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PREFACE 
 

 It is a pride and privilege given to the Chennai Region and particularly to the team of 

Patrons, coordinator and the members, who got associated themselves, with the preparation of 

Study/ Support material in Physics for Class XII students of the academic year 2011-12. 

 Traditionally the support material aims in familiarizing the students with the different type 

of questions of various lessons and orienting them towards a better performance in the AISSCE, 

Board Exam. This material is to be used one among the resources provided to the students for 

ǇǊŜǇŀǊƛƴƎ ǘƘŜ ŜȄŀƳǎΦ ¢ŜŀŎƘŜǊΩǎ ƛƴƛǘƛŀǘƛƻƴ ŀƴŘ ƎǳƛŘŀƴŎŜ ƛƴ ǳǎƛƴƎ ǘƘƛǎ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ ŎƭŀǎǎǊƻƻƳ ƛǎ 

earnestly solicited 

 This study material has come out, slightly with a new look and dimension, on comparing 

with the one of the previous years, due to the following reasons:- 

 

1. LƴŎƻǊǇƻǊŀǘƛƴƎ ά /ƻƴŎŜǇǘ aŀǇέ ŦƻǊ ŜŀŎƘ ŎƘŀǇǘŜǊ   

2. Grouping the questions sub topic wise in every chapter  

3. Focusing much on the inclusion of probable questions and HOTS questions in every chapter 

4. Recall type questions viz., questions other than the HOTS category are not included in this 

volume due to constraints of size and the teachers/students may look for the same 

elsewhere. 

 

Sh.N.R.Murali, Assistant Commissioner, KVS, RO, and Chennai has taken special efforts and 

ǇŜǊǎƻƴŀƭ ŀǘǘŜƴǘƛƻƴ κ ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ ƛƴ ƻǊƎŀƴƛȊƛƴƎ ǘǿƻ άƭŜŎǘǳǊŜ ŎǳƳ ŘƛǎŎǳǎǎƛƻƴέ ǎŜǎǎƛƻƴǎ ǿƛǘƘ ǘƘŜ 

members in preparing the concept map for each unit of syllabus of Class XII Physics, which has 

come out successfully. His efforts in getting the feedback from the current year students of class XII 

and teachers from few schools helped a lot in reviewing and improving the study material. 

It is sincerely believed that this material may help the students in improving their confidence 

and to face the examination with a lighter mind, fetching the success.  

 
        Coordinator & Members   
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1. ELECTROSTATICS 
GIST  

¶ Electrostatics is the study of charges at rest. 

¶ Charging a body can be done by friction, induction and conduction. 

¶ Properties of charges: 
o Like charges repel and unlike charges attract. 

o Charges are additive in nature i.e., Q=  
o Charges are quantized. ƛΦŜΦΣ vҐ  ҕ  ƴŜ  ώƴҐмΣнΣоΣΧ ϧ ŜҐмΦслн ·мл-19 C] 
o Charge in a body is independent of its velocity. 
o Charge is conserved. 

¶ To measure charge electroscopes are used. 

¶ /ƻǳƭƻƳōΩǎ ƭŀǿΥ   k=  = 9X109 Nm2c-2 

Where, = permittivity of free space 

     
Ftotal = F12 + F 13 Ҍ ΧΦ 

¶ Principle of superposition:  [vector sum of individual forces] 

1 31 2
12 132 2

12 13

1 1 ....
4 4

q qq q
r r

r ro ope pe

Ø Ø
= + + 

         
Note:   In the above triangle the quantity shown at the vertex, could be arrived by 
multiplying the quantities shown at the base, ie F=E X Q.  Any one of the quantity shown at 
the base is given by the ratio of the quantities shown at vertex & the other quantity shown 
at the base, ie E=F/Q    or   Q= F/E 

¶ Electric field: Force experienced by a unit positive (or test) charge.  It is a vector. SI unitNC-1.  

¶    

¶ 
0oq

o

F
E Lt

q­
=                     

 E 

r2 

F 

 

1/r2 Q1Q2>0 
Q1Q2<0 

F 

Q E 

  1/r2 

E 
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¶ Field due to a point charge:    

¶ Principle of superposition: 
1

n

total r
i

E E
=

=ä  [vector sum of individual fields] 

¶ Dipole: Two equal and opposite charges separated by a small distance. 

¶ Dipole moment: Product of magnitude of charge and distance of separation between them. 

It is a vector. SI unit: Cm,  =Q.2  ; direction of  is negative to positive charge. 

¶ Dipole in a uniform electric field experiences no net force and instead experiences a torque. 

=  =   

¶ If = 0   stable equilibrium; If =    unstable equilibrium. 

¶ Electric field due to a dipole at a point on the axial line:    along  the direction of dipole 

moment 

¶ Electric field due to a dipole at a point on the equatorial line:    opposite to the direction 

of dipole moment. 

¶ Electric flux: =  =  ; It is a scalar; SI unit: NC-1m2 or Vm.   

¶ GaǳǎǎΩ ǘƘŜƻǊŜƳ ƛƴ ŜƭŜŎǘǊƻǎǘŀǘƛŎǎΥ   

         
¶ Uniform Charge distribution:  

                Linear charge distribution:  linear charge density Unit Cm-1] 

                Surface charge distribution:  surface charge density Unit Cm-2] 

                Volume charge distribution:  Volume charge density Unit Cm-3] 

¶ !ǇǇƭƛŎŀǘƛƻƴǎ ƻŦ DŀǳǎǎΩ ǘƘŜƻǊŜƳ ŦƻǊ ǳƴƛŦƻǊƳ ŎƘŀǊƎŜ ŘƛǎǘǊƛōǳǘƛƻƴΥ 

Expression for Infinite 
Linear 

Infinite plane 
sheet 

Thin spherical shell 

Flux   

    
Magnitude of 
Field E 
 

 

              

 

  [for points on/outside the shell] 

    =0  [for points inside the shell] 

Charge density   
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¶ Properties of electric field lines: 

V Arbitrarily starts from +ve charge and end at ςve charge 

V Continuous, but never form closed loops 

V Never intersect 

V Relative closeness of the field lines represents the magnitude of the field strength. 

V For a set of two like charges ς lateral pressure in between 

V For a set of two unlike charges ς longitudinal contraction in between. 

¶ Electrostatic Potential: Work done per unit positive Test charge to move it from infinity to 

that point in an electric field. It is a scalar. SI unit: J/C or V 

       V = W / qo 

Electric potential for a point charge:     

 

 
 

¶ Electric field is conservative.  This means that the work done is independent of the path 

followed and the total work done in a closed path is zero. 

¶ Potential due to a system of charges: 1
i

i

i
n kq

rtotal
v =ä=    

¶ Potential due to a dipole at a point on its axial line:   

    =   [or]  

¶ Potential due to a dipole at a point on its equatorial line: = 0  

¶ Potential difference    

¶ Potential energy of two charges:  U =    

¶ Potential energy of a dipole :  U =  = p E  [  -  

¶ Electrostatics of conductors 

(i) Inside a conductor Electrostatic field is zero 

(ii) On the surface E is always Normal  

(iii) No charge inside the conductor but gets distributed on the surface 

(iv) Charge distribution on the surface is uniform if the surface is smooth 

(v) /ƘŀǊƎŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ƛƴǾŜǊǎŜƭȅ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ΨrΩ ƛŦ ǘƘŜ ǎǳǊŦŀŎŜ ƛǎ ǳƴŜǾŜƴ  

(vi) Potential is constant inside and on the surface  
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¶ Equipotential surfaces: The surfaces on which the potential is same everywhere. 

V Work done in moving a charge over a equipotential surfaces is zero. 

V No two equipotential surfaces intersect. 

V Electric field lines are always perpendicular to the equipotential surfaces.  

 

 

 

 

 

 

¶ As E= -       If Vis constant, E  and if E is constant, V     

¶ Capacitor: An instrument to store charges and electrostatic potential energy.   

¶ Capacitance: 
Q

C
V
=  , Ratio of charge and potential difference.  Scalar,  

¶ SI unit: farad [F]     

 

 

Capacitance of a parallel plate capacitor:  

Capacitance of a parallel plate capacitor with a dielectric medium in between: 

ü =  

ü If t =0 ᵼ  

ü If t =d ᵼ  

 
 

¶ Combination of capacitors: 

Capacitors in series:
1

1 1n

i ic c=

=ä  

Capacitors in parallel :  
1

n

i

i

c c
=

=ä  

Q 

V 
 

Q 

 

  

 

C 

 

  

 

 

 K 
 

 



8 
STUDY MATERIAL CLASS XII 2011-12 

¶ Energy stored in capacitors:
21 1 12

2 2 2

Q
U CV QV

C
= = =  

¶ Area shaded in the graph = U   =  

 

¶ Energy density : =  

¶ Introducing dielectric slab between the plates of the charged capacitor with: 

Propertyᶍ Battery connected Battery disconnected 

Charge K Q0 Q0 

Potential  
difference 

V0 V0/K 

Electric  
field 

E0 E0/K 

Capacitance KC0 KC0 

Energy K times  

[Energy is supplied 
By battery] 

1/K times  

[Energy used for   
Polarization] 

 

¶  On connecting two charged capacitors: 

 

   Common Potential:     Loss of energy   

¶ Van de Graff generator:- 
V An electrostatic machine to build very high voltages. 

V Principle  ; 

V Corona discharge:  The hollow spherical conductor in the Van de Graff generator should 
have a smooth outer surface. The electrical discharge through the defected part of the 
spherical conductor, where the surface is not smooth is called corona discharge. 

 
 

V 

Q 
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CONCEPT MAP 
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Concept Map 
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QNo Questions Marks 

1. How does the force between the two charges vary when 
(a) The system is immersed in a medium. 
(b) When the distance between them is halved? 

2 

 Ans :     (a)F=1/K times F0                          (b)F=4 times F0 

 

 

2. How does the electric flux, electric field enclosing a given charge vary when the area 
enclosed by the charge is doubled? 

2 

 Ans:      (a)             (b)  E is halved 
 

 

3. ²Ƙȅ ƛƴ aƛƭƭƛƪŀƴΩǎ hƛƭ 5ǊƻǇ ŜȄǇŜǊƛƳŜƴǘΣ ǘƘŜ ŎƘŀǊƎŜ ƳŜŀǎǳǊŜŘ ǿŀǎ ŀƭǿŀȅǎ ŦƻǳƴŘ ǘƻ ōŜ ƻŦ 
some discrete value and not any arbitrary value? 

1 

 Ans: Because charge is always quantized ie., Q = n x e 
 

 

4. Two electric lines never cross each other. Why? 1 
 Ans: Two directions of electric filed at the point of intersection which is not possible. 

 
 

5. What is meant by electrostatic shielding? 1 
 Ans: Electric filed inside a cavity is zero. 

 
 

6. Why an electric dipole placed in a uniform electric field does not undergoes acceleration? 1 
 Ans:  Because the net force on the dipole is zero.   Fnet = 0 as F=  

 
 

7. Why electric field lines 
(i) Can never intersect one another? 
(ii) Cannot for closed loops sometimes? 
(iii) Cannot have break in between? 

1 

 Ans : Because 
(i) Electric field has an unique direction at any given point 
(ii) Monopoles or single isolated charges exist unlike magnetism 
(iii) Start from +ve charges and terminate at ςve charges 

 

 

8. {ǘŀǘŜ DŀǳǎǎΩǎ ƭŀǿ and use this law to derive the electric filed at a point from an infinitely 
long straight uniformly charged wire. 

1 

 
Ans:  Statement .

q
E ds

oe
ñ =  

Derivation  for  E = 
2 ro

l
eÔ

 

 

 

9. Write the expression for the electric field, charge density for a uniformly charged thin 
spherical shell. 

3 

 Ans:   

                     ;  
 

 

10. 

 

3 

 
 

Write the expression for the electric field in the regions I, II, III shown in the above figure. 
Ans:  EI =EIII = 0       EII Ґ ˋκʶ0 
 
 
 

 

I 

 

Ҍ ˋ 

 

II   - ů 

 

III  
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11. The electric field in a certain region of space is    = 104  .  How much is the flux 

passing through ŀƴ ŀǊŜŀ Ψ!Ω ƛŦ ƛǘ ƛǎ ŀ ǇŀǊǘ ƻŦ ·¸ ǇƭŀƴŜΣ ·½ ǇƭŀƴŜΣ ¸½ ǇƭŀƴŜΣ ƳŀƪƛƴƎ ŀƴ ŀƴƎƭŜ 
300 with the axis? 

2 

 Ans:       ʊXY Ґмл! ±Ƴ  9 ҟ{ /h{˒ ώ˒Ґлϐ 
               ˒XZҐ ˒YZ Ґ л ±Ƴ ό˒ Ґфл

O) 
                     =104 ! Ŏƻǎʻ ±Ƴ 
 

 

13. 5ŜŘǳŎŜ /ƻǳƭƻƳōΩǎ ƭŀǿ ŦǊƻƳ DŀǳǎǎΩ law. 

Ans: .  

            =  

             

 

3 
 
 

   
14. Name the physical quantities whose SI units are Vm, Vm-1. Which of these are vectors? 2 

 Ans:     ±Ƴ Ҧ ŜƭŜŎǘǊƛŎ ŦƭǳȄΣ ǎŎŀƭŀǊ ;  Vm-1ҦŜƭŜŎǘǊƛŎ ŦƛŜƭŘΣ vector 
 

 

16. An electric dipole ±4µC is kept at co-ordinate points (1, 0, 4) are kept at (2,-1, 5), the 

electric field is given by   = 20  NC-1. Calculate the torque on the dipole. 
2 

 Ans:  Calculate first dipole moment using  =q.2  

Then calculate torque using   and hence find  =13.4 N m 
 

 

17. Two charges 5µC, -3µC are separated by a distance of 40 cm in air. Find the location of a 
point on the line joining the two charges where the electric field is zero. 

3 

 Ans:    Solve for x from the equation:   =  

 

 

18. Show diagrammatically the configuration of stable and unstable equilibrium of an 

electric dipole (p ) placed in a uniform electric field (E ). 
3 

 Ans: 
 
 
 
 
 
                          Stable                         Unstable 
 

 

19. Show that at a point where the electric field intensity is zero, electric potential need not 
be zero. 

2 

Ans 

 
If E = 0  
 

 

20 
Plot a graph showing the variation of coulomb force F versus  where r is the distance 

ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ŎƘŀǊƎŜǎ ƻŦ ŜŀŎƘ ǇŀƛǊ ƻŦ ŎƘŀǊƎŜǎΥ όм˃/Σ н˃/ύ ŀƴŘ  όн˃/Σ -о˃/ύ LƴǘŜǊǇǊŜǘ 
the graphs obtained. 
[Hint : graph can be drawn  choosing ςve axis for force only] 

Ans:  

 

pĄ 

E  Ą 

 

pă 

E  Ą 
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21. A thin straight infinitely long conducting wire having charge density  is enclosed by a 

cylindrical surface of radius  r and length l, its axis coinciding with the length of the wire.  
Find the expression for electric flux through the surface of the cylinder. 

2 

 
!ƴǎΥ ¦ǎƛƴƎ DŀǳǎǎΩǎ [ŀǿ ƻōǘŀƛƴΥ  ʊ Ґ  

 

 

22. Calculate the force between two alpha particles kept at a distance of 0.02mm in air. 2 
 

 
 

 

23. A charge +Q fixed on the Y axis at a distance of 1m from the origin and  another charge 

+2Q is fixed on the X axis at a distance of  m from the origin. A third charge ς Q is 

placed at the origin. What is the angle at which it moves? 

3 

 Ans: Force due to both the changes are equal = KQ2 & r^  to each other so the resultant 
force will make 45o with X-axis. 
 

 

24 Explain the role of earthing in house hold wiring. 3 
  Ans: During short circuit, it provides an easy path or emergency way out for the charges 

flowing to the ground, preventing the accidents. 
 

 

25 What is the difference between charging by induction and charging by friction? 2 
 * In frictional method, transfer of charges takes place from one object to the other. 

* During induction, redistribution of charges takes place within the conductor. 
 

 

26 Two electric charges о˃/Σ -п˃/ ŀǊŜ ǇƭŀŎŜŘ ŀǘ the two corners of an isosceles right angled 
triangle of side 1 m as shown in the figure.  What is the direction and magnitude of 
electric field at A due to the two charges? 

 

2 

 
Ans:  

          
 

  

3 

  
 

A 

3ɛC -4ɛC 

F 

1/r2 
A 

B 
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ELECTRIC POTENTIAL 

 

S.No. QUESTIONS  
1 Is it possible that the potential at a point is zero, while there is finite electric field intensity 

at that point? Give an example. 
1 

 Ans: Yes , Centre of a dipole  

2 Is it possible that the electric field   at a point is zero, while there is a finite electric 

potential at that point. Give an example. 

1 

 Ans:  Yes, Inside charged shell  

3 Can two equipotential surfaces intersect? Justify your answer. 1 
 Ans:  No.  Otherwise it would mean two directions for force at a point.  

4 Is potential gradient a vector or a scalar quantity? 1 
 Ans:  Scalar quantity  

5 ²ǊƛǘŜ ǘƘŜ ŘƛƳŜƴǎƛƻƴŀƭ ŦƻǊƳǳƭŀ ƻŦ ΨΊ0 ΨǘƘŜ ǇŜǊƳƛǘǘƛǾƛǘȅ ƻŦ ŦǊŜŜ ǎǇŀŎŜΦ 1 
 Ans:  [M-1L-3T4A2]  

6 An electric dipole is placed in an electric field due to a point charge. Will there be a force 
and torque on the dipole? 

1 

 Ans:  Yes, Both force and torque will act 
 
 
 2a 
 
 
 
 
 
 

 

7 An electron is placed at A, in the presence of a point charge +q located at C, is moved to a 
point B, such that ABC an equilateral triangle. Find the work done in this process 

1 

 Ans:  Zero  

8 Draw the graph showing the variation of electric potential with distance from the centre 
of a uniformly charged shell. 

1 

Ans 

 

 

9 Find the ratio of the electric field lines starting from a proton kept first in vacuum and 
then in a medium of dielectric constant 6.                       

1 

 Ans:  6 : 1  

r 

V 

dist 

+q -q 

E 
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10 Calculate the electric field from the equipotential surface shown below. 
 

 

1 

 
Ans:  2 V  [ , 2 , 1 ]

dv
E dv V dr m

dr

-
= = =  

 

11 Sketch the electric field lines, when a positive charge is kept in the vicinity of an uncharged 
conducting plate.     

1 

Ans 

 

 

12 ²Ƙŀǘ ƛǎ ƳŜŀƴǘ ōȅ ΨŜƭŜŎǘǊƻǎǘŀǘƛŎ ǎƘƛŜƭŘƛƴƎΩΚ    1 
 Ans:  The electric field inside a conductor is always zero  

13 Compare the electric flux in a cubical surface of side 10 cm and a spherical surface of 
radius 10 cm, when a change of 5µC is enclosed by them.    

1 

 Ans: Electric flux will be same in both the cases.  

14 Two identical metal plates are given positive charges Q1 and Q2, where Q1 > Q2. Find the 
potential difference between them, if they are now brought together to form a parallel 
plate capacitor with capacitance C.                                                                  

2 

 Ans: (Q1 ς Q2)/2C  

15 27 small drops of mercury having the same radius collapse to form one big drop. Find the 
ratio of the capacitance of the big drop to small drop.      

2 

 Ans:  [3:1]  
16 ! ǳƴƛŦƻǊƳƭȅ ŎƘŀǊƎŜŘ ǊƻŘ ǿƛǘƘ ƭƛƴŜŀǊ ŎƘŀǊƎŜ ŘŜƴǎƛǘȅ ˂ ƻŦ ƭŜƴƎǘƘ [ ƛǎ ƛƴǎŜǊǘŜŘ ƛƴǘƻ ŀ Ƙƻƭƭƻǿ 

ŎǳōƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ƻŦ ǎƛŘŜ Ω[Ω ǿƛǘƘ Ŏƻnstant velocity and moves out from the opposite face. 
Draw the graph between flux and time. 

2 

Ans 

 
 

 

time 

ø  

+ q 

- -     -       -        -        

-       -  

4m 

3 m 

2m 

2V 

vV 

4V 6V 
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17  Draw a graph showing the variation of potential with distance from the positive charge to 
negative charge of a dipole, by choosing the mid-point of the dipole as the origin. 

2 

Ans 

 

2 

18 If  = 3  +4 -5 , calculate the electric flux through a surface of area 50 units in z-x plane 2 

 Ans:  200 unit  

19 The spherical shell of a Van de Graff generator is to be charged to a potential of 2 million 
volt. Calculate the minimum radius the shell can have, if the dielectric strength of air is 0.8 
kV/mm.   

2 

 Ans:  [2.5m]  

20 How will you connect seven capacitors of 2µf to obtain an effective capacitance of 10/11 µf. 2 
 Ans: 5 in parallel and 2 in series  

21 Derive the expression for the potential due to a dipole. Find the ratio of the potential 
along the equatorial and axial line of a dipole.           

3 

22 Derive an expression for the potential energy of a system of two electric charges in an 
external electric field. 

3 

23 Show that the potential of a charged spherical conductor, kept at the centre of a charged 
hollow spherical conductor is always greater than that of the hollow spherical conductor, 
irrespective of the charge accumulated on it. 

3 

 Ans:  Va-VbҐόǉκпˉΊύ όмκǊ-1/R) 
(Principle of Van de Graff generator) 

 

24 Explain why the electric field inside a conductor placed in an external electric field is 
always zero. 

1 

 Ans: Charge lies on the surface of a conductor only  

25 A proton moves with a speed of 7.45 x 105m/s directly towards a free proton initially at 
rest. Find the distance of the closest approach for the two protons.      

2 

 Ans: 5.56 x 10-23m  
26 Three point charges of 1C, 2C & 3C are placed at the corners of an equilateral triangle of 

side 1m. Calculate the work done to move these charges to the corners of a smaller 
equilateral triangle of sides 0.5m.   

 

 Ans:  9.9 x 1010 J 
 
 

 

2 

2C 
3C 

d 

 

 

V 

1C 
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CAPACITORS 

S.No QUESTIONS  
1 What happens to the capacitance of a capacitor when a copper plate of thickness one 

third of the separation between the plates is introduced in the capacitor? 
2 

 Ans: 1.5 times Co  

2 A parallel plate capacitor is charged and the charging battery is then disconnected. What 
happens to the potential difference and the energy of the capacitor, if the plates are 
moved further apart using an insulating handle? 

2 

 Ans:  Both Increases  
3 Find the equivalence capacitance between X and Y. 

       
              
                 

2 

 Ans: ф ˃f  

4 A pith ball of mass 0.2 g is hung by insulated thread between the plates of a capacitor of 
separation 8cm. Find the potential difference between the plates to cause the thread to 
incline at an angle 150 with the vertical, if the charge in the pith ball is equal to 10-7C. 

2 

 Ans: 429 V  

5 Derive the expression for the energy density of a charged parallel plate capacitor. 2 
6 What is an equivalent capacitance of the arrangement the shown below 

 
 
If 6V cell is connected across AD. Calculate the potential difference between B&C. 
 

3 

7 A parallel plate capacitor is charged to a potential difference V by d.c. source and then 
disconnected. The distance between the plates is then halved. Explain with reason for the 
change in electric field, capacitance and energy of the capacitor. 

3 

 Ans: Use the formulae - Electric field  remains same, Capacitance doubled, Energy halved  

8 Derive an expression for capacitance of parallel plate capacitor, when a dielectric slab of 
dielectric constant k is partially introduced between the plates of the capacitor. 

3 

9 A potential difference of 1200 V is established between two parallel plates of a capacitor. 
The plates of the capacitor are at a distance of 2 cm apart. An electron is released from 
the negative plate, at the same instant, a proton is released from the +ve plate. 
(a)How do their (i) velocity (ii) Energy compare, when they strike the opposite plates. 
(b) How far from the positive plate will they pass each other?                          

3 

 Ans a. (i)42.84 (ii)equal  
        b. 2.7cm 

 

3 ɛf 

 

3 ɛf 

 

  3 ɛf Y 

X 
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10 Draw a graph to show the variation of potential applied and charge stored in a capacitor. 
Derive the expression for energy stored in a parallel plate capacitor from the capacitor. 

3 

 

 

 

11 Find the capacitance of a system of three parallel plates each of area A m2 separated by d1 
and d2 m respectively. The space between them is filled with dielectrics of relative 
ŘƛŜƭŜŎǘǊƛŎ Ŏƻƴǎǘŀƴǘ Ί1 ŀƴŘ Ί2.    

2 

 Ans: όΊ1A/ d1ύ Ҍ όΊ2A/ d2)  

12 Two parallel plate capacitors A and B having capacitance 1µF and 5 µF are charged 
separately to the same potential 100V. They are then connected such that +ve plate of A 
is connected to ςve plate of B. Find the charge on each capacitor and total loss of energy 
in the capacitors. 

3 

 Ans:  400µC, 500µC and 5/3 x 10  J  

13 Calculate the capacitance of a system having five equally spaced plates, if the area of each 
plate is 0.02 m2 and the separation between the neighboring are 3 mm. in case (a) and (b)
                                      

 

3 

 Ans: (Hint: Capacitance of a parallel plate capacitor ʀoA/d ) 
          1.18 x 10-4 ˃  C ŀƴŘ  
          2.36 x 10  ˃ C 

 

14 Net capacitance of three identiŎŀƭ ŎŀǇŀŎƛǘƻǊǎ ƛƴ ǎŜǊƛŜǎ ƛǎ м˃f. What will be their net 
capacitance if connected in parallel? 
Find the ratio of energy stored in the two configurations, if they are both connected to 
the same source. 
 

2 

 Ans:  фf˃      
          1 : 9 

 

 

V 

q 
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2. CURRENT ELECTRICITY 

GIST  

 

¶ Current carriers ς The charge particles whose flow in a definite direction constitutes the 
electric current are called current carriers. E.g.: Electrons in conductors, Ions in electrolytes, 
Electrons and holes in semi-conductors. 

¶ Electric current is defined as the amount   of charge flowing through any cross section of the 
conductor in unit time.    I = Q/t. 

¶ Current density J = I/A. 

¶ hƘƳΩǎ ƭŀǿ: Current through a conductor is proportional to the potential difference across the ends 
of the conductor provided the physical conditions such as temperature, pressure etc. remain 
constant. V h  L i.e. V = IR, Where R is the resistance of the conductor. 

¶ Resistance is the opposition offered by the conductor to the flow of current. 

¶ Resistance R = ́ ƭκ! ǿƘŜǊŜ ˊ is the resistivity of the material of the conductor- length and A area of 
cross section of the conductor.  

¶ Resistivity ́  Ґ Ƴκne2 ,̱ Where m, n, e are mass, number density and charge of electron 
ǊŜǎǇŜŎǘƛǾŜƭȅΣ ˍ-relaxation time of electrons. 

¶ Relaxation time is the average time interval between two successive collisions 

¶ Conductance of the material G =1/R and conductivity ̀ Ґмκˊ 

¶ Drift velocity is the average velocity of all electrons in the conductor under the influence of applied 
electric field. Drift velocity Vd Ґ όŜ9κƳύˍ 

¶ Mobility ό˃ύ ƻŦ ŀ ŎǳǊǊŜƴǘ ŎŀǊǊƛŜǊ ƛǎ ǘƘŜ Ǌŀǘƛƻ ƻŦ ƛǘǎ ŘǊƛŦǘ ǾŜƭƻŎƛǘȅ ǘƻ ǘƘŜ ŀǇǇƭƛŜŘ ŦƛŜƭŘ dV

E
m=  

¶ Effect of temperature on resistance: Resistance of a conductor increase with the increase of 

temperature of conductor (1 )T oR R Ta= + , ǿƘŜǊŜ ʰ ƛǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ǊŜǎƛǎǘŀƴŎŜ 

of the conductor. 

¶ Combination of resistors: 1 2 ...series nR R R R= + + ,  
1 2

1 1 1 1
...

Parallel nR R R R
= + +  

¶ Cells: E.M.F of a cell is defined as the potential difference between its terminals in an open circuit. 
Terminal potential difference of a cell is defined as the p.d between its ends in a closed circuit. 

¶ Internal resistance r of a cell is defined as the opposition offered by the cell to the flow of current.   

r = 1
E

V
-  

¶ Grouping of  cells :  

i)  In series grouping   circuit current is given by s

nE
I

R nr
=
+

, 

ii) In parallel grouping circuit current is given by p
mE

I
r mR
=
+

 where n, m are number of cells in 

series and parallel connection respectively. 

¶ YƛǊŎƘƘƻŦŦΩǎ wǳƭŜΥ 

 i) Junction Rule:-The algebraic sum of currents meeting at a point is zero. 0I =ä  

ii) Loop rule:-The algebraic sum of potential difference around a closed loop is zero V o=ä  

¶ Wheatstone bridge is an arrangement of four resistors arranged in four arms of the bridge and is 
used to determine the unknown resistance in terms of other three resistances. For balanced 

Wheatstone Bridge,
P R

Q S
=  
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¶ Slide Wire Bridge or Metre Bridge is based on Wheatstone bridge and is used to measure unknown 

resistance. If unknown resistance S is in the right gap,
100

( )
l

s R
l

-
=  

¶ Potentiometer is considered as an ideal voltmeter of infinite resistance. 

¶ Principle of potentiometer: The potential drop across any portion of the uniform wire is 
proportional to the length of that portion of the wire provided steady current is maintained in it 
i.e. Ǿ ʰ l 

¶ Potentiometer is used to (i) compare the e.m.f.s of two cells (ii) determine the internal resistance 
of a cell and (iii) measure small potential differences. 

¶ Expression for comparison of e.m.f of two cells by using potentiometer, 1 1

2 2

E l

E l
= where l1, l2 are the 

balancing lengths of potentiometer wire for e.m.fs  E1 and E2 of two cells. 

¶ Expression for the determination of internal resistance of a cell I is given by  

                    r =(l1  -l2)R/l2 
Where l1 is the balancing length of potentiometer wire corresponding to e.m.f of the   cell, l2 that of 
terminal potential difference of the cell when a resistance R is connected in series with the cell 
whose internal resistance is to be determined 

¶ Expression for determination of potential difference V= [E/(R+r)]rl/L. where  L is the length of the 
potentiometer wire, l is balancing length, r is the resistance of potentiometer wire, R is the 
resistance included in the primary circuit. 

¶  WƻǳƭŜΩǎ ƭŀǿ of heating states that the amount of heat produced in a conductor is proportional to (i) 
square of the current flowing through the conductor,(ii) resistance of the conductor and (iii) time 
for which the current is passed. 

¶ Electric power: It is defined `as the rate at which work is done in maintaining the current in electric 
circuit.  P =VI = I2R =V2/R 

¶ Electrical energy: The electrical energy consumed in a circuit is defined as the total work done in 
maintaining the current in an electrical circuit for a given time. Electrical energy = VIt = I2Rt 
=(V2/R)t = Pt 
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CONCEPT MAP 
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QUESTIONS 

I. $ÒÉÆÔ ÖÅÌÏÃÉÔÙȟ #ÕÒÒÅÎÔȟ 0ÏÔÅÎÔÉÁÌ ÄÉÆÆÅÒÅÎÃÅȟ /ÈÍȭÓ ,Á× ÁÎÄ 2ÅÓÉÓÔÁÎÃÅ  
 

1. How does the drift velocity of electrons in a metallic conductor vary with increase in 

temperature? 

    Ans. remains the same 
 

2. Two different wires X and Y of same diameter but of different materials are joined in series and 

connected across a battery. If the number density of electrons in X is twice that of Y, find the ratio 

of drift velocity of electrons in the two wires. 

     Ans: Vdx/Vdy = ny/nx = ½ 
 

3.*  ! пҠ ƴƻƴ ƛƴǎǳƭŀǘŜŘ ǿƛǊŜ ƛǎ ōŜƴǘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ōȅ мул0 and both the halves are twisted with each 

other. Find its new resistance?   

     Ans: мҠ 
 

4. Can the terminal potential difference of a cell exceed its emf? Give reason for your answer. 

    Ans:  Yes, during the charging of cell. 
 

5. Two wires of equal length one of copper and the other of manganin have the same resistance. 

Which wire is thicker? 

     Ans: Manganin. 
 

6. The V-L ƎǊŀǇƘ ŦƻǊ ŀ ŎƻƴŘǳŎǘƻǊ ƳŀƪŜǎ ŀƴƎƭŜ ˼ ǿƛǘƘ ±- axis, what is the resistance of the 

conductor?  

     Ans: R = Cot ˼      

7. It is found that 1020      electrons pass from point X towards another point    Y in 0.1s. How much is 

the current & what is its direction? 

    Ans: 160A; from Y to X 
 

8. Two square metal plates A and B are of the same thickness and material. The side of B is twice 

that of side o fA. If the resistance of A and B are denoted by RA and RB, find RA/ RB. 

    Ans: 1 
 

9*.The V-I graph of two resistors in their series combination is shown. Which one of these graphs 

shows the series combinations of the other two? Give reason for your answer. 

                                           
Ans: 1 

 3 

 3 

1 

 
1 

 3 

 3 

2 

 
1 

 3 

 3 

3 

 ̒

V 

I 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 

(2) 

(1) 

I 

V 

(1) 
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10. Plot a graph showing the variation of conductivity with the temperature in a metallic conductor. 

 

Ans:           

                                 s 

                       

                                  T 

 

11. Draw a graph to show the variation of resistance of the metallic wire as a function of its diameter 

keeping the other factor constant. 

Ans: 

                                                            R 

 

      D 

12.* A copper wire is stretched to make it 0.2% longer. What is the percentage change in its 

resistance?  

     HINT:  Mass m Ґ !ƭŘ Σ  w Ґ ˊƭκ! Ґ ˊƭ2/m = kl2 ,   dR/R x 100 = 2dl/l x 100 ,    =  0.4% 
 

13.* A uniform wire of resistance R is shaped into a regular ΨnΩ sided polygon where n is even. Find 

the equivalent resistance between (i) Opposite corners of the polygon (ii) adjacent corners of the 

polygon. 

     HINT:      (i) For resistance between C and G: RCG = R/4 

                     (ii)RAH = (R/n(n-1).R/n)/ (R/n + (n-1).R/n)   =    R(n-1)/n2 

 

14. A non-conducting ring of radius r has charge q distribute over it. What will be the equivalent 

current if it rotatŜǎ ǿƛǘƘ ŀƴ ŀƴƎǳƭŀǊ ǾŜƭƻŎƛǘȅ ˖Κ 

     !ƴǎΥ LҐ ǉκǘ Ґ ǉκнˉκ˖ Ґ ǉ˖κнˉ 
 

15.* Two cells each of emf E and internal resistances r1 and r2 are connected in series to an external 

resistance R. Can a value of R be selected such that the potential difference of the first cell is 0. 

     Ans:      I   =    2E/(R + r1 + r2)                Potential diff. for first cell V1 = E ς I r1 = 0 

                   E   =   (2E r1)/R + r1 + r2            Solving these we get, R = r1 - r2      
 

16.* A battery has an emf E and internal resistance r. A variable resistance R is connected across the 

terminals of the battery. Find the value of R such that (a) the current in the circuit is maximum (b) 

the potential difference across the terminal is maximum. 

      Ans: (a) I = E/ (r + R)        I = Imax when R =0            Imax = E/r 

           (b)V = ER/(r + R)   = E/(r/R + 1)    V = Vmax when r/R + 1= minimum, r/R = o, V= E  
 

17. A piece of silver wire Ƙŀǎ ŀ ǊŜǎƛǎǘŀƴŎŜ ƻŦ мҠΦ ²Ƙŀǘ ǿƛƭƭ ōŜ the resistance of the constantan wire 

of one third of its length and one half of its diameter if the specific resistance of the constantan 

wire is 30 times than that of the silver? 

      !ƴǎΥ плҠ 

 

 

 

 

 

 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 
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18.  Calculate the current shown by the ammeter in the circuit shown 

 
      !ƴǎΥ w Ґ нҠ ŀƴŘ L Ґ р!  
 

19.*  The plot shows the variation of current I through the cross section of a wire over a time interval 

of 10s. Find the amount of charge that flows through the wire over this time period. 

 
         Ans: Area under the I-t graph, q = 37.5C 
 

20. Find the resistance between the points (i) A and B and (ii) A and C in the following network 

 
       Ans: (i) RAB Ґ нтΦрҠ             όƛƛύ wAC Ґ олҠ 
 

21. Two wires of the same material having lengths in the ratio 1:2 and diameter 2:3 are connected in 

series with an accumulator. Compute the ratio of p.d across the two wires 

      !ƴǎΥ w Ґ ˊƭκ! Ґ пˊƭκˉŘ2          RA/RB = 9/8         VA/VB = IARA/IBRB = 9/8 
 

22.* A cell of internal resistance r is connected across a variable resistor R. Plot a graph showing the 

variation of terminal potential V with resistance R. Predict from the graph the condition under 

which V = E.  

млҠ 

рҠ 

млҠ 

млҠ млҠ 
млҠ 

+ 
- 

10V 

рҠ 
A 

      5 t(s)       10         0 

I(A) 

5 

млҠ млҠ млҠ 

A 

D 

B 

C 

млҠ млҠ млҠ 

млҠ млҠ 

(2) 

(2) 

(2) 

(2) 

(3) 
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Ans V = (E/r + R) R = (E/1+r/R)                V = E when R = O 
 

23. 4 cells of identical emf E1, internal resistance r are connected in series to a variable resistor. The 

following graph shows the variation of terminal voltage of the combination with the current output. 

(i)What is the emf of each cell used? 

(ii)For what current from the cells, does maximum power dissipation occur in the circuit? 

(iii)Calculate the internal resistance of each cell 

 
 

 

 

 

24.* An infinite ladder network of resistances is constructŜŘ ǿƛǘƘ мҠ ŀƴŘ нҠ ǊŜǎƛǎǘŀƴŎŜǎ ǎƘƻǿƴ 

!       мҠ     /     мҠ           мҠ              мҠ 

 

  

      6V        нҠ             нҠ            нҠ 

 

B                D 

A 6V battery between A and B has negligible resistance. 

(i) Find the effective resistance between A and B.    

                

 

                      
 

5.6 

4.2 

2.8 

1.4 

0 2 1 1.5 0.5 

V(Volts) 

I(Ampere) 

нҠ 

мҠ 

нҠ 

мҠ 

R 

мҠ 

D 
нҠ 

B 

Ans: 4E = 5.6          E = 1.4 V 
When I = 1A, V = 2.8/4 = 0.7V 
Internal resistance,     r= (E ς ±ύκL Ґ лΦтҠ 
The output power is maximum when internal resistance = external resistance = 4r.Imax = 4E/ (4r +4r) = 1A 

Ans : Since the circuit is infinitely 

long, its total resistance remains 

unaffected by removing one mesh 

from it. Let the effective resistance 

of the infinite network be R, the 

circuit will be 

Ans: Since the circuit is infinitely long, its total resistance remains unaffected by removing one 

mesh from it. Let the effective resistance of the infinite network be R, the circuit will be 

(3) 

(3) 

V 

R 
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25Φ ¢ƘŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ŀ ǘǳƴƎǎǘŜƴ ŦƛƭŀƳŜƴǘ ŀǘ мрлϲ/ ƛǎ мооҠΦ ²Ƙŀǘ ǿƛƭƭ ōŜ ƛǘǎ ǊŜǎƛǎǘŀƴŎŜ ŀǘ рлл0C?  The 

temperature coefficient of tungsten is 0.00450C-1 at 00C.  

       Ans: Use Rt = R0 όмҌ ʰ ǘύ                w500 Ґ нруҠ 

26. The circuit shown in the diagram contains two identical lamps P and Q. What will happen to the 

brightness of the lamps, if the resistance Rh is increased? Give reason. 

 

 
Ans: Brightness of P and Q decrease and increase respectively. 

 

))Ȣ +ÉÒÃÈÈÏÆÆȭÓ 2ÕÌÅ ÁÎÄ ÁÐÐÌÉÃÁÔÉÏÎÓ 

1. ¦ǎƛƴƎ YƛǊŎƘƘƻŦŦΩǎ ƭŀǿǎΣ ŎŀƭŎǳƭŀǘŜ L1, I2 andI3 

 

Ans: I1 = 48/31A    I2 = 18/31A      I3 = 66/31A 

 

2. In the circuit, find the ŎǳǊǊŜƴǘ ǘƘǊƻǳƎƘ ǘƘŜ пҠ ǊŜǎƛǎǘƻǊΦ 

 
 

Ans: I = 1A 

 

III. Wheatstone bridge and Potentiometer 

 

1. The emf of a cell used in the main circuit of the potentiometer should be more than the   potential 

difference to be measured. Why? 
 

2. ¢ƘŜ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ǘƘŜ ƭŜŦǘ ƎŀǇ ƻŦ ŀ ƳŜǘǊŜ ōǊƛŘƎŜ ƛǎ млҠ ŀƴŘ ǘƘŜ ōŀƭŀƴŎŜ Ǉƻƛƴǘ ƛǎ прŎƳ ŦǊƻƳ ǘƘŜ ƭŜŦǘ 

end. Calculate the value of the unknown resistance. 

           !ƴǎ { Ґ мнΦрҠ 

оҠ 
нҠ нҠ 

нҠ нҠ нҠ 
9V 

пҠ уҠ уҠ 

I1 I2 I3 

 

 

рҠ 

12V 

I1 
нҠ 

I2 

I3 

оҠ 

6V 

  

P 
Q 

Rh 

B 

(3) 

(3) 

(3) 

(3) 

(1) 

(1) 



27 
STUDY MATERIAL CLASS XII 2011-12 

 

3. How can we improve the sensitivity of a potentiometer?                                                                      (1) 
4. Why is potentiometer preferred over a voltmeter?                                                                                (1) 
5. Write the principle of working for                       (2) 

(i) a meter bridge & Wheatstone bridge.  
(ii) a potentiometer. 

6. How does the balancing point of a Wheatstone bridge get affected when                                       (2) 

i) Position of cell and Galvanometer are interchanged? 
       ii)    Position of the known and unknown resistances is interchanged? 

7. Explain with a neat circuit diagram, how will you compare emf of two cells using a potentiometer? 

8. With the help of a circuit diagram, describe the method of finding the internal resistance of the 

Primary Cell using a potentiometer.            (3) 

9. With the help of a neat circuit diagram describe the method to determine the potential difference 

across the conductor using a potentiometer.        (3) 

10. Calculate the current drawn from the battery in the given network. 

 
           Ans: I = 2A 

11. Find the value of X and current drawn from the battery of emf 6V of negligible resistance 

 
 !ƴǎΥ · Ґ сҠ ŀƴŘ L Ґ м! 

 

12. Find the value of the unknown resistance X and the current drawn by the circuit from the battery 

if no current flows through the galvanometer. Assume the resistance per unit length of the wire is 

лΦлмҠŎƳ-1. 

 
 

X нҠ 

G 

4V 

120 80 

нҠ 

пҠ 

мҠ рҠ 

нҠ 

4V 

нҠ пҠ млҠ 

оҠ X 

6V 
нΦпҠ 

(3) 

(3) 

(3) 
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Ans:  · Ґ оҠ 
 

13. In the circuit shown, AB is a resistance wire of uniform cross ς section in which a potential 

gradient of 0.01V cm-1 exists. 

(a)If the galvanometer G shows zero deflection, what is the emf E1 of the cell used? 

 (b)If the internal resistance of the driver cell increases on some account, how will it              

change the balance point in the experiment? 

 
      Ans: (a) PD VAB = 1.8 V (b) Balance pt. will shift towards B since V/l decreases. 

 

14.* In a potentiometer circuit, a battery of negligible internal resistance is set up as shown to 

develop a constant potential gradient along the wire AB. Two cells of emfs E1 and E2 are connected in 

series as shown in the combination (1) and (2). The balance points are obtained respectively at 

400cm and 240cm from the point A. Find (i) E1/ E2 and (ii) balancing length for the cell E1 only. 

 
Ans : E1  +   E2  h   пллΣ91-E2  h   нплΣ{ƻƭǾƛƴƎ             91/ E2 = 4,   E1 h   ƭ1,    (E1  +   E2)/E1   =  400/l1   l1 = 320cm 

 

15.* A potentiometer wire of length 100cm having ŀ ǊŜǎƛǎǘŀƴŎŜ ƻŦ млҠ ƛǎ ŎƻƴƴŜŎǘŜŘ ƛƴ ǎŜǊƛŜǎ ǿƛǘƘ ŀ 

resistance and cell of emf 2V of negligible internal resistance. A source emf of 10mV is balanced 

against a length of 40cm of potentiometer wire. What is the value of the external resistance? 

            E = 2V 

    A  

                           100cm  

   

 

  

 

  

 

Ans:  I = E/(R + 10) = (2/R + 10)    wŜǎƛǎǘŀƴŎŜ ƻŦ плŎƳ ǿƛǊŜ ƛǎ пҠΦ 

At J,   (2/R +10) x 4 = 10 x 10-3         w Ґ тфлҠ 

 

J 

 

180cm 

G 

A B 

E1 

E2 

G 
E1 E2 

E1 E2 

E = 10mV 

(3) 

(3) 

(3) 

R 

(3) 

G 

40cm J B 
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16.* In the potentiometer circuit shown, the balance point is at X.  State with reason where the 

balance point will be shifted when 

(i)Resistance R is increased, keeping all parameters unchanged. 

(ii)Resistance S is increased keeping R constant. 

(iii)Cell P is replaced by another cell whose emf is lower than that of that cell Q. 

                    P                      R 

 A                               X       B 

 

   Q                   S 

 

 

 

Ans: (i) As R is increased V/l will decrease hence X will shift towards B. 

         (ii)No effect.                  (iii)Balance point is not found. 
 

17.* A potentiometer wire has a length L and resistance R0. It is connected to a battery and a 

resistance combination as shown. Obtain an expression for the potential difference per unit length 

of the potentiometer ǿƛǊŜΦ ²Ƙŀǘ ƛǎ ǘƘŜ ƳŀȄƛƳǳƳ ŜƳŦ ƻŦ ŀ ΨǘŜǎǘ ŎŜƭƭΩ ŦƻǊ ǿƘƛŎƘ ƻƴŜ Ŏŀƴ ƎŜǘ ŀ ōŀƭŀƴŎŜ 

point on this potentiometer wire? What precautions should one take while connecting this test cell 

to the circuit?   

 
Ans: Total resistance of potentiometer wire R = R0 + RS/(R+S) 

Current in the circuit  

I = E/ (R0 + (RS/R+S)) 

Total potential difference across AB 

V = I R0 = E R0/ (R0 + (RS/R+S)) 

Therefore, PD per unit length is 

V/L = E R0/L (R0 + (RS/R+S)) 

Max emf of a test cell should be less than V. 

Precaution:  Positive terminal of the test cell must be connected to positive terminal of the battery. 
 

18. The variation of potential difference V with length l in case of two potentiometers X and Y as 

shown. Which one of these will you prefer for comparing emfs of two cells and why? 

 
Ans : The potentiometer Y is preferred, as it has low potential gradient (V/l)   

S 

R 

A B 

X 

Y V 

l 

G 

(3) 

(3) 

(3) 
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19. Two cells of emfs E1 and E2 (E1> E2) are connected as shown 

 

 
 A                           B                           C 

                   E1                 E2 

When a potentiometer is connected between A and B, the balancing length of the potentiometer 

wire is 300cm. On connecting the same potentiometer between A and C, the balancing length is 

100cm. Calculate the ratio of E1 and E2. 

Ans: E1 h  300, E1 ς Eн ʰ 100, E1/ E2 = 3/2 

 

IV. Electric energy and power 

 

1. ²Ƙŀǘ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ǾƻƭǘŀƎŜ ȅƻǳ Ŏŀƴ ǎŀŦŜƭȅ Ǉǳǘ ŀŎǊƻǎǎ ŀ ǊŜǎƛǎǘƻǊ ƳŀǊƪŜŘ фуҠ - 0.5W? 

2.  Which lamp has greater resistance (i) 60W and (ii) 100W when connected to the same supply? 

      Ans: R = V2κtΣ         w ʰ мκtΣ   сл ƭŀƳǇ Ƙas more resistance 

3. Nichrome and Cu wires of the same length and same diameter are connected in series in an 

electric circuit. In which wire will the heat be produced at a higher rate? Give reason. 

    Ans: P = I2w            t ʰ R Heat produced is higher in Nichrome wire. 

4.* An electric bulb rated for 500W at 100V is used in circuit having a 200V supply. Calculate the 

resistance R that must be put in series with the bulb, so that the bulb delivers 500W. 

Ans:   Resistance of bulb=V2κt Ґ нлҠΣ L Ґ р!Σ Ŧƻr the same power dissipation, current should be 5A 

ǿƘŜƴ ǘƘŜ ōǳƭō ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ нлл± ǎǳǇǇƭȅΦ ¢ƘŜ ǎŀŦŜ ǊŜǎƛǎǘŀƴŎŜ wΩ Ґ ±ΩκL Ґ плҠΦ ¢ƘŜǊŜŦƻǊŜΣ нлҠ 

resistor should be connected in series. 

5. Two bulbs are marked 220V-100W and 220V-50W. They are connected in series to 220V mains. 

Find the ratio of heat generated in them. 

Ans: H1/H2 = I2R1 /I
2R2 = R1/ R2= ½  

6.* Can a 30W, 6V bulb be connected supply of 120V? If not what will have to be done for it? 

Ans: Resistance of bulb R= V2κt Ґ осκол Ґ мΦнҠ     /ǳǊǊŜƴǘ capacity of the bulb I = P/V = 5A 

 ! ǊŜǎƛǎǘŀƴŎŜ wΩ ǘƻ ōŜ ŀŘŘŜŘ ƛƴ ǎŜǊƛŜǎ ǿƛǘƘ ǘƘŜ ōǳƭō ǘƻ ƘŀǾŜ ŎǳǊǊŜƴǘ ƻŦ р !Σ L Ґ ±Ωκw Ҍ wΩ ҐрΣ wΩ Ґ ннΦуҠ 

(1) 

(1) 

(2) 

(2) 

(3) 

(2) 
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3. MAGNETIC EFFECTS OF CURRENT AND MAGNETISM 
GIST  

 

Magnetic effects of current and Magnetism: 

1. Magnetic field: 

It is a region around a magnet or current carrying conductor in which its  magnetic influence 

can be felt by a magnetic needle. 

2. Biot-Savart Law 

dB Ґ 0˃LŘƭ{ƛƴʻκпˉǊ
2 

              ˃ 0Ґпˉ Ȅ мл
-7 Tm/A 

ώ5ƛǊŜŎǘƛƻƴ ƻŦ Ř. Ŏŀƴ ōŜ ŦƻǳƴŘ ōȅ ǳǎƛƴƎ aŀȄǿŜƭƭΩǎ wƛƎƘǘ ƘŀƴŘ ǘƘǳƳb rule.] 

3. Applications : 

(i) Magnetic field at a centre of a current carrying circular coil  .Ґ ˃0I/2a 

(ii) Magnetic field at a point on the axis of current carrying coil.  

               .Ґ ˃0Nia2/2(a2+x2)3/2N=no. of turns in the coil 

4. !ÍÐÅÒÅȭÓ ÃÉÒÃÕÉÔÁÌ ÌÁ×  

It staǘŜǎ ǘƘŀǘ ǘƘŜ ƭƛƴŜ ƛƴǘŜƎǊŀƭ ƻŦ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀǊƻǳƴŘ ŀƴȅ ŎƭƻǎŜŘ ǇŀǘƘ ƛƴ ǾŀŎǳǳƳκŀƛǊ ƛǎ ˃0 

times the total current threading the closed path. 

ʊ.Φ Dl Ґ ˃0I 

5. Applications 

i) Magnetic field due to straight infinitely long current carrying straight conductor. 

   B= ˃ 0LκнˉǊ 

ii) Magnetic field due to a straight solenoid carrying current  

.Ґ ˃0nI 

n= no. of turns per unit length 

iii) Magnetic field due to toroidal solenoid carrying current. 

                             .Ґ ˃лbLκнˉǊ 

               N= Total no. of turns. 

6. Force on a moving charge 

(i) In magnetic field  F=q(V x B) 

(ii) In magnetic and electric field CҐǉώ9Ҍό˄ Ȅ .ύϐ [ƻǊŜƴǘȊ ŦƻǊŎŜ 

 

 

7. Cyclotron 

It is a device to accelerate charged particles to higher energies 

  P     Proton  

O    Oscillator 

          D1, D2 Hollow metal Dees 

(i) Principle 

(a)  When a charged particle moves at right angle to a uniform magnetic field it describes 

circular path. 



32 
STUDY MATERIAL CLASS XII 2011-12 

(b) An ion can acquire sufficiently large energy with a low ac voltage making it to cross the same 

electric field repeatedly under a strong magnetic field. 

 

(ii) Cyclotron frequency or magnetic resonance frequency 

˄Ґǉ.κнˉƳΣ ¢ҐнˉƳκ.ǉΤǿҐvōκƳ 

(iii) Maximum velocity and maximum kinetic energy of charged particle. 

     Vm=Bqrm/m 

      Em=1/2B2q2rm
2/m 

8. Force on a current carrying conductor in uniform 

F= (Il x B) 

l=length of conductor 

Direction of force can be found out using FleƳƛƴƎΩǎ left hand rule. 

9. Force per unit length between parallel infinitely long current carrying straight conductors. 

CκƭҐ ˃0I1I2κнˉd 

(a)  If currents are in same direction the wires will attract each other. 

(b) If currents are in opposite directions they will repel each other. 

10. 1 Ampere ς One ampere is that current, which when flowing through each of the two 

parallel straight conductors of infinite length and placed in free space at a distance of 1m 

from each other, produces between them a force of 2x10-7 N/m of their length. 

11. Torque experienced by a current loop in a uniform B. 

ˍ Ґ bL.! {ƛƴʻ 

         ̱ Ґa·. 

     Where M=NIA 

12. Motion of a charge in  

(a)  Perpendicular magnetic field F=q(vxB),F=qvBSin90=qvB (circular path) 

(b) Parallel or antiparallel field  F=qvBSin0 (or) qvBSin180=0(Straight-line path) 

(c)  aŀƪƛƴƎ ŀƴ ŀƴƎƭŜ нˉǾ/ƻǎʻκʻǿ.ǉ ƳŀƎƴŜǘƛŎ field tƛǘŎƘ ƻŦ ǘƘŜ ƘŜƭƛȄҐ όǾ /ƻǎʻύ¢ 

Ǿ /ƻǎʻ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƭƛƴŜŀǊ Ƴƻǘƛƻƴ Ǿ 

v {ƛƴʻ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŎƛǊŎǳƭŀǊ Ƴƻǘƛƻƴ 

Hence trajectory is a helical path 
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13. Moving coil galvanometer  

It is a sensitive instrument used for detecting small electric Currents. 

            Principle 

            When a current carrying coil is kept in a magnetic field, it  

Experiences a torque. 

              LҐYκb.!ʰ 

             ɮҐŀƴƎǳƭŀǊ ŘŜŦƭŜŎǘƛƻƴ  

             K= Restoring torque/angular twist R 

                =Area of coil 

             /ǳǊǊŜƴǘ ǎŜƴǎƛǘƛǾƛǘȅ Ґ ʰκLҐb.!κY 

             ±ƻƭǘŀƎŜ ǎŜƴǎƛǘƛǾƛǘȅҐ ʰκ±Ґb.!κYw 

(a) Conversion of galvanometer into ammeter 

A small resistance S is connected in parallel to the galvanometer coil  

                             S=IgG/I-Ig 

                             RA=GS/G+S 

(b) Conversion of galvanometer into a voltmeter. 

A high resistance R is connected in series with the galvanometer coil. 

      R=V/Ig-G 

       Rv=G+R 

14. Representation of uniform magnetic field. 

  B 

 

15. Magnetic dipole moment of a magnetic dipole. 

                          M=m (2l) 

                          m= pole strength.     
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QUESTIONS  

 Magnetic force  

1* In a certain arrangement, a proton does not get deflected while passing through a magnetic field 

region. State the condition under which it is possible.                                                        1                                                                                                         

Ans: v is parallel or antiparallel to B 

2* ά9ƭŜŎǘǊƛŎ ŦƛŜƭŘ ƛǎ ƴƻǘ Ƨǳǎǘ ŀƴ artifactΣ ōǳǘ Ƙŀǎ ŀ ǇƘȅǎƛŎŀƭ ǊƻƭŜέΦ ²ƘȅΚ                                                    1                               

3 Why does the picture of T V screen become distorted when a magnet is brought near to the T V 

Screen?                                                                                                                                                              1 

Ans: Due to force between the magnetic field of the magnet and the moving electrons of the T V 

tube 

4* Imagine that the room in which you are seated is filled with a uniform magnetic field pointing in 

vertically downward. At the centre of the room, an electron is released with a certain speed in the 

horizontal direction. Find the nature of the expected path of the electron in the field?     1                                                                                                   

Ans: The electron will keep on revolving clockwise in a circular path. 

5 An electron beam is moving vertically upwards. If it passes through a magnetic field directed from 

South to North in a horizontal plane, in what direction will the beam be deflected?        1                                                                                                                                                                                                                                                           

Ans:-Towards geographical East in the horizontal plane 

6 What is the work done by the magnetic force on a charged particle moving perpendicular to the 

magnetic field?                                                                                                                                         1                                                                                                                     

Ans: Zero 

7* A charged particle of mass 5 mg and charge q = 2 µC has velocity v= 2i ς 3j + 4k. Find out the 

magnetic force on the charged particle and its acceleration at this instant due to the magnetic field 

B = 3j ς 2k. B and v are in Wb/sq. m and m/s respectively.   

Ans: ( )
F q

a v B
m m
= = ³=  0.8 ( -3i +2j +3k) m/s2 .                                                                         2 

8 A wire of length 0.04m carrying a current of 12 A is placed inside a solenoid, making an angle of 300 

with its axis. The field due to the solenoid is 0.25 T. Find the force on the wire.                2                                           

Ans; 0.06N 

9 A circular loop of radius 0.1 m carries a current of 1A and is placed in a uniform magnetic field of 

0.5T. The magnetic field is perpendicular to the plane of the loop. What is the force experienced by 

the loop?                                                                                                                                            2                                                    

Ans: The magnetic dipole does not experience any force in a uniform magnetic field. 

          Hence, the current carrying loop (dipole) does not experience any net force. 

10* A proton, alpha particle and deuteron are moving in circular paths with same kinetic energies in 

the same magnetic fields. Find the ratio of their radii and time periods.       

Ans: Rp: Rh  : Rd ҐмΥмΥҞн                                                                                                                           2 

        Tp: Th  : Td =1:2:2         

11 An electron moving with Kinetic Energy 25 keV moves perpendicular to a uniform magnetic field of 

0.2 mT. Calculate the time period of rotation of electron in the magnetic field.                  2                                                                                                 

Ans: T = 1.79 x 10-7 S 
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12 A charged partƛŎƭŜ ƻŦ Ƴŀǎǎ ΨƳΩ ŎƘŀǊƎŜ ΨǉΩ ƳƻǾƛƴƎ ŀǘ ŀ ǳƴƛŦƻǊƳ ǾŜƭƻŎƛǘȅ ΨǾΩ ŜƴǘŜǊǎ ŀ ǳƴƛŦƻǊƳ 

ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ Ψ.Ω ƴƻǊƳŀƭ ǘƻ ǘƘŜ ŦƛŜƭŘ ŘƛǊŜŎǘƛƻƴΦ 5ŜŘǳŎŜ ŀƴ ŜȄǇǊŜǎǎƛƻƴ ŦƻǊ YƛƴŜǘƛŎ 9ƴŜǊƎȅ ƻŦ ǘƘŜ 

particle. Why does the Kinetic Energy of the charged particle not change when moving through the 

magnetic field?                                                                                                                                                    3  

                                                               

13  An electron is revolving around the nucleus of an atom in an orbit of radius 0.53 Å. Calculate the 

equivalent magnetic moment, if the frequency of revolution of the electron is 6.8 x 10 9 MHz.                                                                                                                                                                                                   

Ans: pm = 9.6 x 10 -24 A m2                                                                                                                                  3      

  

Biot -Savart Law and its applications  

1 A current is set up in a long copper pipe. What is the magnetic field inside the pipe?                                

Ans: Zero                                                                                                                                                          1 

2 A wire placed along north south direction carries a current of 5 A from South to North. Find the 

magnetic field due to a 1 cm piece of wire at a point 200 cm North East from the piece.               2                                                                                                                                                                                                                   

Ans: 8.8 x 10 -10 T, acting vertically downwards.  

3 How will the magnetic filed intensity at the centre of a circular coil carrying current change if the 

current through the coil is doubled and the radius of the coil is halved.                                             2 

Ans: B = ˃0n x 2I / 2 x (R/2) = 4B 

4  A circular coil of 500 turns has a radius of 2 m, and carries a current of 2 A. What is the magnetic 

field at a point on the axis of the coil at a distance equal to radius of the coil from the center?   2                                                                                                              

Ans: B = 1. 11 x 10 -4 T 

5* The strength of magnetic induction at the center of a current carrying circular coil is B1 and at a 

point on its axis at a distance equal to its radius from the center is B2. Find B1/B2.                           2                                                                               

!ƴǎΥ н Ҟн 

6*  ! ŎǳǊǊŜƴǘ ƛǎ ŦƭƻǿƛƴƎ ƛƴ ŀ ŎƛǊŎǳƭŀǊ Ŏƻƛƭ ƻŦ ǊŀŘƛǳǎ ΨǊΩ ŀƴŘ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀǘ ƛǘǎ ŎŜƴǘŜǊ ƛǎ .0. At what 

distance from the center on the axis of the coil, the magnetic field will be B0/8?                            2                                                                                                                                     

!ƴǎΥ Ȅ Ґ ҞоǊ 

7* A straight wire of length , is bent into a circular shape. if the wire were to carry a current 

of 5 A, calculate the magnetic field due to it, before bending, at a point 0.01 times the radius of 

the circle formed from it. Also calculate the magnetic field at the center of the circular loop 

formed, for the same value of current.                                                                                                    3                            

Ans: B1 = 4 x 10 -4 T, B 2 = 1.256 x 10 -5 T 

  

!ÍÐÅÒÅȭÓ #ÉÒÃÕÉÔÁÌ ,Á× ÁÎÄ !ÐÐÌÉÃÁÔÉÏÎÓ 

1 ! ƭƻƴƎ ǎǘǊŀƛƎƘǘ ǎƻƭƛŘ ƳŜǘŀƭ ǿƛǊŜ ƻŦ ǊŀŘƛǳǎ ΨwΩ ŎŀǊǊƛŜǎ ŀ ŎǳǊǊŜƴǘ ΨLΩΣ ǳƴƛŦƻǊƳƭȅ Řƛǎtributed over its 

circular cross section. Find the magnetic field at a distance ΨǊΩ ŦǊƻƳ ǘƘŜ ŀȄƛǎ ƻŦ ǘƘŜ ǿƛǊŜ όŀ) inside 

and (b) outside the wire                                                                                                                                2 

Ans;   (a) µ0µrLǊκнˉw
2              (b) µ0нLκ пˉǊ 

2 A solenoid is 1m long and 3 cm in mean diameter. It has 5 layers of windings of 800 turns each 

and carries a current of 5 A. Find Magnetic Field Induction at the center of the solenoid.              2                                                                                                                 

Ans: 2.5 x 10 -2 T, parallel to the axis of the solenoid. 

  

Force between two parallel currents, torque on a current loop, moving coil Galvanometer 

1 Derive the expression for the force between two parallel long straight conductor carrying 
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current in the same direction. Hence define one ampere.                                                                     3 

2*  A rectangular loop of size 25 cm x 10 cm carrying a current of 15A is placed 2 cm 

away from a long, straight conductor carrying a current of 25 A. What is the 

direction and magnitude of the net Force acting on the loop?  

                                                                                                                           

 Ans: F =7.8175 x 10-4 N                              

 

                                                             

3* A long straight conductor PQ , carrying a current of 60 A, is fixed horizontally. Another long 

conductor XY is kept parallel to PQ at a distance of 4 mm, in air. Conductor XY is free to move 

ŀƴŘ ŎŀǊǊƛŜǎ ŀ ŎǳǊǊŜƴǘ ΨLΩ Φ /ŀƭŎǳƭŀǘŜ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ŀƴŘ ŘƛǊŜŎǘƛƻƴ ƻŦ ŎǳǊǊŜƴǘ ΨLΩ ŦƻǊ ǿƘƛŎƘ ǘƘŜ 

magnetic repulsion just balances the weight of the conductor XY.                                                     2                                                        

Ans: I = 32. 67 A, The current in XY must flow opposite to that in PQ, because only then the force 

will be repulsive. 

4 A circular coil of 200 turns, radius 5 cm carries a current of 2.5 A. It is suspended vertically in a 

uniform horizontal magnetic field of 0.25 T, with the plane of the coil making an angle of 600 

with the field lines. Calculate the magnitude of the torque that must be applied on it to prevent 

it from turning.                                                                                                                                              2                                                                         

Ans: 0.49Nm 

5 Explain with the help of a neat diagram the principle and working of a moving coil Galvanometer.    3 

6* 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?                                                                                                                          3 

Ans: Decrease by 20% 

7* A Galvanometer of resistance 3663 ohm gives full scale deflection for a certain current 

Ig.Calculate the value of the resistance of the shunt which when joined to the galvanometer coil 

will result in 1/34 of the total current passing through the galvanometer. Also find the total 

resistance of the Galvanometer and shunt.                                                                                          3 

Ans: 111 ohm, 107.7 A. 

 

 

 

MAGNETISM AND MATTER 

 Bar Magnet 

1 A short bar magnet has magnetic moment of 50 A m2. Calculate the magnetic field intensity at a 

distance of 0.2 m from its centre on (1) its axial line (2) its equitorial line.                                  2                                                                                                                                     

Ans: B1 = 1.25 x 10 -3 T , B2 = 0.625 x 10 -3 T. 

2 Calculate the torque acting on a magnet of length 20 cm and pole strength 2 x 10 -5 Am, placed 

ƛƴ ǘƘŜ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ƻŦ ŦƭǳȄ ŘŜƴǎƛǘȅ н Ȅ мл -5 T, when (a) magnet is parallel to the field (b) 

magnet is perpendicular to the field.                                                                                                   2 

Ans: (a) Zero   (b) 0.8 x 10 -10 Nm 

  

Magnetism and Gauss Law 

1 ²Ƙŀǘ ƛǎ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ  DŀǳǎǎΩs law in magnetism?                                                                     1  

Ans: Magnetic  monopoles do not exist.   

  

4ÈÅ %ÁÒÔÈȭÓ -ÁÇÎÅÔÉÓÍ 
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1 How the value of angle of dip varies on moving from equator to Poles?                                       1          

2 A compass needle in a horizontal plane is taken to geographic north / south poles. In what 

direction does the needle align?                                                                                                            1 

3 ¢ƘŜ ƘƻǊƛȊƻƴǘŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ƛǎ лΦн D ŀƴŘ ǘƻǘŀƭ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ƛǎ лΦп DΦ 

Find the angle of Dip.                                                                                                                               1 

Ans: 60. 250 

4* A long straight horizontal table carries a current of 2.5 A in the direction 100 south of west to  

10 0 north of east. The ,magnetic meridian of the place happens to be 10 0 west of the 

ƎŜƻƎǊŀǇƘƛŎ ƳŜǊƛŘƛŀƴΦ ¢ƘŜ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀǘ ǘƘŜ ƭƻcations 0.33G and the angle of dip is 

zero. Ignoring the thickness of the cable, locate the line of neutral points.                                                                                                                

Ans: r = 1.5 cm ( BH = B cos ɻ Σ .H = µ0 Lκ нˉǊύ                                                                                        2 

5 ¢ƘŜ ǾŜǊǘƛŎŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ŀǘ ŀ ǇƭŀŎŜ ƛǎ Ҟо ǘƛƳŜǎ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ 

component. What is the value of angle of dip at this place?                                                            2 

Ans: 600 

6* ! ǎƘƛǇ ƛǎ ǎŀƛƭƛƴƎ ŘǳŜ ǿŜǎǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƳŀǊƛƴŜǊΩǎ ŎƻƳǇŀǎǎΦ LŦ ǘƘŜ ŘŜŎƭƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǇƭŀŎŜ ƛǎ мр0 

east, what is the true direction of the ship?                                                                                       2    

Ans: 750 west of north.  

  

Important terms in magnetism  

1 A magnetising field of 1600 A/m produces a magnetic flux of 2.4 x 10 -5 Wb in a bar of iron of 

cross section 0.2 cm2. Calculate permeability and susceptibility of the bar.  

Ans: Permeability = 7.5 x 10-4 T A -1 m, Susceptibility =596.1                                                            2 

2 The maximum value of permeability of µ-metal is 0.126 Tm/A. Find the maximum relative 

permeability and susceptibility.                                                

Ans: 105 each.                                                                                                                                            2                                                                  

 

 

 

Magnetic properties of materials  

1 The susceptibility of magnesium at 300K is 1.2 x 105. At what temperature will the susceptibility 

be equal to 1.44 x 10-5 .                                                                                                                             1                                                                  

Ans: 250 K  

2 An iron bar magnet is heated to 10000C and then cooled in a magnetic field free space. Will it 

retain its magnetism?                                                                                                                                 1 

3 What is the net magnetic moment of an atom of a diamagnetic material?                                     1 

Ans : Zero 

4 Which materials have negative value of magnetic susceptibility?                                                      1 

Ans : Diamagnetic materials. 

5 State  two methods to destroy the magnetism of a magnet.                                                               1 

(i ) By heating the magnet (ii ) By applying magnetic field in the reverse direction. 

6 Why permanent magnets are made of steel while the core of the transformer is made of soft 

iron?                                                                                                                                                               1                    

7* An iron rod of volume 10-4 m3 and relative permeability 1000 is placed inside a long solenoid 

wound with 5 turns/cm. If a current of 0.5A is passed through the solenoid , find the magnetic 

moment of the rod.                                                                                                                                     2 

8* The susceptibility of a magntic mateial is 0.9853. Identify the type of the magnetic material.Draw 
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the modification of the field pattern on keeping a piece of this material in a uniform magnetic 

field.                                                                                                                                                               2                                                                                 

Ans : paramagnetic 

9 Two similar bars, made from two different materials P and Q are placed one by one in a non 

uniform magnetic field. It is observed that (a) the bar P tends to move from the weak to the 

strong field region. (b) the bar Q tends to move from the strong to the weak field region. What is 

the nature of the magnetic materials used for making these two bars?                                            2                                                                                                                                                                                                                              

10 The electron in the hydrogen atom is moving with a speed of 2.3 x 10 6 m/s in an orbit of radius 

0.53 Å. Calculate the magnetic moment of the revolving electron.                                                    2 

Ans: µ = evr/2 = 9.75 x 10 -24A m2  

11 Distingush between dia and ferro magnetic substance in respect of (i) Intensity of magnetisation. 

(ii) Behaviour in an non uniform magnetic field. (iii) Suscetibility.                                                      3 

12 What is the value of magnetic moment of an electron revolving in the nth orbit of the H atom? 

Also give the value of the Bohr magneton?                                                                                             2 

13 A solenoid 500 turns/ m is carrying a current of 3 A. Its core is made of iron, which has a relative 

permeability of 5000. Determine the magnitudes of magnetic intensity, magnetisation and 

magnetic field inside the core.                                                                                                                  3 

Ans: magnetic intensity = 1500 A/m, magnetisation = 7.5 x 106 A/m,B  inside the core = 9.4 T 

14* Ψ¢ƘŜ ŜƭŜŎǘǊƻƴ ǘƘŜƻǊȅ ƻŦ ƳŀƎƴŜǘƛǎƳ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ƪƛƴŘǎ ƻŦ ōŜƘŀǾƛƻǳǊ ƻŦ ƳŀƎƴŜǘƛŎ 

substancesΩ LƭƭǳǎǘǊŀǘŜ with suitable example for each.                                                                         3                                 
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4. ELECTROMAGNETIC INDUCTION AND ALTERNATING CURRENTS 

GIST 

1. The phenomenon in which electric current is generated by varying magnetic fields is called 

electromagnetic induction. 

2. Magnetic flux through a surface of area A placed in a uniform magnetic field B is defined as 

ʊB = B.A = BA/ƻǎʻ    ǿƘŜǊŜ ʻ ƛǎ ǘƘŜ ŀƴƎƭŜ ōŜǘǿŜŜƴ B and A. 

3. Magnetic flux is a scalar quantity and its SI unit is Weber (Wb).  Its dimensional formula is 

[ʊ] = ML2T-2A-1. 

4. CŀǊŀŘŀȅΩǎ ƭŀǿǎ ƻŦ ƛƴŘǳŎǘƛƻƴ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ƛƴŘǳŎŜŘ ŜΦƳΦŦ ƛƴ ŀ ŎƛǊŎǳit is 

equal to the time rate of change of magnitude flux through the circuit. 

                     Bd
e

dt

f
=-  

5. According to Lenz law, the direction of induced current or the polarity of the induced e.m.f is 

such that it tends to produce a current, which opposes the change in magnetic flux that produces it. 

ό¢ƘŜ ƴŜƎŀǘƛǾŜ ǎƛƎƴ ƛƴ CŀǊŀŘŀȅΩǎ ƭŀǿ ƛƴŘƛŎŀǘŜǎ ǘƘƛǎ ŦŀŎǘΦύ 

6. Lenz law obeys the principle of energy conservation. 

7. The induced e.m.f can be produced by changing the (i) magnitude of B (ii) area A (iii) ŀƴƎƭŜ ʻ 

between the direction of B and normal to the surface area A. 

8. When a metal rod of length l is placed normal to a uniform magnetic field B and moved with 

a velocity v perpendicular to the field, the induced e.m.f is called motional e.m.f produced across 

the ends of the rod which is given by  = Blv. 

9. Changing magnetic fields can setup current loops in nearby metal bodies (any conductor). 

Such currents are called eddy currents. They dissipate energy as heat. 

10. Inductance is the ratio of the flux linkage to current. 

11. When a current in a coil changes it induces a back e.m.f in the same coil. The self induced 

e.m.f is given by 
di

e L
dt

=- where L is the self-inductance of the coil. It is a measure of inertia of 

the coil against the change of current through it. 

12. A changing current in a coil can induce an e.m.f in a nearby coil. This relation,            

2
12

di
e M

dt
=- , shows that Mutual inductance of coil 1 with respect to coil 2 (M12) is due to change 

of current in coil 2. (M12 = M21). 
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13. The self-inductance of a long solenoid is given by L = µ0n
2Al where A is the area of cross-section   

of the solenoid, l is its length and n is the number of turns per unit length. 
14. The mutual inductance of two co-axial coils is given by M12 = M21 = µ0 n1n2Al where n1 & n2 
are the number of turns per unit length of coils 1 & 2. A is the area of cross-section and l is the 
length of the solenoids. 

15. Energy stored in an inductor in the form of magnetic field is 2

max

1

2
BU Li=  and   

        Magnetic energy density 

0

2

2B

B
U

m
=  

16. In an A.C. generator, mechanical energy is converted to electrical energy by virtue of 

electromagnetic induction.  

            * Rotation of rectangular coil in a magnetic field causes change in flux (ʊ Ґ b.!/ƻǎ˖ǘύΦ 

            * Change in flux induces e.m.f in the coil which is given by  

              E= -ŘʊκŘǘ Ґ b.!˖{ƛƴ˖ǘ                    E = E0{ƛƴ˖ǘ  

          * Current induced in the coil I = E/R = Eл{ƛƴ˖ǘ/R = I0{ƛƴ˖ǘ        

17. An alternating voltage E = E 0{ƛƴ˖ǘΣ ŀǇǇƭƛŜŘ ǘƻ ŀ ǊŜǎƛǎǘƻǊ w ŘǊƛǾŜǎ ŀ current I = I0{ƛƴ˖ǘ ƛƴ the 

resistor, I0 = E 0/R where E0 & I0 are the peak values of voltage and current. (also represented by Vm & 

Im)     

18.  The root mean square value of a.c. may be defined as that value of steady current which would 

generate the same amount of heat in a given resistance in a given time as is done by the a.c. when 

passed through the same resistance during the same time. 

             Irms = I0κҞн Ґ лΦтлтƛ0                  

                   Similarly, vrms = v0κҞ2 = 0.707v0. 

19. For an a.c. E = Em Sin ̟ ǘ ŀǇǇƭƛŜŘ ǘƻ ŀ resistor, current and voltage are in phase. 

20. In case of an a.c. circuit having pure inductance current lags behind e.m.f by a phase angle 90°.             

E = Em Sin ̟ ǘ and i = im Sin ό˖ǘ-ʃκнύ 

                 Im = Em/XL; XL Ґ ˖[ is called inductive reactance. 

21. In case of an a.c. circuit having pure capacitance, current leads e.m.f by a phase angle of 90°. 

           E = Em{ƛƴ˖ǘ ŀƴŘ LҐ Lm{ƛƴό˖ǘҌˉκнύ ǿƘŜǊŜ  

           Im = Em/XC and XC Ґ мκ˖/ is called capacitive reactance. 

22. In case of an a.c. circuit having R, L and C, the total or effective  

resistance of the circuit is called impedance (Z).  
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           Z = Em /  Im Ґ Ҟw
2+ (XC-XL)

2 

           ǘŀƴʊ Ґ
c LX X

R

-
 ǿƘŜǊŜ ˒ ƛǎ ǘƘŜ ǇƘŀǎŜ ŘƛŦŦŜǊŜƴŎŜ 

         between current and voltage. 

           E = Em{ƛƴ˖ǘΣ LҐ Lm{ƛƴό˖ǘҌʊύ  

 23. Average power loss over a complete cycle in an LCR circuit is  

          P = ErmsIrms/ƻǎʊ 

          *  Lƴ ŀ ǇǳǊŜƭȅ ǊŜǎƛǎǘƛǾŜ ŎƛǊŎǳƛǘ ʊ Ґ лΤ t Ґ ±RMSIRMS.  

          ϝ Lƴ ŀ ǇǳǊŜƭȅ ƛƴŘǳŎǘƛǾŜ ŎƛǊŎǳƛǘ ʊ Ґ ʃκнΤ t Ґ лΦ     

          * In a purely capŀŎƛǘƛǾŜ ŎƛǊŎǳƛǘ ʊ Ґ ʃκнΤ t Ґ лΦ 

24. In an LCR circuit, the circuit admits maximum current if XC = XL, so that Z = R and  resonant 

frequency 0

1 1
 and 

2
R

LC LC
w n= =

P
 

25. Q factor of series resonant circuit is defined as the ratio of voltage developed across the 

ƛƴŘǳŎǘŀƴŎŜ ƻǊ ŎŀǇŀŎƛǘŀƴŎŜ ŀǘ ǊŜǎƻƴŀƴŎŜ ǘƻ ǘƘŜ ŀǇǇƭƛŜŘ ǾƻƭǘŀƎŜ ŀŎǊƻǎǎ ΨwΩΣ 

         v Ґ ˖0[κw ƻǊ мκ ˖0CR. 

26. for a transformer, 
ps s

p p s

iE N
K

E N i
= = =  

         In an ideal transformer, EPIP = ESIS. 

             If NS>NP; ES>EP & IS<IP - step up. 

         If NP>NS; EP>ES & IP<IS ς step down. 

27. A circuit containing an inductor L and a capacitor C (initially charged) with no a.c. source and no 

resistors exhibits free oscillations of energy between the capacitor and inductor. The charge q 

satisfies the equation  

         
2

2

1
0

d q
q

LCdt
+ = 
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CONCEPT MAP 
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QUESTIONS 

 

MAGNETIC FLUX, INDUCED E.M.F,  

   

1.* Two concentric circular coils are perpendicular to each other. Coil I carries a current i. If this 
current is changed, will this induce a current in the coil II?    
                                                                                

 

 

 

 

                                                                                                                                                             [1]                                                                                       
 
 
[No- Field due to one coil is parallel to the plane of the second coil. So                                                                                                    
flux does not change.]  
 
2. A closed loop of wire is being moved with constant velocity without changing its orientation inside 
a uniform magnetic field. Will this induce a current in the loop? 
 [Ans: No there is no change in ʊB]                                                                                               [1] 

3.* A cylindrical bar magnet is kept along the axis of a circular coil and near it as shown in the fig. 
Will there be any induced current at the terminals of the coil when the magnet is rotated a) about its 
own axis b) about an axis perpendicular to the length of the magnet? 

 

                                                                                                                                               

 

 

     N                 S   

                                                        

                Fig (i)                                                                                        Fig(ii) 

                                                                                                                                     

Ans Fig. (i) No e.m.f will be induced, as these is no change in flux. 

                Fig (ii) Yes, ʊ ŎƘŀƴƎŜǎ ŎƻƴǘƛƴǳƻǳǎƭȅΦ {ƻ e.m.f is induced in the coil.                                                                                                    

4. ! ǿƛǊŜ ƛǎ ƪŜǇǘ ŀƭƻƴƎ ǘƘŜ bҦ{ ŘƛǊŜŎǘƛƻƴ ŀƴŘ ƛǎ ŀƭƭƻǿŜŘ ǘƻ Ŧŀƭƭ ŦǊŜŜƭȅΦ ²ƛƭƭ ŀƴ ŜΦƳΦŦ ōŜ ƛƴŘǳŎŜŘ ƛƴ ǘƘŜ 
wire?                                                                                                  [1]   
                                                                                                                                     
рΦ ! ǿƛǊŜ ƛǎ ƪŜǇǘ ŀƭƻƴƎ ǘƘŜ 9Ҧ² ŘƛǊŜŎǘƛƻƴ ŀƴŘ ƛǎ ŀƭƭƻǿŜŘ to fall freely. Will an e.m.f be induced in the 
wire?                                                                                                                            [1]  
(Yes)   

6. A vertical magnetic pole falls down through the plane of magnetic meridian. Will any e.m.f be 

induced between its ends?         (1) 

Ans: No, because the pole intercepts neither Bv or BH 

II 
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7. A wheel with a certain number of spokes is rotated in a pƭŀƴŜ ƴƻǊƳŀƭ ǘƻ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ field so 

that an emf is induced between the axle and rim of the wheel, keeping all other things same,   

number of spokes is changed. How is the e.m.f affected?                                (1) 

 (Hint: Number of spokes does not affect the net emf) 

8. Name the various methods of producing induced emf?      (2) 

9. Explain any two applications of eddy current.                    (2) 

10.   The magnetic flux linked with a coil passing perpendicular to the plane of the coil changes with   
ǘƛƳŜ ʊ Ґ пǘ2 + 2t + 3, ǿƘŜǊŜ άǘέ is the time in seconds.   What is magnitude of e.m.f induced at t = 1 

second?                                                                  Ans: όŜ Ґ ŘʊκŘǘ Ґ( )24 2 3
d

t t
dt

+ + ,e = 8t +2     If    t = 1s      

e= 10V) 
 11Φ ! ǿƘŜŜƭ ŦƛǘǘŜŘ ǿƛǘƘ ǎǇƻƪŜǎ ƻŦ ǊŀŘƛǳǎ ΨǊΩ ƛǎ ǊƻǘŀǘƛƴƎ ŀǘ ŀ ŦǊŜǉǳŜƴŎȅ ƻŦ ƴ ǊŜǾƻƭǳǘƛƻƴǎ   ǇŜǊ ǎŜŎƻƴŘ ƛƴ 
a plane perpendicular to magnetic field B Tesla. What is the e.m.f induced between the axle and rim 
of the wheel?                                                               [2] 
ʊ Ґ .! 

Ŝ Ґ Řό.!ύκŘǘҐ . Ř!κŘǘΣ Ř!κŘǘҐ ʃǊ2x n 

Ŝ Ґ .Φ ʃǊ2n 

12.   Two coils P and S are arranged as shown in the figure.    
 (i) What will be the direction of induced current in S when the switch is closed? 
(ii) What will be the direction of induced current in S when the switch is opened?      [2]                 

 

 

Ans: (i) anticlockwise   (ii) clockwise 

13.* A conducting circular loop is placed in a uniform magnetic field B = 0.020T with its plane 
perpendicular to the field. Somehow, the radius of the loop starts shrinking at a constant rate of 
1mm/s. Find the induced current in the loop at an instant when the radius is 2cm.                            (2)                                    
Ans. ό̅Ґ ʃǊ2.    Ř ̅κŘǘ Ґ нʃǊ. ŘǊκŘǘ               ŜҐ нр˃± 

14.  A 12V battery is connected to a 6ʍΤ 10 H coil through a switch drives a constant current in the 
circuit. The switch is suddenly opened. Assuming that it took 1ms to open the switch calculate the 
average e.m.f induced across the coil.                                                                                                         
Ans. (I initial=2A    I final= 0     e=-Ldi/dt      20000V)                      (2) 

15. A coil of mean area 500 cm2 having 1000 turns is held perpendicular to a uniform magnetic field 
of 0.4 G. The coil is turned through 180 o   in 1/10 seconds. Calculate the average induced e.m.f.                                                                  
Ans. (0.04 V)                              (2) 

16Φ ! ŎƻƴŘǳŎǘƛƴƎ ǊƻŘ ƻŦ ƭŜƴƎǘƘ ƭ ǿƛǘƘ ƻƴŜ ŜƴŘ ǇƛǾƻǘŜŘ ƛǎ ǊƻǘŀǘŜŘ ǿƛǘƘ ŀ ǳƴƛŦƻǊƳ ŀƴƎǳƭŀǊ ǎǇŜŜŘ ˖ ƛƴ ŀ 
Vertical plane normal to uniform magnetic field B. Deduce an expression for e.m.f induced in this 
rod.                                                                                                                                               

S 
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17. Two identical co-axial coils carry equal currents. What will happen to the current in each loop if 
the loops approach each other?          (2) 

                      

Ans. ό!ŎŎ ǘƻ [ŜƴȊΩǎ ƭŀǿ ŎǳǊǊŜƴǘ ƛƴ ŜŀŎƘ Ŏƻƛƭ ǿƛƭƭ ŘŜŎǊŜŀǎŜύ 

18. Obtain the direction of induced current and e.m.f when the conductor AB is moved at right 
angles to a stationary magnetic field (i) in the upward direction (ii) in the downward direction.     (2)  
(i)  B to A    (ii)  A to B) 

        

19 Draw a graph showing the variation of power delivered against speed for a conducting loop 
shown in figure. 

*   *   *   *   *  *   *                                                                         (P =  B2l2v2/r)                              (2) 

*    *   *   *   *   *   * 

*    *   *   *   *  *   *                   

20.* A fan blade of length 0.5 m rotates perpendicular to a magnetic field of 5x10 -5 T. If the e.m.f   
induced between the centre and the end of the blade is 10 -2 V Find the rate of rotation.          (3)      
  Ans. (e=B dA/dt ; dt= 1/n ; n=254.7 rev/s) 

21 .Fig shows a square loop having 100 turns an area of 2.5x10 -3  m2  ŀƴŘ ŀ ǊŜǎƛǎǘŀƴŎŜ ƻŦ мллʎ Φ ¢ƘŜ       
magnetic field has a magnitude of B= 0.4 T. Find the work done in pulling the loop out of the field       
slowly and uniformly in 1 second.                    (3)                                                              

*    *   *   *   *   *   *                       

              *   *   *    *    *    *              v 

*   *  *     *   *    *  * 

     (1x 10-6J)      

22.* Two coils have a mutual inductance of 0.005H. The current changes in the first coil according to 
the equation I= I0 Sin ˖ǘ ǿƘŜǊŜ   L0 Ґмл! ŀƴŘ ˖ҐмллҢ ǊŀŘκǎΦ Calculate the maximum value of e.m.f in 
the second coil.                                                                                                                   (3) 
 όр ˉ Ǿƻƭǘǎ) 

 

23*.A long rectangular conducting loop of width L mass  m and resistance R is placed partly above 
and partly below the dotted line with the lower edge parallel to it. With what velocity it should 
continue to fall without any acceleration?  

G 
N 

S 

A 

B 
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*  *  *  *  *  *  *  *  *                                                                                  (3) 

*  *  *  * *  *  *  *  *  

-* --* --* ----------* ---* ----      

                  

(mg = B2l2v/r ;  v=mgr/ B2l2 ) 

 

INDUCTANCE 

1. Two conducting circular loops of radii R1 and R2 are placed in the same plane with their centres 
coinciding. Find the mutual inductance between them assuming R2 << R1.                                                         
  (M=µ0 ̄ w2 

2  /2R1)                        (2) 

2. Prove that the total inductance of two coils connected in parallel is 

1 2

1 1 1

TL L L
= +                    (2) 

3. Define mutual inductance and derive its expression for mutual inductance between two solenoids                                                                                                                   
4.  How is the mutual inductance of a pair of coils affected when a) Separation between the coils is 
increased, b) the number of turns of each coil is increased, c)  a thin sheet of iron is placed between 
the two coils, other factors remaining the same. Explain your answer in each case.  (3)     
5. Two circular loops are placed with their centres at fixed distance apart. How would you orient the 
loops to have (i) maximum   (ii) minimum Mutual inductance?                                                        (3) 
 

6. A coil of wire of certain radius has 600 turns and inductance of 108mH. What will be the 
inductance of another similar coil with 500 turns?                                                                   (3) 
(75mH) 

7. Obtain the mutual inductance of a pair of coaxial circular coils kept separated by a distance as 
shown in fig:-                                                                                                                                        (3) 

   

8. Prove that for series connection of two coils LT= L1+L2+2M.                                            (3) 

Alternating Current  

RMS current and voltage      

1. Find the RMS value of A.C shown in the figure.                                                       (1) 

 

R 
r 
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2. The instantaneous value of e.m.f is given by E= 300sin 314t. What is the rms value of current? 

         Ans:- E0=300 units Erms=212.1 units                           (1) 

 

3. Why a 220 V AC is considered to be more dangerous than 220 V DC? 

Ans: peak value of AC is more than rms value which is equal to 311V.    (1) 

4.    An AC current flows through a circuit consisting of differerent elements connected in series.  
(i) Is the applied instantaneous voltages equal to the algebraic sum of instantaneous voltages 
across the series elements of the circuit?   (ii) Is it true for rms voltages?   (1) 
 Ans: (i) yes (ii) no       

5. A capacitor blocks DC. Why?        (1) 

Ans: XC=1/(нˉŦ/ ),  for D.C  f=0, therefore XcҐ h 

6. What is the phase relationship between e.m.f across L and C in a series LCR circuit connected to 
an A.C source?           (1) 
Ans:-The phase difference between VL and VC=1800             

7. What is meant by admittance of an AC circuit?       (1) 

Ans: The reciprocal of impedance is called admittance.   

8.  Two alternating currents are given by I1=I0{ƛƴ˖ǘ ŀƴŘ L2= I0Sƛƴό˖ǘҌˉκоύΦ  ²ƛƭƭ ǘƘŜ ǊƳǎ ǾŀƭǳŜ 
  of I1 & I2 be equal or different?         (2) 

Ans: The rms value will be equal.                       

9.* An alternating current is given by i=i1/ƻǎ˖ǘҌƛ2{ƛƴ ˖ǘΦ CƛƴŘ ǘƘŜ ǊƳǎ ŎǳǊǊŜƴǘ ƛƴ ǘƘŜ ŎƛǊŎǳƛǘ.  (2) 

Ans: 2 2

1 2( ) / 2i i+         

10. An alternating current having a peak value of 14A is used to heat a metal wire. What is the value 
of steady current which can produce the same heating effect as produced by AC? Why?   (2) 

Ans: irms=10A                                

 11. If a constant current of 2.8A exists in a resistor, what is the rms value of current? Why?  (2) 
Ans: 2.8A                                        

         AC Circuits 

1. What is meant by wattless current?                                             (1) 

2. Define: Q factor in LCR series circuit                               (1) 

3. Why is choke coil preferred over resistor to reduce a.c?                 (1) 

4. How do R, XL and XC get affected when the frequency of applied AC is doubled?   (2) 

Ans:    a) R remains unaffected 
            b) XLҐнˉŦ[, so doubled 
            c) XCҐмκнˉŦ/, so halved       
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5. For circuits for transporting electric power, a low power factor implies large power loss in 
transmission line. Why?          (2) 

  Ans:  
rms

rms

P
i

V Cosf
=                                                      

6. In an AC circuit there is no power consumption in an ideal inductor. Why?    (2) 
Ans:  P= Vrms Irms /ƻǎ ˉκн Ґл                          

7. An LCR series circuit is connected to an AC source. Which of its components dissipates power?  
    L or C or R? Justify your answer.         (2) 

Ans: Resistance, Power in L and C = 0                            

8. An electric lamp connected in series with a capacitor and an AC source is glowing with certain 
brightness. How does the brightness of the lamp change on reducing the capacitance? 
Ans: Brightness decreases. (As C decreases, XC increases. Hence Z increases and I decreases.) 

9.  The power factor of an AC circuit is lagging by a factor 0.5.  What does it mean?   (2) 
!ƴǎΥ /ƻǎ̅ҐлΦр, ie, ̅  Ґсл0.  This implies that the current lags behind applied voltage by a phase angle 
of 600.    
 

10.*  The peak value of an AC is 5A and its frequency is 60Hz. Find its rms value. How long will the 
current take to reach the peak value starting from zero? 
Ans: Irms= 3.5A .  Time period T=(1/60)s . The current takes one fourth of the time period to reach the 
peak value starting from zero.    t =T/4 =(1/240)s. 
 

11. The voltage and current in a series AC circuit are given by V= V0 /ƻǎ˖ǘ  &   I= I0 {ƛƴ˖ǘΦ ²Ƙŀǘ ƛǎ ǘƘŜ 
power dissipated in the circuit?          (2) 
Ans:- I=I0{ƛƴ˖ǘ  &  V=V0{ƛƴό˖ǘҌˉκнύΣ  ǎƛƴŎŜ ± ƭŜŀŘǎ ŎǳǊǊŜƴǘ by a phase angle  ˉκн, it is an inductive 
circuit .  So, P=0      

                                                                                                                   
12.  When an AC source is connected to a capacitor with a dielectric slab between its plates, will the 
rms current increase or decrease or remains constant      (2) 
Ans: The capacitance increases, decreasing the reactance Xc . Therefore the rms current increases.                  

13.  Can peak voltage across an inductor be greater than the peak voltage supplied to an LCR?  (2) 
Ans: Yes, at the time of break of a circuit, a large back e.m.f is set up across the circuit.    

15. Write any two differences between impedance and reactance.                   (2)  

16. A 100 ʍ resister is connected to 220V, 50 cycles per seconds. What is (i) peak potential 
difference (ii) average potential difference and (iii) rms current?      (3) 

Ans. Eo=311.08V,   Em =197.9V,  Iv= 2.2 A 

17. Define and derive the mean value of a.c. voltage                                 (3) 

18. Define and derive the root mean square value of a.c voltage                    (3) 

 

RESONANCE IN LCR Circuits 

1. An inductor of inductance 100mH is connected in series with a resistance, a variable capacitance 
and an AC source of frequency 2 kHz. What should be the value of the capacitance so that maximum 
current may be drawn into the circuit?         (2) 
Ans: мκ˖/Ґ˖[ Τ  /Ґмκ˖2L=63nF.                                                                                  
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2.* The electric current in a circuit is given by I=I0όǘκˍύ ŦƻǊ ǎƻƳŜ ǘƛƳŜ Φ /ŀƭŎǳƭŀǘŜ ǘƘŜ ǊƳǎ   ŎǳǊǊŜƴǘ ŦƻǊ 
ǘƘŜ ǇŜǊƛƻŘ ǘҐл ǘƻ ǘҐ ˍ.           (2) 

Ans: mean square current    

2

2 2

0

0

1 t
i i dt

t

t t

å õ
= æ ö

ç ÷
ñ   

                                             = I0
2/3            R.M.S current (Irms)=I0κҞо                              

3.* The network shown in figure is a part of a complete circuit. What is the potential difference VB-VA 
when the current I is 5A and is decreasing at the rate of 103A/s?                                    (2) 
 

 
 

  Ans: VB-VA= -IR+ E-L.dI/dt    = 15 volt.               

4.* In the circuit shown below R represents an electric bulb. If the frequency of the supply is 
doubled, how the valves of C and L should be changed so that the glow in the bulb remains 
unchanged?                                                                                                                            (2) 

 
        Hint:        XLҐнˉŦ[                   ·CҐмκнˉŦ/ 

5. Draw phasor diagram for an LCR circuit for the cases (i) the voltage across the capacitor is greater 
than that across the inductor (ii) voltage across inductor is greater than that across the capacitor.  (2)                                                                                                                            
 

6. Does current in AC circuit lag, lead or remain in phase with voltage of frequency ˎ ŀǇǇƭƛŜŘ ǘƻ ŀ 
ǎŜǊƛŜǎ [/w ŎƛǊŎǳƛǘ ǿƘŜƴ όƛύ ˎ Ґ ˎ r                              
όƛƛύ ˎ ғ ˎ r   όƛƛƛύ ˎ Ҕ ˎ rΣ ǿƘŜǊŜ ˎ r resonant frequency?         (2)                                                         

7. 11kw of electric power can be transmitted to a distant station at (i) 220V and (ii) 22kV.  Which of 
the two modes of transmission should be preferred and why?                                   (2) 
 

8. In an AC circuit V and I are given by V=100Sin100t volts and IҐ млл {ƛƴόмллǘҌˉκоύƳ! respectively. 
What is the power dissipated in the circuit?          (2) 
Ans: V0=100V        I0Ґмлл!        ̅Ґ ˉκо   tҐ±rms Irms /ƻǎ ̅Ґнрлл²                                

9.* The potential across a generator is 125V when it is suppling10A. When it supplies 30A, the 
potential is 120V. What is the resistance of the armature and induced e.m.f?         (2)                                                                                                                                    
Ans: E=127.5V                                                                                                                

10. In an LCR circuit the potential difference between terminals of inductance 60V, between 
terminals of capacitor 40V and between the terminals of resistor is 40V. Find the supply voltage.   (3) 
Ans:  In series LCR circuit voltage across capacitor and inductor are in opposite phase, so net voltage 
across the combination of L and C becomes 60-30=30V.  Total voltage across R and L = 50V                                                                                    
  

11.* The natural frequency of an LC circuit is 1,25,000 Hz. Then the capacitor C is replaced by 
another capacitor with a dielectric medium k, which decreases the frequency by 25 KHz. What is the 
value of k?                                                                               (3) 
!ƴǎΥ ˎ1ҐмκнˉҞ[/     ˎ2ҐмκнˉҞƪ[/     ƪҐό ˎ1κ ˎ 2)

2=(1.25)2=1.56. 

A B 
5mH 

мʍ 
15V 
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12. Obtain the resonant frequency and Q factor of a series LCR circuit with   L= 3H,   C= 27µF and     
R= 7.4 ʎ.  Write two different ways to improve quality factor of a series LCR circuit      (3)                                                                                       
Ans: vҐпрΣ˖0=111rad/s                                                                            

13. An A.C source of voltage V= Vm {ƛƴ˖ǘ ƛǎ ŎƻƴƴŜŎǘŜŘ ƻƴŜ-by-one to three circuit elements    
X, Y and Z. It is observed that the current flowing in them                                                                       

i. is in phase with applied voltage for X 
ii. [ŀƎǎ ŀǇǇƭƛŜŘ ǾƻƭǘŀƎŜ ƛƴ ǇƘŀǎŜ ōȅ ˉ κн ŦƻǊ ŜƭŜƳŜƴǘǎ ¸Φ 
iii. [ŜŀŘǎ ǘƘŜ ŀǇǇƭƛŜŘ ǾƻƭǘŀƎŜ ƛƴ ǇƘŀǎŜ ōȅ ˉ κн ŦƻǊ ŜƭŜƳŜƴǘ ½Φ 

     Identify the three circuit elements. 
Find the expression for a) current flowing in the circuit b) net impedance of the circuit when the 
same A.C source is connected across a series combination of the elements X, Y and Z. 
If the frequency of the applied voltage is varied, set up in the condition of frequency when the 
current amplitude in the circuit is maximum. Write the expression for current amplitude.    (5)
   
 

TRANSFORMER 

1. Why is the core of a transformer laminated?                                   (1) 

2. ²Ƙȅ ŎŀƴΩǘ ŀ ǘǊŀƴǎŦƻǊƳŜǊ ōŜ ǳǎŜŘ ǘƻ ǎǘŜǇ ǳǇ ŘŎ ǾƻƭǘŀƎŜǎΚ                    (1) 

3.* The graph below shows the variation of I with t. If it is given to the primary of a transformer, 
what is the nature of induced e.m.f in the secondary?         (2) 

               

(Hint: e has constant positive value in the first part and a constant negative value in the second part) 

4. The turn ratio of a transformer is 10. What is the e.m.f in the secondary if 2V is supplied to 
primary?                (2)      
                                                                        
5. A transformer has an efficiency of 80% It works at 4kW and 100V. If the secondary voltage 
is240V find the primary current.                                  (3) 
     (40 A )                         
6. When a voltage of 120V is given to the primary of a transformer the current in the primary is 
1.85mA. Find the voltage across the secondary when it gives a current of 150mA. The efficiency of 
the transformer is 95%                                          (3) 

(1406V) 

7. Describe briefly with the help of labeled diagram, Principle & working theory of a transformer. A 
step up transformer converts a low voltage into high voltage.  Does it violate the principle of 
conservation of energy?            (5) 

              GENERATOR 

1. If the speed of rotation of armature is increased twice how would it affect the (a) maximum 
e.m.f produced (b) frequency of the e.m.f?                                      (1) 

I 

t 
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όŜҐb.!˖ ΤŦҐ˖κнʃύ 
2. How can an ac generator be converted to a dc generator?                                                     (1) 

A coil of area 0.2m2 and 100 turns rotating at 50 revolutions per second with the axis perpendicular 
to the field. If the maximum e.m.f is 7kV determine the magnitude of magnetic field.         (2)                                        
(1.1 Tesla)        
                                                                                                       
3. A rectangular coil of N turns and area of cross section A is held in a magnetic field B= B0 {ƛƴ˖ǘ ǿƛǘƘ 
the plane of the coil normal to B Deduce an expression for the e.m.f induced in the circuit    (3) 
 
4. An ac generator consists of a coil of 50 turns and an area of 2.5m2 rotating at an angular speed of 
60 rad/s in a uniform magnetic field of B= 0.3T between two fixed pole pieces. The resistance of the 
ŎƛǊŎǳƛǘ ƛƴŎƭǳŘƛƴƎ ǘƘŀǘ ƻŦ ǘƘŜ Ŏƻƛƭ ƛǎ рллʎ      
(i) What is the maximum current drawn from the generator?          
(ii)What is the flux through the coil when current is zero?    
(iii)What is the flux when current is maximum?                (3)                 

(4.5A, 375Wb, zero)                                                           

5. Write principle, construction and working of A.C generator with labeled diagram?     (5) 
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5. ELECTRO MAGNETIC WAVES 

GIST 

 

1. Conduction current and displacement current together have the property of continuity. 

2. Conduction current & displacement current are precisely the same. 

3. Conduction current arises due to flow of electrons in the conductor.  Displacement current 
arises due to electric flux changing with time. 

4.                                    

5. aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ 

¶ DŀǳǎǎΩǎ [ŀǿ ƛƴ 9ƭŜŎǘǊƻǎǘŀǘƛŎǎ 

                     =  

¶ DŀǳǎǎΩǎ [ŀǿ ƛƴ aŀƎƴŜǘƛǎƳ 

                     =0   

¶ CŀǊŀŘŀȅΩǎ -Lenz law of electromagnetic induction. 

                          = .  

¶ !ƳǇŜǊŜΩǎ ς Maxwell law 

 =m0 I + m0 e0  

6. Electromagnetic Wave :- The wave in which there are sinusoidal variation of electric and 
magnetic field at right angles to each others as well as right angles to the direction of wave 
propagation. 

7. Velocity of EM waves in free space:   3x108 m/s 

8. The Scientists associated with the study of EM waves are Hertz,  
       Jagdish Chandra Bose & Marconi. 

9. EM wave is a transverse wave because of which it undergoes polarization effect. 

10. Electric vectors are only responsible for optical effects of EM waves. 

11. The amplitude of electric & magnetic fields are related by  

12. Oscillating or accelerating charged particle produces EM waves. 

13. Orderly arrangement of electro magnetic radiation according to its frequency or 
wavelength is electromagnetic spectrum. 

14. Hint to memorise the electromagnetic spectrum in decreasing order of its frequency. 
GŀƴŘƘƛƧƛΩǎ X-rays Used Vigorously In Medical Research 

15. EM waves also carry energy, momentum and information. 

16. Poynting vector:- The total energy flowing perpendicularly per second per unit area into 
the surface in free space is called poynting vector. 
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ELECTRO MAGNETIC SPECTRUM, ITS PRODUCTION, DETECTION AND USES IN GENERAL 

Type 
Wave length Range 

Frequency Range 
Production Detection Uses 

Radio 

 

 

 

>0.1m 

109 to 105Hz 

 

 

Rapid acceleration 

/ deceleration of 

electrons in aerials 

 

wŜŎŜƛǾŜǊΩǎ ŀŜǊƛŀƭǎ 

 

 

 

Radio, TV 

Communication 

 

 

 

Microwave 

 

0.1mm 

1011 to109 Hz 

 

 

Klystron valve or 

magnetron valve 

 

Point contact 

diodes 

 

 

Radar, TV 

communication 

 

Infrared 

 

 

 

1mm to 700nm 

1011 to1014 Hz 

 

 

 

 

Vibration of atom 

or molecules 

 

 

Thermopiles, 

Bolometer 

Infrared 

Photographic 

Film 

Green House effect, 

looking through haze, 

fog and mist, Ariel 

mapping. 

 

 

 

Light 

 

 

 

700nm to 400nm 

8x1014 Hz 

 

 

 

 

Electron in an atom 

during transition 

 

 

Eye, Photocell, 

Photographic 

Film 

 

 

Photography, 

Illuminations, Emit & 

reflect by the objects. 

 

 

Ultraviolet 

 

 

 

 

 

 

400nm to 1nm 

5x1014 to 8x1014 

 

 

 

 

 

 

Inner Shell electron 

in atom moving 

from one energy 

level to a lower 

energy level 

 

 

 

Photocell & 

photographic 

film 

 

 

 

 

Preservation of food 

items, Detection of 

invisible writing, 

finger print in forensic 

laboratory. 

Determination of 

Structure of 

molecules & atoms. 

 

 

 

X-rays 

 

 

1nm to 10-3nm 

1016 to 1021 Hz 

 

 

 

X-ray tube or inner 

shell Electrons 

 

Photographic 

film, Geiger 

tube, ionization 

chamber. 

Study of crystal 

structure & atom, 

fracture of bones. 

 

 

 

Gamma ray 

<10-3nm 

1018 to 1022 Hz 

Radioactive decay 

of the nucleus 

 

Photographic 

film, Geiger 

tube, ionization 

chamber 

Nuclear reaction & 

structure of atoms & 

Nuclei. 

To destroy cancer 

cells. 
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Concept Map 

 

 

 

   


