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Q1HISTORYOFMICROSCOPHY

14thcentury: spectaclesfirstmadeinItaly

1590: Two Dutch spectacle-makers and father-and-son team, Hans and Zacharias
Janssen,createthefirstmicroscope.

1667:RobertHooke's famous "Micrographia" is published,which outlines Hooke's
variousstudiesusingthemicroscope.

1675: Enter AntonvanLeeuwenhoek,whousedamicroscopewithonelenstoobserve
insectsandotherspecimen.Leeuwenhoekwasthefirsttoobservebacteria.18th
century:Astechnologyimproved,microscopybecamemorepopularamongscientists.
Partofthiswasduetothediscoverythatcombiningtwotypesofglassreducedthe
chromaticeffect.

1830:JosephJacksonLister discoversthatusingweaklensestogetheratvarious
distancesprovidedclearmagnification.

1878: Amathematicaltheorylinkingresolutiontolightwavelengthisinventedby Ernst
Abbe.

1903:RichardZsigmondyinventstheultramicroscope,whichallowsforobservationof
specimensbelowthewavelengthoflight.

1932: Transparentbiologicalmaterials are studied forthe firsttime using Frits
Xernike'sinventionofthephase-contrastmicroscope.

1938: Justsixyearsaftertheinventionofthephasecontrastmicroscopecomesthe
electronmicroscope,developedby ErnstRuska,whorealizedthatusingelectronsin
microscopyenhancedresolution.

1981: 3-D specimen imagespossiblewith theinvention ofthescanning tunneling
microscopeby GerdBinnig and HeinrichRohrer.

Origin:TheoriginofthewordmicroscopeaccordingtotheOnlineEtymologyDictionary



isasfollows:1656,from Mod.L.microscopium,lit."aninstrumentforviewingwhatis
small,"from Gk.micro-(q.v.)+-skopion."meansofviewing,"from skopein"lookat."
Microscopic"ofminutesize"isattestedfrom 1760s.

HistoryoftheCompoundMicroscope

JustastheGreekshad a fullyfunctioning radiantheating system operating two
thousandyearsbeforethoseonlynowbeingintroducedintheUS,sotheoriginsofthe
compoundlightmicroscopeappeartobetraced,nottoHolland,EnglandorFrance-but
toChinawhichisperhapsappropriategiventhepresentpredominanceofChinain
supplyingcompoundlightmicroscopes!

TheWaterMicroscope

AccordingtoanancientChinesetext,theChineseviewedmagnifiedspecimensthrough
alensattheendofatube,whichtubewasfilledwithvaryinglevelsofwateraccording
to the degree ofmagnification theywished to achieve.Ingenious,effective and
repeatableinthehome,today.Thatthisoccurredsome4,000yearsagointheChow-
Foodynastyandmorethan3,500yearsbeforethe"fatherofmodernmicroscopy"was
bornisquiteremarkable.

Thatthese Chinese ancients achieved magnification levels of150 times today's
standard,or100moou,isbreath-taking.Itisasiftheydevelopedatowncarthat
achievedMachII.Iftheydidbuildsuchacar,noreferencetoithaseverbeenfound.
Similarly,thereisnofurtherknownreferencetosuchacompoundmicroscopedevice
untilwecomebacktotheGreeksagain.



Nolessapersonthan Aristotle describestheworkingsofamicroscopeinsomedetail.
The Greeks certainly made good use ofcurved lenses,which are an essential
componentofanystereo orcompound microscope.AncientGreekboysprobably
sharedeveryAmericanboy'ssenseoftriumphofusingacurvedlens,ormagnifying
glass,tostartafire.TheGreeks,however,alsouseditforsurgicalprocedures,noton
antsaslittleboysarewonttodo,butonpeople-tocauterizewoundsandlesions
causedbyleprosyandsoforth.
AncientEgyptiansandRomansalsousedvariouscurvedlensesalthoughnoreference
toacompoundmicroscopehasbeenfound.TheGreeksdid,however,giveustheword
"microscope."Itcomesfrom twoGreekwords,"uikpos,"smalland"okottew,"view.
However,whileAncientChinese,GreeksandRomansallappliedtheirinfinitewisdom to
theissue,thereisnoknownreferencetoeithertheuseofartificiallightortomultiple
lenses.Inotherwords,wecangivegreatcredittotheAncientsfortheirforesightand
achievements,butwehaveto lookelsewhereto uncoverboth thefirstlightand
compoundmicroscope.

Incredibly,thenexthistoricalreferenceswithanythingatalltodowithmicroscopes,or
moreaccurately,opticsis1,200yearsafterRomewassackedand,eventhen,the
referencesareonlytotheuseoflensesintheinventionofspectacles.Putanotherway
round,someofthesmartestpeopletheplanethaseverproduced,playedandworked
withsinglelensesforseveralthousandyearswithouttakingitfurther.

Spectacles

Then,within justa few shortyears in Tuscany,Italy,two men claimed to have
independentlyinvented spectacles.The evidence?Theirtombstones!One, Salvano
d'AramentodegliAmati diedin1284inFlorenceandclaimedtohavekepttheprocess
secret.Theother, AllessandrodellaSpina diedin1317andclaimedtohaverevealedhis
process.PisaandFlorencearebutashortgallopaway.Coincidence?Youdecide.

Inanyevent,alocalmonk, GirodinadaRivalta gaveasermonin1306inwhichhe
enthusiasticallyendorsedspectaclesasaterrificinventionandinpassing,indicated
thattheyhadbeeninuseforabout20years.Finally,in1289,anotherlocalfrom
the Popozofamily bemoanedthat"Iam sodebilitatedbyagethatwithouttheglasses
knownasspectacles,Iwouldnolongerbeabletoreadorwrite."

Telescopes

Ataboutthesametime,itappearsthatlenseswerebeingusedinearlytelescopes.In
the 13th century,the Englishman, RogerBacon discusses them atlength.Both
spectaclesand microscopesare relevantto microscopesbecause theytrace the
increasinglysophisticated useoflenses-theessentialopticalcomponentofany
microscope.

Then,amere200-300yearslater,wefindaplethoraofreferencesandhardevidenceof
both telescopes and microscopes.The Renaissance had arrived and with it,an



abundantfloweringintheartsandsciences.Mostimportantly,withtheinventionofthe
printing oress,ideasand developmentscould be spread easilyand rapidly.Asa
result, ThomasDigges'workon thetelescopein England in themid-16th century
and HansLippershey'sworkwhich included applying fora telescopepatentwere
transmittedtoothers,includingnolessageniusthan Galileo.

Galileoimmediatelybegantoworkwithlenses.Inashorttimeframe,hedevelopedan
improvedtelescopewithafocusingdeviceandwentontoconquerthestars.Thatsaid,
weshouldalsopaytributeto SirIsaacNewton whoaroundthesametimeintheUK,
inventedthereflectingtelescope.

CompoundMicroscopes
Butwhatofmicroscopes?Well,thesame HansLippershey andhisson, Zaccharias
Hanssen wasexperimentingwithavarietyoflenses.Inthelate1590?s,theyused
severallensesinatubeandwereamazedtoseethattheobjectattheendofthetube
wasmagnifiedsignificantlybeyondthecapabilityofamagnifyingglass.Theyhadjust
inventedthecompoundmicroscope.Thatistosay,theyhaddiscoveredthatanimage
magnifiedbyasinglelenscanbefurthermagnifiedbyasecondormorelenses.

Then,inthemid17thcentury,anEnglishman, RobertHooke andaDutchman, Anthony
VanLeeuwenhoek tookthemicroscopetonewlevels.Hookewasasicklygeniuswho
lovedtoexperiment.Hedidsoacrossahugerangeofscientificfieldsofstudyandwith
prolific success.He invented the universaljoint,the iris diaphragm (anotherkey
componentofmanymodernlightmicroscopes),arespirator,ananchorescapement
andbalancespringforclocks.
Healsoworkedoutthecorrecttheoryofcombustion;devisedanequationdescribing
elasticity that is stillused today ("Hooke's Law") and invented or improved
meteorologicalinstrumentssuchasthebarometer,anemometer,andhygrometer;and
so on.Mostofall,however,he is known for Micrographia,his studies with a
microscope,publishedin1665.Micrographiabecameanovernightsensationnotjust
forwhathedescribedbutforthesuperbdrawingsthathemade.

HookeFleaDrawing

Hedescribedanewworldalongsideexquisitedrawingsofthestinginghairsonanettle,
afleaand,mostfamouslyofall,thehoneycombstructureor"cells"ofacork.Itwas
Hookewhocoinedtheterm "cells"whendescribinglivingtissue.Interestingly,while
Hookediduseacompoundmicroscope,hefoundthatitmuchstrainedandweakened
hissight.ForhisMicrographia,hepreferredtouseasimple,singlelensmicroscope
madeofgoldandleatherandilluminatedbyacandle.Perhapsthefirstlightmicroscope?

AntonievanLeeuwenhoek-theFatheroftheMicroscope



ItwasLeeuwenhoek,however,wholivedatthesametimeasHookeanddrew on
Hooke'sworktotakemicroscopedesigntonewlevelsofsophistication.Asadraper,he
usedasimplemicroscopetoexaminecloth.Asascientist,hebegantoexperimentwith
newwaysofgrindinglensesinordertoimprovetheopticalquality.Intotal,heground
some550lenses,someofwhichhadalinearmagnifyingpowerof500andaresolving
powerofone-millionthofaninch-anastoundingachievement.

Leeuwenhoekdetailedtheseachievementsinalmost200letterstoTheRoyalSocietyin
LondonwherenolessapersonthanRobertHookevalidatedthem.Theresultofallthis
workwasasimple,singlelens,hand-heldmicroscope.Thespecimenwasmountedon
thetopofthepointer,abovewhichlayaconvexlensattachedtoametalholder.The
specimenwasthenviewedthroughaholeontheothersideofthemicroscopeandwas
focusedusingascrew.

Perhapshismostfamousexperimentcamein1674whenheviewedsomelakewater:

"Inowsawveryplainlythatthesewerelittleeels,orworms,lyingallhuddleduptogether
andwrigglingjustasifyousaw,withthenakedeye,awholetubfulof littleeelsand
water,withtheeelssquirmingamongoneanother;andthewholewaterseemedtobe
alivewiththesemultifariousanimalcules.
Thiswasforme,amongallthemarvelsthatIhavediscoveredinnature,themost
marvelousofall;andImustsay,formypart,thatnomorepleasantsighthaseveryyet
comebeforemyeyesthatthesemanythousandsoflivingcreaturesseenallaliveina
littledropofwater,movingamongoneanother,eachseveralcreaturehavingitsown
propermotion."

Hehaddiscoveredbacteria. HehadearnedhistitleoftheFatheroftheMicroscope.
Interestingly,ittookuntil1839,nearlytwohundredyearslater,beforecellswerefinally
acknowledgedasthebasicunitsoflife.
18th/19thCenturies

Thenextmajorstepinthehistoryofthemicroscopeoccurredanother100yearslater
withtheinventionoftheachromaticlensby CharlesHall,inthe1730s.Hediscovered
thatbyusingasecondlensofdifferentshapeandrefractingproperties,hecouldrealign
colorswithminimalimpactonthemagnificationofthefirstlens.

Thenin1830,JosephListersolvedtheproblem ofsphericalaberration(lightbendsat
differentanglesdependingonwhereithitsthelens)byplacinglensesatprecise
distancesfrom eachother.Combined,thesetwodiscoveriescontributedtowardsa
markedimprovementinthequalityofimage.Previously,duetothepoorqualityofglass
andimperfectlens,microscopistshadbeenviewingnothingbutdistortedimages-
somewhatlikethefirstradioswereextremelycrackly.

Itisworthrememberingthatupuntilnow,eachnew stridehasbeeninthequalityor
applicationofthelenses.Then,in1863,oneoftheseveralnew manufacturersof



microscopes,the Ernst Leitz company,addressed a mechanicalissue with the
introductionofthefirstrevolvingturretwithnolessthanfiveobjectives.

This improvementwas quickly followed in 1866 when CarlZeiss recruited Ernst
Abbe as his directorofresearch atthe Zeiss OpticalWorks.Abbe laid outthe
frameworkofwhatwould becomethemodern computationalopticsdevelopment
approach.Hemadeclearthedifferencebetweenmagnificationandresolutionand
criticizedthepracticeofusingeyepieceswithtoohighamagnificationas"empty
magnification."By1869,hisworkproducedanew patentedilluminationdevice-the
Abbecondenser.

AbbeCondenser:Abbe'sworkonawavetheoryofmicroscopicimaging(theAbbeSine
Condition)madepossiblethedevelopmentofanew rangeofseventeenmicroscope
objectives-threeofthesewerethefirstimmersionobjectivesandallweredesigned
basedonmathematicalmodeling.AsAbbenoted,hiscreationswere"basedona
precise study of the materials used,the designs concerned are specified by
computationtothelastdetail-everycurvature,everythickness,everyapertureofalens
-sothatanytrialanderrorapproachisexcluded."
From hereon,microscopesweredesignedbasedonsoundlawsofphysicsratherthan
thetrialanderrorthathadcharacterizedthepioneers.Atthesametime,anumberof
companies setup specialized manufacturing plants focused on manufacturing
precisionmicroscopes.Researchanddevelopmentcontinuedtobearfruit.

In1880,thefirstmicrotomesbeganto beused thatenabled significantlythinner
samplestobepreparedinordertoimprovesample.In1893,anotherZeissemployee,
AugustKohlerfiguredoutanunparalleledilluminationsystem thatisstillknownas
Kohlerillumination.Usingdoublediaphragms,thesystem providestriplebenefitsofa
uniformlyilluminatedspecimen,abrightimageandminimalglare.Inotherwords,
Kohlerachievedanalmostperfectimage.

The mass marketformicroscopes had arrived atthe same time as precision
engineeringanditislittlewonderthataplethoraofstunningresultswereobtained:In
1879,WalterFlemmingdiscoveredcellmitosisandchromosomes,anachievement
recognizedasoneofthe100mostimportantscientificachievementsofalltime.

20thCentury

At the turn of the 19th/20th centuries Louis Pasteur invented pasteurization
while RobertKoch discoveredhisfamousorinfamouspostulates:theanthraxbacillus,
thetuberculosisbacillusandthecholeravibrio.

UVandPhase: By1900,thetheoreticlimitofresolutionforvisiblelightmicroscopes



(2000angstroms)hadbeenreached.In1904,Zeissovercamethislimitationwiththe
introductionthefirstcommercialUVmicroscopewithresolutiontwicethatofavisible
lightmicroscope.In1930 FritzZernike discoveredhecouldviewunstainedcellsusing
thephaseangleofrays.SpurnedbyZeiss,hisphasecontrastinnovationwasnot
introduceduntil1941althoughhewentontowinaNobelPrizeforhisworkin1953.
ElectronMicroscopes: In1931 MaxKnoll and ErnstRuska inventedthefirstelectron
microscopethatblastedpasttheopticallimitationsofthelight.Physicsdictatesthat
lightmicroscopesarelimitedbythephysicsoflightto500xor1000xmagnificationand
aresolutionof0.2micrometers.

KnollandRuskabuiltatransmissionelectronmicroscope(TEM)-onethattransmitsa
beam ofelectrons (as opposed to light)through the specimen.The subsequent
interactionofthebeam ofelectronswiththespecimenisrecordedandtransformed
intoanimage.Then,in1942,RuskaimprovedontheTEM bybuildingbuiltthefirst
scanningelectronmicroscope(SEM)thattransmitsabeam ofelectronsacrossthe
specimen.

Ruska'sprinciplesstillform thebasisofmodernelectronmicroscopes-microscopes
thatcanachievemagnificationlevelsofupto2milliontimes!Thesecondmajor
developmentformicroscopesinthe20thcenturywastheevolutionofthemassmarket.
Startedinthe19thcenturywhenLeitzclaimedtohaveexported50,000microscopesto
theU.S.,thistrendacceleratedinthe20thcentury.Asaresult,alargenumberof
manufacturersspranguptooffermorecompetitivelypricedalternativestoestablished
EuropeancompaniessuchasZeissandLeitz.

China: Chinahasbecomeamajorsupplierofmicroscopesforeverydayuseand,with
theevolutionoftheiropticalmanufacturingcapability,nowsuppliesopticalcomponents
tosomeofthemajormicroscopebrands.Thismarkettrendhashadabeneficialeffect
onthepriceofmicroscopes,enablingthespreadofmicroscopesbeyondtherealm of
theresearchscientisttoeverydaycommercialandindividualuse.
Newlightsources-halogen,fluorescentandLEDhaveallimprovedoraddedagreater
versatilityofthelightmicroscope,whiletheadventofboom standshaveled to
extensive commercialinspection applications thatcannotbe undertaken with a
standardpedestalmicroscopebase.Themostrecentinnovation,however,hasbeenthe
arrivalofthedigitalmicroscope.

DigitalMicroscopes: Digitalmicroscopesallow forliveimagetransmissiontoaTVor
computerscreenandhavehelpedrevolutionizemicrophotography.Digitalmicroscopes
simplyintegrateadigitalmicroscopecameraonthetrinocularportofastandard
microscope.An alternativeand moreflexiblesolution issimplyto placeadigital
microscopecameraonatrinocularmicroscope!

Dino-Lite:Oneofthemoreoriginalinnovationsinthe21stcenturyhasbeenDino-Lite
Digitalmicroscopes.Dino-Litearehandhelddigitalmicroscopes,notmuchlargerthana
fatpen.Theyofferlowpowerzoom capabilitywithmagnificationupto500x.Theyhave



hadamarkedimpactonindustrialinspectionapplications.

Q2.DIFFERENCE BETWEEN LIGHT AND ELECTRON

MICROSCOPE

1. LightMicroscopeuses visiblelight,andElectronMicroscope
uses electrons(beam ofchargedparticles) toviewtheobject.

2.MagnificationandResolvingpoweralsovariesofboth,LightMicroscope
hasthemagnificationofaround 1000X withresolvingpowerof 0.2um,
whereasElectronMicroscopehasthemagnificationof 10,00,000X and
resolvingpowerupto 0.5nm.

3.InLightMicroscopeprojectionscreenandglasslenses areusedbutin
ElectronMicroscopefluorescentscreenand anElectromagneticscreen
isused.

4.Living andnaturalcolor ofthespecimenisobtained,butdead(fixed),
blackandwhitebut 3Dimages areobtained.

5.LightMicroscopesareeasytohandle,lessexpensiveandeasily
available,ElectronMicroscopeisexpensiveandnoteasytohandle.

6. ItisbelievedthatDutchspectaclesmakers ZachariusJansen andhis
fatherHanswerethefirsttoinventthecompoundmicroscopeinthe
16thcenturywhiletheElectronMicroscopewasinventedby
physicist ErnstRuskaandGermanengineerMaxKnollin1931.

7.Thereistherequirementof highvoltage whichisaround50,000and
aboveinElectronMicroscopealongwiththecoolingsystem also,which
isrequiredtomoveouttheheatgeneratedduetohighvoltage.Incase
ofLightMicroscope,thereisnosuchrequirement.

8.Tungstenfilament isusedinElectronMicroscope,eventhereistherisk
ofleakage,whilethereisnoriskofradiationinLightMicroscope.



BASISFOR
COMPARISION

LIGHTMICROSCOPE ELECTRONMICROSCOPE

Inventedby ItisbelievedthatDutchspectacles
makersZachariusJansenandhis
fatherHanswerethefirsttoinvent
thecompoundmicroscopeinthe
16thcentury.

In1931physicistErnstRuska
andGermanengineerMax
Knoll.

Sourcetoviewthe
object

Visiblelightsource. Beam ofchargedparticles
i.e.electrons.

Lenseused Glasslenses. Electromagneticlenses.

Magnification 1000X. 10,00,000X.

Resolvingpower 0.2um. 0.5nm.

Screen Projectionscreen. Fluorescentscreen.

Voltage Noneedofhighvoltageelectricity. Highvoltageelectriccurrent
isrequired(around50,000
voltsandabove).

Coolingsystem Thereisnorequirementofcooling
system.

Ithashighcoolingsystem in
ordertomoveouttheheat
generatedbyhighvoltage
electriccurrent.

Preparation Preparationofsampleisquickand
simple.

Complexpreparation.

Filament Nofilamentused. Tungstenfilamentisused.

Radiationleakage Noradiationrisk. Thereistheriskofradiation
leakage.



BASISFOR
COMPARISION

LIGHTMICROSCOPE ELECTRONMICROSCOPE

Availability Easilyavailableandcheaperinrate. Noteasilyavailableand
expensive.

Visibility Living,aswellasthedeadsample,
canbeviewed.

Onlydead(fixed)organisms
canbeviewed.

Studyingthedetailedstructureofan
organism isdifficult.

3Dstructureisobtaineddue
towhichitiseasytostudy
thestructuralandother
detailsoforganisms.

Thenaturalcolourofspecimenis
obtained.

Onlyblackandwhiteimage
isobtained.

Theimagecanbeseendirectly. Imageisseenonlyon
fluorescentscreen



Q3. DIFFERENCE BETWEEN SCANNING ELECTRON

MICROCOPE AND TRANSMISSION ELECTRON

MICROSCOP

SEM andTEM arebothvaluabletoolsinthebiological,physical,andchemicalsciences.

Byunderstandingthedifferencesbetweenthesetwoelectronmicroscopes,scientists

canchoosethecorrecttypeofmicroscopefortheirneeds.



SEM vsTEM advantages

ScanningElectronMicroscopesandTransmissionElectronMicroscopeseachcontain

uniqueadvantageswhencomparedtotheother.

IncomparisontoTEMs,SEMs:

 Costless
 Takelesstimetocreateanimage
 Requirelesssamplepreparation
 Acceptthickersamples
 Canexaminelargersamples

IncomparisontoSEMs,TEMs:

 Createhigherresolutionimages
 Providecrystallographicandatomicdata
 Create2-DimagesthatareofteneasiertointerpretthanSEM 3-Dimages
 Allowuserstoexaminemorecharacteristicsofasample

SEM vsTEM similaritiesanddifferences

TherearemanysimilaritiesbetweenSEMsandTEMs.Thecomponentsofthesetwo

high-resolutionmicroscopesareverysimilar.Eachhasanelectronsource/gunthat

emitsanelectronstream towardsasampleinavacuum,andeachcontainslensesand

electronaperturestocontroltheelectronbeam andcaptureimages.

Butthedifferencesinfunctionbetweenthetwoarevast.Theydifferinhowtheywork,

thetypesofsamplesthattheyrequire,theresolutionofimagesthattheycreate,and

more.

Thebelow tablesummarizesthedifferencesbetweenScanningElectronMicroscopes

andTransmissionElectronMicroscopes.

Scanning Electron Microscopes

(SEM)

Transmission Electron

Microscopes(TEM)

Electronstream Fine,focusedbeam Broadbeam



Imagetaken Topographical/surface Internalstructure

Resolution Lowerresolution Higherresolution

Magnification Upto2,000,000times  Upto50,000,000times

Image

dimension

3-D 2-D

Sample

thickness

Thinandthicksamplesokay Ultrathinsamplesonly

Penetrates

sample

No Yes

Sample

restriction

Lessrestrictive Morerestrictive

Sample

preparation

Lesspreparationrequired Morepreparationrequired

Cost Lessexpensive Moreexpensive

Speed Faster Slower

Operation Easytouse Morecomplicated;requirestraining



REFERENCE

https://www.microscope.com/education-center/microscopes-101/history-of-

microscopes

https://blog.phenom-world.com/sem-tem-difference



https://www.technologynetworks.com/analysis/articles/sem-vs-tem-331262


