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Example 1:

Three charges are fixed along a straight line as shown in
the figure above with ¢, =4 uC, g, =-4 uC, and q; =4 uC.
The distance between ¢, and g, is 0.20 m and the distance
between g, and g5 is also 0.20 m. Find the net force on
each charge due to the other charges.
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Example 2:

Two positive point charges g are placed on the
x-axis at x = a and x = -a. A negative point
charge -Q is located at some point on the x-axis.
Find the net force that the two positive charges
exert on -Q.



Example 2:

xX=-a x=0 x=a

There are three cases that must be considered because
the force is infinite at the location of each charge.

) x<-a

II)-a<x<a

) a<x
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Example 3: i

Three charges are fixed along the corners of an equilateral
triangle with sides equal to 0.20 m as shown in the figure
above with ¢, =6 uC, ¢, =6 uC,and g; =-6 uC. Find
the net force on each charge due to the other charges.
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Example 3:
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Fis F,y=-F,; =(-4.05 N)i +(-7.01 N)j
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Example 4: i

Three charges are fixed along the corners of an equilateral
triangle with sides equal to 0.20 m as shown in the figure
above with ¢, =6 uC, ¢, =6 uC, and g; = 6 uC. Find the
net force on each charge due to the other charges.
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Example 5:

«— J ———

«— 4 +30 -0
O @) 2
+30 -0 FI - k(3Q)2(Q) =k 3Q2
d d
Example 5:
Two identical conducting spheres are charged to +3Q and O
—Q, respectively, and are separated by a distance d (much Ot =30+ (_Q) =20

greater than the radii of the spheres) as shown above. The
magnitude of the force of attraction on the left sphere is
F,. After the spheres are made to touch and then are

reseparated by distance d, the magnitude of the force on +Q +Q
the left sphere is F,. What is the relationship between F
and F,? 2 9
2 G RLRY
d d- 3
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Example 6:

Two metal spheres that are initially uncharged are mounted on
insulating stands, as shown above. A positively charged rubber rod is
brought close to, but does not make contact with sphere X. Sphere Y

is then brought close to X on the side opposite to the rubber rod. Y'is
allowed to touch X and then is removed some distance away. The
rubber rod is then moved far away from X and Y. What are the final
charges on the spheres?
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y ) Example 7: (P)) y )
P,=(0,0.1m) | P,=(0.1m,0.1 m)
“ .
R=(0.1m)i
« 6 . . < 0 o .
@ P=0.0 g x a P 4, X
Example 7: fi=i
Two charges are fixed along the x-axis at x = -0.1 m and )
. . . 6

x =0.1 m as shown in the figure above with g, = 6 uC and _r9 o N-m (6X 107 C). 6 N
q, = -6 uC. Find the electric field due to both charges at E= krTer =(90x10 o (0.10 m)z 1 =|54x10 c !

P,,P,,and P;.
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Example 7: (P))
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Example 7: (P5)
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3
E,
En =E +E,

)2‘+ 483 x10° H)j
C

QlZz

E, =(9.66 x 10°

_ N\a
E,= -(5.4 x 10° E)]

3

E, =E +E, =(9.66 x 10° g)z -(4‘92 x 10° g);

Ep =501x 10° %4-79"

65

Example 7: (P5)
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2 -6
o N-m )(6x10 Cz)ﬁ =(].08X106 E)ﬁ
(¥0.05 m) C

E, =(1.08x106 E)(( 02m )i’+( 01m )J)
CA\W0.05 m 0.05m
E, =(9.66x 10° B)?+(4.83x 10° 5)}'
C C

o N’ (-6x10°C),
(0.10m)? ’

y

0,a) -¢ 0

Ty x
‘ (x,0)

0.-a) +q e

Example 8:

Three charges are fixed along the y-axis as shown in the
figure above. Find the electric field at point P on the x-
axis at a distance of x from the origin.
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Example 9:

Positive electric charge Q is distributed uniformly along a
line with length 2a, lying along the y-axis between y = -a
and y = a. Find the electric field at point P on the x-axis at
a distance of x from the origin.
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Example 9:
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Example 9: a
E - kxAy _ kxAa ’ kxl(—a) |
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| pe 0
N 47'[80x(x2 +a2),2
©,y) 8 )
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:ff::::f<: R
0 - 0ypt
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Charge distribution is symmetrical with
respect to the y-axis.
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Example 9:

a Axd
JdE, = fr—=2
Za (x +y ),2
E - }k Axdy _ } dy
X 3 3
Za (x2+y2) 2 ,a(x2+y2)x2
d
From integral tables: J ) 3= Y -+C
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Example 9: a —Ayd
fdE, = [k —==
-a (x +y )'2
E, =—k)»} ydy 5~ (Easy integral)

-“(xz + yZ),fz

E = %_}a(xz + yz)_% 2vydy

E = ﬂ(xz +1yz)"2 “_ ﬂ(xz ilaz)lz kA (xz i1612),*2
N CE N RER N e
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E le 9:
xample dq _ )\dy _ gdy
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E = } k)\.xidyy
-a ()Cz + y2)2
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Example 10:

A negative charge -Q is uniformly distributed around a
semicircle of radius a. Find the electric field at the center
of curvature P.
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Example 10:

y
-3
- -a ” a X Ja
dE = kd—?f= k}‘afef
-acosf r a
—asinf %: a PF= —acosi - asint) = —cosbi —sinfj
a
dE = 7440 (-cosbi -sin6))

2
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E: le 9:
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Example 10:
dE =k M?H (—cos@f - sinHj’)
a
E-= }k Mfe (-cos@f - sin@j’)
o a
E, = }k }\mjg (-cosB)
o a
E = }k)\mj (-sinB)
S0 a
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Example 10:

E = .’fk M?H (-cosB) = —@}cosﬂde (Easy integral)
0 a ao
E = —@sinﬁ = —@(Sinn -sin0) = —@(0 -0)
a o a a
E =0
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E, = }k M?B (-sin@)= —@}'Sinedﬂ (Easy integral)
T a ao
E, = k2 cosa| = @(cosn —cos0) = @((—1) -1)
a 0 a a
- -A
E - 2kA _ ( _ 1 )
’ a 2me a 4ge,
0 —Q)
E = A=_%
' 2mlea’ ( a
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Example 11:

A ring-shaped conductor with radius a in the y-z plane
carries a total charge Q uniformly distributed around it.
Find the electric field at a point P that lies on the axis of
the ring at a distance x from the origin.
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Example 10: ya
a
) -a x
P
Once again we have symmetry.
Example 10:
Y4
a
_Q R Q
i b=
2n°¢ea
-a P a X
Example 11: y

tdq

E, =0 because of symmetry.
E_= 0 because of symmetry.

E, is only component that is nonzero
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Example 11: y
tdg

x
d x
dE, = dBcos =k, 21X __ _j g
(*+a*)Vx’ +a (x*+a*)"
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P
> X
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Example 12:

A disk of radius R in the y-z plane has a positive charge Q
uniformly distributed on its surface. Find the electric field
at a point along the axis of the disk a distance x from its
center.
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xdq

dE =k 1
(x2 + az)"z

JdE, = [k
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Example 12: y
tdQ = 0dA = 027rdr= 2mordr

Using the result for a ring of charge

E -k 92X
* (x2 + az)’/z
dE, = ZTd)x

(x2 + rz)?’z
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Example 12: Example 12:
2mord | 7
dEX = k( JZOV zr))x E - —2nokx((x2 4 Rz)% _(xz +02)%)
X +r
R R E_ =2mokx| 1 1 ‘
E}c =fk(2nardr)f -2 kaf rdr | . (x2+R2)A
0 (X2+r2)' ()(_xz_'_rz)Z
R ) E, =27rc7k[1— - X - A]
E = mokx[ (x2 + r2)7"22rdr (x +R )
0
%R E =O[1 X ] 0 | x ]
) 2 n| 2me R h
E = nakx(x(:/j)) = —2Jrok>c((x2 + RZ)K -(x? +02)‘) £ (x2 +R2) e, (xz +R2)
| ) b
" 4e, 7R?
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E-Zli-— % 1§
280 (.X'2 + Rz)/z
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