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Tutorial - 3

Electrostatics

Chapter 4: Electrostatic Fields — Part I

Summary

1.

2.

3.

W

The two fundamental laws for electrostatic fields (Coulomb’s and Gauss’s) are pre-
sented in this chapter. Coulomb’s law of force states that

_ Q0
4 R? ok

Based on Coulomb’s law, we define the electric field intensity E as the force per unit
charge; that is,

Q ___ QR
4me R2" 4me B3

(point charge only)
For a continuous charge distribution, the total charge is given by
Q= J p.dl  for line charge
L

Q= J ps dS for surface charge
s

Q= J p,dv  for volume charge

The E field due to a continuous charge distribution is obtained from the formula for
point charge by replacing Q with dQ = p; dI, dQ = psdS or dQ = p, dv and inte-
grating over the line, surface, or volume, respectively.

. For an infinite line charge,
P
2mep ©
and for an infinite sheet of charge,
Ps
E=—a
2e, "

. The electric flux density D is related to the electric field intensity (in free space) as

D =¢E

The electric flux through a surface S is

v = , D-dS
s

. Gauss's law states that the net electric flux penetrating a closed surface is equal to the

total charge enclosed, that is, ¥ = Q... Hence,

v~ {D-ds= Q.- pa
LAY

v

or
p, = V-D (first Maxwell equation to be derived)

When charge distribution is symmetric, so that a Gaussian surface (where D = D,a,
is constant) can be found, Gauss’s law is useful in determining D; that is,

Dn§d8=ocnc or Dn=%
s N
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Textbook Practice Exercises

PRACTICE EXERCISE 4.1
Point charges 5 nC and —2 nC are located at (2,0, 4) and (—3. 0. 5), respectively.

(a) Determine the force on a 1 nC point charge located at (1, —3, 7).
(b) Find the electric field Eat (1, —3.7).

Answer: (a) —1.004a, — 1.284a, + 1.4a.nN.
(b) —1.004a, — 1.284a,+ 1.4a.,V/m.

P.E. 4.1 }':_?': Q ?

5x107°[(1,-3,7) = (2,0.4)]
e | 03D-GoaF
X -9 2 2
(a) F = W . (72X10 )[(1, 73,7)7(73, 0,5)]

367 [(1,-3.7)—(-3.0.5)]

45(-1,-3,3) 18(4,-3.2)
192 - 2932

=[ ] nN

=-1.004a,—-1.284a, +1.4a. nN

@ E-= g = ~1.004a, ~1.284a, +1 4a_ V/m

PRACTICE EXERCISE 4.2 At point A,
\q 3 3 o = ) o

Three identical small spheres of mass m are suspended from a common point by threads Tsnbcos30°= Fy + :F cos60 ;

of negligible masses and equal length €. A charge Q is divided equally among the spheres, T . q- ( 1 )

and they come to equilibrium at the corners of a horizontal equilateral triangle whose T dneyd’  dme,d’ 2

sides are d. Show that 30°

L1~ L 3
Q= IZﬂsomgd’[fz = ?] 8mne,d
Tcosb = mg
where g = acceleration due to gravity. 2
Hence. tan & cos 30° = #
Answer: Proof. 87e,d g
d
P.E. 4.2 ) hod NG
Let q be the charge on each sphere, 1.e. =Q/3. The free body diagram below helps us to But sm@= N = E tan 6 = T
. S : _ , d
establish the relationship between various forces. ] -5
P A (ﬁ)
5 2
0 / Thus, V32 = 34 -
\/12 4> 8ag,d’mg
3
/ o gl = dne,d’mg
, d’
g 4 —
341 3
T Y ,_ 9
but ¢= 3 — =73
) A 0= I2ne,d’mg
£oF » > < 2 d’
F, v 3
2
mg
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PRACTICE EXERCISE 4.3

An ion rocket emits positive cesium ions from a wedge-shaped electrode into the region
described by x > [y|. The electric field is E = —400a, + 200a, kV/m. The ions have
single electronic charges e = —1.6019 X 107 C and mass m = 2.22 X 107" kg,
and they travel in a vacuum with zero initial velocity. If the emission is confined to

-
E= _—qoo et 200 “U v |m

—40cm < y < 4@ﬁnd the largest value of x that can be reached. F & o . g = met
Answer: 0.8 m. \‘/ .
T
—2
- [N
P.E.43 Q F = ¥

- d’l

eE= m—r E = a
d’x_ d'y_ d’:z_

eE,(-2a, +a})-m( 2 ay+ —5 0 ay+ ar —d:) b= ? 'g"’
where E, = 200 kV/m
d’z
e —> I=ct+c,

d’: -2eE,t

f: -2¢E, —> X= =< +c3r+ [ % -a‘ +200 ¥\e “5>

dr 2m
m;,.: eE, —> V= eEol” +C5t+ G N y 2 'X\o wm ’(

dt” ’ 2m G¢ = —2 Y»
At 1=0, (x..2)=(0.0.0) ¢=0=c¢,=c¢ 0\" ¥ - /")_

= ] X \°
so. (XL E)_(0.0.0) g = ledtd
dt dt dt

Atr=0 — q=0=¢=¢

eE, 1’ 2 A\ = VA 4 L

Hence. (x.y) =

2m do
<
ie. 2 |v| =|x| ~Uo o &
Thus the largest value of is (@ - 2 L)
80 cm=0.8 m ~6
_— - q
f.. 2,36\ X = \ ax 15'
‘ \/
PRACTICE EXERCISE 4.4 q 9 f
A circular disk of radius a is uniformly charged with p; C/m?. The disk lies on the z =0 .

plane with its axis along the z-axis.
(a) Show that at point (0. 0. i)

_ Ps _ h
G

o

(b) From this, derive the E field due to an infinite sheet of charge on the z = 0 plane.
(c) If a <<< h, show that E is similar to the field due to a point charge.

Answer: (a) Proof, (b) az, (c) Proof.
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PE. 44
@

Consider an element of area dS of the disk.
The contribution due to dS = pdgd p is
JE = p,dS’ _ p:ffS i

e Ame(p”+h7)

The sum of the contribution along p gives zero.

- T’ hpdpdg _hps"[ pdp

o 476, Ly Lo (PP +1)"7 2¢, MW

hp. T, 24-3/2 2 hp. 2 112
= Mo r ey 2a oty 2P (Lot 4 Y2
4%!(/) PR () == (207 ) |

0

Yo h
= l-—5—735
250[ (h'+a')1"]
(b)
As a —— o0,
E= Ps a.
2g,

(c) Letus recall that if /4 <<1 then (I+a/h)" can be approximated by (I+na/h).
Thus the expression for E. from (a) can be modified for a<<h as follows.

by
Il
o
—
|
—
|
B
—
|
=
—_
S
=)
SN—
wf._.

_plm |0
2¢, | 270 | 4Ameh?

This is in keeping with original Coulomb’s law.

a—0, but p:m2=Q

PRACTICE EXERCISE 4.5

P~
Answer: 192 mC, 16.6 a, MV/m.

A square plate described by -2 =x =12, —2=y =2, z=0 carries a charge
12 |y| mC/m? Find the total charge on the plate and the electric field intensity at (0, 0, 10).

P.E. 45

where r—r'=(0.0.10)—(x.y.2) = (—x.—1.10).
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7 -

2
gy
P 1’|1|10’3( x.—1.10)
= [
A /7( )(Y +37 +100)*? 9
@ infinite
= 108(106)[,“-1" j —xdxdv a, +:[ :[ —v|y| dvdxay $ he&{

L (7410007 L (7 + 37 +100)

| v|dxdy
10
e J j(\ +? +100)3”]

driollaaola

gaallare Sigdygi

s -t>

e\

22 %% \2 \9\ cc-¢> yxdy
2 2 —d(l ) -
— 7 — _ N
E= 108(10)a_J 2j( oo Ymrés \e-<"\ 3
=-216(10")a: I [ ! ! ldx G o
B (x> +104)"2  (x? +100)"? 7\
_ -216(10")a. In SEYEH ¢-<l = (ﬁ,o o) - (|1 ,7 ©
10")a: 1|\+J—“\+100|_, \ \ & [<, gl )
= —216(10")a. (I I \9‘ -
007, (nC e~ )) ))\ L 3 OH;E
= —216(10")a.(~7.6202 (107)) ) . d«)
‘ E = 16.46 a- MV/m > M -
PRACTICE EXERCISE 4.6 - [o o, \od? \
In Example 4.6 if the line x = 0, z = 2 is rotated through 90° about the point (0. 2,2
so that it becomes x = 0, y = 2, find Eat (1. 1, —1). r \ (
p— p—
Answer: —282.7a, + 565.5a, V/m. l - l= N\-o

\‘ﬂ\

E, and E, remain the same as in Example 4.6.
Pr

a,

E, =

27w, p

\o+3 é)(é%

This expression, which represents the field due to a line charge. 1
is modified as follows. To get a,. consider the z=—1 plane. p= NE) g k‘ X =4
a,=a,c0s45°—a, sin45° E; -
P.E. 4.6
- (a, -a,)
"7 ey e
-9 h
E - 10(10_9) 1 —a) charge
2wy 5 - -
367 ) , Y
=907(a,—a,). Hence. « <=L
P
E=E\+E,+E; =2 plane \3
=-1807a,+ 2707a,+907a, -90 7a, . =
, : -
= -282.7a,+565.5a, V/m . P 4 ¢
£ line Choroye
> X

D

? )
ﬂL:_\OV\C
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PRACTICE EXERCISE 4.7

A point charge of 30 nC is located at the origin, while plane y = 3 carries charge
10 nC/m? Find D at (0.4, 3).

Answer: 5.076a, + 0.0573a,nC/m’.

P.E.4.7
D=D, + D, = —~a + =a,
A7y 2
_30x107 [(0.4.3)-(0.0, 0)] 10><10*’
~ 4z(5) 5 2
30

—(0.4.3)+5 C/
S00m ( )+5a, nC/m’

=5.076a, +0.0573a, nC/m’

PRACTICE EXERCISE 4.8

= (27 + 2z)a, + 4xya, + xa, C/m?, find

(a) The volume charge density at (—1.0, 3)
(b) The flux through the cube definedby 0 = x = 1,0=y=10=z2=1
(c) The total charge enclosed by the cube

Answer: (a) —4C/m?, (b)2C, (c)2C.

dpollaaola
ooallare Jiisdygi
duunigll ails

g )

_\) - éﬁf —“v?

*m)

P.E. 4.8
(a) p,=VeD=4x ®
0,(~1.0.3) =—4 C/m’ 3
(b) W=[Deds = UD/-ds _tl[peas| +j|Dods UDods +I|Lo?&/o+_|'
11 11 1‘1 1‘1‘ 11
=— [ J. (2y* +2)dvd:z + j (2,\'2+:)d1'd:+|I4x(l)dxd:—| |(x)dxd:+J. J (X)dxd-=
00 00 00 00 00
11
=4 [xdxd==4(1/2)1)=2C
00 ;’ Q IR <D
111 = — —
(©) ¥=0=p,dv=|][4xdxdyd: (e Ymré |6 -
000
=4()(1)(A/2)=2C o
o=¥=2C -
2¢ Py _ ;5|! -
- - + |€+ + _ = =me
- E )75 >
> A & Sneet < 2 4y
iz ,
An=H &
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PRACTICE EXERCISE 4.9

A charge distribution in free space has p, = 2rnC/m’ for 0 = r = 10 m and zero
otherwise. Determine Eat r = 2mand r = 12 m.

Answer: 226a, V/m, 3.927a, kV/m.

P.E. 4.9
szprdr: v = U“DodS
For 0=r <10,
D, (4m?) = m’zr (r)sin@dédrde
27
4

D, (47r%) = 4x( |;) =27

2 2
2 72 )
E=—a, nV/m

D=
T2 2¢,
-9
E(r=2)= 4(10_9 )a =T727xa. =226 a, V/m
208 T [t .

For =10,
D,(4xr?) =271, 7, =10m

n? nt
D, =2 —— E=—"_a4, nV/m

2r° 2g

10*(107)

E(r=12) =10_970, = 12507a,

2(—)(144
G4
=3.927a, kV/m
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PRACTICE EXERCISE 4.7

A point charge ofl30 nC is located at the origin, while plane y = 3 carries charge
10 nC/m?. Find D at (0, 4, 3).

Answer: 5.076ay + 0.0573a, nC/m’.

—2 -2 _ = ‘ 3 D
,')a‘m'r: ‘_f-fT—iofl Y1t 52
Zo P (el Ve P 4o

2 7«43 L_—} - 2
s
-/vl 'l'\
c=,r
J? s
/ 7
/ -

L
—8 = B oy
Y72 )
—— b CI\‘:" - Z 2 PR
"
5
\ - _ o _ )
R L T L
D 3OY\°_Q n Py
DA= L & Hay 4260 >

l 1 —_—
[T (%) =




!

Fl, V)
> 4Y

TR
\L\b

L

Vv
X

r\

<

-~ | =,

Z, Yy 130> . \ex\s

6(2“3




PRACTICE EXERCISE 4.8

0 (@ @G
(a) The volume charge density at( 1.0,3)

| (b) The flux through the cube definedby0 = x = 1,0=y=10=2=1
(c) The total charge enclosed by the cube

Answer: (a) F; C/mi/ (b)2C, (c)2C.

a) Pv




PRACTICE EXERCISE 4.9 -

A charge distribution in free space has p, = 2rnC/m* for 0 = r = 10 m and zero |

otherwise. Determine E a and

Answer: 226a, V/m, 3.927a, kV/m.
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