 واﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ ﻫو اﻟﺤﻴز اﻟﻤﺤﻴط ﺒﺎﻟﺸﺤﻨﺔ اﻟﻛﻬرﺒﻴﺔ،ﻓﻲ ﻫذا اﻟﻤﺤﺎﻀرة ﺴﻨﻘوم ﺒﺈدﺨﺎﻝ ﻤﻔﻬوم اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ اﻟﻨﺎﺸﺊ ﻋن اﻟﺸﺤﻨﺔ أو اﻟﺸﺤﻨﺎت اﻟﻛﻬرﺒﻴﺔ
 ﻛذﻟك ﺴﻨدرس ﺘﺄﺜﻴر اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ ﻋﻠﻰ ﺸﺤﻨﺔ ﻓﻲ ﺤﺎﻟﺔ أن ﻛون اﻟﺴرﻋﺔ اﻻﺒﺘداﺌﻴﺔ ﺘﺴﺎوي ﺼﻔ اًر وﻛذﻟك ﻓﻲ ﺤﺎﻟﺔ.واﻟذي ﺘظﻬر ﻓﻴﻪ ﺘﺄﺜﻴر اﻟﻘوى اﻟﻛﻬرﺒﻴﺔ

.ﺸﺤﻨﺔ ﻤﺘﺤرﻛﺔ

The gravitational field g at a point in space was defined to be equal to the gravitational force F acting on a
test mass m o divided by the test mass
R

R

In the same manner, an electric field at a point in space can be defined in term of electric force acting on a
test charge q o placed at that point.
R

R

Definition of the electric field
The electric field vector E at a point in space is defined as the electric force F acting on a positive test charge
placed at that point divided by the magnitude of the test charge q o
R

The electric field has a unit of N/C

 وﻗد ﻴﻛون ﻫﻨﺎك ﻤﺠﺎﻝ،3.1  ﻛﻤﺎ ﻫو ﻤوﻀﺢ ﻓﻲ اﻟﺸﻛﻝq o  ﻫو ﻤﺠﺎﻝ ﺨﺎرﺠﻲ وﻟﻴس اﻟﻤﺠﺎﻝ اﻟﻨﺎﺸﺊ ﻤن اﻟﺸﺤﻨﺔE ﻻﺤظ ﻫﻨﺎ أن اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ
R

R

 ﻋﻨد أﻴﺔ ﻨﻘطﺔ ﻓﻲ اﻟﻔراغ ﻫو وﺴﻴﻠﺔ ﻟﺤﺴﺎب اﻟﻤﺠﺎﻝq o  وﻟﻛن وﻀﻊ اﻟﺸﺤﻨﺔq o
R

R

R

R

ﻛﻬرﺒﻲ ﻋﻨد أﻴﺔ ﻨﻘطﺔ ﻓﻲ اﻟﻔراغ ﺒوﺠود أو ﻋدم وﺠود اﻟﺸﺤﻨﺔ

.اﻟﻛﻬرﺒﻲ ﻤن ﺨﻼﻝ اﻟﻘوى اﻟﻛﻬرﺒﻴﺔ اﻟﻤؤﺜرة ﻋﻠﻴﻬﺎ

The direction of E
If Q is +ve the electric field at point p in space is radially outward from Q as shown in figure 3.2(a).
If Q is -ve the electric field at point p in space is radially inward toward Q as shown in figure 3.2(b).

 وﻴﻛون اﺘﺠﺎﻩ اﻟﻤﺠﺎﻝ ﻋﻨد ﻨﻘطﺔ ﻤﺎ ﻟﺸﺤﻨﺔ،3.2(a) ﻴﻛون اﺘﺠﺎﻩ اﻟﻤﺠﺎﻝ ﻋﻨد ﻨﻘطﺔ ﻤﺎ ﻟﺸﺤﻨﺔ ﻤوﺠﺒﺔ ﻓﻲ اﺘﺠﺎﻩ اﻟﺨروج ﻤن اﻟﻨﻘطﺔ ﻛﻤﺎ ﻓﻲ اﻟﺸﻛﻝ
.3.2(b) ﺴﺎﻟﺒﺔ ﻓﻲ اﺘﺠﺎﻩ اﻟدﺨوﻝ ﻤن اﻟﻨﻘطﺔ إﻟﻰ اﻟﺸﺤﻨﺔ ﻛﻤﺎ ﻓﻲ اﻟﺸﻛﻝ

Calculating E due to a charged particle
Consider above, the magnitude of force acting on q o is given by Coulomb’s law
R

R

3.5 To find E for a group of point charge
To find the magnitude and direction of the electric field due to several charged particles as shown in figure
3.3 use the following steps

) (1ﻨرﻗم اﻟﺸﺤﻨﺎت اﻟﻤراد إﻴﺠﺎد اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ ﻟﻬﺎ.
 ،pﻴﻛون اﺘﺠﺎﻩ اﻟﻤﺠﺎﻝ

) (2ﻨﺤدد اﺘﺠﺎﻩ اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ ﻟﻛﻝ ﺸﺤﻨﺔ ﻋﻠﻰ ﺤدﻩ ﻋﻨد اﻟﻨﻘطﺔ اﻟﻤراد إﻴﺠﺎد ﻤﺤﺼﻠﺔ اﻟﻤﺠﺎﻝ ﻋﻨدﻫﺎ وﻟﺘﻛن اﻟﻨﻘطﺔ

ﺨﺎرﺠﺎً ﻤن اﻟﻨﻘطﺔ  pإذا ﻛﺎﻨت اﻟﺸﺤﻨﺔ ﻤوﺠﺒﺔ وﻴﻛون اﺘﺠﺎﻩ اﻟﻤﺠﺎﻝ داﺨﻼً إﻟﻰ اﻟﻨﻘطﺔ إذا ﻛﺎﻨت اﻟﺸﺤﻨﺔ ﺴﺎﻟﺒﺔ ﻛﻤﺎ ﻫو اﻟﺤﺎﻝ ﻓﻲ اﻟﺸﺤﻨﺔ رﻗم ) .(2
) (3ﻴﻛون اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ اﻟﻛﻠﻲ ﻫو اﻟﺠﻤﻊ اﻻﺘﺠﺎﻫﻲ ﻟﻤﺘﺠﻬﺎت اﻟﻤﺠﺎﻝ

E p = E 1 + E 2 + E 3 +E 4
R

R

R

R

R

R

R

R

R

) (4إذا ﻛﺎن ﻻ ﻴﺠﻤﻊ ﻤﺘﺠﻬﺎت اﻟﻤﺠﺎﻝ ﺨط ﻋﻤﻝ واﺤد ﻨﺤﻠﻝ ﻛﻝ ﻤﺘﺠﻪ إﻟﻰ ﻤرﻛﺒﺘﻴن ﻓﻲ اﺘﺠﺎﻩ ﻤﺤوري  xو y
) (5ﻨﺠﻤﻊ ﻤرﻛﺒﺎت اﻟﻤﺤور  xﻋﻠﻰ ﺤدﻩ وﻤرﻛﺒﺎت اﻟﻤﺤور .y

E x = E 1x + E 2x + E 3x +E 4x
R

R

R

R

R

R

R

R

R

E y = E 1y + E 2y + E 3y +E 4y
R

R

R

R

R

R

R

R

R

) (6ﺘﻛون ﻗﻴﻤﺔ اﻟﻤﺠﺎﻝ اﻟﻛﻬرﺒﻲ ﻋﻨد اﻟﻨﻘطﺔ اﻟﻔراغ ﻫﻲ

) (7ﻴﻛون اﺘﺠﺎﻩ اﻟﻤﺠﺎﻝ ﻫو

Electric field lines

The electric lines are a convenient way to visualize the electric filed patterns. The relation between the
electric field lines and the electric field vector is this:
(1)

The tangent to a line of force at any point gives the direction of E at that point.

(2)

The lines of force are drawn so that the number of lines per unit cross-sectional area is

proportional to the magnitude of E.

Some examples of electric line of force

Electric field lines due to -ve charge

Electric field lines due to +ve charge

Electric field lines due two surface

Electric field lines due to +ve line

charge

charge

shows some examples of electric line of force

Notice that the rule of drawing the line of force:(1)

The lines must begin on positive charges and terminates on negative charges.

(2)

The number of lines drawn is proportional to the magnitude of the charge.

(3)

No two electric field lines can cross.

3.7 Motion of charge particles in a uniform electric field
If we are given a field E, what forces will act on a charge placed in it?
We start with special case of a point charge in uniform electric field E. The electric field will exert a force on
a charged particle is given by

F = qE
The force will produce acceleration

a = F/m
where m is the mass of the particle. Then we can write

F = qE = ma
The acceleration of the particle is therefore given by

a = qE/m

If the charge is positive, the acceleration will be in the direction of the electric field. If the charge is negative,
the acceleration will be in the direction opposite the electric field.
One of the practical applications of this subject is a device called the (Oscilloscope) See appendix A
(Cathode Ray Oscilloscope) for further information.

The electric dipole in electric field
If an electric dipole placed in an external electric field E as shown in figure 3.14, then a torque will act to
align it with the direction of the field.

t = P E sin q
where P is the electric dipole momentum, q the angle between P and E
(q= 0 , p )  ﻋﻨدﻤﺎ ﻴﻛون اﻻزدواج ﻤﺴﺎوﻴﺎ ﻟﻠﺼﻔر وﻫذا ﻴﺘﺤﻘق ﻋﻨدﻤﺎ ﺘﻛونequilibrium ﻴﻛون ﺜﻨﺎﺌﻲ اﻟﻘطب ﻓﻲ ﺤﺎﻟﺔ اﺘزان

 ﻷﻨﻪ إذا أزﻴﺢ ﺒزاوﻴﺔstable equilibrium  ﻓﻲ وﻀﻊ اﺘزان ﻤﺴﺘﻘرdipole  ﻴﻘﺎﻝ إن اﻟـq= 0  ﻋﻨدﻤﺎi3.15 ﻓﻲ اﻟوﻀﻊ اﻟﻤوﻀﺢ ﻓﻲ اﻟﺸﻛﻝ
unstable  ﻓﻲ وﻀﻊ اﺘزان ﻏﻴر ﻤﺴﺘﻘرdipole  ﻴﻘﺎﻝ إن اﻟـii3.15  ﺒﻴﻨﻤﺎ ﻓﻲ اﻟوﻀﻊ اﻟﻤوﻀﺢ ﻓﻲ اﻟﺸﻛﻝ،q0= ﺼﻐﻴرة ﻓﺎﻨﻪ ﺴﻴرﺠﻊ إﻟﻰ اﻟوﻀﻊ
.q=p  وﻟﻴسq 0=  وﻴرﺠﻊ إﻟﻰ اﻟوﻀﻊdipole  ﻷن إزاﺤﺔ ﺼﻐﻴرة ﻟﻪ ﺴوف ﺘﻌﻤﻝ ﻋﻠﻰ أن ﻴدور اﻟـequilibrium
.

