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1- (25 pts) As shown in the figure a positive charge Q is uniformly distributed along a thin rod

oflength L.
a) Calculate the electric field vector produced by a charged rod at a distance D. @
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b) The second uniformly charged rod is placed on the x axis (see the figure). The second rod also
has positive charge Q distributed uniformly. Calculate the magnitude of the electrostatic force
applied on the second rod.
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2- (25 pts) Consider a coaxial cable with an inner conductor shielded by a
conductor layer. Assume the inner conductor is an infinite line charge of
uniform density A, while the surrounding conductor is a neutral hollow

cylindrical shell with inner Radius R; and outer radius R: (see the figure).

Q) Q) (n)

(2) Find an expression for the electric field strength E everywhere, that is in
the regions 0 <r <R;, R; <r <R; and R;<r <, as a function of r, the
perpendicular distance from the line charge.
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(b) Find the surface charge density on the inner and the outer surfaces of the cylindrical shell.
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éwsg 3- (25 pts) Two empty spherical shells of radius A
) R are centered symmetrically around the origin, 4
{3 ) 2nd have uniform charges +0Q as in the figure. 0
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a) Find the electrical potential for all the points on the x axis. ne
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b) Draw one equipotential surface for this charge configuration, and explain your reasoning.
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¢) How much work do we have to do to move a point charge g from point 4 at (0, R) to point B
at (2R, 0)?
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4- (25 pts) A parallel plate capacitor is filled with a nonuniform dielectric Fharaqenzed bYk:
dielectric constant k(x) = k/x®, where k and n are positive constants (k has dimensions to m;h
sure that the dielectric constant is dimensionless) and x is the distance from one plate. The

distance between the capacitor plates and the area of each plate are denoted by d and 4,
respectively.

(i) Use the Gauss law for dielectrics to find the electric field between the plates if the plates have
charges +Q and -Q.

®

f E J_/a( = Qencl whase €= E, K(z)
S &
C\woose Sk iasFa ct\\\V\c\u wo\T\A uppes

Ndes vde Aot cartribute
and \owes par’n axkacwed . Noke nat e s\ae

Eﬂd; ans
L arts
because _E‘-\-elk Moreoves on Tha uppe pat \°w~ ?. e Aes of
(B is constaak. Moreover Qea| = oA whe f W
wppes 2ad \oues parks | o-:= Qe e ¢ fé‘gk = K b
(ii) Find the voltage difference between the plates. — g %
® d R Bl (s
_—_,- — Q zvx S
AV = = 'c\L = AI
(Df Agok @
Q z—vﬁ\ \ QAV\*\
7 Atk nx\ \7'-'0 Aéo“-(“*\\

(iii) Calculate the capacitance of the system by dividing the dielectric to many thin layers and

using capacitor connection rules for the equivalent capacitance. Compare your result with the
capacitance calculation based upon the results in (i) and (ii).
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