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1. ConsidtT tlic Landau fi·cc cncigy with a cubic invariant

I l .. ('/" 'l . . ,, I :i l . I.. //.') . . . '1r ·! U·i·11 ..I "'(!..• IJ'.2 - . 'J J ' ,j .

(n) Explain why it doscri b cs n n abrupt. (first-order) phase transit.ion

(b) Dc:Lcrrninc Llw t.r-ansit.iou U:r111H~ratt1re

(c) Determine t.l ir: L<:rnpcr;d,urc~ window where U1t: f'rce energy l1m;

(d)
(c)
(f') \f\/hy <:<in Lliis f'rc<~ <~11crgy not. closcribc I.lie coanw-grained Ising

model in abst>11ccof' magnetic field?

Lwo coexisting mi nima

ls there any cuns!.r;li11L on t.ho sign of' .1.1? \Vl 1./!
ls there any consLr~1 inL 011 t.ho sit.;n of' O.:i,? vVliy'(

(lO marks)

2. (a) T'l ic: co rrcl at.ion lcnµ;Lh at t.lic~ fixed point of' t.lic ron rm a lizn ti o n

· group Lrarn.;f'onnaLion must. cit.her be /,Cl'O 01· infinity. \i\lhy?
(b) Explain why nnd hmv Lhe thcnnal ()igenvaluc of the RG transf'or­

rna t.iou is relaLccl Lo t.h o crii.ical exporwnt; I!'?

(G rnmks)

3. LeL 11sassunw Lli;t!, L11r; singular parL of' Lhc Iree erwrgy close to the
transi Lion

f(i, h)

(n) Show that J(/. /1) is ;1 r:;rnienlli/,ed hornogencous Iu nctio n, 1.c.,

/ .( \"' I \" 1' I ) .. \ ..( I ). ,, .,. /...../I l. I ( L)

;md dct.cr-m ino a1, and r1,1• llcro r:1, <"'2 are coust.a u Ls and h and I.
denote the fir·!d an d reduced ternpcraLure respeet.ively.

(b) Ddenninc tltc; valiw of' the critical cx poncnt.s L3 and ~1, starting
i'nH11 the deffr1 ition in Eq. (l ).

(8 mn rk s )

11. Derive Lhe i-ocu rsion rol.u.ion f'or 1, )., {)r r t v.: coupling constant ;,· for t.hc
orw-din1cnsional lsing mo dcl wiLh ne<1rcst ncigl1l.)our intc;ractio11s

Ji I I . \.·-· " ''.. f\ L, ,'),.)/
{1,1

undergoing decimal.ion by a factor of' 2.
(!J rnarks)



ii. Rcn<11·1n;lli:,;;;l,icll\ Croup: i,c(. Ll1c \'CC.\\l'Si(,~" 1·(~ht\u11 l'ur ;\ Llic1·1l\;c1\ v;\rial?k
/\. 11rni(~l' :• ::udc :·La11gc .iy :: f'act.01· of' 2 be of U1c f'orrn,

(,.<\ I ·.)I\ 2 (I
/ ~ I '- ) \ ,

(a) F'ind t.lu: uo n-Lri via l (/,·· / 0. i) fixed p o in t ;,· Cor this recursron
relation.

(b) \1Vritc clow u tl n: ii11cal'i'1,cd t'('cursion :·elation. ls the fixed point
rulcva nt or in·r~lcv;n1L

(c) \Vh:1L is valur· of the nitic:li exponent u'!
Yon c;1n sLup :d. tlw point. 1.vlicn· you •.vill require a calculat.or to
go f'urLhcr.l

(G marks)

G. C:ll!:;si:H1.fl111:Luatio11:'i: Con:-lidcr llw Lanr la u free energy
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\V1·i Ling 1;(r) 1; ! : (1'): wlrctc r; is either one of' Lbc degenerate spon­
i.;1iu~ou~; mc;1u field v:iluc5 n!' U1c ordc:· 1):11·;uncLc1· IJr~low 'f;, calculate
the L;1ntl:111 f'n'(' (:J1,•1·gy Io r i.lw fluc\.u;1f.icn , (1· 'vVork to quadratic
order inc ;u1d -f~\jl]'(':i:-i .)··<.nir n.n:~>vr~1·in tlw Fourier cornpoucnt.s of' r.

(G marks)

t. c;i;1;-,bu1·g criLcl'ion: :-:how UiaL LII(~ 1·cquirclllC!lL thilL II 1C'(1·)\ <·<
I rl"1·1;2(1') ;1r!.i.il.rarily close Lu t.lic Cl'iLiccil point Jc;Hb Lo the value of
U1'~ 11ppcr 1:riLic<d dimension

//

(4 rnark:.,;)

8. !Jif':;l1it:1, T1·a11:-;itio11: J\s:::;umc Lh;1t. in (lie \mv temperature ordered
plw:.;c (when~ 1,1/ U)~ Lhc f'rec cnci'gy is given by the expression

i
)j / cl'1r {of!' '/'') \~ , ·);·! '\/ij(l i- I I . i \-.-) ( \ 1:2}5:r1; r1J r :

Show Lli;\(, For 'f' r·\Llw orckr rmnnnetcr 11(1) i~1 no longer spatially
u n iforrn. \1\/li;1{, j.;; Lile \V<JVCicngLh of' rnoclulaLion or r;? J·~xplaiu how
t.!H' :'i;/stcn1 lH:i1;<\!c:; ":' Fuu ct.i o n of' Lcrnpcn11..urc.

(G maiks )
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