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Summary

several types of st is mphasicd.
Many

such as s and mumopu. that are required to perform up to the
Sortil Hinle for B apernies

e examination of ruled gratings o periodic
abjects of increasing fineness.

orferencs e Show i shape of th wavetzont emergi from the

2.
optical syster

5. T the sar tes and. Abbe test, visual inspection of the image of an
antifical object under varying conditions of focus and illumination i
interpreted in terms of optical aberration

4. Inthe comparison tet, images of &  varicy of objects ar produced by
beor good qualit

5. The Foucault knife-cdge test ly used in the pm:lu:lmn of

s rogularl
. but has seldom been applied to the mi
Al of thesetesting methods s opento various objecions. A gxnl\u\ed

astronomical opt

bt i g require claborate apparatus. Tt i
difficult o quantify the results of tar or Abbe test, and they are really a
sophisticated form of compison. In the comparison tet bow can ho
Allecan

y as
e ey and ey s forany

elaborate apparatus.

The star tes crgisied 3 3 test for the astononica tlesops by
obscrving the focussed and defocussed images of a star, and has been
thoroughy described by H. D. Taylor (1946). To s teescope, s star s

= lpphmllon of similer “artificial stars’ of small size to the test
 has been descrbed by Shter (1957) and Dade (1959). i
s %A koo te adsoniagos  ariou e f sl e

A star slide for the microscope can be produced in scveral ways. The
opticians of
bt but these are not permanen and mercury vapour s toxic. For those

aving a film with pinholcs. A similar result can be obained using
o ofSelorape i e coutng T sold sealing Christmas
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parcel

The coatiog will bs found to havs mimerous pihoss wnd, with

tfstives forcovr corection, (T we gt by x O, Voot An
h o pro

srpingofpague i lndlnn mk and spread over 3 icto dry
mnwmum arent holes in an opaque film. Finely cru
ryﬂ nc Sats moutich i bakams st provis & st ot s
e tn oot g hetin G oo mad salyate;
fragments appearas bright poins on  dark background.

“star’ should be
Sosmall that o sructursin i can be resolved by the objetive. This mplics
diameterof e than 0.3 um There are srious itadvantages in sing uch

- pinbole by a corrected sondenier fo provide sufficont I

e hes ot hid the efeces of som sbereuion i the objective.
‘The author's experience leads him to prefer a medium size pinole with
: T T :

‘power lens. Tllumination by a diffuse source and condenser is sufficient, but
Lol ot use Eoun g

il

ly

app: y
disc can b the objective.
sensitive o slight variations of ml:muy % 2 viilon Gt Toh thoa 15
variations in brightness in & seties of ri

A perfectly corrected objective lens i xpansions of the
image above and below the focus into a uniformly bright circle of light. A

o mot affect the result. For the majority of objectives, a X 10 eyepicce
safficont, but with objctives hving abnormally large back lnses a more

S\\ldymg the centre of the field, the first thing to look for is the
al aberration: coma. This is shown by the defocussed star having

e not correctly aligned, and the effect will revolve with the
Ohlectus, The dighisst Guonday oF i wil Scatoy e, senitet e
cesouion ofthe len. I thebrghtnes ppearsan oppeslls s bone s

w focus, the llumination is oblique and this must be corrected before
proceeding.

Spherical aberration is indicated by non-uniform intensity of light in the
expanded, defocussed image. This is affected by the cover thickness, tube
Jeagth and colar seting of adjustabl objestives. These st b Sorscted
before: the quality of the objective can be assessed. With undercorrected
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itsaperture. Cx iy,
s v %

bright rim and a relatively ditm contre.

. At the best focu al
Ieave a well-defined image with a surroun

ing flare of light; resolution i.|

g an b foune. Undercorected sphericl aberation may be caused by
too short a tube, too thin a cover, a correction collar set for a thick cover, or
front lens, and these pints should b consdered before

condemning the objecti

focus for
a th cdge o the lens, nd th appearanes nd cases e the rverse o the

at ashorter distance, Above the focus, we see an expanded disc with a bright
g und onte, and below the ocssa bright i with dimcerewnd fuzy
outer edge (Fig. 1, Zonal 1. An alternative form of zonal aberration has the
Conee 10 esauie womis wilh oo Tab« apily incrasing focis
o th cdgo (Zona 2). In omaluc,the conderser diaphragn cus off

edge rays a with this type are more or less satisfactory.
Clmmg e oty e i an objetive having sonal aberration Type 1

‘apochromatic objectives often show more cnmpllciwd ‘types of zonal
ik tpgiepbet fong and short focus zones.

‘The colour correction of the objectives can also be examined. Achromatic

and increasing focus towards the red or violet. In modern objectives, the

even orange.

a point (0 b considercd for phnwgvaphlc work. Apochromatic
el:]:cnv:s Should idealy show o colout STe here

star images at the edge of the field of view reveals a lot more
nb:mmmu Here, the combined action of the objective and the eyepiece is

paricular objctive. Col

Apochromatic and fluorite objectives give more magnification in the violt,

range of diffetent objectives, but may not match other off-axi effects.
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‘erious sberrtions.

‘The asymmetrical aberration coma may be seen towards the edge of the
field, light cither inside or

butuntil
the end of the last century, the theory of coma correction was not well

high power objectives, coma was often left to chance. This resulted in good
image befngconfned 1 3 very sl g i he cenve of the fed-

d Stars at
i et an odge of the el ahowld o 102 Tocw t theseme ek,
Many objective-cycpiece combinations will show astigmatism at the edge of
the field i PP line, and
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on the other side of the focus, the image becomes a tangentil line. For

il Wason Holos objecivs were desgued fo give srongy
undercorrected _astigmatism. This is compensated by over-correct
astigmatism of the Holos eyepiece.

A complementary method of festing is provided by using a large pinkole
coveting an appreciable fraction of the field of view. For small pinholes, the
i out of its incident direction, but with a large

srcanging stopsor dapbragms below the condenser, I th objecive as a

defective outer zone, the maximum useful aperture can be determincd by
progressively opening the substage iris from a small size. When the light
pinhole,

\7y using oblique ngh( An eccentric stop can be used below the condenser to

indicates that rays passiag near the edge of the objective are not correctly
cussed. This test is similar to the Abbe test.

Id R

o
um(ormly illuminated expanded star images above and below focus. It thus
ppcaced to be atisfactory undl tied with a large pinole. When he

. but the aberrati fibe
image, but seatter

s, the vnullm\

aberration in most objectives occurs by refration of the rays at the diverging
conactsfaces wherethe crown and flin lemens are cmentd togther:

g e Jpecirim than ot the . Thun, most otz
objectvs ate sphericaly overorreted in the bluc- o s

o el This dnfon ik pacilacy ot 190 eioned
obp: e of the st century with ifipe cemerted front companenis

ilérsin the llumination. For each colour, there may be a range of tubelength,

actorily comecied, and otideti ang e image dteioutes, At the
violet end of th

the re
there is no tubelength suitable for al colours.
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e T 10 skt I ) st by sy ot
vnnnnnm i cover ticknessor ubelagih. High perare, ;mn Yo oy
but

mﬂy modeumly aifected by tubelength, and so need correction collars for

0.65 are scarcely : fonea by normal (N 1 o No. 2)covess, bt need el
adjustment of tube almost to & millimetre.

Finall
fght A smallopague Gbject on & transpareat lid allows plenty of light 1o
enter the objective. If no light is scattered, the image of the object will be
compltely bluck. This test will show up detrioratog balsam, dust and

h

Tens passcs all these tests, the microscapist can e sondoms s e ot
missing anything as & result of faults in his lens.
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An Early Tost Obloct

in our G

and Eye to behoid.
Dr Honry Power in Expermertal Philasophy 1664,

Rescving power. We regret not w e e wecamary awhoriy o e s vord o the
Tosayofan

complee s f e word,ouht i o 0 sl pofcly?
rom Traié de Microvcope by M. A. Zune, 1555

 fo st Daters
Let Satoms 3 prejudgement is widespread wha sre

Kecldgs o the s ey whihon el o .
Francote's Manuel de Tecknique Microscopigus, 187,
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