® 21.22. IDENTIFY: Apply Coulomb’s law to calculate each force on —(.
SETUP: Let F, be the force exerted by the charge at y=a and let 17“2 be the force exerted by the charge at
y=~a.The distance between each charge g and Q is r =(a’ +x2)“2~. cosd =JT.
( a*+x° )
EXECUTE: (a) The two forces on —Q are shown in Figure 21.22a.
(b) When x>0, F_ and F, are negative. F,=F, +F, = ~2—1- ——2—(1—9——2—— cosf = -1——;&%3 . When
47e, (a° +x7) 4re, (a” +x*)
x<0, F,and F,, are positive and the same expression for F, applies. F,=F,+F,6=0.
()At x=0, F =0.
(d) The graph of F, versus x is sketched in Figure 21.225b.

EVALUATE: The direction of the net force on —Q is always toward the origin.
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21.90. IDENTIFY: ﬁ;&q72T7)?>calcuL?te the electric field due to a small slice of the line of charge and integraté as
in Example 21.11. Use Eq. (21.3) to calculate F.
SET Up:  The electric field due to an infinitesimal segment of the line of charge is sketched in Figure 21.90.

sinf=—2
x4+ 32
cosf = ad

Figure 21.90

Slice the charge distribution up into small pieces of length dy.-The charge dQ in each slice is dQ = Q(dyla). The

electric field this produces at a distance x along the x-axis is dE. Calculate the components of dE and then integratc
over the charge distribution to find the components of the total field.

D —(' = 1 ( dQ = Q ( dy
EXECUTE: dE 47r€0kx2+y2J—47760akx2+y2J

dE, =dEcosf = o (& J

47rq)aL(x2 +y2)3/2

o O ydy
dE, =~dEsing = 47F€gaL(x2_+y2)3/2]
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EVALUATE: For x>>a, F,<<F, and F =|F|= 7

dxstnbutlon Q acts like a point charge

TEX

21104, IDENTIFY: Apply Eq (21 11) for }he electric field of a disk. The hole can be descrlbed by adding a dlSk of charge
density ~o and radius R, to a solid disk of charge dens1ty +o and radius R, .

and" F is in the —x-direction. For x >> g the charge

N ;ET ur: mi“ihe area of the annulus is 7r(R-
=11/ /57 1],
& o
EXECUTE: (a) O=do =x( Rf—Rz)a

®) E(r)——([l-l/mJ [—1/ (R/x)? +1J)U, E(x)__(J/J(R/x)2+1—1/ (Ry/x)? +1)' b

The electric field is in the +x direction at points above the disk and in the

l 4

the factor ! specifies these directions.

(c) Note that 1/«/(R /%) -1—]—l l(l+(\*/R) )‘“2 le-’
R
/ R <<1,

Sufficiently c]ose means that (

d F.= E =—
(d) £, =qE, 2\ R R
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EVALUATE:

R? )O‘ The electric field of a disk, Eq.(21.11) is

2
This gives E(\)—— X I—x‘—f=i ER xi.
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ol 11
q—(~———]v The force is in the form of Hooke’s Iaw £, :—/oc with & —ﬂg[—l———L) '

The frequency is mdependent of the initial position of the partlcle so long as thlS position is
.. sufficiently close to the center- ofthe annulus for (x/R ) tc to be small.

~x direction at points below the disk, and
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