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Writing differential form of potential dV = 4—;1707. (2 point)

Drawing a diagram, labelling distance to each point r = /22 + RZ, constant. (2 point)

Since we are given total charge (Q and not linear charge density, we can do the integral simply
re= %fo \/z§l+ I /dq N %\/ﬂi o)

1b)

Electric field given by E= EogP—Sﬂf. Note that dimensions of [Eg| = [¢/€o]. (1 point)

To find charge enclosed in radius 1/, use Gauss’s law and symmetry. (3 point)

Choosing gaussian sphere with radius 1/x (2 point), we can immediately solve for Q..

Qene

€0

= Qene = Fo(4meg)e™. (2 point)

(E()C—lh‘z)‘l—z =
K
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Multiple ways to do this. All will get +2 points.
Use differential form of Gauss's law V - E = -(%.

Plugging in for the given E = E(r)#, we find that (in spherical coordinates),

P _&a a_10,0. .\ _ 2E(r) Fhak _exp (—kr)
m—V E—rzar(r E(r)) = = + E'(r) = —Eok 7






Problem 3a. Find the electrie field at a point r along the line joining the wires.
Solution The electric field outside a cvlinder of uniform charge @ and length / is:
2 _; )

r
2zeglr

And thus at a point r between the wires, the net electric field is

-Q /(1 i YO ,
E""z‘.’mﬂl ('1-'4‘11—4')'r (2)

Note both fields point in the negative r (towards the negatively charged wire) at r.
Problem 3b. Find the potential at r.

Solution In general,
l'(a)—l'{b):—[E~da
b

We can’t choose V(ac) to be finite since it diverges at infinity. Technically one would need
to use a different electric field equation than (3) to show this since (3) is only valid for
R < r < d— R. Regardless, the real electric field line integral diverges at infinity. so our
problem remains. Thus, let us choose b = R and a = x:

AT — *-Q (1 1 ; "
‘(1]—‘(”)—/"2707(;4‘“_—’,)'1! (3)
il Q x(d - R)
-ViR)+ e (=) i

Problem 3c. Find the capacitance per unit length of the two wires.

Solution The capacitance is

Q

C=7

—

Where V is the voltage difference between the two wires, that is V(d - R) - V(R). Using
our resnlt from part b, we have:

VeEV(d-R) -VIR) (6)
- Q (d — R'z) -
gt = lll( 7 (7)
- (L)
T '"( R @)

And consequently, the capacitance Is:

y_ Q (
(.,‘., (")

" T (G (10)
."l'ul
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Just divide both sides by 1 to obtain the capacitance per unit length,



Midterm 2
'?' W L, ""1
&)

P

(= (\*14} Fliny “Iﬂ Lotk LTI:nEI-LJ Slite a5 & fenths
a
H w 44 ime
C el —= Haur fﬁﬂ-hr’:m "1-{

=

Lpi_i _
(A~ Séﬁf'gﬁ%i“g ﬁiu%?’£¥“?i}£E

o -1

o) P-T A -T2

.-'?rfg'l.
i':-) Lonhhl ad a 5_,..5LL {-?Fll:né.l‘l(:l i.ll:.u.. 4 14—*‘]4'14_ A?-_

. 4
S Dowd dWéipakr & T P4E =T
f T TR “ -ﬁ%ﬁc?

d) (onsiw & Vol ol srea A amt lhn 42 Hndogn it 4
Lullenk amw‘-{ O Ps5eR S NI
Tw Pownt A;:.-:'.?th e G uglume WS [Hﬁfff = ;;;vav

i _ ¢
= au"af
{ Vel

::.') e e M'Q'I'u.a aft im 'f_,,u'.g_., — L,
Sek u’? p-ﬁ-..-»\"-lm'l Latrech —-—‘:‘1

E.H-IL\-JL‘\.L. 'h-l. -H\l—l]fﬂL ﬂo”";;ka — L\
b;ﬁ;-’l bnsuns Caireek [\ pentS (ot &n.m?d.wc.h';{, s e lted

g) a) Lrw« L aneth ?a:wis:. lL,fo'r.m.:u_ loabanass Fo'etacn )
F?O x

'b.) U:-1U‘=— J‘lg@. - 240

Hiven @ . o

C) Al .F.,n_.t_g Lt ’?nd"#-i{ E€xeeph R AL s
2. 9=

Faw Sewinm ] Pags |

C-f} AU borey Lenmet) ‘?4-1-1"-‘-54 Erte ﬂpl- B AL A AT Y
e 9T
"
Py
/1 lerte -






