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Summary
Two simele devices for the messurmest of mumerical apsrture

alio & slovios Tor the same purposs witich consisia merey Of 3 3. un:h:u-
slide.” The attainable accuracy of measurment is in all cases at least on

Introducti
Ur 70 fhe time of Abbs, microsopists were concerted oy with the
measurement of numerical apertures less than unity. For this purpose, the

apparatus generally used consisted of a microscope barrel mounted
Horzontaly o 8 proeecor s shovn o Figue 1. Wit the cbjecce in
position, the microscope tube was moved to the two extreme
in. whieh the lgh soute vas just visle in the back leas of the avjective,

angle between these gave the angle of aperture (of the dry objective)
0t e i e il aperture, if desited, could be calculated, With
the coming of water immersion and oil immersion bjectives something
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FIG. 1. CLASSICAL FORM OF APERTOMETER

more sophiticated was nedod. The American optician Tolles suggested

index of the glass of the hemisphere, the numerical aperture of objective
could be calculated even though ded unity.

Abbe devised bis well known form of apertometer, first as a rectangle
of glass with a bevelled back edge, and later with the more familiar
semicircular glass plate with bevelled back edge. From the time of Abbe
use shout 1940 Atbe spartmetes were n..ry sl avaiable,stieugh
at 4 considerable price, and any d to ascertain the
Sion, Spart of i Shestve wou, T e desired, either boreow or
purchase one of these instruments, Since the second world war aperto-
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meters have no longer been available, although for @ time Beck supplied
u simplified form in which a scale was observed through a glass block of
appropriate refract

“The Beck -permmz:x, mn, is a thing of the past and the microscopist

who wishes to make mezsurements of numerical aperture may find himself
in a difficult pﬂn!mn, T putams of i ot ¥ to ceihe o siavle
forms of apertometer, one of which consists a3 X Linch
microscope s lp and which suces for sumercl

vice which may be fabricated from a small

s ok Pergien s Wi il ufbe on eisasesves p 1o 14
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FIG. 2. TOLLES' ORIGINAL SKETCH FOR AN APERTOMETER

Apertures Up To
The reason for the. ym block in the Abbe apertometer is basically to
enable apertures greater than 1-0 to be measured, For apertus

one the glass is unnecessary and all that is needed is a reflecting plane at
45 degrees to the optic axis of the microscope and a means of defining the

without using the graduations on Abbe’s device, Nelson's suggestion was
that moveable stops on the Abbe apertometer be removed and that the
device be set up on the stage of the microscope with a small source of light
some distance away. Looking down the barrel of the microscope with the
objective in place, and without the eyepiece, & bright spot can be seen.
Initially, the Abbe apertometer is set up with its straight edge at right
angles to the direction from the objective to the source of light,

‘microscope stand is then set in such a position that the rotating stage reads
0 degress. On rotating the stage with the apertometer in position the
bright spot seen through the objective moves along a curve and eventually
disappears from the back lens of the objective. At the point of
disappearance, the position of the circular stage is read and the same is
done again on the opposite side of the centre line, The sum of the two
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readings gives the total angle of aperture of the objective, In the case of

in Fgure 3 a simple device based o8 the Abbe apertometer and which

E Objective

in-mch slip.

FIG. 3. PROTRACTOR APERTOMETER

‘applicable to the measurement of the numerical aperture of dry objectives
in microscoes not possesog cofating stags. It comists ssntaly of &
3 X L-inch slide mounted at an ange of 45 degrees to an aluminium pointer
Which can o turned about & provactor sl The devics s meumed o
the stage ofthe micoscope with the objctive over e conte of rotion
of the circular protractor scale. evice is used in exactly the same
way as the Abbe apertometer id i i

desitc a fuller description of the use of the latter apparatus can refer to
the 1901 edition of Carpenter's book. In observing the image of the lamp
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in the back lens of the objective a cap perforated with a small central
hole should be placed over the microscope tube. Alternatively, 2 low
‘power eyepiece can be placed in position and the protractor readings taken
wehen the field of the eyepiece is bisected by the bright band caused by the
presence of the light on cither side of the centre line when the microscope
slide is rotated. If a microscope, such as the old Pawell & Lealand No. 1,

FIG. 4. POWELL & LEALAND MICROSCOPE WITH A 3 x 1IN,
FOR MEASURING NUMERICAL APERTURE

with a rotating stage is available the only apparatus required is the
3 X L-inch slide which can be balanced on the stege in the manner shown
in Figare 4. It is quite unnecessary to focus the objective on the slide
o n o onayhing a el . U o th dorios can vl el
that exactly the seme readings are obtained whatever the pasition of the
Shiedne (usih iy with rspect 0 th lde, Thia aperomete tan
be made for a few pence, it is quite accurate and is capable of giving values
of numerical aperture which are accurate to three places of decimals,
considerably better than the cheaper glass block form of the device.
Numerical Apertares Up To 15

‘The simple device just described will not work for il immersion objectives
except in the unlikely event that the user has a small glass hemisphere of
the type proposed by Tolles. A very simple Abbe apertometer can, how-
ever, be made to fit in the place of the glass slide of the previous device.
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It show I Figie 5 and o costuctd by takin » veul e of one

inch diameter Pers ich can be bought cheaply from hobby shops.

The outr surace of s sod 18 well plihed
ertometer, a slice of rod about }

ortion of fhs secton 1s remaved 1o the dimension. Shown in Figare 3.
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FIG. 5. PERSPEX-BLOCK APERTOMETER

A 45.degree bevel is sawn, filed 10 a good finish, and then
fine emery and cventually Bluebell metal polish, It can easi
that, it a miwess el o dransd o bo b o

with the apertometer and is focussed on the top
St of the Pespen pate her in he borfenta plaos te image of the
point of focus will always lie on the centre of the original cylinder.
Ttrctve nden of Permpex for sodum Vg & 50 that, assuming
that the block is used in the same manner as ‘the glass disc in Abbe's

imals, For those who are adept at working lass it would be
profitable to replace the Perspex cylinder by a section from a rod of soda.
glass, the refractive index of which is 152,
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