Problem 4.3

a) Themagnitude of the force acting on Q, dueto Q, equals:

. QQ, (10x10°)x(10x10°)
2 4me,R? 4 x(107°/367) x (0.1)2

~F, =9x10°=90uN

- F,=9x10°=90uN (magnitude of the force acting on Q, dueto Q,)

Since thereis 60° angle between these two forces, then the magnitude of the total force acting on Q;:
F, =F,, cos30° +F;, cos30° = 2F,, cos30°

F, =2x9x107° x0.866 =1.5588x10™*

~.F,=155.88uN

~.F,=F,=F,=15588uN

[Notice that although the magnitude of each force is the same, the directions of these forces are different,
which means that the vectors F, = F, = F,].

b) The electric fidd at the center of the triangle is obviously zero, because the el ectric fields due to each
charge cancel each other.



Problem 44

a) E(5,0,6) = E,(5,0,6) + E,(5,0,6)

— =

E (5,0,6)= AR, QR
e R} Are R,

QUG43 +(6+3)4] , 4x10°x[(5-2)& +(6-1)a]

) 9
10 [12+92]3/2 10_ [32+52]3/2

9 9

E (5,0,6)=

L . o
E(5,0,6)2Q1(®+9Q)x9x10 , 36x[3, +5]
742.54 198.25

E (5,0,6)=Q, (@, +94,) x1.2121x10" + 0.18159x [, + 54, ]
E (5,0,6) = (1.2121x10'Q, + 3x0.18159)a, +(9x1.2121x10'Q, + 5x0.18159)4,
E,=0 = (9x1.2121x10'Q,+5x0.18159) =0
Q,=-8.323x10° =-8.323nC
b) Thismeans F_ =qE =0
E, =0 = (1.2121x10'Q, +3x0.18159) =0

Q, = —4.494x10"% =-44.94nC



Problem 45

A y
PL
/ R X
5, O 2
& -4 Q

The electric field at the origin, E (0,0,0) is dueto both Q and the uniform line charge density P,
distributed over the semi-circle.

E (0,0,0) = E, (0,0,0)+E, (0,0,0)

__Q - _Q
Eo(0,0.0)= Arre o (4)? &= 647r30ay

[ pdR
E, (0,0,0)=| =H——
( ) -[ Are,R®

Charge ~10nC

Where R=-23, and p, = ——=
lengthof semicircle 27

0

=1.592nC

d =pd¢=2d¢ because p hasafixed vaue of 2 over the semicircular path.

E (0.0,0)=]

L

DL(2d¢)(—25p)=J'” p(d9)(-28,)  p J'” ads
4rre,(2)° =0 Argy(2)° 8rg,” 40 7

[noticethat &, =a, (#) . Thus we cannot take a, out of the integral, because it depends on the integration
variable ¢] . Converting &, to rectangular coordinates:

EL(0.0,0)=—" (cosga, +singd, d ¢

Both a, and 4, are uniform vectors and thus they are independent of ¢ . Therefore, we can take them
both out of the integral, giving:

EL(000)=—8, g cosgd -, g sinid

£y° 40
E_(0,0,0)=-4&, 8’7’;8 sing| +4, 8’7’Z—Lgcos¢L :—fﬂ—;a;
0 o 0 0

E(0,0,00=E,(0,0,00+E (0,000 = E(0,0,0)= Q a - PL a
64re, 4rne,

E(0,0,00=0 = L—L:O = Q=16p =2547nC
64re, 4re,



Problem 4.12
E@L1)=E,(L1)+E (L1)+Es (11D

100x102[(1-4)a, +(1- Da, +(1+ 34, ] B ) )
(10°/9)[9+16]*2 =-0.02163, +0.02884,

EQ (11 =

Tocaculate E (1,11),use E, = = a,
2re, p

Replace p by (1)*+ (D)= V2 (which isthe perpendicular distance between the observation point
(1,1,1) and the line charge).

o
Replace a, by % &az (which a unit vector perpendicular to the to the line charge).

E*L(L11)=2ﬂ8&x 5 =183, +183,

Tocaculate Eg(11,1),use Eg =§TS§N
0

Replace 8, by —a (which aunit vector perpendicular to the surface charge and pointing downwards,
where the observation point is).

5x10°°
2,

Es(L1D)= (-8,) =-282.49,

E(LLD=E,(LLD+E (L1D+E;(L1) = E(11)=-0.02164, +183, —264.468, V/m



Problem 4.14

a) ps; =10 x107° , Ps2 = —20x10°° , Ps3 =30x10°

Tocaculate Eg(5-14), use EsngséN
0

For pg, replace a, by +a, (normal to surface and towards the observation point)
For ps, replace a, by +a,

For p., replace &, by —g,

10x10°° 5+ —20x10°® 3, + 30x107°

E<(5-14)=
s ) 2¢, 2¢, 2¢,

(-&)

Es(5-14)=5.650x10°a, —1.130x10°4, —1.695x10°4, V/m



Problem 4.16

10x10° - -10x107°
X ()
27g,(2) 21e,(2)

E, (0,0,0)= x (+4,)=-1804, V/m



