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Up here the +q
field dominates.

center

@

‘i‘ v
Dipole

(=

Down here the —q

Z is the distance between the dipole center and

the point that we calculated the electric field at
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Problem 22-10: Positive charge (q=9.25 pC=9.25 X 10712 C) is spread uniformly
along a thin non-conducting rod of length (L = 16.0 cm = 0.16 m). What is the
electric field produced at point P, at distance (R=6.00 cm =0.06 m) from the rod
along its perpendicular bisector?

. kd
dF = =44

T
rz

dERight c0S0 + dEp¢ cosO

dELeft

>
dE; ¢ sinb

e sfie e s s e s e o o o o o |

dELes = dERjghe (both have same magnitude)

dE, = —dERight sinf 1+ dELeft sinf i = zero. (by symmetric)

4 ) k dq .
E = JdEyz JdEcosejz f " cos 6]
Using q =A x; linear charge density. dq = A dx

5 rn2 2 — R___ R
r“=(R*+x*)and cos @ = r (RZ+x2)1/2
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E__Jkdq 9A—j¢h k A dx R )
- 72 cosuj = L/ (R2+x2) (R2+x2)1/2]

L/2 dx IR AfL/Z dx
L/2 (RZ + x2)3/2 - J o (R2 + x2)3/2

:kAij

X
{ taketan 0 = E,sztanB —— dx = Rsec?6df }
(R? +x2)3/2 = (RZ + R%tan?6)*/2 = (R?%sec?0)3/2 = R3sec30

E—ZkARAJRseCZHdQ—Zk}\“J dB_ZkAAJ 9.do
B J R3sec30 R secd R J | cos
2kA 9
= in
R /°
. X
Usesin 8 = m
= 2kA x JL2 AL .
= E= [ R (RZ+x2)1/2 J] R (R2+(L/2)2)1/2 J

Substituted g =9.25pC=9.25%x 10712C=1L,L=16.0cm=0.16 mand R=6.00
cm=0.06 m.

E =1386N/C
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Sample Problem 22.02 Electric field of a charged circular rod

Figure 22-13a shows a plastic rod with a uniform charge
—Q.Itis bent in a 120° circular arc of radius r and symmet-
rically paced across an x axis with the origin at the center of
curvature P of the rod. In terms of Q and r. what is the elec-

tric field E due to the rod at point P?

J

N dy
A4
& N\ | _
: i \ y y
| N ds \0 I’—x
~ P \J{ 'I
. > U (N e
= /™, dE,| dE
dE / \\ / Y
/ S t )
9 Symmetric X
P x / element ds' P

/ (d)

Here is the field created by
the symmetric element, same

Symmetric

size and angle. element ds’
A
dE, = dE cos 0 = —5cos 6 ds.
mey I
60° 1 A
E= | dE, = —-cos 0rdo
600 daEg T
A 60° 60°
= cos Hdf = sin ¢
darepr J o0 dmegr —60°
A . 5 : -
= ——[sin 60° — sin(—60°)]
47regr
_ 1.73A
degr
(1.73)(0.4770)
5= daregr?
et — 0.830 -
charge O 04770 _ 0830 e [
" length 23 r = Aqreqr>
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Products of Vectors

Let i, j. and k be unit vectors in the x. vy, and z direc-
tions. Then
oo A B B, D 2 @ A ~ A /\
Pei=ga =kuk=l, I} =Yk =K== ( LB/
iy . ol

/ J

/™S
Any vector @ with components a,, a,, and a, along the ‘( F/
x, y,and z axes can be written as \__z

a=a,+ aj+ak.

Let @, b. and © be arbitrary vectors with magnitudes a.
b.and c¢. Then

@X (b +7T)=(@XDb)+ (aX7)
(sa@) Xb=7aX (s )=s(ﬁ’><3) (s = a scalar).

Let 6 be the smaller of the two angles between a and
b.Then

@-b=b-7= ab, +ab, + ab_ = ab cos 0

i ] Kk
@Xb=-bXda=|a, a, a,
b, 8, b,

s a. ~la, a ~ |a, a,

=i y Z __l X -4 4. k X y

b, b, b, b. b, b,

= (a_vbZ = b_vaz)f g, — bza_t)j

+ (ayb, — byay)k

i@ X bl = ab sin 6
@ (bXT)=b-(TX@) =7C(TXDb)

@ % (b X7 =(@7<)b—(ab)T
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