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Chapter Two

Electrostatic
2 —1: Electric Charge

It is well known that rubbing a hard rubber on a piece of wool

endows the rubber an ability to pick up small pieces of paper. Actually
the process of rubbing will make the charges, specifically electrons, to
transform from the wool to the rubber. Hence, the wool becomes
positively charged while rubber can behave negatively charged.

Did the sum or the total number of charges change {efore and

after? or the net change i.e., conserved in a closed system.
2 —2: Coulombs’ Law

During the late of eighteenth century manysobservation concerns

with the electric charge have been recorded. The results of these
behaviors can be summarized by the following three statements;
1. There are two and only two kinds of charges which called now
positive and negative.
2. Two point charges exertcon each other by a forces act along the line

joining them and which are inversely proportional to the square of the
distance between ‘them, (F x riz) ... inverse-square force

3. These forees are directly proportional to the product of the charges
(F <qyq,) and they are being repulsive for like charges and
attractive for unlike charges.

Charles A. De Coulomb has been translating the last two statements into

an experimental relation known as Coulombs' law (the same mathematical
form as Newton's law of gravity ). The mathematical expression

for this law in vector notation is given;

F = 1 ‘hQZ?
Vane, v M
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Where F; is the force on charge g, by charge g,, 151 = |7, <V, - 7,
is the distance between the two charges, 7, is the two charges separation

vector, 7,41S a unit separation vector directed from g, toward q,. In terms

of Sl unites, the proportionality constant equals to; k = ~ 9 X

4me,
10°N.m?/c?.

€, is the electrical permittivity of-free space (electrical properties
for air is nearly the same as free space) which equal to: 8.854 X
1072¢2/N.m?. €, may be defined in terms of the speed of light in
vacuum c¢ and the electrical permeability of free space (u, = 4m X

1077Kg.m/c?) as folows;
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Example:
Find the force that act on charge q; = +20uc due to a charge g, =
—300uc where g, locating at (0,1,2)m and g, at (2,0,0)m.

2,
(2,0,0)
X

At 1%t we have to compute the separatiofl vector between two
charges, the two position vectors are:
=)+ )j+k=j+2k
7, = (2)i + (0)j + (0)k = 21
Ty =T — 1y
=20 +j+2k
r21 = a1l = V(22 + (D2 + (2)2 = 3
Ty 220+ +2k

A

V o, = — =
21 7‘21 3
- X1 qq T21
F1 - 4 . 2 —

€y, 121" T2q

20 % 107%). (=300 x 1078) —2i+ 7+ 2k
9% 107 x . ). ( ). J
32 3

_ 6(22—j—2k) N

3
The force magnitude is 6N and the direction is such that g, is
attracted to q,.
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For more than one point charge exerting by forces on a one point charge
q, the resultant force on it is simply the vector sum (linear superposition)
of the individual force by 4, exerts on g plus the force of 4., plus force

by 45, etc. For this situation, Coulombs" law given as the following;

F, = 22% r_r) L. (2-2)

47‘[60 = |1' . r|

2.1. THE ELECTRIC FIELD 59

4

-

’){' '. ‘/‘
1 “Source’ ,hfugc.\ “Test” charge g

. L
P Figure 2.1 Figure 2.2
- 7

v

e A simple extension of the ideas ofkn=number of interacting point
charges is the interaction of a paint’charge g with a small element of
source (continues charge distribution) dqg. For this situation equation
(2-1) became;

- q (r — r)
F, = p dq (2-3)
o) |77
4 _F P
- =3 5
dy e
ot
(n) Continuous (b) Linc charpe, A
distribution
nl’xl' 2 _a—.,‘ ~/
. S~ _/'/-
D" v
(C) Surfate charge, O di Volume charge. p

In fact, this continues charge distribution dg may describe by;
1. A volume charge density (charge per volume) which defined by;
Aé _4dq

(24
moavay o A

pU)—
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2. A surface charge density (charge per area) which defined by;

~_ ... A dg dq
o(r) = Alér—r}oE =53z (2—4b)
3. Line charge density which defined by;

AG  dd
A() = lim 4 =24
ASO AT d

Now, the combination of equation (2-2) and (2-3) with the aid of
(2-4) we get;

(2—-4c)

g ~, F-7) . q [ F-7
P = z , " N
q Are, £, q. |F—7‘7|3 Are, ” |F—;|3 p(r)d#
+ 1 f (r_jZa(f)dd S @2=5)
Ame, J |F—f|

Actually, last equation describe the force Fthat a last charge g experience
when it located at a point 7 from a charge distribution consist of n point
charges (91,92,93,.--,q,) located” at the points (7,7,,73,...,7,),
respectively. Also a volume.tharge distribution characterized by the
surface charge density o (+)-on the surfaces.

What does the meaning of combining equation (2-2) and (2-3)?

Example:

Find the force on a charge g lying on the z axis above the center of
cirewdar hole of radius a in an infinite uniformly charged flat plane
occupying the x-y plane carrying surface charge density.

Solution:

Osadia i sa La g aiadll J5 Jaadl daladiu) algll asl € o 5l8 & 58 aoas oY
dlee allty Ll Al s ) 4ind ad 43 Ble ¢ ulaie (5 sise (S5 Sle Jusia
8 5e Taa 20 Lild Allisal) Jad Lgaladiinl Gany ) clflaa) g 50 asaas Ja¥ 5 dall JalSs
o o Al JS35 7 ) o Sl Ahd a8 Cus Dnll) (K4 sl A
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The point charge is lying at the position vector r = zk . . . (1) where
x=0, y=0
While, the charged flat (plan) (x, ¥) is located at the position vector f =
xi+yj
where z = 0
Using the transformation relations (from Cartesian to Cylindrical):
f = fcosgi + Fsingj . .. (2)
Thus, by subtracting eq.(2) from eq.(1), we get the detector to source
separation vector:
P F = zk — fcosgl — Fsing) ... (3)

Separation vector magnitude:

|7 — 7| = \[F2sin2¢ + F2cos?p + 22 = (22 +FH)Y2 ... (4)
dq'= o(f,¢)ds (Surface charge density) il xa "ail " dadle Lardinl
"..l “ . ~“ Q-G .“’ ..” “ . ~“ &mm\

= o (dF)(Fd9)
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A (F-7)
Fq 4‘7'[60_/; | ;|3 q

foo jm (zk — Fcospi — Fsingf) oy
.orarag

4me, J, (22+f2)%

But: fozn cospdp = fozn singd@ = zero, thus;

F, =

) j‘ ozk cdf
rdr
4te, " (22 +72)3/2

-

F, = Ie, azkj (z2+7%)” 2 27dr

(00]

B qozk (z>+71%)72

oo (-9 |,

(0]

B —qozk
2e,Vz% —a?|

—qoz ~

2e,Nz2 —a?

1. Discuss what will kappen for ﬁq at the limits when;

da. Z—>
b. z-0

And hence’give the Physical meaning.

2. Find the force that exerted on a point charge g located at 7 in the x -y

plane by a long line charge A uniformly distributed along a thin wire

lying along the z axis.

e Helmholtz’ Theorem states that a vector field can be specified almost
completely (up to the gradient of an arbitrary scalar field) if both its
divergence and curl are specified everywhere.

2 - 3: The Electric field:
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An electric field is said to exist in the region of space around a
charge (or charged object) and time-varying magnetic fields. This
charged object is the source charge. When another charged object, the test
charge, enters this electric field, an electric force acts on it as a field
force. The test charge serves as a detector of the field. While, the
presence of the test charge is not necessary for the field to exist, where
the existence of an electric field is a property of the source charge

The electric field at a point is defined as the limit of the ratie: the
force on the test charge placed at a point, to the charge of the test charge,

the limit being taken as the magnitude of the test charge goes to zero;

. F,
E= lir% Eq. . . (2—6) Electrostatic field definition
q-

In fact the limiting process is included in thecdefinition of E to ensure that

the test (sensing) charge q does not affect the charge distribution that
produce E.
From egs. (2-4) & (2-5),we may set up the general form of the

electric field at a point located at 7 as in the following form;

E(r) =

qu(r—r)

i=1 |T‘—T‘|
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Source

zZ . P} Detection

G1q Location of test charge Q

® g;

Notes:

The last equation is very general, where in most cases one or more of the
terms will not be needed.

The defined electric field, may be calculated at each point in the vicinity
of the charge distribution (source charge distribytion). Thus E=E®®)is
a vector function or vector field.

Does the electric field depend on the,value of the sensing charge? Why?

What is the Physical meaning for that?

Example:

Find E at the point P(0;0,5) due to g; = 0.35uC located at (0,4,0)m and
another source charge q; = —0.55uC located at (3,0,0)m.

Solution:

According’to equation (2-7); the net electric field produced at any point
by aSystem of charges is equal to the vector sum of all individual fields -

thé superposition principle. i.e:

(r—r)
E@) = Wozlql PRE
_ 1 0" (r—rl) (r—rz) :E1+Ez
4me, |r - r1| |r - r2|
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E, \ E,
P(0,0.5)

Detection point P for the test charge is located at the vector: 7 = 5k

Source point charge 1 located at the vector: E = 4j

Source point charge 2 located at the vector: 7, = 31
Separation vector between P and q, is: 7 — E =5k — 4
Separation vector between P and g, is: 7 — 7, = Sk — 3

|7 =7l = V(=97 + (5)? = Va1

|7 =%l = V(=3)" + (5)% = V34

085 x 1076 —4j + 5k
41v% 8.854 x 10712° /41
= =48] + 60k (N/C) or (V/m)

—0.55x107® =37+ 5k
41 X 8.854 x 102" /32

= 749t — 124.4k (N/C) or (V/m)

E(F) = E, + E,
=—48] + 60k+74.9] — 124.4k
=74.97 — 48] — 64.9k
a) Provethat N/C =V /m
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b) Find the electric field at a distance z above the midpoint of a
straight line segment of length 2L, which carries a uniform line

charge A.
2 — 4: Electrostatic Potential Aistudl 4l ¢Sl 1ga

Ref.: "Classical Electrodynamics, 3% edition" J.D. Jackson, p.30.
When V' represents a scalar function, such as the scalar potential,

we explained that: 7 x (VV) = 0. In fact, the electric field relates with-V

in simple relation, such that it satisfying that identity. To provethat, we

have to take the curl of equation (2-7) as follows;

p2eli lua ey Laid 48y dailad JS 48 jee 20 (Aaie) Jlae o]0 als 4y lail L
OSae JS G ddlall

VXEF) =V

47‘[60qu - r)

i=1 |7"—T'|

(F <%) (-7
+ 4te,, ./ p(r)dV * 4me, -[ a(r)da

v E-F| il

Y < (7 —7)
7 x E(F) = zqﬁx —

47‘[60i=1 |r—7‘|
N Gl PP S B
+4ne_oj lr_rgp(r) r+4 EOL
1) Lo(F)da .. . (2—8)
|T'—7"

Using the following identity, (which has been given in table (1-1) in the
text book as (V x (¢F));
Adalasl Ay b U dpnae 4l e Jualal J S Jise

VX (pF) =@ VXF +VpxF
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7

r—r

Let o = ;|3 and F = 7 — #, then the curl term in the last equation can

be written as;

N 1 - - - _
VX ——=(F—7F) = ——=.Vx([F-F) +{V—0
|r—r| |r—f| |r—f|

1 1

x (7 — 1)

3

According to the two identities given in problems (1-13) and (1-16) from
text book, and the H.W. in grad subject given in chl;

Vxr=0 )
710y =LY
fr_rdr>
_1 37
VE= )

for the separation vector 7 — 7 we have;
Vx (f—7)=0
R 3(7=7)op.... (#)
v -3 ( Is)

|f—r’

these two equations together, with-that (7 — #) x (¥ — #) = 0, we reach

to the fact that;

F-H|_,

x| 1)
|7 —7#|

therefore equation (2-8) becomes;

7 % E"(F) =0 ... (2—9) Vanishing of Electrostatic field

Al S 5 (position vector 7) @ sall ad¥ay b eI Jladdl Caat Aalas o8
Q. Show that (proof that) E®) produced by a collection of: several point
charges, volume charge distribution, and surface charge distribution is

vanishing.
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Apply Stockes theorem onto the electric field E(®) vanishing
property: 7 x E(#) = 0, What is the Physical meaning for the result?
Ans.-The line integral of E(#) around any closed surface equals to zero,

i.e. E(7) is independent on path.

Curl-less fields, (eq.2-9), have several properties: (Griffiths p.52)
a) VX E =0everywhere 3,5 Y el Jsall jrrotational
b) ff E.dl is independent of path.

C) 5ﬁ§. dl = 0 for any closed loop, i.e. E is a conservative field.

d) E is the gradient of some scalar, E(7) = —VU.
Then according to property (d), this vector field can be written as

the gradient of a scalar potential, U, i.e.:

VXE=0o EF) ==VU

EF) =-VU®) .. .(2-10) &Field— scalar Potantial relation

The scalar function U(7) is called-scalar electrostatic potential.

GO lliag Aaladl 4aS 5 ) ARSI Jlaal) Gl (ISYL (i 33le ) Adlaall Aol 5

AS jarg daoae S g (sAll) arell Sl S agall i A (e Jel S8 (LS e
sV i aladiuly (saa)

Eqg.2-10 could. e re-write as:

VUGF) =¥E() . . . differential form for electrostatic potential

In order to determine U(r), we must include eq.2-9 in the field

general equation (2-7) (Jis«ll 4ilxs), and applying the identity: ﬁ% = —r%

according to the following procedure;
equation (2-7) could be re-write as:
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E@) - i v 1 +j v 1 () dV
Tr) = il — — —_ — r
ame, (& =) T\ )"

=1

+J v Al — |o(#) da
s |7 —#|

Since the gradient process involves derivation with respect to 7, thus the

last equation may written as;

B p(F)dV a(F)da
E() = v[m{Zh_ﬂ j |7 — 7| +L IF—?IH

. | ; N o~
UGF) = Z B — f PV, 1 j otn)dd
ane, L |r — 1| AmeJy |F—7| ¥mEJs |7 -7

. (2—-11) scalar electrostatic potential

Equation (2-11) represent the scalar electrostatic potential at a point
located at (), due to;

e A system of n discrete point charges (q4,9,,9s,---,q4) located at

(ry, 19,13, .0,14).

e A continues charge. distribution consists of:

1. A volume chargé-distribution located at 3

2. A surface gharge distribution located at 3
Electrostatic potential could be deduced by another procedure as follows;

integrating of equation (2-10) yields;

T T'_\
j E(F).dF=—J VU.di
ref ref

- di=-vokr
= —(U(F) — U(ref))

When U is zero at the ref. point, we have:
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JTEﬁ)dfz—Uﬁ)
ref

r
- U[) =— f E(r).dr  Integral form of electrostatic potential
ref

(2-12)

Cases: absolute potential

If the electric field E produced due to only a one point charge g, located
at a separation vector of r —r; from a detection point P.>Then the
absolute potential for g,, could be calculated by eq.(2-12), as:

o PR Gl VAP

substitution of equation (2-13) in eq. (2-12) yields;

a1 1 o .. .
— — (r—mn).dr
dme, |1 — 13,0 p 1

ulr) =

By rule of dot product:

d1 1 T -
= — —O= |r —r;|.|dr]|. cosO
Aneo =11 ° Jrep

Consider that g is moved from infinity to the point P, such that ref. = oo,
then

r

q1 dr

Ame, |F — 7,2

[00]

Which'means that the potential at ref. is zero, U,..r. = 0, thus:

. 1 q
U(r) = —L__ (Volt)  absolute potantial
Ame, |r — |

L. (2-14)

The scalar potential at a fixed point P due to a point charge g, on a

distance | — 7y | away.
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1. Find U(7) when the source charge point q is located at the origin.

2. Find U(r) when the source being a charge distribution which
distributed through a volume V.

3. Find U () when the source being a charge distribution distributed

within a surface S.

2 — 4: Electrostatic potential energy,E,, : 2t b <l 45l 25

r
WE) =E,=— Jﬁ(?).d? ... (2-15)
ref
(r) = F Al S 558 0S5 o) oSla (Al 5eS dlas o jad o)) caly el Jadll oo
(1 @A) Akl ) rrgr, A e A (e Jlaall Glld P& BN, i) s e (qE ()
sp Aanal e Jghud) Jadl) o) I e AL 5 LY el @l A5dlS 4dla ) ol
1Y) e WOk M5y SleSl) Jaall 5ili aa
BT PI VR ) IECIERE ST P PSR iy VS N I DRECNON I C AN (P I |
CSEYL s sa Leiind ol 5 Jlaal)
i 5 sSaeal) el s Al 8 2l an yall ddais 2
Er = Ep + Ej 055 48l Bda  0l8 (8 QG fige a5a 5020 Jn (2.3
B el S jal) B8R s Al Jlanal) B8l i3 B s
Where W/(r) is the electrostatic potential energy at a space point
(r) relative>to the reference point at which the electrostatic potential
energynis arbitrary taken to be zero.

dW(#) = —F.d7
= —qE.d7
r —_
w = —qf E.dr
T

ef

w

= f:efﬁ.df (N/C) potential energy per unit charge

Comparing with eq.2-12, lead to conclude that:
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" Electrostatic scalar potential =Electrostatic Potential energy per charge

Remembering that F= qE and comparing equs. (2-15) and (2-12) we can
directly realized that;

W (#)
q

U(r) = ... (2 —16) scalar potential definition

Eqgn. (2-16) defines that; the electrostatic potential is just the potential

energy per unit charge.

) Al 5as 5) Jactll s ol b il G el dgad) G558 5) Gkl gl
(B (A IV ad sl (g M LA B e 4dad el A3 oy () e

e What will be the matiematical form of the electrostatic potential
due to;
. Charge distributed through a volume V.

a surface S.

w o=
|

= = = aline L.

Explain field forces exerted on: electron, proton (-g) and neutron
(+g) moves with a constant speed within an electrostatic field,
separately.

2 — 6: Flux and Flux Density

The electric (electrostatic) flux (y) is defined as the number of
electrostatic force lines that originates on positive charge and terminate
on negative charge. This definition strictly speaking that one Coulomb of

electric charge gives rise to one Coulomb of electric flux. Hence;

17 I ol ALl oLty
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Y =q (Coul.)
While the electric flux vy is a scalar quantity, there is a vector quantity

related to y called density of flux and denoted by D.

Equal charges

The flux density at a point p is defined as the amount of flux that crosses

the deferential area (n/4mdn®):i.e.;

A_ﬂ )
D = e (C/m)
or
D.ds = dy
Y=/ D.da=[ D.Ada ... (2—17)

Where da is the vector surface element, of magnitude da and direction 7
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where dS is the vector surface element, of magnitude dS and direction a,. The unit vector 8,
always taken to point out of §, so that d'¥' is the amount of flux passing from the interior of § to
exterior of § through 4.

Fig. 34

2 —7: Gauss's Law (Awilsie je Aiail AL 5eSh Jlaall Clus )iou S ¢ 518

This law relates between the integral of the normal component of
the electric field over a closed surface and the totaleharge enclosed by
the surface. “the flux of the electric field over the Gaussian surface equals
to the net charge enclosed by that surface:”

Gaussian surface is a closed¢surface, e.g. sphere, cube, cylinder,
etc. And, Gauss’s law tells howthe fields at the Gaussian surface are

related to the charges contained within that surface.

Charges

Gaussian surface

gl Jua mhaud il S Gall a5l 58 e Bada dapa 4 alS (518
) Vg el i) B i 5 s Bt € Ry T s S
$ E.da=¢ E.nda= iqem._ —>  Integral form of Gauss's law
i Hiaall Liaca dldie] s ¢ (S 35 dt ) Aaluadl slad) sa 7
or:

V.E=2 — Differential form of Gauss's law

19 iilnally Lluddl bty
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2—7—1: The Integral Form

In order to derive the Gauss's law in its integral form, we have to
fallow the following procedure. The electric field at a point 7 due to a

point charge q located at the origin, 7 = 0, is;

-

L .(2-18
a5 € )

q

E(r) =
() 41 es

Consider the surface integral of the normal component of E over a closéd

surface that encloses the origin and consequently the charge q,

. RsinfA¢
4. _~RAE

q outside S

g Inside §

Figure 1.2 Gauss's law. The normal component of electric field is integrated over the
closed surface S. If the charge is inside (outside) S, the total solid angle subtended at
the charge by the inner side of the surface is 41 (zero)

20 iilanalg ALl Sty lt
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For the outer case: cos?-cos(180-?)=0

cos@
dQ = > da
r

fig.2-2

which is
‘;/\l 2 - A
= (r_z) . (r*sinfdOden) ...(2 — 19)
S o

q T 2r
f Siﬂ@d@f do
ame. J, 0

S [—cos8]§[2m — 0]
41e.

|<=

$ E.7 da .. (2%20)

Which is the integral form of Gauss's law,

The quantity (7/r3).7 da, in €9.2-19, represent the projection of
the element area da on the planelperpendicular to r. However when it
divided by 72 it will represent.the solid angle subtended by da which is
written dJ{2 .thus:

gﬁ — da = ‘4 solide angle in steradian units dQ = “f" da

One can*easily prove that when the charge q being outside the

closed surface S is the same flux will be zero.
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28  Chapter | Iatroduction to Electrostatics—S1

alement of surface area. If the electric field E at the point on the surface due 10
the charge g makey an angle # with the unit normal, then the normal component
of E times the aren element is:

@
E-nda=-1-2224, (L.7)
dme, r

Since E i directed along the line from the surface element to the charge g,
cos ¥ da = r' di), where d{2 is the element of solid angle subtended by da at
the position of the charge. Therefore

E-nda=-J- 40 (1.8)
dare,

If we pow integrate the normal component of E over the whole surface, it is casy

to sce that 6

4; Eonda= {q.‘(. il ¢ lies inxide § @
L

(19
0 if ¢ Hes ouide S
14

This result is Gauss’s law for a single point charge. For a discrete set of charges, /
it s immediately apparent that

i!‘.-uda- 1.\_:4,, (1.10)
s €

where the sum s over only those charges inside the surface 5. For a continuous
charge density p{x}, Gauss’s law becomes

#E-lda—‘lj‘ plx) d'x (1.11)
s €@ v

where V is the volume enclosed by 8.
Equation (1.11) & one of the basic equations of clectrostatics. Note that it
depends upon
the inverse square law for the force between charges,
the central nature of the foree, and
the lincar superposition of the effects of different charges.

Clenrly, then, Gauss's law holds for Newtonian gravitational force fields, with
matter density replacing charge density.

It is interesting 10 note that, even before the experiments of Cavendish and
Coulomb, Pricsticy, taking up an observation of Franklin that charge seemed 10
reside on the outside, but not the inside, of & metal cup, ressoned by analogy
with Newton's law of uaiversal gravitation that the electrostatic force must obey
an inverse square law with distance. The present status of the inverse square law
is discussed in Section 1.2,

1.4 Differential Form of Gauss's Law

Gauss’s law can be thought of as being an integral formulation of the law of
electrostatics. We can obtain a differential form (i.c., a differential equation) by

hw, O

1-Prove mathematically that ¢ E.7 da = 0when the charge g

R

being outside the surface S.
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2. Prove that, when the surface S encloses n charges the Gauss's law

will take the following form n 1

n ; E.n
N 1 i=1 Ol'=1
E.n da =—Z . 1<
i &.1% =5 )0
=

2 — 7 —2: The Differential Form

Remember that, the volume charge density is

and hence dq = p dV. Thus the total charges that may distribute within

the volume v is;

q=jd pdV ..(2-21)

The substitution of equation (2-21) into (2-20)yields;

365.
S

H.W. What does equation (2-22)state?

=)

1
daz—J pdV ...(2—22)
80 {74

From the divergence theorem.we have;
§ F.Ada=f, V.FaVv
Thus; $ E.Ada=[ V.EdV ..(2-23)

From equations (2-22) and (2-20); Since equation (2-23) must be valid

for any voelume v. therefore;

o 1
f V.EQV =—| pdV
|4

go 174

VE=L2 _@2-20

Eo
which the differential form of Gauss's law.
Note: The relation between the electrical field E and the electric flux

density can be thought from the following relation;
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_ _

D == SOE
Consequently, the integral and differential forms of Gauss's forms
of Gauss's law can be expressed in terms of D respectively as follows;
D.Ada =
b Dorda=al 525
V.D =p

2 — 8: Application of Gauss's Law

Gauss's law providing a very easy way for calculating electric field in
certain highly symmetric situations of considerable physicak ‘interest.
However, in order to make Gauss's law be useful way in ealculating the
electric field, it must be possible to choose a Gaussian surface that
satisfying the following conditions;

1. The surface is closed.

There are three classes of charge distributions which lend themselves to
the application of Gauss’ law: e.

1. Infinite sheets of charge |
2. Infinite cylindrical charge distribution. or infinite line charge.
Coordinate system: Cylindrical
Gaussian surface: Cylinder

Spherically symmetric charge distribution
Coordinate system: spherical
Gaussian surface: sphere

[*V]

Example: (Schaums Outline, p.35)
Use a special Gaussian surface to find E that deduced due to a

uniform dine charge A (Coul/m) of length L.

Solution:
Assume that the line charge to be coinciding with z- axis of

cylindrical coordinates, fig.
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— 2 «w/m)

From the cylindrical symmetry it can be seen that E can only have
an r-component and this component can only depend on r. Thus, the
special Gaussian surface for this situation is a closed right circular

cylinder whose axis is the z-axis.

Appling equation (2-20) yields;

ff E.ﬁda+j£ E.ﬁda+jﬂ Eada=2
s s s &o

1 2 3

T T q
jg E.cos—.da+j£ E .cosO da+j€ E.cos—= da = —
S 2 s s 2 &

1 2 3
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gﬁSzE.da=i

Eo

E¢ da= Ei , E constant because r is constant
2 )

E§{> rd(pdzzg
< &

3

y

2 o
2T L
EJ dgoj dz = 1
0 0 ré&
E(2nl) = 2
Tré&o
But: g = AL, thus;
. A
- 2mer
H.W.
1. When will E and 7 be parallel and anti-parallel?
2. What is the value of ¥ and D in above,example?
3. Does the line charge is positive ornegative.
4. Using Gauss's law, find the ’electric field produced at a space

point 7 due to a point charge Q located at the origin. Schaum,p.34.

2 — 9: Electrical Conductors, Insulators and

Semiconductors: (text:p.30, Schaum p.78, others texts)
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Atomic structure explanation:
O3 Qe Juadll (83 538 J gl (N g saasall Jis (8 ey
In metals
A metal consists of a lattice of atoms, each with a shell of
electrons. This is also known as a positive ionic lattice, where the outer
electrons (three or less valence electrons which are located in the outer
orbit of an atom) are slightly (covalent) bonded to their nuclei. l.e. &
specific electron could associate (leave its own nucleus) with all atoms
nuclei in one lattice. They are sometimes described as an elettron gas.
When an electrical potential difference (a voltage) is applied across the
metal, the electrons drift from one end of the condugtor to the other
(electrons drift opposite to the applied field andypositive ions is vice
versa). Thus, electrical conductivity depends-only on electron mobility;

electric conductivity‘o'= p, .-

©

29Cu €529, 4" energy levels, it has only 1 electron in outer shell.

5

In insulators

Insulators resist the flow of electricity. they contain seven or eight
valence electrons. Examples of insulators are: rubber, plastic, glass, and
wood.

An insulator has all its electrons tightly bonded to the nucleus and
so it takes very large forces of either heat or potential to dislodge them.
Remembering that this type of substances not absolutely electrical

insulator, where the application of a large enough potential difference
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(the materials breakdown voltage) on a low dimensional such a matter,
the lattice will deflects (reconstructed) and current could be flow.
In semiconductors

Semiconductors are materials that are neither good conductors nor
good insulators. They contain four valence electrons. When heated, their
resistance decreases. Two common materials are silicon and germanium

Semiconductors contain four valence electrons.

=4
- @
rd 2
7 e ~ \
/ \
|( B 3
3 (&B ) 9 o
\ '.\ a /
—— /
Q -
> o
>

Semiconductors fall between these .two groups. They do not
normally pass current easily at room temperature, having a resistivity,
somewhere between conductors angd’ insulators. They have properties
however which make them very useful in electronic devices.

Electric conductivity o = p.u. + pritn

clectron
cenergy

clectron
energy

clectron
energy

conduction band conduction band conduction band

valence band

valence band

valence band

Insulator

The wide energy gap between
valence and conduction bands
keeps electrons out of the
conduction band at ordinary
temperatures,

Conductor

In conductors the conduction
band overlaps the valence band
so that at ordinary temperatures
conduction occurs.

Semiconductor

In semiconductors, the band

gap 15 small enough that thermal
energy can elevate some electrons
to the conduction band. Applied
electric fields can elevate many
electrons to the conduction band.

28

Il - Laalt Colul y


http://www.learnabout-electronics.org/resistors_04.php

Department of Physics/College of Education (UOM) 2012-2013 Electromagnetic Theory/4th Classs

~0 &~ e
-0
y — O O, “_@_._@ o
e T o O lejzo ~0-0) C‘;@O-*
——&-‘_4-_9 -‘_@‘_'@ "_6“%—’

g=p p_+p.p, 0= p.H, o=pH, ¥ pH

{a) Liquid or gas (#) Conductor {r) Semiconductor
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In Superconductors

Which are special materials-which when cooled below their critical
temperature (100K or less)-become perfect conductors. Superconductors
are at one of the last great frontiers of scientific discovery. The limits of
superconductivity not yet been reached, and the theories that explain
superconducterbehavior are constantly under review.
lonic liquids/electrolytes/Gases

In these types of matter there are generally present both positive
ad negative ions some singly charged and others doubly and possibly in
different masses. In electrolytes, electrical conduction happens not by
band electrons or holes, but by full atomic species (ions) traveling, each
carrying an electrical charge.

o Band theory simplified
Quantum mechanics states that the energy of an electron in an atom

cannot be any arbitrary value. Rather, there are fixed energy levels which
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the electrons can occupy, and values in between these levels are
impossible. The energy levels are grouped into two bands: the valence

band and the conduction band (the latter is generally above the former).

shell # set of orbitals

(code) letter

1 (K) 5

2 (L) 5,p

3 (M) 5, [, d

4 (M) 5,p.d,f

5(0) s, p.d,f,g

& (P) s,p.d,f,g.h
5,p.d,f,g,h,i...

15(2), 25(2), 2p(8), 35(2), 3p(e), 45(2), 3d(10), 4p(6), 55(2), 4d(10)"... (2,8,18,32,50, .

Electrons in the conduction band may move freely throughout the

substance in the presence of an electrical field.

In insulators and semiconductors, i
| conduction
the atoms in the substance influence each Bap
-
other so that between the valence band - | forkicien
. . biand
and the conduction band there exists a b
forbidden band of energy levels, which _;:':d”':e
the electrons cannot occupy. In order for a =
. Electron energy levels inan
current to flow, a relatively large of energy insulator

amount “must be furnished to an electron for it to leap across this
forhidden gap and into the conduction band. Thus, even large voltages

can yield relatively small currents.

In metals, the Fermi level lies in the conduction band (see Band Theory,
below) giving rise to free conduction electrons. However, in
semiconductors the position of the Fermi level is within the band gap,

approximately half-way between the conduction band minimum and
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valence band maximum for intrinsic (undoped) semiconductors. This
means that at O kelvins, there are no free conduction electrons and the
resistance is infinite. However, the resistance will continue to decrease as
the charge carrier density in the conduction band increases.

In terms of atomic structure there are no free electrons to carry charge.
This means that the energy difference between the conduction bands and
valences bands (band gap) is wide. For insulators like diamonds or quattz
this is in the 5-8eV range, such that very few carriers have €nough
thermal energy to overcome the band gap.

The difference between the three groups of materials lies insthe number of
easily detached electrons within the atomic structure. The electrons
concerned are more or less loosely held in the Qutérmost electron shells

called valence shells and so these electrons aré.called valence electrons.

0 o '*J@,_@
T o) F@*@ ~0 O
c Tl Ly O im0 —0-0) | SE‘O-'
-0 Q5° 1o B

ﬂ'ﬂ_ﬂ_'fp*ﬂ' D'ﬁprﬂ-‘, °=P¢ﬂg"ﬂ*#ﬁ
(@) Liquid or gas (b)) Conductor (¢} Semiconductor
@ @ — @
No. of protons 1 1 1
No. ol glectrons 0 1 2 Legend
Charge 1 o 1 0 st
Notation H H (2] 0 e

Classification ation neutral (not an lon) inlor whmbsn
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An ion is an atom or molecule in which the total number of electrons is

not equal to the total number of protons, giving it a net positive or

a=p p_+p,.n,

{2) Liguid or gas

Elements

Atoms

- the smallest component of
elements that still retain the
properties of the element

negative electrical charge.

4—@-‘_@
E.._-C‘:)_-@"‘@“_'@;
-O—E-)..._@

0= pH,

~0O

o %

O =0 He ¥ Pyl

(&) Conductor (e} Semiconductor

Matter

("everything”)

CAN BE SUB-DIVIDED INTO....

Mixtures

- physical combinations of
ecloments & compounds,
2.g. salt water (salt + water)
that can be sparated by physical
means such as evaporating the
water to leave the salt

Compounds
- combénations of two or more
elements that CAN be separated
using chemical means - but
not by physical means

Molecules

The smallest part of & compound
that still retains the properties of
the compound
{a CHEMICAL combination of
two or more atoms)
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