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ELECTRIC CHARGES AND FIELDS There are two types of electric charges , positive charges and negative charges. Like charges repel and unlike charges attract each other. Electric charge has three basic properties: quantization, additivity, and conservation. Unit of electric charge is Coulomb. Quantization of electric charge: Q = +ne, where n = 1,2,3,….etc. e is electronic charge.



e=1.602 x 10 -19 C



Coulomb’s Law F = 1/4πε0 x (q1q2)/r2 ε is called permittivity Unit C2/N-m2 Electric Field E= F/q



E= ForceCharge Unit of electric field N/C or V/m



Electric field due to a point charge E = 1/4πε0 q/r2



Electric lines of force Properties Lines of force start from a positive charge and end in a negative charge The tangent at any point on a line of force gives the direction of electric field at that point Lines of force will never intersect. If they intersect there will be two directions for electic field .It is impossible. In a uniform electric field lines of force are parallel to each other



For an isolated positive charge lines force are directed radially outwards. For figure refer Text For an isolated negative charge lines of force are directed radially inwards. For figure refer Text ELECTRIC DIPOLE A pair of equal and opposite charges separated by a small vector distance is called an electric dipole Dipole moment P= q 2a It is the product of one of the charges and the distance between them. Unit C-m P is always directed from -ve to +ve Electric field due to a dipole Along axial line Eaxial = 2P4πε0 Along equatorial line Eequatorial =



r3



P4πε0 r3



The ratio between them Eaxial : Eequatorial = 2 : 1 Torque When an electric dipole is placed in a uniform electric field it experiences a torque Torque ζ = P X E



Fig Ref Text



= PE sinθ Net translatory force = 0 Lines of force around an electric dipole (Refer Text page no.) Electric Flux ΦE = E. ds = E x S GAUSS’S THEOREM



(S=Surface area) Unit of electric flux N-m 2/C



ΦE = 1ε0 x q Surface which is used to apply Gauss’s Therom is called Gaussian Surface Electrc Field due to a line of charge Fig refer Text Gaussian surface is a cylindrical surface E = λ2πε0



r



Electric field due to a plane sheet of charge Gaussian surface is cylindrical E = ϭ/ε0 Electric field due to a spherical shell E = 1/4πε0 ( q/r2)



or E= ϭ/ε0 ( R2/ r2)



Electrostatic shielding E=0 Vanishing of electric field inside the cavity of a conductor is called electrostatic shielding Eg.It is safe to be inside a car than standing out while lightning Conductors and insulators Conductors allow the movement of electric charges through them while insulators do not allow the movement of electric charges through them



CHAPTER TWO ELECTROSTATIC POTENTIAL AND CAPACITANCE



Potential at a point It is the work done in bringing unit positive charge from infinity to that point At infinity potential is zero



V= WorkCharge = W/q Unit of potential is Joule/ Coulomb or Volt Potential near a positive charge is positive and potential near a negative charge is negative Potential due to a point charge V= 1/4πε0( q/r) Potential due to a dipole V=P



cosθ4πε0 r2



V=E x d E =V/d so unit of electric field is V/m 1 eV = 1.602 x 10-19 J 1eV (electron volt) is the energy acquired by an electron when it is accelerated through a p.d of 1 volt Equipotential surface A surface on which every point has the same potential is called an equipotential surface eg. A spherical surface with a charge at the centre Properties: Electric field is always perpendicular to the equipotential surface For moving a charge work done is zero W=0 Potential inside a charged spherical surface is constant Potential energy of a system of two charges P.E= 1/4πε0 (q1q2)/r12 Potential energy of a dipole P.E = -- p.E where ‘p’ is the dipole moment CAPACITORS A capacitor is an arrangement of two conductors to store electric charges



C =Q/V



C =Charge /Potential



Unit of capacitance : Coulomb/Volt or Farad Principle of a capacitor When an earthed conductor is placed near to a charged conductor the capacity of the latter is considerably increased Parallel plate capacitor Figure refer text Two conducting plates separated by a dielectric between them constitutes a parallel plate capacitor Capacitance of a parallel plate capacitor C =



ε0Ad



Effect of dielectric in the capacitance of a parallel plate capacitor C= ε0εrAd Combination of capacitors Capacitors in series Fig. Ref Text Charge on each capacitor is the same but the potential is different (Q same ,V different) For three capacitors in series



1C =1C1+1C2+1C3 For two capacitors



C = c1c2c1+c2 Capacitors in parallel Fig. Ref Text For capacitors in parallel charge on each capacitor is different but potential on each capacitors is same ( Q different V same) C = C1+C2



For ‘ n ‘ capacitor having same capacitance Ceffective= nC Energy stored in capacitor Energy of a capacitor is the work done in charging a capacitor This potential energy is stored in the electric field between the plates of the capacitor E = ½ CV2



or E =



12



QV



or E=12 (Q2/C)



Energy Density of a capacitor Energy density of a capacitor is the energy stored in a capacitor per unit volume E = ½ ε0E2 Van de Graff Generator It is a particle accelerator working on the principle that if a hollow conductor is made in contact with a charged conductor the charges on the conductor will be transferred to the hollow conductor irrespective of its own potential Behaviour of a conductor in an electric field The net charge inside a conductor is zero The net electric field inside a conductor is zero The direction of electric field is perpendicular to the surface of the conductor The potential inside and at the surface of a conductor is constant Charge always resides on the surface of the conductor



CURRENT ELECTRICITY Electric Current: The time rate of flow of charge through any cross section of a conductor. Electric Current = Total charge flowing Time taken I=q/t Unit : Ampere (A) It is a scalar quantity. Drift Velocity: Average velocity with which free electrons get drifted to the positive end of the conductor. Vd = - eEƮ m Current, I = neAVd Vd - drift velocity, e - charge of electron, m - mass of electron, Ʈ - relaxation time, A - area of cross section of the conductor Ohm's Law: Current flowing through a conductor is directly proportional to the potential difference (V) across the ends of the conductor when temperature is constant. V = IR R - Resistance of the conductor I R=V I v Resistance(R): Resistance is obstruction posed by the conductor to the flow of electric current through it. It depends upon: length, shape and nature of material of conductor and temperature R=ρl A l - length of conductor, A - area of cross section of conductor, ρ - resistivity of the material of conductor. Unit of resistance: Ohm (Ω) Resistivity(ρ): Resistance of a conductor of unit length and unit area of cross section. If l - 1m, A = 1 m2, ρ = R Unit : Ωm It is independent of length and area of cross section of the conductor. Colour Code of Carbon Resistors: Colour on strips are from left to right. First Colour: First significant number Second Colour: Second significant number Third Colour: Decimal Multiplier after the 2 significant numbers Fourth Colour: Tolerance limit or percentage accuracy of resistance.



Colour Black Brown Red Orange Yellow Green Blue Violet Grey White Gold Silver No Colour



Letter B B R O Y G B V G W



Number 0 1 2 3 4 5 6 7 8 9



Multiplier 100 101 102 103 104 105 106 107 108 109



5% 10% 20% Voltmeter



Eg:



Red



Red



Red



Gold



Resistance = (22× 102 ) Ω + 5% To Remember: BBROY of Great Britain had a Very Good Wife Resistors in Series: I ꟿ ꟿ R1



R2



I - Constant, V - Different V = V1 + V2 Effective Resistance, R = R1 + R2 Resistors in Parallel: I1 R1



ꟿ ꟿ



I



Tolerance



I2 R2



V - Constant, I - Different I = I1 + I2 Effective Resistance, R = R1 R2 R 1 + R2 ie, 1 / R = 1 / R1 + 1/ R2 EMF and Terminal Potential Difference: EMF: Potential difference between the two electrodes of a cell when the circuit is open. Terminal pd: Potential difference between



the two electrodes of a cell when the circuit is closed. EMF Potential difference between the two electrodes of a cell when the circuit is open It is independent of the resistance of the circuit. The term ‘emf’ is used only for the source of emf. It is greater than the potential difference between any two points in a circuit. Terminal p.d, V = E - Ir (E - emf of the cell, I - Current through the circuit, r - Internal resistance of the cell)



Kirchhoff's Laws: Kirchhoff's first law or Junction law:



I1



Algebraic sum of the currents meeting at a junction in a closed circuit is zero. ∑I = 0



I4



Total current entering the junction = Total current leaving the junction



I2



I4 + I 3 = I 1 + I 2 I4 + I 3 - I1 - I2 = 0



I3



Kirchhoff's second law or loop law or voltage law: In a closed circuit the algebraic sum of the product of current and resistance in each part of circuit is equal to the net emf in the circuit. ∑IR = ∑E Refer NCERT Text Page: 116 for diagram Wheatstone's Bridge: It is an arrangement of four resistors to measure one of them in terms of known values of the other three resistors When the bridge is in balanced condition, Ig = 0 I1 P Q I4 P/Q=R/S I Ig G This is Wheatstone's Bridge Principle. I2 R S I3 Refer NCERT Text Page: 119 for diagram



P



Q



Metre Bridge: It is the practical form of Wheatstone's Bridge used to measure unknown resistance. Principle: Wheatstone's Bridge Principle. E k According to Wheatstone's Bridge principle, () X / R = l / (100 - l) ꟿ R X - Unknown Resistance x R - Known Resistance A J B l - Balancing length. G Refer NCERT Text Page: 120 for diagram Potentiometer: It is an instrument to measure the potential difference between two points in an electric circuit. The working of the potentiometer is based on null deflection method. So the resistance of the wire becomes infinite. Thus potentiometer can be regarded as an ideal voltmeter. Principle:



EMF of the secondary cell is proportional to balancing length (l) Eαl Applications:



1. Comparison of EMFs of two cells: Refer NCERT Text Page: 122 for diagram



The balance point is obtained for the cell when the potential at a point on the potentiometer wire is equal and opposite to the emf of the cell. E1 α l1 E2 α l2



E 1 / E 2 = l1 / l 2



2. To find the internal resistance of a cell: Refer NCERT Text Page: 122 for diagram When k2 is open, E α l1 When k2 is closed, V α l2



r = R (l1 - l2) l2 r - internal resistance of the cell R - known resistance l1 - balancing length when key k2 is open l2 - balancing length when key k2 is closed. Potentiometer Measures emf of a cell very accurately It does not draw current from the cell whose emf is to be measured.



Measures emf of a cell approximately It draws current from the cell whose emf is to be measured.



FREQUENTLY ASKED QUESTIONS: 1. Define Ohm's Law 2. Resistance of a conductor depends upon what factors? What is its unit? 3. Define Kirchhoff's laws 4. With the help of a diagram explain the working of Metre Bridge 5. What is a Potentiometer? What is its principle? 6. How can you find the internal resistance of a cell using potentiometer? 7. How can you compare the emfs of two cells using potentiometer? 8. Why potentiometer is preferred to voltmeter for finding the emf of a cell?



Chapters 4 MOVING CHARGES AND MAGNETISM In the presence of electricfield E and the magnetic fieldB, the Lorentz force on a charged particle •



is F=q(v×B×E)



Magnetic force acting on a charge carrying conductors of length “l” kept in a magnetic field is



•



F=BIl sinθ=I(l×B) •



Cyclotron: Cyclotron is a device used to accelerate charged particles to high energies



•



Cyclotron frequency=Ʋ=1/T=qB/2∏m



•



BIOT- SAVART’S LAW



According to this law the magnetic field dB to an element dlcarrying steady current “I” at a point P at a distance r from the current element is dB=µ/4∏ I dl×r/r3



The magnitude of the field is dB=µ/4∏ Idl sinθ 1



•



Magnetic field due to a straight conductor B=μ0I/2πa(sinθ1+cosθ2)



AMPERE’S CIRCUITAL LAW Ampere’s circuital Law states that the line integral of magnetic field around a closed path in freespace is equal to μ0 times the current enclosed by the path B.dl=μ0I The magnitude of the magnetic field at a distance R from a long straight wire carrying a current I is given by B=μ0I2πr •



•



Magnetic induction due to long solenoid



A long closely wound helical coil is called a solenoid The magnitude of the field B inside a long solenoid carrying a current is B=µ0n I •



Magnetic Induction of a Toroid



Toroid is an endless solenoid or it is a solenoid bend in the form of closed ring. For Toroid B=µ0NI2πr =µ0nI Where n=N2πr is the number of turn per unit length •



Force between two parallel current Consider two long straight conductors of length l1and l 2 kept parallel and separated by a distance ‘d’ Let I1and l 2 be the currents flowing in the same direction. The current I1 through P produce a magnetic field B=µ02π I1d The conductor Q is carrying a current I 2, It will experience a force BI2l2 Force/ unit length= BI2l2l2= BI2 F F



µ02πd



I1I2



I1



I2 •



•



3



Parallel current currents repel



attracts



and



anti-



Parallel



Torque on a current Loop: Consider a planar loop carrying a current I



Torque, τ=m×B m=magnetic moment=NIA I=Current A=area N= Number of turns of the coil τ=NABI sinθ Magnetic dipole •



•



Two unlike magnetic poles of equal strength separated by a small distance is called a magnetic dipole Bohr Magneton



Bohr magneton is the smallest value of magnetic moment associated with the orbital motion of the electron in an atom Bohr magneton µB=eh4πm =9.27×10-24 Am2 H= Plank’s constant 6.62×10-34Js •



A moving coil galvano meter can be converted in to a ammeter by introducing a shunt resistance rs, of small value in parallel. It can be converted in to a voltmeter by introducing a resistance of a large value in series.



Chapter 5 MAGNETISM AND MATTER Moment of a magnet is the product of pole strength P and its length 2l ie m=P×2l. It is a vector quantity with its direction from south to north Magnetic field lines Magnetic field line represents the magnetic field Properties (1)



Magnetic lines of force are continuous curves



(2)



Lines of force never intersect



(3)



(4)



The tangent to the line of force at any point gives the direction of magnetic field at that point. In uniform magnetic field, lines of force are parallel and equally spaced.



Magnetic dipole moment 5



M=m(2l) (product of strength of either pole and the magnetic length of the magnet) Magnetic field due to a bar magnet •



The magnitude of the field along the axis is twice the magnitude of the field along the equatorial line for the same distance from the centre of the magnet (a)



Axial line B= µ04π 2md3



(b)



Equatorial line B=µ4π md3



•



Gauss’s law in magnetism



The net magnetic flux will be zero for a closed surface i.e, Bds=0 •



Magnetic element of earth (1)



(2)



Declination – The angle between the magnetic meridian and geographic meridian. Dip (inclination)



The angle made by the earth’s magnetic field with the horizontal (3)



Horizontal intensity (Bh) The horizontal intensity of earth’s magnetic field at a place in the horizontal component of the earth’s field at that place



•



Magnetic intensity H=B0μ0 Unit is Am-1 Intensity of magnetization is defined as the magnetic moment per unit volume of the material M→=m→v •



•



Magnetic susceptibility



It is the ratio of its magnetization to the magnetizing field ℵ=MH (no unit) •



7



Magnetic properties of materials (1)



Ferro magnetic substances



(2)



Para magnetic substance



(3)



Diamagnetic substances



(1)



Ferro magnetic substances are those which when placed in a magnetic field are strongly magnetized in the direction of magnetic field E.g. Iron, cobalt, Nickel, steel etc



(2)



Paramagnetic substances are those which when placed in a magnetic field are feebly magnetized in the direction of the magnetic field Eg: Aluminium, sodium, calcium etc



(3)



Dia magnetic substances are those which when placed in a magnetic field are feebly magnetized in a direction opposite to the magnetic field Eg: gold, silver, zinc, mercury, water etc



ELECTROMAGNETIC INDUCTION



1. Faraday’s law a. Whenever the magnetic flux linked with a closed circuit changes, an emf is induced in the circuit. b. Induced emf is equal to the rate of change of magnetic flux. E = dødt



2.



Lenz’s law: Induced emf opposes the cause producing the change of magnetic flux e=-N dødt



3.



4.



Eddy currents are produced when the magnetic flux linked with a piece of metal changes. It heats the metal and is a waste of electrical energy.



Self inductance of a solenoid L=µ0n2Al



Flux linked with a solenoid Nø=Li N(B.A)=nl(µ0ni)A=Li L= µ0n2Al



Induced emf e = - d(Nø)dt = -L didt



5. Energy stored in an inductance = (1/2)Li 2



6. Mutual Inductance M = µ0n1n2Al



7. AC generator works on the principle of electromagnetic induction. Instantaneous emf e = e0sinωt



e=- N dødt = -N ddt(BAcosωt) = NABωsinωt = e0sinωt



----------------------------------------------



ALTERNATING CURRENTS



1. In a purely resistive circuit V = Vmsinωt and i = im sinωt Resistance R = Vm / im Average Power = (Vm * im )/2 = Vrms irms Vrms = Vm/2



irms = im /2



2. In a purely inductive circuit V = Vmsinωt and i = im sin(ωt-π/2) Inductive reactance XL = Lω Average Power = 0



3. In a purely capacitive circuit V = Vmsinωt and i = im sin(ωt+π/2) Inductive reactance XC = 1/Cω Average Power = 0



4. In a series LCR circuit V = Vmsinωt and i = im sin(ωt+ø) Impedance Z = R2+(Xc-XL)2 Ø = tan-1[(XC-XL)/R] Average Power = Vrms irms cosø , where cosø is called the power factor



5. At resonant frequency XC = XL 1Cω = Lω ω0 = 1LC is the resonant frequency Maximum current passes through the circuit at ω0 and impedance is minimum.



Z=R



6. Transformers change an alternating voltage from one level to another. It works on the principle of mutual induction. Es =- Ns dødt



Ep =- Np dødt



Es/ Ep=Ns /Np = Vs/Vp For an ideal transformer, efficiency is 100% isvs=ipvp ip/is= Vs/Vp =Ns /Np A transformer has small energy losses due to flux leakage, eddy currents, hysteresis and resistance of the windings. ELECTROMAGNETIC WAVES 1. The current due to changing electric field is called Maxwell’s displacement current Electric flux ø=1/€0q Id=dqdt=€0dødt is the displacement current



2. Maxwell’s equations: 1)



ƒE.ds=q/€



2)



ƒB.ds=0



3)



ƒE.dl=-dødt



4)



ƒB.dl=µ i+µ € 0



0



(Gauss’s law for electricity)



(Gauss’s law for magnetism)



o



0dødt



(Ampere-Maxwell law)



3. The electric and magnetic fields in an em wave are perpendicular to each other and perpendicular to the direction of wave propagation. 4. For a wave propagating in z-direction , Ex=E0sin(kz-ωt), By=B0sin(kz-ωt) Wave vector=2π/ʎ Speed of wave propagation v=ω/k In vacuum, ω=ck, where c=1/µo€0 Also c=fʎ, B0=E0/c, Momentum, p=E/c



5. Electromagnetic spectrum in the increasing order of frequency is radio waves, micro waves, infra red waves, visible rays, ultra violet rays, X rays and Gamma rays. 6. Radio waves are used in cellular phones Micro waves are used in radar systems and ovens. Infrared waves maintain earth’s temperature through green house effect. Ultra violet rays are used in water purifiers to kill germs. Ozone layer protects the earth from harmful UV rays Gamma rays and X rays are used to destroy cancer cells.



Ray Optics and optical Instruments Characteristics of Light Light waves are electromagnetic waves, whose nature is transverse. The speed of light in vacuum is 3 x 108 m/s but it is different in different media. The speed and wavelength of light change when it travels from one medium to another but its frequency remains unchanged. When light falls on a surface three phenomena can occur, Transmission, Absorption, and Reflection. Important Terms



(i) (ii) (iii)



Luminous Objects: The objects which emits its own light, are called luminous objects, e.g., sun, other stars, an oil lamp etc. Non-Luminous Objects: The objects which do not emit its own light but become visible due to the reflection of light falling on them, are called nonluminous objects, e.g., moon, table, chair. trees etc. Ray of Light : A straight line drawn in the direction of propagation of light is called a ray of light.



(iv) Beam of Light: A bundle of the adjacent light rays is called a beam of light. (v) Image: If light ray coming from an object meets or appear to meet at a point after reflection



(vi) Real Image : The image obtained by the real meeting of light rays, is called a real image. Real image can be obtained on a screen. Real image is inverted.



(vii) Virtual Image:



The image obtained when light rays are not really meeting but appears to meet only, is called a virtual image. Reflection of Light The rebouncing back of light rays into the same medium on striking a highly polished surface such as a mirror, is called reflection of light.



Laws of Reflection There are two laws of reflection.



(i)



The incident ray, the reflected ray and the normal at the point of incidence are all lie in the same plane.



(ii) The angle of incidence (i) is always equal to the angle of reflection (r). 


Sign Convention for Spherical Mirrors 1. All distances are measured from the pole of the mirror. 2. Distances measured in the direction of incident light rays are taken as positive. 3. Distances measured in opposite direction to the incident light rays are taken as negative. 4. Distances measured above the principal axis are positive. 5. Distances measured below the principal axis are negative. Refraction of Light



The deviation of light rays from its path when it travells from one medium to another, is called refraction of light.When light travels from rarer to denser medium, it deviates towards the normal .On other hand from denser to rarer medium, it deviates away from the normal.



Cause of Refraction The speed of light is different i.n different media. Laws of Refraction (i) The incident ray, the refracted ray and the normal at the point of incidence, all three lies in the same plane. (ii) The ratio of sine of angle of incidence to the sine of angle of refraction is constant for a pair of two media



where 1&mu2 is called refractive index of second medium with respect to first medium.This law is also called Snell’s law. Refractive Index The ratio of speed of light in vacuum (c) to the speed of light in any medium (u) is called refractive index of the medium. Refractive index of a medium, μ = c/v Refractive index of water =4/3 = 1.33; Refractive index of glass = 3/2 = 1.50 Critical Angle The angle of incidence in a denser medium for which the angle of refraction in rarer medium becomes 90°. is called critical angle (C).



Critical angle for diamond = 24° Critical angle for glass = 42° Critical angle for water = 48°



Refractive index of denser medium μ = 1/sin C Total Internal Reflection (TIR) When a light ray travelling from a denser to a rarer medium is incident at the interface at an angle of incidence greater than critical angle, then light rays reflected back in to the denser medium. This phenomena is called TIR. Critical angle increases with temperature Conditions for TIR 1. light ray should travell from a denser to a rarer medium. 2. The angle of incidence should be greater than critical angle.



Mirage: is an optical illusion observed in deserts and roads on a hot day when the air near the ground is hotter and hence rarer than the air above Optical Fibres:are also based on the phenomenon of total internal reflection. Optical fibres consist of several thousands of very long fine quality fibres of glass or quartz. The diameter of each fibre is of the order of 10-4 cm with refractive index of material being of the order of 1.5. Optical fibres are used in transmission and reception of electrical signals by converting them first into light signals.



Refraction at a Convex or Concave Spherical Surface



For derivation refer text where, μ= refractive index, u = distance of object, v = distance of image and R = radius of curvature of the spherical surface Lens A lens is a uniform transparent medium bounded between two spherical or one spherical and one plane surface. Convex Lens A lens which is thinner at edges and thicker at middle is called a convex or converging lens. Concave Lens A lens which is thicker at edges and thinner at middle, is called a concave or diverging lens.



Lens Formula 1/f = 1/v – 1/u where, f = focal length of the lens, u = distance of object, v = distance of image. Lens Maker’s formula 1/f=(μ – 1) (1/R1 – 1/R2) where, μ = refractive index of the material of the lens and R1 and R2 are radii of curvature of the lens. For derivation refer text Power of a Lens The reciprocal of the focal length of a lens, when it is measured in metre, is called power of a lens. Power of a lens, (P)= 1/f(metre) Its unit is diopter (D). The power of a convex (converging) lens is positive and for a concave (diverging) lens it is negative. Focal Length of a Lens Combination When lenses are in contact 1/F = 1/f1 + 1/f2 Power of the combination P = P1 + P2 When lenses are separated by a distance d 1/F = 1/f1 + 1/f2 – d/f1f2 Power of the combination P = P1 + P2 – dP1P2 Linear Magnification m = I/O = v/u Prism Prism is uniform transparent medium bounded between two refracting surfaces, inclined at an angle.



Angle of Deviation The angle sub tended between the direction of incident light ray and emergent light fay from a prism is called angle of deviation (δ). Prism Formula The refractive index of material of prism



For derivation refer text Dispersion of Light The splitting of white light into its constituent colours in the sequence ofVIBGYOR, on passing through a prism. is called dispersion of light. The refractive index μv > μR therefore violet colour deviates most and red colour deviates least.i.e., δv > δR



Angular Dispersion The angle subtended between the direction of emergent violet and red rays of light from a prism is called angular dispersion. Angular dispersion (θ) δv – δR = (μv – μR A where δv and δR are angle of deviation of violet and red Dispersive Power W = θ/δY = (μv – μ R) / (μY – 1) where μY = (μ v + μ R ) / 2, is mean refractive index. Simple Microscope It is used for observing magnified images of objects. It is consists of a converging lens of small focal length.



Magnifying Power (i) When final image is formed at least distance of distinct vision (D), then M=1+d/f where, f= focal length of the lens. (ii) When final image is formed at infinity, then M = D/f Compound Microscope It is a combination of two convex lenses called objective lens and eye piece separated by a distance. Both lenses are of small focal lengths but fo < fe, where fo and fe are focal lengths of objective lens and eye piece respectively



Magnifying Power M = vo / uo {1 + (D/fo) Where vo= distance of image, formed by objective lens And uo = distance of object from the objective When final image is formed at infinity, then M = vo/uo . D/fe Astronomical Telescope It is also a combination of two lenses, called objective lens and eye piece, separated by adistance. It is used for observing distinct images of heavenly bodies like stars, planets etc.



Magnifying Power (i) When final image is formed at least distance of distinct vision (D), then M = fo/fe {1+(D/fe)} where fo and fe are focal lengths of objective and eyepiece respectively. Length of the telescope (L) = (fo + ue) where, ue = distance of object from the eyepiece. (ii) When final image is formed at infinity, then M = fo/fe Length of the telescope (L) = fo + fe For large magnifying power of a telescope fo should be large and fe should be small. For large magnifying power of a microscope; fo < fe should be small. Resolving Power The ability of an optical instrument to produce separate and clear images of two near by objects, is called its resolving power Limit of Resolution The minimum distance between two near by objects which can be just resolved by the instrument, is called its limit of resolution (d). Resolving power of a microscope = 1/d = 2 μ sin θ / λ where, d = limit of resolution, λ = wavelength of light used. μ = refractive index of the medium between the objects and objective lens and θ = half of the cone angle. Resolving power of a telescope = 1/dθ = d/1.22 λ where, dθ = limit of resolution, A = wavelength of light used and d = diameter of aperture of objective Aberration of Lenses The image formed by the lens suffer from following two drawbacks (i) Spberical Aberration Aberration of the lens due to which the rays passes through the lens are not focussed at a single and the image of a point object placed on the axis is blurred Called spherical aberration. It can be reduced by using • lens of large focal lengths



• plano-convex lenses • crossed lenses • combining convex and concave lens (ii) Chromatic Aberration Image of a white object formed by lens is usually coloured and blurred. This defect of the image produced by lens is called chromatic aberration. Scattering of Light When light passes through a medium in which particles are suspended whose size is of the order of wavelength of light, then light on striking these particles, deviated in different directions. These phenomena is called scattering of light. According to the Lord Rayleigh, the intensity of scattered light I ∝ 1/λ4 Therefore, red colour of light is scattered least and violet colour of light is scattered most. Daily Life Examples of Scattering of Light 1. Blue colour of sky. 2. Red colour of signals of danger. / 3. Black colour of sky in the absence Impotant questions 1. State snell’s law of refraction 2. Explain mirage and optical fibres 3. what is TIR? What are the conditions of TIR? 4. Derrive the equation for refractive index for a prism 5. Derrive the equation for refraction through a spherical surface 6. Derrive thin Lens Maker’s formula Wave Optics Wave optics describes the connection between waves and rays of light. According to wave theory of light, the light is a form of energy which travels through a medium in the form of transverse wave motion. The speed of light in a medium depends upon the nature of medium. Wavefront A wavefront is defined as the continuous locus of all the particles of a medium, which are vibrating in the same phase. These are three types (i) Spherical wavefront (ii) Cylindrical wavefront (iii) Plane wavefront Huygen’s Wave Theory Light travel in a medium in the form of wavefront. A wavefront is the locus of all the particles vibrating in same phase. All particles on a wavefront behaves as a secondary source of light, which emits secondary wavelets. The envelope of secondary wavelets represents the new position of a wavefront. When source of light is a point source,the wavefront is spherical.



Huygen’s Principle (i) Every point on given wavefront (called primary wavefront) acts as a fresh source of new disturbance called secondary wavelets. (ii) The secondary wavelets travels in all the directions with the speed of light in the medium. (iii) A surface touching these secondary wavelets tangentially in the forward direction at any instant gives the new (secondary) wave front of that instant. Reflection of a plane wave front: It proves i = r The angle of incidence = The angle of reflection. For derivation refer text Refraction of a plane wave front:It proves Snell’s law of refraction For derivation refer text Superposition of Waves When two similar waves propagate in a medium simultaneously, then at any point the resultant displacement is equal to the vector sum of displacement produced by individual waves. y = y1 + y2 Interference of Light When two light waves of similar frequency having a zero or constant phase difference propagate in a medium simultaneously in the same direction, then due to their superposition maximum intensity is obtained at few points and minimum intensity at other few points. This phenomenon of redistribution of energy due to superposition of waves is called interference of light waves. The interference taking place at points of maximum intensity is called constructive interference. The interference taking place at points of minimum intensity is destructive interference Conditions for Constructive and Destructive Interference For Constructive Interference Phase difference, φ = 2nπ Path difference, Δx = nλ where, n = 0, 1, 2, 3,… For Destructive Interference Phase difference, φ = (2n – 1)π Path difference, Δx = (2n – 1) λ / 2 where, n = 1, 2,3, … Young’s Double slit Experiment In 1801, British Physicist Thomas Young conducted an experiment that gave conclusive experimental evidence to the wave nature of light. He passed coherent light through two slits and observed a series of bright and dark fringes that can only be explained by the constructive and destructive intereference of waves.



Sourse of light Energy remains conserved during interference. Fringe Width / Band Width ( β ) The distance between the centres of two consecutive bright or dark fringes is called the fringe width. The angular fringe width is given by θ = λ / d. where λ is the wavelength of light d is the distance between two coherent sources. Interference fringe width β = Dλ / d. where, D = distance of screen from slits, λ = wavelength of light and d = distance between two slits. Distance of nth bright fringe from central fringe xn = nDλ / d. The distance of (n+1)th bright band from center xn+1= (n+1) Dλ/d. Then Band width β = xn+1- xn = Dλ / d. For the derivation refer text Coherent Sources of Light The sources of light emitting light of same wavelength, same frequency having a zero or constant phase difference are called coherent sources of light. Slits of same source in Young’s Double slit Experiment are Coherent Sources Condions for sustainable interference pattern 1.Two sources must be coherent. 2. Coherent sources must be narrow and very close to each other. 3.The screen must be at large distance from the sources. Intensity distribution in young’s double slit experiment



Diffraction The bending of light waves around the corners of an obstacle or aperture is called diffraction of light. Diffraction at a Single Slit



All bright bands are not of the same intensity, bands are of unequal width. For the derivation refer text For Secondary Minima (a) Path difference = nλ (b) Linear distance = nDλ / a = nfλ / a (c) Angular spread = nλ / a where, n = 1, 2, 3,.,. For Secondary Maxima (a) Path difference = (2n + 1 ) λ / 2 (b) LInear distance = (2n + 1 ) Dλ/ 2a = (2n + 1 ) f λ/ 2a (c) Angular spread = (2n + 1 ) λ / 2 Important Points • A soap bubble or oil film on water appears coloured in white light due to interference of light reflected from upper and lower surfaces of soap bubble or oil film. • In interference fringe pattern all bright and dark fringes are of same width, • In diffraction fringe pattern central bright fringe is brightest and widest. and I remaining secondary maximas are of gradually decreasing intensities • The difference between interference and diffraction is that the interference is the superposition between the wavelets coming from two coherent sources while the diffraction is the superposition between the wavelets coming from the single wavefront Polarisation The phenomena of restructuring of electric vectors of light into a single direction is called polarization



. Ordinary light has electric vectors in all possible directions in a plane perpendicular to the direction of propagation of light. When ordinary light is passed through a tourmaline, calcite or quartz crystal the transmitted light have electric vectors in a particular direction parallel to the axis of crystal. This light is plane polarised light. [A plane containing the vibrations of polarised light is called plane of vibration. A plane perpendicular to the plane of vibration is called plane of polarisation.] Polarisation can take place only in transverse waves Law of Malus



When a beam of completely plane polarised light is incident on an analyser, the intensity of transmitted light from analyser is directly proportional to the square of the cosine of the angle between plane of transmission of analyser and polariser I ∝ cos2 θ When ordinary light is incident on a polariser the intensity of transmitted light is half of the intensity of incident light. When a polariser and analyser are perpendicular to each other, then intensity of transmitted light from analyser becomes 0 Brewster’s Law When unpolarised light is incident at an angle of polarisation (ip) on the interface separating air from a medium of refractive index μ, then reflected light becomes fully polarised, provided μ = tan ip ,If angle of polarisation is ip and angle of refraction is μ then ip + r = 90 Refractive index μ = tan ip = 1 / sin C where, C = critical angle. Refer The Text Polaroid It is a polarising film mounted between two glass plates. It is used to produce polarised light. A polaroid is used to avoid glare of light in spectacles. Uses of Polaroid (i) Polaroids are used in sun glasses. (ii) The pictures taken by a stereoscopic camera.. (iii) The windshield of an automobile is made of Polaroid. Important questions State Hygenes principle what is interference? derive the equation for band width in Young’s double slit expt? a.i.3. Differentiate between interference and diffraction? a.i.4. State Brewster’s Law? Give eqn? a.i.5. What are coherent sources? a.i.6. What is Polarisation? a.i.1. a.i.2.



Ray Optics and optical Instruments Characteristics of Light Light waves are electromagnetic waves, whose nature is transverse. The speed of light in vacuum is 3 x 108 m/s but it is different in different media. The speed and wavelength of light change when it travels from one medium to another but its frequency remains unchanged. When light falls on a surface three phenomena can occur, Transmission, Absorption, and Reflection. Important Terms



(i) (ii) (iii)



Luminous Objects: The objects which emits its own light, are called luminous objects, e.g., sun, other stars, an oil lamp etc. Non-Luminous Objects: The objects which do not emit its own light but become visible due to the reflection of light falling on them, are called nonluminous objects, e.g., moon, table, chair. trees etc. Ray of Light : A straight line drawn in the direction of propagation of light is called a ray of light.



(iv) Beam of Light: A bundle of the adjacent light rays is called a beam of light. (v) Image: If light ray coming from an object meets or appear to meet at a point after reflection



(vi) Real Image : The image obtained by the real meeting of light rays, is called a real image. Real image can be obtained on a screen. Real image is inverted.



(vii) Virtual Image:



The image obtained when light rays are not really meeting but appears to meet only, is called a virtual image. Reflection of Light The rebouncing back of light rays into the same medium on striking a highly polished surface such as a mirror, is called reflection of light.



Laws of Reflection There are two laws of reflection.



(i)



The incident ray, the reflected ray and the normal at the point of incidence are all lie in the same plane.



(ii) The angle of incidence (i) is always equal to the angle of reflection (r). 


Sign Convention for Spherical Mirrors 1. All distances are measured from the pole of the mirror. 2. Distances measured in the direction of incident light rays are taken as positive. 3. Distances measured in opposite direction to the incident light rays are taken as negative. 4. Distances measured above the principal axis are positive. 5. Distances measured below the principal axis are negative. Refraction of Light



The deviation of light rays from its path when it travells from one medium to another, is called refraction of light.When light travels from rarer to denser medium, it deviates towards the normal .On other hand from denser to rarer medium, it deviates away from the normal.



Cause of Refraction The speed of light is different i.n different media. Laws of Refraction (i) The incident ray, the refracted ray and the normal at the point of incidence, all three lies in the same plane. (ii) The ratio of sine of angle of incidence to the sine of angle of refraction is constant for a pair of two media



where 1&mu2 is called refractive index of second medium with respect to first medium.This law is also called Snell’s law. Refractive Index The ratio of speed of light in vacuum (c) to the speed of light in any medium (u) is called refractive index of the medium. Refractive index of a medium, μ = c/v Refractive index of water =4/3 = 1.33; Refractive index of glass = 3/2 = 1.50 Critical Angle The angle of incidence in a denser medium for which the angle of refraction in rarer medium becomes 90°. is called critical angle (C).



Critical angle for diamond = 24° Critical angle for glass = 42° Critical angle for water = 48°



Refractive index of denser medium μ = 1/sin C Total Internal Reflection (TIR) When a light ray travelling from a denser to a rarer medium is incident at the interface at an angle of incidence greater than critical angle, then light rays reflected back in to the denser medium. This phenomena is called TIR. Critical angle increases with temperature Conditions for TIR 1. light ray should travell from a denser to a rarer medium. 2. The angle of incidence should be greater than critical angle.



Mirage: is an optical illusion observed in deserts and roads on a hot day when the air near the ground is hotter and hence rarer than the air above Optical Fibres:are also based on the phenomenon of total internal reflection. Optical fibres consist of several thousands of very long fine quality fibres of glass or quartz. The diameter of each fibre is of the order of 10-4 cm with refractive index of material being of the order of 1.5. Optical fibres are used in transmission and reception of electrical signals by converting them first into light signals.



Refraction at a Convex or Concave Spherical Surface



For derivation refer text where, μ= refractive index, u = distance of object, v = distance of image and R = radius of curvature of the spherical surface Lens A lens is a uniform transparent medium bounded between two spherical or one spherical and one plane surface. Convex Lens A lens which is thinner at edges and thicker at middle is called a convex or converging lens. Concave Lens A lens which is thicker at edges and thinner at middle, is called a concave or diverging lens.



Lens Formula 1/f = 1/v – 1/u where, f = focal length of the lens, u = distance of object, v = distance of image. Lens Maker’s formula 1/f=(μ – 1) (1/R1 – 1/R2) where, μ = refractive index of the material of the lens and R1 and R2 are radii of curvature of the lens. For derivation refer text Power of a Lens The reciprocal of the focal length of a lens, when it is measured in metre, is called power of a lens. Power of a lens, (P)= 1/f(metre) Its unit is diopter (D). The power of a convex (converging) lens is positive and for a concave (diverging) lens it is negative. Focal Length of a Lens Combination When lenses are in contact 1/F = 1/f1 + 1/f2 Power of the combination P = P1 + P2 When lenses are separated by a distance d 1/F = 1/f1 + 1/f2 – d/f1f2 Power of the combination P = P1 + P2 – dP1P2 Linear Magnification m = I/O = v/u Prism Prism is uniform transparent medium bounded between two refracting surfaces, inclined at an angle.



Angle of Deviation The angle sub tended between the direction of incident light ray and emergent light fay from a prism is called angle of deviation (δ). Prism Formula The refractive index of material of prism



For derivation refer text Dispersion of Light The splitting of white light into its constituent colours in the sequence ofVIBGYOR, on passing through a prism. is called dispersion of light. The refractive index μv > μR therefore violet colour deviates most and red colour deviates least.i.e., δv > δR



Angular Dispersion The angle subtended between the direction of emergent violet and red rays of light from a prism is called angular dispersion. Angular dispersion (θ) δv – δR = (μv – μR A where δv and δR are angle of deviation of violet and red Dispersive Power W = θ/δY = (μv – μ R) / (μY – 1) where μY = (μ v + μ R ) / 2, is mean refractive index. Simple Microscope It is used for observing magnified images of objects. It is consists of a converging lens of small focal length.



Magnifying Power (i) When final image is formed at least distance of distinct vision (D), then M=1+d/f where, f= focal length of the lens. (ii) When final image is formed at infinity, then M = D/f Compound Microscope It is a combination of two convex lenses called objective lens and eye piece separated by a distance. Both lenses are of small focal lengths but fo < fe, where fo and fe are focal lengths of objective lens and eye piece respectively



Magnifying Power M = vo / uo {1 + (D/fo) Where vo= distance of image, formed by objective lens And uo = distance of object from the objective When final image is formed at infinity, then M = vo/uo . D/fe Astronomical Telescope It is also a combination of two lenses, called objective lens and eye piece, separated by adistance. It is used for observing distinct images of heavenly bodies like stars, planets etc.



Magnifying Power (i) When final image is formed at least distance of distinct vision (D), then M = fo/fe {1+(D/fe)} where fo and fe are focal lengths of objective and eyepiece respectively. Length of the telescope (L) = (fo + ue) where, ue = distance of object from the eyepiece. (ii) When final image is formed at infinity, then M = fo/fe Length of the telescope (L) = fo + fe For large magnifying power of a telescope fo should be large and fe should be small. For large magnifying power of a microscope; fo < fe should be small. Resolving Power The ability of an optical instrument to produce separate and clear images of two near by objects, is called its resolving power Limit of Resolution The minimum distance between two near by objects which can be just resolved by the instrument, is called its limit of resolution (d). Resolving power of a microscope = 1/d = 2 μ sin θ / λ where, d = limit of resolution, λ = wavelength of light used. μ = refractive index of the medium between the objects and objective lens and θ = half of the cone angle. Resolving power of a telescope = 1/dθ = d/1.22 λ where, dθ = limit of resolution, A = wavelength of light used and d = diameter of aperture of objective Aberration of Lenses The image formed by the lens suffer from following two drawbacks (i) Spberical Aberration Aberration of the lens due to which the rays passes through the lens are not focussed at a single and the image of a point object placed on the axis is blurred Called spherical aberration. It can be reduced by using • lens of large focal lengths



• plano-convex lenses • crossed lenses • combining convex and concave lens (ii) Chromatic Aberration Image of a white object formed by lens is usually coloured and blurred. This defect of the image produced by lens is called chromatic aberration. Scattering of Light When light passes through a medium in which particles are suspended whose size is of the order of wavelength of light, then light on striking these particles, deviated in different directions. These phenomena is called scattering of light. According to the Lord Rayleigh, the intensity of scattered light I ∝ 1/λ4 Therefore, red colour of light is scattered least and violet colour of light is scattered most. Daily Life Examples of Scattering of Light 1. Blue colour of sky. 2. Red colour of signals of danger. / 3. Black colour of sky in the absence Impotant questions 1. State snell’s law of refraction 2. Explain mirage and optical fibres 3. what is TIR? What are the conditions of TIR? 4. Derrive the equation for refractive index for a prism 5. Derrive the equation for refraction through a spherical surface 6. Derrive thin Lens Maker’s formula Wave Optics Wave optics describes the connection between waves and rays of light. According to wave theory of light, the light is a form of energy which travels through a medium in the form of transverse wave motion. The speed of light in a medium depends upon the nature of medium. Wavefront A wavefront is defined as the continuous locus of all the particles of a medium, which are vibrating in the same phase. These are three types (i) Spherical wavefront (ii) Cylindrical wavefront (iii) Plane wavefront Huygen’s Wave Theory Light travel in a medium in the form of wavefront. A wavefront is the locus of all the particles vibrating in same phase. All particles on a wavefront behaves as a secondary source of light, which emits secondary wavelets. The envelope of secondary wavelets represents the new position of a wavefront. When source of light is a point source,the wavefront is spherical.



Huygen’s Principle (i) Every point on given wavefront (called primary wavefront) acts as a fresh source of new disturbance called secondary wavelets. (ii) The secondary wavelets travels in all the directions with the speed of light in the medium. (iii) A surface touching these secondary wavelets tangentially in the forward direction at any instant gives the new (secondary) wave front of that instant. Reflection of a plane wave front: It proves i = r The angle of incidence = The angle of reflection. For derivation refer text Refraction of a plane wave front:It proves Snell’s law of refraction For derivation refer text Superposition of Waves When two similar waves propagate in a medium simultaneously, then at any point the resultant displacement is equal to the vector sum of displacement produced by individual waves. y = y1 + y2 Interference of Light When two light waves of similar frequency having a zero or constant phase difference propagate in a medium simultaneously in the same direction, then due to their superposition maximum intensity is obtained at few points and minimum intensity at other few points. This phenomenon of redistribution of energy due to superposition of waves is called interference of light waves. The interference taking place at points of maximum intensity is called constructive interference. The interference taking place at points of minimum intensity is destructive interference Conditions for Constructive and Destructive Interference For Constructive Interference Phase difference, φ = 2nπ Path difference, Δx = nλ where, n = 0, 1, 2, 3,… For Destructive Interference Phase difference, φ = (2n – 1)π Path difference, Δx = (2n – 1) λ / 2 where, n = 1, 2,3, … Young’s Double slit Experiment In 1801, British Physicist Thomas Young conducted an experiment that gave conclusive experimental evidence to the wave nature of light. He passed coherent light through two slits and observed a series of bright and dark fringes that can only be explained by the constructive and destructive intereference of waves.



Sourse of light Energy remains conserved during interference. Fringe Width / Band Width ( β ) The distance between the centres of two consecutive bright or dark fringes is called the fringe width. The angular fringe width is given by θ = λ / d. where λ is the wavelength of light d is the distance between two coherent sources. Interference fringe width β = Dλ / d. where, D = distance of screen from slits, λ = wavelength of light and d = distance between two slits. Distance of nth bright fringe from central fringe xn = nDλ / d. The distance of (n+1)th bright band from center xn+1= (n+1) Dλ/d. Then Band width β = xn+1- xn = Dλ / d. For the derivation refer text Coherent Sources of Light The sources of light emitting light of same wavelength, same frequency having a zero or constant phase difference are called coherent sources of light. Slits of same source in Young’s Double slit Experiment are Coherent Sources Condions for sustainable interference pattern 1.Two sources must be coherent. 2. Coherent sources must be narrow and very close to each other. 3.The screen must be at large distance from the sources. Intensity distribution in young’s double slit experiment



Diffraction The bending of light waves around the corners of an obstacle or aperture is called diffraction of light. Diffraction at a Single Slit



All bright bands are not of the same intensity, bands are of unequal width. For the derivation refer text For Secondary Minima (a) Path difference = nλ (b) Linear distance = nDλ / a = nfλ / a (c) Angular spread = nλ / a where, n = 1, 2, 3,.,. For Secondary Maxima (a) Path difference = (2n + 1 ) λ / 2 (b) LInear distance = (2n + 1 ) Dλ/ 2a = (2n + 1 ) f λ/ 2a (c) Angular spread = (2n + 1 ) λ / 2 Important Points • A soap bubble or oil film on water appears coloured in white light due to interference of light reflected from upper and lower surfaces of soap bubble or oil film. • In interference fringe pattern all bright and dark fringes are of same width, • In diffraction fringe pattern central bright fringe is brightest and widest. and I remaining secondary maximas are of gradually decreasing intensities • The difference between interference and diffraction is that the interference is the superposition between the wavelets coming from two coherent sources while the diffraction is the superposition between the wavelets coming from the single wavefront Polarisation The phenomena of restructuring of electric vectors of light into a single direction is called polarization



. Ordinary light has electric vectors in all possible directions in a plane perpendicular to the direction of propagation of light. When ordinary light is passed through a tourmaline, calcite or quartz crystal the transmitted light have electric vectors in a particular direction parallel to the axis of crystal. This light is plane polarised light. [A plane containing the vibrations of polarised light is called plane of vibration. A plane perpendicular to the plane of vibration is called plane of polarisation.] Polarisation can take place only in transverse waves Law of Malus



When a beam of completely plane polarised light is incident on an analyser, the intensity of transmitted light from analyser is directly proportional to the square of the cosine of the angle between plane of transmission of analyser and polariser I ∝ cos2 θ When ordinary light is incident on a polariser the intensity of transmitted light is half of the intensity of incident light. When a polariser and analyser are perpendicular to each other, then intensity of transmitted light from analyser becomes 0 Brewster’s Law When unpolarised light is incident at an angle of polarisation (ip) on the interface separating air from a medium of refractive index μ, then reflected light becomes fully polarised, provided μ = tan ip ,If angle of polarisation is ip and angle of refraction is μ then ip + r = 90 Refractive index μ = tan ip = 1 / sin C where, C = critical angle. Refer The Text Polaroid It is a polarising film mounted between two glass plates. It is used to produce polarised light. A polaroid is used to avoid glare of light in spectacles. Uses of Polaroid (i) Polaroids are used in sun glasses. (ii) The pictures taken by a stereoscopic camera.. (iii) The windshield of an automobile is made of Polaroid. Important questions State Hygenes principle what is interference? derive the equation for band width in Young’s double slit expt? a.i.3. Differentiate between interference and diffraction? a.i.4. State Brewster’s Law? Give eqn? a.i.5. What are coherent sources? a.i.6. What is Polarisation? a.i.1. a.i.2.



Dual Nature of Radiation and Matter Photoelectric effect: This phenomenon was discovered by Heinrich Hertz. The phenomenon of ejection of electrons from certain reactive metals such as Na,K,Cs etc when electromagnetic radiations of suitable frequency fall on them is called photoelectric effect. Experimental study on Photoelectric effect: Refer diagram 11.1 of NCERT Text (page 390) 1.Effect of intensity of light on photo current(Frequency and accelerating potential constant):Photo current is directly proportional to intensity of incident radiation. Current



Intensity 2.Effect of potential on photoelectric current(Intensity and frequency constant): Refer graph 11.3 of page 391 On increasing the positive potential applied to the anode photo current increases and then gets saturated. On applying a negative potential to anode photo current decreases and becomes zero for stopping potential(-V0). 3.Effect of frequency on stopping potential: Stopping potential increases with frequency. Refer graph 11.5 page 392 This graph has same slope (h/e) for all metals. Concusions:According to Einstein a part of the energy hν of the incident photon is used to liberate the electron from the metal surface and remaining part is used provide K.E to photo electron. Einstein’s photoelectric equation is hν=φ0+K.E



max



hν=hν0+eV0 Photon picture of e.m radiation: 1.In the interaction of radiation with matter ,radiation behaves as if it is made up of particles called photons. 2.Energy of photon E=hν 3.Momentum of photon p= hν/c 4.Photons are electrically neutral and are not deflected by electric and magnetic fields. Wave nature of matter: According to de Broglie moving material particles display wave like properties under suitable conditions. Such wave is called mater wave and its wavelength is λ=h/p=h/(mv) For an electron accelerated from rest under a voltage V, the de Broglie wavelength is λ=h/p=h/(2mK)1/2 =h/(2meV)1/2 =1.227/V



nm



Heisenberg’s uncertainity principle: It is impossible to measure the exact position and exact momentum of a sub atomic particle like electron.



Dual Nature of Radiation and Matter Δx Δp=h2π The wave nature of electrons was first experimentally verified by C.J.Davison and L.H.Germer ***************



Atoms Thomson’s model:First atom model was proposed by J.J.Thomson in1986 and according to this model atom consists of a positively charged matter in which electrons are embedded like plums in pudding. But this model could not explain the observations of Rutherford’s alpha particle scattering experiment. Alpha particle Scattering experiment and Rutherford’s atom model (1911): (refer fig12.2 of page 416) Observations: 1.Most of the α particles passed through the gold foil without any deviation. 2.Only about 0.14% of the incident α particles scatter by more than 10. 3.About 1 in 8000 α particles deflect by more than 90 0. Rutherford introduced a term called impact parameter to explain the scattering phenomenon. It is the perpendicular distance of the initial velocity vector of the α particle from the central line of the gold nucleus. More the Impact parameter lesser will be the angle of scattering and vice versa. Conclusions: 1.Most of the mass of the atom and the entire positive charge of the atom is concentrated in a small region of space called nucleus. 2.Electrons revolve round the nucleus. 3.Centripetal force required for revolution is provided by the electrostatic force of attraction between nucleus and electron. Limitations: 1.classical e.m theory says the revolving electron must radiate its energy. If this happens electron would traverse an elliptical path and finally collapse into nucleus. Then no atom would have been stable. But majority of atoms are stable. 2.If the electron radiates energy continuously, a continuous spectrum is expected from the atom. But atoms give line spectrum. Bohr’s atom model: He combined Classical and Quantum Mechanics and his postulates are 1.Electrons can revolve only in certain stable orbits ,where they do not radiate any energy. 2.Stable orbits are those where the angular momentum of the electron is an integral multiple of h2π L=nh2π 3.When an electron makes a transition from higher energy state to lower energy state the difference of energy is emitted as a photon of energy E=hν



Atoms Energy of electron in the n th orbit of Hydrogen atom En=-13.6n2 eV Energy of first level E1=-13.6 eV, Energy of second level E=-3.4 eV etc The line spectra of Hydrogen atom: From the third postulate of Bohr Ei –Ef = hν Wave Number 1λ =νc = R1nf2-1ni2 This equation is called Rydberg formula and R is called Rydberg constant. Lyman series: Here nf = 1 and ni = 2,3,4 .... Balmer series: Here nf = 2 and ni = 3,4,5 .... Paschen series: Here nf = 3 and ni = 4,5,6 .... Brackett series: Here nf = 4 and ni = 5,6,7 .... Pfund series: Here nf = 5 and ni = 6,7,8 .... (Refer fig 12.3 of page 429) Limitations of Bohr’s model: 1.This model can be applied only to single electron atoms. 2.This model could not explain the relative intensities of spectral lines. ************



Nuclei A nuclide is represented as ZAX , where A=Mass number(No. of protons+No. of neutrons) Z=Atomic number(No. Of protons). Isotops:Nuclides having same number of protons.Eg 11H, 12H, 13H Isobar:Nuclides having same mass number.Eg13H, 23He Isotones:Nuclides having same number of neutrons.Eg80198Hg, 79197Au Size of the nucleus and nuclear density: Radius of a nucleus of mass number A is R=R0 A1/3 Where R0 =1.2x10-15 m. Nuclear volume is proportional to A. Nuclear density= MassVolume=mA43πAR03 .Nuclear density is independent of mass number.Nuclear density is 2.3x1017 kg m-3. Nuclear Binding Energy(Eb): It is defined as the amount of energy required to break up the nucleus and to move the nucleons infinite distance apart. It is found that the total mass of the nucleus is slightly less than the sum of the masses of the nucleons. The difference is called mass defect Δm. Δm=Zmp+(A-Z)mn-M Eb = Δm c2 Binding energy per nucleon(Ebn): Ebn = EbA More the Ebn value, more will be nuclear stability. In the Binding Energy curve Fe 56 has maximum Ebn value, 8.75MeV. Hence it is the most stable nucleus. Lighter nuclei have smaller Ebn values. Hence they release large amount of energy during nuclear fusion. Heavier nuclei also have smaller Ebn values. Hence they release large amount of energy during nuclear fission. Nuclei in the range 30


Nuclei The phenomenon of ejection of certain invisible radiations such as α particles, β particles ,ϒ rays etc by certain highly unstable nuclei is called radioactivity. It was discovered by A.H.Becquerel. Law of radioactive decay: Rate of radioactive disintegration of a radioactive sample at any instant is directly proportional to number of undecayed atoms present in the sample at that instant. dNdt =-λN N(t)=N0e-λt Half life period(T1/2): It is the time taken for the half of the initially taken radioactive sample to disintegrate. T1/2 =0.693λ (Refer fig 13.3 of page 447) Mean life: It is the average time for which a radioactive atom survives. τ=1λ The SI unit of radioactivity is becquerel. 1Bq=1 decay per second. Alpha decay: 92238U→ 90234Th+24He Beta decay: β- decay: 1532P→1632S+e-+νβ+ decay: 1122Na→1022Ne+e++ν Gamma decay: 2760Co βEϒ=1.17MeV Eϒ=1.33MeV 2860Ni Nuclear Fission: It is a nuclear process in which a heavy nucleus splits into middle mass nuclei with the liberation of large amount of energy. 01n+ 92235U→92236U→56144Ba+3689Kr+301n+200 MeV



Nuclei Uncontrolled nuclear fission chain reaction is the cause of enormous energy release during the explosion of an atom bomb. Nuclear Reactor: It is a place where nuclear energy by controlled nuclear fission chain reaction is released at a steady rate for constructive purposes. Important parts of a reactor are 1.Nuclear fuel – U235 or Pu239 2.Neutron source: To trigger the fission. 3.Moderator:These are used to slow down neutrons. Graphite or Heavy water can be used as moderator. 4.Control rods: These are used to absorb excess neutrons. Cadmium or Boron is used as control rods. 5.Coolant: It is used to absorb the heat generated. Example: Liquid sodium. 6.Protective shield. Nuclear fusion: It is a nuclear process in which lighter nuclei fuse together to form larger nucleus with the release of large amount of energy. 11H+11H→12H+e++ν+0.42MeV The enormous energy release of stars is due to nuclear fusion. The proton – proton cycle in sun is 41 1H+2e-→24He+2ν +6ϒ+26.7MeV *************



SEMICONDUCTOR DEVICES The collection of very closely spaced energy levels is called an energy band. The lower completely filled band is called thevalence band and the upper unfilled band is called the conduction band. Metals



The first possible energy band diagramshows that the conduction band is onlypartially filled with electrons. Semiconductor



At absolute zero temperature, noelectron has energy to jump fromvalence band to conduction bandand hence the crystal is an insulator.At room temperature, some valenceelectrons gain energy more than theenergy gap and move to conductionband to conduct even under theinfluence of a weak electric field.



Insulators



Electrons, however heated, can notpractically jump to conduction bandfrom valence band due to a largeenergy gap. Therefore, conduction isnot possible in insulators. Electrons and Holes: On receiving an additional energy, one of the electrons from a covalent band breaks and is free to move in the crystal lattice.While coming out of the covalent bond, it leaves behind a vacancy named‘hole’. Intrinsic or Pure Semiconductor:



Intrinsic Semiconductor is a pure semiconductor. Doping a Semiconductor: Doping is the process of deliberate addition of a very small amount of impurity into an intrinsic semiconductor.The impurity atoms are called ‘dopants’. The semiconductor containing impurity is known as ‘impure or extrinsic semiconductor’. Extrinsic or Impure Semiconductor: N - Type Semiconductors:



When a semiconductor of Group IV (tetra valent) such as Si or Ge is dopedwith a pentavalent impurity (Group V elements such as P, As or Sb), N –type semiconductor is formed. P - Type Semiconductors:



When a semiconductor of Group IV (tetra valent) such as Si or Ge is dopedwith a tri valent impurity (Group III elements such as In, B or Ga), P – typesemiconductor is formed. Distinction between Intrinsic and Extrinsic Semiconductor:



PN Junction Diode: When a P-type semiconductor is joined to a N-type semiconductor suchthat the crystal structure remains continuous at the boundary, the resultingarrangement is called a PN junction diode or a semiconductor diode or acrystal diode.



PN Junction Diode immediately after it is formed :



After the PN junction diode is formed – i) Holes from P region diffuse into N region due to difference in concentration. ii) Free electrons from N region diffuse into P region due to the same reason. iii) Holes and free electrons combine near the junction. iv) Each recombination eliminates an electron and a hole. v) The uncompensated negative immobile ions in the P region do not allow any more free electrons to diffuse from N region. vi) The uncompensated positive immobile ions in the N region do not allow any more holes to diffuse from P region. vii) The difference in potential between P and N regions across the junction makes it difficult for the holes and electrons to move across the junction. This acts as a barrier and hence called ‘potential barrier’ or ‘height of the barrier’. Forward Bias:



When the positive terminal of the battery is connected to Pregion andnegative terminal is connected to N-region, then the PN junction diode is said to be forward-biased. If the applied voltage is increased, the potential barrier decreases. As aresult, a large number of majority carriers diffuse through the junctionand a larger current flows.That is diode conducts Reverse Bias:



When the negative terminal of the battery is connected to Pregion andpositive terminal is connected to N-region, then the PN junction diode is saidto be reverse-biased. P and N regions act as theplates of the capacitor and the depletion region acts as a dielectricmedium.That is diode does’t conducts Diode Characteristics:



PN Junction Diode as aHalf Wave Rectifier: The process ofconvertingalternatingcurrent intodirect currentis called‘rectification’.The deviceused forrectification iscalled‘rectifier’.



PN Junction Diode as a Full Wave Rectifier: When the dioderectifies wholeof the AC wave,it is called ‘fullwave rectifier’.



Junction Transistor: It is formed by sandwiching one type of extrinsic semiconductor between other type of extrinsic semiconductor. NPN transistor contains P-type semiconductor sandwiched between two N-type semiconductors. PNP transistor contains N-type semiconductor sandwiched between two P-type semiconductors.



PNP Transistor Characteristics in Common Base Configuration:



NPN Transistor as CommonEmitter Amplifier:



Relation between α and β: Relation between α and β:



Transistor as an Oscillator:



An oscillator is a device which can produce undamped electromagnetic oscillations of desired frequency and amplitude.



Digital Circuit: An electrical or electronic circuit which operates only in two states (binary mode) namely ON and OFF is called a Digital Circuit.
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