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Simple Microscopical Determinations
By H. A. D

Most microscopists are sufficiently interested in their equipment to want
o know something about the characteisis of thelr enses—a lilo more

Quite
a lot of information of this kind can be obtained hy slmp!: methods which
are not only interesting, but are also valuable exercises because they make
us think sbout the optical conditions in the microscope.
The Iollowmg abbreviations are sed in this
+ sccond focal plane of objective, sometimes referred to as the
upper focal plane.

S AR .
of the daphragen in the eyepioc mount, but s rarly exaly
in this
EF, : second fnu.\ pl.lne of the eyepiece, lying very close to the
Ramsden
prmary image formed by the objective,
nal image formed on the prjesion seren
s -length, measured from the seating of the
objetiv tothetp of the dre.tube.
OTL : optical tube-length, measured from the second focal plane
e objective (OF,) totho primary image (1)
(S) ¢ standard value based on the ideal case of direct visual
pra iy an emmeteopic e,
(P) s personal value determined by s particular person's vision.
5 Tosetum v mat st b dbrdn e,

Accsssomtes
A few picces of accessory apparatus are required. are casily
constructed, athers can be borrowed if notin the possession s operator.

urlygrduate, I casof uncextinty (o ety e doexet).
ety by compariaon wih owo of thee ather micromete,

Micrometer eyepiece. For the present purpose, this should be of
‘Ramsden type, not Huyghenian, in order that direct measurements of the
primaty image may be made. 'The position of the micrometer seae in the
microcape s s fred and an be checked; toe prinary image can thus
be accurately located. Me: using the lens on the scale are us
provided, bt this s not (orshould mot affct the seating af the eyepiecs
on the top of the draw-tube.

‘The position of the eyepiece scale can easily be found. Mark a slide on
one side with a grease pencil o by means of coarse emery cloth—only @
fow seratches oo required. Dinmond scrche D(wﬁ have considerable
fe h
genuy. making s shllow a seach 1 pobl. Lay the aide, eiade

dovmwards, on the top of the draw-tube after taking out the eyepicce.
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Hold a pocket lens above the slide, focused on the marks. Focus the

i top ofthe body tube and the draw-tube

avway the side. et et eeomter
ez dol eyepiece. Pull out the draw-tube, taking

L ;,_,M;”m‘:;_ tof changesin be- of the objea is .h..ply defined in the
o b meamared i ndicated, Saae e eyepiece scale. Mea-
sure: u.e extent to which the tube has ey p\l]led out, This figure will give

may be used. After taking away the marked slide, insert the micrometer
eyeploce and then lft t between the fingers until the object image is in
focus in the planc of the scale. With a scriber or other stecl point, mark
the eyepiece mount, resting the point on the rim of the draw-tube,

If 2 Ramsden eyepiece cannot be found or borrowed, @ Huyghenian
can be used if the field lens is removed, but then the image formed is so
distorted and curved that only a very restricted portion of the middlc of the

scale can be used, which s very unsatisfactory and results in

Both stage and eyepi course, be gradusted in metei

Rule. A small, sccurately gnd\mud. e i Tocating
the eyepiccs sl and in messuriog changes in MTL in the operations
described below.

B

T

2 A+ imple form o ML pnae made et metel; B
s o S v R AN, B o e
MTL gauge. This is a convenient and almost indispensable tool for
setting MTL to its standard value (160 mm. 3 170 mum. for Leits objec-
g i inF
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Projection screen. A great deal of nuisance is avoided by using a device
in which the projection

Ramaden disk (which is virtually coincident with EF,) after refocusing.
The diagram in Fig. 3 shows a simple form of the apparatus made from

slip of perspex, ane side of which has been matted with emery cloth, The
matted side is placed facing the microscape, This is used to locate the
Ramsden disk, and the screen is in the correct position when the beam
emerging from the eyepices forma the smalet and beghtestapot o the
‘matted surface, The slide is then turned aside to allow the rays to reach
the screen. The screen surface is prepared by smoothing e o

P
white’). The scale is cut from accurate metric section paper, and is
attached with rubber adhesive (*Cow Gum’), which does not cause
stretching and subsequent shrinkage as do water-soluble adhesives.

ings of scales and levels should be epestd thce tines o more,
refocusing, and the mean values used in calculatior
<ol

2s0am e — 3}

Q

Fig.3.

GrERaL PRINCIPLES

Most of the determinations to be described are made with the aid of

» projected image, and perhaps we should first consider why this is the
case. When we show a layman friend some object under the microsco

with perhaps some further cxplanation sbout diameters and areas.
rough idea of magnification is good enough for all ordinary pur pors for
we, & microscopists, are more interested in resolution than i

‘magnification. Our friend, too, is satisied. What does our answer mezn
to him ? He takes it to mean that the object appears 100 times larger, in
breadth and length, than it would if he were to examine it with his unaided

eye.
tion, i.e. with the object held at ﬂw ‘minimum distance of clear vision,
which is in the neighbourhaod of 250 mm, Our friend accepts this
Sutomatialy, wiibot thinkig sbuvk &

aw "
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what we mean by * magnification at the eye’, or * combined
m.gmﬁnnhnn " combinad resut of sagnifiction by the objective and
the cepiece. We can abtain the round figuee resle by mulilying
the intial magnificaton of the abjciv, often engraved on ts mou, by
the paver of the eyepics dlo naly ngrnved on the mount, This
round figure result is of course only an for the engraved

ﬁgum s i exae and dher may ali 5% vasations o the opes gom
ditions in the microscope. 'The sccond factor, the power of the eyepicce,
15 oo b Sl 1 o ookt . 250, an accepted formula
arbitrarily based on the minimum distance of clear vision. On the bench,

tion in an image projected at a distance of 230 mm. from e socand foral
plane of the lens. When we look into the microscape, we apply our eye to
the second focal point of the eyepiece (the Rmsden disk).  If instead of

from the Ramsden
i, we can measure the magaifying power o the microscope, obtaining 3
figure comparable with naked eye eamination at the minimum distance
of clear vision, In doing this up’lmcm, wever, we must make cert
Siicsieents & soiopeonts for the fiflsne & oL somdivions i
projection and direct visual observation.

conditions, which wil gi

result no matter who carries out the determinations. But we can also make
f determinations which measure more accuratcly the experience

‘of each separate observer, and here there is a range of variation, for, as we

know from experience, we have to refocus to suit our own eyes when we look

nte 8 microscope prviously adjusted by anather. Thess (feences

renging beten the effect of mirked long- and shrtsghted vision, re
of no great importance in practice. But ‘measure-
ments of lens characteristcs they become mgmﬁum, and if ot under-
stood an vitiate results

of lenesimpoebl.

All personal estimates based on direct observation must be regarded as
of temporary value, for vision changes with age, and the correction applied
by spectacles is correspondingly ity

‘The effect of differences in vision on the optical conditions
scope has been descibed n 4 previous paper (Deds xg;;), un msion
from which is reprint effect s to cause the primary
image to be formed in d.\ﬁ'cmm.pnn it i o
in OTL and therefore in the magnification of the primary image (MTL
being constant).

A microscope objective is corrected to give its best image at a specific
value of OTL, and it is mounted so that this OT'L is established when the
MTL is set to standard, and whe server’s vision s ideal or em-
metropic. (A further condition is that the cover-glass should be of

tion, and we can assume that this condition is satisfied. Corrections of
MTL o adjustment of objective collars to compensate for non-standard
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cover-glass thickness will of course affect the position and magnification of
the primary image, and & series of determinations for different values of
MTL and collar readings can be made if desired ; but our aim is primarily
0 secure data which apply to one standard set of conditions, and thercfore
aerve o give ussbacso inforastion about s ense, and to enable s to

Tenses,) When these conditions are satisfied, the primary image
i the Bt focal plane of the epepiccs () and he s emerging
From the cyepicce will be parallel (Fi. 4, &)

ocs puale 3 B

i i oy comvering; C: myopi
Deary s above o g s v, | R S
The logical basia for our determinations is provided by these conditions.
Let us suppose that we are setting out to establish this standard case. We
have set up the microscope with MTL standard., We do not know what
the correct OTL for the test objective should be, and we do not know the
prcise locaton ofthe scond fca plane ofth objeciv (OF:)from which
the OTL is messured. Therefore we do not know where the primary
image (1,) should lie. We can get no help from the eyepiece, for its dia-
s by no means certzin to correspond exactly with its first focal
plane, and if it is Huyghenian its image plane of focus will not correspond
it the cue postionof I o aecount ofthe ofct o the fld e, which

ack a

throws the ima d reduces ito magifcaion. The chane
Feaily agsinet i abserver having 10l Vit e
automtialy esablidh ;h mqmmd ot vy mesy ostaing the

‘microscope in the
i abel thefons vt o ths Tacking data by indirect means. The
;.m,,um approach is through the eyepiece. We can locate its first focal
plane if we know its power and ot Temgth, and we can fnd these by
s
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projection if we also know the dimensions of the priotary image when the
Lt i i aoy biczy piion, Thissbitury psiion can convenicntly
be that which it occupies when we use the microscope ual way.

This preliminary i
is i the case of the observer who conducts the operation, so we can cal it :
(x) Determination of Initial Magnification (F)

‘Set up the microscape for projection (Fig. 5) in the horizontal position,
MTL standard, stage micrometer on the stage, working objective and
working eyepiece installed. Facus carefully by direct observation. The

z

: q )

ig

The mieroscope sct up far prejction.

pemary image i chus i it norl postion fo the panculr observer,
and this is not to be disturbed in subsequent adjustments. out
the working eyepicce and put on the Ramsden microme

The initial magnification then equals
10 % number of stage divisions
‘mumber of eyepicce divisions

. g XA
Ly 99d.(P).

(2) Determination of Power of Working Eyepiece (4)
Still maintaining the position of the primary image, remove the micro-
meer eyepece and zepac the working eyepice. Set up the projcton
S, fad Seias the Tags of th Hogs icmete il oh b the
screen, focusing by means of the draw-tube. ~After preliminary focusing,
o e et 15 the Bactaden ik b mcana of 1t matied Hide
and then perfect focus, Compare the screen scale with the stage micro-
‘meter scale image. Find the number of stage divisions (each o'x m:
with a whole number in tens, say 5o, of the screen scale (each x m
The magnification on the screen will then be given by
100 x number of stage divisions 10052
i 'S
‘umber of screen divisions 3

= xr0qd.
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of the eyepict s then yven by dividing this figure by the
Inital raagoiBeation prevously foun

105 (4).

(3) Determination of Focal Length of Eyepiece (4)
“This is found by dividing 250 mm. by the power just determined.

image. In the present case  is the power of the eyepiece. We know f,
the focal length of the eyepicce, and o, which is 250 mm. plus £ Thus
we can write :

ot
M~ pawer of eyepiocs

.
s=u—f= % fmm.

Usiog the exampl reuls from previous deterications, e can write

ot —238=261-23:8 =23 mm.

o5
s sl et op s ﬂm conditions of the ideal case and find the
standard combined magnificati

Fi 6. T pial condion i prpin, By show dgrmaialy 1 o
(4) Determination of Combined Magnification (S)

Readjust the microscope : restore standard MTL, with working cye-
piece in the tube, and project the image of the stage scale on to the screen
by means of the focuring heads, keeping MTL standard.

1, is now % mm. behind EF,, as in Fig, 6. I the microscope were in use
for direct observation by an ideal eye, 1, would be in the same phne as
EF, (Fig. 4, A) If we now extend the draw-tube by  mm. (using the

d then the

Sead. e shal bring the primary image to its andard posidon, with the
T that for which the lens i designed.  The magsifieton of the pro-
Joctod image can now be found by comparing the stage nd screen scales,
s in (2) above ; randard combined ragaiiation.
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(5) Locationofthe Primary Image (S)

ter, Check the extension of the draw-tube with the metric rule.

By Gireetobicrvaios, Taoe th evepibes L, by st the Hoai s

taking care a9 usual to avoid disturbing the focusing heads. Measure the

draw-tube extension again, and note the difference, 'The position of the

scale in the eyepiece has been marked or measured from the cycpicce

Sange (oender” Appat ), Deduet i, o add 0, s mesremens
fo

1, from the top of the draw-tube, in the standard conditions. Leave the
microscope undisturbed for the next determination,

) ion of Initial
‘We can find this by two methods, thus checking our observations.
(i) By direct inspection of the primary image as in (1), m microscope

being adjusted a5 at the end of the preceding determinatio
(,.) By dividingthe sandard combined magnifion by A power of

(Cnlu (xgu P. 80) describes a method of projection at a distance of
10 in. from the objective, no cyepiece being on the microscope. ‘This
‘method will give an approximation to the pomer of the objective, but not to
it initial magnification.)

(7) Determination of Combined Magrification (P)
Since a rough idea of * magnification at the eye’ is usually all that we
need 11 gide to working condilons (s st from the sbsolte 10

interest. It can be found as follows
ndard MTL, focus the microscope by direct abservation, using
the focusing heads, This will establish 1, in ifs 2 position, Combined
‘maguification may now be found by projection, as in (4) above, refocusing
iy mom of i diwwtibe. ‘B & now fct o s inelved. I the
v i vision is not emmetropic, or ,r his spectacles

then
distante of clar visfon willnot be 250 . and may be e

determination is to compare two experience, i.e, examination of
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an object without the microscape, but with spectacles if these are normally
used, and with the microscope with or without spectacles according to
‘normal practice.
(8) Determination of ¢ Constant® of Eyepiece (P)

k¥ m is mmgnmet put (nnmd a. a scful method of casy determination

o
Pk s e b i b * constant*
s en!y ooy il itis based on two personal obscrvations, both
of them changing wi
The dzl:rmlmnm is mld& with standard MTL. Measure the diameter
of the field in terms of stage mictometer divisions, the Working cyepiece of
course being on the microscope.  Multiply by the combined magaification
(). 'The result is the constant’, Naw, when the same cyr.pwct is
used with another objective, the new combined magnificatio
tﬂumud by :g-nn messuring the d.mmw: of the field and diy
to the ¢

g s

(9) Dzlu'mvmlmn aj Focal Length of Objective (A4)
‘The focal length of the objective is fouad by direct observation, not
projection, so the microscope can be set up in the vertical position.
he micrometer cyepiece is put on, Pull out the draw-tube 2 far as
possible, and measure the extension with the metric rule, Focus with the

p
asin (3). Now push in the draw.tube as far as it Wil go, and again fnd
the initial magaification in the same @ beore Divde e difference

in rom. between the two tube-lengths by the difference the two
‘magnifications. 'The result will be the focal length of the objective in mm.
(10) Determination of Optical Tube-Length (S)

Muliply the initisl magnification (S), as found in (6) above, by the focal
Tength of the objective as found in (g) above. The result is the OTL (S).
(x3) Location of the Second Focal Plane of the Objective (4)

Refe o Tig 7, Add the OTLAS)to the distancs of I below thetop o
the dray (The Jatter distance was found in (5) above.) From this
Srdprva il MTL (S). The result gives the distance of OF below

o ML the s e

b Lens, but between Tenses.)
o

|

=

H

Fig.7.
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(12) Determination of Numerical Aperture swithout a Apertometer (A)
Nelson (1896—7) suggested the following method : with no eyepiece on
e micrascope, project with the objective alone an image of the stage

tion of the image, the projection distance {from OF,, which wehave foun)
and the diameter of the back lens of the objecti

‘projection
Nelson gives thie proof of the formula, and it can also be found in
Spitta (1920), p. 83, equation I,
is method is satisfactory if we can reach and measure the back lens
of the objective ; but this is not always possible, and then the following
i Floyed Th p 2

N.4 -, Initil magnification (s)x 1f2 diam. of aperture

We have already determined ..mm mlgmﬁc:uon and OTL in (6) and
(10) above, and have only to measure the sperure ofthe objective, This
is ensily done by canverting the dru-tube into a measuring microscope,
and thin should b s ap aed cabraed St of . Stip all lenses from
the tube, remove the draw-tube, and serew a low-power objective

0 mm. or thercabouts) into the nose of the draw-tube. Return the
drav-tube to its placeand put on the micrometer eyepicce. Put the stage
micrometer on n.e stage. Now focus, and by direct comparison calibratc:
the yepiece

& dismantle the drw-tube and i Jense. Pt o thetsk abeciv,
mc \N)rhng:y piece, standard MTL ; put a suitable object on the stage.
Ol o scical: adfist the llumination, focsing the substage

b setting the substage irs to its best aperture for oriti
ok, Those adtstments, and the focusing hescs, must be wndstwbed
during the remainder of the wor

Ty oue she.drav-tube e sescrble the messuring microscope.
‘With this, focus an the back lens of the teat objective, Measure both the
working aperture (the bright disk in thocntrs of she back len) ad the
full diameter of the back Iens. Use thes formula given above,
working out values of NA. for both condiions. The workng N.A, 1
of coure the sigifcant vaue. - Compare the resuls ith e NA.
ngraved on the
(The value thus chtained or the working apeturs doc o, of course,
take into account the effect on resolution of scattered rays which may piss
through ‘the periphery of the lens, a matter which has been discusoed
elsewhere (Dade, 1953))
Another method ia that of Contady, described by Sgitta (1920, p. 97),
shich tls us ony th Rl ot e werkiog, el Bace s pieces of
white paper on the table, with their straight, parallel innce edgea 200 mm.
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apart, Hold a ruler vertically and touching the table midway between the
papors, Hold the et objcte sguinat the edgo of the rule and slde i
up and down the rule while inspecting the back lens, in which the images
of the papers can be seen. Note the position of the front lens when the
images of the papers just disappear at the margins of the back lens. From
ki dlance (beween tblseod Imnx Iens), subract the working distance,
be found
lpme betweea the fron lens and 8 slide when the microscape s focused)
Divide b by half the distance between the papers (100 mm.) The result
i the gent o th weri-mgle of spei. o ptheaandcl ubles,
find the corresponding angle ; then turn to the table of sincs and find the
ing o i mege, mbish gives dhe NLAL wih e Sy,

(13) Calibrationof Subtage Condenser (S)

e,
i et T e i ool dns e be s, gmiumd arhm-ln.ly
or in degrees, or in terms of the diameter of the iris opening. By taking 8
seriesof reaingsof working aperture, s in th fst method in(12)above,

ofany nhjtn.we can be found by cmu\llung s e position of
ould be fixed; it should be placed 250 mm. from the irs'of the
dﬂu:{ this being the sum of the lamp-mirror and mirror-iris di

Record of Results
Tabulated data for sl lenses and combinations of lenses ate very useful
for sference.
RarErNCES
o . o« G My . 1, . Gl
Loy amm i . it

Daos, . i,
DiouH AL -uss, Bid.Ser. 4 52 155,

BN e 8 41t
S Vst " John
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