 
on Module 2 

15 

4 Descriptive Question with internal option (A or B) 
on Module 3 

15 

5 Descriptive Question with internal option (A or B) 
on Module 4 

15 

 

 

 

  



FOUNDATION COURSE      

Semester IV     

Internal marks: 25               External marks: 75                Total Marks: 100  

Lectures: 45 

 

Module 1  Significant, contemporary Rights of Citizens  (12 lectures) 

A. Rights of Consumers-Violations of consumer rights and important provisions of the 
Consumer Protection Act, 2016; Other important laws to protect consumers; Consumer 
courts and consumer movements.    (3 Lectures)  

B. Right to Information- Genesis and relation with transparency and accountability; important 
provisions of the Right to Information Act, 2005; some success stories.    
       (3 Lectures)  

C. Protection of Citizens’/Public Interest-Public Interest Litigation, need and procedure to 
file a PIL; some landmark cases.    (3 Lectures) 

D. Citizens’ Charters, Public Service Guarantee Acts.  (3 Lectures)  
     

Module 2  Approaches to understanding Ecology   (11 lectures) 

A. Understanding approaches to ecology- Anthropocentrism, Biocentrism and Eco centrism, 
Ecofeminism and Deep Ecology.     (3 Lectures)  

B. Environmental Principles-1: the sustainability principle; the polluter pays principle; 
the precautionary principle.       (4 Lectures) 

C. Environmental Principles-2: the equity principle; human rights principles; the participation 
principle.       (4 Lectures) 
 

Module 3  Science and Technology II     (11 lectures) 

     Part A: Some Significant Modern Technologies, Features and Applications: 
(7 Lectures) 

i. Laser Technology- Light Amplification by Stimulated Emission of Radiation; use of laser 
in remote sensing, GIS/GPS mapping, medical use. 

ii. Satellite Technology- various uses in satellite navigation systems, GPS, and imprecise 
climate and weather analyses. 

iii. Information and Communication Technology- convergence of various technologies 
like satellite, computer and digital in the information revolution of today’s society. 

iv. Biotechnology and Genetic engineering- applied biology and uses in medicine, 
pharmaceuticals and agriculture; genetically modified plant, animal and human life.  

v. Nanotechnology- definition: the study, control and application of phenomena and 
materials at length scales below 100 nm; uses in medicine, military intelligence and 
consumer products. 

Part B:      Issues of Control, Access and Misuse of Technology.  (4 Lectures)  
  



Module 4  Introduction to  Competitive Examinations  (11 lectures) 

Part A.  Basic information on Competitive Examinations- the pattern, eligibility criteria and 
local centres:        (4 Lectures) 
i. Examinations conducted for entry into professional courses - Graduate Record 

Examinations (GRE), Graduate Management Admission Test GMAT), Common 
Admission Test (CAT) and Scholastic Aptitude Test (SAT). 

ii. Examinations conducted for entry into jobs by Union Public Service Commission, 
Staff Selection Commission (SSC), State Public Service Commissions, Banking and 
Insurance sectors, and the National and State Eligibility Tests (NET / SET) for entry 
into teaching profession.        
  

Part B.  Soft skills required for competitive examinations-  (7 Lectures) 

i. Information on areas tested: Quantitative Ability, Data Interpretation, Verbal Ability 
and Logical Reasoning,  Creativity and Lateral Thinking 

ii. Motivation: Concept, Theories and Types of Motivation 

iii. Goal-Setting: Types of Goals, SMART Goals, Stephen Covey’s concept of human 
endowment 

iv. Time Management:  Effective Strategies for Time Management  

v. Writing Skills: Paragraph Writing, Report Writing, Filing an application under the 
RTI Act, Consumer Grievance Letter. 

 
Projects / Assignments (for Internal Assessment)      

i. Projects/Assignments should be drawn for the component on Internal Assessment from the 
topics in Module 1 to Module 4.  

ii. Students should be given a list of possible topics - at least 3 from each Module at the 
beginning of the semester.  

iii. The Project/Assignment can take the form of Street-Plays / Power-Point Presentations / 
Poster Exhibitions and similar other modes of presentation appropriate to the topic.  

iv. Students can work in groups of not more than 8 per topic.  

v. Students must submit a hard / soft copy of the Project / Assignment before appearing for the 
semester end examination. 

 

 

QUESTION PAPER PATTERN  (Semester IV) 

The Question Paper Pattern for Semester End Examination shall be as follows: 

TOTAL MARKS: 75   DURATION: 150 MINUTES 

QUESTION 
NUMBER DESCRIPTION MARKS ASSIGNED 

1 
i. Question 1 A will be asked on the meaning / 

definition of concepts / terms from all 
Modules.  
 

a) Total marks: 15 

b) For 1 A, there will 
be 3 marks for each 
sub-question.  



ii. Question 1 B will be asked on the topic of 
the Project / Assignment done by the student 
during the Semester 
 

iii. In all 8 Questions will be asked out of which 
5 have to be attempted.  

 
c) For 1 B there will 

be 15 marks without 
any break-up. 

2 Descriptive Question with internal option (A or B) 
on Module 1 

15 

3 Descriptive Question with internal option (A or B) 
on Module 2 

15 

4 Descriptive Question with internal option (A or B) 
on Module 3 

15 

5 Descriptive Question with internal option (A or B) 
on Module 4 

15 
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