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Physics 5400 Midterm Instructions: This exam has 3 short problems and 2 long problems. You will be asked to do 2 of the 3 short problems and 1 of the 2 long problems. You will have 55 minutes for the midterm. The short problems are designed so that you need to apply a few basic principles, and you may need to put together more than one idea, but you won’t need to do any tedious calculations. The long problems will require you to do some mathematical operations. They are worth 10 points each. The long problems have multiple parts (to guide you) and point values (they sum to 20 points). If a part has 2 points, then I’m expecting a 1-line response or plug-in-the-numbers type calculation. The midterm exam will be graded on a square-root curve, i.e. your final percentage score on the total points midterm will be given by the formula Score[%] = 100 . The total number of points for 2 32 short and 1 long problem is 40, so the maximum possible score is 112%. Rules:



€ sheet provided, the printed lecture notes, any other notes that you have You may use the formula taken, the homework sets and solutions (both yours and those provided by the grader), and a calculator. You may not use any books, access the Internet, use wireless devices, or talk to other students during the exam.



SHORT PROBLEMS S-1. Consider two identical spheres of liquid conductor (e.g. salt water), each with charge Q and radius R, separated by a distance >>R. Compute the work W required to merge them into a single sphere with twice the volume, with static intial and final states. You may ignore surface tension. S-2. Imagine that someone built a doomsday device that instantaneously eliminated all electrons from the Universe. Sadly, this leaves the Earth with a whopping positive charge. Estimate, to within an order of magnitude, the acceleration of material in the Earth’s crust due to electrostatic forces. [Note: Don’t worry, this isn’t actually possible. But this is what is meant when particle physicists say that the electromagnetic force is stronger than the gravitational force.] S-3. Using the orthogonality relations for the spherical harmonics (or the Wlm functions), prove that if L≥1, then the Legendre polynomial satisfies



∫



1 −1



PL ( µ)dµ = 0 , and that if L≥2 then



∫



1 −1



µPL ( µ)dµ = 0 .



LONG PROBLEMS € € L-1. The wire. An infinitely long conducting cylinder C of finite radius R is placed parallel to the z-axis, with its central axis at x=a, y=0, and is held at a potential V0. A grounded conducting plane is placed in the yzplane (i.e. at x=0). (a) [10 points] It is possible to find xA and yA such that C is described by the equation (x − x A ) 2 + (y − y A ) 2 (x + x A ) 2 + (y − y A ) 2



€



= ζ , where ζ is a constant. Find xA, yA, and ζ.



(b) [10 points] Find the potential V(x,y) outside the cylinder but on the x>0 side of the conducting plane, using the image charge method. [You may leave your answer in terms of xA, yA, and ζ rather than R and a, if this leads to a simpler expression or if you didn’t complete part (a).] L-2. Electrostatics of nuclei. In this problem, we will approximate an atomic nucleus as a sphere of radius R, with a charge Q uniformly distributed within its volume. (a) [6 points] Using Gauss’s law, find the electric field as a function of r, for both rR. (b) [4 points] Show that the potential at the center of the nucleus is Vc =



3Q . 8πε 0 R



(c) [2 points] Numerically evaluate this for the largest nucleus that occurs commonly in nature, 238U (the atomic number of uranium is 92, and you may take a radius of 8×10−15 m). € that could be trapped inside the nucleus. (d) [6 points] Find the maximum momentum p of an electron 0



(e) [2 points] Show that p0 R < 12  . [This implies that – from Heisenberg’s uncertainty principle – it is not possible for an electron to be contained entirely within the nucleus of an atom.] €
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