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�� A bead of mass m slides without friction on a �xed vertical hoop of radius R� The bead moves

under the combined action of gravity 
acceleration g� and a spring attached to the bottom of

the hoop� For simplicity� we assume that the equilibrium length of the spring is zero�

so that the force due to the spring is �kr� where r is the instantaneous length of the spring�

Assume that the bead can pass unhindered through the point at the bottom of the hoop�

a� Write down the Lagrangian and the Hamiltonian for the problem� taking � as the canonical

position variable�

b� Derive the general equations of motion for the problem�

c� If the bead is released at the top of the hoop with negligible speed� then how fast is it

moving when it reaches the bottom of the hoop�

d� Find the frequency of oscillation if the bead is slightly displaced from the bottom of the

hoop and then released�
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�� Consider a pendulum consisting of a rigid thin rod with length L and negligible mass sup�

porting a ball of mass M � The pendulum is immersed in a viscous medium which causes a

frictional force F whose magnitude is proportional to the speed v of the ball� F � ��v� It

swings in a vertical plane under the in�uence of gravity�

a� Derive the equations of motion of the pendulum� allowing for arbitrary angles of de�ection

� from the vertical axis�

b� Express the second�order equation above in terms of two �rst�order equations

�x � f
x� y� � �y � g
x� y� �

using x � � and y � ��� where the dot denotes d�dt� Fixed points 
x�� y�� are de�ned

by f
x�� y�� � g
x�� y�� � �� Small deviations from each �xed point satisfy the matrix

equation
d

dt
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Determine the matrix A at each �xed point�

c� Find the eigenvalues of A� and determine for each �xed point the critical value of the

drag coe�cient � above which there is no oscillation�



�� A slowly moving antiproton is captured by a deuteron at rest� producing a neutron and a

neutral pion�

�p�D � n � ��

The rest masses of the particles involved are m�p � mn � mD�� � 	�	MeV� m�� � ���MeV�

Find the total energy of the �� emitted�



�� A plane electromagnetic 
EM� wave is incident on a free particle of charge q and mass m�

The EM wave causes the particle to oscillate and hence to radiate� This interaction can be

considered as a scattering of EM radiation with cross�section �T � 
power radiated��
incident

�ux�� Assume low�energy incident EM waves� so that one may treat the interaction nonrela�

tivistically� Using Larmor�s radiation formula

P �
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where � is the electric dipole moment and P is the power radiated� show that
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Evaluate �T for an electron�



�� In a purely classical model� we consider a dielectric medium as a collection of uncoupled�

classical harmonic oscillators� Assume that each oscillator consists of an electron connected

to a �xed ion by a harmonic spring with frequency 
��

a� Write down the equation of motion for the electron when a monochromatic electric �eld

with frequency 
 is applied�

b� For an electron density n� calculate the electric polarization and the dielectric constant

	

��

c� For free electrons� 
� � �� For a free electron gas� at what frequency is 	 � � � What is

the physical signi�cance of this frequency�



	� Consider a point charge q located at a distance d from the center of a grounded conducting

sphere of radius a � d� Use spherical coordinates and locate the charge on the z�axis�

a� Find the potential outside the sphere�

b� Derive an expression for the induced surface charge density on the sphere�

c� Expand the potential in a power series in ��r for r �� d and keep the �rst two terms�

What is the signi�cance of these two terms� Find the electric �eld to the same order�
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