PHYS506B Assignment #2 SOLUTIONS
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Since the action is dimensionless, [S] = M°,

a) Find the dimension of the Klein-Gordon field. That is, [¢] = M", find n.
b) Find the dimension of the Dirac field. That is, [y] = M", find n.

c) Find the dimension of the Maxwell field. That is, [A*] = M", find n.

From the Lagrangian density % = (ﬁucp) (8“([)) —m’Q’Q
obtain the Klein-Gordon equation (|:1+m2 )(p =0 and (l:|+m2 )(p* =0

From the Lagrangian density %, =y [iy“@M — m]\y
obtain the Dirac equation (iy”@H — m)\y =0 and i0,yy" +my =0

From the Lagrangian density % =—-+F"'F_ — j*A

obtain Maxwell’s equations auF”V =]

From the information given in the notes, obtain the result quoted on page 117 of the notes, U(1)
Gauge Invariance, Higgs Model,

7=3(0,0)(@0)-wo 1 (o)) @) KA rav{on) &

and obtain %

.« and verify that in the unitary gauge it gives the results quoted on page 119.
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Consider the local U(1) transformation ¢ — ¢’ =exp (—iKS(X))(p

where ¢(X) is a real function, and « is a real constant. Defining the covariant derivative and its U(1)
transformation with D = a + qu,A11

DH(p —> D¢’ = exp( IKS( )) Do

D, =0, +iqiA,

obtain the local transformation of the gauge field A .

Let # be a Lagrangian density that includes the complex scalar doublet ¢ with associated mass mg

1
Q= ((Plj , the Dirac doublet y with associated mass m, y = (sz
) v
and that is invariant under Poincaré transformations and under local SU(2) gauge transformations.

Let # be of the form L =L+ L+ L\ +PLp, p+Ps.a

where the terms are, respectively, pure Dirac field, pure scalar field, pure gauge field, Dirac and
gauge fields interaction, and scalar and gauge fields interaction.

a) Give an expression for # and for each of the 5 terms above.
b) Give the gauge transformation law for each field.

c) Note that there is no term Z,,. Are any of the following terms valid? Explain why.
C.1) YO, ¥ + Y,y
c.2) Yoy’ +yoy’
— t
c3) VO+Oo vy
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Consider the pure SU(n) gauge field Lagrangian density
v bc Ab
D@A:_%Fuilzau Fua\l/:'bfllv_gfaCAJA\f A.?v:aup\?_avAf
which is invariant under the SU(n) gauge transformation
AT S ASTE UAT U +10,6°T°
FaTa Sa(X) FraTa:UFaTaU—l
nv 1A% uv
U =exp (—iea (X)T a)
[Ta,Tb] _if abc-l-c
a) Use the Euler-Lagrange equations to show that the equations of motion of the fields A 2 are

given by aHFaw . gf abcAtl)Fcuv ~0

b) We have seen that the gauge current j,@ can be obtained from GuFa“V = jy d,ja =0
i i sav bc Ab v
This yields ja = gf ® CA—' [ CH
Obtain this current, up to a multiplicative factor, by using Noether’s theorem for the invariance of
#, under the global SU(n) transformation
AT — AT =UATU
U =exp (—iz—:aT a )
[Ta,Tb] _if abc-l-c
where the &2 are real constants.
Hint: first find 8A 2 for the infinitesimal &* and then apply Noether’s theorem.

PHYS506B, Spring 2005 Assignment #2 3



Question 1

) 2= (.90 - m Pt
bt [s] = [atllel = wm-YL#] =wm’
Se [2) =wm!

So b [R] = IM]QE?‘]Q = Ma]'.?']l= m

> [91 =M = -

L) 2 = Ly, Y ¢
12T = ImII¥1* = wm LYT = m
— [W]1=w¥*> = n-=%

I 2= -LFTR - L (VAR A-, 4
L] = (x-tllﬂ)" : MaL'A'll n.wt‘f
=> LAl = W —f n]


lefebvre
Text Box
Question 1


Question 2
>* ok
X = Qud) "¢) — m*# ‘?51
- (:; (3. 9)* OuP) — m*B¥P
The Sdu- Logomgs ogpedion fu B o
i3 200 . gt of
o (}T‘jé;%qa)"% i Zﬁ%.\)rﬂgs

bt 32 o g (:;#¢)"g: - Q%)
o3y !
-aar; = "Ml?‘
3P :
Se . WpF+rmd*® oo Q=3

(D—!—M")?ﬁ* =9

T S Logramp ogaliom | ¢ % o
Ao Tha
(s uvgﬁ*)"'a%? P Aﬁ%;t;qu%

DV
b N
oo

e - -t

Se QY +Mm P =o
(ﬂ-&-—ml)sﬁ = Q



lefebvre
Text Box
Question 2


Question 3

) R d%g ! l(’ @M?JKD/‘ HMS"“]%
&LQA—"O%& ' o Lo
’Qﬂm-bm“ P\JTPM@?Q%@\« ;JL W AQ,JJ The e.guaj}c».
SOl N s L. e
"(a@q@) 3%, I
bt~ AP = S
(éy@ﬂ)

L :% K{ Q/M]/?K c)/,k - MS XLPK
Doy
%[(’ U”)M I = {Q“l%{ i

T n‘l«i@i v\d‘m‘{ﬁm ) %M@'/Q
[(c‘ J’M)ﬂ = /‘/Vl) Sul = lo R = 1,2, 5, ¥,

A

OJ'L} AN mPMﬂﬁa
(( XMJN - M)Sb = 59
AN j\uu.)a v I ,QM.


lefebvre
Text Box
Question 3


APy I L L Ty D s S,
A NOEEIE) é?"ﬁ[‘ R “‘W‘
Xt e VvV
- £2 05 s
Y L
< =P
Jg=¢ IR
3f L = I Y TN Y emS
S3F ZKZ_,M % 407> e
¥ )¢ .
[y Z; LPJ Cgu‘kgxk
= el 2%5\1‘)&
L —-/MLE
Toala
¢ ¥ L.
g\) Z%((XV)R'%/MZ%CE’? = o
J = ¢ J =
Y



Question 4
] ANV



lefebvre
Text Box
Question 4


V.. = S
p 1, 2,3



Question 5
- @Y - prn, - V@)
wrars. FY0) = 3"AY - 3VA*
V@) = —u23%B +0 (2%0)° Ay
DM = DY 4—J%AM
Wit Mo we howe P = %[w— a(x) 4—f‘fc(x)}
2= Om) (9 ~L PR, - U - L
whos Zu = =iy, [#(009) - (0 [ + 1A B

Newa | @”ﬁ(ra,ce) = L (Quo) %) +L @,JL)(Q‘“'L)
qu‘?b = _%- (V+G‘—c‘{)(\/ +< -1-(‘#‘{)
= Ji sz—f— VS + g -H(_‘-)

Se

@’*?6){ = J? IVY+*{V2¢2+ (o) +Yve +2v3 (3 n?)
+ Y ve (67*+4 3 -l

bt~ ncald vz.__;%:-_

Wi can gohon Tha posre of The ,r(’»iolo L=
® ‘_V_ 7\_%.=/ML .MQV=/AW__

Y
@ /AVT""?‘VG'=//\VO-"/,,V(T = o
@ %:' (2% ~ (v"o-l L v (o-"+q'-))
g el nety b B B
@ - Ave (o-"-f—'t‘)
©  -3(etel


lefebvre
Text Box
Question 5


So

£-Znr = L(Omo)3M) + L (u)07E) ~4F T F

+M$.L’: — pict - Ave (on) —%(o—”n‘)*

odrone
i:'NT' - (‘é [-L(V'f“ﬁ" C‘K.)()/AO- +t'3MVL)

= L (v—l-o- +m\ ,,.G" -2 Kﬂ&
+ -&_% A—MA- (V + ave + G -H’l‘

BT (V'f-a‘-—crt_)(),,,a--(—c /,\V(_)—' (V—l—c‘ 4—(!’()(épcs'—c‘¢),n)

Se

= 2T, | (Ve <)o + dn)]
= 2 [ Vi A adun —vch,,o—]

x;.,-,- = %[Vé»"( -!—0‘3/\4 ﬂbﬂcr]/’f
1—_L<5"A“A (v + 2o+ +) )-l

So finelly

L = Ji(_),‘cﬂ(a’“tr) - pio” —® A_%:- =
+ & (300" T e
—§F B
FLRIVIATA, TR My & oY

wJons

+ it

er = —')tva-fcr‘m‘) -f—%c‘(e)ﬁ\*’()AM-—fgnoﬂd‘)AM
+ c&QVG" A A-'M
__’>\ [a2ru ¥ 4—.L{~ﬁrA~ Cadd



To The WMW
/

i Ax) mu__%(vm-(x))

e Luo|d%) - e
— _[L? = E'-nv = / 2,2 n
S vy AA

+ Zar

B R
— AV ? M
~ =X ¢3+c& Vo~ Auh —-?-G_Y-!-—_L h %
‘A —#ld’r +—_1 zA:fAA '2_3 A/-'\A 0‘“2
& L3 Y (2ve +cr"—)



Question 6

/ ' , ___('E&)i/(
D, C,D/ < ()),\4—(%1‘( A*/,) e P

— sl -—(‘E.i/(

- —xQ8) ST P T rge )Y

,—cs.l”( —(IE_I'(

< ~x@e P+ e [ FogkeA) P
. + Q__({Lk( (-T) Ik A/',’“ A (‘% LCA;NJ ?
= E“"D/WQP d=f ik g A (Aj},« = B J%_Qﬁ'i.))

1

il

— ek
e Bl 7

{

Se Ap— o= A,,w%—_é:\%\é(x)_



lefebvre
Text Box
Question 6


qu__estion? |
i 2 (3) P
&L = (-D»Sé’ftl)»%) — m PP
+ @ (4D - ’”“:Q%

= AINY

* L o\)m:_ b [~
Fav. = Auy 4—3‘9 AcA,
o - "
. A = )/"‘ Ay DV A}w
=] e R <
OJDC r.\’bc__ ~ L L
f € Iz_‘ __5_.1+ _jiga
Ff\m% M—t‘—o R _,LGM:% v.l:fl"év\n
2= &

e g
n ]
< |
r—-....-'
~
3
5
!
a
~

Oﬁcﬁf@”?’)] — M;c;éﬁ‘?f
In =~ 117 ]j,\: o
Loeh = g‘?)’NT“‘PA/:

- '
aYS-f-A- = ,‘& [:;6 Tmb’“ﬂﬁ) = (gnﬁ) T QP—_lA/“
ETE RV MR SR RO W


lefebvre
Text Box
Question 7


The Jastt5mm cam alo b anltn

Lo A AT ¢

b T feead sUC) W’\‘M/MM—{RA o

Pe P = YP
(P-———-‘D WY’ =‘U\U

A,s> —= ALt = AL USTY —-_é_cs“’%ew

”
odhora — £ ek
O = e
Tn Loods
e Fuo= By Usou”

c) Z_})Cﬂk}/ +¢<\le{) ,CQY\SJ_}:“NWN_MOLQAM Ju(a),

PPt + Ppdr in pal MMM’*‘"MA }-truv(. U2l

FP + B it o Lavads /nm.’a«.

%-/c/\\ renAL o/’]%. 3 Toame one salid /ﬂm%“/‘a



Question 8

Comidan Sy = ‘“~$ B e

e s | lbs | e
s Eﬂwj = A::w/ 34 A;A)/
1 A,z AR LA

FBN\—(- QQ«J&_ L 3 ___(_FL ):‘L"’%
DA é@ﬁA;«\][ il h ]
- L
oL e P e
7 \ YO AT T GA)
= _,L )Fo(bﬁ FL%
= WAy
. NSARNBYL. RN D W,
205) G é%,“»r;)l ol "’J
_ Mev oMoV
k¥ SES SR R
Ha
g j - ni _.L FO\/MV | — DV _ ~ -{:oywv
SGh) 3l |
Adoe


lefebvre
Text Box
Question 8





= |l B ET

SIS
0 obsls ilnmnasndt ankddn | a gpw suw) '{‘—M/Ww\:ﬁ“ T

<

& a s ts O 3 N a =X
ﬁv/hT = | AT VAT
, U = M}o (-— ¢ EQ‘TO\) - N \N%{ qm’?amt

% CRS pwe\wé ;w\lv N“hxy{fwm( Tﬂw/wmmﬁn v QL:LMQ( '(/\-Nv\
= [—ic'i“—l'q +C9C€.Z) |

A/:“TQ\ % /-‘-‘\; L | =2 ¢ &'bTE) T ( | A ECTQ“] + O (e?)

Aol O (S s e | (R T L)
< =BT F ¢ [abTL’) f‘;T“]
Q g(AﬁTﬂ“J = | —( LE T)#/&TC] S EEA; [TLchl
I:;Co\
34 Mskal
SN Gl L=
‘SA“/w = ﬁ ot A;M
ﬂ/dga/\\/\l /ﬂkla/\ww Q/.Jcﬂn
ot bl _
LTI TER | O bk o et X)
3CuAY) =
= | L FC’*/\’V ﬁ)c\Ln:_ {‘_L) A;. _ )J(‘AL:C. A:: €<: Fa,w/

It

be, | b — AV
“oﬁa AV s OO



1} - *f{?\"aﬁ?_ﬁ “C._ Fc,\/u.\/

Ls( ﬁv = £ NS
3 _#
Thow v The £ one NZQA;LAQ‘AQ) e st

<V abc b oV
dp | =g e, B
- J;;\/ - 9 )“oqu_ A/i Fa\,m/

oy
WP SR R Rl I



	PHYS506B  Assignment #2   SOLUTIONS
	PHYS506B  Assignment #2
	PHYS506B  Assignment #2



