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Q1 When avoltage v(t) = V cos(at) is applied to acircuit e ement the resultant current is
given by i(t)=l,cos(wt + ¢) where ¢ is a constant. Prove that the time-averaged
power dissipation is given by Vol ,cos(¢)/2. Show that the same result is obtained
(more easily) by using a phasor representation for the voltage and current.

Q2 A conducting disk (with radius b) is rotated about its axis at angular velocity ® on a
non-conducting spindle (with radius a) in the presence of a uniform magnetic field
(B) paralld to the axis. By considering the magnetic force on the electronsin the disc
consider how thiswill cause the electrons to distribute themselves within the disc.
What will be the consequence of this charge redistribution? On the assumption that
the resultant forces on the electrons in the disc are in equilibrium, derive an
expression for the open circuit voltage, V., developed between the rim and spindle.

If B=15T andtheradii for the spindle and disk are 3 cm and 40 cm respectively
what isthe value of Vo when the rotation rate is 2000 rpm?

[ The above is an example of asimple homopolar generator system and can be used
asthe basisfor adirect current source. When used in reverse, the disc is caused to
rotate as aresult of the application of a direct voltage between the rim and spindle—
ahomopolar motor.]

Q3 Thisisareminder of some elementary Level 1 EM results and emphasi ses the need
to consider the symmetry of aproblem in order to quickly obtain aresult.

Find expressions for the electric (E) or magnetic (B) fields in the following
stuations:

a) TheE - field at adistancer from aninfinite line of charge with linear charge
density p Cm™.

b) The E-field at adistance h above an infinite sheet of charge with areacharge
density o Cm™. (Y ou should also be able to easily deduce the expression for E
between the plates of a capacitor with +  Cm™ on the two plates.)

c) TheE-fidd at adistancer from the centre of a sphere of radiusR (r > R)
containing a volume charge density p Cm>,

d) TheB-field at adistancer from aninfinite straight wire carrying a current .

e) TheB—field insidean infinite circular solenoid with N turns m™* carrying a
current |.



