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o o [ would never have thought
it was so easy and cheap
fo I I OW I n g I n RO Oe rt to construct a light micro-
scope. The activities in this
article will surely help stu-
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preciate their work once
they get to use the micro-

Nektarios Tsag“OtiS eXplainS how to bUlId scope and see with their
0 5 - o own eyes what set Robert
an effective microscope usjng simple Hooke on his fascinating

materials — enabling your {étudents to [P D B & Ve T
eresting project that could
discover a hidden world, just as Robert even be carried out as part

of a school science exhibi-

HOOke dld in 1 665 tion — with a prize for the

best, coolest microscope!

Although the author car-
ried out the project with
10- to 14-year-old students,
[ would use it for older stu-
dents (15-18), as in my ex-
perience younger students
tend to lack the necessary
dexterity and patience. For
older students, the activity
could be extended to in-
vestigate what happens if
you use lenses of different
sizes.

Rita Greer’s portrait of Robert Hooke 1 Andrew Galea, Giovanni
(2009), painted for The Open University, Curmi Higher Secondary T

UK. Among the items in front of him are School Naxxar, Malta

his book, Micrographia, and a microscope | '
*Note that the author
performed the project with
students aged 10-14
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ike the telescope, the micro-

scope was made famous by

the achievements of one of its
earliest users. When we consider the
telescope in history, we think of Gali-
leo Galilei (1564-1642) and his pio-
neering observations of the Moon and
planets. Similarly, the English scientist
Robert Hooke (1635-1703) was one of
the first to realise the potential of the
microscope. In his book Micrographia,
published in 1665, Hooke astonished
the public with a fantastical world,
where everyday objects such as nee-
dles and hairs, ants and spiders, were
transformed by magnification.

From a very early age, Robert
Hooke’s curious mind drew him into
many scientific fields (for this reason
he has been called the ‘Leonardo of
England’). In 1662, he was hired by
England’s recently founded academy
of science, The Royal Society, to carry
out studies with the microscope.
Three years later, he published these
and many of his other studies in Mi-
crographia.

This huge book is filled with de-
scriptions of what Hooke saw under
the microscope. He claimed that his
goal was to use ‘a sincere hand, and
a faithful eye, to examine, and record
the things themselves as they appear’.
Along with descriptions, Hooke in-
cluded stunningly detailed drawings
of the objects he viewed. His lively
drawings of insects made them seem,
as he remarked, “as if they were lions
or elephants seen with the naked eye’.
The book was a great success and is
still considered a masterpiece of scien-
tific literature.

Micrographia was the inspiration for
my classroom project, which had two
aims. First, to build a working micro-
scope inspired by early models from
inexpensive, easily obtainable modern
materials that students could use in
class; and second, for the students to
investigate the microscopic world for
themselves, taking Robert Hooke’s
studies as a starting point and produc-
ing their own observations in the form
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of sketches and descriptions.

The microscope I built with my
students is a modified version of
one described by researchers at the
Museo Galileo in Florence, Italy*!. It is
similar in construction to those used
by Hooke and other scientists during
the late 16" and early 17 centuries
and has the same essential elements:
two lenses (objective and eyepiece), a
microscope tube, and a diaphragm to
reduce optical distortion. The mod-
ern materials we used include plastic
lenses, each of which was extracted
from a single-use disposable cam-
era. Once built, the microscope has
a magnification of approximately 20
times — quite sufficient to reveal the
wonders of the microscopic world as
Hooke saw them.

This microscope is durable and
portable, and can be assembled
quickly once the materials have been
collected, cut and glued appropriately
(see online video™?). It can be used
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repeatedly for microscope studies and
/ or observations, requiring minimal
maintenance, such as lens cleaning
and battery supply for the spotlight.
Moreover, it can be stored easily in
the classroom and laboratory, as it oc-
cupies a small space.

Materials

e 2 lenses with a focal length of 35
mm, each salvaged from a single-
use disposable camera.
Make sure the flash has been
discharged and remove the battery
before you open the camera. Use
insulated tools (like screwdriver
and pliers). The students might
need help extracting the lenses
from of the cameras.

¢ 2 metal washers with an external
diameter of 2 cm and an inner hole
of approximately 1 cm diameter

* 1 black cardboard or rubber disc
with an external diameter slightly
smaller than the washers (approxi-
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Images courtesy of Nektarios Tsagliotis
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mately 1.2 to 1.5 cm) and a small

hole of approximately 2-3 mm di-

ameter.

This is the diaphragm: it ensures

that the centre of the lens is used

rather than its edges, as these can
distort the image.

4 plastic tubes, to form the micro-

scope body and support, with the

following dimensions:

+ Microscope body tube: 16.5 cm
length of @18 (1.8 cm external
diameter, internal diameter
1.6 cm)

+ Main support tube: approxi-
mately 17 cm length of @23
(2.3 cm external diameter,
internal diameter 2 cm)

+ Two smaller support tubes: each
an approximately 10 cm length of
@16 (1.6 cm external diameter)s
These are plastic tubes used
for electrical home installation,
obtainable from hardware stores

and / or electrical supplies shops.

1 rigid base made from thick card-
board, wood or similar, approxi-
mately 10 x 10 cm

2 strong rubber bands (for a more
stable construction, use 1 strong
rubber band and 1 plastic cable tie)
1 piece of opaque black paper, ap-
proximately 15 x 5 cm

1 black plastic 35 mm film contain-
er or similar. Alternatively, a plastic
connector for the @18 tube

A reading spotlight, preferably
with a clip for attaching it to the
microscope base

www.scienceinschool.org

Blutack® (malleable stickyish plastic
used for temporary fixing)

Glue gun with hot silicone and in-
stant glue

Scissors

Paper cutter

Hacksaw

Ruler

Pen or pencil

Procedure

1.

Take the tube that will form the
microscope body (918). Roll the
opaque black paper lengthways
and insert it into the tube so that it
forms a lining for the tube.

Attach each lens to a washer using
Blutack or glue them carefully
with instant glue. Then add a ring
of Blutack around the edge of the
lens and washer.

Place one lens-and-washer unit

at one end of the tube, with the
washer on the outside, using the
Blutack ring to hold it firmly in

Image courtesy of Nektarios Tsagliotis
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position. Then fix the other lens-
and-washer unit at the other end
in the same way.

. Place the black cardboard or

rubber disc on top of one of the
washers at the end of the tube and
secure it with Blutack. The disc
forms the microscope’s objective.

. Make the microscope eyepiece: in

the bottom of the film container,
cut a hole just large enough to fit
the microscope body tube into (if
you use a tube connector, see list
of materials, you do not need to

An ant, as illustrated in
Hooke’s Micrographia
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cut a hole). Push the tube (the end
without the black disc) a short
way inside the film container and
secure it with glue if necessary.
Now construct the support for

the microscope body. Using the
glue gun and hot silicone, fasten
the two smaller tubes to the main
support tube (the longest remain-
ing tube) so that they lie alongside
each other, touching, with all three
tubes aligned at one end and the
longest tube extending beyond the
others at the other end.

The finished microscope with a

cable tie and a rubber band
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7.

10.

Then use the glue gun to attach
the free end of the longest tube to
the base, positioning it towards
one end of the base. Hold the tube

steady in a vertical position until
the hot glue has cooled.

Complete the microscope by
joining the microscope body to

the support. Place the two rubber
bands around the three support
tubes, one near the top and one
near the bottom. (Or use a plastic
cable tie instead of the lower of the
two rubber bands.) Then slide the
microscope body under the bands,
with the eyepiece at the top. Make
sure the bands are tight enough to
hold the body tube in position, but
that it can still move up and down.
Adjust the position so that the
objective end is a few centimetres
above the base. Your microscope is
now ready!

To view an object under the
microscope, place it on the base,
under the objective. Bring it into
focus by sliding the body tube

up and down until you find the
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right position. (If you are using the
cable-tie version, focus by turning
the microscope tube gently and
simultaneously moving it up and
down™?.)

Shining a bright light, such as a
desk lamp or a small torch or spot-
light on the object will give you
even better images.

If you have a compact digital cam-
era, you can even take photos of
your magnified specimens. Hold
the camera against the eyepiece
lens, keep it steady and you will
be surprised at the clarity of the
images you produce.

Magnified specimens:
a) thread; b) rasberry;

c) isopode legs

www.scienceinschool.org
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Improving the images

To achieve even sharper images,
with less distortion, you can build a
version with an additional lens (a field
lens) between the eyepiece and the ob-
jective. For this you need to have used
a tube connector rather than a film
container for the eyepiece, since the
film container’s diameter is too wide
to hold the lens. Then all you have to
do is add another lens-and-washer
unit at the top of the connector: this
is the new eyepiece. The eyepiece of

Image courtesy of Nektarios Tsagliotis

The three-lens microscope
A: The new eyepiece;

B: the field lens, which was the eye
piece of the original microscope;

C: the objective lens

Image courtesy of Nektarios Tsagliotis

Materials for the improved
microscope with three lenses
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the original model (described above)
becomes the field lens of the three-
lens model.

Classroom activity

The idea is for 10- to 14-year-old
students to use the microscope in a
similar way to Robert Hooke, recreat-
ing an authentic scientific method of

discovery. The students view an object

using the microscope and then pro-

duce a detailed sketch and a descrip-

tion. Afterwards, the class discusses
their results.

1. Prepare some printouts of pages
from Micrographia, including
Hooke's sketches of items similar
to those the students will study
with the microscope (see list
below), paired with a simplified
version of the text description in
each case™.

2. Collect a selection of suitable
objects for looking at under the
microscope. You could try:

e Aprinted and a hand-written
full stop (dot)

* The point of a needle

* Pjeces of fabric

e Grains of sand, sugar and salt

¢ Plant seeds and other parts of
plants

* Small insects (e.g. ants) or
other arthropods (e.g. isopods
- woodlice) anaesthetised by
placing in alcohol solution (20-
30%, e.g. an antiseptic solution)
for around 15 min

3. Then set up the microscopes (we
made one per pair of students), en-
suring that there is sufficient light
for viewing (e.g. with a reading
spotlight or a strong torch).

4. Start the lesson with a brief ac-
count of who Robert Hooke was
and his life story (I found this
effective in engaging the students’
curiosity about his work). A series
of paintings by historical artist Rita
Greer, depicting Robert Hooke’s
life from boyhood onwards, are a
useful resource*’.

5. Divide the students into pairs,
with pencils and paper for sketch-
ing and writing notes, plus a
drawing and description from
Micrographia as an example to fol-
low. Each student in a pair should
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take a turn with the microscope, aged my students to “do science’ Web references

viewing and sketching the object, themselves, demystifying it in the pro- 1 _ To learn how to build the Museo
then writing a description. cess: they were using an instrument Galileo version, see: http:/ /
As part of our project, I developed  that they had built themselves using brunelleschi.imss.fi.it/esplora/
a set of seven worksheets for each ~ simple materials. microscopio/dswmedia/ risorse /
type of specimen observed. These erisorse.html
can be downloaded free of charge ~ Acknowledgments
in English or Greek™®. This project is part of the research
. The students should discuss their =~ work undertaken by the Greek group
observations, writings and draw- for the ‘History and Philosophy of
ings in pairs and / or in groups of ~ Science in Science Teaching’ (HIPST)
four, before reporting to the whole  project"®, funded under the 7t
class. Framework Program, Science in Soci- 28 : 4
My students were enthusiastic ety-2007-2.2.1.2 - teaching methods. SR;%(?: dHh(;(s)Iziec)gtrz)lrsa}?tzda:]gher?sut%l:fris i
about the activity, making a big ef- The author would like to thank the Oxford, UK, he assisted Robert Boyle. ‘
fort to work in a ‘scientific’ way, like coordinator of the Greek research Hooke is shown in Dr Cross’s apoth-
Hooke. Even those who complained group of the HIPST project, Fanny ecary’s shop in Oxford, setting up an
that they could not draw tried hard””  Seroglou (associate professor at the experiment using the air pump that he
and attempted to describe the object Aristotle University of Thessaloniki) designed and made. Hooke is attaching

verbally. The whole project encour- for her support on the project. the glass globe while Boyle supervises.
The artist used Hooke’s own working

drawing of the air pump for accuracy

This website also offers a collection
of historical texts about 17 century
microscopy.

The Scientists, by Rita Greer (2007). After

Image courtesy of Rita Greer; image source: Wikimedia Commons
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w2 — For a video of my students Resources
building the microscope, see:
http:/ / hipstwiki.wetpaint.com/
page/Videos

For a more detailed article about this
project, see:
Tsagliotis N (2010) Microscope stud-
ies in primary science: following the
footsteps of R Hooke in Micrograph-
ia. In Kalogiannakis, M Stavrou D,
Michaelidis P (eds) Proceedings of the
7th International Conference on Hands-
on Science. 25-31 July 2010, Rethym-
no-Crete, pp. 212-221. www.clab.
edc.uoc.gr/HSci2010

For a description of a similar simply
constructed microscope, see:

w3 — To see some alternative sug-
gestions for improving the stabil-
ity of the microscope, see: http://
hipstwiki.wetpaint.com/page/
constructing+the+microscope
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For a photographic account of how
to construct our microscope, as well
as a more advanced one with three
lenses (objective, field lens and
eyepiece), click on ‘constructing the

microscope’

w4 — The original text and images of Vannoni M, Buah-Bassuah PK, Mo-
Micrographia can be downloaded lesini G (2007) Making a microscope
from the Project Gutenberg website: with readily available materials.
www.gutenberg.org/ ebooks /15491 Physics Education 42(4): 385-390. doi: Uijie Gesuls, &5

w5 — Rita Greer’s paintings of Robert 10.1088/0031-9120/42/4/008 ;U;Zt;t,id /ISTHOOke :
Hooke's life are freely available For a detailed account of how to TOSTaPHS
via Wikimedia Commons: http: // construct a somewhat more com-
commons.wikimedia.org / wiki/ plex but more stable microscope,
Category:Paintings_by_Rita_Greer see: www.funsci.com/fun3_en/

w6 - To download th? @icros— ucomp'l /ucom'pl.ht.m . Primary Science Laboratory at the 9t
copy w.01jksheets., visit http:/ / If you enjoyed this article, you might Primary School of Rethymno, Crete,
hipstwiki.wetpaint.com/page/ hk? to b.rows‘e the‘other project providing support and in-service
study+worl.<sheet.s_.gr (Gre.ek) articles in SCl?TlCE in School. See.: training for the teachers of the region.
or http:/ /hipstwiki.wetpaint. www.scienceinschool.org/ projects He is interested in inquiry-based
com/page/study+worksheets_en teaching and learning in science, in
(English) authentic investigative environments.
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w7 — For examples of my stu- Nektarios Tsagliotis is a teacher-re- a6 S
dents” work, see: http:/ / searcher in the field of science educa-
hipstwiki.wetpaint.com/page/ tion. He has taught primary science
children%27s+texts+%26+drawings  for the past 15 years and also works as To learn how o use this E ]

w8 — To learn more about the HIPST a researcher at the University of Crete, code, see page 57.
project, see: http:/ /hipstwiki.eled. in the department of primary educa-
auth.gr tion. In this role, he is in charge of the
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@‘b Join the teacher community and collaborate with business

1‘ i n e n i 0 U S to motivate your students to become scientists!
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