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1.

USE

OF

MICROSCOPES.

Notes compiled by J. A. McComb.

The microscope is a widely used tool in biological laboratories and
it is important that you learn how to use it to best advantage.

You

will be using two types of binocular microscopes, one which uses
transmitted light, and which gives a flat field of view, and secondly
a stereoscopic (or dissecting) microscope.

These microscopes have

precision-made lenses and the component parts are exactly aligned.
Therefore take care not to drop or jar the instruments and do not
use undue force when making adjustments.

Do not attempt to clean

the lenses before you have read Section 6 of these notes.
The high quality microscope you will be using is the Olympus Model KHS
which is made in Japan - its purchase price in 1974 was $230.

The

dissecting microscope is also made by Olympus (Model VT-II) and cost
$140.
These notes are set out in the following sections
A.

B.

c.

Olympus microscope Model KHS:
1.

Parts of the microscope

2.

Setting up the microscope for use with dry

3.

Setting up the microscope for use with the oil
immersion objective

4.

How the image is formed

5.

Slide preparation

6.

Care, cleaning, and correction of faults

7.

Bright and dark field microscopy

8.

Phase contrast microscopy

l

objective~,

about
1 hour's
work

1 hour

Dissecting microscope Model VT-II
1.

Parts of the microscope

2.

Use of the microscope

Electron Microscope

1 hour
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A.

1.

OLYMPUS MICROSCOPE MODEL KHS.

Parts of a Microscope.

The first thing to do is to identify the main parts of the microscope
without plugging the microscope in or turning it on. With the help
of Fig. 1, identify the following parts going from top to bottom of
the microscope
- eyepieces
- tube
- nosepiece
- objectives
- limb
- stage
- mechanical stage control knobs
- condenser
- condenser height adjustment knob
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- coarse focus adjustment knobs
- fine focus adjustment knobs
- stage locking lever
- base with built-in light source
- light intensity control knob.

FIN
AD

co
A

Now we will go into details of the construction and adjustment of
the various parts. By all means turn the knobs - unscrew the bits
and pieces suggested (no more!) but keep your fingers off the glass
lenses. When you do remove a part, put it on a clean piece of paper
on the desk. Don't leave parts in Thits longer than necessary as this
allows dust to get into the instrument. This course is a special
opportunity for you to see what the 'insides' of a microscope look
like. In a normal lab. class you will be discouraged from dismantling
lenses etc.
1.

The eyepieces.

The pair of eyepieces or oculars are marked lOX, i.e. they magnify
by ten. An eyepiece can be pulled out of the tube and the plastic
eye guard pulled off. The eyepiece consists of 2 lenses, an eye lens
and a field lens, as shown in Fig. 2. The eye lens with its black
surround can be unscrewed and you can then see the eye lens and field
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lens.

Screw the eye lens back on to prevent dust getting in.

EYE LENS

FIELD LENS
FIELD DIAPHRAGM

FIG2.LONGITUDINAL SECTION OF
1QK EYEPIECE
The lower part of the eyepiece also unscrews. The small rim below
the field lens is the field diaphragm. When you want to make measurements of specimens seen with·the microscope, you insert a small glass
disc with a scale engraved on it, into the eyepiece at the level of
the field diaphragm.
The marking WF on the eyepieces means they are "widefield": the
diameter of the field of view seen in the microscope is 50% greater
than it is using 'normal' eyepieces. Reassemble the eyepiece and
replace it.
Around each eyepiece is a knurled ring. This is the dioptic adjustment, which allows each eyepiece to be focused separately to suit
people who have slightly different vision in their left and right
eyes. The distance between the eyepieces can be adjusted by pulling
them apart. This is to adjust for differences in distance between
pupils in eyes of various people. On the right hand side you can
see that the distance apart is measured on a scale (Fig. 6). This
scale is called the interpupillary scale. It is used in conjunction
with the figures on the dioptic ring of the eyepieces as explained
later.
2.

The tube.

The part below the eyepiece is called the tube. It doesn't look
anything like a tube. The KHS is a binocular microscope (i.e. it
has two oculars) and has a binocular tube inclined at 45°. In con-
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trast, a monocular microscope has one eyepiece and the tube may look
like a simple vertical tube. The inclined part of the tube of your
binocular microscope can be rotated. Undo the clamping screw on the
right hand side and gently see how the tube swivels around. In
general practice you will have the eyepieces pointing squarely towards
you and the clamping screw firmly done up.
3.

The nosepiece and objectives.

The nosepiece with its 4 objectives can be revolved. Try to remember
to revolve it by using the upper silver rim rather than by holding
the objectives themselves, as the alignment of the objectives is very
critical. The objective is exactly positioned by a "click stop"
which you can feel as you rotate the nosepiece.
The four objectives are of different lengths. These lengths are
carefully calculated so that when you change from one to another,
the specimen stays pretty well in focus {i.e. the objectives are
parfocal). The objectives give different magnifications which are
marked on the side, and are colour coded.
You can unscrew the lOX objective and have a look at it but don't
leave it sitting around to collect dust; put it upside down on
a clean sheet of paper. These objectives are composite lenses and
are 'achromats' which means that the colour aberrations caused by
the glass lenses have been corrected. The objective lenses of your
microscope produce an image which may be a little curved.
{i.e.
out of focus at the edges). Other types of objectives are made
which have lenses of fluorite, and which have a very complex series
of lenses to overcome the curvature of the image.
The arrangement of lenses in the objectives is shown diagrammatically
in Fig. 3 but you can't take the objective to pieces to see these.

4X

10X

40X

100X

FIG. 3. LONGITUDINAL SECTIONS OF OBJECTIVES

Screw the objective back in. Crossed threads caused
screwing in the objectives is a common ailment of student micro-·
scopes so be careful. Also be sure to screw
ectives in
since for the objectives to be parfocal, they must be in the right
position.
end, in

'rhe objectives have some more information on the side
the case of 4X)
(Table I)

OBJECTIVE
Magnification

4X

Colour

red

numerical aperture (NA)

0.10

working distance (mm)
resolving power (pm)*

lOX

40X

lOOX

orang.e

green

blue

0.25

0.65

L30

19.97

5.13

0.37

0.11

2.75

1.10

0.42

0.21

lOOX

400X

lOOOX

2.0

0.6

0.45

0 .. 18

USED WITH lOX EYEPIECE
total magnification

40X

depth of field YAm)*

112.5

18.0

diameter of field of
view (rom)

4.5

1.8

*

A micrometer or micron (pm) is

l

1000
symbol p has been replaced by)1m.

of a millimeter.

The older

(The 6-digi t numbers stamped on various parts are the manufac·turers"
code numbers and don't tell us anything.)

For example the 4X lens is marked 0.10. This means tha·t the numerical
aperture (N .A.) of the lens at the tip is 0.10. All ·the
ectives
show a value for numerical aperture and the significance of this will
be dealt with later. The 40X objective also bears the message 0.17.
This indicates that when ·this objective is used, the specimen should
be covered with a coverslip 0.17 mm thick.
In general practice
the material you examine under any magnification will be
on
glass slides 1.2 rom thick, in either an aqueous medium or a resin,
and will be covered with a coverslip 0.17 mm thick. The main
to this generalization is the examination of smears of bacteria.
A useful bit of information which is not shown on the
ectives is the
height above the specimen being examined, at which the specimen is in
focus.
This is called the free working distance and is shown in '!'able I

o

-7To examine a slide it is usual to first hold it up to the light to
see the outline of the specimen, then examine it with the 4X objective.
Selected areas are examined under lOX and finally the 40X objective
is used. The lOX and 40X objectives are familiarly referred to as
low power (LP) and high power (HP) respectively. If greater magnification is required the lOOX objective is used. It is necessary
to immerse the tip of this objective in oil so it is referred to
as an oil immersion objective. The mysterious greeting HI on this
objective means "homogeneous immersion". The end of the 40X and the
oil immersion objectives are spring loaded and you can feel that they
can be telescoped slightly. This to some extent prevents damage to
the slide or the objective if they should come in contact.
4.

The limb.

The limb of the microscope supports the parts above the stage. When
you have to pick up the microscope you grasp the limb with one hand
and put the other hand under the base. Always keep the microscope
upright when carrying it around or eyepieces and filters etc. will
fall out.
5.

The stage.

The stage is the flat surface on which the microscope slide is placed.
Many microscopes simply have a flat stage with a hole in it, but
yours is equipped with a slide holder which is moved mechanically,
i.e. it has a mechanical stage. Put the lOX objective in position
and then place a slide on the stage, using the spring loaded clip
to hold it in place. The small square coverslip over the specimen
on the slide goes uppermost. The mechanical stage control knobs
move the slide back and forth. You will realize that you only see
that part of the slide which is above the centre of the hole in the
stage. The mechanical stage allows you to move any part of the slide
into position for viewing, but it is most convenient if the object
is placed in about the centre of the slide.
On the sliding edges of the mechanical stage there are 2 vernier
scales. These are used to record a particular position on the slide.
By recording the numbers on the N/S and E/W axes you can return to a
certain position on a slide if necessary. The vernier scale allows
you to read a position accurately to one decimal place. For example
as you move the slide in a N/S direction you can see that the small
scale 0-10 moves in relation to the longer one (0-40 units). A
position is read as follows (see Fig. 4). The whole number is
indicated by the position of the 0 on the short (0-10) scale, i.e.
in the diagram it will be 11. The fraction is read where the
divisions of the 0-10 and the 0-40 scales line up most exactly;
i.e. in the diagram it is .6.
The reading is then 11.6.
The
E/W scale at the back is read in the same way.
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FIG. 4. VERNIER
6.

s

Focusing knobs.

These are located on both sides of the microscope below the stage.
The larger knurled knob is the coarse adjustment, the smaller one
is for fine adjustment.
These knobs move the stage up and down.
With the LP objective in position wind these knobs back and forth
and try to remember which way moves the stage up, and which way down.
Check that the lOX objective is in position, then wind both knobs
to see how far they travel. In general practice you leave the
fine focus knob in about the middle of its range and only make minor
adjustments with it. If you "run out" of fine focus adjustment when
using the microscope you return it to a middle position and re-focus
with the coarse adjustment knob.
You will notice that it is only possible to move the stage up a certain distance. This is because of a locking lever on the left hand
side. When this lever is in the "up" position the stage can be
wound up so high that the 40X objective will crash into the slide.
(Gently! Don't demonstrate this too conclusively!) Now put the
LP objective in position and adjust the stage so it is about 5 mm
below the objective and lock the stage so it cannot move any higher
by putting the locking lever in a horizontal position.
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7.

Condenser.

The other knurled knob below the stage adjusts the height of the
condenser. Carefully wind this up and down. A well positioned
screw prevents the condenser crashing into the lower side of the
slide. At the bottom of the condenser is a swing out filter
holder with a blue glass filter. This filter is used to increase
the contrast of some stained sections. Swing out the filter holder
and remove the filter. Then take out the condenser to have a good
look at it. There is a locking screw at the front of the condenser
which holds it in place. Carefully hold the condenser by the black
part below the grey ring, undo the locking screw and pull the
condenser downwards. Turn the condenser upside down to look at
the iris diaphragm. This is opened and closed with the side lever.
Clearly the leaves comprising this diaphragm are most delicate so
don't poke them with your finger or pencils etc., and when using
the diaphragm never open or slam it shut roughly.

~

IRIS DrAPHRAGMi

/

Fll TER HOLDER

FIG.5.LONGITUDINAL SECTION OF 2 LENS
ABBE CONDENSER

The black rim at the top of the condenser unscrews and you can see
how the condenser is made up of 2 lenses as shown in Fig. 5. The
function of the condenser is to direct an even beam of light on to
the object. This type of condenser is known as a 2-lens Abbe
condenser after its originator, the famous German Scientist, Dr. Ernst
Abbe who was responsible for some of the most outstanding advances
in microscopy at the end of the 19th century. On the top of the
condenser is marked NA 1.25, the numerical aperture of the top lens.
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Replace the condenser so that the iris diaphragm lever is on your
right hand side, push the condenser up fully into the ring and
do up the screw firmly. Replace the blue filter and wind up the
condenser to its highest position.
8.

Base and Light source.

Now, assuming
The base of the microscope houses a built in
the microscope is turned off, as instructed at the beginning, you
can have a look at the
Take out the eyepieces and filter
and then
microscope over ·to lie on its side
so you
to
source is

on the left and

identi
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2.

Setting up a Microscope (for use with dry objectives).

The general routine is to get a slide into focus under LP, then
adjust the condenser, and finally perfect the setting of the eyepieces. Generally people who were glasses leave them on to use
a microscope. Again, some people like to use the rubber eye guards
on top of the eyepieces and other people find they get in the way after a while you can decide what suits you best.
1.

Place the microscope squarely in front of you, plug it in,
turn on the lamp and set the light intensity at position 4.

2.

Check that the LP objective is in position about 5 mm above
the stage

3.

Put a slide on the mechanical stage and adjust so that the
specimen is under the objective

4.

Release the stage locking lever and look into the microscope.
Using the coarse adjustment knob focus the image of the object.

5.

Lock the stage locking lever.

6.

Make final adjustments to the focus using the fine adjustment knob.

7.

Now remove an eyepiece and look down the tube.

8.

Move the condenser to its highest position and then shut the
iris diaphragm fully. You should see a round central spot
of light superimposed on the field of view. Open the iris
diaphragm until about 2/3-3/4 of the field of view is illuminated.

9.

Put the eyepiece back and look at the specimen. For best
resolution, i.e. ability to see fine details, the iris diaphragm
should be in this 3/4 open position.

r

10. Now select an area which looks interesting and using the stage
controls put it in a central position. Swing the HP (40X)
objective into position. As your microscope is parfocal
there is no danger of the HP objective and the slide colliding.
The object will still be in rough focus. Make fine adjustments
to focus using the fine focusing knob.
You will see that the object is now more highly magnified and
that the field of view is much smaller. This is why you had
to centre the area of interest before changing power. It also
means that the iris diaphragm needs adjustment.
11. Take out the eyepiece and adjust the aperture of the iris
diaphragm as before. When you change back to LP, in fact, every
time you change power, you have to adjust the iris diaphragm
With a little practice you can do this without taking out the
eyepiece so it is not as troublesome as it sounds.
12. With the object still under HP make critical adjustments to the
eyepiece settings, to obtain perfect binocular vision for your
eyes.
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Hold the right and left eyepiece tubes and push them together
or apart, whichever is required, while looking into the microscope. Set the distance so that the field of view of the right
eye overlaps completely with that of the left eye. Look at the
setting of the interpupillary distance scale (Fig. 6). Rotate
the diopter ring on the right eyepiece tube to match the number
on the interpupillary scale.

DIOPTER SCALE
INTERPUPlLLARY SCALE

FIG.6.

EYEPIECE ADJUSTMENTS

Look at the image through the right eyepiece and check it is
in focus, then look at it with your left eye only. Adjust
the focus of the image for your left eye by using only the
diopter ring on the left eyepiece, not the fine adjustment
knob.
Some people find it a little difficult to use both eyes
correctly with a binocular microscope. Don't worry if you
can't manage it straight away but practise every time you
use the microscope.

Your microscope is now perfectly set up and adjusted for your vision.
When using the microscope try not to squint or peer into it but to
relax your eyes as though you are looking at an object about 250 mm
away. If you do this, and set up the microscope correctly before use,
you will have no eyestrain even using the microscope for long periods.
In a normal practical class you will set up the microscope once and
only make minor adjustments during the afternoon. However today,
it would be a good idea to go through the setting up again, using
the other prepared slide which is provided. This time, try using
the 4X objective but don't use the lOOX until you have worked through
the next section. Another skill to practice would be to pick out
an area of the specimen which has some recognizable 'landmark' and
read off the position on the vernier scales. Move the slide at
random and then see if you can get back to view the same area of the
specimen by using the figures you have recorded.
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Setting up the microscope (for use with oil immersion objectives)

The 4X, lOX and 40X objectives are dry, i.e. there is nothing but
air between the objective and the coverslip. In contrast the lOOX
objective must have a layer of special immersion oil between the
objective and the coverslip. This oil has about the same refractive
index as the glass of the slide, the coverslip and the resin which
cements the coverslip on to the slide; i.e. a refractive index of
1.5155. The oil creates a homogeneous medium between the specimen
and the objective lens. The reason for its use has to do with the
NA of the objective lens as will be explained later. Read the
instructions No. 1 - 7 before starting.
1.

Select an interesting area of a slide under LP, then under HP.
Centre the interesting part, open up the iris diaphragm fully.

2.

Swing the HP objective out of the way, but do not yet swing in
the lOOX objective.

3.

Place a small drop of oil (about 1/2 match-head in size) over
the centre of the field (the bright circle of light). The oil
is in a little plastic container. Take off the lid and tip
it upside down - wait for the air bubbles to rise out of the
way and then squeeze out a small drop. Practice this first on
a blank slide.

4.

Swing the oil immersion objective into position and move it back
and forth slightly a couple of times to make sure it is well
coated with oil.

5.

Looking into the microscope use the fine focus only to bring
the image into sharp focus. Don't touch the coarse focus.
If, after adjusting the fine focus you still can't see anything don't keep winding hopefully and run the risk of ramming
the objective into the slide, but go back to using the 40X
~ ·
'the. ,!"' ...~e • .. "'
objective (described below under No. 6}. Check thatAperrecc
focus with the 40X objective. Then add another drop of oil and
try again with the lOOX objective. When you have an image in
focus using the lOOX objective slightly adjust the iris diaphragm
to get maximum resolution without removing the eyepiece. Have
a look from the side of the microscope and see how small the
distance is between the objective and the coverslip.
This is
why you have to be so careful using this objective.

6.

To go back to using dry objectives use the coarse adjustment

to wind the stage down a centimeter or so, and remove the slide
for cleaning. This is done with a little xylol on a Kleenex
tissue.
(Take care! Xylol is very inflammable and the presence of such
substances is one of the reasons why you are asked not to smoke
in the laboratories}.

J
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When you clean a slide keep a finger on the corner of the
coverslip just in case it is not glued down as firmly as it
should be. You must clean off the oil before looking at the
slide again with the 40X objective as otherwise you will get
oil on that objective too.
7.

The immersion oil is a non-drying oil and can be safely left
on the lOOX objective for the duration of the class. However,
prolonged contact with the oil has a bad effect on the cement
holding the tiny lens into position at the tip of the objective. Therefore remember to clean off the oil before putting
the microscope away at the end of the practical class. The
oil is cleaned off using a little xylol but use a Kleenex lens
tissue not ordinary Kleenex.

8.

Another technique for using the oil immersion lens is used to
examine dry smears of stained bacteria or other cells. In
this case the slide is examined without a coverslip. The
oil is placed directly on the smear. This means that when
you clean the oil off the slide you remove the specimen too,
so such slides are not kept permanently.

You can see that using the oil immersion objective is rather timeconsuming and messy.
The field of view is so small it is hopeless scanning a slide for an interesting region using this high
magnification. Consequently most work is done using the HP objective
and only when specially suggested in your prac notes will you use
the lOOX objective.
Clean up the slide you have used under oil immersion and then, to
revise the technique, set up the second slide; this time try to
use a drop of oil of minimum size. Notice how the change in focus
from the centre of the field to the edges is even more marked using
the lOOX objective than it is using the 40X objective.
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ijow the Image is formed.

Introduction.
Those of you who have not done Physics may find this description
of image formation, magnification and numerical aperture etc. a
bit hard to follow. Don't worry if you can't understand it all,
it won't prevent you using the microscope well. On the other hand,
if you have done Physics, these notes may seem simple and you might
like to read something a little more detailed; in the library you
will find descriptions of microscopy in
Akerman, E. (1962)
Slayter,E.M. (1970)
Barer, R.

(1962)

"Biophysical Science" (Prentice Hall : New Jersey)
"Optical Methods in Biology" (Wiley Interscience:
New York)
"Lecture Notes on the Use of the Microscope"
(Blackwell, Oxford) {on order for the library}

Magnification.
Size is relative, and we must have a standard for comparison. When
most people inspect an object, or read a book, they hold it about
250 mm from their eyes. For convenience then, an object viewed from
250 mm is considered to be seen at natural size, i.e. lX. If you
look at an object from only 125 mm away you have mangified it and see
it twice as big, i.e. 2X. As you get your eyes closer to an object
there comes a point where you can no longer see the details. One
way to magnify an object even further is to use a pin hole card.
Two cards are provided, one with a pin hole in it and the other
has the word magnification on it. Look through the pin hole with
the card as close as possible to your eye, and hold the other card
250 mm away. Bring it closer and closer and will will find that you
can get it about 25 mm from your eye and still see the details
clearly. In this way you have achieved a magnfication of lOX as
you are viewing the object at 25 mm. rather than 250 mm. Magnification, then, consists of getting the eye closer to the work. By ¥sing
lenses, as in a microscope you can get a very close up view irtc»e4.'
~~'

it~,,

~- .;;;.. .-:;"

.'

....
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Image formation.
The next question is - how is the image seen in the microscope formed?
The simplest way is to consider that the microscope is composed of
2 convex lenses; one the objective, and the other the eyepiece.
The objective forms, in the tube, a magnified image of the specimen
illuminated from below. This image is then further magnified by
the eyepiece; which, with the help of the lens of your eye, focuses
the image on your retina. The eye interprets what is sees as
though the eyepiece lens had produced an enlarged image at a distance
of about 250 mm from the eye. This means that your eyes should be
relaxed when looking down the microscope, rather than squinting as
if you were looking at an object close up.

~16-

Now let us show the effects of the two convex lenses diagrammatically.
A convex lens bends
rays towards the axis, and if the light
rays are initially parallel, they pass through a common point called
the focal point.

F
The image formed by a convex lens can be predicted using geometrical
rules. Follow through these notes using Fig. 7_. _____ _

a

~--

b

c
I
I

I

I
I
!

(

F

N
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Let F and F be the focal points of the objective lens 0. Let
2
1
AB be an object situated in front of the lens 0 and at a distance
a little more than the focal length.
The image of AB is found in the following way.
From A in Fig 7a
draw a line parallel to the axis. After passing through the lens
this ray is bent to pass through the focal point F . A ray from
2
A passing through the middle of the lens continues on undeviated
and meets up with the first ray at ~ • The rays from B behave in
a similar way and meet up at B' .
Thus the lens 0 has formed an enlarged image of AB which falls on
the line ~ B . It is an inverted image. It is a real image because
if we put a screen in the plane of~ Bwe see an actual image of the
enlarged AB.
Now let us forget about the objective lens for the moment and consider what happens if we put an object the same size as AB in
front of an eyepiece lens E (Fig. 7b). The object A B is situated
in front of the lens E and a little closer than the focal point
of this lens. The way you predict the enlarged image of ~ B is
similar to the above. From K draw a line parallel to the axis
into the lens E. This ray is bent so that it passes through the
focal point F • Draw another ray from~ through the centre of the
2
lens. This ray is not deflected. By extending the lines of these
two rays we find that they intersect at a point A" on the left
hand side of the A B'. The position of B" is found in a similar fashion.
1

11

This enlarged image of A B , A' B
is not inverted, and it is
11
not a real image. The rays only appear to come from A
and Bv
they do not actually pass through these points. If we put a screen
in position A"
B''
we wouldn't see an image. The image -A' a"
is called a 'virtual' image. In fact it can only be viewed by
using another lens, in this case the optical system of your eyes.
The lens of your eye forms a real image of i.' B11 on your retina.
Now let us combine the two diagrams 7a and b into Fig 7c. To draw
in the direction of all the rays is too confusing so just consider
those from point B. This point can be thought to send out rays to
the extreme pa+ts of the lens 0. These rays are deflected so they
intersect at B' • Another rule of optics is now used. We know that
these two rays pass on through B1 and hit the lens E. The course of
the rays after hitting E can be shown by joining B~to the points
of intersection of the rays with the centre line of the lens E. The
rays from B11 emerge from lens E as a divergent stream which cuts
the axis a little beyond the focal point of the lens E. This point
is called the exit pupil. The eye focuses this divergent stream to
form a real image of B on the retina. All points along AB give off
rays in the same way so a complete image of AB is built up on the
retina.
Now to go back to the physical reality of the microscope in front
of you. Where can you find these real and virtual images? The
real image from the objective is formed at the level of the field
diaphragm in the eyepiece. If it were possible to insert a screen
at this point you would see the image. This real image is then
further magnified by the lenses in the eyepieces. This forms a
further enlarged image, the virtual image, which can only be seen
with the lens in your eye.

r
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The fact that the real image from the objective is in focus at the
level of the rim inside the eyepiece means that anything placed at
this level is seen in focus at the same time as the image of the
specimen. Thus it is possible to put a clear glass circle with a
scale, or a pointer marked on it, into the eyepiece and to see the
markings superimposed on the specimen.
Exercise:
An eyepiece graticule is provided. Unscrew the base of the eyepiece
and place the graticule in the eyepiece so that the numbers on the
scale are seen the right way up, screw the base back on and satisfy yourself that you see the scale in focus at the same time as the
specimen on the slide. The scale may be seen more clearly in focus
if you close the iris diaphragm a little. Take out the graticule
and replace the eyepiece.
In our discussion of image fonnation we have not mentioned the fact
that light of different colours (wavelengths) can behave differently
when passing through lenses and all colours may not be brought into
the same focus. By knowing what sort of aberrations are caused by
the lenses of the objective, the eyepiece lenses can be made to
correct this aberration so that all colours are seen in the same
focus. You will be pleased to know that the advertising blurb for
your microscope states that the eyepieces have "outstanding colour
correction".
The other simplication which has been made in the discussion of the
light path through the microscope is that we have treated the
microscope as though it were a simple monocular microscope. In
your microscope the light from the objective must be split and
directed to the two eyepieces so that the same image reaches both
eyes. This is done with a rather complex set of semi silvered
prisms encased in the tube.
Exercises.
It is possible to visualize the rays of light coming out of the top
of the eyelens and find the position of the exit pupil. Turn on the
microscope light, open the iris diaphragm and put the. lOX objective
in position. Hold a piece of tracing paper above the eyepiece and
move it up and down to locate the position where the cone of light
is smallest. The exit pupil is where the lens of your eye should be
positioned; you can see that it's not slap bang up against the
eyepiece.
To convince yourself that what you see in the microscope is a reversed
image use a piece of microfilm mounted on a slide. Pick out a word,
and remember its orientation as you place the slide under the
objective. View the word through the microscope. Move the specimen
from left to right, and up and down noticing which way the image moves.

Magnification and Resolution.
Now you know how the image is formed you will want to know hbw

------
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large a magnification can be achieved using a light microscope.
The total magnification of a specimen is calculated by multiplying
the magnification of the eyepiece by that of the objective (i.e.
a combination of lOX eyepiece and a 40X objective gives a magnification of 400X). However magnification alone is not the most
important quality in microscopy. The ability to distinguish, or
resolve, small details is more important. Greater magnification
doesn't necessarily improve ability to see details; only an
increase in resolving power can do this.
The lens at the tip of the objective is critical in determining
resolution and different microscope objectives have different
resolving powers.
Why is this so? It happens that if a point is magnified by the
microscope objective, the magnified image is no longer a point, but
is transformed into a small disk because of the phenomenon of
diffraction. These disks are called Airy disks. Details of a
magnified specimen will no longer be clear if, with the eyepiece,
we enlarge the image so much that we see these Airy disks (just
as the image is blurred if we enlarge a photograph so much that
we see the silver grains.)
The size of the Airy disks
is determined by the numerical aperture (NA) of the objective. The
higher the value of NA the greater the detail which can be seen
(Fig. 8)
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C

The importance of aperture to resolving power.
A diatom shell photographed at the same magnification
but using objective lenses of different apertures.
A.

NA

=

0.40

B. NA

=

0.65

C. NA

= 0.75

To describe how the NA is established for a particular lens we have
to first consider another value, the angular aperture. If you
consider a point light source (P), it sends out waves of light in
all directions on a spherical front (Fig. 9).
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p'

FIG. 9. PORTION OF WAVEFRONT FROM P
WHICH PASSES THROUGH LENS L.

A lens such as L can only pick up part of this wavefront. The
greater the proportion of the wavefront picked up by a lens
the more detailed is the image of P it transmits. Thus resolving
power of a lens depends upon the angle through which it can gather
light. The wider the angle, the greater the ability to resolve
small details (Fig. 10). This angle of light collection is the
Angular Aperture (AA) of a lens.

a

a

FIG.10.
ANGLES THROUGH WHICH OBJECTIVE
LENSES CAN GATHER LIGHT.
ANGULAR APERTURE ( AA) = 2a

It's bad luck that the AA of a lens alone does not determine the
resolving power.
However another factor influences the amount of
light which is collected by a lens, and this is the amount of bending
of the light rays caused by the substances between the specimen and
the objective; i.e. the refractive index of these substances.

-21The slide, the resin cementing on the coverlsip, the coverslip
itself and the lens of the objective are all glass and have a
refractive index of 1.515. The substance between the coverslip
and the objectiv~ is, for dry objectives, air. Air has a refractive
index of 1.0. The best estimate of the resolving power of a lens
is the numerical aperture (NA) which takes into account both the
AA and the effect of the refractive index. The formula is
NA

=

n x sin

~AA

n = the refractive index of the substance between the specimen and
the objective lens with the lowest refractive index. In the case
of the prepared microscope slides the substance with the lowest
refractive index is the air between the coverslip and the objective
(n = 1.0). Thus in the case of dry objectives the NA must be less
than 1.0. Check this out in Table I.
Numerical aperture can be increased by increasing the refractive
index of the medium between the coverslip and the objective lens.
The effect of this is shown in Fig. 11. This diagram shows what
happens to light rays coming from a point P (the specimen).
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OBJECTIVE LENS n =1·515

C OVERSU P n =1-515
SLIDE n= 1·515

FIG.11. ANGULAR APERTURE(AA) OF AN OBJECTiVE GAT HERING LIGHT
FROM P. AA = 2a WITH AIR ABOVE THE COVERSLIP. AA= 2a' WITH OIL.
n= REFRACTIVE

INDEX.

They pass through the cover glass and when they hit air they are
bent according to the laws of refraction. The diagram shows how
only 2 of the 4 rays shown from P can enter the objective lens when

-22they pass through the air. To calculate the angular aperture of
such a set up the angle of the outermost rays is measured as shown
by the dotted lines; i.e. AA = 2a. The NA of this lens would be
NA = 1.00 x sin a.
If we now put oil between the coverslip and the objective, and this
oil has the same refractive index as glass (n = 1. 515) , we have
eliminated the effect of the light rays hitting a medimn with a
lower refractive index. As can be seen in the diagram the rays
from P are not bent and all 4 of the rays shown enter the objective
lens. The AA of the objective lens has been increased to 2 a'.
Not only has AA been increased, but the value of n has also been
increased from 1.0 to 1.515 so the NA for the lens would be increased
to : NA = 1.515 x sin ·a'.
The resolving power of the objective lenses of your microscope is
shown in Table I; e.g. with the lOOX objective you should be
able to see points 0.21 pm apart as separate points. The human
eye can resolve a pair of lines about 0.1 mm (= 100Um) apart i.e.
you can see them as separate lines. You will remember that earlier on
it was said that the size of the Airy disks was determined by the NA
of the objective. Knowing the NA of the objective it is known that
the total magnification of the microscope (i.e. magnification of
the objective X by that of the eyepiece) should not exceed one
thousand times the numerical aperture. From Table I you can calculate that using X20 eyepieces rather than XlO would give you
greater useful magnification with the 4X and lOX objectives but
not with the 40X and lOOX objectives.
With the most perfectly ground
possible magnification and NA,
microscope is dependent on the
maximum possible resolution is
light; i.e. about 0.2 vm.

lenses and an objective of highest
the greatest resolution of the light
wavelength of the light used. The
about half a wave length of white

In an ideal set up, the NA of the condenser should exactly ~atch
the NA of the objectives. Your condenser is marked NA 1.25 which
is quite close to the NA of the most powerful objective; i.e. the
lOOX objective has aNA of 1.30. Those of you who are well up in
physics will say "but you can't get a NA of greater than 1.0 if there
is air, with a refractive index of 1.0 between the condenser lens
and the specimen". Quite true, your condenser will have an effective
NA of 1.00 or less using it as suggested in these notes. When
using the oil immersion objective to make use of the NA of 1.25
of the condenser you have to put a drop of oil between the condenser
lens and the specimen. However as you can imagine, having oil
between the condenser and the slide, as well as between the coverslip and the objective is particularly messy and not recommended.
The small increase in resolution which it gives is not worthwhile
for the sorts of specimens you will be using.
To summarize, the magnification of the microscope is the magnification
of the eyepiece multiplied by the magnification of the objective.
The limit of useful magnification is lOOOX the numerical aperture
of the objective lens as at greater magnification than this we
cannot resolve any more details. The numerical aperture of the
objective lens is a measure of the angle front which light rays
may enter the lens; this angle is influenced by the angular
aperture of the lens and refractive index of the medium between
the coverslip and the lens.
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Depth of field.
One final concept wnich needs to be understood in relation to the
magnification of the microscope is the "depth of field". Although
a lens can only give perfect focus for points a certain distance
away, other points, a little nearer or a little further away will
also be in fairly good focus. The range of ~istance over which
points are in reasonably good focus is called the depth of field.
The most important factor which decides the depth of field is our
old friend the numerical aperture. The greater the NA the smaller
the depth of field. Thus the lOX objective with its NA of 0.25
has a depth of field of 18.0ftm whereas the lOOX objective has an
NA of 1.30 and a depth of field of 0.6 ~m (see Table I). Thus if
great detail is to be seen, high numerical aperture is required,
but visibility of detail is achieved with a sacrifice of depth of
field.
n

Exercise:
To see how the depth of field changes with different magnifications
and different NA, examine some spherical pollen grains in a prepared
slide. Under low power you can see most of the upper surface in
focus but as you increase the magnification you can see how the
depth of focus gets smaller.
Diameter of Field.
Table I also gives the diameter of the field of view of your microscope using different objectives. It is handy to know this, as when
you make drawings of specimens seen under the microscope you should
put a scale against the drawing to indicate its real size: e.g. an
object which is about 2/3 of the diameter of the field under lOOOX
magnification would have next to it, a bar scale marked 0.1 mm. at
an appropriate length.
In books you will often see a magnification shown, not as a 'bar~
as suggested above, but as 1450X or some similar figure. It is
very hard to imagine, the real size of an object given that
it is magnified 1450 times, but a line showing the equivalent length
of a mm or a ~m is understood immediately.

1n
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Slide preparation.

The slides you have been looking at so far have all been 'permanent'
slides; i.e. the specimens have been killed, sectioned very thinly
(usually 5-10 ~m), stained and mounted between the slide and coverslip in a clear resin. It is possible to examine fresh material
and to use water as the mounting medium instead of the resin.
Living material is less contrasty than the fixed stained material
you have examined previously. To increase the contrast, close the
iris diaphragm a little.
Exercise.
Take a small sample of the pool scum from the side of the aquarium
or from the leaves of the water plant. Put a drop on the slide and
cover with a coverslip. There are various things to watch when
doing this.
1.

You want very little material on the slide so that the coverslip can lie flat, and so that the specimen is not so thick
that it is opaque under the microscope.

2.

If you put too much water under the coverslip it will vibrate
on the water so much it is difficult to see the specimen.

3.

You will possibly trap a few air bubbles. It's a good idea to
have a look at these so you can tell the difference between
air bubbles and cells. Air bubbles are avoided by placing
one side of the coverslip at the edge of the drop of water
then gently lowering the other side.

4.

In the aquarium scum you may see some motile organisms. It is
good to be able to distinguish between real motility and Brownian
motion. Brownian motion can be seen by preparing a slide of a
drop of homogenized milk. Under HP, and with the iris diaphragm
closed down, you can see the spherical fat globules in constant
motion. This motion is caused by the movement of the invisible
water molcules which hit the relatively enormous fat globules
knocking them first in one direction and then another.
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6.

Care of the microscope and correction of faults.

After looking at your microscope in detail you will appreciate why
I referred to it as a precision instrument and urged you to handle
it with care. Optical glass is generally softer than ordinary
window glass and is easily scratched by incorrect cleaning. Dust
and smears should be removed from the outside lens surface with a
well washed, clean, soft linen or cotton cloth (hankies do not
usually fall into this category), moistened with a little distilled
water or very little xylol. Wipe lenses gently. The use of
lens tissue which is made of long fibres is encouraged; in contrast the ordinary short fibred Kleenex tissues can leave more dust
than they remove. Never use alcohol on the lenses as it can soften
the cement which holds the lens in place. In general it is not
advisable to rub the inner surfaces of the lenses to clean them
as they may be coated with a substance to cut down glare. These
surfaces can be cleaned with a soft brush kept specially for the
purpose.
Do not finger the hair of this brush, or dab it on your palm to

see how soft it is, or lick it, or in any way get grease and dirt
on it or it will be useless for cleaning lenses. If the brush is
held for a few moments against the hot surface of an electric
light bulb it acquires an electric charge which will enable it to
pick up small dust particles quite easily.
In the notes it was pointed out that oil should be removed from
the lOOX objective. Any water or other mounting medium spilled on
the stage or accidentally on the objectives should be removed as
soon as possible.
If at any time you feel that a part of your microscope is jammed, ask
your demonstrator immediately to get it fixed rather than forcing
an adjustment.
The microscopes will be kept in a dust-free place in the laboratory.
For this initial exercise it is sufficient to cover them with the
plastic covers before leaving.
Faults.
Dust and smears on glass surfaces between the light source and your
eye can cast shadows on the field of view. These should be located
and cleaned off.
1.

dust on the eye lens or field lens : Rotate the eyepiece if the marks rotate then clean the eyepiece. Eyepiece
graticules are often grubby.

2.

It is unlikely that you will get dirt on the inner surface
of the objective lenses. However marks often appear on the
lens at the tip. If slightly unscrewing the objective causes
the marks you see to rotate, then clean the objective lens.
You can usually do this without removing the objective.

3.

The coverslip or slide may be dirty - check by moving the specimen
back and forth.
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4.

A mark on the surface on the upp~r condenser lens may be
detected by raising and lowering the condenser to see if
they disappear and re-appear.

5.

A dusty surface on the filter beneath the iris diaphragm or
on the glass above the light source does not show up as
marks on the image but it is undesirable as it reduces light
by absorption.
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7.

Bright and Dark Field Microscopy.

Through your microscope you see a bright circle of light. This
is directed from below and is transmitted light. As the field
is so brilliantly illuminated, any object placed in the light
path will appear darker than the field. Thus a silhouette is
seen of opaque parts of an object. For the more transparent parts
of the specimen the image seen in the microscope depends on transmission and absorption of light by the object. The light transmission method is the most common method of microscopy and is
referred to as 'bright field'. However in your texts you may
see reference to 'dark field' illumination. In this method the
light rays are directed so that the object is seen brighly lit
against a black background. This requires a special 'dark field'
condenser and other attachments which are not available on your
microscope. However you may sometimes have a demonstration microscope set up with dark field optics.
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8.

Phase contrast microscopy.

OUr ability to see things depends on obtaining sufficient contrast
between an object and its surroundings. The eye perceives differences between intensity of illumination and between colours.
Some specimens, particularly living material, have so little colour
or such small differences in contrast that it is difficult to see
any details under the microscope.
As a beam of light of a certain wavelength passes into an object

the object may affect the intensity of the beam; e.g. reduce
it - in which case our eye can see the change in contrast to
adjacent beams which do not pass through the object. However
another change may occur; the intensity of the beam may not be
changed, but the pattern of the waves; i.e. the phase, might be
changed. Our eye cannot pick up this change.
With the phase contrast method of microscopy the optical path of the
microscope is altered to translate the phase · changes caused by an
object into intensity changes which our eyes can detect. The method
is very sensitive and small differences in phase are converted into
clearly visible brightness differences. To achieve this, a special
light path is set up using a 'phase' condenser and 'phase' objectives.
The details need not worry us here.
You will not have to set up phase contrast by yourself but it may
be used on demonstration microscopes.
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B.

DISSECTING MICROSCOPE OLYMPUS VT-II.

In normal vision each eye forms a slightly different image of an
object which gives the impression of solidity and depth: this is
called stereoscopic binocular vision. Your KHS microscope is a
binocular instrument but the image is non-stereoscopic as the eyes
see identical images.
The Olumpus Model VT-II is a stereoscopic binocular instrument in
which both eyes see different images and a stereoscopic relief is
obtained. You will use a dissecting microscope to examine and
dissect small specimens.
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1.

The parts of the stereoscopic binocular

(familiarly known as a dissecting microscope)
The names of the parts of the dissecting microscope are much the
same as for the model KHS. Identify the parts shown in Fig. 12.
The light source for the dissecting microscope is provided by a
desk lamp or the sub-stage light.
To deal with the parts in detail
1.

The eyepieces. These give a magnification of lOX. They cannot be taken apart. You cannot use an eyepiece graticule with
these eyepieces.
The interpupillary distance can be altered, and the left hand
eyepiece has a dioptic adjustment.

2.

The "tube" of this microscope is particularly,; complex because
it houses two sets of optics.
The head can be rotated by undoing the clamping screw, so that
you can work with the eyepieces pointing either towards or
away from the pillar of the microscope.

3.

There are objectives giving two magnifications, lX and 2X. Each
is a pair of objectives. The magnification is changed by
rotating the covering nosepiece. Objectives should not be
removed.

4.

Focusing is achieved by a knob which raises and lowers the
objectives (rather than the stage as in Model KHS). There is
a fixing lever on the side which sets the initial height of the
head above the stage.

5.

The stage has a clear glass insert which can be removed by
undoing the screw at the front. An alternate stage plate is
available which has a black and a white side to provide good
contrast with the specimen being examined. The stage has a
couple of stage clips which can be useful to hold a specimen
flat, but frequently they are in the way. If this happens they
can be pulled out and stored with the other microscope accessories.

6.

The substage part, the base, is not screwed on and the microscope
can be lifted off. Clearly then you have to be very careful when
carrying the micro~co~e around with the base in place. Always
put one hand under the base when carrying the microscope. The base has
a mirror which can be rotated to give the best lighting for the
particular material you are examining.
An attachment to the base are the arm rests. If you have to spend
a long time dissecting material using the microscope you need
something to rest your wrists on as they get very tired.

The microscope is frequently used without the base.
7.

A light can be inserted into the base.
pushing this light in and removing it.
this light source.

Use a slight twist in
The on/off switch is on
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2.

Use of the Dissecting Microscope.

Examine a ruler using this microscope.
1.

The object is positioned on the stage. It is fairly common
to put biological material on a glass slide or in a Petri
dish to examine it as it can then be easily moved around.

2.

Depending on whether the object is opaque or relatively transparent the -·desk lamp is positioned and the mirror adjusted to
give transmitted or reflected illumination.

3.

To focus the object, set the diopter ring on the left hand
eyepiece at 0, then the object is brought into focus for the
right eye, using the focusing knob. The image for the left
eye is brought into focus by using the diopte·r ring.

4.

Care and cleaning of the dissecting microscope is the same
as for the KHS.
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Features of your binocular stereoscopic microscope.
l.

The microscope has two separate lens systems as shown in Fig.l3.
They are orientated so that the observer sees the specimen from
two slightly different directions in the same way as your eyes
usually work.
A feature of these lens systems is that they have an image
erecting system. This is shown in the diagram as a lens, but
in fact it consists of a prism and mirror. This means that
the image you see using this microscope is not inverted as it
is in the KHS. Check this on your ruler and also see that movements are in the right direction.

2.

The diameter on the field with lOX magnification is 20mm and
with 20X magnification is lOmm •. Check this on your ruler.

3.

The other feature of your microscope is the height of the objective
above the specimen (74 mm). This means you can use dissecting
instruments under this microscope.

Exercise.
Examine a fly on a glass dish using this microscope and handling
the specimen with forceps.
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IMAGE ERECTING
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FIG.13. OPTICAL AXES OF A
STEREOSCOPIC MICROSCOPE
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C.

ELECTRON MICROSCOPES.

Transmission electron microscope.
It was mentioned above that the ultimate resolution of the light
microscope was limited by the wavelength of visible light. Far
greater resolution is achieved by the electron microscope which
utilizes an electron beam with wave properties, the wavelength
being 10,000 times less than that of visible light.

LIGHT SOURCE

CONDENSER LENS

ELECTRON SOURCE

(b I d) MAGNETIC

CONDENSER

I
OBJECT

OBJECT
OBJECTIVE LENS

:5}

IN TERMED lATE IMAGE
EYEPIECE

MAGNETIC OBJECTIVE
INTERMEDiATE IMAGE

d]

MAGNETIC PRQJECTOR

EYE
FINAL I MAGE

FIG14.

FINAL IMAGE ON
FLUORESCENT SCREEN

DIAGRAM OF THE PATH OF LIGHT IN THE LIGHT
MICROSCOPE AND OF ELECTRONS IN AN ELECTRON
MICROSCOPE.

The electron microscope which is commonly referred to as an 'EM'
is compared with the light microscope in Fig. 14. The light source
is replaced by an electron gun; the condenser is an electromagnetic
lens which directs a stream of electrons on to the specimen; the
objective and the eyepiece are also magnetic lenses. Our eyes do
not detect electrons so the magnified image is produced on a
fluorescent screen which can be photographed. The image produced
is due to different substances in the specimen causing electron
scattering - this is equivalent to absorption of visible light in
light microscopy.
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An electron beam can only be produced in a vacuum since gases
scatter electrons. This means that living specimens (with the
exception of viruses) cannot be examined under the electron
microscope~
Also, specimens must be cut into very thin sections
0.02-0.2 ~m thick (compared with 2.0-15.0 ~m the usual thickness
for sections examined with a light microscope). Biological material
is mainly transparent to electrons so the sections are "stained"
with substances such as heavy metal salts which differentially
attach to certain parts of specimen making them more opaque to
electrons. This is similar to the way in which colour dyes are
used in light microscopy.
Electron microscopes give a magnification of lOOOX to 250,000X
with a resolution of .2 - .3 nm~ This means that many structures
not visible with the light microscope are resolved, and individual
large molecules can be seen.
Scanning electron microscopy.
The difference between transmission electron microscopy and scanning electron microscopy is similar to the difference between your
KHS transmission light microscope and the VT-II stereoscopic
binocular microscope used with reflected light. The scanning EM
gives a highly magnified view of the surface of specimens with a
very large depth of focus. The resolution is about 20 nm.*
The machine involves a stream of electrons which is focu8fed by a
condenser lens into a fine beam which is projected on to the
specimen. This beam is made to scan the specimen in a series of
lines in a manner similar to a television camera. Electrons
reflected from the specimen are picked up and the image is seen
on a cathode ray tube screen. To reflect electrons well, specimens
are coated with a thin layer of conductive material such as gold.
Your te~ts will have many examples of pictures taken with electron
microscopes.

*

10 ~ 0

micron

=

.001 pm

=

1 nm

(nanometer)

Many books give measurements in Angstroms
1

10,000

micron

=

0

1 A.

0

(A)

This measure is obsolete and the nanometer
should be used.

The prefixes milli-, micro; and nano- are used with measures
of length, weight and volume as follows
milli
micro
nano

=
=

10- 3
10- 6

=

10- 9

_t

of a meter, gram or litre

