waur)JJJJJJjJJJ.;***;;l

Laboratory Exercise

Care and Use of the Microscope

Materials Needad

Compaund light microscope

Lens paper

Microscope slides

Coverslips

Transparent plastic millimeter ruler
Prepared slide of [etter e

Slide of three colored threads:

Medicine dropper.

Dissectifg needle (needle probe)
Specimen examples for wet mounts.
“Methylene blue (dilute) or iodine-potassium-iodide

_stain -

For Demonstrations:

Micrometer scale

Stereomicroscope {dissecting microscope):

The human eye cannot perceive objects less than 0.1
mm in diameter, so a microscope is an essential
tool for the study of small structures such as cells. The
microscope usually used for this purpose is the com-
pound light microscope. 1t is called compound because
it uses two sets of lenses: an eyepiece or ocular lens
system and an objective lens system. The eyepiece lens
system magnifies, or compounds, the image reaching it
after the image is magnified by the objective lens sys-
tem. Such an instrument can magnify images of small
objects up to about one thousand times,

Purpose of the Exercise

To become familiar with the major parts of a compound
light microscope and their functions and to make use of
the microscope to observe small objects.

LEARNING OUTCOMES

—0-0-0

After completing this exercise, you should be able to -

'[ Locate and identify the major parts of a compound
light microscope and differentiate the functions of
these parts.

i

2

Calculate the total magnification produced by
various combinations of eyepiece and objective
lenses.

* Demonstrate proper use of the microscope to

observe and measure small objects.

' Prepare a simple microscope slide and sketch the

objects you observed.

EXPLORE

2-0-10

Procedure A—Microscope Basics

1. Familiarize yourself with the following list of rules
for care of the microscope:

d.

b.

Keep the microscope under its dustcover and in a
cabinet when it is not being used.

Handle the microscope with great care. It is an
expensive and delicate instrument. To move it
or carry it, hold it by its arm with one hand and
support its base with the other hand (fig. 4.1).

. Always store the microscope with the scanning

or lowest-power objective in place. Always start
with this objective when using the microscope.

. To clean the lenses, rub them gently with lens

DPaper or a high-quality cotton swab. If the lenses
need additional cleaning, follow the directions
in the “Lens-Cleaning Technique” section that
follows.

. If the microscope has a substage lamp, be sure

the electric cord does not hang off the laboratory
table where someone might trip over it. The bulb
life can be extended if the lamp is cool before the
microscope is moved,

- Never drag the microscope across the laboratory

table after you have placed it.

. Never remove parts of the microscope or try to

disassemble the eyepiece or objective lenses.

. If your microscope is not functioning properly,

report the problem to your laboratory instructor
immediately.
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Figure 4.1 Major parts of a compound light microscope with a monocular body and a mechanical stage. Some microscopes are
equipped with a binocular body.
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Lens-Cleaning Technique

2.
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1. Moisten one end of a high-quality cotton swab
with one drop of Kodak lens cleaner. Keep the other
end dry. i

2. Clean the optical surface with the wet end. Dry it
with the other end, using a circular motion. :

3. Use a hand aspirator to remove lingering dust
particles. .

4. Start with the scanning objective and work upward |

in magnification, using a new cotton swab for each ;

objective.

When cleaning the eyepiece, do not open the lens

unless it is absolutely necessary. !

Use alcohol for difficult cleaning and only as a last

resort use xylene. Regular use of xylene will destroy

lens coatings. !
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Observe a compound light microscope and study
figure 4.1-to learn the names of its major parts. The
lens system of a compound microscope includes
three parts—the condenser, objective lens, and eye-
piece or ocular.

Light enters this system from a substage illu-
minator (lamp) or mirror and is concentrated and
focused by a condenser onto a microscope slide
or specimen placed on the stage. The condenser,
which contains a set of lenses, usually is kept in its
highest position possible.

The iris diaphragm, located between the light
source and the condenser, can be used to increase
or decrease the intensity of the light entering the
condenser. Locate the lever that operates the iris
diaphragm beneath the stage and move it -back
and forth. Note how this movement causes the
size of the opening in the diaphragm to change.
(Some microscopes have a revolving plate called a
disc diaphragm beneath the stage instead of an iris
diaphragm. Disc diaphragms have different-sized
holes to admit varying amounts of light.) Which
way do you move the diaphragm to increase the
light intensity? Which way to decrease
it?

After light passes through a specimen mounted
on a microscope slide, it enters an objective lens
system. This lens projects the light upward into the
body tube, where it produces a magnified image of
the object being viewed.
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Figure 4.2 The powers of this 10X eyepiece (a) and this 40X obj
standard on quality optics. The 0.65 on the 40X objective is the nu

The eyepiece (ocular) lens system then magni-
fies this image to produce another image, seen by
the eye. Typically, the eyepiece lens magnifies the

image ten times (10X). Look for the number in the.

metal of the eyepiece that indicates its power (fig.
4.2). What is the eyepiece power of your micro-
scope?

The objective lenses are mounted in a rotating

nosepiece so that different magnifications can be
achieved by rotating any one of several objective
lenses into position above the specimen. Com-
monly, this set of lenses includes a scanning objec-
tive (4X), a low-power objective (10X), and a
high-power objective, also called a high-dry-power
objective -(about 40X). Sometimes an oil immer-
sion objective (about 100X) is present. Look for the
number printed on each objective that indicates its
power. What are the objective lens powers of your
microscope? ' '

To calculate the total magnification achieved
when using a particular objective, multiply the
power of the eyepiece by the power of the objective
used. Thus, the 10X eyepiece and the 40X objec-
tive produce a total magnification of 10 X 40, or
400X. See table 4.1.

(b)

ective (b) are marked in the metal. DIN is an international optical

Table 4.1 Microscope Lenses

merical aperture, a measure of the light-gathering capabilities.

1 thnrﬁcanun

4%

40x
Low power | 10x 10x 100X
(LP)
High power | 40X 10X 400X
(HP)
0il 100 10X 1,000%
immersion

Note: If you wish to observe an object under LP, HP, or oil immersion, locate
and then center and focus the object first under scan magnification.

3. Complete Part A of Laboratory Report 4.

4. Turn on the substage illuminator and look through
the eyepiece. You will see a lighted circular area

called the field of view.

You can measure the diameter of this field of
view by focusing the lenses on the millimeter scale
of a transparent plastic ruler. To do this, follow
these steps:
a. Place the ruler on the microscope stage in the

spring clamp of a slide holder finger on a mechan-
ical stage or under the stage (slide) clips. (Note: If
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your microscope is equipped with a mechanical
stage, it may be necessary to use a short section
cut from a transparent plastic ruler. The section
should be several millimeters long and can be
mounted on a microscope slide for viewing.)

. Center the millimeter scale in the beam of light
coming up through the condenser, and rotate the

scanning objective into position.

. While you watch from the side to prevent the

lens from touching anything, raise the stage until
the objective is as close to the ruler as possible,
using the coarse adjustment knob and then using
the fine adjustment knob (fig. 4.3). (Note: The
adjustment knebs on some microscopes move
the body and objectives downward and upward
for focusing.)

- Look into the eyepiece and use the coarse adjust-

ment knob to raise the stage until the lines of the
millimeter scale come into sharp focus.

. Adjust the light intensity by moving the iris dia-

phragm lever so that the field of view is brightly
illuminated but comfortable to your eye. At the
same time, take care not to overilluminate the
field because transparent objects tend to disap-
pear in bright light.

. Position the millimeter ruler so that its scale

crosses-the greatest diameter of the field of view.

Figure4.3 When you focus using a particular objective, you
can prevent it from touching the specimen by watching from
the side.
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10.

Also, move the ruler so that one of the millimeter
marks is against the edge of the field of view.

8. In millimeters, measure the distance across the
field of view.

. Complete Part B of the laboratory report.
- Most microscopes are designed to be parfocal. This

means that when a specimen is in focus with a
lower-power objective, it will be in focus (or nearly
so) when a higher-power objective is rotated into
position. Always center the specimen in the field of
view before changing to higher objectives.

Rotate the low-power objective into position,
and then look at the millimeter scale of the trans-
parent plastic ruler. If you need to move the low-
power objective to sharpen the focus, use the fine
adjustment knob.

Adjust the iris diaphragm so that the field of
view is properly illuminated. Once again, adjust the
millimeter ruler so that the scale crosses the field
of view through its greatest diameter, and position
the ruler so that a millimeter mark is against one
edge of the field. '

" Try to measure the distance across the field of
view in millimeters.

. Rotate the high-power objective into position while

you watch from the side, and then observe the
millimeter scale on the plastic ruler. All focusing
using high-power magnification should be done
only with the fine adjustmernt knob. If you use the
coarse adjustment knob with the high-power objec-
tive, you can accidently force the objective into the
coverslip and break the slide. This is because the
working distance (the distance from the objective
lens to the slide on the stage) is much shorter when
using higher magnifications.

- Adjust the iris diaphragm for proper illumina-
tion. Usually more illumination when using higher
magnifications will help you to view the objects
more clearly. Try to measure the distance across the
field of view in miliimeters.

. Locate the numeral 4 (or 9) on the plastic ruler and

focus on it using the scanning objective. Note how
the number appears in the field of view. Move the
plastic ruler to the right and note which way the
image moves. Slide the ruler away from you and
again note how the image moves.

. Observe a letter e slide in addition to the numer-

als on the plastic ruler. Note the orientation of the
letter e using the scan, LP, and HP objectives. As
you increase magnifications, note that the amount
of the letter e shown is decreased. Move the slide
to the left, and then away from you, and note the
direction in which the observed image moves.

Examine the slide of the three colored threads using
the low-power objective and then the high-power
objective. Focus on the location where the three
threads cross. By using the fine adjustment knob,
determine the order from top to bottom by noting
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which color is in focus at different depths. The other
colored threads will still be visible, but they will be
blurred. Be sure to notice whether the stage or the
body tube moves up and down with the adjustment
knobs of the microscope being used for this depth
determination. The vertical depth of the specimen
clearly in focus is called the depth of field (focus).
Whenever specimens are examined, continue to
use the fine adjustment focusing knob to determine
relative depths of structures clearly in focus within
cells, giving a three-dimensional perspective. The
depth of field is less at higher.magnifications.

Critical Thinking Application

What was the sequence of the three colored threads from
top to bottom? Explain how you came to that conclusion.

Figure 4.4 The divisions of a micrometer scale in an e
(Courtesy of Swift Instruments, Inc., San Jose, California)

i

Arbitrary
divisions

. in micrometers?

11. Complete Parts C and D of the laboratory report.

Demonstration

A compound light microscope is sometimes equipped |
with a micrometer scale mounted in the eyepiece.
Such a scale is subdivided into fifty to one hundred
equal divisions (fig. 4.4). These arbitrary divisions can
be calibrated against the known divisions of a mi-
crometer slide placed on the microscope stage. Once
the values of the divisions are known, the length and

| width of a microscopic object can be measured by

superimposing the scale over the magnified image of
the object.

Observe the micrometer scale in the eyepiece of the
demonstration microscope. Focus the low-power ob-
jective on the millimeter scale of a micrometer slide (or

. a plastic ruler) and measure the distance between the :
| divisions on the micrometer scale in the eyepiece What |

i5 the distance between the finest divisions of the scale |
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yepiece can be calibrated against the known divisions of a micrometer slide.
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Procedure B—Slide Preparation

1. Prepare several temporary wet mounts using any
small, transparent objects of interest, and examine
the specimens using the low-power objective and
then a high-power objective to observe their details.
To prepare a wet mount, follow these steps (fig.
4.5):

a. Obtain a precleaned microscope slide.

b. Place a tiny, thin piece of the specimen you want
to observe in the center of the slide, and use a
medicine dropper to put a drop of water over it.
Consult with your instructor if a drop of stain
might enhance the image of any cellular struc-
tures of your specimen. If the specimen is solid,
you might want to tease some of it apart with dis-
secting needies. In any case, the specimen must
be thin enough so that light can pass through it.
Why is it necessary for the specimen to be so
thin?

c. Cover the specimen with a coverslip. Try to avoid
trapping bubbles of air beneath the coverslip by
slowly lowering it at an angle into the drop of
water.

Obtain a precleaned microscope siide.

E Slowly lower coverslip to avoid bubbles.

Figure 4.5 Steps in the preparation of a wet mount.
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d. Remove any excess water from the edge of the

coverslip with absorbent paper. If your micro-
scope has an inclination joint, do not tilt the
microscope while observing wet mounts because
the fluid will flow.

- Place the slide under the stage (slide) clips or

in the slide holder on a mechanical stage, and
position the slide so that the specimen is cen-
tered in the light beam passing up through the
condenser.

. Focus on the specimen using the scanning objec-

tive first. Next focus using the low-power objec-
tive, and then examine it with the high-power
objective.

2. If an oil immersion objective is available, use it to
examine the specimen. To use the oil immersion
objective, follow these steps:

d.

b.

Center the object you want to study under the
high-power field of view.

Rotate the high-power objective away from the
microscope slide, place a small drop of immersion
oil on the coverslip, and swing the oil immersion
objective into position. To achieve sharp focus,
use the fine adjustment knob only.

- You will need to open the iris diaphragm more

fully for proper illumination. More light is

F Place the specimen
in the center of the
slide and add drop of

Specimen - water to specimen.
e
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Paper

Remove excess water with absorbent paper.

AT T T T Y Y T TV T Y P PP T E RPN RRoEeyg



P IS

> g ~i

needed because the oil immersion objective cov-
ers a very small lighted area of the microscope
slide.

d. The oil immersion objective must be very close
to the coverslip to achieve sharp focus, so care
must be taken to avoid breaking the coverslip
or damaging the objective lens. For this reason,
never lower the objective when you are look-
ing into the eyepiece. Instead, always raise the
objective to achieve focus, or prevent the objec-
tive from touching the coverslip by watching
the microscope slide and coverslip from the side
if the objective needs to be lowered. Usually
when using the oil immersion objective, only
the fine adjustment knob needs to be used for
focusing.

3. When you have finished working with the micro-

scope, remove the microscope slide from the stage
and wipe any oil from the objective lens with lens
paper or-a high-quality cotton swab. Swing the
scanning cbjective or the low-power objective into
position. Wrap the electric cord around the base of
the microscope and replace the dustcover,

4. Complete Part E of the laboratory report.

Interpupillary
adjustment

Eyepiecefocusing
(diopter) adjustment

Body

Figure4.6 A stereomicroscope, also calied a dissecting microscope.

Demonstration

A stereomicroscope (dissecting microscope) (fig. 4.6) |

is useful for observing the details of relatively large,
opaque specimens. Although this type of microscope

achieves less magnification than a compound micro- |
scope, it has the advantage of broducing a three-di-
mensional image rather than the flat, two-dimensional §

image of the compound light microscope. In addition,

the image produced by the stereomicroscope is posi- |
tioned in the same manner as the specimen, rather than |
. being reversed and inverted as it is by the compound |
. light microscope. :
l Observe the stereomicroscope. The eyepieces can
- be pushed apart or together to fit the distance between |

your eyes. Focus the microscope on the end of your fin-

. ger. Which way does the image move when you move |
' your finger to the right?

When you move it away?
If the instrument has more than one objective, |

- change the magnification to a higher power. Use the {
- instrument to examine various small, Opaque objects |
. available in the laboratory. |
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