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Problem 2.1
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(& Two line currents of infinite extent in thez direction are adistance d apart along the y-
axis. Thecurrent |, islocated at y=d/2 and the current |, islocated at y=-d/2. Find the
magnetic field (magnitude and direction) at any point in the y=0 plane when the currents
are:

|) |1:|,|2:0
||) both a:]ual, 1=1=I

iii) of opposite direction but equal magnitude, 1,=-1,=1. Thisconfigurationis called a
current line dipole with moment m=1d.

- 2 215
Hint: In cylindrical coordinates 's = [_ Vi ><|y]/[x +ty ]2

(b) For each of the three casesin part (a) find the force per unit length on 1.
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Problem 2.2

The superposition integral for the electric scalar potential is

_ p(Mav’
@ 1)
(F)= "‘47[8 |r —T |
The electric field is related to the potential as
E() =-Vo(r) @)

| ZA ' -
dx rdxi_ﬁ(r )N

Figure 4.5.1 An elementary volume of
charge at r’ gives rise to a potential at the

X observer position r.

Fig 4.5.1 from Electromagnetic Fields and Energy by Hermann A. Haus and James R. Melcher. Used with permission.
The vector distance between a source point at Q and afield point at P is:
F—1" = (x=X)i, +(y - Y)i, +(z— 2)i, 3)

(a) By differentiating |F —F'| in Cartesian coordinates with respect to the unprimed
coordinates at P show that

Tilen.
|r—r | |r'—r’| |r —r’| (4)

where i+ isthe unit vector pointing from Qto P.

(b) Using the results of (&) show that

= - v~ [ L) 1 : p(M)i, 5
E(T) Vao(r) \_!.’471_(9 V(|F_F|]dv Imd )
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(a) (b)

(c) A circular hoop of line charge Ao coulombs/meter with radius a is centered about the origin
in the z=0 plane. Find the electric scalar potential along the z-axis for z<0and z>0 using
Eqg. (1) with p(r)dV'= A,ad¢ . Then find the electric field magnitude and direction using
symmetry andE =—-V® . Verify that using Eq. (5) gives the same electric field. What do

the electric scalar potential and electric field approach as Z — 0 and how do these results
relate to the potential and electric field of a point charge?

(d) Usetheresults of (c) to find the electric scalar potential and electric field along the z axis
for auniformly surface charged circular disk of radius awith uniform surface charge
density ov coulombs/n’. Consider z>0and z<0.

(e) What do the electric scalar potential and electric field approach as Z— < and how do these
results relate to the potential and electric field of a point charge?

(f) What do the potential and electric field approach as the disk gets very large so that @ — «,

Problem 2.3

The curl and divergence operations have a simple relationship that will be used throughout the
subject.

(@) One might be tempted to apply the divergence theorem to the surface integral in Stokes
theorem. However, the divergence theorem requires a closed surface while Stokes
theorem istrue in general for an open surface. Stokes' theorem for a closed surface
requires the contour to shrink to zero giving a zero result for the line integral. Use the

divergence theorem applied to the closed surface with vector V x A to prove that
Ve(VxA)=0.
(b) Verify (a) by direct computation in Cartesian and cylindrical coordinates.

PS#2, p.3



Problem 2.4

A general right-handed orthogonal curvilinear coordinate
system is described by variables (u, v, w), where

dS, = h,hodudy

= hyhyh, dudvdw

.= hyhy dudw

9
A dy ®

dS, = h.hydvdw

Since the incremental coordinate quantities du, dv, and dw do
not necessarily have units of length, the differential length
elements must be multiplied by coefhicients that generally are

a function of u, v, and w:

dL,=hydu, dL,=h,dv, dL,=h,dw

(a) What are the h coefficients for the Cartesian, cylindri-

cal, and spherical coordinate systems?
(b) What is the gradient of any function f(u, v, w)?

(c) What is the area of each surface and the volume of a

differential size volume element in the (u, v, w) space?
(d) What are the curl and divergence of the vector

A=A,i,+tA,i,+A.1,?

(e) What is the scalar Laplacian V3 =V - (Vf)?

(f) Check your results of (b)—(e) for the three basic coor-

dinate systems.
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