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-Review.of my review of Reif _ «6210-78 .

~@-/--shavteris ln introduction to statistics. Considers drunk in tyo-dinensions. Tox___
_ gompute his mean number of steps-to-the-rikht in terms of total Ne
—- Solution_shows answer given. by binomial distribution.For given N, you
__.. - can compute the meannumberof right-steps Hy for engembleof drunks. Can also _
_ __ compute the rms dispersion. For large N the dispersiongets small relativeto mean, _

and binomial becomes a_gaussian distribution. Chapter illustrates how a statistical
. ‘peak gets sharp for large Ni also showshow to ¢compute means and. dispersions end_
a average values ofthings. 2 ~~ — ee ee

Chapter2: _Gonsider one system A made up of many particles. ies energy B. Typically —
a the number of states "accessible to one particle (or degree of freedom) _
a ee _ is proportional tototal system B, so total states accessible to entire

- system is order of ET, a rapidly increasing function of energy Sf
—_- . f+ Nye This is the key fact! System A alsodescribedby some parameters y; like= _

__ volume, SystemA spontaneously spreads itself equally into all accessible states,
: ie, an ensemble ofsystem-A's would do thise00

-- ——-—~To talk about a "process"

or "interaction" you need two systems A and At,; If _work-parametere like volume are held fixed during aninteraction,only "thermal____—- Anteraction"can occur. Heat will flow to maximize the accessible states of entire _
__ _. system, de, to maximize entropy of AvA'. If adiabatic shielding, you can have a purely _
-- _ mechanical interaction, maybe work pdv done. General interactionallowsboth kinds _ _
-. . 0ofinteraction.In orderto have well-deiiified “generalized forces" like p conjugate
- to.V, interactionmst always be quasi-static. It is noted that dW and 4Q are “inexact”_

_differentiels. ee

. Once again on that thermal interaction. In emsemble of A+A’ systems, you will find_
- "_ that mean, bemperatures_equalize._But_in .a_particular ensemble this might not quite be ___

- the case, actual temps may differ. Its just that the probablility that a particuler
——- + -—snsemble basT = T! is huge because this configurationhes by far the greatest number ___
——— ---ofstatas. When A+A’ cones to_"equilibrium", its "existence probabliltires" areall

described bythe. statisticsof accessible states. That.is why €.= T!. If you initially _
_ put_a_system like AtA'in_an_accessiblestate that has relatively_low probablility,
— (Like. different temperatures),the thing just spreads outinto_all its_acceissible a

—~ -— --states_[_process.ofachieving equilikriun]_and peal happens to heat Tet", The only
_ postulate we make is this: _in equilibrium, ensemble spreads out. equallyinte its. __

oe ~ accessible states. 2.
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Chapter 3: As-enother example of the above discussion, consider two-compartment box
———-—— with movealbe -partition at position ¥. How can you explain the -factthat-

- --1 —..- +the-partition-adjusts in such a way that the pressures are-equal-on—— r )
~ -the-two-sides?- Answer: -system was-dnitially set in an accessible state of low - ——

probablility. “ Ensmelbe-then -spreads-out, Most likely-accessible states: happen -
— — to-have-equal pressures. So-same analysis as before. Another way-to-say-it is-this

— —{out-no-new -postélate-ie-implied)s -parameters vary in such a waym- as-to-maximize ——-
- nimber-of-accessible-states. Stetemént-is-e Little-unlclear because all-states-for —— -

all -y are accessible. You-can ttake-another cut and-speak of- M(B;y)-as number of: -—-—
- states accetsslbe for B and particler ys Then y will "spenteneoulsy" adjust so— — y——

that N(E,yz)is-the max, I-think-a picture will help -heret wo we-

jp ath eee neces A verted aaWES). 2k tee € (ok By 2lead
ili | = haa tact occu) Ee “= -_—

an aan set Nat tebwtady - --. Sup ale ae Se Ane see
cysaa wets a

Curr) Cay eaurevasiym) e
—— —- -Bevause munbers “are so large, dispersions are usually extremely small, super-narrow
~ > “peaks ~thuswe"sey’ pjsP, at equilibrium, there ienovres? need to spectty that actuslly ”
“> = = “pp and’ py areLikely to-differ by one part in 10°. “Certaintyp= By » exactly ~~~

- In piotuires and exampleabove, Myinigiar) wae Lees than NC¥psg1) + This pForess
~~ “(eis parettion sliaing to-eerter of box) is called™ irreversivley 5 Orice ‘the system~
~~ Has SPER CUE Ghd ‘theHost-probablevalues set, tt te not going to ever” again” squeéze

back Into the initial vonrigutation, except maybs-one"it10? cases or something.
~~ ‘For & Fever'sible proves,Tike charging a battery, the aceessible-staté density ~~~

must stay ‘the “sdme as paranéter (voltage) varies. - -
I the above box exaniplé,;a5 y thangéd, the number of accessible states N(Eyy) ~~

~> THEFSASSA,"G6 the eitFOpY increased. A protess in which entropy ificPéasés“is therefore
. “‘LrrévéFSIb1S. The fact that siitropy Wants to increase is nothing new £6 be added, just ~~
~~ restatement of" thé above spreading discussion. . oS

"  "" Wert A and A’ interact thérwally, you get gar Ny, |, BY = N(E)IY(E, “Es the
~~ > predictoi two steep furictions. System goes fo thé pédk. At this peak both systems”

~ "havethe Satie vale of a certain parameter “d InN/éB . Ie, further trasfer ofB
—~ does not {micrease N. This parameter is called Temperature. EntropyS = k In(N). oe :

Zeroth Law states that A.té.B and B.te.C implies A.te.¢ and Bis called ~
+ + --abhermoneter". “oe - -
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- If you dump heat Q into areservoir,you increase E to +Qand thus you
-@ increase entropy of reservoirs Trivially, dS = dQ/T. This assumes no work: done on
___™___the reservior. This result must be true no matter how non-quasi-statically Qis

dumped. ns a. .
“

Now consider A and A’ interacting with some work done. In order even to talk
_ __ . about the work donelike pdV__ interaction has to be quasi-static so thatp isdefined.

Ing general interaction,the entropyof system A' (now notnecessarilya reservoir)
changes for two reasons: 1) by doing work on A‘_you change the total energy of A's _ .

- 2) by changingthe work-paratmers you change the states-structure of ayatem.A'seam,
_- - You might, drastically increase the density of states at al] energies. If you compute __

dS taking both these things into account, it turns out by magic that youget_ 8
_ precisely the result dS = dQ/T, but now the process must be quasistatic or the

_ Serivation of this result is no good. This is the Second Law. The Third Law says
~ __. thatas T goes to zero, $ goes to someconstant,the minimal disorder. _Ofthe_nuclear.___
—__ -_ —spins are still random at very low temp where everything.else has_stopped. _ — ---
- . —--The First Law is just that d& = dQ- dW for system A; change in its internal energy. B__-
- is given by heat added to system A minus work done by system A on scma_otber syatem.

@ . Chapter4: We have at this pointderived frommicrophysicsthe Laws. These laws __
_ govern the mecrophysicsand there is much you can do without even knowing

— -_ —— ~~ —Aboutthe merophysics, ifyou accept these laws. This is the subject. ___
— . of thermodynamics. This chapter tells you how to specify'a macrostate of a system
- — (give its energy, pressure, volume, termperature, etc) Also tella you how to_measure___

various things like specific heat. You can even measure $ by integrating 4Q/T. from. _
a. point of reference, 2

-Chapter§ 5: Thermodynamic Applications in the Real World, The equation of state for ____
- _ cand, "ideal gas (one. with neglihelable:particle. intersections; even @
— - =. fermi degenerate. gas_wan.be ideal) ig teken as empirical in thermo, though__

- Ne Imou_sl90 howto derive. ttfron, the micro,, Using this equation ofstate,and the
. — tirst-sacond_lawe MWS = AR_paVl_you can shox that ¥ = R(t) only. Thue in.a tree _
—- Houle expansioh.in isolated box the 7 does not, change, no cooling...You can also -
—  ---show.thatcp =.¢,.4R for any ideal. gas.and&¥ = ¢,/e, « Rorttonatoms.¢y= 3R/2and____--—he 5/3.Adiabaticgas lew pvSs const iaderived,
- . . . 4 “pure or "homogeneous" sybstanceis something whose_only descriptive. ——..__

-o external paraneter is volume, like a solidor a.gas.. For such.substances AW. = pdV -_—
—__only,-and.you.can state various "Maxwell's relations: between-partials-—-——— —. — —.
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Wery mysteriously. the functions H,F and G are defined: - -

H=Bep PaE-1S GaEB- 1S 4 WV r)
and the point of doing so is not made clear, Recell that dE = TéS - pdV. Thus, E
isassockitedautomatically with variables $,V. In a quasi-static processof
constant entropy andvoluze,E cannot change, The reason for defining the other

__ Mepergies” ds thateachof them gets connected with © special pair of variablest
oo Ha TAS +, Yap OF = Sat ~pev ne

___Thus, eg, ina quasi-static process where T and p are held fixed, G cannot change.

__ These functions are “enthalpy” Hy Helmholte free energyFy and Gibbs free energy G.
‘So whatelsecanbe said about a pure substance? ‘Tyo easily measureable _

_ _paramters are(di//a?)p and (a¥/dp)y called expansion coefficient andcompressiblity.
_.. These are called q and K. Using them you can relate cy to Cp in a simpleway. You

_ __ find thet for a solid, which is highly non-conpressible ( enall4), C, and Cy, areabout
_ thesame. oe

“van der Waals ges (not, ideal) Equation given, conclude thatGy = Cy(T) only
like idealgas, butE = E(T,V), unlike ideal gas. Reif computes temperature change -

___. when van dei Waals gas 1 Jolle-free expanded. In this “processM, note that dB = 0. e
__Al's0,,d0a0_ and dW=0., a Soo ee
_-__ _Soulle-Thonson Throttling, very interestingand basic. When. steady state reached,

pipe wallsthermalize29.40 = 0 for mss dM goingthru the throttle, valve. But_pressure
and volume.of dM changes, work is done by. gasagaimubockbes on hi-pressureside egainst

_.. gas.on_low pressure side, so dBdoes. change, Turns, cut. that_enthalpy H 4s constant,
s0 this process described by die0. I predeume this is why H was invented.For

_ ideal gas-H1 »H2implies£1eT2 so not useful.” A real gas typically, has_a throttling
curve with a certain "inversion" curve. This is.in the 7-P plane. .. Throttling may .cither
heat or cool. gas dependingon where you are inthe plane (sign-of.p.).—tsuallyyon _.
have. to,prescoola gas before throttlingill cool it more. The effect. is. physically

- explainedas lon-temperature attractions versus hightemperature repulsions in collision.
- -- _Chapter -ends.with_discussion of.heat engines (to_get. out work) .and refrigerators

-- (to cool things-off). Condition that_dS positive gives theoretical max.efficiencies._ =
A heatpump!" heats-your houde by refrigerating the outdoors. In effect,.it_sucks-

heat -out-of-the-low temperature outdoors.and adds it to its dw to give youmore.hest
than-you would. get with resistance_-heating. Kelvin and Clausius "statementsof r )the second law" sey —you-cannot. meke a perfect heat éngine ‘or refrigenator.-._ —

y
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ee eee ee eeChapter 6: Theory of Statistitel Mechanics. In_last two chapters we didthe macro -—

@ —-—-—theory_aod_epplizations,now cones the IMcor theory. First cosies the ————__
———  -__. - famans_ "Boltzmann factor": Consider_a small system A in contact_with
. a large system.A' [ eg, A might be one gas molecule, At the rest-of the————

. gas, and “contact!is made bycollisional thermalization]. Since-E'—swamps-—
~~. By easy to show that WE, p-R) se"? mus,number-of-accessible———
a states ia given by N(B).exp(-BS).The idea is simply that if you suck -
— energy d& out.of the large system A' and give it to A,-you-have done
- -— a_severe restriction on the number of states available to A!; this is. what-the-expo——— -
- factor says. Ofcourseif Ais also_large, .N(E). rapidly_inereasesand. both-eombine- -—~ - ——

to make the gaussian. But now weuire more interested in A-being-rather.small- system.
- - Immediate examples_of_the Boltamann Factor_ae: 1)paramagnetism}—system-A————-—
—— --- is_one_spin, Boltzmann Factor_causes it-to_want_to-alignwith-external-th—At—tow——___—
- _temp.all tend to align,“at_high temp you-can_show-that_fw-const-x-2°, 4enown-as——— ——
— —Gurie'sLaw. —Thus_in_a_huge-ensemble-of-systiems_(—pitk -one-in-each,-oné-spin)}y¥——__——

- -~ the distribution of-alignments.\,-orProb(p), isreally controlled-entirelyby-the—--——
‘Boltzmann. Factor~ —Such-a-distributionis_called-a "cannonical-distrivution'.2}-Next- —-

- + example. is Maxwell Velocity distribution.and Speed-distributdony—alee-with-gravity,Gives—
@~ usualatmosphere deay_with-héight——— -§ —

. — Now finally. comes. the-idea of Partition Function. —Z-=-Sun—e =r, thie thing ————
- is.s.tool.. Its. various derivatives-tell-you-things-you-want-to- know,—1ike-mean- —-———~-

——~— _ -energy,-mean-pressure,dispersion.—This.object XZ is-closely connected to entropy: - -
S-2-kQnzZ +-BE)—where£-is mean energy of an ensemble of systems. Alsoy F = ~kMnzZ -- —

- - ~ toZdis very close-to the Helmholt.s-#ree-energyy—Essentially- Z conteins-the-sane—————
—-— —energy-as-S and therefore-anything-can-be-ealeulated_from~its-Remenber-that-it-is-the-—-——

- structure- of accessible-states-that-telis-e¥y—————— += <= —-—

- - ~ For. weakly- coupled systems—(1ike~two-melecutesin~e gas)- -entropies-are — |————
- additive-so Z's-are -muttiplicetiver———— —- =a
- = ++ - Calleulationtrick: in-computing-2-you-want-to-sum-over-dii-acceisstve-states.-- ——~

—-~ - -Ef-system A under -inspection-has-definite-energy-#to-xdE; this ‘sum can be hard >

_— to-dor Put A in contact with reservoir whose T is same-as-T-of-Ai—Then energy can
-—— ——transfer-and-restriction removed from your-sums—"Grand-Ganontcal-Ensenble"tsthe —————
“-~77> -same ides except-you-also-attow-free flow-of number of partictes-ay-wetl as-energy.- ——"
- You make-sure thet--Byso—~-E,sigteq “and simidarly-forNy — ——-————-—--- ——

_. TT
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_- Ghapter7:. Applications of Statisticel Mechanics, the Micro-theory,
oe

1, Ideal Gas. For monetoms, you cen compute Z' = g% “wherez ~partition @~
~~" ~  guncéion for one molecule (atom). This in turn is computed using the phase—

~ “space available to the atom, and of course the Boltzmann factor. In the end
~ "Souhave to correct yourZ' by saying Z = Z*/N! because particles are7

~~ ddentiicael and wemitaply counted them in our partition sun. Tf you” ~
_ gait to correct like this, you find your entropy S is not“extensive”,"7a problem known as Gibbs Paradox, This ideal gas, by the way, is only useful for ©
_ “real gases when T is high or n is low enough so that quantum makes no difference,

A condition is given for, when quantum is significant. Considition involves Hynandt
and also m. He atroom T is OK,fermi electron gas in metal at room T is degenerate.

___ 24 Equipartition Theorem. Fornon-quentum situations only(1), each, quadratic term oa
_ "an Hamiltonian yields contribution $7 to the mean energy ofa subsystemin equilibrium.

_ thas, @ non-quantun harmonic oscillator (mass on spring) has E = kt. Good application
“of this issolids: for the crystal lattice, you got 3k? since each ieaH.)sp"_you expect thatCy= 3R, whichis really true! Thetemperature barrier below which —
quantum must be considered for the lettice ions is called jx Og, the "Einstein Temperatysc".

7 Below this temperatureyou canmake simplest model that ions are on single srpings of 6
some OMEGA that is fixed; this model then gives Cy goes to 0 asT does, which must
_ alwaysbe true. . .

| __3, More peranagnetiism. This time general spin J considered, 2 is computed, and then
_ > givenby a functionalformknowns as the “brillouin function", a

“hs More on Maxwell Velocity Distribution. ‘This time shown for general ideal gas . The

_ various peak ynean, and rms values aregiven.This chapter ends with Kinetic theory
of gases; exact flux against a surface1s 4nv, from wichypu can find the balance

__ condition for_effuston-connected cativies fileled with gas. Exact, pressure on wall
45 (1/3)nm vps« —_ 7 is -

7

5



he

___ Ghapter 8: Phase-Transitions. This

is why I did this review in the first place, tor learn about second-order phase transitions. Turns ‘out that Reif says nothing aboutthem,
_ ~~ __but background will now help me find out from some other source. ee

Free Energy: suppose you put water, ice and water vapor in a constant volume __
___ __container and callthe whole thing systemA. A' is theoutside, a reservoirat temperature _—_ T whichis fixed. A isprevented from doing any work on A‘. A process_of somesort goes —

_ on anside system A ( some ice melts), and some heat is transmitted to A’ . You can easily_
show that: since dS,4 for ArA' must bepositive,dF for Amust.be negative. Thus .

es any process inside-Acan only lower F, the Helmholts free energy. Equilibrium is then __
_. . determinedby F = minimum, The system A internallyadjusts in anch_a way that Fis.

ade sri veo Ain tad el DJ ert -forever. Notice that free enérgyF is use er_T,V_held constant, The condition
——__that_F of A = minimum can then tell _you howm much ice, etee 9.
—— ---- -— Similarly, suppose you put ice, water, and vapor in.a balloon,and immerse. |
- this. in air bath of contant7 ¢ As a process occurs inside A, the volume V -
. may change andso-A can now do worl If ng other work is doneother_thanthis __
— . BAY work, you cen show that therequirement that~< be_positive requires that
-— - ~any.process in A will. lower Gjand A will o " G =.mimimum
-o_____ Example of letter .case: consider mathemb{ical_chunk_of_matter in bulk_matter.—_—_—- This chunk is. at_constant_T and P.. Consitiion_that_@ = minismum_yialds thesetwo. -
- resulte:.1)T 5Tyny-2)Oy positives _ neeNow. considera2-phase_systemina P,? reservoir. If both_phasesare tobe

present in equilibrium, the. condition that.G = min tells you that_g)=g, --This in-turn———

—  — leads_at_once_to the"Clapeyron. Equation"for the 2=phase line in the. p?-plané--As an- ——
— application of the Clapeyron_Equation,Reif computes vapro_ pressure_over--a—liquid,—sow:
~~expa_dependehce. on-tenperature. we ee -

— ~ —Chemistry:— suppose_you have some reaction-going-on.--Now-you-can—(partially)

~-—- ~ -shangey-sayt,-G-by-changing-the number of particles..of-spne specias,since(40/aN)m5 y -does_not_vanish. So you-simply adda term to,your dG-équation: watch: :

AG = Saf aula (Blau =ade Rk AW: = Abc = Lucbine

20 RL »So ae____ Thus you get on equilibfiun condition in terms of the potentials.But you ean go on to__
__.- compute the potentialfor éach species:how? Potential u is (4F/aN) but Frelatedto ______2, and you can always compute Z in terms of the single-moelcule partition function 2,

this all leads to the famous law of mass action with itstemperature-dependent=|oe _equilibrium constant. Of course wearetalking about gases , not chemicals ina solvent._
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_The lines in the P-T plane show where phase transitions ovcur. When you cross _
___ g line, the volumeond entropy ete undergo finite changes. Such a transition is e
__ called first order. I dont know anything yet about the more subtdesecond-order

transition,The "critical point" here is a location (P,,T,) where volume of
Liguid and gas becomes the same, so through this point you might betalking ebout

a second-order phase transition. . oe

| __ Chapter 9: Quantuun Statistics, The point here is simple: when you computethe total
oo partition function Z for a gas, say anideal gas, how

oe eee _ should you count? Ie, whatafe the constraintson
_ your sum which defines the partition function Z.? Classically,you consider all

perticles differentand you just do the sum freely, no constraints.This leads _
_ to the "Maxwell-Boltzmann", predictions for the occupation fi, of level of energyEyy

_ ~ — and alsoleads.toa certain Z._ ——--- — |
- ‘Woat_about the Photon Gas Case? This is exactly like theclassical summation,

__ except_yon leave out_all the factorials because indistinguishable. imax Asin the __|
classical, case you_sum freelywith no constraints. You get a certain Z and a certain _

. i. lmown_as the Planck distribution. _ _

ae e For Bose-Einstein you do the same sum as for photons, but_you have @number r )_ = constraint.” You remove this number constraint by doing 2 trick, then you sum freely.
. . Result, is_a Zand_anng.In the free sum you.allow any # particlesin a state. For _
_ Ferm Dirae_yourepeat’ the trick but.sum,only.n<0,1, get answer thetis similar but

signs changed._A certain constant calledq_ appears in the latter answers. It_happens__
_. . 0 be.the chemical. potential,but can.be_claculatedby insiting ‘that _the iy add up to.

N. Of course this requires knowledge of all energies By of your quentum_system; since
_- . this information. is. already contained in 2, you might, Just ac well compute ALPHA

from Z in usual way. Its different_for different quantum gases of course, for_ photons.
itis zero. | ee eee . — .

In the so-called "classical limit" of low density nor high T, the occupation
of any-level-is-so smal1_that -both BE and FD statistics predictions for Bz reduce
-to-the-B-predictions. Thiir21s meduce tothe MB.Z_but. corrected for Gibbs, paradox.
T choose not to summarize the rest.of myreview, Deals with applications of computing

of Planck distribution to get Blackbody: formula, the radiation spectrum from @ hot
objectcomputedby the BB trick, and the ‘idea of a Fermi degenerate gas. _ e

eee eee - eee y
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1953 Review

‘The Ising Model, Comments:

@ In 1925 student Ising propsed this thing as a real model for a ferromagnet. Turnedout not to useful for such, but is now used as model for binary metal alloys. The

interest in the model is now mainly theoretical: in 2-D you"ewh ‘solve the’ tiodel and
you get‘a secorid-ctd6r phase transitiolf ‘wherevartous“tiiermé”quinittes,“hotablythe specific heat, are sitiginer’ sete briticul temperate, «=

In 191 Kramers and Wannier located the critical temperature, but could notsolve the model, Earlicr“‘i-1936 Peierls argued ‘that ‘there shéuld be « trahsititn.
Then the ice broke in’19W) ‘when Onsager actually solved "the '2-D wiodél completely.
The ‘solution (no magnetic field) sows ‘@ logarithmic: divedgetice ‘of the specific
heat at a‘certaincriticaltefpératiite, “~'" “Pr vee

This ib"therefére-intte’ clasé“of transitions called lambda: there is nolatent heat, so not”inst orders “Réally avséctidsorder with infinite c.
In 1953 the 2-D model ‘had’ been solved by two methods: Onsager's oroginal matrix
methodwith subsequent Lie Algebraic cotmiutator stuff. Then “others"inveited*«
combinatoric method wherein you could ‘do-catidd closed'loops in’ the lattice. By
the wey this all refers t~o a simple square lattice. Both méthods are very messy.

Kaufmann“ found a ‘simple method in'1952, not: duplicated in the 1953 Review
No one in 1953 had a complete solution to the 2-D Ising with a H field, but

you could do it approx for small H and indeed you did find that-there was
"ferromagnetism". The spins want to spontaneously line up. Also no one had
solved ‘the 3-D-even without an-H field. *

The 1-D model with H can be solved completely but is not interesting: there@ is no transition, and no magristization spontenedso. wo
‘The methods involved are messy but the idea is simple: ell you have to do

4s calculate the partition function for the lattice. This is some function of T.

If analytic in T fof all positive real T,*then there is no transition. To get
a critical témperatute you-need your Z(T to be singular somewhere. Specifically,
when you ‘compute dinZ/dT you construct the mean energy E, and then d&/dT is
the specif’heat: here is where you are locking for a singularity.

I guess before this Onsager work it was not known that you could actually
calculate anything near a critical point. Various earlier approximation methods

simply failed to produce the log singulerity because something essential was
left out of the ‘analysis. ™

I will now have to read what has happend since 1953. Ken Wilson in 1971
did some big thing involving the renormalization group. I dont think I will
prusue the solid state stuff much further. But I-had to review Reif to recall
what a partition function was and its relation to specific heat #d the meaning’
of a second-order phase transition. I feel I now have the basics and can resume
the particle physics course.
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; WARN'NG Maing tyeegraplical Ones:

: _The renormalization group: Critical phenomena and the .
: Kondo problem*t ,

> @/ keoneth 6. wison
Laboratoryof Nuclear Studies, Cornell University, Ithaca, New York 14850
This review covers several topics involving renormalization group ideas. The
solution of the s-wave Kondo Hamiltonian, describing a single magnetic

impurity in a nonmagnetic metal, is explained in detail. See Secs. VII-IX.
“Block spin” methods, applied to the two dimensional Ising model, are '

explained in Sec. VI. The first three sections give a relatively short review of
basic renormalization group ideas, mainly in the context of critical phenomena.
The relationship of the modern renormalization group to the older problems of

divergences in statistical mechanics and field theory and field theoretic .
renormalization is discussed in Sec. IV. In Sec. V the special case of “marginal
variables” is discussed in detail, along with the relationship of the modern

‘ renormalization group to its original formulation by Gell-Mann and Low and ,

: ‘others.

CONTENTS : point . Instead one computes correlation functions; '
Introduction as. that is, expectation values of products of fields such as

- 1, Definition of a Renormalization Group Transformation 777 (E(x,)E(y,#’)). In quantum mechanical problems the corre-

LHF FlacPein in Pertrbation These gp Salon function aresoatins replaceby ewan expen .El ist Near Flsed Polat : tation values lucts of fields. In the simplest cases a tIW. Divergences in FieldTheoryand Statistical Mechanics, 787 Feld average. Getermining a eorrlation function ean be 'V, Marginal Qocrtersas Sccong OrderPerturbations About 791 Weitten formally as a functional integral. In the func.
© yt Beek din Method: The Two Dircoaooal Bt Modei ror ‘HOnalintegral the fields are the independent variables of, :‘ 2 in Methods: Tae Two integrati :+ _{aVIt Tae Kondo Problem: Introduction and Dednitionof Bass. 805 “™eR™SEOM-Re Gop Tetgaton tor the Kondo a6 . oat .Hamiltocien ‘There are two ways in which a statistical continuum {BK Impurity Ssxceptity and Specie Heat forthe Kondo #25 limit can arise. The obvious way is when the independentdara . . field variables are defined on a continuous space; the case «4 Appendix: Perturbation Expansions for the Kondo Hamiltonian 837 of statistical or quantum fluctuations of theclectromagnetic:

field is an example. If one were to replace the continuum bjINTRODUCTION a discrete fattice of points, thefold average ‘would consist2 ‘One of the most basic themes in theoretical physics is the of integrals over the value of the ficld £ at each lattice1 idea that nature is described locally. The basic equations site n. Thus for the discrete lattice case one has a multiple
{of all physics are'local. For example, Maxwell's equations integration, [Jn fdEa, the variables of integration being
specify the behavior of electric and magnetic fields in an the fields Z,, In the continuum limit one has infinitely many .

infinitesimal neighborhood of a point +. In order to be able. integration variables Z,. Problems with infinitely many ;
to specify local equations it is necessary to define continuum | variables can be very difficult to solve. '

. limits, namely the limits which define derivatives. The idea / E :of the derivative and the idea of a continuum limit that ‘The second source of statistical continuum limits is the

+ underlies the derivative is therefore of great importance in situation where one has a lattice with a fixed lattice spacing,
all of physics. . usually an atomic lattice. The number of independent

. : variables (ie, independent degrees of freedom) at each

. It is now becoming clear that there is’ second form of lattice site is fixed and finite. Thecontinuumlimit arises

.+ continuum limit, called the statistical continuum limit, When one considers targe size regions containing very manywhich also has a very broad range of applicability through: lattice sites. When the lattice is viewed on a macroscopic
out physics. In the statistical continuum limit functions of a scale one normally expects the lattice structure to be

\ continuous variable are themselves independent variables, invisible. ‘That is, large scale effects should be describable
For example, the electric and magnetic fields throughout by a continuum picture making no reference to the lattice
‘space can be the independent variables in a statistical spacing. . .
continuum limit. This happens in statistical or quantum

mechanical problems where there are field fluctuations, so _ Consider, for example, critical phenomena in a magnet.
at one has to compute averages over an ensemble of fields. A magnet is built of atoms and the atomic spacing provides

statistical calculationsone does not compute the field ata fixed shortest length which does not go to zero. At the
Ss . critical point (the critical point occursat the Curie tempera-«Supported in part by the National Science Foundation. ture) there are long wavelength fluctuations of the magnet- .{This paper is a compilationof material presented as aseriesof ization signalling the onset of spontaneous magnetization,nine lectures at Cargese in Summer 1973. The maximum wavelength of the fluctuations is the corre-

Reviews of Modern Physics, Vol. 47, No. 4, October 1975 ‘Copyright © 1975 American Physical Society 73





Stan ley





Te Nolen Shernduy Bock, Introduction to PhaseTransitionsan Critical Phen, >Quamo ; : ee Sine 1989 notes. Dre-itleony pre-renorm groupsSa RS CENwrasse sf "Copy an Piysice UtahTibrary.Read parts, 6/78

—fTaiieeetoy0 PNA ,
fice ATERMinitercone ST Che sealant ——
en RQ rte - —

CeaCSS) Se Gyn nT SB, FA tat eget. -
Ky = jeden company = = (2) = (Gy a
a py - . Ce ee

3 (og, = (GU = = (Sie = attend csmghlelity

—-oa '¥. = OW= CR = casket suseegh _C_da=TAs’ - oe

gee SR meyg ee

=ES), = ov GE Cee = 2) eee
: - - Fe

On-ay _ 7 Kr = -t Ga -- = ---—eee te —- em
a d= 37( Sy e- 2 ieeee gg SoS Te —<aNee Ore. Sena ana’ goa Danan:Fe

- ot eypasyrn tp rege AE

a. See 138), = owa oe7— TH
oSaap )— ~

- ON hay ---- >= n/a2a 48)ek SEM ye
we = yn TET, Oost foe TT Doe
- eee Se ~ - -— — oss tm posssbSa aston.ost lade
— -+ ee ee J - —  eone grwne Be

we
_ a+ - - _ ~ _ -

ee Comgank

-@ T Ce ag _~



= 9ee ned \VRE TT
eR SE OSI Ry
a Ee? ~DdSOE

—— meet BasesG9 8 SNR RG C

= saree PRETONES;
AS

22) =

“steerer reo terre meen ors
- cope | me ) ~sperteswmmanty cthempert [se GD ND ERT

“> ee ae ae arSBS Go) ee GO eT
Se “ye=> gg ROR TR
ORR WR RRR ry re ony
3whe fe) sm commen orn ay Yaaro ng



hoo -2- .
's :
Fo Wao,ranlee 69 ian anal, Deamadally
i -o,

_ & eh: 7G ona -e
_

a eYaETins M ~eF
aeoe

Othe magde Cy-Se aqui Juntedo; Lu 2Barx! 22 -CRudbente)
Box Cadel

LLNS . ee Ce

= Det "Wersiend 4 Whadamn Bina dh Caabisah Qessana td
8)sRewatenh 186%. Araasows oa CO,

: WAL vanduWerdeOram ee
ea - SD eaten= NANY_Onnsanyyn Coe
= =He ——— —tasagpinkn S srponmabe oe valerate. aadar promebes. ~~
— Soe

eo ae = MMRLe -

i head or flat emagraesigebion oft mains fansaurtes(osbas)
“Uns.”Gea VebdfokExpand
—Aryenadaoea BOK, AL 2) A seme aman arabicre (am abel

— One VowsAor WardGury| Lyall Gna Cransrbeng™. (Baie) —

~— Win cy) olan yao ned gadwhan B-roa na Epon .Vin“pr Rs_alatb’, Vex 3b, amd RT = Balarh. Cenewale}.22 ~ Bes LoVe | RT = 395mWOO Wey = Yay mat bo good simprsebh .VewsamolathePa nn nh engin EE aesing ee ~~— = BEE.© so. specific, beck Awee cil Jae amass Waar coon pyar Meta lout wat
netagoa lon Senna d) scaredTautou. Oho Wann! squalcenin 2etchectlen—odes mnsabed nMrose urasbalete nagims. Bo bs Fad0AeAaaser VOW tqiaihein tary nasusonin0 Yaviek
— = —theghs._gadkeche woksene (alssdsch aoe . wee eee
Coe otae



‘

Bnd CUnasiand Dheny., a

he" Qu Wogwabis VMrsone Fatt Deuey 22 2
5 Mejecwiina Radae B- - gy ZEUS oe@

apie HW Ha SAA, coh hm fa Qha sproiamnlerdpa haat ots do He A= Mowetacul bu) porsemalec." Fn fe cman
ger 0. gi _MIIP nataw a Terk. Yow Oren cadentake your mrpmnmate : :
pre Se3_ssa's0, ota,dete Cy eats |. di=%_ Qe% =.

Grocer, arco seiaondad wet ng Mae Assecasntsovderath Exgoemde. ctwag onVOw) Mick owe ysmst Vand owedtshe leone Pamage talent

Nesoepatinde 25,8 x AICSPS = TOrseShan nnaame Wags 3S omoddh ssdnceecteWeis. rated wath Me 2S/is%
~ Waagler cteara ly swawrng Oak [one Orenwill splers Bessie —— -wsayallss, sate oh iL Spat Lander tho «wwe Jutd Dry i ees
= Wokiat md anne Vo hea eomadh qualcbetee frase1Fen area . te
Qe:Pair Cersadalin Bvrckin oun)Oumserr- Bowie Mans! Core \ated)
a8 * Ranta,| sxeshin salute amodsle" — YR de stm drenimalDe spie deans Quon De ot axaclly solvable soaed. _ - oe.
DMae ae 7 _ -

Braised (GN) Samet A Sa —

Hghones qylotede? Br AM Mork Kar sod. war Toviglode dtdAS. Tae stcck Lasalle. Tusk saadt. Jha Zot = Ny,Th, im. Nadwm sear, Urstact | summing mer conn 7



roy —3- x

—— hocure, ambagrale ane jaca d\ sphet. Crainto uslerali. Iror— SSS pases ts2 $0 st yokeeu Seapor dversh  Venss : Satya Kos ii{" isa ee— ‘Qa nash un Re dunoes a A= i! daly 8) Sew sland (ire
cod routialoit Yo a Deercosoded.Onuugirah ancodsh,but och———prosiiicalBenn
—hanaleebeatamdad— Onsogs.cua avlaalyalliok paced De bace(P See

me. Onckes2 Qarelnrats . oe - --

yen ts Te poceig ails site. _Go gearssak  bagah[Do acouancy) —-oe rpees ~ bent rid Soe sor

aESA eeeI Y=luispebecnpasizn
OSop ceape C05 2DoEbe eg— 5 >_camecgvh = ZSSn Qo 7

Ma anAnde a as oO ga
a ee ee ee jaria erSMe

oe oie Nadnad bunwe
— Crashe one, WEE (steecrdrargen)Quorn in Stable onedsle

See . a 1-7 -sedtin-,-}-Gad:" Dyamaie” Cokes Phenom" | renwal Tsp ASP)



re con ee Weide. |
a de SF wid’ &Lo fe « Zo ao 3 g Oye. we, e 3 i ane f S FE gh 5

‘Als “ET BN ns iy ode Ie ‘al 3pl] (et a8 a e) r Cy rales 8 le iURal yal Sh ates Ho aU :es er 5 my q tf 2 (2 ia Se | ney



roo. 1 .

~ey! xv! .amd Quoukrt a Ce ES RA aCe) 4 Draw ey4. pudele _SSOty8 WEL ag tae OM Merete“ouTk.
eonC) veea Sic

_—

v

ceBk Oa) v mo B A d= 3, neo. Ae oeee ee Oe

~ ddd auw wre att aoevi Odstis0y,roe ode ub pawn sever —: Sages ke ee . -
oe we BekCaearerlMhemy. aeWo : Lanadane Snes Fasaapst Sukesag ECT) avd onpaadue 0

and. Wrcouan coalennds a a Aaiel ou udBose aby aax ee et tinh Ateaad=danine | a , pee oa
gow. whut Cp hea a dies Ath ree. Ngee4 _-—___
v= 88g nfNous\dans oepambeeeo _- wwse-\ - ae ee





Ts > comer Sande brooke wale, .

_ —Sioviday again cee ee

TQ] Oe “sete teraleagatiasaUfa tunneSchaal : _

Tae ee
Wha? Widow INGE Onder Wuder, eine Kadorie df (166.Cat ang)

Sens
Tyga nee Sk!AE
_ em

Bahia En a a eae Ale
Onnn ote,B= KGa [yer
(Gane, WB omy - Aewo Auth peheasbsnkes tC sneseyQanenm ds TSE, ob)
a * Yoke doxvadu wet ie
_ 2669 =O66ua esNEEM— | Li an a _
Haan AGA SM GaN. Wee net dogat fe ack Hees

Mw Neal NeeaeS
oe “ssa . ee

a - ~ rnwa ena =o , 7— pas pL A Suton nicedas aes) =. [Se we} —
Ohad aacoshaniuaberSogih alee Yo
_ — Bis Bak-v eaele So

. Ge Vio
OO wreSERath



Yur 2024. do sno ey!
"Wh, Datgggtogoedas att: gS 5 et
= eo .. Gay e
won GO = @ S/N mn - . ae -
‘WadaSakeseating” Weardo sey har! Ds Lamuabu dreabde

faa RA oesSeea ee . Gee IZ _

wk VE pSays ee Se Le Se

~ DatWedawalusnss a! t= go wfinh <1 (SHS)Dee GeBSG Pez 22 Cea Rane aap)
The point Heré Ls verycleary(se you simply make the anzats that any of the ~ a
thermodynamicpoteritials (11ke Gibbs) BE is Homogeneous inthe most genvral sense” ~
‘that if can be with its two Variables, then you can compute all critical exponents” —@

~ interms of thé two Yiuimbers appeaztng in your Homogerieity relation. “Thus you end up ~
” “With any relations between éxporiénts. Many of these were earlier proved to be inequalities

a “frombasic thermo andOther Biles asstmpt TORS.)~ ~ ~~

©Shalescard, Equaslas d\ Stabs. Wheetasndey dvs) So

eeee Qrawhe pe 2

_ $k STEA wee ACS Sem)

wm 8 LL Meath ong.” ~ Mscaded

Goma) ene BOY nl = Sel) ai 8 dele uber sealed Jo.”
cmv —Saaudh CA on Seane ound Ee works Qala Ags Glace”
ayer pte sian de canteen Ble, pr a annogehe Swksjong. e
On eee ao sobs. -



~ -.— Gale "Sasiing A ha Cansadackinn. Frenctrera” :
~@ eens ae Wery_clearly.explained_by Stanley: Consider saya du2 Ising model
_—_——__for_spins.We know the Hamiltonian. HNow_group_spins into littleblocke_which-ere—large—————
—.___but_which_are_still_small relative to.thecorrelation_length.Thus,-you-can-do-this-if. —__—

_______you_are_close_tothe critical femperature. -Since_a_block.is now-smaller-than-a cluster -——
________of_magnetization(which is the drder_of correletation Iength) ,these-blocks.themselves.- — -
_ --. —form_anIsing model. Thus, if_you consider these blocks asyour-basic Ising elements, ———
— — -you.expect. the. Hamiltonian to-have the same formas with the-original, except. the --
_. —_parameters are.different, liek.J! in place.of J, and maybe_a-differently normalized ——-———critical temperature.If_Hams_have.the-same—form. (since-sme_ physics—just-on-2-different——

~—-scale)..the Gibbs also. has thesame_form.Findly,you might-assumsthat Jt <L3¢———___.
—. -—andnte In. ete, 4e, the parameters are proportional with somefactor_of-L, the block ————
—-—size._Also_freu_fortemperature t: both systéms_should_go-critical-stsame_pointy—————
- --—1-0£-course-G(blocks).is larger than G(spins) ‘ty 1° which is-the-number-of-spins-ina-—  — —
block. -Put-all_these_things togettier-and-what-dé-ydu-getsyou -have shown that-G-is- - ~-
—_—most-general homogeneous,-and_thus_you-get-all-the-relations-of--laet-chapter,——— --  - ——

——[Kadanoft-nas_therefcre-motivated whythé-thermodynmaic-potentials-should-be-honogeneous—
————-tn-the critical regtentttt] He-t-the tation of the-enomalisetion-group-sdeay-T-xould-——
or eeoo pape en alle oOre we ee te spe ell {Pe
— Grnaalnan

do spi ead tals ae -elk

— Pes Cs-MGsen) NET

a 4 ITC OWLao

- Abi gh -- - —-~ the ---- 54 ———_—____——

eeje — a i
wee. oe Gaceop SMR)

+ Eau
— poe wae ~ (ho

PoE er SoeteBE

— Gar Bd - A Pipe) = PIGS" swace calls mrncoll wehbe.

so A = GOR ok Seenear iene inSee
@™ Tyee XPB Waw  & s/bis ascled Po

Ae tan sr dr opalee nth prchue’ Lark Ske Saibe picks vet baat
<= Ae Stack Shar oth proba bey Li CQnia potich toto coda) (Comme
dea (WAL. Be Sj megte



Net: pb aex = -h 2@ 3) —

Te vena Use = Wt Qn}= h abe TH! Sata |
- Wn 2 el - see

TETLavecx. 2a aah ae 7

Ce aw Se re oe cr YY gtGrew nies) = BOY REY Wel Vea .z + oe

general two-variable honogneous function. Obviously “we shall now bealbe to bringin _—=|

a ay pTaN eeQual= GS ao Peers CSE Mee). Pe
ee Moe=@ ace).  -
feebae weigh we etOre prcond webi 264-8) — - -y-—-d 7%
ee THY=GO) YYa
os “Paes acral 8 eee
$5go ee ne,e\=| eS sce Inn nko.

- - 5 ce _~oeY7 = S =f nL.
_ SS g(edL= eS =e yh. po etl

-— My, platy “Vey So ee
Gch, coBiu, DL Lats a> Ge ae

dad ed ust dean He = - a --@-- ) ba Veo £ es a(S) r)

aa a Joao =1|aaa ge SS %=7(ad). Onekeed, wer Lo7 .



og SG SGN ieeager ll

_ Stay a9EG.
WRIps gp angiO(a) Aas OCA)SS
Ts

aom ~Sees Se)

7 Bor Jn gyno, SeeCGN eR TT
— a





~— —Nske.ndedi Bouin Vioughon (Ganga Sew
goMee Ores Banas Deum amps IIT. :
>gay SIR SS ace KS
eo oKrxat2 JA

Fla,SQ) =\ar oS"GTDe

BESsins) a8\: Waa _——
oee St - an eT See
OTROO

wt aeyet Eg

Maan | =e oa Ta ow |pt

Bare WAT Ne SE A 2





“‘Zarber





Outline of Barber's Review

Lecture: Subject:. 1 review of critical phenomena: order parameter, correlation length

critical exponents, universality, scaling(homogeneous functions)
and exponent relations; spin correlation function and FT f'.

2 Basics of renormalization group: effective Hamiltonian and the

operation R,, scalae parameter is b. Look for fixed point H* . Rule

for how i transforms, the ‘exponent. y related to Ns determined by Ry
3 Renorm group near a fixed point: linearization of R, to L,, use of

eigenoperators Q, and eigenvalues bYi. Express H near H* using these.
Relevant vs. irrelevant critical operators Q. The basic one Qg. (yg = 1/9)
Notion of critical surface where "fields@" ji=0 of relevant operators.
H on critical surface goes to H* under repeated Ly application.
Critical dimension of operator gy defined. Scaling laws and derivation
of basic exponent relations. “

4 WiBRon's rough recursion formula: an attempt to find H* for spin
system. Gives y = 0. You get a recursion formula for Q, which determines

Hi, which approaches H¥. In d=3 gives =”.609 for 3-D Ising, good.@ 5 Analysis ford = 4-€. For deh get classical gaussian model and Qt=0.

Assume Q = rs“4us* end expand everything in powers of € . Exponents
improve from their classical values.

6,7 Feynman expansions: Since s is like J, a field, and "(x,x') is like

a VEV of some fields, can use Feynman-Dyson expansion in graphs to
get to given power of € [ coupling constant is u, of u,s*, is orteré]
Hence improved caiculation éf exponents in. powers of &,

8 Alternative expansion for exponents: as Ta) This is perturbation around
the n=( spherical model. Similar results to the €- expansions.

9 Attempt to improve calculation of the fixed point H¥ and R,. (ie,
derive exact ‘recursion relation) "“ "*

10 Special calculations for spin systems with de2, sma e idea, various

methods. Exponent don't come out very well in general here.
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Conents at this point: it is not that anybody is really interested_in_d_= jw dimensions}.
- it is just that when d-is-near 4 and you use_the-simple _ gaussian fixed point Qe a 0

to perturb eroundy in-this case-you-can actually. compute the exponents. The model with e
d=4 itself gives the-classical-exponents. which we know-arenot quite right. In an entirely
separate: and- numbrical-ealculation, Wislon-computed-thed=3 Ising exponents; of course
no one-knows what-these-are because the model. has never been solved, but hisresults agree

—witth-histemp -expansion-celculations. ---- - To ee

--~ -~ Basically, Wiiiisen -takes-a-ferromagnetiic -hamiltonian-with interacting-spins, and — -
‘the processes tt in-such-a- way-that-it-ean be seen-that thething doosin-fact-scale— —-— -
into its sam functional form—under-"venorm-group-transformations'' te,—fancy-scalings——— —
By Tequiring-that-H-goes-to-a-fixed point, H¥, which-is the-same. as-Q- going- to Qk, he———-

is able to compute-the-exponentes- ‘The way: he-dofes-this Ithink is to-assume-that— —— -
- there is~onty-one—"relevant"-operator;the Qg y-which has-as its exponent—yg whgih-———

~~—~sottewhere-atong—thé-Line-was shown-to be 1/NU. But- yg and therefore-¥-appears -in the -

~—Qprecurston-relations; and is thus findable numerically. The exponent-ETAtis zero.
--""Since Renorm-Group-method has- two-exponent scaling, all exponents are determined by = -
— — your computationof-Vs For de} Ising he got v = .609, for e xample, whereas for near-4
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——— Comment: that-4s-this? _This-is-just -a-statistical sum with-usuai-Boltzmanfactor to—————
—~ ——get-the mean-value-of-something,-here-Az You sum-over all-the"spin states", justas ~— ~
~ —--—~df you-were-computing-any-other-partition function-2s— BUT;~on-the~other hard, “this ~~
thing“books to-me-exacty ike: the-patir integral expression forthe -vacuul expectation ——
-~——vaiue-of--some-operators-A;te; thi s-mitght “be-a-greens functions —Theni you tar think of
———Hras-a usual-particke-physics-interaction-tagrangians—“Ther-you canuse“ast@l path _
———“integrai-or-regutar-perturbatton-expanston-té"Iyparameter” is“ mmalitttt—aiazing how— —
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Jiceonjonsins  vabiealexpente. Wilson's strategy-is getting clearer

‘all the times In the last sectdon-we -camputed-the. spin-spin. correlatioh-function-only- —
-to Lowest-order-in-€.- -But-now with the Feynman graph interpretation, -we -can-compute- -

e in principle to-any -order-in- €. If we are-lucigy, we can-use-this-expansion-forlarge
, for example; £°> unity, -in-which case-we-arétalicing: d=3.—Then we-can’ compute the-eritice? exponents: for'de} -and- éé6-if enewer-isthé same as’ the-hi—temperatizre- expansions

~ for-the-teirig-modezs—-— -~ ~ - ee

~ \ gut Wonentum integrals ind dimensions, Instead of giving é genéral theory 6f How to~
do this, it tums out that‘only the moset symmetric twointegrals will be needed, and

_ eachof these T know how td do, even when d= generéi number. RideaintenYi Salenmand),
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VLA Discusarm . Te hi-tenp sentes cales and theC-expansion agree quite well to oe -
second order, atleast for GAMMA exponent.Then in next order it seems to get_worae, .
‘They acy, well, maybe it is an "asymptotic" series which has a best point and then
diverges. But.the best point looks very good. This. comment refers to usageof the .
epsilon-expansionfor @ = 1 which is rather large, not surprising that thing does not.

_--comverge 8k - er

“8, Expansions involving 1/n. Amazing similarities toChew's <opatoglead emanation.a~~ Here,you use the same formalism as above except you assume that u. = order(i/n) instead“of order(€). “Ie, now instead of expanding around the classicalgaussian model with de,
you are expandingdround the classical sphericalmodel withn =. I think thisspherical model hasthe sane elassical exponentsas the dal gaussian model. —~~

"" So you go through the same deal, calculating various Feynman diegrans as needed.
Interestingly, Closed loorps give factor of n as you can sumover spindegrees of freedom

"of the fields ina closed loop ( just like quarks). This lets you know which graphs
tothrovawy. a —

Barber procedesto roview the computationof theexponente | and J in the e1/n method for general d. Then for da3 they ere seen to agree very well with the

_ G-expansioncalculated expdnents, thereby strenghtening ones belief in bothmethods.-
-- 8.5 Scaling Laws_andthe 1/n. The point made here is that the 1/nmethod never-makes — — - -

use of the homogeneity/scaling stuff and can therefore be. used to.test-the.scaling-— -

ideas.Locks OK except there is-some trouble ("anonoly") for exponentu for—certain—— —
values of 4, -including d=3,- which-casts some doublt on the. forma diJ>-2-d.- Recall-
that this -is-the-only.exponent relation that..contéins d. —---
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—- --—-——Wilson-and-Kogut- ~~ ee any mae

_---.-m the Renormaldzation-Group-and the €=-expansiont  ——.— - —/.tad Somn29
Qf Pryeics-Reporto—22-2-(49%1)120 pagos —— $$$

p77. AsIntpoductdon. . _ _
—

“

— 1giPhilbsophy.~To deal with a physical-problem usually-you-only-have-to-deal_with———
a The degrees“of freedoti: which deseribe’ a piece -of thé’dysteh miller than the correlationlength which Ystisuakty only a few &tomic dfameters. “The propertiesof the bulk can—---—be“reduced--to -the- propertiés “of -¢ small piece of-the--bulk,—and-thi's-pieee-has-enly— —-—-

_ a few degreesof freedom and therefore can be handled. oe __However, critical phenomena are those described by a very large correlation length;

—--- --+there-are then-so many-degrees-of freedomw- within: the- correlation length: that-you-dont- —
- oe know whatéo do! The renormalization groupis a methodtelling you what €o do.You

‘try to thin cut the number of degrees of freedom systematically, You start with
a a-snall block-oF matter-described-by Hemiltonian-#—with-handleable-number- of degrees: -—~

of freedom. Then you mové up to larger séale, say twice, and try to computeH, interms of ‘the bluk parameters inventedby studying E,. te, you compute H, in termsof, ~and-thi's-step-or-iteration-hopefully-involve3-egain-a~finite-nunber—of-degrees——
—- ——— offreedom.Then you keep oniterating until you get to-thecorrelation length. _ ____

This is inifthite at critical point, eo iterate many times. The assumption heré

—# realiy-that-the-goings on abthe-seele-of-Hy soy-are-deterntned-bythe goings. on———~__.__ -only_at_the preceding scale Hg ( which included the effect of all smaller saales)._
‘Thus you are assuming a sort. of scale-locality. Underlying microscopic H must: therefore——

- - be-Zocal-itsei#s—Analogy-made-to hydrodynamics-where-you-deal-with density RHO(x) —- ——
__ _and_you simply ignore fluctuations:on the microscopic level. Thus you have reducedthe

degrees of freedom-to something you-can-do, ~ :-@ Hopefully-the~effective Hamiltonian H,-you-start-with will-lead to a fixed-point-Hits
" . Shen.the large-scale or cooperative-phenomena_isdescribed not_so much by the micro-physics H, as by the nature of the ransformstion Rp of which H* £8 a solution.~-——ViotentlyWit ferent-systems with different: Hz's—might <i}-have-the-same ‘Limit-H* and— -

—_—____therefore_have the_same type of critical behavior: universality.Theremightbe severalcompeting fixed points. - +
ee

eee ee ee ee :———A: aL History, of’ the Renorm Group method. In 1930 Landau proposedsort_ofhydronamic__ _theory. In 1954 Gell-Mann Low showed that many renormalized charges e go to the same
—~ ————untaue"bare “charge e,"in QPP. By-the way; QFT has-tots- of" degrees of frewlom bevause——

- —_-G(x)_is-inifintte_number_of objects for x_in .a_finite volume, Connertion between QFT. _
‘and Crit Phen not yet-clear to me. Bogoliubov and Shirkov summarized things. Then

"tn 19607“Kadanoredid-spin—block” thing’ without-e"shred'-of justification: This was ~~
—— the basic.idea-though, -  _ .. coe eee

Current ideas which look like but aré not the renorm group are:

a) Migdal-Polyakov bootstrap approach to crit phenom.

eee ek

.
ee

b) Johnson-Baker-Willey formulation of QED.

——_-—They_make_no_attempt: to-reduce the _number_of degrees of freedom. Finally, Callan-—— —_ —
____Symanzik,is a régent development to lpok into. 4

—— ——4,2.Current_references:afew given_on.the connection between critphen_and_QFT._-_-

jiiison himself has a review on QFT applications of the RG. Some comments about,@ ~non-integer cisenstonatity av Hoot Veltman alsomusett.
9 ____-Binaliy'ts.-"particle physicists find it-takes a1ong-time_to-understand-allthis stuf

P43 Racread db) Tina novodi.o- daha . Se th — ae detic pod.
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— Comments on this review up_ta section. 9:. The opening. section_on the philosophy: was-

Qt s008, the_introductory sections defining exponents_were..good.-Kadanoff-description—
«_____was_helpful ,. then _the highlight was the discussion_of the Gaussian ModelIn Section ————
_  kthe authors ventured into the tts model" vhere things suddenly. became_very-complicated—

(At that point they went so heavily inta technical detail_that 4t wasno-longer-profitable-v
dy the papercarefully. They go inta therecursionformula. with-the-Qp———

and_so_on, and discuss technical details_of the speed with which Hgoes-to-Ht fixed-point.Ae In Section 8 the.idea for computing

the critical exponents. via_the correlation functions—ye -- | tohigher order in.epsilon_is discased.and_the_results.are_summarized———-——______

—________The_sections. 9, and .10 .stil1_tocome_are_supposéd_to_say-_something-about-quantum———

— ~~ fieldtheory.These are the reasons I.have-born with thispaper-sofar.: I am hoping — —lilson_and_Kogut_wil1_say_something_revelational about_the_connections-to-field theory«—
—-—We_sha1_see_soon:

4 Duwnausions Ka Use Sd. This section simply meansnothing-tome.  -

________Consider, they_say,.the expectationvalueof_two_spin operators_s(x)M—and-s(y)-inside——-.

--— the [_ _]_along_with_some_operator_called T_ which-is-a_double -gradient————_____
__-_sandwichedbetween twa fieldsat x=0.This. operator_means nothing tome whatsoever.

— ——-@- Regardless. of_whatthis operator? 1s, maybeI_can figure out-what the-hell they-are—~———-
_— trying to_say about it_2? They are abmlable_to.compuatethe "anomolous dimension" ——
—_for_this.operator,

called dy. Since “anomolousdimension'.alsohas-no-significance. ——-forme, this whole _section_is a total _loss. Lets move_on.— ee

10 ovsehton Raussen Sek Mas, ond Fa Thong Sea Gator Muatah, aud Phaser
—-dapa_eosmschets aee

wdDes Cv"). Woo, NGS) te renee cal, maeodduledeon Sy so ea
metlbs apSdaho Mem. Toy tha Sue /2 =asom nus Rattnershes, clase —

_! vers aad Maren RR amo dobtntd\n gaciing a209)Py. Satter Leavider oo” UT cadbdf mo odfadk Ne alow

need Age x on Fae Tosi Tas TyLaeNa) x 22 Hipp sics Toy
Oet §Se hah senegal
a rr ee

seesATRMOb 5DGTe
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Ma Aneto Asadacs sloonh Noonan doin we =O Fel shi.
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OH Na Aad £31.50)5% _— _

\AATepe Jowrarn gasp. Quesvoce

-\ ih: 1 Ase SUAS ae= v0K ) agesk Sala spon eno Me
. we Ein Adfeadsd Son Aulepale do gh. Tes; oe oe ~On ak) Hen 3 F- ae Gere) iOmar =U. Wa WX ram UUty=o saci/itso 24 Fo.

te, OWKY/It <0. oe eee
This topology sectionis morecomprehensible then preceding sections. You consider
the space of paratieters which someone called K. This space is called S, and might have

—— ayes wand r-for gaussianlike models:-~This is the space where things happens ~ -
_ - ---- - - —For example, sach_point in this space has some. value of correlation length, so |you could draw contours of constant correlation length through S. The one with &= @
7 Us the curface' vf criticality, or-simplp-the-criticalsurfaces—{~in-S)x “Other? = =

interesting surfaces within.S might bet_the “canbnical surfaces", ie, the locationsof simple stentard models in this space. Or surfaces of some kind of symmetry. -
‘The Points inthe space-which are “Labelied by-paratmers-are -called-interactiions"

- because a Hamiltonian H islabelled by its parameters, eg, H(K) or H(r,u). If you

____start at sone point in the space, some Ha» ae you take t to infinity you might e
“ “go along atrajectoryanid end op ata fixed point-“lying-on-curve =~ or-maybe $0 aie
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Analogy is made with a rolling bell. _ ee

~@ ita. +Rusarveslgadrin in this complicated discussion, thepie act of renormalizing a field theory with a fixed physical mass is interpreted as

~~ notionGhroughthe space S. The idea is to end up at 4 point with infinite corréletion ~—_— — length. You-want 40 choose A,—=. -(mass)-x(correlation—length)-holding that mass — -————
fixed. You end up with your "renormalized theory" at a poijt in the space ’S on i

"~~~ the critical surfacewhereg= and therefore {, =. This Final point mst also ~~
——— - e-along-a "canonical surface" which is the-form-your_simple field theory tekesy ———

modelo adjustment of its paretmers. The act of renormalizing takes youalong this-
canonical surface towards the-desired point on the critical surface. ==

-—--- 4 -—Thus,-criticality-is assoviatedwith taking the-cutoff to-infinitye—— -— -
“~~ —~ “Next “subject iss’ what happensiY you have several fixed points. Which one does

a starting-theory-H, —evolve-toward. Discussion-of-"tri-critical"-and-all that.

- ————Sesto ents with dfscusston of symmetry which Tektpe 07
—————-12/-Fixed-peint s—and-snomolous-dimensions,——Aha,—Anomolous-dimensi on" refers-teo———
— ——-the-eiigenvalues-of the- tcriticel operators"-when-you-Linearize-your-RG transformations—
— 4think-what-Wilson-calls_the- anonolous-dimension-d;-=-d—y_—where-y.—is -the -notation-—
ofBarbers Thus, if -¥_-is-negative,-d; is-greater-than-d-and-yeu-have-4rrelevant “=
——~-—-operator, Also, -b-=-ek, Foreach-relevant- operater-in-the-theoryy~the-fixed~point————-

— - ——-has-another degree-of-instability!Seems-right.Remember-that- el-the-relevant————
Q —eerstor-nrhelde"-hove-to-wantsh-at the-tixed-potnt. -- aos+-

—  — Section-23:This -final-section deals-with-this-question:—weheve seen-in -the-case-of——
- ---—--theory (ausséan model-in stet mech)-thet-there—is-e-trivielfixed—point in--dei——-———
—  —which correponds to no interactiom When-you stert-with a“theory-with slight integation—

——-and-you-renormelized-aty—you-are-doing-renormalization-group-transformations-toward -

~-——~—the-renormalibzed-theory-with-infinite“cutoff. The trivkelity-of—the-fixed -paint-is-- -- —
---—- that: the-#* coupling-venishes, so you have-no~interaetion.—— -—-———--— ——
— -— ~Question:-~if-you-start-with-« lerge couphing constant,-is-it-possibleto end

-- — up-at-another;-non-triviel-fixed-point-where‘there:£s some-interacttoruf? —the—~- -
— —~~-search-for-such-a-non-triviel—fixed-point-has so far been futiles--—-——— ~~ -

HxConclusion ~A-suggestionr—just-as-criticality is a-border betweensingle-piiase ——
————- -~and dual phase region, maybe~you should-think~of-hadrom physics—hrthat-ways-To -- ~ > —
earn about" =" phase;-you needrotbe-atctitical point, te; you var deal with © theory ——
————altire strong-cutof?'s~Maybe-hadrons~and-quarks-are-different~phases “of the sane~ ——— —

- —~-—pystem-and-we-have-not-beerable-to-get"to the quark phase-bevausesums paranetérs”
Qe tet iat FR
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