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Part | [43 points]. Answer on your scantron sheet.

For the next two questions, consider the charge
configuration shown to the right: Two equal and opposite +Q $
charges are placed at equal distances +y above the x axis. T
1. [4 points] What is the electric field at point P on the x y |l Tl

axis? 9 ~~~~~~ P

AEzO ) £ I} =

2kQ) '
EF=— -
B. z? , in +x direction Q é A
. 2kQ ~ % Alvee hpn v
C.  d? ,in-y direction
 2kQcosf () (E\ = 2+ snb kA
D. d? ,in-+x direction OK Yy |/
QAQ sin 6 N PN < A A )
T2 -y direction(’]]:» E = QR (w - &l (X X+ Li Lﬂ
2. [3 pomts ] What is the electric potential at point P @\3 0{ 3
(relative to infinity)? 28\ A
\7&/ ( + A - Q > _E\_ a3 (ﬁ
— 2kQ
B. V= - cos 6 0{ — ‘Z&lL?‘“ﬁ
C.v= EI:i—Qsmﬂ 5‘{2"
D.v=-22 | v/
a
E.v=2¢
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Consider the following charge configuration to answer the next three  +Q
questions: A solid metal sphere of radius R has net charge +Q. ltis
surrounded by a thick concentric metal shell of inner radius a and

- outer radius b as shown. The shell has zero net charge. [Assume
V(o) = 0]

3.[4 points] Which choice best represents the electric potential on the R ab
outer surface of the shell V(b)?2

Ay. o8, 10(c), 1o D.V=L(Q_g+g) E,__1 (Q+_Q_+g)

4, R dre, a 4m:0 b dne\R a b dme, \R a b

OW enchsed X Growss Lo

4. [3 points] What is the potential on the sphere V(R)?
Ay 1 QB ,_10cC,_ 10 DV=_1_(Q_Q+QJ E.V_;(Q _Q_+%_)

e vl

47e, R dre, a 4e, b dmeg\R a b
— Y
V(RY-V(a)
V(Q) — \/Uo} =0

3. [2 points] What is the potential at the center. of the spherical conductor V(0)? ‘
Ay 1 9B, 10 cC,__I . I(Q_g+g) E.p_ I(QQQ)

_—= = | = = 4= 4=
4.7'[80

47e, R dre, a 4m;‘0 b dmeg\R a b R a b

V() =)= 0
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6. [3 points] A test charge is moved through a potential
field, starting at point A and continuing to point D as g0V 40V 30V 20V v
shown at right. Which of the following statements are
true about the potential difference between each
segment of the move? [V, is the potential at point A,
and AV,g is the potential from point A to point B.]

A. AV%VCD; Va>Vp

B. AVas=0; VB”%\VD
C. AN =0, VA> Ve
D. V ‘VB;V><§/D
| @A ap=AVge; Va> Vp

7. [3 points] A plot of the potential is shown in the first figure below. Choose which plot of the
Electric field corresponds to this potential. (Hint: Where is the E field zero and where a

maximum?) V / &\\z\ﬁ éo :p‘ E S0 = D‘ X

& ST E-o v ®10
w1 = XX

]

| P lg\brpe‘ o @

C. EK'— @@@ + @
' Seraans TYTIN

D. - O 4 b4 x X %
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8. [4 points] Consider a large insulating slab of uniform volume-charge density p > 0,
centered on the axis, with infinite extent in the y and z directions and finite width L in the X

direction. Which electric field line sketch best approximates the field lines generated by
the charge distribution?

A.

Y

9. [3 points] What is the force on the bottom plate of a large
parallel-plate capacitor with capacitance ¢, area 4, plate Qe ey

spacing d and charge Q? (Hint; Does the E field dI yL
generated by the bottom plate genj(rate a net force on I e -
itself?) 2 Q2 AN it Sl
o, . — A — 2
(T) u= &= & oo g
S 20 2&A . 2¢] o
(o) H=¢Q F= QE = Qe A4 . X
K o dop . 26 A d 204 Vv
AF=—Q—,@=Q—, C.Fr=-% Dr=%2 Er=%
o 2¢d A€y d cd
10.13 points] At t = 0 s, an electron at # = 10~1° § m, has initial
velocity © = 3x10° £ m/s. A proton sits at the origin. What is the Yy

magnitude of the velocity of the electron in the long time limit. (Hint:
(i) Conservation of energy. (ii) Ignore the motion of the proton dueto  me

its large mass compared with the mass of the electron me. (iif) de = —¢€
Formula sheet.)

2

A. v =3x10° m/s, g =ce

‘ _ 6 2
(B) v = 2x10° mis, _ &g

- * o\ (V\
>. v = 6X10° m/s, u= _ ) (\DM@W
D.v =0, ( E o K*u Z O \ﬂ(g )

E. No well-defined limit since the electron is bound. ot bomo‘ = CJO% “4p w
U(R) =0 l]

| > s 2 ga=lut- 1Re
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For the next three questions, consider the following A B
experiment: All capacitors start uncharged. Capacitor 1 with
capacitance C, is charged to V using a battery. Once capacitor ! w o G
1 is charged, it is disconnected from the battery and then used k . :

to charge capacitor 2 with capacitance C,. (l.e. the switch is T
connected first to terminal A and then to terminal B.)

11.]2 points] When the switch is initially in the A position, what is
the charge on capacitor 1?

Jusk % ”@(’ G\

Q1=CV, B.Q=0CV, C.Q =0, D.Q=((;+C)V, E.Q1 = . fg v,

12.[2 points] When the switch is in the B position, what is the total charge on both capacitors

Q? _ ; )
CM\'%L Woes WD e kO a;o ff:D& G)m = Ccons (
C\\/ = (Q\ = CQ’KD’\“

Q*C1V B.Q=CV, C.Q=0, D.Q=(Ci+C)V, EQ_ché ,

13 [3 points] When the switch is in the B position, which of the following is true?

sinu Grp's e |

A.Q; =02 ®V1=V2, C.Q; =0, D.Q; = (CL +CV, E_Q1=_C£11+C_sz ,
14.[4 points] What is the final charge on capacitor 1?7
ve= Yo 26,0 - oV &
-
Q. @
C\ Ca, J C C2_+C\> @2\ = C\U
-@Q\ )

C\ . CL &\ - e

C\+C,

A0=Lv B C““CZVOQl— Gly D=0, EQ =722V,

Ci1+C, Ci+C;
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Il.  Lab questions [12 pts] ANSWER THESE ON YOUR SCANTRON SHEET.

6. [6 pts] Below are diagrams showing an electroscope (with possibly non-zero charge) along
with charge distributions drawn on it. Other charged objects may be near the electroscope
but are not shown. Only one diagram shows a correct vane position plus charge
distribution. Which one? Look carefully, the differences are subtle.

= ‘t/\/mh
. © guld

LS by

7. [6 pts] Some charge which is not shown is put in the plane below, and the electric field is
measured at the two points designated by the open circles. The field at these points is
shown by the black vectors. Then one more charge is added (without changing the original
charge distribution) at one of the labeled points, and the field is measured again as shown
by the gray vectors. At which point is the extra charge added? —

Ditechm 4 g o-de

E

-

K

e

C
.
-t

> L
R S €

Physics 122A, B & C, Autumn 2016 Exam 1, Lab questions

on B
Field before adding

charge: /

Field after adding

charge: ,/’7




Student ID Score

Name

last first

IV. [20 points total] A Gaussian surface in the shape of a rectangular prism is
centered in the middle of a very large curved sheet as shown at right. The Curved
curved sheet has a uniform charge density +0¢,. Only a portion of the sheet is sheet
shown. Point P is at the center of the right end-cap of the Gaussian surface.

A positive point charge +(, is placed on the left side of the sheet as shown.

A. [5pts] When +Q, is added, does the magnitude of the net electric field at 1€, /Jr - —(P!
point P increase, decrease, or remain the same? Explain. - /;C : /I_ . _ 4_°7'
L = I
. Vig e — _
Principle of supel pischoe S 3
A . !
Gaussian,
A é = E @D = &0 7 surface i
b
are 1 & . . \'g
- AN &0 N X w \
e 0 s s AF e s s
arfjé(w E@ < zeo X Aire 077}‘/. , M’Lﬂ(zn FFrde Tneweascs // *
B. [5pts] When +Q, is added, does the electric flux through the right énd-cap of the Gaussian surface
increase, decrease or remain the same? Explain your reasoning.
/’fVLﬂ(

IN e etoso E\f’ EUeé Y mWa C/vmfw,,,# . end -Lap
- e “

f}‘\% 5( .—-""—D‘ ’Qgﬂefﬂﬁﬂ 7() d‘ AE./M(C&)O - 6 S/ e
Surfece vl AT, © (PE/

C. [6pts] Is it possible to use Gauss’ law to find the magnitude of the net electric field at point P? If so,
describe the steps required to find the magnitude of the net electric field. If not, explain why it is not

possible. — A .

S {AXVI E-n is Neithey O no
- Wz’"a\mk o Swyaobo,
A

‘::;D §M # /I%‘IEF\
end-cap ongen .

D. [4pts] Suppose the electric field at point P were measured using a positive test charge +¢i., then
measured again using a negative test charge —2¢;.

Would the magnitude of the net electric field acting on —2¢,., be greater than, less than, or equal fo
that acting on +¢,? Explain your reasoning. If the direction of the electric field is affected, describe

how it is affected.
E lecnic rﬁeM Aoea VKAF M%/Vw( on The dligese

, : s = E
A Leot chrovqe . e C = I = P L
V& T v%a =g, ?$\<>

Y\’\-&ﬂo Mv%(
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II.  [25 points total] A non-conducting, thick spherical shell with inner radius « and
outer radius b has a total charge Q, spread uniformly throughout its volume.

A. Interms of variables given and fundamental constants, determine the
magnitude of the electric field in the following regions:

i. [4pts] F01 0 <r<a. Show your work. W-w’—7

Cross-sectional view

Cramss Law
P = 4wrrE = Gins = O = E(r)y= O £ 0O&rig
- &
ii. [8pts] Fora<r<b. Show your work.
o] Frasr b SO s
ALCS :
‘“/‘ (,
3_
@ns /OVC") = Qz ri-a’
= Gk

ury? f= s g o= —
Go trey e Uré, '

iii. [5 pts] For b <r. Show your work.

E . @ n S — s 9
T = s ares [~
LUT& T
B. [8 pts] In the space below, sketch a qualitatively correct plot of the magnitude of the electric field for
the charged sphere.

'Y
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