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THE ELECTRIC FIELD

Michael Faraday (1791-1867) :

The electric field exerts an electric force on any other charged object within the
field.
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A small object with a positive charge qo 0
placed near an object with a p + + +
s : : f A Ty
larger pOS.ItI\-/e cha.rge Q is subject to i | D
an electric field directed as shown. .t '
eel
The Electric Field, Test charge

I(l

produced by a charge Q at the location of a small “test” charge go is
defined as the electric force exerted by Q on go, divided by the test

charge qgo. U
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- According 4 ks to Coulomb’s law, the magnitude of the electric force of the
charge g on the test char
4ll90]

=k, 2

And as electric field at the position of the test charge is defined as

‘ force
fleld strength = ——
charg
¢/ E = F/qo,
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we see that the magnitude of the electric field due to the charge g at the position
of go is:

=

The unit: newton per coulomb (N/C)
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(a) If +q is positive, the /,;”/ P
electric field at P .-'"i‘)*’/
points radially (a)
outwards from g.
(b) (b) If -g is negative, 90
the electric field at P /;'
points radially g - E
\ inwards toward g. - o) j
Q;
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ELECTRIC FIELD LINES  LoeSt Jladd) o glad ailiad

1. The electric field E._vector is tangent _to the electric field lines at each point
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2. The number of lines per unit area through a surface perpendicular 4:5<to the lines is
proportional to the strength of the electric field E in a given region.

LeSH Jlaall 523 Jic dalual 32 51 Ja ghaal) o3a
3. E is large when the field lines are close together and small when the lines are far apart.
4. The number of lines drawn leaving ¢« z_&3a positive charge or ending «is0n a negative
charge is proportional to the magnitude of the charge.
5. No two field lines can cross each other. e bl shaall ahla ¥
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The electric field lines
for a point charge of
2qg and a second point
charge of q.

Note that two lines
leave the charge 2q
for every line that
terminateson q.




Calculation of Electric Field E

To calculate the E for many point charges g1, g2, g3, ...atr1, r2, r3, ...from p as
shown in figure.

We have to calculate the E1, E2, E3, ...... for each charge alone.

Then the total E is the sum for all charges.

F .
R L. .
F, || / 3 Total force F=F, + F5 4 --- + Fy
ri p \'.,;ff’ﬂ ' The electric field 1s defined as
ql _"‘.I'I"{'Ir“
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g3 g
E = E1+ E2+ E3+E4 . |
E-field due to a single charge g;:

But if we have continuous charges distribution Sbaic a8l x5 o) &)

It must chose an element dq as a point charge, then the E can be calculated from p as
shown in figure.
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Problem:

Charge q1 = 7.00 uC is at the origin, and charge g2 =-5.00 uC
is on the x-axis, 0.300 m from the origin (Figure).

(a) Find the magnitude and direction of the electric field at
point P, which has coordinates (0, 0.400) m.

(b) Find the force on a charge of 2 X 1078 placed at P.

0400 m \\[}.5{][} I
.
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Solution " 4 0300 m -
. q1 g
(a) Calculate the electric field at P
— |l . (7.00 X 107°C)
' » magnitude 1 Ei=kh = (8.99 X 109 N-m?%*/C*
Find the magnitude of E; 1 2 ( m~/C7) (0.400 m)2
= 393 X 10° N/C
The vector El is vertical, making an angle of 90° with E.=Eycos (90°) =0
respect to t]::llf_' positive x-axis. Use this fact to find its Ery = Ey sin (90°) = 3.93 X 105 N/C
COMPONCNts:
— 5.00 X 1075 C
Next, find the magnitude of Es, ; Iy =k, |¢i| = (8.99 X 10° N-m*/C?) © - 7 )
= To~ (0.500 m)~

S

= 1.80 X 10° N/C

Obtain the scomponent of Es, using the triangle in Fig- cosf =
'to find cos &

0.300 )
0.500 0.600

Ese = Escos 8 = (1.80 X 10° N/C) (0.600)
= 1.08 ¥ 10° N/C



,Ollun_n the y-component in the same way, buta_
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( minus sign has to be pro\idcd for sin 0 because lhis\,

Sum the x-components to get the x-component of the
resultant vector:

Sum the y-components to get the y-component of the
resultant vector:

Use the Pythagorean theorem to find the magnitude of
the resultant vector:

The inverse tangent function yields the direction of the
resultant vector:

{b) Find the force on a charge of 200 X 107 C placed
at P,

Calculate the magnitude of the force {the direction 1s
the same as that of E because the charge is positive ).

0.400
0.500
Eg, = Eysin = (1.80 X 10> N/C)(~ 0.800)
= —1.44 X 10N/C

= ().800

sinf =

E = Ey, + Eo, = 0+ 1.08 X 10°N/C = 1.08 X 10°N/C

Ey= Eyy+ Eoy =0+ 393 X 10°N/C - 1.44 X 10°N/C
E =249 X 1°N/C

E=\EZ+E?= 271 X 10°N/C

13,) g ( 2.49 X 10°N/C
= 1an

3 -1 e -
e ( 1.08 X 10° N/C

= 66.6°
)

F=Eg= (271 X 1*N/C) (2.00 X 1078
= 542X 10N
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Point Charge in E-field

When we place a charge q in an E-field E, the force exerted by the charge is: F=qE=m a
Applications: Ink-jet printer, TV cathode ray tube.

Example: Ink particle has mass m, charge g. Assume that mass of ink-drop is small, what’s
the deflection d of the charge?
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First, let the charge carried by the ink-drop is negative,
Horizontal motion:  liliasa () K8 avall e 3 fisall (g 68l) Jalats

Net force =0 g Paper
S X=V t Input
signals D
atz eE tz t—)“ E+++++++++++-ﬂ >
Vertical motion: = = - |— 7
y 2 2m g //ld
2 Drop 0
eE x Generato u '
Y= 2m v? G ¢ -
. . ) L . Deflecting
S c):.s FAK\PPA =Y @Lﬂ)@ﬁ\ Jadl = Gl g ySIYI jlise Jiad Aalaal) 524 g plates
| TNV [ WY I U VN
dy 2eEx eEL
tanf=—= =—, . (1)
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Electric Dipole : System of equal and opposite charges separated by a
distance d.
The number of lines that begin at the positive charge must equal the

number that terminate at the negative charge.

Electric Field duo to Electric Dipole : ; d ; I
> |
g d +q |

Dipole in E-field

much mora
common than Electric i used
isolated Dipole to describe

when placed is |m|;:|::-rtant Polarization
is c:haracta nzed in an of Dielectric

Electric
DIPDIE Malecular for applmatlun
M t - Dipole Moments
omen expereances

- Torque on like that
Electric Field Dipole T Water
of a Dipole Molecule
and

possassas

Potentlal of Energy of . .
Electric Dipole Concepts
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Example: E
Find (E) duo to a electric diploe at the point P and
at the point Q then in the point 0. as shown in the

figure.

E2

1 q -

0 (x,y)

At point P the (E) duo to +q E1 =

4me, (r—a)? E

1 _q A
4me, (r+a)?

At point P the (E ) duo to —q.: E2 =

E =E1+E2
r_ _1 a _q
E= 4me, [(r—a)2 (r+a)2]
= 4
F—_41 ra ]

4me, [(rz_az)z
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