Physics 2120 Test 2

Fall 2008



· Show all work to receive full credit.  Answers must have appropriate units.
· Keep numbers out of your equations until as late as possible.  Box-in Final answers.
· Ask if you do not understand the statement of a given problem.

1. A sphere of uniform charge density of radius, a, is surrounded by empty space out to a radius, b, followed by a spherical metal shell of outer radius c. The inner sphere has a total charge +Q. whereas the metal shell carries a total charge +4Q.  The arrangement is shown in the figure below.
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(a)  Find an expression for the volume charge density, , in the center sphere.

(b) Use Gauss’s law to find an expression for the E-field in the region 0<r<a.
(c) Use Gauss’s law to find an expression for the E-field in the region a<r<b.


(d) Use Gauss’s law to find an expression for the E-field in the region b<r<c.

(e) Use Gauss’s law to find an expression for the E-field in the region r>c.

(f) What is the surface charge that resides on the inner and outer surface of the metal shell?

(g) What is the potential, V, of the outer surface of the metal sphere relative to V=0 at infinity?

2. A thin circle of charge of radius R has a linear charge density given by =Awhere is measured in radians. 
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(a) Find an expression for the potential V at the center of the circle P. 
(b) A proton (charge +1.6x10-19 C, mass = 1.67 x 10-27 kg) is placed at P and then released—find the protons speed when it is far away from the circle of charge. For this part take A = 2 x 10-12 C/ m radian and R=6 cm.
3. Two circular metal disks of radius 2 m are placed on top of each other with a 1 mm thick spacer made of wax paper with relative permittivity =5. The plates have 100 V potential applied to them.

(a) Use Gauss’s law to show that the E-field between the plates is given by E=/0 where  is the surface charge density on the plates.
(b) Determine an expression (no numbers) for the capacitance of the plates in terms of the area A and separation d.

(c) For the circular disk system what is the capacitance of the plates (numbers now).
(d) Find the free charge on the capacitor plates.

(e) Find the bound polarization charge at the top and bottom of the dielectric.

(f) Explain why the presence of a dielectric material between the plates reduces the E-field between the plates.

4. A wire is bent as shown in the figure below. A current I flows in the wire. Determine the direction and magnitude of the magnetic field at the point P.
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5. A particle of mass 1 ng and charge -2x10-4 C is accelerated by a voltage of 850 V and then injected into a uniform magnetic field. The particle makes a circular path in the magnetic field with radius r=12 cm.
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(a) How fast is the charged particle moving when it enters the region of uniform magnetic field?

(b) With reference to the figure above does the charged particle move clockwise or anticlockwise?

(c) What is the magnitude of the magnetic field?
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