PHYSICS: ELECTRONICS (DIGITAL AND ANALOG CIRCUITS
AND INSTRUMENTATION) (PCMP-521)
(Credits: Theory-04)

Theory: 64 Lectures

UNIT-1: Digital Circuits

Difference between Analog and Digital Circuits. Binary Numbers. Decimal to Binary

and Binary to Decimal Conversion, AND, OR and NOT Gates (Realization using Diodes

and Transistor). NAND and NOR Gates as Universal Gates. XOR and XNOR Gates.
(4 Lectures)

De Morgan's Theorems. Boolean Laws. Simplification of Logic Circuit using Boolean

Algebra. Fundamental Products. Minterms and Maxterms. Conversion of a Truth Table

into an Equivalent Logic Circuit by (1) Sum of Products Method and (2) Karnaugh Map.
(5 Lectures)

Binary Addition. Binary Subtraction using 2's Complement Method).Half Adders and
Full Adders and Subtractors, 4-bit binary Adder-Subtractor. (4 Lectures)

UNIT-2: Semiconductor Devices and Amplifiers:
Semiconductor Diodes: p and n type semiconductors. Barrier Formation in PN Junction
Diode. Qualitative Idea of Current Flow Mechanism in Forward and Reverse Biased
Diode. PN junction and its characteristics. Static and Dynamic Resistance. Principle and
structure of (1) LEDs (2) Photodiode (3) Solar Cell.

(5 Lectures)

Bipolar Junction transistors: n-p-n and p-n-p Transistors. Characteristics of CB, CE and
CC Configurations. Active, Cutoff, and Saturation Regions. Current gains a and f.
Relations between o and B. Load Line analysis of Transistors. DC Load line and Q-
point. Voltage Divider Bias Circuit for CE Amplifier. h-parameter Equivalent Circuit.
Analysis of a single-stage CE amplifier using Hybrid Model. Input and Output
Impedance. Current, Voltage and Power Gains. Class A, B, and C Amplifiers.

(12 Lectures)

UNIT-3: Operational Amplifiers (Black Box approach):

Characteristics of an Ideal and Practical Op-Amp (IC 741), Open-loop& Closed-loop
Gain. CMRR, concept of Virtual ground. Applications of Op-Amps: (1) Inverting and
Non-inverting Amplifiers, (2) Adder, (3) Subtractor, (4) Differentiator, (5) Integrator,
(6) Zero Crossing Detector. (13 Lectures)

Sinusoidal Oscillators: Barkhausen's Criterion for Self-sustained Oscillations.
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Determination of Frequency of RC Oscillator (5 Lectures)

UNIT-4: Instrumentations:

Introduction to CRO: Block Diagram of CRO. Applications of CRO: (1) Study of

Waveform, (2) Measurement of Voltage, Current, Frequency, and Phase Difference.
(3 Lectures)

Power Supply: Half-wave Rectifiers. Centre-tapped and Bridge Full-wave Rectifiers

Calculation of Ripple Factor and Rectification Efficiency, Basic idea about capacitor

filter, Zener Diode and Voltage Regulation (6 Lectures)

Timer IC: IC 555 Pin diagram and its application as Astable & Monostable
Multivibrator (3 Lectures)

Reference Books:

e Integrated Electronics, J. Millman and C.C. Halkias, 1991, Tata Mc-Graw Hill.

e Electronic devices and circuits, S. Salivahanan and N. Suresh Kumar, 2012, Tata
Mc-Graw Hill.

e Microelectronic Circuits, M.H. Rashid, 2™Edn.,2011, Cengage Learning.

e Modern Electronic Instrumentation & Measurement Tech., Helfrick&Cooper,1990,
PHI Learning

e Digital Principles & Applications, A.P. Malvino, D.P. Leach & Saha, 7™ Ed.,2011,
Tata McGraw Hill

e Microelectronic circuits, A.S. Sedra, K.C. Smith, A.N. Chandorkar, 2014, 6" Edn.,
Oxford University Press.

e Fundamentals of Digital Circuits, A. Anand Kumar, 2™ Edition, 2009, PHI Learning
Pvt. Ltd.

e OP-AMP and Linear Digital Circuits, R.A. Gayakwad, 2000, PHI Learning Pvt. Ltd.
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PHYSICS LAB: ELECTRONICS (DIGITAL AND ANALOG
CIRCUITSAND INSTRUMENTS) (PCMP-522)

Credits: 2
Practical lectures: 16 (4hours each)

1.
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15.

To measure (a) Voltage, and (b) Frequency of a periodic waveform using a CRO
To verify and design AND, OR, NOT and XOR gates using NAND gates.

To minimize a given logic circuit.

Half adder, Full adder and 4-bit Binary Adder.

Adder-Subtractor using Full Adder I.C.

Todesign an astable multivibrator of given specifications using 555 Timer.

To design a monostable multivibrator of given specifications using 555 Timer.
To study IV characteristics of PN diode, Zener and Light emitting diode

To study the characteristics of a Transistor in CE configuration.

. Todesign a CE amplifier of a given gain (mid-gain) using voltage divider bias.
. To design an inverting amplifier of given gain using Op-amp 741 and study its

frequency response.

. To design a non-inverting amplifier of given gain using Op-amp 741 and study

its Frequency Response.

To study a precision Differential Amplifier of given I/O specification using Op-
amp.

To investigate the use of an op-amp as a Differentiator

To design a Wien Bridge Oscillator using an op-amp.

Reference Books:

e Basic Electronics: A text lab manual, P.B. Zbar, A.P. Malvino, M.A. Miller, 1994,
Mc-Graw Hill.

e Electronics: Fundamentals and Applications, J.D. Ryder, 2004, Prentice Hall.

e OP-Amps and Linear Integrated Circuit, R. A. Gayakwad, 4" edition, 2000, Prentice
Hall.

e Electronic Principle, Albert Malvino, 2008, Tata Mc-Graw Hill.
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PHYSICS: NUCLEAR & PARTICLE PHYSICS (PCMP-523)
(Credits: Theory-04)
Theory: 64 Lectures

General Properties of Nuclei: Constituents of nucleus and their Intrinsic properties,
quantitative facts about size, mass, charge density (matter energy), binding energy,
average binding energy and its variation with mass number, main features of binding
energy versus mass number curve, N/A plot, angular momentum, parity, magnetic
moment, electric moments, nuclear excites states. (10 Lectures)

Nuclear Models: Liquid drop model approach, semi empirical mass formula and
significance of various terms, condition of nuclear stability. Two nucleon separation
energies, Fermi gas model (degenerate fermion gas, nuclear symmetry potential in Fermi
gas), evidence for nuclear shell structure, nuclear magic numbers, basic assumption of
shell model, concept of mean field, residual interaction, concept of nuclear force.

(12 Lectures)

Radioactivity decay:(a) Alpha decay: basics of a-decay processes, theory of a-
emission, Gamow factor, Geiger Nuttall law, a-decay spectroscopy. (b) B-decay: energy
kinematics for B-decay, positron emission, electron capture, neutrino hypothesis. (c)
Gamma decay: Gamma rays emission & kinematics, internal conversion.

(10 Lectures)

Nuclear Reactions: Types of Reactions, Conservation Laws, kinematics of reactions,
Q-value, reaction rate, reaction cross section, Concept of compound and direct reaction,
resonance reaction, Coulomb scattering (Rutherford scattering). (8 Lectures)

Interaction of Nuclear Radiation with matter: Energy loss due to ionization (Bethe-
Block formula), energy loss of electrons, Cerenkov radiation, Gamma ray interaction
through matter, photoelectric effect, Compton scattering, pair production, neutron
interaction with matter. (8 Lectures)

Detector for Nuclear Radiations: Gas detectors: estimation of electric field, mobility
of particle, for ionization chamber and GM Counter. Basic principle of Scintillation
Detectors and construction of photo-multiplier tube (PMT). Semiconductor Detectors (Si
& Ge) for charge particle and photon detection (concept of charge carrier and mobility).
(8 Lectures)

Particle Accelerators: Accelerator facility available in India: Van-de Graaff generator
(Tandem accelerator), Linear accelerator, Cyclotron, Synchrotrons. (5 Lectures)

Particle physics: Particle interactions; basic features, types of particles and its families.
Symmetries and Conservation Laws: energy and momentum, angular momentum, parity,
baryon number, Lepton number, Isospin, Strangeness and charm, concept of quark
model, color quantum number and gluons. (14 Lectures)

Reference Books:

e Introductory nuclear Physics by Kenneth S. Krane (Wiley India Pvt. Ltd., 2008).

e Concepts of nuclear physics by Bernard L. Cohen. (Tata Mcgraw Hill, 1998).

e Introduction to the physics of nuclei & particles, R.A. Dunlap. (Thomson Asia, 2004)
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e Introduction to Elementary Particles, D. Griffith, John Wiley & Sons

® Quarksand Leptons, F. Halzen and A.D. Martin, Wiley India, New Delhi

e Basic ideas and concepts in Nuclear Physics - An Introductory Approach by K. Heyde
(IOP- Institute of Physics Publishing, 2004).
e Radiation detection and measurement, G.F. Knoll (John Wiley & Sons, 2000).

® Theoretical Nuclear Physics, J.M. Blatt & V.F.Weisskopf (Dover Pub.Inc., 1991)
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PHYSICS: COMPUTATIONAL PHYSICS SKILLS (PCMS-521)
(Credits: 03)

Theory: 32 Lectures
PRACTICAL: 16 Lectures (2hrs each)

The aim of this course is not just to teach computer programming and numerical
analysis but to emphasize its role in solving problems in Physics.
e Highlights the use of computational methods to solve physical problems
e Use of computer language as a tool in solving physics problems (applications)
e Course will consist of hands on training on the Problem solving on Computers.

Introduction: Importance of computers in Physics, paradigm for solving physics
problems for solution. Usage of linux as an Editor. Algorithms and Flowcharts:
Algorithm: Definition, properties and development. Flowchart: Concept of flowchart,
symbols, guidelines, types. Examples: Cartesian to Spherical Polar Coordinates, Roots
of Quadratic Equation, Sum of two matrices, Sum and Product of a finite series,
calculation of sin (x) as a series, algorithm for plotting (1) lissajous figures and (2)
trajectory of a projectile thrown at an angle with the horizontal. (4 Lectures)

Scientific Programming: Some fundamental Linux Commands (Internal and External
commands). Development of FORTRAN, Basic elements of FORTRAN: Character Set,
Constants and their types, Variables and their types, Keywords, Variable Declaration
and concept of instruction and program. Operators: Arithmetic, Relational, Logical and
Assignment Operators. Expressions: Arithmetic, Relational, Logical, Character and
Assignment Expressions. Fortran Statements: 1/0 Statements (unformatted/formatted),
Executable and Non-Executable Statements, Layout of Fortran Program, Format of
writing Program and concept of coding, Initialization and Replacement Logic. Examples
from physics problems. (5 Lectures)

Control Statements: Types of Logic (Sequential, Selection, Repetition), Branching
Statements (Logical IF, Arithmetic IF, Block IF, Nested Block IF, SELECT CASE and
ELSE IF Ladder statements), Looping Statements (DO-CONTINUE, DO-ENDDO, DO-
WHILE, Implied and Nested DO Loops), Jumping Statements (Unconditional GOTO,
Computed GOTO, Assigned GOTO) Subscripted Variables (Arrays: Types of Arrays,
DIMENSION Statement, Reading and Writing Arrays), Functions and Subroutines
(Arithmetic Statement Function, Function Subprogram and Subroutine), RETURN,
CALL, COMMON and EQUIVALENCE Statements), Structure, Disk 1/O Statements,
open a file, writing in a file, reading from a file. Examples from physics problems.
Programming:
1. Exercises on syntax on usage of FORTRAN
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2. Usage of GUI Windows, Linux Commands, familiarity with DOS commands and
working in an editor to write sources codes in FORTRAN.

3. To print out all natural even/ odd numbers between given limits.

4. Tofind maximum, minimum and range of a given set of numbers.

5. Calculating Euler number using exp(x) series evaluated at x=1 (6 Lectures)

Scientific word processing: Introduction to LaTeX: TeX/LaTeX word processor,
preparing a basic LaTeX file, Document classes, Preparing an input file for LaTeX,
Compiling LaTeX File, LaTeX tags for creating different environments, Defining
LaTeX commands and environments, Changing the type style, Symbols from other
languages. Equation representation: Formulae and equations, Figures and other
floating bodies, Lining in columns- Tabbing and tabular environment, Generating table
of contents, bibliography and citation, Making an index and glossary, List making
environments, Fonts, Picture environment and colors, errors. (6 Lectures)

Visualization: Introduction to graphical analysis and its limitations. Introduction to
Gnuplot. importance of visualization of computational and computational data, basic
Gnuplot commands: simple plots, plotting data from a file, saving and exporting,
multiple data sets per file, physics with Gnuplot (equations, building functions, user
defined variables and functions), Understanding data with Gnuplot
Hands on exercises:
1. To compile a frequency distribution and evaluate mean, standard deviation etc.
To evaluate sum of finite series and the area under a curve.
To find the product of two matrices
To find a set of prime numbers and Fibonacci series.
To write program to open a file and generate data for plotting using Gnuplot.
Plotting trajectory of a projectile projected horizontally.
Plotting trajectory of a projectile projected making an angle with the horizontally.
Creating an input Gnuplot file for plotting a data and saving the output for seeing
on the screen. Saving it as an eps file and as a pdf file.
9. Tofind the roots of a quadratic equation.
10. Motion of a projectile using simulation and plot the output for visualization.
11. Numerical solution of equation of motion of simple harmonic oscillator and plot
the outputs for visualization.

12. Motion of particle ina central force field and plot the output for visualization.

(9 Lectures)
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Reference Books:

e Introduction to Numerical Analysis, S.S. Sastry, 5™ Edn., 2012, PHI Learning Pvt. Ltd.

o Computer Programming in Fortran 77”. V. Rajaraman (Publisher:PHI).

e LaTeX—A Document Preparation System”, Leslie Lamport (Second Edition,
Addison-Wesley, 1994).

e Gnuplot in action: understanding data with graphs, Philip K Janert, (Manning 2010)

e Schaum’s Outline of Theory and Problems of Programming with Fortran, S
Lipsdutz and A Poe, 1986Mc-Graw Hill Book Co.

o Computational Physics: An Introduction, R. C. Verma, et al. New Age International
Publishers, New Delhi(1999)

e Afirst course in Numerical Methods, U.M. Ascher and C. Greif, 2012, PHI Learning

e Elementary Numerical Analysis, K.E. Atkinson, 3" Edn., 2007, Wiley India Edition.



PHYSICS: RADIATION AND SAFETY SKILS (PCMS-522)
Theory: 16 Lectures
PRACTICAL: 16 Lectures (2hrs each)

The aim of this course is for awareness and understanding regarding radiation hazards
and safety. The list of laboratory skills and experiments listed below the course are to be
done in continuation of the topics

Basics of Atomic and Nuclear Physics: Basic concept of atomic structure; X rays
characteristic and production; concept of bremsstrahlung and auger electron, The
composition of nucleus and its properties, mass number, isotopes of element, spin,
binding energy, stable and unstable isotopes, law of radioactive decay, Mean life and
half life, basic concept of alpha, beta and gamma decay, concept of cross section and
kinematics of nuclear reactions, types of nuclear reaction, Fusion, fission. (6 Lectures)

Interaction of Radiation with matter: Types of Radiation: Alpha, Beta, Gamma and
Neutron and their sources, sealed and unsealed sources, Interaction of Photons - Photo-
electric effect, Compton Scattering, Pair Production, Linear and Mass Attenuation
Coefficients, Interaction of Charged Particles: Heavy charged particles - Beth-Bloch
Formula, Scaling laws, Mass Stopping Power, Range, Straggling, Channeling and
Cherenkov radiation. Beta Particles- Collision and Radiation loss (Bremsstrahlung),
Interaction of Neutrons- Collision, slowing down and Moderation. (7 Lectures)

Radiation detection and monitoring devices: Radiation Quantities and Units: Basic
idea of different units of activity, KERMA, exposure, absorbed dose, equivalent dose,
effective dose, collective equivalent dose, Annual Limit of Intake (ALI) and derived Air
Concentration (DAC). Radiation detection: Basic concept and working principle of
gas detectors (lonization Chambers, Proportional Counter, Multi-Wire Proportional
Counters (MWPC) and Gieger Muller Counter), Scintillation Detectors (Inorganic and
Organic Scintillators), Solid States Detectors and Neutron Detectors, Thermo
luminescent Dosimetry. (7 Lectures)

Radiation safety management: Biological effects of ionizing radiation, Operational
limits and basics of radiation hazards evaluation and control: radiation protection
standards, International Commission on Radiological Protection (ICRP) principles,
justification, optimization, limitation, introduction of safety and risk management of
radiation. Nuclear waste and disposal management. Brief idea about Accelerator driven
Sub-critical system (ADS) for waste management. (5 Lectures)

Application of nuclear techniques: Application in medical science (e.g., MRI, PET,
Projection Imaging Gamma Camera, radiation therapy), Archaeology, Art, Crime
detection, Mining and oil. Industrial Uses: Tracing, Gauging, Material Modification,
Sterization, Food preservation. (5 Lectures)

Experiments:
1. Study the background radiation levels using Radiation meter
Characteristics of Geiger Muller (GM) Counter:
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2) Study of characteristics of GM tube and determination of operating voltage and plateau
length using background radiation as source (without commercial source).

3) Study of counting statistics using background radiation using GM counter.

4) Study of radiation in various materials (e.g. KSO4 etc.). Investigation of possible
radiation in different routine materials by operating GM at operating voltage.

5) Study of absorption of beta particles in Aluminum using GM counter.

6) Detection of a particles using reference source & determining its half life using spark counter

7) Gamma spectrum of Gas Light mantle (Source of Thorium)

Reference Books:

1.

2.
3.

W.E. Burcham and M. Jobes— Nuclear and Particle Physics — Longman (1995)
G.F.Knoll, Radiation detection and measurements

Thermoluninescense Dosimetry, Mcknlay, A.F., Bristol, Adam Hilger (Medical
Physics Handbook 5)

W.J. Meredith and J.B. Massey, “Fundamental Physics of Radiology”. John
Wright and Sons, UK, 1989.

J.R. Greening, “Fundamentals of Radiation Dosimetry”, Medical Physics Hand
Book Series, No.6, Adam Hilger Ltd., Bristol 1981.

Practical Applications of Radioactivity and Nuclear Radiations, G.C. Lowental
and P.L. Airey, Cambridge University Press, U.K., 2001

A. Martin and S.A. Harbisor, An Introduction to Radiation Protection, John
Willey & Sons, Inc. New York, 1981.

NCRP, ICRP, ICRU, IAEA, AERB Publications.

W.R. Hendee, “Medical Radiation Physics”, Year Book — Medical Publishers
Inc. London, 1981
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PHYSICS: BASIC INSTRUMENTATION SKILLS (PCMS-523)
(Credits: 02)
Theory: 16 Lectures

PRACTICAL: 16 Lectures (2hrs each)
This course is to get exposure with various aspects of instruments and their usage through
hands-on mode. Experiments listed below are to be done in continuation of the topics.

Basic of Measurement: Instruments accuracy, precision, sensitivity, resolution range
etc. Errors in measurements and loading effects. Multimeter: Principles of measurement
of dc voltage and dc current, ac voltage, ac current and resistance. Specifications of a
multimeter and their significance. (4 Lectures)

Electronic Voltmeter: Advantage over conventional multimeter for voltage
measurement with respect to input impedance and sensitivity. Principles of voltage,
measurement (block diagram only). Specifications of an electronic Voltmeter/
Multimeter and their significance. AC millivoltmeter: Type of AC millivoltmeters:
Amplifier- rectifier, and rectifier- amplifier. Block diagram ac millivoltmeter,
specifications and their significance. (4 Lectures)

Cathode Ray Oscilloscope: Block diagram of basic CRO. Construction of CRT,
Electron gun, electrostatic focusing and acceleration (Explanation only— no
mathematical treatment), brief discussion on screen phosphor, visual persistence &
chemical composition. Time base operation, synchronization. Front panel controls.
Specifications of a CRO and their significance. (6 Lectures)

Use of CRO for the measurement of voltage (dc and ac frequency, time period. Special
features of dual trace, introduction to digital oscilloscope, probes. Digital storage
Oscilloscope: Block diagram and principle of working. (3 Lectures)

Signal Generators and Analysis Instruments: Block diagram, explanation and
specifications of low frequency signal generators. pulse generator, and function
generator. Brief idea for testing, specifications. Distortion factor meter, wave analysis.

(4 Lectures)

Impedance Bridges & Q-Meters: Block diagram of bridge. working principles of basic
(balancing type) RLC bridge. Specifications of RLC bridge. Block diagram & working
principles of a Q- Meter. Digital LCR bridges. (3 Lectures)

Digital Instruments: Principle and working of digital meters. Comparison of analog &
digital instruments. Characteristics of a digital meter. Working principles of digital
voltmeter. (3 Lectures)

Digital Multimeter: Block diagram and working of a digital multimeter. Working

principle of time interval, frequency and period measurement using universal counter/
frequency counter, time- base stability, accuracy and resolution. (3 Lectures)

The test of lab skills will be of the following test items:
1. Use of an oscilloscope.
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CRO as a versatile measuring device.

Circuit tracing of Laboratory electronic equipment,

Use of Digital multimeter/VTVM for measuring voltages
Circuit tracing of Laboratory electronic equipment,
Winding a coil / transformer.

Study the layout of receiver circuit.

Trouble shooting a circuit

Balancing of bridges

Laboratory Exercises:

1.

okow

6.
7

8.

To observe the loading effect of a multimeter while measuring voltage across a
low resistance and high resistance.

To observe the limitations of a multimeter for measuring high frequency voltage
and currents.

To measure Q of a coil and its dependence on frequency, using a Q- meter.
Measurement of voltage, frequency, time period and phase angle using CRO.
Measurement of time period, frequency, average period using universal counter/
frequency counter.

Measurement of rise, fall and delay times using a CRO.

Measurement of distortion of a RF signal generator using distortion factor meter.
Measurement of R, L and C using a LCR bridge/ universal bridge.

Open Ended Experiments:

1.

2.

Using a Dual Trace Oscilloscope
Converting the range of a given measuring instrument (voltmeter, ammeter)

Reference Books:

Atext book in Electrical Technology - B L Theraja - S Chand and Co.
Performance and design of AC machines- M G Say ELBS Edn.

Digital Circuits and systems, Venugopal, 2011, Tata McGraw Hill.

Logic circuit design, Shimon P. Vingron, 2012, Springer.

Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.

Electronic Devices and circuits, S. Salivahanan & N. S.Kumar, 3" Ed., 2012,
Tata Mc-Graw Hill

Electronic circuits: Handbook of design and applications, U.Tietze, Ch.Schenk,
2008, Springer

Electronic Devices, 7/e Thomas L. Floyd, 2008, Pearson India
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