
~ # ~ ~ r r s ; i r i f t $ + f ~ m ~ W T ~ i ? l d % ~ ~ 7 T f h T  
m l t * & m i f & * ~ w m ~ i n r m I t l w - d *  
4 h i m d d i ~ m w c d h u F & m d t e m m 3 f 1 m n f f t f  RwQgrRm 
(electrostatic potential) + & f I a~l¶lTq WFl m ift M # E m m 
jrrmIt1a+wmmlt,*-mifrnmm** 
a ~ 4 ~ ~ a i f h m ~ I t 1 1 ~ ~ ~ ~ i ~ m f h q @ d a ? a I t , ~ ~ ~  
m W d d a p r r ~ d f d i m ~ m ~ m ~ ~ t ~ m ~ i f ~ :  
m,Mtt&fdifi&*Jm~dim&mdiartifd*m~+ 
i f t ~ d ~ & & E E m & m d m & d i d i w & i f i f ~  
~ ~ ~ w @ ~ ~ ~ l t -  f ( i ) j r R p r ~ ( s d a r  
function) m (gradient) * (ii) 7TR?l m hf (line integral) I 

& & if m ?VRf *?T-fkVI? (continuous charge distributions) # 3im m, 
(equipotenthl surface) dl7 @d@f fbf?lTf d (electrostatic potential 

energy) it4 f%fh M VT d d i t  I 



a W * (unit charge) i f  @ W W im KdSit, 
~ m 3 i 5 2 ~ a h d i ~ ~ m ~ r r d S i t m w m M l f t Q W  
f 8 g i r m t m ~ m ~ Q ~ ~ ~ ~ i r ~ m ,  

/ a fQU (dipole) d k  (quadrupole) i f  f%?8 @ W f&gi~ f3'm ST vf&m 
im *, 

3.2 (Mathematical background) 

3.2.1 d?W f6f (Gradient of a scalar) 

m ~ f % W i f ~ * ~ m d ; ~ ~ ~ l m M b : m ~ m ~ ~ i f  
(k A), 7TR'?8 ST d&T (A-B) d T  3 ST R&T (A X B) 

Wft Sl'5K 7TR'?8 if ?idfh W?G WfWi (differential operation) ddl 8, dT dt ST 

MM T i h  &IT 8 I f&& RR?T * (radius vector) r ST h?ft &, * 

g;p M 3 m (vector differential operator) * (Del) 
h I fM f A if IRE fam m 8 I mdh f%&rM (cartesian coordinates) t &T f I%'w 
dtmRrm3iTl 

a a a  
m;i -, -, - 3ijtftvi (partial derivatives) b I PR f (x ,  y, z), x, y * 

ax ay az 
af z w ~ ~ e , ? i t y * z ~ ~ ~ r c ~ ; ~ ~ x d i m b c T f S T w ~ -  
ax 

s t n r t ~ r t f t m x d T z f s r s r . r r * w y d , t n h  f i s r ~ ~ ~ d m h ~  
au 

V W d&T dT (scalar field) m m f(x,  y, z) rn rn & aa W 
h&i5 (space-coordinates) x, y, z d; ?d?i @ WFliTEr Rafftir imm 8 I 

* * ;Xif ~WVX +d; if, W &?I dT (vector field) f h FR 3 , m  
mt: 



i l f % p z m d i m d * & d i m m i m t d i m w m ~ ~ w  
m @ & M * i t $ m % ~ ~ - m w r ; r m i m t w m m m m & @  
f%hki (x, y, z ) d i p ~ ~ v i w r d i w i f ~ m m $ l m ~ f i h ~ @  T(x,  y, z ) * m E  
F3m rn % I a, m d%bq rm imt WW f@m ?c (rate o f  variation) m;rr 
~ % ~ m i i t m % h r m m M d * m ~ m - m d h r ~ u R m w  
@ ( x o , y o , a ) * A r & @ m ~ i i t m ~ m d * r n ~ A ~ m - m  
~ l u R b ~ $ , i i t a m ~ m * 3 i a T m ~ d ; ~ r m i f t ; r ~ & m m f l a y l o r  
expansion) ifir VPI%T v;i. V6t % I VT$ 2 di WT 2.5 i f  w W d VWT d; hT JRTK di 
~ i f a m m m % ~ ~ m i f t ; r ~ m ' ~ d f , ~ h w f ) $ f f r i f % , i r a m t t m  
mKfhw*%l 

1 aT aT 
= T (&Yo, a)  + AX- (-%Yo, a ) * +  AY- (-%yo, a )  

ax, ~ Y O  

T(xo + AX, YO + AY, za + = T(-% yo, a )  + b . V T  (-% Yo, a )  

aT a~ - a~ '.' V T  = C- + JQ- + k - -  
ax ,  ~ Y O  aa 

T (ro + Ar) = T (ro) + Ar VT(ro)  (3.4) 

hir m, m w wfi % h &-d v ~ m  d, iit fhft * itft (arbitrary direction) i f  rm 
r n M ~ v ; r d # l  

hirm*mmr&m*mdth~m&Rplrrv;r3/P5mm 
8 1 m ~ m ~ . r ; n f ~ % h M R r n i f ~ - h v ; r ~ d * $ 1  

(3.4) * W R 8 h AT = T (ro + AT) - T (TO)  ira dhr, W &, 
V T ~ ~ ? W ~ ' ? K $ I ~ ~ ~ T I T ~ ,  ~~&imMd'#t8f?d ~ @ v w i r d & M  
* m % l ~ d i m * i j & ~ m 8 1 1 d i d i * , m ~ * w ~  
m ~ d h w m 1 m m d ~ ~ d i ~ , r o * a M ~ m w ~ ~ r n  
v ; i . & % , ~ m ~ m i j ~ m h $ t m m r 0 w d i a m c r r ; r d ; a r r m  

% I W @ * wws tn * WTRW (eqnipotential snrfaces) (mv~m ih di f& 
(isothermal), m ib d; m (isobar) m~ % I) di w, 

d i q f & f W t * f t *  V T V ~ T V Z V ~ ~ ~ % I ~ ~ % A T = A ~ , .  v ~ w i r , y e ~ d ;  
q f b ~ % , ~ M m r p ,  V T * - * ~ I  

~ ~ * ~ ~ d i ~ h ~ r m ~ w r = r v ; r 4 f W e ~ v ; i . ? m i t % m ; n f f ,  
W!i m i j  ?RllRW (solved example) h % I 

3nms1 

grad 4 (JTPrfa v4) ViT W WRT * 4 = AX'YZ~, A i j  m 8 I 



3.2.2 dh aA kr WJllWU (Line integral of a vector) 

hn W w&@ *91 * fiflFim (vector field -rations) % I h m wf 
8 ~ ~ ' m ) d i ~ ~ R S r n R 1 t ~ - d i ~ ~ ~ ~ d ~ * m r n  
tfikppimbi~m*dim*~&wiftmmmt,aziffik 

t 
- 4@ 

RTWQ (d)mensions) dt & T 8, an; di PhW d W 6t W W di v$t 3 

= E(r,) - Ar, 

j:E = Gmit ~ r , )  *r, 
n-b,  &,-o j= 1 

C 

biT Q m dr di E ift ft911 (relative orientation of  E and dr) W * - 
~ 8 J i f ~ ~ : m m % 1 v R ~ ~ m t m i a - c 8 , i i t e  = O &  

j:E d r ,  j:El ldrl d i r r m ~ ~ i v ~ i i b a ~ n ~ q ~ * ~ ~ ~  



ZT@ dr W d b  (displacement vector) 8 I sTd; m? 3 am d wr 3 I 





3.3.2 ih * tan Tmreir WI V ~ R W ~  (Path independence of Une 
integral of elbtrk field) 



Eww~mahdrdiwr;rw tdr-&w(&dr, t 4 f h ' r t q ~ f R a  
(vector elekents) % I fi w JITW ritm h : 

3m: dhTl (3.12)*, A ah Bdi $ t a r n  vw d; 



3.3.3 w * (Consequence of patb independence) 

m'i U fbdqv & (electlostatic potential energy) 8 I WI fbftf ii W q 
d+ttQifmarbpr*-difdiJiaTdimiimwM6:18rrmit 
r n a r b p r ~ ~ i i M d i i ~ M d d d d i w i i ~ ~ 6 : j n T ; ~  
J r r b p r + ~ p m m ~ a i i t m d & ~ m * m m 8 1 w ~ i h  
i i a r b p r & f P r f k ; A d , 3 ; t j r r b P i f d i * , f S r ; r i t ~ i h m * 8 , ~ m *  
~ ~ ~ d w ~ m * 8 l m ~ ~ i i ~ - d * ~  
~ d i m m r d i a r t i f * * ~ ~  

3.4 fbgcr (Electric potential) 



qP . tdr 
4rco r2 

*m: &qi t rB*@trnRm&rnin  MSPT (3.18) di * = - 4 F B 

4rEo - - a0 

fW@gT hWf (electrostatic potential) W8?l m h bFf (potential) im ZiT?lT - , , - &  

h ~ m w r f t e d f k ~ h i n - t w m m ~ h ; i i q & * @  

wf =@wm (gold nucleus) di p m RPW wr h ? wf 8 f3rjsr 

6.6 x 10-5mh34kwfiftVVWJJ7kTlZ = 7 9 d I ~ 2 I S ~ ~ f % ~ ~  
iftm h 34k $lw$m ?d?~ e = 1.6 x 10-'9Cd I 

%ITW w h fk ZIT m WTI'FVF 8 q cr;r m di S&W# a ' ~  (repulsive force) . - . . . . r . . 



d d i h w m & * r n m m R r n r n k w w ( a t r r n i i ~ * )  
dimdrnmt,ad**m(dt~dmta~~*i tm~ 
338'~ M Bit it R'RIIT W m w  8 I &@ (downwards) d W Th 
TR di b~ d!! rn (accekration) fQ f $ ~  m fOB f h irOi Jamr 
m Q , m f 9 ; 9 4 ~ ~ t @ 3 & 8 1 w m d i ~ & M m 8 1 w  

w (force of gravity) SRT d M ; ~ m r  8, 3t1~ hi f b  d; WJ it f k 3  4  dtm 
B ? i t M d t d d d ~ W d * ~ i l * ~ w i t m n f f q * *  
d * R V i T & T 3 d 8 1  

3.4.1 &?l f h W l  ;RR fbga (Potentid due to a system of Charges) 

mEi w m cm;r $ TF$P h l ~  (3.20) t f@4T m ~ W W  w #tdh (algebraic) 
d T w r 8 = r ~ ~ d T w r 8 ~ m ~ ~ m t l  



Wi p *?l W ZfIVWf WKU 8, dV 3Wi'FT W (Volume element) 8 3itT r w W 
8 * i t m m d i d i Q & m Q * @ m a t , W i m W m m m  
m 8 1 f a T * , m ( 3 . 2 1 ) ~ m ~ ? r 4 t m j m 8 % m ~ ~ ~ d i d i m  
(eplicit expressions) 18 4k $ jllitPT RVX & fPrfk ;m~as & i 

3.4.2 hUhK (Potential difference) 

(electrostatics) 4k fbgir mTT (current electricity) l ~ ~ U R K  w d m 
8 1 ~ ~ * m m m m T T z n & * m m w d t * w f b g i r M t  
m & Q * d ; i d t a * m b t w & Q * d i d t a w m m & l  



h r r ~ i i . c o s e d ; ~ d ; ~ r n w d t h ~ & , ~ V i T w ~ m ~ i l  
WWFX (derivative) % I git FI (directional derivative) W d  I 

; m - g m 3 . 2 . 1 i i ~ ~ h % h m - m m * i i ~ - ~ ~ ~ & d i ~  
~ ~ M m ~ ~ i f t m i t r n M Q ~ M m , ~ m & i f t t  

(neighbowing points) d; * m b U  di * d4 * ?hWS di 
@ i i r n ~ & t l ~ ~ ~ m ~ w ~ m d ; m & ~ d ; r n M r n  
7wm8 13m: 

W ~ , m h ~ w ~ @ W m 4 ~ ~ ~ h $ l I v d f f i k V i T &  
8 M (slope), WRV ib ift fbi~ ii ~?WI (m) V ~ T  9ftziif;r m WIT in. QQT & 
( m ) w r n m M m d ~  

Flim gdt f%&h * (plane polar coordinate system) if FI (r, 8) w  lid^ 
f l d m i f W m i i ? r V i T ~ f k g o i t 3 i m ~ h * ~ e i i M  
* l r n : w ~ d ; s i a i f ~ ~ ~ * h r r ~ ~ t i t f $ @ ~ ~ *  
r n M * \ ~ ~ m ~ 3 f B i T r n h m 8 t t r n m i t m * , W ~ f ~ f B W m  
&*iirn*@*l 



mp = q a t  (3.3W) 

uai d rn (denominator) 3 r2 4 p 4 &/4 ift ?ik W $ 8 ,  dl% & dfh 
R T d  (actual physical problems) 4 a  < < r  lhl h I W h W  (3.30 a;) 3 q d  di P m  
m p ~ ~ ~ ~ f $ t t ~ J n B d S ( d i p o l e m o m e n t ) ~ ' \ r m % 1 ~ 3 h ~ ~ t  
a = 1 ~ " h 3 h r > > a r h h 1  



P W  h PD bi 8, it mifit p bi d; rrRr (antiparallel) 9 ,  W: ma 6kf 
d $ i T m k ~ ~  



P m f$giT ih TC? di !%q m @ R&TR~ if t@qw Tiimm (Operator) w mh 
ifiTit81 (wqQiTsdi3iirifRm~mrvftf~~Wq1)wm, 



1 
tana = - tan8 

2 

;m 8 = 0 8  m e  ~rar  mdw h, mfWr * h h m  (radial 
component) fhW7 &IT h 3fk U 8  @?JWT m &IT h ~ % fi VhiCT (3.30) 

i m g n r 1 n 8 = ~ h m Q ~ m a n . t * i . k m & I T h , h  
2 

W%F&ITk cos 1 = O * d a d t ~ m l h 8 t % f i d ( 3 . 3 1 )  
2 

i m g m ~ , d F b s i n z  = ~ j h ~ @ ~ i , ~ t a R t n m t l h h ~ ~ ~ i t  
2 

J r m w m d M d d %  



w i m - m q y d , m ~ * d f m * m & *  
(translatory motion) VC mm df V i T  I WI @ W fhmrr d fbi mqy fqqr 
*~w&gYVC*mm*ml*,m.rndf81 

~ V C R T ~ W J ~ ~ P F  ( t o r q u e ) d i ~ m @ m d ~ m ~ ( : ~ m @ m  
m n r r m t , m * d * 3 h C M m , * F @ * m m d i m *  
%wf.(cancel) ux % a, mru 4, m~ vT m 8 I -3.13 it rn 
W d 8 fbi W W JnHPF W (magnitude) (Flasine = qlE( Gin0 &Il d  I 
~ ~ m m ~  (clockwise) ~ 3 i r & ~ d , ~ ~ p  xEdim*fftPrra'r 
m d 1 ~ m , f Q 8 w m m m J n H P F r ~ i h t :  

@ RRW m (vector form) 3 f @ d  vc ~Qu 4 mif mr Mt d 



~ ~ & d i ~ ~ m a r & r ~ ~ ~ M & m $ & i i ~ m m 4  
m & PC di M (potential) di ;rm fi TI'T jrmr % I 

M & m @?T & E m & m Rrm 4 ift %vl rn (negative gradient) di 
WKrn%: 

* w W di * * (perpendicular bisector) kr m M & m @?T h W 
r im%:  

m h 4 W e W a'?bi (turning effect) W % I e R FIT 

m m q $ s w m %  



J ~ . d r  = limit C E (rj) . ArJ 
n- a 

','O J = I  

A B 

r m  .I., - G mi.,.., . A -  - 



F. dr = ( w i - y 2 j )  . (i dr + jdy) S S 
C C 

3) W Pftf$p ~QJ E 8  dk w md aiwhl (elememt of path length) d r 8  I 
* ~ * d r H ~ 8 1 - ~ H W d i d t d m ; r e ~ ~ 1 m  
fammwr4 



I I )  w ift (Concept of path independence) W rft ?mih h ?Tr m 
: % : 

I I 
along L 





E E 
d r = - -  

E 
fi 

( A C )  = - - fi d 
fi 

td% A C  = dlcos 45" = \r2d 



g h  f%&h (Polar coordidates) 

m'dh Maid (cartesian co-ordinates) di m'm m gdtq pir sft w h  TM I 
* m i f m ~ * & m & t ~ m ~ m ~ % l v i f t i f t t &  
* * d i ~ m m ~ m l * * i f m % * d m m t m & d i ~  
m ' d h w ~ d i 3 v d T & & m ~ m w 3 v d T i ~ . r r * m m % l  

~ r n @ ~ w m m f & e ^ d r n r n p R q l f B i r m t % f ~ R S T T w 3 i t r 3  
R r r 3 i t C r d i m t @ & T d t 3 m 6 & R m w 3 i t C 3 R r r 3 i t T 8 d i m t @ 3  
~ & 3 , h % E m ~ . l t f G ' P r m r w r % 1  6 & R m & & f l B & % h 0 & h r  
d ~ ~ & ~ w * * & f l % l f & B I m T R m % ~ & + * s i f d i ~ d i  
w t h m m 8 1  ~ ~ ~ - R S T T t C . & w f P ~ - m d i m t c o s 9 m d t m  
8 & y-Rm 3 & m f di y - m  (component) di m 3 sin9 m F k r  8 I W 
A.1 8h'q 1 Jm: 

A ; = i cose + E sine (A.3) 



A = PA,+  e^A0 

(r ,  9) f3&k 3 ( v )  (operator) d M d; d r 3ih 9 ift 3 
m 1 - 4 i r w ~ ~ P f t a T h & i f t w m & f t 8 1  r - f r : ? ~ r t m ~ $ 4 i f d 2 x h d r & r %  
* e - R ~ 4 ~ r d O & r 8 1 ~ d O d , $ i f P b i ~ 3 $ ~ d ~ ~ 8 , r  
. r t ~ i ~ ; ~ ~ ~ 8 ~ i f ~ ( r , 8 ) m 8 R r n r 3 ~ 3 s f ~ m M m & 1  

(r ,  0) l%&YkiI 3 Tizma; JWT f h ~  jrr FMXT 8 1 Srrd; W d=&T WFT (scalar 
function) 4 rn I m rn P ( r ,  dl) m rn m ( r , ,  e l )  8 3ih @ 
Q (r2 9,) m rn m e2) 8 I * PQ = dlv f & w m  8, i=it 



jm: @? %sTm; (polar coordinates) 4 &r a%1~6 m dw b 

Infinitesimal 

Scalar 
Orientation 
Component 
Radial 
Dipole 
Dielectric 
Neighbourhood 
Antiparallel 

Torque 
Line integral 
Qperator 
Operation 
Vector 
Equipotential 

Space cordinates 




