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Foreword

This book is part of a Bas1c Biology Course for undergraduates wntten by
the Inter Umvermty Biology Teaching Project team af Sudsex.’
- The main aim of ‘the book is 10 teach you how to use the light micro-

| ', scope (mcludmg phase—coﬁti'ast) and the stereomit:roscope for examinding and

identifying ‘blologlcal matérial. Smce in our experience, the pnnmples of

' microscopy are rarely taught exther at’ school ‘college or umversxty, we feel

that there is an urgent need for a book which exp]ams
(i) - ' the components-of a light microscope; , -
~ (ii) how to set up the mlcrosc0pe correctly for use; and .
(m) some of the theoretical reasons why- a.mlcroscope should be set up
. correctly.

We have included the theoretical aspects because most of the students ‘whom

we consulted during the trials of this course preferred to have a basic. theor-
etical understanding of the resolving power of the light microscope rather
than simply accept it as an mstrument whxch magmfied small bxologwal
objects.

The objectives that we have asked you to achieve (page 3) therefore have

these points very much in mind. In addition, we have emphasized the
quantitative aspects of biology and there is an important section on measure-

ment of small objects, particularly cells, to show the variety and range of
size of these fundamental biological units. To test your progress in achieving
the objectives, you will find a short self-assessment test at the end of the

~ book. You are strongly advised to attempt to answer these questions.

- Finally, we should add that one of our major problems in writing this
book was the great diversity. of microscopes that are now used in labora-
tories throughout the country. This diversity in fact is not as great as it
would seem, because the components and optical principles involved are
virtually identical. The diversity arises in the layout of the controls and the

_movement of parts relative to one another. As a result of a small survey

which we undertook we have selected five different makes of mlCl‘OSCOpe

“which are in common use. Each has been photographed with the gompo-

nents and controls labelled on a separate card so that it will facilitate your
working through the book. These cards are to be found at the back of the
book.

~ This book can be used quxte independently of any other book in the
series, but for those who wish to know more about the fine structure of cells
and their inclusions, we would like to direct your attention to Book 2 on
electron MicCroscopy.

Sussex, 1974 o | | o M. A. Tribe
| | M. R. Eraut.
R. K. Snook
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1.0. Introduction

1.0.1. Discussion -

Advances in any area Of scierice eitliet anticipate or follow advances in
technology and instrumentation. The explosive expansion of our biological
knowledge in recent years his its toots in the development of various
techniques and instruments, Certainly, one of the most crucial of these has
been microscopy and the microscope.

The microscopé enables thesbiologist to see order and orgamzatron within
very small living things. This information cdn be correlated with physico-
chemical information aoquired using other techniques. Thus the microscope
is an nnportant tool in builditig upa composite picture of the structure and
function of livmg material. .

~ There ate two main types of miowscope the hght mroroscope and the
~ electron microscoper o | -

1.0.2. Overview '

This book is intended to teach you, amongst other things, the use of the - -
light microscope, and you will need a microscope for sections 1.1, 1.2, 1. 3 -
and 1.5, We have given, specific instructions for the Gillett & Sibert ‘Lynx
or ‘University Lynx’ microscopes. There are however, many. other micro-
scopes on the market, which on a cursory glance may appear vastly different
_from each othet. In general, however, the differences are only in details -~
because invaridbly alt mteroseopes consxst of the followmg eomponents (see
also the illustrations opposite): SR s R
1. A microscope tube with eyepleee. . o
% A strong, stable stand with a. tage supportmg the specunen on most

~ modern microscopes the stage is moved relative to. the mlcroscope tube

(see A opposite); on other microscopes the mrcroscope tube may move
relative to the stage (see B opposite).
- 3. A revolving nosepiece or turret with a range of obJectl'#e'Iei:ses attached to .
~it. As d result any lens can be selected and swivelléd into the light pathr
4. A condenser for focusing the beam of light at the point ot“the object
and/or ah aperture draphragm wlnch controls the numencal aperture of

‘the objective lens. . - .
5. An illuminating device, whrch may be external to the microscope (as in B
opposite) or built into the microscope asin A opposite.

If you are not using a Gillett & Sibert ‘Lynx microscope, you are advlsed to
look through the cards at the end of this book, where you will find details of .
four other microscopes in co on use ‘Select the card showmg the micro-
scope most closely resembhng e one in front of you. Keep this in front of
. you whilst you work through the rernamder of the programme but please
return the others to the back of the book.



"'LIGHT MICROSCOPY

The photograph below shows a modern microscope (Leitz Micro‘scopes Ltd).

The important parts are lettered A to 3
H is the lever of the aperture (iris) diaphragm; G is one of the centring

screws for the condenser; I is the mechanical stage; J the substage condenser

focusing control and K the light.source.
Can you name the parts A to F?

suapuo) ‘A Sasu9[ 9AN93[qO
[OIUOS SNO0J JUT) PU® 981B0D) Y 4 joun],
a8e1S 'd (peay Je[noouiq) 2091daAy



- INTRODUCTION

1.0.3. Preknowledge req_uirements

Very little. knowledge is assumed in this programme except for an elemen-
~ tary understanding of optics.

1.04. Objectives

The objectives of tlns book are that you should be able to: :
(@) Operate the microscope without instructions - including oﬂ-lmmersmn
) and phase-contrast techniques. Operate the stereomicroscope.
- (b) Follow simple instructions for the preparation of objects for mlcro- |
| scopic examination - including staining techniques.
- (c) Use the microscope to measure the size of a small object. .
(d) Interpret microscopic observations. )
(e) - Describe the structure of some plant and animal cells
() Recognize some mtracellular structures that are visible under the light
. microscope.
(®) Give examples to 1llustrate the range of size and appearance of hvmg
cells. .
(h) Explain-in outlme both the theoretlcal and practlcal hmntatlons on the
- resolution of the light microscope. .

(i) Describe the methods useful in overcoming some of the hm1tat10ns on
resolutlon

-1.0. S, Instfuc'tioi:s on working through 'brogrammed‘seetion's

In the programmed sectlons questlons and answers are arranged sequentlally
down the page. You are provided with a masking card and a student response
sheet. When you come to a programmed section you will be given warning of
it. Cover each page in tum, and move the masking card down to reveal two
"thin hnes : -

_ This marks the end of the first question on*that page. Record your answer to
the question under the appropriate section heading in the response booklet
provided. Then check your answer with the answer given. If your answer is
correct, move the masklng card down the page to the next two thin lines and
so on. If any of your answers are incorrect retrace your steps and try to find
out why you answered mcorrectly If you are still unable to understand the

point of a given questlon make a note of it and consult your tutor. The
single thick line -

is a demarcation between one frame and the next.



1.1. Structure

1.1.1. Introduction

Take out the card on the Gillett & Sibert ‘Lynx’ microscope at the back of
this book and keep this in front of you whilst working through the pro-
gramme.

In this section you examine the structure and functlon of your micro-
scope and learn how to adjust the moving parts. The next section covers
operational instructions. All parts marked ‘M’ are movable and should be

- moved in the manner indicated. All parts marked ‘R’ are removable and

=< ® =

~

should be carefully removed and examined.

For convenience this section has been divided into three, each subsection -
dealing with a different aspect of the microscope’s structure.’

1_.1.2.'The magnifieaﬁon system

Examine your microscope W1th the aid of the information and dlagrams
below. Do not allow dust or moisture to enter the microscope. /
1. Eyepiece - can be withdrawn from the ocular tube See opposite for
detailed structure.

2. Collar - supports eyepiece on the ocular tube.

3. Ocular tube - sloping for ease of viewing.

4. Rotating turret or monocular body - for demonstratlon purposes.

5. Rotating nosepiece - carries the objectives. Moved by rotating until the
desired objective chcks into posmon in the light path, i.e, right over the
object. : .

6. Low-power objective - can be unscrewed. See page 6 for detailed
structure. - |

7. High-power objective - ditto.

8. Oil-immersion objective - ditto.

9. Coverslip - a thin square of glass covering the object.
10. Object - mounted in air, water, resin, etc.
11. Microscope slide - oblong glass sheet supportmg the object




STRUCTURE

Eyepieces

R 1. Eyepiece
Withdraw the eyepiece from the ocular tube and examine it with the aid of
the information and diagram below. Do not allow any dust, grease or
moisture to settle on the inner surfaces of the eyepiece.
R A. Eye lens - supported in a unit which may be unscrewed from the
eyepiece tube.
B. Eyepiecetube.
C. Field diaphragm. :
R D. Field lens - supported in a unit which may be removed from the
eyepiece tube. '

B A nif - 3 .
ST T F Collar ] |
.yt

B s wrevne A e

| i1
: | ” g ”




LIGHT MICROS‘COPY

Objectives

N_.1

-

-

Magnification % 6.3 x 10 - x40 x40 - % 100

R 6. Low-power objective
A. Abbreviation L.P.
B. Is marked with a BLUE band®
- C. Magnifying power X10
1 R 7. High-power objective
"~ A. Abbreviation H.P.
B. Is marked with a GREEN band*
C. Magnifying power X40 :
M D.  Hasa sprmg—loaded front lens to reduce damage caused if the front
Jens is allowed to touch the ob]ect
R 8 QOil-immersion objectzve
A. Abbreviation O.1.
B. Is marked with a RED band"
C. Magnifying power X 100 |
M D. Has a spring-loaded front lens
E. Must be used with a drop of oil between the front lens and gle cover
slip (dee page 26). :
NOTE. The higher the magnification of the objectwe RN
A. The smaller the lenses |
B. The greater the number of lenses .
C. The higher the quality of the lenses
D. The longer the objective
E. . The shorter the working distance between the front lens and the
objective |
F.. The greater the cost of the objectlve

¢

*Colour codes are not used on many forelgn microscopes; look carefully therefore at the magmft-
cation marked on the objectives.

6



STRUCTURE
" Variations in the design of the Gillett & Silbert microscope

Basic monocular microscope with
spring clips instead of mechanical
stage; fixed, single lens condenser;
turret with X 6.3, X 10 and X 40
objectives.

More elaborate version of the same
microscope; monocular drawtube
eyepiece (A); mechanical stage;
substage condenser with focusing
knob (B); two-lens (flip-top)
condenser; turret with X 6.3, X 10,
X40 and X 100 objectives. -




LIGHT MICROSCOPY

1.1.3. The mounting and movement system

Examine this part of your microscope with the aid of the diagrams and

information below.

12. Attached mechanical stage -
blackened parts on right (shown L
enlarged on page 9).

13. Fixed stage. See also 20 and 21.

14, Stage support.

15. Arm, linking the magnification 12
system, object and the 13
illumination system.

16. Bracket supporting stage on 1
arm.

17. Ratchet for moving bracket
vertically. :

M 18. Coarse and fine control for
ratchet (17).
' 19. Base.

[} "
.
%

15

16
17

18

19



STRUCTURE

The mechanical stage ;

This stage is equipped with scales which permit accurate mechanical .
positioning of the slide - and any point on the object. A part of the object
often has to be viewed on several separate occasions. If the slide position is
recorded after the first viewing, the point can be mechanically centred for
subsequent viewings. This stage also makes carefully controlled movement of
the object possible. |

. Detachable mechanical stage



