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PHYSICS

Nuclear Physics under the Microscope

Modern day alchemy: Converting Aluminum into Phosphorus.
Tom Watson

W

hat do you get when you fire
an alpha particle from a sample of radioactive Polonium
210 at a target of everyday Aluminum?
The answer is: A brand new atom, specifically an isotope of Phosphorus
called Phosphorus 30, which is like normal Phosphorus in every way except for
having one less neutron. Similar experiments in nuclear physics have been performed by the likes of Madam Curie
and other prominent nuclear pioneers
and provide a fun and engaging way to
learn about atoms.

In order to perform this experiment
I required a sample of Polonium, a
Gamma Spectrometer, and, you guessed
it, a Microscope. Only very tiny
amounts of Polonium 210 are legal to
own without a license in the United
States. Worse, the exposure of the aluminum to the radiation from the Polonium 210 decreases as their distance
increases.
Lastly, the alpha radiation from Polonium 210 has only a few
Centimeters of range before it is slowed
by the air. With these three limitations,

I
was
forced
to
work
in
the millimeter range using a Celestron
model 44345 digital video microscope.
Using
small
needles
for maneuvering, I worked the
tiny piece of Aluminum (about 2mm in
length) directly into contact with the
Polonium 210 while using the Celestron
microscope to see what I was doing.
With the Aluminum in contact with the
Polonium 210 as such a precise range,
only achievable with the use of the microscope, the creation of Phosphorus 30
began. I bombarded Aluminum 27 (13

1

Figure 1: Picture taken with a Celestron 44345 Digital Microscope of the Aluminum (silver colored material on top). It was
carefully placed into direct contact with the Polonium 210 (the base of the picture). This photo was edited from two photos, each
with different focus, to bring both objects into focus. The magnification was 400x.
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2

Figure 2: Po-210 observed at 100x
Figures 3, 4: The Polonium 210
sample.

4
protons and 14 neutrons), the stable
type we have all have come to know and
love, with energetic alpha particles (two
protons and two neutrons) at an energy
of 5.3042 MeV (MeV means Millions
of Electron Volts). Most of the alpha
particles bounced off of the aluminum
without joining, but some of the alpha
particles struck the Aluminum atoms
directly. Those few alpha particles
bonded with the nucleus of the Aluminum 27 to produce the isotope Phosphorus 30 (15 protons and 15 neutrons).

The phosphorus 30 created with the
experiment cannot be directly observed
due to it's short half-life of a mere 2.49
minutes. Within minutes Phosphorus 30
decays into stable silicon 30 (14 protons
and 16 neutrons) via beta+ decay (the
emission of a positron). The positron
emitted is actually a form of anti-matter.
The quick positron has an average energy of about 1438 keV (keV means
Thousands of Electron Volts) and a
maximum of 3,203.3 keV. The positron
lasts only a short time before slamming

into a normal electron and annihilating
with a resulting energy of 1,022 keV,
expressed as two gamma rays, each
with an energy of 511 keV of energy. It
is these emissions which I detect, using
gamma spectroscopy via a Spectrum
Techniques UCS30 Sodium Iodide
Thallium Doped scintillation counter.
This is the reaction involved:
Al27 + He4 → P30 + N
(e+) + e → y
■

MicrobeHunter Microscopy Magazine - July 2012 - 5

OBSERVATIONS

The heat of summer makes survival in the bird bath a challenge.
Charles E. Guevara

D

uring our recent July 2012 heatwave, the puppies often headed
directly to the garden bird bath
(fig. 1). Dragon flies, bees, wasps, and
of course birds - all visit the bird bath.
We noticed a subtle change in the
shallow bath after a week of intense
direct sunlight with daytime temperatures always above 92° F (33°C). Near
to the water surface, the submerged
walls of the bath developed a pebbled
textured deep red film (fig. 2).
This deep red film was gently
scraped with a glass pipette and collected in small plastic sample cups. Freshly

1

Figure 1: Pups visit the birdbath.
Figure 2: Red textured film of
aplanospores.

2
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Figure 3: Two samples kept at the
bench, one with a translucent cover.
collected specimens were observed by
simple wetmount slide preparations.
The intense red hematocysts (aplanospores, resting cysts) indicated our bird
bath has the flagellate (the algae): Haematococcus pluvialis.
The dense red hematocysts of this
photosynthesizing flagellate are a protective response to harsh sunlight and
high temperatures. Many organisms,
plants and ourselves had difficulties
with the July'12 heatwave. Haematococcus pluvialis synthesized dense concentrations of the carotenoid pigment
astazanthine to cope with these harsh
summer conditions in the bird bath.
The entire strategy of this flagellate's
novel aplanspore/haematocyst stage is
survival during intense heat and high
intensity of illumination. Astazanthine,
a carotenoid pigment, is a stronger antioxidant than vitamin E. It is a pigment
used by crusteacens (that pretty pink
coloration in certain shrimp and lobsters), and gives salmon fish the pretty
pink coloration. Flamingo birds even
deposit astazanthine in their growing
feathers. All these animals get that pig-

ment via diet. Only plants and microbes
(like this flagelate!) can make this pigment.
The identification of this protist led
to wonderful reading about its life cycle’s adaptive stages. A large biflagellate mobile macrozooid stage occurs in
the “comfort range of conditions” for
this flagellate. Harsh conditions prompt
the loss of flagellae and formation
of green spherical cells, termed palmella cells.
Palmella cells may produce other
palmella cells, or small biflagellate cells
termed, the microzooids, or they may
transform back to macrozooids (if conditions improve, for this protist). If
conditions become further harsh, palmella cells may transform to hematocysts.
The adaptively resting hematocysts
may transform to any of the other stages
if conditions improve for the hardy
flagellate.
I have indoor air temperature of 75°
F on average. I keep the Haematococcus pluvialis resting cyst samples at the
bench with a daily light cycle (much
less harsh light than summer direct sunlight in this locale). I added a drop of
store purchased 'liquid plant food' to
each sample cup. These samples have

been maintained five days, I will patiently watch for the macrozooid stage.
On the following pages, please enjoy observing various life cycle stages
of this worldwide occurring flagellate
(algae).
Sources:
"Protozoology", Richard R. Kudo, 5th
edition, 1966.
On pages 330 and 331 are discussion of
the life stages of this protist. I enjoyed
the very first sentence on page 330:
"...green flagellates with a close resemblance to the algae."! Please sometime
enjoy a visit to this text online / open
access.
"The Algae", V. J. Chapman, 1st edition, 1962, reprinted 1964.
Page 23 has illustrated life cycle stages
which informed my microscopy.
“Occurrence of Haematococcus pluvialis in a small artificial pool on the university campus", Lubomira Burchardt,
Stanislaw Balcerkiewiez, et al, Biodiv.
Res. Conserv. 1-2: 163-166, 2006. accessed online 7/18/12

■
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Figures 4, 5, 6: Aplanospores from a
freshly collected sample. Up to 5% of
the dry weight of hematocysts
(aplanospores) is the carotinoid antioxidant pigment astazanthin.
Figures 7, 8, 9: Aplanospores transform back to pamella stage cells.

9

7
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Figure 10: Four cell stage of pamella cells transformation.

12

Figures 11, 12: Oil-objective views of transformation to
pamella cells.
Figure 13: DL phase images of the microzooid stage. Notice
the space between the outter wall and the protoplast?!
Figure 14: Brightfield 60X objective view of a macrozooid.
Figure 15: Phase 100x oil lens view of a macrozooid.

13
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Introductory
Microscopy

Suitable Specimens for Beginners

Here is a short article documenting some of the specimens that are suitable for
beginning microscopic observations.
Oliver Sherwood

A

lthough I am still beginner I
have always been interested in
biology and microscopy and I
believe this article will help other beginners like me with some where to start.
I have got a small and relatively cheap
researcher II. Which is a mid-level microscope with four different magnifications 5x, 10x, 25x, and 25x immersion.
Also with the microscope I have an eye
piece which connects to my computer
and enables me to take pictures and
store them which I think is amazing and
I would recommend this to everyone. I
also have slides and cover slides and a
dissection kit and of course gloves for
touching and catching these animals.
I think my microscope is perfect for
me and for anyone enthusiastic in microscopy like me some think that microscopy is looking at things like rare
viruses etc. which is true but for us
beginners I don’t think anyone expects
us to be looking at those kinds of things,
instead we can look at things a little
easier to find.

I started by looking at a not so rare
creature in pond water its common
name is water fly or the Cyclops, and
the Cyclops is very small and is called
the Cyclops because it single eye just
like the Cyclops that Odysseus encounters on his journey in the odyssey. But
luckily for us the Cyclops that we will
be looking at isn’t quite as big as the
Cyclops in the Odyssey. As I have said
before the Cyclops is very easy to find
all you must do is get a wide mouthed
bottle go to your nearest pond and fill it
with water make sure you get a bit of
algae in there because that is what Cyclops eat from, if you hold up the jar to
the light you will see lots of white blobs
these are the Cyclops. Get a pipette and
extract these blobs on to a slide then you
have a Cyclops to examine.
After doing that experiment I decided I would look at the life within pond
water which to anyone starting is a great
idea as the life within a pond is easy to
find and amazing to look at. The types
of things I looked at other than the Cy-

1

clops are things like Spirogyra which is
a type of algae and is interesting to look
at because there are many tiny strands
of filament and it is shaped in a spiral of
chloroplasts. I also looked at amoeba
which is a little harder to find but worth
it when you find it.
Finally, I did a little investigation
into blood to see the difference in species and so far I have only looked at
human blood which is mine but wasn’t
too painful to find! The difference to
frog blood was astounding and I recommend everyone to try looking at the
difference in blood of different species
I am not going to ruin it by telling you
but below is a picture of frog’s blood in
case you can’t find a frog.
In the future I hope to progress in
microscopy and carry on with my blood
project I believe I will keep the microscope I use at the moment and will carry
on in microscopy.
Article and images by Oliver Sherwood (14)

■
Figure 1: Cyclops
Figure 2: Red blood cells of a frog.

2
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Figure 3: Fly wing
Figure 5: Fly leg
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Figure 4: Wing
Figure 6: Wasp
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Bird Feathers

Bird feathers are surprisingly complex structures. And quite beautiful too!
Oliver Kim

B

ird feathers are surprisingly intricate structures, and some understanding of feather anatomy
helps in understanding what one is
looking at under the microscope.
Feathers can be classified into two
main types, the vaned feathers and
down feathers. Vaned feathers have a
central shaft, the rachis. This shaft carries a large number of barbs, which are
parallel to each other. The individual
barbs can be easily seen with the naked
eye. The barbs are branched even further into barbules. These barbules require a microscope to be made visible.
The barbules of adjacent barbs overlap
with each other.
The barbs of vaned feathers do not
float freely, but have the tendency to
stick to each other. This gives the feather a certain amount of stability and also
does not allow air to pass through as
easily, which is important for flight.
The individual barbs stick together, because their barbules (the side branches)
carry little hooks for cross-attachment,
much like a Velcro hook-and-loop fastener. These hooks are referred to as
barbicles.
The barbs of down feathers do not
carry these hooks and therefore float
freely. The afterfeather of a vaned
feather also does not carry them.

both a wing feather as well as a down
feather. Be aware that there are laws in
many countries that prohibit the collection of feathers found in nature, especially if the birds are protected.
Mounting the feathers
Small parts of the feathers were
carefully cut off with scissors. Much
care was taken so that the individual
barbs were not damaged. A drop of
Euparal mounting medium was placed
on the slide and the dry feathers were
placed directly into the medium. I did

not use tweezers in order not to damage
the delicate structure. The feathers readily accepted the mounting medium, aided by capillary forces, which quickly
pulled the medium to all parts of the
feather. A small amount of mounting
medium was added to the top as well, to
completely submerge the specimen.
I also tried making a wet mount, but
this was much less successful. The
feathers are water-repelling, thus keeping the birds dry. As a consequence
many air bubbles formed beneath the
cover glass. The barbs of the ostrich
feather even aggregated and clumped

Obtaining the feathers
I observed a total of three different
feathers. The feather of an ostrich came
from a souvenir shop. Ostrich feathers
are quite large and can be used as feather dusters. I also found a somewhat
damaged stained green feather of unknown origin in my apartment. I think it
was used for decorative purposes on a
child’s toy. Last, I found a commercial
permanent mount of a chicken feather in
my slide collection. This slide contained

Figure 1: Parts of a contour feather: 1. Vane, 2. Rachis, 3. Barb, 4. Afterfeather,
5. Hollow shaft, Calamus. Image: Public Domain by Icea
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Figure 2: Scan of the ostrich feather.
Figure 3: Ostrich feather photographed using a 10x objective. The
feather has a very large surface area,
making it suitable to collect dust.
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Figures 4-6: Stained decorative feather of unknown origin. The individual barbs are not connected to each other and float freely.

6
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Figure 7: Down feather of a chicken.

8

Figure 8: Dark field micrograph of the
wing feather of a chicken (10x objective).
together. This is a clear sign that they
are hydrophobic and can not be wetted
easily by the water.
The feathers were easy specimens to
observe and are also suitable beginner
objects. Barbicles could be seen in the
chicken feather. These hooks were not
arranged regularly, but pointed into different directions. I wonder if this is an
artifact or if the irregular arrangement
actually improves cross-linking.
The feather of the ostrich, the down
feather of the chicken and the stained
decorative feather did not possess any
barbicules, making the feather fluffy.

■
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Figure 9: Wing feather (a vane feather) of a chicken, 10x objective.
Figure 10: The barbicles (arrow) are
visible under high magnification (40x
objective).
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Staurastrum aculeatum
Mike Guwak

Size: the cells are about 1.1-1.3
times wider (including the spikes)
than they are long. Length: 3350mm, width: 50-60mm.
Shape: The cell is divided into two
semicells by a deep constriction
(isthmus). The semicells are elliptical and have 3-4 strong spikes at
the end. Spikes are also present on
the apices and on a median line of
the semicells.

Occurrence: moors at a pH of 6.46.8.
Origin of name (Latin): prickly,
spine-like
References
Lenzenweger, Rupert (1996). Desmidiaceenflora von Österreich:
Teil 1. Berlin, Stuttgart: J. Cramer
Streble, Heinz, and Dieter Krauter. Das Leben Im Wassertropfen. Stuttgart: Franckh,
1988. Print.

Guiry, M.D. & Guiry, G.M. 2012. AlgaeBase. World-wide electronic publication,
National University of Ireland, Galway.
http://www.algaebase.org; searched on 02
August 2012.
Original publication: Ralfs, J. (1848). The
British Desmidieae.

Image Credit
Image copyright Mike Guwak (2012).
http://www.mikroskopie-main-taunus.de
mike.guwak@mikroskopie-main-taunus.de
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GALLERY

Plant Trichome

Frontonia eating a Spirogyra algae.
By Daniel Holloway

“Frontonia is a genus of free-living
unicellular ciliate protists, belonging to the
order Peniculida. As Peniculids, the
Frontonia are closely related to members of
the genus Paramecium. However, whereas
Paramecia are mainly bacterivores,
Frontonia are capable of ingesting large
prey such as diatoms, filamentous algae,
testate amoebas, and even, in some
circumstances, members of their own
species.”
Source:
Wikipedia
http://en.wikipedia.org/wiki/Frontonia
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Diatom and Rhodophyte

GALLERY

Top: Diatom lifted from the background
with PhotoShop CS5.
Bottom: Possibly a rhodophyte, a red
algae cell found in sheep trough.
Microscope: Leitz SM-D.
Camera: Pro-Microscan DCM130.
Magnification: X450.
By Michael Race.
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Planarian

A small planarian of my minipond.
By Luca Monzo
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Dileptus from Lake Braies,
South Tyrol, Italy.
By Luca Monzo

“Dileptus is a genus of unicellular ciliate
protists, belonging to the class Litostomatea. Members of the genus are found in
fresh and salt water. Like most of the freeliving Litostomes, Dileptus is an aggressive
predator, carrying an arsenal of toxin-bearing trichocysts (toxicysts) in a prehensile

proboscis, with which it stuns its microscopic victims before consuming them.”
Source:
Wikipedia,
http://en.wikipedia.org/wiki/Dileptus
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GALLERY

Pollen

Different pollen grains under the microscope at 400x. Pictures were stacked
using CombineZP and 5 - 7 separate images. Top left: crocus pollen; Bottom:
poppy pollen; Top right: privet pollen
By Paul Seage
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GALLERY

Life in my little garden pond.
By Manfred Rath

A Thank You to all contributors for
giving their permission to republish
their images. The copyright of the
images remains with the photographer
(ed.)
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Nuclear Fast Red and Acid Fuchsine

STAINING

These human embryonic fibroblast cells can be grown indefinitely in laboratory conditions.
Stanislav Antonov

S

ome 30 years ago these cells were
human embryonic fibroblasts, the
cells of connective tissue, which
were immortalized in vitro by a viral
infection procedure. They can be cultured in petri dishes indefinitely in contrast to normal human fibroblasts,
which can only divide approximately
40 times and then degenerate. However, the immortalized cells have partially
lost their normal fibroblast appearance
and grow in colonies, resembling the
malignant cells. The immortalized cells
also do not have the stable number of
chromosomes in their nuclei, and multinuclear cells are common in these fibroblast cultures.
The current cells were grown on
gelatin-treated glass coverslips in plastic Petri dishes in the growth media for
fibroblasts. Then they were fixed with
4% formaldehyde for 10 minutes,
washed with tap water and then stained
with Nuclear Fast Red and Acid
Fuchsine. I shot these (figs. 1, 2) at my
home Amscope N117M (400X magnification, 9 MP digital camera).

1

■
2

Figures 1 and 2: Human fibroblast
cells. The cells were grown on glass
cover slips, fixed and then stained
with Nuclear Fast Red and Acid
Fuchsine.
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Filters and Patch Stops

DIY

Filters and patch stops can be made by printing them on overhead transparency foil.
Oliver Kim

M

icroscope filters can be easily
made by first designing the
filter in PowerPoint and then
printing the filter on overhead transparency foil. In order to make the filters
sufficiently dark, I printed the filters
twice and then glued two of them together using double sided tape. Printing
the foil on the front and the back side
resulted in alignment problems. A slide
with diatom shells was observed (400x).
The dark central part of the filter is
referred to as the patch stop. This part
completely blocks out the microscope
light. The peripheral ring of the filter is
the annulus. It allows light to go
through and illuminates the specimen
(fig. 1).
I designed several filters with a dark
central patch stop and annuli of varying
size. A dark field patch stop (fig. 1),
illuminates the specimen from all sides.
The diatom can be seen bright on a dark
background, but does not reveal anything about its 3D nature. By restricting
the light to only one side, shadows start
to appear, giving the diatom some depth
(figs. 2, 3). I kept the central patch stop
large so that only light reflected by the
specimen could be observed, a rather
extreme form of oblique illumination.
By extending the annulus more towards the center of the filter, one would
obtain a mixture of bright-field and
oblique illumination, with a generally
brighter image.

1

2

3

■
Figure 1: Darkfield. The diatom
appears flat.
Figure 2: Patch stop with a 45° annulus. The diatom appears quite dark,
but the 3D structure is evident.
Figure 3: 135° annulus.
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What’s this? Answer on page 3. (Image: Rashid Nassar)
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