Physics 2135 Exam 1

September 23, 2014
Exam Total Printed Name: Key

200 /200 Rec. Sec. Letter:  N/A

Five multiple choice questions, 8 points each. Choose the best or most nearly correct answer.

B 1. Object A has a charge of +2 uC and object B has a charge of +4 uC. If IfA is the force
exerted on object A by object B, and IfB is the force on B by A which of the following is true?
[A] F, =-2F, [B] F,=-F, [C] 2F, =-F, [D] F, =2F,

B 2. Anelectric dipole placed in a uniform electric field has maximum electric potential energy
when P is to E.

[A] parallel [B] antiparallel

[C] perpendicular [D] antiperpendicular

A 3. Identical positive point charges +Q are placed at two of the vertices of Pa,
an equilateral triangle, as shown. Point P is at the third vertex. What charge must S
be placed at point P so that the electric potential at the center of the triangle, a d
distance d from each of the vertices, is zero? S
[A]-2Q [B] +2Q oty
[C]-Q/2 [D]1-Q +Q +Q

D 4. A parallel plate capacitor with capacitance Cy is connected to a battery of potential Vo and
acquires a charge Qo. The capacitor is then disconnected from the battery. After the capacitor has
been disconnected, the separation between the plates is decreased by a factor of 2. What are the new
charge on the plates and potential difference between them after this change is made?

[A] 2Qo, Vo [B] Qo/2, Vo [C] Qo, 2V [D] Qo, Vo/2

ABCD5. What is wrong with this picture of a Hoverdog®?
[A] Everybody knows Hoverdogs® don’t exist.
[B] Everybody knows Hoverdogs® can’t travel at supersonic speeds.
[C] At that speed the grass behind the Hoverdogs® should be flattened
by its wake turbulence.
[D] Nothing.
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6. (40 points total) Consider the charge distribution shown. A semicircle of Qe—fn *Q
radius a centered at the origin carries a uniform positive charge per unit ! !
length A. Two positive point charges Q lie at the points (-a,a) and (a,a). 5 a,
You may use symmetry arguments when appropriate. ! :

(@) (20 points) Find an expression for the electric field at the origin due to a X
the charged semicircle only. Express your answer in unit vector notation.

dE < ‘h—‘ﬂ\ = ’eq,l\_,dj = qu_ifl_g - ‘JP!\._.J&

ISy at a2 A

Ex=0 (spmmetey)

Aey = dEshO = J‘E_lm ¢ 4o

(b) (15 points) Find an expression for the electric field at the origin due to the point charges only.
Express your answer in unit vector notation.

Ex=0 (91"""“6’"'“7)

(c) (5 points) Find the value of Q for which the electric field at the origin is zero.
— —r
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7. (40 points total) A solid insulating plastic sphere of radius a carries a
total net positive charge 3Q uniformly distributed throughout its interior.
The insulating sphere is coated with a metallic layer of inner radius a and
outer radius 2a. The conducting metallic layer carries a net charge of -2Q.

(@) (10 points) Compute the volume charge density p associated with the
charge uniformly distributed in the plastic sphere in terms of variables
introduced above.

=8 . R
F= ;1,—,,“3 o

(b) (10 points) Apply Gauss’s law to find the magnitude of the electric field in the region r <a. In
the figure, draw the Gaussian surface you are using, and indicate on that surface the direction of any
vectors which appear in the mathematical expression of Gauss’s law. Express your answer in terms of
a, Q, r, and &,. (If you get an expression involving p, substitute it from above to re-express your
answer in terms of the stated variables.)

- Vt’. ) < 3 I =
et = g e.: € W3 37T 03 dh
E/ 30\‘(3 i ) - 3&7‘ N E
Gar i " |imea’

(c) (10points) Find the electric field in the region a < r < 2a. Justify your answer.

\E:O l beemiso  Dleause mside conductor

(d) (10 points) Find the net charge g; residing on the inner surface of the metallic
layer, and the net charge q, residing on the outer surface of the metallic layer.

Imnjﬁfne Qa Gl‘l-@i‘ﬁv\ stau O‘P radivs Q< r<2q
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8. (40 points total) An irregularly shaped uniform charge distribution with total charge +Q is shown
below. An electron (with charge —e) starts from rest at point A and moves to point B. The
electrostatic potential at A is Va, and the electrostatic potential at B is Vg..

(@) (10 points) Using only the parameters given above and beginning with an official starting
equation, find the work done by the electric field as the electron moves from point A to point B.

Wamt—Ab{*—-y.ﬁV:\/‘{E +Q

@,

WG - 5'AV == (‘ e) (\/G”' \/,a,) uniform \.A
charge
' : distribution
&WE = e (v "“x/ﬁ) )

(b) (10 points) Is the work done by the electric field as the electron moves from A to B positive,
negative, or zero?

(circle one) NEGATIVE ZERO

(c) (20 points) Find the magnitude of the potential difference between the points A and B if the speed
of the electron at B is 4.2 x 10° m/s. Begin with an OSE and derive the final expression used to
calculate the potential difference.

—_j:mnr""" = eAv

_ et @mno)(12x008)
o M (oo )20
AV '2,9, rd (J-GX ;O~IQ)

AV= 0.502 V
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9. (40 points total) Four capacitors are connected as shown. C; =5 uF, C, = 3 pF, C3 =6 pF, and
C4 = 3 uF. The voltage difference across the capacitor network is Va, = 60 V.

(@) (20 points) Determine the equivalent capacitance of the capacitor network.

Co= Cs=
1L L v ‘ c 3uF 6 uF
I
a 3 uF b
C?_” = (33 ¥Cy < 2+3 = 5741: ”

(b) (10 points) Determine the charge Q1 on capacitor C;.
Q\ ? Qe‘{ < C% V"\L = (2.5’)({,0) ‘:)[ SU/MC

Sedtes

(c) (10 points) Determine the charge Q4 on capacitor C,.
Q 234 QI |SU}4Q ( )
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