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, Xz XZ
' Gr=G.a, =—ay.a, = —sinfcos0.
L ) y .
. : cos<p
- = rsinfcosf —
' sing -
X7z X7
Gg =G.ay = —a,.ay9 = —costcosP
y Vv
V.
, cos?
= rcos“6 — .
- sin®
XZ XZ
Gy = G.ag = —ay.ag = —(—sind)
& .
= —rcost cos®

o

&

G= rco‘éfi’cos@(sinﬁcot@ a, + cosBcotP ag — agy)
dQ = pdl = p dZ

.- and hence the total charge Q 1s
Q= f;; pLdZ (line charge) 217
The electric field intensity E at an arbitrary point P(x, y, z) dl = dZ’
R=(xy.2)—(00,2") =xa,+ya, +(z—z)a,
Or | .
:  R=pa, +(z—2)a,
RP=|R2=x?+y?+(z—-2) =p>+(z—2)°

| faz R pa,+(z-2)a,
- | R IRIF [p? + (z —Z)*]*
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(\ l/-)We find the three spherical components by dotting G with the
“appropriate unit vectors, and we change variables during the procedure: |
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Substituting all this into eq. (2.14), we get

b

. a, +(z—-z)a |
. =popﬁ'( 203 0 218
- | 4riey ) [p? + (z — 2)?]3/2 -
- R=[p?>+(z—2)]2=pseca
z' =0T —ptang, dz' = —psec? ada
- * eaz ' -

Z —py, [ psec’alcosaa, +sinca,jda - -
| E = f , 2.19
| 41e, p?sec’ o
al a, .
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¥ a.'z : |
—PL

== cosa a, + sine a,|lda
41tEyp [ [ P 2]

@
Thus for a finite line charge,
E = PL
d1ieyp | .
As a special case, for an infinite line charge, point B is at (0, 0,c0) and A |
- at (0, 0, -») so that ¢y =7/2, a, = - w/2; the z-component vanishes and
eq. (2.20) becomes *

—(sina, — sina,) a, + Cosaé—cosa a,] 2.20
p 1

P
21'[80[)

E =

a, 2.21

2= -
_\\ . E = E1 + Ez + E3 _
where Eq, E,, and E3 are, respectively, the contributions to E at point (1,
I, - 1) due to the infinite sheet 1, infinite sheet 2, and infinite line 3 as
shown in Figure 2.9(a). Applying eqs. (4.26) and (4.21) gives
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where a, (not regular a, but with a similar meaning) S a unit vector :
along 1P perpendicular to the line charge and p is the=length 1.P 10 be
determined from Figure 2.9(b). Figure 2.9(b) results [rom Figure 2.9¢a) il
we consider plane 'y = 1 on which E3 lies. From Figure 2.9(b), the
distance vector from L to P is -

R = —3a, + a, —
| R 1 3 .
0 = |R| = V10, a, =-— =——a, ———a
PR VIO vEM0 C
E. - 10m.107° 1 3 ~ 10 3'
3 — o '10_‘ 10( az) T[(ax az)
" 36m |
- Thus by adding Eq, E;, and E3, we obtain the total field as
;o -, E=Eq +E; +E3 =-162ra, + 270w a, — 54w a, V/m -
f ol
. 4. _ _
D, o
= = —— = p cos? s
Pv Y =P ¢ ; |
At (1, E; 3), py = 1. cos? (;;) = 0.5 C/m?. The total charge enclosed by
the cylinder can be found in two different ways. - ik
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'\ 5- t;he fieid of the uniform line charge with p, = 2mey

volume charge. =~ |

Q= fpvdv = fpcoszga ,odqodpdz. "

2 1 .

z=-2 e=

Method 1: This method s based.directly on the definition of the total

aw - N 4
= J @] costoan [ prap=aem ()2
=0

_ P=0
~=  we can use Gauss's law

o= =foacif +f +f wa

-where ¥, ¥, and ¥, are the flux throu

component along a,,, ¥; = 0, for ¥,, ds = pdodp a, so

gh the sides, the top surface, and
the bottom surface of the cylinder, respectively. Since D does not have

1 2t 1 2r
. ¥, = f f zpcos® @ pdodp|,., = prz dpf cos? pdy
p=0 @=0 o - 0
W (1 ) _Zm
SR Y A .
»~ and for ¥, ds = —pdedp a,, so . .
1 Zm 1 21
Py = — f f zpcos® @ pdpdp|,-_, = 2 f p*dp f cos? pdy
| P00 @=0 0 0
21 -
- e
Thus
i, - 2r 2m 4w
N - Q=¥Y=0+—+—= C

3 3 3

\\\M - / 1

- E=-2a

o)
P . -
In rectangular coordinates, |
e T
- - .
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X y -
| _x2+y23x+x2+y2ay _,ﬁ
[ hus we form the differential equation
B, dy vy dy dx -
E, dx «x y X
Therefore 7
lny =lnx + (; or ny=Inx+InC
[rom which the equations of the streamlines arc obtained, -
[f we want to find the equation of one particular streamline, say one |
passing through P(-2, 7, 10), we merely substitute the coordinates of that <~
point into our equation and evaluate C. Here, 7= C(-2), and C =-3.5, 50y
_ =-3.5x. Lach strcamline is associated with a specific value of C, and the
radial lines shown in Figure 2.9d are obtained when C =0, 1, -1, and 1/C
= Q. -
The equations of streamlines may also be obtained directly in cylindrical -
or spherical coordinates. ¥ =
*. L -
R P .. *_ ___ >
{//;’“"""'-«. _.\..\ ‘&A -~ | ,* |

. 6- The potential at P{-4. 5, 6} is ¥ d
| Fr= 20-4)°(3) - 5(6) =66 V-

Next, we may use the gradient operation to obtain the electric field v
intensiy. -
) = -UV = —4xya, — 2x° a, +5a, V/m
= The value of E at point P is -
8, = 48a,—32a,+5a, V/m ~
and | =
E, = &@82 + (=322 + 52 =579V /m-
The direction of E at P is given by the unit vector
| agp = (48a, —3Za, + 5a,3/579
-= 0.829 2, — 0.553 a, + 0.086a,
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cassuine these ficlds existin free space. then
<l =

12 pCs -

Uinally, we may use the divergence relationship 1o find the volume charge
-density that is the source of the given potential field,
| V.D = 354y <
j:.} _ " s - M o Y
v Vo3

ot

4 .\ PR “% . .
~35 dxva, - [T a2

~ALP, py = —106.272
.7_ ’
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Mo — Ry = d cosf :
Qd cos | |

-41;;" 80?’“ -
_Again, we note that the plane z = (08 =90°) is at zero potential.
LIsing the gradient relationship in spherical coordinates, =
av 1 ov... 1 9V -
= YV == m(&ﬂ + - —ag + EH{E?& o) N
we obtain _ | =
Qd cost Jd sind -
2TEy > 2TEHL>
Or | | . ’
E= Q;Ziﬂ (ZcosB a, — sind ag); :99 = r{;@ ;jii
- Or | | __ -
i:} = 2 cotf i r = C,5in’0 L e i =
e
A
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