1. Two spherical drops of mercury each have a charge of 0.1 nC and a

potential of 300v at the surface. The two drops merge to form a single

drop. What is the potential at the surface of the new drop?

Let the radius of small drops be r (will be equal for both as the potential and charge both are equal). Then the potential at the surface is given by
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The total volume of mercury in the two drops will be equal to the volume of the new drop and hence if the radius R of the new drop will be given by
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Or
R = 
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The total charge on the new drop will be 


Q = 0.2 nC.

Hence the potential at the surface of the new drop is given by
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This gives
V’ = 1.5874*300 = 476.22 V
2. A long thin straight wire with linear charge density (lambda) runs down the center of a thin, hollow metal cylinder of radius R. The cylinder has a net linear charge density (2 * lambda) . Assume (lambda) is positive. Find expressions for the electric field strength.

A) Inside the cylinder (r<R)

B) Outside the Cylinder (r>R)

In what direction the electric field points in each case?

The field can easily be calculated using the Gauss’s law.

Due to symmetry of the infinite cylindrical charge distribution we can say

1. The field will be radially symmetric and will be in the direction perpendicular to the axis of the cable i.e. z axis, hence EZ = 0, and E = 0

2. The field will be equal in the magnitude at all points, equidistance from the axis of the cable.

Now if we consider a cylindrical Gaussian surface (red circle, side view) of radius r and length l coaxial with the axis of wire, then the field will be everywhere normal to the surface (= 0) and its magnitude (say E) will be same everywhere. Hence the surface integral of the field is given by
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(a)

For a point in side the cylinder (r < R), as the linear charge density  is uniform the charge enclosed within this Gaussian cylindrical surface (inner red circle)  can be directly calculated by the product of linear charge density and the length of the wire hence 

Qenc =l* 

And hence using Gauss law we can write
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gives the field strength at distance r from the wire as 
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and hence the field will be 
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(b) For a point outside the cylinder (r > R) the total charge enclosed within the Gaussian surface (outer red circle) will be both, charge on the wire and charge on the cylinder and hence  

Qenc =l*( 

And the field will be
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Or
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3. A hollow metal sphere has inner radius "a" and outer radius "b". Hollow sphere has charge + 2Q. A point charge + Q sits at the centre of the hollow sphere.

a) Determine the electric fields in the three regions r<= a, a<r<b and

r>= b.

b) How much charge is on the inside surface of the hollow sphere and

outside surface?

a) Here the charges and he electric field is symmetrical about the center of the sphere, hence the electric flux is radial and it is easy to use Gauss’s law to find the field at any point in the space.

According to Gauss law the electric flux through a closed surface is 
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 where qi is the charge enclosed within the closed surface. The field strength at a point in the field is the flux per unit area normal to the surface. 

The mathematical form of gauss theorem is given as
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Now to find field at a distance r (< a) from the center of the sphere, consider a concentric spherical Gaussian surface of radius r. As the charge Q is at the center, the field strength E at all points on this surface will be same in magnitude and the direction of the field will be normal to the surface, hence the flux through the surface is given by
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But charge enclosed in this surface is Q, substitution gives 
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or
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Clearly the field strength is inversely proportional to the square of the distance from the center of the shell, similar to that due to only charge Q is at the center and the other charge being symmetric not affecting it.

Now if r is grater then a, but less then b. in this space we have the conducting material of the shell. As we know that the conductors are having a lot of free electrons distributed uniformly within it (net charge is still zero because of the nuclear charges) the electrostatic electric field within the conductor always remains zero. Hence the field within this space is zero everywhere. 

Then what happens to the flux emerged from the charge at the center?  

The field induces a –Q charge at the inner surface of the shell symmetrically and all the flux emerged from +Q charge at the center will terminate to this –Q charge and the net flux within the shell is zero. The free +Q charge (due to induction) will go to the outer surface of the shell and the net charge on the outer surface is 

+Q + 2Q = 3Q.

(this again confirmed with the Guass law that the total charge enclosed within any spherical Gaussian surface within the shell will be +Q –Q = 0 and the field is zero.) 

Now considering a Gaussian surface (sphere) outside the shell means r > b, the total charge enclosed within it is +Q +2Q = + 3Q and the Gauss law gives 
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or
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which is inversely proportional to the square of the distance from the center of the sphere and towards the center of it (like a point charge + 3Q).

b) The charge at the inner surface of the hollow sphere is that which is induced due to termination of flux from charge Q at the center of the sphere i.e. – Q
 The charge on the outer surface of the sphere will be the charge given to it + 2Q and the free charge due to electrostatic induction of –Q on the inner surface which is + Q and hence the total charge on the outer surface will be +2Q +Q = + 3Q.

4. The conducting charge in the attached figure has been given an excess negative charge. The surface density of excess electrons at the center of the top surface is 5 * 10^10 electrons / m^2.

What are the electric field strengths E1 to E3 at points 1 to 3?

Hi, here I repeat the question: 4. The conducting box in the attached figure has been given an excess negative charge. The surface density of excess electrons at the center of the top surface is 5 * 10^10 electrons / m^2. What are the electric field strengths E1 to E3 at points 1 to 3? we have to find Ele ctric field strengths on all 3 points, these 3 points are shown in the figure.
As the box is conducting and closed the charge on the box will remain only on the outer surface of the box and hence the surface charge density on the outer surface of the box if given by

 = charge/m2 = charge of electron*number of extraneous electrons/m2 


  = - 1.6*10-19 * 5*1010 = - 8.0*10-9 C/m2 

The whole flux will go normal to the surface of the box outward and hence the field out side the box will be


E1 = 
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  N/C
Negative sign shows that the field direction is towards the surface

As there is no field possible in a conductor field between the two surfaces will be zero i.e. E2 = 0

Finally as there is no charge within the box the charge enclosed by any Gaussian surface inside will be zero and hence field within the box will be zero or


E3 = 0
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