Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

PROGRAMME: B.Sc. PHYSICS
HONOURS

SEMESTER - VI

Course: Electromagnetic Theory
(CC-XIII)

Lecture Note: 1

Maxwell’s Equations and Gauge

Transformation



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

HMaxcsell’s E{Q/wz:}rm /

B —alic}rr_oquwm@g, I Maoresalhls

o e

F _imy% VY] f?m S’/Oa;e& i S E
T R ey e

1 @ W= Ly
f LA7> NWE = 838/3#\

| ) Sxp = /(a@—fé—af%g

Gveaa P 4o (o Cwiﬂfoémi&i@”/
0 Ly (i A
AL (s randt™ Gzt
CO T Sl el
bof

— 4 ___O.
G G.L_,Q/ﬁzj M Mo sl S s
) A =0
e
| Wy JxE = PBBF;,
| W) Tl = e & B




Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

Sn /&”/r@fznu O¢ e fra
e anaderial omedfumn— Ove =le ‘m
02 nHeakly pslam’sed Ond) AL
o pailmedd ke fhere oot b
At o dode o cfﬁ b @
Cvrongn S v ol M% QUGS



Dr. Shyamsundar Ghosh

Assistant Professor

Department of Physics, B. N. Mahavidyalaya
De €5, |

g A ek
b e ) Sintan, Pl
<—,-

BN L

T - ¢ +EpT T 1

= do( T 8¢ 0 thetBE
g vx(%—o——y = & Jf + fa FGEHD)
: 5

R

L o Tpr Tt Tm) e




Dr. Shyamsundar Ghosh
Assistant Professor

Department of Physics, B. N. Mahavidyalaya

(—P'//Z’HM %JYW{CJYV Of EL‘M”"“C&

o (g
8 iy i o o

N A e o a2 S - A2 Wb‘m
15 veDuree THUL M. ’ezw—/wmf &
i had e @ Fes0 Me®  \ipaah IR Abl
Cﬁ/ JL= elrahra ((izm—}uvLm

g S me/mszﬂmz L



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

i T e
e e,

An b - —elzeVD B E*f%?‘_t/(;)

(@ V4N Ty g7

& /L: '7%00 NLLA ’\,Wr)'(l/bééﬁ CZ@@
Y kaﬁ lkg*/?b_@m‘c %(

AT R2 mnetce \tr'
7%; /%\/\ 7 ) .

7ﬁ 20 elrehie

e el B b R ey o
% =
Tt () = Ae) o tenbo Sl VT

2 i L 3*’ 2 L"‘;
By (8) — N = ] 4 s [O(E5 -5



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

L e T@sw;ii“j
VA = o ( Tow'ssomses”
Kewé- mﬁu@



Dr. Shyamsundar Ghosh
Assistant Professor

Department of Physics, B. N. Mahavidyalaya

,mm &
FY(/WWMM/”W'OZ

NR=0 o
= VX‘A y CJ/\'\WQA M

| ot M TS
Sy fhs velidion D o&#wrw/v\;ﬂ
f - o fre@ "uaclow 2, .
prit Z;’:ﬁ“ygf&m¢w"“&y ot
6?<4bd@‘ W&w»% L
i cloes nmfkw;;aku%ﬂ@ : “’“‘Zﬁ
N weelss )FOLWM A, Yk m&
heegunt o Nteedsyr 0 W S E

w@ by rmmng e C‘“‘m’ﬁv
i

=1t/ S e

e R I U
SEEY CF*{*%&

= WAt I (Fa)
o L&:W(WQ:E



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

G <
I %@Z/{}:{é OV 0?) LB LAV A

’
5

, &)
A B Kosom oh - Gege eune i



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

St ke 2@ 5 wantifet B 2Ty &=
B et Ve %{:mx\mg (=G ) et

' fcel  Omead G 5
@ ij\a)\ p M’\/m\)\ Q/V\T,

1 il (T bR
b a é'c‘”\ e fean C/q 2 e

ILo Gt er 4 Mgﬁ{%& I vf\]Ss;cL

Syiiae
C'( ;r;q— 6_0/660 gs'r ‘T_;@
¥ Lovenl® €
o ety Lol LorenlT e



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaya

‘fr W/
Cﬁ+w&%i>+q e .
~- o
; V\f/‘ ,,/Lfofl‘gwﬂ e _—_‘@
o, TR %«Vé%: .
i
| yelighel WY o



Dr. Shyamsundar Ghosh
Assistant Professor
Department of Physics, B. N. Mahavidyalaa

’ E Y ol
- AXWELL'S EQUATIONS

p poundary Conditions a4

73 gy
the fields E, B, D, and H “;lll RS 5
gaisls 1 be discontinuoug g g o .
dif™ - form of these discontinuities can be ‘eNSIty o or current density K. The

ol ded‘ma”d
thel”

?nxegfal form fx:om Ma"wen's equations (7.55), in

0] st -da = Qfenc

(ii) ﬁs-da:O

d ‘
E-dl:——/B-da
(i) f;) dt Js for any surface S !
bounded by the

= d closed loop P
(iv) ﬁﬂ'd‘—lfm+5st-da s

over any closed surface S

Applying (i) to a tiny, wafer-thin Gaussian pillbox extending just slightly into the material
on either side of the boundary, we obtain (Fig. 7.46):

D]-&-Dz-ll:afa.

(The positive direction for a is from 2 toward 1. The edge of the wafer contr?butes nothing
in the limit as the thickness goes to zero, nor does any volume change density.) Thus, the

component of D that is perpendicular to the interface is discontinuous in the amount

(759)
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Fi gure 7.47

ion (ii), yields |
Identical reasoning, applied to equation (ii), yie refractio
1 More Pi
o=
Turning to (iii), a very thin Amperian loop straddling the surface (Fig. 7.47) gives P
ot
d
E,|_E2.|_—_—-—/B-da. b
: dt Js b

c

But in the limit as the width of the loop goes to zero, the flux vanishes. (I have already
dropped the contribution of the two ends to $ E - dl, on the same grounds.) Therefore,

(E',' -El=o. (1.61)

rallel to the interface are continuous across the boundary.

That is, the components of E pa
By the same token, (iv) implies

Hl'l_HZ.l:Ifmc’

ing through the Amperian loop. No volume current

density will contribute (in the i
if i is a unit vector Perpendicular tg the interfsi:cmal e s

i$ normal to the Amperian loop, thep € (pointing from 2 toward 1), so that (i x D)

Tfoe =K; . (4
flOx]) =K, a
and hence ( el
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i) B — B =0, %

(i) €1 Ef — B g,

(i) B} — gl

(i) By — By =0, (7.64)

(iv) LB" o LB" .
R

As we shall see in
refraction.
More Problems on Chapter 7

Chapter 9, thes i
p € equations are the basis for the theory of reflection and

Proble: Two v ;

s zum 7;::&1 3 tz;); lfn:,gj ;;et:l plates are held a dls'tance d apart, one at potential zero, the
i Ui metal sphere of radius a (a < d) is sliced in two, and one

hemisphere placed on the grounded plate, so that its potential is likewise zero. If the region

between the plates is filled with weakly conducting material of uniform conductivity o, what

current flows to the hemisphere? [Answer: (3ma®o/d)Vy. Hint: study Ex. 3.8.] :

Problem 7.39 Two long, straight copper pipes, each of radius a, are held a distance 2d apart
(see Fig. 7.49). One is at potential Vy, the other at —Vj. The space surrounding the pipes is
filled with weakly conducting material of conductivity o Find the current, per unit length,
which flows from one pipe to the other. [Hint: refer to Prob. 3.11.]

Problem 7.40 A common textbook problem asks you to calculate the resistance of a cone-
shaped object, of resistivity p, with length L, radius a at one end, and radius b at the other
(Fig. 7.50). The two ends are flat, and are taken to be equipotentials. The suggested method is
to slice it into circular disks of width dz, find the resistance of each disk, and integrate to get

the total.




