Physics 1B
Midterm Exam 2

Spring 2013, UCLA, A. Forrester

Full Name (printed) dolutions
Full Name (signature)
Student ID Number

Seat Number

Problem | Grade
1 (a-f) /10
2 (a—c) /25
3 /15

Total /50

® Do not peek at the exam until you are told to begin. You will have approximately the
whole class period (50 minutes) to complete the exam.

 You are allowed one 3"x 5" card of notes (both sides), but all other books or notes
must be put away. A calculator won’t be necessary; you must put them away too.

e Show your work to get full credit. (Exception: You don’t need to show work in the
multiple-choice problems. Brief sentence fragments or equations will do for the short-
answer questions.)

e For a 100% score, budget your time roughly by 1 minute per point (50 pts for 50 min).
Otherwise just do your best and finish what you can. You can move on if a problem is
taking you too long; you will get partial credit for partial solutions you leave behind.
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1. A collection of problems.

la) (1 point) If a particle with known charge ¢ is placed at a point where E is known
(and the charge is not large enough to disturb the system that creates the electric field
in that region), can the electric force on that charge be determined? If so, how? If not,

why not? . .
Ye S. FE = % E (by Aegini*'foh ag E)
1b) (2 points)  If the electric potential at a single point is known, can E at that point be

determined? If so, how? If not, why not?
™ +ake a derivative you need the value o@)

£ --vV _

NO' V &r immea(la"”&‘y Surre una’fng fblh'fS,
1c) (2 points) What following factors below are necessarily involved tn polarization-
induced-by-a-charge and the-attraction-between-the-polarized-object-and-the-inducing-

charge? (Circle all that apply.)
"9 Mobility of charge in matter — there is generally some amount of mobility of charge,

s even if it is “bound” and can only move within a short range.
1t o . . . .
-5 B. In (quasi)electrostatics, the charge in a conductor is found on the surfaces of
; the conductor, distributed in such a way as to cancel the electric field inside the
o~ material of the conductor.
-2 @ A closer charge has a greater effect than a further-away charge.
S— |- (D) Like-signed charges repel. atheactio n
03 Unlike-signed charges attract.
1d) (2 points) Does induced-polarization always imply an attraction to the inducing

charge(s)? If so, why? If not, why not?

-
No. Uniorm E Hdd = no net force (could be 2 net Yorgue, d‘ftoayé)
le) (2 points)  As shown below, three charges lie in a plane. Let ¢; = 1 nuC, ¢ = —2 pC,
and g3 = 3 pC. Five closed surfaces are drawn, with each enclosing certain charges (or
no charges). Only the intersection of these surfaces with the plane is shown. Rank these
surfaces (S1, S2, S3, S4, S5) by the electric flux on each surface, from greatest to least

flux (or “most positive” to “most negative” flux).
S S, S, - l,(C /€. (most flux) 1. 33
.S
\@D) 5 5
s > ‘-* c . i
st Opls, 37 duels
t (least flux) 5. S 5

S’ S 5 — 2 }AC/ g o

1f) (1 point) If you have a conductor that has a cavity with charges inside it, do you have

to do anything in order to shield the outside beyond the conductor from electrostatic
effects due to charges in the cavity? If so, what do you have to do? If not, why not?

Yef Gr‘ouﬁnd (\‘ﬂ'ﬁ Ou}eAf Sur;(-‘acg o@) M\_e Conducd"Df‘,
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2. Square geometries.

In class we examined a finite line of charge of length ¢ with uniform linear charge density
and total charge (. We found that the electric field due to this line charge at a point a
(perpendicular) displacement d away from the center of the line is

Q

E=@ 1 d

d \/d? + (¢/2)? d 3

(In class we used the letter = instead of d, and b instead of £/2.) Use this formula to solve
the following problems.

2a) (10 points)  Consider a square loop of charge with uniform linear charge density and
total charge g, pictured below. The loop is in the zy-plane, centered at the origin, and
each side of the loop has length . Calculate the electric field at any point on the z-axis

due to this charge.

¢ Fields of 4 ling segments add

% Ohly Q—Comronu«'{‘ remwaqiny

(20 and % Co»mrcnut"‘s ('ancel>

M

i .. E=-4E 3

BE cos 0 2

d=12% ¢ (U/2)* K3
(==

]

sm—

d

]

A
2

)

ld%¢ wz)?

kgz
A2 12% w2*

N>

1)

kgz |
(2 (4/2)?) 2%+ 2002)*

N

(AVDY
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2b) (7 points)

Suppose a point charge —¢q of mass m is constrained to move along the

z-axis in the presence of the square loop of charge q. The point charge is placed at rest a
of its oscillation?

displacement z = 29 < £ from the origin. After it is released, what will be the frequency

¥

/K .o ? aud -'CJ,
)

2 << 4

= a‘H'racJ'iam (4o or'zjfn)

- ko’z (
e“’%Ez" i

_ — z
(2% + (4/2)%) 2% e200/2)
v nee 72<<
(¢/2)* J20172)* "
- k Zz n k ¢ ~
{7 (1/2) JZ' (¢/2)
= ke(—’? Z ’2\
Kaop
5 = ‘m*?
-2 1
I
2

A 1 o J?m (ﬂ/«l)‘3

(&mr(ihde of oscillation is Zo)
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2¢) (8 points) Consider a flat surface of finite size in the shape of a square, pictured
below. The square has a uniform surface charge density with a total charge Q. The
square is in the zy-plane, centered at the origin, and each side of the square has length
L. Construct an integral expression for the electric field at any point on the z-axis due
to this charge. (You don’t need to solve the integral, but do pull constant factors out of
the integral.)

Use S?u.are-’Oo? r\ed’uH' with
qr‘—' dQ and A =2x
and a&cf up (in “Leg r‘a&e) -

E=JdE

u

= ]( d& z J ' é\
(2%+ (0/2)2) 122+ 24/2)*
L/2
= gkA8. 5 x dx
Ll (27.4_)‘2) l22+ 2)01
(s
d@ = o dA
= o Y44 4dx
= Xawqu

= X%Ndﬂ
L

~a— ——e —e o — et

—— p— —— — em—
— p— — — — —

YOu lan alSa use "ntc o»*.*gfnal /!'r\e r‘eruH' anct imlegrafc H‘Q e'?'?ec‘f 04 ﬂ”
bars aqrbgf the Square, .S‘wai'ny %ml He cesult is the same as Ha\"’

a&ove 1S ‘h’\&l()// even w}M an Od/fnc (h%m‘br,
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3. Double-cylinder capacitor.

(15 points)  Consider the cylinders pictured below. Both cylinders are very long with the
same length ¢ that is very large compared their diameters. For each cylinder, the central
material and the outermost material are conducting, and the material between the conductors
is dielectric with dielectric constant K. The two cylinders are touching along their whole
length. For the top cylinder, the radii for each boundary are, from smallest to largest, R,
Ry, and R;. For the bottom cylinder these radii are Ry, R5, and Rj.

Suppose some charge q is placed on the central conductor of the top cylinder and some
charge —q is place on the central conductor of the bottom cylinder.

e What is the capacitance of this arrangement?
Ignore end effects (i.e., the effects due to the fringing of the fields at the ends of the cylinders).

You Can aw-roacl\ a"f\i.s‘ as two Capac'«*brg in
Serxries ar e‘)orlic}d-i), Cal'cufacl-c dhe rofont]'fa(
diflerence... ¢2=¢VvV =» (= '\2/:

K2Zns &, 2as &
batﬁm EZ = ;i/i—g
stE
s N K,
V= V_%_,z_ = -—yE-o{E = —RyEZ-dQ - 5“5‘,{? - ; E,-df
¥ “Rs 2

,C ACTrbSS 60& d‘onalucﬁ\nj S[LQ/[S*

Rf R
24 o ds /0 .
=+ 2 _8Z0ds % e 3 9 __ R, R
& RJ-: i m & g T 2ndg /ﬂ“(ﬂ—i)')@“{'@)) < 2a4€ A'(m)
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