3-1: The Electromagnetic Force:

The electromagnetic force consist of an electric
force (F, ) and a magnetic force (F,). The electric force is similar to
gravitational force, but with a major difference:

(1). The source of gravitational force is mass, while the source of electric force is electric charge

(2). Both type of forces vary inversely as the square of the distance from the respective sources.

(3). Electric charge may have positive or negative polarity, whereas mass does not exhibit such a
polarity.

Electric charge exhibits two important properties:

(1). The law of conservation of electric charge; which states that [ the net
electric charge can neither be created nor destroyed]. If a volume contains (n, )
protons and (n, ) electrons, then the total charge is:



(2). The principle of linear superposition, which states that, [ the total vector
electric field at a point in space due to a system of point charges is equal to the
vector sum of the electric fields at that point due to the individual charges]

E,=E,+E,+E,+E,+ ————— +E,
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3-2: Charge and Current Densities:

In electromagnetic, we encounter various
forms of electric charge distributions and if the charges are in motion they
constitute current distributions. Charge may be distributed over a volume of
space, across a surface or along a line.

3-2-1: Charge Densities:

(V)Group of point charge: which is defined as the sum of the total point
charges distributed non-uniformly over a given space :

Qt :Q1+Q2 +Q3+____QN :ZQk

(Y)Line Charge Density: is defined as the total charges per unit length, which
Is distributed uniformly over a segment of line which need not be straight :

_dg » I
PL —dl or Q_JPL di

(3). Surface Charge Density: is defined as the total charge per unit area,

which is distributed uniformly across the surface of a material:

dq
Ps :E or Q:jps ds



(4). Volume Charge Density: is defined as the total charge per unit volume,
which is distributed uniformly over a volume of a given space:

++++

Example: Find the total charge contained in a cylindrical volume defined by :
p<2m and 0<z<3m .if p =10zp (MC/m®) 7
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Q=10 (27]\2 @) (%j\j —20—”(9 0)x (8- 0)

Q=2407 (C/m°®)




Home Work:

Q1 /Find the total charge contained in a cone defined by
r<2mand 0<@<45 giventhat:p, =20r" cos’6 (mC/m’)

Q2 /If the line charge density is given by p, =12 y* (mC/m)
Find the total charge distributed on the y-axis from y=-5 to y=5?

Q3 /Find the total charge on acircular disk defined by: p<a and z=0if:

a.p, =p sing (C/m?) b. p,=p, sin*¢ (C/m?)

c. p,=p.e" (C/m?) d. p.=p.e’sin’g (C/m?)



3-2-2: Current Densities:
Consider a tube of charge with volume charge density (#v ), as shown
in figure below. The charge are moving with a mean velocity (U ) along the axis of the tube. Over a

period (A) | the charges move a distance (Al=UAt) | then the amount of charge that crosses the
cross-sectional (4s) is:

AQ=p, AV=p, AlAS =p, U At AS —————— @]
However, when the surface direction is not in parallel with( U ) then: -
AQ=p,U-8, ASAt —————— (2)
| | AQ_ Lo =
Then the corresponding current is : Al ZZ’[ZPV u-a, AS=J-As ————— (3)

Where, ( J=p,T ), is defined as the current density in ( A/m?) , for arbitrary surface (S), the total
current flowing through it is then given by: | — jCTS’

ASP

ah

=P UASAL
AP Aq = p,uzAsAt
= p, U AsAr cos 6

[+—Al—|

(a) (b)




(1). Convection Current Density ( J,=p,0 ): is defined as a current which
produced due to a movement of charged particle through a vacuum, air, or
non-conductive media such as ( beam of electron in a cathode ray tube or
TV-screen).

(2).Conduction Current Density ( J. =@E ) :is defined as a current which
produced due to a movement of electrons through conductive media in
response to an applied electric field such as ( the flow of current in Copper
wires). It is given by the point form of Ohm’s law as:

(7). Displacement Current Density ( jd =‘%D ) . is defined as the time varying

electric field phenomenon that allows current to flow between the plates of a
capacitance.



3-3: Force Between point Charges:

The electrostatic study begins with the
first reported experiment of Coulomb’s law in 1785 [French Colonel]. It deals
with the force of point charge exerts on another point charge. The results of the
experiments are expressed in Coulomb’s law which states that: The force
between two stationary point charges Q, and Q, is:

(1). along the line joining them,
(2). directly proportional to the product of charges Q1 Q2,

(3). inversely proportional to the square of the distance (R) between them.

)\ F12
. . . r ;—I_ -
Where mathematically is expressed as : \//,, 4 E,
P g ) T s
dre R? X | +0
F2l (a) Q| (b)
F=k Ql?Z d, , where k = =9x10° (N.m*/C?)
R dre.
10_9 12
g, = : (F/m)=28.85x10"° (F/m)
T



If point charges Q, and Q, are located at points having position ved; and r
, then the force (IE12 )on Q, dueto Q, is given by: £ _leQz .
12 =

2 R, (2)
12
R12 =, -n ‘R12‘ - R12
A Iilz C -
R,  |= F,=-F;
Ry




Example(2): Two point charges, Q, =504C and Q, =104C , arelocated at
(—]_,]_,—3)m and (3,1,0)m respectively, find the force on ( Q,)?

Solution:

_Q0Q ,

21 — 2 R21
AdreR,,

TH

Where, §21 =(-1-3)a, +(@1-Da, +(-3-0)a, and ‘Rm‘ :\/(—4)2 +(0)° +(-3)° =5m

é _ X Z
R21 ‘RZl‘ 5

-12 . A A
|321:9><1095OX12;10 ( 4ax5 3az)

F,,=0.18(-0.84,-0.64,) N



Home Work:
Q,/ Two point charges,Q =250 . and Q, =-300 .C are located at(50,00m and (0,0-5)m
, respectively. Find the forceon Q, ?

Q,/ Determine the force on a point charge Q =50 4C located at (0,0,5)m
due to a point charge (Q =500z 4C located at the origin ?

Q./ Three point charges, each wiQ =3 nC

are located at the corners of a triangle in the Z-plane with one corner at (2,0,0)m

the origin , another at, and the third at (0,2,0)m. Find the force acting on the
charge located at the origin ?

Q4 [Four point charges, each with Q=20 4C areonthex andy axes at T4
Find the force exerted by these charges on al100 4C point charge located at (0,0,3)m

Q5 /Ten identical charges of(¢++) puC <each are spaced equally around a circle of
radius( Y)m .find the force on a charge of (Y+-) uC located on the axis (Y <) from
the plane of the circle ¢

Q6/ Identical charges of Q(C) are located at the eight corner of a cube with a side

I(m) . Show that the coulomb force on each charge has a magnitude of

( 3.29 Q° N )
4re |?




3-4: Electric Field Intensity:
In the case of the gravitational field of a

material body, we define the gravitational field intensity as the force per unit
mass experienced by a small test mass placed in that field. In a similar manner
the force per unit charge experienced by a small test charge placed in an

electric field is known as electric field intensity (E)

Alternatively, if in a region of space, a test charge ( q ) experiences a force (F) ,
then the region is said to be characterized by an electric field (E) of intensity

given by: E 1 q
g 4re R
dE =E=4 - % 4, ————pointchareg
q 4are,
dE =1 ZN:q" 4, ————Group of charge
472'80 k=1 sz R«
dE = 7 - p|;2d| 4, ————Linechargedist.
TE,
dE = y L p;SIs 4, ————surfacechargedist.
TE.
dE = 7 - 'OE?V 4, ———-Volumechargedist.
&,




3-4-1: Electric Field due to a Group of Charges:

The electric field intensity of (N) point
charges at a given point in space is equal to the vector sum of the electric field
intensities (E) due to each charge acting alone, and is given by:




Example(3): A positive charge (Q,=10°C) is located on the y-axis at (y=2) and a
charge (Q,= - 10°C) is located on the y-axis at (y=-2). Find the total force and

electric field intensity on a small positive test charge (Q,) located at point
(10,0,0).

t:ﬁ1+F2
— Qth A — Qth A
F,=——-4; and F,=——"—"-a
. 47Z'8R12 " ? 472'8R22 "z Z
=(10-0)a, +(0-2)a, +(0-0)a, =104, - 24,
=(10-0)a, +(0+2)a, +(0-0)a, =104, +2a,
. R, 10&,-23, | R, 104, +2a,
a a == =
‘R \ J104 " ‘RZ‘ J104 o, o,
- Y
y:-2 y=2
P [ L (104, - 24 )+Q2 (104, +24,) R, R
t 1
472-80 Rl 2 Qt
g :9><109 x107° Q, (_4 4 ) x P (10,00)
t 104+/104 ’
_ 36 _. F
L = ——Qt éy and E:E
104 /104 Q
Then: E:——36 a

104 /104



Example(4): Find the total electric field intensity at the origin due to a (10-8C)
charge located at the point (0,4,4) and a (-0.5 *10®)C charge located at point

(4,0,4).

_btzl_:’1+|_:>2

"1: QthzéRl and F _ QZQtzé‘
AreR; dreR,

R, =(0-0)4, +(0-4)4, +(0-4)4, =—44, 44,

R,

Q>
0

|

t

|

=(0-4)a,+(0-0)a, +(0-4)a, =-4a, —4a3,

R, -44,-44, . R, -44 -4

TR VB TR W

Q | _ _
(R(4a 4a)+R(4a 4a)J

Adre \ R ;

9x10° x10°° Q

(-4a,—4a,+24, +24,)

: 32+/32
- 9OQ A A o —
w R= —(2a,-44,-2a,)N and E=
t 32\/3_2( X y z)
= 90Q . A .
Then: E= — (23, -44a,-24,) (N/C)

32 /32

F
Q

P, (4,0,4)




3-4-2: Electric Field Intensity of a Uniform Line Charge Distribution:
The uniform

line charge distributions may be exist as straight line or curves. In the following
the electric field intensity of a straight and circular (or ring) line charge
distribution are determined with the help of vector calculus:

(1). Find the electric field intensity at the Z=0-plane due to a straight line charge
distributions (p,) located on the z — axis

_ z
Solution: f

I gl=  +00h
dE, =dE, +dE, -~ ——————— @ dg=p dl =p dz i +)

) dq . dg . N . dE
dE = dp, T —/— ——dp, —— ——"—T T —F————— — 2 h +

' 4reR; 4reR; " (@) | )
_ ~ A R, pda —-ha ]
R,=p4a,-ha, ‘Rl‘: /,02+h2 aRl_‘ﬁl‘: p2+h2 +

1 P i
. i X R, p4a +ha i
S L e S S -i-
2 P .+-

£ A sz (pd,+ha,) +sz (pd,-ha)| 3 :

t 4 2 2\3/2 2 2\3/2

TE % (:0 +Z ) 0 (:0 +Z ) P l2 ,02 SeCZH de D 12
let: z=ptand , dz=psec’0do E=47['8 j p3 sec? 9 Apz 47”1, p(Sine) . ép
o —7l2 °
E-—2 4 oringeneral E-—2_4
27we, p 2rer



(2.) Find the electric field intensity on the z—axisS due to aline charge which is uniformly
distributed over aring with radius (b) located on the z=0-plane

Z
dE, =dE, +dE, ———————— 1) dg=p_dl =p, bdg Ent o O
- dq R dq R “‘.:
dE, = a g, ———————————— 3 $ Ooh
' A4rze R’ R1+4ﬂ'6‘ R2 " ®) F_é S0
) . R -ba +ha S 1D
R,=-ba, +ha, (N R T W B Rl R
‘RJ b? +h? : ‘
R, ba, +ha . v
= — ar
R, =ba, +ha, R,|=vb*+h* &, =—2=— (.90
R,| +b?+h? \
dl=p
do
X
. %~ bdg (-ba_ +ha hdg (b4 +ha
dE, = A _[ ’ g 2p3/2 2 _[ ¢2( pz 3/2 2 (3)
dre, |y (b*+2z9) (b°+2z9)
27
_, bhd . bh . bh .
E=—12! j 2 2¢3/2 a, = £ T 7vez (27)a, = 2 2 ez A
Aze. 3 (b7 +h?) 4rzs. (b%+h?) 2 & (b +h?)
_. Qh A
=2z pb , then E= a
Q pl 472'50 (b2 +h2)3/2 z
and at the center of the ring (h=0) E :Q—Séz
Adre b

while at (b =0) E:Q—zéz as of point charge
4re h



3-4-3: Electric Field Intensity of a Uniform surface Charge Distribution:

Find the electric field intensity at point P(O, 0, h) in free space at a height (h) on the el
due to a circular charge disk of radius (a) placed in the (xy — plane) or z =0 plane

with uniform charge density ps and then evaluate (E) for the infinite sheet case by letting @ —> o0

= dg . p.ds
dE=—— 4 =—F" 3 and ds=pdpd
tre R e ROR pdpdg ‘ N
A h4 dEl» 2
_ - —pd_+Nna
R=-p4, +h, \R\:,/puzz a, - L%

Jpt+ 72 (00h %

Due to symmetry the component of electric field intensity
along p—axis) or (4,)—component cancel each other, and then:
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p hdpdg . pgh - A

=47zg '”(/0 +h?)3"? Z_? .[,0 (p"+ %) dpd,
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D h>< 1 1

—x
2¢, 2 -1/2 (p*+h?)*"?

m
Il

a_p, 11 4

o 2¢ | h /a2+h2 ’

at (a—>w) E=2> 4
2¢&

Therefore, for any infinite sheet charges we can write the electric field intensity as:

E=/s 4
2&.




Example(5): In free space, there is a point charge ( Q=8 nC) at (-2,0,0), a line charge ( # =10 nC/m) at
(y=-9m), (x=0) and a sheet of charges with (#s =10 nC/m2) located at ( z= -2 m). Determine the
electric field intensity at the origin due to these charge configurations.

Solution:

The electric field intensity due to the point charge is given by:
= Q A = A A A A A ﬁQ 24 A
E, = R, =(0+2)4,+(0-0)a,+(0-0)a, = 2 S g
Q 47T€0R(§ aRQ Q ( + )ax+( )ay+( )az ax a'RQ ‘ﬁ ‘ 2 a'X

O

a, = A
a j =>=E,=184,(N/C)—————~ @

EQ =9x10° ><8><10_9£

The electric field intensity due to the uniform line charge is given by:

E-—" 34 R, =(0-0)4,+(0+9)a +(0-0)a =94, 4 _R %4,
| 271'80R| RI | X y z y RQ ‘ﬁ|‘ 9 y
. a .
E, =2x9x109x10x109(?yj:>:> E, =204,(N/C)-———- (2)
E -4 since a-a . E. =fs3
L= ] . =4, =>=therefore: E, = a,
2¢. 2¢,
_ 10x107° _. A
= :%az —= E, =1804, (N/C)——————— (3)
27
367

Therefore, the total electric field intensity at the origin is the sum of the

equations (1), (2) and (3) as given - g _E L E +E, =[i84, +204, +1804,] (N/C)

t




Example(6): Two uniform charge distributions are as follows: a sheet of uniform charge density #s =-50
nC/m2) at (y=2 m ) and a uniform line charge density of (@ =0.2 micro Coulomb/m)at (z=2m) (y=-1
m ). At what point in the region will the electric field intensity be zero?

Solution:

The total electric field intensity due to these charge configurations is the sum of the electric
field intensity due to line charge and surface charges which mathematically represented as:

Hence, the electric field intensity produced by this line charge at a given point P(X,.¥;.2,)is calculated as:

= yo, . = n n n
E, _ré‘loR. ) R, =(x,—x)a, +(y,+1)4, +(z,-2)4,

—

R, X a+(y,+Da, +(z,-2)a,
R %, =7 +(y, +1% +(z, —2)?

‘I?{l‘:R, :\/(xp—x)2+(yp+1)2+(zp —2)2 ay =

= ) (X, =x)a, +(y, +1)a, +(z, —2)4q,
=
27, (%, = X)P + (Y, +D2+(2,~2)7 (X, —X)?+(y, +D? +(z, —2)?
= X -X)A +(y, +DE, +(2,-2)8,  02x10° (X, ~X)&, +(y, +D4, +(z, -4,

" 2me, (%, —X)2 (Y, +1)2 +(z, -2)?) 27{10—9 ((x, —x)2 +(y, +1)2 +(z, - 2)?)
367



£ —36x10° (X, —X) <'?1X2+(yID +1) ézy +(z, —2)25?1Z _________ 3)
((x, = x)2 +(y, +1)2 +(z, - 2)*)

Hence, the electric field intensity produced by this sheet charge at a given point P(X,,¥,:2,)is calculated as:

= . . . . A _ 10—9 .
E, = 2'085 a, since a,=-4a, hence : E =2’0—;(—ay) :% (-4,)
o . 5
367
E,=90074, —~————————~ (4)

Substituting egs.(3) and (4) into eq.(2) we get:

E,=—E, == -90074,=3.6x10° (X 7008 + Y, +18, +(2, 72)8, | (5)
I s - 2 2 2
y ((x, =x)2 +(y, +1)? +(z, —2)?)

Equating the component of (x) (y) and (z) from both side of the equation (5) we obtain:

(Xp _X)éx
((x, =x)% +(y, +)2 +(z, - 2)°
(Zp _Z)éz

((x, = %)% +(y, +)* +(z, - 2)° |
04 1 Therefore, the coordinate of
(¥, +1)8, — —900 _ (¥p +1) the point at which the electric
(x=Xx)*+(y, +D)*+(2-2)° 3.6x10° (y,+1)?* field intensity is zero due to
p p h h densi
3 these charge density
(y, +1) = 3'69230 = —1.273 configurations is :
y — 227; i (Xp;yp;zp):(X,—2.273, 2)m
p = — .

0 4, =3.6x10° ):>:>xp—x:0 = X, =X

04, =3.6x10°

) == zp—2:0 :>zp:2

—9007réy =3.6x10° (




e : nC,. . e n
Q,/ An infinitely long line charge p, = 21z—lies along the z-axis. An infinite area sheet charge s =3

lies in the xz-plane (y=0). Find a point on the y-axis where the electric field intensity is zero ?

Q,/ Plane z=10m carries charge p; zzo:n—c2 . The electric field intensity at the origin is :

c. 36074,

3|<

~ V .~ V
2= _10321 b_ —727Z'aZE ©= —187[&25
m

NC If the plane Z=3m

Q./ A point charge (100)pC is located at (4,1,-3), while the x-axis carries line charge p, =2
m

. _=ncC . P .
also carries surface charge of ps =5 o then find the electric field intensity g due to these charges

at point (1,1,1) ?

nC
Q,/ Line x=3, z=-1carries line charge #:~ 207, while plane x=-2 carries surface charge of p, =4 ”m_f

. Find the force on a point chargeQ =-5mCocated at the origin due these two charge distributions ?

Qs/ Charge Q, =4 ,Cis located at (11,0ycm and charge Q, is located at (0,0,4)cm. What should Q. be so that

Eat (0,20)cm  has no y-component?



PL =20E

. . . . nC . _
Q,/ Two identical uniform line charges of o =4-5 are parallel to the z-axis at x=0,y=F4m

. Determine the electric field g at (+4,0,2). Ans.( 184, V/m).

nC : = =
Q,/ Two identical uniform line charges of 2. =57 are parallel to the x-axis, one at 2=0.y=-2m

and the other at z=0, y=4m. Find the g at (4,1,3) ? Ans. ( 304, V/m ).

Q,/ Determine Eat the origin due to a uniform line charge distribution with p, :3.3% located at

x=3m , y=4m?Ans.(-7.134,-9.54, V/m),

Q,,/ Two meters from the z-axis, the value of electric field intensity due to a uniform line charge along
the z-axis is known to be (1.8x10*v /m). Find the value of this line charge density ».?(2)uC.



