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II1.1. Electrostatics: Gauss’s Law and its applications

1. Introduction

1.1 Gauss Law and Electrostatic Potential:

7= position vector for
point A

7= position vector for
point B

7, = Vector from point A to B.
7, = Vector from point B to A.
¥ Ro=f —f (VF 45, =R)
i.e. the vector is in the direction that is in the reverse order of the subscripts.

1.2 Dirac Delta function (3):
1/b

X
a2 b20b2 g

Area under rectangle is always unity. As width decreases, its height increases
proportionally to maintain area 1.

The function § is defined as the limiting case when width becomes zero and height
becomes infinite, maintaining the area unity.

8(x)=0 if x=#0

= if x=0

Té(x). dx =1

Similarly,
8(x—a)=0 if x=a

= if x=a
Ié(x—a). dx =1
.. From deﬁnit;:;n,

[8(x~a) fix dx = fla)

Té(x—a)f(x)dx =fla) if —w<a<ow
) =0 if x=a
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In 3-dimensions,
8(F)=0 if 7F=0
J.é‘j(f)dv' =1

all space

Similarly,
[8F-F)=0 if FeF

[oF-F)av =1

all space

[5G -7)f ) v = 1(7)

all space

1.3 Spherical polar coordinates:

z=rcos 0
y=rsin0. sind
x =rsinb. cosd

dir=dr.r
dio=r.do.o
dlo = r. sinf.do .o

cdl=dl +dl,+dl,
=drF+r.dod+ r.sin@.d(l).(f)
wdv=dldl,dl,
= (dr.#)(rd6.6)(r sin6.dg. §)

=r’s5in0.d0.d¢
Area for constant
da =dl,.dl,
= (-d0.6)(rsin0.dg. §)
=7’ sin6.dO.dg
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Vv = Zfd—— 0t ——— ... (v 1s a scalar quantity)

1.4 Fundamental theorem of Gradient:

It states that, for scalar function T, the line integral of gradient of T between any two
points a and b along any arbitrary curve ¢ could be represented by the difference between T(b)
and T(a).

H% Tj d’ = T(b)- T(a)

1.5 Gauss divergence theorem:

It states that, the volume integral of divergence of vector A is equal to the surface integral

of the normal component of vector A over a closed surface s that encloses the volume.
[(V.d)av=§ 4.5 ds

1.6 Stoke’s theorem:

It states that, the surface integral of normal component of curl of vector A over an open
surface S is equal to the line integral of vector A over the curve C bounding the surface.
[(Vxd)ida=fa.di

/

s

2

The value of %(Lj :

r
(7 _
V(r—zj =4 3(r)
1.7 Solid angle:
da
n
0. da cos 0
p
dQ
Solid angle = area substendedzby angle
(radius)
_da.cost
]"2

If point P is situated anywhere inside a closed curve subtended angle 21 with respect to
the curve. If point P is situated anywhere inside a closed area subtends an angle 41 with respect
to the surface.

1.8 Important Formulae

Cartesian :
dl=dxx +dyy + dzz; dv = dxdydz
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Gradient :
Ox oy Oz
Divergence :
G52 M M, O
Ox oy 0z
Curl:
- 0 0
Vxv = %_ l )'e_i_(avx %jj}—i_ l_ al Z
oy 0z 0z ox ox oy
Laplacian :
2 2 2
Vit = 6_£+ 6_£+ 6_2
Ox oy oz
Spherical :
dl = dri+ rd0 0+rsin0dpd:  dr= r’sin0drdbdg
Gradient :
= ot . 10t 4 1 ot
Vt = —r+ —0+ —
or r 06 r sin 0 0¢
Divergence :
~ 0
V.v izg(rzvr) 1 —(sin@v + 1 i
r-or r sin 6 r sinf Op
Curl:
Vx v = 1 isin@vo Do || 7
r sinf | 06 op
I 1 ov. 0 ~ | 0 ov, |
— —L - 0+|— —-—=
rLinH 29 or (W"’)} [ar ()= }‘”
Laplacian :
2
vVt :izﬁ(,ﬂgj_'_ 5 ! i(sin Gij+—2 ! 5 6_12‘
r-or\_ or) r°sin® oo 00) r°sin” 00

Cvylindrical:

dl=ds§ + sdp ¢+ dz 2 dr=sds d¢dz
Gradient :
Vo= sl gqﬁ o
os s Op oz
Divergence:
~ 0
s Os s Op oz

Continued with...Page 5 Onwards.

... It’s So Goooood!!!, Buy it now...!
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III.1. Electrostatics: Gauss’s Law and its applications


1. Introduction

1.1 Gauss Law and Electrostatic Potential:
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i.e. the vector is in the direction that is in the reverse order of the subscripts.


1.2  Dirac Delta function 
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Area under rectangle is always unity. As width decreases, its height increases proportionally to maintain area 1.


The function 
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 is defined as the limiting case when width becomes zero and height becomes infinite, maintaining the area unity.
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Similarly,





[image: image12.wmf](


)


a


 


 


x


    


     


  


          


a


x


     


     


0


a


x


=


¥


=


¹


=


-


d


if


if






[image: image13.wmf]\





[image: image14.wmf](


)


ò


+¥


¥


-


=


-


1


 


 . dx 


a


x


δ






[image: image15.wmf]\


 From definition,
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In 3-dimensions,





[image: image19.wmf](


)


0


r


   


     


0


r


3


r


r


r


¹


=


d


if







[image: image20.wmf](


)


ò


=


space


all


3


'


dv


 


1


 


 


 


r


r


d


 


Similarly,
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1.3 Spherical polar coordinates:
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……(v is a scalar quantity)


1.4  Fundamental theorem of Gradient:


It states that, for scalar function T, the line integral of gradient of T between any two points a and b along any arbitrary curve c could be represented by the difference between T(b) and T(a).
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1.5 Gauss divergence theorem:

It states that, the volume integral of divergence of vector A is equal to the surface integral of the normal component of vector A over a closed surface s that encloses the volume.
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1.6 Stoke’s theorem:


It states that, the surface integral of normal component of curl of vector A over an open surface S is equal to the line integral of vector A over the curve C bounding the surface.
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1.7 Solid angle:
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If point P is situated anywhere inside a closed curve subtended angle 
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1.8  Important Formulae

Cartesian : 
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Gradient :    
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Divergence :  
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Curl:               
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Laplacian :      
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Spherical :




[image: image54.wmf]f


f


f


θ dr dθ d


sin


 r


d


τ


;     


ˆ


 


θ d


sin


r


θ


ˆ


 rd


θ


r


ˆ


 dr 


dl 


2


 


=


+


+


=


 


 


 




Gradient : 
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Divergence : 





[image: image56.wmf](


)


(


)


φ


 v


θ


r 


 


θ v


θ


 


θ


r 


 


v


r


r


r


 


  


v


. 


φ


θ


r


¶


¶


+


¶


¶


+


¶


¶


=


Ñ


sin


1


sin


sin


1


1


2


2


r


r




Curl:
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Laplacian :     
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Cylindrical: 
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Gradient : 
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Divergence: 
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