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1. Which of the three charge distributions in the +q +3q
right figure has a point or points where the I
electric field is zero (not counting +00)?
—q +17q
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2. Which of the three distributions in figure
above has a point or points where the potential is zero (excluding +oco, but
assuming that the potential equals zero at these latter points)?

(A1 (B) 11 (O

(D)Iand Il (E) I, 11, and III

R 2 B2 o DURBNAY . Barron Ch11-1

Experiment [: A positively charged rod is Sphere A
brought near sphere A while the switch is

positively charged

Sphere B

closed, the switch is opened, and the rod is

/

then removed.
After experiment |
sphere A is negatively charged

sphere B is negatively charged positively charged
Experiment II: A positively charged rod is touched to sphere A while the switch is
closed, the switch is opened, and the rod is then removed.

After experiment II

sphere A is negatively charged positively charged
sphere B is negatively charged positively charged
1 BHRE FMELE=0 R [ ERBRZE, 11#-qZ&D, 1
ZR1 £ PR R oy 1 )
2. ZRB BHE=0 = EMBEHE.
= 2 [: sphere A negatively charged; sphere B positively charged
I1: sphere A positively charged; sphere B positively charged
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General steps for this kind of problems: E,F,V
ds =2 dQ = dE «—— Maybe dgx

Small segment J T— Single variable 4
1 A
1D

2D | dA = 2nRdR area of a washer
3D | dV =4mR?’dR  volume of a spherical shell

1D A dQ = Ad(length)
2D o dQ = ad(area)
3D 0 dQ = pd(volume)
5 _ 940 . .
dF =k 2 dE, = dE cos 8
_  kd dE, = dE sin 6
dE = —ZQF Y
T
kd
qv = 49
r
E: o IE=ASE AERE—SHIETEERITEIESE dE,

Example: A thin, nonconducting rod that carries a uniform linear
charge Q™ isbentinto a semicircle of radius R. Find the electric
field at the center of curvature of the semicircle.

Step 1: find ds
A is the linear charge density:

A=Q/nR
Divide the semicircle into infinitesimal segments ds,
ds = Rd6

Step 2: dQ = single variable that you integrate with respect to.

The charge in a segment of length ds is dQ

Q Q

E \,/,/’,
.. dEcos@ dEcos@ . .

dQ = Ads = —Rd6 =—db " ¢ gt G
Q $=_p - , ; ’ \de

Step 3:  Find the differential function: dE
As the ring is symmetry, the net field E at center of
curvature is along the y-axis:

“-dE sin 0

dE sin 9-°

—

E=E,j

. . Please notice that only 6 in the
The distance from the segment dsto the center is 7 Y

. . equation is a variable; other factors are
dE, = dE sin@ = (F dQ) sinf = (E%dB) sin 0«—— all constants. (single variable)

T

_ 0 ap = @ . 2kQ
Ey—m . sin 6 H_W(_COSQ)O _W -
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Example(AP-C HW-13-8): A negative charge -Q is
distributed throughout the spherical volume of radius R
shown by the equation p=kr, r<R. A positive point charge
+Q is at the center of the sphere. Determine each of the
following in terms of the quantities given and
fundamental constants.
a. The constant k.
A BER drigziDERIEIR AdV = 4nr?dr,
Fr& 8 #EdQ = pdV = (kr)(4nr?dr) = 4knr3dr

R R4
J. Aknr3dr = 4-k7TT =Q = k=0Q/nR*
0

b. The electric field E outside the sphere at a distance r>R from the center

Ur > RES+Q £ BIHE, = —— 7

or?

Mr > REf—QF 4 B IHE. = ——7

4mrEyT2

Mr > REF+QF— QM B HIKHET E = 0

c. The electric potential V outside the sphere at a distance r>R from the center

Yr > RAIF+HQ= MRV, =

ATTET

Ur > REF-QF AN HEREV, = pr—.
LEr > REF+HQFM—-QAIHEREHIELV =0

d. The electric field E inside the sphere at a distance r<R from the center

Mr < RE+QFE4E MBI E, = ——7

4Amegr?

< p3qr
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r 4 4
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E=E, +E = - —
Z * 47T£07"2r 4meyr? \R* "

3 Q R4- _ T4 .
" Ame,r? ( R* 7

r < RN—QEYEHFT dQ = 4kr3dr = 4

e. The electric potential V inside the sphere at a distance r<R from the center

Hr < REJ+QF=EMEEEV, =

4ATEYT
g 4 _fhthacy — _—Q Tt
Lr < REF—QAYEE RV prewy
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Gauss’s Law S EE
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Example: (Barron P420)Calculate the electric field

produced by an infinitely large sheet of charge with

uniform charge density +oc C/mz2.

FT%&— Gaussian surface: A =x Xy, SHETR 24
The enclosed charge: Q;, = dA

Gauss’s Law: (PR MA) Ppee = EpA = iﬂ

+G

0

gA
E,(2QA) =— = E, =
€o

2¢0

Example: (APC HW13-9) A very long, thing,
nonconducting cylinder of length L is centered on
the y-axis, as shown. The cylinder has a uniform
linear charge density +A. Point P is located on the

y-axis at y=c, where L>>c.

Setup a Gaussian surface and use it to calculate the
magnitude of the electric field at point P in terms of
A, ¢, L and physical constants.

Gauss’s law:

A~ (2mc)lL

Q = AL

A

> FE

Qinside

2TCEg

+4

EdA :9=EA

€o €o

y

= e E(2mcl)

fe—roL/f2

0

A cylinder that is coaxial with the thin cylinder
and passes point P.
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Potential and Electric Field ®§i%f1E /115 (p765)

Charge mass
q m
Coulomb’s Law The Universal Gravitation
P k|fi12fh| F, = Grr;lzmz
k =8.99 x 10° N - m?/C? G=6.67%x1071Y N-m?/kg?
Electric Field Gravitational Field
F = qE F= mg
kQ GM,
7z 9=
Electric Potential Energy Gravitational Potential Energy
U =V0Q U,, = mgh
Potential Difference Height Difference
v=Ye_ 5.g p=ln
q mg

Negative
charge
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Capacitance &

® (Capacitance: C=Q/V
Isolated spherical conductor C = 4meyR
Parallel-plate capacitor C =¢gyA/d

2
® Energy in Capacitors: dU =VdQ =QdQ/C =» U = f%dQ = S—C

2
U=:qv=-%=>cv?
2 2C 2

® Dielectrics: C=kCy &=keg
g =8.85%x 10712 F/m
® Equivalent Capacitance:
Parallel capacitors Cog =C1 +Cy +C5+ -
Series capacitors 1/Ceq =1/C; +1/Co +1/C5 + -+

Calculating Capacitance Based on Geometry: C = Q/AV
® fEE & HOHYGNMH Oper = EA

® 1EAV & dV=-E-dl

o ifEC e C=Q/AV

Example: Consider the coaxial cable in the
right figure, which contains a central
cylindrical core of metal (radius a)
surrounded by a cylindrical sheath of metal
(inner radius b, outer radius c). Charge is
moved from the sheath to the inner
cylinder, so that charge density is then A
coulombs/length along the inner cylinder
and —A along the sheath.

What is the capacitance of a coaxial cable of
length I (ignore edge effects, as in our ‘ |

treatment of a parallel plate capacitor). | g
Step 1: iTEE s
ffa<r<b I B, RERMMSH®E ]

ElA
Dot = % E,dA = &, = EA
N

_ _ Qin _ Al
Dpor = EQnr-1) = P,
A
" 2mre,

Step 2: TTEAV
b b b3 1 a
V—V=de=—fEdr=—f dr = In—
b Tem ) a 0 2Trey 2mey b

Step 3: C=Q/AV

QA 2mel
AV |V, =V ln%

C




