CP2: INTROCDUCTORY ELECTROMAGNETISM

Section A

Angwer all questiona in this section,

1. A charpe g with mass m moves with velocily v perpendicular to o unilorm eonstant
rnagnetic finld B, discuss ita path and explain why the field does no work on the charge.

2, Show that the capacitance of lwo conducting conventric spherical shells of radil o
anct & (b > &) is given by

. Clwepab
E,- = m.
Section B

Angwer two of the ihees questions,

3. A thin condueling dise hes radius a Ehicknoss b and electrieal resistivily p. It s
placed in & waiform time-dependent magnelic ndnetion B = By sinw! directed parallel
fo the axis ol the dise. Assuming thal o is large, find F at u distunce ¢ < g lrom the axis
of the dise, in the plane of (he dise, and obtain an expressicn [or the induced current
density as o [unclion of +

Darive sn expression for the mean power dissipated as heat vver the cotire dise.

Comment on how the problem changes if the resistivity p were not large.

4, A system of charpes congisis of a charge 449 at the origin and charges —g) on the
z axis al Lha two pointa 2z = Ta. Using spherical polar eoodinates, find the polential
V{r, #, ¢} due to these charpes, tuking & Lo be the angle hetween r and the 2 axs.

Fapand this potential a3 5 powar series in afr, retaining only lecms up to secood
order. Identily the berms in your exprassion due io 4 charge, 3 dipole andd & quadmpole.

In the case that g = 2¢7, give the {orm of the potentinl and derive cxpressions
for the radial and snegular componente of Lhe clocirie field due to this poteotial,

5. Alvng cylindrieal salenoid hag tadius b sad 54 luros of wire per unit langth. Find
the magnetic mduction B inside the solonoid when a cgrrent § passes through Lhe wirs,

The current varics with lime, Calenlate the induced em .l wcross length £ of the
aolenoid and henee determine ila soli-inductance £,

A similar sclongid of Tading e < b and wg turns por unit kength is placed inside
the first one. Both solenoids have the same length. Caleulale the magnetic flux through
ithe amaller solencid when the current in the lacger is I Hence find the em.f. induced
in the smaller if T is changing and determine the rmutusl inductance of the system M,

These two solencids, which arc assumed to have o resistance, set as a transformer.
An AC voltage V1o is placed across the first solenoid and a resistor R is placed across
tho torminals of the the second sclencid. Show Ehai the input irpedance of the first
solencid is eymivalent to a circuit congisting of an inductance L in parallel with =
resiator R/, and find the valuc of R,
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