2.1
ﬁ(a) Twelve equal charges, ¢, are situated at the corners of a regular 12-sided polygon (for
instance, one on each numeral of a clock face). What is the net force on a test charge Q at the

center?

(b) Suppose one of the 12 ¢’s is removed (the one at “6 o’clock”). What is the force on 07 -
Explain your reasoning carefully.

(c).N ow 13 equal charges, ¢, are placed at the corners of a regular 13-sided polygon: What is
the force on a test charge Q at the center?

(d) If one of the 13 ¢’s is removed, what is the force on Q? Explain your reasoning.

2 W Find the electnc field a dlstance z above the center of a square loop (side a)
carrying uniform line charge )
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2 Lf’ . Find the electric field a distance z above the center of a flat circular disk of radius
R (Fig. 2.10), which carries a uniform surface charge 0. What does your formula give in the
limit R — 00? Also check the case 7 >> R.

2. A4S - Ahollow spherical shell carries charge density
o= 2

in the region a < r < b (Fig. 2.25). Find the electric field in the three regions: (i) r < a, (ii)
a <r <b,(iii) r > b. Plot |E| as a function of .




2.1k A long coaxial cable (Fig. 2.26) carries a uniform volume charge density o on
the inner cylinder (radius a), and a uniform surface charge density on the outer cylindrical
shell (radius b). This surface charge is negative and of just the right magnitude so that the
cable as a whole is electrically neutral. Find the electric field in each of the three regions: (i)
inside the inner cylinder (s < a), (ii) between the cylinders (a < s < b), (iii) outside the cable
(s > b). Plot |E] as a function of s.

. 2«17 Aninfinite plane slab, of thickness 2d, carries a uniform volume charge density :
p (Fig. 2.27). Find the electric field, as a function of Y, where y = 0 at the center. Plot E
versus y, calling E positive when it points in the +y direction and negative when it points in -
the —y direction.

2 -2 ] Find the potential inside and outside a uniformly charged solid sphere whose
radius is R and whose total charge is g. Use infinity as your reference point. Compute the
gradient of V in each region, and check that it yields the correct field. Sketch V (7).

227 Find the potential a distance s from an infinitely long straight wire that carries

a uniform line charge . Compute the gradient of your potential, and check that it yields the
correct field. .

. 2.2X . Using Egs. 2.27 and 2.30, find the potential at a distance z above the center of
the charge distributions in Fig. 2.34. In each case, compute E = —VV, and compare your
answers with Prob. 2.2a, Ex. 2.1, and Prob. 2.6, respectively. Suppose that we changed the
right-hand charge in Fig. 2.34a to —¢g; what then is the potential at P? What field does that
suggest? Compare your answer to Prob. 2.2b, and explain carefully any discrepancy.
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(a) Two point charges (b) Uniform line charge (c) Uniform surface charge




2. 3‘515' . Consider two concentric spherical shells, of radii a and b. Suppose the inner
one carries a charge ¢, and the outer one a charge —¢g (both of them uniformly distributed
over the surface). Calculate the energy of this configuration, (a) using Eq. 2.45, and (b) using
Eq. 2.47 and the results of Ex. 2.8.

L2 236 “Two spherical cavities, of radii a and b, are hollowed out from the interior of a
(neutral) conducting sphere of radius R (Fig. 2.49). At the center of each cavity a point charge
is placed—call these charges ¢, and gp,.

(a) Find the surface charges o,, o, and 0.
(b) What is the field -outside the conductor?
(c) What is the field within each cavity?

(d) What is the force on g, and gp?

(e) Which of these answers would change if a third charge, ¢, were brought near the conductor?

[ L

Figure 2.48 Figure 2.49

Problem 2.39 Find the capacitance per unit length of two coaxial metal cylindrical tubes, of
radii ¢ and b~




"/ 3'%?{ .In Ex. 3.2 we assumed that the conducting sphere was grounded (V = 0). But
with the addition of a second image charge, the same basic model will handle the case of a
sphere at any potential Vy (relative, of course, to infinity). What charge should you use, and
where should you put it? Find the force of attraction between a point charge ¢ and a neutral
conducting sphere.,
/

\/ 3 .9 . . A uniform line charge A is placed on an infinite straight wire, a distance d above

a grounded conducting plane. (Let’s say the wire runs parallel to the x-axis and directly above

it, and the conducting plane is the xy plane.)
(a) Find the potential in the region above the plane.

(b) Find the charge density o induced on the conducting plane.

3..1Z .. Find the potential in the infinite slot of Ex. 3.3 if the boundary at x = 0 consists
of two metal strips: one, from y = 0 to y = a/2, is held at a constant potential V), and the
other, from y = a/2 to y = g, is at potential —Vj).

3 {4 Arectangular pipe, running parallel to the z-axis (from —o0 to +00), has three

grounded metal sides,aty =0,y =qa, and x = (. The fourth side, at x = b, is maintained at
- aspecified potential Vy(y).

(a) Develop a general formula for the potential within the pipe.

(b) Find the potential explicitly, for the case VW) =V (a constant),

plane (Fig. 4.7). The dipole makes an angle

_ ¢ with the perpendicular to the plané. Find the
torque on p. If the dipole is free to rotate, in

what orientation will it come to rest?

4 1o A sphere of radius R carﬁes a polarization
P(r) = kr,

where £ is a constant and r is the vector from the center.
(a) Calculate the bound charges o3, and Ob.

(b) Find the field inside and outside the sphere.




. 41§ The space between the plates of a parallel-plate capacitor (Fig. 4.24) is filled
with two slabs of linear dielectric material. Each slab has thickness a, so the total distance
between the plates is 2a. Slab 1 has a dielectric constant of 2, and slab 2 has a dielectric
constant of 1.5. The free charge density on the top plate is o and on the bottom plate —o.

(a) Find the electric displacement D in each slab.

(b) Find the electric field E in each slab.

(¢) Find the polarization P in each slab.

(d) Find the potential difference between the plates.
(e) Find the location and amount of all bound charge.

(f) Now that you know all the charge (free and bound), recalculate the field in each slab, and
confirm your answer to (b).

- . 4-4—‘ 19 - Suppose you have enough linear dielectric material, of dielectric constant €ry
to half-fill a parallel-plate capacitor By what fraction is the capacitance increased
when you distribute the material as in'Fig. . (a)? How about Fig.. " (b)? For a given
potential difference V between the plates, find E, D, and P, in each region, and the free and
bound charge on all surfaces, for both cases.

(a) (b)

4.29 - A spherical conductor, of radius a, carries acharge Q. . Itis surrounded
by linear dielectric material of susceptibility xe, out to radius b. Find the energy of this
configuration (Eq. 4.58).




S .5  In1897J.]. Thomson “discovered” the electron by measuring the charge-to-mass
ratio of “cathode rays™ (actnally, streams of electrons, with charge ¢ and mass m) as follows:

(a) First he passed the beam through uniform crossed electric and magnetic fields E and B
(mutually perpendicular, and both of them perpendicular to the beam), and adjusted the electric
field until he got zero deflection. What, then, was the speed of the particles (in terms of E and
B)? ‘ ,

(b) Then he turned off the electric field, and measured the radius of curvature, R, of the beam,
as deflected by the magnetic field alone. In terms of E B , and R, what is the charge-to-mass
ratio (g /m) of the particles?

S-lo
(a) Find the force on a square loop placed as shown in Fig. 5.24(a), near an infinite straight
wire. Both the loop and the wire carry a steady current 7,

(b) Find the force on the triangular loop in Fig. 5.24(b).

516 A large parallel-plate capacitor with uniform surface charge o on the upper
plate and —o on the lower is moving with a constant speed v, as shown in Fig. 5.43.

(a) Find the magnetic field between the plates and also above and below them.
(b) Find the magnetic force per unit area on the upper plate, including its direction.

(c) At what speed v would the magnetic force balance the electrical force?!!

5.7

(2) Find the density p of mobile charges in a piece of copper, assuming each atom contributes
one free electron. [Look up the necessary physical constants.]

(b) Calculate the average electron velocity in a copper wire 1 mm in diameter, carrying a
current of 1 A. [Note: this is literally a snail’s pace. How, then, can you carry on a long
distance telephone conversation?]

(¢) What is the force of attraction between two such wires, 1 cm apart?

(d) If you could somehow remove the stationary positive ions, what would the electrical
repulsion force be? How many times greater than the magnetic force is it?




;- l& A coaxial cable consists of two very long cylindrical tubes, separated by linear
insulating material of magnetic susceptibility x;,. A current I flows down the inner conductor
and returns along the outer one; in each case the current distributes itself uniformly over the
surface . Find the magnetic field in the region between the tubes. As a check,
calculate the magnetization and the bound currents, and confirm that (together, of course, with
the free currents) they generate the correct field.

L. A current / flows down a long straight wire of radius a. If the wire is made of
linear material (copper, say, or aluminum) with susceptibility x, and the current is distributed
uniformly, what is the magnetic field a distance s from the axis? Find all the bound currents.
What is the net bound current flowing down the wire?

7. , Two concentric metal spherical shells, of radius @ and 4, respectively, are separated
by weakly conducting material of conductivity o

(a) If they are maintained at a potential difference V, what current flows from one to the other?

(b) What is the resistance between the shells?

(¢) Notice thatif b > a the outer radius (b) is irrelevant. How do you account for that? Exploit
this observation to determine the current flowing between two metal spheres, each of radius
a, immersed deep in the sea and held quite far apart i, if the potential difference
between them is V. (This arrangement can be used to measure the conductivity of sea water.)

(a) (b)




“1- 7 - A metal bar of mass m slides frictionlessly on two parallel conducting rails a
distance / apart (Fig. 7.16). A resistor R is connected across the rails and a uniform magnetic
field B, pointing into the page, fills the entire region.

(a) If the bar moves to the right at speed v, what is the current in the resistor? In what direction
does it flow?

(b) What is the magnetic force on the bar? In what direction?

(c) If the bar starts out with speed vy at time # = 0, and is left to slide, what is its speed at a
later time #?

(d) The initial kinetic energy of the bar was, of course, %m v02. Check that the energy delivered

to the resistor is exactly %—mvoz.

EELEN long solenoid, of radius a, is driven by an alternating current, so that the field
inside is sinusoidal: B(¢) = By cos(wt) Z. A circular loop of wire, of radius a /2 and resistance
R, is placed inside the solenoid, and coaxial with it. Find the current induced in the loop, as a
function of time.

e 5 A long solenoid with radius @ and n turns per unit length carries a time-dependent
current 7 (z) in the ¢ direction. Find the electric field (magnitude and direction) at a distance
s from the axis (both inside and outside the solenoid), in the quasistatic approximation.

7-20 . Asmall loop of wire (radius a) lies a distance z above the center of a large loop
(radius b), as shown in Fig. 7.36. The planes of the two loops are parallel, and perpendicular
to the common axis.

(2) Suppose current I flows in the big loop. Find the flux through the little loop. (The little
loop is so small that you may consider the field of the big loop to be essentially constant.)

(b) Suppose current 7 flows in the little loop. Find the flux through the big loop. (The little
loop is 50 small that you may treat it as a magnetic dipole.)

(¢) Find the mutual inductances, and confirm that M 12 = My,




