
PHY 611 � Eletromagneti Theory IProblem Set 5Problems 1�5 Due: Wednesday, Otober 31 at 10:00 a.m. at the start of lassProblems 6�8 Due: Monday, November 5 at 10:00 a.m. at the start of lassReferenes Poliy: On the �rst page of your submitted work, please list all of your ollaboratorsand any referenes/soures that you onsulted (e.g., textbooks, journal artiles, web pages, et.).Problem 1 [15 points℄: Boundary-Value Problem in Spherial CoordinatesA onduting spherial shell of radius R is divided into eight equal setors by a set of planes, withthe z-axis their ommon line of intersetion. You an think of suh a on�guration as being the�peel� on a perfetly-spherial �orange� (i.e., the fruit) onsisting of eight equal �orange setions�.Now suppose that these eight setors are eletrially insulated from eah other and are alternatelymaintained at potentials +V and −V as one moves around the shell in the azimuthal oordinate φ.Find the potential Φ(r, θ, φ) in the regions: (a) external to the sphere; and (b) inside the sphere.You only need to determine the lowest-order term in ℓ (there will be two terms in this ℓ). Verifythat all of your results are real-valued as they should be (i.e., not omplex-valued).Problem 2 [5 points℄: Boundary-Value Problem in Cylindrial CoordinatesThe axis of a semi-in�nite ylinder of radius R is loated on the z-axis. The ylinder extends from
z = 0 to z → ∞, with the �bottom lid� at z = 0 held at a potential V . The side walls are held atground. As the ylinder is semi-in�nite, it has no �top lid�. Show that the potential inside of theylinder is
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,where k0n = x0n/R, and x0n denotes the nth root of J0.Problem 3 [15 points℄: Boundary-Value Problem in Cylindrial CoordinatesNow we will onsider a �nite-length ylindrial shell. Again, let the ylinder be of radius R, and nowlet the length of the ylinder be L, with the bottom and top surfaes loated at z = 0 and z = L,respetively. The bottom and the top surfaes are held at ground. The side walls of the ylindrialshell are held at a potential V (φ, z), whih is some funtion of φ and z. Find an expression for thepotential inside of the ylinder.Problem 4 [15 points℄: Expansion of Green Funtion in Cylindrial CoordinatesIn lass we worked through the expansion of the Green funtion (for a point harge) in ylindri-al oordinates. Complete this exerise by deriving Eqs. (3.149), (3.150), (3.151), and (3.152) inJakson.Problem 5 [10 points℄: Eigenfuntion Expansion of Dirihlet Green FuntionConsider a retangular box with walls de�ned by x = ±a/2, y = ±a/2, and z = ±a/2.(a) Use the eigenfuntion method to derive the Dirihlet Green funtion for the interior problem.(b) Suppose there is a point harge Q at the enter of the box, and that all six sides of the boxare grounded. Derive an expression for the indued harge density on the z = a/2 fae of thebox. 1



Problem 6 [15 points℄: Method of Images at Boundary Between DieletrisRead Setion 4.4 of Jakson on methods for the solution of boundary-value problems with dieletris.Now onsider the two half spaes de�ned by z > 0 and z < 0. The eletri permittivity of the halfspae de�ned by z > 0 is ǫ0, while that in the z < 0 half spae is ǫ. A point harge q is loated inthe z > 0 half spae at a distane a above the boundary (de�ned by the z = 0 plane) between thetwo half spaes.(a) Calulate the fore on the harge q.(b) Calulate the polarization surfae harge density at the boundary on the z = 0 plane.() Calulate the fore on the polarization surfae harge density due to q.Problem 7 [10 points℄: Multipole ExpansionWork Problem 4.7 in Jakson. For part (), instead of assuming a nuleus with a quadrupole momentof Q = 10−28 m2, look up the quadrupole moment of the deuteron and arry out the alulation forits partiular value of Q.Problem 8 [15 points℄: Eletri Field �Shielding�Consider two onentri spheres of radii a and b > a whih are plaed in an originally uniformeletri �eld. Suppose the region between the two spheres, a < r < b, is �lled with a dieletrimedium of eletri permittivity ǫ; the permittivity of the regions r < a and r > b is ǫ0. Derive anexpression whih will tell you how well the region r < a is �shielded� from the external eletri �eld.
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