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Introduction
DURING THB last three conturies, the evolution and development of the light
‘microscope, both mechanically and optically, has been extensively recorded. Not so.
thesources of llumination used with the instrument,
Axmzmo\vmmn{memmmnwmwmveddmnglheﬁmmofml%
oty led by sul brllnt iovaiors s 3 3. Lir, . ruzement
of complementary quality became pressing.
“The great socio-seieatific sdracces of th Vit age infeneed nmmpnm,

it grese range of el produs,

Tndustial processes using naturel raw materials such as coal end oil, resulted in
‘paraffin wax, paraffn and gas, all of which were to prove effective as illuminanis for
the microscope.

By the mid-19th century, the new power of electricity was a raliy. Pioneered by
Voltain Ita
‘aspects of e, both practical ndscientific.

As the Victorian age came 10 a close, microscopists could choose natural light,
‘candle, oil, gas or electricity to iluminate their subjects It was electricity however,
which was toprove thelight source of the twentieth century.

Daylight
Although few of today's microscopists. will ever have seen their preparations
2 i 2 ey

"Henry Baker inhis well knownbook of 1742 said:

el from obets wil 190 much g, and exibits such andy colour (ht noin e b

Antony vanL
‘was exanmining protozoa in pond water, (Fig. 1), and Robert Hooke (1635-1703) the:
sircture of fish scales, seeds etc, with the basic intrumentsat their disposal. I was
i such

It clear that both Hooke and

For this purpose

than dequate. By
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P Thouwseof canllg, 1750, Fo.6A candle-ccker’.

‘The direct light of the sun was employed with the solar microscope, (Fig. 2) an
instrument thought to have been invented by Lisberkuhn in 1738, The image o the
‘object was projected across a darkened room (camera obscurs). The instrument was.
secured into a shutterin a window, which excluded tho light except for tht directed
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“The compound microscopes of the tum of the seventeenth century (Fig. 3) would

As interest in the natural world grew during the eightoenth century,

from the eightoenth ceatury naturalist in he field, o 8 contemporary one, with the
MacArthur microscope held ohiseye.

The vrbily of sl g, doe 1o chinges sch s e caused by clowd
v, woud s v o oo g1 4 prole o is oy il
because.observations were limited by the relatvely poor optics, and very b
techniques of preparation ofthespecimen.

AL it began to change il e wok of .. Lise (17861869, Hs imatve

mmmuxsm wuﬁwfmmdnnml‘orm:d:velupml.ufm

\bbe, who
gratly increased understanding and th otenialof resoltion, eading 1 practcal
imnmimlnndlpmhm:\mlmm

iy ‘Woodward of the US Amy. Hz«ud(upl(’nnhﬂlnu:n{mnlvmgme
diamond ruled test plates ing mad by Noser. His choio o illmia vas
‘monochromatic natural light,

Articles by him in 1869, described the wse of a heliosat (Fig. 4) for
Potomicognhy. Sught va « brillant, that when passed
pristu, troughs and fiters, designed to uiise the shorter wavelengts of hgm,
Tt e i, v to produce i
nineteeo-band test plate of 1861, completely resoived. This feal was :cmmpllx'lai

Candelight

A candle s a cylinder of fat or wax enclosing a fibrous core or wick.? Naturally this
construction was dependent on the solidifying of the melt as it cooled in & shape.
around the wick, which allowed the ‘fuel” to be consumed and slowly by
volatalisation and combustion at the wick.

nudmamMMmmlecwduﬂmnlunMEﬁemmmxofﬂncmmdwm

pedudmun:mdemddlppedmmelmdwaxolﬁLTh:nypeu{cnndlewls\uedm
Englandintothe 19th Century.
Beeswax candles would have been used by the carly microscopists, (Fig. 5) and
:vmwdwm:u.\lllu(undlu are made b Il o bcsw onto a hanging
difi gives a steady
yel]nwlxh n!m but most lmpommly sl ot guttering, when protected
from dra
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In et e the bightnes of e Mo, 1 ol device wad T
enturies by lace malkers, was employed. This consisted of putting a

el Tull of wae e h e s ot b s (g, 6 1+ was
called a‘candle-cracker® and acted as 8 condenser for the ight,

‘Bdmund Culpeper was the fist microscope maker in this couniy, to introduce a

in
‘more to artsti licence than reality. If the candle had been close enough to the object

‘would have obsured it

Isst quarter of the 18th century ‘which was a

by-products. In the head of perm whale
is 8 cavity containing oil. Whea this ol was cooled, white crystals were deposited.
which were scparated from the oil by filering or pressing, This product, spermaceti,
cond b e 3 cale i, i vl with  whe sy gl
suitale foruse

By 1800 o method of akingthe bartr spemscet ot candies by g ad
been invented. Research was also progressing into the consttuents of fats. Chevieail
in Franse showod i 1623,k s wes 8 compound of plycerine and faty side

principally
tearine. This led to an advance in candle making, because siearine bumed more
steadily and brightly, with ess smoke, smell or gutterig.

“Tho portabilty of candies made them practical for microscopy.” To minimise the
need to adjust the position of the candlc flame in rlation 0 the microscope, if was
possibe in the 19t century to purchase portble candlestcks (Fig. 7, in which the
Candle v e upveds by spingain st annmcd i, s kecpng b
flame ataconstant

As theaptios and consruction of the mictoscope evolved afer 1830, candles were
neither suficiently bright nor constant 35  light source, o ensble effctive
bservtion with th increased magnification becoming available. The cendls flame

theneed forother illumingnts anecessity.

Advances did. inve, with vri ils such
% i)

i . came in
the 1850 James Yo, e worin s an st o Faaday, s expecimenting
with coal oil, This he obtained from & mine in Derbyshire,
hwldledgﬂlmlperdxy.ﬂynmﬂhndo{dlydunﬂmmnldmfmngufmnud be
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‘gave 25% more I P i spermace candles.
‘Paraffin wax candles are stillavailable today.

on
Oilisalguid, simal, it Ithas bee
mwmmmmm

“The well known ilustrtion of Buonnani's microscope,* 1691, (Fig. 8), with
“builin’ ilumination, and Hooke's 1663 ilustration from Micrographia, clearly
ive il i light It

ps

of the 18th century. Henry Baker in his classic work The Microscope Made Easy,

By 1780 sperm oil was available. It gave ey, b, it gt b
‘microscopical investigation with the instruments of the period. In 1783 Argand's,
new oil lamp (Fig. 9), cams to England. This was & considerable improvemeat o
earlier designs, It had
"'W‘y.nudmurnwﬁ:rmdmmmmnm’omummvnmmlunw:llmp
were & foservoir higher than the burer, wich beated the oil and improved the flow.
Difficutis had beea experienced dus 1 the heaviness of the ofl. A blue glass

‘Towards the end of the 18th century the use of naphtha oil was introduced, It was.
obtained by distiling coalatlow temperatures,

“The new ceniuey brought many imyentions to improve. the effcincy of Jemps.
especially in France. The Carcel lamp* incorporated a device consisting of 8 double
clockwork piston, which forced the oil through a tube to the buer, and was intended
10 overcome the problems of the heaviness of the oil, as was Franchot's Modecator
by B - 3 ,

addition of verti ‘became the standard Jamp in mi the mext
fify years.”

‘The scarcity of whale ol and density of availsble oils were sufficient incentives to
seek lighier and more efficien oils. Many were tred. Coconut was very cheap but

clogs. The same was true o Florence.or Olive oil.

Colza oil made from Rapo seed was a promising substitute, especially suited to the
Moderato type of lamp. Jtropha oil wasa particular favouit i the ity o Brisa,

erde islands.
shrub of the genus Jatropha, bumed very brighty, was fee from smell and clogging
and conld be purchased for five shillings a gallon. Also popular were lard oil and
‘camphine, which was 2 puified distllte from ol of turpentine.
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Fi. 11 Ros lamp, 1868, Fi. 12. Dalliger's lanp, 1876
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By the 1830's gas was an alterative means of llumination. Sir David Brewster in
hisTreatise onthe Microscape, 1837, sugacsts that
astoger sy bepokd bysisgagas .
oot st vy of peti o which oo o ap
e llumination. The discovery was credited to Reichbach
lEJO"langlmﬂhwnhmqugwhwumeknnm By mu;m

Iubricants, solveats, parafi

and wax from hisprocess.

Sy pentia v o 0 e s i Enghnd, it U G

e s pretal. Youn wes preting s il o, nd by 1856
was ulhn‘ commercilly his peraffin lluminati m‘ “This was a considerable
improvement on is predecessors, hﬂngllghm‘chewlopnd\n selatively clean
touse and with o shortage of raw

Oil was being discovered in many countries during this period, especially in
America. In 19600l shales were found in Scotland.

New foms of lamp were tried (Fig. 11), xmlwngﬂbm(lnh il o
itha glass

£

By the 1880's al the leading manufacturers of microscopes were producing

Dr Willam ey Dallager (1840190, wassudyng the fagels poscanen
cantentious question;

work required critcal illumination, #od Dallinger designed a lamp (Fig. 12)
Sccicaly ot In 1576 h s  pepes e Ryt Micrseohe) Sociey,
ot On 4 v aangencat o linating and ceneig it bigh poven
13).

The magnificent ol lamp which he designed, permitied the most crical cenration

It was completely successful and the innovations were incorporated in lamps
manufactured by such promineat fims s Watson, well into the 20th century.

‘demonstated this mos effective and uscbie form of illumination (Fig. 14), allowing

il lamps were effective, cheap, as was their fusl, and more portable (Fig. 15), for

ps.
On e debi i, they requ inge
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Fic. 17, orol vapour amp. Fio, 18 Spiciamp.

They were &n important source of illumination for the microscopist during the
19¢h. . 16). Electricity was.

otavailabl ncrery aresof hiscounty il e 1970's.
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‘Watson made & petrol vapour lamp for photomicrography in 1912 (Fig. 17), and
Beck prodtced n icascent eyl sy A in 1904, . 18), b wos
‘praffin which was the fuelof choice forthe micros

Gas

‘One of the carlest records of the use of gas was by & mine manager in Comwll,
Vil Martock,vho in 1792 sy ilumied e o ot s ot b

Bymbeglnnimgn{mel%wmuympmnmﬂmmamnfpnmm ritish
Tsles wasrealied. There was no shortage of raw material, and in 1812 the Gas, Lige
and Coke Company was foundd. Progress was swift and the imy

manufacture of iron piping in 1825, cncouraged the. pmllfnlumnfguhrhghnng
and heating, both in streets and buildings, By the middle of the 19th contury almost
everytownbad e .

ages. There
a the tum of 8 1ap it did 50t clog the lamp, there was lle smoke, it vas sty
oxdy and cany 0t T dadvaesge wer st o oo xcoersd it
“The flame bad a yellow tins heat wes goterated i the lamp, the brighiness was

s ing,

J.°T. Quelce, in his 1855 edition of Treatise on the Microscope illusrates a gas
lamp with anargand bumer (Fig, 19). He says,

‘with n angi or other umer, mouaied o a movabl stand, ks those show i Fi, 135, wil gt o

e
ke il of g ol e wr e e, 0 e 1
wriviomie

Py

i
‘This gives a clear picture of the practicel arrangement of gas lamps for the

Hogg i his standard wark on the microscope praises Highley's Iamp (Fig, 20), and
o dsrtes & enochroaic 5o ynp Wil o glass ciny, bclack

el tint glass and metall reflectar.’> This combination gave  bright oylindrical
ﬂ‘mAwu:muwvmngm=mg=nfmeI:mpﬁuﬂmmpmvedmﬁwmd
consequent steadinessof e

dosign of gas lamps paralcied those of th ther famps buming altermative

Py 21, g e second bl of e 150 ey I vas Weldsc's
invention of potented i
advance inillumingtion.
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‘The combination of gas mmumgm.mm.nmmwnm,,
bright light source, cahancing the image, especially when high powers were being.
employed.

(Gas Jomps of both types, incandescent and ondinary were sold by all the main
mnmfml\nusimnmlv!n':(ﬁg ).

g an inens it soue ws th projsion nicvcap,
whmh!lld:vnlvadﬁmn ar microscopes of the 16th centry. It coabled an
 The bulkof

s ftiapaof h el prjction e

Inorder intensiy of illumination, var .

Tighta jt of oxygen in contact with @ bll of

e, Rose’s lantern of this type is llustated (Fig. 23), was designed for use with

objectives up to % inch focal length. Swit’s axyhydrogen projector (Fig. 24) was

available in 1884, and typical of the imsruments using gases, in thi of
educational microscopy.

‘The Bude light wes an Argand lamp in which oxygen was passed into the lamp.
i Selp A

Acelymepswlsmmn]ymedfurphmnmgnphy . I advctages e 3 e
white light, with & lower temperanure.of flame than that produced by coal gas. It
required however a elatively complicated apparatus (Fig. 25). The outer vessel held.

i e i vessel, and when in contset with water gave of, acetyleae. The flame was

regulated byatap.

Electricty

T seteth cnty e e gimings of el o e ol of
by

electrcity. Much experimentation had been undertaken in Engl
Davy and lter Faraday. In laly Alessando Volia’s comtribution to understanding

Wy 1834t was ol o e geocrtor i England o commeril s
opm:m construction of the miccoscope ovalved it wasthe development of
In1868
Wamren e La Roe pefecied is svr choid gl which gave somant el
Secondary batteies or Accumulators (Fig. 26/27), for storage. Swan fmproved this
‘capacity sill fucther.
One of the cari Foucault
184, whommcﬁhdmnhngnphowmmplphumgmdxmcmmhy
Chevalier (Fig. 28).

(Fi i s purpose, becatse
i Fi 5
‘generated, they did produce a very bright light.
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Fi. 56 Memary Vapour .
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o« m

Fi. 40, lcric mcroscope lamp, 1983,

Fe. 1 Fre 2.

1853
It was however the development of the incandescent flament lamp which had an

enormous effect, and resulted in the proliecation of electic lighting for many uses.
i i, 39,40,41,42,4).
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filaments, and were 1860. Joseph Swan
was e main imovato in this country. I 1878 he produced a 50 volt arp with 2
better vacuum insde th bulb, thus greatly increasing the working Iife. Edison i

By 1877 Farranti had solved the problem of a suitable covering for cables, thus.

Welbah tumed o sstin . icandncet il 1. s e @ el
Tantalum filaments

zig-zag filaments had given an uneven illumination in the field of view, whereas the
led bulbs offered urated light
especially effective when using higher powers.
Blevmnummumdmb:uxedmnumww " Speially . e felds of
photomicrography and projection. The varicty of different types of arc was
considerable, some being tilored for prevailing systems of electric supply, which

1897 (Fig. 36
bright light.
comempory ar enps 1 rgued mmmhry eating bfur thi Slament could
by Leitz (Fig. 39),

i Enlah ks ufuummplcll cauipment.

‘Watson manufactured and sold from the 1920°s, what wes probbly the most
Sikorotl o e ol o 5 the Pointolit (Fig. 35), invented by . K. Cole.

of tungsten wire, the starting filament, The latier was heated by an auxilary cirout,

As it wamed
thearc othe efractory cylinder.

Of thearc
‘mercury vapour (Fxg 37), which was of consderable intensity end exhibited  varity
of spectallines

Ti of glass,
lmlﬂmvmmmammpy nemmurywumnpmluu:hmdnfﬁumbe and

ey pari (Fig. 36,38). On retuming the lamp to level the srean w
imermupid and an arc formed betwe the electrdes at it end. A small voliage

tosix thousandhours. ¢
The catalogus of the muaks s it
source of information of changes and improvenents in equipment. Watson, probably
g 7 ¥ o

ehoice ofllumination for the microscope.
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P, 44, Elcrc micosape lmpe 189

Pt 8o

Fio48 Watson calogac of amps, i 49, Wation caalogue of arps,
955 1035
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In their 1906 catalogue,” the electric lamps were limited to two, the New Standard
latop (Fig. 45, and a 16 candle power icandesceat Lamp which, wth hood and iis
st clect

arc lamp, d was,
mzmﬁumudmve‘ymvemmufeqﬂlmmewmlywhmmp-ndmm
oillamp for fifteen shillings, inthe same
Some lxyemhtznlnﬂucnmlnmnl‘oxlﬂll?lz"mhxdbomunlymu:
addition, that of the Argus Hand feed arc lamp (Fig. 46), specially designed for
ing with the microscape. Baker produced a portable eleciric lamp (Fig. 43) in
1915, which they claimed had a 24 hour capacity, and was usable with 8 ¥z inch
objs:ﬁve.

1924°
Versar aonr the Laboratory Electric lamp (Fig. 47) as well 1 the Argus and
Pointolite arc lamps, and a new design of mezoury vapaur lamp with fused quartz
covelps, gt he consdeble ris of ey g

By 1935, in Watson's
and bulbs, ranging in price from fiftesn shilings for the basic Service lamp fo
ixteen shillings for the low voliage, high intensity Vil lamp

i the post-var period, Wataon's catlogue for 1950 showed few changes from
‘those of 1935/39. The Vril was still listed with a six volt thirty watt bulb and separate
transformer, the Universal was on offer with the Pointolite bulb, and the Bench lamp
wihebosomof e

‘spot” amg
with stereo microscopes, Mmhgdmumtmvduhmywmmmmylm
‘with the transformer inthe

this firm are typical of th i devel the other
‘manufucturers in this country, such as Beck, Swift, Ross etc. r
firms typified by Leitz and Zeiss published equally comprehensive catalogues,
offering & tange of illuminants for the incrcasingly complex. requirements of
‘microscopy.

Untl 1945 all the leading makers offered oll, gas and electric lamps for the
‘microscopist.

s per doe oot cover 0 uccaing topiatcnon of eer e s of

electric iluminans, or the , gl s of e enployment wih the lght

‘microscope since 1950,

tungsten-halogen Tamp has revolutionised. the illuminating systems of the ng,m
‘microscopes.
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