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FOREWORD  

 

 

This small pocket book on numerical problems has been designed 

to help students of Class XII to improve their performance in 

solving numerical problems, and improving their individual scores.  

Numericals are an important part of Physics and many students 

score less than their potential because of neglecting this area.  This 

book, prepared by Mr. M Gopala Reddy, PGT Physics of ZIET 

Mumbai, can be used as a regular workbook in class or can be used 

as a resource book and kept in the library. 

My earnest request to the Principals and teachers is to ensure that 

this resource material reaches the individual student.  Please do 

send us your feedback so that the errors and shortcomings, if any, 

can be overcome. 

Wishing all my dear students of Kendriya Vidyalayas the very best 

of luck for their crucial board exams. 

 

USHA ASWATH IYER 

DIRECTOR 

KVS ZIET MUMBAI 
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UNITðIðELECTROSTATICS 

IMPORTANT FORMULAE  

1. Electrostatic force between two charges 

╕ ╚Ȣ
▲▲

► Ⱬꜗ ►ꜗ
Ȣ
▲▲

►
  

For air,  ►ꜗ   

Fair =  
Ⱬꜗ
 Ȣ
▲▲

►
 
▲▲

►
  

2. Electric field intensity due to a point charge, ╔ᴆ ἴἱἵ▲ᴼ
╕
ᴼ

▲▫
 

3. Electric field intensity due to infinite linear charge density (ɚ) 

 ╔
Ⱬꜗ
 Ȣ
ⱦ

►
 

4. Electric field intensity near an infinite thin sheet of surface charge density 

Ɑ  

 ╔
Ɑ

ꜗ
 

For thick sheet 
Ɑ

ꜗ
 . 

5. Electric potential, ╥ ἴἱἵ▲ᴼ
◌

▲▫
 

Electric potential due to a point charge,  ╥
Ⱬꜗ
Ȣ
▲

►
 

6. Relation between electric field and potential ╔
▀╥

▀►

╥

►
 (numerically) 

7. Dipole moment, ╟ᴆ ▲Ȣ■ᴆ 

8. Torque on a dipole in uniform electric field, Ⱳᴆ ▬ᴆ ╔ᴆ. 

9. Potential energy of dipole, ᷾ ▬ᴆȢ╔ᴆ ▬╔ἫἷἻⱣ 

10. Work done in rotating the dipole in uniform electric field from orientation Q1 

to Q2 is  

 ╦ ╤ ╤ ▬╔ἫἷἻⱣ ἫἷἻⱣ  

11. Electric field due to a short dipole 

(i) at axial point, ╔╪●░▼ Ⱬꜗ
Ȣ
▬

►
 

(ii) at equatorial point, ╔
Ⱬꜗ
Ȣ
▬

►
 

12. Electric potential due to a short dipole 

(i) At axial point, ╥╪●░▼ Ⱬꜗ
Ȣ
▬

►
 

(ii) At equatorial point, ╥ . 

13. Dielectric constant, ╚
ꜗ

ꜗ

╒□▄▀

╒╪░►
 

14. Capacitance of parallel plate capacitor 

(i) ╒
═ꜗ ╚

▀
 , in medium of dielectric constant K 
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(ii) ╒
═ꜗ

▀ ◄
╚

; if space between plate partially filled with dielectric of 

thickness t. 

15. Combination of capacitors :- 

(i) In series, 
╒ ╒ ╒ ╒

  , ▲ ▲ ▲ȟ   ╥ ╥ ╥ ╥  

(ii) In parallel,  C ╒ ╒ ╒  ȟ    ▲ ▲ ▲ ▲ȟ   ╥ ╥ ╥ ╥ 

16. Energy stored by capacitor  

  ᷾ ╒╥
╠

╒
╠╥ 

17. Electrostatic energy density 

  ▄ꜘ ꜗ╔ , in air 

  ▄ꜘ ╔ꜗ , in medium  

18. Total electric flux, ♠ Ḃ╔ᴆȢ▀▼ᴆ
ꜗ
▪▄◄ ╬▐╪►▌▄ ▄▪╬■▫▼▄▀ ╫◐ ◄▐▄ ▼◊►█╪╬▄ 
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NUMERICALS 

LEVEL I 

1. What is the charge acquired by a body when 1 million electrons are transferred to 

it?  

-

________________________________________________________________

_______________________________________________________________ 

________________________________________________________________

________________________________________________________________ 

2. An attractive force of 5N is acting between two charges of +2.0 ɛC & -2.0 ɛC 

placed at some distance. If the charges are mutually touched and placed again at 

the same distance, what will be the new force between them? 

________________________________________________________________ 

________________________________________________________________

______________________________________________________________ 

3. A charge of +3.0 x 10-6 C is 0.25 m away from a charge of -6.0 x 10-6C. 

a. What is the force on the 3.0 x 10-6 C charge? 

b. What is the force on the -6.0 x 10-6 C charge? 

________________________________________________________________

______________________________________________________________ 

________________________________________________________________

_______________________________________________________________ 

4. An electric dipole consist of a positive and a negative charge of 4µC each placed 

at a distance of 5mm. Calculate dipole moment. 

________________________________________________________________

________________________________________________________________ 

________________________________________________________________

_______________________________________________________________ 

 

5. Three capacitors of capacitances 2µF, 3µF and 4µF are connected in parallel. 

What is the equivalent capacitance of the combination? Determine charge on 

each capacitor, if the combination is connected to 100V supply? 

________________________________________________________________

_______________________________________________________________ 

_______________________________________________________________ 

________________________________________________________________ 
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6. An electric dipole with dipole moment 4x10-9C-m is aligned at 300 with direction 

of electric field of magnitude 5x104N/C. Calculate the magnitude of the torque 

acting on the dipole. 

________________________________________________________________ 

________________________________________________________________ 

7. A point charge of 2µC is at the centre of cubic Gaussian surface 9.0 cm in edge. 

What is the net electric flux through the surface? 

________________________________________________________________ 

________________________________________________________________

______________________________________________________________ 

8. What is the amount of work done in moving a 200nC charge between two points 

5 cm apart on an equipotential surface?   

________________________________________________________________

_______________________________________________________________ 

9. How much work must be done to charge a 24 ɛF capacitor, when the potential 

difference between the plates is 500 V?    

________________________________________________________________

________________________________________________________________ 

________________________________________________________________ 

10. What is the equivalent capacity of the network given below? 

 

______________________________________________________________________ 

______________________________________________________________________ 
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LEVEL II 

1. What is the work done in moving a charge of 100ɛC through a distance of 1cm 

along the equatorial line of dipole? 

________________________________________________________________

__________________________________________________________ 

2. The given graph shows that variation of charge q versus potential difference V for 

two capacitors C1 and C2. The two capacitors have same plate separation but the 
plate area of C2 is double than that of C1. Which of the lines in the graph 
correspond to C1 and C2 and why? 

 

 

 

________________________________________________________________

_____________________________________________________________ 

________________________________________________________________

________________________________________________________________ 

3. Two point charges 5µC and ï 4 µC are separated by a distance of 1 m in air. At 

what point on the line joining the charges is the electric potential zero? 

________________________________________________________________

__________________________________________________________ 

________________________________________________________________

__________________________________________________________ 

4. Two charges +5µC and +20µC are placed 15 cm apart. At what point on the line 

joining the two charges is the electric field zero?  

________________________________________________________________

_______________________________________________________________ 

________________________________________________________________

_____________________________________________________________ 

5. Two charges +16µC and ωµC are placed 8 cm apart. At what point on the line 

joining the two charges is the electric field zero?  

________________________________________________________________

___________________________________________________________ 

________________________________________________________________

____________________________________________________________ 

6. A 600 pF capacitor is charged by a 200 V supply. It is then disconnected and 

from the supply and is connected to another uncharged 600 pF capacitor. How 

much electrostatic energy is lost in the process. 
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________________________________________________________________

________________________________________________________________ 

________________________________________________________________

________________________________________________________________

_______________________________________________________ 

7.   Keeping the voltage of the charging source constant, what will be the 

percentage change in the energy stored in a parallel plate capacitor if the 

separation between its plates were to be decreased by 10%.   

________________________________________________________________

________________________________________________________________ 

________________________________________________________________

________________________________________________________________ 

8. Four charges are placed at the vertices of a square of side d as shown in the 

figure.(i) Find the work done to put together this arrangement. (ii) A charge q0is 

brought to the center E of the square, the four charges being held fixed at its 

corners. How much extra work is needed to do this? 

 

 
________________________________________________________________

________________________________________________________________ 

________________________________________________________________

________________________________________________________________ 

________________________________________________________________ 

 

9. If S1 and S2 are two hollow spheres enclosing charges Q and 2Q respectively as 

shown in the figure  

 

 
 

(i) What is the ratio of the electric flux through S1 and S2? 
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(ii) How will the flux through the sphere S1 change, if a medium of dielectric 

constant 5 is filled in the space inside S1. 

________________________________________________________________

______________________________________________________________ 

________________________________________________________________

_______________________________________________________________ 

 

10. A charge of 24ɛC is given to a hollow sphere of radius 0.2m. Find the potential 

 (i) at the surface of the sphere, and 

 (ii) at a distance of 0.1 m from the centre of the sphere. 

 (iii)at the centre  

________________________________________________________________

________________________________________________________________ 

________________________________________________________________

________________________________________________________________ 

 

LEVEL III 

1. A slab of material of dielectric constant khas the same area as the plates of a 

parallel plate capacitor but has a thickness 3d / 4, where d is the separation of 

the plates. How is the capacitance changed when the slab is inserted between 

the plates? 

________________________________________________________________

_______________________________________________________________ 

________________________________________________________________

___________________________________________________________ 

 

2. A parallel plate capacitor with air between the plates has a capacitance of 8µF. 
What will be the capacitance if the distance between the plates is doubled and 

the space between them is filled with a substance of dielectric constant K=6? 
________________________________________________________________

______________________________________________________________ 

________________________________________________________________

____________________________________________________________ 

3. Two dipoles, made from charges q and Q, respectively, have equal dipole 

moments. Give the (i) ratio between the óseparationsô of these two pairs of 

charges (ii) angle between the dipole axis of these two dipoles. 
________________________________________________________________

______________________________________________________________ 

________________________________________________________________

________________________________________________________________ 
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4. The capacitors C1, and C2, having plates of area A each, are connected in 
series, as shown. Compare the capacitance of this combination with the 

capacitor C3, again having plates of area A each, but ómade upô as shown in the 
figure. 
                             

 

 
________________________________________________________________

______________________________________________________________ 

________________________________________________________________

________________________________________________________________ 

 

5. A point charge +10ɛC is at a distance 5cm directly above the centre of a square 

of side 10cm as shown in fig. What is the magnitude of flux through the square? 

 
________________________________________________________________

_____________________________________________________________ 

________________________________________________________________

_____________________________________________________________ 

 

6. Calculate equivalent capacitance of the given network and determine the charge 

and voltage across each capacitor. 

________________________________________________________________

________________________________________________________________ 

________________________________________________________________

________________________________________________________________ 
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7. Two identical charges ,Q each are kept at a distance r from each other. A third 

charge q is placed on the line joining the two charges such that all the three 

charges are in equilibrium. What is magnitude, sign and position of the charge q? 

 

________________________________________________________________

______________________________________________________________ 

________________________________________________________________

_____________________________________________________________ 

 

8. ABCD is a square of side 5m. Charges of +50C, -50C and +50C are placed at 

A,C and D respectively . Find the magnitude of resultant electric field at B. 

________________________________________________________________

____________________________________________________________ 

________________________________________________________________

___________________________________________________________ 

 

9. A cube with each side a is kept in electric field given by E = Cx as shown in the 

figure where C is a positive dimensional constant. Find 

(i) The electric flux through the cube, and 

(ii) The net charge inside the cube. 

 

 

_____________________________________________________________________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 
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10.  Two parallel plate capacitor X and Y have same area of plates and   

 same separation between them. X has air between the plates whereas Y has a 

dielectric of constant k=4 

 (i) Calculate capacitance of each capacitor if equivalent capacitance is4 ɛF. 

 (ii) Calculate potential difference between the plates of X and Y. 

 (iii) What is the ratio of electrostatic energy stored in X and Y.   

 

________________________________________________________________

________________________________________________________________ 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

_________________________________________________________ 
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UNIT: I  ELECTROSTATICS 

ANSWERS  

             LEVEL I 

1. Q = Ne  1.6 x10-13C 

2. F=0 

3. FAB = FBA=2.736N 

4. P=2x10-8 C-m 

5. 9 µF,  0.02 µC, 0.03 µC, 0.04 µC 

6. 10-4Nm 

7. 2,26x105Nm2/C 

8. W=0 

9. W=3J 

10. C=15µF 

 

LEVEL II 

1. 0 

2. A 

3. ά from 5µC charge 

4. 5 cm from 5 µC charge 

5. 24cm from -9 µC charge 

6. 6x10-6 J 

7. 11.11% 

8. 
ᶰ
τ Ѝς    ,   0 

9. ρȡσȟ   ᶮ
ᶰ

 

10. (i) 1.08x106V  (ii) 1.08x106V (iii)1.08x106V  

LEVEL III 

1. ὅ 

2. 24 µF 

3. q a=Q A    or a/A=Q/q  ɗ = 0 

4. C3= Ceq 

5. 1.88x105Nm2/C 

 

6. ὴὊ,100 V, 50V,  50V,  200V,10-8C, 10-8C, 10-8C,2x10-8 C 
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7. Q/4, Positive, r/2 

8. 2.7x1010N/C 

9. a3C N-m2/C,  a3C Coulombs. 

10. Cx=5ɛF    Cy= 20ɀf 
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UNIT- II- CURRENT ELECTRICITY 

Important Formulae 

 

1 Electric current =  or I =  =  

2. In case of an electron revolving in a circle of radius r with speed v, period of 

revolution is T =  

Frequency of revolution, v =  = ,   Current, I = ev =  

3. Ohmôs law, R =  or V = IR 

4. Current in terms of drift velocity (ὠ) is I = enAὺ 

5. Resistance of a uniform conductor,   R = ”   =   

6. Resistivity or specific resistance,       ” =    =  

7. Conductance =  

8. Conductivity =  or ů =  =  

9. Current density = 
 
 or j =  = enὺ  

10. Relation between current density and electric field, 

j = ů E or E =  ” j 

11. Mobility µ =   

12. Temperature coefficient of resistance, Ŭ = 
╡  ╡

╡ ◄  ◄ 
 

13. The equivalent resistance Ὑ of a number of resistances connected in series is given 

by 

Ὑ = Ὑ  + Ὑ  + Ὑ  + é.. 

14. The equivalent resistance Ὑ  of a number of resistances connected in parallel is 

given by 

 =    ȣȢ 
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15. EMF of a cell, E =   

16. For a cell of internal resistance r, the emf is E = V + Ir = I (R + r) 

17. Terminal p.d of a cell,    V = IR = 
 

 

18. Terminal p.d. when a current is being drawn from the cell, V = E ï Ir 

19. Terminal p.d. when the cell is being charged, V = E + Ir 

20. Internal resistance of a cell,   r = R [ ] 

21. For n cell in series, I =  

22. For n cells in parallel, I =  

23. Heat produced by electric current,  H = ὍRt joule = 
Ȣ

 cal 

24. Electric power, P =  = VI = ὍR =  

25. Electric energy, W = Pt = VIt = ὍRt 

26. Potential gradient of the potentiometer wire, k =  

27. For comparing e.m.f.s of two cells,    =  

28. For measuring internal resistance of a cell, r =     x R 

29. For a balanced Wheatstone bridge,  = ,    If X is the unknown resistance   =  or 

X =  

30. In a slide wire bridge, if balance point is obtained at l cm from the zero end, then    

=  =  
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WORKSHEET (NUMERICALS)  : LEVEL - I 
 

1. What happens to the power dissipation if the value of electric current passing 

through a conductor of constant resistance is doubled? 
Ansééééé....................................................................................................................
............................................................................................................................................

............................................................................................................................. 

 

2. A cell of emf 2 V and internal résistance 0.1 W  is connected to a 3.9 W external 

resistance. What will be the current in circuit? 
Ansééééé....................................................................................................................
............................................................................................................................................

.................................................................................................................................... 

 

3. Calculate the resistivity of a material of a wire 1 m long, 0.4 mm in diameter and 
having a resistance of 2 ohm.        

Ansééééé....................................................................................................................

............................................................................................................................................

................................................................................................................................... 

4. In a potentiometer arrangement; a cell of emf 1.25 V gives a balance point at 35.0 

cm length of the wire. If the cell is replaced by another cell and the balance point 
shifts to 63.0 cm, what is the emf of the second cell?     

Ansééééé....................................................................................................................

............................................................................................................................................

.................................................................. ééééééééééééééééé..   

 

                                                                                                    

5. A current is maintained in a conductor of cross-section 10-4 m2. If the number density 

of free electrons be 9 x 1028 m-3and the drift velocity of free electrons be 6.94 x10 ï 9 
m/s, calculate the current in the conductor. 

Ansééééé....................................................................................................................

............................................................................................................................................

............................................................................................................................... 
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6. A silver wire has a resistance of 2.1 W at 27.5 0C, and a resistance of 2.7 W at 100 
0C. Determine the temperature coefficient of resistivity of silver.   

Ansééééé....................................................................................................................

............................................................................................................................................

.............................................................................................................................. 

                   

7. Three resistors 1 W, 2 W and 3 W are combined in series. (a) What is the total 

resistance of the combination? (b) If the combination is connected to a battery of emf 

12 V and negligible internal resistance, determine the total current drawn from the 
battery. 

Ansééééé....................................................................................................................

............................................................................................................................................

................................................................................................................................ 

8.  (a) Three resistors 2 W, 4 W and 5 W are combined in parallel. What is the total 

resistance of the combination? (b) If the combination is connected to a battery of emf 
20 V and negligible internal resistance and the total current drawn from the battery.    

Ansééééé....................................................................................................................

............................................................................................................................................

.................................................................................................................................... 

                    

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

 

Ansééééé...................................................................................................................
............................................................................................................................................
...................................................................................................................................... 

           

10. In a meter bridge the balance point is found to be 39.5 cm from one end A, when the      

resistor Y is of 12.5 W . Determine the resistance of X. 
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Ansééééé...................................................................................................................
......................................................................................................................................

.................................................................................................................................... 
                                                        LEVEL - II 
 

1. A cell of emf 2 V and internal résistance 0.1 W  is connected to a 3.9 W external 
resistance. What will be the p.d. across the terminals of the cell? 

Ansééééé....................................................................................................................
............................................................................................................................................
.......................................................................................................................... 

2. Out of the two bulbs marked 25W and 100W, which one has higher resistance. 

Ansééééé....................................................................................................................
............................................................................................................................................
.......................................................................................................................... 

3. A cell of 6 V and internal resistance 2W  is connected to a variable resistor. For what 
value of current does maximum power dissipation occur in the circuit? 

Ansééééé....................................................................................................................
............................................................................................................................................
........................................................................................................................ 

 

4. What is the largest voltage you can safely put across a resistor marked 98 W - 0.5 
W? 

Ansééééé....................................................................................................................
............................................................................................................................................
................................................................................................................................... 

5. Two heater wires of the same dimensions are first connected in series and them in  
parallel to a source of supply . What will be ratio of heat produced in two cases? 

Ansééééé....................................................................................................................

............................................................................................................................................

................................................................................................................................... 

6. Using data given in graph determine (i) emf  (ii) internal resistance of the cell.  
      (iii) For what current, does maximum power dissipation occur in the circuit? 
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Ansééééé..............................................................................................................

......................................................................................................................................

...............................................-------------------------------------------------------------------- 

7. You are given ónô resistors each of resistance órô. These are first connected to get of 

minimum possible resistance. In the second case these are again connected 
differently to get maximum possible resistance. Compute the ratio between the 
maximum and minimum values resistance so obtained. 

8. Two primary cells of emf E1 and E2 (E1 > E2) are connected to the potentiometer 
wire as shown in the figure. If the balancing lengths for the cells are 250 cm and 
400 cm. Find the ratio of E1 and E2. 

                             

 

 

Ansééééé...................................................................................................................
......................................................................................................................................
...................................................................................................................................... 

9. Two identical cells of emf 1.5V each are joined in parallel providing supply to an 

external circuit consisting of two resistors of 13W each joined in parallel . A very high 

resistance voltmeter reads the terminal voltage of the cells to be 1.4V. Find the 
internal resistance of each cell. 
Ansééééé..............................................................................................................

......................................................................................................................................

.......................................................................................................................... 

10. Three cells of emf 2V, 1.8V and 1.5V are connected in series. Their internal 

resistances are 0.05W, 0.7W and 1W respectively. If this battery is connected to an 

external resistance  of 4W, calculate : 
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(i) the total current flowing in the circuit. (ii) the p.d. across the terminals of the cell of 
emf 1.5V. 

 

Ansééééé...................................................................................................................
......................................................................................................................................
..............................        ---------------------------------------------------------------------------- 

 
WORKSHEET (NUMERICALS): LEVEL - III 

1. What is the current flowing in the arm BD of this circuit.  

 

Ansééééé...................................................................................................................
...................................................................................................................................... 

2. A cylindrical metallic wire is stretched to increase its length by 5%. Calculate the 

percentage change in its resistance.  
Ansééééé..............................................................................................................

......................................................................................................................................

........................................................................................................................... 

3. Two cells of EMF 1V, 2V and internal resistances 2Ý and 1Ý respectively are 
connected in (i) series, (ii) parallel. What should be the external resistance in the 

circuit so that the current through the resistance be the same in the two cases? In 
which case more heat is generated in the cells?  

Ansééééé....................................................................................................................

............................................................................................................................................ 

4. Calculate the temperature at which the resistance of a conductor becomes 20% 
more than its resistance at 270C. The value of the temperature coefficient of 
resistance of the conductor is 2 x 10-4 / K.  

Ansééééé....................................................................................................................
............................................................................................................................................ 

5. Two metallic wires of the same material have the same length but cross sectional 
area is in the ratio of 1:2. They are connected (i) in series and (ii) in parallel. 

Compare the drift velocities of electrons in the two wires in both the cases. 
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Ansééééé....................................................................................................................
............................................................................................................................................

...................................................... 

6. Two wires X, Y have the same resistivity but their cross-sectional areas in the ratio 

2:3 and lengths in the ratio 1:2. They are first connected in series and then in parallel 

to a dc source. Find out the ratio of the drift speeds of the electrons in the two wires 

for the two cases. 

Ansééééé..............................................................................................................

......................................................................................................................................

......................................................................................................................................

.......................................................................................................................... 

7. A room has AC run for 5 hours a day at a voltage of 220V. The wiring of the room 
consists of Cu of 1 mm radius and a length of 10m. Power consumption per day is 

10 commercial units. What fraction of it goes in the joule heating in the wires? What 
would happen if the wiring is made of Al of the same dimensions? [ɟCu = 1.7 x 10-8 
ɋm, ɟAl = 2.7 x 10-8 ɋm] 

Ansééééé....................................................................................................................

............................................................................................................................................

.......................................................................................................................... 

8. Two cells of emf 1.5 V and 2V  and internal resistance 1 W and 2 W are connected in 

parallel to pass a current in the same direction through an external resistance of 5 W. 

(a) Draw Circuit Diagram. (b) Using Kirchhoffôs laws, calculate the current through 

each branch of the circuit and p.d. across the 5 W resistor. 

 

Ansééééé...................................................................................................................

...................................................................................................................................

........................................................................................................................ 

9. E2 =1.02V, PQ=1m. When switch S open, null position is obtained at a distance of 51 
cm from P. Calculate (i) potential gradient (ii) emf of the cell E1 (iii) when switch S is 

closed, will null point move towards P or Q. Give reason for your answer.                                  
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Ansééééé...................................................................................................................
...................................................................................................................................
...................................................................................................................... 

10. AB=100 cm, RAB=10W. Find the balancing length AC. 

 

Ansééééé....................................................................................................................
...................................................................................................................................

............................................................... 

11. Find the value of the unknown resistance X in the circuit, if no current flows through      
the section AO. Also calculate the current drawn from the battery of emf 6V. 

 

Ansééééé....................................................................................................................
...................................................................................................................................

............................................................... 

12. E1 = 2V, E2 = 4V, r1 = 1W, r2 = 2W, R = 5W 

      Calculate (i) current  (ii) p.d. between B and A  (iii) p.d. between A and C. 
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Ansééééé...........................................................................................................

...................................................................................................................................
................................................................. 

13. 12 cells, each of emf 1.5V and internal resistance 0.5Ý, are arranged in m rows 
each containing n cells connected in series, as shown. Calculate the values of n and 

m for which this combination would send maximum current through an external 
resistance of 1.5Ý 

 

 

Ansééééé....................................................................................................................

............................................................................................................................................
...................................................... 

14. The given figure shows the experimental set up of a meter bridge. The null point is 
found to be 60cm away from the end A with X and Y in position as shown. When a 

resistance of 15Ý is connected in series with óYô, the null point is found to shift by 
10cm towards the end A of the wire. Find the position of null point if a resistance of 
30Ý were connected in parallel with óYô.  

 

Ansééééé....................................................................................................................
...................................................................................................................................

............................................................... 

15. A cell of unknown emf E and internal resistance r, two unknown resistances R1 and 
R2 (R2>R1) and a perfect ammeter are given. The current in the circuit is measured 
in five different situations : (i) Without any external resistance in the circuit, (ii) With 
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resistance R1 only, (iii) With resistance R2 only, (iv) With both R1 and R2 used in 
series combination and (v) With R1 and R2 used in parallel combination. The current 

obtained in the five cases are 0.42A, 0.6A, 1.05A, 1.4A, and 4.2A, but not 
necessarily in that order. Identify the currents in the five cases listed above and 
calculate E, r,, R1 and R2. 

Ans      
__________________________________________________________________
__________________________________________________________________                                       

 

         LEVEL-I 

Q.No. Expected Answers 

1  P = 2I R. When electric current is doubled 'I = 2 I 

      Power becomes 'P = 'I
2R =  4 2I R = 4P 

2 
 I = 

Rr

E

+
 = 0.5A           

3 
m

l

D
R

l

A
R W³=

³

³³
³=== -

-
7

232

105.2
14

)104.0(14.3
2

4

p
r  

4 
=

2

1

E

E
VE

El

l
25.225.1

35

63

63

3525.1
2

22

1 =³=Ý=Ý  

5 AneAvI d 101094.610106.1109 941928 =³³³³³³== ---  

6 

( )
10

121

12 0039.0
5.271001.2

1.27.2

)(

-=
-

-
=Ý

-

-
= C

TTR

RR
aa  

7  (a) Total resistance W=++=++= 6321321 RRRRS  

(b) Current drawn from the battery A
R

E
I

S

2
6

12
===  

8 
(a) Total resistance,    W=ÝW=++=++=

19

20

20

19

5

1

4

1

2

11111

321
P

P

R
RRRR

 

 (b) Current drawn from the battery A
R

E
I

P

19

19

20

20
=

ö
÷

õ
æ
ç

å
==  
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9 
R = 60 x 104 ɋ     and       mAA

R

V
I 05.0105.0

1060

30 4

4
=³=

³
== -

 

10 
W=³

-
=

-
= 16.85.12

5.39100

5.39

100
Y

l

l
X  

ANSWERS: LEVEL - 2 

Q.No. Expected Answers 

1 
I = 

Rr

E

+
 = 0.5A.          V = E ï IR = 1.95 V 

2 R = 
P

V2

 Ý       R Ŭ P
1 .       

The bulb marked 25W has higher resistance than the bulb marked 100W.  

3 
For maximum power dissipation, r = R = 2W .               I = 

Rr

E

+
 = 1.5A 

4 V = PR = 7Volt. 

5 
Hs = 

R

V

2

2

       and    HP = 
R

V 22
             \  Hs  : HP = 1:4   

6 (i) Emf    = 1.4V      

 (ii) Internal resistance of the cell  r = 
I

VE-
 = 5W 

 (iii)For maximum power dissipation I = 
Rr

E

+
 =  .14A 

7 
To get minimum, resistors are connected in parallel.  Rp = 

n

r
               

To get maximum, resistors are connected in series.  Rs =  nr  

2S

P

R nr
n

rR

n

= =
å õ
æ ö
ç ÷

 

8 E1 - E2 = 250 ʬ    

E1 + E2 = 400 ʬ    
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Ý  E1 : E2 = 13 :3 

9 1.5 ï Ir = 13 I      and    1.4 = 1.5 ï Ir   Ý     Ir = 0.1 

       Ý   I = 
13

4.1
 A    and    r  = 

14

13
ɋ 

10 
(i) I = ==

+++
++

75.5
3.5

417.005.0
5.18.12

 0.92A    

(ii) The p.d. across the terminals of the cell of emf 1.5V = E ï Ir = 0.58V 

ANSWERS: LEVEL - 3 

Q.No. Expected Answers 

1 
The Wheatstone bridge is a balanced because Q

P
= S

R
. Hence there is no current  

flowing 

through arm BD.. 

 

2 '''

100

105
AAlAAl =Ý=  

( ) 1

2

2'

'

2

1 05.1 RR
Al

lA

R

R

A

l
R =Ý=Ý=r  

% Change = %25.10100
1

12 =C
-

R

RR
 

3 
For series combination, 

RSI
+

=
3

3 and For Parallel combination, ==
+R

PI
3

2
3

5

 
23

5
+R

 

Given =Ý= RII PS 4
9 = 225 ɋ . 

In series combination more heat is generated in the cells 

4 [ ] [ ] KTTRRRTTRR 1300)300(10212.0)(1 22

4

1212 =Ý-³+=+Ý-+= -a  

5 
(i) In series, current in both wires is same. Drift velocity 

neA

I
vd = , 

1

2

1

2

2

1 ==
A

A

v

v

d

d  



30 

 

(ii) In parallel, p.d. across the both wires is same. Drift velocity
ml

eV
vd

t
=     

        
1

12

12

1 ==
l

l

v

v

d

d . 

 

6 (i) When wires are connected in series: In series, the current remains the same; so we 

use the relation i = neAvd, Resistivity, 
t

r
2ne

m
= Ý

tr2e

m
n= Ý deAv

e

m
i

ý
ü
û

í
ì
ë
=

tr2
or 

dAv
e

m
i
tr

= Ý
dv

A

1
´

2

3

)(

)(
==\

X

Y

Yd

Xd

A

A

v

v
 

(ii) When wires are connected in parallel: In parallel, the potential difference is same. In 

this case we apply the formula for drift velocity. 

ml

Ve

m

Ee
vd

tt
==  For same temperature tis same, so 

l
vd

1
´

1

2

)(

)(
==\

X

Y

Yd

Xd

l

l

v

v
 

 

7 Power consumption = 2 units/hour = 2kW = 2000 J/s 

I = P/V = 9A 

Power loss in wire = I2R = I2ɟl/A = 4 J/s =0.2% of total power consumption 

Power loss in Aluminium wire = 4 ɟCu/ ɟAl = 2.51J/s = 0.125 % of total power 

consumption 

 

8 (b)  I = I1+I2 ,  5I+ I1 = 1.5  and  

       5I+2I2   = 2    

       Ý  I = 5/17 A    

       I1 = 0.5/17 A   and   I2 = 4.5/17 A.              

 

       P.d. across 5 ɋ resistance = 5I = 1.47V 
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9 
(i) Potential gradient  k = 

2

2

l

E
 = 0.02V/cm        (ii) emf of the cell E1 = k PQl  =  2V 

When switch S is closed, null point is not affected because no current drawn  from cell 
E1 at the 

null point.                                                             

10 
I  = 

RR

E

AB +

1  = 0.2A   ;     ʬ = 
AB

AB

l

IR
 = 2 x 210- V/cm  ;   2E  =   ʬ ACl  Ý  ACl  = 60cm. 

11 ABCD is a balanced Wheatstone bridge since there is no current in section AO. 

 Ý=Ý=
XS

R

Q

P 3

4

2
 X = 6W, BCR  = 3.6 + 2.4 = 6W , Current drawn by circuit = 1A. 

 

12 Net emf = E2 ï E1 = 2V,     Total resistance = R+ r1 + r2 = 8ɋ 

(i) I = 0.25A    (ii) VAB   =  E2- Ir2  = 3.5V      (iii)  VAC   =  E1+ Ir1  = 2.25V       

 

13 Resistance of one row = nr,                               

Resistance of m rows intR = 
m

nr
 

For max. current,    mnmnR
m

nr
RR eext 35.15.0int =Ý=Ý=Ý= ééé.(1) 

Total cells = nméé.. (2) ;        On solving  (1) & (2),  n=6 and m= 2 

 

14 
Formula 

l

l

Y

X

-
=

100
   ,  YX

Y

X
32

40

60
=Ý= ééééé..(1) 

When a resistance of 15Ý is connected in series with óYô                                        

  15
50

50

15
+=Ý=

+
YX

Y

X
ééé(2)        On solving  (1) & (2),  X = 45 ɋ , Y = 30ɋ 

When a resistance of 30Ý is connected in series with óYô 

 cml
l

l

Y

X
75

10030
=Ý

-
=

+
 from end A. 
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15 
(i)

r

E
I =1 , (ii)

1

2
Rr

E
I

+
= , (iii)

2

3
Rr

E
I

+
= , (iv)

21

4
RRr

E
I

++
= , (v)

21

21

5

RR

RR
r

E
I

+
+

=  

This is clear that            43251 IIIII >>>> .  

Hence       .42.0,6.0,05.1,4.1,2.4 43251 AIAIAIAIAI =====  

Putting these values in (i) to (v) and on solving, W=W=W== 1,6,3,2.4 21 rRRVE  
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UNIT ïIII- MAGNETIC EFFECTS OF CURRENTS & MAGNETISM 

Formulae 

ü Biot-Savart law (Magnetic field due to current element)  

2

0 sin

4 r

dlI
dB

q

p

m
=  

ü Force acting on a charge moving in a magnetic field 

F = qvB sin—  or  F
C

= q( Bv
CC
³ ) 

ü Magnetic field on the axis of a circular current loop 

.
)(2 2

3
22

2

0

ar

aIN
B

+
=
m

 

ü Magnetic field due to an infinitely long straight current carrying wire 

r

I
B

p

m

2

0=  

ü Magnetic field at a point on the axis of a solenoid 

nIB 0m=  

ü Motion of a charged particle in a uniform magnetic field 

r = 
qB

mv

  qB

m
T

p2
=

  
ü Torque on a rectangular coil in a uniform magnetic field 

t= NIBA sin— 

 

ü Force per unit length acting on each of the two straight parallel metallic 

conductors carrying current 

r

II

l

F
f

p

m

2

2102 ==

 

ü Deflection in moving coil galvanometer 

k

NBAI
=a  

ü Conversion of galvanometer into ammeter and voltmeter 

( )g

g

II

GI
S

-
=    
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G

g

R
I

V
R -=  

ü Elements of Earthôs magnetic field 

qq sincos EE BVBH ==  
ü P.E. of a magnetic dipole in a uniform magnetic field   

qcosmBU -=  

 

ü Magnetic dipole moment of a revolving electron 

ö
ö
÷

õ
æ
æ
ç

å
==

em

eh
n

evr
m

p42
 

 
ü Magnetising field intensity  

H = nI  

  
ü Intensity of magnetization  

   
V

m
M =  

 

LEVEL I 

Q. 1. The vertical component of Earth's magnetic field at a place is 3  times the 

horizontal component. What is the value of angle of dip at this place? 

 
 
 

Q. 2. A short bar magnet placed with its axis at 30o to a uniform magnetic field of 0.2 T 
experiences a torque of 0.06 Nm. (i) Calculate the magnetic moment of the 
magnet. (ii) Find out what orientation of the magnet corresponds to its stable 

equilibrium in the magnetic field. 
 
 

 
 
 

 
Q. 3. A solenoid has a core of a material with relative permeability 400. The winding of 

the solenoid are insulated from the core and carry a current of 2 A. If the number 

of turns is 1000 per meter, calculate    (i) H, (ii) M and (iii) B. 
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Q. 4. In the Bohr model of hydrogen atom, an electron revolves around the nucleus in 
a circular orbit of radius 5.11 x 10-11 m at a frequency of 6.8 x 1015 Hz. What is 

the magnetic field at the Centre of the orbit? 
 
 

 
 
Q. 5. Two long parallel wires carrying currents 8 A and 5 A in the same direction are 

separated by a distance of 4 cm. Estimate the force on 10 cm length of one wire 
due to the other wire.  

 

 
 
 

 
Q. 6. A solenoid of 500 turns per meter is carrying a current of 3 A. Its core is made of 

iron of relative permeability 5000. Determine the magnitudes of magnetic 

intensity and magnetic field inside the core. 
 
 

 
 
  

Q.7. A long straight wire carries a current of 35 A. What is the magnitude of magnetic 
field at a point 20 cm from the wire? 

 

 
 
 

 
 
 

Q. 8. A circular coil of wire consisting of 100 turns, each of radius 8 cm carries a 
current of 0.4 A. What is the magnitude of magnetic field at its center? 

    

 
 
 

 
 
 

 
Q. 9. A closely wound solenoid 80 cm long has 5 layers of winding of 400 turns each. If 

the current carried is 8 A, estimate the magnetic field inside the solenoid near its 

center. 
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Q. 10.  A galvanometer of coil resistance 50 ɋ shows full scale deflection for a current 

of 5 mA. How can it be converted into a voltmeter of range 0 to 15 V? 
 
 

 
 

SOLUTIONS FOR LEVEL--I 

Ans1. 3
3

tan ===
H

H

H

V

B

B

B

B
d   

           060=d  

 

Ans2. (i) 2

0
6.0

5.02.0

06.0

60sin2.0

06.0

sin
Am

B
M =

³
===

q

t
 

 (ii) The P.E. of a magnetic dipole in a uniform magnetic field is 

  qcosmBU -=  

 In stable equilibrium the P.E. is minimum, so 001cos == qq or  

Hence the bar magnet will be in stable equilibrium when its magnetic moment is 

parallel to the magnetic field. 
 
 

Ans3. (i) 1200021000 -=³== AmnIH  

 (ii) THHB r 12000400104 7

0 =³³³=== -pmmm  

 (iii) ( ) ( ) 15108200014001 -³=³-=-== AmHHM rm mc  

 
 

Ans4. T
r

ef

r

I
B 4.13

1011.52

106.1108.6104

22 11

19157

00 =
³³

³³³³³
===

-

--pmm
 

 

Ans5. Nl
r

II
F 5

7

210 102
04.02

1.058104

2

-
-

³=
³

³³³³
==

p

p

p

m
 

 
Ans6. Magnetic intensity                       H = nI = 500 x 3 = 1500 Am-1 

Magnetic field inside the core     THHB r 4.915005000104 7

0 =³³³=== -pmmm  

 

Ans7. Magnetic field due to a long straight wire is  
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  T
r

I
B 5

7

0 105.3
2.02

35104

2

-
-

³=
³

³³
==

p

p

p

m
 

 
Ans8. Magnetic field at the center of a circular coil is  

  T
r

IN
B 4

2

7

0 1014.3
1082

4.0100104

2

-

-

-

³=
³³

³³³
==
pm

 

  
Ans9. Turns per unit length of the solenoid  

 2500
8.0

4005
=

³
==

l

N
n  

 Hence its magnetic field 

 TInB 27

0 105.282500104 -- ³=³³³== pm  

 

Ans10. The series resistance to be connected with galvanometer to 
convert it into a voltmeter is  

 W=-
³

=-=
-

295050
105

15
3G

g

R
I

V
R  

 
                                                   LEVEL II 
 

Q. 1. Two identical magnetic dipoles of magnetic moment 1Am2 each are placed at a 
separation of 2 m with their axes perpendicular to each other. What is the 
resultant magnetic field at a point mid-way between the dipoles? 

 
Q. 2. A magnetic dipole is under the influence of two magnetic fields. The angle 

between the field direction is 60o and one of the field has a magnitude of 1.2 x 

10-2 T. If the dipole comes to stable equilibrium at an angle of 15o with this field, 
what is the magnitude of the other field? 

 
Q. 3. The wire shown below carries a current I. Determine magnetic field at the centre. 

Radius of circular section is R. 

      

 
 
 

 
 
 

 
Q. 4. To increase the current sensitivity of a moving coil galvanometer by 50%, its 

resistance is increased so that the new resistance becomes twice its initial 

resistance. By what factor does its voltage sensitivity change? 
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Q. 5. A voltmeter V of resistance 400 W is used to measure the potential difference 

across a 100 W resistor as shown. What will be the reading of the voltmeter? 

Also find the potential difference across the resistor before the voltmeter is 

connected.  

   
 

Q.6.  A compass needle of magnetic moment 60 Am2pointing geographical north at a 

place where the horizontal component of earthôs magnetic field is 40 mWb/m2, 

experiences a torque of 1.2x10-3 Nm. What is the declination of the place? 

 
Q. 7. A straight wire carrying a currant of 12 A is bent into a semicircular arc of radius 

2 cm as shown below. What is the magnitude and direction of magnetic field at 

the centre of the arc? Would the answer change if it bent in the opposite way as 

shown in another figure? 

                    

 
 

Q.8.  A straight wire of mass 200 g and length 1.5 m carries a current of 2 A. It is 

suspended in mid air by a uniform horizontal magnetic field. What is the 

magnitude of the field? 

 

Q. 9. Two magnets of magnetic moments M and 3M  are joined to form a cross. The 

combination is suspended in a uniform magnetic field B. The magnetic moment 
M now makes an angle ɗ with the field direction. Find the value of ɗ. 
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Q. 10. The following figure shows the variation of intensity of magnetization versus the 
applied magnetic field intensity for two magnetic materials A and B. 

 (i) Identify the materials. 
 (ii) For the material B, plot the variation of intensity of magnetization versus 

temperature. 
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SOLUTIONS 
 

   LEVEL-II 
 
Ans1.    The situation is shown in the figure: 

 The magnetic fields of 
the two magnets at the midpoint P are 

 )(102
1

12102

4

7

3

7

3

0
1 directionhorizontalinT

r

m
B -

-

³=
³³

==
p

m
 

 )(10
1

110

4

7

3

7

3

0
2 directionverticalinT

r

m
B -

-

=
³

==
p

m
 

 TBBBR

72

2

2

1 105 -³=+=  

 If the resultant field BR makes angle q with B1, then 

 5.0
102

10
tan

7

7

1

2 =
³

==
-

-

B

B
q  

 057.26=q  

  

 
Ans2.   
 

 
  
     

    
 
 

 Here, 000

2

0

1

2

1 451560,15,102.1 =-==³= - qqTB  

 21 tt=mequilibriuIn  

   2211 qq SinmBSinmB =  

  
0

02

2

11
2

45sin

15sin102.1 -³
==

q

q

Sin

SinB
B  

 Or, TB 3
2

2 104.4
7071.0

2588.0102.1 -
-

³=
³³

=  

 

Ans3. As the circular portion is three-fourth of a circular loop. Therefore 
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R

I

R

I
BO

8

3

24

3 00 mm
==  

Ans4. Current sensitivity  
I

I s

a
=  

 Voltage sensitivity       
G

s

G

s
R

I

RIV
V ===

aa
 

 New current sensitivity  ssss IIII
2

3

100

50
' =+=  

 So, new voltage sensitivity s

G

s

G

s
s V

R

I

R

I
V

4

3

2

2/3

2

'
' ===  

 Thus voltage sensitivity becomes 75% of initial value or decreases by 25%. 

 

Ans5. Resistance of parallel combination of voltmeter and the resistor 

  W=
+

³
= 80

100400

100400
1R  

 Total resistance of the circuit W=+= 2802001RR  

 Current in the circuit  A
R

E
I

10

3

280

84
===  

 Reading of the voltmeter VIRV 2480
10

3
1 =³==  

 

 Total resistance before the voltmeter is connected = 100 + 200 = 300 W 

 Current AI
25

7

300

84
==  

 Potential difference across 100 W resistor, 

  VIRV 28100
25

7
=³==  

 

Ans6.  For a declination a, torque is  

             at sinmB=  

Therefore,      
2

1

104060

102.1
sin

6

3

=
³³

³
==

-

-

mB

t
a  

Or  030=a  

 

Ans7.  The magnetic field at the centre of semicircular arc is 
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T

r

I
B

4
7

0

109.1
02.04

12104

4

-
-

³=
³

³³
=

=
m

 

According to right hand rule, the field directs normally into the plane of paper. 

If the arc is bent in the opposite way, the magnitude of the field remains the same 

but direction will be opposite (normally out of the plane of the paper) 

 

Ans8.  For mid-air suspension, weight of the wire must be balanced by 

the magnetic force. Hence 

mgIlB =090sin  

T
lI

mg
B 65.0

25.1

8.92.0
=

³

³
==

 
 

Ans9. The torque on a magnetic dipole qt sinBM=  

 In the equilibrium of the system, torques on both the magnets balance each 

other. Thus  

  
o

oBMBM

603tan

)90(sin3sin

=Ý=

-=

qq

qq
 

Ans10.  (i) The slope of I-H curve give susceptibility of the 

magnetic material. As the slope of A is positive and larger, it is ferromagnetic. 

The slope of B is positive and smaller, it is paramagnetic. 

 (ii) The I-T graph for paramagnetic material is shown below: 

    
 

 

LEVEL  III 

Q. 1. A wire carrying a steady current is first bent in form of a circular coil of one turn 

and then in form of a circular coil of two turns. Fine the ratio of magnetic fields at 

the centers of the two coils. 
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Q. 2. A galvanometer gives deflection of 10 division per mA. The resistance of 

galvanometer is 60 W. If a shunt of 2.5 W is connected to the galvanometer and 

there are 50 divisions on the galvanometer scale, what maximum current can this 

galvanometer read? 

 

Q. 3. A source of 120 V is connected to a large resistance X. A voltmeter of resistance 

10 kW placed in series reads 4 V. What is the value of X? Why is voltmeter used 

instead of an ammeter?  

   
 

Q.4. Show that the magnetic field on the axis of a current carrying circular coil of 

radius r at a distance x from the centre of the coil is smaller by the fraction 3x2/2r2 

than the field at the centre of the coil. 

 

Q. 5. A galvanometer can be converted into a voltmeter to measure upto 

 (i) V volt by connecting a resistance R1 in series with coil. 

 (ii) V/2 volt by connecting a resistance R2 in series with its coil. 

 Find the resistance in terms of R1 and R2 required to convert it into a voltmeter 

that can read upto ó2Vô volt. 

 

Q. 6. A coil in the shape of an equilateral triangle of side 0.02 m is suspended from a 

vertex such that it is hanging in a vertical plane between the pole pieces of 

permanent magnet producing a horizontal magnetic field 5x10-2 T. Find the 

couple acting on the coil when a current of 0.1 A is passed through it and the 

magnetic field is parallel to its plane. 

 

Q. 7. A metal wire of mass m slides without friction on two horizontal rails spaced at 

distance d apart as shown. The rails are situated in a uniform magnetic field B, 

directed vertically upwards and a battery is sending a current I through them. 

Find the velocity of the wire as a function of time assuming it to be at rest initially.  
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Q. 8. A hollow cylindrical conductor of radii a and b carries a current I uniformly spread 

over its cross section. Find the magnetic field B for points inside the body of the 

conductor at a distance r from the axis.   

 

 

Q. 9. A straight horizontal conducting rod of length 0.6 m and mass 60 g is suspended 

by two vertical wires at its ends.  A current of 5 A is set up in the rod through its 

wires. What magnetic field should be set up normal to the conductor in order that 

the tension in the wires is zero? What will be total tension in the wires if the 

direction of current is reversed? 

 

Q. 10. A beam of proton passes undeflected through a region of mutually perpendicular 

electric and magnetic fields of magnitudes 50 kVm-1 and 100 mT respectively. 

Calculate the velocity of the beam. If this beam of current I strikes a screen with n 

protons per second, Find the force on the screen. 

SOLUTIONS 

LEVEL -III 

Ans1. Let l be the length of the wire. 

 When it is bent in form of one turn circular coil, 

  
p

p
2

2 11

l
rorrl ==  

 Therefore  
l

I

R

IN
B

pmm 00
1

2
==  

 When it is bent in two turn coil, 

  
p

p
4

22 11

l
rorrl =³=  

 Therefore 
l

I

R

IN
B

pmm 00
2

4

2
==  

 Hence B1 : B2 = 4 : 1  

 

Ans2. Current required for full scale deflection 

  Ig = current for one division deflection x total number of divisions 
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  mAI g 550
10

1
=³=     

 If I be the maximum current that a galvanometer can read, then 

  
S

ISR
I

gG )( +
=     

ù
ù
ú

ø

é
é
ê

è

-
=

g

Gg

II

RI
SAs  

  mAI 125
5.2

5)5.260(
=

+
=  

 

Ans3. Current through voltmeter A
R

V
I 4

3
104

1010

4 -³=
³

==  

 Also   
ceresisTotal

emfTotal
I

tan
=  

 So, 
4

4

10

120
104

+
=³ -

X
 

 or W³= 41029X  

 As the current is very small, the ammeter reading will be too small to be 

measured accurately. Hence this is an unusual use of voltmeter.  

 

Ans4.  
r

IN
Bcentre

2

0m=          and                
2/322

2

0

)(2 xr

rIN
Baxial

+
=
m

 

ù
ú

ø
é
ê

è
-=ù

ú

ø
é
ê

è
+=

+
=\

-

2

2
2/3

2

2

3

3

2/322

3

2

3
11

)( r

x

r

x

r

r

xr

r

B

B

centre

axial  

The fractional decrease in the field 

               
2

2

2

3

r

x

B

BB

centre

axialcentre =
-

                          

 

 

Ans5. For voltmeter of range V, 

 g

g

g

g

RR
I

V
orR

I

V
R +=-= 11  

 For voltmeter of range V/2 

 g

g

g

g

RR
I

V
orR

I

V
R +=-= 22

22
 

 Dividing, we get 

 21

2

1
22 RRR

RR

RR
g

g

g
-=Ý

+

+
=  

 For a voltmeter of range 2V, the series resistance is 
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 2121 23)(2
2

RRRRRR
I

V
R gg

g

-=-+=-=  

 

Ans6. As shown in figure 

 
 Area of the triangle 

 2410360sin
2

1

2

1
maaheightbaseA o -³=³³=³³=  

 Magnetic dipole moment of the coil 
254 1031031.0 AmAIM -- ³=³³==  

 Thus torque acting on the coil NmBM o 7103590sin -³==t  

 

Ans7. Force on the wire dBIdBIF o == 90sin  

 This force produces a constant acceleration in the wire. Thus 

velocity of the wire 

 
m

tdBI
t

m

dBI
otauv =+=+=  

 

 

Ans8. Let us consider a cylindrical shell of radius r. Current enclosed by 

this shell  

  
)(

)(
)(

)(
'

22

22
22

22 ab

arI
ar

ab

I
I

-

-
=-³

-
= p
p

 

     
 Using Ampereôs circuital law 
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22

22

0

22

22

0

0

abr

arI
B

ab

arI
rB

ILB

-

-
=

-

-
=³

=

p

m
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Ans9. For tension to be zero, 

 TBgMLIB 2.0
6.05

101060 3

=
³

³³
=Ý=

-

 

 When the direction of the current is reversed, total tension is  

 TgMLIBT 4.0=+=  

 

Ans10. For a charge particle to pass undeflected,  BvqEq = .  

Thus  15

3

3

105
10100

1050 -

-
³=

³

³
== ms

B

E
v  

 When the beam strikes the screen, its final momentum becomes 

zero. Thus the force exerted, 

  
en

Ivm

Iq

vm

t

vm
F ===

/
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UNIT-IV- ELECTROMAGNETIC INDUCTION AND A.C. 
                           Formulae at a glance  

Physical Quantity Formula SI unit Dimension  

Magnetic flux (◖) qcosBAAB =¶
CC

=ñ¶AdB
CC

 Wb = Tm2 [ML2T-2A-1] 

Induced emf (e) 

dt

df
e -=  

Induced current 
dt

d

R

N

R
i

fe
-==  

Induced charge q = iæt = fD-
R

N
 

Motional emf induced in a straight 
conductor  

(i) Linear motion = Blv 
(ii) Rotation about one end = Bl2ά/2 

Volt [ML2T-1A-1] 

Self-inductance 
I

L f=  and 

dt
dI

L
e

=  

Self-inductance of a long solenoid 
L = ɛr ɛ0 n

2 A l 

Henry [ML2T-2A-2] 

Mutual inductance 

1

2
12 I

M
f
= and 

dt
dI

M
1

2

12

e
=  

Mutual-inductance of two long co-axial 
solenoids 

M12 = ɛ0 n1 n2 ˊr2 l, M12 = ãįL1L2´ 

Henry [ML2T-2A-2] 

Magnetostatic 
energy stored 

U = ½ LI2 Joule [ML2T-2] 

Alternating current 

and voltage 

e =E0 sin (ӎt+ )z or e = E0 cos 

(ӎt+ )z 

i = I0 sin (ӎt+ )z or i = I0 cos (ӎt+ )z 

Irms = Io/ã2 = 0.707 I0 and Erms = 

Eo/ã2 = 0.707 E0 

  

Phase relationship 

For R : No phase difference betn V and I 

For L: Voltage leads the current by ˊ/2 
For C: Current leads the voltage by ˊ/2 

For LCR circuit: if f > fr   

ö
÷

õ
æ
ç

å -
= -

R

XX CL1tanf  or öö
÷

õ
ææ
ç

å -
= -

R

CL

V

VV1tanf  

If f<fr ö
÷

õ
æ
ç

å -
= -

R

XX LC1tanf  or 

Unit less Dimensionless 
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öö
÷

õ
ææ
ç

å -
= -

R

LC

V

VV1tanf  

Reactance and 
impedance 

Inductive reactance XL = άL 

Capacitive reactance XC = 1/άC 
Impedance of LR circuit Z = ã{XL

2 + R2} 
Impedance of RC circuit Z = ã{XC

2 + R2} 

Impedance of LCR circuit Z = ã{(XL ï XC)2 
+ R2} 

Ohm [ML2T-1A-2] 

Resonance 

frequency 

LC
f r

p2

1
= , angular frequency 

LC
r

1
=w  

Hertz, rad/s [T-1] 

Quality factor Q = 
C

L

R

1
=

w

w

D2

r =
R

Lrw =
CRrw

1
 Unit less Dimensionless 

Power dissipated in 
ac circuit 

In pure inductor and capacitor: Zero 
In pure resistive circuit: I2R/2 

In a combination of L,C and R: 

VrmsIrmscos◖ 

Watt [ML2T-3] 

Power factor cos ◖ = R/Z Unit less Dimensionless 

Wattles current Irms cos ◖ Ampere [A] 

Frequency of LC 

oscillations LC
f r

p2

1
=  Hertz [T-1] 

Energy of ideal LC 
oscillator 

½ Q2/C + ½ LI2 = ½ Q0
2/C Joule [ML2T-2] 

Transformation ratio 
and efficiency of 

transformer 
P

S

v

v
=

P

S

N

N
 

Efficiency:- ɖ = 
ipp

ss

P

P

Iv

Iv 0=  

 

Unit less Dimensionless 



50 

 

NUMERICALS 

 LEVEL I 

1.  What is the self-inductance of a coil in which magnetic flux of 40mWb is produced   
when  2A current flow through it? 

Ans.__________________________________________________________________

______________________________________________________________________
________________________________________ ________________________________      

 
2. If the self inductance of an air core inductor increases from 0.01mH. to 100mH on 

introducing  an iron core into it. What is relative permeability of the core used? 
Ans.__________________________________________________________________
______________________________________________________________________
_____________________________________________________________________ 

 
3. What is the power dissipated in an a.c circuit in which voltage and current are given 
by   V=230 sin(ɤt + “/2) and I=10 sinɤt ? 

Ans.__________________________________________________________________
______________________________________________________________________
_____________________________________________________________________ 

 
4. When a lamp is connected to an a.c. supply it light with the same brightness as when 
connected to a 12V d.c battery. What is the peak value of alternating voltage? 

Ans.__________________________________________________________________
______________________________________________________________________
_____________________________________________________________________ 

 

used with a.c. source of frequency  kHz ? 

Ans.__________________________________________________________________
______________________________________________________________________

_____________________________________________________________________ 
______________________________________________________________________
______________________________________________________________________

___________________________________________________________________ 
 
6. What is the average value of the emf for the shaded part of graph? 
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Ans.__________________________________________________________________
______________________________________________________________________
_____________________________________________________________________ 

 
7. In a series LCR circuit the voltage across an inductor, a capacitor and a resistor are 
20V, 20V and 60V respectively. What is the phase difference between the applied 

voltage and the current in the circuit? 
Ans.__________________________________________________________________
______________________________________________________________________

______________________________________________________________________ 
 
 

 
8. A circular coil of radius 8 cm and 20 turns rotates about its vertical diameter with an 
angular speed of 50/s in a uniform horizontal magnetic field of magnitude 3 x 10-2 T. 

Find the max. and average value of the emf induced in the coil. 
Ans.__________________________________________________________________
______________________________________________________________________

___________________________________________________________________ 
______________________________________________________________________
______________________________________________________________________

___________________________________________________________________ 
 
9. The instantaneous current from an a.c. source is I = 5 sin (314 t) ampere. What are 

the average and rms values of the current? 
Ans.__________________________________________________________________
______________________________________________________________________ 

______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 

 
10. An inductor L, a capacitor 20 ‘
ac source of frequency 50 Hz. If the current is in phase with voltage, calculate the 
Inductance L.  

 
Ans.__________________________________________________________________
______________________________________________________________________ 
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______________________________________________________________________
______________________________________________________________________ 

______________________________________________________________________
______________________________________________________________________ 
 

 
 
 

LEVEL II 

Q1.  A conductor of length 1.0 m falls freely under gravity from a height of 10 m so that 

it cuts the lines of force of the horizontal component of earthôs magnetic field of 3x10-5 

Wbm-2. Find the emf induced in the conductor. 

 

 

 

Q2.  A 0.4 m long straight conductor is moved in a magnetic field of induction 0.9 Wbm-2  

with velocity of 7 ms-1. Calculate the maximum emf induced in the conductor. 

 

 

 

Q3.  A metal disc of radius 200 cm is rotated at a constant angular speed of 60 rads -1 in 

a plane at right angles to an external field of magnetic induction 0.05 Wbm-2 .Find the 

emf induced between the centre and a point on the rim. 

 

 

 

Q4.  Find the maximum value of current when an inductance of one Henry is connected 

to an a.c. source of 200 volts, 50 Hz. 
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Q5.  What is the inductive reactance of a coil if current through it is 

800 mA and the voltage across it is 40 V? 

 

 

 

 

Q6.  A transformer has 300 primary turns and 2400 secondary turns .If the primary 

supply voltage is 230 V, what is the secondary voltage? 

 

 

 

 

Q7.  A transformer of 100% efficiency has 500 turns in the primary and 10,000 turns in 

the secondary coil. If the primary is connected to 220 V supply, what is the voltage 

across the secondary coil? 

 

 

 

 

Q8.  A capacitor in series with a resistance of 30 ohm is connected to a.c. mains. The 

reactance of the capacitor is 40 ohm. Calculate the phase difference between the 

current and the supply voltage.   

 

 

 

Q9.  Determine the impedance of a series LCR-circuit if the reactance of C and L are 

250 ohm and 220 ohm respectively and R is 40 ohm. 
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Q10.  A series circuit with L=0.12 H, C=0.48 mF and R=25 ohm is connected to a 220 V 

variable frequency power supply. At what frequency is the circuit current maximum? 

 

 

LEVEL III 

1. A bulb of resistance 10ɋ, connected to an inductor of inductance L, is in series with 

an ac source marked 100V, 50Hz. If the phase angle between the voltage and 

current is 
4

p
 radian, calculate the value of L. 

 

 

 

 

 

 

 

2. Figure shows how the reactance of an 
inductor varies with frequency. 

(a) Calculate the value of inductance of 

the inductor using the information 
given in the graph. 

(b) If this inductor is connected in series to 
a resistor of 8 ohm, find what would be 
the impedance at 300 Hz. 

 

 

 

 

 

 

 

 

100200 300 400

)(Hzfrequency

0

2

4

6

8

W

Reactance
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3. In a series RC circuit, R = 30 ɋ, C = 0.25 ɛ F, V = 100 V and ɤ = 10,000 radian per 
second. Find the current in the circuit and calculate the voltage across the resistor 

and the capacitor. Is the algebraic sum of these voltages more than the source 
voltage? If yes, resolve the paradox. 

 

 

 

 

 

 

4. When an alternating voltage of 220V is applied across a device X, a current of 0.5A 

flows through the circuit and in phase with the applied voltage. When the same 
voltage is applied across another device Y, the same current again flows through the 
circuit but it leads the applied voltage by /́2 radians. (i) Name the devices X and Y, 

(ii) Calculate the current flowing in the circuit when the same voltage is applied 
across the series combination of X and Y. 

 

 

 

 

 

 

 

 

 

 

5. In the series LCR circuit, suppose R = 300 ɋ, L = 60 mH, C = 0.5 ɛ F. An ac source 
of emf 50 V, angular frequency 10,000 rad/s is connected across the combination. 
Find the reactance XL, and XC, the impedance Z, the current amplitude I, the phase 
angle ű, and the voltage amplitude across each circuit element. 
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6. In a series RC circuit with an AC source, R = 300 W, C = 25 mF, e0 = 50 V and n = 

p

50
 Hz,  find the peak current and the average power dissipated in the circuit. 

 

 

 

 

 

 

7. An inductor 200 mH, capacitor 500 ɛ F, resistor 10 ɋ are connected in series with a 

100 V, variable frequency ac source. Calculate the (i) frequency at which the power 
factor of the circuit is unity; (ii) current amplitude at this frequency; (iii) Q-factor. 

 

 

 

 

 

 

 

 

8. A resistor of resistance 400 W, and a capacitor of reactance 200 W, are connected in 

series to a 220 V, 50 Hz ac source. If the current in the circuit is 0.49 A, find the (i) 
voltage across the resistor and capacitor (ii) value of inductance required so that 
voltage and current are in phase. 

 

 

 

 

 

9. A resistor of 200 ɋ and a capacitor of 15 ɛ F are connected in series to a 220 V, 50 
Hz ac source. (a) Calculate the current in the circuit; (b) calculate the voltage (rms) 
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across the resistor and the capacitor. Is the algebraic sum of these voltages more 
than the source voltage? If yes, resolve the paradox. 

 

 

 

 

 

 

10.  A town is situated 15 km away from a power plant generating power at 440V, 

requires 800 kW of electric power at 220V. The resistance of the two wire line 
carrying power is 0.5 ohm per km. The town gets power from the line through a 
4000-220V step down transformer at a substation in the town. 

(i) Find the line power losses in the form of heat.  
(ii)  How much power must the plant supply, assuming there is negligible power 

loss due to leakage?  
(iii)  Characterize the step up transformer at the plant. 

 

 

 

 

 

11.  An ac generator consists of a coil of 50 turns and area 2.5 m2 rotating at an angular 
speed of 60 rad/s in a uniform magnetic field B = 0.3 T between two fixed pole 
pieces. The resistance of the circuit including that of the coil is 500 ɋ. Determine the 

Calculate 
(i) maximum current drawn from the generator. (ii) maximum power dissipation in the 

coil.  
(iii)  What will be orientation of the coil with respect to the magnetic field to have (a) 

maximum, (b) zero magnetic flux?  (iv) Would the generator work if the coil was 

stationary and instead the pole pieces rotated together with the same speed as 

above? 
 
 

 
 
 

 
 
 

12.  A circular coil having 20 turns, each of radius 8 cm, is rotating about its vertical 
diameter with an angular speed of 50 radian/s in a uniform horizontal magnetic field 
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of magnitude 30 mT. Obtain the maximum average and rms value of the emf 
induced in the coil. If the coil forms a closed loop of resistance 10 ɋ, how much 
power is dissipated as heat in it? 

 

 

 

 

 

 

13.  An athlete peddles a stationary tricycle whose pedals are attached to a coil having 
100 turns each of area 0.1m2. The coil, lying in the X-Y plane, is rotated, in this 
plane, at the rate of 50 rpm, about the Y-axis, in a region where a uniform magnetic 

field, B
C

 = (0.01) kĔ tesla, is present. Find the (i) maximum emf (ii) average e.m.f 

generated in the coil over one complete revolution. 
 

 
 
 

 

Answers  
 Level I 

 
1. 20 mH.                    2. 1000              3. zero                  4.  16.92V          5.  10-6 F         

6.  200V                       7.  0 rad.          8. ‐max =  0.6 V ; ‐av =0 V         9.  average value 

of current  = 0, rms value of current=  
Ѝ

 A     10. 2X 105 H ] 

 
Level II 

Q1:- 4.2x10-4  V  ,  Q2:- 2.52 V  ,  Q3:- 6 V ,  Q4:- 0.9 A ,  Q5:- 50 ohm ,  Q6:- 1.84 kV ,  

Q7:- 4400 V ,  Q8:-  tan-1 4/3 ,  Q9:- 50 ohm ,  Q10:- 21 Hz 

Level III 

Ans1. Cos 
Z

R
=f  Ýcos 

224
LXR

R

+
=
p

 ÝXL = R ÝL = 3.14 x 10 ï 2 H 

Ans2.  (a) L 
pn2

LX
=  (b) at 300 Hz; XL = 6 ɋ, R = 8 ɋ Ý Z = 22

LXR +  = 10 ɋ 

Ans3. XC = 
Cpn2

1
=400 ɋ; Z = 

22

CXR + = 500 ɋ; 
500

100
==

Z

e
i =0.2 A 

rms voltage drop on R = VR = irms R = 60 V;  rms voltage drop on C = VC = irms XC = 

80 V 
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VL + VC = 140 V > e; This paradox occurs because being phasor quantities, VR and VC 

cannot be added algebraically. 

Ans4. Since current and voltage are in phase, so, device X is resistor.  R = 

W=440
5.0

220
 

For device Y, current leads the voltage in phase by 
2

p
, so, Y is a capacitor.  XC = 

W=440
5.0

220
 

When R and C are connected in series then  
22

C

rms
rms

XR

e
i

+
= =0.3535 A 

Ans5. XL = wL = 600 ɋ;  XC= 
Cw

1
=200 ɋ; Z =

22 )( CL XXR -+ = 500 ɋ;

 i0 = irms 2   = 0.1414 A 

Phase angle, f = cos ï 1 
Z

R
 = cos ï 1 (0.6); Vo (across R) = i0 R = 42.42 V;  Vo (across L) 

= i0 XL = 84.84 V; 

Vo (across C) = i0 XC = 28.28 V 

 

Ans 6. Peak current = i0 = =
Z

e0 A

C
R

e
1.0

1
2

2

0 =

ö
÷

õ
æ
ç

å
+
w

;  

Power dissipated = erms irms cos f =
2

0e

2

0i

Z

R
= 1.5 Watt 

 

Ans7. Power factor is unity when circuit is in resonance for which the frequency is 

LCp
n

2

1
= =15.9 Hz 

At resonant frequency, Z = R;  Current amplitude = i0 = 
R

e

R

e

Z

e rms 200 == =14.14 

A 

Quality factor Q = 
C

L

R

1
=

w

w

D2

r =2 
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Ans8.  (i) VR = irms R = 196 V; VC = irms XC = 98 V (ii) If the circuit is LCR as V and I 

are in phase then LCR circuit is in resonance for which XL = XC  Ý L = 0.628 

H 

 

Ans 9.   XC = 
Cpn2

1
=210 ɋ;

22

C

rmsrms
rms

XR

e

Z

e
i

+
== =0.76 A; rms potential drop on R = 

VR = irms R = 152 V 

rms potential drop on C = VC = irms XC = 159.6 V;  Sum of VL and VC = 312 V which 

is > than applied voltage 200 V; As VR and VC are phasor quantities, so, they cannot 

be added algebraically. 

 

Ans 10. (i)Assuming transformer to be ideal, the current in the transmission line I = 
800000/4000 = 200 A 

Therefore line power loss = I2R = (200)2x15 = 600 kW (ii) the plant should supply 1400 

kW power (iii) the output voltage of step up transformer at the plant = 1400000/200 = 
7000 V. therefore the characterization of step up transformer is 440 V ï 7000 V 

 

Ans11. (i) Maximum current 
R

NBA

R

e
i

w
== 0

0 =4.5 A; (ii) Maximum power dissipation = 

Ri 2

0  = 10125 W 

(iii) (a) For maximum flux, coil must be  ̂to B
C

; (b) for minimum flux, coil must be || to 

B
C

 

(iv)  If pole pieces are rotates then also, the flux of coil changes thus 

generator works. 

 

Ans 12. 0=avee ; 
R

NBAe
erms

w
==

2

0 =0.4242 V; Power dissipated = Rirms

2 =
R

erms

2

= 
R

e

2

2

0 =18 

x 10 ï 3 W 

 

Ans 13. (i) Maximum emf óeô generated in the coil is e = NBAw = 0.52 V (ii) The average 

emf generated in the coil over one complete revolution = 0 
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UNITðV-ELECTROMAGNETIC WAVES 

 

GIST ,FORMULAE AND SHORTCUT FOURMULAE 

1. Concept of displacement current 

Displacement current is that current which appears in a region in which the 

electric field (and hence electric flux) is changing with time. 

Note-   We have                  ID = ‐    =  ‐   (EA)  = = ‐   (  A)  = =    = I 

2.  Modified Ampereôs circuital  Law 

ḂὄȢὨὰ  =  ‘  I + ‐  ) 

3. Electromagnetic Waves 

We know, Maxwellôs equations in vacuum 

                         Ḃ ὉȢὨὰ   =       &         Ḃ ὄȢὨὰ  =  ‘  ‐   

These equations leads to the conclusion that, either of the electric or magnetic 

fields change with time, the other field is induced in space. The net result of 

these interacting changing fields is the generation of electromagnetic 

disturbance, called electromagnetic waves which travel with the speed of light.  

4. Mathematical Expression of EM waves 
 

 

  

 

 

5. Properties of em waves 
(i)  E. M. waves are produced by accelerated charged particles. 

(ii) E.M. waves do not require any medium for their propagation. These waves can 

propagate in vacuum as well as in a medium. 

     velocity of em waves in a free space is given by  

                                           ὺ = ὧ =  = 3 X 108 m/s 

      Velocity of em waves in a medium is given by  

                                        ὺ =               

(iii) E.M. waves are transverse in nature i,e,  E & B  are perpendicular to each other as 

well as perpendicular to the  direction of  

      propagation of the wave.  E & B are related as follows - 

Ey = E0 ÓÉÎ ς“  ɀ   

j 

 

BZ = B0 ÓÉÎ ς“  ɀ  Ὧ  
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                                        ὧ  or      ὧ          

(iv) E.M. waves carry energy, which is shared equally by electric and magnetic fields. 

      The average energy density of an em wave is given by 

                                        ό  ό      ό   = 2 ό  = 2 ό                                                                  

      Where                      ό  =  ‐ Ὁ    =   ‐ ὄὧ                                 [ ḉ ὧ ]      

                                              =   ‐ ὄ                                         [ ḉ ὧ   ]      

           ᶒ                         ό  =   = ό  

 (v) E.M. waves carry momentum & exert a radiation pressure   ὖ    =     & 

momentum  ὴ    

(vi) E.M. waves transport energy. The rate of energy of em wave transported per unit 

area is represented by a  quantity called  

      Pointing vector (S) and is given by 

                                              S =  Ὁ X ὄ) 

(Vii) Electric vector of an em wave is responsible for optical effects, as Ὁ >> B0. 

(viii) Intensity of an em wave is given by 

                                  I =  ὧ ‐ Ὁ   =  
 

 

LEVEL ïI 
ONE MARK QUESTIONS 

1. Write the expression for the displacement current? 

2. The charging current for capacitor is 0.5 A. What is the displacement current 
across its plate? 

3. Write an expression for the speed of e.m. waves in free space. 

4. For an electromagnetic wave, write the relationship between amplitude of electric 
and magnetic fields in free space. 

5. What was the range of wavelength of em waves produced by Professor 

J.C.Bose? 
TWO MARKS QUESTIONS 

6. What is displacement current? Why was this concept introduced? 
7. Give one uses of each of the following: 

a. Microwave 
b. Infra-red wave 
c. Ultra violet radiation 

d. Gamma rays 
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8. Identify the following electromagnetic radiation as per the wavelength given 
below. Write one application of each. 

a. 1mm 
b. 10-3nm 

THREE MARKS QUESTIONS 
9. Identify the following electromagnetic radiation as per the wavelength given 

below. Write one application of each. 
6. 10-12m 
7. 10-4m 

8. 106m 
10. Name the electromagnetic radiation having the wavelength range from 1mm to 

700nm. Give its two important applications. 

11. What is meant by electromagnetic spectrum? Give its four uses. 
 

Answers  

LEVEL -I 

1. ID = ‐    =  ‐   (EA) 

2. According to the property of conductivity, 
The displacement current = Charging current. = 0.25A 

3. The speed of an em wave in free space is  

ὧ
ЈЈ

   

4. ὧ ὉЈȾὄЈ 
5. 25mm to 5mm 

6. The displacement current is that current which comes into existence, in 
addition in to the conduction current, whenever the electric field and hence 
the electric flux changes with time. 

7.    A. radar b. treatment of muscular complaints c. sterilizing surgical 
instruments d. radiation therapy. 

8.  A. microwave used in radar system b. infra red used in treatment of muscular 

complaints. 
9. Identification:- a. gamma rays use- radiotherapy b. Infrared rays use ï haze 

photography c. long radio wave use in radio communication. 

10. X-rays used in a. medical diagnosis and b. in study of crystal structure. 
11. All the known radiation from the big family of electromagnetic wave which 

stretch over  a long range of wavelengths. The orderly distribution of the 

electromagnetic wave in accordance with their wavelengths or frequency in to 
distinct group having widely different properties is called electromagnetic 
spectrum. For example the X rays is one part of spectrum whose use are-  

(i) used in detecting fractures in bones 
(ii) used in detecting faults,cracks,haws &  holes in metal sheets 
(iii) used in studying crystal structure 

(iv) used in radiotherapy 
(v) used in detecting pearls, oysters etc. 

       12.     An oscillating charge radiates electromagnetic waves and these waves carry 

energy. 
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UNIT ï VIðOPTICS 
ALL THE POSSIBLE FORMULAE 

 

¶ Relation between focal length and radius of curvature of a mirror/lens,    f 

= R/2 

¶ Mirror formula:         

¶ Magnification produced by a mirror:      m = -   = -  
  

 

¶ Snellôs law:   n1
2 =  

¶ n2
1 = 

n1
 

¶ n = 
    

     
  

¶ If object is in medium of refractive index n, then  n = 
 

 
  

¶ Apparent shift,  ὼ ὸ ὸρ  

¶ Critical angle for total internal reflection:    sin C = 
nr

 =   

¶ Refraction at spherical (convex) surface: For object in rarer medium and 

real image in denser medium, the formula is         where 

ὲ Ǫ ὲ are the refractive indices of denser and rarer media. 

¶ Lens formula:   

¶ Linear magnification produced by a lens:  m =   

¶ Lens makerôs formula :  na
g ρ  = n ρ  

¶ Power of a lens:   P =   diopter     ( f is in metre) 

¶ Lenses in contact:             or         P = P1 + P2 

¶ Focal length of lens in liquid:  Ὢ
 

Ὢ 

¶ Refraction through a prism:  r1 + r2 = A and   i + e = A + ŭ   where A is 

angle of prism and ŭ is angle of deviation. 

¶ For minimum deviation,  i = e = i  and  r1 + r2 = r .  Therefore,  ŭm = 2i ï A 

¶ Refractive Index of the material of prism:  ὲ
   

 

¶ For a thin prism:    ŭ = (n ï 1)A 

¶ Angular dispersion =   

¶ Dispersive power,    =   

¶ Simple microscope: Magnifying power   ὓ ρ    (if final image is at D) 

                                                                                   =           (if final image is at 

infinity) 

¶ Compound microscope:    
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 i)  Magnification   M = ά ά   

ii)  Magnification   M = ρ          ρ          (for final image 

at D) 

ii) Magnification   M =     
 

              (for final image at 

infinity) 

¶ Astronomical Telescope: 

i) M =            and   L= Ὢ Ὢ    (for final image at infinity) 

ii) M =  ρ    and   L= Ὢ ό    (for final image at D) 

 

¶ Resolving power: 

i) For microscope: - The resolving power is the reciprocal of limit 
of resolution or separation between two points such that they 

are distinct.  So, the resolving power is given by    R.P.= 
  

 
 

     Here, d = 
   

  is limit of resolution,  ὲ ίὭὲ— is numerical 

aperture and ɗ is the well resolved semi-angle of cone of light 

rays of wavelength ɚ entering the microscope. 
ii) For telescope: - The resolving power is the reciprocal of 

angular limit of resolution or angle subtended between two 

points such that they are distinct.  So, the resolving power is 

given by    R.P.= 
Ȣ   

 

     Here, dɗ = 
Ȣ  

 
  is the angular limit of resolution,  óaô is the 

aperture or diameter of objective lens. 

¶ The distance for which ray optics is good approximation for an 

aperture D and wavelength ɚ is called Fresnel distance, given by  

ὤ . 

 

¶  Interference of light:- 

i) If two waves of same intensity Io interfere, then the resultant 

intensity will be             I = 4 Io ÃÏÓ
ᶮ
   where ◖ is the initial 

phase difference between the waves. 
ii) Resultant intensity at a point in the region of superposition is  

             ) Á Á ςÁÁÃÏÓᶮ = ) ) ς ) )  ÃÏÓᶮ where   

)
Á ÉÓ ÔÈÅ ÉÎÔÅÎÓÉÔÙ ÏÆ ÏÎÅ ×ÁÖÅ Ǫ )
Á ÉÓ ÔÈÅ ÉÎÔÅÎÓÉÔÙ ÏÆ ÏÔÈÅÒ ×ÁÖÅȢ 

iii) Condition for maxima: -    Phase difference ◖ = 2nˊ  & path 
difference ȹ= n ɚ  where n = 0,1,2,3,é.. 

iv) Condition for minima: - Phase difference ◖ = (2n-1)ˊ   &  
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                   Path difference ȹ= (2n-1) 
 
  where n = 0,1,2,3,é.. 

v) Fringe width   ɓ = 
 

 
    where  D = distance between the slits & 

the screen,  

d= separation between the slits and ɚ is the wavelength of light 
used. 

vi) Angular fringe width ,    =  
 

 
  =  

 

 
  

vii) Minimum amplitude,  Amin = ( a1 ï a2 ) 

viii) Minimum intensity,  Imin = (a1 ï a2 )2 = ) ) ς ) ) 

ix) Position of nth  maxima,    yn = 
 

 
 

x) Position of nth  minima,    yn = (n - ϵ
 

 
 

¶ Diffraction of light: - 
i) The condition for the position of nth minima :  d sinɗ = n ɚ  

where d is the width of slit, ɗ is angle of diffraction and ɚ is the 
wavelength of light used. 

ii) Linear half-width of central maximum  :       y = 
 

 
 

iii) Total linear width of central maximum   :  ɓo   or  2y = 
  

 
  

¶  Polarisation of light:- 
i) Brewsterôs law:-  n = tan ip       Malus law : I =  Io ÃÏÓɗ 

LEVEL ï I 

1. An object is placed at the principal focus of a concave lens of focal length f.  

Where will its image be formed?                                                                                                                                               

(1) 

 

 

 

2. A prism of angle 60° gives a minimum deviation of 30°.  What is the refractive 

index of the material of the prism?                                                                                                                                       

(1) 

 

 

 

3. An equi-convex lens has refractive index 1.5. Write its focal length in terms of 

radius of curvature R.    (1)    

                                                                                                                                                             

 

 

4. Estimate the distance for which ray optics is good approximation for an aperture 

of 4mm and wavelength 400nm.                                                                                                                             

(1) 
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5. What is Brewsterôs angle for air to glass transition?  Refractive index of glass = 

1.5.                      (1) 

 

 

6. In Youngôs double slit experiment the slits are separated by 0.28mm and the 

screen is placed 1.4m away.  The distance of 4th bright fringe is measured to be 

1.2cm.  Determine the wavelength of light used in this experiment.                                                                                                                      

(2) 

 

 

 

 

7. An astronomical telescope uses two lenses of powers 10D and 1D.  What is its 

magnifying power in normal adjustment?                                                                                                                            

(2) 

 

 

 

8. Light of wavelength 500nm falls, from a distant source, on a slit 0.5mm wide.  

Find the distance between the two dark bands, on either side of the central bright 

band of the diffraction pattern observed, on a screen placed 2m from the slits.                                                                                 

(2 

 

 

 

 

9. An illuminated object and a screen are placed 90cm apart.  Determine the focal 

length and nature of the lens required to produce a clear image on the screen, 

twice the size of the object.                     (2 
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10. The near vision of an average person is 25cm.  To view an object with an angular 

magnification of 10, what should be the power of the microscope?                                                                              

(2) 

LEVEL ï II 

1. A mirror is turned through 15°.  Through what angle will the ref lected ray turn?                           

(1) 

 

 

 

2. Velocity of light in a liquid is  1.5 x 10 8 m/s and in air, it is 3 x 10 8 m/s.  If a ray of 

light passes from liquid into the air, calculate the value of critical angle.                                                                    

(1) 

 

 

 

 

3. Why does a convex lens of glass of refractive index 1.5 behave as a diverging 

lens when immersed in carbon disulphide of refractive index 1.65?                                                                                  

(1) 

 

 

 

 

4. Find the angular dispersion produced by a thin prism of 5° having refractive index 

for red light 1.5 and for violet light 1.6.                                                                                                                      

(1) 
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5. If a person uses spectacles of power +1.0D, what is the nearest distance of 

distinct vision for him?  Given that near point of the person is 75cm from the eye.                                                               

(2) 

 

 

 

 

 

 

6. In Youngôs double slit experiment, light waves of wavelength 5.4 x 10 -7 m and 

6.85 x 10 -8 m are used in turn keeping the same geometry.  Compare the fringe 

width in the two cases.                   (2) 

 

 

 

 

 

 

7. If the two slits in Youngôs experiment have width ratio 1:4, deduce the ratio of 

intensity at maxima and minima in the interference pattern.                                                                                            

(2) 
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8. Figure shows a cross-section of a ólight pipeô made of a glass fibre of refractive 

index 1.68.  The outer covering of the pipe is made of a material of refractive 

index 1.44.  What is the range of the angles of incident rays with the axis of the 

pipe for which total reflections inside the pipe take place as shown.                                                                                                                                           

(3) 

 

 

                                                            

                                                    

 

 

 

 

 

 

 

 

9. Three identical Polaroid sheets P1, P2 and P3 are oriented so that the (pass) axis 

of P2 and P3 are at angles of 60° and 90° respectively, with respect to the pass 

axis of P1.  A monochromatic source, S, of intensity Io , is kept in front of the 

Polaroid sheet P1.  Find the intensity of this light, as observed by observers O1 , 

O2 and O3 , positioned as shown below.                                                             (3) 

 

                 S     

                                            O1                               O2                            O3 

                                         P1                                              P2                                 P3 

c 

r 

i 



71 

 

 

 

 

 

 

10. Light of wavelength ɚ1 propagates from medium 1 incident at angle ɗ1.  The angle 

inside medium 2 is ɗ2 . What is its wavelength in medium 2?                                                                                     

(3 

                                                                                           ɗ1 

                                                                                                          medium 1 

                                                                                                          medium 2 

                                                                                      ɗ2 

 

LEVEL ï III 

1. A ray if light is incident on a concave mirror after passing through its center of 

curvature.  What is the value of angle of reflection?                                                                                                        

(1) 

 

 

2. What is the ratio of fringe width for dark and bright fringes in Youngôs double slit 

experiment?   (1) 

 

 

3. A dentist uses a small concave mirror of focal length 16mm to view a cavity in the 

tooth of a patient by holding the mirror at a distance of 8mm from the cavity.  

Calculate the magnification.            (2) 
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4. Show that for a concave mirror, a virtual object forms a real image which is 

always diminished.  (2) 

 

 

 

5. A point source of light is placed at the bottom of a lake with refractive index 4/3.  

Show that only 17% light can emerge out of the water surface.      (2)                                                                    

 

 

 

 

6. Why does violet colour deviate more than red in prism?           (2) 

                                                       

 

 

 

7. A ray of light is incident at an angle of incidence óiô on one surface of a prism of 

small angle óAô and it is found to emerge normally from the opposite surface.  If 

the refractive index of the material of the prism is ónô , calculate the angle of 

incidence.                                                                            (3) 

 

 

 

 

8. Calculate the number of fringes displaced when a thin sheet of refractive index ónô 

and thickness ótô is introduced in the path of one of the interfering rays.                                                                     

(3) 
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9. A few coloured fringes, around a central white region, are observed on the 

screen when the source of monochromatic light is replaced by white light in 

Youngôs double slit experiment.  Give reason.  (3) 

 

 

 

 

10. Light from two sources has intensity ratio 1:9 and is monochromatic.  The light is 

made to superpose.  What will be the resultant intensity obtained if the sources 

are (i) incoherent   & (ii) coherent?          (3)                                                                                                                              
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KEY/ANSWERS TO NUMERICAL PROBLEMS (UNIT ï OPTICS) 

Level ï I 

1. Given: u = -f, and for a concave lens f = - f,   v = ? 

Calculations:   From lens formula,       

On substituting the values and on simplifying, we get,  v = -f/2 

That is image will be formed between optical Centre and focus of lens: towards 

the side of the object. 

2. Given: A=60Á, ŭm=30°, n = ? 

Calculations:  Use the formula,  n= 
   

   to get n = 1.41 

3. Using the formula,   = n ρ   we get,   1.5 ρ =  

                                             Ḉ  f = R 

4. The distance for which ray optics is good approximation for an aperture D and 

wavelength ɚ is called Fresnel distance, given by  ὤ . 

Given: D = 4mm = 4x10-3 m , ɚ=400nm = 400 x 10 -10 m   ,  ὤ  = ? 

Calculations: Using the above formula, on substituting the values and 

simplification, we get,  

                      ὤ  = 40m 

5. Given: n = 1.5,  ip = ? 

             Calculations:  Using the formula, n = tan ip , we get , ip = tan ï 1(n) = tan ï 1(1.5) 
= 56.3° 
 

6.  Given: d = 0.28mm = 0.28 x10-3 m , D = 1.4m , n = 4, y4 = 1.2cm = 1.2 x10-2 m , ɚ 
= ? 
Calculations:  Using the formula for the position of nth bright fringe, yn = nDɚ/d   

we get,  
                                                       ɚ = y4 d / 4 D  

                      On substituting the values and on simplification we get,  ɚ = 6 x 10 
ï 7 m = 600 nm 

7. M = -     = - 
 

 ρπ        

8. The distance between two dark bands on either side of central bright bands is 

equal to the total width of bright band and is given by  ɓo= 
  

 
 

Given: D=2m , ɚ=500nm = 500 x 10 -10  m , d = 0.5mm =  0.5 x10-3 m   ,   ɓo = ? 
Calculations:  On substituting the values and on simplification we get,  ɓo = 4 x10-

3 m = 4 mm 
9. Given:      u + v = 90cm   é..  (i) 

                 m = |v| / |u| = 2    or   |v| = 2 |u| é.. (ii) 
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                 From (i) and (ii),  |u| = 30cm, |v| = 60cm 
                 By sign convention,  u = - 30cm, v = 60cm 

                            Substituting the values in equation     and after simplification 

we get,  
                                                                       f = 20cm (convex lens) 

10. Given:  D = 25cm, M=10 ,  P =? 
Calculations: Using the formula, M = D / f ,  we get,  f = D/M = 25/10 cm = 
0.025m 

                      Now,  P = 1 / f (in m) = 1 / 0.025m = 40D 
  

Level ï II 

1. 30°, as the reflected ray turns through twice the angle through which mirror is 

turned. 

2. n=c/v = 1/sinC ,  therefore,  sinC = v/c =1.5 x 10 8 / 3 x 10 8 = 0.5 

Now, C = sin -1 (0.5) = 30° 

3. This is because n = 
Ȣ

Ȣ
 ρ 

From lens makerôs formula, 'f ' becomes negative.  Therefore, the lens behaves 

as a diverging lens. 

4. Given:  A=5°, ὲ ρȢυȟ    ὲ ρȢφ,  angular dispersion = ? 

Calculations:  On substituting the values in equation, angular dispersion = 

(ὲ ὲ ὃ ȟ and on   

                        simplification, we get,  angular dispersion =0.5°=30' 

5. Given: P = 1 D,  f = 100/P = 100/1 = 100cm, nearest distance of distinct vision u 

= ? ; v = - 75cm 

Calculations:  Using lens formula, we get,  

                      Ḉ    = - 7/300      or    u = - 42.9cm  

6. Given:  ɚ1 = 5.4 x 10 -7 m, ɚ2 =6.85 x 10 -8 m,    ɓ1/ ɓ2 = ? 

Calculations: As ɓ = 
 

 
 and geometry is same i.e., D and d remain same, 

therefore, 

                      ɓ1/ ɓ2 = ɚ1/ ɚ2 =5.4 x 10 -7/6.85 x 10 -8 = 8 (approximately) 

7. Intensity  θwidth (w) of slit   

Also, intensity  θ square if the amplitude,    Ḉ     or          

or   b = 2a 

Now,    

8. Given:  n2 =1.68 , n1 =1.44,  imax = ? 

Calculations:  As   n =  =   Ḉ sin C = 
Ȣ

Ȣ
 = 0.8571      So,  C = sin -1 

(0.8571) =59° 
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Total internal reflection would take place when i > C i.e., i >59°   or when  r < rmax 

, where 

      rmax =  90°- C = 90° - 59° = 31° 

As  
 

 
ρȢφψ    Ḉ ὛὭὲ Ὥ ρȢφψ ὛὭὲ ὶ  = 1.68 x sin 31° = 1.68 x 

0.5156= 0.8662 

Ḉ  Ὥ  = sin -1 (0.8662) = 60° 

9. Intensity observed by   O1 = Io / 2 

      Intensity observed by   O2 = ( Io / 2) cos2 (60°) =( Io / 2) x( 1 / 2)2 = Io / 8 

      Intensity observed by   O3 = ( Io / 8) cos2 (90° - 60° ) = ( Io / 8) cos2(30°) =( Io / 

8)(ã3/2)2 =(3/32) Io 

10. Snellôs law says,   v2 sin ɗ1 = v1 sin ɗ2 

The ratio of wavelengths is equal to the ratio of the speeds of light. 

                                               Ḉ   ɚ1/ ɚ2 = v1 / v2  

Or,    wavelength in medium 2,   ɚ2 = (sin ɗ2 / sin ɗ1 )  ɚ1  

                                                      LEVEL ï III 

1. 0°.  A ray of through center of curvature is incident normal to the surface of the 

mirror. 

2. 1:1 ,  since the widths of bright and dark bands are equal. 

3. Given: u = -8mm, f = - 16mm,   m = ? 

Calculations:            Ḉ   v = 16 mm 

Now,  |m| = v /u = 16/8 = 2 

4.  .   Here,   'u' is positive, 'f ' is negative, v =? 

Giving signs to u, v and f, we have         or    v =  
 

 
 which is 

negative. 

Also,   |m| = | v /u| =  < 1     Hence, the image is diminished. 

5. The fraction of light energy that can escape is the fraction 

of the solid angle which allows it to pass without total 

internal reflection.  

Let the critical angle be C,  so that,  sin C =   where ónô is                 C 

the refractive index of water.                                                                             C 

Fraction of solid angle = ρ ÃÏÓ# = Ѝρ ÓÉÎ#       = ЍÎ ρ   = 

  
ρ    = 0.17= 17% 
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6. For a prism,  ŭ = (n ï 1)A   and ὲ ὥ  Ễ 

As  ɚv < ɚR  Ḉ  nv > nR      Hence, ŭv > ŭR      So, violet deviates more than red. 

7. For refraction through a prism: we have                                                  A 

i + e =  A + ŭ 

But,  e = 0                                                                                             i 

Ḉ  i =  A + ŭ                                                                                        

Also,  ŭ = (n ï 1)A 

Ḉ  i = A +(n ï 1)A = n A                                                                B                               

C 

8. Let the central maximum shift from Po to P'o.                                                                             

P'o 

The sheet introduces an optical path nt and                                                 t 

decreases air path by ótô.                                                             S1 

Ḉ  path difference = S2 P'o ï S1 P'o = (n ï 1) t  é.(i) 

From the figure,  S2 P'o ï S1 P'o =   é. (ii)                                                                  

Po 

From (i) and (ii),   (n ï 1) t                                                 S2 

Ḉ number of fringes shifted,  N =  
 ɀ    

 

9. For the central maxima, path difference, p = nɚ = 0  (since n = 0)  and is 

independent of ɚ. 

Hence , all the colours superpose constructively producing central white fringe. 

For position of other maxima,  xn = 
 

 
 

So, the position depends on ɚ. 

As  ɚred > ɚblue , So, the fringes closest to the central white are blue on either side 

and farthest are red. 

After a few fringes, no clear fringe pattern is observed. 

10. As      (intensity ratio) 

Then,      (amplitude ratio) 

If the sources are incoherent, the intensities add up. 

i.e., the resultant intensity will be 10.   (=) ) Á Â  

If the sources are incoherent,  we get interference maxima and minima. 

At minima, amplitude, amin = 3 ï 1 =2 

                               Imin= (2)2 = 4 

At maxima, amplitude, amax= 3 + 1 = 4 

                              Imax= (4)2 = 16 

So, the intensity will vary from 4 to 16. 
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                 UNIT ïVII- DUAL NATURE OF MATTER & RADIATION 

LIST OF FORMULAE 

1. Energy of a photon      E =hᾇ =
ᴧ
  

2. Number of photon emitted per second  N =  

3. Momentum of photon  P = mc =
   

 =
ᴧ
 =  

4. Equivalent mass of photon   m = 
   

 =  =  

5. Work function W0 = hᾇ0  = 
ᴧ

 =   

6. Kinetic energy of photoelectron is given by Einsteinôs photoelectric equation: 

  Kmax = άὠ = hᾇ - W0 = h(ᾇ - ᾇ0) = h (
ᴧ
 -
ᴧ

 ) 

7. If V0 is the stopping potential, the maximum kinetic energy of the ejected 

photoelectron,  K = 2

max
2

1
mv =eV0 

8. Kinetic energy of De-Broglie Waves K = άὺς = P2/2m 

9. Momentum of De-Broglie Waves P =Ѝςάὑ 

10. Wavelength of De-Broglie Waves ᴧ =  =  = 
Ѝ

 

11. De ïBroglie Wavelength of an electron beam accelerated through a potential 

difference of  V volts is  ᴧ =   
Ѝ

 = 
Ȣ

Ѝ
 nm =

Ȣ

Ѝ
 A0 

12. De ïBroglie Wavelength associated with gas molecules of mass m at 

temperature T kelvin is  ɚ = 
Ѝ

        K = Boltzmann constant 

13. The value of hc = 12400eV A0 

14. The Value of     = 1240 X 10 -9 eV m 

Level-I:- Numerical direct formula based  (1 mark,2 mark) 

1. If the maximum kinetic energy of electrons emitted by a photocell is 4ev.What is 

the    Stopping potential? 

 

 

2. What is the energy associated in joules with a photon of wavelength 4000A0? 

 

3. The photoelectric cut-off voltage in a certain experiment is 1.5V.What is the 

maximum    Kinetic energy? 
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4. Calculate the work function of a metal in eV.If its threshold wavelength is 6800A0? 

 

 

5. What is the momentum of a photon of energy 120 MeV? 

 

 

6. What is the de-broglie wavelength (in A0) associated with an electron accelerated 

through  

     a Potential of 100V? 

 

 

7.Calculate the ratio of de-Broglie wavelength associated with a deuteron moving 

with velocity 2V and an alpha particle moving with velocity V? 

 

 

8. The work function of cesium metal is 2.14eV.When light of frequency 6 X 1014 Hz 

is incident on the metal surface, photoemission of electrons occurs. What is the (a) 

Maximum kinetic energy of the emitted electron and (b) Stopping potential of the 

emitted photoelectron? 

 

 

 

 

 

9.In an experiment on photoelectric effect, the slope of the cut-off voltage versus 

frequency  

    of incident light is found to be 4.12 X 10-15Vs.Calculate the value of Planckôs 

constant. 
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10. The threshold frequency for a certain metal is 3.3 X1014Hz is incident on the 

metal;     Predicts the cut-off voltage for photoelectric emission. 

 

 

 

LEVEL-2 

1.An electron and an alpha particle have same kinetic energy. Which of these particles 
has the shortest de- Broglie wavelength? 
 

 
 
 

 
2.The de Broglie wavelength of an electron is 1 A0. Find the velocity of the electron. 
 

 
 
 

 
3.Determine the accelerating potential required for an electron to have a de-Broglie 
wavelength of 1 Å 

 
 
 

 
 
4.An electron, an alpha particle and a proton have the same kinetic energy, which one 

of these particles has (i) the shortest and (ii) the largest, de, Broglie wavelength?              
 
 

 
 
                                  

5.In an experiment on photo electric emission , following observations were made; 




