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Introductory Remarks

Torty yoars spw in the Undversity of Toronls, a grodp of youne physizdota sen-
sErietad Lbhe Mrst ooeotron nicroevete in dorsh foericus. Witk Torsoatn as Lke oot
CLor the 3=l Tale:naiiccel Cangress en Bleslron Meroszapy in 1573, it 43 ar wigae
AEEGrlaciby mo oecrmerorete Lhis Cenadien mefdeveiecl, In the awmer of 1077, coed |
flal_, whe wae lnvelvad da fida echievenzal, woobe 10 o "elbler abovt thia ocroencrel ion:
"TL Qs zaly a esvomdny, of couree, a sywlelic summaslen to A shory Lhal macy o os
kacw, It is 2 good story™.  Thset il fe zere than e "go0f =lo=e" becems oicar whils
materfel waz heisg pathersd 2o wedte the hleloricel sooont of e cunsbrocticrn of the
Toroobo nierascopn.

Tiopulllehing Lhe following hfstorical weoount, 1% 48 Ly po mesns oar intensicn
L resTinese the ploneer work doms dn Horcse in lke =ar_y 1955%:,  Fur ils
throreticsl Baeis the Uoronts misrgpcope owsa asnnat wiery Lhiog mo Bmcpows soisaiiets.
Uhe AT Fidadee of the instrunent constracted im 1538 in Lhe Ieparsmont af Fhysice
al ithe lolversity of Torocle liss essentially in what it cendewed 1n practicsl ToTHS ,
ane e Thle respect It has o Le regurded no e neder enelnesring pucsoss of e DD res
balf aof this eewtory. Ib is well-known thal Lhe Cancdior misvoedope wee the peohotype
ol the first BI4 inslrumecds end comtrsbutsd directly o tha developoscl of the lavgs
codtErEial perisp of plectron nicromcorer coocteooted Lty Lhi= firm cduring and afler
Tl Secopd World War, Thess nicrosoogos 5ocn hecans widely Alstribited Lhroughout <hs
world, apd conbribtuted to <ha developnect o ulzrostrestirs ressarch in Frgaies,
beterinls Selenced, Biolopy and Kedia®re, T1 iz ip this esetest thal he electron
ricrosope coastruzted tn Toroato pade & fundenental coolribation o madern “eshoologr.

Taere woe pooy otaer eseste wiy this "story" Led Lo be rmecoprdod, Fipeile, i
ehoald be eophasdzed Lhal this mlervesenps vep wade 1 Cennde t¥ Canadiswns. Yoy dn T
caghralite Lhis?  Caopdiena suffer Jrom oo interiorisy complex; cky Wy aabuce , Lhey ds
ok lize to pubTiglpe Lkeir own echfovemsote, It 15 ooerasery Cror bime to tine oo
retind oureelveac aof whet hae been done, and how L1 has beeo done, Th o is else importion=
Tor the mess of the world to veslize that Conado 18 cpe of Lhe Zsading frventive sad
indurtriolized esurteler of the worid, and s oo loager "the Tow acres of oo
dogcribed by Voltaire.

1hia "atory™ 18 ales = splemdic ewnni e of Lechoology in service of humendty.
Froleseor Durton Instigoted the project ex the Tivereily of Yoraopto hocayEe he vac
cocvioeed Thel quch wi ioetrument would be of gpreat belp tn our wpderstending of the
Teclanisoe of humen diseese, In partdoalor, he Loped that the hottor resclving pawer
wauld provide new losighte into the lugg disescen whieh affected oeny Coondd g nioess
and iobo coaecr.  There I w ebriking afoilavity io the developrent of both the 54cmens
rleroscsye apd bhe Tarooto instrumenl fic +hot both wess devalopnd for the henslil of
manking. ‘Inis acleatific ebtitvde morfte sophusdis.

Finally, Lhic "story" gives ug a0 exorolec of the eolhusiosm of Frirg ecienbicts
workiog day end pight to realise thediv prolect io roecrd *ine. In 1038, timea were
not better Lbea ther nvo today, Fuods wems nns avyilable, momy acientisle wera
uremployec, #nd Ceosds bed oot fally recoversé from the Gresl Desressioe. Deaplie Lhbe
difficult eondift oz, thees yoog seientlste achieved thedwe gorl, Toder, ez 4o 1psk,
e ectounic eod politier] alfvalica might oot be the best. Howewor, it eppesre that
aeay of oor aciedliels in swalfdng for Leller times howva loat Shdis apthucionn,

It dia mr aineere bope that in the conlo vesre, sonchody wIll wrile the entive
Fiatozy of ele=ctroa olernacopy. May the Tolicwing lLislocical mcccunt of the con-
structiom of the 1930 Torcoto mferoscips be o contrikation to Lhis wock.
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A History of the First North
American Electron Microscope

UM, FRAMELIN, G.C WEATIIERLY, G.T. SIMON

Eoslk fiericala rirst Tracemiseion Electron Micscsespe — ced the IZrel of
{mmedinke practicel applisetich anywhors — wos decipped by twe prwdosise stislents Gn
the Depuclnsrl &f Fhysicn oz the lndvereily of Teronto aver the 15%7-16 Chrislmse
hniideya end wos buill Gurins the Tivst four meaths of 19306, Fx april it peadaced
popsictenlly pronleing o svagrashs and befsce Lhe ecd <f <he yenr, demonstreted
g Teakions of 20,000 dignslere With resslutdion hetiter thac 1903, The resciving
powes bzd been pushed to loss tacn ol {90 shon GimgetersiWithin encther Lten moolls,
The fasipa of this nleroceooe was wédpbed Ly the Fodio Corpocsticr o foeriod ond
developed intc the probotyre of A coomercicl series.  IU wee thia RRA areodustica oodel,
based Alpestls mmothe laronts nicroecops, thal wes the equipment selecled by lalore—
toriea thecagnaus the world Jor oa geceration.  Thin reprasected sg eecrencdinory
cchimyegenl. for e tws Foumg fonadicns: Sflbert Drebws aad Jress diilder.

Az kb= Lime when Trebnoa and Hiilder begar their work, Lhe attonpt to g=sipn and
Wiild e electron "supermforoscops” bed Leen mdor woyp in Xorope for aleostoa doeode.
The necls principles =nd cepatilitics hoed teen determioed theoretieacly. The
eppealial lans design, with pole-pisces Lo gopeentrats the mognetic fleld, Lad e
swarksd ouk br Droel Fueka &id 558 eollccguss ot the Burlin Technlschs Hochschule, and
Tueks hed comstructod the piomser Swo—slepge Losneniasion medel da LH53. Eaperinental
medels kod pleo been baill Ty Ladislaus Marton in Oroassele, and by T.0, Marting
E.%. Waelploan =nd T.H, Piemm ia Bnglond. Hooethelese, s Hil7er noted io his
H.h. Taceia, the literaturs =t Che Lime coptaipsc more detells of Lhe prolblems thon
thoe selatices, The Leasee showed chrosds estdgeesise wnd Cfield Interforence. The
few resullicg nicrograpas were blurred and éistorted, aed often the specizeoe had
Tsag Geatrsyen by the electron bean.  dboye sll, mkoam factore were 1IniRing the
thecretionl resslving power, DT tha threo experimentad oedels, only thot of Susks
achisyved, alter twa Fonra of coptinuous pedificsliol, resclutice levels beyood Thet
af =he 1ight mierasecoe.  Duska, Toeller @itl hia hecther=ic-law Bodo von Berrien,
leter interssied Siepspe and Haiske in developing Lhe electron nlcrosecpe coamercisdly,
Huweyer, ouwialcg ®arvape work had rol bteec deoge in thia ficld befaore 1036, In the
mited Stotes, for exumple, leading wicroscspists di€ ool T=lisve in theas cew lostru-
penle, wnd Zabelled Tha project ac "izposeibls” snd the clcetron mlerographe ss "Pakesl
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Tt ia fig thia nomtoxt thok Tha Ceredian och? owcooms Won an exprotet, oved
cectic. It d5 alsoe purkly for Lhls ressoo bheb ke copslroociZon ol e Toroctao lpstoe-
reenl o been lueweZy wimoliced snd Zs orearely ageclicoed In The Listosy af oionsran
MLLELCUE oLy .

M Lorsote Milison in e ZO50%p

fecarding o the feaarlpdon ol propssmueee Dor dooloral dRudios, Thh Denovthent
of Fhyslos &F Thc University of loronto oftcrod "excoptional opoertunizdes, ..l
(=) low Lemperalurs reesarch iocladines bemperscsure of 1igeld Tedliomg (1) specleoasony
WFith the aan 0t ginms wad gaevkr apectEageaphs aad iatertaronckers of pll Types, and
ereticgs includiog a tweoty-ones toot concowe greting, ari a three melre vecooun preblices
tol n—raye aod callude suws; (40 bipgk Fregeeney currsale; [e) omeo—pigsica with the uao
a7 apecial 1y deatgned instrments Ter Mold ac 1aneakoeyr rescarch ced (£} oolloddel
rosetions". This chowe Lhe rungs of aobiwitder in tas Urparzm=ol ol Thyszlce.

eid 192E, the Cholrman of the Depesrczont was Gir Joan Cunpinghen Xolense wiho,
oy OGhel ascsnpliabmerTa, foundar =he eedepeic Zaboralory . T s o frtarast ma
wartinr khok he wns thc scoconc Ao the warld fe pecpesr gquid acdiem. urine the
Pirst Rorld Wear, be bad acled s o3 pcieabiflic consoltenl <o bhe Dritlek fdni-aldly, acd
pupervigad the eonstrusticn af oen heliup-crrrantinr plarma 1 Jaradn, AR The ono of
+he Mar, he catedoed Lbis egquipment cnd the helion copplies for the Depactoenc which,
wikh Derlic, Leydain 8] Waahliebaon, 00, wea Goly Gpe a7 Peud eantres 70 tha @or i
craakle oF helion prodactioa.

It i3 to tha oredtt of Meleoaan tkat b Deportnest bepoane o wel l-knovn centre Sor
hoth sxmorinental acf bheoceticol reseerch.  Decides the Lowebespersivre work, Lhe
Lepartment wis krnowo also Por fle shudies ollh saperoondeclors sad coelloibds sad 7o s
conlLributiore ir the Tielés of w=raya and of apoctascopy.  1he eoerbkrens at <he bime
cinAal atad af Three full protossers dnelodiog Molerman, two associste professore, ac
apciptand. profasecr, wad mose Lhan 50 TaeLurees wnd duemeccdblesaloea . By Lo cowly 19330
it hac more —hac 55 gradacte studsnts ewch yess. Holernuo cocsiders; Lhen ms "Lis"
stizdenis, sod bWie aspe aopeased ae ce-RITheT on ot af the pRoaerd nabdgshed. Qe
yigited Baodlend vearly catablishing tics with sclernzist friends, pnd ooor fdslinmuiehed
acholers reclprocated to lecture in Toronbs oo ssoenbl deselopmenle, Tha Daepartoeat
Aewnlopad e HeTennan, @ith 174 fecllitien and 1ta wovishen, pravided toae ptzosphers
whlen wos oomcuzive to oew lésas pni projecls: esveil sy LVeEe copeloaciion o0 e elechreon
T OIGECE,

Pac Mor Bebdod the Tdea - 2.7, Burbon

Frofosacr k1T Mrenklin Horton, whe suceecdei Moleooen as head of Lhe Dhysice
Umpertment, wue o mus of prest splbupissp whe Ieitisced lhe cogebeuctlon of e
elactran ol ernaccne, Thews fa ono Tall miography of Durton. Eowever, fron ecocunbe of
the 1970 pad 1600 s med Lhse sscclleciicoe of his collasgesz aad studorta, o wes o
regsrkable oan. He hod wide-roaging selcotltio interests pad pt the sape timeE, 2
stromg commitment Lo Lbe Canadien coomeily.  For esenple, durine The Becopd Woretid
¥ur, he created aad divected ainglo-hendad o progron of rocoy traiping in Cemads dese
pite govermrment dadiffercoes.  le was booorouas =of cspable of Lke anexpeched, such as
endieg = lecture with "3ed fave The FIog” alayed Ty drappfvg pfcecs of wood which were
Laned Le piteh on the desik.

Buarlon was barn near Tavapto in 1472 9rhn o fanddy oF six ckildren.  Altkoerh ons
of his krothers weat intc busipess and founded ooe ol Lke Ierpest Jscadisn devnrhnans
stores, BZd Frunklip Buscleo @ecided Lo devebe Lip@elf tn asfemen.  He grocooeted with
Heoovrs if Matlenatios and Phyaics ot the Dniversity of Fororto in 1901, wrnd worksd foo
two yoars oi o dencostretor under Meleapern.  Then bie woo s Baludbltiop S8sholorstidr
whick broughl bBim Lo Lke Savendish Lalseatars et Sanle-idge Univwersi<r, where the
eluct=nr aed 298t heen dlaeovered by <he heed of <he lanorstory. JoJ. Thowson,

In Cumhridge, be sorged & Foi. for Lis worl onoonlloidel solutions, wnick oepwized
soe of hig wein fazorests. e reseroed o Torsoko o 1008 Lo becoas a8 sepicr demar-
atrotor and, cfter coppleling bie Dh.D. iz 1910, ke was promosed o msaccinte profecsor,
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Tarif the Tirst WMorld wor bhe co-cpersled wiltll HeTeanas fo Lhe dewelopemant of <he
he_iun exbreclion procese, Fr leames 2ull protesser in 1520 ead pvocesded Molenoisn
in 193 a= Mhet! van of ths Depertment aod direclos of Lhe lahoesto=ins,

Dartoo Girecie] S Tkeparvtoot vizh ¢ élfferent civle. e refvosd mdmindsteallee
vark te oo winiem, erd sondeosed Lhe ctapulesry Aonual eepoets to The Prosident so
ek khat they often Gid ol reflezt the foroont of ootivity Ic the Depacioenl.  Mure
fgmuzbaal, bie co-wirkers hosane nore indesends=al wnd Lhe pvieclilic gepars woeve
menciaked der thedr oem nooes.  The Deparloent Gesadened 1fa secpe fo anpli=d paysice
and 4o f2elds waich Leday woild hie olasssd as bdozhyrsics.  Durbon wes Swioernsd wilh
=olving prolblema In which hooh medival ressarchk aod phveics had To Be appdioc, ko
went po far ac to cellsborale With s phyelediar, f,0, doeperick, o study the possibls
e ol colloidsl sreento antmsdons 1a the trectmsat of cercer,  Thies pew diceclion
thnt Furker saws o Fagpeles ix Toronic mey be peluabed Lo iz chronis LaasTh prchloon,
relag & dicbatie,  In Lhe sane connectiong it s warth menzdondog tact ic Serounr, che
decigior <7 Slerens id Enolske = deswaleop pn elechror microscope waz pade a™er Lhe
atreng Interrerntion of ope of their Dipecboss ehio, 11ka Siedoo, Ded heslth peobilors
onc TereAany Tac use of electroo microecory Lo Biomedicel reRaernih.

Bitwe hia yenr ot dambrldge, Durton ad fodlewed clogely the naler deweloomeats
in emleckrom theory apd the PeasThilityr of the conatrectico of en oelechroa picroecope.
He Ewmaw alwah Toala de Mroglie's hypothesis of 1524 Lhel eleclrons LD wams propeehies,
pod ilens Dusck's Geampelralbiog in 1996 that pronotfe or plectric flelds having zzial
pwpnelry acted as Tanwacs Tor o clapkron kean.  The swoelleccs wnd extrasclinary

clversity of burton's knowledps repglted in hie befng invitod 4o 1926 wy the Mayo
Toundslice o partleinese in o acries of lectares ac "IMolopivel fespecke oF 221001 daT
chcniatrys’, The zitler of hie pressplstions wesse algnditicent: "Paysios of the Ultra-

ninronoope ané "The Cpiical Toopertiss of Buspendcd Partinles eré Colloidsl Celle".
I= should be guied thal Furton was nlwoody wiing She t=ro "wlirs-miccoscope” in 19206,
Eltaouzk the congLrioctlion < the Toroate nlantrol micrsaanps oadarraed ars thaa 2
depads laler, Sucton haa 2o no cowadocrad es the pan whe propeted Bile achisvement.

e Gotalyst = W, Kohd

In the petam of 2530, Wealles B ¥oll errivad 40 Teronto from Drecdeo waere be
h=i sledled st Hle Tocknioel Tmiwversity. Oe workzed s oo ressesred plyalcist @itk o
Carndtan eommony, Bogers Hecio Tubes LLG,, who wore involwved Ic plonser work Zc
telpvicdac,. Inm hiw oes Tield, Eohl wes invalvred with the deflection of electron basms
be meage of Wactin and slectrostetie fielde, fellowiop sseentially the Xarcpeon
ceprerinents do thie domein. I Greder Lo T Snfoemed on the newest dewwelopmenks, Hobl
estzbliched LIes witl the Figrsies Deportment at the Undivessity, ead foon 1939 on,
Sucboa saked him to glve severel seriss of leclures end eentoabs. Kohl ket o metdlou-
1oa wecsrd of all these lecharss, It 9s s=eihking to note, for cxampls, bhe [ollowiog
ti=loa: in 1455, "The Fupdsmeatsl Frinsizies of Bleotroo Opties", aod "The Ziectrom
Microeeope™; in 155, "Elcesrostotde Lenses", "Zleclromsgeetic Temeas!, Tlhe Hlectrco
Weorospape" pnd even "Applicatlole of tThe Hlestrorn Mleroscope'.  After bawing sepealed
some of Sruchke ald Tnhoanson'a cxperinents on the elscirmetalic afd alantircn olero-
acopas, be dencosbrsbed suchk an faetrment in april, 195, produveing Insges of oxTde
calkades, Thla was probably <he fimsd demcoetration of the kind in Horth Aperica.

Fokl'e lectives @ domonstreitdcoos ecccursped Bucteoa to fpltisTe the comstrueztion
of A elestron mloroscope.  This wee Peflected in the faect thot Durtco wshed Foll to
be the co-euthor of his Lok, The Wieetrom Microsgone. TIa bhe acknowlodgenents, Durtos
writes, "Firat...7 wish to thenk my co-subbor, D, W.H, Kehl, for the great help he
gove the Departmenl of Thyeics of fhe oiversity of Toronto, al the beginaing of Tho
wvork sa the electron mieraseope..."” In 19030 and the begirning of 193, Toronto cews-
pap«r nrtleles vere publieked co The comatraction of the traoexdesice electrom
zicropcope,  Burlon bed wenticaed to the prees That Foll partieipated eotlwvely. This
kind of rocognition led to the belisl that Kashl not ocly pcoelerated The pegject, Lok
auperviaed dr=clly, Emever, in his reccllectioce [printed =% Lke end of this
artiple), Kohl hinseld states, "This wee s gewernus peature, wot hoedly justified,
aines 1 had oo part whalewsr in the deatgn and ccostructian of the lastrument,”
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In the Presgifenl'e veport of 1D535-30 Fuvten menticow Lhe Thorsdas e rbnent Te

Firsh sblespt T Bdld e elecione wioroseope: o 0TGE Frbl, Balc., Alvensn [Ezlder
w0 oehp Blurmas Paderulion Fol owancp) bas Leen working in bhe ee Tiooo of elacioo
pplive wel hos complebed aleos antdzely Dy Aip own =rforts an =leclroon n7eveassps ol

the alechrowtssis type. Pnds work ie =0 preowising thel Lhe Heticrol Hesezrch Coiantld
bas piven the depar-omcl s fesdatod research grect Tor hhe poncipual fon of This wrork
during bhe pesmlon of 1926-37."

n the semoer of 15350 Fivton attended o eehing 1a Laclip o The pasaitic arcpe
far applicabiza of the olestrea pleouscope. Do Thae zuluan of the Jonc rees, Eull,y &
praduata sTudent from Lhe Ooiweraizy of Alberte, Jelned the depariaent.  Boeton
aasigmed him the peajent of eoostruzlling & &'nple eepchroslstio £ leocsron sxipeinn
miorosespe op i%e MoG. E=gres, WL t39s inatrument be olsalned paclorrephis iwages
of bet cablades, acd repeabed tle guensitabive mpewsvrepenles o Jehonnmon,

iuring Lie Depvesaico yeacs, Cigsocind] support for resousa) Wes reduzed Lo R
Tinimum.  Tn Gerpory, Busibe lad toosalt bBls fpveslIpations fe 1055, wnd workec for
Tz jears Sorow Five devedoping Lelevieion etore tinally reevning hla rosesrch with
ipmery end Falaze. o Belsiun, Pesten heé to pearch Mles-werkets Jor sope af 2o
canpfieantis tor nle laslrewtents. oo amads, Lhe erchonle sltus<iop wae no botter.
Howeser, das Lo the ceocllent resulle cbtedned by Mall, Durtsn shtoincd a graal of
EG00 Drom 11w Memicoel Nepsarcch Ooredl fo eover boll equipment anié y pliperd, 'I'hs

Eall was nnle o =xlend bie project end cooelsust A magnetic enission mlevosecpe which
&l lewed Eiz to oloain imeges of the cetlods of o mognifieallon of ehouk 3000 <. Io
Moy, 1537, FTustor woturmed Lo Lbe Hatdoenl dessaceb Couiedl RS repart Lhiw =marsoss and
Lo ask for “arther fapée. "™Phe mext ctep in thid reararck,” e wxpleined 1a kis
wrizhen applicatizn, "ia to swstenpl te teke copetroo plotires o nooticae ol sooe
cubstanee placsd i Lhe eleciron szream.  For Lhe parpoac of carrying out this exben-
pion ol Lhe wn@k, the Lebersdiosy boa purchecsd trem The Sunda pooeesnd mas wales Lulbe,
and 1t 15 cow cecepsAry to parchase s copdonacr for uce with tha tubes <hat will dghanc
ap o 50,000 or 100,000 vells."  Porsoa asked Ior $77L.50, nentlooing Lhat £°40 was
fop 4he rondemmer sol the bolaonee wse Pos pegrnoent of the ipwezliwatorts salary =l The
yame oo $62.50 & menth. On The grounde Thet the work could be sea’gned Tooa echioler—
ship koldesr, The kotlomal Deeearcl soaned]l pefyssd Lo assiat The projest.

Opermlore Hall hod =o lepws, wid jotned the sssewrch lanorotosy of Lhe Frazmon
Koak Cremeny in lochesles, Ao Tork, where he diesloped the Cisst eloctron zicroscope
in tha Uniled Siates, 4o L1530, His work in Toroobs wse tecsyded Ze hie M. h. Thoais
in 10% and was never publizied in e scilenbilic Jowmal. Cowever, Ris nenlevamer .y
srd Thosls esrved as =he bosis for Lhe ronatructioc of Lhe 15358 rderosoops by HIller
mnd Frebuae,

Ahert Prebus wnd Jaras di1lies

Arter Hall lefi, Parben foumd etodents to continae Lbe work: Jawes IDl1Lier, n
Fhyslos penicr, and plhert Prebue, whn hod Just received o H A, degres Coci the
lniversity of Aibarte. They ataried to work Logether In thr Empinnlie ot the wicler
ol 1997, md designed a microszope over tle Chriatnes holideyd, They conclouched the
ips=rum=cl ic the astocishicgly shooet orrded of fouwr pentha in tke begiobing of 2030,
T weconplialh Thic, they hed ot their dieposal hhe Yhesie of Cecll Arll and bke publi-—
enticas of Kaoll, Buske ond Martoo. Taey "borzowsd" Leg bigh Zeacico condderacrs Zrom
the Maiversizy nf Alberte, and obbodned {lascescent sorsene Ipoap Konl.  lne el of
e instrezent vas peadfeesired by Lheneelves, with the Iwip of the warkshop Tech—
sdpdens.  Im theds reecllecsicne, HP07ier saye, MOur grenbest mechanitsl maellange was
Lke deadge end conmsbreuction af the cogpoiests of the {inslrunent..." end Prebus atatas,
"Tha chep work was dome oo e two-phi™h bosis.  The prefossianal nuchinista worked il
dey shilt. Without their wnreserved aporoval, Hillfer sof I worked the clghl ehiTh,
aften mell U opom., and seeesionally wnhl Thc dny shill wara nhauat o elart,” Moo
perss of Lbe deaign were dinnowvelive; most of L thecretdionl maswipbioma wers laley
justilied, mnd come ol the tine Dachinine wea ronperkanle, MWeiting thiofe poimd 15 5o
gl rieut thul somennc nzc culled the pals sisces ie an slectroc plewcsespe’c leoe
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Figure 1. Schematic design of the electron microscope
built early in 1938, by Prebus and Nillier.
(From Frebus and Hillier, 1939),
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e goet ropoceive Toles in Lhe worln.”  Li111ew ene brebus Feon She asgior iy
webp pne Bhe soUn SRy Tor Ll n frnnoip Ly oo vl properiy.

Uke Insbrusest

Che [Qesl Trensziceicn alsotren microsscac to be puilt dn kortk S -ian 13 oW
displered ot Lhe Cotario Solepce Cermoe In Teropse.  Tas degipn of the ingleisent 15
anonmy ia Flp, =- b wess constracked in o=ty acelons Wilel woes pemled togother Do
muziig 0t fopne-lepgad gresce Joleta. tne fiegl weehton conlaloed the sleciom aoures
‘or eleclhoun gun) aod the comdenser leos,  Tho decision toouse a kapd dacoom the o
pivple astrae Cop eloctrane was & Gi7Tlcult one, T4 nne of Lheir poaers, Towuas and
91 llier siabe thot, “"efter pgna dicchargpe Luues of Tarsons d0ATENS wers TRLoC..., oM
shuics was made in Pavoor of o beed sacomm thermicnde taks beraaaa of 1tn eses of
poeral apd voresanoy of operaticn”.  Tweser, Frobas Do ke Faol. Thesies werzione
—nomoa prest denl of elfost wes sxpecdsd or gas Elscharge anurzee Tefare —hey were
pbapdcned . & moxizun wtnge of 5,000 wootn could be agpplied Lo The gun, aod e
Cilaneat purrspl «ns supplisd Sy Twa 29 bablecies, tUhe Jilasoen® wos oade [ron
G ordl tuppgetar wtre apd Lhe cadias ol oupsstors b +he 1in (K] had Lo Le ess lhuan
2.5 il o ensure that the amdssioc approcimatsd thel ot o poicl sourar.  Eoasver,
A Enirpin bead, aherp ecioefh To airalale s prirs soarce, 1inited the rllanent's
Lifs Lu-as 11tbl= me 10 Tours acdse bign voltage,  Tha Sllazent cole ne ruleed oT
lowrwed Witk feppeat 2o the rest of the esllode by a serew S0 rellowe srrangenzol
i3], ani the whols osihode pssenobly wes acel=d by war S0 the ugpper enc ot the plaas
Lol (1), Thisz wer aceliof hed to ne vuler-rocTnn during operation, crs=ling
A S oullies, 'Po roplace the filapsal, the seel bed Lo Lo beczen, wid This se=al was
sventaslly wnloced by & ncoprece luint [2&), ew thet a tilape=al coald be chaged im
w P pinutes, Tae adiustmeol of the filamen. sosition with resseet <o the sathode
phicld (07 eppured officlency ard point snlesion of eleclivoma froo the ot rathods,

Che crmdonesr 1ena (0 ] wes Lhe sonventionsl desige and Wae acalad wilh voram
premss Li the grovnd weelefs I == =he Lop o7 the ohject chomber, Tuia alidinz
J=tnt peraitted the eleshiom aoures, besa Lrop :'_ll:' and eopdenser Leoe Lo T roved se
2 pols 4n ooy Lddreckton perpendsoular oo the yxip o7 the mieropvope, Tlc wae
canertinl [or —he correch =liwnecrt and re—stigaeens of dbe ineTrmest.

ke second asctioa of Lie niercscops conteined tne objest chombec. Hpasimons
ware ippeprhbed througsh o ainple conics]l grocss Joinl opwning I0p), and vosted omo =
Eolliue crrtridge which titbed L2ty imte = veliee, rboat § onn &b The cenbre oF
ke gap betwesn the upper mof 1ower po_e pileced of the silectiwn lens. The apecizens
wore prspendad swer 4 pnall o T L B | vy hol= in the poptme of & oireuler platimem
Giwphvngne which was clomped =l The Lower wid of the specioer notder,  The TrTsras
pesition of the onjechive oould oo pijusted mp meape of The flal predan J=ict I:CE:I.

e sblectsye lecs (DL “r wae Lhird sezticom wse Apsigned to glve sofficieal
flexitillty so thut ¢henges ia pole-nicce geomeliyr (21, er <ue location of L
b jectdve pperivre, coull be east iy accomnedasnd. The opigino pols—jpiesn fesign
(#¥ig. B} bed metching weperT eng lowe:r picess D oand F) scparnbed Uy oo bhrose gpacen
(F) whicn fixed The longth of Lhe gep belwveen the polmepieses ond alipmed thelr axes
af oymmetry. 'The oblectIve operturs wad o platinum &1 aphrozn (31 awt in e zapsvle
3] wWith b sek morews (1] to ad]ust the popition. Warsgruphe toaken wilh thia pole-
alean decimn givared A resclving power Goen to L0 R, UeTorsunetely, tha insviieble
misulipmears of the wpper and Lower rolo—plocer wae o of the Zin!Tehlons ol Lhe
dapipn. ‘The chjscbive lens wap csihls oft gmp i 9ing the chject 100 tg 12% Simes,
wipd e _['J'_:E_:__ﬂf_r_g_r! :i.'l:IH..'-;I:' o 1d be yiwwsd o oa flusrepsabT GonIcn |:-.I b, Tho Lower
cnd of LLe aress tobe (Tel which coostdtivted the Pourth acction of the Tlorxsoi]s.
Liwide this tuke wes a sofl iren orlioder [Sh) te shielld Lhe ‘oo fron sbrey nogretlc
Telde.

Mo $i0ih geetion of Lhe cniunn coaslieTed of the projector lmmap,  Tha firsi
1page oould 1o Tarzsher pagrd tied op Lo 350 timas by Lhias lens, giving notobtual seent -
Fizaliz of spproisebely S0,000 Liwas, prd Lhe finnl loage wsa2 wiewsd oo the sereen
[13%. Tae projertar pale—piece ahown lo Figare Za ix Ddentienl ic desfon to the
chjuelive pole—pi=se, The olipnment oF the projestor lens wes sesrmplished hrcuagh
a third grease joint fJ3l.
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Figure 2. Designs for the poie pioces

for tha electron microscope
&) originzl desighk
b} modified design
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Original picturs of Lfse 1938 smicroscope In the
Department of Fhusics, University of Toronto.
Note the Iight microsoopes In the centrel
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e _eat seokden zerTainee toae aanevn and Tl Imege asreen, eh0 e coild e
Ziftbed oy mmare of o oopical greace 'oins Sixed in bke wall ot the Erasa tuabe :"3:'.
N Torechmnbas ens Leosr s 3ded, 5o Lhal s series of sxposurss onoa 2'300" olats coeld
T reearded ard tan plates shaereed STEhonT Lemttoe e inlu Lbe pedn wuder ol Lhe
LU CUEL TS .

R vt gh=tanaton ayatan cmmaisated ol oa gtep-up Lrepsfosmer, besdl vecwm aali-
wiye recholi=r pnd o fllter sysiaom. G101 of the higa-temal o appavetas ol comec? Do
Trads wore carelully ehielfsd. The Fleclusllon g seoeleratiog potenticl wes dess

than — welt in AT B R (o iy 8 'Fe blga-terston aorsTen and nisenasnpe Solunn are phisen
Zib Pigues 3, which Lp reproduced Trom TFrebes"e Thesis, pad saows the aguizsnent in 1%a
ariginel locetiom v the ald Eoleanan laboeatnry .

Tt aw 1ezpimies) L

S plresiy penbioned; the Upivercity commemity Leamned ehowot Ecll®s wohd emoner s
*rom oo tew HM@acs in the Tresident!a report,  The succepe of Millisr sad Drebus e
reporbed nopchalactly as follewe: "Ml Jemes Hdllier, esafstast dencsatrator, ace
Me, Aluerl Preyas, Bolfer of & plaleotellp Drom Lhe Jabiooal Desparch Cowmcdll, bewe
aantioace the wark ot periocting theoelestron wicsvoasape, and basve guscesdad i
Lakizg oo phe lopcapbe of pub-picroecoric structurss ap o oo arimoryr meond T eatTon
ST A 0an BineAa, TR ia o egpival ent T welng wlle Lo peparste lws podatc cn oen
sajert 2T a distence of SO0k inokes, ar OGO ov, ar 100 £.0, &gesl.  In
wliitico wo bhe pludeptelip he=ld by Kr, IFrebus, the Hational Eesearch Comiefl goons
a siall peanl dwrizng Lhe presspl year Lo eceble Laeese byve vorksrs to contlooas the
Tark :|.1.I.T'i!13 the swuprer vooochk] o of 1938, The olastros misroeape g g poorleins
Lbs swseivbapes bws Deen offered by the J=ticcel lecsarch Cowmell and the Janting
[astitute o koo Those two worierd ooplopad Tall fime Tor the tedt caleldar year,
bepinnion July 1. wod we are hoeping for sooe orsstacding rosalts ™ This actn
apreared 14 the Preaident's Bapors 1936-39,

Prom mhe teginniog =wae resalving power of The milevesconc wos wary gosd, sad the
pictuewe povduced werw Gl sreellect clu=ily,. The first reproducticoe of theee pio-
TureAd nopearoc An an artisdo seithen e Hurton Por the Toscobo feaanap=r "Balusday
WNighi" oo Decegoer 17, 255%0. erd in soosher article by the jormeldst HoKE. Hdeemdsh
Lop the Meflesns" Magaglase, Tomcclo, oo azvil 2, 1939, The Swiurdsy Fight sriizle
rentndned oo skorh explenntfon o the potentinl of ar olactron mfoncacope i tewms of
rasolulion, aod ac avkoowledpemenl Lo Kohl, Frebos weed Oillier. It wos illustrated
tF Moot merngrapha and onc slactron nlevogeaonk oF & d9aton At sbout BOOD tines
pazmificaticn. The firec scientific paper wes puklichad in the "Usnedian Joarnol of
Feawaem" iq April 1539, Tolloeed in Decenfer of tie sape vesr by 8 cole pezl oo Lhe
"Faroieal deview”, moomedng That the resasrtion of bhe inatromenT wna hetter Than
Gofl.  To schiews Lhis inpruvenesl, s oew pole-siecs (Fig. Zb] waes develcped. The
Trnss apacer (70 wea repleecd Ty e fhin=welled (00 mmd tigbse of Sron (X1, Ao tlal
the appar znd lower pole-pieces and spacer couwld be mede from e cingle piece of
ehal, U epegesed Lich presieisn In The axdlsl symoelry of Lhe surfaces of The peole-
plean milt, and the swoll ke woa suf™coleatdy thdn thet 1T wes sciuvreood By the
fi=ld betvern th= fap aod yet retuinsd pechanissl strength. Flasllyx, <o ensure mood
vinhact beleesn e pele—pieces and the upper A2 (A sl gleeve (Bl bthe coolach
surfacss wern ground togoether.  IMe mieragrasha repraduccd in this krachure were
H11l lmkes wizti 1l podilied pole—gplece, One ol Lhe pein objsctive lege shercalions
wia nstdgratisn ond 4= wes onoy dn 13bE thot HAllise, with <he co—operotiom of
E.%: Cemterp, devaeloped s phismubor o corpect Lbhie sberp=tico.

Jucks snd Ven Sorsies fsseribed in 1036 thelir new Siemens "Eloisbop" Ik so
article puyliahed in the "Medfack=itt fur Tasztmiache Flgadk" . Thay indiented thes
thelr ipstrunect had 2 resolyiog pover of wpprosimetely 1008, I Ze 1E0fioult Lo
aptallisl wRickh praus reackhed thia reanlvine noder Tirst, Eodewver, 1n Ria Tkeatis
deterded 10 Moy, Labi, Pretuas steses, “Cooparison of the reprodactions of betisr
Faotographs of Loe Serpan workere' will prints o LThe besl phibopgraphs obtained wiTh
e ApTRIATIAE Agscriand herein, TrdisrTea thot o 2fighsr reanlving poweT kEos beeno
ontedned with the Toroots sppacabus,”

s ' : =
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Filgure 4.,

Lleoctron micrograph taken in 19349
of colleddsl caphbon ip a £3ilm of
pitrocellulose, The spatial
resgolution Jarrows) is better bthan
a6 A. Mag: 50,000 approwimarely.
fHrom Prebus, Pl Thosis, 1940)
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Electron micrograph of vele bacilli,

Mags 7500, approvimatcly.

Pigura 5,

(From Watson, Ph.D Thesiz, 1943}
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Yitanivm oxide {(Tid:) a) Transmisgsion
electron micrograph. Nag: leddd,
aphpraoximitely. b} Diffraction pattarn
From the same preparation. (Froom
Fatson, £h.D Thesis, 1943)
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Enilopus

T the fell of A9, Wi, Lacd arc J.U._ . Msteon jodped Jarzoo's groups With
Fretue aad Iillier, Ledd collslborstead o the dea@on wul csorebeatiopg 7 6 secand
ELorcooone, whdsivritton by enc intendec for Thae Uolumoipo Usrooo Company ool Hew Qoo
Walewe werked op Twelc slechron—2atisal pewdimnicona, plobkting the nngaesis el d3
=arouzh axielly syrometris mazretdos Leocer,  Zken be dmorsved the decipn of the cecoad
sicroscope sad iovesllpalbed & Dearce ranpge S0 #psaTomena T BinTdodaom]l won] malerlna
artrmaca. Aeng Bl THpEnTomorTa for the mderosoope, WoTson descrithec do ks Fholn
Inegis the replpcencat of the vax-peslipy scceanmemert Jur Lhe DZlpawel hoelder by ow
negpeovne tolnby Lie modd Dlosb o of TR apesinen Soelder ayd e vep Taecearn s 0T vt
EreaRe arals el th despvens dashers wharetsr posnihle.  Lpooines prapearesicn
tesknigass wore inpeoed alsc, ead earllier probleme of specinen clarring aod deslroc-
tice were reduced, Teo sgemples [Fies, 5 sl 01 i17uatrsta tla cual®ty of Wrdants

1
naPE .

ac Ioventn grovy goined experienss i eleccoon Ciffruobico vhickh kelped ia Lke
coesbreelice o ke Lhird Dnpeweed elesbron wiordasope, I nrtunesedly, wery CitRle
at thean sarly Trvestigzesions wes pablishes By Prefus, Jillier, Wetseo and Ledd,  Ac
Waicon recher regoetlclly ooopsslbe s, "Docaice seck on Uiee Toricis cays Towi=h
Lhere lewd Tereqn zoppoie "ike BUOART2 Punvyain o wask uws —o puklsho ) Hoh amly dic
Taronts done 1za {awestignters, 14 telked oot oat all about whet il was dodoge.  Hol
coe gabllcaliom of suy ol Lbess Cicsl eighblnes end cilers ever agpearsd, exoapt 10
the Toeenoaf ny Fh, D, Thasia and Surtor 'a ratkor clamartary kook an tha o_setrvor
ml erasespe. P Wotson, howewsr, pualiched thoee papere, e o collsborstioo with
I, Esaldy Lrouom Lhe Siodoms Jeparteent, aad one deessrThiag Tan wac of the oleatrom
wleroanapy T abtedn sTeresscopde dmagan.  Cheds reprosented only o osmall fraotlon of
ale wark, Thae seercily of pablished ielocmelicoo was dae meiandy Lo e oulbowsak ool
Lie War i Seplaphes, 1530 aad pansTly to the Pact that the elaciecr aiornscops wna
eopoideread ns o tool to expdaore the witrackracture of hicloglos. apd oen hialazical
fwtkeiala, rothor than —he ipsTrurent beiag en end in Ztse-t. Chis aitituce ic
warleanted bor Sumhor io the Fregident s Beporl ol 1000-01: "Durime tlhe pesl yvenrc ao
Tave ¥ad Aelagatiors o us Bo seoa the work hoing done Wy the olectron mderssoonc
trom =he: kedia Rorporoetion of America, the Geperal Blectric Qoppunr of Schersohady,
tae Lactzan Xodek Coopany, Fookesle:s, Ohis Bl=te Upiveraity, The Massachi=etta
Iastitule of Technolog, shd EoreX mad Compregr, Sow Yord,, "

Ia #earvary, 100G, A21lier repised Lo go o 300, and Preie wart to 0Ohis Bhe-a
ilverzity,. Por Bavmmaen, e departicss of his reoacarchors wers pos loesas, but
suaoesses, as be stebes io the ssoe Presiceal"e Begporl; "We ere wery proud So vepnet
Lhatl, cyr Morper workera on tan elactron i erosespa, Hee CGE0 I0adZ, Bro Jamee Z[EA0ier
end Wr. Alnert Drabac naoes besn ol very ppood wopik in warinoim plasos in the Tnised
Statea, &nd have soenlved very flotteriog eppointxents.”  Frebus end Hillier Lhoegsht
az oo timp= ol godoq iote busipess el CopeSeasting elestrapn niarsaacper, LD woas
Improbayle that thay eoald howe obtcined <ke fands fo meke the inwvestoent.  Ladd Ieid
Toonts atter the ricerzecope for {olwumbiar Curbun Conpuny had Leen conpleted, and wna
Hired by the firm Lo operale it, Waleon sRlas TaTt dn 1983, A1l the scleotists
ipwslved In deve”oling the clestroo nleroscope went to the Uoited Stalew, The ceseoo
Tor this "exwgratica" is thel ab thle Lime, 00 Canadian eonpery appeored o he
raneinlly &bla to anderzoke auct o lorgs prolccs, whercas the sconooic positico
S the IMited ZTotes supporhed the veotures of developing commercial «lect oo nlcrmn-
EOOpEE .

Durings 13e Sacond Warld War, thava waa no o santiasn of the Yorento facilitiers far
elactoon worcscespy sioes "ultrostructure research' had beeo clapsified se "seorel”.
At the bepicmiop <0 The War, Lthe To@mcolo sicroacspe was She anly one el lohle to
tha A11Ied, Wateshn, in his wecollections prnlished in the Dulletio of the Hicroo-
grsplenl Scoiety or Caneds i 107, discurces the petuacs of Lhis weorst work, The
importance aof eleclron microeeopy Lo the Wer affort vad demonatrated by the tazt
thet, ms epoon =2 the EIR prococticn nodel desigred op Mdilier, VUK, Zworykio and
Ak, Yeree was completed, four of theee iostrwuects were shipped froedictels to
Eriteio voder Lend-Lacpe,
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I'ae develocomznt o zlectron mlerosezpes 19 fhe Fagaios Depastaert o7 Lhe

Iiverality of Toriato andad wWith the aonateacticn ol = Uhlrd plercsoups, oomplesed
i dehhy involeipe Wabson, 5, Flere Tllis, . Davee SHooct, ead Beatrics 3. [Boan.

his mdarszacaps 1a dzaspited 15 the acemd edition of "The Dleol-co Ficmosesga® b
Furbun acd Hokle With Lhe depscloss of Jlall, Prohas, Hi11ie», Lodd eng Metscn, the
coveloprers of tronasmiasian clastro of eresoopes ghi fhed avey Sroo Toroabo,  Beees-
tleedlees; the Torwilo nicrescups vie tehing the mossiwe prodastion ©F cleotron
Hlernaecnea by S04, whiah dn tern cirectly contoibated o the wlicsslrooclure recescoh
vhich pantdoaes in meny sedentd e fdasiplineoe Llromswul Lbe world,

Hibitagrwpha

DIraech, H. Tae Mirrored Spectrm #: %%, 107h, Deplisked br Hinfelry af Soferce ard
Toolnalngs , Chhaaa,

Furter, B.Fop Fillles, J., TPosbue, e Fhes. Bew, S0: 1151, 1939,
Durtea, E.F.; Billier, J.. Probus, G Ummad. Mad, jee, J. 03z 11&, 1500
burten, B.F., Eakl, Wodo Ve Fleetein Hicovecops', Teinteld, Eew Yark, 1920

Gaber, T, Te, 'Troecesdlpss of 0k Ioternational Cengrens an *lacteon Microszeoy®
Cornerra, Yol 1, O, 25TL.

KEall, Z.E. HM.f. Theeis, loiverssity of Torooto, 1_E|3l';,

Huxley, 20, Watsee, ol l. Mrvars. Foy. Sco, Tan. 35: £1, I1shl,
Mexmley, Z.H., Watacn, J.H.Te  J. Optic. Toc. Aoer. 587 455, Lal2.
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M. Broll, ¥_ Puakn. AnG, Fhyalk, .I¥P; &07, 1938,

K. Knoll, F. Buake. &, Pleslk, T8: 318, 1832,

Ealill, W.E. Unpubligked Presenlallons, 10%E=100T7. In Areadvea of 4th Istarmatiomal
Upngrass on Blaotron Hlercscapy, Tovontn, 1974,

Mrytan, L. Fhyalten e 9%, 'I[,'lﬁh,

Preluz, &, ThoD. Teei=z, Tivessily of To-cobo, 1990,
Pretue, e, Jillier, J. Cao. J. Hes. ”_EI.L'?._: ll'_.l, g,
Frebus, Ao Cen. o Hes.oa 1% 1w, 1gha;

Fuaki; EB. B Physik. Sy: sBa, 153h.

Fuskn, B. % Physik. 5§ 90, 235k

Fusks, B, ¥on Boreles, 3. 7. Tech. Pheslk, 19: G2, 1936,
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Recollections

W.H. KOHL, CE. HALL, A.F. PREGUS, J, HILLIFR, LH.I. WATSON

After the baric rescarch oa tbe higleszy of the Yoronto Bl ruecone Wis romslabed,
the scleatiace who ware favolrod fn this majar aclilevomaid wene askad fo write feeir
oW Fepollections of Shds Eisw, Thooo recolicctiany are InsTudmd in =hig Aprondie o
Lhe commemirative articTe, Tm sddition o Pemviding facvasd dosa, fhes contrilpbe sosa
Intaresating anardotes |

Raltar Mo Eechl

"Zimee 1% buz becos acknevledos] repoatedly by chose who ook merl In Tho deyeloo-
ment ol Lke first Qurch Anericsn micrsaccie bhas T war dodoed Lhe cctalyes Lhet Ercggkt
Lt about, It zay te useful to ealablinh the bictorigal record, as lhat coseseive clodna
thal have heen pade st tip=e cnv e sesg im BrOpar peraneciive.

< Artived do Teronis as i Demigrers Srom ternany In Sepranber 10%, after ordng
“otuiced & dactorste in Fapinsering Mhysics o the Ceehalesl Urdwmaraily iz Ureaden.
YMr Toesis loplos wore coooccomad witk Photi—eleotrd oity and socondury exisaine wpd @ hikdl
ne been expoaed] Lo elestroo optics Giriog Ty Tormal edvsatico.

I abtained. o pogitice =e Levntspmact Evglpser with Bopure Eleetroiic Tubaes
Liri=ad wt 100 Hforliog bood, Toeroats, {n Hovemher 2530, whon the d=arrazion vae
making 1ts inroade ©o Canada, - staped with =hmk comnery Jor 1% yoare anod dwhen T
lets Cansde Zr late 1095, 1 ad advanced Lo Caiof Engireer and hed becomn a Tlreckar.
Fopere Eloctronie Tubes, vhere the lucs E.W, Tarker wes chief engineer an=dl 19h3,
aroduced receiving tubes Tor bke Tedis sebs markelad in Canedy wmder the "Hogesrs
Belectio" label ond slso posnr tubes “or fheir brcadoesl etation CFRED in bavara,
Mtaric. & fRIrly lerge room was Darkiticned of I at <40 end of the b factory ang
bezane "The Laberatory”, waare I conductesd Lhe work Lo be dascsibed o for TR yeRr
wilboubk ony Yelp even Tor rowsing wuoac Trtaonas,

Al first | owsg iowvnlwed ia mekihg photocsl 15 apd ymotroas spd bezoning fenildiar
with the fastosy oparasicue.  Lesor ve—icus Acbenes for televipion wess beiog con-
Sdcered, The decision was wsacked +n develop Uothede Fay Tfohes waich at thal Lime
WETZ LOT muwslladle on the Azericen nerket other than the Weshem #leclric Taks Looy
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Ter Low-mitape crolioatd sme,  Urla gus e beginnicg o7 iy sevour 4nvolwersa with
Cathnde Doy Tuoes Inaluldog cxlés cotides AN 1uninesosn=s soraans,  Thasphors werw
bedpg Itgorced Trem Oeriany ord T pede wope £t farby tovasd pecducing “hen, Palker thag
arindlne Runke of WiTlepitw urs, aa T ohad Twen dodng o0 sope e, I oatulicd newt sr
The InTevastdonsl Mtevalare e “hepe aulil=cts ol cord vmi #Teal bEactif. [rom Lhe
fanisdties of e Wl verswity ar Teront.: Lkrevy., e verk dogge by frisnee, Fooll,
Larviee, Fnsna, drvicche, Brlerzer, el Jalsgpcon thus becure kv ba e wnd | coutd
wrt resizl tho Lemmtehion o “traciansly ARy scne awecis’ tules prd Tepeat iy
=heir =xperioenta,

I eilendad Ghe aspinars abt <ae Thr=dra deprrtient verulerly wrd hal cloan contect
Witk Fvolensor L7, Furkoo, whu dicvFited ooty pake wo oerasiooal precsotalicn o Lke
#ork I was doing, Thua T pave & Lalk 7 "Dhatieeella™ o Aovanber BL. 10 wpd cpne oog
“Geonelric Mieskron Oplica” e domuary 36, 1073, 0n aperd L, 183 whe gubdeat of my
bresenteiior e "Winstyog Emippicn fron Gxt da-cocsad Cethedep" Chelng whish I oahowed
e 8l oy Apesiclly conateye bec Tulss end 1k= clecliran pbic dnepge of the oatlade
lrodeaed on the B odrney dometer fooe o Lhe tihe EF neans ol e Johenmeon TinersT o
Shjeclive. This was no foubb the flesk rercestrallon of this Kiod dn Casmdo .

In Tuae 1935 T wan appolotad pacial Leckure— 4in clestronles at the Malegan
Laneratoey and <hia nrracefient woAa resimeed asef Yeur untll 193500, 71 WEAp LT peien
4 BErZea of chouwl ten lerhures L vericue asnecks af electiop Earsisos,  Or Mur 22,

1936, I gnve u leatice with densesteabions on "Flecizen Optien® befare the Koyel
Socdety of (onmis dn Mlake, o vhich T was 1avited o Professar Burtop'a FupReatiom |

Trofeaanr Darton was quivk —s eeslizs Lhe prteakbind af the Tleckrom Miewanasopa
A2y rescarch tngl pnd fipe OERINYLunlTy Zi ofere=d to puk the Th sice Demartaent o
bhe mep,  CeeIl Hall wos the feat Frodusle ctudent dn 1kis f1eld ond sbudded the
poopettise o en elactocotabic Electrun Mcrpsoope in 1pEg, using Lhe Tnnerei o lers,
Al Jo AT lHder nmi A Frebos widertoolk the doealgr and eenetricticon of o aepmesie
Electran Microacope 1w fLhe TRl of 1937, &m Tie 2arplelion, reparis om thie reonrieble
cchievenent were publicked by Droppser Eirlon 4n Zuturday Hight {Dee, 17, 19330 are
the Ioroibo Gtar [Jonm, S, 1539) menminining me ax am aclive arbicdnenc. THIe wos o
gareroun gesbarn, Lub hardly Justified, sinee 1 lad c= rart whatever 15 the aelusl

clgn acé aomslruntiso of tie inatrimept., ™

Cecil B, yall

"In 193% I entered Deaduake fckonl T ke WMiversdty of Tovopic, Afler dia—
cussiofg with Profeaanr Koo, Burtan, I becane 4ic firgh otudeat <o wark om Lhe problen
0l dsvelapiag on e leoter :ui-:r::-ﬂcl:rpc, Wiick ho heliswvas nigkt Ereotunlly beone usergl
In the chservetdon of bielegical apd pedioul sperinens.  His expaclubions were v eesd
with cxfrexe aseptician Ly cearly eversuce ot {hat L,

Hr work fn thls direcsiom wae Frelizdnnry st Taronto, mad its TAio volae wac
Losbehly i estailiching suck atudies aa pultahle for gracdiate gtadent researnh, T
Jetned the pec=arch Laborobosies of lhe Bralmen odek Compaily =arly in 1937, whkern
Ir. O.P.E. Mees, Ifrector of fAepuarch , =las had bapea for appliceticn o euch L1}
inatrmers, Meocs was mdolledly insplred in thes Ty Dr. Eurton, slnce thoy were goog
[rlendz. In Torcoto, Lhe work wes Tosimed By Albert Prebus, who sas Inlned Er Jnmee
A7llier, anl together the provp preduced tle £ pan biga-réaclrticn trenaniaaion elcn—
Lrom microacops on thic contipens. T compleled o siwiler dnetrunent o 1iclle loter ot
the Kedek Labersizorics, pubstantially alded B¥ iy contects with the gproap @i Toromio.
Hine would Te bk fired 4n the Unized S4aten, bat 16 wus df rectly ralated Lo tha ome
ic Teremto, Ty 10W1 T ‘oined the tocnally at K, IT.T. to work o eleciron mlctuscopy In
hislope."

Eiber: ¥, Probus

"I areived in Teccoho oce oottilck dr Repie=mbor 1557, plessed with the Frogpsct of
coabintliy my greducts work 1mdes tha Alrectiog of <he emipen= speslrosoopist,
Trefesans B.P. Coasford, I hed sarlicr Th=t poay esrned ag M.8c. from Lhe Uiversity
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ot idbsrle in atemde epeclrsaonpg,

e

e oz Pirel nerting with Zrofeseor 3.7, Hurton, then besd ol the Flyrsias Lep
merl, wp plena =0 contices in thia Tield were serioes’y periirbed.  lie supresled Thet
£ oney field weuld broswder my outlosk.,  The perticaior tield he bed arind was
respelad aopewacs Later in the sorwsvcezden. IL wew, of aouras, eleclroo optiss, an
orea be hed Couod interaciy excillpe Juring o berepesn bripy ke hed onede soree tipe
Him enthesicsm raplely averaans oy Ieitisl slaekanes to sellch Dros work
—apt = had =ojowed Lo Tield eboul which T oxeew owery Litile, Ll oRizh f1d erfer
ooy =aciting poasinilities,

warl ey,

although C=oil
of Mlberta, we lad et boen in coptant during the precedcing yoar inwtch ke b
aeder the SRtlupmac o Profeeecr kurbon.  Oe bed sarnod o Mecoer®e depres In The
wroecss of icitisblivg s oxperimeclel progcan it electrer oplica es the iniversily
off Torspta. Hall aeé pal Legeshner m aleciooslalis oloatron mi croecope anThnkle for
tho examinatiza of Lherrionic elsclrog-eritoing surdfaces.  He Lad then procesdsd with
the cunslruolion of o highly flexiyoe twa-ctope elecbron 1l eraseope equippsd with
aspnetde _emges. also Geslgied primerily Dor Gbe aswdy eleclron enitiing surfazes,

Gell her noen ap underervedinbe classzabe of misne at hhe drdivereils
o

R

Trofeasme Burbom wes poet erxicas tnat Bis students shoeld specivlice i tha
"super” microgcope denadn of eleckroo vplics.  dn thoughk, cosrectly, thet development
would arsve more repddly if he could pevsunde enckher sludent to Join me. e hel oo
ALrricnlty in ealicticg s L=ight yomeg grecuate sludent namac Janes Eillier, AZThoagh
g 11ier nac 8 tesching aasistootchiz Chal dessoded o greet desl of hiz =ime ond enercpy
ne pppesced Lo have on coornous edpgly ©F the latTer pnd ceveted mast af it Lo our
projest. Wheo we begac werk, in the fell of 1557, Frost HSaska and Lis zmeecstoTos ok
<ae Tostndecke Iocheshata n Darlin hef olesrly demcactrated Lbet the owerratioas of
naseetic electvoy Sensec vers sulffisfensly low Lo pernlii the ottelament of 2 resslving
powar 423%ioctly superins Lo The resolving 1init of The Lgbt olcriscip«, &nd thot tha
siaoessful development nf & super JUber]-micrnscone was pedar Lo rerlTARTIOR. Lk=re
appaered T4 be na tundapsaksl Pactoea o proweol Lbe atfsinmens ot recolullon In the
1-1¢ Angsirap-unit raage With o trensmlieelon pfencacops usiog wlectron Tone voltepes
“r the 20=100 LV rapgs.

Eillinr pnd T decides to trv directly for ths bigh resslusion inatromect witl the
coly mesns aveilsble o ous = Lhe lsboratory work shope sof & wery ldxdted porlinn of
Le cperating and nalotepence ©mis of the Univerdity of Uoraoto Thyelde Teperment.
We hegged, borrowed agod attmmged zetecisls and componenie, loeliEling the ecmanlinl
Figk=vuliage gapnaitors lomped to w8 by the Univereity &7 Bltertm. Dusipe tha foil
1337 we stadied zhe literotare, worked with Fall's clectroslellc niovodacope Zor the
henetit of Lhe exparience aod Poeenl atod plaos for ous Teatmment,

o

2= th= end of the Cbrisloee wecebine we submitbed s 8t of workdog doavings =o
Frolfespsr Furton for Ris spproval.  Shep work bepan Inooomuoary, 1930 apd the pro-
Tininary model wap in nperoting cooditicn At the end of April of thet Fear. The elep
vors wue dope o & twa-pnift busis. The professimmal washinists worked the dey shift.
Vithout their wcresssved agprovel, HElllsr acé I worked the nigki =hift, or=ec walil
b n.m., acé oceseiccally watll the day eli®™t woa gbout to gtart, We eocastructed nnaz
of i pusller compamente,  Our olpht shift condipued o most of the [ollowing yeer
ws modtftisetiore of elestron gan, interoel camern, lens pole pieces, And ather cuoae
popents were regwived in the cousse ol deve_cpment.

I recall espeoiolly bhe instebilitiea, the puins wad fustratione sgeasiniad with
the initial elestren goures, f eold ocpthode gep dfRchorge tuba,  Cur wozam Fuopioyg
pyaten, despite the Teet that it icclwled the lorgect anf Tenelest mercury Girfuaien
ump pwer sthemphec oy wur glassllover, wme gimply tos alow.  We npade 1ittle propreew
urtil we dewvised Lke timgsten heirpie Tilsnomt gun.  The g4l17-hias feature, fevelonec
o anuhere severs] yeare laler, grently ioproved the pertoroance o the g end 1t
becpme the electran source of pomeroiel instroreots.

e firel Lpterpal camers was deaigoed for the wse of radl Tiln,  Afser rerqUiring

ar sposeus mmouns of Lipe to Be owtgmseed, the $i1n hape bename tErittle wmd Creguaently

rroptured wiler e Tirst expopure, We roplaced thia with o camers eguipped wita wn
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fir-Llock zmid CRsLEns LoT e ome of o lwoony—Lus "ok 2leys plale. This ninte cise
SUrviwsd in Lo desiens ola peod TELY GANETETTCRE 57 commeredinl electropn T cruscoies,

Yollowdng 2k the foatalepd o0 slaglemn diffracbionieds, our initinl fpeedrnn
SUPRUres foocisted of aloet g ATrum providen alth o sirele eldrveular Bole. Whien
speolmens nogsbed i Bhrase sumissa vers insurtod jo fle Ol ePGECITR, Lhene vag o EIE
1o% probebility of o MAIRE A idnge waer he hiwm MEe utiied me, Phere vas own pren
Tewar rrobability of auveival ef the pltro—cellnlope Aupporting Filn 2hal was HLSACT S
OFNT LR bl . Signiricont POoETens in our Aleomns Tl e recording wicrograpks crne
taly efier g Loadge Lo 40 spacizen w-ide hat wr o8 oHRde I Iedly fren Lromra gleva
SCMaEny |

Theae laateumental mdilizati sor made 1= duesille to pbody und e roduce e
waricie mnlluretions tn g EFgres thxt mevmitted us o wbtein the [ex erabdryriang mizroo
LLUERS BEECREECY Yo demoiiglres o Lbe goleatiulizdas o The drwicamegl, oy firgt
ok linetiop rovering Lhe fopesrach jon G bhr ipeteigent wge Submitted Lo He Canedias
Jourmisl af Feepenvck <n Juounry . L9990, ahrgl ara FEar aller constyucklion o8 =ha
ipptrrernt veg Segin, I wan TaZinhed in th April Ssegm of Lke Jouma ;

Turdvg 1945 we deredec muck & per offert =i obhe davelsanent g terlnigues of
wpecdney Proprsaticl io e grect varioty of acisnt? rio aress. Trofsasor Jursom was
ToAT intorepted ip tsa elforts diveobed Lowneis bhe app dastdone o the inatrugsnt.
This work woa lreglently Ze novers oo flder eepr toe mewd to cantinue Tayihar develon—
et of the inatremert ane The nead and Gmafve oo onge Toarl te pursue Lbhe atudr of Lbe
e Tupdaneiial jues=1ioy cemeertine foagre foriaticg ané Toberpretaticg, 14 Lhe R
af Induatripl 2pEld calion st thie e, we derdvag Staeh suppart Creg o Toiwareity
ol Toromtn practate ., WiLlldes 3o Wisgzrd, Lhen Zirestur of Beacesoh o Lhe Colpmsiag
Tarken Canpany.  Tovard the S of AR Ke vers leirnpd oy o now sbucenle, Jokn L.G,
Wetson apd WM 11%em A Ladé, wko wyere giml laylsr oriented Lo 4. deve lopaant ar
smatrumenl epplicatione, To Ferlads of disecuragramed Wale oo Bever Tailed Loodeligst
us wikk n Lioe Prom GLlhmrt and Sulliaemp,

THvsughaoul <k Fariad of dnitian venstructiom ynd tye Frolimney oyrclag o
Lrdel end nedifienlion, we hod elvaye the cocrelion it AT eloclron nisrossope
would open entirely new ceepoes el resenrzh in tho dimorsiens: racgn of hfologdead
okl struotures.  wWe hel ieyved quistly, thal <he dmaneicnal ranga 'J-_-_'_:Hh'.\'_e_'l:l"
WALE Inzlude, io tve not-too—diglant Tubure, ouey Eopller maleculas and even hhe
heerler stos, Tn aur efforle 2o comvince mombers or the Llologicel &id mediosl
Acimnes comminitdes in Torontn of the izmpeviensn of the iasty % Ik Their Tialde,
vE wers olben dishearlensd with e Inability bo prodoce really slgnificont sesults.

It [k ooy sppevent thal oo epsrinen preparction trcanlguee wwave ipmduguatn oo
d=mtipkrat iun of Lhe Talure vole ot Lee Trezrumeat and the Lke Felintllity of pee
foroance af aur dnaipment lart queh To be deedrad —— <o o from The wawpoint of
SRt srcustomec to thn Lol 1 ing performagee o o light =i rnsrape,  We lsckad ghadou—
curting, replicating, Wt raod orolome Beotlonicg, surbew -=iTA, end puny ntaar
tacknigues whicl coma jnta HE, YeNrE JRiar, Hevertlheless, tra Fublizatiana af +sa
dedipated Europoey warkare ond cur effarts in "ronto, Colloved by the ipbrodactiom o
romrerel el inatroowerls oy Fadio Corporabion of Arerioa, 4id atipulote and advenos th=
VErY rapld poovth of alectran elersetopy in Norbh gherion, Iy Wovenmber 1342, there
wEre Aevercl bodred woriers Tn the Ouiked Btetes =no Caceon snxdons to sbare their
kniwlecgs wnd axperisnoes, tny ol +hose get io Chicego At Lkot time fop Lhe purpoan
ol arpucdeding tha Elaot ey Hi:roceose Goclelr of Amerdcw, The latay convarsico of
the Mlorosoope 4o Hicroseopy In the noge of 1he Srgenizatico demonmtrates thae mpry
Proguedpalioe with Znatroumentetion Frablemge, "

James Hifidor

"My Tirst eccoanter witlh bhe foneeft uf the slectroa nieruscone came et whal
WAl hewe bosp o hotewarlby conasian under sy eETCumstaces . T, wna Lhe apricg af
1937, et the University of Torontc, m- seqior Feuar. Thae lote Professor H,J,0. Tretom,
YEo wen Informally ke adpistent dizaslor arf the Fhirsles depertnent, hed cnlled me
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intn bis artian fo ciacas o 20ena Toe the Tolore,  Tinve T Iptepéed t0 gn ool 1o
poaivabe work, e discussioa cadexly surned fa the fielde o7 presewzck I mpieght pursac.
He Liated all the Teahlonahle proleciy weder gy oot ths Ledversity gl the Lims, While
T vew guile fupdlior wdth fkon, | oaec st ceveloped sy ecbhusiess Por odoing ressarcek
on iy ane of then zs Lhe beslie of oy carcer.

Frafeaeor Irebon mast kews sensed taio ond, nimosh as an aClertloodl, oeolicned

o oelmatran wievdacdpe, T hed pever hewrd of puch & éeviorn anc wes savicus LToll e
Lo Zle pelure acd as e wr 1 hec sob spenuiered il dusicg oy four wears of ataey “r
the Departuenl. Frofessor [eeten gove o o befef desceipbion of Lhe vork ani cxploinen
that —he Lrojach bed weesn dommacl Dor e pect yeor seenuses the geadioats alndapl
pfeoil Ea [Eeld) win hed Boen wovking oo 06 Lad lefl., Laber I bezans som=reod Shok he
kod nct oives pe tke full explanetdon for the dow =it Mty of the aork. Toosary cace,
T vos "kooked” drncdiatoly.  The swatdoal eobrecliveness of eocpling twe chd ldhcod
eathusfaans , gplice sad eleclrepics, to scmethicg new woa oraTwhalning,

T iwnmediztely plunged inte o Literoturc scarch. | oguiesly accvessd Chat, while
the nasiz concrph of the electron sidenescoe was guite siople erd mot oortd cnlarls
newy Lhke verw fewr pttempeed pxperimcatcel dnnlemanhalicone qed shows ZikLle pucoers ane
=het masT of the 1lteraluss covered Lbe more exctic thesvotienl mapects oF elesison
optics. Poroucetely, [ dld not apperaciatse Lhea Lbet Lke weéerlying maanoa for tla
cearth of praclicsl workz was that the full speetimm of technclopgiss neeced Moo the
izplemoctaticn of the elocstron picrescops bel oot jet besn deweloped hegrond Hhed s poeel
prinitlive wepiociags,

To Lhe [&21 of 1937, &ibert Prebun jolaoed me on e aesleclh.  Hae, tea, wac
intrigaed by fhe concepl sof bad loel his eathasioom for the veaaarcy oo spesLroscopy
Chml bzd been the sukjoet of B8 Masterte thesle al Lhe University of dlher-n. 47 ker
8 Tey midbhs of getiicg our bEearings by roturbieling eod operstiog the soission——poc
cleetron mlercecopes lelt beliod by Ceeil lell, wr rercqed whes Bow aapeare Lo haws
Fmen & garing cooolugdiom! the dcclen cod conalreachicon f 8 ndpk-—vol<sse trecsmicaicn-
TFes elnphroo Tl eroseone was The only geozible route to an dnstrument with Qo viop
pover preater thao that of 2 Wabt aZercacops,  We went icls scticc and worksd ercunc
he alnck during the Zuristoes =pd Jew Tear holiceya to pat oa tesatstive depim oo
pager, I3 owr youthtul eoherancs we pald scaol sbtectdcon 2o the groas Tnedaquacioe
of e ghdy facilities and spdanent ocwalleldo o ua,

Tweeedleiely ufter the kolideys we reviodved ooF plans wilth Prolfesseoc B Doecbor,
thne Mrectar of tThA Fhyeice Ieperlment, =i Profeasor Ircooo. Tt 18 R trefhobe oo
Trvilespur Burton's Iasight and wiadom tiet we Zelt lhul meeting wizh eppravol to
procoad And without Lbe slighteet dampening of oo onthusiman, T wetrospmect, T
revoppized that Frofessor Buwrhor must hewe el goae poivease mispivings concmiming our
Attty Ta carry Lkrmougk = oo bie ability <o suppart a nrofoct oF ek omypmnitude.  On
the cther kond, e moat have had PAItl thel, L0 we puccesd=d, ke cowld Ystoy aheoed of
=" — u feilh that lster tumed out +o be Juatd Tiad,

Il did act take us locog to be zomfrorsad Ty sone F the problems of ke “read
warld”,  The machinlet seaipgned Lo ue wse pleacant end acconnodnting.  However Nis
wilpl prior sxperience bed beso in o looomohive repsic shop.  Woile g wae excellect
for lavegs pleces 1Ike the paymetlc ooil ppocls, he wos completely confmzided Oy adoe
ol the vory smell, bigh-pereclasdarn piceds we wacised febricsted. Ve sclesd the proalem
Ly Laomming praciaion mechiolate owreelyvee, 1t wos o oaxfll T never uscd after T Jef,
Toroato, oot ope thet proved =o be inveluslble Lo me in Lhe de=epipn of lster instromerts.
By contraal, our glaes—hlowar wag s prtict aod hod en oppecariote tonperanent.  fs w

rezult we hed to hooome proctionl paychelopgizle, waobher ekill fhat aever lesk 1za
vRluE,

Ou prescest mechanicnl chopllengs wnos the desdor end conatrygectiog of Lhke coms
poments of the Inetruameol se thal vheo bhey wese acsembled, <he inner chanbes 2ol be
Jiphly ewactated ond o multitose of aligwsnte, aljusloenle sod sscipuletions cerricd
cat Wil e The fnelrument was in operaticn without —oas ot waoinm,  The oaly lechnslomy
available to wn wes Al adspbaticn of Lhe ground-gless ptopoock.  fs a result we spect
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Ty dars Facd-lannlag coniesl mesis “wr ratsliza csalrola end ACteZE POVLY BTO . Tarye
H_mnaEr parfoacee ac al1Tding srale =1 oo LTIeTT ad Jestrien b, This oprrelice was
weommmaniaed by ked ioas wecive of araduelly slirTing puse g cabhar inko s lurgr
beakor of molled Yosclipe, Ao wd By & Bunaen Lbummer, Lo oo shopanck arease of the
Fliht COEBIETONCy ang wltY mesqualely Zow wanoe T1EE U

APEeY waout Tour nooths, vhkich Lo achiie Ao inerelialy shoect time, we ldnclly had
Lhe Anglrenort sesonhled ane Atarced to Loy +o pump oo waeaem. Hert Aurprdsiagdy, Tt
“raked.  Floding s vzcvun leuk 19 Lkose deye wos & Ledinue uroescee, O ProsE e
TeRsLring {nelcmonls vers & simpde Alpcharge ‘uhe and o Molwod goige, AL bhe working
Hresistte ve rogpcdred, the letter Ssveoe was the gnly me kot cocld ba gsed. L+ —
bunutely, il roguicred suey auniptlabion and sheut o pisnute Lg Eht=in a Aicgle resding,
ATEre ppanding v=veral daya fleviing aclicwad dednts , sealdng—wax echpzetl s and
srense Joinis b opooavedl, we wove slowly being furced te Lhe df svournging aonelusdar
thil. wme of Lhe irasoppgdsie solderend jJodnts within the zagmalic laress mmial he
defecsivie, I nlewcly vonester o Aleer wnd T, io vervy Lowr spd rits, ware disruscing
hew o moo /lwck cheoking tor sueq o TaEeibd 151y, IThe mddidle of o penbenes o
happered Lo motice comatling g17s lendng al, ke alge o o ot The largs eliding p=nls
nesr tha top af the iost™inent. Ha renp=ol up and procsoded ko U1l cut w lemgz lair.
“ha instrrnapl irsedisbely pinoed dowg, L know now Lkat port anty bud we doce o vork
woll Lul that we weve wlao rreeddngly lucky, Im e cast To o pracesd we hRd pot cwves
veoeddered the wicdom of ckesiliyr each sumpctitnt ined v dually,

Aller sl we sccn kod an electton baan Lhrough 1ke Zrstruseat and wers @lzmtad
to [ind thet we A28 shtalpy focussed acc magritdied imeges of the allhoustte = tha
edgn o0 & plece of pleliom foil tihes W= WEMW UEing ke m bpocimen. The rfect 1hat e
limpes were not Ledrly of wood 08 we pould have “hlzdned witk an inexpenzive 14kt
D CrEenps Gid po rlsoowmrnge we dn the loasl, Moy weprn yler 1 reully naprecdnked
Lbe magqiluie of Lthe ALTfionlt de bhot faced 129, I oo ot SuPe o ontiaedssh woald
Lave weatlered auch appraciation al the time.

The dewglopment of the electron Micreseos oressoled o patbers that wos Lo repaat
Zlsamlf weny times in lacer ¥=ars dhen | ovse nanaging dndupt—ial Mweenrel,  The
thooreticl desizn of the Inslrument was siggle. Furthermore, io 1t2 poat elupentiy:
farm, ke drs* ~upemt phealc nEwe bec, acd lokey did hove, resolving nower uwt Leasl <
crders of pagnityuds better tkan the Hgnt mioeroasope, The cesson it ddd mel dn the
rogineing was bo he Pounc dAn 1l ceellinply fnfindite 17ai aof Afeturbing factora Lo
wEizh The instrinent wus sensitice, “hReir ientilicaticn end elininution bepane the
Rl cecoiteh problenpn, Tho Aiffdoaalty van sepammded Uy tha facl that, at the Lime,
Lhe aleclron microsoops Diself was the filly Instrunent thal possoased TR gencihivily
tn del=zt nigml of the disturbing fosturs and chat the fom of ipéloaticn - e
Traad-cul" - wag a ATy ooo-fpecific blurring of the fnage. T, the delection,
Teclifientlon and pessurenest of asch dirturkicg Tector bod Lo ne Atcompld ahied with
an instrument Lhet WARA, :i:n1:1tu_-|.e-:--_15|1;.', eEaafinpg all =he okher dielurnansee thot
bappened Lo ke prepeat. Tk ig ropl AArPicedt 2o prodect the swotitue THRT Eccampuaien
e Leddong mad vepeiitira u'l::er?ntlw_-:!nﬂJ.n_--__-l.i:n—'l-__:.-j_:ut.r_cﬂ"9 wFeles that were aecessnvy
to enelle va o Znes elewiy towwrd tile Lhoeooatioel morfemanan,

Porzunelely ., thisz rathor Beesurhging acenardio hal g aotpepnenting szpeot thet,
like the cerrot haoging it oot o8 the hade, kapl us strugpliog &bead. Boosose Tk
eT the Latirbing Facloss flustusted i eegnitude anl freguancy o orNUrrEncE . W
wuuld eocwsionrlly cahndip mlerograrn thal oz #igmitdcanlly better Lhan the HYCTOLOR
¥ Lad been obzaining at that purtiouler stage of dewvelopooent, Thoee atelistlesd
Teports" sootinuelly procded o5 ¥ith the browledge €het "it poald e daoe",

e altustdon astunlly contdnacd uckdl 19455 scn & puf riant nurber of the
disturnfug feotirs hod lLwep ldentilfi=d end elimivated to maxe it powsible to identify
and renorr Lke ronsiodng few "pofentirea) I¥", T8 nade dransbic atep.fanet? o
improvensnts in bhe pesformonce of the iasbomont wod taleidy wrowsnt 1t close tn o iLs
Lhecrrtionl capabill sy 7
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"Eleatron piorasecoy nad i-a frenesie on Lkis esslinent o Lhe IepAriment of
Tayaiaz al che Tolversiiy of Toronts during the niddle Inbe 195 2 & pecalt oo
Lhe Sorethoughs, fnaplretdon asd enerey o i3 ol ajirnen, Lhe lete Desleoaar 710

FrooiZin Durton, Mcot, 70 nob Bi1, of those ar (he 574l =2 Phasics oz the Lioe wees
ot Lhe oelinf Lkt "Ry Burtog (es %n wes Tochor wlilectmalely 20l Ted bocriae of
Lis kouit of nineiog out Tis ghsers afpl Zips v s rabhity port of way 25 % Lacea o

B el was Tuft bia rocker” bzl chis oleclron mlerospops usipesa.  The Fevailling
depertrental cpivion secmsd to he thal, eleotron gpiios, g micrasrepy An paclicular,
worald be of wae ohicfly i 2o rocabion te cognereiel Lalprtaiog,

In o own case the subjoot Tad its hgioeings Ty reasor F @ poptler sredsle

dealing with *hMe e 41176 and Frele plercacops whish I read g Maodimng "

nagazine Iabe Zn oy pradasting vear ot BeMssbes Thiwercdty ia Kemiltoo, Orbnroo, o4
n lucky oenend foo ne, and oas oo A rect rearll of reading the ariiele, T wrota 1o
Froteassr Dinton, offercd bin or sevvloes as n credurts zludect 910 electron iicraseopy
A0, wvoadnr of vanders, e recesbed me.  This wvee i 1G53, The Ziral golents i
reparbks on fhe fpstrmepl werc &lse Publfaled In 1938, %he appe=rance ol Loenn
Toparis ebirred olber dnvestigetora, fecil Hell wanplated in 1933 =t Hocnd Lubaro-
ries on elestron mivroseone that owed much to %e sarider nork Ao Tarimba o
cartacly with the group tlhere. el Corparebion of fnecicn's Bworvkdr hored [ B T
# Eelglan, and pat him 4o ward, The moluchins Carlon Donpegry, dnspd ped by 1ts
refasreh ddractor, Mr, W.E, Wicgand, established o vesssrel Tellowshp Al ihe
Univerally af Torealo ta Drevice “or o oontinisnss of Feooorch or cartar blscks, arn
arlivity wilch woa slready 1h progread with the 733 dostwipent Ml Jellowaliip alsa
net the ezotn fur conntrustion of 4 second Torzate wicrosoope, whisk wers Lo the
Celumbien Cwrbhon Conpuany atter ite sorplebion. To Lhoas Gevs, wWnn vou wersaed so
rleclron mf eroeccar ¥ou Mdn's orisr rme from e Frpaly houms, wyou betlt Ib voargelr!
BrIl Sedd, s 1590 geadiake iy Fhysien at Toramts wee assdoied far WA, work o Fillier
vhES was working oo hic FuoDo, snd ik nhe pame grtunn 1 wod assipned 2 Presas.  Rill'c
work tonk hBim primarily in=c the devalopnent of the Columnien Instiamwmat which wus
loter Lreosterred to Thels Drooklyn laborotery, I owos Lo Work oo hoAaic eleptron-
cptiaal problenma,

Ieokiag bock o the Toroata pnps, I wish that thews had been pomecae 15ke TuZa'a
Sorvkdn T pueab us Lo pubiab, Witk tie E=persuree of Hol1l, Hilldew aad Trobes asd
“he lostrument proven, cxteasive vork, ineluding the aometrockfon e o shird joetru-
T=cs, wA3 doae by those of us who remained, withors EOCOUTRMGEENT By Aeiior steff Lo
Tubliek aur pesulbs, ALE yet we wers exonfiiog o grasl vardety of both afolegical nod
drdustrial speedmens during the 1333-hi perdcd, I beeans quite Tacile ic =70 ges of
sueh apnellsticos na Pleurosignd: aoqelatyy, Sgnodere delicatdes Tma and Aapiiplopra
pellucide. T gontdousd 4o vipls the Cornnught Laboratnrise =very Lyn or thr'es gesis
for oy "slwls", sc thal I cauld work or & varisty of piero-segenisms, fneluilng “hese
of typbus and typhoic os well ps vaecinio viriz, the vnle wad <ha Luberelo Tweizl2 .
Io my cese T was & studect fivat =rd o wriler on A dliztart aecoad. Tt wse coly laler
T lewrped the phouee Tpalliek or pepiel".

OFf course, Lhers was elsc o legitizetn Teesan, apd o lovge (e to Bccsurd Spe
lach <0 publiention Wy those workiog 1a Tke Tomeslo loboralocr ofoar 1939, 'The Seoonc
World Wer bed bequn eid much of our work wes mow Takelled "goopet®,

BEven now the cumplete atorr ic atinl UpEN to speculaticon. I de Wgw bhat trog
electron nicrographs we wers Densurios Tho hwsn fros gpace avel lable aernsg the
Eurlaces of ceptain thin melwl cersone eor gride, I remenler that the holes 10 fksse
BEORENA were varl-gbepsd, wera el fdrat very rongh T cutline, and lnwge, batb bhot e
Time pasced the holes ik these sevesiy chenged, Vecoadng smaller, more ond wepw
regular, wod hester Cormen.  ALL we gdd with the scveecc wes wepsure tle sizes ond
Ahapes of tleir halea, It aften apeged a rather polotless procedure to us, We wroeo
Tacy reports e keard ¥ery Liltle turther about e reparts, though T sLkill kove oo
by offes wall o fraged letter rreom = Phyalcisl of rencwe, J.7, Thopeon, discuvercr
af The eleetron, thanking ne for oy "Leautiful witromrapha” of bl "disphragnn” aa be
Ccolled them. It wase't aneil the uysr wos Leog ower thss I orand o publfc Feport o
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Lhke Montimlinn Prolect 4n whlck the Pines of Theneon aed lkers Tanilisc o mo Poog mr
Trewnbs diys wppearsd and 4 oued oe =n e e mnd bws toselhor, and do miree Lhes
lnctopee for LrRLive, for instanne] aight b peparorad b AT icr Through nihkve-
aiorosent e holea 9 Lhde meke sornon, Hul 2117 than 890 T real?se that ooe work
ToRhT Teve had seere sizod Tiesnes than T gad ke,

12 Ie remarisTile tkot thece wern ac e accidepts durving the Touserta duye. We
Reow ohldged o oporieen nany Srerallons 1 the mashi e choma apd olaevkere for ghieh
Lok, prefusssn ave pob ganerully propuredi, Kot Lbe loss’ of HEE WAn The wne ol
werelies tn amlt way peals ¥honewsr =he sl bz fn be removed 4o TeplEce & lirmen
M lanenk. Mo repoved fhe pun by Ci-e, “oar jo dovmateire +0 e shop where we cul
olf en approprinte Laagth o Lngsten wire, kent hic Troperly end ppct—walded <1 1o
Tle guo rlaclrodes,  We 2hen —ook oao oif buelr vpatais-s whore e ndjvsted tle ™ mnenl
£A Lesl we eodd i the ceptes of Lhe rap Al Lher Ty melitng ued rerelling Twn ploss
82d-3. we reeaantilled the vhols snkvnge inds the glens oy liode whick Aapwmrasad 1% frop
Lae mands, A1 Thiz Red tn L= dioae withouk bumtng your hepds pEe and witheal, elookin—
zating yocaeanirs, acd w1ile Fuarcing sgzinat sar voenin —wans ., wiick wonrld muean
rem=lting (e soals snd soarting 2l nwver sgeis.  Qur TALAN ER0ls wers slthar slass—
to-gluze o polished Tetel-to-motel wi<h @ Tilm of Tverpun groase" tetuveen, [ ouse
“he zern advisadly:  as with e tine mles, wve mpade cur sop, "he pradunte ghadent
Wos oriven o Targe quactils of waelips Wit 8 Hupnly o rehhes bunds , ond was 01§ Lo
hest oand =lir,

e 19% Taslomerts were bokh speratod wilh 4 high voltegs eupoly T11tersd wr
eevernl condepsors of conndderuyble eopieily,  These wers sef ook A0 tle soon reanleTaly
Wiratected — cae Juat bad <o Fomenber ta kewy wway fron then, Toebuos bad bBad o
PotemTizlly bod sccident asrls of, whea ke hed leaced againe: cne of them vkich kad
ack Eerm coopletels diceharesd after use, - kad 8 pimdony exverdenee, alacdt ml &
wich leseer woelbuge, wlies, nacding one band Lo hold & light =0 pus By oand Lwxo bends
clmiltunmmisly to wijust Sho WP PArt o0 bhe mferescops, T souehow tonk (e ol
part &f = lamp nepeobly o9 jus erccanejico eosd in or tacthk, =nd +hap pracped Lhe
griided kody of the Tnslirment with both lande. It was <hen T learred frolbly thuk
exbenalon cords and Lhs Jamps they Twar ere nol alveys well neintedjed, Hiweypar, 1
Alin't dvap er brosk Las larp, an immartanl comaideration to malget—snng el
miversitica,

HELIL, we oot 20ly mastered fhe eleelroom “plivs of the period, il we gotheree
knowladge of ouny Auhjects thot eyen othor wxaperta did oot end could oot ook ahons
Flemeate , collafda, cEramt g, metala, gprewsoa, #ile, wirusee, bhoetaris, tian i,
Aprpso 8, orystela - whatever we locked s, 7o atafised Them all with e elaatron
mleniseoEe o were tho Tirsh o Ao e,

Do bowe heag Privileped <o Te 4 poeabor &8 bkho- Ariall, origical Tocromts band of
elaatran misraasopists 4n anmelbing T tressoe indeed,?




