EE 1201       ELECTROMAGNETIC THEORY

UNIT – I
PART – A
1. Define vector product of two vectors.

2. How the unit vectors are defined in cylindrical co-ordinate systems?

3. Mention the criteria for choosing an appropriate co-ordinate system for solving a field problem easily. Explain with an example.

4. Define Stoke’s theorem. Give an example where the theorem can be used.

5. State divergence theorem.
6. Under what condition will the electric field be both solenoid & irrotational?

7. Express the value of differential volume in rectangular and cylindrical co ordinate system 

8. How can a vector field be expressed as the gradient of scalar field?
PART - B
1.  Define divergence, gradient and curl in cylindrical and spherical co-ordinate system with mathematical expression.

2. What are the different coordinate systems used to represent field vectors?  Discuss about them in brief.

3. (i) Discuss about curl of a vector.

     (ii) Derive expression for curl of a vector.


(iii) State Stoke’s theorem.

4. State and prove the divergence and Stoke’s theorem.
UNIT – II

PART - A
1. State Coulomb’s law.

2. State the principle of superposition of fields.

3. Define electric field intensity.
4. State the electric field intensity due to infinite line charge.

5. State Gauss’s law for the magnetic field and give its physical interpretation.

6. What is the use of Gauss’s law?
7. Show by using Gauss’s law: D = €0E.
8. Under what condition will the E-field be solenoidal? Explain.

9. List the properties of electric field lines.

10. State the vector form of electric flux density.
11.  Define potential and its unit.

12.  Distinguish potential and potential difference.

13. Distinguish conservative field from non-conservative field and give examples for both.

14. Give examples for uniform and non-uniform electric fields.

15. What is the potential at a point P due to two parallel line charges which are equal and opposite?
16.  What is an electric dipole?

17.  Why is the electrostatic potential continuous at a boundary?

18. Write boundary conditions on a perfect conductor surface.

19. State the boundary conditions at the interface between two dielectric media.

20. Define dielectric strength. What is the dielectric strength of co-axial cable and air?
21. Write Poisson’s equation in vector notation for a simple medium.
22. Define Lenz’s law and its applications.

23.  Name the numerical methods to solve the boundary value problems.

24.  What is the capacitance of a co-axial cable?

25.  What is meant by leakage flux?

PART - B
1. State Coulomb’s law of force between any two point charges.

2. Determine the electric field intensity at P(-0.2,0,-2.3) due to a point charge of  +5nC at Q(0.2,0.1,-2.5) in air. All dimensions are in meters.
3. A circular disc of radius ‘a’m charged uniformly with a charge density of ρs C/m2. Find the electric field at a point ‘h’ m from the disc along its axis.

4. Derive an expression for electric field intensity E due to an uniformly charged infinitely long straight line with constant charge density in C/m.
5. The charge is distributed along the z axis from z=-5m to -∞ and z=+5m to +∞ with a charge density of 20 nC/m. Find E at (2,0,0)m. Also express the answer in cylindrical co-ordinates.
6. Find the total charge in the cubical volume defined by six planes for which 1≤x≤3, 2≤y≤4 and 3≤z≤5 if D=x3y2z(ax+ay+az)10-6 C/m2 solve by,

(i) Volume integral of the volume charge density function.
(ii) Surface integral of D.

7.  State and prove Gauss’s law. State its applications.

8.  Find the appropriate value for the charge enclosed in an incremental volume of 10-9 m3 located at the origin if D=axe-xsiny-aye-xcosy+az2z C/m2. 

9. State Divergence theorem. Given D = 10 y3/3 ay C/m2, evaluate both the sides of the divergence theorem for the volume of a cube 2m on each edge centered at the origin and with the edges parallel to the axes.

10.  Find the potential of a uniformly charged spherical shell of radius R at points inside and outside.

11.  Derive the expression for the potential at a point P, h metres above a circular disc charged to ρs C/m2. Hence deduce the potential at the centre of the disc.

12.  A total charge of 100 nC is uniformly distributed around a circular ring of 1.0 m radius. Find the potential at a point on the axis 5.0 m above the plane of the ring. Compare with the result where all charges are at the origin in the form of a point charge.

13. Find the total current in a circular conductor of radius 4 mm if the current density varies according to J=(104/r) A/m2.
14.  Deduce Kirchhoff’s current law and Laplace equation from the continuity equation.
15.  A dielectric-free space interface has the equation 3x+2y+z =12 m. The origin side of the interface has €n=3.0 and E1 = 2ax+5az = V/m. Find E2.
16.  Prove that the energy required to charge a capacitor C by a voltage V is W = ½ CV2.

17.  Derive the electrostatic boundary conditions at the interface of two dielectric media.
18.  Derive the electric field and potential distribution and the capacitance per unit length of a co-axial cable.

19.  Determine the capacitance of concentric cylinders with mixed dielectrics.

20.  Conducting concentric spherical shells with radii a and b are at potentials V0 and 0    respectively. Determine the capacitance of the capacitor.

21.  Derive the Poisson’s equation from the fundamental postulates of electrostatics.

22.  Derive an expression for the capacitance of a parallel plate capacitor having two dielectrics.

UNIT – III

PART - A
1.  State Laplace’s equation for scalar magnetic potential.

2.  State Poisson’s equation for magnetic field.

3. What is the relation between magnetic flux density and magnetic field intensity?

4.  Define Biot-Savart law.

5.  What is the difference between scalar and vector magnetic potential?

6.  State Ampere’s law.
7. Compare the usefulness of Ampere’s circuital law and Biot-Savart law in determining B of a current carrying circuit.

8. Draw the magnetic field pattern inside and outside the circular conductor with uniform current density.
9. What should be the direction of currents (of same magnitude) in two identical co-axial cylindrical coils to have maximum magnitude of B at a point on the axis?

10.  List the applications of Ampere’s circuital law.

11.  State the expression of H due to infinite sheet of current.

12.  What is the force and its direction on a conductor in +Z-axis carrying current I placed in a magnetic field B along X-axis?

13.  Write Lorentz force equation. Give applications of the same.
14.  What is magnetic dipole moment?
15.  What is hysteresis?
16.  What are the major classifications of magnetic materials?
17.  What is the expression for the torque experienced by a current carrying loop, placed in magnetic field?

18.  Define self inductance and mutual inductance.

19.  Define magnetization vector.
20.  Define polarization of Ferro-electric material.

PART - B
1.  Determine the magnetic flux density both inside and outside an infinitely long, straight conductor with circular cross-section of radius a carrying a steady current I. Plot the variation of the flux density with radial distance.
2.  What is Biot-Savart law? Find the magnetic flux density at a point Z on the axis of a circular loop of radius ‘a’ that carries a direct current I.
3.  Find the magnetic field intensity at a distance x above an infinite straight wire carrying a steady current I.
4.  State and explain Ampere’s circuital law and Biot-Savart law using mathematical expressions for finding magnetic flux density due to current I. Explain the merit and demerit of these laws.

5.  Find H at the centre of an equilateral triangular loop of side 4 m carrying current of 5A.

6.  Calculate B and H due to a long solenoid.

7.  Obtain the magnetic flux density on the axis of circular coil carrying current I.

8.  Derive expression for inductance of a toroid.

9.  Write a short note on boundary conditions in magnetic field.

10.  Determine the force per metre length between two long parallel wires A and B separated by 5 cm in air and carrying current of 400 amps in the same direction.
11.  Explain magnetization in magnetic materials and explain how the effect of magnetization is taken into account in the calculation of B/H.

12.  Derive the expression for coefficient of coupling in terms of mutual and self inductances.

13.  Discuss the phenomenon of hysteresis associated with ferromagnetic materials.

14.  An air co-axial transmission line has a solid inner conductor of radius ‘a’ and a very thin outer conductor of inner radius ‘b’. Determine the inductance per unit length of the line.

15.  Calculate the internal and external inductances per unit length of a transmission line consisting of two long parallel conducting wires of radius ‘a’ that carry currents in opposite directions. The axes of the wires are separated by a distance d, which is much larger than a.
UNIT – IV

PART – A
1. Write down the differential form of Maxwell’s equations

2. What is the significance of displacement current density?

3. State faraday’s law of electromagnetic induction with a mathematical expression. (or) Write the fundamental postulate for electromagnetic induction with a mathematical expression.

4. Write Maxwell’s equation in point form.

5. What is displacement current? (or) write the fundamental postulate for electromagnetic induction and explain how it leads to Faraday’s law?

6. Write Maxwell’s equation in integral form.

7. Define & explain the use of vector potential in time varying field.

8. Mention the different types of numerical methods used to solve EM field problems.

9. Mention the limitation of circuit theory. (or) Mention the parameters that limit the circuit approach for solving an electrical problem.
10.  Give the energy relation in an electromagnetic field.

PART - B
1. Write the Maxwell’s equation in both integral and point form.

2. Differentiate conduction and displacement current and derive the same. Explain the need of displacement current in Maxwell’s equation.

3. What are the different ways of emf generation? Explain with the governing equation and suitable practical examples.(or) From the fundamental laws derive Maxwell’s equations and the need for the Maxwell’s contribution to electromagnetic theory. State the equations in both different and integral form.

4. Explain the relationship between field theory and circuit theory.

5. Prove that capacitor is an energy storage device in an electric field mathematically.

6. Mathematically prove that inductor is an energy storage device in a magnetic field.

UNIT – V

PART – A
1. Define the term intrinsic impedance of the free space with its value.

2. What is Poynting vector? And what is the SI unit for this vector?

3. State Poynting theorem.

4. Define skin effect and its significance at low frequency and at very high frequency applications to conductors?

5. Define loss tangent of a median.

6. Define skin depth.

7. Define phase velocity for a wave propagating in a perfect dielectric.

8. Find the average power loss/volume for a dielectric having ε r = 2.tanδ= 0.0005, if E=1.0KV/m at 500 Hz.

9. What do you mean by “depth of penetration”?

10. When E & H are polarized in X & Y direction of the EM wave propagation.

11.  List out the characteristics of Electromagnetic waves.

12.  What are the important parameters of a transmission line?

13.  Define wavelength of the line.

14.  What is return loss?

15.  State the various types of transmission lines used in practice.

PART - B
1. From the fundamentals, derive the wave equation of electromagnetic waves.
2. Establish the relationship between E & H in free space.

3. Obtain the EM wave equation in lossy dielectric medium.

4. State and prove Poynting theorem.

5. Explain the reference of uniform plane waves with normal incidence at a plane dielectric boundary.

6. Derive the expression describing propagation of uniform plane wave in good conductors.

7. Derive the wave equation starting from Maxwell equation for free space.

8. Define skin depth and state its effect.
