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 Unit I: Electrostatics 
Electric Charges; Conservation of charge, Coulomb’s law-force between two point charges, forces between multiple charges; superposition principle and continuous charge distribution. Electric field, electric field due to a point charge, electric field lines; electric dipole, electric field due to a dipole; torque on a dipole in uniform electric field.

Electric flux, statement of Gauss’s theorem and its applications to find field due to infinitely long straight wire, uniformly charged infinite plane sheet and uniformly charged thin spherical shell (field inside and outside).

Electric potential, potential difference, electric potential due to a point charge, a dipole and system of charges; equipotential surfaces, electrical potential energy of a system of two point charges and of electric dipole in an electrostatic field.

Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and electric polarisation, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance of a parallel plate capacitor with and without dielectric medium between the plates, energy stored in a capacitor. Van de Graaff generator.

 
Unit II: Current Electricity 
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-I characteristics (linear and non-linear), electrical energy and power, electrical resistivity and conductivity.

Carbon resistors, colour code for carbon resistors; series and parallel combinations of resistors; temperature dependence of resistance.

Internal resistance of a cell, potential difference and emf of a cell, combination of cells in series and in parallel.

Kirchhoff’s laws and simple applications. Wheatstone bridge, metre bridge.

Potentiometer - principle and its applications to measure potential difference and for comparing emf of two cells; measurement of internal resistance of a cell.

 Unit III: Magnetic Effects of Current and Magnetism 
Concept of magnetic field, Oersted’s experiment.

Biot - Savart law and its application to current carrying circular loop.

Ampere’s law and it applications to infinitely long straight wire, straight and toroidal solenoids.

Force on a moving charge in uniform magnetic and electric fields. Cyclotron. Force on a current-carrying conductor in a uniform magnetic field. Force between two parallel current-carrying conductors-definition of ampere. Torque experienced by a current loop in uniform magnetic field; moving coil galvanometer-its current sensitivity and conversion to ammeter and voltmeter.

Current loop as a magnetic dipole and its magnetic dipole moment. Magnetic dipole moment of a revolving electron. Magnetic field intensity due to a magnetic dipole (bar magnet) along its axis and perpendicular to its axis. Torque on a magnetic dipole (bar magnet) in a uniform magnetic field; bar magnet as an equivalent solenoid, magnetic field lines; Earth’s magnetic field and magnetic elements. Para-, dia- and ferro - magnetic substances, with examples. Electromagnets and factors affecting their strengths. Permanent magnets.

 
Unit IV: Electromagnetic Induction and Alternating Currents 
Electromagnetic induction; Faraday’s law, induced emf and current; Lenz’s Law, Eddy currents. Self and mutual inductance. Need for displacement current. Alternating currents, peak and rms value of alternating current/voltage; reactance and impedance; LC oscillations (qualitative treatment only), LCR series circuit, resonance; power in AC circuits, wattless current. AC generator and transformer.

Unit V: Electromagnetic waves 
Electromagnetic waves and their characteristics (qualitative ideas only). Transverse nature of electromagnetic waves.

Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, Xrays, gamma rays) including elementary facts about their uses.

Unit VI: Optics 
Reflection of light, spherical mirrors, mirror formula. Refraction of light, total internal reflection and its applications, optical fibres, refraction at spherical surfaces, lenses, thin lens formula, lens-maker’s formula. Magnification, power of a lens, combination of thin lenses in contact. Refraction and dispersion of light through a prism.

Scattering of light - blue colour of the sky and reddish appearance of the sun at sunrise and sunset.

Optical instruments: Human eye, image formation and accommodation, correction of eye defects (myopia, hypermetropia, presbyopia and astigmatism) using lenses. Microscopes and astronomical telescopes (reflecting and refracting) and their magnifying powers. Wave optics: wave front and Huygens’ principle, reflection and refraction of plane wave at a plane surface using wave fronts. Proof of laws of reflection and refraction using Huygens’ principle. Interference, Young’s double slit experiment and expression for fringe width, coherent sources and sustained interference of light. Diffraction due to a single slit, width of central maximum. Resolving power of microscopes and astronomical telescopes. Polarisation, plane polarised light; Brewster’s law, uses of plane polarised light and Polaroids.

 Unit VII: Dual Nature of Matter and Radiation 
Dual nature of radiation. Photoelectric effect, Hertz and Lenard’s observations; Einstein’s photoelectric equation-particle nature of light.

Matter waves-wave nature of particles, de Broglie relation. Davisson-Germer experiment.

Unit VIII: Atoms & Nuclei 
Alpha-particle scattering experiment; Rutherford’s model of atom; Bohr model, energy levels, hydrogen spectrum.Composition and size of nucleus, atomic masses, isotopes, isobars; isotones. Radioactivityalpha, beta and gamma particles/rays and their properties; radioactive decay law.

Mass-energy relation, mass defect; binding energy per nucleon and its variation with mass number; nuclear fission and fusion.

Unit IX: Electronic Devices 
Semiconductors; semiconductor diode – I-V characteristics in forward and reverse bias, diode as a rectifier; I-V characteristics of LED, photodiode, solar cell, and Zener diode; Zener diode as a voltage regulator. Junction transistor, transistor action, characteristics of a transistor; transistor as an amplifier (common emitter configuration) and oscillator. Logic gates (OR, AND, NOT, NAND and NOR). Transistor as a switch.

 Unit X: Communication Systems :

Elements of a communication system (block diagram only); bandwidth of signals (speech, TV and digital data); bandwidth of transmission medium. Propagation of electromagnetic waves in the atmosphere, sky and space wave propagation. Need for modulation. Production and detection of an amplitude-modulated wave.

                                                QUESTION  PAPER  PATTERN
XII  (PHYSICS)- Theory paper (70 marks)

1.  Weightage to Learning Outcomes.

	S.No.
	Objective
	Marks
	Percentage

	1
	Knowledge
	21
	30

	2
	Understanding
	35
	50

	3
	Application
	14
	20

	
	Total
	70
	100


2.  Weightage to form of questions.

· There will be no overall option.

· Internal choices (either/or type) on a very selective basis has been given in five questions. This internal choice will be given in any one question of 2 marks, any one question of 3 marks and all questions of 5 marks weightage.
	S.No.
	Form of Questions
	Marks for each
	No. of Questions
	Marks

	1
	Long Answer Type (LA)
	5
	3
	15

	2
	Short Answer (SA I)
	3
	9
	27

	3
	Short Answer (SA II)
	2
	10
	20

	4
	Very Short Answer (VSA)
	1
	8
	08

	
	Total
	-
	30
	70


3.  A weightage of 15-20 marks in total has been assigned to numericals.

4.  Weightage to difficulty level of questions.

	S.No.
	Estimated Difficulty Level
	Percentage

	1
	Easy
	15

	2
	Average
	70

	3
	Difficult
	15


 HOTS:  20 % weightage to Higher  Order  Thinking  Skills  questions introduced  from this year.
Scheme of practical (30 Marks)

· Every student will perform 10 experiment (five from each section) and eight activities from the list given by CBSE during the academic year.
· Two demonstration experiments must be performed by the teacher with participation of students. The students will maintain a record of these demonstration experiments
.

B. Evaluation Scheme for Practical Examination:

	1.   One experiment from any one section 


           8 Marks

	2.   Two activities (one from each section) (4+4) 
                       8 Marks

	3.   Practical record (experiments & activities) 

           6 Marks

	4.   Record of demonstration experiments & Viva based on these experiments      3 Marks

	5.   Viva on experiments & activities 

                                   5 Marks

	                                           Marks                                          Total 30 


UNIT–I   ELECTROSTATICS     (8marks)              
   SYLLABUS :    

  Electric charges; conservation of charge ; Coulomb’s law- forces between two point charges ,Forces  between multiple electric charges: Superposition principle and continuous charge distribution. 

         Electric field, Electric field due to a point charge, electric field lines; Electric dipole , electric field due to dipole ; torque on dipole in uniform electric field.

         Electric flux, statement of Gauss’s theorem and its applications to find field due to infinitely long straight wire, uniformly charged infinite plane sheet and uniformly charged thin spherical shell (field inside and outside.)

         Electric potential –potential difference, Electric potential due to point charge ,a dipole and system of charges ;equipotential surfaces ,electrical potential energy of a system of two point charges and of electric dipole in an electrostatic field.

        Conductors and insulators ,free charges and bound charges inside a conductor. Dielectrics and electric polarization, Capacitors and capacitance, combination of capacitors in series and parallel, capacitance of a parallel plate capacitor with and without dielectric medium between the plates, energy stored in a capacitor. Van deGraff generator.

1. Explain briefly (i) charge quantization (ii) conservation of charge.

2. Write vector form of coulomb’s law. How force depends on intervening medium.

3. Define Electric field intensity and electric potential due to a point charge. Give their S.I.units.

4. Derive expression for electric potential due to a point charge.

5. Define Electric dipole moment and give its unit and direction.

6. Find expression for electric field intensity on axial and equatorial line of a electric dipole.

7. State Gauss’ theorem . Calculate electric flux due to surface enclosing charge of 1C.

8. Obtain the expression for the  electric field intensity E due to infinite plane sheet of charge .

9. Derive the expression for the E at any point outside and inside  a uniformly charged spherical shell.

10. Derive an  expression for the E at a  point near an  infinitely long , thin ,uniformly charged straight wire.

11.Find expression  for torque on electric dipole in uniform electric field. Give its equilibrium state.


12. Derive expression for capacitance of a parallel plate capacitor i)without dielectric ii)with dielectric slab.

13.Derive expression for energy stored and energy density (½εοE2) of a charged capacitor.

14.How Voltage, charge , capacity ,energy and electric field changes when dielectric is introduced 

     between the plates of capacitor i)with battery connected and ii)without battery.


15. Draw lines of forces for i) q>0 ii)q<0 .Why lines are not discontinuous and never intersect .

16. What is equipotential surface? Find work done on moving charge on such surface.

17.Give principle ,construction, working and labeled diagram of a Vande graff generator. How 

      charge leakage is prevented.

18. Find charge and voltage on each capacitor (connected to 30V) in given circuits.
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19. A charge q is placed at the centre of line joining two equal charges Q. Show that the system of three   charges will be in equilibrium if q = -Q/4.
20. Two point charges 3µC and  -3µC are located 20cm apart in vacuum. Find electric field and electric    potential at midpoint of line. Also find force and its direction experienced by charge   1.5nC kept at   midpoint.
21.  A 10µF capacitor is charged by a 30V d.c. and then connected across an uncharged 50µF   

 capacitor.   Calculate (i) the final potential difference of the combination, and (ii) the initial   and final  

 energies. How will you account for the difference in energy?
22. An electric dipole of length 4cm, when placed with its axis making an angle of 60o with uniform 

      electric  field experiences a torque of 4 /3Nm. Calculate the (i) magnitude of electric  field, (ii)the 

       potential energy  of dipole ,if the dipole has charges of +8nC.
                                                       *********************
UNIT–II   CURRENT ELECTRCITY     (7marks)                
SYLLABUS:

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-I characteristics (linear and non-linear), electrical energy and power, electrical resistivity and conductivity.

Carbon resistors, colour code for carbon resistors; series and parallel combinations of resistors; temperature dependence of resistance.Internal resistance of a cell, potential difference and emf of a cell, combination of cells in series and in parallel. 

Kirchhoff’s laws and simple applications. Wheatstone bridge, metre bridge.

Potentiometer - principle and its applications to measure potential difference and for comparing emf of two cells; measurement of internal resistance of a cell.

1. Give statement  of Ohm’s law. What are ohmic and non ohmic conductors?

2. Briefly mention effect of temperature on conductor, semiconductor and insulators.

3. Define the term receptivity or specific resistance. Give its S.I. unit. Show that resistance R of a conductor is given by ml/(ne2τA), where symbols have their usual meanings.

4. Out of two temperatures T1, and T2 which one is greater in fig (a).

5. Which of the graph in (b) represents  series combination.
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6. How is resistance and resistivity affected if length of the wire is doubled?

7. Derive i =neAVd and Also prove J = σ E (ohm’s law).

8. State Kirchoff’s laws for electrical network.

9. Distinguish between emf and terminal potential difference and also relate them with internal resistance r for 
(i) charging and  (ii) discharging of a cell.

10. Draw colour coding for carbon resistors having following values of resistances.

(i) 4700+10%Ω  (ii) 56+20% MΩ  (iii) 0.5+20%Ω    (iv) 100+5%Ω
11. What is Wheatstone bridge. Derive condition for balanced wheastone bridge.

          How null point gets affected on interchanging position of galvanometer and battery in balanced whetstone bridge. 

12. Give principle, construction, circuit and necessary mathematical relation used to determine the value of an unknown resistance and resistivity of material of wire using meter bridge. When  is meter bridge most sensitive?

13. What is principle of Potentiometer? Give construction, circuit and necessary formula to (i) compare the emf’s of two cells (ii)determine internal resistance of a cell.

14. How do position of null point in potentiometer changes with(i) increase in length of potentiometer wire(ii)increase in current in primary circuit. Give two reasons for one sided deflection in potentiometer.

15. Find the current in external circuit when n cells each of emf E and internal resistance r are connected in (i)      series and (ii) parallel ,  to external resistance R.

16. Find net resistance between points A and B in following circuits and current through various resistances. 





********************
UNIT–III MAGNETIC EFFECTS OF CURRENT AND  MAGNETISM     (8marks)                

SYLLABUS:

Concept of magnetic field, Oersted’s experiment. Biot - Savart law and its application to current carrying circular loop.Ampere’s law and its applications to infinitely long straight wire, straight and toroidal solenoids.

Force on a moving charge in uniform magnetic and electric fields. Cyclotron. Force on a current-carrying conductor in a uniform magnetic field. Force between two parallel current-carrying conductors-definition of ampere. Torque experienced by a current loop in uniform magnetic field; moving coil galvanometer-its current sensitivity and conversion to ammeter and voltmeter.

Current loop as a magnetic dipole and its magnetic dipole moment. Magnetic dipole moment of a revolving electron. Magnetic field intensity due to a magnetic dipole (bar magnet) along its axis and perpendicular to its axis. Torque on a magnetic dipole (bar magnet) in a uniform magnetic field; bar magnet as an equivalent solenoid, magnetic field lines; Earth’s magnetic field and magnetic elements. Para-, dia- and ferro - magnetic substances, with examples. Electromagnets and factors affecting their strengths. Permanent magnets.

1. State Biot- Savart law and its vector form.

2. Derive expression for magnetic field at center and on axis of current carrying circular loop. Also draw the magnetic field lines due to a circular current carring loop.

3. State Ampere’s circuital law.

4. Using Ampere’s circuital law, Derive the expression for magnetic field due to (i) infinitely long straight wire (ii) straight solenoid (iii) toroidal solenoid.

5. What is Lorentz force. Give its expression.

6. What is difference between force acting on charged particle in magnetic field and in electric field?
7. State Principle, construction , working and labeled diagram of a cyclotron. Give its application and derive expression for cyclotron frequency and maximum energy.

8. Write expression for force on current-carrying conductor in uniform magnetic field .How is the direction of force determined ?

9. Derive the expression for force between two parallel current-carrying conductors and hence give definition of ampere. Draw diagram representing direction of force for current in same direction.

10. Derive the expression for torque experienced by a current loop in a uniform magnetic field.

11. Give principle, construction, working and labeled diagram of a moving coil galvanometer. Find the expression for its current sensitivity.

12. How a galvanometer be converted into ammeter and voltmeter Which one of the two, an ammeter or a milliammeter, has a higher resistance and why?

13. What is resistance of ideal ammeter and  ideal voltmeter?

14. Derive evr/2 for revolving electron.

15. What are elements of earth’s magnetic field? Derive relation between them.

16. Distinguish between Paramagnetic, Dimagnetic and Ferromagnetic substances.

17. How the length of spring gets affected on passing current.

18. A particle of mass ‘m’ and charge ‘q’ moving with speed ‘v’ , normal to a uniform magnetic field ‘B’ describes a circular path of radius ‘r’. Derive expressions for the  (i) time period of revolution  and  (ii) kinetic energy  of the particle.

19. Steel is preferred for making permanent magnets whereas soft iron is preferred for making electromagnets. Give one reason.

20. An electron is moving at 106 m/s in the direction parallel to current of 5A through a long wire separated by a distance of 10 cm. Calculate magnitude of force.

***********************

UNIT – 4. Electromagnetic induction and Alternating currents  (8marks)
SYLLABUS:              

                Electromagnetic induction; Faraday’s law, induced emf and current: Lenz’s law, Eddy currents. Self and mutual inductance.

Need for displacement current. 

Alternating currents, peak and  rms value of alternating current/voltage: reactance and impedance ; LC oscillations (qualitative treatment only), LCR series circuit, resonance; power in AC circuits, wattles current.

AC generator and transformer.

1. State Faraday’s laws of electromagnetic induction.

2. State Lenz’s law .  Show that it is in accordance to law of conservation of energy. What is the 
    value of acceleration due to gravity ‘g’  for magnet falling inside a coil?

3. Distinguish between ‘Magnetic Flux’ and ‘Magnetic Flux density’. Give their S.I. and c.g.s units.

4. What are Eddy currents? Write its two applications. How eddy currents can be minimised?

5. Define self and mutual induction. On which factors do mutual inductance between two coils depends?

6. What is displacement current?

7. Give Principle ,construction , working and theory of  (i) Transformer (ii) AC Generator

8. What are various losses in transformer and how can they be minimised?

9. Distinguish  between resistance, reactance and impedance? How they vary with frequency of a.c ?

10. How the current in ac circuit change on inserting (i) iron rod in inductor (ii) dielectric slab in capacitor?
11. Briefly explain LC oscillations.



12.  Derive expression for peak and  rms value of alternating current/voltage .

13. Show that there is phase difference of 900  between ac current and voltage for pure capacitive or      

        pure inductive  circuit.

14. Using phasor diagram derive expression for impedance , phase angle  for series LCR circuit.

15. What is condition for resonance. Derive expression for resonant frequency.

16. Show that power consumed by ideal inductor or capacitor is zero. What is wattles current ?

17. A 25μF capacitor,0.1H inductor and a 25 ohm resistor atre connected in series with an a.c. source 

       whose emf is given by   E = 310 sin 314t. Find (i) peak value , rms value, frequency  of emf 

      (ii)reactance of the circuit (iii) impedance (iv) current (v)resonant frequency for circuit. 

18. Calculate  current drawn by primary of a transformer ,which steps down 200V to 20V to operate
      a  device of  10ohm. Given efficiency of transformer is 50%.

19. How the brightness of a bulb in series LCR  circuit changes when (i) soft iron rod is inserted in   

      inductor  (ii) dielectric slab is inserted between the plates .

20. An 80V ,800W heater is to be operated on a 100V ,50Hz supply. Calculate the inductance of 
         Choke         required .                                
(0.019H)

                                                                           ***************
UNIT –5. Electromagnetic  Waves   ( 3 marks)
SYLLABUS:              

Electromagnetic waves and their characteristics(qualitative ideas only). Transverse nature of electromagnetic waves.
Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, Xrays, gamma rays) including elementary facts about their uses.

1. Mention properties of electromagnetic waves.
2. Name the phenomena which proves transverse nature of e.m . waves.
3. Describe properties ,uses ,application of E.m spectrum.
************
UNIT – 6.  Optics   (14 marks)
SYLLABUS:              

Reflection of light, spherical mirrors, mirror formula. Refraction of light, total internal reflection and its applications, optical fibres, refraction at spherical surfaces, lenses, thin lens formula, lens-maker’s formula. Magnification, power of a lens, combination of thin lenses in contact . Refraction and dispersion of light through a prism. Scattering of light - blue colour of the sky and reddish appearance of the sun at sunrise and sunset.

Optical instruments: Human eye, image formation and accommodation, correction of eye defects (myopia, hypermetropia, presbyopia and astigmatism) using lenses. Microscopes and astronomical telescopes (reflecting and refracting) and their magnifying powers.

Wave optics: wave front and Huygens’ principle, reflection and refraction of plane wave at a plane surface using wave fronts. Proof of laws of reflection and refraction using Huygens’principle. Interference, Young’s double slit experiment and expression for fringe width, coherent sources and sustained interference of light. Diffraction due to a single slit, width of central maximum. Resolving power of microscopes and astronomical telescopes. Polarisation,plane polarized light; Brewster’s law, uses of plane polarized light and Polaroids.

RAY  OPTICS
1. Derive mirror formula and expression for magnification in terms of u and f.
2. What is total internal reflection  two conditions required for it. Mention its  applications.
3. Derive relation between µ u,v and R for a spherical surface and hence derive 
    lens maker formula.
4. Derive thin lens formula. Explain Magnification and Power of a lens.
5. Derive expression for focal length for combination of thin lenses in contact. 
6. Derive prism formula. Also show graphically variation of angle of deviation with  angle of incidence. 
7. Define angular dispersion and dispersive power .
8. Why (i) sky appears blue (ii) sun appears reddish at sunrise and at sun set (iii) dangers signals are red.
9. Draw neat labeled diagram of human eye and explain power of accommodation.

10. Mention  various defects in Human eye, their causes and correction using lenses. 

11. Draw ray diagram of compound microscope to show image formation in normal and 
      far point   position. Derive expression for magnifying power also.


12.Draw ray diagram for normal adjustment of a astronomical  telescope in and derive 
     expression for   magnifying power also.


13. Draw ray diagram for image formation by reflecting telescope. 
      Give three  merits of reflecting telescope.

WAVE  OPTICS
14. How the Resolving power of microscopes and astronomical telescopes  changes with (i) aperture (ii) frequency of light.

15. State Huygens’ principle and prove laws of   reflection and refraction of plane wave on its basis .        

 16.Draw the shape of wave front (i) converging to a point (ii) diverging from a point 
       (iii) produced from a point source (iv) at far distance (v) reflected from plane mirror  
     (vi) refracted from convex lens  ( for parallel incidence) .
17.  Describe Young’s double slit experiment. Write conditions required for sustained 
       interference of  light.  What are coherent sources?

18. Derive expression for fringe width in double slit experiment.

19. What is diffraction of light? Write the condition required and derive expression for width of central 

      maximum in single slit diffraction.

20. Which phenomenon proves transverse nature of light?

21. Define plane of polarization and plane of polarization.

22. State and prove Brewster’s Law. If µ =√3 , find angle of polarization.

23.  What are Polaroids ? Mention  two uses of plane polarized light .

**********************

UNIT – 7. Dual Nature of Matter and Radiation (4 marks)
SYLLABUS:              

Dual nature of radiation.  Photoelectric effect,  Hertz and Lenard’s observations; Einstein’s photoelectric equation-particle nature of light.
Matter waves-wave nature of particles, de Broglie relation.  Davisson- Germer experiment.

1. What is Photo electric effect ? Write laws of photoelectric emission.
2. Explain the terms (i)stopping potential (ii) Threshold frequency (iii) threshold energy.

3. Show variation of photo current  with frequency and intensity of incident light.

4.  Derive the Einstein’s photoelectric equation.
5. Draw a labeled diagram of photo cell and explain its working. Mention its two applications.
6. What are matter waves? Derive expression for De broglie wavelength of an electron in electric field.

7. Briefly describe Davission  and Germer experiment to show existence of matter waves.

8. Light of Wavelength 5000A0  falls on a metal surface of work function 1.9eV. Find (a) energy  of photons in eV  (b) K.E of photoelectrons and (c) stopping potential.





**********************
UNIT – 8. Atoms and Nuclei  (6 marks)
SYLLABUS:              

Alpha-particle scattering experiment; Rutherford’s model of atom; Bohr model, energy levels, hydrogen spectrum.

Composition and size of nucleus, atomic masses, isotopes, isobars; isotones. Radioactivity-alpha, beta and gamma particles/rays and their properties; radioactive decay law. Mass-energy relation, mass defect; binding energy per nucleon and its variation with mass number; nuclear fission and fusion.

 1. Explain Alpha-particle scattering experiment and mention important inferences of it.

 2. Give main postulates of Rutherford’s model of atom . Give its merits and demerits.

3. What is Bohr’s model of atom. Explain Hydrogen spectrum .

 4. Derive relation between Atomic No. and radius of a nucleus.

 5. Explain with examples – (i) isotopes, (ii)  isobars   (iii) isotones.

 6. Compare  the properties of alpha, beta and gamma particles.
 7. Write the radioactive decay laws and derive expression to show that radioactive decay is logarithmic.

 8.  State Mass energy relation and convert 1 eV into Joules.

 9.  What is mass defect and Binding energy? Show graphically variation in  binding energy per nucleon 
      with mass  number. State  inferences from graph.
 10. Distinguish between Nuclear fission and nuclear fusion.

  11. Calculate the binding energy per nucleon of 
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) =39.962589.u  , 
                     mn = 1.008665u   mp = 1.007825u
 12. A neutron is absorbed by a 3Li6 nucleus with subsequent emission of an alpha particle. Write the   

      corresponding nuclear reaction and Calculate the energy released  in  this   reaction    in    MeV.  

      Given M(3Li6) =6.015126a.m.u  ,  M(2He4) = 4.0026044 a.m.u       M(0n1) = 1.0086654 a.m.u ,                         

      M(1H3) = 3.016049 a.m.u







******************         

 UNIT – 9.     Electronic Devices    (7 marks)
SYLLABUS:             

Semiconductors; semiconductor diode – I-V characteristics in forward and reverse bias, diode as a rectifier; 

I-V characteristics of LED, photodiode, solar cell, and Zener diode;Zener diode as a voltage regulator. 

Junction transistor, transistor action, characteristics  of a transistor; transistor as an amplifier (common emitter configuration) and oscillator.

Logic gates (OR, AND, NOT, NAND and NOR). Transistor as  a switch.

1.  Differentiate between pure and impure semiconductors . Derive expression for   

     conductivity of a pure semiconductor.

2.  Differentiate between  P type and N type semiconductors .

3.  What is PN junction? Explain i) depletion layer ii) barrier potential  

4.  What is Forward and Reverse biasing of a diode. What is an ideal diode?

5.  Draw characteristics curve of   PN junction for forward and reverse biasing. 

6.  How does width of depletion layer changes with forward and reverse biasing.

7.  What is rectification? Give principle, circuit diagram, construction, working and input   

     output waveforms for  (i) half wave rectifier (ii) full wave rectifier

8.  What is Zener diode and how is it used as a voltage stabilizer?

9.  Describe briefly (i) LED  (ii) photo diode  (iii) solar cell 

10. What is a junction  transistor ? Explain transistor action.

11. With the help of labeled circuit diagram explain how an npn transistor can be used as an 
     amplifier   in   common emitter configuration. Explain how the input and output voltages   

     are out of phas  by 1800 for a common emitter transistor amplifier.

12. With the help of a circuit diagram explain the working of transistor as oscillator.
13. Explain how a transistor works as an switch ? 

14. What are basic and universal logic gates ? Give their symbol , Boolean expression ,
     truth table .
15. Explain why NAND gate and NOR gate are called Universal logic gates?

******************
UNIT – 10.     Communication Systems   ( 5 marks)
SYLLABUS:             

Elements of a communication system (block diagram only); bandwidth of signals ( speech, TV and digital data); bandwidth of transmission medium. 
Propagation  of electromagnetic waves in the atmosphere, sky and space wave propagation.
Need for modulation. Production  and detection of an amplitude-modulated wave.

1.Give the block diagram of a basic communication system.

2. What is band width?

3. Give band width for speech, music ,TV (video), and digital data .
4. What is meant by bandwidth of transmission medium.
5. Explain Propagation  of electromagnetic waves in the atmosphere as ground , sky and space   

    wave   propagation .

6. What is  modulation and why is it  required ?

7. Derive expression for amplitude modulated wave.

8. Draw a circuit diagram of a modulator.

9. What is Demodulation.  Draw a circuit diagram of a demodulator.

10. Draw block diagram of a transmitter  and a receiver.
**********

                            Year wise  questions
                               UNIT –I     ELECTROSTATICS   (8marks)           

CBSE 2009:
1.What is electrostatic potential due to electric dipole at an equatorial  point ?                                                                                            1

2.Draw 3 equipotential surfaces corresponding to a field that uniformly increases in magnitude but remains constant along Z direction. 2  

    How are these surfaces different from that of a constant electric field along Z- direction?
3. Define Electric flux. Writ its S.I. unit. A charge q is enclosed by a spherical surface of radius R. If the radius is reduced to half, how 2   

   would the electric flux through the surface change?
4.A +q point charge is kept in the vicinity of an uncharged conducting plate. Sketch electric field lines originating from the point on the 3    

   surface of the plate. Derive the expressioojn for the electric field at the surface of a charged conductor.   OR
   A parallel plate capacitor is charged by a battery. After some time battery is disconnected and dielectric slab (K) is inserted between the plates.  How would (i)capacitance(ii) electric field (iii) energy stored be affected? Justify your answer.
CBSE 2008:

1.Which orientation of an electric dipole in a uniform electric field would correspond to stable equilibrium. 



 1
(Set-II) If the radius of Gaussian surface enclosing a charge  is halved, how does the electric flux through the Gaussian surface change? 
(Set-III)Define the term electric dipole moment of a dipole. State its S.I. unit.

2. Two point charges 10x10-8C and -2x10-8C are separated by a distance of 60cm in air. (i)Find  at what distance from first charge, the 
    electric   potential is zero. (ii) Also calculate the electrostatic potential energy of the system. OR




2
    Two point charges 4Q and  Q are separated by 1m in air. At  what point on the line joining the two charges is the electric field intensityl zero ?

    Also calculate the electrostatic potential energy of the system of charges, taking the value of charge, Q= 2x10-7C.

3. Derive an expression for the energy stored in a parallel plate capacitor. On charging a parallel plate capacitor to potential V , the spacing 

    between the plates is halved, and a dielectric medium of K=10 is introduced between the plates, without disconnecting the d.c source.

    Explain using suitable expressions, how the (i) capacitance,(ii)electric field and (ii) energy density of the capacitor change.
OR
5
(a) Define electric flux. Write its S.I. units.

(b) The electric field components due to a charge inside the cube of side 0.1m are as shown: 

Ex= ax , where a=500N/C-m        Ey =0 ,     Ez= 0
y
Calculate (i) the flux through the cube, and (ii) the charge inside the cube. 


0.1m
                                                                                                         z   

x

CBSE 2007:
   0.1m
1. Two point charges 4µC and -2µC are separated by a distance of 1m in air. Calculate at what point on the   

     line joining the two charges is the electric potential zero.



                                                                            2
2. State Gauss’ theorem . Apply this theorem to derive an  expression for the electric field intensity at a 

    point near an  infinitely long , thin ,uniformly charged straight wire./ setII uniformly charged spherical shell.
                                 3             

3.Explain the underlying principle of working of a parallel plate  capacitor. If two similar plates, each of area A having surface charge 
    densities +
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 and -
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 are  separated by a  distance d in air , write expressions for i)electric field at points between the   plates.                3
   ii) p.d. between the    plates iii) capacitance of capacitor so formed.

CBSE 2006:

1.Define electric dipole moment. Is it a scalar or a vector quantity?



                         

                  1
2.A point charge ‘q’ is placed at O as shown in the figure.

   Is Vp – VQ positive or negative when (i)q >0 ,(ii) q< 0?    O _______P____Q     Justify   your answer.



    2   

3.Two capacitors of capacitance 6µF and 12µF are connected in series with a battery. The voltage across the  6µF is 2                               2
    Compute the total battery voltage. OR  A parallel plate capacitor with air between the plates has a capacitance of 8µF.The separation    

     between the plates is now reduced by half and the space is filled with K=5. Calculate the value of   capacitance in the second case.
4. Using Gauss’s theorem, show mathematically that for any point outside the shell, the field due to         


                  3
     a uniformly charged thin shell is the same as if the entire charge of the shell is concentrated at the   

    centre. Why do you expect the electric field inside the shell to be zero  according to this theorem.

CBSE 2005:

1.(setI)An electrostatic field line cannot be discontinuous. Why?
           


                    
             

   1
   (set II) How does the coulomb force between two charges depend on intervening medium?   (setIII) Two electric lines never intersect each other. Why?
2.Define Electric field intensity. Write its SI unit.Write the magnitude and direction of  E  due to dipole of length 2a at the midpoint of line joining two charges.                 2
3.(setI)A parallel plate capacitor is to be designed with voltage rating 1kV using a material of K=3 

   and dielectric strength 107V/m.For safety we would like the field never to exceed say, 10% of                 



    2
   the dipole strength. What minimum area of the plates is required to have a capacitance of 50pF?

   (setII)  A charge q is placed at the centre of line joining two equal charges Q. Show that the 

   system of three chages will be in equilibrium if q = -Q/4.

   (setIII) Two fixed charges +4e and +e are separated by a distance ‘a’. Where should the third point charge be placed for  it to be in    

    equilibrium? OR  A 4µF capacitor is charged by a 200V supply. The supply is then disconnected and the charged capacitor is connected to    

   another uncharged 2µF capacitor. How much electrostatic energy of the first capacitor is lost in the process of attaining the steady situation?
4.State Gauss’ theorem . Apply this theorem to obtain the expression for the electric field                          


                 3
    intensity at a point due to infinitely long , thin ,uniformly charged straight wire.

CBSE 2004:

1.An electric dipole of length 4cm, when placed with its axis making an angle of 60o with  uniform electric field experiences a               2
     torque of 4 /3Nm. Calculate the (i) magnitude of electric   field, (ii)the potential energy of dipole ,if the dipole has charges of +8nC.

2.A 10µF capacitor is charged by a 30V d.c. and then connected  across an uncharged 50µF capacitor. Calculate (i) the final potential   

    difference of the combination, and (ii)the initial and final energies. How will you account for the difference in energy?                        3
3.(setI,II) State Gauss’ theorem . Using  this theorem to obtain the expression for the                           


                3 
    electric field intensity due to infinite plane sheet of charge of charge density 
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 C /m2. 

   (setIII) State Gauss’ theorem . Use  this theorem to obtain the expression for the E at any point outside a uniformly charged
     spherical shell.                                                                                             

                  UNIT –II    CURRENT ELECTRICITY         (7marks)         

  CBSE 2008:                                                                                                          
1. Two metallic wires of the same material have the same length but cross-sectional area is in the ratio 1:2. They are connected (i)in series
    (ii)  parallel. Compare the drift velocities of electrons in the two wires in both the cases (i) and (ii).



2
2. Derive an expression for the resistivity of a good conductor ,in terms of the relaxation time of electrons.

               
2

     (set II)  Using the mathematical expression for the conductivity of a material , explain how itb varies with temperature for (i0 semiconductors ,(ii) good conductors
  (Set III) Derive an expression for the current density  of a conductor ,in terms of drift speed  of electrons.
3.  (i) Calculate the  equivalent resistance of the given electrical network between points A  and B. 
     (ii) Also calculate the current through CD and ACBG, if a 10V d.c. source is connected between A and B, and the value of R is       3
     assumed as  2Ω.
CBSE 2007:

  1.A voltage of 30V is applied across a carbon resistor with first, second and third rings of blue, black and  yellow colors respectively. Calculate the 
value of current, in mA, through the resistor.









                     2
  2. For the potentiometer circuit shown in the given figure(a), points X and Y represent the two terminals of an unknown emf  E’. A student observed that 

      when the jockey is moved from the end A to the end B of the potentiometer wire, the deflection in galvanometer remains in same direction. What 

      may be the  two possible faults in the circuit that could result in this observation?  If the galvanometer deflection at the end B is  (i) more, (ii) less ,          

      than  that at the end A, which of the two faults , listed above, would be there in the circuit? Give reasons in support of your answer in each case.                  3
  OR  The given fig. ( b) (Wheat stone bridge) shows a network of resistances R1, R2, R3 and R4. Using Kirchoff’s laws, establish the balance condition

        for the network.              3. What is Seeback effect? 3
CBSE 2006:

1.The variation of p.d V with length l in case of two potentiometer P and Q is as shown. Which one of these  two will you prefer for
   comparing emfs of two primary cells? 






P

                           1
                                    Q   


2. Draw a circuit diagram using meter bridge and write the necessary mathematical    



                            2

    relation used to determine the value of an unknown resistance. Why cannot such an arrangement be used for measuring very low resistances?

3. You are given ‘n’ resistors, each of values ‘r’. These are first connected to get minimum   possible resistance.  In  the second    

    case, these  are  again connected differently   to get  maximum possible resistance. Compute the ratio between the minimum   and    2
    maximum values of resistance so obtained.      4. State Faraday’s laws of electrolysis     3                              
              

                        
CBSE  2005:

1.How does the resistivity of (i) conductor and (ii) semiconductor vary with temperature? Give reason for each case                       2
        
  (setII) Establish a relation between current and drift velocity.

  (set III) How do you convert galvanometer into ammeter? Why is ammeter always connected in series ?

        2. Two cells of emf 1.5V and internal resistance 1ohm and 2 ohm respectively are connected in parallel to pass 
    a current in the same direction through an external resistance of 5 ohm.(a) Draw the circuit diagram.                        
        3
    (b) Using Kirchoff’s laws,calculate the current through each   branch of the circuit and pd across 5 ohm resistor.

  (SetIII)  A series battery of 6 lead accumulators of emf2.0V and internal resistance 0.5ohm is   charged by 100V d.c.   

    supply. What series resistance should be used in the charging circuit in  order to limit the current to 8A? Using the  

    required resistor, obtain (i) power supplied by the d.c.source (ii) the power dissipated as heat. 
3. What is Seeback effect? Plot a graph showing the variation of thermo emf with the temperature of hot

                      3
    junction (keeping cold junction at 00C) of a thermocouple. How will the (a) neutral  temperature and
   (b) inversion temperature of the thermocouple change when the temperature of the hot junction is increased?                                          

 CBSE  2004:

1.Explain how does the resistivity of a conductor depend upon (i) number density ‘n’ of free

                                     2   

   electrons, and (ii) relaxation time. (SetII) Explain ,with help of graph , the variation of conductivity with the temperature for a metallic conductor.       

2 .Define the term ‘electrochemical equivalent’. Deduce the relation connecting  electrochemical equivalent ,chemical equivalent and Faraday 3  

3.The circuit diagram shows the use of potentiometer to measure small emf produced by thermocouple connected   

   between X and Y. The cell C, of emf 2V has negligible internal resistance. The potentiometer wire PQ is 1m long 

   and has resistance 5
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. The balance point S is found t0 be 400mm from P. Calculate the value of emf V, generated 
    by the thermocouple. 











       3
 (Set III)Potentiometer wire ,PQ of length 1m is connected to standard cell E1. Another cell, E2=1.02V is connected as 
    shown With switch S open ,null point is obtained at 51cm from P. Calculate (i) Potential gradient of wire, (ii) emf 
   of E1. (iii) When switch S is closed , will the null point move towards Q? Give reason for your answer.

                                                       *******************

                        UNIT –III    MAGNETIC EFFECTS OF CURRENT & MAGNETISM       (8marks)            



 








CBSE 2008:
1.Why should the spring/suspension wire in a moving coil galvanometer have low torsional constant?




 1
2. The figure shows variation of intensity of  magnetization versus the applied magnetic field intensity ,H

B
      For two magnetic materials  A  and B :                                                                                                                I
     (a) Identify the materials  A and B.
A
    (b) Why does the material B, have a larger susceptibility than A, for a given field at constant                                                                 2                                                                                                                                       
          temperature ?


 H

3. Using Ampere’s circuital Law, obtain an expression for the magnetic field along the axis of  a current carrying  

    solenoid of length l and having  N  number of turns.






                              2
4. A circular coil of 200 turns and radius 10 cm is placed  in a uniform magnetic field of 0.5T ,normal to the plane of the coil. If the current                   3
    In the coil is 3.0 A , calculate the  (a) total torque on the coil  (b) total  force  on the coil  (c)  average force on each electron in the coil , due to magnetic    

    field. Assume the area of cross –section of the wire to be 10-5 m2 and the free electron density is 1029/m3 .
CBSE 2007:
1. An electron is moving along  +ve x-axis in the presence of uniform magnetic field along +ve y –axis. What is the direction of the force acting on it? 1
2. A galvanometer has a resistance of 30Ω . It gives full scale deflection with a current of 2mA. Calculate the value of the resistance needed to 
 2
    convert it into an ammeter of range 0 - 0.3 A.
3. Explain with help of a labeled diagram, the principle and construction of  a cyclotron.    Deduce an expression for the cyclotron  frequency and show 

     that it  does not  depend upon the speed of the  charged particle.    OR                                                                                                                           5
    Distinguish the magnetic properties of dia-, para- and ferro-magnetic substances in terms of (i) susceptibility , (ii) magnetic permeability and (iii) 

    Coercivity . Give one example of each of these matrials. Draw the field lines due to an external magnetic field near a (i) diamagnetic , 

    (ii) paramagnetic  substance.
CBSE 2006:
1.Steel is preferred for making permanent magnets whereas soft iron is preferred for making electromagnets. Give one reason.                                      1   2.Which one of the two, an ammeter or a milliammeter , has a higher resistance and why ?  
                                                                                2                                                                                                                       

3.Draw a neat and labeled diagram of a cyclotron. State the underlying principle  and explain how a positively  charged particle gets accelerated in this 
    machine.  Show mathematically that the cyclotron  frequency does not  depend upon the speed of the particle.    OR                                                  5         

   State the Biot- Savart law for the magnetic field due to a current carrying element. Use this law to obtain a  formula for magnetic field at the centre of
   a circular loop   of radius  R carrying a steady current I. Sketch the  magnetic field lines for a current  loop clearly indicating the direction of the field.





CBSE 2005:

1.Two wires of equal lengths are bent in the form of two loops. One of the loops is a  square shaped while other is  circular. These are suspended in a 
    uniform magnetic field  and the same current is passed  through them. Which  loop will experience greater  torque ? Give reasons.                          1
   (setII) Under what condition does an electron moving in magnetic field experience maximum. Force. (setIII) …. experience minimum. Force.        1
2. Write two characteristic properties to distinguish between diamagnetic and  paramagnetic materials. 
                                                              2
     (set III) How will you convert a galvanometer into an ammeter? Why is an ammeter always connected in series ?                                                                                             
3. Explain  the principle and working of a cyclotron with the help of a labeled  diagram. A cyclotron’s oscillator   frequency is 10MHz. What should be 
    the operating magnetic  Field for accelerating protons ? If the radius of its dees  is 60 cm, what is the kinetic energy of the proton beam produced by
     the  accelerator? Express your answer in units   of MeV.     (e = 1.6x 10-19C ,mp =1.67 x10-27kg ,  1MeV = 1.602 x10-13 J )    OR                           5                                                  

   Depict the magnetic field lines due to two straight, long, parallel conductors carrying currents I1 and I2 in the same direction. Hence deduce an   

   expression for the force acting  per unit  length .Is this force attractive or repulsive? Fig shows rectangular loop placed 2cm away from a long, 

    straight ,current carrying conductor. What is direction and  magnitude of the net force acting on the loop?


     25A
                                                                                                                           25cm                 2cm




CBSE 2004:                                                                                                                    15A
1.Two long parallel straight wires X and Y separated by a distance of 5cm in air carry currents of 10A and 5A   respectively in opposite directions. 2 
    Calculate the magnitude and direction of the force on a 20cm length of the wire Y.

2.Using Biot-Savart law, deduce an expression for the magnetic field on the axis of a circular current loop. Draw the

   magnetic field lines due to a circular current carrying loop.  OR




           


           3
   A hydrogen ion of mass ‘m’ and charge ‘q’ travels with a speed ‘v’ in a circle of radius ‘r’ in a magnetic field ‘B’.  Write the equation in terms of these   

   quantities only , relating the force on the ion to the required centripetal force.  Hence derive an expression for its time period.

 (set II) Using Ampere’s circuital law, derive an expression for the magnetic field along the axis of a toroid.     OR
   A particle of  mass ‘m’ and charge ‘q’ moving with a speed ‘v’,normal to a  uniform magnetic field ‘B’ describes a  circular path of radius ‘r’. Derive    

   expressions for the (i) time period of revolution and (ii) K.E. of the particle. Write the equation in terms of these quantities only , relating the force on   

   the ion to the required centripetal force.

3. A uniform magnetic field gets modified as shown below ,when two specimens X and Y are placed in it.                                                                  3
  (i) Identify the two specimens X and Y

  (ii) State the reason for the behavior of the field lines in X and Y. 


                                 *****************
              UNIT –IV  ELECTROMAGNETIC INDUCTION & ALTERNATING CURRENT   (8marks)           
CBSE 2008:

1. The instantaneous voltage and current of an a.c circuit are given by v = 200sin 300t V  and    i=10sin300t A .   What is the power    1 dissipation in the circuit?








          
2. The circuit  arrangement  of two coils kept near by shows  that current in coil B  flows when a.c passes through the coil A.                                         2
    (a) state the principle involved (b) mention two factors on which the current produced in  coil B depends.
3.  An a.c. voltage V=Vmsinωt is connected  to capacitor of capacitance C.  Find the expression for current and plot a graph of V and I                           5    

       versus    ωt to show that  current is π/2    ahead of voltage.   

     A  resistor of 200 Ω and a capacitor of 15.0µF are connected in series to a 220 V ,50Hz a.c. source. Calculate the current in the circuit and the      

      rms voltage across  the R and C. Is the algebraic sum of these two voltages more than the source voltage ? If yes , resolve the paradox.
OR    
    Explain briefly ,with help of a labeled diagram, basic principle of the working of an a.c. generator.   In an a.c generator , coil of N turns   

    and area  A is rotated at v revolutions per second in a uniform magnetic field B. Write expression for emf produced. 

   A 100 turn coil of area 0.1m2 rotates at half a revolution per second. It is placed in a magnetic field 0.01T perpendicular to the axis of   

    rotation of the coil. Calculate the  maximum voltage generated in the coil. 
CBSE 2007:

1. In a series LCR circuit, the voltage across an inductor, a capacitor and a resistor are 30V, 30V  and 60V  

    respectively. What is the phase difference between the applied voltage and the current in the circuit.

                                               1
2. Calculate the current drawn by the primary of a transformer which steps down 200V to 20V to operate a   

    device of resistance 20Ω . Assume the efficiency of the transformer to be 80%.  (Set II)An a.c voltage of 100V, 50Hz is connected across  

    a 20 ohm resistor and 2mH inductor in series. Calculate (i) impedance of the circuit , (ii) rms current in the circuit.                                                    2
3. Explain the term ‘capacitive reactance’. Show graphically variation of capacitive reactance with frequency of

     the applied A.C voltage. An a.c. voltage E=Eosinωt is applied across a pure capacitor of capacitance C.        

                               5
    Show mathematically that the current flowing through it leads the applied voltage by a phase angle of π/2 .

   OR  Explain the term ‘inductive reactance’. Show graphically variation of inductive reactance with frequency 

   of the applied A.C voltage. An a.c. voltage E=Eosinωt is applied across a pure inductor of inductance L.        

   Show mathematically that the current flowing through it lags behind  the applied voltage by a phase angle of π/2
CBSE 2006:

1. An a.c voltage of frequency f is applied across a series LCR circuit. Let fr be the resonance frequency for the  circuit . Will the current

    in the circuit lag , lead or remain in phase with the applied voltage when (i) f >fr (ii) f< fr ? Explain your answer in each case.                                 2
2.What are eddy currents? How are they  produced? In what sense are eddy currents considered undesirable

    in a transformer and how are these reduced in such a device?                                                                              

                              3                            

3.When an inductor L and a resistor R in series are connected across a 12V, 50Hz supply , a current of 0.5A   

    flows in the circuit. The current differs in phase from applied voltage by π/3 radian. Calculate the value of R.   

                              3

   OR A 0.5m long metal rod PQ completes the circuit as shown in the figure.        x
x
x

  The area of the circuit is perpendicular to the   magnetic field of flux density  
x
x   Q
x

  0.15T. If the resistance of the total circuit is 3Ω , calculate the force needed
x
[image: image8]
x
x

  to move the rod in the direction as indicated with a constant speed of 2 ms-1. 
x
x   P
x

CBSE 2005:

1.A bulb and a capacitor are connected in series to an a.c source of variable frequency . How will the brightness 

   of the bulb change on increasing the frequency of the a.c. source? Give reason.                                                                                     1
2.A circular coil of radius 8cm and 20 turns rotates about its vertical diameter with an angular speed of 50s-1 in a uniform     
    horizontal magnetic field of magnitude 3x10-2 T. Find the maximum and average value of the emf induced in the coil.                                                2

3. State the condition under which the phenomenon of resonance occurs in a series LCR circuit. Plot a graph showing  variation of  current with                                        2
   frequency of a.c. source in a series LCR  circuit.  (Set II) Mention the factors on which the resonant frequency of a series LCR circuit depends. 
           

  Plot a graph showing  variation of  impedance  with  frequency of a.c. source in a series LCR  circuit.





4. Define self-inductance and give its S.I. unit. Derive an expression for self –inductance of a long, air-cored solenoid                                                          3
    of length l, radius r, and having N number of turns. (Set II ) Define mutual-inductance and give its S.I. unit. Derive

    an expression  for the  Mutual-inductance for two long coaxial solenoids of same  length wound over the other.



CBSE 2004:

1. A solenoid with an iron core and a bulb are connected to a d.c. source. How does          




              1
 the brightness of the bulb change, when the  iron core is removed from the solenoid ?                           magnet                                                                                                  

              

  pd/mV

2. Peak value of emf of an a.c source  is Eo . What is the r.m.s value ?






              1

3. A bar magnet M is dropped so that it  falls vertically through the coil C. 


      coil



              2
     The graph obtained for voltage produced across the coil vs. time is 
Time/ms

     shown  in figure. (i)Explain the shape of  the  graph.     (ii) Why is negative peak longer than the positive peak?
4. What is induced emf? Write Faraday’s law of electromagnetic induction . Express it mathematically.

   A conducting rod of length l, with one end pivoted is rotated with a uniform  angular speed ω in a  vertical plane, normal to a uniform 

   magnetic field B. Deduce an expression for the emf induced in this rod.

   In  India, domestic power  supply is at 220V, 50Hz , while in USA it is 110V, 50Hz. Give one advantage and one disadvantage        5
   of 220V supply over 110 V suppl
UNIT –V       ELECTROMAGNETIC WAVES     (3 marks)           

CBSE 2009:

1.  Name the EM waves used for studying crystal structure of solids.What is its frequency range ? 1

2. (a) Optical and radio telescopes are built on the ground  while X-ray astronomy is possible         2

      only from the satellites orbiting the earth. Why?
            (b)  The small ozone layer on top of the stratosphere is cruicial for human survival. Why?

CBSE 2008:

1. Identify the following electromagnetic radiations as per the wavelengths given below.
Write  one  application  of each.

(a) 10 -3 nm

  (b)10 -3 m

 (c) 1nm    





    3
CBSE 2007:

1. Name the  following constituent radiations of electromagnetic spectrum which     

    3
(i) produces intense heating effect  (ii) is absorbed by ozone layer in atmosphere


             (iii) is used for studying crystal structure.

             Write one more application  for each of these radiations.

CBSE 2006:

      1. Write the order of frequency range and one use of each of the following 

         electromagnetic radiations:                                                                                              

   3 

         (i) Microwaves   (ii) Ultra-violet rays    (iii) Gamma rays

CBSE   2005:

1. Name the constituent radiation of electromagnetic spectrum which

         

   3

(a) is used in satellite communication      (b) is used for studying crystal structure.

(c) is similar to the radiations emitted during decay of radioactive  nuclei.

(d) has its wavelength range between 390nm and 770nm.

(e) is absorbed from sunlight by ozone layer.   (f) produces intense heating effect.

CBSE   2004:

1. Explain  briefly the principle of transmitting signals using a satellite. State            

   3

two main advantages of using a satellite for transmitting signals.

         (set III) Why is ground wave transmission of signals restricted to a 

      
               1

             frequency of 1500kHz.

                                                  ****************

  UNIT –VI    OPTICS   (Ray optics 10+Wave optics 4  = 14marks)           

 CBSE 2009:
CBSE 2008:

1.How does the angle of minimum deviation of a glass prism vary ,if the incident violet light is replaced with red light ?
1                  
2.Why does the bluish colour  predominate in a clear  sky?








  
1

3.Draw a labeled ray  diagram  of an astronomical telescope  in the near  point position. Write the expression for its magnifying  power.        

 2

4. State one feature by which the phenomenon of interference can be distinguished from that  of diffraction.
    A parallel beam of light of wavelength 600nm is incident normally on a slit of width  ‘a’. If the distance between the slits  and the screen

    Is 0.8m and the distance of 2nd order maximum from the center of screen is 15mm , calculate the width of the  slit.


 
 2
5. Distinguish between  unpolarised and plane polarized light. An unpolarised light is incident on the boundry between two transparent    

     media. State the condition  when the reflected  wave is totally  plane polarized. Find out the expression for  the  angle of incidence in this case.               
3
6. Derive the lens  formula ,  1/f = 1/v – 1/u  for a  concave lens, using the necessary ray diagram. Two lenses of power 10D  and  -5 D are placed in contact .
    (i) Calculate the power  of  the new  lens. (ii) Where should an object be held from the lens , so as to obtain a virtual  image of magnification   2 ?           
5
  OR  (a) What are coherent sources of light? Two slits in Young’s double slit exp are illuminated  by two different sodium lamps emitting light of the same
          Wavelength. Why is no interference pattern observed?  (b) Obtain the condition for getting dark and bright fringes in Young’s exp. Hence write

           the expression for fringe width.  (c )  If  s is the size of the source and d its  distance from the plane of the two slits , what should be the criterion for 

           the interference fringes to be seen ?
CBSE 2007:

1.Define resolving power of a compound microscope. How does the R.P. of a compound microscope change when (i) refractive index of

   the medium between object and objective lens increases? (ii) wavelength of  radiation used is increased ?


   

 2

 (Set II) Define resolving power of a telescope. How does it get affected on (i) increasing the aperture of objective lens

    (ii) increasing the focal length  of objective lens?


2. A double convex lens of glass of refractive index 1.6 has its both surfaces of equal radii of curvature of 30 cm each. An object of height 

    5cm is placed at a distance of 12.5cm from the lens. Calculate the size of the image formed.




    

3
3. State the essential condition for diffraction of light to take place.

    Use Huygens’ principle to explain diffraction of light due to a narrow single slit and the formation of a pattern of fringes obtained on the

    Screen. Sketch the pattern of fringes formed due to diffraction at a single slit showing variation of intensity with angle θ .  OR             


5
    What are coherent sources of light? Why are coherent sources required to obtain sustained interference pattern? 

    State three characteristics features which distinguish  the interference pattern due to two coherently illuminated sources as compared 

    to that observed in a  diffraction pattern due to a single slit.

   CBSE 2006:

1. Draw a labeled ray  diagram  to show  the image  formation in a refracting type astronomical telescope. Why should the diameter of a telescope be large?  
 2
2. A beam of light converges to a point P. A lens is placed in the path of the  convergent beam 12 cm from P. At   what point   

   does the beam converge if the lens is (a) a convex lens of f =20cm  (b) a concave lens of f = 16 cm ? Do the required calculations.
 

 3
3. What are coherent sources of light? State  two conditions for two light sources to be coherent. Derive a mathematical expression for  the   

    width  of interference fringes obtained in Young’s double slit  experiment with the  help of  a suitable  diagram.  

    OR  State Huygens’ principle. Using the geometrical construction of secondary wavelets, explain the   refraction of    

    a plane wave front incident at a plane surface . Hence verify Snell’s law of refraction.



                            

 5
    Illustrate with the help of diagrams the action of (i) convex lens and (ii) concave mirror on a plane wave front  incident on it.

CBSE 2005:

1. A right angled ( angle B = 900)crown glass prism with critical  angle 410 is placed before an object, PQ , in two positions                   2                                                                                                         
    as shown. Trace the paths of the rays from P  and  Q  passing through the prisms in the two cases.


                                  A
                                        P
P
 A

                            (i)                                     B                                             (ii)

                                        Q

                                     C
Q
B
C
2. Draw a labeled ray  diagram  to show  the image  formation by a compound microscope.   Write the expression for  its magnifying  power.

    How does the resolving power of a compound microscope change , when (i) refractive index of the medium                                         


 3
    between the object and the objective lens increases ; and (ii) wavelength of the radiation used is  increased ?

    (SET-II) A double convex lens made of glass of refractive index 1.6 has its both surfaces of equal radii of curvature of 30 cm each.An 

    object of 5cm height is placed at a distance of 12.5cm from the lens. Find the  position,    nature and size of the image.

3. Using Huygens’ principle ,draw  a diagram to show propagation  of a  wave front originating  from a  monochromatic point  source.                                                                                                                                  

    Describe diffraction of light due to a single slit. Explain formation of a pattern of fringes obtained on the screen 

               
 
5
    and plot showing  variation of intensity with  angle θ in single  slit diffraction.   OR

   What is meant by a linearly polarized light ? Which type of  waves can be polarized ? Briefly explain a method  for producing polarized  light.

    Two  polaroids are placed at 90o to each other and the intensity of transmitted light is zero. What will be the    intensity of transmitted

    light when one more polaroid is placed between these two bisecting the angle between them? Take intensity of unpolarised  light as Io.

CBSE 2004:

1. Draw a ray diagram of an astronomical telescope in the normal adjustment/(SET II) near point position. Write down the   

     expression for its magnifying power./(SET III) length of telescope in normal adjustment.
                                      

   
2
2.Two narrow slits are illuminated by a single monochromatic source. Name the pattern obtained on the screen. One 

   of the slits is now completely covered . What is the name of the pattern now obtained on the screen? Draw intensity 

   pattern obtained in the two cases. Also write two differences between the patterns obtained in the above two cases.        

   
3
3.A spherical surface of radius of curvature R, separates a rarer and a denser medium as shown in the figure.
          
               

                5
   Complete the path of the incident ray of light, showing the formation of real image. Hence derive the relation 

   connecting  u, v, R and refractive indices n1 and n2 of the two media.

   Briefly explain , how the focal length of a convex lens changes, with increase in wavelength of light.      Rarer medium    Denser  medium
********************

UNIT –VII     DUAL NATURE OF MATTER & RADIATIONS  (4marks)
CBSE 2009:
1. The stoping potential is 1.5V. What is maximum K.E of photoelectrons emitted?



1
  CBSE 2008:

        1. Two lines, A and B , in the plot given below show the variation of de Broglie wavelength, 
[image: image9.wmf]l

 versus 1/√V , where        1         

             V is the accelerating potential difference ,for two particles carrying the same charge.                                     B

             Which one of two represent  a particle of smaller  mass?

                                                                                                                                                              
[image: image10.wmf]l

                                           A
          2. The following graph shows the variation of stopping potential V0 with the frequency ν of the 

Incident radiation for  two photosensitive metals X and Y:
1/√V

(i) Which of the metals has larger threshold wavelength? Why ?
    X
               (ii) Explain ,giving reason, which metal gives electrons, having larger kinetic energy,      Vo                                               3                                                                               

                              for  the same wavelength of incident radiation.
                                                                 Y

(iii) If the distance between the light source and metal  X  is halved , how will the 
                       Kinetic energy of electrons emitted from it change ? Give reason.                                      0.5             1.0          ( x1015 s-1)                                                                                                       
 CBSE 2007:

1. Ultraviolet radiations of different frequencies υ1 and υ2 are  incident on two photosensitive materials  having work functions W1 and W2. (W1 >W2).The  kinetic energy of the emitted electrons is same in both the cases. Which one of the two radiations will be of higher frequency?






                        1

2. Draw a schematic diagram of the experimental  arrangement used by Davisson  and Germer to establish the wave nature of electrons. Explain  briefly how the  de-Broglie relation was experimentally verified in case of elect rons.    3
        (Set II) Draw a schematic diagram of the experimental  arrangement used by Davisson  and Germer to establish the wave  nature of electrons. Express the de-Broglie wavelength 
[image: image11.wmf]l

 associated with an electron in trms of the accelerating voltage V.
  CBSE 2006:
1. de Broglie wavelength associated with an electron accelerated through a potential difference V is 
[image: image12.wmf]l

. What will be its wavelength when the accelerating potential is increased to 4V.                




                                           1
2. Sketch a graph between frequency of incident radiations and stopping potential for a given photosensitive material. What information can be obtained from the value of the intercept on the potential axis ?

A source of light of frequency greater than the threshold frequency is placed at a distance of 1m from the cathode of a photocell. The stopping potential is found to  be V. If  the  distance of The light source from the cathode is reduced , explain giving reasons, what change will you observe in the    (i) photoelectric current  ,   (ii) stopping Potential.                                                           3      

          CBSE 2005: 

1. Ultraviolet light is incident on two photosensitive materials  having work functions W1 and W2. (W1 >W2). In which case will the kinetic energy of the emitted electrons be greater ? Why ?




                                             1
  (set II) Show graphically how the stopping potential for a given photosensitive surface varies
              with the frequency of the incident radiation.

       (set III) In an experiment on photoelectric effect, the following graphs                                  I

              were obtained between the photoelectric current (I) and the  anode 

              potential (V). Name the characteristic of the incident radiation that

             was kept constant in this experiment.

                                                                                                                                    0                       V

2. Mention the significance of Davission –Germer experiment. An 
[image: image13.wmf]a

 particle and a proton are accelerated from rest through the same potential difference V. Find the ratio of de-Broglie wavelengths associated with them.
                                           3            
  CBSE 2004: 

1. Two  metals A and B have work functions 2eV and  5eV respectively. Which metal has lower  threshold wavelength ?            1
     (set II) Two  metals A and B have work functions 4eV and  10eV respectively. Which metal  has higher  threshold    

     wavelength/  (set III) lower threshold wavelength ?

2. Red light ,however bright it is , cannot produce the emission  of  electrons  from  a clean  zinc  surface. But even weak            3  

     ultraviolet radiations can do so . Why ?                                                          

     X-rays of wavelength ‘
[image: image14.wmf]l

’ fall on a photosensitive surface , emitting  electrons.  Assuming that  the work function of the   

     surface  can be neglected ,  prove that the  de-B roglie  wavelength of  electrons emitted will be 
[image: image15.wmf]mc

2

h

l

 .

                                                          ************************

                                        UNIT –VIII   ATOMIC   NUCLEUS  (6marks)
  CBSE 2009: 
1.  Two nuclei have mass numbers in ratio 1:8.What is the ratio of their  nuclear  radii ?
1
2.Draw a schematic arrangement of the Geiger – Marsden experiment. How did the scattering of α- particles by a thin foil of gold provide an important way to determine an upper limit on the size of the nucleus? Explain briefly.                                     3
3.Draw a plot  showing  the variation  in binding energy per nucleon  versus  the mass number A. Explain with the            3
help of this plot the release of energy in the processes of nuclear fission and fusion
4(a) The mass of a nucleus in its ground state is always less than the total mass of its constituents-neutrons and protons.Explain.
(b)Plot a graph showing the variation of potential energy of a pair of nucleons as a function of their separation.                  2
CBSE 2008:

1.State two characteristics properties of nuclear force .







 1

   2. Calculate the energy released in MeV in the following nuclear reaction:      
[image: image16.wmf]U
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 →   
[image: image17.wmf]Th
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   + 
[image: image18.wmf]He
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 + Q             2

    Mass of 
[image: image19.wmf]U
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 =238.05079 u ,  Mass of 
[image: image20.wmf]Th
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90

 = 238.05079 u  , Mass of  
[image: image21.wmf]He

4

2

 =238.05079 u, 1u = 931.5 MeV/c2

  3. The ground state energy of hydrogen atom is  -13.6eV. (i) What is the kinetic energy of an electron in 2nd excited state?    3

    (ii) If the electron jumps to the ground state from the 2nd excited state , calculate the wavelength of the spectral  line emitted.
  CBSE 2007:
1. Define the term ‘activity’ of a radionuclide. Write its S.I. units.





   1
2. Draw a graph showing the variation of potential energy between a pair of nucleons as a function of their separation. Indicate the regions in which the nuclear force is  (i) attractive , (ii) repulsive.              

   2
3.  Draw the graph to show the binding energy per nucleon with the mass number .  Calculate the binding energy per nucleon of 
[image: image22.wmf]Ca

40

20

 nucleus.  Given : m(
[image: image23.wmf]Ca

40

20

) =39.962589.u  ,mn = 1.008665u   mp = 1.007825u  

     (setII)If the nucleons of a nucleus are separated far apart from each other, the sum of masses of all these   

     nucleons is larger than the mass of the nucleus. Where does this mass difference come from?                         3
Calculate the energy released if  238U nucleus emits an alpha particle. Given:

Atomic mass of 238U =238.0508u  ,    Atomic mass of 234Th =234.04363u , Atomic mass of α =4.00260u     

and 1u = 931 MeV/C2  .
CBSE 2006:
1. A neutron is absorbed by a 3Li6 nucleus with subsequent emission of an alpha particle. Write the   

      corresponding nuclear reaction and Calculate the energy released  in  this   reaction    in    MeV.  

      Given M(3Li6) =6.015126a.m.u  ,  M(2He4) = 4.0026044 a.m.u M(0n1) = 1.0086654 a.m.u ,                         3
      M(1H3) = 3.016049 a.m.u

2. Define the terms half life and decay constant of a radioactive substance. Write their  S.I. units.                3
      Establish the relationship between the two.

   CBSE 2005 :

          1. (a) Draw  the energy level diagram showing  the emission of β- particles followed by γ –rays by a  
[image: image24.wmf]Co

60

27

 nucleus.
              3
 
               (b)   Plot the distribution of kinetic energy of β- particles and state  why   the  energy    spectrum  is   continuous.
2.   A  radioactive  sample contains 2.2mg of pure 
[image: image25.wmf]C

11

6

  which  has  half  life  period  of  1224  seconds.           3  

Calculate (i) the no. of the atoms present initially .  (ii) activity when 5μg of the sample will be left. 

(Set III)   The half life of  
[image: image26.wmf]U

238

92

against α -decay is 4.5x109 years .Calculate the  activity of 1 g sample of  
[image: image27.wmf]U

238

92


    CBSE   2004:


      1.Define  the terms ‘half life period’  and ‘decay constant’ of a radioactive sample. Derive  the                        3
            relation between these terms.

         2.When a deuteron of mass 2.0141 u and negligible  kinetic energy is absorbed by a Lithium(
[image: image28.wmf]Li

6

3

) 

            nucleus of mass 6.0155u , the compound nucleus disintegrates spontaneously into two alpha particles , 

            each of mass 4.0026u. Calculate the energy in joules carried by each alpha particle . (1u = 1.66x10-27kg).                         3
           (Set II)Calculate the binding energy per nucleon of 
[image: image29.wmf]Ca

40

20

 nucleus.  Given : m(
[image: image30.wmf]Ca

40

20

) =39.962589.u  , 
                     mn = 1.008665u   mp = 1.007825u .
           ( Set III)Calculate the binding energy per nucleon of 
[image: image31.wmf]Fe

56

26

 nucleus.  Given : m(
[image: image32.wmf]Fe

56

26

) =55.934939.u  , 
                  mn = 1.008665u   mp = 1.007825u .
                   



************************
   UNIT –IX            SOLIDS  AND SEMICONDUCTOR DEVICES  (7marks)           

CBSE 2009:

1.Give the logic symbol of NOR  gate.


                                                                                                
            1

2. With the help of a suitable diagram , explain the formation of depletion region in p-n junction. How does its width change when the   

     junction is (i) Forward  biased , and  (ii)  reverse  biased  ?






                          3

3.Give a circuit diagram of a CE amplifier using an npn transistor. Draw the input and output waveforms of the signal. Write  the 

    expression for its voltage gain.                                                                                                                                                                 3
CBSE 2008:

 1. State the reason why GaAs is most commonly used in making of a solar cell.



                           

1
 2.Draw the labeled circuit diagram of a common –emitter transistor amplifier. Explain clearly how the input 

   and output  signals are in opposite phase. OR 
       3
     State briefly the underlying principle of a transistor oscillator. Draw  a circuit diagram showing how the feedback is accomplished by   

     inductive coupling . Explain the oscillator action.

3. The inputs A and B are inverted by using two NOT gates and their outputs are fed to the NOR gate as shown below.      

3
    Analyse the action of the gates (1) and (2) and identify the logic gate of the complete circuit so obtained. Give its symbol                                     

    and the truth table.








CBSE 2007:

1. Two semiconductor materials X and Y in figure are made by doping Ge crystal with indium and arsenic   

  
2
     respectively. The two are joined end to end and connected to a battery as shown.

     (i)Will the junction be forward biased or reverse biased?

     (ii) Sketch a V-I graph for this arrangement.

2. Draw the circuit diagram of a common emitter amplifier using  npn transistor. What is the phase difference between the   

3               

    input signal and output voltage? State two reasons why a common  emitter amplifier is preferred to a common base amplifier.

   (Set II) Draw the circuit diagram to study the characteristics of an npn transistor in CE configuration. Sketch typical (i) input     

    characteristics (ii) output characteristics. Explain how the current gain of the transistor can be calculated from output characteristics.

3. Explain the formation of energy band in solids. Draw energy band diagram for (i) a conductor ,(ii) an intrinsic  semiconductor.  
3
CBSE 2006:

1. Explain (i) forward biasing, (ii) reverse biasing of a P-N junction diode. With the help of a circuit diagram,   

    explain the use of this device as a half wave rectifier.







               3
2.What are energy bands ? How are these formed ? Distinguish between a conductor, an insulator and a semiconductor on the    

   basis of energy band diagram. OR

   Explain the function of base region of a transistor . Why is this region made thin and lightly doped?                                     

 5
   Draw the circuit diagram to study the input and output characteristics of an npn transistor in CE configuration. Show these   

    characteristics graphically. Explain how current amplification factor of the transistor is calculated using output characteristics.

CBSE 2005:

1. On the basis of energy band diagrams distinguish between a metals , insulators and  semiconductors. 

               3
2. (a)With the help of a circuit diagram explain the working of transistor as oscillator. 

    (b) Draw a circuit diagram of a two input OR gate and explain its working with the help of input , output waveforms.       5
    OR (a) Explain briefly with the help of circuit diagram how V-I characteristics of p-n junction diode are obtained in 
     (i) forward bias , and (ii) reverse bias .

    (b) A photo diode is fabricated from a semiconductor with a band gap of 2.8 eV. Can it detect wavelength of 6000nm? Justify.

CBSE 2004:

1.Draw the voltage-current characteristics of a zener diode.






             1
2.Give the logic symbol for an OR gate  (set II ) AND gate. Draw the output wave form for input waveforms 

   A and B for this gate .  











2

A
B

(Inputs)

3. With the help of labeled circuit diagram explain how an npn transistor can be used as an amplifier in  CE                     5     configuration. Explain how the input and output voltages are out of phase by 1800 for a common emitter transistor amplifier.     
 OR   For an npn  transistor in the common –emitter configuration , draw a labeled circuit diagram of an arrangement for  

    measuring the collector current as a function of collector- emitter voltage for at least two different values of base current.    

    Draw the shape of the curves obtained. Define the terms : (i) output resistance and (ii) current amplification factor.

                                                          ************** **************
 UNIT –X   Principles of communication   (5marks)  

CBSE 2009:

1. Write the function of  (i) Transducer and (ii) Repeater  in the context of communication system.

OR           Write two factors justifying the need of modulation for transmission of a signal.                                   2

2. Distinguish  between sky wave and space wave propagation . Give a brief description with the 

help  of  a  suitable  diagrams  indicating  how  these  waves  are  propagated .                                                        3

CBSE 2008:

1.Draw a block diagram of a simple amplitude modulation. Explain briefly how amplitude modulation    is achieved .    2                                                                                                                                           
2. Explain , why high frequency carrier waves are needed for effective transmission of  signals.                                          3

     A message signal of 12 kHz and peak voltage 20V is used to modulate a carrier wave of frequency

    12MHz and peak voltage 30V . Calculate the (i) modulation index  (ii) side –band  frequencies.

CBSE 2007:   
1. What should be the length of dipole antenna for a carrier wave of frequency   6x108Hz?                                           1

2. What is Modulation ? Explain the need of modulating a low frequency information 

    signal. With the help of diagrams, differentiate between PAM and PDM.


                                      3

3. Write the acronym LASER in expanded form. State any four reasons for preferring diode  

    lasers as light sources in optical communication links.




                                      3

CBSE 2006:

1. Give one difference between FAX  and e-mail.






                          1

2. Distinguish between FM and AM. Why is FM signal less susceptible to noise than AM  signal?                                   3

3.Consider an optical communication system operating at 
[image: image33.wmf]=

l

800nm. Suppose only 1%                                              3

   of source frequency  is available channel width   for  optical communication .How

   many channels can be accommodated for transmitting  (a) audio signals requiring 

   band width of 8KHz  (b)Video TV signals requiring approximate band width of 405 MHz.   

   Support your answer with suitable calculations.





                        



CBSE 2005:

1.What is function of cladding in typical optical fibre?



                          1

2. Distinguish between analog and digital communication. Write any two modulation techniques   

    employed for digital data. Describe briefly any one of the technique. 
                                        3

3. A Ground receiver station is receiving a signal at (a)5MHz and (b)100MHz  transmitted from 

    ground transmitter  at the height of 300m located at the distance of 100km. Identify whether it 

     is coming via space wave or sky wave or satellite transponder. (Radius of Earth = 6400km ,  

     Max. electron density  Nmax =1012 /m3 






            3

CBSE 2004:

1.Why is short band used for long distance radio broad cast?


                                        1

2. A  TV tower has a height of 400m. Calculate its coverage range if radius of earth is 6400km.                                   2                                                                                                                                    
3.What is remote sensing? Briefly explain how it is carried out? Mention any two  applications of it.
           3


                             

4. What is optical detector? State its three essential characteristics. Name the factor                                          3

     which decides how good a detector is.

        


******************
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