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Electromagnetic Theory

Transform the vector 10 a, to spherical coordinate system at P{3.2.4)

Point charges of 50 nC cach are located at A(1, 0, 0), B(—1, 0, 0), C(0, 1, 0),
and D{0,—1, 0} in free space. Find the total force on the charge at A.

Dwration: 90 mins

Internal Assesment Test-1

Max Marks: |50
Answer any FIVE FULL Questions

State and explain Coulomb’s law in vector form.
Calculate E and D in rectangular coordinates at point P(2,-3, 6) produced by a  [03]

point charge Q4 = 55 mC at A(—2, 3,-6).
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Define line charge density. Obtain an expression for electric field intensity due [10]
to an infinitely long uniform line charge distnbution.

Derive Maxwell’s first equation of electrostatics. Also obtain the expression for

Gauss’s Divergence theorem.

Define surface charge density. Obtain an expression of electric field intensity due  [06]

to an infinite sheet of charge from Gauss’s law.

Define electric flux density. Derive the relation between electric flux density and  [04]

electric field intensity.

Let D =4dxy a; + 2(x? + 2%) ay + 4yz a; C/m? and evaluate both sides of
Divergence theorem to find the total charge enclosed 1n the rectangular
parallelepiped 0 =x <2 0=y =3, 0<z=5m.

Derive an expression for the work done in moving a point charge Q in the [05]

presence of an electric field E.

Calculate the work done mn moving a 2 pC charge from A (2,1.-1)to B (8,2.1) 1n

electric field E = v ayt+ x ay along a straight line x = 6y- 4.
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1. Transform the vector 10 ax to spherical coordinate system at P(3,2,4) [04]

? .99 f: [0 &x e

P&/’-(‘ﬁ i
yy— 3 lf/uiu.l. lo—w'ﬂ;b‘*

1. Point charges of 50 nC each are located at A(1, 0, 0), B(—1, 0, 0), C(0, 1, 0), [06]
b) and D(0,—1, 0) in free space. Find the total force on the charge at A.

i Point charges of 50nC each are located at A(1,0,0), B(~1,0,0), C'(0,1,0), and D(0, ~1,0) in free
space. Find the total force on the charge at A,

The force will be:

F= = + + -
Amey [Roal®*  [Rpal®  [Rgal®

where Ry = a, —a,, Rpy = a, +a,, and Ry = 2a,. The magnitudes are |[Rey| = |[Rpa| = V2,
and |[Rga| = 2. Substituting these leads to

(50 x 1077)?
. 41I'€o

(50 x 10°°)? [ Rea Rpa Rua ]

F [ : : 2]a,=2l.5n, uN

cm— + c—— + -
2V2  2y2 8
where distances are in meters.

2. State and explain Coulomb’s law in vector form. [05]

a)
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THE EXPERIMENTAL LAW OF COULOMB:

Coulomb's law states that the force between two very small objects separated in
a vacuum or free space by a distance, which is large compared to their size, is
proportional to the charge on each and inversely proportional to the square of

the distance between them.
R Force between Q1 and Q2: |f = R %
e,©) &, (¢)
Proportionality Q
. & ks
constant, &= %0 H'G.
lm-Ma ‘F “‘- Y
= 8. l‘#xl F
3‘1\' . (/')
The vector form of Coulomb’s law is
Foe o @ "a q,
7 Q R
PR ol £ F,g b "R,,‘e‘}'-sk —25| N
&) 10) iR
ersy L —r
E;: _z, &Rn--u;vecw:mdheemnof RI‘L
a2
S Tl
f:‘ 'R’u For m & La 4,
—= 5 % e a &
6., Ql(c) _kalql 2 8% & |
= fa Tl T ef
—f;-. - }: where, £ -nmwemuuu direction of R

Ra
L -%I

2. Calculate E and D in rectangular coordinates at point P(2,—3, 6) produced by a point ~ [05] Col L3
b) charge Qa =55 mC at A(-2, 3,-6).

Qﬁ SEmc N B_‘?L
gz,a, 9 = (1 &y +niy) > o o
‘- Grd Be 0% (12t 10%)
Rp= JW= L Al (e’

'.;L_(L.gg ¢¢ —1.';'.'!:';, + 11 """g)f‘c’[mc'
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3. Define line charge density. Obtain an expression for electric field intensity due to

an infinitely long uniform line charge distribution.

N\
Line charge density f c /
- It is defined as the Charge per unit length of

" the line charge distribution.
BT g fi 2 P ¢
' o IR Lo BL -

Electric fi¢ld Intensity due to a continuous line charge distribution with line charge

density, ¥, C/m:
(i) Finitely Long line charge
(ii) Infinitely lone line charee dq ) ﬁ)
(i) Finitely Long line charge J? c —
4ue (R
B- NG+ plgd A
R
2 z dea
o ¢ DAL= dz

)
3 3
CoQ,t) \//R:ze:? ‘Qq:_f‘_lt

&L I
o= ¢ ;)?-.fin(‘!"!)‘c
g & = G’ (- a),)
(S m' (f-f(! 3))
¥ de : dg R 18- 942
fae (R R-ppta -2)iy
ae = fﬁw] e = (s4 (2" a)")
kg qu (2 1)]
£ f Je

-3

» f,;; i f+(* *)%]

s~
hg U*(‘t" l)]

2:-7%
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(i) Finitely Long line charge

o-dz = —f me’d do

2 PR CrGe008) e
e [Pe -] = oty do

2= 3'
After making all the
subtitutions, Change in

T L potode [P rgerd) SR

2= | kg [f + jullfe] - 90'92'

¢ VLMEHJW]
ol ke [f+jul¥0'] =

[E“"’J g + C’m)% ]

«ﬁf

Electric Field Intensity due to finitely long line charge
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(ii) Infinitely Long line charge

Electric Field Intensity due to h jtely lAn;, Im Qary:—
a_ A \ — 5, )aj

- + (819,
7 R "{( ws, -wsby) 4
‘mzf
a D)l)

ﬁﬁs ' [(l 1) °p + (Y
ey h . . .
j? . .\?’L, Qf 3 V/ ..Flt(‘(I:lC Field Intensity due to infinitely
: afif P =~""long line charge

Derive Maxwell’s first equation of electrostatics. Also obtain the expression for
Gauss’s Divergence theorem.

D(:,,y.,ag is Krown ot the pink F, ak

...... the cnter-

-3
-~

Differantial volume

element, AV = MA,‘!

Gauss's .{f”j? m

b o
Y= mm P m————
N
N

o
-~
o

g r [ + (B2 + gs?l? 4'[5?&? +[P + 52
K’+ s 2:::» é.".'-’u. :-..m & ;:'m :::
D is constant on each of the surfaces

5.2 e [0 03 243, 22
s iy, e, O, WNlmN, TR, e
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{l.,’. QIUKM ot the P-;ml’ P at
.......... the canker-

->
~

'
: Q et
i =
: = :D' c,,i—:DZ ‘J +fD*. ‘i. 73
: ke
\ | Differential volume
b2 ——~] element, Ay : 15"!
" L7
H e
i C - { b | The front face |
,:. .... = 5 :3. . - S a— q ! is at a distance of Ax/2 from PD !
g 1 ¢ 3 - Ax !
'/f E o c'. o) = 1’ E
,/  Because the surface element is very small, D AL
/’ Is essentlally constant (over this portion of the entire closed surface) and we have only to
L approximate the value of Dx at this front face
’
4
+ D = P i h m + ‘ﬁ'rv vJ&Y hm
fort %o 2 ~e =" agligibl
.y 19 igible
o e 80 RS i e bt e i

{ Tuytor Serles (Thowe Disneusionaty
E“('ﬁ; /2)-. ff--.j-,z‘) e 2( fu.)’b; ] (l—ﬁ u " h}“' it hm

............................

If we combine these two integrals, we have

» . ,![_;?*ijlﬂ -.-[23 % %(Aau)-t[!. o . %]("3“)

Mﬂx?w 1;;2 9 mygsz

A

By exactly the same process we lind that,

222 e ety 270

D“:E‘Jz",qr“& 3_; nu;‘u!

By exactly the same process we find that,

»Wg£+»w"§£§ [:p+ bz 'gl](mbx) +3, - b2m,

i
Furtase

;gw __\(fJZ %91 uAaAz

W
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ﬁv & - Kﬁ’&? +ﬂi>"<1? E"’J? +I("’<Q 4-“"’&? “5’&2

Fraet iup Bosom
WSy sunnca

5.2 (R0 + Dy + 22| sz
Py aa 22 ,

s PR« Qe

"‘S‘*
|Lg
&
Q)
I
SF
>
N
R
2

[

= v = [ A"A‘AZ;
I Wix *E’a, B

Law: PP 33

........................................

| | This equation is also called
| - Maxwell's First | q!

AvT - V-? = @ quationo! | Point (Differential) form of
{ ¥ Electrostatics | Gauss's law

Divergence Theorem:

This theorem applies to any vector field for which the appropriate partial derivatives exist.

; T i

] ) . Gauss's = |
This theoram can be derived from Gauss's law. | Law: %} R atu\d !
i S !

if’o?il? " Rendaet

aIZ: = dv = ?i?o\v
fos-aun - o |
E?T’R ----- IJ?’AV Gauss's Divergence Theorem
g v

5.a) Define surface charge density. Obtain an expressmn of electric field intensity due [06] CO2
to an infinite sheet of charge from Gauss’s law.

\p '’ . . .
. It is defined as the Charge per unit surface

Surface charge densit C
nriace charge density fg / L area of the surface charge distribution.

B!
o = |C
'&m—a" b | o
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iii) Application of Gauss's Law to an infinite sheet/surface charge:

Flux Density on
the surface

STANEE Ay i dow:

W7 %“?’%w&
| S : ,- s
: ' ' B ;E%: ::::ify, e L‘F For Cylinder,

‘the number of surface inlegrals = 3 [Top Surface,
i
: l
P:94

]
i
i
] H i
i i i
| i g i g ! nn
H i i i i
: : H : : i shscripl '’ deneles the direction
~ i : £ : ; i of unit noj from the surface
N ~ W N W N N
= Gaussian surface Is the

cylinder of radius* £ * and height “f ' amion! f x Area = fc x "ltr

ffi?els = [ 4 ["’ﬁ t][pa. |

Top Lateral - = _
Surface swrneo Curved ds =

\ — Surface
F is nowal To e hnqﬂ,ga] fo e m’g:u-

ATt e A R S
i i i
.

Bottom Surface, Latcral Curved S

u.L Surjpen
gﬁq=1‘[|[5’-£' +£§m£ = [ ]*%mlﬂ - ’gx«f"+1‘>€rﬁf'

ﬁﬁ,a& g(‘Dmfz)
Eatnote 39, nf s S5 iﬁi’d‘?- a@cwf’)

Gauss's Law: )
% = % Electric Field Intensity due to an
inﬂnite line cnarge.

Electric Flux Density , - Ty :

due to an infinite _ .-. PS :;‘ €/ denotes the chection | E - ﬁ' , V/

surface charge, g = fﬂ":: umlr;mrml from | ...-. n ¢ m
! ¢ surface i

5.b) Define electric flux denS|ty Derlve the relatlon between electrlc flux density and [04] CO2
electric field intensity.

Electric Flux is defined as the number of electric field lines
crossing a given area.
The electric flux is denoted by’ \.IJ (psi). Its unit is C.

 puted i (Avea = hrv?)

thase or =Y (9

Electric Flux density is defined as the number of electric [~~~
field lines crossing per unit area. :T:[',’,= Y g C/l
Electric Flux Density is als&called as Displacement Flux ! Avea. |

Density. It is denoted by D .Its unlt |s Cim*2.

'Electric Flux ﬁ _jf__ c/mt

:Density, lm*r :
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Gauss's Law:
The electric flux passing through any closed surface is equal to the
total charge enclosed by that surface.

 Glowds bw |
!ﬂm’ sl Y7 et
Eletie ’o'“‘ 1/ (9
' Electric Flux - E,'f;‘,};‘i‘iﬂ.‘i};’ E"’- I
| Dansity, ' . to point e >
'  charge, A

Comparing the above two e:tpressmns we can get the relation, between electric field intensity and
electric flux density. \ [,

i - v
I E#E i (for Free Space)

Let D = 4xy ax + 2(x? + z) ay + 4yz a, C/m? and evaluate both sides of
Divergence theorem to find the total charge enclosed in the rectangular
parallelepiped 0 <x<2,0<y<3,0<z<5m.
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7.a) Derive an expression for the work done in moving a point charge Q in the presence  [05] CO3 L2
of an electric field E.
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/)?F:MPoslﬂon WorkDone. W = F ]1 #
fa.a

Force on the point charge in the electric field,

If we attempt to move the
test charge against the ? - Q?
electric field, we have to

exert a force equal and
opposite to that exerted

':Y 13:' 2’3:':1":(“5:1 Force applied to move the charge against
:nqorgy or do Wor‘i:ﬂ.l electric field, N E
F - a
o”«l a
Work Done, ., = QEE
N T e ——— 8- -
Final
N-. -Juadi s = aff ﬁ I
ke A
-
dw = -q? dL
b= —ad &) a2 a2,
—a2d, —a &
2 (A l»j;*‘”ﬁm‘ﬂ)
a- ( 'c/-\j—;l\/
PN
dw- -6 ¢-d

s ,“Ie.n
A

¥ Work done remains same irrespective of the path chosen in
moving the charge from A to B

,,) Work done amnnd a closed path is zero

*) In general, vectors whose line mtegra.l does not depend
on the path of integration are called conservative.
Thus, E is conservative field.

7.b)  Calculate the work done in moving a 2 uC charge from A (2,1,-1) to B (8,2,1) in
electric field E =y ax+ x ay along a straight line x = 6y- 4. [05] CO3
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