Unit – I
ELECTROSTATICS I
PART-A (2-Mark Questions)

1. Give the sources of Electromagnetic fields. (May 2017)
Electric charge in the fundamental source and other devices such as transformers, electric motors, wave guides etc are EMF based.
Natural sources: Electromagnetic fields are present everywhere in our environment but are invisible to the human eye. Electric fields are produced by the local build-up of electric charges in the atmosphere associated with thunderstorms. The earth's magnetic field causes a compass needle to orient in a North-South direction and is used by birds and fish for navigation. The Earth's magnetic field plays an important role for all living things. Without a geomagnetic field, life on this planet would not be possible. 
Human-made sources of electromagnetic fields: Fields generated by human-made sources such as X-rays, the electricity that comes out of every power socket has associated low frequency electromagnetic fields. And various kinds of higher frequency radio waves that are used to transmit information – whether via TV antennas, radio stations or mobile phone base stations.



2. Determine the angle between  and    (Dec 2016)

	

	
3. State Stokes theorem. (May 2017), (Dec 2016)





Stokes theorem state that the circulation of a vector field around a closed path ‘L’ is equal to the surface integral of the curl of  over the open surface ‘S’ bounded by ‘L’ provided that  and are continues on ‘S’. Thus 			
4. Find the unit vector extending from the origin toward the point P (2,-2,-1). (May 2015)
The unit vector = 

5. Define Divergence of a vector field A at a point P. (May 2015)

The divergence of the vector field  at a given point P is a measure of how much the field diverges or emanates from that point. The divergence of a vector field can also be viewed as simply the limit of the field's source strength per unit volume. The divergence of at a given point ‘p’ is the outward flux per unit volume as the volume shrinks about ‘p’. Thus 		





6. Given  and  show that the vectors are orthogonal.   (May 2015)

 = 4 (-2) + 6  4 + (-2)  8 = 0
The dot product is zero, hence the two vectors are perpendicular to each other. They are orthogonal vectors.
7. Express in matrix from the unit vector transformation from the rectangular to cylindrical coordinate system 	(May 2015)

    
8.  Points P and Q are located at (0,2,4) and (-3,1,5) calculate P and Q are located at (0,2,4) and (-3, 1, 5) calculate the distance vector from P to Q (Dec 2014)



  
9. What is the electric field intensity at a distance of 20 cm from a charge of 2C in vaccum ? (Dec 2015)



10. Find the electric field intensity in free space it 	(May 2015)

In free space 


11. Find the force of interaction between two charges 4  10-8 and 6  10-5 spaced 10 cm apart in kerosene         	(r = 2.0) 									(May 2015)

	
12. State the properties of electric flux lines.	(Dec 2016)
	 i) The flux lines start from positive charge and terminal on the negative charge.
	ii) If the negative charge is absent, the flux lines terminate at infinity. While if positive charge is absent, the 	     flux lines terminate on negative charge from infinity.
	(iii) The flux lines are parallel and newer cross each other.
	(iv) The flux lines are independent of the medium in which charges are placed.
	(v) The flux lines enter or leave the charged surface normally.
13. Define Electric field intensity. (May 2016)

	Electric Field intensity () in the force per unit charge when placed in an electric field. Given by
		E = F/Q   (N/C)
	Vectorially

	

	(I.e) The electric field intensity at a point  due to a point charge located at r’
	It multiple charges are present, we can apply principle of superposition


		


		   
14. State Gauss’s law. (May 2016)
Gauss’s law states that the total electric flux ψ through any closed surface is equal to the total charge enclosed by that surface.

	Thus 


Applying divergence theorem to the middle item  comparing LHS with (a) we can write -(b) (Gauss law differential or point form)
Note: 
· Gauss’s law is an alternative statement of coulomb’s law.
· Proper application of divergence theorem to coulomb’s law results in gauss’s law
· 

Gauss’s law provides an easy means of finding or for symmetrical charge distribution such as as point charge, infinite line, surface and volume charge distribution.
15. What are the practical applications of Electromagnetic fields?  (Dec 2015)
(i) Electromagnetic theory application is analyzing and designing of communication system like satellite communication, TV communication, wireless communication, mobile communication, microwave communication etc.
(ii) The theory is also used in analysis and designing of antenna, transmission lines and waveguides.
(iii) The theory also find application in Biomedical system, Electric motors, Remote sensing radars, lasers, etc.
16. Determine the electric flux density at a distance of 20 cm due to an infinite sheet of uniform charge 20C/m2 lying on the z =0 plane. (Dec 2014)
We know that Electric field intensity at a distance ‘h’ due to an infinite sheet of charge lying on z plane is
 . Therefore 




17. What are differential elements in Cartesian system?
Differential length 
Differential areas are: 
 (z = constant)
 (x = constant)
 (y = constant)
Differential Volume: 
18. What are the differential elements in cylindrical system?  
Differential length: 
Differential Areas are:
 (ρ = constant)
 (= constant)
 (z = constant)
Differential Volume: 
19. What are the differential elements in spherical coordinate system? (Dec 2015)
Differential length: 
Differential Areas are:
 ( = constant)
 ( = constant)
 (= constant)
Differential Volume: 
20. Determine the electric flux density at a distance of 20cm due to an infinite sheet of uniform charge 20 C/m2 lying on the z = 0 plane.        ( Dec 2014)

  independent of distance from sheet


		
21. Define vector product of two vectors.







The vector product also known as cross product of two vectors says  and written as is a vector quantity whose magnitude in the area of the parallelepiped formed by  and  in the direction of advanced of a right handed screw as is termed into the . Thus 

		




22. Defined scalar product of two vectors.






The scalar product of two vectors says and also known as dot product, written as ∙ is a scalar quantity which defined as the product of the magnitude of the cosine of the angle between them. Thus 			 
23. Write down the expression for x, y, z in terms of cylindrical co ordination and spherical co ordinations.
	Using cylindrical co ordinates (e, , z )

	    
	Using spherical coordination (r, θ, )

	
24. Write down the expression for cylindrical and spherical co ordination in terms of cartesian co ordination.

	
25. Defined scalar and vector triple product.
	Scalar triple product is given by 

	
	Vector triple product is given by 

	 
26. Define Unit vector.





The unit vector of a vector say is denoted by , whose magnitude and the direction along . Thus 		
27. Give the dot product of unit vector.

	a) Cartesian co ordinates   

				

	b) Cylindrical co ordinates 

				

	c) Spherical co ordinates 

				
28. Write down the expression for vector differential operator ‘∇’ in Cartesian, cylindrical and spherical coordinates.

	
29. Define Gradient scalar.
The Gradient of a scalar feild V is a vector that represented both magnitude and the direction of the maximum space rate of increase of V, denoted by ∇V,. Thus 

			
30. State Divergence theorem.


Divergence theorem state that the total outward flux of a vector field  through the closed surface ‘S’ in the same as the volume integral of the divergence of . Thus 

	 
31. Define Curl of a vector.


The Curl of  vector is an axial or rotational vector whose magnitude is the maximum circulation of  per unit area as the area tends to zero and whose direction is the normal direction of the area when the area is oriented So as to make the circulation maximum. Thus  


			= 

32. Write the expression for Divergence of a vector field  in Cartesian, cylindrical and spherical co ordinates.

	

33. Write the expression for curl of a vector field  in Cartesian, cylindrical and spherical co ordinates.

	
34. Defin Laplace of  a scalar function ‘V’ and a vector field ‘A’.

Laplacian of a scalar function ‘V’ is defined as the divergence of the gradient of ‘V’. It is denoted by     V

	
35. Any two null identities in vector analysis 
a) The curl of gradient of any scalar field is identically zero 

	
b) The divergence of curl any vector field is identically zero

	  
36. Give the properties of Gradient of a scalar field ‘V’.

a) point in the direction of the maximum rate of change in ‘V’.



b) If =, then ‘V’ is said to be the scalar potential of .
37. Define directional derivative (dV/dt)







The projection of in the direction of unit vector is and is called the directional derivatives of V along . This is the rate of change of ‘V’ in the direction of .
38. Give the properties of Divergence of vector field A.

a) The resultant of is a scalar.

b) The vector field whose divergence is zero is called a solenoidal feild. 

c) 
d) Divergence of a scalar makes no sense.
39. Give the properties of curl of a vector field ‘A’.
a) The curl of a vector field is another vector field.

b) The vector field whose curl is zero is called irrotational i.e or conservative field.

c)  

d)  
e) Curl of a scalar field makes no sense.
40. Give the properties of laplacian of a scalar field.
a) Laplacian of a scalar results in scalar field 

b) If the laplacian of a scalar function is zero (i.e ) then the scalar function is said to be harmonics in that region.
41. Define Electrostatics
Electrostatics is the study of electric charges which are static (time invariant) in free space (vacuum) or material medium.
42. State coulomb’s law.
Coulomb’s law states that the force ‘F’ between two charges Q1 and Q2 is
· Along the line joining them
· Directly proportional to the product Q1Q2 of charges
· Inversely proportional to the square of the distance ‘r’ between them.
Mathematically	

	

Where εr =1 for free space.
(for air, k=9x109m/F)             ε0=8.854x10-12 F/m permittivity
In vector form:					
[image: E:\new\EMT\Links\Fig 1.1.eps]

Here 	 

	 


	     here 
43. State the conclusions from coulomb’s law.
a) 

b) Like charges repel each other and unlike charges attract
c) Q1 and Q2 must be at rest(static)
d) Sign of Q1 and Q2 must be taken into account.
e) If we have more then two point charges say Q1,Q2,…..Qn then applying principle of superposition 


[image: E:\new\EMT\Links\Fig 1.2.eps]
  




44. Define various charge distributions and charge elements.
Apart from point charge, the charges considered can be uniformly distributed as given below.

 (
+ + + + + + 
+ + + + 
) (
+ + + + + + 
+ + + + 
) (
+ + + + + + + +
)	



Where dQ is the charge element, Q is the total charge and -line charge density (c/m), -surface charge density (c/m2) and -volume charge density (c/m3). The Electric field intensity for charge distributions are given by 

	
45. Define electric flux and flux density.
Electric flux is the lines of force which originate from the positive charge and terminate either on a negative charger at infinity. Denoted by ‘ψ’ and measured in coulombs.
	‘D’ → Electric flex density is defined as electric flux percent area.


46. State the conditions for a field to be a) solenoidal b) irrotational. 
a. Divergence of the field has to be zero. 
b. Curl of the field has to be zero. 

PART – B






1. If  and  Find 	a) the components of  along 	b) the magnitude of  	c) a unit vector along 


a) Components of  along is, -4


b) Magnitude of  =	

	=

c) let 



2. Given Find the angle between A and B.

Let the angle between A and B  be  also we know that 

	

	Or 
Alternatively 

	We know that  

	
3. Point P and Q are located at (0, 2, 4) and (-3, 1, 5) calculate 
	a) The position vector ‘p’
	b) The distance vector from ‘P’ to ‘Q’
	c) The distance between ‘P’ and Q.
	d) A vector parallel to PQ with magnitude of 10.
Solution:

a) Let the position vector 

b) distance vector 

		

		  =

c) distance between 

d)  
vector parallel to PQ with magnitude 10 is 

		

Therefore Vector parallel to PQ can be 

		










4. Three field Quantities are given by  determine 	             a)    b)  c)   d) sin e)  f) A unit vector perpendicular to both  and  g) The component of along .
Solution: 



	a)  

	


	b)  note : The only which make sense is 

	      

	
	Alternatively

	


	c) =

	d) 

	e) 

			=
	Alternatively 

	

	f) unit vector 

 (
θ
)	

	g)  Component of 

	

5. Transform the vector  into cylindrical co ordinates.

Given that,



Above we know that for  in cylindrical co ordinates 

	

And 	

	

	

Also 	

	


6. Transform to cylindrical coordinates at point P ()
It is well known that,

	

	

     Also 	

	

7. Find the rectangular components of vector  at P(x=5, y=2, z=-1) 
It is well known that,

	

	

	

	
8. Give the points A(x=2, y=3, z=1) and B(r=4, θ=25°, =120°) find the direction from A to B.


	A Cartesian coordinates 	Bspherical co ordinates


	B in (x, y, z)  2 = rsinθ cos  =-0.854, y=1.464, z= r cosθ =3.625

	

9. Transform the vector at  P(x=2, y=3, z=4) to spherical co ordinate.

Given A



        =






Also at P(x=2, y=3, z=4) in spherical is 










10. Let find By such that angle between and is . If also has a term what relationship must exist between By and Bz 	(May 2006).

We know that 



∴ Also


11. Given the point A(-2, 6,3). Find the spherical co ordination of point A.
Given,	x=-2, y=6, z=3, 


A(7, 64.6°, -71.56°)
12. Given the two points A(2,3,-1) and B(4,25°,120°). Find the spherical coordinates of A and Cartesian coordinates of B.	(May 2010).
Solution: 

	
13. A vector field is given by the expression 

	 

Determine in Cartesian form at a point with x=1 y=1 and z=1 unit.   (Dec 2009)
Solution:
	a) Given

	

	

b) Given, 











14. Transform the vector  at P(x=2, y=3, z=4) to spherical co ordinates (Dec 2010).

Given 



a







 (
1
1
3
2
x
1
1
y
z
4
)15. Given that 

Circulation of around the closed path in 




for segment 1: x=1, y=0, z=0   and 



For the segment 2: x=0, y=1, z=0   and 



For the segment 3: x=0, y=1, z=0   and 



For the segment A 



  


16. Determine the gradient of the following scalar fields 
	a) V = ρ-z sin 2x cos hy
	b) U = ρ2 z cos 2
	c) W = 10 r sin2θ cos 
Solution: 
a) V = ρ-z sin 2x cos hy  -  Cartesian 


b) ) U = ρ2 z cos 2     - cylindrical 


c) W = 10 r sin2θ cos    - spherical 



       



17. Give, compute and the directional derivative dW/dl in the direction 
Solution 

	

	

	


18. Given Find the gradient at point (1,2,3) and the directional derivatives of at the same point in the direction towards point (3,4,4)

Given that, Grad  =

	

	
Directional derivatives

	 

	
19. Determine the divergence of the following vector field and evaluate them at the points.
Solution:

a) 



b) 



c) 



       




  20. Verify divergence theorem for each of the following cases 

 (
III
II
I
x
I
z
III
y
II
)a) and S in the surface of the cubic defined by 0< x< 1, 0< y<1, 0<z<1.
Solution: 

	









L.H.S	

	          

For I 

For II 



	

R.H.S  

	

b)  and ‘S’ in the surface of the Wedge 0 < ρ < 2, 0 <  < 45°, 0 < z < 5.
Solution:

L.H.S	

	            +

	           +






R.H.S





c) and ‘S’ in the surface of a Quarter of a sphere defined by 0 < r < 3, 0 <  < π/2 and 0 <  < π/2 

Divergence theorem 
L.H.S 



Surface –I  
 (
x 
y 
z 
)	






 (
Fig (c)
)

	

Surface-II   = 

For θ=π/2	
For θ = 0  	= 0.


Surface – III  	= 0 for 

R.H.S	

		


	L.H.S = R.H.S hence divergence theorem proved



21. Determine Curl of the vector field given below: 	a)  
Solution: 













	


22. Evaluate both sides of the strokes theorem for the field and the rectangular path around the edge of the region 0< x<2, -2< y <1, z=1. Assume.

Stokes theorem states 
L.H.S 




R.H.S	


	




Considering alone 







		L.H.S = R.H.S hence stokes theorem is verified.

b) Given verify the stroke’s theorem for the open surface defined by z=1, 0 < ρ < 2, 0 <  < 45°

Let 

Also 





RHS	

  

c) Given  in the spherical co ordination. Verify both sides of stroke theorem for the curve bounded by the area shown fig 


 (
Closed curve
c
b
a
y
z
x
3
1
2
)

In segment II r=1, but for r=0 we cannot evaluate, hence assumed r= (very small δ0)



RHS 

23. Verify whether the vector field is both solenoidal and irrotational (Dec -2011)

For solenoidal = 0 

   

For irrotational = 0 


i.e., 

=



 (
x
y
1
1
S
)24. Give  Compute and  over the area S as shown in figure below (Dec 2011)
Solution:

To find 







To find 





	

25. Give the vector field  is given in spherical co ordinates. Evaluate both sides of the divergence theorem for volume enclosed between r=1 and r=2    (June 2010) (May 2017)

Divergence theorem 

LHS 

Since 





	LHS = RHS hence divergence theorem is proved.

26. State and ve Divergence theorem for the vector over the cube bounded by x=0, x=1, y=0, y=1, z=0, z=1	(Dec 2009)

Divergence theorem states,  




	Hence LHS = RHS –Divergence theorem is proved.


27. Using Divergence theorem evaluate where and S is the surface of the cube bounded by x=0, x=1, y=0, y=1, z=0, z=1         (Dec 2009)

Given, 





 (
c
b
x
y
1
1
a
)28. Given in cylindrical co ordinates. For the contour shown verify strokes theorem  (AU- May/June 2006)
Solution: 




According to Stoke’s theorem 



=


RHS 


	LHS =RHS hence strokes theorem proved.


29. Find the rate at which the scalar function V= in cylindrical co ordinates increase in the direction of vector point (2,/4,0).

Gradient if a scalar field is given by   

	

The directional derivatives along 

	 
30. State and prove Divergence theorem (May 2012, 2011, Dec 2011, 2009, 2008, 2007) (May 2016)(Dec 2016, Dec 2014)
Divergence Theorem:


Divergence theorem state that the total outward flux of a vector field  through the closed surface ‘S’ in the same as the volume integral of the divergence of . Thus 

	 

Proof:  
Taking volume integration on both sides

 
Considering elemental volume in ‘x’ is 


31. State and prove Stoke’s theorem. (AU – 2012, 2011, 2009, 2008, 2007 )





Stoke’s theorem state that the circulation of a vector field around a closed path ‘L’ is equal to the surface integral of the curl of  over the open surface ‘S’ bounded by ‘L’ provided that  and are continues on ‘S’. Thus 			
Proof: 
 (
y
∆
z
b
∆
y
z
x
d
∆
x
e
a
) (
y
z
x
)






Consider an arbitrary surface ‘S’ as shown below fig a. Divide S into small segment and for a small ∆S as shown fig. b

If 


Using Taylor’s series expansion at point P and neighbouring higher order terms we can write for x, y and z components as 



Also the curl is 

	

If 

Then 	 

	 LHS =RHS

	
	Hence  proved.

32. Transform 4  at (2, 3, 5) to cylindrical co ordinates (5) 	(Dec 2016)

Given:	

To find:	


		For Point (2, 3, 5)

		
	Ae = 4 cos 0 – 2sin ∅ - 4 × 10

	

	

	
33. Explain divergence and curl of a vector 	(May 2015)
The divergence of A at a given point P in the outward flux per unit volume as the volume shrinks about P. Hence

	
where ∆v is the volume enclosed by the closed surface S in which P in calculated. Physically the divergence of a vector field A is at a given point is a measure of how much the field diverges or emanates from that point. Figure (a) shows that the divergence of a vector field at point P is positive because the vector diverges (or spreads out) at P. In figure (b) the vector field has negative divergence (or convergence ) at P and fig (c) a vector field has zsero divergence at P
 (
P
P
P
)






(a) Positive divergence			(b) Negative divergence				     (c) Zero divergence 

The divergence of at a point in cartesian system is given by 


	∇.= 
In cylindrical system

	
In spherical system

	

Curl:	The count of is an axial (or rotational) vector whose area as the area tender to zero and whose direction in the normal direction of the area when the area is oriented as the male the circulation maximum

		
When ΔS is bounded by the curve L and an is the unit vector normal to the surface ∆s and in determined by the right hand rule.
Physically the cart provides the maximum value of the circulation of the field per unit area (or circulation density) and indicates the direction along which tubes maximum value occurs. The curve of a vector field in at a point P may be regarded as a measure of the circulation or low much the field curls around P.
 (
.
P
)

 (
.
P
)



	(a) Curve at pin positive			(b) Curve at P is zero

In Cartesian co ordinates the curl of is given by 


In cylindrical co-ordinates system


In spherical co ordinate system






 (
y
Z
Z =2
Z =2
X = 0
y = 0
r = 3
x
Z= 0
)34. Verify the Divergence theorem for a vector field = 3 x2 x + (3y + z) y + (3z – x) z in the system bounded by x2 + y2 = 9 and the plane x =0, y = 0, zc =0, and z = z 	(Dec 2015)




Divergence Theorem 

To find:	L.H.S	
(i) Surface y = 0





(ii) surface z =0	s = dx dy (- az)

	

     

(iv) Surface z =2	s = dx dy (az)

	



	
(v) Surface x2 + y2 = 9	(or) ρ2 = 9	ρ  =3







RHS:

	

∇. converting to cylindrical co-ordinates

∇.= 6 ρcos ∅ +6	dv = ρ d ρ d φ d z


35. State and prove Gauss law		(May 2015)
Sol:	Gauss’s law of constitutes one of the fundamental laws of Electromagnetism.
	Gauss law states that the total electric flux through any closed surface is equal to the total charge enclosed by the surface.

			

	That is 

			= The total charge enclosed 

		
  	Applying divergence theorem 

		
	Comparing the two volume integrals

		 
This is the first Maxwell’s equation.


Gauss law provides an easy  means of finding or for symmetrical charge distributions such as point change, infinite line change, cylindrical surface change and spherical distribution of change.
 (
x
Q
Z
r = a
∅
dy
a
r
)Proof of Gauss law:









Let a point change Q be located at the origin. To determine and to apply Gauss law, consider a spherical surface around Q with center as origin. This spherical surface is Gaussian surface and it satisfies required conditions. The is always directed radically outwards along which is normal to the spherical surface at any point on the surface as shown in fig.


In spherical co-ordinate system r  = constant is defined as, s = r2 sin θ d θ d ∅ 
 Now D due to point charge in given by

	

	
Thus proves Gauss law that Q coulombs of flux crosses the surface is Q coulombs of charge that is enclosed by that surface.

36. Show that over the closed surface for a sphere of radius b, (May 2015)

The sphere is shown in Fig. The radius is b and the unit vector normal to the surface is 

	

	


But vector with such θ and ∅ hence it is necessary to the sphere unit vector in rectangle co-ordinates

	
Using in above integration

	

Use 



37. Show that the vector is irrotational and find its scalar potential	(May 2015)

Sol:	For irrotational vector 

	



	As the vector is irrotational.


	where 

	.




38. If =y +(x + z) and a point Q is located at (-2, 6, 3).  Express (1) The point Q in cylindrical and spherical co-ordinates and (2) in spherical co-ordinates. (Dec 2014)
(1) Given, Q (-2, 6, 3)	x = -2,	y = 6,	z =3

	

	 In cylindrical , 

 
	x is negative, hence ∅ must be in the second quadrant hence 
∅ = -4.565 + 180 = 108.435, and z = 3
		∴ Q (6.3245, 108.435, 3)
	In spherical 



	(2) in spherical co-ordinates, given that 	x =r sin θ cos ∅,  y = r sin θ sin ∅ and z= r cos  








r = 7, θ = 64.623, ∅ = 108.435, hence B at Q is 


39. A change Q1=100 mC in located at P1 = (- 0.03, 0.01, 0.04) m. Find the force on Q1 due to (i) Q2=120 𝛍C at P2 (0.03, 0.08, 0.02) m (ii) Q3 = 123 𝛍C at P3 (-0.09, -0.06 – 0.10) m (iii) Q2 and Q3 
(i) F due to Q2






(ii) F due to Q3






(iii) Q2 and Q3:

	
40. A positive point charge 100  10-12 C is located in air at x = 0, y = 0.1 m and another such that charge at         x = 0, y = -0.1 m. What is the magnitude and direction of E at x = 0.2 m, y = 0 m (May 2015)
[image: E:\new\Question bank odd sem\EMT\Fig.2. 1.eps]  The charges are shown in the fig

	

	

	

	

	

	      

	


  Here the magnitude of  is 32.16 V/M and direction .
41. Point charges 1mc and -2mc are located at (3, 2, -1) and (-1, -1, 4), respectively. Calculate the electric force on a 10nc charge located at (0, 3, 1) and the electric field intensity at that point. 
Solution: According to Coulomb’s law, the force due to several point charges is given by,


[image: E:\new\EMT\Links\Fig 1.8.eps]

. 
42. Find the force on a charge Q1 given by 20μc due to charge Q2 given by 300μc, where Q1 is at (0,1,2) in and Q2 at (2,0,0) m.	(AU Nov 2010, May 2011) (Dec 2016)

Solution: Let  be the force on 	Q1 due Q2 as shown in Fig				
[image: E:\new\EMT\Links\Fig 1.9.eps]Using coulomb’s law 




43. Three point charges q1=10-6c, q2=-10-6c and q3=0.5x10-6c are located in air at the corners of an equilateral triangle of 50cm side. Determine the magnitude and direction of the force on q3.


[image: E:\new\EMT\Links\Fig 2. 0.eps]Solution:  Location of q1:  along y.		 	
Similarly, q2(0,0,0) cm and q3(50,0,0) cm.








Therefore the direction is along the line joining q1 and q2  		
[image: E:\new\EMT\Links\Fig 2. 1.eps]44. Point charges of 3x103 micro-micro coulomb are placed at each of the three corners of a square whose side is 0.2m. Find the magnitude and direction of electric field at the vacant corner point of the square.
[image: E:\new\EMT\Links\Fig 2. 2.eps]Solution: 

      			



Here, 




[image: E:\new\EMT\Links\Fig 2. 3.eps]45.  Find the electric field intensity at any arbitrary point p(x,y,z) due to a uniformly charged wire with ρL(c/m) extending from ‘A’ to ‘B’ and placed along ‘Z’ axis. (May 2017) (Dec 2015) (May 2015)
Solution : Consider a line charge with uniform charge density ρL(c/m) exdending from ‘A’ to ‘B’ along Z axis.
The charge element associated with dl is 

			


Also we know that 

 

→ To evaluate let us define α, α1 and α2 as shown in figure.




Case1 : For an infinite line charge placed along Z axis. The point  ‘A’ is at (0,0,-α) and B at (0,0,α) .Therefore α1=-π/2, α2=π/2 . Therefore ‘z’ component vanishes. i.e 


Case2 : For an semi infinite line charge placed along Z axis. The point  ‘A’ is at (0,0,0) and B at (0,0,α) .Therefore α1=0, α2=π/2. Therefore  



Case 3: For a finite length line charge from ‘A’ to ‘B’ placed along Z axis. The point ‘P’ if it is a  bisector of AB.

[image: E:\new\EMT\Links\Fig 2. 4.eps]Here α1=-α, α2=α, component vanishes since it is equal and opposite from A and B. (clockwise measurement)	
Therefore




If the conductor is infinite α=π/2,    (same as case 1)
[image: E:\new\EMT\Links\Fig 2. 5.eps]Alternate for case3:  ‘E’ at (0,y,0) conductor length ‘+z’ to ‘-z’    

 






If z’→ infinite then α=π/2 
46. A sheet of charge having uniform charge density ρs (c/m2) extends over the entire x-y plane. Find the electric field intensity due to this infinite sheet charge at point p(0,0,h). 		(Apr 2011)
Solution: Consider an infinite sheet of charge in the x-y plane with uniform charge density ρs(c/m2) .

[image: E:\new\EMT\Links\Fig 2. 6.eps]  
Consider an elemental surface dS at A. Due to which the electric field at point p(0,0,h) is shown in fig.



For the surface charge present at ‘A’ there is diametrically an opposite point ‘B’ as shown in fig. Therefore the resultant  at point ‘P’ will have only z component where as the ‘ρ’ component cancels each other.



Substituting (a), (b) and (c) in (d) 
and changing the limits α = 0→π/2 


47. A circular disk of radius ‘a’ in uniformly charged with ρs C/m2. The disk lies on the z = 0 plane with its axis along z-axis. (Dec 2016)
(a) 
[image: E:\new\EMT\Links\Fig 1.1 7.eps]Show that at point (0,0,h) 
(b) 
From this derive the  field due to an infinite sheet of charge on the z=o plane.
Solution:

`  


at point ‘p’ there is an Electric field due to surface dS at ‘B’ which is diametrically opposite to ‘A’. This charge cancels the horizontal () component. The resultant has only  component. Also dS = ρdρdφ 




          

 
(b) If the sheet is infinity long then α=π/2






[image: E:\new\EMT\Links\Fig 1.1 8.eps]48. A circular ring of radius ‘a’ carries a uniform charge ‘ρL’ c/m and is placed on the x-y plane with axis the same as the z axis. Find at (0,0,h). What values of h gives the maximum value of ‘’ if the total charge on the ring is ‘Q’ find  as a→0. 	(AU May 2012)
Solution:

 Electric field at point ρ(0,0,h) due to the elemental charge in dl is 












For every element of there is diametrically opposite element (-) which cancels it. Therefore in ,  add up to zero leaving element alone.




To find maximum  alongs ‘h’, is 





49. Determine at (4, 0, 3) if there is a point charge -5πmc at (4, 0, 0) and a line charge 3π mC/m along the y-axis.



Solution: Let where  and  are flux densities due to the point charge and line charge respectively as shown in fig.



[image: E:\new\EMT\Links\Fig 1.1 9.eps]
50. A point charge ‘Q’ is located at the origin. Find the electric flux density at a point p using Gauss law.
[image: E:\new\EMT\Links\Fig 1.20.eps]Solution: Gauss’s law is integral form is 


Let us consider a spherical surface (Gaussian surface) enclosing the charge as shown in figure. Therefore Gauss’s law in





Which is same as 
[image: E:\new\EMT\Links\Fig 1.21.eps]51. Find the electric flux density at a point ‘p’ due to infinite line of charge ρL(C/m) placed along z axis using Gauss’s law.	(AU NOV 2011)

Solution: Let the line of charge ρL(c/m) be placed along the z axis. Let  be the electric flux density at point ‘p’.
Choose a cylindrical Gaussian surface containing ‘p’ and satisfying symmetry. Applying Gauss’s law




For top and bottom surface, , Since is tangential to those surfaces. Thus making LHS=RHS


52. Find the electric flux density at a point ‘P’ due to an infinite sheet of charge ρs (C/m2) lying on z=0 plane using Gauss’s law. (AU-April 2010, Nov 2011)
Solution:
[image: E:\new\EMT\Links\Fig 1.22.eps]
Let an infinite sheet of charge be placed along z axis as shown. Consider a Gaussian pill box rectangular box which encloses the charge and also has symmetry. According to Gauss’s law 

	
Here LHS is 



53. Find the Electric flux density everywhere due to uniform charged sphere ρ0 C/m3 with radius ‘a’.										(AU Nov 2010)
Solution:
[image: E:\new\EMT\Links\Fig 1.23.eps]
Consider a sphere with ρ0 C/m3 charge distribution with radius ‘a’. It is appropriate to consider a sphere of radius ‘r’ as a Gaussian surface. There are two cases here i.e case (a) r≤a  case(b) r≥a

Case (a) r≤a  	According to gauss’s law.  





[image: E:\new\EMT\Links\Fig 1.24.eps]   

54. Evaluate D and E in all regions for a concentric spherical shell containing change Q unit frame the change distribution one infinite in equivalent (May 2017)


Sol:	Consider a sphere of radius ‘a’ change is uniformly distributed on its surface with a density ρs c/m2. To find and everywhere, we construct a Gaussian surface for cases r ≤ a and r > a separately. Since charge has spherical symmetry, it is obvious that a spherical surface is an appropriate Gaussian surface 
Case 1:	Point P outside the shell (r > a ). The charge enclosed by the surface is the entire charge in this case that is 
 (
RT
r > a
r
a
r  
≤
a
Spherical steel
)	







	 

	

	    

Hence by Gauss’s law,  







And 	


Case 2:	Point P on the shell (r = a). The Gaussian surface in same as the shell itself.

		 				

		   

	and	
Case 3:	Point P inside the shell (r < a)

It can be seen that the entire charge is on surface and no charge in enclosed by the spherical shell. Hence the charge enclosed is zero.	 

	


	 and    
 (
E
r > a
Variation of 
against r
r > a
)Thus the electric flux density and electric field at any point inside a spherical shell is zero. 

r > a 	= 0

r = a	

r > a	
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