Physics 102H Midterm test #2
March 21 2024

Name (please print): S0 ludowr

This test is administered under the rules and regulations of the
honor system of the College of William & Mary.

Signature:

Final score:

Some useful constants
k=138x102JK Na=6.022x10® R=kNa=8.315J/mol*K 0°C=273K
one atmosphere = 760 mm Hg = 10° Pa 1cal=4.186] tamu = 1.66x10%kg

e=1.6:10"""C £0=8.84-10"'2 CZ/Nm? k=9-10° Nm?/C? k= 1 I
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



Problem 1 (30 points)

a) Two arcs of radius R carry each positive electric charge +Q that is
uniformly distributed between 45° and -45°, and 135° and -135°, as shown.
Find both x and y components of the electric field, as well as electric

potential Veener at the center of the circle.
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b) Point P(0,0,z) that is elevated above the center of the circle, as shown. Find

x, y and z components of the electric field at this point.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.
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¢) Calculate the electric potential ¥ at the point P and verify the relation between electric field

and potential £.= — g—: .
v.. 4Ak€
Pt T R

Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use

caiculators only for simple arithmetical operations.



Problem 2 (35 points)

A charged sphere of radius a is surrounded by two conducting shells of
radii  and ¢, as shown.

a) If the total charge of the inner sphere is Qq, and the charge of the external

(largest) shell is Qx= -2Qo, what must be the charge of the intermediate

shell Q so that the electric field in point P is zero?
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b) If the inner sphere is made of a conductor, find the value of the electric field everywhere. Make

sure to define it in all four regions: r<a, a<r<b, b<a<c, and r>c.
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



¢) Now assume that the inner sphere is non-conductive, and its volume charge distribution is

defined as p(r) = py "/q. In which of the four regions will the electric field be different from b)?
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d) Calculate the new electric field value in this region. Reminder: you can calculate the amount of

charge inside a sphere of radius R by integrating the volume density as fOR p(r)anridr
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use

calculators only for simple arithmetical operations.



Problem 3 (35 points)

] v 15Q
a) What value of the resistor Rx should one choose so that there is A —-1——1 ——wwA—>—138
no current flowing through the CD branch (/:=0). oy
- o~ - Iz 600
Ig\:O 13:T\% g dezdacd >3 ¢ —wwwW—4 D
Sawme  eurrent tn ABREF Y
. Iy 30V Rx
BRCD loopr -~y - BT 1V =0 A L —
L= >/5A
13V '~
FECD loopt —~Re-T 4+3py -1V =0 Ry = /1 - —2—-13@—._30&

b) Under this condition, what are the values of currents /; and I3?

c) While putting the circuit in part a) together, students discover they are out of 15Q resistors.
What should the value of R be to make sure that the equivalent resistance of the circuit below is

15Q?
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Show all work to receive credit, and circle your final answers. This exam is closed book, and you can use
calculators only for simple arithmetical operations.



