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SECOND PUBLIC EXAMINATION

Honour School of Physics Part B: 3 and 4 Year Courses

Honour School of Physics and Philosophy Part B

B1: II. SYMMETRY AND RELATIVITY

TRINITY TERM 2013

O Wednesday, 12 June, 2.30 pm — 4.30 pm

Answer two questions.

Start the answer to each question in a fresh book.

A list of physical constants and conversion factors accompanies this paper.

The numbers in the margin indicate the weight that the Ezaminers expect to
assign to each part of the question.

Do NOT turn over until told that you may do so.



Throughout this paper, units in which ¢ = 1 are adopted.

The Pauli spin matrices are
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1. Write down a formula for the rest mass of a system composed of two particles el

whose 4-momenta are Py, Ps.

(a) A neutral particle is produced in a high-energy mteractlon. It then travels
0.9mm in a direction at approximately +10° to the axis of a detector, before decaying

into K+, 7~ particles. In the laboratory, the K* and 7~ emerge at a.ngles +8 .343° i

particles of rest masses mj, mg, the
frame satisfies




2. A particle undergoing hyperbolic motion has a worldline given by
22 T2

where L is a constant. Find the speed and acceleration of such a particle as functions
of z. Find the relationship between the Lorentz factor and z, and hence show that the
proper acceleration is constant. [You may quote the relationship between acceleration
and proper acceleration for rectilinear motion.] (7

Explain what is meant by the terms field event, source event and projected position
in a calculation of the electromagnetic field of an arbitrarily moving particle. Illustrate
your answer by drawing on a spacetime diagram the worldline given above, and indi-
cating on the diagram the field event, source event and projected position, for the case
where the field event (¢, x¢), is on the z axis at zy > L and t; = 0. (5]

Show that, for such a field event, the source event is at

L2—:c% i L2+x? e T/S o X s
2k % ORI

ts=

Hence find the projected position, and the electric field at the field event. [You may
assume that the electric field of a uniformly moving charge is given by £ = g/(4meor 202)
for points on the line of motion of the charge.] (9]

Obtain the ratio between the electric field at (¢, zf) = (0,2L) sourced by this
charge, and the field which would be produced at that position by a similar charge
ermanently at rest at z = L. Comment briefly on the electric field at ¢t = 0 for field
rents at small positive z¢ (that is, 0 < zf < L). 4]

[Turn over|



3. A two-component spinor s may be used to represent the 4-momentum P of a
massless particle by using the relation P* = sfg%s, where o® are the Pauli spin matrices.

(a) Obtain the 4-momentum for such a particle in each of the following cases:

1 ! A kel
TR\ Ao R 8

Under a change of reference frame, the spinor transforms as s’ = As where

N= eia-0/2-v-p/2_

in which 6 is the angle through which the coordinate system is rotated, and p is the
rapidity. 2

(b) Show that exp(ic®6/2) = I cos(d/2) + ioc®sin(d/2). By starting from a spinor
directed along the z axis, and applying suitable rotations, confirm your answer to the
first three examples in part (a )

£

senting a particle whose energy is E and whose momentum is alon, 3
in some mertlal frame F. For convemence, set the overall phase

(4]

(8]
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4. Frames S and S’ are in standard configuration with relative speed 3. A source at
rest in S’ emits a plane wave of angular frequency wp a direction making angle 6, to
the z’ axis and lying in the 2’y plane. Find the frequency w observed in frame S as a
function of wy and 6, where 6 is the angle between the observed ray and the z axis in

frame S, and show that

o cosf — 3
Ve 180050,

Given that the intensity of a plane wave transforms as I /Iy = (w/wg)?, show that
when the emission is isotropic in the rest frame S/, the brightness (power per unit solid
angle Q of the hght observed in S is related to that in S’ by

(i X (,’N‘x‘ a 1" o - “
4;: Gl Al RN o o
dQ (1 - Bcos)*dQy |

A rapidly rotating star is modelled approximately as a sphere of radius R rotating
rigidly at angular frequency Q about the z axis of an inertial frame S. An observer is far
away in the y direction, at rest relative to the centre of the star. Consider the material
on the surface of the star at coordinates (z,y,z) = (Rsinf cos ¢, Rsin fsin ¢, R cosf) in
frame S. Show that if this material emits radiation of angular frequency wy in its own
rest frame, then the frequency observed by the distant observer is (for ¢ = 1)

—02(P2 0 52 e
w=w0\/1 Q(R —\Zv’)‘ (\][,,; B as
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8 s

‘Draw a circle representing the glowing disk seen by the observer. Roughly indicate

on your diagram the locus of points for which w = wp, and indicate which region
1 ha.s w > wp, which has w < wp. If the brightness of the observed disk is uniform,
roughly estimate the average observed Doppler shift A\ for a star with R = 2 x 10% km,
() = 3 x 10~ rads~! whose surface emits at wavelength A = 500 nm (no integration is
"1 ired; a rough estimate of the magnitude and sign suffices).

In fact the disk of light falling on a plane detector is not expected to be of uniform
htness (although for a non-rotating star it would be). Explain why not. A detector
typically cannot resolve the disk, but this brightness distribution will affect the
equency distribution. Discuss qualitatively how this modifies your estimate
n the average of the observed frequency distribution.

[LAST PAGE]

|- J/:‘Ta" )

L (1 (=i s
" g

a
@

L4 lc :
( (\((?!Q'Z/)

[6]

[7]

8

4]






b Eil¢ 5 [ B¢
\ e Pb’
( ‘l) i / P ) /,f).)
Dl e SRR Eit o) (7 )
s {\/\:/\/—-—- (P(-fPL.)L
C’L
T

i ; ,,,,,K-ﬁ QT\—: 3 lcl‘}
® & 7 T X3 2 P’

Plet

////\)/9er 19 41 =1
AX*Q L'(Q( ;
' l{f C = e~ T = Ed
% e fa 8
7 Ein ' ,@" :
P «(9@7 Gt & L3
= U7~ = 3B.qae
M O mentinn

b iz Fr- 0597~ + Pt c0sq

L = ((425) (B + (A5¢41) I 183%)
G g o

- il + Pet Skt

‘vzr)ﬁn (33,943 f(?ﬂ‘/);.‘y; (8.7¢3)
a2 4 MeEEes . (D)



—= =] 'ca/lgw\: 007’(2-55

0

E 9o
//—*/’)—

} PM:'Holg Me V

— ——

—  est nrens( | :

~ A
.f

Pw\: P-u- =t T'Dk
RS (@ ; 2

- M= P+ Pl R

= &
= gt Mgt Z/E”),/ 4
. n e AL

— = = o = ] : e
= a0 'Mt« “ 5 2 g Er f ke et @J/Q,d -9”?})

3




TR0 Ve
p= (102§ mev

1l
B P A )= L 8¢ mev

—

Eeal s L BN ]
o f" M e = — (F"M)




T

i G Cre=m Al = b0 gy
Sl s B = G Bd)ts 7Sf3 Y
Vﬂ :

C
17 /W/W’?”?‘ G
A
e . K \KK"Z'J’{"?H}

[506. 7%

~ Fux", F{('O@J(z/‘cfl): %%

m\ PK*CQJ(S éf}/ 7)2( J77- /Vlev
Pm, PKY P~ sw(w‘m— ém’s’ 7 mevic ’1-593MW/<. EC

m(ﬁﬂ’/\*ﬁ: tren shocnation Ao S o ¢ ®
Sy R )

¢
= 6 (150635 - B thso. 7).
= =4oB:328 e

—
- 15 = (30057~ g
605 éuM Z e

ot (= ‘ﬂ\.k A_fq )
. tn Magn.fwﬁ‘k







(y

1 Q
NCRSR N TS R R UL (AT
g™
N
— ME ~ Lmm b ) + (m,’*—-m,,y1
A
: | ¢
E \\V\ 170\(‘( (0\ ) ; ; st L0 : <
. i 2

3¥Y) + (s

N —

* |76 Y-85t (139




22 2L0\3 @

C

- L Ce=1)
= 'LK)LQLX - — -cc(t):_,o x dx = tdt.
- Ve %’Es %{ Lo e
Tl
: v=§_f% (57@0-4 V)
T A
)_ )("ZL%)% o <
e e e (At
Uht ~ L
T v
7L = , L‘L k. Ll
o
/2,

% ¢ occeotin At *’0/
s | | o /.
2 0

kR e/ )

iy






6 Ul e Comes from Time dilats,
& S fyen (orgth contractio- )

(4,
3 [ L L
o ke SELaR ( ) { ) e v
e
e ‘“Qk& QJ\)QV\‘t it Q/\}f,r\‘(’ 0\,6 UL?OLx "H\"- %’pr@""f"'ﬂl
A (‘HA\ASV E(C‘T ric /MU“]"&("\ -F;kc(ct_)) ,‘5 C“(CM(&TQJ-
L SONT R Qunf went af  whicl, He ckaqf*/c«wwf

%MC(U\'(SL) +he ff\‘e(clj we ar ealca [m{"fj Gt
the fleld event,

:]e“(e/-.é' ?951'(!0\4 I ihe F"J%‘(‘.‘f"" at, yhieh o

1 ;g the (-a,z_ moes LWith &t ant ue(oc:-h(‘
/ Sonro event

S W ,l)z_,) " of Th~ ~tim& Q»fl“ Lre(d

Bl Lfci) et

ST o e e i

(510?3" \)‘ ‘ P \ P\IOJG L’(zd ‘m) Itlon




‘ = T “u d [
lﬂ\k ES 2 —t— >4 )C_F (& U 1( warl /Yu&‘a:iﬂ )

W World (s Xttt =

fpercien & (% [Ks2)

S 1= )(5')(4 ; XSL"'C;L=L1

X¢
-'—;7 XS_tS'-'— X-C 4) Q‘-‘"f-’)k’(l'l"(j)=ézf

| i | : z =% W 17900
i ¥3 t{/://g)z—- XS"L(J- f—(f o
{ Kp=ts .z o X

2 AEALIEMaIs
% f
% 4 _./ Uy
/ .Z‘J"Qf’,\( oy -~ AT




o~ +t =0 ; )(:)(r
= XS =
e " (vets hoth <o
x?: X.S“Vts ek )
Xp Vi R AR
e i . L
) G
’b)(,{_ LL1+ X&l)
- WIS RGCL PR
LAg C gl 2=
o
- 4 Xf L o L
e
/{%(L‘)‘-{ )({_L) L')-_t_ X‘F‘L
}(; e ; @L(-—LL'X,IL.(. 1X¢L)
ﬁlﬂ,c" (,"f><+7~ 4 LL—(-)({L
poiet gy
Y i X4\ :
al }/} — f

line D‘{. Mot ‘on ‘3
e T )('F_X(:

St Y

- ‘><1c[X+L‘('LL—-2L7,
i G
e (Y

i













&)
Of:l‘: (0)

= |

)

% ?9_: Sfo-‘ts (\,0)(() = 1

L]

?(__ (oG = oC 0)(9 l)(:,) = Clo)/‘:):o

(et

s (o)

(9 4)6): uo>({°): 9
£y
P S0 = (Io)(9 —l)( ) uv)(a// =

[

F_S{fts—_e-j%(((t)( }(}

= sl A 2
= SO RO i R R R
Ko7 b ufi ) e -

-1‘5 = —71-' oy \)(o(f()(,,) “3{(“)(-;) > @

Q

b ey (1 o
oy

" ( - J SRt ) :—l - (- =
(;) e/ G = (1)) /



v (
o

Pz b Lot (o Ay (E11e s Se )
SR GR AN L))
i i o
F' .7(’((-0(;-()(.!): i((’l‘}ﬁ/‘/
‘ _'/l
[
% o

%




T ( - ]
ex\,(;(yuo/z,) = Bt 1074 /2 . (lﬂd/t): (:0‘“%) 7

¢ '7,[ 3;
J“”"(?i)(o\;)l(?‘ ) <a,( (i
< o
:(-}2’()(.&():—(&’:) B
b ol SR /‘ KO‘&)M” = oga e A 7.

"" CX?( 0‘“0/1_) = Z(/ (9/2) b (0/(;)7 o )

 Lop At/ (X6 (9/1/)' By
b= 104 ,?}— Lr/ )

es(2) t c0%4in(2)

e )T e

ly e



o) s 02 ¥ e T,
A-}:Q : > _é s ¢ % ;

% ARV
o s't g he CyEY )/
: c}t? %/;,,,

bé.‘“(%?

[
w\ -

O SNEEH )
2

3
=

» ¢ 1

o ] i. L_
Wﬂf‘ + I'C’:




e L e””’“)(( . /5 )
g 9/() e 2/

Wi g d
5 lz/(e,f % ¢ /8)(6 i

s ) Lg
_61?7/6
[
5 L
s A
A
Q
7
=) Spaee =) T4 i 2
J{ (718
¢ A
S R
phese G- :E(/ /
= zr/) : @
Z i 7
5 AR
c-—ta-nl'\ﬁ

Lash  Prson bt (= |
e s o - W Y

corhit) = ﬁ; e

= CDJI]GS ____/,.-’I_Z'_

C FF
0= N2 15 e Sa

Q

pon) = GhNT s

( ZS o

—

G 7 wdécg):‘)?.

—
—

o T
sk k)= -1 - ¢






1
il
™

G VALY

(242 Ll

-:zz/v()

(el

prite

— %/(-)’) e anc—%). = @%E

=0 :
e /‘(//( o) /
9= ( 2 )
1///T

€ L "f//'r

/ J
+
(’16 W“)

= g(é‘ 7%



§
he an le
T

E —
" ‘ \.f QYI

4&.6

w 0’(}(-

\}6 ais
l\(.

W\




52 1013 Q4

W W
. K & @y | = wew
147 Wwiiad
o) 0

Y t 7B Woe (039, 0,

<P 0@y t ¥ L0200 @
Q= Qo S nBo ®
’\/90{9( clb‘(- ?\‘OAMC]‘ @hin \/d.f‘ u‘a,n‘f

unler (orentz
_(‘mM‘R‘?W'(’\‘On )

( 0 i L)d°<-l"t/ o’{- tha. 3‘**"&)
fc) _ _ ywe t TwVess



s WL = Lcosd) T

= J/-F"-
We = J v ¢ l-POOJS)
, e L /
o o & WG/l e
T T
nsdecs @ , @ &
=) @0 © =) W o9 o
2 ©H - (o5 (+ p cosde)
/@_.— =) (G SO e [5 F ®
. XM XWO

Jo (e3B t PSS o30s = 0300 fﬁ; §




w = Lo Al- Fz
Cl~BLsE)

0\'\‘()[2— ‘;e'fwuv\ velS d-t\/ 9'(: W\a‘f‘e/r‘ a ‘ aqa J J%(T&V,
emisson L tmdiafion in obsurwec s rest fone

B= SLRsMO = @ g2

g=¢ BsE =f30-zs?5 2 QRsh oo
=Y

le ‘3@*’““/




‘1; /// o ) W

V@A 3\«\4‘\/('

— Asane unifreaa l\’\-teﬂ\s!"'(.Y ( ne wv..’(dl«fed d\vQJ‘aje.)

AN = 2HC o wdA < N

b.]\ N — Al P wo b (A),, i o.?,‘“‘v # W;‘j?fh,‘ 8¢ A5
i Ao w Wa % - ( t
“ b (NO i :

= el (- :l [~ Rsine

Slwd | o

e [

(-

£X(9‘x[o3p( .




A é)% Sh L oae —2\’511(2’-5:»\"9 RC@SUt i) et i D) -

(4 nRsno o + AR sinD 0P
QG R hen )

= Jh RSO osp ¢ QRRY(L ST - Sintoosp )

CHalgiay
L9 L apGglegrt SIS - <o) )

Y @ gt
IS
| gy = STwdsnpds
T ‘golj:nfdf/
(469)7 - 507[(3) Grode
fs':noée
TR BRI TR & (posg) = o

(‘é‘é-) - %—/Z/ Kﬂlﬁl




— Ao {_V\»Pou.-(’ bﬂﬁwm_& W nof O

i &&F:(%‘:Cf i#_g

L

S e L;g')\g‘# fpi?v\(’m(/y (e of the disk
N byhec '
Ve awend W€t\9lb@4\ W%

et CL\SL ) I awcrcta& / W“// AR

Do STl B, S0,




