Department of physics
Indian Institute of Technology, Kanpur

MKH/SMT/2016-17-11/Phy103 Assignment-5 Week of 6-2-17

Note: The problems assigned are from the text book /ntroduction to Electrodynamics (4™ edition) by
David J. Griffiths
1. Problem 4.22
2. A capacitor carries charge Q when fully charged by a battery of EMF V. The capacitor is
disconnected from the battery and a dielectric is introduced in it. (i) Show that the

change in the energy E stored in the capacitor is —%QAV where AV is the decrease in

the potential of the capacitor when the dielectric is introduced. Now reconnect the
battery to the capacitor so that some charge AQ flows to it and its potential again
becomes V. (ii) Up to the first order in AQ and AV, calculate the energy supplied by the
battery in this process. (iii) Show that VAQ = QAV (iv) Using the results above, show
that the change in the energy stored in the capacitor when the dielectric is introduced

with the battery remaining connected to it is %QAV = %VAQ. (This problem is related

directly to section 4.4.4). Hence the force F on the dielectricis F = — (%)Q = (Z—i)v.
3. Problem 4.28 :
4. Complete the derivation of force on a dielectric slab (done in lecture on Feb 1) in a
parallel plate capacitor.
5. Problem 4.37
6. Problem 4.39
7. Problem 4.40
8. Problem 5.5
9. Problem 5.6
10. Problem 5.7
11. Problem 5.12
12. Problem 5.15
13. Problem 5.44

Hints:

4.22: Either do the iterative method done in the lecture to generate a geometric series for y, < 1 ro
assume a polarization in the direction of EO and use the fact that field inside will be the sum of
E, and the electric field due to the polarization.

4.28: Use result of problem 2

4.37: The field due to the dipole in the middle gives a polarization that has the same dependence on
7 as the field of the dipole. This leads to a bound volume charge. Furthermore, this
polarization also gives a surface charge that gives an additional field and polarization.

4.39: The potential satisfies the Laplace’s equation throughout the space outside the sphere. The
boundary condition is also very well specified. That is sufficient to determine the potential.

5.15: Use Ampere’s law

5.44: Recall how this force was calculated for a spherical shell charged uniformly by electrical charge.



SolLU TIoN @

PPV e SECRE S
> — A
g o )
il I A e /ﬁ
i F. » X
—— e
RS- -
-_— ———9—
ﬁ—r q
e

Cgé,ma&u «l’zr)9 ew
Lef He eytinde. Lovelep @ potargachem ©
m o Cape dureddim  a, ’E—,‘,
TD, ?M a bewsd charge § :-T-F
= 13
Ot @ bwwd furfacr change hewnly
6, P.r
= PC’as:‘s
The n —han mem—ﬁtﬂ-&—-f_

2 &
por 4&%@“&- e,

e - )
26
= EO"' rXeGo E
TG



oY E - 2
2+ Ye

- (2 )eb
K+1
E v f 2 =
ERY

b One pa glo Lo %L/@rﬁ/em c@ra//w,%_

Eo

E Fve et b P G B

ﬁ), 6"""’ 010: Gbxe EaCescf)

()';o iRk By * — XeEe
e A
E g mer B = _ql6& =
(&)
B <
P( 8“ G-\ = 1@.6"
b1 = N 0@54
yr
i g =" 3 "
bt s E., g £
4
E“d’: Eo*—é;—réL-ﬁ-,,
2
_ _ Xe L
= Eo(i -—{:T’ Z— 2




L.oe (’9@ @

_E““' //tv':: Fr a yaa‘&v- C;ayarvb&—y
s 3-?5/}?1 s )y b ntellon frocs
e a4 e e iy |

= ’ﬁévr:i%“~ ol F“& il
= {/’“ g A Caf&cha;-u P&

et g _amek
A N AT A 67

LIS
AP Ligwid 4 9'M««'+ﬂ spce Lottt JB.
Pubes | I fplee Can be condocd a Ao
C"T‘wa’ws Comnelel domw(_, one  hnlh
L%dermMWWMMW
Refr fhe fovith o} trher hoe L - TThew ¥
fe  Liguid o metﬁ)—h ho ot g, oo
Wda{am@;oc Y b=

. amekd  are (L-

AlRy T s

Co he Canneclod [z a sy V acras A
tobo e lunry ppest %me

e Lepy o 206 BB
< 2¢«(é/q)[ g ”)]




e [q(,\)nb»f/,]\/p
,@(L/ﬁ

"
your]
D

BTt 5 o il s N b
p~ (1) : ]

Fire an Mo iohiehe st sodatilaa o g

b sl
(/)

Qi N hathion I\ e foree U Lpuwast
- Jreccenn /b,g-@u (foin)wc WTML—M
%wfay«ra’t%h Lagure So

7‘/(" 7(2—\/7/‘ (-E‘L’aljf L\
gaClfs) )”/ '

——

/E\ - Eo Ne VL—
(L) b (%) S &




G (ot nwide R gohes Gk dhesfre T
O Coskact  plonrghi obn T e mef planzatrar
Ml Jo eleclie Sphos Ca be dekon B Lo

Al oo IR
40 3

& b f) F - b, A

3CP\YYP\¢O)—Z_

477 3



T 2 f)cv\&\’c,mmatlm L Eo b e I

_:F; S’ 8 —y
o e A 3{(5’—E>-r}r—@—m

1 47e s

E -—Ebﬂ_::f —+ ad Ll A Jev -
= i e e et e N
ChayC anisimy from B pearviz ol

- A

G_; = P'P == P\C'IC9

20 &2

4 Py Cos o




®
Thos  Sunfoen Change G Qe plecioe freen

Ez= -——'—ﬁ[f)' +Pz_]2'

36 2 R3

" Thaes
_é ] . 3 %(E..E) r ?] ?‘ — CF:F‘)
ATE r3
-kl 2
76 27 R 3 ‘\—PL—\
Now wr Mo foct Hat T - A&E
o g~
f_):CF‘.(f*);" P " plg
gue?
= e &3&?@)-93;*(?’“]
4wy 3

R - o -
k:‘ = %e Cp—P1)
o b - (XC b = lg"— b
| \-tXe F &o
0. - — e (}D( — Xe
w 2 ] 2R3 > T PL




—y A o =
E . 1 34 (F-%egyt b SRt
4N, e
%
o [ Ye o el op Ta
3 € K . 20R3 (3+Xe ) K 2063 | &
(e-ek) = ) 3P ") r-Pp
) — - P Xebp <(_ 7\6)%
feo 5.4 o . _]3 & KQar?) 3tXe
mand L4 s \ (pMT-p y A
Wuﬂfj 4re 3 - %CF'-* >
Y nE. R (3—():.)

Lo Srobe—

The cawr/)]:cmuﬁ \FW Mzore o

S

Ve . P-r ol 2hep Yoao

4n€e  ¢* are 32 (34%e)
— d
= p Ces L 278 IB -
&UE T & R?  23-+Ye

NoT2 "Xe > K-l Owd 214Ye = 2+ i<




@
Ouknae Je. fott (peentint) wd b flot
it v o cheple. CPepi)) 4 clepd. ot 2 4,
s Aol amce o

’ ST S - ;
ID\f\e/(’ T PR —\-(6;\3 —\-P»>-%‘-'—Kq -

el Swnfece clange

Gs @ Wit &

202

BWMW }u Wnak QJ'\;/M'V\J ’f"”“ < ngm

ey 2ﬂK3 —r?)
g N
P o Gt 03 Ye P % P |z
l” Q%P = -—% 5 l—K-Zﬂ' R? K(z»fxc)zmt?]
(K-—-— \4—7&1)
— s i Ye ]2
ORERE e e _11 .
I< 3 K. LFE3
e s 1 W CF-#9
= s - /3/)& Ere)
P ( 1 + 2N > Lok
i =




\I(Y:. R) . (Mg o V(-?,=o1')—:. UC%=3)

§D4£, w,«‘;wxwm S VCY}:QA’E‘)
4

& ==
O? e ,ﬁ'D \ = —*EOK<.B_\L
8.2

e

D CPPe bl Bl
Z7eo R
O_zf (W Mé) = £ kK Vo
dep 2
E- —Tv = %R 4
YQ.




o b o Cope 2 vhege b 2

()  We Lad e %/?TJL/& ke 1t

e frorendany Coml LA Hal

Ve Vo abtr-fll Gt J(2=d)z V(2=6)



‘ v 2. Vel LY E T‘“M ’F\M
Q—r\% (YD == Meswm
O——— e "e‘ SW\'M W W (R "’MV\

ot (b) W} Viiv)= ﬁ_{_{_ =
b o

Sahafy 1he freetony
ool o > A e
Cohmor ccvor adl redans
Hower Joor o fR Srtiticm

Y

fo P €l yemcios Mo Saune .



5 o

5.¢

2*? <

@

&)

"
o
=
O
(L
©

AT rwdm
x stk gy SofTAD
0

& J W M J o

Z ¥ <Sm@ Codﬂ. me@g\V\QJ i fw e C%
+ CoT) =
= S\V\@&



5 len Sl

alw - Py I e



S SPRT S [ Y

—_
&B R /uf ngmzd

A
CRIS 1 1 ?3 &
m@-’-ﬂc'_;@) /o

ot 2)(,4& &.)QIO"' d(ﬁj@)k%\nl@ -
&

2@ 3

=2%f«-a)r({

Swlo £(Co) 2
o

\)

fo ek Sulo a(Gs) 2

Thhais c N
i ,A_,cov‘ﬂi J—\C(—-G{Z@)&(G?O)
' (o
= 2 fatlog 2
3
w5 Ly 2
i ,} “Ths Mg relice
( A et i pe
: a0 Y B R
e gt ol
: Y Ot 8=+ eyl

@

~7 %J/_( P






