Department of physics
Indian Institute of Technology, Kanpur

MKH/SMT/2016-17-11/Phy103 Assignment-3 Week of 23-1-17

Note: The problems assigned are from the text book Introduction to Electrodynamics (4" edition) by
David J. Griffiths

Problem 2.41(do it by explicitly calculating force and also by energy method)
Problem 2.42 (do it by explicitly calculating force and also by energy method)
Problem 2.50

Problem 2.53

Problem 3.1

Problem 3.4

Problem 3.37

Problem 3.41

Problem 3.51
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. Although in calculating the electrostatic energy of a charge distribution we assume that
the charge can be varied continuously, in reality it is not so since the charge comes in
units of electronic charge e. Quantized nature of charge is seen if we deal with small
number of electrons, for example in a nano-device. (i) Assume a capacitor of
capacitance C with N electrons. What will be its energy if we do not count the self
energy of electrons assuming each electron to be uniformly spread over the capacitor
(an assumption justified by quantum mechanics which treats an electron as a wave
spread over the capacitor). (ii) Plot the number of electrons N versus the voltage V
applied for a nano-capacitor.

Hints:

2.41: Apply the direct formula. For the energy method, move one of the plates by an infinitesimal
distance Ax and calculate the corresponding energy change using the energy density formula.

2.42: Apply the direct formula taking appropriate component of the force. For the energy method,
move the hemispheres away from each other an infinitesimal distand® and calcul ate the
corresponding energy change using the energy density formula.

2.50: Keep in mind what the Laplacian of 1/r is.

2.53: You are solving a one dimensional second-order differential equation. Energy conservation
gives%mvz(x) — eV (x) = 0. Current density is p(x)v(x).

3.1 and 3.4: Do the explicit integral over the sphere as has been done many times in the lectures.

For 3.4 you will have to write the integrand as a gradient with respect to 7'.

3.37: Take the derivative with respect to R after cancelling R* with 1/R” as suggested in the book.
Then express dV/dR in terms of gradient of V and elemental area dS = dS# .

3.41: Image problem with charged sphere.

3.51: (a) one situation is that given in the problem; the other situations is one plate grounded and
other plate at potential V.
(b) one situation is the same as the problem; the other situation is one shell at V and one
grounded.

10. The potential with charge ne (n=integer) is given as ne/C. No charge will go to the capacitor
unless it gains sufficient energy from the applied voltage.
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