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2. (a) A

Q: Ring of Charge

A thin rod with a uniform charge per unit length A is bent into the shape of a
circle of radius R

a) Choose a coordinate system for the rod. Clearly indicate your choice of
origin, and axes on the diagram above.

b) Choose an infinitesimal charge element dq . Find an expression relating
dq , A, and your choice of length for dq .

c) Find the vector components for the contribution of dq to the electric field
along an axis perpendicular to the plane of the circle, a distance d above
the plane of the circle. The axis passes through the center of the circle.
Express the vector components in terms of your choice of unit vectors

d) What is the direction and magnitude of the electric field along the axis
that passes through the center of the circle, perpendicular to the plane of |
~ the circle, and a distance d above the plane of the circle. G

e) What is the potential at that point, assuming V(w0)=0?



T 2. (a) /0%
A: Ring of Charge
a)|Origin & axes as pictured

b)|dg = Ad¢ = AR

i":—Rcos(Q)i—Rsin(Q)j+dﬁ; r=~R2+ g>

d) Horizontal components cancel, only find E,

E :jdE :jkdqd:k—d Cpp 4B
z z F3 P3 ,9:0 F3 ,

e) Find the potential by same method: -

S Pa =it fkdq S rap AR H

y oy 0 =0 . 7 '

.



Comments

(a) 7'7 to _go (nte C//Zt'nc/bz'ca,z coordinale
b) d;=/\d1=/\/?°’<9
d<>j

(c) ‘ e
(d) J/mmeéy/ § Oﬂl// L5 needed

(e) flrenic'al[)/ Cowlombs Lavy

K = cons tant



2.(b) | /07

Q: Spherical Capacitor

A conducting solid sphere of radius a, carrying a
charge +Q is surrounded by a thin conducting
spherical shell (inner radius b) with charge -Q .

a) What is the direction and magnitude of the
electric field E in the three regions below. Show
how you obtain your expressions.

1 r<a 2.a<r<bp 3 r=b

b) What is the electric potential V(r) in these same three regions. Take the
electric potential to be zero at .

¢) What is the electric potential difference between the outer shell and the
inner cylinder, AV=V(b) - V(a)? f

d) What is the capacitance of this spherical capacitor? .

e) If a positive charge +2Q is placed anywhere on the inner sphere of radius
a, what charge appears on the outside surface of the thin spherical shell

- of inner radius b? | . | L



2. (6) /O

A: Spherical Capacitor

3 a)By symmetry E is purely radial.

2 Choose spherical Gaussian surface
e JE-dA =dn — g4 .47,
b {3 1&3) ql'n — () oy E —) Z)E . Q i‘,
dre, re

b) For V, always start from where you know it (here, «)
3) E=0 — Vconstant =0

2)V(r) =~ IE S = /ﬂg (/ W)
| 1)E O——> Vconstant— V(a)—>V Q/ﬂg (/ /)

P13 25 :




A: Spherical Capacitor

C)

d)

=

i

V(b)—V(a):4io(

b—a

N

(-

0, dre,

B e S

DA

e) If you place an additional +2Q charge on the inner
sphere then you will induce an additional -2Q on the
Inner surface of the outer shell, and hence a +2Q
charge on the outer surface of that shell

| Answer +2Q L
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Problem 2: RC Circuit

R,

2% %

Initially C is uncharged.

1. When the switch is first closed,
what is the current i5?

2. After a very long time, how much
charge is stored on the capacitor?

3. Obtain a differential equation for
the charge on the capacitor

(Here only, let R,=R,=R;=R)
Now the switch is opened
4. Immediately after opening the
- switch, what is 1,7 i,? |3’?

 5 How |ong before Iy falls to 1/e of

thls lnltlal value’?

i p23 28
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Solution 2: RC Circuit _

Initially C is uncharged — Looks like short

R,




Solution 2: RC Circuit
After a long time, Cis full > i,=0 ’

Ry R, R,
AT > (WA

W |t b i o
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e
| |
|
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Solutlon 2: RC Clrcmt

R R
AANA—TAAN

Kirchhoff's Loop Rules
Left: —iR+e-iR=0
Right: tace (R —qc = O

Current: j, =, + 1

Right
Want to have I, and g only (L 215

O—-z +l2)R+g—lR+2(l +i )R 2642 R+2q/

,-31R g+2y |

‘+@
4 a’t

dq Sn
b 3R 3RC




Solution 2: RC Circuit

Now open the switch.

ool R R
i [Ti3 \ e ' 5 i

+
£ C ce—=1

Rj

Capacifor now like a battery, with:

I :Q:g R o VC :g}e1 1
e I e Y R+R R +R,

. P23 39




Solution 2: RC Circuit

How long to fall to 1/e of initial current? The time constant!

NN\ A— AN
1i1 i21
~1.rq
T

This is an easy circuit since it just

looks like a resistor and capacitor in
series, so:

r=(R+R,)C

Notice that this is different than the*charging time | .
constant, because there was another resistor in i B

L y the’ Ci‘r‘CUity duringtheCharging

L P23-33
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Problem 1: Wire Loop

A current flowing in the CIFCUI’[ pictured produces a magnetic f|e|d
at pomt P pointing out of the page WIth magnltude B.

a) What dlrectlon IS the Current flowmg in the mrcurt’?
b) What Is the magnltude of the current ﬂow? :



‘“ @ 77

Solution 1: Wire Loop

a) The current is ﬂowingcounter—clockwise, as shown above

b) There are three segments of the ere the sem| Clrcle the
two honzontal leads, and the two vertical leads. :

The two vertical leads do not contnbute to the B f|eld (ds H r)

The two honzontal Ieads make an |nf|n|te WIre a dlstance D o
_pfrom the ﬂeld pomt e e A



Solution 1: Wire Loop

For infinite wire use Ampere’s Law:

C‘fB as=pul = B-27D = ,uO[

s My Bdsxr e
For the semi-circle dB:‘ : o r=-andds il p

use Biot-Savart:




Solution 1: Wire Loop

Adding together the two parts:

. .l +,uO[:,uO] 1+1
270 2D T
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Problem 5: Coaxial Cable

Consider a coaxial cable of with inner
N\, conductor of radius a and outer

\ \ conductor of inner radius b and outer
| radius c¢. A current / flows into the
page on the inner conductor and out
of the page on the outer conductor.

What is the magnetic field everywhere

(magnitude and direction) as a

function of distance rfrom the center
_of the wire? ~



) Y @
£ (b) E5

Solution 5: Coaxial Cable

Everywhere the magnetic field is
clockwise. To figure out the
magnitude use Ampere’s Law:

Cﬁﬁ-cﬁ =ul, =B 2rnr=pul

o
:>B:lu0 enc

Drawnfora<r<b 2zzr

The amount of current penetrating our Amperian loop
depends on the radius r- | |
2 | | |

read =1 - D 0 —~clockwise|

P23 -41



Solution 5: Coaxial Cable

.....
[ ] ..

/
B Hol . clockwise

"¢ Remember: Everywhere

2y

= Hol
dir

clockwise

2~ b

2
C‘z—sz |

-

Hol

-

AT

g

S
c b

j clOckw1se




Solution 5: Coaxial Cable

——3C Remember: Eve rywhere

/u()lenc
dr

B = clockwise
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Problem 3: Pie Wedge

Consider the following pie
shaped circuit. The arm is
free to pivot about the

center, P, and has mass m
and resistance R.

1. lfthe angle 06 decreases In time (the bar is ' | '
falling), what is the direction of current? o

2. 116 =6(t), what s the rate of change of G
- Magnetic flux through the pie-shaped circuit?



Problem 3, Part 2: Pie Wedge

What is the magnetic force on
the bar (magnitude and
direction — indicated on figure)

‘What torque does this create

about P? (HINT: Assume
force acts at bar Center)



3 /5%
Solution 3: Pie Wedge
1) Direction of |?

Lenz’s Law says: try to
Oppose decreasing flux

| Counter-Clockwise (B out)

2) 0= e(t) rate of change of magnetic flux?

A7z'a 6’;961
27z 2’




Solutlon 3, Part 2: Ple Wedge

3) Magnetic Force’?

dF = Ids x B i = lah

¢ ldo. | B 1
R g
Ba do ;
2R di

B

(Dir. as pictu]red),
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Problem 4: RLC Circuit

r\/\mp/\/\\{fﬂ The switch has been in

] &a  Position a for g long time.
w8 e capacitor is uncharged.
- - T

-

1. What energy is currently stored in the magnetic
field of the inductor? N o

2. Attime t = 0, the switch S Is thrown to position
b. By applying Faraday's Law to the bottom
loop of the above circuit, obtain a differential
equation for the behavi orofcharge Qonthe



Problem 4, Part 2: RLC Circuit

<o 3. Write down an explicit ‘
YW { solution for Q(#) that
- sl satisfies your differentig|

——mm

" equation above and the
B H ¢ / Initial conditions of this

problem.

4. How long after ¢ = 0 does it take for the electrical
energy stored in the capacitor to reach its first
maximum, in terms of the quantities given? At that
time, what Is the energy stored in the inductor? In the
capacitor? e



Soilh  om P energy consideration

/

a’ecoccf/ed jo/n the L?D/bcr /oo/b
Semilar to J/,‘m/ole Aarmonic moliorn.
Tectial condition Gt =0) ILI(¢=0)

con_ridcraﬁon

£nergy
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Solutlon 4 RLC Clrcwt

— VWL

R € 1 1 =2
1 j ' ' ‘

1HQ

2 erte leferentlal Equatlon

. L ol U =0 ] = d£ — 7 d Q Q

<o 1 Energy Stored in Inductor" "



Solution 4: RLC Circuit
3. Solution for Qt):  Q(1)=Q_ sin ()

: € e bl
T = [ = ?‘ =

4. Time to charge capacitor

122 _pJiclr. I_milc|

W, ‘ , Charge ‘ 4 s 2

) —

Energy in inductor = 0

Energy In Capac:ltor = lnltlal Energy U - l I [ E .
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