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"The principal feature of t.he undergraduate physics courses th:L.s 
yea:x: \vas ·~he disast:C'ous f.a,ilu.:re of' the t;eaching labo:.t•atoJ~:te.s ·t.o 
adve,nce ·(;o e.ny reas<ma:ple ex·bent the teaching of phy~~5.cs. There 
a,:r.e a mnnber o:l:' rea.sons fOJ~ ·ch:i.s which may he em.ATJJ.ern:t~ed a8 

follows~ 

1~ Inadequac:y~ o:r the labm:e.;bo:r.y me,nua:u:~ ~ the two 1~):bo:r:a:C.my 

luanue.lap !EE.~!!E-2.~]§_,:Ll'1~lh¥.il~" ·t~:i.th and ivHhou'i:i calculus~ 
p:t.•epa.:r.ed by Professor Chasan and myself la,st sun1me~:·, repl~esm~:i; 
compila:t:tons of exper:i.ments developed 'by all mE:nribets of the 
depoo:.•'Gro.ent involved in ·t;he teaching of ·bhe le,:t•ge genm~a1 
phyJ;~:tcs coui·ses ove-r ·bhe last eight years. In part~:tcule.J.' ·' 
many of. these experiments 1'1e:t•e ·balr.en~ some vm:·y d:b:eot1;y-;. 
:f:r.·om F:r.ofessor S>Gipe' s earlie;:.• labo:r.·a.to:r;y· me,nua.l E:x:po:dmem\; :::1 

.:ill.J~h:Y.El£~. from which the present volt1.mes rJhouJ.d 158"''c·on:··~ ... .,,"'" 
s:i.de:r.ed direcJa descendarrta~ r£he ma.:tn 1rurpose of last. 
S'Ullll'lle:~·s' ·v1o:r.k was to bring ·boge·bher the S~1ipe experi.rn.en-1/H 
'bhat 1·1e.re :tn con·bim.ted use and 'bhe various c');r.po:dmen·t8 
developed by others in the depa.:rtment a.nd ex.i:=r'oing separa.·be1~r 
in ridmeographed form ill'l:io two convenient volumes easily used 
:tn the comn:>e.s and. :r.emov:tug ·che large amonn·t of lant···minut.e 
:retyping of d:t·bto mast.e:t:.s with i'll:dch our Bec:r.ErGaz·:"t.es had 
been plagued :i.n p:rev:totl:S yeo,;rs. The job of get"G1.ng two 
mam1.als :l?ea.dy fo:J~ pub:Lica:b:ton so th<il.t ·the :f:':Lnished pruduet 
could 'be on ·t;be book;:rb~e :.::he:l.1Je$ in ·t;ime fo:r t~he st.r:J..:t·t; o:t' 
sch1.>0l in Septero.'ber lvM a big one, t:md aJ:bhm.lg;h P:~~of'<-)J~r;;ox' 
Ohaso.n and I c1:Ld onx' besrb lv~t·th the prot~f ~.:'(::1;;:1.d:l.ng 1 e. numb,:n• 
of GJ]X'CY.i.'S> some of them s.e~,;iousy $lippecl ·t:tu:ou.gh. Mm•r:mve:v.· ·' 
:~ome of tbe mol'e adv~:mced e:A"J.)e:riments :Ln opt:l.of;l, ele<~·bron:i..eBJ, 

and mode:m physic:~ we:r.'e d~f.•a.wn from 'i'l:r.it:l:ngs o:r:l.g:l.no,lly 
px•ep~:red foX' sopb.ort~.o:r.e and jun:tox· level cOlJJ:•ses 0,nd ·1·1ere 
not, :ceduced :tn leng·th and con"~>ent suf'ficierrUy f'm.' .<.ul 
ele.men'l.;a:;;y OO'I.U's.o. Finally.Jl in the 1:~econd scro.e;:rte:~:·~, ;jw'>t 
1·1hen adequa:he p:t•e.pax·a.t:i.on :to:r the mo.t.•e d:i.ff:lcu.J3; e:x::v~:d.morrto 
l·lt;;\S mos:t :n1.;;eded:t 'l:nw ve:r:ybad .snow sto-:t•ms Cl.i:n't>.pted J.cctm:•e 
sc~hedu:les ·t.o stt.ch an ex.·lie:crb that in ',;SOf(le case(:! stv.denl~r:> 
cam<.? to a l!:ibo:r.·ato:r~y wH;hout eve:l' befm:e ht'~Ni:o.g hea:rd of 
·the subjecrb <.Xf the expe:r:i.men·h.. In de:fc;:mse of 'f..;he manuals 
it; I~hould, hov1eve:r} be pointed oD:li ·t;11at; in m.a.ny casr;:H> ·the 
description of the exper:l..mtult :ln the ruanuaJ. was not w;n 
·i.fhe .. t 'bad and that mt.tch of the stu.dents t p:r.o'blems cou.ld be 
la.6id to :lnac1equa:te :P:t'epa:r:a.t:ton, i~e .. , the;r hadn~·i;; even 
a'trcempt.ed ·(;.o l 1 ee'ld ·bhe manu.a.l 'be:f:'ox·e com:L11g tw claSt':!· ~ehm:C'c 
is nevex··t;he1ess no dotibt t;ha;t; the:r.e ru:e g:t:'~We ro.•oblems w:l:bh 
SOl.'Ue oi' the w:r.i teupa.w IJ!he 1:mderg:~.•adv.a:te comm:.\:t;teE3 :i.f.i well 
a-vmxe of this nnd w:Ul tmde:rt!:iake ·the :;;e-etti:l:.:tn.g o:f:' i.-;her:::e 
<OXpel•:lment;s a~1 requ::t::r.•edo 

ConceJ:ning v.ndergra.du.s:be ·l:ieaoh:lng;~~ l:tro:l?esso:t~ Ec1monds ha::; w:t~:i.tten 

about a number <Us·t:i..no:h pJ:>oblems a.s :E."ollows: 

]19~!~U:LJ?,~q}~.~J::E.1 {)ne o:E' ·hhe ma.jm:> comple.:l.nts a'bol).t the past :semeJ:.riie:t.'' :J 
1aho;r.e;t;m~:lE.'J!S was ·bhat ma,ny of 'l.;he expe:dmental setups would no·i; wm:•l1. due 
to dl7:t'EK.rh1.ve <:Jqu:i.pm.en't -v7h:i.ch could n(rb be :repa.:tred o:.;; :r.eP,J.aeed in time. 
gnch occ·o.J~J:!ences c::t'eated a gene1'f:l.1 imp:J7eSI~t1.on of' :Shodd:tnes,<.:: :l..u t;he condu.ct 
of' om; cou:r.ses ·~·1h:tch X ·i;hink e;r.tremel;y· 1~nfo:t<tt'l.na:te.. I :.::hall speD.k :f:'ux·1;h:'.':(' 
on abotrb wh;y- ;;;:v.ch eg:u:tpm.ent:; 1·1as pu:h out• in Jlihe lab l:'ooms :tn the fl1·s·:; 
placH:1@ J..,e'l; mc1 hO:J:'e l10'be only 'li11e :follm~ing: ':el.u•eo yec.,rn ago v:~c J:'(·)ee:i.vc.J 
N8B' &\nd Nf)J]t.\ g~:·tJ.nr.s for: the :l.mp:~;o·~roment; of' thE! t:ench:i.ng 1o.1:>o1~<--vtol':l.eu. nnd. 
o,ccco;d:Lngl.y pr.lJ:·chasec1 equ:lpmcmt for and ~.nstalled r;.. nu.tnbor of rrx<:.lHlr 
:wph:I.frticm:b<:~d <:rxpe~~imerr!i::h · ~~h~;)y ~~e:~'C Hell. d.ef3i&:n<-~c1 and wo:;;o\;:(Jd ·IJE!lC\.1.1.t:i.fn:J.ly, 
.l.)n:t; ·t;J.nw·~ :t1tt,.1lX1<'~ol'l 1,\0V<'~;t:'F~:L :1'1i,(llllt1 'l~l·doh,u ·1.11\cme;h t.'!:ll:pnnrt:\.vnl' l.li.ltm1d. llll\1tltlJ• 11<·;:.. 
bt~ :t'(:''l:~al:·d~tc.l. nu t.i:Jt:pm.tdHb.Lt:~., Ji'm.' :tnr:vt;unocr .. , ·hhet nnc:cd.rtl 'Lrd.1c· 11!it'r1 :111 '1'.111' 



elect:r.on-cha:cge ·t;o mass :ratio experimen·t costs $6~t, yet hat::; a mean l:Lfe of 
only eight hours in operation~ Thus i·b is not enough to get such gre.nts e:nd 
use them )Go install experimen·ts. One must also be prepa..1'ed to pa:y· the cost. 
of ma:'lnta.1n:l.ng ·this investment. In vi<:;w of the level of om· conrm:l:hment in 
unde:~:gx·c~.duo;t.c: labora:l;or;~r instruc.t:ton, s'lilch ma:J.n·~.enance may be <?Stirrw;i:;ed :x!; 
$2560" e::~ch ~·ea:r. Unfm•·bu.na:'vely we he,ve not me,de anything l:i.ke ·~h:Ls ou:lilay 
s1.nce 'l;he~·eX:o~~Imenta -v1ere installed, un:t:U finally :!;hi,'3 yea:J: a la:-cge fract;ion 
of ·the l:i.gl:rt. sourcesil phot.oelectric cells, e/m tubes, and F:t.•anck-·He:r.·tz. tubes 
all came to the end o:f' their nature lifetimes and failed more or less simuJ.~· 
·t.nneou.:fLy~ It; seems ·chat we must organize and fund a spa.res and l"eplaccment 
p:i:'og:t."am .~YEIJJ.l. ¥.ersz. to solve this problem.. Steps'h'ave alread;y· been taken to 
c1o "\.~his for 1969~70; bujv it should be borne in mind. 'that so:meth:tng along iihir:: 
l:tne must. be done every yeaT. 

Q11f!75},~q~;;.:~.f::P.O!}.[.~Ef1.1~;y_t.gr_~::~,.,.!UU32.~.):~~!£~E:!l.t J!m e:x:pe:r.imen·t -r:1as 
tried ·this pa~rb year ·1·1hich we.s :i.rrt;ended ·to b:t•ing :.l.nto the ge:nel~e,1 phys;i.cs 
eou:rses :facuJ:t.y members -v1ho a:ce gi:f·ced t;ea.che!:·s but are not; par·li:Lc11J~a:r.ly 
eornrer~nmt w:l:l;h 'l;he J..abo:ra:t.ory a;cd its equipment. What awas done '1'11:\S ·t.o 
p1a.ce such :f:'acul·by members :Ln charge of cou.rse.s .su.ch as PY105···106 1Yt.t!:i to 
ttmd.gn o"l:hel~ facuJ:!:;y members responsibil:tty· for the lab. In l'E:Yb~ospect 
X do no·b con.';;ide:r. this :tdea a success~ Fe:t•haps its fa:lJ:uxe is somewhat, 
my :fau:u, i'OI' I 'V1RS :ln charge of the PY 1o6 hibo:cato:~:::ler.l and a.m no :Little 
em:ba:t.'ras.~ed a:!:i the retm.lt. Ho~vever, I nn:vst mention tha·t ! also l"f.m P'i'376.) 
·t•he elect:ronicr~ sem1.no.r course, :tu. wh:i.ch I had to both set; up und pe:t'fo:cm 
n11 ·the expel':l.mexr~s as demonst:t•a·f~ions,. iplus PYJ22 the 6·-yea.r med:tca.l 
general phys:tca course, wh:Lch includes an ex·~enr:>:tve lahorat;ory. Thus I 
had in effEJc·~ ·three laboratory CO'U.:i:>ses on m~ hands :i.n one semester. Unde:c 
t1hls ld.nd of pJ:eiSsm:oe one unfortuna,tely tends to neglect 11-Ghe o·bhE;1!' man's 
cou:r.•se" J and although I tried to :fight~ against. t.h:ts all-too··human xeact:lon~ 
I know I could have :remedied some of t:he problems :tn i:;be PY1.06 labs had ! 
had raol"e ·bime (and help) to pu:'G on ·them. Howevel:'_, even given plenty of 
t;ime I'm no'l• su.:-ee that the idea of dual responsibilit~r fo:r. J,ectures and 
l;:;1,bsman . · ' · . is a good one. It of·ten m.eanr~ erb1•a ·t;.each:i.ng :tell ow 
met=rl;:l.ngs which some of the laboratory imrtructors f':i.nd ·themselves unabl«:: 
to attend and sometimes results in the lec·turer and :u1b man gett:tng out. 
of. step or o·thet'wise ~~o.:rldng at cross .. pu:-cpose,r:J unless very spec:i.Etl effor'l;s 
a:t coo:t'dinat:ton a:x•e nw..c1e~ In short it is, I bel:l.eve, e{M::ier fox• one man 
to run the whole cou:r.aeu If in a g:tyen imr~a.nce the professor is un:fam.:tliar 
1d't.h i.;he iw:r.•kings of' ·che lab, he should have a consuJ:bant; as$:tgnec1 ·t;o htm .• 
Bu.t; I th:l.nk the overall business of' ::nmning t,he course should be his alone. 

1!11:14~~ .. ,.}}:~~fi~:E.JLQ!ll While ·t.he above items make it difficnJ;b to ru_n 
an unde1"g:radul.).te labo:Y.'&,to:ry, their impae'b on the que,lit.~r of tha;t. laboratory 
vJould have 'been minimized if' we had :tn 'the posit:i.on of laboratory c~u:ca·bor 
someone who could recognize ·t.ha:t theBe p~t:'obJ.ems exis·bed, was wil:U.11g 
·to' v1ork unde:e t;he cond:i.t:l.ons demanded, and '\~ho 'Vla..~ competenb to ha.ndle 
no:t•:mal ;,:ji'tua;tions of lUSi.nJcenance and repair~ UnfortunateJ;,y the l'ecent 
:tncwnbent demonst:r.at;ed the-1 1•everse of ·bheSL"l qua.l:t tles, and JC b<:lJJ.Elve he 
mmrl:i 'bee.:r a s:l.zeable por·cion of t.he blatne for th:i.s yea:c~ s expe:t•:i.mental 
debacle., 11 

:Prof'essox' Eclmonds he,s repeatedly ·~.J:;..~ied ·c.o iru;rb:Vcu:be a WJeful cou::t·rJ~; 
in Electx·on:tcs o Response has not been sa:b:Lsfacto:r.;y· in p:t.'ev:tO'I..tS yea.rs • He 
tried again d'lxt•ing the spr1.ng sem.estel.' e,nd he v1rit.es abou:t :tt; as follows t 

Iltl.St BCl;lcster :l?Y3'76,, 11 Phys:lcal rneet;ronlcs 11 '\~as px•esented as a f)elll.:l.l.'l8)? in 
which nume,.•ous expe1•:tmenlis in elec·t;ronics we:r.•e done as demons'bra:l;ions • Ttu:; 
conrse met ·tt~vrilce a '\veek wi'i:;h no separate labo:t·ato:cy and t•hel'efo:r.e cax::d.ecl 
only 1;wo c:red:J.tso A total of ·!:;en s·budrmts, (6 gradu.e;t~e e.nd 1~ unde:~.•grad\w.t<c;) 

" ·· ., -·'·' •.• v. "I nh m:l'trnl'\ (J P:X'Dd\1td;e t:tn<'{ 6 Ut1c10X'{J;X'UdU.n;t;o J \<JOT~) J.'OP;:1.;:\'l~n·I:'O<'~" 
.. • ............. ·l·t."' ·t•nutrrt;o:r.·nd 



und,(;:r:g;:•adur;vt:,(:HJ ll(:ltldeCI. ::t :J;•egula;: r;:cade :r: D.fJD:I.gncd rJu.ch ,··.';:I.'<Jde.s on ~;lw b,:.r::i.n 
ot' a :t:rJ.'ohlem sheet and m:a.L e.xnnt:i.na.~~:i.orw ollm:m:L:ote:t·ed Ind:l:v:i.d1w.Jly Co c:~c·: 1 

[ft~ ltd C!lJ.t. ~~ 

1'he :rer)ult;:: seemed very eneou:r.'t.:'lg3,ng. ~~ believe i.lhe dt.:~mo:r.\s·I:;Tt:~·~;:\.on. ;semina:~.· 
~ ~j (.} 'l.'>''t~ 'l . 'E:-,'1· ~·P-f.).~ .. ... ~t A.,.~ .. ·t,l' (' ~ ,I' .• e .. ,~. (·'1 -:1 Ir~l :.)•' .. ,. r'. I' ~· ~ ... , J r •·..-('t \ .·:~ ' -., .. ~ ).,, ,.,n e.<h< .• :terlt~ •. r.y l,.! .. LI,vJ.-,LIJ I ay J.l1 ~' ~J.Jllp 01 .l,Cc~.{..O.J.Xlf, flU.L :).,.lU.i. I 0.1. ]!.•. ·~· .. 

s.:::nting elec·t;;:onic}s_, :l:'o:l"' the stmdent seos 'l:;.h.e devJ.ces.s obse~."\res hovJ 'L~hey 
a.1.'e o .. tif:Jmribled int;o tt o:b:"etl:ti.;, and has the pe3~:t'o1.'m;;cncc:: meo..m.:wed :J:•:l,glr(; in 
.1;, .• ,.01"'' o·" }"'~ Ul 1l''"'t'" '1".1"e ·t·•.a<~.~ 01.1" ,J. nJ•"'! nn· C)'r.• (~ ·v'··"' 0 '"ld .,.,., )'1--'··· • • o·P · '., · · · 'I · .._.J, •. d, J. ..l-~. ' ll ....... ) .u .,\::. lv .t.J., ~ •:J \1<,.1,.: ).,,., • t;.. J. -~\":4\..lt"' Y~·!. e .. t .. (. t.• t~~t.lJ.g .J. C:lLt~l \·· e;J . JY 
hiJ,nd :ts e;~~oJ.d.ed.. ThE! increase 1.n ei':f.ic:l.ency is to a la:ege e.~ri:.en:c nr8.Cle 
poss:i:ble by ·(';he fact '\jha:t good (and ·(;heJ:e:fm.•e e:Jcpem.d ve) equipm.<~n'..; eev1:1 be 
1rKtde a:va:i.1able fo:~· :i:t:;he single sErhup :required fo:J~ e. demon~:rl:i:r:at:i.on v1he1'Nt:J 
vte c:ould n.o·c a.ffo;r.d ·!~o eq1.1ip a labo:ca:to:ry wiJch se1re:ra.l ~mch .setnpB" ~l!hu~:; 
in tald.:ng ·i:;x·;i.ode charac-'r.erj.:;rh:Lc currves 13,11 x-~y ploti·bex· we.f:l used .. ~rhtl:l :tu .. 
::r(;m;unent not on:l:y- ·t~:<:1.ces ov:t ·the Gux·ves :ln a (h•anwrcic f'uBh:i.on that :<:eveaJ.f; 
jus·t ·whe:t: 1 S io:lng on l>u:b also p:roduce,s a oomple'be He't, of eu:t'YeS 3.J.1 <;1, fev1 
mj.nu.te~~. Hence vihen the demont3'Gl"!l'b5.on was oomple·te ~~;;ve:ry menibeJ:' of 'the 
clasB had a set• wJ:d.ch had been ta~en. on 1:1,n actue,l tube :right befm;<-; h:i.a 
eyes 'l:.nxt~ which he could n.eveJ.•'I:.heless ·t,alm home and wo1·k ove:r at his J..e:i.Dln·e ,, 
B:i.:nce ·the x.-y plo·ht.el" 1.11 qttest:ton cost $1500 and ·vm,s bm::r.ovJed f:l:'om 'the I,ow 
~Cem)/e:rc,ture 1..~!3!.1:>o:~"a:tory fm: -the demonr;rt-;):a;l';ion.:o it is ob'\dous tb.e;t thE! ad."' 
van'liages of th:ts :J.n.~rb:t'umer.rt could :not hn.ve been lJI.l:tde a.va:tlable in ~& 
.;:;rtudent; labo:r.•ato:cy" 

'J!he t>ne dx'a:Hbaok vJ:t'th larJt t;erln' s t/1..'376 '1\'llf? 'chc.\'t be.cauF.le of t:be fhfJpa1:·:Uyr 
in t;he r:rC.udeJJ:ta "~ 'backg:round I had to s.tm1t at o.. l'a/che:t· elemenb?i.:J."Y level 
and wo=dt up. The shOX"'b r:;emer:.r!ie:r. fu:t:t.hel.' d:I.nd.n:Lahed b~r t.he big r.·mow:;;t,o:t.'ill.i:l 
cormequenlll;y· d:td not allm·l the couJJSe t;o go as far as I wou.1iJ. have l:Lkec'l." 
):.I(:tKt vd.r.rt;e:r. :1: hope that 8, fulJ. yea:r: of PY$75 --376 .can be ·caught in ·bbe 
rilxnre deSCl':1,bed moxn.1.l$J:'. Under the new :ff;y·~';'l,·i:;er.a it shov.:Ld f.:lt :tn ve:x·y well 
as a sem:ina~:· o:r "he:l:l:' cou:~~Be 11 ,~~ <?,nd t'Jhoulcl.;:: }1hen spread over ho·t.h semestE:1:;~;1 .• 
contain a :ea.:r: mo;c<e c<Jarp;;ehensive t:1:1eatan.ent of such su1Jjects .<:W modulation; 
detecr!J:i.on;,~ :reedbaok-ll se)~!lfomechanisms.;:< e:vcuanche devices; a:.-:tc1 log:i.e d.:t·euJ·i~s ,:•~ 

ChaiJ?man:? OL&. 6-yea:r Medical J?rog-re.m l?l::r;ysieB 
Course Su.bcomrnittee 

CJ~!\ J?~emmedic!3,l 
GRS Tea~h:t.:ng :i?xepa:r.•a:bion 
Un:t ve:rFJ~:I;;y :!?~~;tent Commi:t.t.ee 
Cha.i:t•mt.i,.n fJ Df)paxtmeni;, Language Jn:iw,m:tn~l.:bi on 
Department Comm;!;l,;·tee on Unc1En:g~~adv.e;be Stud:le,'J 

One o:e ·bhe ma:tn cont.X>:i.'butiom3 to BtJ by the physics depo..l'·tmerrt. 'has been ·~;he 
:f:l:eBhman physics cou:rse fox• the CIA .. MIDD ai>r year p:rog~~'a.m.~ ':.Che course 
·teo..C!hes Calculus t\:nd Physics and. ... ·bogethe:t• wi~ch them ~· ma.Jces poss:Lble a, 
soph:tstica;ted :l.ntJ.>oduc'l:i:i.on to biology in the sophomo~re yea,1' lj rt e,lso sr::;:cves 
as a fund.am.ental int~:od:u.ct:ton to college edttca:tion lf3o:r. these ve:t.';'f able 
s:l:;udents. ~~he C!l~ aubcormn:l:M;ee on the physic:;: course ( J?Y12l,.,J22) haB ~· 
p:~?epal"ed an lmpo:rtant memo:ranulll which :foJ.l.o'l'nt: 

I 

( 

I I 

(I 

r 



''I 

':. 
\,'•1• 

... ;·.:,\ 

,',' 

:.i 

:in thtf: 6v;yiJ;m:• l!tediemJ. :/:r.f:ilg1.'<im1 ~tnd t;h·l?.l I,l!:;ma:lhil:L ~'J! of :~1 t~'H'km.i·, 

(: \ -~ 1 A .i!ti: ~Uil.1ill-tf1' :;~2f:N1iltlC<QU l:tlHiH-'ld b~~ i:'iii.H:\UWO(;)tJ :'Lrt <,:.h:~"fl C(}S't't!f-fXt, 

:p!-J.c~~ I?J}(ti:-t.(j:~Ji t!etll::"s.e 
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·.!· ., ~~.' cL:i.t:1I;iC.'!Or~.l 'Vht.:-1?\ t,rn~·::l.ng; :rJ1y::d.m~ ,. Dy 1~h~i n~:l,'iif&.:• ·r,ok·:;'.flz.. ·;~hr;;dJ: Mh:i.J.:< .. t:i.r:·:r,1 ·cc.;\1 

.\i c;'>,:(]:f~l~;~X·h:ttd! ~;J.&%:t-.'C'htng r;:!': 'Cl:tlCUlD.B thQ!,~;:; y.K!:'eVV:m;h11 tJo,,!} a':!reK:m>t~Q.:r:y ~r:O.\~<·~J:'~.:it.l :!.'il (' 

'kh.~; ~~14'itJI':~e1 h~w h1"1('H'l :hrt>.m:t.:tQ/.1a1ly };J()J,t;'r.;£<rJ:!;.C~d. aft(~!' G'~lt1JcrL>ix~t~ E~';;n'\>:'J:t•nJ. 

f"'''•tJ'v''(c)('<;<.J f.'(';}' ,'}'""' (-:~"'""""''' ""'"'·''<'"'''~ <V•ll>1•l·"'''t• ·/~~!1'!.\'" J EM'>'i~'§''l<:t 1;t'("''""''/J•:• <l'f)f'•f•·•i ·{"·~ l'·' .c•t:' ""~, _.,-fW • ,,.., ·' -;.,,...,.,. .• S·~\ . .fU ~'j'J,<;.-J~t}'""».ta.., ...... ~~I;,._,"", w£.;!..,..,..'-'~\ ... , ... r;-;)r,.,o,.f.,p~:-' ~...,. ~:ll;;;,!f~. J.).s.;¥ f,·1J; \,::>.,.lcJ...•··•"'-" 

.nd.rw1 ·i:·l:i~rt; ha.t?J hr,,;;m 'h1.11il:r, r"t'.@ c.~vl\':17 ·~h()f (~entur:i.4:'7S m1t1. UI.'K1(';(:d~.~Dr' oJ.l <'.U.'C8l.n 

,,;•t:V''D;\;j,f:Jx: n:~'ilfW::.iJrJ~:.t?.a1:;:;l.c~il :is ea:se"llt:tal to s:ny me:dic~~J~ trhnc1t-~'Jtft. [?,Y:td J?C;<;I.>ht•;fii'> t"*:Jg~·\:: 

pt:.lJtic~·vJ .. a'e1y 'f.;o ·0,;;~J"<:m~cd fZiA10~~ S(.k'l\i£>. cf i·Jll..Qlll t~y g.m ~n ·lA;,~ (lJ:;.. B:i.gu:Lt:i.(~c,)J-'Jt, 

·/,:{11\'i c~:lii.[l$:t:t0'ill ·!~.h~:l:t:'0f.OJ."(:~ s~~o nzy,, roMon t:o aJ:tit"H'.' ·l;h~l gGl:1!':;l:t.~al f'lt.r~.G·r;'Ul.l'>~>: e:·;;r,· lPJ 

DU•f(C:'Lfl):':i.l'&:il.l~; 1;h© wuj~.J•:t• tojli(l:s cove:r.'e(lo 
1X'hti ·hlllt:;t'bhtZ~k r1rea~:n::rl'lly used :ttt P.:r.®./~ 0 J" G. ~~t:L)}~t t fJ 111Xh(;l :fl!;;yBl:;.(i/lJ~!i~Jtd;; 

\.}ix{~:(;\ ~~r:r'1.t~~f1Jl 1Jy :r~~r·t1lf o S·t:tpe 1·~l~lltr,J he w~a iKl cl:u;rrgel of PY 11~J., er.u~l 1221\ at~.~:1 :~x~ 

:'lu~~).ud.,~s ·the ne{!r~ssm~y ma.th~nl£il.ti~.:al ·l;reatnront. :rt 1:':~ bc:lel~ c:t•:'l:i~:h;~:l.:M~H1 

·:,;y· H\;lfiR} c~:e ·hhe s·tu.Cl.f;ll.tts a~1 eoote,in:'tJ:)g mrn•e h:tstut'it]al w.c~ter:t:s\1 ·b'hf.t¥::t j.s 

·: .. •1' I,H:n.·t~:l:neiJ.t.il lm:t. Wi! 'be<).:i.kM~ ·tJ:J.lS.t this r.nr.m,ll ant:t.dot® t(J' thfl V~\r.y xw.:J.::t.'f.>\•! ·4'1~::,t'J\nc;<1 

i kd.c.b. ·t.h<::l 6."ye&' mo03.ml!.l. ai>u.den:t.s a .. 1.~e '1'~X'Cn:to 1..r~ :i'r'.l'.t~:'f-' w:1;trs;;?.·l;~l~~t:~CluJ:; th~~:.;:,t o·i.:/i:<rJJ.';r.~.:::::! ·. 

d.0:dvr1.-!;:toM t)l• ('~"lhasis on p:r.obJ.c;)m..,oolv1:ng t;hm'i:; may be rwt~et,fl£l.XY irJ m~.a:Ll;tt • .. ·m:;..:'ind 

out :1.n l~etro:'f.l• )')J. addi1:;ion9 a oM .... h~ WEH?ikly d:i.aeuas~.o·n sor:~s:l.m1 trJ :l~<M.l<~l\:''VE.:d 



.';;; i·,.:y;nt:L0>:\1 'c.hr:1:i.; <::;m:wrJ/le:x•cl:ll.<:i tlll:plicat.:i.(IT! e:::~f.Er(;s b.t?:tt:;:uo'r~t:n PX l;2J.."JJ2r~ ;t:.m.r:1 ·the (::) .. ;y·.:; :·,·::·" 

x'l.t:d:h:~l"'}).J8;1.f~:l/f1ilt ~1bJ:'liTa;tstry SI'0(].Ue):tt::G 0:!1 1.::?.1···12~!~~ f:J.ii:'Jt1l:~ t:£l~.J3 l.~l·~·hn' :tD crrl;:1.'i::1 .. ··;) 

'!i'l~.yn:L<~EiJ. G2b.r.:trni.o1.1:t::v·,) :l't:- 1s O)Jl;~r l'll:l.tUl?'e..l ··l;ha:l',; m~my 't.f.:•:o~.{';s :OAXc·m.~),:tl;Jr. 11X'>\:Wcn·h,\r.~i in 

;:,, ;;Ex<::;.J:t:'t.J,l ph;vsi~s '•.~tlll:U"fM.u sh(Z'l.!!.l<l t;;omm u-p he!'~& to1.>.. l~ot;~~b:tc~ o~:1.m~n.'lg t.h<:we m;0. 

G-i.>~tdli;•:nts WllUld be ~Tr~mi,;l,y 'bm:J.~I:!:"i·l:;td b;r an ir.r'(;e,£~'a:t.:tor.t ~:e ·t~hr~ t1v~ct (;.\J1ill'"l"%! t:hJr:; 

VIO:?nld t:e1:tm1n.atii~ ttl';1tef11~1S.O :i:'t~J}~t~:!::.ion antl l~:i:>eHGn.t all tho f:l?er;hman ~e:i.t:~nc~tX\ 

\ili:YLt'lT''if).l :l.n !D, ~;,n:!,f':ted~" 'N~'>·ll ~t:·g:;~n1.zEJd uh(11le~ 'J:Cl ttd.s eud. lK:J hfQ,Vf:;l hud :,::~ jc.:i.rr;·, 

)1!( H't~i.ng Of. 'th.El phys:i(~S t'JS10. cb.(i;J'!JliSt,:t•~r SUPC!!C.1 fii!IW:lt'u(!'!~if.'J ::nll')pltSl'rK!J:l't;\id 'b;'l fn:r.•t;hM.' 

H1-, :!.'Q~~tiYI~'I'ir;\'UM.\ ·l:.hat the:t'l~rly~)l@l~tLcs ood ldu~:i.cr. 'i;h,{;l(t.f.'y,, ( -v;h:te::b. r;~·~nnm tl};\ :i.n l;Y 1.~,·;.:: 

'Jill/ <1::1{ 1.~2 n.'11l:i~N:rt siw.tl·t>iiD.le~u.sJ.;y· aru."J. r-~hi~h as:'(t vV!I:r:y th~zef;;;nr.;i:J.ly ·t.Y."IB<'ri~~;d :1.1.1 -;;hf· 

.'.lft \'cr.'ql8.l::r.c1J::d. t:~."eei;ruen~ l'.lr? <elec1.;;dcity a~il.d the ~sso~i.at~.c1 S:Pt:<1.\in1. f1.(;,ld <:Of f.":L;:c·· 
' ' ' . • . • • t 1 .p dl~ • i .. . ., '{ ., \X'Di:l.\~'iB,9 ·111n(m :.t.s asamu:,ng a I'@ .e o ... C.W@r .14~~n·~asl.ng !Y!.pex··ccrr.w.(& ::~.n WJ:'JQ:J.: .• t~a:L 1)X'(i.1:~"" 

t·.tr::''· ,. '~.:hf~: ·i~1.'0Ji.i.ttt~J'l1.1.t i:Jf the BMn~ atfilicm e:ad. qu.~..rtum me~han~.c'~J a;·n thr~J ubhe:r.' hlD~il:r 

·~n:uld. l'l1~: l~1ft;. 1n:x:•,g;el,y t'il' l"Y 12~,, '!'his T!l~l!:1fl<1nts SJ. s~r<~mrhtd; m~n:>e d:tf1:':lfm.lt. :rc~·~;bl<:::~i. 

}/:t,'\1' )J.ilC.~i.'l' t;(~ ~lt'$c~l:l.:n,g n:l:i•h ~lili~R:'i.(l':~l rctJ.Q(rtic:ns Em a11. C:~:lJ~\mil{ft lc,:;v·t::a,;;l 'Vih:.:;·r~~vr:; -t;hz::y 

.\:~~n·i'J c:wr.;~e~~%' ~~ thl:it phys:5.~t~. et,;;u.rsa w::atil t.ht\\' ~~>tl.e'1.'n physj.I::;B t:H;to;;t:t,~n t"t(i.:m\0fJ U'f) in 

.hJ.IZ'iJ., l~r:n,r<:tl."theleal!;, lile :feel that a sa.M.fJfac·b~ry cooapt."\tJJItliarrt: .::~1:u1 hal l'C~r:1chrt~;il. ·:; n 

ti!:'l.:l~~h. til! 121 1.n1,:v;O!'idu~ea. 1;he mt:!lear a-to~~~ v~.em~eu em the ~once-p·i;; 01' d:Lo::;J.'(-r't·.c 



., 

•'' !: . 

r;·~: .. t<.W h<c;f~:Jx•.r·: i;~<Zm&nlij; t,o lTI. tL. 0JJ:.c1 f1~.no~ 1\!i•l':t.:JJ'm,l rK~·I:.t:l'iiJ \r:ttf~·; 

{ ·i.:i:.tc 1:t'i.r:?:'.l'<i~i£·•Jit)~\'iG) :J:~)r El:l;:;&:m;p:te) will ;.:.MilaUt'll® (:..c·m:~:W.e.::>.'t:·:b :<.e: :iJa:(\!\!(l!,''(;{rtK:El 

~·: i:r~\'''L~t.!:il O:~E~Yt, 'bf:r(,1'.t 1Gf:tl':l3 ·th\2: ~:my J.<ft}!r){tS f;U1:<l m:l.l':l:'~>:l~,~~ ('~1'tr1 i!i~!J)l;{ 

'L· ~ ~'~<ll'/aYil'l;,:~·uct1.cvn of.' moa('!l(J C~1lt:l.o£JJ. ~.rJrtt1:·m!.\CjJ:~t.t:l 1flh('·B:('J p•z~:~:·fcn.•rc<t<.t".\'l':'i· em:;, 

;:; ;; ·~: (\{?t~ t.fh :tQh lfJh~n1 ~D:f"l' t-;ht::l ~:~alcn.lw;tlad. ~}fi1.t.te:t'11Fl h(::Jtt~,1i; 1ft11ly ,, ~l'l.1.E~ eqn :l.:pment :l.<'} 

r'>';" ·. qt•'l" ·T··y) pllA,1e>'' •'···'f' rttJ><·,"I1""">j)l<':> ~~hr;, ".t • .,rl.o"~-!·o ~ Q1~Jt "~ 1i·'"•'·'~'·' ~"~fl ,q1·~' "'·"'«'P1•:•:<.1 <l;>>cv>·'" ·-·-_h,.,t.-,tt!:. .i ... ~\':,- :..:.l.iJ'\1\,,j~.-t~lt.~ t.t->~1 '\'.•.f\-M:M~ ..... _,"i,i-J.X,.;--.)'<·• t .... ~.._. r;:_.)f.tl.~t.:I-A~·~tAlJI-".1 ,_,_ .. tJJ. ... t,._,..~JJ.'\~lJ "n'r.L; .... .'~ Vt. ..... ~.._ • .;.,'o-.·.·~1vt.a-..•~;"~) '{?.L\'..~,·'<ir 

~~l'it)l :r;.(·~(:m ~.;G 1\l's~·\; i:;h•."1 ~-::t•:~. te;do, t:,\f 1.ni~l:odu .. ~"::h:Jg I.~·~~<?.\1¥Cs:t~nb 1;y· n\lim\~,;;~Gd ·l;r~H:h~r!.l'JrK;;li): 

.'r.'V.diUug :tr~1>~J:'~x)at:tnr; ~t·em~lt;a:., rtl:lcl yet beug ee>.li:ili-DJ1l© :tn z:'" !'fJt).w~;m;J'Ilri.: t1.Jflc". 

\:~e <l:t'•!;l•l),P.ed£> t.m th.~ et~m~ k.iru.d ~f. tb::l.ng is c?..C:JI!l{~ ~:t tb 1il1\i}1:'~l w.1v:;x~::~:l:3~1 ·t.er;;h:td.~JU•::::n :h\ 

i:f.llfil m£a~~h.&~i{1~l ~ql:tivaletl\t ot h~o.:li m:tg'ht be l:'at,®..:,.!iled 1:rlri.Ce r..t<w:c· Ill'0C~()J:1.'L; 

ftljU:t:&;ill<"l'slt g:i:l.rGJffl e;ood :t1e5ulta ~nd veq «lll'3ar.l,y 'l~~n::rt.r~ttlile the· 1,'!~U:l.vcd.i.!'}fl(;K: 

h~!.<Xh ku'l.d il!!.f:lilhHUJ..l~~a.1. 'H;Jllrk. We '~>l\':\Uld, )l(iit-?EN~:rfi like ·to r~~ ~r,; iSJ~l(!h tdr~.te ~.l!il 

sr;)!vw:thle <1'\l!.r~·.sd f.o>:' the electrical, ~iftti~t' il!l,l'ld m~d.4itt'x:t physics <'!tJt:p&.lr:it\'l:31'li:;;,~ 

]?X\~'f"lfci\\c'l.ri:t ue have "bhre1;~ very ~d ~em phyo:i.cs e.xp~r~.m.m1ts =="" ti\. ~il.~amu:-·~mwn.t:. 

·i:,l".Hil dlat'g€:l<~t{;.. .. :maas :~:>atic ~~~f. el~ctl:'@lts ooing ·~h>@ Cene>Q} li\pplU"<lll.'l:;ua» a ~~am:trt:Jirt.'':~·~;. 

, :,z ·\;bo f;trst ~:~i·ha.t:i.<Jn p0tootial ( i .. ~, ~ the !}'l))8~!:t:tm1. of. "Gh$; f':i.:t'tJt q,t\171:nti%dJ 

·1 ·;;;;t;J;J-);gy 1~vel) in ~l'f.>*Ul'Y by ·the Fr~k.,.Rt'ft~t;:e ~h~d using the K11_:nz~:e :?•:P»J:m.'l:·r;~;t\}.o., 

w:n.i'.l ~ ltASa..fJUl~~nt cf Fw~ 'a e(I¥£Wtan~, throogh th® l(h.ot~~~l~~tr:l(;t o:f:foo·t tts:txA,g 

IT11))Q\:l!~il.t.us devalop~E~d in the d~nt baaed oo the !o®ybold :fib,>:l)·i;t@!j<!\11, T~.~.JGC 

(:'i:trpHx•imtlX'i.ta require t\\ cert!!'.in amo:unt ~d' eff'O>l't in atlltting up :t.mxl ndjturt;n~rr\:,~ 

t!r..lplt>·Y aoma reasonably advem,~d laboratory equ1.Pf~~tp I!Uld yieM. results ·t'tv11t. :;n:·~··. 

bcldt i:ai~reating and good.. They thus rt1eet the· ~~:ri teria ~nti~1<Sd O!l•::J<V«?J ~~Cl 

should. 1)e J::etainedo v1e believ(lil11 howe-ver~ that ·~e remaiaing lal~~~~Y i;:tA:i.\•:~ c~~m. 

bt1 b((rt·ter used thM in following the indicated in the:1 at·!.;aehe,:t soht::tt1n1"' .. 

As1.t1(il f'.t'lll'4 omi tt:Ulg the ~alc:rimmry the apootroaccw.y ~·rr.•:tm;Mnt ~'in. 
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r:.t~~t 1.1:::.~~1l?J~~~·m 2t,'Hil:niti:i:l.':'t:&\;'l:ti:tlf'n 'kPith a f.F,:t:;d;r· tn,cl>..re,i·l-:red r,:fH\~i .'' 1'.· 

,,,.,,.,J.·i;;JX!DtiG:i:'N u::,'l.d ca G:lgn~>~l .~n"J<l~k:;b(~'>r. l::'tt:t''th'.l~:>:· r.:>:ll::~\1:~:\:<:l.;,:;r.:.w:.· :.\:n ('l>::'!;; l;·r·<Jn·l,HI 

:~;'!~ _,, ·(;b.e* sttt(k\J:!:i; ·~;~ bilt'\~.~;~;; e.ncl. ~;Jt~J.<ly ::t. lC\J.'{I;£\:~ u:-aul\ibtn:· o:t' t;;:i~d:;n:t:1~~ mJ. hir') ,., .i:o.,, . 

·;·;r:: 'i•mnlc1. 15./::<il t~ t;o.'ke ~:~~~··n~nil:hngo ~:;.:r i;M.f.l pi~f:Jft:1.h:t15 .. ·1J;y· ,, bo \JJ)'I.l2.:t ~· ::.h>'·' nl1:i · <' :: \'·.:. 

·.:·ht:'..l'IJ.iG"'to'"i"it~tsa r~J.:t~.0;1 Q.l~d S.!!H::•tcr:~ic a'bt1llelA:tnt~u:;;; ;;:•ath~i).Y' ·tht>\lt un5.n,~ :t'(~i7l{ly •.. ;~:: 111.n 

~:~cnm:il(']::t\\:J.:VstU,y avtJdla'bl{l< (1:'quj.pfh'~llti't. Th~ e.tva:Hmbility ol' k:ttn t~l,'X:t. 'f.'(;>.:~:UJ t.n.'lJ<) ~;!! ·:' 

·;:,v•n)!,tJh:l .. ~ng la'bc,;;~'JE:ri~ox•iet"J 'briJUg rm~h projfH:~ts ~1;/:l.ihin. tlli.G li!I~i tn:i:;:tonn Q.f mJt:\;;,x·· .. 

g:r.;:'f,dlw,t~ -vrork~ Th~ :'lMrs.:a:t step beyol:l.d ·~hia b1 1)aJ;•t.ic;(};'lllt.1<~n lJ3r "(:.h~ f'>t;·wJ.,::K.\t~1 

<f. 'Q'J~vt:f.<,',&>'i.;y p:r<~ilf~t·mbly held in the su.rnr\tei;; Qj~ r®al ~!:t~~:~:ch ~.b£ a :f'a.c.ul:;.~;y 

~bibr,;Ycr:t:t1:ll:cy. ©J..lY.arly su{):h eJ:Illl..':l.a.Gia on odvntu~:ed le,'b(,~ir.r.t;tr.:n:'~tr v;;r.dt ~.l'l.Volv~:g v~. 

·" ,, 

f.\u:thlf,;,lJ ee.r:t'IWrl:~JJ;I!"..;tlt of t::h§ which amw ~t b~ p~'lutslible 'H:l:bh:lJn th~t·1 :r;':i;·til.i!f';,v~:;;;;');: i..J: 

6.,y:::le~l:' ti!.~Ed:teal. ~GW:T:teultuu#' lrut 'Mi :tael thtvh ~t. l~a;:rt fl'.if~lr~::~ th':i G",;.~~il?S f.~i;i.tl:i.rt'··\ 

tnb~&o\re ~~~;n ;;;tril sh(~ulc1 'ba ·i;tal~.el':!. in ·tb.0 il1:t..el"4Eii.rt t:Ji~~ S~1:""1!'1.ng t~he ·fih:LJ;•d bnB:l~·. 

~:~·i;c,:bl:'lct ~1t the 'b(:,lgiMir~g of 'i;h:'la ~~.»rt o 

Be:t'£!!)!..:t:'d Ch.fibHt-ln 
l)1!;iall ~dm"lJinds fJ fflt(:ti:t•n~S:n 
!~1ney Fr~~'f3d 
fi:~,rb~~?'t T~(:.\flt{~):·' 
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VEh:1.ch h0~ Ii>l)P011;(-;1 to -'c~ (le:pll1,X"l:;ment colloquium in Thtee1'lib(l~J:'. H;tth NDIi' H1XJ!X)f)1}'l~ h::'; 

'iid.ll 'be ];mr'i;;:Lcj~1?t;I:t:1.l4g 111 'ch!;; 13oulde:e S'lUnmer .'!l:lJ~·l:ii·tut(~ 1:'ox' 11.:bJi":K,X'(!':t1.(!f,l,1 J?b~Y'R':!'Cf;: .. 

Un:(;'o:i;"·I;;,,1.m,~/l;teJ;y ~ hts (;:ot~1:"SGl on Ad:vruwecl Mf;il.'t'ihell1atlce,l f:'hyr!;ll,()j,> py'rOI,[. eo·uld. not 

",q /.-

/(:;J{{) , 

11:(: J?:re,;P~l:r./Gd a CC),UX'SQ on 1.:1.0 Gr01:rb)(~1 :1.ncl;ucu'ng th(lj.:t (;),Jf£ll:1.C01,t;:'l.OlWJ 
to 'bhe J;l;pec:i.a). .:C'Ul'lO'i:;:l.Ol'1.S of me:r,heruah:l.csJ. l)hYBj.(w a,s. t;r.'0.I,~:t.e(.1. i:o 
t~:10 l"ecell'C boolw (19.69) by ii.l,) V:Ur:m'k:ln t:~i:l,d h) M:ClleY.',. F.J..(;l 'l'leD" 
as Wign.el" s. 'lle,ssict;;l<J.Y.l.o-CefJ. of ova!' ~, Cl.€)cooe ~J,a;o. :r. Hlt:-;o \'~Ol;l'" 
cen!:;.r.o;ced en Rel"mal'l:nWeyl ~ s (~l.asf.)ic book "Gl'01;();! :rh.\"o?:'~r tU1d 
Q,1M,1l,ni:,um MeehruuC'G. II 
\.Jll(im. only t~·TO .1i51iude:nt;s :r.egtaterv.~a., th0 C0U1;"S0 \If.8,S c.0.l,I()el1ecL 
'&-lhen I asketl 'I;;he ,atilldel1.'t;s :t? they 'woul{'J. 'lJe :J:);1/i".e],;ef:rt~e(,l :1.1/ d:L:;::'(~(;t;;;f 

(rtmd.y 'w;l't:;n me, ~tf Profeasm:' Gobeu, (;I.f:?;%lt:;lt~d,~ 'i~h0y T.'Yel'C tn:1:':i:lnJJy 
9:uite JllTJ/regS0C!. HO'\\H~nre3:- each of thmn d,ec:Ld~~d .xl:'te):' :;1, ):'<~\,), 
'~'leel~s :not tocotl,t',:!.nu,e fJ even though J.?l'O:f{71Ilf,Sot' C'oh(i!):). had g:bre.:n 
l:d.fI 0.1(" 
IJ:t,e p-cepar.e:tlon tf:)'l: '{;he course:; hO'i'TeveJ;', d:t<1 have 'l::h(:) 8(2JJ7(;r)(tl.~O:ttf 
effect; of rr::l1ti1;aUzing my ;flaggil1g :i:'Bklmarch :tQ;I~erei3t'.1 'by h('J} .. p:Lns; 
l® to ~e tht;\t the at'l).mblj.~g blod\: :r hud, l'l,lrl :i-iXCO ~,n ''-he l;,or:l~;;~}.t'(~ 
Pl'ogl."Gllla d1Gtm,ssed a.t J.eJ:lgth in :my :rr~WQrt f<:rr 196'[ .... 1960 '\'rO,D G, i1(J~ < 
:for more me.themat:tc.al kilawl~dge. I h~we 'been f'o11ciI'l:h1g 'c,J::t::i_13 I,),)") 

ever Zil'lCe "'- in PGlJ:lGicu.le.:r the ~1oZ'k o:r. J.t:'v:tng Sl!:':(!.£Rl i:tt M, L ~i:,) I 

Of> :&1 .. Macl\:.ey a;j; Ra:r.-va:rd," :BeJ.'g.llflnn aXid ht/S) rJ'l:;ull~f,'lt A5~W(~:L~\tio)J. 
Pl.~():ref~eol~ E~ Sa]...etan, ~t North<::1asteX'll. ,x-
~le oo;Y'e set au;p Q. I3ma/ll. grou;Jiil to f:l"hud:y C algeb!'fMJ ~~,JJ.a. 'bhe 
:r.ec01ic book by Segal and. I\!lllZe Hlntegral~ 1?:!I1d O:.P,r.!:!'m~~orf~.1I 
l?ro:t'e.asom Staebell &'hilllony (and J03Gl:Ph. Agasf3:i, of 'the :Ph:iJ.osoJj/! 
Department) are :'i.nvolv®d along ,rd. th Pete:r. :Bomo1).:t't9': of the 
th:l.:i. ve:rs:i:t.y of' I .. -eyCi<e;Q. Who :b.a..l!~ 't1O:r. ked. \,'!,nd,er. S~gf_l.l i:;h:t B Y(;;f),'J,'" 11 

Dl..1rhlg :the ~a::r FleiBcb;rnan taug'b;l:; the: ~rveni~ aecrtiol~ of. Elenl(-rtt",~·ry PhYid,cz 

I'This. ~S the second la:!:'ge lecture <:lass I have ta\.lgl:rf:'; RI:},Cl':J I 

~',the fiX"$-t. to no~·hechl:Aica.l tJ·tua.~nta. L~.DiJ 'Yt;:a;;(.'~ FY1:n I 

was pr1nJa,:rll,y biology me.jors (pi'e-med), vlhile thiD ;f!.;-:J:r hl. 
ad.d1M.on V~ had 40% ·of tb..e s'tud.ents. a..~ J?l1ye:tcal Therlil.;py mo,,:(' 
Tlwm 'm\~ no d:i.scu8aion section :for ,the la-c'lier 00122:'8(7 ~ I 

Tile lessons I leam\lld l~.s.t year 'l;vere qu,i 'he fJt'1.cc€Jssful1y a,rl" with BDl. aU 1ilfOl'lilSJ. atudy a;xv3.f.o:t" 'tU1;orlaJ. grottJ?S s(':rt nIJ a.V'i.1 
early ;part of: 'l:ihe term. ! 'Ras. able '1;0 brealt thl~oueh the :"1 
that the g1.~~.t maj<»:'ity of Bttt.dents had (,1.u;dng "hl:te :e':1.:):'st; .: 'I 
set-/ii12,g up ~ pattex-n for each eu'b,j(i1ct of' <;il, )1€ct1.1re b )h03*; 
handed in C J hometolo:t>k handed, 'back. .iS1Xl.d. cl1acuf,zmed :YS.L (leti~l.1. : I 

j 

J 

I 



d)sb.o:r.t; exam. My c>J':;C:tee hour.s to see t'rbud~."m:tJJ w<~X'0 aLl. 
.ttay MolJ.<lv,y and 1\l'ednesr.'ii';l~, and J: er.1cou~~~et~ thc~m to r;~~e mo, 
1Ih:ts '1-ra.-y > ·w:'i.th no Jlr.to.torm <:mi::n11:i.~r.o:t:!~rm> the f:\>l~u(1.en·(~G 1·7G:cr
J>J.'0Dr:n:n~ect ·to cl:tg;es·l;; E:<~.ch. su:bj1~ct :i.:mmeO.:i.ately. I o:(:':f:'e:.:·BO 
a 1ol1g"clr ntfJk.<sn.?J? e~{nm. for ::.rct\r.len;iw 'rlho h!i.td. i.n:i"I:>Gli'Jcl ,:1, :f:\-:H ot' 
the abort• on0.s. 

This t.Y~!I.S don¢ ~rUih a gre.d.al" ·r.·rho ~ras both slol·r ~r.n<'l. ·t:.o whc:r;l!. 
it. seemed :tn,~l.,OEH:d..'ble ·~o o:lq:>lt:dn, ·!;he~ lll.ot:ton o:e ):>~;r..,~t:t{~.l 
cr<eel.it ... .-(sine® he apolt~ very hal.t:b1g Erlgl~.sh)':'""''f"():ec:l.d.ecL 
to grtiliilf~ al.l the exams llJiY'f:lel'f, and he.YtZJ ·~he 11 g'Y.'tl.dG:t'lj ehee1;: 
off the homelm:r.lt t.r;i.thin a, day ~r:tth "eff'o:r.·h g:~.•aclea" ·~"(;~ ,::-.; 
tr.1ed all tm pro'blemr~ ass:i.gn~d., 1 til ·cl"':i.(lcl r>mne, o tc'l tr:ter.:t 
no:nep "vrhere 11tr:ted11 :tn~ans s~r:-t :l/c up .. ,. ~wt co;rd.ecl the 
statemem; of t;he problem. 

In ome:t• to ;&eraol'J.a.ll,y seG! ·~~ach r,rt;uden:t, I offe:eec:1 :tn ad.cl:l:!;:i.(m 
to the 1·r.ri·c·!iG.n final an o:r.·al fi:nal ···~ "Vrhic.h 'H·ouJ.d only 1x:~ lu::cr:t 
to ra:I.I!le a poor ~rri't:l:;en £1~1~1 gradr;.~. Evel~yone crom.':l ·' f;lPCI. I 
11as eble to :veach £.-md. teaeh (and :pe:r.he,ps mot:b.re..:be) t~he mD.,jm:·:i:t.y 
of' the studentt;:. 

:Seat1.1..1.Se l:>b.ya:lca ia ~.n :i.nverted py;l:'am:tO. stibject, :f.' or t.hm~e \·rho 
had done so poorly tha;i;; ·they meJ:•ited ouly a Dp I off'e:s}ec1 t1D. 

111COlll.Pl~rte "tlith :further makeup final ·to b'~ g:i.Y<:~XI. (;l.tu:•:i.ng thr:) 
courae o:f:" PY106E. 'Ma.ey l:rt:;udeJ.'!.ts 1·T~l'e abl-e to 1J;.;;.1.z-n N~Dwt.onio:o. 
mechanicl!il utlder this. sche1ne, and to uae :.'i:t ::i.n f".i106E:. 

I m'l.de at J.eoJil.t one c:rror in ·:;,rw J..a:l;;t.ex• cotrr6e -.... 1 g~:we no 
wr:ltten final, e,nd the otmla ahoired ~- lack of' :f:l~1al d.igef:l·i~:Lon 
of electro.ate.:~:i.ca for 1)el'ha;&s a 'i 11i:cd of. "t}.:;.e poo:r.c::r stn:t6'.entl;;," 



resea:t. .. ch proposaJ~ in atonrtc phyro1.cs :!'.:'or t11e NSli'. 

Iu December he spo..ke at. ·the University of Masse.chusett;s (.Amherst} Physic FJ 

Colloqu.tum on 11 Elect:t"Oi:l Resonance Sca:t.terine; f'1•om Rare Gases'~ :!n kpJ:>:tl he apolte 

:for ·the .Amex·ican PJ:;rysical Soe1ety, Nett England Section, at t.he u·.o.:Lversity o:f. 

Cm~nec·t:tcut on 11Ef':rect o:r Thermal Velocit:tes or l!"";nergy Resolu:t~.on of Elect:('on 

One of: J.i'X'e.ttze:n' s ~:~tud.ents, P. B:t.~uce Ne\·Tell, rece:tvetl. h:i.s Pb .• ]), :Ln 1\:pr:n.; 

·--. --- ---..... -~--~--- .. 

Comra:l ttees: 

-~--~~---------t._- - r-•-- ---

CLA Acad.enti.c l?olicy Connn:ltte<~ 
CLA Ad:viaory Committee 
De:gartmer.rl:i Grati.uatc:-; A<?.m:tss:ions Co1mnittee 

----- - ~- -~----~------------ ------. -----------~ ---

I 
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br;\en l!'l'~l"m,cy· ~!i~}:tct;•~l~f.i ·to ·W.10: Co1lx.-'!g(;l o±' Xrlbox•a:t. A1:-·(jz P.h,rs:tcn De~oax-·bm<cY.o:t:: :f.a.c·! . .l'l;l>yo 

tk~ tf.!.v.gh:l:i ,,~. t.he :t.'eg\.lli7ht' BOl?ll<XIno..t'e !ll:rys,ic.fi.W. ~c:tep_ce J?J:•oa;x'a~l~ ;;.;\:;. :OGFJ, o . .ncl ho 

DGJ!l Ct!X~.r:f.oulU'01. 
001'1 Ce:n:tenl:xtal 
DGE Af'l~o"'P.:t1Wll':t(~84~ 
m:.Ar-ro:m r.~L~i.r,ton 
DOE G~·a.d:Lng Rev;to:LoJ:A 
GRS VJ8,m.i;e:~.~~l P".tog:r:um. :l:!!, A:f'x·o··.Ame:trJ.cH;l!iJ· Sl!tt0.:1Jw 
C!,c\. :o~a.~l' tif .. Adv:tso:cy 0o!'l:nu1.ttem fo:~~ 8(:)l€!f~·l:;:l.l:>iJ. 

of DGl~ H11llWJ.:~a:t:l.ea· ll(-;..oa:~:'·cr!l.eXJ-:t C11::;~3xxlwtn 
CtA Dean' a Advitcory Co:mm:ttrlle(~ tor' Selee·~;~.o:o. 

al Socia:t Sc~,en:l<.~0V De)?t'I<J.''i.miel~.t Chr.d~;~m1n. 
CLA :S:tology CQ;re fJul~X'ictt:!.vm 
trni v·c:t:rs:'l:l;.y- Coa;i;rt,~.~e f.o,t' Elc'(-'i- En~!:"o:tlnv:m.t J?,:;,·ogt\'~Yi.\ 

f'o:t:> kt'ro, .. .t\1f~t1.can. Stttd~l'J:tfl 
Untwws1t.y· ~:·~1eid<lfnt 1 s Jrx~·®.m~:tl .M:sr;Lnr.n:~y· G~:·cn~p 

o,'Q. Af'ro .. .fun~:t:-lcan S·blJ,t:~.~tr,J:~~h Af.:f.'.r:x:t:rr.-1 
t'!on~'!:l.or, :Urt; Conference o;f' ~m.J B1iJ.01~: 1)~~i<~u:tt~y· 

~JA~.at, Th~tl.'l?ortb :rou~d.a:t:l.on Mmt;;t,:XJ;lg 011 HJ!ll,;T.<.11.1.~l.\i:to:<J 
ot' Lut.h~a:~l. Ca11up,1a Mi .. J\t~tat;.:~:",r on M:ft~eo,··l~tlwi; 
~UfS®S (g) 

.~tioch Colleg-e Cor..l:f'erGlll<M;.l or.t. Sc:te;~;lce :to:~:? <~ 
Th~n,;;t Soe:t~·t;y 

't~o:r.k &td P.r.o~r;Ja 3 

Pcot'eaao:r: llantilton has conb:re.ctect 1·r.l.th l!oJj;"~ 
Rineha:t't""'Win~ton. to wi.t.r:J .G. bas~~c physiCF-> 
text for genet'al edv.~e;tion a1~ct l.;i.'bEn'1.lJ. 
a.:t>te students., m addi:biol'tJ- he is b(Jg:I,n.nJ.ng 
a :~ta.el-r research pl"o,ject :i'!J, col.labm::o;t:Lon 
'd:hb. ~of.oas.or Hellt~~~Zh 



:Oru:1.~~ the m~m!i15:1J:" of 1968 Hoy 'Ut.l:t>k.li:K1. ue. o, ;r;~~lea:t•ch ;p~;1,1~t~-~,~1J?mri~ :tn. t•b.~~~ T•i:\~··r;.,i.nr: 
L ,. <,. 

11.'i:~'fh EJ:·o:f£11]f.IC>r Hoy .. 
}Jtxy \\l'lil.S. ·t-;v,bo:t; ~fo~:> 10';;;.·. CD.l'l Cceh~:tt :Ln U!)~~.<{!?(:tl('l:t.ctua:l~f' 

h.O.T>l.O)U;J. ~·es¢~</:''(1~1.. Gohl'J:Jl :ts .r,rl~"Jrr e. !~:t:12.\Utt:::~:i~(") 
~t'Llll~.xt ~'il.10.cl l.~C~i1\f,l$i1:.'iJh .J?r\:a~r]ot;~r.h .tn ;phy$1<~ r1 u;t: 
E'm~t'lft1,'fi). ll'n:1, V,J(,:.::~:t ty" 

Ilw;r:l..~lg, ·~h<#r ;v~1::tc-" :l(rro:'~;H:.:~o:t" Jlpy ~O)~.t:t;r.~1.;aO. h5.~ nD(lt 1 ,v 
.f.I~Jai~1~'Jt" ;4~ Mol'?.~lmtle;;: K!:f.:fGJct :phya:t(H-J;, :.\.KJ;.Vo.h<-Inr,~ 
~J:;h~ e.:q.IJ.:t:t~.e :t"eS®.ril:'Ch g::ot:~J? ~.;~:t o!;\}:' l·lol:ttt 1~·br-~:~:1; 
.tl!l1~~rr.~a:h~X'Y <· R~ hQ.ru. t.aug1~.t o\".~ cm~:t~H~s :u.1. :~.~~·" 
t~.\"m'€1d~~(;l;i::~ ~.W.eh.atltC.fl.;'l Solit'l S·c(:;l;'M; ;l?JJ.yr;tt.Gi:l,t 
~~'l'tll?t~i.1X'Y :lu ~-k>li\3, :::ll;;,e:t.~ Pl:r.r.Pt~,.c:o,. M,nQ., l.Jnd . .z~;t'~· 

1 g?;'tld\\t;J:ttfl! Stv:t;, f;l.'.l;d"Jfljll}. M.e\':hVJf,li(~}lo ~ 
If~ h~"11 ';1;1.1.10 l-ec·tl.~o. on, t1C~:t~l'tc;!¢ e;b thf~ B~m;th liJl<JJ.liJ$n:b?.VJ j 

School. :J.a lltJo-ot~.i~~~. . 

~1~'Wi~JI De~1.\r.'t~t tf~~;~~tGIJ:~ Q)J, G:i::'.tll.thJ!J:l;i;(;l, ~f~'L\Il:tt::;t~ 
Qb~ • ., · GR:S Ct)Jiillrl:tt,ee ot'1~ sttt<i1.1ll!f:~ £~p:p,o~t~ 

~ a<J.Ql,iti<m to hi$ :J:~;;,~Q·ll'l<l~!Z0~ :1,~ .. ,. Ox'~~~, f.i'o;et'm~.io1:.
'Ha3' B~t.i! it~.vitet't tnl;ls:r~ a~,;, th~ Uw,var.'J);ti;;:y {;(,(' 
V~t~ Urd:\l':~:r~d:'~y O't" lf.ronrl~~l$t Cl~~re),W.td 
a:'oo,t~ Ul'l1:v~:-ll!'.f!f13:>-y.,. ar1et ·the l?lr,rf11.-ma. 1)~.,rt~icm 
ot tbe. Qe,!~ ~ii~ .Ne:b~t.o~f:.l,J. :r~'ltl~ator.y q 

( t. /) '' ) 
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11 Y".y· (;):XJ;~G:t':l.ence in FY.'l01~10~2 J.f;l c:lif:r.:tevJ.t t,o ~~V'f.l,lWJJ.'te .. 
I 'tried. to 2UU:ke th(:J course B.::~ :relevt:~.n;l; r.u3 I oottld. without 
COil\'f?Y.'OnJ.:l.sing t/hH :l.n:l~t::{i',X':tty (or, ae~f :('l;)f:l:f?L::ct~) of t:J.'cicxice': .. " 
I e1.uph8.sizeo. dEnrel9J)lW.eP:il atJ.<l confl1.c'l.i of 1)as:l.c :i.d.ee.B in 
the:: :b.:tatory of' ao:tm:'l.ce (as an eX€llll.'flle, we sperrt, a connicV;n:-DJ)]J~ 
mtl01.1XIC of t;tmr:: d:l.I;JC1/..tls:Lt:Jg all the r<imifico;t.:tonr:~ of thG 
Co:per.aice.n revol.u:t;:l.oa.l' social and. )/Ol1.tice.l as well as 
scieu:iJlfic). . 
Witl'.l. a fe't-? e..'tcep.tio:o.r~.$ the class of o'\re:r. 100 r;.tucte~:J.ts w:o.s 
made up of r..t'Udeuta from s.:m~:o. A J.ro·ge l'J.'I.wibe:~:· o:e' ·che 
s·t.ud.~nts 1~esen:t:.ed h.SJ,viug to take a. cotn:•se r;uch as PYlOJ.-102 
J2~2. th~r ertcered liXJ class (m~:uy o:f them to1<1. me so). 'Ihe;y
~1id. no·t see hoi~ a colxrse r~u.ch e,a :f.'.hysical Science could be 
relevru'JJ~ to their lives, e:U;hex· 'before or ef·l;e:r. ·~olxing the 
course. Some of these stv.dents told me that I d.:W. l1ot sut~c(:;Gd 
in c®rtnun1ca.ting with them. Hell, tha:b is certat!l.lY tr\.10 f'o1· 
these students, but~ 'uhe·ther I am res2fOl:lf)ible, ox· so:m.e·ch:tng • 
elae is r@sponaible, I lmve not succeeded 111 ~md.erst~mCl.:LJ.1g. 
I believe tha;~ in aome of my 1:rl:mden'<;s hoat.ili·~y to science 
and mathl&r,ia1}j:es :ts ao deep that llo classroom expede:nce could 
be aatj~eiactory to then1. This rather l7:i.•ie spx·ead host:Ll:l:ty 
ought to be a aub,jec.r~ of consia.erable e,;pp:~;•ehension to 1::.eople 
~ho love science. . 
A .sm!:i!.ller 1nmiber of students did enjoy ·cb.e: cou.:rse t)~ttd d') 

/'/. 

'belt~, as '\vell as I ee:tl t~ll, that the history and 'bo.a:.tc i1J.ear:- of 
natural science a.rllil r~~alevant t;o their l:i;v0a. I lJ.qJ.ve nat:. disc:c•rer·~Nl 
~~ obvious di..tta:re~naes in tb.e ba.ckgl:'ou.nd.s of stt~d$n·c~~ ~-rho 1.11lJ~O . 

.. __ --~- ths ccnarse and thofiJe· who did IP.ot; .. 
11 

-------------~~------·----~-.---
~- ·- --~-- -·---- ·---~~-. .,·--·--·-·--~ ... ·- ~.- ---- --· .... 



t;h(.;J .ll.~1:t~o!,"ial. BarJ.~7('!, of the mheJ,'XJ:ai.tlo.nt'U l'fOU~'tlfl-1 of Th<::O;l;>(;;fl;\:t(~U:l :t!tr'>t61.:te.n., 
"'~~~'lflV!t..f~~---•~Wt:ca;,l,.,..,.~~~~~,.,-~~~'i"..n.'lt"'1~~·,W='t.~'>''>"~ ..... _ ~ ...... -....... ~ 

:t?:tr.·cshurgh Ce:~.1i-;er t'o!' tkr.e Philosophy of Sc:t~nce on "Theory, Common Se:Q~le s,nrl 

Pe:cc:ept:i.o:o."; and at,; Ce,se~vJer;n'Jern Reeerv\!3 Uni·versi·cy where he o~~f'e:t.~eo. 11 A SP.J:'1Tt:;;r 

of the Measurement Probl.®m in Qu.antvm Mechau:1cs 11
• 

Professor Shimon.y has it! progress a, 'book on tb.e conceptual P:eo'blenw :lJ'!. 

e;;~.ster;huent to 'Cc~~ri;; loca.l hidden ·va:r:ta'ble tb.eo:!:'ier:s in :mieroplrysj.cs, a un:lque 

e.nd. posf'l:lbly fundam.er.t:ta.l development at the :PounCI.at:tons of' modez·p. physiq~.,.. ·W:rt:h 

it:~ classical aoo. quantum mecha~.ics; a:til.d witll M:i.cbael Freedman, Shi:mon;y has coxrti:o.\liC:d 

his wqrl'l: on ini?ome,M.on theor"~J and the ;fov.nila:tions of stat:ir:rt.ical mechanics. 

- -- -- ---··---

Chairman.11 Irxterdepartmen:tal Cl.A Conmdt;·cee on the 
Concentration in Physics and Fniloaop~y 

PhiloaoplT,I)' 
-·--- --·--~-........ ------------------------ ·-··-
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P.~.[~~:12!L£L:~ll~ COEEJ?~ 
'£be ob,ject:i.ve of the sem:i.1.1ar j.s to enable s·!:iudents ·bo :lrrvesti:i.ga;t;e basic physical 
la1vs a.nd to become fandliax• 1>t:tth the methods and strateg:i;es of experimexrbal :r.esea:echo 
];mpha.sis tvas on supervit:led, bub essen·cially independent; work,. fJ'l:;udent. seleGted:. 
and Jc.o a very le..rge e:Ktexrb designed, th(:'l:i.l' own expe1•iment;s ·11:l.thin a. spt·w:l.fied top:te 
area. They were encouraged not. 'l•o depend on high··priced reo.dy··made equ:Lpm.ent a.nd 
set "cook~book11 experimen·lts. 

The course st;ruct;m~e consisted of a discussion of a selected top:i.c follO'I'Jed b~r 
investigation and hopef\l.ll:v· veri:t'ica:'vion of' the phys:l.ca.l lav1 :i.n the h:ibo:ra:l;ory. 
Ab the beginning of the yee:i! ~Ghe experiments v1e:r.e qu1te :Ul~def:l.ned and f.:r.eguently 
did not.; work too Hell, but as the term progressed., the r:rcuden'ts slowl;;J' lea.:rned 
:l"easonable experimental design. The s·l;;udents had been taught to 11think 1.:1.ke a 
scierr~ist 11 and there:t'ox•e were not afraid ·to ati;etup'll p1~ocedures ·i.Jhey ho .. cl never done 
before as long as the physics m'l.s sound. Seve:t:'al students cam0 in many e::.cbl:a 
hours to do wor·k on t;hei:r experiments. The students were encouraged to do m:rcs:i.de 
:x:eading in order 'l•o understand the expel•irilen·bs. As stated above :tn t.he coux•se 
desc:d.pUon, they wexe encouraged not ·bo depend upon h:i.gh··p:dced equ:Lpmerrt hut. to 
bu.i.ld theh" mm .specialized appara:'tius 11here possiblee 

2. 

The course st.arted out i'ii'bh fourteen students and completed the yea"r vd.th thi~ct.een., 

The a:vex•a.ge student had li'ttle understanding of science and its methocl:s. ~:-lww 
~H;}:t'e j:;ptally unaware of ·the real 1'10rld arou.nd themo 

The fir::rb ti'lO months of the C01).!'Se was essentially· an o:!'ienta'liion :pe:r:i.od :i.n na.tu.J:•e,. 

Some of ·i:;he ac1;ua1 experiments :i.ncluded a stt~dy of mic:r.o vmves, pola:r.iza;t.:Lon,, 
acceJ.eration dtte to gravi·Gy,. inl>e:r.ference effectsjl conservat:i.on of momenttl)ll and 
energyQ 

5· The responses· .to .a questionnaire indica:'ced that the student-s conside,:ed th:ts 
cotu•se a real challenge v1hich in most cases 't'la,S :r.ewcn:-ding and vlm:•th the extra 
e:f.'fortu They indicated that, the prepa:rat:l.on and :t~epor·t ·N:f.'iting tum.ally re~rlrb'ed 
more time than thei:t• major coui•ae of' stu.d;y·~ 

' 
6. The following is a direct qtto'i:;ation from a l.et'be:r sent by a student (;r'c the end 

of the term: 

'My general feeling was that the course dragged fo:t• the firat 8 
weeks or so because it \!las not struct11l'ed enough. Feeling for 
t;he subject matter came only after that; time i'ihen I was able ·co 
fully ada..p·h to the s:t:t;ua:bion. However 11 I feel t;hat :i.n these 
first eight weelr.s I learned more about physics than I lee..rned from 
a yeru.• course in h:i.gh school.... All :i.n all, I consider this 
seminar a valuable experience, and I would not hesite:be Jco 
recollllUend thia ·t;o any one. By next yea.::r: most of the kinks :i.n ·the 
course shov~d be lWrk.ed ou-t, and it \!Jill be a valuable addi·t:ton 
to the present cU:t•riculum. 



n Dux•:tng -the m.c:ficlem'j.c yea:t"• jmrh entlr;:l<l, I ln~ought. to {,,, l:m.nccr:;~l:f:'tfl_ 
conclusion .tl'\Y' ::.rtiudy of the :t.oot::r~a:~' of ClaS13:i.cal Stio.t:t.s·ii:lcal 
Mecha.'l.'liCf:! in Quantunt Stl;\"li1,st~.cal MeohC:?;uics, Bi:nee f:l.1:)0lrL~ 
J~MlUal:'Y this aubject;. c~me to preocc·vJ?Y nw almos-t to the e;;.'\:"' 
cl:uaion o:t' othe:r. :f'iel~:le of :r:eaearch. I e:t~;;p('JCt to s.peJ:K1 the 
neJ::t tuo ;vG!e.t'e :forn.xsi:ng my efforts on. ·bh~~ "ca.mk of d.rl)),w:Lne; 
oti.t the ituplicat:tot':l.fJ of: ·i:;h:titi f'ormule:i;ton. The n<YH i1:t~.;ie;J:rt~r:1 
i.;ha:t I ho;J?e to gain f'roxn. this ~·rork should 'be :ln the f.:Leld of 
q;t.mntmm corrections ·bo ·the. eg;ui11J:>:t'it1m ets!,;i~i~:;t.c.a of gB,8P.m:~ 
and ~c:t.?anaport processes :tn ga!ll4!lls~ 

Wm ... k on t'Unotiona.1,.il::J:tegJ.·eJ. methode o:f:' eve.luat:t:ng pl.'l,l't:1:b:i..o:t1 
f'wlet:i.ons and cY!;;.her ~~Tiener lnl:>eg-~la haa 'been contil;)uing ~\·lith 
D.J£>~ T!'J."e:nce Btt'Y.'te, Research Ar:u~oc:ta:r.e. tie hf~;ve 1:>een ~:l,\:)10 t.o 
dr~ togeth~r the: d~~=fteretJ:t k:!tnda. of e::t:J}:ll'nsion~:5 of these 
fut'l.c·tioJ;:l.e.l.-integ:raJ.a ;t'ov,nd by U!iP and. collJibo:~:'atox•~~J~ ~re ~'ll;."J?t1ct 
'to \~ri·tte up this ll'O..'t'k in o.et•:tt'li t1.ve f•o:r.m dU:i:':LDg 'Ch<:J> S'illW'd~:!J;'. 

l?ro:feasor Sb.:tge.o Na.ya oi' ICwa.nse;t Galiutn Un:L ve:t' si:cy, J·al:JD:rl,. J:w,f:J. 
boon spending the academic yee:r worlti!:lg 'V1ith m.e as V:tstting 
Associate Pl'ofezsor, 51.\WOrted. 'by a. S,t'l:U'l.t from h:l.s Un:i:ver.s:J:h~r. 
Sta.l"ting "d.t.h a srol:i.J? of incompletely :r.ela:cect concepts ·l;,nv:c I 
ha1.;e he.d on my :mind for a ro:umber of years,. he has l:.W'l~ive~. at 
a very .sa:tia!y:t:ng formulation of the P,B:r.turbo:tion el~pan~:ton 
of the :poo."tit:i.on function of' the <;~.u.a:ntum anha:t.'m.on:l.c osc:Ult::cm:·. 11 



n~'b:i "" ·tur.n~d O'"t ·to l,'l(!l 'il V0""V (lla,t·i r:•·<·,,.l l1!i' e'l~~)t~~,.··l <;;J;lt"e. ·i 'i'' C')') 'l v A(.-..c.-hl ·~ . """ ~ .... J ... t!l <;! J..,.. .. ,.,_l,l~",r •• ~~.j- .t-h .. ,.. ... "" ~~ ...... 1 ···~tt ,.,.,,..,, .i- ·-.~~... 

beca;Uij0 J: 'K-Tet.~ ,;r;ble 't10 kC:1E:l1 lnY' hea(l. ~ibcnrf:~ 'Wt.tC01~ nn1 O.o~·;J:.,ro 
a f~el:t.ng the.t eve:~;'yboo,y associa;bed 'H:Uih ·th<;: <l0];1i:lJ~ijmeJJ:i; fl8:tt. 
t.ha:b. th:i.ngs v1ere und.<~~.- col.?:t.rol. :P.<:Jrh1:1.;pn 'l~lle b:tgger::r~ ::1:l.ngle 
h0J:p ·~ha:t X recv~i'lf0tl cem.e :f:'l~om nol.lo oth!llr th~tD. the t:1J)r,:en:t 
C'ha:L~e.m.en hi>.nael:r 1fho did not eease to :.lJ:r(;erest; h:l1useJ..:r :l.n 
the e.fta.ii•s O'f thG 1.7.{$:pa.:r·t:m~;ntt atmpJ:y becauae he 1·71l1:? 3.~ 000 
xu:U~s a"i·ra:y. But r h~.d. nmch hsJ:p from <Y'iJll.m~s, most no·i;t:t1:J:I.:y 
Fl.•o:fessorm Hey, Charea.n ~.ncl ?.:iJlll:ile:t.·ma:~t each o:f' 1·:rhom br.il.DCi.l~~d. 
:tuajo:r. a:~?.ee.a o:r cle;paJ."'b:m.sltha.l. ~rffa:l.:l~s~ Sl1htz·D.c'I:;Gd f:r.'om ·i;h~;' 
av.t.i.af'aoiiiona <lescr:tb~d abc>V()) mv,::rb be ·bhe ru.r1~:l.ety r.n~ch f<l, 

·caslt YtRlst b:r.i:llg abou.t iJl an active research ·Horlte:r 1·1ho bo.H 
trouble m-epaJ:e:c,,~ng hir:1 me:a:tal :r.unct:tons devotecl to x·c~Wc'ex·,-:h 
:t'r.au1 those devotee\ to de1':Jarl:im.e;,1tal e .. ctm.1;n.t(rl:r:r.:•.o;t:i.on. In t:;'l-TlY 
came th(IJ tr:tme FJpent :vraa qu;t:he cona:V:lerab:f,a o.rt thl:.~ 'ld1oll?. c~v<:-m. 
though on occasion 8, l.fet:ilk. o:r two ~1e:o:l.i by ~f~.th v.n::r~r l:ti;t:Lc;) to 
do. 'lhe mG..jo:c ti.:me··C<.')J:lli\V.:tatng itexu.s du:r.il:1g t:h:ts ;pe:~.•:I.od Tlere 
the q1\ee:~ione. of. handl:J.ng Atit:qo:no~r a:-_ppo:Ln:i:tees to thr~ ft~.c~ult.y) 
·the 1it1.gat~.on :l:ttl!olv:l.ng ~t~h<.~ coxl.ce)?t ano. ~.:po:h1.:tme:Mt of 
"l"8ct:;urer.f;Jn11 o.n<J, Jche <.l.e·caiJ.s of the titi~U'I.'!.al TcMIJ,ch:l.JJg I.ft:JllO'\'r 
~~J?o:t:o.:bme:nts. " 

"Although too nuniber of e·cudel:l.ta ·i<b!.xb I 1-m..ve c';me in coxrliuc:L 
'ii'~.th has not ];n•ovio.ed. f.U), EnJ.ti:raly .aCI.E;)qu.~.ttil s~r~)?le, I :fe!':ll 
a:rrare of e. dis'l:iraugh·c:uE-~ss on th® pai:t of the ;mtSJJ.e ~tuoxn:.rb~J 
s~tmil.~r ·to that ~1hich. Pl•ofeasor Geo:.·ge 11eJ.i!. ot' He.l'V'arc1 has 
eo:mme:~:ri:;ed on., av.d. wh:leh 1. e..t·tr-lbute to the ~ver~·)?!'ef.1e:at 
th:rea:f; at t.'!uil! d:r~aof·t.. In 'lr1lf PX'202 Diacur;~aion Section, tho 
ma.le students "'m:re 1nore dise:i.plined (i·b was ~n ho:n.orf:: fjecrt:ioD) 
bu;~ 1dth e:G least some of them I had the feeJ.ing that their 
intense in~st ~.n the: aourr.sa w ... s mo:~C-e dv.e t;o etn'l!:iety lest 
they fa.:t~ and ell.danger themselves~ ·than to love of ph'ys:Lce. 

AU resel.•,ration.f.l teket~. 1l£"to account 1 :r. still cou11t myself 
lucl:cy' to be tea.chia'AS .:J.n a f":tel.d whose r~lGv&xloe 1.a v:!.rturu.ly 
aelf.,.evideu:t; ev:e;Q, though :t·ts .aupposecl. p:t."'ete~leio!'!.El to unt.,rcx·sal 
a;pl(L1cab:t.lity have (quite Juatif'iabl;y) come tmc!.er i:nc:roas:tng 
que~tion by 1ntellectuaJ..Js in recent yea.'l?~h" 

Sc:f.en.ce11 ~ Jg~i.~ 29re~ted ~t, the Bosto:llt Col.lo~;u:l.um. f.or the P.hiloao»hy of Sc:te:o.ce, 

JJbbruary JPS~ l968. (This :7:lf.em was 1nadv~:t"t~:n:tJ,:y- OO!ittOO in ·the 1968 re;por·t). 

"l!hralu.a:t;ion of the ~Ollie Oll'ci:Llator ~ti tion Fwlat1o&l11
, Boston Coll~'fgc 

Colloqui:um, Ms.t"'cll 26, 1969. "Statistical Mechanioa from a ~;tum Point of 

Vie1i', Boston tJnivereity Colloqui~ April 23.? l969a "&ta.titi.rtical Mech!S'~:i.c~~ 
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l"t'incipl{.:: and. Qa,insel'\'l!fil:M.on la.W..I11iXl. l?oa:;l:;h,J1Te1ic!W·n:1.a.n li~"d:r.oc1ynaxiliCSt1 ~ lf.c·~ l7E1.fJ :tn•t:l:t.r;•(J. 

t:o 1<-~t.~·i:a~,'i/d'e t~t ·J:;h~ 1969 E:u~dco li'el\lil:t, S{!hoo:L oi' Theo;t'e·t~.cal :Phya:i.ns on "H~:tle:t;:L'•.r],tw 

ChaJ,Z'~mau,. De;9ar'~W.e:rtt I&.tln:.f:)J:::;Y' (JOt~tm:i.:t:i~~S(;I 
:t:u.a.CJnlt.!g 01lai.maJ;J. :Dep.a,;l;'bnf.mtb Co.mini·tt.ea Ol.l G:tH{ht<e?,'\:<:~ 

Stl.lQ.ies 

'!'1.-ro :t"e~a:l."Ch stuo.eJ.tt.a have 'bf~t:;i7.1, ·wo;t•k:f.t!.g 'Nith 
P.1!?ofe~fJO:t' Sta.~heJ~ th:i.1J yev,r; ifb.o :~;t:'l)l'n'·l:ifii> Jj,f:) 

toll011a~ 

11 lll:.'o IJ.!homas P.~,aeoe~ ~'~'o:t:?kt.rtg orA ;p:t•o'bl0mr~ of 
:~.~lo:tivist-.1c hyd:rodynmni.ca.ft ha,<.! mad""~ very gooc: 
progrGaf.l aJ.:l.d. gav~ ~' pa~e:r. :;;~,~t. .,~he Hcn7.· Yo:~:'l:;:. 
~1;~~:ns of' ·the. .AJner;tee.n P.llym~tcal.. Soc:tet~y 
oo.sed .011. OU.t' tio:t"k togerthlitJ:';, I·h ;ts hOJ)Pd. ·that 
h~ ~;UJ. fin:tsh his Thesis ·worl~ pe:l!t ;~;re8.r."i thw:1l;.r: 
·uo g.vaz1ts from GRS tor th~.t.} ~vJtun0r s a:ao. o. J':W.:~.VI. 
Fe;Umrahip :for ·the ne.d::.t. ;y·~ar, :<..'\'l.1fl. be t.:{blt~ to 
'tO.'ite up se,r-a1•aL asj;l(;JCti.ta 0"!' ·~he ·wo:r.k, :fox· :Ot'iJ)•· 
llcat:J.on~ 

Mr.. G., Go.~:Qa.le:s, .. Mtiu"tini' tvorki;og o:n, 1\T,:m·l.~oJ:J:i.o.:n 
app:rox:Jm.a.t~toJl lJaethoc:te sta1;'t.:f.l~g :fi"'qll). ncn·~;flat 
ba.ell:gz•ound me:ttics, tnts ~ble to :make a gooc1 
deal. o:f progrea;S du:cl.l:lg ·t;b.e: :F.i::r$1:< somer.rr&:l .. '; 
when he vas ab~ to d~vote hint~\;?;:Lt' ft.:dJ,"·"dme 
to l''(?ae~e4 wo:clt, thanks to 1;eseal':eh s1.~.Pl'O~;··~ 
he :was able ·to get. frotn ·bhe physiea clf.l)}a:r:·tmJ~.rr\:., 
Ncn-r that he h~?,a gcm;e bae.k ·to his. tu.J.:t ... ·i:r:r.m.<'~ 
Job at ·th~ Ca.l~idge E:t~c·trtc Accelera:b:ton., 
(he he.la a. 'fi.fEll &m six child.ren to .SUJ?J?O':<.'J"} 
~ prog:reaa i.f..l cons:l.Cl.erab:J# slo1fi;:l'; bn:J;; b.e 
he.a t-JJ:debed ~ugh Wo.'t'k to ::r1Ja-1.:t. :!f.t'Gll?~U;';Ln~; 
the; :ttl"l'lt 'Portion" f'or ·ou'bH.ea:t,:lol~" B·-. i r~. ~d nn 



'(";o l><:~ ho.:oed iiho:~ he w:lJJ. :f;':i.nj.nh noxt ;Ic~:u·.~ 
ln1.t. ·(;lrln D<;?;<'mH;~ 1J.HflD et::)J:'"t~J:ii:t ·thrxn. :b\ -~~h~' cn.~:.e. 
ot' J:~J.r.,. J?;).,I:JCOQ ,, 11 

l~;of¢:;mm: · S·hachel b. ;~~·e~~s.:rch. :i.f;J 'H~,"!JJ .. X'l';·fl-t;:;(;.·l;<::(:l, :\.:,'j 
·(,he 1:ts·\J of ;pl..ibJ.:t<::a'"GiOPI;1... • :Ue hr;'tf.l > 11J. t~.<~.d:i.tL'-1•1:, 
some ~i.l y~t v.:n;tmbl;t.ahed. ~~m:(~·~~,. on the g:t7t?J;v·;Lt.rct:l·::tr)~WJ 
'.\'l"l<'> '1 Q6''1t0. ""V <~·'hr:c hJ''"""'"l'~r"f'~·nr,t, .. , r.,·P·"'·~,,·'• ( · '1 :;•!!,.'! '''l ,,.~\Jt.~.r(,J,. •. (.,';?"'·'t.t' \-1·~ 4IM4\:; .. n ~.~.<·J.., '-"'·_,.,,), ~·~.,t.fv~.1u.. ~~~,): .. ,.. .... ~ ~,~ ~ 01 . .. ·~~- .. "!>, ,'\_,,f., 

t1. :;;ntul1X7J:' of ·tt? ... U~~~ P..t?.V~ 1.)ef:;J).'), €~:tvex\); e,nd. o.n tJ.1c,· 
non:•rC);ir.1teJ.tce of ;pon:t·t;tve m$AH.; ot;at;.:Lc .:3oh:rcJ.onn 
·l~o t.he: 111:1.nr;rir-e:i.n eg;tJ .. $;ticn:u!l 'N:tth :QI/tn.t·"l:Ut<'l n:J.n: .. 
{?;\l)..a~1~i:11'.1 s. 

l?:~.·o:t'~saor f.l'!~achel. coud.1J.(lt~d one- oi: ·(~.}.).~; tl'lJ.'00 :;:l!;:;v 
.Sophomol.'~ Som:1.:t.J.IXI:'e. thir; ye.$:~,.,, on Ho·1o:t.:tv:J:t~v· 
;tor s.1:.tl~1.e:o:trs '·T.it.h .no 'backg1'.'0UK.\{L.1 btrl~ 12oJ :1.J.ti~R~J:·.::; r~·!i 
:bl the aul:>je(~t,. lie 1-n:.':t'~e~c~~ 

II"'' +J:•-l ·~1~ .!.1'1t:l ·"·i 'I"'"'~' ""'"''"'1"4\r.:t .. •t ~~J·1/''V1(,' •r.i'IO> ''·('"'"-''/~:I .,f,... ,..- ~lrkfl-'t- ~ V.l..!v. J,...J:..~ t4~1 ~1:P.\t:J.h<l,;.11\,n:~.t\· ~ ~~ ,.\~-;;..,~ .. 'bn;. 'L,. ;-.>:J·'- ~~·~l .• -~·Lt 

ap,~ctt;J~L :t.'elat.;1.v:i.t~r:~ li'fM~ :r.r;t;lihe:r; f1\tcoemGfu13 wh:Lt(~ 
·thtiit l13f!c(m.d. selll(?ster.· on. g<;;~J-~l'<';!J. :r.-.r):Le;l.li -v:i:iw ·r.-r:;;l,~l 
d~tr;rt·inctly ler-w goo~.. J: w:JJ .. J. have ·t<l :rE:'l:;h:ii.'!h~ 
nw e,)?"~:1:'ol;fnh ·!;;o )?o.:~;nJlt~ril?l:i,ug ·t1b:U:~ ~~vJ:;~j~c·l; :tf :r; 
ev~~~:' give the f:lelni~lf.l;r.." ~a:l~t, StttdoY,Jt; :1./l:\:.e:\~~wl:. 
1fEH~0gooo, an~- 1;;lu21 g;~;o'I.)J? 'Hh:tch a·~!';1:c·t~JdJ. oni.; 1.:1,1> 
a.bo:u,t l5' ahook. doitn to a ... lQ '!·rho l;i"l;;ayo~;:~d. 1;Jxem~gh 
·to th.e end:> pa.~'i~ie~tP,a-be.d iP. c.l.1JJou.rsr:~:to:.1.f.l;~ g~-ve 
reJ.l.firts /1 ("Ytc o I i;h' .. ~· th&:- sc~mi!l.C·vrs ~iJJ. sc::i.e::~.<~e 
C&'l. )?:IC'O'I.tO moot. valuabJ,e, lf:t!il. il.wcb. tm~ d;b?ecd::1.n1.?; 
l~a<.Jul:l.;y at;te~t;io.n, ·to the ;)?i'o'bl.r.::l.J:Hj of c:ormnu.nicu;\:.i!:t§:; 
a.'b.at;r>a,c·h :i.d~aH ·co a vridt;n• all.f.l.ieJJt:;e !I as :f:'or 
dir~e·.!:fing f.l.t;tJxlent a.tte~J;;:ton ·to t-ht:! :iJllJfO!''C&)lce 
(ho,:Qaf:t;illy) ot 'theae idea,a f.o;r.· J..:iJ:H!):t•al Gcb .. 1.c.JE~,t;:LoJ.I.,. 

~ ~:t:.tadJJ.I3:\-;(;) R~la:tbi.ty Co1r.r~~ .i:~J. 1.~\·I'<"J 5t:i:mer:rl:.~rs 
llflm 'be'kw..t.'ii::eB.,1 I :reel, f:t'tWJ.. s.ome J:'e'Vro:rk:tng s:tncr;: 
tll:~ fir£~·~ time I ga:ve ito Some r.rt;tm,{f!n;(.s, I ht=rNe 
b.earct :lJl~.~!:re,rtJly.~ 'WOW.il. l.t'ke me ·to 001!\'~Z' SO~te 
mo:ra eJ,t.;:lJ!.en.t>a:ty ma.t<~..rial:J ~b.o.pm 'by t;;1~·rbonO.i.ug 
t;)l~ COU:J:'Sf;.'i 'l!O a. 'l:ihi:t•d GtSlXUi!!S't;t;>;t""u ~'hin xt:.Ul bee.~'· 
~o:ua:tdc."l'r.'atio"&.'t· tv 

-~·--------- -·---- -- ·-·---.------... -----... _,_,_···- ... 



u:p(::.i:Jt at t;he I,t1Uf>.r ancl. Planc;rba:ry La1)ox·e:to:ry, Un:l. versi·by ()f Ari2·.o1.18.) '.l.:ue:iY.In, J.i'm.' 
\ 

) 

:1:n Ocrbobe:r. 1968 P:t.~o:f.·~~fJO:C G·i;;:i.:Pr;: ~>j,V')Ut/ :five cl.aya :tn. VEJ,1}?8,1:'D:il~o.~ Ui:.'.:Ue.~ ~Cic;('l,c·I.1.:!J:~g 

Co:r.nmtttees: 

,~:~~~.!Jh,..~~ 

l'~·6t't!.ti1H~or Wi:L\:1:,::; ~s e~tn'¥:ld hia :~?~:~l&ea:.r:ch o;n. ·the)) 1n:~~~~i:l.<rh-:Lo~1. of ro.CI}.ii-.t\j1.on ;:•.1'!'1 

------·--------~-----------...._ _________ _ 
Chai:mm~, ;Qe,p~~~~~~];J:i;. J}oC"l!o:rn:t 

C~~he:l!lffl9.vc ~u~ma:i:ti<lil Corom1;~·k;ct',. 



also has lectureo, et:G t;he lJn,ive:r.aity of M-i.nnesota J?hys:Lcs :Qepar.tme:r\'1:, :l.n Sr:xnua:ry 

Comnt1:ctees: 




