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W"**M

MT 408 RELATIVITY b
;éf\ils“;g'?‘..r all "ciﬁestidnsf LE S B s Tim_e al_quéd:-'3 -_T;Idur_s 3
_(. (a) A num‘nel r}[ pom‘r (,harcrt,q ey, €2; - eN a-i(, fixed at, '11.:11{1:1'01 po’ii‘if%_ ;

Ql, Qg, s O oof a lme Ok f;how LhaL if P s a pomt (m any b(‘l((t( d &l
hn(, of for{‘e lhen : :
Zei c059 == (,onstcmt “here 6' = P QTJ\
i=1 b A 7 :

(b)) Pmltn( thdw(q 0 and (o are ph(‘(d at points 4 and B ua’pot’-:liiv("l_:\_f._
' Conmdn the hne of force starting from A at an angle « to B_fl Plbw
that its asy mpLote passes through the pomt C o1 AB smh ‘tlmt =) 2

3 and 1‘[1’11\(’53 a,nd ano"le B Wlth BA gnen by -

: e
_w (2) % (6‘1 + Q‘z) _Sm (9) '

) Show thdt the C]BLTI‘IL field potcntml due to dxpok, Piis?
' LB

4?r€9 3

q1

where r is rhe vecmr from a dipole to the pomt (onccnwd

£ 00 In spheric al (onrdmdtm the Ld])ld([‘ oquatlon is give n b\,

_1“3_ 200, +--——1 Bl 5111:‘5?(—:}—1i + e & d—?” =0
- r2or dr " r2sinf860 86) ' rrsn?00¢*



“(a) Show tl that the g@nera] c~01n’nrm nf tho Lap]afc tquamm} m_'.'
syminetri case is gwul by £ e

U(?";.Qj‘::""—?_ : Z ( C”n + Du .(W ) P (ow)} S

n=0.

where P, (2 ) 18 thv Louondr(, polynomla of dmrvo .'f:.

(b) An oamhod conducmng sphore of radiug a is umtoci with 1A 111( 1\11{ 88 b 1
of dielectric of dielec tric (‘omrant A The sph&ro ancl (il(’}(( bric mv 1)1&((\(1" s
.in r'l mlmn m clectric field E.- - ' S

-(1) Shiow that the dldnge in the field OULHldt‘ Lhe dld@( tuc 15 ihe ammw' -
as that. 1)10(111( ed. hv an electl ic dlpole of moment e

(2k+) +(k=1)b
(A—l]a (k+2))l‘)

4TI'FQFJ (

at the contw Of tllo %phc‘w : : _ el
(i) Show alao that the bUIfﬂC(’ dmmw of Chargu at a pomr o1 tho (on--_;'.':._'_-'_

Idll("{()] ig.
chUE COSH

; i .3
L St : A+2+2(A )?, e
wlu e 6.5 tl 1(' auu e h( twvon tho a,dnm t,o llw pc}mt and the thw( rmu'-- e
of 1‘1{"[1L1(l SE e S :

Q3. {n) Discuss the sign:l_h( and 0 of

. B (r) Ho / J(r )X(I"’)

n’*u
47r ek R
i mmmhrm Wlth Am )010 de, gwmg) t 10 fouo bc‘twun [er um(‘mf-* i
(‘mlymn l(mps of ste Ldy current, ; - '
(b) Pluvo thai

i) (‘1111 B = uDJ, 2 ._

11] B = fur A Wh(l"(‘ A = ‘{ -AL—LO’U" '
4?1- v |r ="
(111) div A = S e G e e
{iv)- A(r) = .‘“—'m /\ V ( ) for a 'L'nag'net'ié-._ 1).0‘1’(5; of strength m at the 8
(ji'igf,'ili.-_ ' = - e e o




Pige to a virtual -y ,’f

(v) \olmm dlStllbUthD m( r) of maumm polo 'f}‘i'{%e'@
current dlStI‘l Jutlon vV A m( r) - - 2

(¢) Discuss tlw 001191*1115(1‘(1011 of curl B ;LDJ to mm‘rmdy cmwu‘n

Q4. In two spdcenme dlmensmns two observr,rs moving Wlth constant relative ve-
lu(m; v set up moma.l frames ’R and ’R, mth COOI dmate SYS{(‘lll‘-\ ((‘t, i,) ami
(et Jx ) xeqpectwelv : - : : S i

(a) Starting with a lmear tramfonn and the invariance of tho apnod (Jf 10111
show that if they set their cloc kstot = t =0 when they pem cach other,
hg transforim between: thosc, (,()()ldlﬂdt(. qut ms'is ih{‘ Lm(‘ut? tlans[mm

(#) (3 §) (%), e v = (1o
(h) For the ﬂ:illr_)\%inr?r_' you Hl‘l_él-l!.:(_il_ﬁ.ﬁfit.(‘._ any resilts you nse but do 1_ir:jr;3h';-\.w_* :
to prove them: .=~ ' Sl PR ' R

e

(i) Show that a part lclo movmg wmh the speed of hrrhn m ’J?, dlso mow‘ -
at the speed of light in R e R

(ii) Two events are simultaneous in .'R but o¢ (‘ur one:second aprut i
AR C‘alculate the velocity m terms of c of ’R Le‘lamo 10 ’R if 1}10 i

- distance bet\\(‘( 1 the event is 10%m in R. PR ;

(iii) A velndo travda w1th speed 0: lc in R How fast is it t1“;1\;"&:_1}_11'1'@'1'1_1 i

(iv)" An object which 15 statlon’uy in R has lc,nut 21‘11-.-. How long does it
.cLDIJed.l in- ’R’? - S i e

Q5. Two (l(‘(tl()ll‘w with vost mass g cach have energy E inthe contre-of-mass
e, 2 e e

{x) Show tlmi in the 1d1)01dt or y ftame i whlch one electlon is orig 111c:111v
vest, the other has- initial energy (2E2 - moc"*) /(mgcz) '

(b) The elechons colllde elastlcally and. then move at right-angles to their
original - 111(‘([1011‘-» as measwred in the ((‘ntre' of-mass frame. Find the
angle betweeh the elec tmm aftor tl}(‘ co 11%1011 a8 measure din rllv'la!)m i
ton fr'une and. then new energy. : s



't is repeated but thlS tlme aftel tho (0111%1011 fh{ we -:uo 1wn'3 :
a "JTU meson (Wlth rest mass m?). What is 111(\ 1111111111111}1-_

\f(‘louty (3{ tho moving (‘l{‘CtI()ll 10(1uned fcn th}% to ()((ur ?

Q6. (a) f ) Dehno the term 4 VLCtOL \thth is. the 4 mom(,nt um ]’ Ut & maaalo‘wf ek
Y pdrtlc lo- (Huch 4s a photon) : : A o

( ) Define the inner produce (;(X Y) for two 4. V(’(torq ";:_1:1:'1(1 hvmo &lmw "
thd.t P null Does tlu% hold f{n lIldS‘-il\f{' }m.r1.1(':1(‘.'5'-'-(_5_1:1{_,1_1. as: (‘lv(
tlom)? : o e

(i;) Culmcl(l linnt (111111(‘(1 dt :111 dnﬂh‘ 9_- anthe rest! frame R ol a source
111{)v1110 w1t11 %pu’(i v, { ' P s e e

1) b oW tlmt tho huht ha.s au 0hserved ancrlo £ y

B Fm't]wf"moré'show that a photon wu:h energ}r E in tho wa‘r fmmv 'R
of !ll(' H()HFC{, hab ob%crved e,nclgy E Whuo e e o

S 1":2' _z_j SR e B
E 1 — —;2— i B (1 + — (:()36’-)’_;
(ji]) Show tlldt 1f ‘_f_ is (,loqo Lo umty ihon a,ny fmwald almmw lwhf

(- < <'d. = 2 ) is: obsmved to be LDHL(‘HTI‘dT(‘d 111 a 11(11 TOW ¢ 0110 whmt‘

; semi- (mgjle, 9 is: gwon by 5111 ﬂ'—* (1 - —) E ¢



