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Unit |

Chapter 1: Quantum Physics 1-1 to 1-35

Syllabus : (Prerequisites : Dual nature of radiation, Photoelectric effect, Matter waves, wave nature of particles, de-Broglie relation,
Davisson-Germer experiment) de Broglie hypothesis of matter waves; properties of matter waves; wave packet, phase velocity and group
velocity; Wave function; Physical interpretation of wave function; Heisenberg uncertainty principle; non existence of electron in nucleus;
Schrodinger's time dependent wave equation; time independent wave equation; Particle trapped in one dimensional infinite potential well,
Quantum Computing.
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1.4 Wave Packet, Group Velocity @and Phase VEIOCHY ...........ueiuiiiiiiiiiieie ettt n e 1-4

1.4.1 WAVE PACKET ... e e 1-4

1.4.2 PRESE VEIOCITY ...ttt ettt h e a et e b bt e h e e b e bt e bt e e h et et e e bt e eh e e ea et e b e e nae e e e b e neeanee s 1-5
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1.4.4 Relation between Group Velocity and Particle VEIOCHY ...........cc.iiiiiiiiiieieiieee et 1-8
15 Wave Function and Physical Interpretation of Wave FUNCHON.............oouiiiiiii et 1-9
1.6 UNCEIAINTY PIINCIPIE ...ttt ettt et et e h et et e e et e ee e et e et e e bt nae e et e e bt e sae e ean e e st e ebeeeaeeesn e e neenaeeeanen 1-18
1.7 Electron Diffraction EXPEIIMENT...... ..ottt e e b st e et e b e s h e e s e e e e b e e s e e s e e 1-19
1.8 Gamma-ray MIiCrOSCOPE EXPEIIMENTS ........oiuiiiuiiiiieit ettt ettt a e e ettt e she e eaeeea bt e e bt eab e et e e eheeeaeeeabeeebeesaeeembeenbeenaeeaneeanne 1-20
1.9 Applications of UNCEMAINTY PIINCIPIE ........o.ii ettt bt b e b e e b ettt e bt e bt e ess e et e e nbeeeaeenaneeneeens 1-21
1.10 One Dimensional Time-dependent SChrodinger EQUALION ...........oiiiiiiiiiiiicce ettt 1-23
1.1 Reduction of Schrodinger Equation to Time-independent FOMM ...........ooiiiiiiiiice e 1-25
1.12 Eigen FUNCHONS @Nd EIgEN VAIUES .........ooiiiiiiiiiie ettt ettt et e et e et e e e e e e e e e e e e ase e e e ne e e e se e e e nn e e e annneenareeeannne 1-26
1.13 Application of Schrédinger Equation to Free Particle and Particle in @ BOX ........cccooiiiiiiiiiniiiieeceee e 1-26
1.14 Wave Functions, Probability Density @and ENEIGY .........coei ittt ettt 1-28
1.15 Particle in a Finite Potential Well /Barrier and TuNNelling EffECt..........ooiiiiiiiie e 1-30

1.15.1 TUNNEIING EffECT EXAMPIES..... .ot b et ettt et e s he e et e et e e ebe e sae e e s enbeenbeeaneeens 1-32
1.16 Introduction to QUANTUM COMPULING ......viiuiiiiiiie e e e e e s e e s r s e s sre e sne e 1-34

Unit Il

Chapter 2: Crystallography 2-1 to 2-31

Syllabus : (Prerequisites : Crystal physics (unit cell, space lattice, crystal structure, simple cubic, body centered cubic, face centered cubic,
diamond structure, production of x-rays), Miller indices, interplanar spacing, x-ray diffraction and Bragg’s law, determination of crystal
structure using Bragg’s diffractometer
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2.6 SOIVEA PrODIEIMS ON X-TQYS ...ttt h et b e a e b e e bt e e e e e e bt e ee e bt e e a st ea bt et e e e b et ea bt et e e she e nateenteeneenanesnneenne 2-24

Unit lll

Chapter 3: Semiconductor Physics 3-1 to 3-41
Syllabus : (Prerequisites : Intrinsic and extrinsic semiconductors, energy bands in conductors, semiconductors and insulators,

semiconductor diode, |-V characteristics in forward and reverse bias)

Direct & indirect band gap semiconductor; Fermi level; Fermi-Dirac distribution; Fermi energy level in intrinsic & extrinsic semiconductors;

effect of impurity concentration and temperature on Fermi level; mobility, current density; Hall effect; Fermi Level diagram for p-n junction

(unbiased, forward bias, reverse bias); applications of semiconductors: LED, Zener diode and Photovoltaic cell
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Carrier Drift, Drift Velocity, Drift Current Mobility and Diffusion CUITENT..........co.iiiiiiiieie et 3-4
3.3.1 Concept of Holes and EffECHVE IMSS ......cc.eiiuiiiiiiiii ettt ettt et e s 3-7
FErmMi-DiIraC STALISTCS ... ..eiiiiiieii ettt h ettt e b et et e e bt e bt e e et e et e e e be e sat e et e e bt e san e e s e e b e e naeeeane s 3-7
Fermi ENergy OF FEIMI LEVEL.........o e e et h e s e b e b st e st e e b sae e e e e e saeesane s 3-8
3.5.1 Fermi LEVEI iN CONAUCTON .........iiiiieiecieete sttt e e e e r et e e e a e e me et e e e er e e e e nnenn e e e e nenneens 3-9
3.5.2 Fermi LeVel iN SEMICONTUCTON..........oiii ittt ea ettt b e ea et e e bt e bt e et ean e et e e b e neennteenees 3-11
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EXErINSIC SEMICONTUCTON ...ttt e et e e st e e e e e e et e e e n e ee e e e e neeeme s e e e e sreeseenenreeneenenre e 3-13
3.7.1 N-TYPE SEMICONAUCTONS ...ttt b e h e et e bt oo h et e he e e bt e h e et e e st e e bt e e be e e eb e e bt e sbeeeeneebeeneeeenen 3-13
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3.7.3 Effect of Temperature on N-type MALEIAL ...........ooiiiiiiiie ettt e st e e e bt et e e sneeebeebeeseeas 3-17
3.7.4 Effect of Temperature on p — type MALEIIaAl. ........ooueiiiiiiii ettt et 3-18
Effect of Impurity Concentration 0N FErMIi LEVEI .........c.ooiiiiiiiii ettt 3-18
PN JUNCHION ..ttt b e e b e e e e b e e oo e s b e e e et e et e e s he e s hb e et e e b e she e s b e e bt e shn e st e e be e she e ae e 3-19
3.9.1 Depletion Layer and POtENtial BArTIEr ............eii ittt e s e e e e e e e nnneeeennee 3-19
3.9.2 Calculation Of POTENTIAI BAITIET.........cocui ittt ettt et b e e b e e ss e e bt et e see e et et e enes 3-20
Hall Effect and itS APPICATIONS .....c..eiiiiiie ettt h ettt bt s ae e st e e bt she e e an e e bt e eb e e e be e e bt e bt aeeeanas 3-21
3.10.1 Experimental Determination of MODIIIEY ..........c.oiiiiiii s 3-22
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3.10.3 Light EMItting DIOdeS (LED) .......coiuiiiiiiiice ettt 3-23
3.10.4 ZENEE DIOTE ...ttt bbb h e b b eh e e oo b e e b e e e b e e b e e e b e b e et et et 3-25
3.10.5 PROTOVOIAIC C@II ...ttt ettt et R e et bt e et e e bt e e e e e e h e eee e e e nreebeen e e e eneenennenn 3-26
Solved Problems on Mobility, Conductivity and RESISHVIY ...........ciiiiiiiiiiiiii et 3-29
Solved Problems 0N FEIMI LEVEL .......co.i ettt ae ettt e e h ettt et e e bt e sar e et e e beenanesaneenne 3-34

Solved Problems 0N Hall EffECL...........oi ettt e et e et e e et e e et e e e taee e easeeeebeeeeaeeeeasseeeasseesessaeeanseeeanaeaeans 3-37
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Unit IV

Chapter 4 : Interference in Thin Film 4-1 to 4-52

Syllabus : (Prerequisites : Wavefront and Huygens’ principle, reflection and refraction, interference by division of wavefront, Young’s double
slit experiment) Interference by division of amplitude, interference in thin film of constant thickness due to reflected and transmitted light,
origin of colours in thin film, wedge-shaped film, Newton‘s rings Applications of interference - determination of thickness of very thin wire or
foil, determination of refractive index of liquid, wavelength of incident light, radius of curvature of lens, testing of surface flatness, anti-
reflecting films and highly reflecting film
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4.5 Film of Non-uniform Thickness (Wedge-shaped FilmM) .........ooiiiiiiii e 4-7
4.6 Spacing between two Consecutive Bright BaNS..........c.ooiiiiiiiiii e e 4-10
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4.8 Newton’s Rings by Transmitted Light ..o e s 4-16
4.9 CharacteristiCs Of NEWEION'S RINGS. ..ottt b bbbt e et e a e e e et eh e bt e b e bt eae et et e eae e s e sbenaeenenn 4-17
410 Newton’s RING With WRITE LIGNt...... ..ottt ettt e st e et e e e e s bt e e e abe e e e ss e e e ne e e e see e e nneeeanneeeenteeeannne 4-19
411 Newton’s Rings with Bright Centre in Reflected SYSIEM.........coiiiiiie e 4-19
4.12 Similarities and Dissimilarities between Newton’s Rings and Wedge-shaped Films.............cccoooiiiiiiiiiiniiccice e 4-20
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414 Determination of Thickness of Very Thin WIre OF FOil.........couiiiiiiieiesie ettt 4-33
4.15 Determination of Wavelength of Monochromatic Light or Radius of Curvature of Lens by Newton’s Rings Method ..................... 4-34

4.15.1 Experimental Arrangement ..o e e 4-34

4.15.2 Determination of Radius of CUIVAtUIe Of LENS .........coiiiiiiiiiiie e et 4-36
4.16 Determination of Refractive Index of a Liquid by NeWLON'S RINGS ......coiuiiiiiiiiiiiiiii et 4-37
417 APPIICAIONS OF INTEITEIENCE ...ttt h e a et a et e b e e bt e e bt e e e bt e eb e e ebe e e et e et e e nteeeaeeeneeeeens 4-39

4.17.1 Testing the Optical FIatNesS Of SUMACES .......c.uiiiiiiieiie ettt et e et e ae e e be et e e sneeeeeeneeas 4-40
4.18 Concept of Anti-reflecting Coating Non-reflecting FilMmS ..........ooiiiiiii e 4-41
4.19 Highly RefleCting Film ..ot s e e b e se e s r e e e e sae e e neene e 4-43
4.20 SOIVEd Problems 0N APPIICALION. .........iiiitiiieteet ettt b bt et h e bt e st e eh e e e e et e ea ekt e bt een e er et n bt re s 4-43

Unit vV

Chapter 5: Superconductors and Supercapacitors 5-1 to 5-24

Syllabus : (Prerequisites : Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation with
electric current, Ohm's law, electrical resistance, V-1 characteristics (linear and non-linear), electrical resistivity and conductivity, temperature
dependence of resistance)

Superconductors : Critical temperature, critical magnetic field, Meissner effect, Type | and Type Il and high Tc superconductors

Supercapacitors : Principle, construction, materials and applications, comparison with capacitor and batteries, energy density, power density
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5.2 Temperature Dependence of RESISTANCE Of METAL........cc.iiiiiiiiii ettt ettt saeeeneeenns 5-2
5.3 SupercoNdUCIVItY @Nd IS PrOPEITIES .......eiiiiiieiiteee ittt h et e bbbt e et nh e e e ettt nae e e r e ebe e e e nn et e s 5-2
5.3.1 Magnetic Field Effect (CritiCal FIeld HC) ......ccuei ittt 5-3
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5.4 MEISSNEI EFFECT.......ee e et e b e b s e e b e s b e s e e e b e s b e s e e s e e e b e sae e aa e 5-6
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5.5.1 Comparison between Type | and Type || SUPErCONAUCTONS.........cueiiiiiiiiiiieie et 5-8
5.6 Hig TC SUPEICONAUCTIVITY ...ttt ittt ettt bt eh s e b s s e b e e h e e e e b e b e et e eh e e b e e et bt ehe e et e nbe e e e nneneeennes 5-9
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5.8 ApPPlICatioNS Of SUPEICONAUCTIVITY ......c..eiiiiiieet ettt ettt e b e b e ea bt et e e bt e e ae e et e et e e nae e neeean e e st e naneaneeans 5-12
5.8.1 IMAGILEV TTQINS ...ttt ettt ettt et b h et eh ekt s bt e e e bt E £ e e e e £ eh £ e s s e £ R e e s e b e eh e e e e eh e e e e e e e nbeehn e st et e e e e nnennean 5-12
5.8.2 Superconducting Magnets (EIeCtromagnets) ...........c.ociiiiiiiiiii i 5-13
5.8.3 Bearings (SUPEICONAUCTING).......ueiutiiiietieitie ettt b e eae et e e bt e ea e e e e e e bt e bt e ebe e eab e et e e benaneenteenees 5-13
5.8.4 Superconducting Quantum Interference Device (SQUID) .. 5-13
5.8.5 Fast EIECHCAl SWItCHING ......eoutiiiie ettt b et b e et n e nr e b e e et e e ne e e nnenn 5-14
5.9 1o\ =To I oo o] T4 T TR TP PR RUPTUPOPPRPPINt 5-15
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5.10.1 L 1T o= TSRS 5-20
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5.10.3  Types or Classification Of SUPEICAPACIHOIS .........cceiiiiiiriiiiitee ettt a et b et anes 5-21
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5.11 Comparison with Capacitor and Batteries,Energy Density, POWEr DENSItY .........c.cociiiiiiiiiiiieiie e 5-22
Unit VI
Chapter 6 : Engineering Materials and Applications 6-1 to 6-7

Syllabus :

(Prerequisites : Paramagnetic materials, diamagnetic materials, ferromagnetic materials, crystal physics, conductors and

insulators, free charges and bound charges inside a conductor, dielectric and electric polarization, capacitors and capacitance) Liquid
Crystals : Nematic, smectic and cholesteric phases, liquid crystal displays Multiferroic. : Type | and Type Il multiferroics and applications
Magnetoresistive oxides : Magnetoresistance, GMR and CMR materials, introduction to spintronics
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