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CHAPTER1:  ELECTRIC  CHARGES & ELECTRIC FIELD  

SYLLABUS: - Electric charges, Conservation of charge, Coulomb's law-force between two- point charges, 

forces between multiple charges; superposition principle and continuous charge distribution. Electric field, 

electric field due to a point charge, electric field lines, electric dipole, electric field due to a dipole, torque on 

a dipole in uniform electric field. Electric flux, statement of Gauss's theorem and its applications to find field 

due to infinitely long straight wire, uniformly charged infinite plane sheet and uniformly charged thin spherical 

shell (field inside and outside). 

MIND/CONCEPT MAP:  
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GIST OF THE LESSON 

 

Electrostatic force of interaction acting between two stationary point charges is given by 

 
where q1, q2 are magnitude of point charges, r is the distance between them and Ůo is 

permittivity of free space. 

Here,  = 9 x 10 9 N-m2/C2 

The value of Ůo is  8.85 X 10-12 C2 / N-m2. 

If there is another medium between the point charges except air or vacuum, then Ůo is replaced by ŮoK or ŮoŮr or 

Ů. 

where K or Ůr is called dielectric constant or relative permittivity of the medium. 

K = Ůr = Ů / Ůo      where, Ů = permittivity of the medium. 

For air or vacuum, K = 1   For water K = 81     For metals, K = Ð 

In Medium Culombôs force becomes  

Coulomb Law implies: 

Force on q1 due to q2 = ï Force on q2 due to q1 

F12 = ï F21 

The forces due to two-point charges are parallel to the line joining point charges; such forces are called central 

forces and electrostatic forces are conservative forces. 

Electric Field: 

The space in the surrounding of any charge in which its influence can be experienced by other charges is called 

electric field. 

Electric Field Lines: 

ñAn electric field line is an imaginary line or curve drawn through a region of space so that its tangent at any 

point is in the direction of the electric field vector at that point. The relative closeness of the lines at some 

place gives an idea about the intensity of electric field at that point.ò 

Properties of Field Lines: 

(i) Two field lines can never intersect. 

(ii) Electric field lines always begin on a positive charge and end on a negative charge. 

(iii) In Charge Free region field line are continuous curves without any breaks. 

(iv) Drawing of field lines is proportional to the magnitude of charge. and do not start or stop in mid space. 

(v) Strength of electric field at a point is directly proportional to the number of field lines passing per unit area 

of an element held normal to the direction of the field. 

(vi) direction of field lines is always normal to the surface of the conductor. 

(vii) Field lines never form closed loops. 

Electric Field Intensity (E): 

The electrostatic force acting per unit positive charge on a point in electric field is called electric field intensity 

at that point. 

Electric field intensity   

Its SI unit is NC-1 or V/m and its dimension is [MLT-3 A-1]. 

It is a vector quantity and its direction is in the direction of electrostatic force acting on positive charge. 

Electric field intensity due to a point Charge: 

due to a point charge q at a distance r is given by 

Magnitude -               

Electric Dipole: 
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An electric dipole consists of two-point charges of equal magnitude and 

opposite sign separated by a very small distance. e.g., a molecule of HCL, a 

molecule of water etc. 

Electric Dipole Moment: Product of magnitude of either charge and distance between them. i.e.    p = q (2a) 

Its SI unit is ócoulomb-metreô and its dimension is . 

It is a vector quantity and its direction is from negative charge towards positive charge. 

Electric Field Intensity and Potential due to an Electric Dipole: 

(i) On Axial Line:  

Electric field intensity      

 

If r > > 2a, then       ( Short Dipole) 

Electric potential  

 

If r > > 2a, then      ( Short Dipole) 

(ii)  On Equatorial Line:  

Electric field intensity  

If r > > 2a, then    ( Short Dipole) 

Electric potential V = 0 

(iii)  At any Point along a Line Making ɗ Angle with Axis 

Electric field intensity  

Magnitude of electric field  

    

Electric potential             

 

If r > > 2a, then     ( Short Dipole) 

Torque on a Electric Dipole in Uniform Electric Field: 

Torque acting on an electric dipole placed in uniform electric field is given by 

           Ű = pEsin ɗ 

 or     Ű = p x E 

When ɗ = 90Á, then óŰmax = pE  (Maximum) 

When electric dipole is parallel to electric field, it is in stable equilibrium and when it is anti-parallel to electric 

field, it is in unstable equilibrium. (In this Case Torque = 0) 

Electric Dipole in Non-Uniform Electric Field:  

When an electric dipole is placed in a non-uniform electric field, then a resultant force as well as a torque act 

on it. 

Net force on electric dipole = (qE1 ï qE2), along the direction of greater electric field intensity. 

Therefore, electric dipole undergoes rotational as well as linear motion. 

Work done to rotate an electric dipole in Uniform electric Field: 

Work done is rotating an electric dipole in a uniform electric field from angle ɗ1 to ɗ2 is given by   

W = pE (cos ɗ1 ï cos ɗ2) = -pE(cos ɗ2 - cos ɗ1) 

If initially it is in the direction of electric field, then work done in rotating through an angle ɗ,  

  W = pE (1 ï cos ɗ). 
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Potential Energy of a Dipole: 

Potential energy of an electric dipole in a uniform electric field is given by  

U = ï pE cosɗ = - p.E 

Stable Equilibrium:  

When angle between p and E is 0 degree. 

Unstable Equiibrium:  

When angle between p and E is 1800 . 

Electric Flux (űE): 

Electric flux over an area is equal to the total number of electric field lines crossing this area. 

Electric flux through a small area element dS is given by 

dűE = E. dS 

where E= electric field intensity and dS = area vector. 

Its SI unit is Nm2C-1. 

For a curved surface, it is divided into smaller area element and flux through each element is calculated to 

find total flux i.e. 

 =  

Gaussôs Theorem: 

The electric flux over any closed surface is 1 / Ůo times the total charge enclosed by that surface, i.e., 

                      where Qin = Net Charge enclosed in the surface. 

Important points regarding Gaussôs Law: 

(i) The law is valid for a surface of any shape and size. 

(ii) Qin includes only those charges which are inside the closed surface (may be located anywhere in the 

surface) 

(iii) E in LHS is due to all the charges located inside or outside the surface. 

(iv) Any violation of Gauss law will indicate the departure from inverse square law or Coulombôs law. 

 

Note: If a charge q is placed at the centre of a cube, then total electric flux linked with the whole cube = q / 

Ůo, electric flux linked with one face of the cube = q / 6 Ůo.  

 

Electric Field Intensity due to an Infinite Line Charge: 

        
( Direction ïRadially outwards for q > 0 and inwards or q<0) 

where ɚ is linear charge density and r is distance from the 

 line charge. 

Electric Field Near an Infinite Plane Sheet of Charge: 

E = ů / 2 Ůo 

where ů = surface charge density. 

If infinite plane sheet has uniform thickness, then 

E = ů / Ůo 

 

Electric Field Intensity due to an Uniformly Charges 

Spherical Shell/ Conducting Sphere ( of radius R): 

(i) At a point lying outside the shell  ( r > R)  

(ii) At a point on the Surface of the shell  ( r =R)       

(iii) At a point inside the shell:     E  = 0 
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MULTIPLE CHOICE QUESTIONS:  

1. When the distance between the charged particles is halved, the force between them becomes  

 (a) One-fourth         (b) Half           (c) Double    (d) Four times 

2. Two charged spheres separated at a distance d exert a force Ὂon each other. If they are immersed in a liquid 

of dielectric constant 2, then what is the force (if all conditions are same) 

  (a)          (b) Ὂ         (c) ςὊ           (d) τὊ 

3. A hollow insulated conducting sphere is given a positive charge of ρπ‘ὅ. What will be the electric field at 

the centre of the sphere if its radius is 2 meters  

 (a) Zero         (b) υ‘ὅά          (c) ςπ‘ὅά                (d) ψ‘ὅά  

4. An electric dipole consisting of two opposite charges of ς ρπ ὅ each separated by a distance of σὧά is 

placed in an electric field of ς ρπ N/C. The maximum torque on the dipole will be 

    (a) ρςρπ ὔά  (b) ρςρπ ὔά          (c) ςτρπ ὔά     (d) ςτρπ ὔά 
5. The electric field due to a dipole at a distanceὶ on its axis is 

         (a) Directly proportional to ὶ           (b) Inversely proportional to ὶ   
         (c) Directly proportional to ὶ            (d) Inversely proportional to ὶ 

6. If Ὁ be the electric field strength of a short dipole at a point on its axial line and Ὁ that on the equatorial 

line at the same distance, then   

 (a) Ὁ ςὉ        (b) Ὁ ςὉ             (c) Ὁ Ὁ    (d) None of the above 

7. A charge q is located at the centre of a cube. The electric flux through any face is  

(a)                (b) 
                 

(c)        (d)  

8.   The position of the point where net electric field will be zero - 
 
4Q ïQ 

a  
     (a) (1+ a) m from 4Q                         (b) a m from ï Q      

     (c) 1m from 4Q                                                             (d) Neutral point not posible 

 

 

HINTS AND SOLUTIONS:  

1. Answers: (d)   Sol. Ὂᶿ ; so when r is halved the force becomes four times.  

2.  (a)    Sol. Ὂᶿ  i.e. ὑ 

3. (a)   Sol. The intensity of electric field inside a hollow conducting sphere is zero. 

4. (b)   Sol. Maximum torque = pE = 2 ³ 10ï6 ³ 3 ³ 10ï2 ³ 2 ³ 105 = 12 ³ 10ï3 N-m. 

5. (b)   Sol. Ὁ Ȣ  

6. (b)  Sol. We have Ὁ  and Ὁ Ƞ  \Ὁ ςὉ 

7. (a)  Sol. •  

8.  (b) 

ASSERTION AND REASON QUESTIONS 

In the following questions, two statements are given ïone labelled Assertion (A) and other labeled Reason 

(R).  

Select the correct answer to these questions from the options as given below. 

A. If both Assertion and Reason are true and Reason is the correct explanation of Assertion. 

B. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 

C. If Assertion is true but Reason is false. 

D. If both Assertion and Reason are false. 

1. ASSERTION : When charged balloon is put against on insulating wall, it get stick to the wall. 

    REASON :Wall acquire a net negative charge & thus attract balloon. 
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2. ASSERTION (A): In a non-uniform electric field, a dipole may have translatory as well as  

                                  rotational motion.  

    REASON (R): In a non-uniform electric field, a dipole experiences a force as well as torque. 

3.ASSERTION (A): Gauss law is applicable only for symmetric charge distribution. 

  REASON (R): In gauss law, electric field is due to only those charges which are present inside the closed 

surface. 

4. ASSERTION: A point charge q0 is kept outside a solid metallic sphere, the electric field  

                             inside the sphere is zero.  

    REASON : Induced charge does not contribute to electric field or potential at a given point.  

5. ASSERTION (A): No torque acts on an electric dipole when its dipole moment is in a  

                                    direction opposite to the electric field. 

    REASON (R): An electric dipole is in stable equilibrium when placed in a uniform electric field with its 

dipole moment opposite to the field. 

6.  ASSERTION (A):  Charge cannot exist without mass. 

     REASON: The particles such as photon or neutrino which have no (rest) mass are uncharged. 

7. ASSERTION (A) : An electron has a negative charge. 

    REASON (R)  : Electrons move away from a region of lower potential to a region of   

                                higher potential. 

8. ASSERTION (A) : If a point charge q is placed in front of an infinite grounded  

                                    conducting plane surface, the point charge will experience a force. 

    REASON (R): This force is due to the induced charge on the conducting surface which is  

                              at zero potential. 

HINTS AND SOLUTIONS:  

1. C 2. A 3. D 4. C 5. C 

6. B 7. B 8. A     

 

VERY SHORT ANSWER TYPE QUESTIONS 

1. If a dipole is kept in uniform electric field E, diagrammatically represent the position of the dipole in stable 

and unstable equilibrium and write the expression for the torque acting on the dipole in both the cases. 

Solution: - Stable Equilibrium : 

 The dipole is aligned parallel to the electric field (angle ɗ = 0Á). 

Torque: Ű = 0 (The torque is zero because the forces on the positive and negative charges are equal and 

opposite, and they act along the same line, thus causing no rotation).  

Unstable Equilibrium:  

The dipole is aligned anti-parallel to the electric field (angle ɗ = 180Á). 

Torque: 

Ű = 0 (The torque is zero because the forces on the positive and negative charges are equal and opposite, and 

they act along the same line, thus causing no rotation).  

                               
2. A spherical balloon carries a charge that is uniformly distributed over its surface. As the balloon is blown 

up and increases in size, how does the electric flux come out of the surface change? Give reason. 
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Solution:- The electric flux coming out of the balloon's surface remains unchanged as the balloon is blown 

up and increases in size. This is because the electric flux is directly proportional to the enclosed charge, and 

the total charge on the balloon's surface remains constant.  

 

3. An electric dipole of length 10 cm having charges ± 6 x 10-3, placed at 30ę with respect to a uniform electric 

field, experiences a torque of 6ã3  Nm. Calculate the magnitude of the electric field.  

   Solution: so, dipole moment of dipole, P = qd = 6 × 10-3 C × (10cm) 

                                                               = 6 × 10-3 C × (10/100) m = 6 × 10-3 C.m 

     and angle between dipole , P and external electric field , E is ,  = 30° 

     we know, torque = P.E sinɗ =  6ã3 = 6 Ĭ 10-4 Ĭ E Ĭ sin30Á =  ã3 Ĭ 10  = E Ĭ (1/2) 

                                                                               or, E = 2ã3 Ĭ 10  N/C 

4. (a) Define electric flux. Write its SI unit. Is it a scalar or vector? 

Solution: Electric flux: It is the number of electric field lines passing through a surface normally which is 

give as  

   S.I unit of flux = Nm2 Cī1 .It is a Scalar quantity. 

 5. Find ratio of electric flux through the surface S1 and S2 as shown in figure 

 

Answer:    and   and  

6. Two small balls, each with a charge Q, hang from the same point by insulating 

strings of length L from a fixed support. Consider the setup in a region of zero 

gravity and in equilibrium. 

    (a) What will  be the angle between the two strings? 

    (b) What will  be the tension in each of the strings? 

Solution ï (a) The angle between the two strings will  be 180o. 

                  (b) Tension in each string will be equal to the electrostatic force of repulsion         

                                 between the two charged balls. Ὂ   

7. A thundercloud carries a charge of +50 C at a height of 4000 m and a charge of 50 C at a  

    height of 2000 m from the ground. An airplane crosses through the charged thundercloud     

    at  a height of 3000 m from the ground. Find the magnitude and the direction of the electric  

    field  acting on the airplane as its crosses through the charged up thundercloud. 

Solution: Electric field due to +50 C above the airplane: ω ὼρπ  

                                                                                            = 4.5 x 105 N/C, acting downwards. 

Electric field due to 50 C above the airplane:   ω ὼρπ  

                                                                                          = 4.5 x 105 N/C, acting downward 

So, the total electric field acting on the airplane = 4.5 x 105 N/C + 4.5 x 105 N/C 

                                                                                        = 9 x 105 N/C, acting downwards. 

8. Two charged conducting spheres of radii a and b are connected to each other by a wire. Find the ratio of the 

electric fields at their surfaces. 

Solution - The electric potential V at the surface of a sphere is given by:  V = KQ/r 

                          When connected by a wire, the spheres reach the same potential.   

                                               i.e. V1 = V 2   or  kQ1/a = kQ2/b  

                                                      or Q1/Q2  = a/b 

         Now ratio of electric field     or  
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SHORT ANSWER TYPE QUESTIONS  

1.  Define electric dipole moment. Is it a scalar or vector ? Derive the expression for 

the electric  field of a dipole on the equatorial plane of the dipole. 

Solution: Electric dipole moment is defined as the product of any one of the charges 

and the length of the electric dipole.   p = q (2a)    

q = One of the charges and  2a = Length of the electric dipole. 

Its direction is from negative charge to positive charge. Its SI unit is coulomb metre. 

Electric field of a dipole on the equatorial plane of the dipole: 

The magnitudes of the electric fields at point  óPô  due to the  

two charges +q and ïq are given by 

              
 which are equal in magnitude. 

The directions of E+q and Eïq are as shown in Fig.  

Clearly, the components normal to the dipole axis cancel away.  

The components along the dipole axis add up.  

The total electric field is opposite to dipole moment p.  

Net electric field at point P is  

      

     =   

Or E = 2 x  x    

Or E  =          ( Direction ï Opposite to direction of p) 

At large distances (r >> a) (or for short dipole), this reduces to 

 

E = In vector form E =  

 

2. Using Gaussôs law deduce the expression for the electric field due to a uniformly charged spherical 

conducting shell of radius R at a point (i) outside and (ii) inside the shell. 

Plot a graph showing variation of electric field as a function of r > R and r < R ( r being the distance from the 

centre of the shell  

 Solution : Let  be the uniform surface charge density of a thin spherical shell of radius R . The situation has 

spherical symmetry. The field at any point P, outside or inside, can depend only on r (the radial distance from 

the centre of the shell to the point) and must be radial (i.e., along the radius vector). 

(i) Field outside the shell:  

Consider a point P outside the shell with radius vector r.  

To calculate E at P, we take the Gaussian surface to be a sphere  

of radius r and with centre O, passing through P. 

 All points on this sphere are equivalent relative to the given  

charged configuration. (That is what we mean by spherical  

symmetry.) The electric field at each point of the Gaussian surface, 

therefore, 

 has the same magnitude E and is along the radius vector at each point.  

Thus, E and dS at every point are parallel and the flux through 

 each element is E dS.  

Summing over all dS, the flux through the Gaussian surface is E Ĭ 4ˊr2 .  
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The charge enclosed is . 

 By Gaussôs law        

Or   E Ĭ 4ˊr2  =  

Or         where  is surface charge density. 

The electric field is directed outward if q > 0 and inward if q < 0. This, however, is exactly the field produced 

by a charge q placed at the centre O. Thus for points outside the shell, the field due to a uniformly charged 

shell is as if the entire charge of the  

shell is concentrated at its centre. 

(ii) Field inside the shell: In this case the Gaussian surface is  

 again a sphere through P centred at O. 

The flux through the Gaussian surface, calculated as before,  is E Ĭ 4ˊr2. 

However, in this case, the Gaussian surface encloses no charge. 

Gaussôs law then gives E Ĭ 4ˊr2 = 0 i.e.,    E = 0 (r < R)  

that is, the field due to a uniformly charged thin shell is zero at all points 

inside the shell 

 

3. State Gaussôs law in electrostatic. Use this law to derive an expression 

for the electric field due to a uniformly charged infinite plane sheet having uniform charge density +ů. Obtain 

the expression for the amount of work done in bringing a point charge q from infinity to a point, distance r, in 

front of the charge sheet. 

Solution:  Gaussôs Law: 

Electric flux of electric field through a close surface held in vacuum is 1 upon Ů0 times  total charge enclosed 

by the surface. 

i.e.   

Direction of E:-  Let ů be the uniform surface charge density of an infinite plane sheet . We take the x-axis 

normal to the given plane. By symmetry, the electric field will not depend on y and z coordinates and its 

direction at every point must be parallel to the x-direction. 

Magnitude of E: We  take the Gaussian surface to be a cylindrical surface  

of cross-sectional area A, as shown.  

(A rectangular parallelepiped will also do.) As seen from  

the figure,  

only the two faces 1 and 2 will contribute to the flux; 

 electric field lines are parallel to the other faces and they,  

therefore, do not contribute to the total flux. 

The unit vector normal to surface 1 is in ïx direction while the unit 

vector normal to surface 2 is in the +x direction.  Therefore, flux E.æS 

through both the surfaces are equal and  add up. Therefore the net flux 

through the Gaussian surface is 2 EA. The charge enclosed by the closed 

surface is ůA.  

Therefore by Gaussôs law, 

                             2 EA = ůA/Ů0      

                              or, E = ů/2Ů0 

Vectorically, E = ů/2Ů0 n where n is a unit vector normal to the plane and going away from it. 

Work Done:  
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4. Show that an electric dipole held in uniform electric field will not undergo any translator motion. Hence 

derive an expression for the torque experienced by the dipole. 

Solution:  

Let us consider an electric dipoleof dipole moment  

p = q(2a) 

 Where, p = Electric dipole moment ,  

q = One of the charges and 

  2a = Length of the electric dipole. 

It makes an angle ɗ with the direction of electric field as shown. 

Net force on the dipole  = qE ï qE = 0 

Hence dipole will not undergo translator motion. 

Due to different line of action of force , it experiences a torques  

which is given by 

Ű = magnitude of either force Ĭ Perpendicular distance between the two forces 

    = q E (2a sin ɗ)   

     or Ű = p E sin ɗ     or Ű = p x E  

 

5. The figure below shows an arrangement of four charges along with some electric field lines drawn between 

the charges. 

 
(a) Identify three things that are incorrect in this figure. 

(b) Draw a correct diagram representing the electric field lines for this system of charges.. 

Solution:  

(a)  Electric field lines cross each other as shown at point P. 

     Number of field lines that end on the negative charges is  

    not proportional to their charges.The field lines drawn between 

   +4q and ïq are shown as parallel and equidistant. 

 (b) The correct representation: (shown in fig) 

 

6. A small ball of mass 2 x 1016 kg carrying a charge q =  2 ɛC is fired from the positive 

conducting plate towards the negative conducting plate with a speed of 3 x 106 m/s. ( 

figure)                                                 

Will the ball strike the negative plate? Give mathematical working for the answer. 

Solution : The Ball hits the negative plate if KE of the ball is greater  

                    then Work done against the field .                       

                     Now KE of the Ball  E = mv2/2 = 9 x 10 4 J 

           &   work to be done against the electric field is     W = U = qV = 2 x 106 x 50 = 10 4 J 

          Since the KE of the ball > Energy required to move through the field between the plates of conducting 

sheets, the ball will strike the negative plate. 

 

SOURCE BASED QUESTION: 

1. Read the following passage carefully and answer the questions that follow after paragraph- 

 

Two small metal blocks (X and Y) of the same mass m are placed on an insulated frictionless surface such 

that both of them are at the same distance from the edge of the surface as shown in the image below. The 

charge on block X is +100 Q and that on Y is +50 Q. The two blocks are held in position by an external force. 
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(i)  The external force is require to held them in position since  

(a) Both will attract each other with equal magnitude of electrostatic force. 

(b) Both will repel each other with equal magnitude of electrostatic force. 

(c)X will repel Y with greater magnitude of electrostatic force. 

(d) Y will repel X with greater magnitude of electrostatic force. 

(ii)  If the external force holding the blocks in their respective positions is removed, then which of the 

following will happen? 

(a) Block X will  reach the edge first. 

 (b) Block Y will reach the edge first. 

 (c) Both the blocks will  reach the edge at the same time. 

 (d)  The blocks will  NOT move from their positions. 

(iii) . If block Y is replaced with another block Z with the same charge but mass 2m, which of the  

following will  happen when the external force holding the blocks in their respective positions is removed? 

(a) Block X will  reach the edge first. 

(b) Block Z will reach the edge first. 

(c) Both blocks will  reach the edge at the same time. 

(d) The blocks will  NOT move from their positions. 

(iv) . The two blocks X and Y are momentarily brought in contact and placed again in the same initial position 

as shown in the image. 

Which block will reach the edge first, once the external force holding them in their positions is removed? 

(a) Block X will  reach the edge first. 

(b) Block Y will reach the edge first. 

(c)Both blocks will  reach the edge at the same time. 

(d) The blocks will  NOT move from their positions. 

(v) If nature of charge on Y is altered and they are released, what will be the velocity of their  

     centre of mass ? 

    (a) 10 m/s towards right     (b) 10 m/s towards left     (c) zero    (d) none of these  

 

Ans ï (i) (b)            (ii) (c)                        (iii) (a)                          (iv) (c)                    (v) (c)  

     

2. Read the following passage carefully and answer the questions that follow after paragraph- 

A field line is a graphical visual aid for visualizing vector fields. It consists of an imaginary integral 

curve which is tangent to the field vector at each point along its length. A diagram showing a representative 

set of neighbouring field lines is a common way of depicting a vector field in scientific and mathematical 

literature; this is called a field line diagram. They are used to show electric fields, magnetic fields, 

and gravitational fields among many other types.  

(i) Study the given electric field representation and identify one INCORRECT  qualitative impression given 

by this representation. 

https://en.wikipedia.org/wiki/Scientific_visualization
https://en.wikipedia.org/wiki/Vector_field
https://en.wikipedia.org/wiki/Integral_curve
https://en.wikipedia.org/wiki/Integral_curve
https://en.wikipedia.org/wiki/Tangent
https://en.wikipedia.org/wiki/Euclidean_vector
https://en.wikipedia.org/wiki/Electric_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Gravitational_field


  

KVS ZIET MYSURU PHYSICS XII 2025-26 12 

 

 

                                
   

   (a) The electric field at point A is stronger than at point B.  

   (b)The electric field distribution is two-dimensional.  

   (c)The electric field at point C is zero.  

  (d)The electric field always points away from a positive charge. 

(ii) A metallic solid sphere is placed in a uniform electric field. The 

electric field lines follow the    path(s) shown in the figure. Which among 

the four correctly describes electric field line-  

 

(a) 1       (b) 2         (c) 3             (d) 4 

(iii) Which of the following is not the property of electric field lines 

    (a) Electric field line form closed loop. 

    (b) Electric field line emerges from positive charge. 

    (c) Electric field line can not have sudden breaks in charge free Region. 

   (d) No two Electric field lines can intersect each other. 

(iv) Electric field lines about negative point charge are  

     (a) Circular, anticlockwise                        (b) Circular, clockwise    

     (c) Radial, inward                                    (d) Radial, outward 

Answer: (i) (B)The electric field distribution is two-dimensional.        

    (ii) (d) 4    

    (iii) (a)Electric field line form closed loop.  

    (iv) (c) Radial, inward 

3. Read the following passage carefully and answer the questions that follow after paragraph- 

Gauss Theorem: Electric flux of electric field through a close surface held in vacuum is one    

                                  upon Ů0 times  total charge enclosed by the surface. 

                                                    i.e.   

 where qin included only those charges which are located inside the closed surface. Gauss theorem can be 

conveniently applied to find electric field due to the given charge distribution by assuming any closed surface 

imagined around the charge distribution called Gaussian Surface. The law is applicable for a Gaussian Surface 

of any shape and Size.  

 

( i) Two charges of magnitude -2Q and +Q are located at points (a, 0) and (4a, 0) respectively. What is the 

electric flux due to these charges through a sphere of radius '3a' with its Centre at origin? 

(a)    Q/ⱦ0                       (b) -2Q/ⱦ0                        (c) 3Q/ⱦ0                            (d) -3Q/ⱦ0   

(ii) A charge q is placed at the Centre of a cube of side l. What is the electric flux passing through each face 

to the cube? 

    (a)    q/5ⱦ0                       (b) q/9ⱦ0                        (c) q/6ⱦ0                            (d) q/ⱦ0   

(iii)    Chares outside the Closed surface does not contribute in electric flux through the surface since due to 

outside charges  
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(a)    number of filed lines are countless                        

(b) no field lines can get through the surface 

(c) number of field lines entering the surface is equal to number of field lines leaving the surface.                            

(d) no field lines are emitted.  

 (iv)  SI unit of electric flux is 

     (a)  N2mC                          (b) V m                 (c) Nm2C-1                       (d)  both (b) and (c)  

 

Answer: (i) (B) -2Q/ⱦ0          (ii)  (C) q/6ⱦ0               (iii) (C)                (iv) (D)  both (b) and (c) 

 

LONG ANSWER TYPE QUESTIONS: 

1. A spherical Gaussian surface encloses a positive charge q. Find net electric flux through the surface.  Explain 

with a reason what happens to the net electric flux through the Gaussian surface if: 

(a) the charge is tripled. 

(b) the volume of the sphere is tripled. 

(c)the shape of the Gaussian surface is changed into a cuboid. 

(d) the charge is moved into another location inside the Gaussian surface 

Solution:   electric flux through the surface is    

(a) The net flux is also tripled because as per Gauss law the net flux is proportional to the net charge 

enclosed. 

(b) Regardless of the volume of the enclosed surface, if  the net charge enclosed is the same, the net flux 

remains the same as per Gauss law. 

(c)No change in the net flux as it doesnôt depend upon the shape of the closed   surface. 

(d) As long as the new location of the charge remains inside the Gaussian surface, there is no change in net flux. 

 

2. (a) Given is a line of charge of uniform linear density. A charge +q is distributed 

uniformly between y = 0 and y = a and charge ïq is distributed uniformly between 

y = 0 and y = -a. 

 

Explain how the direction of the resultant electric field at point P can be obtained. 

Represent using a vector diagram. 

(b) Two point charges 4Q, Q are separated by 1 m in air. At what point on the line 

joining the charges is the electric field intensity zero? 

Solution  

(a) The x-components of E1 and E2, due to two equidistant points on either  

side of O, cancel each other. The resultant electric field is due to the  

superposition of the y-components of E1 and E2. 

The direction of the net electric field is along the negative y-axis. This is true for 

all pairs of equidistant points on either side of O.  

(b) Let the point be at a distance x from 4Q charge. 

Electric field at P due to 4Q = Electric field at P due to Q 

    

    
Therefore x = 2/3 m or 2m.  

Since 2m is not possible so answer is 2/3 metre from charge 4Q. 

 

3. (a) State Gaussôs law in electrostatic. Use this law to derive an expression for the electric field due to an 

infinitely long straight uniformly charged wire  having linear charge density ɚ C/m. 
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 (b) Obtain the expression for the amount of work done in bringing a point charge q from infinity to a point, 

distance r, in front of the line charge. 

(c) An infinite line charge produces a field of 9 × 104 N/C at a distance of 2 cm. Calculate the linear charge 

density. 

Solution:  

(a) Gaussôs Law: 

Electric flux of electric field through a close surface held in vacuum is 1 upon Ů0 times  total charge enclosed 

by the surface. 

i.e.     

Electric field due to an infinitely long straight uniformly charged wire: 

For a wire of infinite length, the electric field is everywhere radial in the plane  

cutting the wire normally, and its magnitude depends only on the radial distance r. 

To calculate the field, we imagine a cylindrical Gaussian surface, as shown in the.  

Since the field is everywhere radial, Electric flux through the two ends of the 

cylindrical Gaussian surface is zero. At the cylindrical part of the surface, E is 

normal to the surface at every point, and its magnitude is constant, since it depends 

only on r. The surface area of the curved part is 2ˊrl, where l is the length of the 

cylinder. 

Using Gauss Law on surface S ,      

 

 

In Vector form       

Where n is the radial unit vector in the plane normal to the wire passing through the point.  

E is directed outward if ɚ is positive and inward if ɚ is negative. 

(b)  W =   =  

(c) Using  

   or ɚ =  

Substituting the values we get  ɚ = =  N/C 

 

4. (a) Figure shows tracks of three charged particles in a uniform electrostatic field. Give the sign of these 

charges. 

 
Solution :  (a) Charge 1 -  negative charge, charge 2 ï negative charge , charge 3  -  positive   

                        charge. 
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CHAPTERï2: ELECTROSTATIC POTENTIAL AND CAPACITANCE  

Syllabus:- Electric potential, potential difference, electric potential due to a point charge, a dipole and system 

of charges; equipotential surfaces, electrical potential energy of a system of two-point charges and of electric 

dipole in an electrostatic field.  

Conductors and insulators, free charges and bound charges inside a conductor. Dielectrics and electric 

polarization, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance of a 

parallel plate capacitor with and without dielectric medium between the plates, energy stored in a capacitor 

(no derivation, formulae only) 

MIND MAP  
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GIST OF THE CHAPTER                                       

The concept of electric potential and capacitor used in daily life as 

1. Power Distribution : Electric potential, or voltage, is 

what drives current flow in electrical circuits, ensuring 

that power is delivered to devices. 

2. Electronic Devices: Electric potential is used to 

control the movement of charges, as seen in TV screens, 

electron microscopes, and other devices. 

3. Lightning Rods: Lightning rods are designed to facilitate the transfer of charge, preventing damage 

during lightning strikes 

4. High-Voltage Transmission Lines: Smooth surfaces are used on high-voltage transmission lines to 

prevent charge leakage 

5. Household Appliances: In refrigerators, air conditioners, and other appliances, capacitors help start 

motors efficiently and reduce power consumption. 

6. Audio Equipment: Capacitors are crucial in audio equipment for filtering out unwanted noise and 

stabilizing signals, ensuring clear and reliable sound.  

7. Camera Flashes: Capacitors store energy to provide a burst of power for camera flashes, allowing them 

to capture images in low-light conditions.  

8. Automotive Systems: In hybrid and electric vehicles, capacitors are used for energy recuperation systems. 

9. Medical Devices: Capacitors are used in medical devices like defibrillators to deliver a burst of energy to 

restore a normal heartbeat. 

 

Electrostatic potential (V ) 

Electrostatic potential (V ) at any point in a region with electrostatic field is the work done in bringing a unit 

positive charge (without acceleration) from infinity to that point. 

   V = - ᷿ὉȢᴆ Ὠὶᴆ 

https://ophysics.com/em4.html 

1. Electric potential due to point charge V =   

2. A system of charges q1, q2,é, qn with position vectors r1, r2,é,rn relative to some origin 

The potential V at any point P due to the total charge configuration is the algebraic sum of the potentials due 

to the individual charges 

 V = V1 + V2 + V3 + ------------- + Vn 

 V =  Ễȣȣ    

3. Electric potential due to Electric dipole  

(i) At any point 

 V = 
Ϛ

 
 

  or  V = 
Ϛ

 
ȢᴆǶ 
 

(ii) At a point on the dipole axis (ɗ = 0, ˊ ) 

 V =     or V= -   

(iii) Potential in the  equatorial plane (ɗ = ) 

 V= 0 

4. Electric potential uniformly charged spherical shell 

(i) At a point outside the shell (r > R) 

  V =   

(ii) At a point on the surface of shell (r = R)  

https://ophysics.com/em4.html
https://ophysics.com/em4.html
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  V =   

(iii) At a point inside the shell (r < R) 

  V =   

Electric Potential Difference (ȹV) 

It is the work done against electric field in moving a unit positive charge from one point to other. That is 

  V2 ï V1 = - ᷿ὉȢᴆ Ὠὶᴆ 

If W12 is work done in moving a charge q from one point to another point then   

  V2 ï V1 =             W12 = q(V2 ï V1 ) 

EQUIPOTENTIAL SURFACES  

1. The electric potential is the same at all locations on the surface.  

2. The electric field lines are always perpendicular to the equipotential surface. 

3. Two equipotential surfaces cannot intersect. 

4. No work is required to move a charge along an equipotential surface because the potential difference is 

zero along the surface. 

5. No work is required to move a charge along an equipotential surface because the potential difference is 

zero along the surface. 

6. Shape of equipotential surfaces 

      

   

 

 

 Point charge     

 a dipole   

 

 

 

 

 

Two identical positive charges

         Uniform electric field 

Relation between field and potential 

 E = -  

(i) Electric field is in the direction in which the potential decreases steepest. 

(ii) Its magnitude is given by the change in the magnitude of potential per unit displacement normal to the 

equipotential surface at the point.  

Electric Potential Energy(U) 

Potential energy of charge q at a point (in the presence of field due to any charge configuration) is the work 

done by the external force (equal and opposite to the electric force) in bringing the charge q from infinity to 

that point. 

(i) Potential energy for a system of two charges q1 and q2 is 

 U =   

(ii) Potential energy of a system of two charges in an external field 

 U = ή V ὶ  + ή V ὶ  +   

(iii) Potential energy of a dipole in an external field 
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 The amount of work done by the external torque rotating dipole from angle ɗ0 to angle ɗ1 at an 

infinitesimal angular speed and without angular acceleration will be given by 

 W = pE ÃÏÓ— ÃÏÓ—  

This work is stored as the potential energy of the system. Take —=  and —= ɗ 

U = - pE ÃÏÓ— = - ὴᴆȢὉᴆ 
Simulation link for topic: - Capacitor  

https://phet.colorado.edu/en/simulations/capacitor-lab-basics 

MULTIPLE CHOICE QUESTIONS  

1. A uniform electric field pointing in positive x-direction exists in a region. Let A be the origin, B be the 

point on the x-axis at x = + 1 cm and C be the point on the y-axis at y = + 1 cm. Then, the potentials at the 

points A, B and C satisfy  

(a) VA < VB   (b) VA > VB  (c) VA < VC  (d) VA > VC 

2. Which statement is not correct for an equipotential surface? 

(a) Electric field intensity is always perpendicular to the equipotential surface. 

(b) Potential difference between any two points on it is zero. 

(c) Equipotential surfaces are spherical in shape. 

(d) No work is required to move a charge on an equipotential surface 

3. An electron mass m and charge e travels from rest through a potential difference of V. What will be the 

final velocity of electron? 

(a) eV    (b)    (c)   (d)   

4. Four point charges ïQ, -q, 2q and 2Q are placed, one at each corner of the square. The relation between Q 

and q for which the potential at the centre of the square zero, is 

(a) Q = -q  (b) Q = 
 

  (c) Q = q  (d) Q = 
 

 

5. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 80 V. The ratio 

of potential at a distance 5cm from the centre of the sphere to the potential at the surface of sphere is 

(a) 1:2   (b) 2:1   (c) 1:1   (d) 1:4 

6. There is one charged isolated air capacitor and U is the energy stored in it. Separation between the plates 

of the capacitor is increased to double of the initial value. Energy stored becomes 

(a) U/2   (b) 2U   (c) U/3   (d) 3U 

7. Four condensers are joined as shown in the figure and the 

capacity of each condenser is 8 ɛF. The equivalent capacity between 

the points A and B will be: 

(a) 16 ɛF    (b) 8 ɛF 

(c) 32 ɛF    (d) 2 ɛF 

8. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two situations:  

 A: Key K is kept closed and plates of capacitors are moved apart using insulating 

handle. 

 B: Key K is opened and plates of capacitors are moved apart using insulating handle.  

 Choose the correct option(s). 

(a) In A : Q remains same but C changes. 

(b) In B : V remains same but C changes.  

(c) In A : V remains same and hence Q changes.  

(d) In B : C remains same and hence V changes. 

 

 

 

https://phet.colorado.edu/en/simulations/capacitor-lab-basics
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ANSWERS 

1. (b) E = - 
▀╥

▀►
 , Direction of electric field must be in the direction of the decreasing order of electric potential. 

2. (c) Shape of equipotential surface depends on charge or distribution of charges  

3. (c) eV = άὺ   v =   

4. (b) 
Ϛ

   + 
Ϛ

   + 
Ϛ

   + 
Ϛ

   = 0      Q = 
 

 

5. (c) Value of potential inside and on the surface of a charged spherical shell is same 

6.(b) As capacitor is isolated so charge on capacitor remains same 

New capacitance   ὅ=  and  ὠ= 2V 

Hence, new energy Ὗ  2U  

7.(c) All capacitors are connected in parallel so ὅ = ὅ+ὅ+ὅ+ὅ so ὅ  = 32 ɛF  

8.(c) As it is connected to battery so V remains same but as capacitance changes so charge changes  

ASSERTION-REASON QUESTIONS 

Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below: 

(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of Assertion 

(A). 

(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct explanation of 

Assertion (A). 

(c) Assertion (A) is true and Reason (R) is false. 

(d) Assertion (A) is false and Reason (R) is also false. 

1. Assertion (A): Electric field is always normal to equipotential surfaces and along the direction of decreasing 

order of potential. 

Reason (R): Negative gradient of electric potential is electric field. 

2. Assertion (A): Electric field inside a hollow conducting sphere is zero. 

Reason (R): Charge is present on the surface of conductor. 

3. Assertion (A): Work done in moving a charge between any two points in a uniform electric field is 

independent of the path followed by the charge between these two points. 

Reason (R): Electrostatic forces are non conservative. 

4. Assertion (A): Electric potential and electric potential energy are two different quantities. 

Reason (R): For a test charge Q and a point charge Q, the electric potential energy becomes equal to the 

potential. 

5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is halved and the 

dielectric constant of the dielectric used is made three times, then the capacitance becomes three times. 

Reason (R): Capacitance does not depend upon the external battery connected. 

6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the power is off. 

Reason (R): The capacitors may break down at any time. 

7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it. 

Reason (R): Capacitance depends on the dielectric constant of surrounding medium, shape and size of the 

conductor. 

8. Assertion (A): Two parallel metal plates having charge +Q and ïQ are facing at a distance between them. 

The plates are now immersed in kerosene oil and the electric potential between the plates decreases. 

Reason (R): Dielectric constant of kerosene oil is less than 1. 
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ANSWERS 

1. Option (A) is correct.     Explanation: E = - 
▀╥

▀►
 

So, the electric field is always perpendicular to equipotential surface. Negative gradient of electric potential 

is electric field. So, direction of electric field must be in the direction of the decreasing order of electric 

potential. 

2. Option (A) is correct.  Explanation: Since no charge resides in the surface of a hollow sphere, the electric 

field also zero inside. So, assertion is true. For hollow conducting sphere, the charged reside on the surface 

only. So, reason is also true and it explains the assertion properly. 

3. Option (C) is correct.   Explanation: Work done in moving a charge between any two points in a uniform 

electric 

field = charge × potential difference. So, it is independent of the path followed by the charge. Hence the 

assertion is true. Electrostatic forces are conservative type. Hence, the reason is false. 

4. Option (C) is correct.   Explanation: Electric potential and electric potential energy are two different 

quantities. 

Hence the assertion is true. Electric potential is defined as the potential 

energy per unit charge. Hence V = P.E./q 

So, the reason is false. 

5. Option (B) is correct.   Explanation: Initial capacitance C1 = C =   

      C2 =  

Ⱦ
 

So C2 = 6C1, Hence the assertion is true 

6. Option (C) is correct.   Explanation: Even when power is off capacitor may have stored charge which may 

discharge through human body and thus one may get a shock. 

So, assertion is true. Breakdown of capacitors requires high voltage. 

So, reason is false. 

7. Option (A) is correct.    Explanation: C =   

In the expression, there is no involvement of charge. So, capacitance is independent of 

charge. Hence the assertion is true. 

It depends on permittivity of the surrounding medium and the area of the plate. So, reason is 

also true.Reason explains the assertion. 

8. Option (C) is correct.     Explanation: Electric field for parallel plate capacitor in vacuum  

E =  

Electric field in dielectric Eô =  

Since the value of K for Kerosene oil is greater than 1, then Eô< E. Hence the assertion is true. Dielectric 

constant of Kerosene oil is greater than 1. Hence the reason is false. 

   

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS) 

1. Draw an equipotential surface for a system consisting of two charges Q, ïQ separated by a distance r in air. 

Locate the points where the potential due to the dipole is zero. 

Ans. The equipotential surface for the system is as shown. Electric potential is 

zero at all points in the plane passing through the dipole equator AB. 

 

2. A point charge +Q is placed at point O as shown in the figure. Is the potential 

difference VAïVB positive, negative or zero?     
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Ans.  The potential due to a point charge decreases with increase of distance.  

 So, VA ï VB is positive. 

3. Draw an equipotential surface in (i) a uniform electric field and (ii) a dipole 

Ans. (i)        (ii)  

 

 

 

 

 

 

4. ñFor any charge configuration, equipotential surface through a point is normal to the electric field.ò Justify.  

Ans. The work done in moving a charge from one point to another on an equipotential surface is zero. If 

electric field is not normal to the equipotential surface, it would have 

non-zero component along the surface. In that case work would be done in moving a 

charge on an equipotential surface. 

5. A charge óqô is moved from a point A above a dipole of dipole moment ópô to a point B below the dipole in 

equatorial plane without acceleration. Find the work done in the process.   

Ans.  Work done in the process is zero. Because equatorial plane of a dipole is 

equipotential surface and work done in moving charge on equipotential surface 

is zero. 

W = q (VB- VA) = q × 0 = 0 

 

6. A charged particle (+q) moves in a uniform electric field (Ὁᴆ) in the direction 

opposite to Ὁᴆ. What will be the effect on its electrostatic potential energy during its motion?   

Ans.  When charge +q moves in opposite direction to electric field then work done is negative.  

 ȹU = -W 

so, change in potential energy is positive, the potential energy increases. 

 

7. Two large plane parallel conducting plates are kept 8 cm apart as shown 

in figure. The potential difference between them is V. Find  potential 

difference between the points A and B (shown in the figure) ? 

Ans. As V = E d 

 V= E(8) 

Therefore VAB = E(4) = 4=  

8. Find the charge on the capacitor as shown in the circuit.  
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Ans.  Total resistance, R = 10Ý + 20Ý = 30Ý, So the current, I =  =  =  A 

Potential difference, V = IR =  X 10 =  V, Therefore, charge Q = CV = 6 X   = 4 µC 

 

SHORT ANSWER TYPE QUESTIONS  

1. Three points A, B and C lie in a uniform electric field (E) of 5 × 103 NCï

1 as shown in the figure.  

Find the potential difference between (i)A and B, and (ii) A and C. 

 

Ans.(i) Potential difference between A and B = E × (AB) = 5 × 103 × (4 × 

10ï2) = 200 volt 

(ii)  The line joining B to C is perpendicular to electric field, so potential of B = potential 

of C i.e., VB = VC 

Distance AB =4 cm 

Potential difference between A and C = E × (AB) 

= 5 × 103 × (4 × 10ï2) = 200 volt 

2. Two uniformly large parallel thin plates having charge densities +ů and ï ů are kept in the X-Z plane at a 

distance ódô apart. Sketch an equipotential surface due to electric field between the plates. If a particle of mass 

m and charge óïqô remains stationary between the plates, what is the magnitude and direction of this field? 

Ans. (i) Weight mg acts vertically downward 

(ii) Electric force qE acts vertically upward. 

 so mg = qE 

 E =  

 

3. Calculate the potential difference between points A and 

B as shown in figure 

 

Ans. Equivalent capacitance =  ɛF 

Charge supplied by battery =  X 200 = 500 ɛC 

Potential difference between A and B is 80V 

4. Figure shows two identical capacitors, C1 and C2, each of 1 mF 

capacitance connected to a battery of 6 V. Initially switch óSô is closed. 

After sometimes óSô is left open and dielectric slabs of dielectric constant K 

= 3 are inserted to fill completely the space between the plates of the two 

capacitors.  

How will the (i) charge and (ii) potential difference between the plates of 

the capacitors be affected after the slabs are inserted? 

Ans. When switch S is closed, p.d. across each capacitor is 6V 

V1 = V2 = 6 V and C1 = C2 = 1 ɛC 

Ḉ Charge on each capacitor 

q1 = q2 (= CV) = (1 ɛF) Ĭ (6 V) = 6 ɛC 

When switch S is opened, the p.d. across C1 remains 6 V, while the charge on capacitor 

C2 remains 6 ɛC. After insertion of dielectric between the plates of each capacitor, the 

new capacitance of each capacitor becomes 

Cǋ1 = Cǋ2 = 3 Ĭ 1 ɛF = 3 ɛF 

Charge on capacitor C1, qǋ1 = Cǋ1 V1 = (3 ɛF) Ĭ 6 V = 18 ɛC Charge on capacitor C2 remains 6 ɛC 

Potential difference across C1 remains 6 V. Potential difference across C2 becomes 
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 ὠ =  = 2 V 

5. (a) Twelve negative charges of same magnitude are equally spaced 

and fixed on the circumference of a circle of radius R as shown in 

Fig. (i). Relative to potential being zero at infinity, find the electric 

potential and electric field at the centre C of the circle. 

(b) If the charges are unequally spaced and fixed on an arc of 120° of 

radius R as shown in Fig. (ii), find electric potential at the centre C. 

Ans. (a) Potential due to single charge at C, V= 
Ϛ
  

Net potential at C is  V =   
Ϛ

    

Due to symmetry of distribution of charge, electric fields are cancel each other, so E = 0 

(b) Potential is scalar quantity so orientation is irrelevant 

Hence potential at C is V =   
Ϛ

    

6. Three point charges +Q, ï2Q and ï3Q are placed at the vertices of an equilateral triangle ABC of side L. If 

these charges are displaced to the mid points A1, B1 and C1 respectively, calculate the amount of work done 

in shifting the charges to the new locations. 

Ans.  Uinitial = 
Ϛ

   

Ufinal = 
Ϛ

   

W = Ufinal - Uinitial = 
Ϛ

   

7. Two parallel plate capacitors X and Y have the same area of plates and same 

separation between them. X has air between the plates while Y contains a 

dielectric medium Ůr = 4. 

(i) Calculate the capacitance of each capacitor if equivalent capacitance of the 

combination is 4 ɛF. 

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

Ans.(i)   = 4 and  = 4АὊ 

After solving ὅ = 5 АὊ and ὅ= 20АὊ 

(ii) in series charge on each capacitor is same so )   = 4 

VX + VY =15 

After solving VX = 12V, VY = 3V 

 

LONG ANSWER TYPE QUESTIONS 

1. (i) An electric dipole (dipole moment ὴᴆ = pǶ ), consisting of charges - q and q, separated by distance 2a, is 

placed along the x-axis, with its centre at the origin. Show that the potential V, due to this dipole, at a point x, 

(x >> a) is equal to 
Ϛ

 
ȢᴆǶ 
 

 (ii) Two isolated metallic spheres S1 and S2 of radii 1 cm and 3 cm respectively are charged such that both 

have the same charge density  ὢ ρπ C/m2.. They are placed far away 

from each other and connected by a thin wire. Calculate 

the new charge on sphere S1. 

Ans.(i) Derive expression of potential at P,  V =  
Ϛ

 
 

 

As p is along x-axis so  

V =  
Ϛ

 
ȢᴆǶ 
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If x>>a 

V= 
Ϛ

 
ȢᴆǶ 
 

(ii) Charge on S1 = ů x 4ˊr
2 =  ὢ ρπ  x 4ˊ ρὢ ρπ 2 = 8 X 10-13 C 

Charge on S2 = ů x 4ˊr
2 =  ὢ ρπ  x 4ˊ σὢ ρπ 2 = 72 X 10-13 C 

When connected by thin wire they acquire common potential V and charge remains conserved 

  Q1 + Q2 = ὗ + ὗ          and    =  

On solving ὗ = 2 X 10-12 C 

2.  (i) Derive an expression for potential energy of an electric dipole p in an external uniform electric field E 

. When is the potential energy of the dipole (1) maximum, and (2) minimum?  

(ii) Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the potential energy 

of the system is zero, find the value of n. 

Ans. (i) Derivation of expression of potential energy  

  U(ɗ) = -p E ÃÏÓ— = ὴᴆ. Ὁᴆ 
 (1) Potential energy is maximum ɗ =1800 

 (2) Potential energy is minimum ɗ = 00 

(ii) Consider an equilateral triangle of side a 

 Potential energy U=  +  +  

   U= 
  Ȣ

 + 
  Ȣ

 + 
  Ȣ

 

According to question U=0 

So 
  Ȣ

 + 
  Ȣ

 + 
  Ȣ

 = 0,          After solving n =  

CASE STUDY TYPE QUESTIONS  

1. The figure shows four pairs of parallel identical conducting plates, separated by the same distance 2.0 cm 

and arranged perpendicular to x-axis. The electric potential of each plate is mentioned. The electric field 

between a pair 

of plates is 

uniform and 

normal to the 

plates. 

(i) For which 

pair of the 

plates is the 

electric field E along Ƕ ?  

(A) I   (B) II  (C) III    (D) IV 

(ii) An electron is released midway between the plates of pair IV. It will :  

(A) move along Ƕ at constant speed (B) move along - Ƕ at constant speed 

(C) accelerate along Ƕ   (D) accelerate along - Ƕ 
(iii) Let E1, E2, E3 and E4 be the magnitudes of the electric field between the pairs of plates, I, II, III and IV 

respectively, then:  

(A) E1 > E2 > E3 > E4      (B) E3 > E4 > E1 > E2 

(C) E4 > E3 > E2 > E1      (D) E2 > E3 > E4 > E1 

(iv) An electron is projected from the right plate of set I directly towards its left plate. It just comes to rest at 

the plate. The speed with which it was projected is about : 

(Take (e/m) =1.76 X 1011 C/kg)  

(A) 1.3 X 105 m/s  (B) 2.6 X 106 m/s (C) 6.5 X 105 m/s  (D) 5.2 X 107 m/s  
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2. A parallel plate capacitor is an arrangement of two 

identical metal plates kept parallel, a small distance 

apart. The capacitance of a capacitor depends on the size 

and separation of the two plates and also on the dielectric 

constant of the medium between the plates. Like 

resistors, capacitors can also be arranged in series or 

parallel or a combination of both. By virtue of electric 

field between the plates, charged capacitors store 

energy. 

Q(a) The capacitance of a parallel plate capacitor increases from 10µF to 80µF on introducing a dielectric 

medium between the plates. Find the dielectric constant of the medium.  

Q(b) n capacitors, each of capacitance C, are connected in series. Find the equivalent capacitance of the 

combination.  

Q(c) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the battery is 

disconnected and a dielectric is introduced between the plates. How will the potential difference between the 

plates, and the energy stored in it be affected ? Justify your answer. 

3. Electrostatics deals with the study of forces, fields and potentials arising from static charges. Force and 

electric field, due to a point charge is basically determined by Coulomb's law. For symmetric charge 

configurations, Gauss's law, which is also based on Coulomb's law, helps us to find the electric field. A 

charge/a system of charges like a dipole experience a force/torque in an electric field. Work is required to be 

done to provide a specific orientation to a dipole with respect to an electric field. 

Answer the following questions based on the above: 

Q(a) Consider a uniformly charged thin conducting shell of radius R. Plot a graph showing the variation of V 

with distance r from the centre, for points 0 < r < 3R. 

Q(b) The figure shows the variation of potential V with  for two point charges Q1 

and Q2, where V is the potential at a distance r due to a point charge. Find  . 

 

 

 

Q(c) An electric dipole of dipole moment ὴᴆ is initially kept in a uniform electric 

field Ὁᴆ such that ὴᴆ is perpendicular to Ὁᴆ  . Find the amount of work done in rotating the dipole to a position at 

which ὴᴆ becomes antiparallel to Ὁᴆ  . 
 

ANSWERS 

Ans.1. (i) (D) IV  (ii) (D) accelerate along - Ƕ (iii) (C) E4 > E3 > E2 > E1 

(iv) (B) 2.6 X 106 m/s 

Ans.2 (a) K=8         (b) Cs=   

(c) Potential difference decreases by a factor 1/K,   Energy  reduces by a factor 1/K 

Ans. 3 (a)      

   (b)  =  = 3  

      

    (c) Work done = + pE 
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CHAPTER-03 - CURRENT ELECTRICITY  
SYLLABUS 

Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation with 

electric current; Ohm's law, V-I characteristics (linear and non-linear), electrical energy and power, electrical 

resistivity and conductivity, temperature dependence of resistance, Internal resistance of a cell, potential 

difference and emf of a cell, combination of cells in series and in parallel, Kirchhoff's rules, Wheatstone 

bridge. 

CONCEPT MAP 

 

GIST OF THE CHAPTER  

ELECTRIC CURRENT  

ü The electric current in measured by 'rate of flow of charge'.Or Charge flowing per 

second from any cross section of the conductor is called electric current,  

ü Current i =  charge/time =  , if flow is uniform  i  =   

ü Unit :  Ampere (A), Dimension : (M0L0T0A1) 

ü 1 ampere = 1 coulomb/second. i.e. if 1 coulomb of charge flows per second then 1 

ampere of current is said to be flowing. 
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ü 1 ampere of current means the flow of  6.25 × 1018 electrons per second through any cross section of 

conductor 

ü If n electrons pass through any cross section in every t seconds then  i  =   where e = 1.6 × 10ï19 

coulomb. 

ü The conventional direction of current is taken to be the direction of flow of positive charge, i.e. field  

ü Value of the current is same throughout the conductor, irrespective of the cross section of conductor at 

different points. 

ü Net charge in a current carrying conductor is zero at any instant of 

time. 

Note : A current carrying conductor cannot said to be charged, 

because in conductor the current is caused by electron (free 

electron). The no. of electron (negative charge) and proton 

(positive charge) in a conductor is same. Hence the net charge 

in a current carrying conductor is zero. 

                                                             

ü Electric field outside a current carrying conductor is zero, but it is non zero inside the conductor and is 

given by e = ï  

Note : The electric field inside charged conductor is zero, but it is non zero inside a current carrying 

conductor 

Note : Current is a scalar quantity because it does not obey law of vector 

 

CURRENT DENSITY  

  Current density at any point inside a conductor is defined as a vector having magnitude equal to current per 

unit area surrounding that point. Remember area is normal to the direction of charge flow (or current 

passes) through that point.  

ü Current density at point P is given by ὐ
ᴼ

ὲO 

 

 

 

 

ü If the cross-sectional area is not normal to the current, but makes an angle q  with the direction of current 

then ὐ
ÄÉ

Ä!ÃÏÓɗ
ÝὨὭὐὨὃὧέί— ὐ

ᴼ
ȢὨὃÝὭ ᷿ὐ

ᴼ
ẗὨὃ 

ü If current density ὐ
ᴼ

 is uniform for a normal cross-section A then J= i/A 

ü Current density J is a vector quantity. It's direction is same as that of E. It's S.I. unit is amp/m2 and dimension 

[Lï2A]. 

ü In case of uniform flow of charge through a cross-section normal to it as  

Ὥ ÎÑÖ!Ýὐ ÎÑÖ 

ü  Current density relates with electric field as ὐ
ᴼ

„Ὁ
ᴼ ᴼ

; where s = conductivity and r = resistivity or 

specific resistance of substance.  

Drift Velocity  

 

dA 

 

P i 

dA cosq 

i  
q 

 

q 

+ ï

l

E

F
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Drift velocity is the average uniform velocity acquired by free electrons inside a metal by the application of 

an electric field which is responsible for current through it. Drift velocity 

is very small it is of the order of 10ï4m/s as compared to thermal speed 

ρπάȾί of electrons at room temperature. 

If suppose for a conductor n = Number of electron per unit volume of the 

conductor, 

A = Area of cross-section, V = potential difference across the conductor, E 

= electric  

field inside the conductor, i = current, J = current density, r = specific resistance, s  

conductivity „  then current relates with drift velocity as Ὥ ÎÅ!Ö we can also  

write  ὺ
ÎÅ! ÎÅ

ů%

ÎÅ ɟÎÅ
.   

ü The direction of drift velocity for electron in a metal is opposite to that of applied electric field (i.e. current 

densityὐᴆ).ὺ ᶿὉi.e., greater the elecic field, larger will be the drift velocity. 

ü When a steady current flows through a conductor of non-

uniform cross-section drift velocity varies inversely with area of 

cross-section ὺ ᶿ  

 

ü If diameter (d) of a conductor is doubled, then drift velocity of 

electrons inside it will not change.  

Relaxation time (t) : The time interval between two successive collisions of electrons with the positive ions 

in the metallic lattice is defined as relaxation time †
ÍÅÁÎ ÆÒÅÅ ÐÁÔÈ

ÒȢÍȢÓȢ ÖÅÌÏÃÉÔÙ ÏÆ ÅÌÅÃÔÒÏÎÓ 
. With rise in temperature 

vrms increases consequently t decreases. 

Mobility :  Drift velocity per unit electric field is called mobility of electron i.e.‘ . Itôs unit is . 

Ohm's Law 

If the physical conditions of the conductor (length, temperature, mechanical strain etc.) remains some, then 

the current flowing through the conductor is directly proportional to the potential difference across itôs two 

ends i.e.Ὥθ ὠÝὠ ὭὙ where R is a proportionality constant, known as electric resistance.   

(1) Ohmôs law is not a universal law, the substances, which obey ohmôs law are known as ohmic substance. 

(2) Graph between V and i for a metallic conductor is a straight line as shown. At different temperatures V-i 

curves are different. 

Ohm's law is true For metallic conductors at low 

temperature Because with rise in temperature resistance 

of conductor increase, so graph between V and i becomes 

non linear.  

Resistance 

ü The property of substance by virtue of which it opposes 

the flow of current through it, is known as the resistance.  

ü Formula of resistance : For a conductor if l = length 

of a conductor A = Area of cross-section of conductor, 

n = No. of free electrons per unit volume in conductor, t = relaxation time then resistance of conductor 

Ὑ ”
ÎÅ
Ȣ; where r = resistivity of the material of conductor 

ü Unit and dimension : Itôs S.I. unit is Volt/Amp. or Ohm (W).Itôs dimension is ὓὒὝ ὃ  

ü Dependence of resistance : Resistance of a conductor depends upon the following factors.  

(i) Length of the conductor :Resistance of a conductor is directly proportional to itôs            

(A) Slope of the line  

=  

q 

V 

i 

(B) Here tanq1> tanq2 

So R1>R2 

i.e.T1>T2 

T2 

V 

i 

T1 

1 

2 

q2 q1 
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length i.e.R ĺ and inversely proportional to itôs area of cross-section i.e.Ὑᶿ  

(ii) Temperature : For a conductor   

If       R0 = resistance of conductor at 0oC 

          Rt = resistance of conductor at toC 

and a, b = temperature co-efficient of resistance  

then Ὑ Ὑ ρ ‌ὸ for t¢ 300oC    or   ‌  

If R1 and R2 are the resistances at t1
oC and t2

oC respectively then . 

The value of a is different at different temperature. Temperature coefficient of resistance  

averaged over the temperature range t1
oC to t2

oC is given by‌  which gives  

R2=R1 [1 + a (t2 ï t1)].  

 

Resistivity (r), Conductivity (s) and Conductance (C) 

Resistivity : From Ὑ ” Ƞ If l = 1m, A = 1 m2 then Ὑ ”i.e. resistivity is numerically equal to the resistance 

of a substance having unit area of cross-section and unit length. 

ü Unit and dimension : Itôs S.I. unit is ohm³m and dimension is ὓὒὝ ὃ  

ü (ii) Itôs formula : ”  

ü (iii) Resistivity is the intrinsic property of the substance. It is independent of shape and size of the body 

(i.e. l and A).  

For different substances their resistivity is also different  

”░▪▼◊■╪◄▫►
╜╪●░□◊□ █▫► █◊▼▄▀ ▲◊╪►◄◑

”╪■■▫◐”▼▄□░╬▫▪▀◊╬◄▫►”╬▫▪▀◊╬◄▫►
╜░▪░□◊□ █▫► ▼░■○▄►

 

ü Resistivity depends on the temperature. For metals ” ” ρ ‌ῳὸi.e. resistivity increases with 

temperature. 

ü Resistivity increases with impurity and mechanical stress. 

Conductivity :  Reciprocal of resistivity is called conductivity (s) i.e.„  with unit  

mho/m and dimensions       ὓ ὒ Ὕὃ . 

Conductance: Reciprocal of resistance is known as conductance. ὅ  Itôs unit is  

 or Wï1. 

Cell 

The device which converts chemical energy into electrical energy is known as electric 

cell. Cell is a source of constant emf but not constant current. 

 

 

(1) Emf of cell (E) : The potential difference across the terminals of a 

cell when it is not  

supplying any current is called itôs emf. 

(2) Potential difference (V) : The voltage across the terminals of a cell 

when it is  

supplying current to external resistance is called potential difference or 

terminal voltage.  

Potential difference is equal to the product of current and resistance of 

that given part  

i.e.V = iR.  

(3) Internal resistance (r) : In case of a cell the opposition of electrolyte to the flow of  

current through it is called internal resistance of the cell. The internal resistance of a cell  

q 

i 

V 

Symbol of cell 

ï + 

Cathode Anode 

+ ï 

+ 

Electrolyte 

ï 

A 
ï 

+ 
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depends on the distance between electrodes (r d́), area of electrodes [r  ́(1/A)] and  

nature, concentration (r Ć) and temperature of electrolyte [r  ́(1/ temp.)].  

A cell is said to be ideal, if it has zero internal resistance. 

Cell in Various Positions  

(1) Closed circuit : Cell supplies a constant current in the circuit. 

(i) Current given by the cell Ὥ  

(ii) Potential difference across the resistance ὠ ὭὙ 
(iii) Potential drop inside the cell = ir  

(iv) Equation of cell Ὁ ὠ Ὥὶ (E>V 

(v) Internal resistance of the cell ὶ ρẗὙ 

(vi) Power dissipated in external resistance (load)  

 ὖ ὠὭὭὙ ȢὙ 

Power delivered will be maximum whenὙ ὶ so ὖ .  

This statement in generalised from is called ñmaximum power transfer 

theoremò. 

(vii) When the cell is being charged i.e. current is given to the cell then E = V ï 

ir   and  

E<V.  

(2) Open circuit : When no current is taken from the cell  it is said to be in open 

circuit 

(i) Current through the circuit i = 0 

(ii)  Potential difference between A and B, VAB = E 

(iii)  Potential difference between C and D, VCD = 0 

 

(3) Short circuit :  If two terminals of cell are join together by a thick conducting 

wire  

(i) Maximum current (called short circuit current) flows momentarily Ὥ  

(ii)  Potential difference V = 0 

Grouping of Cells 

(1) Series grouping : In series grouping anode of one cell is connected to 

cathode of  

other cell and so on. If n identical cells are connected in series 

(i) Equivalent emf of the combination Ὁ ὲὉ 

(ii) Equivalent internal resistance ὶ ὲὶ 

(iii) Main current = Current from each cellὭ  

(iv) Potential difference across external resistance ὠ ὭὙ 

(v) Potential difference across each cell ὠǋ  

(vi) Power dissipated in the external circuit ȢὙ 

(vii) Condition for maximum power Ὑ ὲὶ andὖ  

(viii) This type of combination is used when nr<<R. 

(2) Parallel grouping : In parallel grouping all anodes are connected at one point and  

all cathode are connected together at other point. If n identical cells are connected in  

E, r 

R 

A D C B 

 

P 

Pmax = E2/4r 

R = r 

R 
 

R = 0 

E, r 

E, r 

R 

E, r E, r E, r 

i 

 

 

E, r 

R 

i 
V = iR 
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parallel. 

        (i) Equivalent emf Eeq = E 

(ii) Equivalent internal resistance Ὑ ὶȾὲ 

(iii) Main current Ὥ
Ⱦ

 

(iv) Potential difference across external  

resistance = p.d. across each cell = V = iR 

(v) Current from each cell Ὥǋ  

(vi) Power dissipated in the circuit ὖ
Ⱦ
ȢὙ 

(vii) Condition for max. power is Ὑ ὶȾὲ andὖ  

(viii) This type of combination is used when nr>>R 

Kirchoff's Laws  

(1) Kirchoffôs first law : This law is also known as junction rule or current law (KCL).  

According to it the algebraic sum of currents meeting at a junction is zero i.e.äi = 0. 

In a circuit, at any junction the sum of the currents entering the junction must equal the  

sum of the currents leaving the junction. Ὥ Ὥ Ὥ Ὥ 

(ii) This law is simply a statement of ñconservation of chargeò. 

(2) Kirchoffôs second law : This law is also known as loop rule or voltage law (KVL)  

and according to it ñthe algebraic sum of the changes in potential in complete traversal  

of a mesh (closed loop) is zeroò, i.e.äV = 0 

(i) This law represents ñconservation of energyò. 

(3) Sign convention for the application of Kirchoffôs law : For the application of  

Kirchoffôs laws following sign convention are to be considered  

(i) The change in potential in traversing a resistance in the direction of current is ï iR  

while in the opposite direction +iR 

 

 

 

(ii) The change in potential in traversing an emf source from negative to positive  

terminal is +E while in the opposite direction ï E irrespective of the direction of current  

in the circuit. 

 

 

Wheatstone bridge : Wheatstone bridge is an arrangement of four resistance which can be used to measure 

one of them in terms of rest. Here arms AB and BC are called ratio arm and arms AC and BD are called 

conjugate arms  

(i) Balanced bridge : The bridge is said to be balanced when deflection in galvanometer is zero i.e. no current 

flows through the galvanometer or in other words VB = VD. In the balanced condition , on mutually 

changing the position of cell and galvanometer this condition will not change.  

(ii) Unbalanced bridge : If the bridge is not balanced current will flow from D to 

B if VD>VB  i.e. ὠ ὠ ὠ ὠ  which gives PS>RQ.  
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MULTIPLE CHOICE QUESTIONS  

1. Every atom makes one free electron in copper. If 1.1 ampere current is flowing in the wire of copper having 

1 mm diameter, then the drift velocity (approx.) will be (Density of copper ω ρπËÇά  and atomic 

weight = (63) 

         (a)πȢσÍÍȾÓÅÃ (b) πȢρÍÍȾÓÅÃ  (c)πȢςÍÍȾÓÅÃ  (d) πȢςὧάȾίὩὧ 

2. The resistivity of iron isρ ρπ έὬά ά. The resistance of a iron wire of particular length and thickness 

is 1 ohm. If the length and the diameter of wire both are doubled, then the resistivity in έά ά will be 

  

 (a) ρ ρπ  (b) ς ρπ  (c) τ ρπ  (d) ψ ρπ  

3. It is easier to start  a car engine on a hot day than on a cold day. This is because the internal resistance of 

the car battery 

 (a) Decreases with rise in temperature      (b) Increases with rise in temperature 

 (c) Decreases with a fall in temperature  (d)Does not change with a change in temperature 

4. The magnitude and direction of the current in the circuit shown will be   

(a) A from a to b through e      

(b) A from b to a through e 

(c) 1 A from b to a through e                        

(d) 1 A from a to b through e  

 

5. Two identical cells send the same current in 2 ohm resistance, whether connected in series or in parallel. 

The internal resistance of the cell should be     

 (a) 0 (b) 0.5             (c) 1.5       (d) 2  

6. Eels are able to generate current with biological cells called 

electro plaques. The electro plaques in an eel are arranged in 100 

rows, each row stretching horizontally along the body of the fish 

containing 5000 electro plaques. The arrangement is suggestively 

shown below. Each electro plaques has an emf of 0.15 V and 

internal resistance of 0.25 W  The water surrounding the eel 

completes a circuit between the head and its tail. If the water 

surrounding it has a resistance of 500 W, the current an eel can 

produce in water is about  

(a) 1.5 A  (b) 3.0 A  

(c) 15 A  (d) 30 A  

7.  Two batteries, one of emf 18 volts and internal resistance ς  and the other of 

emf 12 volt and internal resistance ρ , are connected as shown. The voltmeter 

ὠwill record a reading of    

(a) 15 volt      (b) 30 volt  (c)14 volt (d) 18 volt  

 

8. The internal resistances of two cells shown are πȢρ  and πȢσ . If Ὑ πȢς , the 

potential difference across the cell 

 (a) B will be zero 

 (b) A will be zero 

 (c) A and B will be 2V 

 (d) A will be ςὠ and B will be ςὠ 
9. In Wheatstone's bridge ὖ ωohm, ὗ ρρohm, Ὑ τohm and Ὓ φohm. How 

much resistance must be put in parallel to the resistance Ὓ to balance the bridge  

 (a) 24 ohm (b) 
ττ

ohm   (c) 26.4 ohm  (d)18.7 ohm 

ohm ohm ohm

d c 

b a 
1W 

10V 

e 

4V 

2W 

3W 

500 W 

100  rows 
5000 electroplaques per row 

0.25 W 0.15 V 
+ ï + ï + ï 

+ ï + ï + ï 

+ ï + ï + ï 

V 

2W 18V 

1W 12V 

A B 

2V, 0.1W 

 

2V, 

0.3W 

0.2W 
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ANSWERS 

1. (b) Density of ὅό ω ρπὯὫȾά  (mass of 1 m3 of Cu) 

7 6.0 ³ 1023 atoms has a mass = 63 ³ 10ï3 kg  

\ Number of electrons per m3 are 
Ȣ

ω ρπ ψȢυ ρπ  

Now drift velocity ὺ
Ȣ

Ȣ Ȣ Ȣ
πȢρ ρπ άȾίὩὧ 

2. (a) Resistivity of some material is its intrinsic property and is constant at particular temperature. 

Resistivity does not depend upon shape.  

3. (b) Because as temperature increases, the resistivity increases and hence the relaxation time decreases 

for conductors †θ Ȣ 

4. (d)  

 

 

 

 

Applying Kirchoff's voltage law  

ρ Ὥ ρπ τ ς Ὥ σὭ π Ý Ὥ ρὃὥÔÏ ὦ ÖÉÁ Ὡ 

\ Current ρȢπὥάὴὩὶὩ 

5. (d) In series , Ὥ  

In parallel, Ὅ ,       Since Ὥ Ὥ  Ý  Ý ὶ ς  

6.(a) Given problem is the case of mixed grouping of cells 

  So total current produced  

  Here  

   and   

        

7(c) Reading of voltmeter  

 %ÅÑ  

 =(18*1+12*2)/(1+2) = 14 V 

8(a) Applying Kirchhoff law,    ς ς πȢρ πȢσ πȢςὭ Ý Ὥ ὃ 

Hence potential difference across A  

ς πȢρ ὠ  (less than 2V)  

Potential difference across ὄ ς πȢσ π 

9(c) 
ǋ
 (For balancing bridge) 

Ý Ὓ
   
Ý 

 
Ý   Ý ὶ ςφȢτ  

 

ASSERTION & REASON QUESTIONS 

Read the assertion and reason carefully to mark the correct option out of the options given below : 

(a) If both assertion and reason are true and the reason is the correct explanation of the assertion. 

(b) If both assertion and reason are true but reason is not the correct explanation of the assertion. 

m

nr
R

nE
i

+

=

W=== 500,5000,100 Rnm

VE 15.0= W= 25.0r

100

25.05000
500

15.05000

³
+

³
=i

5.512

750
= A5.1º

1W 

3W 

2W 

10V 
i 

4V 

E2 E1 e b a 
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(c) If assertion is true but reason is false. 

(d) If the assertion and reason both are false.  

 

1. Assertion: The resistivity of a semiconductor increases with temperature.  

Reason: The atoms of a semiconductor vibrate with larger amplitude at higher temperatures thereby 

increasing its resistivity. 

2. Assertion: In a simple battery circuit the point of lowest potential is positive terminal of the battery  

Reason: The current flows towards the point of the higher potential as it flows in such a circuit from the 

negative to the positive terminal. 

3. Assertion: The temperature coefficient of resistance is positive for metals and negative for p-type 

semiconductor. 

 Reason: The effective charge carriers in metals are negatively charged whereas in p-type semiconductor 

they are positively charged.  

4. Assertion: In the following circuit emf is 2V and internal resistance of the cell is 1 

W and R = 1W, then reading of the voltmeter is 1V.  

 Reason:ὠ Ὁ Ὥὶ where E = 2V, Ὥ ρὃ and R = 1 W   

 

5. Assertion: There is no current in the metals in the absence of electric field.  

 Reason: Motion of free electron are randomly.  

6. Assertion: Electric appliances with metallic body have three connections, whereas an electric bulb has a 

two pin connection.  

 Reason: Three pin connections reduce heating of connecting wires.  

7. Assertion: The drift velocity of electrons in a metallic wire will decrease, if the temperature of the wire is 

increased.  

 Reason: On increasing temperature, conductivity of metallic wire decreases.  

8. Assertion: The electric bulbs glows immediately when switch is on. 

 Reason: The drift velocity of electrons in a metallic wire is very high.  

ANSWERS 

1. (d) Resistivity of a semiconductor decreases with the temperature. The atoms of a semiconductor vibrate 

with larger amplitudes at higher temperatures thereby increasing it's conductivity not resistivity. 

2. (d) It is quite clear that in a battery circuit, the point of lowest potential is the negative terminal of the 

battery and the current flows from higher potential to lower potential.  

3. (b) The temperature co-efficient of resistance for metal is positive and that for semiconductor is negative. 

In metals free electrons (negative charge) are charge carriers while in P-type semiconductors, holes 

(positive charge) are majority charge carriers. 

4. (a) Here, Ὁ ςὠȟ ρ ρὃ and ὶ ρ   

  Therefore, ὠ Ὁ Ὥὶς ρ ρ ρὠ 

5. (a) It is clear that electrons move in all directions haphazardly in metals. When an electric field is applied, 

each free electron acquire a drift velocity. There is a net flow of charge, which constitute current. In the 

absence of electric field this is impossible and hence, there is no current.  

6.   (c) The metallic body of the electrical appliances is connected to the third pin which is connected to the 

earth. This is a safety precaution and avoids eventual electric shock. By doing this the extra charge flowing 

through the metallic body is passed to earth and avoid shocks. There is nothing such as reducing of the 

heating of connecting wires by three pin connections. 

7. (b) On increasing temperature of wire the kinetic energy of free electrons increase and so they collide more 

rapidly with each other and hence their drift velocity decreases. Also when temperature increases, 

resistivity increase and resistivity is inversely proportional to conductivity of material. 

A 
R=1W 

r=1W 

E=2V 

V 
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8. (c) In a conductor there are large number of free electrons. When we close the circuit, the electric field is 

established instantly with the speed of electromagnetic wave which cause electron drift at every portion of 

the circuit. Due to which the current is set up in the entire circuit instantly. The current which is set up does 

not wait for the electrons flow from one end of the conductor to the another end. It is due to this reason, the 

electric bulb glows immediately when switch is on. 

 

VERY SHORT ANSWER TYPE QUESTIONS 

1. A cell of emf (E) and internal resistance (r) is connected across a variable external resistance (R). Plot 

graphs to show variation of (i) E with R, (ii) Terminal p.d. of the cell (V) with R.  

Sol. (i) The emf E of a cell is independent of external resistance (R). 

(ii)  The terminal p.d. ὠ ὍὙ Ὑ  

 On increasing R, V increases. 

 When R = 0, VO π.  When R = r, V = 

 When R O Ð, V = E. 

2. A p.d. of V volts is applied to a conductor of length L and diameter D. How will the drift  velocity of eôs 

and the resistance of the conductor change when (i) V is doubled      (ii) L is halved  and (iii) D is halved , 

where is each case , the other two factors remain      same . Give reason in each case. 

Sol.
 
ὠ = Ű = Ű      and   R = ɟ = ɟ 

      (i) When V is doubled, ὠ becomes double and  R remains unchanged.  

      (ii) When l is halved, ὠ becomes double and R becomes halved  

      (iii) When D is halved, ὠ remains unchanged and R becomes 4R. 

3. A 10 V battery o f  negligible  internal  resistance  is connected  across  a 

200  V battery and a resistance  of 38 Ý. Find the value of the current in 

circuit. 

                                                 

Sol. I =  = υὃ 

4. The plot of the variation of potential difference across a combination of three 

identical cells in series, versus current is as shown below.  

What is the emf of each cell? 

 

                       

Sol. Let  E be  emf of  each  cell and  r be  the total internal  resistance of circuit.  The 

equation of terminal potential difference     ὠ σὉ Ὅὶéééé(1) 

  At V = 6V, I = 0. Therefore from eq (1), φ σὉ πᵼὉ ςὠ 

5.Write any two factors on which internal resistance of a cell depends. 

Sol. The internal resistance of a cell depends on  

(i) distance (l) between electrodes.  

(ii) area (A) of immersed part of electrode, and  

(iii) nature and concentration of electrolyte. 

6. The following graph shows the variation of terminal potential 

difference V, across a combination of three cells in series to a 

resistor, versus the current, I. 

(i) Calculate the emf of each cell and internal resistance       

(ii)  For what current I wil l the power dissipation of the circuit be maximum? 

                                         

 

Sol. (i) Let  E be  emf of  each  cell and  r be  the total internal  resistance of circuit.  The equation of 
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terminal potential difference     ὠ σὉ Ὅὶéééé(1) 

At V = 6V, I = 0.                    Therefore from eq (1), φ σὉ πᵼὉ ςὠ 

(ii) At V = 0V, I = 2A.           Therefore from eq (1), π φ ςὶᵼὶ σ  

(iii)  For maximum power dissipation, external resistance (R) = Internal resistance (r) 

Current, I =  = ρὃ 

 

SHORT ANSWER TYPE QUESTIONS 

1. Define the term drift velocity and relaxation time. On the basis of electron drift derive an expression for 

drift velocity of free electrons in term of relaxation time. 

Sol. Drift velocity  - Drift velocity is the average uniform velocity acquired by free electrons inside a metal 

by the application of an electric field which is responsible for current through it. 

Relaxation time (t) : The time interval between two successive collisions of 

electrons with the positive ions in the metallic lattice is defined as 

relaxation time. 

In a metallic conductor, the free electrons are in continuous random motion 

due to thermal energy. The net flow of electrons in any direction is zero. 

Therefore the average velocity of electrons is zero.  όᴆ π 
In the presence of external electric fieldὉᴆ  the free electron experiences a force 

opposite to the direction of applied field. 

The electric force on electron Ὂᴆ ὩὉᴆ 

The acceleration produced in electron             ὥᴆ
ᴆ ᴆ

 

Since electrons are colliding frequently with each other and atoms of metal, therefore they are accelerated 

only for a short time interval between two successive collisions (relaxation time Ű). 

The average velocity of electrons after relaxation time Ű,           

 Ý+= tauv
CCC

ὺᴆ π
ᴆ
†ᵼὺᴆ

ᴆ
† 

This velocity is called drift velocity. Ḉὺᴆ
ᴆ
†   

2. Define the term ómobilityô of charge carriers in a current carrying conductor. Obtain the relation for 

mobility in term of relaxation time.  

Sol. Mobility :  Drift velocity per unit electric field is called mobility of electron i.e. ‘ . 

Itôs unit is 
 

           
ὠὨ † 

           ‘ †,               i.e.          ȿ‘ȿ †
 

3. In the adjoining circuit, the battery Ὁ has an ὩȢάȢὪȢ of ρςὺέὰὸ and zero 

internal resistance while the battery Ὁ has an ὩȢάȢὪȢ of ςὺέὰὸ. If the 

galvanometer Ὃ reads zero, then the value of the resistance ὢ in ohm is  

Sol. For no current through galvanometer, we have  

ὢ Ὁ Ý ὢ ς Ý X = 100 W 

 

CASE STUDY BASED QUESTIONS 

Read the following paragraphs and answer the questions that follow.  

Whenever an electric current is passed through a conductor, it becomes hot after some time. The 

l 

V 

E 

+ ï 

vd 

A 

E1 

D 

A B 

C 

E XW 

500 W 

G 
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. Phenomenon of the production of heat in a resistor by the flow of an electric current through it is called 

heating effect of current or Joule heating. Thus, the electrical energy supplied by the source of emf is 

converted into heat. In purely resistive circuit the energy expended by the 

source entirely appears as heat. But if the circuit has an active element like a 

motor, then a part of the energy supplied by the source goes to do useful work 

and the rest appears as heat. Jouleôs law of heating form the basis of various 

electrical appliances such as electric bulb, electric furnace, electric press etc 

I. Alloys used for making standard resistance coils as alloys 

 (a) have more conductivity                                    

   (b) less conductivity 

 (c) less temperature coefficient of resistivity   

 (d) more temperature coefficient of resistivity 

II.  Nichrome and copper wires of same length and same radius are connected in series. Current I is 

passed through them. Wire which gets heated up more is 

 (a) Nichrome                                                               (b) copper 

 (c) both gets heated up to same values                       (d) canôt say 

III.  A  25 W and 100 W are joined in series and connected to the mains. The bulb which will glow 

brighter is  

 (a) 25W as it has high resistance                         (b) 100 W as it has high resistance 

 (c) 25W  as it has low resistance                         (d) 100 W as it has low resistanc 

IV.  The heat emitted by an iron of 100 W in 1 minute is  

(a) 600J           (b) 6000J          (c) 60J              (d)60000J 

2. When electric field is applied across a conductor then the electrons move in the direction opposite to the 

electric field due to electric force on them. The average velocity with which free electrons get drifted in 

the direction opposite to the applied electric field inside a conductor is called drift velocity. This motion 

of the electrons in the direction opposite to the electric field is superimposed on their random motion. 

Drift velocity depends on electric field applied, the nature of material and temperature. On increasing the 

temperature, relaxation time decreases. Hence decrease in relaxation time, due to increase in temperature, 

will reduce the drift speed. 

I. When a potential difference V be applied across a cylindrical conductor of length L and radius R, is 

doubled then the drift velocity of electrons gets:  

(a) doubled   (b) four times   (c) remain same   (d) halved 

II.  Two wires made of same material but of different diameters are connected in series in a circuit. The 

current flows in the combination of wires. When the current flows from the wire with larger diameter 

to the one with smaller diameter then drift velocity of electrons: 

(a) will decrease  (b) will increase  

(c) remains same   (d) first will increase and after some time decrease 

III.  Two wires each of radius of cross section r but of different materials are connected together end to 

end (in series). If the densities of charge carriers in the two wires are in the ratio 1:4, the drift 

velocity of electrons in the two wires will be in the ratio: 

(a) 1 : 2   (b) 2 : 1   (c) 4 :1   (d) 1 : 4 

IV.  A current I flows through a uniform wire of diameter d when the electron drift velocity is v.The same 

current will flow through a wire of diameter d/2 made of the same material if the drift velocity of the 

electrons is 

(a)v/4    (b) v/2    (c) 2v    (d) 4v 

 

ANSWERS- 

1 (i) c  (ii) a (iii) a (iv) b 

2 (i) a  (ii) b (iii) c (iv) d 
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CHAPTER 4: Magnetic Effects of Current and Magnetism 
Syllabus- Chapterï4:  Moving Charges and Magnetism Concept of magnetic field, Oersted's experiment. 

Biot - Savart law and its application to current carrying circular loop. Ampere's law and its applications to 

infinitely long straight wire. Straight solenoid (only qualitative treatment), force on a moving charge in 

uniform magnetic and electric fields. Force on a current-carrying conductor in a uniform magnetic field, force 

between two parallel current-carrying conductors-definition of ampere, torque experienced by a current loop 

in uniform magnetic field; Current loop as a magnetic dipole and its magnetic dipole moment, moving coil 

galvanometer- its current sensitivity and conversion to ammeter and voltmeter.  

MIND MAP  
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GIST OF THE CHAPTER  

 

Magnetic field- It is a region of space around a magnet or a current carrying 

conductor in which it can exert force on other magnetic materials, moving 

charges, magnets and current carrying conductor. 

A moving charge produces both electric and magnetic field while  a stationary 

electron produces an electric field only. 

SI Unit  of Magnetic field- 

The SI unit of magnetic field is Wm-2 or T (tesla).  

If 1A current is flowing through a straight conductor and it is kept at right angle to a magnetic field such that 

force per unit length on it is 1Nm-1 the strength of magnetic field  is called one tesla, 

1 tesla (T) = 1 weber meter-2 (Wbm-2 ) = 1 newton ampere-1 meter-1 (NA-1 m -1) 

CGS units of magnetic field is called gauss or oersted. 1 gauss = 10-4 tesla. 

Right hand thumb rule- Hold a conductor is Right Hand in such a way that thumb indicates the direction 

of current then the curled finger encircling the conductor will give the direction of magnetic field lines 

around it. 

Biot- Savart law- It states that the magnetic field strength dB produced due to a  current element (of current I 

and length dl) at a point having position vector r relative to current element is- 

Ὠ║  
Ⱨ

Ⱬ

░ᴆᴆ

►
    ▫►   Ὠ║  

Ⱨ

Ⱬ

░▀■ ▼░▪Ᵽ

►
    

 

where µ0 is the permeability of free space, 

ɗ is the angle between current element and position  

vector  r  as shown in the figure. 

The direction of magnetic field B is perpendicular  

To  the plane containing Idl and r  

The value of µ0 = 4ˊ Ĭ10ï7 Wb/A-m. 

Magnetic field due to a current carrying circular loop ï 

The magnetic field due to current carrying circular loop having radius óaô, carrying current óIô at a distance 

óxô from the centre of coil is ï 
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In case of coil having N turn, B(coil) = N x B(loop)  

 

The magnetic field due to current carrying circular coil is along the axis. At the  center, x=0  

The direction of the magnetic field at the center is perpendicular to the plane of the          coil. 

Ampereôs Circuital law - It states that line integral of magnetic field around any closed loop ( called 

Amperean loop)  is equal to µ0-times the current (I) threading 

through that loop.  

ὄᴆȢὨὰᴆ  ‘Ὅ  

 

 

 

Magnetic field due to infinitely  long straight wire using Ampere's law- According to Ampereôs circuital 

law. 

ὄᴆȢὨὰᴆ  ‘Ὅ  

 

                                                            B (2ˊr) = Õ0I 

║  
Ⱨ╘

Ⱬ►
 

 

Straight solenoid- At the axis of a long solenoid, carrying current I ,  B=ɛ0 nI , where n = N/L = number of 

turns per unit length. 

 

Force  on  a  current-carrying  conductor   in  a  uniform  magnetic  field  ŸB 

Magnitude of force is F = I L Bsinᴇ. 

Direction of force is normal to and B & I , given by Flemingôs Left Hand Rule. If  ɗ=0  (i.e. I or L is parallel 

to ŸB), then the magnetic force is zero. 

 

Force on a moving charge in uniform  magnetic field-The force on a charged  particle  moving  with  velocity 

óvô  in  a  uniform  magnetic  field  is  given by Ὂᴆ ήὺᴆ ὄᴆ or F = qvb sinɗ 

ɗ is the angle between velocity(v) and magnetic field(B). Force (F) is perpendicular to both  v and B. (i) If v 

and B are parallel   F=0      

(ii)  When v is perpendicular to B, i.e. ɗ = 900 , F = qvB i.e F is maximum 

Lorentz force -The total force on a charged particle moving in co-existing  electric field Ÿ and magnetic 

field Ÿ is given by Ὂᴆ ή Ὁᴆ  ὺᴆ ὄᴆ  

This is called the Lorentz force equation. 

The direction of this force is determined by using Flemingôs left hand rule  
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Flemingôs Left Hand Rule- Stretch out the fingers in left hand such that the fore-finger, the central finger 

and thumb are mutually perpendicular to each other. When the fore-finger points in the direction of the 

magnetic field and the central finger points in the direction of current then thumb gives the direction of the 

force acting on    the conductor. 

 

Force between two long straight parallel current carrying conductors-  

Two parallel current carrying conductors attract  while they repel if  

current in them is  anti-parallel. The magnetic force per unit length  

on either current carrying conductor at separation a is given by 

 

╕

■
 
Ⱨ

Ⱬ

╘╘

►
 ╝Ⱦ□ 

 

Definition  of ampere: - 1 ampere is the current which when flowing in each of the two parallel wires in 

vacuum separated by 1 m from each other exert a force of 2 X 10-7N/m on each other. 

Torque experienced by a current loop in uniform  magnetic field- 

 A coil of N turns and area A is carrying current I is kept in  

a magnetic field as shown in figure as shown in figure. Force on  

it will be zero and torque on it will be 

                          Ű = NIBA cosɗ  

ɗ = angle between coil and magnetic field 

If ū = angle between Normal (▪) to coil and magnetic field (B) 

,  ū + ɗ = 90°     so   i.e. ɗ = 90° - ū 

So       Ű  =  N I A B cos (90° - ū) = N I A B sin ū 

           Ű  = N I A B sin ū 

As    Ű = M B sin ū     so   M = NIA 

 In vector form  †ᴆ ὔὍὃᴆ  ὄᴆ 

The unit of magnetic moment in SI system is Am2. 

The torque is maximum when the plane of the coil is parallel to the magnetic field and zero when the plane of 

the coil is perpendicular to the magnetic field. 

Potential energy of a current loop in a magnetic field- When a current loop of magnetic moment M is 

placed in a magnetic field (B), then potential energy of magnetic dipole is  

 

U = -MBcosɗ = ὓᴆ Ȣὄᴆ  

When ɗ = 0,  U = - MB  (minimum or stable equilibrium position) 

When ɗ = 1800, U = +MB (maximum or unstable equilibrium position) 

When ɗ  = 900, potential energy is zero 
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Moving coil galvanometer- A moving coil galvanometer is 

 a device used to detect flow of current in a circuit. A moving 

coil  galvanometer consists of a rectangular coil placed in  

an uniform radial magnetic field  produced by cylindrical  

poles  pieces.Torque on coil due to current  

                                        Ű = NIBA sinū  

  for a radial magnetic field sinū=1 so  Ű = NIBA 

where N is the number of turns, A is the                area of coil. If C is torsional rigidity of material of suspension wire. 

For deflection ū, restoring torque ʐ  # ɗ. For equilibrium  

                 NIAB = C ū     or    I = C ū /(NBA) 

Clearly, deflection in galvanometer is directly proportional to current, so the scale of galvanometer is linear. 

Use of radial magnetic field-  when radial magnetic field is used the angle between the normal to the plane of 

loop (A) and       magnetic field  (B) ū = 900 for any orientation of loop, in a radial magnetic field the angular 

deflection of coil is proportional to the current flowing through it. Hence a linear scale can be used to 

determine the deflection of coil i.e. measurement of current. 

Uses of galvanometer: (i) Used to detect electric current and direction of its flow in given branch of circuit. 

(ii)  Used to convert the ammeter by putting a low resistor in parellel. (iii) Used to convert voltmeter by 

putting a high resistor in series. (iv) Used as ohmmeter by making special arrangement 

Current  sensitivity: It is defined as the deflection of coil per unit current flowing in it. 

ʌ/I = NBA/C 

Voltage sensitivity: It is defined as the deflection of coil per unit potential 

ʌ/V = NBA/RC 

Conversion of Galvanometer into Ammeter: - A galvanometer can be  converted into an ammeter by using 

a suitably small resistance in parallel with the galvanometer coil. The small resistance connected in parallel 

is called a shunt. If G is resistance of galvanometer, Ig is current in galvanometer for full scale deflection, 

then for conversion of galvanometer into ammeter of range I ampere, the shunt required can be found as 

Ig G = (I- Ig)S    (As óSô and óGô are parallel combination) 

So     ╢
╘▌╖

╘╘▌
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Conversion of Galvanometer into Voltmeter: - A galvanometer 

may be converted into voltmeter by connecting high resistance (R) 

in series with the coil of the galvanometer. If V volt is the range of 

voltmeter formed, then series resistance is given by 

ὠ  ὍὙ Ὃ            So    ╡  
╥

╘▌
╖       

Magnetic moment due to a revolving charge or electron- 

A current loop or a revolving charge can be considered as a magnet. The magnetic moment of such a loop  is  

M= qvr/2.  

The face from which current flow appears anticlockwise is the north pole of equivalent magnet with 

magnetic moment M . I.e magnetic moment is outward 

If we have a coil having N turns carrying current I having A as area of cross-section the magnetic moment is 

given by M= NIA 

 

For an electron moving in Hydrogen atom  

M=evr/2 

As per Bohrôs theory of Hydrogen atom L= mvr = nh/2ˊ   n= 0,1,2,3,4ééé. Where n is principal quantum 

number 

 M= -eL /2m 

MULTIPLE CHOICE QUESTIONS  

1 A proton and an alpha particle with same kinetic energy enters normally into a uniform magnetic 

field (B), the ratio of their radii of curvature of their path respectively will be  

 (a) More than 1    (b) 1 (c)Lesser than 1 (d) Dependent on the |B| 

2 If a galvanometer of resistance Rg is connected with a shunt of resistance óSô such that  

Rg=n.S   the ratio of power consumed by Rg and S respectively will be  

 (a) n2   (b) n   (c) 1/n   (d) 1/n2 

3 A galvanometer of can measure current up to 200ÕA. if a resistor of 10ɋ is connected across it the 

range of it enhances to 1mA.If a resistor of 20ɋ is connected in place of 10ɋ the range will be 

 (a)  2mA   (b) 0.4mA      (c) 0.5mA        (d) 0.6mA 

4 A charge enters into a uniform magnetic field with a K.E. óEô and leaves it after some time. The K.E. 

of the charge while leaving the field will be 

(a) Lesser than E    (b) More than E     (c) Equal to E   (d) Lesser than or equal   

5 An electric field is applied along positive Y-axis and a magnetic field along negative Z-axis. An  

electron moving through this region along positive X-axis will  

(a) Move undeflected    (b) Deflect towards B     (c) Deflect along E   (d) Deflect against E  

6  A positive charge moves parallel to flow of current in a long straight wire the charge will be  

(a) Repelled by the wire    (b)   Attracted  by the wire     

(c) Unaffected by the wire      (d)   Oscillating   
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7 A particle of mass ómô and charge óqô enters at óPô Into  a uniform magnetic field óBô and leaves it at 

óSô as shown time spent by the 

 charge inside  the field will be  

(a) 2mɗ/qB         

(b)  2m/qB 

(c) 2m/ɗqB  

(d) mɗ/qB  

8 In a moving coil galvanometer the current sensitivity is given by 

 (a) NBA/C    (b) C/NBA      (c) NBA/CR     (d) NBR/C 

9  The magnetic field at a point due to a long straight wire carrying current I is B. A circular loop 

carries same current. For same magnetic field at its center the radius of the circular loop shall be 

(a) 2a  (b) a     (c) a/2     (d) much more than óaô 

10  In the shown figure magnetic field at point A will be 

            (a) 

0I

4

m

p  (b) 

0I

4R

m

 (c) 

0I

4 R

m

p        (d) Zero 

SOLUTIONS- 

1-b    (ãm)/q is same for both  and r= (ã2mE)/qB 

2-c    P Ŭ R-1 as óVô is constant    

3-d    S1 = IgRg/ (I1- Ig)     so  S1/S2 = (I2- Ig)/ (I1- Ig) 

4-c    F perpendicular to v so no work is done and work done = change in KE =0 and  

5-d    F = q(vXB) and flemmingôs left hand rule 

6-b    Right hand palm rule and flemmingôs left hand rule 

7-a    T= 2ˊm/qB      arc makes an angle 2ɗ at center so replace 2ˊ by 2 ɗ 

8-a   equilibrium of deflection needle in galvanometer requires  

                              Cɗ = NIBA    so   ɗ/I = NBA/C 

9-b   compare result for B due to circular loop and long straight wire 

10-b    B = B0 /2   and B0 = µ0I/2r for full circle       

 

ASSERTION ïREASON QUESTIONS 

1 ASSERTION- The magnetic field at a point due to long straight current carrying wire is inversely 

proportional to the of distance   

REASON- Magnetic field at a point due to a current element is inversely proportional to the distance 

2 ASSERTION- When a charge moves in a uniform magnetic field its kinetic energy doesnôt change. 

REASON-Lorentz force on the charge is normal to velocity at every point.  

3 ASSERTION-A current carrying coil in a uniform magnetic field feels maximum torque when it is 

kept in the field parallel to its plane 

REASON-Torque on a current carrying coil in magnetic field does not depend on the shape of the  

coil. 
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4 ASSERTION-The current sensitivity(Is) of a moving coil galvanometer is proportional to its voltage 

sensitivity(Vs). 

REASON- Both are inversely proportional to resistance of the coil  

5 ASSERTION- The magnetic field falls as inverse square with distance as me move from the axis to 

the surface of a long Current carrying bar. 

REASON-The current density causing the magnetic field is falling as we move from axis to surface 

6 ASSERTION- The magnetic moment of electron in outer orbit of Hydrogen atom is higher 

REASON- The kinetic energy of electrons in outer orbit Hydrogen atom is lower  

7 ASSERTION- The resistance of a milli-ammeter is higher than the resistance of an ammeter 

REASON- The  current sensitivity of an ideal ammeter shall be zero  

8 ASSERTION-The pole pieces of a moving coil galvanometer are cylindrical. 

REASON- The magnetic field in a moving coil galvanometer shall be radial in nature 

9 ASSERTION-A charge fired at oblique incidence in magnetic field moves along a helical path such 

that axis of helix and magnetic field are at right angle. 

REASON-The radius and pitch of helix is independent of angle of projection with   

respect to the magnetic field 

10 ASSERTION- A current carrying wire in magnetic field experiences a force  

 REASON- A charge moving in magnetic field experience a Loretz force 

SOLUTIONS 

 1-b          2-a      3-b       4-d      5-c           6-b    7-c     8-a       9-d     10-a          

 

SHORT ANSWER (2 MARKS) 

1 An insulated circular loop carrying current is placed on a table and a light straight long wire carrying 

current is kept on it parallel to the diameter. Can the wire be pushed up by loop? Explain   

2 Can a magnetic monopole exist in nature? Give reason  

3 Write the Expression for magnetic field in a long solenoid. Draw the magnetic field for a solenoid 

having finite length. What is the ratio of magnetic field near the end and well inside it.  

4 An arc of a circle of radius 10cm subtends angle 600 at its center. Find the magnetic field at the 

center  if current in arc is 30A   

5 A positive charge óqô moves along X- axis with a speed óvô. if largest Lorentzôs force óFô on it due to 

uniform magnetic field óBô is along ïZ axis. Find the magnitude and direction of magnetic field.   

6 The velocity of a charge fired into a magnetic field normally is doubled. How would this effect the 

frequency of motion and curvature of path followed by the charge in magnetic field? Explain  
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7 A charge is moving in magnetic field in a circular orbit. Give the expression for its KE in terms of 

applied external magnetic field.How would the Kinetic energy be affected if it is made to move in a 

magnetic field of double the strength ? Explain.  

8  A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is 

inserted into it what will be the magnetic flux density inside it?  

9 The torsional constant of the hair spring in MCG is increased what will be the affect on voltage 

sensitivity of it due to this? Give reason.  

10 A proton, neutron electron and alpha particle enters normally into a magnetic field of uniform nature 

with same momentum directed into the plane of paper. Draw suitable diagram to indicate their paths. 

SOLUTION  

1-No  Lorentz force is parallel to wire for all cases 

2- No , A loop having clockwise current from one side will appear anticlockwise from other face of it 

3- B = µ0nI  and  near ends it is halved , usual figure from NCERT 

4- B= µ0Iɗ/4ˊr  where  ɗ in radians only, 3.14 x10
-5 T       

5-  -y axis  and B= F/qB    (use Lorentz force in vector form) 

6- No change  ófô doesnôt depend on speed 

7- KE = (qBr)2/2m , No change because change of B affects r in inverse ratio 

8-  µr =1 +Xm = 6  so  B= 0.25 x 6 = 1.5T 

9- V.S. = ɗ/V = NBA/CR      C rises V.S. decreases 

 Conceptually stiff hair spring will not allow the needle to move if 

voltage is low i.e Voltage sensitivity has decreased. 

10-  r = p/qB , neutron goes  

 

 

 

SHORT ANSWER (3 MARKS) 

  

1- A square loop of side óaô is kept near a long charged 

 wire in a plane such that a side of it is parallel to  

the wire (kept in same plane) at a distance óaô from it. 

 Find the force on the wire due to the loop. If 

 Current  in wire is I1 and in loop is I2 in clockwise 

 direction 

2- In a region of crossed electric (E) and magnetic(B) 

 fields many particles of same mass but charge 

 (positive, negative or neutral) are fired into a direction  

normal to both E  and B with their velocity in the 

 range 5m/s to 500m/s as shown  in the figure 

. if E is 80v/m and B is 0.4T which of these can pass through the region  without any deflection?  
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Draw figure to show path of positive and negative charged particles moving with 40m/s and 400m/s 

respectively 

3 Two electrons are moving along parallel lines separated by órô with (i) same speed (v) . In which case 

force on an electron due to other will be more  (a)in its own frame of reference (b) with respect to the 

ground.  Give reason   

4 Show that the magnetic field at the center is  zero  irrespective 

 of the resistance of circular loop and irrespective of the angle made by  

arc AB at óOô  

 

 

5 Use ampereôs circuital law to find magnetic field due to along straight 

wire. Can we use it if wire is finite? Give reason  

6 What is a radial magnetic field? Why do we need it in moving coil galvanometer?  

Changing current sensitivity of a moving coil galvanometer may or may not affect its voltage 

sensitivity. Explain 

7  A cube ABCDEFGH is kept in a uniform magnetic  

            field B0 shown. Determine the direction of force on 

            each side. Which side(s) will experience minimum force? 

 

 

8 The resistance of galvanometer is Rg and its full scale deflection current is Ig. For safety purpose a 

fuse of resistance óRô is joined with it.To convert it to an ammeter of suitable range which is the 

correct way (a) or (b)? If he/she connects ôSô the wrong way what will be the new range of the 

device. 

 

 

 

 

 

SOLUTIONS 3 MARKS 

1.  

    Or   
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Or        attractive 

2.    for no deflection   qE = qvB 

   v = E/B = 200 m/s these will go undeflected 

     For v< 200m/s     qE > qvB 

 positive particle deflects along E field  and negative particles deflect  against electric field. 

For v> 200m/s     qE < qvB   positive particle deflects against E field   and negative particles deflect  along 

E  field. 

3. In Earth Frame of reference electron experiences electric and magnetic force both. These forces will be  in 

opposite direction and for electronôs frame of reference (F O R) there is only one force electric force . 

 Hence in earth F.O.R. lesser force. 

4.  Let current splits and I1 goes in smaller arc and I-I1 in bigger arc such that  

Vsmall arc  = Vbig arc 

       I1R1 =  I2 R2 

       

  

 Now  

  

Here  

Using in B1 and B2, we get  

  

Therefore B1= B2 

i.e. B1 ï B2 = 0 

5.   

      B 2ˊr =  

        

No, as the symmetry condition is violated for any general point near the wire of finite length violated. 

6. B parallel to plane of the coil is called radial magnetic field. 

So that torque  current  

Vs = NBA/CR 

Is = NBA/C 
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(i) If N rises both rises. 

(ii)   IF R rises V.S. falls but C.S. does not change. 

So it depends on how change is brought about. 

7. FAB FGH = FFE = FCD = 0   ( ɗ = 0ę) 

 FAC =FGH = FHE = FBD = +k 

FAB = FAB = FAB = FAB
  = +j  

8. correct way is to join óSô between PQ 

               or  

           Range becomes  I when joined óSô across óPQô 

When S is connected the wrong way i.e. between PM 

 If    

  

LONG ANSWER ( 5 MARKS) 

State Biot-Savartôs law. Express it in vector form. Find the magnetic field at the mid-point if gap 

 between the coils is 2a having N turns each.(see figure) Draw 

graph  to show variation of B  with distance between the coils.  

 

 

 

2 Draw the diagram of a moving coil galvanometer. Give its principle. 

A student needs to perform an experiment on OHMôs law but he was given two galvanometers and 

variable resistors of all possible values along with a multimeter. 

How would he be able to perform his task? Give the formula he should use to find the value of 

variable resistors to be used and draw relevant circuits to show the modifications to be undertaken by 

him  

Two ammeters X and Y has resistance of 50 ohm and 80ohm if same current is sent in them which of 

two will show a greater deflection? Explain   

3 Show that a current carrying coil in magnetic field experiences a torque. Hence find  the expression 

for magnetic moment of the coil? Does the torque on the coil depend on the shape of the coil?  

4 Derive the formula for Force per unit length between two long straight parallel wires. Define one 

ampere using your result.  

A rectangular coil of size 40cm x 50 cm having 500 turns is carrying current of 5A. it is kept in a 

uniform magnetic of 0.2T field making an angle of 600 from the plane of coil. Find the force and 

torque on the coil.   



  

KVS ZIET MYSURU PHYSICS XII 2025-26 50 

 

 

5 Figure shows a metal bar of length óLô and mass ómô in  

equilibrium in the plane of paper when a uniform  

magnetic field óBô acting outward from the plane of paper.  

Find the magnitude of tension in each wire.  

(a) What will be the tension in each wire if magnetic field  is turned inward? 

(b) The uniform magnetic field is made to rotate about an  axis in the plane of paper perpendicular to 

the bar with a constant angular velocity ɤ. Draw a graph to show the rate of change of tension  

 

ANSWERS TO LONG ANSWER TYPES QUESTIONS: 

1.  B = B1 + B2    

where       similarly B2 can be written 

   so total B = B1 - B2 as they act opposite to each other 

 

2. He will calculate Shunt / resistor  Required 

        

Low óSô in parallel to make ammeter 

High  óSô in series to make voltmeter   S = (V/Ig) -R 

 

S1<<S2 

50Ý will show higher deflection as it is closer to ideal behavior of an ammeter. 

       ;  Where Rc = Circuit Resistance 

3.      

     Or m = NIA, No  

4.  
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Definition of 1A: If I1 = I2 = 1 A, r = 1m then F/L =  

 

5.  2T = mg + IBL sinɗ      (when B is outwards) ---------------eq (i) 

    (a) if B is acting inwards  2T = mg - IBL sinɗ 

    (b) by eq (i)   =  

 

SOURCE BASED QUESTIONS (4 - MARKS)  

Q1    Two particles of same mass having charges q1 and q2 (q1 > q2) are fired into in a magnetic field with 

velocity v1 and v2 at angle ɗ and Ŭ respectively (90
0>Ŭ > ɗ). The charges will experience a force due to 

magnetic field and that decides the path charge will follow. 

(i)         The locus of charges in magnetic field will be a path that is  

                 (a)Helical (b) linear (c) circular (d) parabolic   

(ii)     In a case where path is helical the pitch will be same for both provided 

(a) v1  =  v2  

(b) v1 sinŬ  =  v2 sinŬ  

(c) v1 cosɗ  =  v2 sinŬ   

(d)  v1 cosɗ  =  v2 cosŬ 

(iii)  The radius of curvature of the path followed by the charges will be same if  

       (a) v1 / v2   = cos Ŭ /cosɗ     

       (b) v1 / v2   =  sinŬ /sinɗ  

       (c) v1 / v2   = cosɗ /cos Ŭ  

       (d) v1 / v2   =  sinɗ/sinŬ 

 (iv)       If the magnetic field is varying with time which of the following is correct 

 (a)The K.E of both the particles will not change with time  

 (b) The K.E of both the particles may vary with time 

 (c) The angular frequency of both the particles will have a ratio sinɗ/sinŬ 

 (d) The magnetic Lorentz force will be normal to velocity all the time 

                                    OR 

     The locus of path will be will have an axis of symmetry   
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(a)If and only if ɗ + Ŭ = 1800 

(b) If and only if ɗ + Ŭ = 900 

(c) Along the direction of magnetic field 

(d)Normal to the direction of magnetic field  

Q2 A moving coil galvanometer (MCG) is a parent device that can work as an ammeter or voltmeter 

after suitable external modification. In practical cases a galvanometer can measure current only upto few 

hundred µA and voltage upto few mV so they are not much useful for measurements. R1 and R2 (R1 < R2) 

are two resistors that are available for modifying a galvanometer into an ammeter or voltmeter. 

(i) When a galvanometer is converted to a voltmeter its voltage sensitivity is 

(a)Decreased       (b)Doesnôt change     

(c) Increased       (d) May increase or decrease as per the value of R2 

                                                       OR 

To convert MCG to a voltmeter of suitable range we must use 

(a) R1 in series    (b) R2 in series  (c) R1 in parallel   (d) R2 in parallel 

(ii)A voltmeter with higher resistance but same range will show   

(a)Greater deflection and lower voltage sensitivity  (b)Lesser deflection and  higher voltage sensitivity  

(c) Greater deflection and higher voltage sensitivity (d) Lesser deflection and  lesser voltage sensitivity 

(iii)A student argues even if we modify an MCG into an ammeter of range 0 to I it never knows about the 

modification done. The current I (I >Ig) isnôt passing through the galvanometer. Galvanometer is still 

permitting Ig current and the extra current (I-Ig) is not passing through the galvanometer in reality so the 

deflection is not a true measurement of current sent into the system. The best logic that can resolve the issue 

is - Studentôs argument is 

(a) incorrect as current sensitivity is constant 

(b)  incorrect as network has a lower resistance than before  

(c) correct and the device is merely calibrated after modification  

(d) Correct as voltage sensitivity of it increases proportionally. 

(iv) A galvanometer is converted to an ammeter of range I1 using S1 and I2 using S2. If S1 = xRg and S2 = 

yRg the ratio of I1 and  2 will be 

(a) x/y                     (b) y/x           (c)  y(1+x))/[x(1+y)]                     (d) y(1-x)/[(x(1-y)]  

SOLUTIONS- 

Case Study: 

1.    (i) (a)           (ii)  (c)              (iii) (d)                (iv) (b) or (c)  

2.   (i) (c)             (ii) (c)              (iii) (b) or (c)      (iv) (a) 
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CHAPTER 5: MAGNETISM AND MATTER  

 Magnetism- Magnetism is the study of with the properties magnets and magnetic 

materials along with their behavior and properties. The Earth itself acts like a giant 

magnet.With the development of atomic sciences we have come to know that 

magnetic effects are due to moving charges or electrons.It was discovered that 

some materials in nature has a natural ability to attract iron towards it. These 

materials are called natural magnets. These were used mainly for navigation in 

earlier times. 
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GIST OF THE CHAPTER  

Magnetism- Magnetism is the study of the properties of magnets and magnetic materials along with their 

behavior and properties. The Earth itself acts like a giant magnet. With the development of atomic sciences 

we have come to know that magnetic effects are due to moving charges or electrons. It was discovered that 

some materials in nature has a natural ability to attract iron towards it. These materials are called natural 

magnets. These were used mainly for navigation in earlier times. 

Bar magnet- Natural magnets can be mould into various shapes 

 like bars, cylinder, horse-shoe etc.for different purposes. 

 Bar is just one such shape. Such magnets are  called bar magnets.  

So we can say that a bar magnet  is a rectangular piece of an object,  

made  of ferromagnetic substances, that shows permanent magnetic  

properties. It has two poles - North and South. These poles are always 

 in pairs even if we keep splitting the magnet into smaller and smaller  

parts 

Magnetic field- The region of space around a magnet  

in which it can influence  other magnets is called its 

 magnetic field. Magnetic field is represented by closed  

continuous curves called magnetic field lines. 

A tangent at any point on magnetic field line gives the 

direction of magnetic  field at that point. These curves are called magnetic field lines.  

Magnetic field lines of a bar magnet appear to emanate from North pole and enter into its south pole but 

forms complete loop (considering them inside the magnet too).Inside the magnet their direction is from S 

pole to N- pole while outside its N-pole to S-pole 

The properties of magnetic lines of force are as follows: 

Magnetic field lines emerge from the north pole and merge at the south pole. 

As the distance between the poles increases, the density of magnetic lines decreases . 

The direction of field lines inside the magnet is from the South Pole to the North Pole. Magnetic lines do not 

intersect with each other. The strength of the magnetic lines is the same throughout and is proportional to 

how close are the lines. 

Magnetic dipole- A magnetic system like a bar magnet is essentially a magnetic dipole as its poles are not 

separable. 

 Magnetic dipole moment- It is a vector quantity having magnitude m x l where m is pole strength of each 

pole of magnet and l is effective length of the magnet. It is directed from South pole towards North pole of 

magnet  

             |M| = m x l ,           SI unit of M  and m are Am-2 and Am-1 respectively    
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Key Points: 

¶ B it is magnetic induction or magnetic flux density 

¶ H = magnetizing force or intensity of magnetizing field  

¶ B = µH for a material medium for vacuum B0 = µ0H 

¶ B/ B0  = µ/ µ0 = µr  is called relative magnetic permeability 

¶ óIô is called intensity of magnetization it is equal to magnetic moment developed per unit volume in 

the sample. I  = M /V  SI unit of I is A/m 

¶ Magnetic susceptibility (ɢm) ï Ratio of intensity of magnetization (I) and intensity of magnetizing 

field (H) is called magnetic susceptibility. It has no units 

¶ µ = µ0 (1+ ɢm)   

¶ Magnetic field lines emerge from the North pole and enter the South pole. But they completes their loop 

inside the magnet. 

¶  Magnetic dipole moment (M ): M = m × 2l     (direction is from S pole to N pole) 

 

¶  Magnetic field on axial line:  

 

B = (ɛ  / 4ˊ) Ĭ (2M  / r³)          

 

B and M are parallel 

 

 

¶  Magnetic field on equatorial line: 

 B = (ɛ  / 4ˊ) Ĭ (M  / r³)   

B and M are anti-parallel 

 

 

   

 

 

Torque on a Magnetic Dipole: Ű = M  × B   such that    Ű = MB sinɗ 

¶ Potential Energy: U = -M  . B     or U = -MBcosɗ 

¶ Work done to rotate a magnet in magnetic field  

          W = -MB (cosɗ2 ï cosɗ1) 

¶ Gauss Law of Magnetism essentially states that the magnetic flux through a closed surface/loop is zero. i.e. 

Ḃ║ᴆȢ▀▼ᴆ        It means magnetic monopoles do not exist in nature 

¶ A bar magnet of magnetic moment M  is equivalent to a coil of magnetic moment NIA   

¶  Magnetic moment of charge moving in a circle is M= qvr/2  
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Magnetic Properties of Materials 

Substances can be divided into three groups based  

on their magnetic properties i.e. diamagnetic, 

 paramagnetic, and ferromagnetic. They can be  

classified based on  their                   magnetic susceptibility. 

Diamagnetic Materials 

The materials that develop temporary  magnetization such 

that the magnetic moment is 

 in the opposite direction to that of the magnetic field in which they are placed are known as  

Diamagnetic materials. In simple words, they are repelled by magnets. 

Their magnetic susceptibility is small and negative. They have no unpaired electrons in them so magnetic 

moment of each atom in them is zero individually. Examples of diamagnetic materials are Bismuth, Copper, 

Zinc, Lead, etc 

Paramagnetic Materials  

The materials that develop temporary  magnetization such that the magnetic moment is in the same 

direction as that of the magnetic field in which they are placed are known as  

Paramagnetic materials. They are slightly attracted by magnets. They have positive  

but very low susceptibility.They have unpaired electrons in them so each atom has magnetic moment of its 

own. In an external magnetic field torque acts on tiny atomic magnetic dipoles and align them along applied 

field. They can be called as poor ferromagnets. 

  Examples of Paramagnetic materials are  Aluminium, Sodium, Calcium, etc 

Ferromagnetic Materials 

The materials that develop temporary but strong magnetization such that the magnetic moment is in the 

same direction to that of the magnetic field in which they are placed are known as ferromagnetic materials. 

They are strongly attracted by magnets. 

They have positive and high susceptibility. They have unpaired electrons in them. The atoms interact with 

neighbouring atoms to form ódomainsô in them.In a domain all atoms align their magnetic moment in same 

direction. So a domain has large magnetic moment compared to an atom.in external field these domains get 

aligned parallel to the field so they get strongly magnetized. 

Examples of Ferromagnetic materials are Iron, Nickel, Cobalt, Haematite, etc 
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Effect of temperature on magnetic properties 

According to Curie's Law, the magnetization in a paramagnetic material is directly proportional to the 

applied magnetic field. If the object is heated, the magnetization is viewed to be inversely proportional to the 

temperature 

…         I = magnetic moment per unit volume  

                                           H= intensity of magnetizing field = B/µ0 

The Curie temperature (TC) of a ferro-magnetic material is the temperature above which it behaves like a 

para-magnetic material. 

                           …   

MULTIPLE CHOICE QUESTIONS  

1 A ball of a diamagnetic material is heated. The magnetic susceptibility of its material will 

            (a) increase   (b) Decrease   (c)Not change                                                                             

(d) Increases than attains a saturation value  

2    A diamagnetic bar is suspended freely between parallel magnetic poles. It will tend to align its 

length  

(a) Perpendicular to the poles       (c) Parallel to the poles  

(b) At 450 to the poles                   (d) In any random direction 

3   The magnetic nature of atomic hydrogen is  

(a) Diamagnetic    (b) Paramagnetic    (c) Ferromagnetic    (d) Non - magnetic 

4 In a bar magnet the distance between its magnetic poles is n times the length of bar magnet where ónô 

is nearly 



  

KVS ZIET MYSURU PHYSICS XII 2025-26 58 

 

 

(a) 1                  (b) 0.64         (c) 0.74        (d)0.84 

5  Magnetic susceptibility and relative permeability of a material are  

(a) directly proportional              (c) differs by unity 

(b) inversely proportional           (d) equal 

6 Natural bar magnets are not very useful for practical purposes because their 

  (a) size is small        (b) mass is large   

 (c) magnetic moment is low     (d) magnetic moment is high 

7  Superconductors are perfect dia-magnets. A superconductor is kept in an external magnetizing field 

having intensity óHô the intensity of magnetization (I) due to its own magnetization will be 

 (a) Zero      (b) ïH          (c) H      (d) -1  

8 If B denotes magnetic flux density and H denotes intensity of magnetizing field which of the 

following is correct 

(a) B = µH        (b) B = H/µ       (c) H.B = µ        (d) µBH = constant 

9 If a bar of volume óVô is kept in a magnetic field it gets magnetized. If its intensity of magnetization 

is óIô and its magnetic moment developed in it  is óMô  

           (a) I= M        (b) I Ŭ 1/M        (c) I = M/V        (d) M= I/V 

10       The force between two poles of small sized  magnets óXô and óYô is F if their  separation is increased 

to double the force between them will be  

(a) F/2        (b) F/4         (c) F/8           (d) F/16 

 

SOLUTIONS- 

1- c       diamagnetism is independent of temperature 

2- c        U = -MB cosɗ is  minimum in that orientation 

3- b        Paramagnetic, it has unpaired electrons   

4- d      

5- c       µr = 1 + ɢm   

6- c 

7- b          ɢm  = -1  ,  I/H = -1    so  I = -H 

8- a 

9- c 

10- b         F is inversely proportional to r2 

 

ASSERTION REASON QUESTIONS 

1          ASSERTION- Each atom of a paramagnetic material has a non-zero magnetic moment of its own. 

REASON- Paramagnetism is shown by materials having unpaired electrons in them  

2 ASSERTION- The magnetic moment of electron in outer orbit of Hydrogen atom is higher 

REASON- The kinetic energy of electrons in outer orbit Hydrogen atom is higher 

3  ASSERTION- A diamagnetic bar in magnetic field aligns itself along the field. 

 REASON- Susceptibility of a diamagnet is slightly more than zero 
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4 ASSERTION- A bar magnet is equivalent to a solenoid as both generate magnetic field 

 REASON- Magnetic field at the center of bar magnet is weaker as compared to its poles 

5 ASSERTION- Two poles of a magnet can never be separated 

 REASON ï Magnetic field lines always form closed loops. 

6 ASSERTION- A magnetic dipole tries to align itself  at right angle to the applied external magnetic 

field. 

 REASON ï When a magnet is perpendicular to a magnetic field its potential energy is maximum  

7 ASSERTION ï The magnetic permeability of a material doesnôt depend on its temperature. 

 REASON ï The magnetic induction (B) doesnôt depend on temperature. 

8 ASSERTION ï The magnetic moment of a magnet is equal to the product of magnetic pole strength 

and least distance between the poles of the magnet.   

 REASON ï Magnetic moment is a vector quantity. 

9  ASSERTION ï A ferromagnetic material has high magnetic susceptibility. 

 REASON- Ferromagnetic materials have domains and each domain has high magnetic moment 

10  ASSERTION ï Two identical charges moving in circular orbits of different radii can have same 

magnetic moment 

 REASON- The magnetic moment of a circulating charge is ZERO. 

ANSWERS 

1- a  2- c    3- d    4-d     5-a     6- d    7-d     8-b     9-a     10-c 

2 MARKS QUESTIONS 

1   Can a magnetic monopole exist in nature? Give reason  

2   A paramagnetic sample is placed on a watch glass as shown below. Draw diagram to show how the 

distribution of sample is affected in  

due course of time. In which case it attains new  

arrangement quicker (i) a hotter sample    

(ii) a colder sample 

3   A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is 

inserted into it what will be the magnetic flux density inside it?  

4  A Diamagnetic bar and a paramagnetic bar are kept in a long solenoid for magnetizing them. Draw 

diagram to show magnetic field lines with samples placed inside clearly mention the magnetic poles 

induced in the two bars.  

5  Why the susceptibility of a diamagnetic material doesnôt depend on the temperature? 

6  The susceptibility of a ferromagnet is reduced by 10% when its temperature is raised above 1200K 

by 500C. Find the temperature below which it will be paramagnetic in nature 

SOLUTIONS- 

1-  No, A circulating charge causes magnetic character. From one face 

it appears to move clockwise while from other face it appears to 

move anticlockwise. So the two faces are two poles. It same thing 

viewed from two sides. 

2- Refere gist given above. The hump will split into two  

mounts of smaller size as paramagnetic salt is weakly 
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 attracted by magnetic poles.  

The new arrangement will be quicker in colder sample as 

 hotter sample is less susceptibile to magnetic field so it  

will respond slower 

3- µ = µ0 (1+ ɢm)       so   µ = 6µ0 

B = µH = 6µ0H = 6 B0 

B = 6 x 0.25 = 1.5T 

4- refer Gist of chapter  

5- In a diamagnetic material all electrons are paired so the magnetic moment of an electron is nullified 

in pair. Even if we change temperature the magnetic moments get nullified so diamagnetism is 

independent of temperature. 

6- Using  formula  ɢm = C/ (T- Tc) 

1/0.9  = (1250- Tc) / (1200- Tc) 

 Tc = 750K  

3 MARKS QUESTIONS 

1 A bar magnet is bent to make a semi circle. Find the ratio of its initial and final magnetic moment. 

 What will be the magnetic moment of the system if it is broken into three equal parts and make a 

proper triangle such that at two vertices like poles are held together? 

 2 The relative permeability of a material is 1.03µ0. Find its susceptibility and identify the magnetic 

nature of the material. What will be the effect on itôs susceptibility if its temperature on heating it.

  

3 For a magnetic material the relative permeability is 1.05µ0. find its susceptibility. Draw a diagram 

showing the magnetic field lines when such a sample is kept in magnetic field.  

4  A square coil of side 20cm and 2000 turns is carrying a current of 10A.Calculate the magnetic field 

at a point on its axis 8m away from its center.  

5       Two identical small bar magnets each of magnetic moment óMô are placed along X-axis and Y-axis 

such that their mid point is at origin.  (a)Determine the expression for magnetic field at a point órô 

distance away on  Z-axis, (b)Find the direction of resultant magnetic field at that point  

6 A paramagnetic sample shows a saturation magnetization of 12% at 10K in an external magnetic 

field of 0.5T. what will be the saturation magnetization in a magnetic field of 0.8T at 12K? 

7 Three identical bars of magnetic moment M each are  

arranged as shown to make an equilateral triangle.  

Find the magnetic moment of the system. 
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SOLUTIONS- 

1- Let M = mx l 

But A.T,Q,    l =  ˊr ,   so Mô = mx 2r  ,thus  M/Mô = m l/2mr , hence M/Mô = ˊ/2  

 

 

 

ὖὗᴆ ὗὙᴆ ὖὙᴆ  angle between ὖὗᴆǪ ὗὙᴆ is 1200  

so ὖὙᴆ    hence Mtotal =  2M/3 along ὖὙᴆ 

 

2- µ = µ0(1+ɢ) 

1.03 µ0 = µ0(1+ɢ) 

ɢ = 0.03, it is paramagnetic. 

Susceptibility decreases with temperature inversely as per curieôs law 

3- do yourself 

4- M = NIA  

M = 2000x 0.2 x 0.2 x 10 = 80 Am2. 

B = (ɛ  / 4ˊ) Ĭ (2M  / r³) 

B = 10-7 (160/83)  = 3.125 x 10-8 T along the axis of coil 

5- Do yourself 

6-  Do yourself 16% 

7- Do as in Q1  2M towards right  

 

SOURCE BASED QUESTIONS 

Q1 In a paramagnetic sample each atom has unpaired electrons so each atom in them has a permanent 

magnetic moment of its own. Under ordinary conditions the random orientations of these tiny atomic 

magnets sum up to zero. When the sample is placed in an external magnetic field the tiny magnets get 

oriented along it due to which sample gets magnetized. If we raise the temperature the thermal agitation 

disturbs the alignment so system starts losing its magnetic character. 

(i) The magnetic moment of each atom is non-zero for  

(a) Diamagnets only 

(b) Paramagnets and diamagnets both 

(c)  Paramagnets and ferromagnets both 

(d) Ferromagnets and diamagnets both 

(ii) When a paramagnet is placed in an external magnetic field B 

(a) All the atomic magnets get aligned along B 

(b) All the atomic magnets get aligned opposite to B 



  

KVS ZIET MYSURU PHYSICS XII 2025-26 62 

 

 

(c) Few atomic magnets get aligned along B 

(d) Most of the atomic magnets get aligned along B 

(iii) Two Aluminum bars P and Q have same volume but area of cross-section of P is more than  Q they are 

kept inside a long solenoid. Their saturation magnetic moments are MP and MQ respectively and the 

respective pole strengths are mP and mQ respectively then 

(a) MP > MQ   and mP < mQ 

(b) MP = MQ    and  mP > mQ  

(c) MP < MQ   and mP = mQ  

(d) MP < MQ   and mP > mQ                    

OR 

If a paramagnetic bar is kept in an external magnetic field its  

(a) Magnetic moment does not change with magnetizing force (H)  

(b) Intensity of magnetization does not change with magnetizing force (H)  

(c) Its pole strength rises with magnetizing force (H) 

(d) its susceptibility rises with magnetizing force (H) 

(iv) The variation of magnetic susceptibility of a paramagnet with temperature is correctly shown by the 

graph  

 

 

 

 

 

 

 

 

Q2 P, Q and R are three bars they are kept in magnetic field for some time and their magnetic behavior 

is observed. The magnetization of P was much higher than that of Q and R.  When they are heated 

after withdrawing from magnetic field Q doesnôt show a change in its magnetic   strength. The 

behavior of P is found to be same as R when it is heated to a temperature more than 11000C. 

(i) Out of the given bars the diamagnetic behavior is shown by 

(a) P     (b) Q       (c)  R      (d) None 

(ii)  The magnetic susceptibility is largest for  

(a) P      (b) Q      (c) R        (d) P and R both 

(iii)  Magnetization or intensity of magnetization is defined as  

(a) Magnetic moment developed 

(b) Magnetic moment developed per unit area 

(c) Magnetic moment developed per unit volume 

(d) Pole strength developed 

(iv) Which of the following is NOT true ? 

(a) P is Ferromagnetic 

(b) 11000C is curieôs temperature for P 

(c) 11000C is curieôs temperature for R 

(d) Q has negative magnetic susceptibility 
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OR 

                 The difference of relative magnetic permeability and magnetic susceptibility for these bars will be 

(a) Zero for all 

(b) 1 for all 

(c) -1 for all 

(d) 1 for P and R only 

 

 

SOLUTIONS- 

1- (i) a        (ii) c      (iii) b   OR  c       (iv) a 

2- (i) b        (ii) a      (iii) c                  (iv) b 

3- (i) a        (ii) b      (iii) d    OR c       (iv) b 

 

 

LONG ANSWER TYPE (5 MARKS QUESTIONS) 

1 ñFerro-magnets are strong paramagnetsò. Justify by giving 2 reasons. 

     Define curieôs temperature. 

The susceptibility of a faerromagnetic material decreases by 20% when its temperature is raised 

from 1200K to 1250K. if these are above curieôs temperature at what temperature will it fall by 

50%.  

          2 Draw diagrams to differentiate among magnetic materials by  showing the modified magnetic 

field lines when a different types of magnetic materials are placed in uniform magnetic field. 

              (a)Why the magnetization of a paramagnetic bar decreases when it is hammered? 

              (b) what is the value of susceptibility and relative permeability of a diamagnetic material. 

           3 A large number of thin identical bar magnets each of magnetic moment M are arranged to make 

a semicircular disc such that S-pole of each is lying at the center.Find the magnetic moment of the 

system and its direction if the longest side of disc is taken as X-axis center as origin. 

 Establish the relation between the magnetic moment and angular momentum of revolving charge. 

Use your result to show magnetic moment of electron in hydrogen atom is quantized 

          4 A bar magnet is kept in a uniform magnetic field. Derive the formula for torque acting on it. 

What will happen if the field is non-uniform?  

 A bar of diamagnetic nature is left freely in a uniform magnetic field. Draw a diagram to show in 

which orientation will it rest in finally. Give reason  
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          5  A bar magnet of length l is placed r away from a coil as shown where (r>>l ). 

             If the magnetic field at the midpoint due to both is same find the area of 

coil.  

Given that coil has N turns and current in it is i. 

             How shall they be placed so that magnetic field at the mid-point becomes 

zero.? Draw diagram  

                  Draw diagram. 

                  Give any three properties to differentiate among Dia, Para & 

Ferromagnetic 

     Materials 

 

 

SOLUTIONS ï 

1- Refer text book 

AS  ɢ = C / (T- Tc)  

      ɢ = C / (1200- Tc)    and 0.8 ɢ = C/(1250- Tc) 

0.8= (1200-Tc)/(1250-Tc)    so Tc = 1000K         

2-   Refer Text book 

(a) On hammering the aligned tiny atomic magnets start to orient them in random directions so 

component of magnetic moment along intial direction decreases. 

(b) For diamagnets susceptibility is negative and low but it lies between zero and -1. For 

perfectdiamagnets its -1       -1< ɢ <0 

The relative permeability lies between Zero and 1  0 < µr <1  

3- Taking components of M  along X-axis and Y-axis we see that x-components cancel out in pairs so 

overall magnetic moment is sum of sine components only along Y-axis so  

      M total = ᷿ ὓ ίὭὲ—Ὠ—  = M  

  For an electron in Hydrogen atom M= -eL/2m      L = angular momentum   (prove yourself) 

 As |L| = mvr = nh/2ˊ        n= 0,1,2,3éééééééé 

As L  is quantized so M is quantized also      

4- Refer gist of chapter and prove yourself 

For Non-uniform field it will feel Force and torque both 

It will align normal to field to minimize its potential energy. 

5- Do yourself  

Hint- coil can be replaced by an equivalent magnet. 
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CHAPTER 6 ï ELECTROMAGNETIC INDUCTION  

SYLLABUS: Electromagnetic induction; Faraday's laws, induced EMF and current; Lenz's Law, Self and 

mutual induction. 

GIST OF THE CHAPTER  

Area Vector(═ᴆ) : 
An area vector is a vector whose magnitude is equal to the area of a plane and direction 

is normal to the plane of the area. 

Magnetic Flux ɲ ὄ 

GIST OF THE CHAPTER  

The total number of magnetic lines of force passing normally through an area placed in 

a magnetic field, is equal to the magnetic flux linked with that area. Net flux through the 



  

KVS ZIET MYSURU PHYSICS XII 2025-26 66 

 

 

surface ɲ ὄ = ║.A= BAcosɗ  Magnetic flux is a scalar quantity. S.I. unit:   weber (Wb), CGS unit :  Maxwell 

or Gauss × cm2   (1 Wb = 10 8 Maxwell). 

Faradayôs laws of EMI 

1. First law  :( Cause of emf) The induced emf is due to changing magnetic flux linked with the 

closed loop/coil. 

2. Second law: (magnitude of emf) 

The magnitude of the induced e.m.f. is directly proportional to the rate of change of the magnetic flux. Induced 

e.m.f.,  Ů = -▀ɲ /▀◄ = ī(ᶮī ᶮ)/◄ .Negative sign indicates that induced emf (Ů) opposes the change of flux 

Lenz's Law: - This law gives the direction of induced emf/induced current. 

According to this law, the direction of induced emf or current in a circuit is such as 

to oppose the cause that produces it. This law is based upon law of conservation of 

energy                               

Motional EMF Due to Translatory Motion: - 

If the length RQ = x (variable) and RS = l, the magnetic flux ʌ enclosed by 

the loop PQRS will be ʌ= B l x Since x is changing with time, the rate of 

change of flux will induce an emf given by:    Ů   = -    = -  
 

   = Bl 

v 

    The induced emf  Ů = B l v    is called motional emf      

Motional EMF Due to Rotational Motion: - Emf induces across the ends 

of the rod where ’ = frequency (revolution per sec) And T = Time period.   

Ů =   
║ⱷ╡

    

Inductance is a property of an electrical conductor (like a coil or solenoid) that describes its ability to oppose 

changes in electric current flowing through it by generating a magnetic field. 

Self Inductance: Self-inductance (L) of a coil is numerically equal to the magnetic flux ()ɲ linked with the 

coil, when a unit current flow through it.   ɲ=L I Ů =-L ▀╘/▀t , S.I. unit of self-inductance is Henry (H). 

 Self inductance of a long solenoid :  L=ɛ0 ɛrN
2 A/l  = ɛ0 ɛrn

2 Al  

Energy stored in an inductor: U=ὒὍ2 and energy density is given by  

Mutual Inductance: Whenever the current passing through a coil changes, the magnetic flux linked with a 

neighboring coil will also change. Hence an emf will be induced in the neighboring coil or circuit. This 

phenomenon is called ómutual inductionô 

                       ɲ = MI    Ů  = -M▀╘/▀◄ 
 SI unit is henry (H). 

Mutual -Inductance between pairs of long Solenoid:- 

M12= (ɛ0n1n2Lˊr1
2) , M21=(ɛ0n1n2Lˊr2

2) 

Hence M12=M21 

 

AC generator:: It is a device which converts mechanical energy into an 

electrical energy and generates alternating current. 

Principle: Works on principle of electro-magnetic induction.  

Construction: 1. Armature coil 2. Filed magnet 3. Slip rings 4. Brushes  

Theory: When the armature coil rotates between the pole pieces of field 

magnet, the effective area of the coil is A cos ɗ, The flux at any time is,  ɲ= 

ὄ.ὃ =NBAcosɗ=NBA cosɤt  

The induced emf is,  

‐ = ī Ὠɲ  Ὠὸ = ī Ὠ(ὔὄὃὧέί‫ὸ) Ὠὸ ὠ = ‐ = īὔὄὃ‫ίὭὲ‫t 
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MULTIPLE CHOICE QUESTIONS  

Q1 Lenz's law is a consequence of the law of:  

a) conservation of energy                                                          b) conservation of charge  

c) conservation of momentum                                                  d) conservation of mass 

Q2 The SI unit of inductance is:  

a) farad             b) coulomb   c) weber                 d) henry 

Q3 According to Lenz's law, the direction of induced current is such that it:  

a) enhances the cause producing it                              b) opposes the cause producing it  

c) is in the direction of the cause producing it            d) may be in any direction  

Q4 The induced EMF is maximum when the angle between the magnetic field and the normal to the coil is:  

a) 0 degrees            b) 45 degrees  c) 90 degrees               d) 180 degrees 

Q5 You are required to design an air-filled solenoid of inductance 0.016H having a length 0.81 m and radius 

0.02 m. The number of turns in the solenoid should be :  

a) 2592                            b) 2866                     c) 2976                        d) 3140 

Q6 Current in a circuit falls from 5.0 A to 0.0 A in 0.1 s. If an average EMF of 200V is induced, the self-

Inductance of the coil is: 

a) 4H                               b) 5H                        c) 3H                           d) 40H 

Q7 A coil of area 100 cm2 is kept at an angle of 300 with a magnetic field 0.1 T. The magnetic field is reduced 

to zero in 10-4 s. The induced emf in the coil is:  

a) 5Ѝσ V                      b) 50Ѝσ V                 c) 5.0 V                     d) 50.0 V  

Q8 A magnetic flux linked with a coil varies as ‰ = 2ὸ2  ī 6ὸ + 5 where ‰ is in weber and t is in second. The 

induced current is zero at  

a) t = 0                           b) t = 1.5s                     c) t = 3s                    d) t = 5s 

Q9 . A coil is moved quickly out of a magnetic field. While exiting the field ,the direction of the induced 

current will be such that it will:  

 a) oppose the increase in magnetic flux             b) support the increase in magnetic flux 

 c) oppose the motion of the coil                        d) support the motion of the coil 

Q10    A vertically held bar magnet is dropped along the axis of a copper ring having a 

cut as shown in the figure acceleration of the falling magnet is:       

(a)Zero                         b) less than g                   

(c) g                            (d) more than g  

 

 

SOLUTIONS: 

1 a)      2 d)   

3 b) Lenzôs Law states that the direction of the induced current in a conductor is such that it opposes the 

change in magnetic flux that produced it.  

4 a)   

5 b)L=ɛ0N
2 A/l  

6) a) e=Ὠ•ȾὨὸ = LdI/dt , L=4H  

7) a) e=Ὠ•ȾὨὸ = LdI/dt   

8) b) e=IR = Ὠ•ȾὨὸ , so if I=0 so π t=1.5s  

9) c)  

10) c) , due to cut in the ring only emf is induced not the current , so bar magnet falls with acceleration due to 

gravity.  

 

ASSERTION AND REASON TYPE QUESTIONS 

Q1 Assertion (A): A changing magnetic flux induces an emf in a circuit. 

Reason (R): The induced emf is given by Faradayôs law. 
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Q2 Assertion (A): An induced current always opposes the cause that produces it. 

Reason (R): This is due to Lenzôs law. 

Q3 Assertion (A): When a magnet is moved towards a coil, a current is induced in the coil. 

Reason (R): The magnetic flux linked with the coil changes with time. 

Q4 Assertion (A): A conductor moving parallel to the magnetic field experiences no induced  

      emf. 

Reason (R): The rate of change of magnetic flux is maximum when motion is along the   

      field. 

Q5 Assertion (A): The induced emf in a coil depends on the rate of change of current in the  

      Neighbouring coil. 

 Reason (R): Mutual inductance must exist between two nearby coil. 

Q6 Assertion (A): The self-inductance of a coil is a measure of its ability to resist a change in  

      current. 

Reason (R): When current changes in a coil, a back emf is induced opposing the change. 

Q7 Assertion (A): An ideal transformer has 100% efficiency. 

Reason (R): There is no loss of energy in the practical transformer due to heat, eddy  

      currents, or hysteresis. 

Q8 Assertion (A): The core of a transformer is made of soft iron and laminated. 

Reason (R): This reduces eddy current losses and increases magnetic coupling. 

Q9 Assertion (A): No emf is induced in a stationary coil placed in a constant magnetic field. 

Reason (R): emf is induced only when there is a change in magnetic flux linked with the coil. 

Q10 Assertion (A): The mutual inductance of two coils depends on their relative orientation 

Reason (R): Changing the orientation affects the amount of magnetic flux linking both coils. 

ANSWERS 

1. B   Faraday's second law states that emf induced is proportional to the rate of change of magnetic flux ð 

directly explaining the assertion 

2. A   Lenzôs law ensures the direction of induced current opposes the change in magnetic flux, which is the 

cause. 

3.A Motion of the magnet changes the flux through the coil, inducing current. 

4.C Motion along the field lines causes no change in flux, so no emf is induced. The rate is maximum when 

motion is perpendicular to the field. 

5.C The emf induced in one coil is due to change of current (and thus flux) in the other, and this effect is 

quantified by mutual inductance. 

6.A Self-inductance resists current changes due to the back emf generated by Lenzôs law. 

7.A  In an ideal transformer, no energy losses occur, hence efficiency is 100%. 

8.A Lamination reduces eddy currents and soft iron ensures strong magnetic linkage between coils. 

9. A  A constant field implies constant flux Ÿ no emf. Emf requires changing flux. 

10.A     

 

SHORT ANSWER TYPE QUESTIONS 

Q1 A light metal disc on the top of an electromagnet is thrown up as the current is switched on. Why? Give 

reason. 

ANS- The induced magnetic field in the disc repels the magnetic field of the electromagnet. This repulsive 

force between the disc and the electromagnet exerts an upward force on the disc, causing it to be thrown 

up. 

Q2 How does the mutual inductance of a pair of coils change when distance between the coils is increased 

and number of turns in the coils is increased? 

ANS- When the distance between the coils is increased: Mutual inductance decreases. 

Mutual inductance M is directly proportional to the product of the number of turns in both coils. M is directly 

prop to N1x N2. so, M increases on increasing no of turns.  
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Q3 Two bar magnets are quickly moved towards a metallic loop connected 

across a capacitor óCô as shown in the figure. Predict the polarity of the 

capacitor.  

ANS. The north poles of both magnets are approaching.The loop will 

generate a south pole on the side facing the approaching magnets, to oppose their motion.Hence, the 

induced current in the loop will be clockwise (when viewed from the front). In a clockwise current, the 

upper plate of the capacitor gets positive and the lower plate gets negative. 

Q4 Two identical coils one of copper and the other of aluminium are rotated with the same angular speed in 

an external magnetic field. In which of the two coils will the induced current be more? 

ANS- Same emf in both coils,Lower resistance in copper coil,Hence, induced current in the copper coil will 

be more. 

Q5 The magnetic field is perpendicular to the plane of the loop, what is the 

induced current in the loop during 2 to 4 seconds.                                        

 

ANS- As there is  NO change in magnetic field during 2 Sec to 4 Sec , so 

Ů = 0 ,  I ind = 0 However emf will be induced between 0 to 2s and 4 to 6s. 

(can be calculated with the help of slope of the graph) 

Q6 A coil of N turns is placed in a magnetic field ὄᴆ such that ὄᴆ  is 

perpendicular to the plane of the coil. Magnetic field changes with time as B=B0 cos ( ὸ) where T is time 

period. Calculate the time at which emf  induced in the coil is maximum. 

Ans: e=     ,  = - B0 xA   sin( ὸ)   e=ὔ  ,  

Magnitude of EMF is max when sin(ὸ)  = 1 

This occurs when , ὸ = 
  
 ȟ  

 
 ȟ  

  
,ééso t= T/4 , 3T/4, 5T/4 éé. 

Q7 Derive an expression for the self inductance of a section of a long solenoid and hence show that self 

inductance is proportional to the square of number of turns per unit length. 

Ans: For a long solenoid, the magnetic field inside is: 

B=ɛ0 n I   , ū=BẗA=ɛo n I  A  Total flux linkage for N turns: 

Nū=N(ɛo n IẗA) But N=n x L , so: Total flux ū =nLẗɛon I A  

ū= L I = ɛon
2  A l I ,  

Self inductance L =ɛon
2 A l    so LŬ n2  

Q8 In the given figure, X is a coil wound over a hollow wooden pipe. A 

permanent magnet is pushed at a constant speed v from the right into the pipe 

and it comes out of at the left end of the pipe. During the entry and the exit 

of the magnet. What will be the current in the wire YZ. (draw it 

diagrammatically)  

Ans: Z to Y and then Y to Z by using Lenz law.  

Q9 Define mutual induction and derive the formula of coefficient of mutual 

inductance between two coils. 

Q10 Explain how Lenzôs Law applies when a metal ring is dropped into a region where a magnetic field is 

increasing upwards. What will be the direction of the induced current in the ring as it comes closer to the 

magnetic field?  

Q11 Figure shows a rectangular conductor PSRQ in which movable arm 

PQ  has a resistance órô and resistance of PSRQ is negligible. What are 

factors on  which the induced emf will depend magnitude when PQ is 

moved with velocity v. calculate its magnitude also.  

Ans: The induced emf depends on magnetic field, velocity , length of 

conductor PQ. Its magnitude will be given by e=Bvl. 
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SHORT ANSWER TYPE QUESTIONS 

Q1 Two concentric circular coils, one of small radius r1 and the other of large radius r2, such that  r1<<r2 are 

placed co-axially with centers coinciding. Obtain the mutual inductance of the arrangement. 

Q2 i) State Lenz law.  

ii) Identify the machine in the given figure.  

iii) Identify the parts P , Q and R of the machine 

iv) Give the polarities of the magnetic poles. 

v) Write the two ways of increasing the output voltage.  

Ans: i) Lenzôs law- The polarity of induced emf is such that it tends 

to produce a 

current which opposes the change in magnetic flux that produced 

it. 

ii) AC generator                  

iii) P ï Slip rings    Q ï Carbon brushes    R- Armature coil 

iv) Left side of the magnet is North & right side is South or vice-versa. 

v)write any two :  

By increasing the number of turns in the armature coil. 

By increasing the speed of rotation of the armature coil. 

By increasing the strength of the magnetic field B. 

Q3 Fig . shows, a rectangular loop PQRS, where PQ is free to move 

with velocity v. A uniform magnetic field acts  to loop. Assume PQ 

has resistance r, obtain expression for  

(i)  current  (ii) force (iii) power to move PQ. 

 

Ans : (i) I =     (ii)     F = B2 l2    (iii)    P =B2 ὰ  

 

Q4 A rectangular wire loop of sides 8 cm and 2 cm with a small cut is moving out of a region of  uniform 

magnetic field of 0.3 T directed normal to the loop.  

(i)What is the emf developed across the cut if the velocity of the loop is 1 cms-1 in a 

direction normal to the   (a) Longer side   (b) Shorter side of the loop? 

 

 

 

 

 

Ans: (a) longer side :      Ů  =  Blv = 2.4 X 10 -4  V   ,    T=b/v= 2seconds 

         (b) shorter side:     Ů  = 0.6X 10 -4 V   ,                  T= l/v = 8seconds 

Q5 Figures shows an arrangement by which alternatively current flows through coil A and B is placed near A 

and connected to a bulb X.  

Now explain the observations with reason 

 (i) When the switch S is closed the bulb lights up. Why? 

(ii) What happens to the brightness if an iron rod is  

      inserted in coil A.  

(iii) What happens to the brightness if a copper plate is inserted in the gap between the coils? 

Ans: -(i)  Due to mutual induction  

          (ii) Brightness decreases as the induced current decreases  

         (iii) Brightness decreases due to production of induced current set up in the copper plate  

                which opposes passage of magnetic flux. 
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Q 6 Show that coefficient of self inductance is independent of flux and current passing through the coil. 

Q7 AB is a part of an electrical circuit(see figure) Calculate the potential difference VA- VB at the instant when 

current of i=2A is increasing at a  rate of 1A/second and in between points 

 

 

 

Ans: VA-L -5-2x2=VB                  VA- VB= 10V 

 

 Q8 The magnetic flux linked with a coil in Wb is given by the equation ű=5t2 +3t+16 . Calculate the 

magnitude of induced emf in the coil at the fourth second.  

Sol: e= =10t+3 emf in 4th sec is e4-e3=43V-33V = 10V  

Q9. Calculate the self-inductance of a coil using the 

following data obtained when an AC source of frequency 

 Hz and a DC source is applied across a coil.  

Sol: When DC is connected there will be only resistance 

and when AC is connected then there will be both 

inductance and resistance(Z). 

From the table Z = 6 Ý and R= 4 Ý 

So Z= Ὑ ὢ        so XL= Ѝςπ   = 2Ѝυ τȢυЏ   XL=ɤL , L=4.5/2“’    so L=11 mH                        

 

LONG ANSWER TYPE QUESTIONS 

Q1. (a) Define mutual inductance and write its SI units.  

(b) Derive an expression for the mutual inductance of two long co-axial solenoids of same length wound one 

over the other. 

Q2. (a) Draw a labelled diagram to explain the principle and working of an A.C. generator. Deduce the 

expression for emf generated. (b)Why cannot the current produced by an A.C. generator be measured with a 

moving coil ammeter?  

Q3 a) State Lenz's law. Give one example to illustrate this law. "The Lenz's law is a consequence of the 

principle of conservation of energy." Justify this statement.  

b) A long solenoid with 15 turns per cm has a small loop of area 2.0 cm2 placed inside the solenoid normal to 

its axis. If the current carried by the solenoid changes steadily from 2.0 A to 4.0 A in 0.1 s, what is the induced 

emf in the loop while the current is changing?   

Ans: b) Magnetic field , B=‘ὲὍ      ‘ὲ      ,  = 20 A/s     =3.77x10-2 T/s     and induced emf is 

e=7.54 ɛV 

 

CASE STUDY BASED QUESTIONS 

1. EMI is defined as the production of an electromotive force across an electric conductor in the changing 

magnetic field. The discovery of Induction was done by Michael Faraday in the year 1831. Electromagnetic 

induction finds many applications such as in electrical components which includes transformers, inductors, 

and other devices such as electric motors and generators. 

Alternating current is defined as an electric current which reverses in direction periodically.  

In most of the electric power circuits, the waveform of alternating current is the sine wave. 

I. How to increase the energy stored in an inductor by four times? 

(a) By doubling the current       (b) This is not possible    

(c) By doubling the inductance (d) By making current 2 times 

II. Consider an inductor whose linear dimensions are tripled and the total number of turns per unit length is 

kept constant, what happens to the self-inductance? 
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(a) 9 times                          (b) 3 times         (c) 27 times                        (d) 13 times                             

III. Lenz law is based on which of the following conservation 

(a) Charge            (b) Mass          (c) Momentum               (d) Energy                                          

IV. What will be the acceleration of the falling bar magnet which passes through the ring  

such that the ring is held horizontally and the bar magnet is dropped along the axis of the ring? 

(a) It depends on the diameter of the ring and the length of the magnet    

(b)  equal due to gravity 

(c) It is less than due to gravity                                                               

(d) It is more than due to gravity 

2. The emf induced across the ends of a conductor due to its motion in a 

magnetic field is called motional emf. It is produced due to the magnetic 

Lorentz force acting on the free electrons of the conductor. For a circuit 

shown in figure, if a conductor of length I moves with velocity v in a 

magnetic field B perpendicular to both its length and the direction of the 

magnetic field, then all the induced parameters are possible in the circuit         

                                                      

I. Direction of current induced in a wire moving in a magnetic field is found using 

(A) Fleming's L Hand rule    (B) Fleming's Right hand  

(C) Ampere's rule     (D) Maxewellôs Thumb rule 

II.A bicycle generator creates 1.5 V at 15 km/hr. The EMF generated at 10 km/hr is 

(A) 1.5 volts      (B) 2volts         (C) 0.5volts          (D) 1 volt                                                                          

III. A 0.1 m long conductor carrying a current of 50 A is held perpendicular to magnetic field of 1.25 mT. The 

mechanical power required to move the conductor with  a speed of 1 m s-1 is 

(A) 62.5 mW        (B) 625 mW              (C) 6.25 mW                 (D) 12.5 Mw                                           

IV. A conducting rod of length   is moving in a transverse magnetic field of strength B  

with velocity V. The resistance of the rod is R. The current in the rod is. 

(A) BV■                    (B) Zero              (C)    
  
                (D)     

  
                            

 

 

3. Faradayôs law of electromagnetic induction, also known as Faradayôs law is the basic law of 

electromagnetism which helps us to predict how a magnetic field would interact with an electric circuit to 

produce an electromotive force (EMF). This phenomenon is known as electromagnetic induction. Faradayôs 

Experiment: Relationship Between Induced EMF and Flux. In the first experiment, he proved that when the 

strength of the magnetic field is varied, only then-current is induced. An ammeter was connected to a loop of 

wire; the ammeter deflected when a magnet was moved towards the wire. In the second experiment, he proved 

that passing a current through an iron rod would make it electromagnetic. He observed that when a relative 

motion exists between the magnet and the coil, an electromotive force will be induced. When the magnet was 

rotated about its axis, no electromotive force was observed, but when the magnet was rotated about its own 

axis then the induced electromotive force was produced. Thus, there was no deflection in the ammeter when 

the magnet was held stationary. While conducting the third experiment, he recorded that the Galvanometer 

did not show any deflection and no induced current was produced in the coil when the coil was moved in a 

stationary magnetic field. The ammeter deflected in the opposite direction when the magnet was moved away 

from the loop.  

I. According to Faradayôs law, EMF stands for  

a) Electromagnetic field     b) Electromagnetic force       

c) Electromagnetic friction d) Electromotive force  

II. As per Faraday's laws of electromagnetic induction, an e.m.f. is induced in a conductor whenever it  

a) Lies perpendicular to the magnetic flux  

b) Lies in a magnetic field  
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c) Cuts magnetic flux  

d) Moves parallel to the direction of the magnetic field  

III. For time varying currents, the field or waves will be  

a) Electrostatic            b) Magnetostatic        c) Electromagnetic                  d) Electrical 

IV. Find the displacement current when the flux density is given by t3 at 2 seconds.  

a) 3                      b) 6                         c) 12                      d) 27  

OR 

 Which of the following statements is true?  

a) E is the cross product of v and B                       b) B is the cross product of v and E  

c) E is the dot product of v and B                          d) B is the dot product of v and E 

 

4. The migratory birdsô patterns are one of the mysteries in the field of science. For example, every winter 

birds from Siberia fly unerringly to water spots in the Indian sub- continent. There has been a suggestion that 

electromagnetic induction may provide a clue to the migratory patterns. The earthôs magnetic field has existed 

throughout evolutionary history. It would be of great benefit to migratory birds to use this field to determine 

the direction. As far as we know birds contains no ferromagnetic materials. So, electromagnetic induction 

seems to be the only reasonable mechanism to determine the direction. Consider the optimal case where the 

magnetic field B, the velocity of the bird v and two relevant points of its anatomy separated by a distance l, 

all three are mutually perpendicular. From the formula for motional emf i.e., =Blv   Certain kinds of fishes 

are able to detect small potential differences. However, in these fishes, special cells have been identified. Thus, 

the migration patterns of birds continue to remains a mystery.  

I. An emf is produced in a coil, which is not connected to an external voltage source. This can be due to  

(a) the coil being in a time varying magnetic field  

(b) the coil moving in a time varying magnetic field  

(c) the coil moving out of constant magnetic field  

(d) All of the above  

II. A circular coil expands radially in a region of magnetic field and no electromotive force is produced in the 

coil. This can be because 

(a) the magnetic field is in the same plane as the circular coil and it may or may not vary  

(b) the magnetic field has a perpendicular (to the plane of the coil) component whose magnitude is 

decreasing suitably.  

(c) there is constant magnetic field in the perpendicular (to the plane of their coil) direction.  

(d) Both (a) and (b)  

III. A migratory Siberian bird is flying in the sky with a velocity of 10 m/s and the distance between two 

feathers is 2 cm. The earthôs magnetic field B perpendicular to the feather is 4 x 10-5  T. Then emf generated 

between the two feathers is 

 (a) 4 ɛV                    (b) 6 ɛV                             (c) 8 ɛV                      (d) 10 ɛV  

OR 

An airplane having a wing span of 35 m flies due north with speed of 90 m/s, given B = 4 X 10-5 T, the 

potential difference between the tips of the wings will be  

(a) 0.126 V                      (b) 1.26 V                          (c) 12.6 V                 (d) 0.013 V  

IV. A moving conductorôs coil produces an induced emf. This is in accordance with  

(a) Lenzôs Law     (b) Coulombôs Law           (c) Faradayôs Law       (d) Ampereôs Law 

 



  

KVS ZIET MYSURU PHYSICS XII 2025-26 74 

 

 

CHAPTERς7: ALTERNATING CURRENT 
SYLLABUS: Alternating currents, peak and RMS value of alternating current/voltage; reactance and 

impedance; LCR series circuit (phasors only), resonance, power in AC circuits, power factor, wattless current. 

AC generator, Transformer. 

Mind map 

 

Gist of the chapter 

Alternating current and voltage: A signal changing its values periodically is called an alternating signal. & 

represented as  I = I0 sin ɤt ,  

alternating voltage (or emf) is V = V0 sin ɤt  
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MEAN AND RMS VALUE OF ALTERNATING CURRENTS  

 

The mean  or average value of alternating current over complete cycle is zero. For 

half cycle itôs value is given by 

(Imean )half cycle =  = 0.636 Io                        Vavg for half cycle =  = 0.636 Vo 

An ammeter or a voltmeter  read its  Root Mean Square value as 

Irms = 
Ѝ

   = 0.707 Io        Vrms =
Ѝ

   = 0.707 Vo  

V= Vo sin ɤt then current is I = Io sin (ɤt + ū) where ū is the phase difference between voltage and current. 

The average power loss over a complete cycle is given by,  

P = Erms Irms cos ū     where cos ū is called the power factor 

 

Purely resistive circuit. 

       (1) Current :Ὥ ὭίὭὲ‫ὸ                          

       (2) Peak current : Ὥ  

       (3) Phase difference between  voltage and current : f = 0o  

       (4) Power factor : ὧέί• ρ  

       (5) Power : ὖ ὠ Ὥ   

       (6) Phasor diagram : Both are in same phase 

 

Purely Inductive Circuit ( L-Circuit)   

(1) Current : Ὥ ὭίὭὲ‫ὸ  

(2) Peak current :  

  

(3) Phase difference between  voltage and current • ωπ (or  

(4) Power factor : ὧέί• π 
(5) Power dissipated : P = 0 

(6) Phasor diagram : Voltage leads the current by  

 

Purely capacitive circuit  

(1) Current : Ὥ ὭίὭὲ‫ὸ       

(2) Peak current Ὥ ὠ‫ὅ ὠ ς“’ὅ 

(3) Phase difference between voltage and current :  

• ωπ Power factor : ὧέί• π 
(4) Average Power : Pavg = 0 

(5) Phasor diagram : Current leads the voltage by p/2 

 

Series LCR circuit  

Voltage V = Vo sinɤt,  
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(1) I = Io sin (ɤt + ʌ)   ,  where   I0 = Vo/ Z,    and  impedance Z  =  Ὑ ὢ ὢ  

(2) tan ʌ= (XL- XC) / R 

(3) The average power loss over a complete cycle is given by  P = Vrms Irms cos ʌ             

       where, the term cos ʌ is called the power factor 

(4) cos ʌ= R/ Ὑ ὢ ὢ   ) 

(5) If net reactance is inductive: Circuit behaves as LR circuit  

(6) If net reactance is capacitive: Circuit behave as CR circuit 

(7) If net reactance is zero: Means  XL - XC  = 0 XL = XC . This is the condition of  electric resonance 

 (8) At resonance (series resonant circuit) 

 (i) XL = XCÝ  Z min = R i.e. circuit behaves as resistive circuit  

(ii) V L = VC Ý  V = VR i.e. whole applied voltage appeared across the resistance  

(iii) Phase difference : f = 0o Ýpower factor = cos f = 1  

 (iv) Power consumption P = Vrms Irms  

 (v) These circuits are used for current amplification and as tuning circuits in wireless telegraphy. 

(9) Resonant frequency (Natural frequency) :  At resonance XL = XC Ý   w0L= 
 

╒ ⱷ  
   

 Ý   w0L =    OR,   w0L =   (Resonant frequency doesn't depend upon the resistance of the circuit) 

(10) Watt less Current  

The component of current which does not contribute to the average power 

dissipation is called watt less current. 

(i) The average of component of watt less component over one cycle is zero  

(ii) Amplitude of watt less current = I0 sin  and r.m.s. value of  

watt less current= Irms sinɗ=  I0 sinɗ/Ѝ2 

Transformer: - 

It is a device which Increase or decreases the voltage  

or current in ac circuits through mutual induction. 

It does not work in DC circuit. 

Principle: It is based on the principle of mutual induction.                                                                                                           

Working: When an alternating voltage is applied to the primary coil ,  

magnetic flux linked with it changes which links to the  

secondary coil  and induces an emf in it due to mutual induction. 

                                     
Types of transformer: Step-up Transformer: Ns> Np. It increases voltage                      

and decreases current. Transformation Ratio must be greater than 1. 

  

Step-Down Transformer: ï Ns< Np; It increases current and decreases voltage. Transformation Ratio must 

be less than 1. 

From Faradayôs laws the emf induced in the primary coil 

‐p = - NP 
Ў

Ў
     ----(i)  also for secondary coil  ‐s = - Ns 

Ў

Ў
        ---------(ii)  

   =    =  k (transformation ratio) -----------(iii)  

For ideal transformer input power = output power ᵼ  ‐P IP = ‐s Is      ------(iv) 
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By equation (iii) and (iv) 

                                              
   

   =    =   

 Energy losses in a transformer: 

(i) Copper loss (ii) Hysteresis loss  (iii) Flux leakage (iv) Humming losses   (v) Eddy current loss 

 

MULTIPLE CHOICE QUESTIONS  

Q1  A resistance 'R' draws power 'P' when connected to an AC source. If an inductance is now placed in 

series with the resistance, such that the impedance of the circuit becomes 'Z', the power drawn will be : 

(a)P                       (b) P                  (c) P          (d) P 2                         

Q2 To reduce the resonant frequency in an L-C-R series circuit with a generator  

(a) the generator frequency should be reduced  

(b) another capacitor should be added in parallel to the first  

(c) the iron core of the inductor should be removed  

(d) dielectric in the capacitor should be removed 

Q3 Average value of A.C voltage for positive half cycle is [If V0 is its peak voltage] 

 (a) zero             (b) V0/Ѝς             (c) 2V0/ “          (d) V0                                                                          

Q4 An alternating current in a circuit is given by I = 20sin (100“ t +10.05“ )A . The r.m.s value of current  

& its frequency respectively are 

(A) 10A & 100 Hz    (B) 10 A & 50 Hz       (C) 10 Ѝ2A  & 50Hz          (D) 20 Ѝ2A  & 100Hz 

Q5 In an ideal transformer, the no. of turns of primary and secondary coil are 500 and 400 respectively. If 

220 V is supplied to the primary coil, then ratio of currents in primary and secondary coils is 

(A) 4 : 5                      (B) 5 : 4                 (C) 5 : 9               (D) 9 : 5     

Q6 The power factor of LCR circuit at resonance is 

(A) 0.707        (B) 1               (C) Zero                 (D) 0.5                                                                                     

Q7 At resonance frequency in an A.C circuit containing L, C and R in series 

(A) The voltage and current will be in same phase.   

(B) The voltage will lead the current 

(C) The voltage will lag behind the current.     

(D) Phase difference depends on peak voltage of source 

 Q8 A voltage v=vosin wt applied to a circuit drives a current i=io sin (wt + ű)  in the circuit. The average 

power consumed in the circuit over a cycle is  

a) Zero                b) io vo cos ű            c) io vo /2             d)  (io vo cos ű) /2                       

Q9 In the case of an inductor 

(a) voltage lags the current by “/2                     (b) voltage leads the current by “/2  

(c) voltage lags the current by “/3                     (d) voltage lags the current by “/4       

Q10 A power transformer is used to step up an alternating e.m.f. of 220 V to 11 kV to transmit 4.4 kW of 

power. If the primary coil has 1000 turns, what is the current rating of the secondary? Assume 100% 

efficiency for the transformer  

(a) 4 A                         (b) 0.4 A                       (c) 0.04 A                      (d) 0.2 A     

Q11 An inductor, a capacitor and a resistor are connected in series across an ac source of voltage. If the 

frequency of the source is decreased gradually, the reactance of :  

(a) both the inductor and the capacitor decreases.  

(b) inductor decreases and the capacitor increases.  

(c) both the inductor and the capacitor increases.  

(d) inductor increases and the capacitor decreases. 
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ANSWERS 

1 d  2 b 3 c  4 c  5 a 6 b  7 a 8 d 9 b  10 b 11 b  

 

ASSERTION AND REASON TYPE QUESTIONS 

Q1 Assertion: In a pure resistive circuit, voltage and current are in the same phase. 

 Reason: In resistors, energy is alternately stored and released. 

Q2. Assertion: In an ideal LC circuit, the current oscillates indefinitely. 

 Reason: There is no energy loss in an ideal LC circuit. 

Q3. Assertion: In an LCR circuit at resonance, the impedance is minimum. 

Reason: At resonance, the inductive and capacitive reactance cancel each other. 

Q4. Assertion: The average power consumed in a pure inductive circuit is zero. 

Reason: In a pure inductive circuit, the current leads the voltage by 900 

Q5. Assertion: The power factor in a purely capacitive circuit is zero. 

Reason: In a capacitive circuit, the current leads the voltage by 900 

Q6. Assertion: In an AC circuit containing only a capacitor, current lags the voltage by 900 

Reason: Capacitors offer no resistance to A C current. 

Q7. Assertion: The power consumed in an AC circuit is given by P=VRMS IRMS cos◖  

Reason: The product VRMS IRMS  gives the apparent power. 

Q8. Assertion: The voltage across the inductor leads the current by 900. 

Reason: The induced emf in the inductor opposes the change in current. 

Q9. Assertion: The quality factor of an LCR series circuit increases with increase in resistance. 

Reason: Higher resistance causes sharper resonance 

Q10. Assertion: In a transformer, higher value of alternating voltage can be converted into lower voltage 

and vice versa. 

Reason: A transformer works on the principle of electromagnetic induction. 

ANSWERS 

1-C 2-A 3-A 4- C 5- A 6-D 7-B 8-B 9-D 10-B  

 

VERY SHORT ANSWER TYPE QUESTIONS 

Q1 Explain why current flows through an ideal capacitor when it is connected to an ac source but not when it 

is connected to a dc source in a steady state. 

Ans: In DC , Xc is infinite. 

Q2 Draw the graphs showing variation of inductive reactance and capacitive reactance with frequency of 

applied ac source. 

Ans: General concept and shapes. 

Q3 Prove that an ideal capacitor in an ac circuit does not dissipate any average power.  

Ans: Pavg is propotional to cosű and ű is 90
0 so average power dissipated is zero.  

Q 4 In a series LCR circuit, obtain the condition under which the impedance of circuit is minimum as well as 

explain its one practical use. 

Ans: XL= Xc , to get maximum current in any circuit. 

Q5 Mention any two characteristics properties of the material suitable of making the core of transformer 

Ans: Mention any two.  

Q6 Define óquality factorô of resonance in series LCR circuit. What is its SI unit.  

Ans: Write definition , no unit and dimensions.  

Q7 A bulb B and an inductor  are connected in series to the ac mains. The bulb glows with some brightness. 

How will the glow of the bulb change when a paramagnetic slab is introduced in side the inductor. 

Ans: XL increases so brightness decreases. 

Q8 A transformer has 50 tunes in the primary and 100 in the secondary. If primary is connected to 220 V DC 

supply, what will he the voltage across the secondary? 
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Ans: Transformer does not work on DC.  

 

SHORT ANSWER TYPE QUESTIONS 

Q1A sinusoidal voltage is applied to an electric circuit containing element X in which current leads the 

voltage by   

(a) Identify the circuit  

(b) Write the formula for its reactance.  

(c) Show graphically the variation of this reactance with frequency of ac voltage.  

(d) Explain the behaviour of this element when it is used in (i) an ac circuit, and (ii) a dc circuit 

Ans: a) Capacitor    

b) Xc=1/ɤC    

c)  

 

 

 

 

 

(d) (i) For ac Xc is finite and therefore allows the ac to pass. For dc Xc is infinite and therefore does not 

allow the dc to pass.  

2. With the help of a suitable phasor diagram, obtain an expression for impedance of a series LCR circuit, 

connected to a source v = v0 sinɤt.  

Ans : Refer textbook and gist above 

3. Find the condition under which a series LCR circuit could draw maximum power from an ac source. 

Name the factors at which this characteristics frequency depends. Draw the frequency response curve for 

such a circuit.  

Ans: refer textbook (Resonance in LCR circuit) 

4. A series CR circuit with R=200Ýand C=50/“ ɛF is connected across an ac source of peak voltage V= 

100V and frequency ʉ = 50 Hz. Calculate a) impedance of the circuit(Z) b) phase angle (ű) and c) voltage 
across the resistor.  

Ans: Z2=R2+(1/2 “ ʉ#)2 = 200ЍςÝ   

cosű=R/Z=1/Ѝς , ű=450 

V across R = RV/Z = 50Ѝς  V 

5. An ac source v = vm sin ɤt is connected across an ideal capacitor. Derive the expression for the (i) current 

flowing in the circuit, and (ii) reactance of the capacitor. Plot a graph of current i versus ɤt. 

Ans : refer textbook  

6. A series combination of an inductor L, a capacitor C and a resistor R is connected across an ac source of 

voltage in a circuit. Obtain an expression for the average power consumed by the circuit. Find power factor 

for (i) purely inductive circuit, and (ii) purely resistive circuit. 

Ans: refer textbook  

7.A resistor of 30 Ýand a capacitor of 250/ʌ ɛF are connected in series to a 200 V, 50 Hz ac source. 

Calculate (i) the current in the circuit, and (ii) voltage drops across the resistor and the capacitor. (iii) Is the 

algebraic sum of these voltages more than the source voltage ? If yes, solve the paradox.  

Ans: Xc=1/ɤC =40Ý , Z
2=R2+ Xc

2  , Z=50 Ý , 

I=200/50 = 4A   

Vc=IXc=160V  , VR=IR=120V 

The algebraic sum of the two voltages VR and VC is 280V, which is more than the source voltage of 

200V. This paradox can be removed by considering impedance triangle because VR and VC are out 

of phase by 90ę, therefore V2  VR
2 Vc

2 , V= 200V This is equal to the source voltage. 
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8.A series LCR circuit with R = 20Ý  L = 2 H and C = 50 F is connected to a 200 volts ac source of variable 

frequency. What is (i) the amplitude of the current, and (ii) the average power transferred to the circuit in 

one complete cycle, at resonance?  

(iii) Calculate the potential drop across the capacitor. 

Ans: (i) At resonance Z=R so I=V/R  Irms=10A and Io=IrmsЍς =14.14A 

Average power transferred to the circuit in one complete cycle at resonance : P=I2
rmsR=2000W 

ɤr =
Ѝ

= 100 rad/s , Xc=1/ɤC    , Vc=IrmsXc=2000V 

 

LONG ANSWER TYPE QUESTIONS 

Q1 i) Write the principle of working of an ac generator. Draw its labelled diagram and explain its working.  

A resistor of 400Ý , an inductor of  H and a capacitor of  uF are joined in series across an ac source 

v=140 sin (100ʌ Ô V. Find the rms voltages across these three circuit elements. The algebraic sum of 

these voltages is more than RMS voltages of source. ExplainAns: from the equation Vrms=100V so , 

Irms=Vrms/Z , Z=500Ý, so Irms=0.2A hence VR=80V, VL=100V and VC=40V    

The algebraic sum of voltages is more than the rms voltage of source because voltages across R, L and C are 

not in phase.  

Q2 i) Name the device which can increase alternating current or voltage without increasing electric power. 

Write the principle of working of this device, Explain why it cannot be used for same purpose when direct 

current source is used?  

ii) An ideal transformer is designed to convert 50 V into 250 V. It draws 200 W power from an ac source 

whose instantaneous voltage is given by vi = 20 sin (100ʌÔ V. Find 

Rms value of input current 

Expression for instantaneous output voltage 

Expression for instantaneous output current 

Ans: Transformer , EMI , Flux change Zero. Irms=7.07A   

Pp=VpIp , so Iὴ=20 Ѝς A , Vo=100 sin(100“t) V , I0= 4sin(100“t) A 

Q3 Find the condition of resonance in a series LCR circuit connected to a source V=Vm sin ɤt, where ɤ can 

be varied. Give the factors on which the resonant frequency of a series LCR circuit depends. Plot a graph 

showing the variation of electric current with frequency in a series LCR circuit.  

Ans: General concept and direct graph  

Q4 i)Describe the construction and working of of a transformer and hence obtain the relation for ) in terms 

of number of turns of primary and secondary.  

ii Discuss the main causes of energy loss in a real transformer.  

Ans: Direct question , see answer from the gist 

Q5 i) you are given three circuit elements X , Y and Z. They are connected one by one across a given ac 

source. It is found that V and I are in phase of element X. V leads I by  for element Y where I leads V 

by  for element Z. Identify elements X,Y and Z.  

ii) Establish the expression for total opposition offered to circuit when elements X , Y and Z are connected in 

series to an ac source. Show the variation of current in circuit with the frequency of the applied source 

when only Y & Z are connected in circuit. 

iii)  In a series LCR circuit obtain, the conditions under which impedance is minimum, justify why circuit 

becomes purely resistive at resonance?  

Ans: i) X-resistor   Y-inductor Z-Inductor ii) Deduce expression for Z . Graph for LC 

combination circuit. iii) Condition of resonance , Xc=XL so Z=R   
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CHAPTER-8: ELECTROMAGNETIC WAVES   

SYLLABUS: Basic idea of displacement current, Electromagnetic waves, their characteristics, their transverse 

nature (qualitative idea only). Electromagnetic spectrum (radio waves, microwaves, infrared, visible, 

ultraviolet, X-rays, gamma rays) including elementary facts about their uses. 

MIND MAP  

 

 

 

 



  

KVS ZIET MYSURU PHYSICS XII 2025-26 82 

 

 

 

GIST OF THE CHAPTER  

 

Displacement Current: -If there exists an electric current as well as changing electric 

field, results magnetic field & cause displacement current  

‐
Ὠ•

Ὠὸ
Ὥ 

So, Ampere-Circuital Law was modified called as Ampere-Maxwell Law. 

ὄȢὨὰ‘Ὥ ‘‐
Ὠ•

Ὠὸ
 

Electromagnetic Waves: - The electromagnetic waves are those waves in which there are sinusoidal 

variations of electric and magnetic field vectors to right angles to each other as well as at right angles to 

the direction of wave propagation. (i.e., electric current and magnetic fields vary with space and time.)  

Transverse nature of electromagnetic waves: - Electric and magnetic fields oscillate sinusoidally in space 

and time in an electromagnetic wave. The oscillating electric and magnetic fields, E and B are perpendicular 

to each other, and to the direction of propagation of the electromagnetic wave. 

ü Conduction current & displacement current are the same.  

ü Conduction current arises due to flow of electrons in the conductor. 

ü Displacement current arises due to electric flux changing with time. 

                                                  ╘D = ⱠO d Eɲ/dt 

ü Maxwellôs equations  

Gaussôs Law in Electrostatics  Ḃ Ὁ.ὨS = ὗ/‐O  

Gaussôs Law in Magnetism     Ḃ ὄᴆ.ὨὛ=0  

Å Ampereôs ï Maxwell law       Úὄᴆ.Ὠὰ = mOI + mOeO d Eɲ /d◄  
  

ü Electromagnetic Wave :- The wave in which there are sinusoidal variation of electric and magnetic fields 

at right angles to each other as well as right angles to the direction of wave propagation. Å Velocity of EM 

waves in free space: ὧ = 1/ ▫ ▫= 3x108 m/s  

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

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

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

ü The amplitude of electric & magnetic fields are related by Ὁ/ὄ = ὧ  
ü Oscillating or accelerating charged particle produces EM waves. 

ü Orderly arrangement of electromagnetic radiation according to its frequency or wavelength is 

electromagnetic spectrum.  

ü A self made easy Acronym to memorize the electromagnetic spectrum in decreasing order of its frequency.  

                     Gandhijiôs X-rays Used Vigorously In Medical Research  

Here the first of each word indicates: G- gamma rays , X- rays , Ultraviolet rays ,Visible rays , I- Infrared 

radiations , M- Microwaves and R- Radio waves  

ü EM waves also carry energy, momentum. 
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The Electromagnetic Spectrum 

Type 
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W
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n
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R
a

n
g
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Production Detection Uses 

Radio 

wave

s 

5×105 

Hz to 

108 

Hz 

>0.1m Rapid acceleration 

and de-

accelerations of 

electrons in 

aerials/antenna. 

Receiverôs 

aerials 

In radio and television 

communication system. 

In radio astronomy. 

Micro

wave

s 

109 

Hz to 

1012 

Hz 

0.1m 

to 

1mm 

Klystron value or 

magnetron value. 

Point contact 

diodes. 

In radar Systems. 

In long distance communication 

systems. 

In microwave ovens.  

Infrar

ed 

1011 

Hz to 

5× 

1014 

Hz 

1mm 

to 

700n

m 

Vibration of atoms 

and molecules. 

Thermopiles 

Bolometer, 

Infrared 

photographic 

film. 

In remote control of TV or VCR. 

In Green House. 

In haze Photography. 

Treatment of muscular 

complaints. 

Visibl

e 

Light 

4×1014 

Hz  

to 

7×1014 

Hz 

7000n

m to 

400n

m 

Electron in atoms 

emit light when 

they move from one 

energy level to a 

lower energy level. 

Human eye 

photocells, 

photographic 

film. 

It Provides us the information of 

the world around us. 

It can cause Chemical Reactions. 

Ultra-

violet 

1016 

Hz  

to  

1017 

400n

m to 

1nm 

Inner shell 

electrons in atoms 

moving from one 

energy level to a 

lower level. 

Photocells, 

photographic 

film.  

In food Preservation. 

In the study of invisible writings, 

forged documents and finger 

prints. 

In the study of molecular 

structure. 

X-

rays 

1016 

Hz  

to  

1019 

1nm 

to 10-

3 nm 

X-ray tubes or inner 

shell electrons. 

Photographic 

film, Geiger 

tubes, 

Ionization 

chamber. 

In medical diagnosis. 

In the study of crystals structure. 

In engineering. 

In detective departments. 

In radio therapies. 

Gam

ma 

rays 

1018 

Hz to 

1022 

Hz 

<10-3 

nm 

Radioactive decay 

of the nucleus. 

Photographic 

film, Geiger 

tubes, 

Ionization 

Chamber 

In radio Therapy. 

In manufacture of polyethylene 

from ethylene. 

To initiate some nuclear 

reactions. 

To preserve food stuff. 
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MULTIPLE CHOICE QUESTIONS  

Q1 To dissociate an oxygen molecule into two oxygen atoms 5eV of energy is required. The minimum 

frequency of the appropriate electromagnetic radiation to achieve the dissociation lies in  

(a) visible region.    (b) infrared region.      (c) ultraviolet region.       (d) microwave region. 

Q2:  The given diagram exhibits the relationship between the 

wavelength of electromagnetic waves and the energy of photon 

associated with them. The three points P,Q and R marked on the 

diagram may correspond respectively to:  

a)X-rays, microwaves, UV radiation     

b) X-rays, UV radiation, microwaves   

c)UV radiation, microwaves, X-rays      

d) microwaves, UV radiation, X-rays  

Q3 Which one of the following correctly represents the change in wave characteristics (all in vacuum) from 

microwaves to X rays in electromagnetic spectrum?  

               Speed                                      Wavelength                             Frequency 

a)      Remains same                        Decreases                               Remains same 

b)      Remains same                        Decreases                               Increases 

c)      Increases                                 Increases                                Decreases 

d)      Remains same                        Decreases                               Remains same 

Q4 X rays are more harmful to human beings than ultraviolet radiations because X-rays:  

a) Have frequency lower than that of ultraviolet radiations 

b) Have wavelength smaller than that of ultraviolet radiations 

c) Move faster than ultraviolet radiations in air 

d) Are mechanical waves but ultraviolet radiations are electromagnetic waves 

Q5 Displacement current exists only when  

a) electric field is changing     b) magnetic field is changing 

c)  electric field is constant   d) magnetic field is constant 

Q6 A welder wears special glasses to protect his eyes mostly from the harmful effect of 

a) high intensity visible light    b) infrared radiations 

c) ultraviolet radiations        d) radio waves 

Q7 An electromagnetic wave of frequency 3kHz is passing from vacuum to glass. The ratio of their frequency 

in vacuum and in glass is: 

a) 3:1    b) 1:3  c) 1:4   d) 1:1 

Q8 Which of the following electromagnetic waves has the highest momentum for a given energy?  

a) Radio waves  b) Microwaves  c) Infrared rays  d) Gamma rays 

Q9 The source of an electromagnetic wave is always associated with: 

 a) A moving electric charge only     b) An accelerating electric charge  

 c) A stationary electric charge         d) A constant magnetic field 

Q10 The ratio of the amplitudes of electric and magnetic fields in free space is equal to:  

(c is the speed of light in vacuum) 

a) 1                   b) c                       c) 1/c2                          d) 1/c 

SOLUTIONS: 

1) C   Solution: E=h’ , E=5 e V , so ’  1.2x 1015  Hz , so UV range 

2) B    X-rays , Micro and UV as wavelength decreases in this order   

3) B    In vacuum , speed remains the same and going from Micro to X rays frequency increase and wavelength 

decreases  

4) B    wavelength of X is smaller than UV  
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5) A     displacement current is   ‐   so it exists only if electric field is changing 

6) C    During welding, a high-intensity electric arc is generated, which emits a large    amount of ultraviolet rays 

7) D    Frequency of an electromagnetic wave does not change when it passes from one medium to another so 1:1 

8) D   because gamma rays has highest frequency so its energy will be the highest.  

9) B   The source of an electromagnetic wave is always associated with n accelerating electric charge or an 

oscillating charge. 

10) B  speed of light is c=E/B  

ASSERTION AND REASON QUESTIONS 

For each question, select the correct option: 

(a) Both Assertion and Reason are true, and Reason is the correct explanation of Assertion. 

(b) Both Assertion and Reason are true, but Reason is not the correct explanation of Assertion. 

(c) Assertion is true, but Reason is false. 

(d) Assertion is false, but Reason is true. 

Q1.Assertion (A): Electromagnetic waves do not require a material medium for their propagation.  

Reason (R): Electromagnetic waves consist of oscillating electric and magnetic fields, which are self-

sustaining in vacuum. 

Q2.Assertion (A): In an electromagnetic wave, the electric and magnetic fields are always perpendicular to 

each other. 

Reason (R): The directions of electric and magnetic fields in an EM wave are independent of the 

direction of wave propagation. 

Q3.Assertion (A): The speed of electromagnetic waves in vacuum is equal to 1/  

Reason (R): The values of ɛ0 and  Ů0 determine the properties of vacuum with respect to magnetic and 

electric fields, respectively 

Q4.Assertion (A): X-rays can be used to detect fractures in bones. 

Reason (R): X-rays have controlled penetrating power and are absorbed differently by different tissues.  

Q5.Assertion (A): Ultraviolet rays are more energetic than infrared rays. 

Reason (R): The frequency of ultraviolet rays is greater than that of infrared rays.  

Q6.Assertion (A):  Gamma rays have the longest wavelength in the electromagnetic spectrum. 

Reason (R): Gamma rays have the lowest frequency among all EM waves. 

Q7.Assertion (A): Microwaves are suitable for radar systems used in aircraft navigation. 

Reason (R): Microwaves can penetrate through the ionosphere and reach long distances without 

significant attenuation. 

Q8Assertion (A): Electromagnetic waves carry both energy and momentum. 

Reason (R): The energy and momentum in EM waves are carried by the magnetic field only.  

EXERCISE QUESTIONS-SOLUTIONS 

1.(a) EM waves are self-propagating due to mutual induction of E and B fields and do not need a medium. 

2. (c) The fields are perpendicular to each other and to the direction of wave propagation they are not 

independent. 

3. (a)  Speed of EM wave in vacuum is derived using these constants. 

4. (a)  Bones absorb more X-rays than soft tissue, producing contrast. 

5. (a) Energy E = h; higher frequency = higher energy. 

6. (d) Gamma rays have the shortest wavelength and highest frequency. 

7. (a) Microwaves are used in radar as they can travel in the atmosphere and reflect from objects. 

8.(c) Energy is shared by both electric and magnetic fields, not just magnetic. 

9. (a)  IR is emitted due to heat and used for thermal imaging. 

10. (d) EM waves are transverse, not longitudinal; E field is perpendicular to propagation. 
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VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS) 

Q1 Why does microwave oven heats up a food item containing water molecules most efficiently? 

SOL: Microwave ovens efficiently heat food containing water because microwaves excite the rotational 

motion of polar water molecules, and the resulting molecular friction generates heat. Foods with higher 

water content heat up faster and more uniformly. 

Q2: A variable frequency a.c source is connected to a capacitor. How will the displacement current change 

with decrease in frequency? 

SOL: Displacement current is directly proportional to frequency. As frequency decreases, the rate of change 

of voltage across the capacitor decreases. Therefore, the displacement current also decreases.                         

‐ Ὥd 

For current in capacitor : Id= C dV/dt 

V=VoÓÉÎ×Ô, so Id Ŭ × and × ς ʌÆ so Id Ŭ f  

Q3 The magnetic field of a beam emerging from a filter facing a floodlight is given by B0 = 12 × 10-8 sin (1.20 

× 107 z ï 3.60 × 1015 t) T. What is the average intensity of the beam? 

Sol:    Iav = ὧ σ ρπ8 x (12x10-8)2/ 1.26 x 10-6= 1.71 W/m2 

Q4 Professor C.V. Raman surprised his students by suspending freely a tiny light ball in a transparent vacuum 

chamber by shining a laser beam on it. Which property of EM waves was he exhibiting? Give one more 

example of this property. 

Sol : EM waves exert radiation pressure. Tails of comets are due to solar radiation.   

Q5 How are Infrared waves produced? Why are these waves referred to as heat waves? Give any two uses of 

infrared waves. 

Sol: Infrared radiations are produced by hot bodies and vibrations of molecules. They are referred to as heat 

waves because they are rapidly absorbed by water molecules and increase their thermal energy and heat 

them.  

Uses: i) dehydration of fruits   ii) In green house effect    iii) In remote switches  

Q6 An E.M. wave, Y1, has a wavelength of 1cm while another e.m. wave, Y2, has a frequency of 1015 Hz. 

Name these two types of waves and write one useful application for each. 

Sol: Y has a wavelength of 1 cm, which lies in the microwave region. 

        Y has a frequency of 10ĭ  Hz, which falls in the ultraviolet (UV) region. 

Y :Microwave 

Application: Used in microwave ovens for cooking food. 

Y :Ultraviolet  (UV)wave 

Application: Used for sterilizing medical instruments. 

SHORT ANSWER TYPE QUESTIONS (3 MARKS) 

1. Electromagnetic waves of wavelengths ɔ1, ɔ2 and ɔ3 are used in radar systems, in water purifiers and in 

remote switches of TV, respectively. 

Identify the electromagnetic waves, and Write one source of each of them.                           

 Sol: ɔ: Microwaves, ɔ : Ultraviolet (UV) rays , ɔ: Infrared (IR) rays  .  

Microwaves: Klystron or magnetron tubes (used in radar and microwave ovens) Ultraviolet rays: Mercury 

vapour lamps or sunlight. 

Infrared rays: Heated objects or infrared LEDs (used in remote controls) 

2. Identify electromagnetic waves which  

(i) Are used in radar systems. (ii) Affect a photographic plate. (iii)Are used in surgery. 

Write their frequency range.               

Sol: Electromagnetic waves used in radar systems is Microwaves, Frequency Range: 109  - 1011 Hz . 

Electromagnetic waves that affect a photographic plate is Ultraviolet (UV) rays, Frequency Range: 1015 ï 
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1017  Hz   Infrared (IR) rays (used in thermal cauterization and healing), or sometimes X-rays in precision 

surgery Frequency range: 1012 ï 4 x 1014  Hz    

3. Identify the following electromagnetic radiations as per the frequencies given below. Write one application 

of each.  (a) 1020 Hz  (b) 109Hz  (c) 1011Hz    

Sol: a) Gamma Rays : Used in cancer radiotherapy to destroy malignant cells. B) Microwaves. Used in radar 

systems and microwave ovens for cooking. C) Used in TV remote controls and thermal imaging. 

4. Identify the part of the electromagnetic spectrum which: 

(a) Produces heating effect    (b) Is absorbed by the ozone layer in the atmosphere, 

(c) Is used for studying crystal structure     

Sol: a) Infrared radiations. IR waves are absorbed by matter and increase the kinetic energy of particles, 

causing a heating effect. b) Ultraviolet (UV) rays . c) X rays  

5. Arrange the following electromagnetic waves in the order of their increasing wavelength: 

(a) ɔ-rays   (b) Microwaves  (c) X-rays (d) radio waves 

How are infrared waves produced? What role does infrared radiation play in (i)maintaining the earthôs warmth 

and (ii) physical therapy?   

Sol: a) Order (increasing wavelength): ɔ-rays<X-rays<Microwaves<Radio waves 

a) Infrared (IR) waves are produced by vibrations and rotations of atoms and molecules in a body. All objects 

at a temperature above absolute zero emit IR radiation due to their thermal motion. 

b) Maintaining warmth of earth and Physical therapy IR radiation is used in heat lamps and therapeutic devices 

to relieve muscle pain, increase blood circulation, and promote healing by penetrating deep into tissues. 

  

6.  (a) Which one of the following electromagnetic radiations has least frequency: 

               UV radiations, X-rays, Microwaves  

(b) How do you show that electromagnetic waves carry energy and momentum?  

(c) How are electromagnetic waves produced by oscillating charges? 

(d) State clearly how a microwave oven works to heat up a food item containing water molecules. 

(e) Why are microwaves found useful for the radar systems in aircraft navigation? 

Sol: a) Microwaves has least frequency and highest wavelength. Microwaves < UV < X-rays 

 Produced by klystrons, magnetrons, or Gunn diodes, which generate high-frequency electromagnetic 

oscillations.  

b. EM waves consist of oscillating electric and magnetic fields that can exert force on charges, transferring 

energy. The energy carried is proportional to the square of the amplitude of electric and magnetic fields. 

The force exerted by the EM waves is given  by  F=p/c.  

c) When charges accelerate (e.g., in an alternating current), they produce changing electric fields, A time-

varying electric field creates a time-varying magnetic field, and vice versa. These changing fields propagate 

outward as electromagnetic waves. 

7. Electromagnetic wave with wavelength  

(i) ɚ1 is used in satellite communication. 

(ii)  ɚ2 is used to kill germs in water purifier. 

(iii)  ɚ3 is used to detect leakage of oil in underground pipelines. 

(iv) ɚ4 is used to improve visibility in runways during fog and mist conditions. 

(a) Identify and name the part of electromagnetic spectrum to which these radiations belong. 

(b) Arrange these wavelengths in ascending order of their magnitude. 

(c) Write one more application of each. 

Sol:   ɚ Satellite communication                  Microwaves 

         ɚ Kill germs in water purifier                   Ultraviolet (UV) rays 

       ɚ Detect leakage in underground pipelines    Infrared (IR) rays 

        ɚ Improve visibility during fog/mist                Radio waves (or Near-IR) 
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a)  ascending order of wavelength: ɚ2(UV)<ɚ3 (IR)< ɚ1(Microwaves)<  ɚ4 (Radio/Near-IR) 

b) Microwaves (ɚ ): Used in microwave ovens for cooking food. 

Ultraviolet rays (ɚ ): Used in sterilizing surgical instruments. 

Infrared rays (ɚ ): Used in remote controls and thermal imaging. 

Radio waves/Near-IR (ɚ ): Used in AM/FM radio broadcasting and night vision cameras. 

CASE STUDY BASED QUESTIONS 

Q1 Maxwell, in 1865, pointed out that when either an electric or a magnetic field is changing with time, a 

field of the other kind is induced in adjacent regions of space. From this Maxwell concluded that variation 

of electric and magnetic field vectors perpendicular to each other leads to the production of electromagnetic 

disturbances which show properties of waves and can travel in space even without any material medium. 

These waves are called electromagnetic waves. 

Electromagnetic waves with macroscopic wavelengths were first produced in the laboratory in 1887 by the 

German physicist Heinrich Hertz. Seven years after Hertz, Jagdish Chandra Bose, working at Calcutta (now 

Kolkata) succeeded in producing and observing electromagnetic waves of much slower wavelength (25mm 

to 5mm). At around the same time, Guglielmo Marconi in Italy followed Hertzôs work and succeeded in 

transmitting electromagnetic waves over distances of many kilometers. 

Electromagnetic waves have a broad frequency range 103Hz to 

1022Hz. They can travel with speed of light(c) in vacuum. They 

obey the relation c=ɜɚ, where ɜ is frequency and ɚ is wavelength. 

(i) Which of the following electromagnetic wave in order of 

increasing frequency. 

(a) Microwaves<Infrared <Ultraviolet < ɔ-rays 

(b) ɔ-rays < Ultraviolet < Infrared < Microwaves 

(c) Ultraviolet < Infrared < Microwave < ɔ-rays 

(d) ɔ-rays < Microwave < Infrared < Ultraviolet 

(ii)  Light wave contains  

(a) Electromagnetic waves  (c) Longitudinal waves  

(b) Mechanical Waves    (d) magnetic waves 

(iii)  If we want to produce electromagnetic waves of wavelength 500 km by an oscillating charge the 

frequency must be 

(a) 600 Hz  (b) 500Hz  (c) 167Hz  (d) 15Hz 

(iv) The angle between Ὁᴆ and ὄᴆ in an electromagnetic wave is 

(a) 180o   (b) 120o  (c) 90o   (d) 45o     

Q2 Radio waves are produced by the accelerated motion of charges 

in conducting wires. Microwaves are produced by special 

vacuum tubes. Infrared waves are produced by hot bodies and 

molecules also known as heat waves. UV rays are produced by 

special lamps and very hot bodies like Sun. 

(i) Solar radiation is  

(a) transverse electromagnetic wave                                               

(b) longitudinal electromagnetic wave  

(c) both longitudinal and transverse electromagnetic waves           

(d) None of these  

 (ii) What is the cause of greenhouse effect?  

(a) Infrared rays              (b) Ultraviolet rays         (c) X-rays            (d) Radio waves   

 (iii)  Biological importance of ozone layer is 

(a) it stops ultraviolet rays                              (b) It layer reduces greenhouse effect  

(c) it reflects radio waves                               (d) None of these 
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 (iv)  Earth's atmosphere is richest in  

(a) ultraviolet                  (b) infrared                    (c) X-rays              (d) microwaves 

Q3 According to Maxwell, an accelerating charge produces electromagnetic waves. Consider a charge 

oscillating harmonically with time. This is an example of an accelerating charge. This charge produces an 

oscillating electric field in its neighborhood. This field, in turn, produces an oscillating magnetic field in 

its neighborhood. The process continues because the oscillating electric and magnetic fields set as sources 

of each other. Hence an electromagnetic wave originates from the oscillating charge. The frequency of the 

electromagnetic wave is equal to the frequency of oscillation of the charge. The energy carried by the wave 

comes from the source which makes the charge oscillating. An electric dipole is a basic source of 

electromagnetic waves. An LC-circuit containing inductance L and capacitance C produces 

electromagnetic waves of frequency,Ὢ 
Ѝ

  

(i) Electromagnetic waves are produced by  

(a) Accelerated charged particle                                          (b) Charge at rest  

(c) Charge in uniform motion                                              (d) None of these.  

(ii)  Light can travel in vacuum due to its  

(a) Transverse nature      (b) Electromagnetic nature    

(c) Longitudinal nature    (d) Both (a) and (c).  

(iii) If a source is transmitting electromagnetic waves of frequency 8.2×106 Hz, the wavelength of electro- 

magnetic wave transmitted from the source is  

(a) 36.6 m                           (b) 18.8 m                         (c) 42.8 m                   (d) 58 m  

(iv) (A) Wavelength of infrared radiations as compared to UV radiations is  

(a) shorter (b) longer (c) no comparison (d) same 

OR 

(B) The quantity 1/ ʈʀ represents  

(a) speed of sound                                                (b) speed of light in vacuum                    

(c) speed of electromagnetic wave in medium    (d) inverse of speed of light in vacuum 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q4 

(i). Name the type of radiation that has used in luggage security checks at airports.  

(a)ɔ-rays              (b) X-rays            (c) Microwaves                        (d) Infrared rays  

(ii). Some ɔ-rays emitted from a radioactive source has wavelength1.0x 10-12m.The frequency of the ɔ-rays                  

(a) 3x 1020Hz     (b) 2x 1012 Hz            (c) 2.5x 105 Hz                    (d) 3.3x 1012 Hz  

(iii). Why does a microwave oven heat up a food item containing water molecules most     efficiently?  

(a) Microwaves are heat waves, so always produce heating  

(b) Infrared waves produce heating in a microwave oven  
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(c) Energy from the microwaves is transferred efficiently to the kinetic energy of water molecules at their 

resonant frequency.  

(d) The frequency of microwaves has no relation with natural frequency of water molecules.  

(iv). (A) Which of the following electromagnetic radiations have the longest wavelength?  

(a) X-rays                 (b) ɔ-rays         (c) Microwaves               (d) Radio waves.  

OR 

  (B). If conducting current is 2A through a circuit the displacement current will be  

(a) 1A                      (b) 2A               (c) 3A                             (d) 4A 

 

Sol:       Q1                      Q2                       Q3                            Q4  

i) A                   i)  a                     i) a                              i)d  

ii)  A                   ii) a                     ii) b                             ii)a 

iii)  A                   iii) a                    iii) a                            iii)c 

iv) C                  iv) b                    iv) b or a                     iv) d or b 

¶ Simulation for colour mixing:  

https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_all.html 

 

  

https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_all.html
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CHAPTER-9: RAY OPTICS 

Syllabus-Reflection of light, spherical mirrors, mirror formula, refraction of light, total internal reflection and 

optical fibers, refraction at spherical surfaces, lenses, thin lens formula, lens makerôs formula, magnification, 

power of a lens, combination of thin lenses in contact, refraction of light through a prism. Optical 

Instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their magnifying 

powers. 

MIND MAP  
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GIST OF THE CHAPTER  

 

Reflection of light: - The bouncing of light back into the same medium from a surface is 

called reflection of light. 

Laws of reflection: - i) Angle of incidence is equal to the angle of incidence.    

ii) The incidence ray, the reflected ray and normal to the surface at  the point of incidence 

all lie in the same plane. 

Types of spherical mirrors:  Concave and Convex. The relation between object distance, image distance and 

the focal length of a mirror is called mirror formula. The ratio of size of image to the size of object is called 

the magnification produced by the mirror. 

 

Derivation of mirror  formula: 

æὃὄὅand  æὃ́ὄ́ὅare  similar 

AôBô/AB = BôC/CB= PC-PBô)/ (PB-PC)  

é..(1) 

æὃὄὖ and æὃ́ὄ́ὖ are also similar 

 

AôBô/AB =PBô/PB é..(2) 

Compare eqn (1) and (2) é 

PBô/PB = (PC-PBô)/ (PB-PC) 

-v/-u =  (2f + v )/ (-u+2f)  or       

2όὺ=2ὺf+2όf   

Dividing  by2όὺf on both sides we get, 

 

 

 

Refraction of light: - Bending of light from its actual path, when it passes obliquely from one medium to 

another having different optical densities. 

 
 

Snell's Law: -The ratio of the sine of the incident 

angle to the sine of the refracted angle is a constant.  
ÓÉÎὭ

ÓÉÎὶ

ὲ

ὲ
ὲ  

                               ὲÓÉÎὭ  ὲÓÉÎὶ   

ORὺÓÉÎὭ  ὺÓÉÎὶ 
Examples :- 1.Sun can be seen before actual sunrise  

2. An object under water (any medium ) appears to 

be raised due to refraction when observed inclined 

n = (Real depth / Apparent depth) and Shift in the 

position (apparent) of object is  ὼ ὸρ    

Where t is the actual depth of the medium  

 

Critical angle (ic): - The angle of incidence in denser medium for which the angle of refraction in rarer medium 

is 90° is called the critical angle. 

ίὭὲὭὲ
ρ

ὲ
 

Note:-  If rarer medium is not air then  ίὭὲὭ  
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Total internal reflection: - When angle of incidence of 

the ray incident on rarer medium from denser medium, 

is greater than the critical angle, the incident ray does 

not refract into rarer medium but is reflected back into 

denser medium.  This phenomenon is called total 

internal reflection 

Mathematically:        

Here, n21 is the refractive index of the denser medium 2 

w.r.t. the rarer medium 1 and C is the critical angle. 
 

Applications of Total internal reflection: 

Totally reflecting prisms:- Bend the light at either 900 

fig (a)  or 1800  fig (b) 

 

 

 

Fiber-optic: -Fine fiber of glass or quartz in which light 

enter from one end and comes out from another end due 

to total internal reflection is called optical fiber. 

Used in endoscopy and communication 

   
Here ncore > ncladding 

Refraction through Spherical surface: 

From fig,  

in 

DMOC,   

Ὥ ‌ 

‎ -----(1) 

and in D 

MCI, 

 ‎  ὶ ‍ᵼὶ  ‎ ‍------(2) 

From laws of refraction,  --------(3) 

For small angles, ᵼὲὭ ὲὶ------(4) 

Using (1) and (2) in (4), 

ὲ ‌ ‎ ὲ  ‎ ‍  -----------

(5) 

ὲ  
ὓὒ

ὖὕ
 
ὓὒ

ὖὅ
 ὲ  

ὓὒ

ὖὅ

ὓὒ

ὖὍ
  

ᵼ     ---------

--(6) 

Using sign convention,    

      Spherical refracting surface. The 

portion of a refracting medium, whose 

curved surface forms the part of a sphere, is 

called a spherical refracting surface. 

      When object is situated in the rarer 

medium, the relation between n1 (refractive 

index of the rarer medium), n2 (refractive 

index of the spherical refracting surface) and 

R (the radius of curvature) with the object 

and image distances ( u and v) is given by 

- =   

 

 

When object is situated in the denser medium, the relation between n1 (refractive index of the rarer medium), 

n2 (refractive index of the spherical refracting surface) and R (the radius of curvature) with the object and 

image distances ( u and v) can be obtained by interchanging n1  and n2. In that case, the relation becomes  

 

 

m2 

m1 
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- =   

Lens makerôs formula. The relation connecting the focal length of the lens with the radii of curvature of its 

two surfaces and the refractive index of the material of the lens is called lens makerôs formula. Mathematically:     

 
Lens equation.  The relation between the focal length, the object and image distances is called lens equation. 

Mathematically: 

 
 Linear Magnification .  The ratio of the size of the image (formed by the lens) to the size of the object is 

called linear magnification produced by the lens. 

        Mathematically,    

Power of a lens.  It is defined as the reciprocal of the focal length of the lens in metre.  

Mathematically,     or   

In the above two formulae, f, R1 and R2 are measured in metre. 

Two thin lenses placed in contact. When two lenses of focal 

lengths f1 and f2 are placed in contact, the focal length of the 

combination is given by         

 
 Power of equivalent lens:  P = P1 + P2 

Magnification produced by equivalent lens:              

Refraction through a prism  A ray of light incident on one face 

of the prism suffers refraction successively at the two surfaces 

and then emerges out of it. Mathematically,   

A = r1 + r2,  A + ‏ = i + e                    

Prism formula: ‘  

Simple microscope. A convex lens of small focal length is called a 

simple microscope or a magnifying glass. 

The magnifying power of a microscope is defined as the ratio of the 

angle subtended by the image at the eye to the angle subtended by the 

object seen directly, when both lie at the least distance of distinct vision. 

Mathematically:         

Here, D is the least distance of distinct vision  

Compound microscope. A compound microscope is a 

two-lens system (object lens and eye lens of focal 

lengths fo and fe).  Its magnifying power is very large, as 

compared to the simple microscope.  

Mathematically:      
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Here, uo is distance of the object from the object lens and vo L, (L is the length of the tube of the microscope) 

is the distance at which the object lens forms the image of the object. 

Astronomical telescope. It is a two-lens system and is used to observe distant heavenly objects. It is called 

refracting type astronomical telescope. 

Normal adjustment- When the final image is formed at 

infinity, the telescope is said to be in normal adjustment. 

The magnifying power of a telescope in normal adjustment 

is defined as the ratio of the angle subtended by the image at 

the eye as seen through the telescope to  the angle subtended 

by the object seen directly, when both the object and the 

image lie at infinity. 

Magnifying power in normal adjustment, 

 
When the final image is formed at the least distance of distinct vision,  

Magnifying power of the telescope, 

 
Reflecting type telescope. In a reflecting type telescope, the 

objective is a concave spherical mirror of large aperture in place of 

a convex lens. 

The expression for magnifying power of a reflecting type telescope 

is same as that for refracting type astronomical telescope.  

 

 

MULTIPLE CHOICE QUESTIONS  

1. A beam of light is incident at 60° to a plane surface. The reflected and refracted rays are perpendicular to 

each other. What is the refractive index of the surface? 

(a) 1ã3   (b) ã3   (c) 1/3   (d) 3 

2. A concave mirror of focal length f produces a real and virtual image of an object of magnification m (m> 

1) when placed at two different positions. The distance between the positions of the object is :  

    (a) ά ρὪ    (b) ρ άὪ  (c)     (d) zero 

3. The refractive index of the material of a prism is ã2 and its refracting angle is 30Á. One of the refracting 

surfaces of the prism is made a mirror. A beam of monochromatic light entering the prism from the other 

face retraces its path, after reflection from mirror surface. The angle of incidence on prism is: 

   (a) 0°   (b) 30°   (c) 45°   (d) 60° 

4. An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece of focal length 

2 cm. Then in normal adjustment:  

(a) the magnification is 1000 

(b) the length of the telescope tube is 20.02 m 

(c) the image formed is of inverted nature. 

(d) all of these 

5. A particle moves towards a concave mirror of focal length 30 cm along its axis and with a constant speed 

of 4 cm/ sec. What is the speed of its image when the particle is at 90 cm from the mirror? 

(a) 16 cm/ sec.  (b) 1 cm/sec.  (c) 8 cm/sec.(d) 4 cm/sec. 

6. You are given four sources of light each one providing a light of a single colour ï red, blue, green and 

yellow. Suppose the angle of refraction for a beam of yellow light corresponding to a particular angle of 

incidence at the interface of two media is 90°. Which of the following statements is correct if the source 
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of yellow light is replaced with that of other lights without changing the angle of incidence? 

(a) The beam of red light would undergo total internal reflection. 

(b) The beam of red light would bend towards normal while it gets refracted through the second medium. 

(c) The beam of blue light would undergo total internal reflection. 

(d) The beam of green light would bend away from the normal as it gets refracted through the second medium 

7. The optical density of turpentine is higher than that of water 

while its mass density is lower. Fig shows a layer of 

turpentine floating over water in a container. For which one of 

the four rays incident on turpentine in Fig the path shown is 

correct? 

 

(a) 1  (b) 2  (c) 3      (d) 4 

8. If I is the image of a point object O formed by spherical mirror, then which of the following statement is 

incorrect: 

a) If O and I are on same side of the principal axis, then they have to be on opposite sides of the mirror. 

b) If O and I are on opposite sides of the principal axis, then they have to be on same side of the mirror. 

c) If O and I are on opposite side of the principal axis, then they can be on opposite side of the mirror as 

well at same side of the mirror. 

d) If O is on principal axis then I may not lie on principal axis. 

9. A prism having an apex angle of 40 and refractive index of 1.50 is located 

in front of a vertical plane mirror as shown. A horizontal ray of light is 

incident on the prism. The total angle through which the ray is deviated is 

a) 40 clockwise     b) 1780 clockwise 

c) 20 clockwise     d)80 clockwise 

10. A plano concave lens of focal length 10 cm is placed on a paper on which a coin is drawn. How far above 

its actual position does the coin appear to be? 

a) 10 cm           b) 15 cm               c) 50 cm              d) none of these 

SOLUTIONS: 

1. (b) Here Ὥ ὶ ωπ ȟὲ   ÔÁÎὭ ÔÁÎφπ  Ѝσ 

2. (c) For real image, ὺ όά ,   ȟ   , ό   

For virtual image, ὺ όᴂά ,   ȟ   , ό   

ό ό  
ςὪ

ά
 

3. (c)ὃ σπЈ ȟὶ σπЈ , ὲ  >Ѝς  
 

>Ὥ  τυЈ 

4. (d) ά  ρπππȟὒ  ȿὪȿ + ȿὪȿ = 20.02 m, Image is always inverted  

5. (b)      ȟ         ȟὺ  τυ ὧά, Now differentiate both sides of mirror formula 

with respect to time, we get π   

Here, τ ὧάȾί  So , ρ ὧάȾί 

6. (c) Order of wavelength: Red > yellow > green > blue  

        Order of refractive indices: Red < yellow < green <blue andὭ θ   
 

7. (b) 2          

8. (c)           

‏ .9  ‘ ρὃ ȟ‏ ςЈ,  Total deviation = 180Ј ςЈρχψЈ 

10.   Use lens makers formula and get position at 10 cm above its actual position 
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ASSERTION-REASON TYPE QUESTIONS 

For these Questions   two statements are given one labelled Assertion (A) and other labelled Reason (R). 

Select the correct answer to these questions from the options as given below 

A. If both Assertion and Reason are true and Reason is correct explanation of Assertion.  

B. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 

C. If Assertion is true but Reason is false. 

D. If both Assertion and Reason are false. 

1. Assertion: A real image of a very intense virtual light source can burn a paper. 

Reason: A virtual image is one when light rays seem to be meeting at a point after reflection/refraction and 

for real image they actually meet. 

2. Assertion: In passing through a lens or prism, the phase difference between two waves does not change. 

     Reason: The optical path lengths of all rays are same when medium is same. 

3. Assertion: A convex lens may be diverging.  

Reason: The nature of a lens depends upon the refractive indices of the material of lens and surrounding 

medium besides its geometry. 

4. Assertion: When a glass prism is immersed in water, the deviation caused by prism decreases. 

Reason:  Refractive index of glass prism relative to water is less than relative to air. 

5.  Assertion: Hollow prism forms no spectra as a solid equilateral prism of glass.  

Reason: Neglecting the thickness of hollow glass surface. The media is same. So, dispersion is not to take 

place.  

6. Assertion: The images formed by total internal reflections are much brighter than those formed by mirrors 

or lenses. 

  Reason: There is no loss of intensity in total internal reflection.  

7. Assertion: When light enters inside perfectly spherical water droplet it should not   show   total internal 

reflection inside the water droplet. 

    Reason: When light enters non perpendicular to spherical water droplet it is internally reflected. 

8. Assertion: Law of reflection is applicable for all type of mirrors.  

 Reason: Rays which are parallel to principal axis are known as paraxial rays 

 

SOLUTIONS/HINTS  

1.B A real image, being formed by actual convergence of light rays, reason does not explain why a real image 

can burn paper. 

2. A When a lens or prism forms an image without aberration, the optical path length for all rays from a point 

on the object to the corresponding point on the image is the same. This implies no change in phase 

difference. 

3. A  A convex lens can act as a diverging lens if the refractive index of the surrounding medium is greater 

than that of the lens material. This is precisely explained by the reason. 

4. A. The deviation produced by a prism depends on the relative refractive index. When immersed in water, 

the relative refractive index of glass with respect to water is less than that with respect to air, leading to a 

decrease in deviation 

5.A The hollow prism acts as if light is passing through a uniform medium, thus no dispersion occurs. 

Dispersion requires a change in refractive index with wavelength, which happens when light passes from 

one medium to another with different properties. 

6.A Images formed by total internal reflection are indeed brighter because there is ideally no loss of light 

intensity during total internal reflection, unlike reflection from mirrors or refraction through lenses where 

some light is absorbed or transmitted. 

7.CTotal internal reflection does not take place in perfect spherical drop.Internal reflection occurs when light 
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travels from a denser to a rarer medium and the angle of incidence exceeds the critical angle, not simply 

when it enters non-perpendicularly. 

8.CThe law of reflection holds true for all types of mirrors. Paraxial rays are rays close to and making small 

angles with the principal axis, not just parallel rays 

 

SHORT ANSWER TYPE QUESTIONS  

1. The refractive index of diamond is much greater than that of ordinary glass. Is this fact of some use to a 

diamond cutter? 

2. Does the apparent depth of a tank of water change if viewed obliquely at different angles? If so, does the 

apparent depth increase or decrease? 

3. For a glass prism (ɛ = ã3) the angle of minimum deviation is equal to the angle of the prism. Find the angle 

of the prism. 

4. Justify using a diagram ñTo form an image using a lens all types of rays cannot be used.ò 

5.When the object is at distances u1& u2 the images formed by the same lens are real and virtual respectively 

and of the same size. Calculate focal length of the lens? 

6.Will the focal length of a lens for red light be more, same or less than that for blue light? Justify? 

7. The focal length of an equiconvex lens is equal to the radius of curvature of either face. What is the value of 

refractive index of the material of the lens? 

8. Write advantages of reflecting type telescope over refracting type telescope. 

9. Show that for a material with refractive index ɛ Ó ã2, light incident at any angle shall be guided along a 

length perpendicular to the incident face. 

10. A ray of light is incident on a parallel slab of thickness t and refractive index n. If the angle of incidence ɗ 

is small, Express the displacement in the incident and emergent ray? 

 

SOLUTIONS/HINTS  

1. No , there is no relationship , it is due to its hardness. 

2. Decreases as light ray traveling from denser to rarer medium (bending of light away from normal) 

3. Use prism formula. ὃ  φπ 
4. Paraxial rays and marginal rays shall not be included because they do not meet at one point i.e, focus. 

5. ȿάȿ  ȿάȿ , use lens formula for real and virtual image formations, Ὢ  

6. ὶὩὪὶὥὧὸὭὺὩ ὭὲὨὩὼ θ  
 
  , Use lens makerôs formula [ Ὢ Ὢ  

7. Use lens makerôs formula. ὲ ρȢυ 
8. No chromatic aberration, easy to provide mechanical support, can easily minimize spherical aberration 

9. Use Snellôs law and condition of total internal reflection 

10. Use Snellôs formula and approximation for small angle. Lateral displacement = ὸ—  

 

SHORT ANSWER TYPE 

1.A convex lens of focal length f is placed ὼ metre apart 

from a plane mirror. As shown in figure an object is placed 

at ὼ distance from the lens away from the mirror get a 

relation between ὼ and f for following conditions  

a) if final image is formed at x. (at the position of 

object itself) 

b) if no images formed. 

c) if virtual images are formed.  

2. A convex lens and a concave lens have power in ratio 3:2 when placed in contact effective focal length of 

combination is found 30 cm. We get real image of an object which is placed at 15 cm in front of convex 
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lens. This image is shifted by 20 cm when same concave lens is introduced between convex lens and image. 

Calculate the position of the lens introduced. Hence draw necessary ray diagram. 

3.You have a concave mirror placed horizontally on a Floor. An all pin when placed at d1meter above it, its 

real image coincide with itselfô.  This mirror is filled with a liquid of refractive index n1 new image is found 

at D2 if this liquid is replaced by another liquid of refractive index n2 new image is found at D3. If n1 >n2 

give a relation between D2 and D3 with proper justification using a diagram. 

4.A prism with angles 30ę,90ę,60ę is placed with smallest face vertical. When a laser torch is aimed horizontally 

at its vertical face, angle of deviation is found 30ę. Using a diagram explain how this angle of deviation 

would be changed If the torch is rotated a) slightly clockwise, b) slightly anti clockwise.   

5.A curved mirror forms five times magnified virtual image of an object if distance between object and images 

is 25 cm identify its nature and calculate its focal length. 

6.In case of a concave mirror magnification is found to be - 0.5 for a certain position of object, when object is 

displaced by 5 cm from its position, magnification becomes 0.25.What will be the focal length of the 

mirror? Draw ray diagram to support your answer.  

7.You have two mirrors one is concave other is convex focal of each mirror is 30 cm are placed D m apart such 

that their principal axis are common  to each other. An object is placed between them at a point P  which 

is 45 cm from concave mirror. It is found that final images formed on object itself Draw probable ray 

diagram and calculate value of D?  

SOLUTIONS/HINTS  

1.a) ὼ ςὪ ὥὲὨ Ὢ,  b) not possible         c) ό Ὢ    ὼ ςὪ 

2. ὪȡὪ ςȡσ, using formula Ὢ ρπ ὧά ὥὲὨ Ὢ ρυ ὧά 

use lens formula to calculate the position of image formed by convex lens v = +30 cm 

On introduction of concave lens, image will be shifted by 20 cm towards right. From lens formula position of 

concave can be calculated. Answer- 10 cm(approx..) from first image  

3.Based on the experiment ñto find refractive index of the liquid using concave mirrorò. 

4. Using the concept of total internal reflection find critical angle (600).          

a) for clockwise, Ὥ Ὥ  (TIR takes place) b) for anticlockwise, Ὥ Ὥ  (Refraction takes place) 

5. Solution/Hint: Concave mirror, m= 5 and use mirror formula to find object and image distance ό

ὧά ȟὺ ὧά , Ὢ ὧά 

6. ὺ πȢυό,ὺ ςὪ ό σπȟ using mirror formula Ὢ σπ ὧά 

7. Use Snellôs law, ὲ  
Ⱦ

Ⱦ
ὼ , Now x xan be these can be ȟὈȟὈ , and many more. 

LONG ANSWER TYPE QUESTIONS 

1. a)Draw a labeled ray diagram of a simple microscope in normal adjustment. 

    b) A thin pencil of length (f/4) is placed coinciding with the principal axis of a mirror of focal length f. The 

image of the pencil is real and enlarged, just touches the pencil. Calculate the magnification produced by 

the mirror. 

2. a)A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm on the axis 

of this combination has its image coinciding with itself. What is the focal length of the lens? 

b) Calculate the angle of minimum deviation of an equilateral prism. The refractive index of the prism is 

ЍσȢCalculate the angle of incidence for this case of minimum deviation also. 

3. a) Draw a schematic arrangement of a reflecting telescope (Cassegrain) showing how rays coming from a 

distant object are received at the eyepiece. 

b) A ray of light is incident on a refracting face AB of a prism ABC at an angle of τυ.The ray emerges from 

face AC and the angle of deviation is  ρυȢThe angle of prism is σπȢShow that the emergent ray is normal 

to the face AC from which it emerges out. Find the refractive index of the material of the prism. 

4. a) For the same value of angle of incidence, the angles of refraction in three media A, B and C are 15°, 25° 
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and 35° respectively. In which medium would the velocity of light be minimum?      

b) A rectangular glass slab ABCD (ὲ ρȢυ is surrounded by a 

transparent liquid (ὲ ρȢςυas shown in the figure. A ray of 

light is incident on face AB at an angle i such that it is refracted 

out grazing the face AD. Find the value of angle i. 

5. a)An optical instrument uses eye-lens of power 20 D and the 

objective lens of power 50 D. Name the optical instrument and 

calculate its magnifying power if it forms the final image at infinity.    

b)Three lenses L1 L2, L3 each of focal length 30 cm are 

placed co-axially as shown in the figure. An object is 

held at 60 cm from the optic centre of Lens L1. The 

final real image is formed at the focus of L3. Calculate 

the separation between 

(i) (L1 and L3) and  (ii) (L2 and L3).  

 

 

SOLUTION/HINTS  

1. a) refer to the gist b) position of the other end ό  , ά   τȾσ 

2. a) light rays from the object must fall on plane mirror normally. For this Ὢ ό ςπ ὧά 

   b) use prism formula to find ‏ φπ ὥὲὨ ὸὬὩὲ Ὥ Ὡ ὃ Ὥ) ‏ φπЈ 

3. a) refer to the gist b)Ὥ Ὡ ὃ Ὡ<= ‏ π=>ὶ π 

4.a)Use snellôs law and the relation, ὲ  
    

     
 (Ans: Medium A) 

b) Use the relation ÓÉÎὭ  , ÓÉÎὶ
Ѝ

   Use Snellôs law to find Ὥ  ÓÉÎ
Ѝ

 

5. a) Compound microscope, ὧὥὰὧόὰὥὸὩ Ὢ.For image is at infinity, ά   

b) Use lens law to find the image distance at first place, ὺ φπ ὧά, then the light rays must be parallel 

between ὒ ὥὲὨ ὒ.Use this concept to find the answer. (i) > 90 cm (ii) any value 

 

CASE STUDY/PASSAGE-BASED QUESTIONS 

1. A prism is a portion of a transparent medium bounded by two plane faces inclined to each other at a suitable 

angle. A ray of light suffers two refractions on passing through a prism and hence deviates through a certain 

angle from its original path. The angle of deviation of a prism is,                 ŭ = (ɛ- 1) A,  

Through which a ray deviates on passing through a thin prism of small refracting angle A.  If ɛ is refractive 

index of the material of the prism, then prism formula is,‘  

(i)  For which color, angle of deviation is maximum? 

a)  Red        b) Yellow               c)Violet    d)Blue 

 

(ii)  When white light moves in gravity free region  

 a) all colors have same speed                    b) different colors have different speeds 

 c) violet has more speed than red              d) red has more speed than violet. 

(iii) The deviation through a prism is maximum when angle of incidence is 

       a) 450                       b)700                            c)900                      d)600 

(iv) What is the deviation produced by a prism of angle 6°?   (Refractive index of the material of the prism is 

1.644). 

a) 3.864°            b)4.595°                      c)7.259°                d)1.252° 
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(v) A ray of light falling at an angle of 50° is refracted through a prism and suffers minimum deviation. If the 

angle of prism is 60°, then the angle of minimum deviation is 

a) 45°            b)75°                         c)50°                                     d)40° 

2. An optical fibre is a thin tube of transparent material that allows light to pass through, without being 

refracted into the air or another external medium. It make use of total internal reflection. These fibres are 

fabricated in such a way that light reflected at one side of the inner 

surface strikes the other at an angle larger than critical angle. Even, if 

fibre is bent, light can easily travel along the length. 

(i) Which of the following is based on the phenomenon of total internal 

reflection of light? 

a)Sparkling of diamond       b) Optical fibre communication 

c)instrument used by doctors for endoscopy      d)All of these 

(ii) A ray of light will undergo rotal internal reflection inside the optical fibre, if it 

a) goes from rarer medium to denser medium 

b) is incident at an angle less than the critical angle 

c) strikes the interface normally 

d) is incident at an angle greater than the critical angle 

(iii) If in core, angle of incidence is equal to critical angle, then angle of refraction will be 

a) 0ę                 b)45ę                   c)90ę                         d)180ę 

(iv) In an optical fibre correct relation for refractive indices of core ( n1) and cladding ( n2 ) is 

a) n1 = n2                  b)n1 > n2                   c)n1 < n2                      d)n2 = 2 

(v) If the value of critical angle is 30° for total internal reflection from given optical fibre, then speed of light 

in that fibre is 

a)  108 m s-1                   b)1.5 x 108 m s-1             c)6 x 108 m s-1              d) 4.5 x 108 m s-1 

 

 

SOLUTIONS /HINTS:  

1. i. c)ὈὩὺὭὥὸὭέὲᶿ           ii. a)a gravity-free region is essentially a vacuum for the purpose of light 

propagation 

iii. c)The deviation is maximum when the ray either just enters the prism (grazing incidence) or just exits 

the prism (grazing emergence).iv.a) use formula  ŭ = (ɛ- 1) A 

v)   d) use formula Ὥ Ὡ ‏ ὃ 

2. i. d)       ii. d)           iii. c)                  iv. c) For TIR, light must travel from a denser medium to a rarer 

medium     v. b) Using formula ÓÉÎὭ ὥὲὨ ὸὬὩὲ όίὩ ὛὲὩὰὰίὪέὶάόὰὥ 
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CHAPTER- 10 : WAVE OPTICS    

Chapterï10: Wave optics: Wave front and Huygenôs principle, reflection and refraction of plane wave at a 

plane surface using wave fronts. Proof of laws of reflection and refraction using Huygenôs principle. 

Interference, Young's double slit experiment and expression for fringe width (No derivation final expression 

only), coherent sources and sustained interference of light, diffraction due to a single slit, width of central 

maxima (qualitative treatment only).  

 
 

 

 

 

 


