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EDITORIAL

Micro Stages In Our Relationship

When I first saw you
I couldn't look away.

I know you noticed me
You tried to move from my gaze.

I watched as you glided away from me.
hiding under a small bit of detritus.

I was sad that we never got to spend
more time together.

I wiped you from the slide with a bit of tissue
And went on to look for another.

Poem by Tavit Smith

You are now reading the 34th
issue of Microbehunter Micros-
copy Magazine, and we are

now approaching the end of the third
year of publication. During this time, a
total 68 authors have contributed to the
magazine, and a total of about 300 arti-
cles and gallery images were published.
It is my ongoing hope, that the maga-
zine also served (and continues to serve)
as a motivator for amateur microscopy.
I would like to encourage all enthusiasts
(regardless of age and experience) to
contribute articles and images. The arti-
cles do not have to be long, a few lines
with descriptive text and an accompa-
nying picture documenting your obser-
vations can be put together quickly. The
main idea of this magazine, after all, is
not necessarily present advanced scien-
tific discoveries, but rather to share
one's own approaches to the hobby with
other people. A magazine like this
should, after all, give us microscopy
enthusiasts a sense of community.
 The Facebook page
(www.facebook.com/microebhunter)
currently has about 900 likes and I ex-
pect to reach 1000 followers during the
next few months. At this point, I would
also like to encourage readers to share

microscoppy related links on the Face-
book page. The forum is also steadily
accumulating more and more posts and
users. Currently there are over 470
members and over 30 guest posters reg-
istered. The forum has already accumu-
lated over 3400 posts and is steadily
accumulating new posts.
 I have recently discovered a piece of
software, which allows me to make so-
called photo mosaics. Hundreds of indi-
vidual pictures (micrographs) can be
assembled into a final image. Viewed
from a distance, the mosaic image ap-
pears to look like the original photo-
graph, only when zoomed, do the
individual micrographs become visible.
I admit that that the making of these
mosaic images does not serve any
"higher", scientific purpose. For me
personally, it was simply plain fun play-
ing around with the possibilities of the

program. If you
too have anything
to share, then be
free to post in the
forum, or write an
article for the mag-
azine!
 At this point I
would like to thank
all contributors for
their articles and
images. The last three years, were also
an eye-opener for myself as I myself
was not aware on the wide range of
different interests of the amateur mi-
croscopy community.
 In any case, I wish you all the best in
your microscopic endeavors and hope
that this issue contains some stimulating
material for you to try out.

  ■

Forum: www.microbehunter.com/forum

Magazine downloads: www.microbehunter.com/magazines

Facebook: www.facebook.com/microbehunter

Printable version of magazine: microbehutner.magcloud.com



4 - MicrobeHunter Microscopy Magazine - October 2013

Making Image Mosaics
Use your image library of micrographs to create a
large photo mosaic

Oliver Kim

Over the years, thousands of mi-
crographs accumulated on my
hard disk, of varying quality.

Most of these images I have not pub-
lished anywhere, and they are simply
filling up space on my hard disk. In
many cases, the micrographs simply
document my microscopic endeavors,
serving as a mere record of what I ob-
served, but being of not sufficiently
high quality to justify them being pre-
sented to a wider audience. Yet deleting
these images is something that I simply
could not compel myself to do. I now
found a way to make use of these pic-
tures - a photo mosaic!
 Photo mosaics require a very large
number of different original images,
preferably of different color, brightness
and content. The program processes
these images and assembles them into a
final photograph. When zoomed out,
the final image will look very much like
the original picture. Zooming in will
reveal the individual images that that
make up the the final picture. The pro-

gram will attempt to match both the
color of the individual tiles with the
original image.  After some research,
I have found a program which allows
you to make a simple image mosaic for
free (the commercial version has more
features). It is called Edda Foto Mosaik,
and I found the free version of the pro-
gram to function extremely well. The
link to the program can be found at the
end of this article.

Creating an image database

 First it is necessary to create an im-
age database. Several hundred pictures
are necessary. The more varied the orig-
inal pictures, the better the final mosaic
image will be. Creating the image data-
base does take some time, but once
created the database can be used for
creating a wide variety of different mo-
saics. The invested work therefore does
pay off.  Instead of importing the whole
directory containing thousands of mi-
crographs into the mosaic program, I

decided to only use the better images. I
therefore copied all micrographs that I
wanted to use into a separate subdirec-
tory and deleted the images that I did
not want to use (some micrographs
were indeed completely blurry and use-
less).  It is also possible to first import a
complete directory of images directly
into the program and then remove the
unwanted images from the database. I
found this procedure to be too time-con-
suming, however.
 It was then necessary to specify a
name of the database containing the
original images. It is also possible to
create several image databases, each
one with a different theme. When creat-
ing the mosaic image, you can then
select the database(s) that you want to
use.

Creating the mosaic image

 Once the image database has been
created, the following steps are quire
straight forward.  You have to select the

DIGITAL
TECHNIQUES Making photo mosaics

Figure 1: Create an image database
first. This option allows you to select
a directory containing the images
you want to use for the final picture.
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Making photo mosaics
DIGITAL

TECHNIQUES

Figure 5: Select the image database(s) you want to
use.

Figure 2: Then click on Create mosaic picture and
choose the style.

Figure 3: Now choose the image you want to have con-
verted to a mosaic, and also the output file name.

Step 4: Choose the final resolution the number of tiles
and the and the tile format.

Figure 6: Set how many times you want to repeat
each tile. A high value will result in a better color
match.

Figure 7: After having chosen an optional transpar-
ency, the mosaic image will be created.
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Figure 8: Enlarged view of the parrot
mosaic (head region)

Figure 9: 1000 tiles

Figure 10: 5000 tiles

Figure 11: 500 tiles and a 30%
transparency

Figure 12: Original image

image that you want to make a mosaic
of and the name of the output image.
There are several options that you can
set:
● You can determine the number of

tiles that should be present in the
final image,

● You can set the final resolution of
the created image mosaic,

● You can specify how often each
picture in the image database can be
repeated,

● You can specify the shape and ori-
entation of the individual tiles (por-
trait, landscape or square)

 When choosing the number of tiles
and image repetitions, you have to do a
bit of math. If your database contains
only few images, then you have to re-
peat each image quite often in order to
fill all the tiles. I found that a high
number of image repetitions will allow
the computer to select the images with
the best color match. The final image
will look more like the original. As a
trade-off, this may result in a final mo-

saic in which there are many identical
images adjacent to each other. This
might not look too nice when zoomed
in. The commercial version of the pro-
gram does allow you to specify a mini-
mum separation distance between
identical images, however. For the best
result, it is probably better to increase
the size of the image database and then
reducing the number of image repeti-
tions.
 The program does not allow you to
directly set the number of pixels of the
final image. Rather it asks for a dpi
resolution. Resolutions above 300dpi
can result in quite large images. I at-
tempted to create images with 600dpi
resolution and found out that this ex-
ceeded the maximum filesize for jpg
images. As a consequence, I had prob-
lems opening the file in some programs.
The mosaic image of the parrot (Figures
8-12) were about 20000 x 20000 pixels.
This would be enough for a print of 67
inches (170 cm) on one side at a high

8

9 10 11

12

Making photo mosaics
DIGITAL

TECHNIQUES
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Figure 13: Original image showing a
Vitamin C crystal under low
magnification

Figure 14: The final mosaic image
composed of about 5000 tiles.

Figure 15: Enlarged view of the
central portion of the mosaic.

300dpi resolution. This would almost
fill a whole wall.

Improving image quality

 If you want your mosaic to look
much like the original, then there are
several ways in which you can do this.
As mentioned before, your image data-
base should contain files of a large
brightness and color range. This makes
it easier for the program to find a match.
By increasing the number of image rep-
etitions, you can also make sure that the
program finds a better match. You can
also increase the total number of tiles
for composing the image, this deter-
mines resolution.
 If you want to use a small number of
tiles (to make them larger), then you
will lose image resolution. You can still
compensate this by setting a transparen-
cy. It is possible to make the original
image shine through the individual mo-
saic tiles. This will make the mosaic
image appear to be more realistic. As a
result, the color of the tiles is adjusted.
In my view, this does take a little bit of
the charm away, but does have the ad-

vantage that one can create a mosaic
image with fewer (but larger) tiles.

Presenting the mosaic

 One possibility is to order large
prints of the final mosaic image. You
have to move close to the print in order
to see the individual tiles.
 A second possibility is to present the
image in a zoomable manner. I like to
use the program Zoomify (see the May
2011 issue of Microbehunter for an ex-

planation). The mosaic is first split up
into separate tiles (these are different
the tiles that compose the image) and
then a Flash interface is used for zoom-
ing and panning. I have included a few
examples on the
www.microbehunter.com website.
  ■

Making photo mosaics
DIGITAL

TECHNIQUES

To download the program, visit:

http://www.fmedda.com/en/home
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Stereomicroscopes: Part 8

The Zeiss SR CMO Stereo Microscope. The Anatomy
of a CMO.

R. Jordan Kreindler

Figures 138-144 provide a break-
out of some of the main compo-
nents of this CMO, from the top

down. This breakout is shown to the
right  of the microscope in Figure 140.
 Figure 138 shows the eyepiece as-
sembly. The prisms (Figure 139) are
contained in the eyepiece assembly that
refract the light at an angle appropriate
to allow easier viewing; here the eye-
piece's cover has been removed to allow
the prisms to be seen. Figure 141 shows
the common main objective (CMO),
mounted in a square assembly.
 Figure 142 shows a Zeiss 0.5x aux-
iliary lens to allow more of the object to
be seen and to increase the working
distance (the distance from the object to
the objective). Here, the distance be-
tween the object and the objective with
the 0.5x auxiliary lens attached is sig-
nificantly increased to 8 inches. Al-
though not originally provided with this
microscope, these Zeiss auxiliary fit and
work perfectly with the SR. Jurgen Bor-
shert (Borshert, 2012) notes that these
auxiliary lens were designed to be use
with Zeiss instruments such as the DV4
not having removable CMOs.

 The optional transmitted light base
(Figure 143), to allow the normally inci-
dent light to be reflected up under the
stage's glass plate.
 The reversible stage plate (black on
one side, white on the other) is present
but is hidden by the optional transmitted
light base in the picture of the micro-
scope (Figure 144).
 The red cylinder at the middle right
(of Figure 140) contains the micro-
scope's illumination. Its brightness con-
trol (rheostat) can be seen on the rear
left-side (as seen from the eyepiece
side) of the base. The microscope pro-
vides a locking fixture below the focus-
ing assembly, to prevent the instrument
from inadvertently falling into the base.
 The Zeiss SR is about 22 inches tall
in working position (with 0.5x auxiliary
lens attached, but without the optional
transmitted light assembly), compared
to AO's Cycloptic's height in working
position of 12 inches (without auxiliary
lens). The SR with optional accessories
attached, but without a camera weighs
approximately 16 pounds 1 ounce, com-
pared to the AO Cycloptic's 8 pounds 5
ounces. That is, the Zeiss SR is a rela-
tively large and heavy instrument.

 Figure 145 shows the hind wing of a
Swallowtail butterfly (Family: Papil-
ionidae), as seen through the Zeiss SR
CMO shown in Figure 140. The full
display of the wing shows the value of
having a 0.5x auxiliary lens mounted,
when a larger "in context" view is called
for.
 The AO Cycloptic could also be
purchased with a 1/2x apochromatic
objective, AO No. 266, which provided
an 8-inch working distance. This work-
ing distance is similar to the working
distance on Zeiss' SR microscope with
a 0.5x auxiliary lens.
 Additional pictures through this
Zeiss CMO stereo microscope are
shown in Figures 146-150. Figures 146
and 147 present details from Hong
Kong $10 bills, and Figure 148 from a
US $10 bill. These three figures demon-
strate the difference in engraving quali-
ty between Hong Kong and US
currencies.

Figure 138 (left): Eyepiece assembly

Figure 139 (right): Prisms inside the
eyepiece assembly.

STEREO
MICROSCOPY The history of the stereomicroscope
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Figure 140: Completely assembled
CMO

Figure 143: Optional transmitted light
stage

Figure 142: 0.5x Auxiliary lens

Figure 141: Common Main Objective
(CMO) mounted in square assembly.

Figure 144: Black on one side white
on the other stage plate

STEREO
MICROSCOPYThe history of the stereomicroscope
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 In Hong Kong three commercial
(private) banks were authorized by the
government to print bank notes [the
Bank of China, Standard Chartered
Bank, and the Hong Kong and Shanghai
Banking Corporation (HSBC)]. [Au-
thor's aside: The Bank of China head-
quarters were next to the author's Hong
Kong flat.] The bills shown here were
printed by HSBC
 In the US only the federal govern-
ment has the authority to print bank
notes. The dollar sign '$' used for HK
and US currency derives from an earlier
symbol used to represent the peso and
not, as described in Ayn Rand's fictional
novel Atlas Shrugged, from the letters
'U' and 'S' written one on top of the
other.
 Figure 149 shows a small piece of
orthoclase (or potassium) feldspar with
smoky quartz inclusions from Ontario,
Canada. Fig. 150 is a Rhynchonella
Fossil, c. 70 million years ago, found in
Morocco, North Africa.

Combined References and
End Notes

This list includes references/notes for the
full paper. However, additional references
may be added in later Parts

Allen, R. M. (1940) The Microscope.
Boston: D. Van Nostrand Company, Inc.,
p87.
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permission to photograph their Topcon slit
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Figure 145. Hind wing of Swallowtail butterfly,  seen through a Zeiss SR CMO with
Zeiss 0.5x auxiliary lens

STEREO
MICROSCOPY The history of the stereomicroscope
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Figure 146 (top left): Detail from a Hong Kong $10 bill print-
ed by the HSBC

Figure 147 (top right): Detail from shield on Hong Kong HS-
BC $10 bill

Figure 148 (left): Federal Reserve seal on US $10 bill

Figure 149 (bottom left): Orthoclase Feldspar

Figure 150 (bottom right): Rhynchonella, an articulate bra-
chiopod, filter feeder, marine invertebrate fossil, c. 100 mil-
lion years old

STEREO
MICROSCOPYThe history of the stereomicroscope
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- Zeiss (1937) Zeiss catalog
- Zeiss (1951) Mikroskope für
Wissenschaft und Technologie Catalog
- Zeiss (1984) Catalog 41-603-e
- Zeiss (1984-GDR) GSM Stereo
Microscopes Publication # 30-735-1
- Zeiss (Undated) Citoplast brochure, East
Germany
- Zeiss (Undated GDR-2) GSM GSZ
Stereomicroscopes
- Zeiss (Undated History) - Two Zeiss
Factories in Germany,
http://corporate.zeiss.com/history/en_de/
corporate-history/at-a-
glance.html#inpagetabs-4
[The extended extract is available at the
Zeiss site. It is reproduced with permission
of Wolfgang Mühlfriedel and Edith
Hellmuth (1996), from a publication of the
Regional Center for Political Education,
Thuringia]
- Zeiss (Undated) Opton catalog, West
Germany
- Zeiss (Undated) Stemi DR, Stemi DV4,
Stemi Stereomicroscopes  brochure

Zölffel, Michael (2012) see Orlowski above

________________________

©2011 through 2013, text and photographs
(except as noted) by the author.

The author welcomes any suggestions for
corrections or improvement.

He can be reached at:
lleona111rjk@gmail.com
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Clear nail polish is a very good
substance for visualizing the
surface texture of leaves. All

you have to do is apply a drop of clear
nail polish to the surface of the leaf and
allow it to dry completely. Then peel
the nail polish off the leaf with the help
of tweezers (or your fingernails) and
directly observe the dry film of nail
polish under the microscope. I found it
helpful to press the film of nail polish
smooth between the slide and cover
glass, to ensure that the film is reason-
ably flat. The nail polish can then be
observed directly without any mounting
medium. I have already described a
method of making these impressions in
the October 2012 issue of Microbehunt-
er Magazine.

High refractive index

 Clear nail polish contains nitrocellu-
lose dissolved in an organic solvent. It
seems to have a relatively high refrac-
tive index, otherwise I can not explain
that the produced leaf impressions pro-
duce images of such a high contrast.
Especially dark-field images are quite
impressive. Evidently small variations
in thickness (which represents the sur-
face texture of the leaves) already have
a large impact on the final image. I have
taken several images at different magni-
fications and both using bright field and
dark field imaging. The produced re-
sults were significantly different from
each other.

Stomata

 Figure 1 shows the bottom side of a
cherry leaf in dark field. Notice the oval
stomata that are scattered throughout
the bottom side of the leaf. Compare

OBSERVATIONS Leaf impressions

Making nail polish leaf impressions
Application of some nail polish on the surface of leaves can
produce quite interesting results

Oliver Kim

Figure 1: Dark field image of a leaf
impression, showing the bottom side
of a cherry leaf. The individual
stomata (arrow) are clearly visible.

Figure 2: Dark field image of the top
side of a cherry leaf. The texture is
quite different and stomata are (as
expected) not present.

Figure 3: Bright field image of the top
side of a cherry leaf.

1
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OBSERVATIONSLeaf impressions
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this image to Figures 2 and 3, which
show the top side of the leaf. As expect-
ed, no stomata are visible there.
 The stomata are openings in the
lower epidermis of a leaf to allow the
diffusion of gasses into and out of the
leaf. The stomata are surrounded by two
guard cells. These are able to open and
close the central hole. During night,
when photosynthesis is not able to take
place, the stomata are closed to reduce
the loss of water through these open-
ings. During day the stomata are open to
allow the diffusion of CO2 gas into the
leaf.
 Figure 4 shows a bright field image
of the bottom side of a beech leaf. The
image was taken with a 40x objective
and at this high magnification the two
guard cells that surround the stoma are
also visible. Again, remember that we
are talking about an impression on nail
polish here. Any cells and cell walls that

are visible in the picture are visible only
because these structures are not flat but
emerge from the surface of the leaf. The
surface of a leaf, therefore, is not com-
pletely flat but has the individual cells
bulging outwards.

Difficulties encountered

 While it did not take a long time for
the nail polish to dry completely (maybe
about 30-45 min), the time was enough
for the beech leaf to shrivel up. This
also pulled the nail polish together
somewhat and made it more difficult to
grab the nail polish before peeling it off
from the leaf. I still found that the nail
polish separated nicely, once I could
grab a corner of the nail polish film,
however. The shriveling of the leaf
might also have caused the nail polish to
shrink more than normal.

Figure 4: Bottom side of a beech leaf.
The stomata are again clearly visible.

Figure 5: Enlarged image of a
stomata.

OBSERVATIONS Leaf impressions
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 A second problem was the damage
done to the leaves. Nail polish contains
aggressive organic solvents that damage
the cells. The place where I applied the
nail polish started to discolor signifi-
cantly (see Figure 6), a probable sign
that the cells were destroyed. For this
reason I only used the leaves that were
shed by the trees during this fall season
I did not want to destroy the plants of
my living room, even though I do not
think that the small amount of nail pol-
ish would make any significant impact.
In the past I also experimented by ap-
plying water-based wood glue and this

also worked well, even if the drying
times were significantly longer.
 Last, the nail polish film with the
impression was difficult to get flat. I did
try to carefully compress the dry film
between the slide and cover glass (with-
out mounting medium). Some parts of
the image were therefore out of focus
and it would be necessary to do some
image stacking.

Future ideas

 The stomata open during the day
and close during night. It should be

possible to observe this as well. Figure
5 shows that the central hole is darker.
A closed stoma would probably be
brighter. In order to do this, the nail
polish has to be applied to a plant ex-
posed to light and one in darkness.
 A second idea would be a compari-
son of the surface texture of different
plant leaves. Is it possible to use this
texture as an identifying characteristic
for the leaf type? I do not know, but this
could be a study worthy of investiga-
tion.
  ■

Figures 6, 7: The film of nail polish
can be peeled off easily with a
tweezer or a knife.

OBSERVATIONSLeaf impressions

Stoma

 In botany, a stoma (plural stomata)
(occasionally called a stomate, plural
stomates) is a pore, found in the epider-
mis of leaves, stems and other organs
that is used to control gas exchange.
The pore is bordered by a pair of spe-
cialized parenchyma cells known as
guard cells that are responsible for reg-
ulating the size of the opening. The
term is also used collectively to refer to
an entire stomatal complex, both the
pore itself and its accompanying guard
cells. Air containing carbon dioxide
and oxygen enters the plant through
these openings and is used in photo-
synthesis in the mesophyll cells (pa-
renchyma cells with chloroplasts) and
respiration, respectively. Oxygen pro-
duced as a by-product of photosynthe-

sis diffuses out to the atmosphere
through these same openings. Also,
water vapor is released into the atmo-
sphere through these pores in a process
called transpiration.
 Stomata are present in the sporo-
phyte generation of all land plant
groups except liverworts. Dicotyle-
dons usually have more stomata on the
lower epidermis than the upper epider-
mis. Monocotyledons, on the other
hand, usually have the same number of
stomata on the two epidermes. In
plants with floating leaves, stomata
may be found only on the upper epider-
mis; submerged leaves may lack sto-
mata entirely.

Reference: Text taken from
http://en.wikipedia.org/wiki/Stoma

Brightfield image of tulip stomata
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What’s this? Answer on page 2.


