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e Divide the charge distribution into infinitesimal blocks.

o For 3D applications use charge per unit volume: p = AQ/AV.

o For 2D applications use charge per unitarea: o = AQ/AA.

o For 1D applications use charge per unit length: A = AQ/AL.
e Use Coulomb’s law to calculate the electric field generated by each block.
e Use the superposition principle to calculate the resultant field from all blocks.
e Use symmetries whenever possible.
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X dqg =A dx
Charge per unit length: A = Q/L dE -< >
Charge on slice dz: dg = \dx - FTF+++HAFFF+H4+— X
- a3
D L
L : kd kXd
Electric field generated by slice dx: dFE = 2q = 233
xr X
Electric field generated by charged rod:
E_k)\/DJrde_k)\[ 1]D+L_k)\[1 1 ]_ kQ
B p  x2 x|y D D+L| DD+L)
- kQ
Limiting case of very shortrod (L < D): E =~ 2
kX

Limiting case of very longrod (L > D). E =~ -




e Charge per unitlength: A =Q/L
e Charge onslice drs: dg = Adxs
e Trigonometric relations:

Yp =7rsinf, —xs =rcosl

do
xs = —Yypcotl, dxrs= Ip

sin? 6
kAdx s kAdx s kAdo
o dEl = 233 = 233 sin? 9 =
r yp Yp

kA kX [02
o dbyy =dEsinf = —sinfdf = by = —

Yp Yp J 01

) kX [02
e dE;, = dF cosf = — cosfOdl = Ep = —

Yp Yp J 64

X

kA
sin 0df = —— (cos by — cos 1)
Yp
kA
cos0df = — (sinfa — sin 1)

Yp
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Symmetry dictates that the resulting electric field is directed radially.

e b =m—01, = sinfy =sinf;, coslOs = —cosb.
L/2
e cosbi = / :
VL?/A+ R?
kX kA L
o Fp =—— (cosfy —cosb;) = :
R R \/L?/4 + R?
kA . :
o [, = E(sm@g—Sln@l):O. &
. . kQ Ik
e Large distance (R > L): Er =~ 2
| 2k Ao
e Small distances (R < L): ERr ~ N r . | T
SR
. .. — 2]{:)\ A /I : \\
e Rod of infinite length: £ = —R. ’ Rt . |
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Symmetry dictates that the resulting electric field is directed radially.

e Charge per unitlength: A =Q/L
e Charge onslice dx: dg = Adx

o JE — kdq _ kAdx
r2 72 + o2
dEy kAydx
() dEy = dFE cosf = W = (332—|— 2)3/2
Y Y
L/2
P R 2 N OV / Y
CT —r2 (@2 4y?)32 2 /a? g2 —L/2 dE\
. B kAL B kQ '
y — - \
yV(L/2)2 +y*  yV(L/2)% +y? \
e Large distance (y > L): E, ~ —? \ dq
Y '\
2%\ ++++++++++H+H++ X

e Small distances (y < L): Ey ~ —

Y —L/2 +L/2




e Total charge onring: @

e Charge per unit
length: \ = Q/27a

e Charge on arc: dq

© db= kfr'ciq B zUQk—ian

e dE; = dFE cosd =dFE \/CU;W = (2 I_T_x;lg)s/Q y
70

o E, = = +k22)3/2 /dq = by = (2 _]T_Ciz):a/z :

¢ z| < a: Exzkc%, > a: szi—f

= X0 ::I:a/\/§
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Consider a negatively charged bead (mass m, charge —q) constrained to move without friction
along the axis of a positively charged ring.

: . k
e Place bead on z-axis near center of ring: |z| < a: E; ~ %
a
. k
e Restoring force: F = —qFE,; = —ksx with ks = %
a
e Harmonic oscillation: x(t) = A cos(wt + ¢)
/ | k
e Angular frequency: w = QZ
ma
Ex
o
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e Charge per unitarea; c = ——
gep s

e Areaofring: dA = 2mada X

e Charge onring: dg = 2nwoada

e kxdg 2nokxada
[ ] - -
f @ +a?)3? (2?4 a?)3
R ada —1 "
o F, = 27raka:/() (22 1 a2)3/2 = 2nokx [m]o
T
o I, =2mck |1 — forx > 0

o r KX R: E,~2nok

e Infinite sheet of charge produces uniform electric field perpendicular to plane.
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The electric field at position z along the line of a charged rubber band is

k
P kQ
x(x+ L)
The value of £ at z1 = 1mis F/{ = 16N/C.
& -
— N
|L| “N
Q < >
FFFFFFFFFF+4 ] X
- >

L,=2m  E;=16N/C

(a) What is the electric field E> at a distance xo = 2m from the edge of the band?

(b) To what length Lo must the band be stretched (toward the left) such that it generates the field
Ey =8N/C at z1 = 1m?
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Consider four configurations of two charged rods with equal amounts of charge per unit length ||
on them.

O+ * * +* T+ +] I S |
1

di>P1 di>Pz

O+ ¥ * * T+ +] - - - - |
, :

JE o

i 1
O+ * +1] = ]

(a) Determine the direction of the electric field at points Py, P>, Ps3, Pj.
(b) Rank the electric field at the four points according to strength.
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Consider a uniformly charged thin rod bent into a semicircle of radius R.

Find the electric field generated at the origin of the coordinate system.

e Charge per unitlength: A = Q/mR
e Charge onslice: dq = ARdfO (assumed positive)

d k|
Jldal _ A

e Electric field generated by slice: dFE =
R2 R

directed radially (inward for A > 0)
e Components of dE: dE, = dEcos0, dE, = —dFEsin6 y

e Electric field from all slices added up:
kX [T kX R
Ey = — cosfdf = — [sinf]] =0 R
R Jo R
kX [T kX 2k
E,=—— sinfdf = — [cosO|) = ——— 0 X
R Jo R R
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Consider a surface S of arbitrary shape in the presence of an electric field E.
Prescription for the calculation of the electric flux through S
e Divide S into small tiles of area AA;.
e Introduce vector AA} = n; AA; perpendicular to tile.
o If S is open choose consistently one of two possible directions for AA;.
o If S is closed choose A[l}; to be directed outwal

e Electric field at position of tile i E;.
e Electric flux through tile 4:

A(I),EE) = Ez . A/—l’z = EzAAz COS 01
e Electric flux through S: & = 3. E; - AA,.
e Limit of infinitesimal tiles: ® = [ E - dA.
e Electric flux is a scalar.
e The SI unit of electric flux is Nm?/C.







Consider a rectangular sheet oriented perpendicular to the yz plane as shown and positioned in a
uniform electric field £ = (27)N/C.

L

2m A

3m

4m

(a) Find the area A of the sheet.

(b) Find the angle between A and E.
(c) Find the electric flux through the sheet.




Consider a plane sheet of paper whose orientation in space is described by the area vector
A = (3 + 4k)m? positioned in a region of uniform electric field £ = (1% + 57 — 2k)N/C.

L

~X

X

(a) Find the area of the sheet.
(b) Find the magnitude of the electric field.
(c) Find the electric flux through the sheet.

(d) Find the angle between A and E.
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The room shown below is positioned in an electric field £ = (3z + 2j + 5k)N/C.

< 1m
b
2m o)
|
! y

7o

N
N

X

(a) What is the electric flux ¢ g through the closed door?

(b) What is the electric flux ® g through the door opened at 8 = 90°?
(c) At what angle 0, is the electric flux through the door zero?

(d) At what angle 6> is the electric flux through the door a maximum?



Consider a positive point charge @ at the center of a spherical surface of radius R.
Calculate the electric flux through the surface.
e F is directed radially outward. Hence E is parallel to dA everywhere on the surface.

e FE has the same magnitude, £ = kQ/R?, everywhere on the surface.

e The area of the spherical surface is A = 47 R2.
e Hence the electric flux is @y = FA = 47k(Q).
e Note that 5 is independent of R.
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Consider two plane surfaces with area vectors A; (pointing in positive z-direction) and A5
(pointing in positive z-direction). The region is filled with a uniform electric field

E = (214 75 — 3k)NIC.

L
(a) Find the electric flux @S) through area A;. 2m

(b) Find the electric flux q)? through area As.

3m
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Consider two plane surfaces with area vectors A; (pointing in positive z-direction) and A5
(pointing in positive z-direction). The region is filled with a uniform electric field

E = (214 75 — 3k)NIC.

L
(a) Find the electric flux @S) through area A;. 2m
(b) Find the electric flux <I>§E2) through area As. 3am
Al
Solution: A A 5

(@) A1 = 6:m?2,

o) = F. A, = (2N/C)(6m?) = 12Nm?/C. X / Am
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Consider two plane surfaces with area vectors A; (pointing in positive z-direction) and A5
(pointing in positive z-direction). The region is filled with a uniform electric field

E = (214 75 — 3k)NIC.

N L
(a) Find the electric flux <I>(E) through area A;. 2m
(b) Find the electric flux <I>§E2) through area As. 3am
Al
Solution: A
A2

L y
(a) A1 =61 m2,

o) = F. A, = (2N/C)(6m?) = 12Nm?/C. X / Am
(b) Ay = 12k m?2, am

l

—

o) = E. A,

(—3N/C)(12m?) = —36Nm?/C.
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Consider three plane surfaces (one circle and two rectangles) with area vectors A; (pointing in
positive z-direction), Ay (pointing in negative z-direction), and As (pointing in negative y-direction)
as shown. The region is filled with a uniform electric field E = (—3i + 95 — 4k)N/C or

E = (2t — 65 + 5k)N/C.

(a) Find the electric flux <I>g) through surface 1.

Z
(b) Find the electric flux <I>§§) through surface 2.
(c) Find the electric flux <I>(b§) through surface 3. / 3m
4m
h—
y
3m Am
« / I /3m




Solution:

(@) Ay =n(1.5m)% =7.07m?i, @) = E. A} = (—3N/C)(7.07m?) = —21.2Nm?/C.
E

Ay = n(1.5m)?% = 7.0Tm?%;,

(b) Az = (3m)(4m)(—k) = —12m2k,
Ay = (3m)(4m)(—k) = —12m?k,

(b) A3 = (3m)(4m)(—j) = —12m?7,

Az = (3m)(4m)(—j) = —12m?j,

7. Ap = (2N/C)(7.07m?) = 14.1Nm?/C.

2 = (—4N/C)(—12m?) = 48Nm?/C.
- Ay = (5N/C)(—12m?) = —60Nm?/C.

= E - A3 = (9N/C)(—12m?) = —108Nm?/C.
E

5 = (—6N/C)(—12m?) = 72Nm?/C.
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