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Electric field

Al electric field is a region around an electric charge where an electric force is experienced.
This can be mapped out by electrostatic lines of force.

A line of force is a line such that the tangent to it at any point is in the direction of the force
on a small positive charge at that point. Arrows are drawn the direction and these point from
positive towards or inwards to the negative charge. A collection of lines of force is called
an electric flux.

Electric field pattern

1. Isolated positive charge 2.Isolated negative charge

7

3. Two equal unlike charges

4.Two equal positive charges magnitudes

s

5.Two equal negative charges magnitudes

Cates

1 Sponsored by The Science Foundation College +256 753 80 27 09



6. Two equal oppositely charged parallel plates

++ ++ ++ +

Definition
1. A neutral point in an electric field is a point where the resultant electric field field
intensity is zero.

The force exerted on the charged body in an electric field depends on the charge on
the body and the intensity or strength of the field.

2. Electric field intensity or strength is defined as the force exerted on a positive charge
of 1 coulomb placed at a point in electric field
Therefore, electric field intensity, E is a vector quantity

E :g
The S.1I. unit of E is NC-1

Consider the diagram below
2 Q

>F

K Y|
N r 71

Placing a small charge Qo at point P, in an electric field, the force at P due to Q is given by
1 QQo
F=— x =22

41E r2

Electric field intensity, E, at P = Qi
0
__0

4TTENT2

Therefore electric field intensity, E, at a point due to charge Q is given by

Q

4TTET2

Note E is directed away from a positive charge and directed towards the negative charge.
Example 1

Find the electric field intensity at P

4uC -6uC

Q‘l QZ P \
o A d 7
K—=5cm —k—10cm—)

Solution
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4uC -6uC
Q, &

e VAN SRS
K—=5cm —k—10cm—)

Solution

E at P due to Q1

_9.0x10°x4x107°

- 5NC-L
EQi= Q5x1027 16 x 10°NC*(+)
E at P due to Q2

_9.0x10%x4x107° _ 5n -1
EQz= Qox10-22 - 54 x 10°NC (=)
EP = EQi- EQ:

= (16 X105 — 54 x 105)NC.

=38 x 10° NC1(+)

Example 2

+6.4uC -6.4uC +3.2uC
A B C P
L & & ]

¥k— 0.5cm —0.2cm ———0.3m A

Three point charges of +6.4uC, -6.4uC and +3.2uC are arranged in line at points A, B, and
C respectively as shown in diagram above. Find the electric field intensity at P.

Solution

E at P due to A (+6.4uC)

_9.0x10°x6.4x107°

Eapr 0?2

=5.76 x 10°NC1(+ )(repulsive)

E at P due to A (- 6.4uC)

_9.0x10°x6.4x107°

Egp = OE = 2.304 x 10°NC( «)(attractive)

E at P due to A (+3.2uC)

_9.0x10°x3.2x107°

— 5 -1 H
Ecr= 0372 = 3.2 X 10°NC*(»)(repulsive)

Ep = Ear - Esp + Ecp
= (5.76 x 10* -2.30 x 10° + 3.2 x 10°)NC™!

=1.472x OSNC'l(" )
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Hence the electric field at P is 1.472x 0°NC™ to the right

Example 3

P R S
L & ®
K 21cm |

Two point Charges P and S of -17.6uC and -9.0uC respectively are placed in a vacuum at a
distance of 21cm apart. When a 3™ charge R is placed midway between P and S as shown
in figure above, then, the net force at S is zero

0] Determine the charge on R
(i) Calculate the electric potential at position R.
(iif)  Sketch the electric field lines corresponding to charge distribution

Solution
Let the charge on R be Q

From

F= 1 x 2% \where 4# =9.0x10°

- 47T£0 r_z 71'80
Force on Sdueto R

_9.0x10°x9x107%xQ
Fsr= =
(10.5 x 10~2)

Forceon Sdueto P

Fep = 9.0x10°x9x107%x17.6 x 107°
sp=
(21x1072)2

Resultant forceon S=Fsp—Fsr =0

= Fsp =Fsr
9.0x10°x9x107%x17.6x107% _ 9.0x10°x9x107%xQ
(21x1072)2 (10.5 x 1072)2

_17.6 x 107 x (10.5x 1072)° _ i
Q= 2lx10-2) =4.4x10°C

Hence the charge on R = +4.4x 10°°C

(ii) Electric field potential, at a distance r fro charge D is given by

__9@

4TEYT

Electric potential at R due to S

9x10° x—9x 10~°
VRs = — =-7.71 x 10°V
10.5x 1072
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Electric potential at R due to P

_9x10° x-17.6 x 10~°

VRrp = ———=-151x 108V
x 10.5x 10
VR = VRs + Vrp
=-7.71x10°%+-1.51 x 10°
=-2.28 x 10V
Example 4
+5pC +6uC -20pC
Q1 Im }? 1l Q2 Q3
L H 1 H 4 J
k— 10cm € 10cm A

Calculate the electric field intensity midway between Q1 and Q2

Solution

Q

4TTE) T2

From E =

_9x10°x5x107° _ .
EQ1 at A due to Q1 (— W =18x 107NG—;( )

9x10° x 6 x 107°

o = 216 X 10'NC )

Eo, at Adueto Q2=

_9x10°x20x107°

Eq,at A dueto Qs = =8.0 x 10°NC1(—)

(15 x 1072)2

Ea = Eg,- Eg, *+ Eq,
=1.8x10"-2.16 x 107 + 8.0 x 10°
= 4.4 x 10°NC(—)

Example 5

Charges Q1 and Q2 of -5uC and +2.0uC respectively are placed at two opposite corners of
a rectangle of sides 5.0cm and 10.0cm as shown below

Q A
5cm
B
10cm Q,

Calculate the electric field at A
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Solution

N
Q P A
N
5cm
B
10cm Q,
_ _Q _ 1 _ 9
From= —— ,and E = =9.0x10
4-11’801‘ 4'77.'80

E at A due to Q1

_ 9x109x5x107% _ 61 ~-1
Eq, = “oxi1092 4.5 x 10°NC
E at A due to Q2

_9x10%x2x107% _ 6n 1 -1
Eq, = “Gri2 7.2x10°NC

7.2 x 10NC?
ax
R
0

4.5 x 105NC1 & A

R? = (4.5 x 10%)% + (7.2 x 10%)?
R =8.49 x 10° NC?!

7.2 x 10
4.5 x 10°

tan 0 =
0 =58°
Hence the electric filed intensity at A is 8.49 x 106 NC™* at 58° to the horizontal

Example 6

5cm 5cm

8cm
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Two point charges A and B of +10uC and +0.05uC are separated by a distance of 8cm
along the horizontal as shown above. Find the electric field intensity at P.

Solution

A L] B

I8Cf'l"|
sin 0 = %Z 0.6; cosg° = gz 0.8

E at P due to charge at A

=3.6 x 10°NC

E. =2 x10% x0.1x 107°
Q7T (5x1072)2

E at A due to charge at B

_ 9x109x0.05x107% _ 5n -1
Eq, = Gx10-2)? =1.8x10°NC

1.8 x 105NC- 3.6 x 105NC”

Resolving vertically

Ey = 3.6 X 10%sin 0 + 1.8 x 10°sin 0
= 5.4 x 10%sin0
=5.4x0.6=3.24 x 10° NC™!

Resolving horizontally

Ex = 3.6 x 10°cos 0 - 1.8 x 10°cos 0
=1.8x10°x0.8

=1.44 x 10° NC*
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3.24 x 105NC?
AN

2 1.44x 105NC"
R2 = (1.44 x 10%) + (3.24 x 105)?2

R =3.55x 10° NC™!

0 = 66°

Hence the electric field intensity at A is 3.55 x 10°NC™ at 66° to the horizontal

Example 7
+1uC P
[ ] ' L]
—+ -+ 0.2cm
[ ] | [l
~+/8uC +1uC
Solution
Es
AN
+1puC
——F—E
450
— En  —+0.2cm
A | B
AP?2=0.22+0.22
AP =+8x10'm
E at P due to charge at A

9x10° x /8 x 107°

e 3.18 x 10°NC™!
X

EA=
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E at P due to charge at B

9x10°x1x107°

, = 07 =2.25x 10°NC™?

Eq

E at P due to charge at D

9x10°x1x107% _ .
EQZ = T =2.25X 105NC 1

2.25x 10°NC?

2.25 x TO3NC?

3.18 x 10°NC”

Resolving vertically

Ey =2.25x 10%—3.18 x 10°sin45° = 1.4 x 10°NC*
Resolving horizontally

Ex = 2.25x 10° — 3.18 x 10°sin45° = 1.4 x 10°NC*

1.4 x 102NC?
N

> 1.4 x 102NC"
R2 = (1.4 X 102)2 + (1.4 x 102)?
R =1.98 x 102 NC™.

1.4 x 102
1.4 x 102

tan 0 =
0 =450

Hence the electric field intensity at P is 1.98 x 102 NC™ at 450 to horizontal

9 Sponsored by The Science Foundation College +256 753 80 27 09



Example 8

Two point charges are separated by 10cm in air as shown

P

20cm

4uC 10cm -4uC

Solution

4uC 5cm Scm -4pC

E at P due to charge at A

9x10° x4 x107°
(20 x 1072)2

E, = = 9 x 105NC™

E at P due to charge at B

9x10° x4 x107°
(20 x 1072)2

Ep = = 9 x 105NC™

9 x T05NC1

9 x 105NC?

Sina = @; cos a=— = 0.25
20 20
Resolving vertically
Ey = 9 x 10°NCIsina - 9 x 10°NCsino. = 0
Resolving horizontally

Ex = 9 x 10°NCcosa + 9 x 10°NCcosa
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=18 x10°x.25=4.5x 10°NC!
R? = (4.5 x 10%)?2 + (0)?

R=45x10°NC*

0
4.5x105

tan 0 =
6 =00

Hence the electric field intensity at P is 4.5 x 10° NC™* at 0° to the horizontal

Example 9
+3.8uC
A
12cm
13cm
C
5cm
B
+5.2uC

Two points +3.8uC and -5.2uC are place in air at points A and B as shown. Determine the
electric field intensity at C

Solution
+3.8uC
A
12cm
13cm
5cm
B Ea
EB{S.ZpC

E at C due to charge at A
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9x10° x3.8x10°°
(12 x1072)2

E,= =2.38 x 10°NC™!

E at C due to charge at B

9x10° x5.2x10°°

Eg = =1.87 x 10’'NC™!

(5x1072)2

2.38 x 105NC?
tan a = %; 0a=22.6 tanb =1?2; 0=67.4
Resolving vertically;
Ey = 1.87 x 107sin 22.6 + 2.38 x 10°%sin 67.4
=9.39 x 10°NC™?
Resolving horizontally
Ex = 2.38 x 10%c0s67.4 - 1.87 x 107cos 22.6
=9.16 x 106 — 1.73x107

=-1.64 x 10'NC™*

1.64x 10NCT &

A4
9.39 x 105NC-

R2 = (1.64 x 107)2 + (9.39 x 10°)?

R=1.89x 10'NC*

6
tan 0 = 232X 107
1.64 x 10
0=29.79°

Hence the electric field intensity at C is 1.89 x 10’NC acting at 29.7° to horizontal.
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Example 10

3cm

+4%x10°C  4cm +3x108C

Three charges of -3 x 10°C, +4 x 10-°C and +3 x 10°C are placed at vertices A, B, C
respectively of a rectangle ABCD of side 3cm x 4cm as shown. Calculate the resultant
electric field intensity at D

Solution
Ec
Es
-3x10°C E,A /
Af ~
i Scm,"".' .
3am i

B i ic
+4x10°C  4cm  +3x10°C

E at D due to charge at A

9x10°x3x10~°
(4 x1072)2

E, = = 1.69 x 10°NC™

E at D due to charge at B

9x10% x4 x107°

— 4 -1
rime— = L44x10'NC

EB=

E at D due to charge at C

_ 9x10°x3x1078 _ 5N -1
Ec = —Griomz— - 30X 10°NC
3.0 x TOSNC™
1.44 x T0*NC?
1.69 x 10°NC" & S E—
sinf="2= 0.6; cosf===0.38
5 5
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Resolving vertically;

Ey = 3.0 X 10° + 1.44 x 10%sin 0
=3.0864 x 10° NC*

Resolving horizontally

Ex =-1.69 x 10*+ 1.44 x 10%*cos 0
=-1.69 x 10*+ 1.44 x 10*x 0.8
= -5380NC*

3.0864 x 10°NC™

a1 &
538 x 103NC" & D

R2 = (3.0864 x 10°)? + (53802
R = 3.09 x 10°NC!

3.0864 x 10°
tan @ = ——
5380

9 =899
Hence electric field intensity at D = 3.09 x 10°NC* at 89° to horizontal

Field strength and charge density
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