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Physics lB 
Fall 2016 
Midterm 2 
11/08/16 
Time Limit: 50 Minutes 

Name (Print)

University ID 

This exam contains 5 pages (including this cover page) and 4 problems. Check to see if any pages 
are missing. Enter all requested information on the top of this page, and put your initials on the 
top of every page, in case the pages become separated. 

You may not use your books, notes, but you can use your calculator on this exam. 

The following rules apply: 

• Organize your work, in a reasonably neat and
coherent way, in the space provided. Work scat­
tered all over the page without a clear ordering
will receive very little credit.

• Mysterious or unsupported answers will not
receive full credit. A correct answer, unsu�
ported by calculations, explanation, or algebraic
work will receive no credit; an incorrect answer
supported by substantially correct calculations and
explanations might still receive partial credit.

• If you need more space, use the back of the pages;
clearly indicate when you have done this.

Do not write in the table to the right. 
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Problem Points 

1 15 

2 25 

3 20 

4 20 

Total: 80 
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1. (15 points) Horseshoe bats (genus Rhinolophus) emit sounds from their nostrils, then listen
to the frequency of the sound reflected from their prey to determine the prey's speed. (The
"horseshoe" that gives the bat its name is a depression around the nostrils that acts like a
focusing mirror, so that the bat emits sound in a narrow beam like a flashlight.) A Rhinolophus
flying at speed Vbat emits sound of frequency /bati the sound it hears reflected from an insect
flying toward it bas a, hie;)Jer. freg1iency .f.ve}I 

If the bat emits a sound at a frequency of 80.1 kHz, the speed of the insect is Vinsect = 3. 7 m/s,
the bat travels at a speed of Vbat = 3.9 m/s, use 344 m/s for the speed of sound in air. What
is the frequency /re/I the bat hears from the insect?
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2. Two thin rods of length L lie along the x-axis, one between x=a and x=a+ L and the other 
between x=-a and x=-a - L. Each rod. has positive charge Q distributed uniformly along its 
length. 

(a) (15 points) Calculate the electric field produced by the second rod at points along the 
positive x-axis? 

(b) (10 points) The magnitude of the force that one road exerts on the other is F = k<J
2 
ln ( 2~(~!~~i)), 

assuming a > > L, find the magnitude of the force reduces to. (Hint: Use the expansion 
ln(l + z ) = z - z2 / 2 + z3 / 3 - ... ), valid for lzl « 1. Carry all expansion to at least order 
£2 / a2. ) 
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3 .. ( points) A student enters the room to find an insulating sphere of radius a has an embedded 
rlcJ:mifo;m ctharge den~ity: . 1 

.PGr) = Bf (1 + r / a), r: ~ a, 
where p0 is"p6sitive·constant charge density inside r :S a. 

(a:~ (10 points) What is the total charge contained in the non-conducting sphere of radius a? 

(b) (10 points) What is the electric field everywhere is space: considering the following regimes: 
' . 

r < a, r > a 
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4. ( points) A disk with radius R has uniform surface charge density a. 

(a) (10 points) By regarding the disk as series of thin concentric rings, calculate the electric 
potential V at a point on the disk's axis a distance x from the center of the disk. Assume 
that the potential is zero at infinity. 

(b) (10 points) Calculate the electric field using E = - 'vV. 
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