Physics 205/2 - Section 52.  Midterm – February 16, 2012 
1h 15 min.   Version A - Solutions
First name:				        Last name:				ID #: 
Notes:  
1) In the entire exam, you need to start your solutions from the basic principles and show all details related to them on the booklet provided.  Giving simple answers (even on the multiple choice questions) won’t grant you any credit!
2) Transfer all your answers and details of your calculations to the booklet provided, including your choices on the multiple-choice questions.  The exam sheet won’t be evaluated; only the work on the booklet will be!
3) Please answer in the order of the given questions; reserve a space for a  problem in the case you want to come back to it (half of a page for a multiple choice question, and one page for problem should be sufficient!)
4) Draw adequate, big enough, and clear pictures to support your proofs, where applicable.  They could be given credit! 
5) The total of marks is 120 (20 marks bonus)
6) There are 4 pages in total, including the formulae sheet on the back page

Q1 (40 pts in total) Multiple choice (10 pts each):


1.      Two imaginary spherical surfaces of radius R and 2R respectively surround a positive point charge Q located at the center of the concentric spheres. When compared to the number of field lines  going through the sphere of radius R, the number of electric field lines  going through the sphere of radius 2R is





a.	.   b.	.   c.	.    d.	.     e.	.

2.	A charge of 0.80 nC is placed at the center of a cube that measures 4.0 m along each edge. What is the electric flux through one face of the cube?     εo  = 8.85 *10-12 C2/ N  m2
a.  90 N  m2/C     b. 15 N  m2/C     c.  45 N  m2/C    d.  23 N  m2/C   e. 64 N  m2/C

3.	Through what potential difference must an electron (starting from rest) be accelerated if it is to reach a speed of 3.0  107 m/s?
a.	5.8 kV        b.	2.6 kV   c.	7.1 kV    d.	8.6 kV    e.	5.1 kV





4.	Determine the equivalent capacitance of the combination shown when C = 15 mF.
[image: Chapter 26\PSE2602.eps]
a.	20 mF    b.   16 mF    c.	12 mF     d.	24 mF      e.	75 mF


Q2 (20 pts) Theory question: Show that after introducing a dielectric between the plates of a charged parallel-plate capacitor, with free surface charge density σ, the induced surface charge density(due to polarization) on the dielectrics σind has the following expression:  σind = σ (κ-1)/ κ, where κ is the dielectric constant.

Q3 (25 pts) Two small metallic spheres, each of mass m = 0.202 g, are suspended as pendulums by light strings of length L as shown in the figure below. The spheres are given the same electric charge of 7.8 nC, and they come to equilibrium when each string is at an angle of θ = 4.55° with the vertical. How long are the strings?

[image: http://www.webassign.net/serpse8/23-p-010.gif]
Answer:  0.371 m
Q4 (20 pts) A particle with a charge of -60.0 nC is placed at the center of a nonconducting spherical shell of inner radius 20.0 cm and outer radius 31.0 cm. The spherical shell carries charge with a uniform density of -1.21 µC/m3. A proton moves in a circular orbit just outside the spherical shell. Calculate the speed of the proton.  
Answer:   6.89e+05 m/s
Q5 (15 pts)
(a) Calculate the speed of a proton that is accelerated from rest through a potential difference of 122 V.
(b) Calculate the speed of an electron that is accelerated through the same potential difference.
Answers:  (a) 153 km/s ;  (b) 6.55 Mm/s


Q6 (15 pts)
Consider the circuit shown in the figure below, where C1 = 4.00 µF, C2 = 1.00 µF, and ΔV = 22.0 V. Capacitor C1 is first charged by closing switch S1. Switch S1 is then opened, and the charged capacitor is connected to the uncharged capacitor by closing S2.

[image: http://www.webassign.net/serpse8/26-p-024.gif]

(a) Calculate the initial charge acquired by C1.

(b) Calculate the final charge on each capacitor, q1 and q2.
Answers:  (a) 88 µC; (b) q1 = 70.4 µC,  q2 = 17.6 µC
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| m α   =  6.644656×10 - 27   kg          = 4.00151 u           = 3727.409 MeV/c 2   e = 1.6 × 10 −19   C   N = 6.02 × 10 23  particles/mol   c   = 3.00   10 8   m/s   k e   = 8.9876  × 10 9     N.m 2 /C 2   ε o =  8.8542× 10 - 1 2   C 2   / N.m 2    o = 4    x 10 - 7   T.m/ A   1T= 10  4   G    
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