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Stereo Microscopy

Repairing a stereo microscope can be tricky, especially if the prisms are giving you a problem!
This paper illustrates how careful usage of cyanoacrylate super glue can do the trick.
Tom Woods

I

saw the microscope listed for sale
on eBay for $24.98. It is a dissecting microscope built by the American Optical Company, probably in the
1950’s or 1960’s. Microscopes are
heavy items to ship and require careful
packing, so the shipping/packaging
charges were pretty steep, $23.27. This
brought the total cost for the purchase to
$48.25.
Well, $48.25 is still pretty cheap for
a microscope, so you might expect there
was something wrong… turns out, there
was.
Here is a photo (figure 1) of the
microscope as shown in the eBay listing. I made the purchase on Tuesday,
October 12, 2010.
As you can see, there were no eyepieces! Also, the glass stage was missing. No wonder it was cheap! Well, I
had a spare pair of microscope eyepieces at home, and I could make a microscope stage, so I decided to take a
chance and purchase this microscope,
even though the eBay listing stated
“Untested and Unknown.” In other
words, the microscope was guaranteed
to be only as pictured; nothing more—
certainly no guarantees of functionality!
The microscope arrived on the 18th
of October (Monday), very well boxed
and packaged. However, when I removed the microscope from its packaging, I heard a tell-tale clinking sound,
which is a very nasty sound when you
are unpacking a microscope! This
meant, most likely, that one or both of
the prisms inside were broken or damaged—and that meant the microscope
was, essentially, useless for its intended
purpose. I also noticed—another very
bad thing—that the left-hand eyepiece

Figure 1: The microscope before restoration. The eyepieces are missing, and
there is no stage.
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Figure 2 (left): Light from the objective (bottom) passes through
prism 1, 2 and 3.
Figure 3 (top): Some of the prisms have become detached.

receptacle was out-of-round, meaning
that it would not accept an eyepiece.
As if that were not enough, the focusing
mechanism was completely frozen and
the knobs would not budge or turn at all.
All indications were that this microscope, which I am sure had once been a
very fine piece of scientific equipment,

had in recent years been
very badly handled and
mistreated.
The next day (Oct.
19), I took a very close
look at the microscope
and compared it with
the photos on eBay. I
noticed the serial number of the microscope I
received did not match
the one pictured, and I
also noticed that the pictured microscope had stage clips and mine did not.
At this point, I contacted the seller
by email and expressed my concerns
about the out-of-round eyepiece receptacle, the mismatched serial number,
and the missing stage clips. The seller
replied that the microscope as pictured

on eBay was only of a “representative”
item, therefore I should not expect the
serial numbers to match, nor should I
expect to have received the stage clips.
The out-of-round eyepiece receptacle
was, however, a different matter entirely, because what was pictured on eBay
showed no damage. The seller insisted
that the damage must have occurred
during shipping (although the box I received was undamaged and showed no
signs of abuse). Because of the damage,
the seller stated they would provide a
full refund (purchase price plus shipping) and that I should not return the
damaged microscope, but rather dispose
of it as I wished.
Well—that was nice! Now I had an
opportunity to have a microscope for
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free—if I could just find a way to repair
it!
Now it just so happened that my
wife, Alice, was that day traveling to
Winston-Salem to pick up her flute at
the repair shop. She suggested that the
flute repairman might have a way to
make the eyepiece receptacle round
again. So I unscrewed both the left
hand (bad) and right hand (good) receptacles and gave these to Alice, along
with one of my extra eyepieces. This
way the repairman would have an example of how the receptacle/eyepiece
combination should work.
When Alice returned home later that
day with her flute, she also proudly
presented me with the repaired eyepiece
receptacle! Turns out, the repairman
had a brass cone-shaped device which
was intended to repair just such out-of
round damage (but on musical instruments, not microscopes!).

Stereo Microscopy

OK, one problem solved! Now on
to disassembly and a thorough cleaning,
before finding out what might be making that insidious “clinking” noise inside the microscope.
Cleaning the external parts of the
microscope was not difficult—I had
cleaned up these types of microscopes
before, and was familiar with their
structure and operation. Years of crud,
dirt, grease and grime yielded to kerosene plus cleaning brush. The 1X and
2X objective lenses also cleaned up
nicely with some compressed air and
alcohol. The frozen focusing mechanism was somewhat of a challenge. The
original grease used at the factory has a
tendency to “set up” over time like glue.
Some well-positioned blows with a
mallet and wooden dowel provided sufficient persuasion to release the frozen
mechanism. The sticky grease was
cleaned off with kerosene and new lu-
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Figure 4: The 3 components of the
prism assembly
bricant (white lithium grease) applied.
All worked smoothly now.
What now remained was to disassemble the microscope prism housings
and find out what was making the
“clinking” noise. The two housings
(left and right) are each held in place by
three tiny machine screws. Five of the
screws yielded readily to the jeweler’s
screwdriver, but the 6th, and last, did
not. Instead, the head of the screw
broke in half due to severe corrosion.
In the old days before cars had electronic ignitions, a part of every auto
mechanic’s tool kit was something
called a “point file.” This was a tiny file
used to clean and file the ignition points
inside the distributor cap. I still have a
point file, and it seemed the ideal tool

Stereo Microscopy
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Figure 5: The restored microscope.

for removal of the recalcitrant half machine screw head. The machine screw
readily yielded to the file, and thus I was
able to remove both microscope prism
housings.
Alas.

In these types of dissecting microscopes, each housing (left and right)
contains 3 prisms joined to each other
using a special adhesive. In figure 2,
light from the illuminated object passes
first through the objective lens (at the

bottom), and then in sequence through
prism #1, prism #2, and prism #3 before
being reflected to the eyepiece and then
to the eye of the viewer.
In this particular microscope, prism
#1 had separated (i.e., become “unglued”), presumably due to rough handling, from prisms 2 and 3. This was
true for both prism housings, that is, the
prisms in both the left and right sides
had been damaged. Sure enough, it was
the detached prism #1 which was the
cause of the unsettling “clinking” noise
which I had heard earlier when I first
unpacked the microscope.
I took careful note and marked the
positions of the remaining prisms (with
particular attention to prism #2) before
removing them from the microscope for
inspection and cleaning (they were really dirty!). The next picture shows the
prism in its housing before removal
from the microscope. You can see in
figure 3 how dirty the prisms were!
After a thorough cleaning with alcohol, cotton swabs, and microscope lens
paper, I re-glued prism #1 (both sides)
using ethyl cyanoacrylate adhesive
(“Super Glue”). This adhesive is very
fast setting (30 seconds!) and you can
work with the parts shortly after glueup, so it seemed like a logical choice.
After cementing the prisms, I re-inserted them, reinstalled the prism housings, added a pair of eyepieces to the
microscope, and took a look. The good
news was that I was able to see the
image through both eyepieces! The bad
news was that I had a double image.
Now what to do?
I had noticed that when I cemented
the left side prisms, there was a very
slight gap between the mating faces of
prism #1 and prism #2. I figured this
must be the cause of the double image.
So I again went through the process of
dismantling the left-hand side prisms
and removed them. Sure enough, I saw
the very slight air gap, and was able to
grab prism #1 and with a quick snap,
remove it from prism #2 without causing any damage. Fortunately, the cy-
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anoacrylate adhesive removed easily
from the mating faces by careful scraping using a single edge razor blade. I
cleaned up the prisms and again prepared to cement them together (this
time, without any air gap!).
This time, instead of applying tiny
beads of adhesive to the prism mating
surfaces, I attempted to lay down a very
thin line of adhesive around the border
of prism #1 (when you use cyanoacrylate adhesive, you apply it to only one
of the mating surfaces). Now when I
brought the two prisms together, the
adhesive, which is clear, spread further
over the mating surfaces than I would
have liked. I thought it would be OK
(since it is clear), so I re-inserted the
prisms and re-tested the microscope.
Uh oh. Now I had two problems. I
still had the problem of the double image, but now in addition, the image for
the left eye was blurry! I well knew
what was causing the blurriness (the
smeared adhesive), but I was still a bit
perplexed by the double image, because
I had taken pains to re-insert the prisms
as near as possible to their original
locations. I could only conclude that I
would have to re-adjust the prism positions by trial and error until the double
image problem was eliminated.
So the microscope was again disassembled. I loosened the brackets holding the prisms in place, so that I could
make slight adjustments to their positions. Sure enough, with a very slight
movement of the left prism assembly, I
was able to obtain a single image with
true 3-D perspective!
This problem solved, I still had the
problem of the blurriness in the left side.
I removed the left-hand prism assembly
and immediately saw the problem—the
adhesive had spread too much between
the mating halves of prism #1 and #2,

Stereo Microscopy

and was interfering with the light path.
I would have to disassemble prism #1
from prism #2, clean off the adhesive,
and re-glue using much less cement.
Only one problem. Unlike before,
when prism #1 was relatively easily
removed from #2 with an easy “snapping” motion, the extra cyanoacrylate
adhesive I had used was now really
doing its job—and I could not separate
them, despite my best efforts and using
considerable force.
Alice suggested using acetone as a
possible solvent for the cyanoacrylate
adhesive. This seemed a good idea, and
I even went online and checked out
solvents for ethyl cyanoacrylate. Sure
enough, acetone was mentioned as a
solvent which will “soften” cyanoacrylate, so I decided to give it a try.
I put the prism assembly (prism #1
cemented to #2 cemented to #3) in a
small can and added enough acetone to
cover it entirely. After an hour, I returned and tried to separate prism #1
from #2—no luck; they would not
budge. At this point, I decided it was
time to go to bed, so I left the prisms
soaking in acetone overnight.
In the morning, I attempted to separate prism #1 from #2 and viola! It
worked! Prism #1 glided almost effortlessly from #2, leaving behind on the
mating surfaces a sticky mass of cyanoacrylate adhesive, which was again easily removed with a single edge razor
blade.
Now I discovered that in solving the
problem of removing prism #1 from #2,
I had created a new problem… it turns
out that the acetone also had the effect
of softening the adhesive cementing
prism #2 and #3 together! This was the
original factory-applied adhesive!
There was now a cloudy film of adhesive between #2 and #3, and I knew this

would have to be removed; otherwise
the image would again be blurry! Fortunately, a small bit of pressure was all
it took to separate prisms #2 and #3, and
the adhesive cleaned up nicely using
(again) the single edge razor blade technique.
Now I had the 3 components of the
prism assembly completely separate
(figure 4).
After cleaning up the individual
prisms, I very carefully applied a small
amount of cyanoacrylate adhesive to the
mating surfaces and glued up the assembly.
I re-inserted the prism assembly into
the microscope, made a fine positional
adjustment to eliminate the double image problem, re-installed the prism
housings, added a pair of eyepieces, and
sure enough, it appeared we had, at last,
a fully functional dissecting microscope
without any blurriness!
One thing remained, and that was to
fix the problem of the microscope not
having a stage. These microscopes normally have a glass stage ¼” thick. I did
not have any ¼” thick glass, but being a
woodworker, I happened to have a strip
of ¼” thick high density polyethylene in
my workshop. This material is handy
for woodworking jigs, etc. I cut a piece
to fit the microscope stage width, chamfered the side edges slightly, and inserted between the feet of the microscope.
Figure 5 shows a photograph of the
restored microscope. With 1X and 2X
objective lenses and a pair of 15X eyepieces, this microscope will provide
magnifications of 15 and 30X. I hope
that it will provide years of enjoyment
and dependable service—it has quite a
history and story to tell!
Tom Woods
Oak Ridge, North Carolina
May 29, 2012
Pratita76@gmail.com

■

Cyanoacrylate super glue (image: cc-by-sa Super Glue Corp)

8 - MicrobeHunter Microscopy Magazine - June 2012

June Beetle

OBSERVATIONS

The June Beetle (Pelidnota punctata) up close.
Johann Vogel

I

stepped out in the backyard the
other morning in a bid to take advantage of the overcast sky and do
some yardwork. As I leaned over to
pick up some tools, there on a flat slab
of paving stone lay numerous body
parts littered all over the place, remnants of an early morning fight. I could
not tell the predator, for it had vanished
with most of the victim, but several
limbs, an intact hindwing and an elytron
were left behind.
I have seen this beetle before on my
grapevines, it's the Grapevine Beetle or
June Beetle (Pelidnota punctata). The
shiny, tan spotted forewing was unmistakeable.
I stepped back inside, got a container and my tweezers, picked up the parts
and washed them in a bit of rubbing
alcohol; then I poked at them at low
magnification, no cover glass.
As expected, the heavy, black and
crusty limbs were not much to look at in
transmitted light, except the hairs lined
up all along the perimeter. The wings
had more to offer, being large, translucent and mostly undamaged. One could
easily observe the veins and the fields,
even the axillary area.
The biggest surprise, though, was
the forewing: just like with the legs, I
anticipated serious opacity. What
showed instead was an unexpectedly
decorated surface, lacking shine and
finely "grooved" or tiled.
Well, poor beetle... On the other
hand, it helped open my eyes wider
towards its beauty and help me appreciate even more the vast diversity of the
natural world immediately surrounding
me.

■
Figures 1 and 2: Afocal
photomicrographs with an iPhone of
the June Beetle (Pelidnota punctata).
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A chair suitable for microscopy work

Is your office chair suitable for microscopy usage?
Microscopic observation requires a safe and stable chair with a good back support.
David Christmass

L

ast month, many people in the
UK took a bit of time out from
work to celebrate H.M. Diamond
Jubilee, for many, it was a good excuse
for a few spirits down the local pub, but
this anniversary set me thinking as to
what it must be like having to sit down
in a chair for something like 60 years,
and, having had to assemble many office chairs in my time, and also, having
spent some time sitting in a few poor
chairs, I thought the opportunity to
share some good advice, about how to
make the standard office chair, just that
little bit better for microscopy use,
might better suit the occasion.
Most people have had some experience of sitting in the bog standard office
work chair. A simple device, usually
comprising of a 5 pointed star base on
castors, a suspension telescopic pole,
with spring, a simple adjustable back
mount, and perhaps two side arm rest
supports, like the one shown in figure 1.
Hitherto, I have spent much of my
time at my desk and at my computer,
using a herring bone backed, ABS plastic chair, of the kind you would use on
the garden patio, and buy from a Garden
centre. I chose that particular chair, because it offered the most comfortable
design for rest and support after I experienced a back injury from the previous
chair, and from lifting heavy film machinery up and down stair cases, however, having struggled with the rear leg
collapsing for nearly a year now, because of the uneven floorboards, and
deformity in plastic, I thought the time
right to investigate the options for an
available upgrade, and spent time thinking of how the standard office chair can
be made more safe, for use by micros-

copy workers, and office
1
fellows alike.
I looked at nearly every option of chair that
was available in the garden
centre, until visiting a local office suppliers, who
was offering a promotion
of a variety of chairs in
their sale. It seems absurd
to contemplate the use of a
garden chair in the office,
when so many chairs of
apparently good appearance seem so readily available, however, in truth, I
probably do not know of
one person who has not
found themselves falling
from a chair, in a practical
use of the item, on a daily
basis, and not all of them
were sotten with hangovers, the truth is, design
of the chairs, from executive to worker, can be
made more safe, with a
few minor modifications,
that cost less than the price
of a visit for correction.
I personally, tested, Figure 1: The office chair to be improved for microsnearly every chair avail- copy usage.
able in the store, including
some executive models, to discover ready know well their fields of experTHE chair that offered the best support tise, but rather, a guide to good
option for the lumbar region of the assembly, and a snagging list of imback. Surprisingly, there appeared a provements that have hitherto been over
great deviation in support standards, seen by all. In my research, I found that
and even some chairs that boasted de- the standard gas work chair, offered the
sign from posturepedics, had a slight best overall comfort, as it encouraged
lacking that can be improved. So this the correct posture for work, and the
article, is not simply just replacement best support while at rest. Surprisingly,
advice for such designers, as they al- this chair was not the most expensive in
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its range, but it offered a smaller design,
more suited for desk work, than the
more taller work chairs that sell for lab
and engineering bench work for a few
hundred pounds or more. As I have
already stated, in my time of working
life, I have assembled, probably, hundreds of office chairs, and like so many,
am too well familiar with their advantages and disadvantages.
Probably, there are very many people who have experienced the same office enquiry of "Whose been messing
with my chair?", kind of scenarios, and
I say that light heartedly, but in truth,
when you find your chair fails on you,
it is natural to call to question, has there
been any vindictive agency in the failure? One too common problem, is that
of the rear adjustment nut which works
loose causing unnatural movement of
the rear support part, and also, too many
have mistakenly thought that a piece of
Loctite screwbond on the thread would
be good enough to prevent further
movement of the rear parts with use.
The truth is, very probably, in fact, nobody has messed with the chair, as I
have found with most of these styles of
chairs, that this nut works loose with
continued use. So my question, why
should this be so? On this page, I would
like to describe how to safely assemble
the office chair, make it suitable for
microscopy usage, and show a few
modifications in design which I believe
are the causes of common chair failure,
which will allow for the standard Gas
chair, to become that much more safer
in continued use. Good for business,
and good for the labour in business.
Most chairs come with some form of
assembly diagram, showing the rough
outline of design plan of assembly.
Figure 2: The underside of the assembled chair showing the correct
screws sited in place.
Figure 3: The underside of the arm
rest fitted to the underside of the
chair seat.
Figure 4: The rear of the chair usually
has a bracket onto which an angled
iron bar is fixed.
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7
Figure 5: Fitting the sleeve over the
angle iron.
Figure 6: Rear chair assembly.
Figure 7: Captive sprung and loaded
with a captive ball bearing.
The base of the chair usually has a
plate, which is affixed to the underside
of the chair, using the screws provided
in the assembly kit. It is important to
notice the correct screw to use in affixing this plate to the underside of the
seat. Usually, the diagram indicates the
right choice of fixing, and the underside
of the screw head, is roughened in a star
formation, so as to prevent reverse
movement once inserted. It is important
to use the right size screw for the purpose, and also the right design of screw,
too long a screw will result in an uncomfortable feeling on the nether parts.
Sometimes, this plate is already fixed to
the seat of the chair, as it comes assembled, so as to make the final user assembly process, that bit more easy.
In the kit for the particular chair I
chose, there were 4 screws and, they
were M6 threaded, 16 mm in length,
with a star head base, so as to prevent
movement, and the screw working lose,
once fixed, but if the screws lack a star
formation, then providing an additional
star washer to the assembly process
from a local hardware store, will ensure
that the base of the seat is safe and
secure once assembled, forever. If you
like, you can wipe the screw with a bit
of Araldite, or, to be exact, Loctite Anaerobic screwbond. Both of these items
are available from a good garage, or
hardware shop, or from RS components. But keeping a practical pragmatic

head in this part of the assembly process, will ensure the safe assembly of
these parts.
Figure 2 shows the underside of the
assembled chair showing the correct
screws sited in place and with a little
epoxy putty bond, on the head of the
screw. That will not move in a hurry,
but can be disassembled if required if
purposefully intended so to do.
The next best part of the assembly
process, is to assemble is the arm rests
on the chair.
You should take care to notice
which way round the arm rests should
be fitted. If they form an arrow, it is
usual that the open end of that arrow is
towards the back of the chair, as the
point of the arrow moulded end is stronger, and less prone to breakage. Sometimes, on a good chair, with the wind
behind the sails, the manufacturers will
denote some kind of L and R marking,
on the interior or underside of the arm
rest denoting which arm to assemble on
which side. In my chosen chair, the
design showed these to require M6
threaded screws, of 25 mm length, and
once again, these screws had star headed bases, so that they did not require an
additional star washer. I affixed these
screws in place with the addition of a
dab of bond on the thread, to prevent
them working loose.
Figure 3 shows the underside of the
arm rest fitted to the underside of the
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chair seat, the holes are elliptical so that
the arms can be adjusted to accommodate a variety of girths.
The rear of the chair usually has a
bracket onto which an angled iron bar is
fixed, as can be seen in figure 4.
In this particular case the fixing of
the bar to the rear of the chair was
achieved by using additional mounts
formed from plastic bushes, so the chair
rear rocks providing uplifting support to
the back. The bushes, which could be
inserted into a cross sectional tube part
at the top of the iron bar, and then affixed to the rear of the chair with two
M6 threaded 25 mm screws, with much
ease and simplicity.
So, once these parts were assembled
into the iron angle bracket, and affixed
to the rear of the chair, I examined my
diagrammatic plan, and found that a
plastic sleeve fitted over the whole of
the rear angle assembly, to cover the
iron bar for cosmetic purposes.
In the plan diagram, this sleeve was
shown to have a flat part at the top, and
a flat part at the bottom, and a corrugated intermediate section, but the part in
my kit, only had one single flat part, on
one end, and that seemed to be better
placed on the underside of the seat,
rather than the topmost rear bracket of
the chair, so that is the way I fitted the
sleeve over the angle iron (figure 5).
It is usually best to offer up, in a
comparative way, the sleeve to the an-

A chair suitable for microscopy work

Figures 8 and 9: Five ball bearing
bushes were mounted into the holes,
and bonded with strong bond adhesive.

8

9

11
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Captive
nut

Rear angle bracket
Washer rough side down
Seat underside plate
Washer rough side up

gle assembly, so as to discover the most
suitable means of fitting the sleeve, so
as to provide secure and full clearance
of all moving parts from their fixings;
then it is simply a case of sliding the
tube over and around the angle bracket
towards the rear of the chair pivot.
Fixing the chair back, to the seat
underside assembly, really does need
special care and attention to detail.

The supplied design required a
threaded adjustment handle, with an
M10 thread, but this part was supplied
too small, so needed sorting out, and
only one washer, large enough to fit
over the plastic part of the bush, was
supplied, and mechanically the design
and structure of the rear of the chair, I
found to be more secure with two washers than with one. The nut was captivat-

ed inside of the angle bracket of the rear
of the chair, so therefore could not be
altered from the design specification.
The correct fitting of the washers
and the right number of washers, and
their spacing location, is the most important part of this design of chair to
pay attention to, because, any unnatural
movement of the rear assembly of the
chair, rocking about this securing, is the
precise cause of the nut working loose
in time. So, if unnatural movement of
the adjustment nut is to be prevented, at
first, and for ever there after, the correct
placement of washers on the adjustment
nut is vital.
The deficit of only one washer, from
the kit, as appeared to be the case in my
chair design, and many others I have
seen, seems so insignificant, but it is
not. Understanding of material sciences
informs us that plastic nylon on metal,
is ostensibly friction less.
So the correct way to fit the washer
is so the smooth side of the washer is
against the plastic, and the rough side of
the washer faces upwards towards the
end of the screw.
But, that is not enough. As the under
seat affixing plate, often has a small
deformation dent to improve stability of
the fixing, but is also a moving part, it
too requires a washer spacer. Ensure
that the bracket presents a level even
surface to the seat under plate, the extra
washer provides even more friction resistance to the metal surfaces on both
sides of the fitting, and not just the underside.
So it is this intermediate washer that
reduces the unnatural movement of the
chair rear over time and usage, and also,
increases the friction resistance on the
plate surfaces once these surfaces come
under the influence of the compression
force of the screw adjustment control
beneath it.
So provision of this additional
washer to intermediate the plate surfaces to an even level, is so important, to
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the overall security and safety of the
rear back fixing. This part, in my case,
was the acquisition and requirement of
a packet of M10 washers from the hardware shop, and is simply enough to
prevent the rear of the chair from unnaturally working loose with use, as it
provides a complete and a rough surface
to the seat underside plate as shown in
figure 10.
That is enough to prevent any back
injury occurring from unnatural movement of the rear of the chair, if the chair
has the small dimple, period, as once the
adjustment nut is tight it cannot work
loose because of movement of the angle
bracket.
So with this minor correction in design, the chair becomes much safer in
use.
Fitting the rear chair assembly to the
sear of the chair, is therefore achieved
as shown in figure 6. Take proper note
of the placement of the two washers
above the seat plate but under the iron
bar captive nut fixing, and on the lower
surface of the plate between the adjustment knob plastic surface and the seat
plate exterior surface: i.e. washers are
on the interior and exterior surfaces of
the seat plate.
Before fitting the chair to the base,
there is one other small improvement
that can be made to the office chair. And
this is the appropriate stage to do the job.
In my experience, office chair castors are a positive work hazard, sometimes you have to reach forward from
the chair and extend to reach for something, and there is a tenancy, therefore
to move to the front point of the chair,
at which point the casters move, and the
chair tips, so, any insecurity in the gravitational centrality of the chair is exacerbated by the provision of casters, that
move, and give way beneath you. Now
that would be positively lethal to the
microscopist, at work, reaching forward
to inspect an occurrence under the microscope.
So I consider disregarding the castors period, the best option, but of
course the chair, sometimes needs to be
moved on the floor. So I investigated
this area, what can be done to improve
the stability of this design? On close
inspection of the castor locating holes

A chair suitable for microscopy work

on the underside of the chair base star, I
found there to be enough plastic space
on the legs so to accommodate the
13mm bush, with a captive sprung and
loaded with a captive ball bearing,
shown in figure 7.
And to my absolute delight, I found
that the springs on a 13mm ball bearing
fittings at our local independent hardware shop, had enough, extensive force,
to lift the chair from the floor surface,
when not under the stress of my personage, thus allowing for movement of the
chair on the floor surface with much
more ease than if there were no fittings
at all.
But once seated, on the chair, the
springs compressed under my load, and
allowed for the ball bearing to recede in
their sockets and so the chair became
stable because of its resting on the star
base legs alone.
So, I simply drilled the 5 holes of the
base of the chair using a 13mm drill bit,
in a hand drill, and located 5 ball bearing bushes into these larger holes, and
bonded them with strong bond adhesive
(figures 8, 9).
This put about £17 pounds on the
price of the chair, for these additional
parts, about half the price of one single
visit for my back correction, so I considered that a very small price to pay
and a very good investment in the support of my spine.
The final part of the assembly process involved placing a cover over the
suspension tube and placing the push fit
gas tube in the base of the chair, and the
chair assembly on the top of the tube, in
the way shown in figure 11.
The result, was for an economic
outlay of about £20 pounds in lifting a
cheap sale price £20 odd pound chair, to
a bespoke and completely safe design,
for microscopist usage, that was not a
product available to buy from ready
stock, in the current range of that time.
Were these measures to be accommodated in mass production processes,
undoubtedly that humble office gas
chair, can be made, a much safer design,
without too much increase in material
costs, and to the benefit and health of
the labour , and management using the
chair.

14 - MicrobeHunter Microscopy Magazine - June 2012

Figure 10: The cover over the gas
tube.
So in summary, a few closing words
about the matter, office chairs can be
good for microscopy, but:
● Consider, the provision of whether
an extra intermediate washer is necessary to the design patent of the
chair;
● Consider the use of ball bearings on
the base instead of castors;
● Approach your assembly process
with a pragmatic practical attitude,
thinking of how to eliminate absolutely anything about the chair that
could go wrong;
● Remember, to re-check the security
of the assembled chair about 14 days
after construction as a moderate
amount of initial use causes slight
movement that requires its fixings
retensioning;
● Periodically inspect the chair, for
unnatural damage if used by persons
other than yourself.

■
Disclaimer: Be aware that the author of the article
is highly experienced in constructing and modifying furniture. The purpose of this article is entirely
educational in nature. Conduct all modifications to
laboratory furniture at your own risk. Neither the
author or the editors of the magazine can be held
liable. The SKU number of the plan on which this
chair is based is: Sku 11358-5.

Reference Plate

DESMIDS

Closterium acerosum
Mike Guwak

1

Size: The cells are significantly longer (7 to 35 times) than
they are wide: 300-500 x 30-50 μm.
Shape: The cells are slightly curved to nearly straight. The dorsal side is
convex, the ventral side is almost plane to slightly convex. The cell wall
is colorless, slightly brown and finely striated. The chloroplasts have
many striae and the vacuoles at the end of the cells carry crystals.
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3

4

Origin of name: acerosum means
needle-shaped (Stearn 1973).
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June Beetle

GALLERY

A June Beetle taken with the iPhone
By Johann Vogel
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GALLERY

Plant Trichome

Trichomes are microscopic outgrowths of a plant.
By R. Nassar

Thanks goes 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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Plant Trichome

GALLERY

Trichome of a plant. Dark field, stack of several images.
By Oliver Kim
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The FM 600 military special ops microscope

Columbia Instruments' FM 600, Special
Operations Field Microscope
This paper presents the history of the FM 600 military microscope. It provides a look at how
one microscope progressed from concept to implementation.

R. Jordan Kreindler

Background

T

he FM 600 began its life in 1984.
In August of that year Columbia
Instruments of Trussville, Alabama USA (a microscope vendor) was
invited to participate in a presentation at
the JFK Special Warfare Exhibit Hall at
Fort Bragg, North Carolina USA (U.S.
Army 2012), Fig. 1. Columbia Instruments was asked to bring a Swift FM-31
field portable microscope (Kreindler
and Goren, March 2011), Fig. 2, with
the hope it might be an appropriate
replacement for the American Optical
3050, US Army, field microscope.
(Crowe, 2011)

FM 600's Predecessor:
The AO 3050
In 1984 the Army was using the
monocular American Optical (AO)
Field Microscope Model 3050, Fig. 3, c.
1970, FSN [Author: Eleven Digit 'Federal Stock Number', 1949-1975, Army
Navy Product ID] 6545-926-8961, Microscope Set, Medical Laboratory
Equipment Set, Lightweight, Field.
This model had been preceded by a
monocular microscope, the Spencer
Model 60. The AO 3050 was to become
the immediate predecessor to the FM
600.

Figure 1. John F. Kennedy Special
Warfare Center and School, Ft Bragg North Carolina.
Photo courtesy and with permission of of U.S. Army Special Operations Command (U.S.
Army 2012)
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In some cases, when AOs were sent
for repair they were replaced with a
Nikon microscope, instead of another
AO 3050. While the Nikon was praised
by military medical staff for its quality,
it came in a large wood storage case
rather than fitting into the green
storage/travel case designed for the
AOs. Many of these Nikons were returned as soon as the binocular FM 600
replacement microscope became available.
The AO 3050 model was collapsible, in the tradition of many former
military field microscopes. However,
for storage, its legs folded in a quite
unique manner, Figs. 4 and 5. The AO
3050 came with three infinity-designed
achromatic lenses: 10x/0.25, 45x/0.66,
and an 100x/1.25 containing an iris
diaphragm.
This microscope could be used for
either bright or dark field examinations.
It came with a dedicated rechargeable
nickel-cadmium "Power Pack" battery
containing five replaceable nickel-cadmium cells, (replaceable with standard
'C' size batteries) that could be charged
using either a vehicle battery or standard 110 or 220 volt, 50-60 cycle AC
power lines. The battery when fully
charged could power the microscope
continuously for about four hours, with
a recharging time of about 3 hours for
each hour of runtime. It was supplied
with a No. 55, 6 volt, bayonet base,
incandescent bulb.
The AO microscope is stored in a
military green storage case, made of
heavy-duty, non-rigid, plastic, with appropriate cutouts for the microscope,
battery, etc., Fig. 6. The case had a
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Figure 2 (top): Swift FM-31 Field-Master microscope
Figure 3 (right): AO 3050 Field Microscope - Immediate predecessor of the
FM 600
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Figure 4. AO folded legs fully closed

simple press on/off cover without a
handle. The microscope is described in
its accompanying manual, Fig.7, as
"Lightweight", although lighter than an
equivalent laboratory instrument, it was
not exceptionally light, particularly in
its travel case.
The AO 3050 microscope weighted
approximately 4 pounds 15 ounces by
itself, and with its travel case approximately 12 pounds 9 ounces. With improvements in transportation, field
microscopes no longer needed to be as
lightweight as they were several de-

cades earlier (Kreindler and Goren,
May 2011).
FM 600 Evolution
While at Fort Bragg, the representative for Columbia Instruments, Larry
Crowe, Fig. 8, was approached by
James 'Jim' Fetherson, a medical material specialist.
Mr. Crowe learned the FM-31
would not meet the Army's need for a
microscope that would match, as closely as possible, the functionality of a
standard laboratory instrument, and so
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was not suitable as a replacement for the
AO 3050. Although as discussed below,
assemblies from other Swift microscopes were selected as core components in the development of the FM 600.
Specialist Fetherson outlined the basic requirements for an AO 3050 replacement:
(1) A compound microscope with binocular head,
(2) Abbe condenser with 1.25 N.A.,
(3) A mechanical stage,
(4) An illumination system capable of
using normal power mains, i.e., 110/220

The FM 600 military special ops microscope
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(a.)

(b.)

Figure 5. AO 3050 folding legs (a) partially open, and (b) open.
Above: edge enhanced and lightly colored to better show the folding mechanism. Below: without enhancement
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Figure 6 (top): AO 3050 field microscope in case
Figure 7 (bottom): AO 3050 operating
instructions
Courtesy US Army Public Domain Manual

The FM 600 military special ops microscope

VAC, or using either a 12 or 24 Volt
vehicle battery,
(5) Compact enough, with its storage
case, to fit inside a backpack also containing a centrifuge and chemicals.
(6) The storage/travel case requirements:
(a) "Bumpers" to allow the case to be set
down on one side,
(b) Spring-loaded handles, to allow for
easier transportation and carrying,
(c) An air release valve, to allow the
case to be easily opened even with ambient pressure changes,
(d) Form-fit cutouts to store the FM
600, and its auxiliary power pack safely
for travel.
Columbia Instruments, and Larry
Crowe in particular, set about to satisfy
these requirements. Several trips were
made to Fort Bragg, and several FM
600 prototypes were sent for evaluation.
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This work culminated in 1986, with Jim
Fetherson and Larry Crowe traveling to
Fort Detrick, Maryland USA, the home
of the U.S. Army's Medical Research
and Material Command (MRMC),
where they gave an FM 600 presentation to a military panel. Both Specialist
Fetherson and Mr. Crowe felt the presentation did not go well.
After the presentation, Specialist
Fetherson asked Mr. Crowe if Columbia
Instruments was a small business. When
he answered "Yes", Specialist Fetherson said if he had known, he would have
attempted to obtain funding for R&D
before the presentation.
Their initial assessment turned out
to be overly pessimistic.
In 1987 the Army placed its first
order for thirty-two FM 600 microscopes and storage cases. Other orders
followed over the next few years, usual-
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Figure 8 (left): Larry Crowe about the time of the Ft. Bragg, North Carolina, USA Presentation (1984). Photo courtesy and with
permission of Columbia Instruments and Mr. Larry Crowe
Figure 9 (right): Columbia Instruments during the time of FM 600 production. Photo courtesy and with permission of of Columbia
Instruments
ly for less than 150 at a time. In the
summer of 1995 Columbia Instruments
received a five year Army contract.
They had anticipated the U.S. Army, if
it decided to procure this field microscope, would need about 459 copies.
They were surprised when they received a contract order for 672 FM 600s
(see Attachment A), with unit price
$2,078. [Author: The unit price is frequently shown incorrectly high in reseller listings]. This was filled with
nineteen separate shipments.
To fulfill the Army orders, Columbia Instruments, Fig. 9, used about a
dozen work stations placed in an approximate circle (See Attachment B).
Delivery of the microscopes from Swift
was staggered (see below) so Columbia
Instruments could not work straight
through to complete all microscope at
one time, although they did have, at
times, 4-5 people working on preparation of the field microscopes. They received orders from Swift in varying
batches. In February 1996, two shipments arrived consisting of 112 and 100

units. In March four shipments of 100,
50, 50, and 50 (See Attachment C for an
example of a production schedule).
With such distributed shipments,
they put in quite a few 16 to 18 hours
days to complete the microscopes with
a reasonable delivery schedule.
Before the purchase program was
completed, approximately 1,200 FM
600s had been sold, with shipments to
both US stateside and overseas locations. Multi-unit orders for FM 600s
continued through 2005, with some later individual orders. The last order was
placed November 16, 2011 by the DLA
Troop Support, Medical Supply Chain,
Philadelphia USA.
Thus, this microscope that took approximately four years to develop (1984
through 1987), was used by the US
military for at least 25 years.
The manufacture, construction and
assembly, of each FM 600 microscope
was a tedious and time-consuming process, and one portion of the illumination
system, the bulb, was handmade, see
below.

The coarse adjustment pinion gear
required extensive attention to detail. It
needed to be machined appropriately to
allow sufficient space for the substage,
and thus easier access to the controls of
the mechanical stage. If the slide stage
became too dry, it would stress the mechanical stage, and this stress might be
transferred to the pinion sleeve. Therefore, two extra 6-32" Allen head, hex,
set screws were used to secure the
sleeve. This means hex keys are required for assembly or disassembly of
the FM 600. The base plate was made of
aluminum and so required a separate
spraying with a vinyl wash before paint
would adhere.
A large sheet of aluminum was feed
to a numerical control (NC) machine
which cut the sheet, and drilled, and
countersunk the holes. A single large
sheet of aluminum yielded, possibly,
sixteen base plates.
The krypton bulb used for internal
illumination is worthy of special mention. It was designed by retired Naval
officer, and mechanical engineer Joe
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Figure 10 (top): A production version of the
FM 600 Field Microscope
Photo courtesy, and with
permission of Columbia
Instruments
Figure 11 (bottom): FM
600 case closed
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Figure 12: FM 600 case open showing
enclosures

Ross (now deceased). It was handmade by removing the globe from a 20
Watt, 120 Volt Swift MA2201.
MA2201 bulbs were used in Swift's
M950, M970, M2240, M2251B, and
M3200B microscopes. The krypton
lamp was soldered to the contacts in the
Swift bulb's base, and fiberglass was
carefully placed around the contacts.
The contacts were then given some time
to "set". Finally a threaded ring was
tightened to the bulb housing.
A small case production business,
Volunteer Case and Container Inc., was
started by an Oak Ridge, Tennessee
USA entrepreneur, with his former high
school teacher. He, apparently, decided
to start the business after reading an
article on how to make money building
cases in Popular Mechanics Magazine.
Volunteer Case and Container Inc.,
made the original case mold at a cost of
$3,200, and continued to manufacture
cases for the FM 600 until the late
1990s. (Figs. 11 and 12)
Columbia Instruments initially considered a microscope made by Southern
Precision Instruments (SPI), but decided instead to use Swift components for
the FM 600.
Thus, for Army production from
1984 until 1999 Columbia Instruments
used stands and condensers made by
Swift.
One of the earliest FM 600s Columbia Instruments built, had a horse shoe
base and used non-DIN ((Deutsches
Institut für Normung), non-infinity corrected, objectives.
The scope first produced for evaluation originally had plan achromats, but
as these would have cost too much to
supply in large quantities, the objectives
were changed to standard DIN objectives, with working distances of about
45mm.
Fig. 10 shows a production version
of the FM 600 with power supply and
case. During their production, Columbia Instruments had painted the earliest
FM 600s black. Because of this color,

Swift asked Columbia Instruments to
pay $200,000 with their order, just in
case it was cancelled. The components
produced by Swift, for their own instruments, were normally beige.
Fig. 11 shows a closed FM 600 case,
with its secure latches and pressure relief valve.

Combat Medical Laboratory
Medical Equipment Set
The Columbia FM-600 was part of
the "Combat Medical Laboratory Medical Equipment Set", which was composed of various accessories classified
into three types: nonexpendable, durable, and expendable.
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The nonexpendable items, in addition to the microscope, were the Centmicro reagent case, a 9 volt laboratory
centrifuge, and a hand-held refractometer. The durable items are the power
supply, a general surgeons scissors, an
alcohol burner, and a laboratory centrifuge.
Expendable items
Expendable items listed for the
equipment set were fairly comprehensive and included: a blood cell counting
chamber, Microscope slides, immersion oil, cleaning compound, lens
Cleaner, surgical sponges, knife blades,
surgeon's knife handle, lancets, common laboratory funnel, non-sterile centrifuge tubes, capillary tubes, 60 yards
PSA plastic tape, rubber bands, plastic
entomological bags, white petroleum
jelly, purified cotton, applicators, glass
and plastic pipettes, Gram staining kit,
Wright's stain, test strip and color chart,
test tubes, test tube racks, test tube
brush, laboratory needle holder, filter
paper, 16oz bottle, lens paper pads, potassium hydroxide, a #2 pencil, orangered pencil, pressure sensitive tape, a
flexible memo book, and safety matches.
An FM 600 Replacement
With the arrival of the "digital age",
the FM 600 set was replaced by the
"Medical Equipment Set Laboratory
Special Operations, Forces", NSN:
6545-01-543-450 microscope. The
NSN (National/Nato Stock Number)
was assigned Sept 2006, which identifies the approximate date this instrument went into military inventory. The
DC3-163 microscope in this set is used
by the US Air Force, Army, and Navy.
It is also stocked by the Defense Logistics Agency. The microscope's manual
was prepared by the U.S. Army Medical
Material Agency, Fort Detrick, MD.
This binocular microscope was designed for computer connectivity and
video display. It includes a built-in relatively low resolution 0.4 MP (712 x 582
pixels) camera, and provides video
images at 30 fps, and NTSC analog
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video at 480 TV lines. It comes with a
5.25 x 5.5 inch stage. It can be used with
100-240 VAC 50 or 60 Hz power
mains. It is essentially a 12 volt microscope. Its associated power pack converts the mains input to 12 volts for its
built-in 20 watt, intensity-controlled
halogen lamp.
The microscope appears similar, if
not identical, to the "National Optical
DC3-163 Video Biological Microscope" now sold by Microscopeworld
for $1,449 with Motic software, but
without the accessories included in the
military version, such as the power
pack. Its built-in camera has a modest
resolution, by today's standards, and it
provides modest video resolution. The
first generation of digital cameras (e.g.,
Canon's RC-710, c. 1986, electronic
still camera) had 0.4 MP resolution, so
this is an early standard. This resolution
is, possibly, on the low-side for serious
documentation or the examination of
microscopic images.
In 2011 this microscope sold to the
US military for a unit price of $2,480.
The microscope comes with four objective magnifications, 4x, 10x, 40x, and
100x and with 10x/18mm eyepieces,
identified as widefield. The 40x and
100x objectives are built with retractable, spring loaded, components. The
microscope set includes a CD-ROM,
which only works with 32-bit MS operating systems (OSs) and the Mac 9.2,
but will not operate with MS 64-bit
OSs.
© 2012 Text and photographs, except as
noted, copyright by the author. The author welcomes suggestions for corrections or improvement. He can be
reached at: R. Jordan Kreindler:
leona111@bellsouth.net
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Attachment A: US "Defense Personnel Support Center" Contract for FM 600
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Attachment B: FM 600 Production Process Flow
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Attachment C - FM 600 Production
Schedule, August 1995-April 1996
Note: There are some minor typos in
the latter part of this schedule where
1996 is inadvertently typed as 1995.
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Starfish surface texture

OBSERVATIONS

1

Testing the iPad camera on
a starfish.
Oliver Kim

T

wo things happened recently: I
bought myself the new iPad and
I got a pack of chocolates with a
dried starfish attached to it (Figure 1).
The chocolate's for eating, the starfish
for microscopy, the iPad for photography. I simply held the camera of the
iPad in front of the eyepiece and pressed
the release. This is called afocal photography. You do need a steady hand and
quite a bit of patience. The 5 megapixel
camera captured the image quite well. I
did not modify contrast or color, so the
images on this page are as they came out
of the iPad (except the cropping). Tha
All pictures were taken at 20x.
The surface texture of the starfish
revealed some interesting features. on
the bottom side of the starfish, I could
make out rows of red little feet.

2

■
Figure 1: The starfish was attached to
the clear plastic wrapping
Figure 2: An enlargement of figure 3.
Figure 3: The starfish is covered with
a large number of little extensions.
Figures 4, 5: Small “feet” are arranged
in pairs on the ventral side.

3

4

5
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Bubble nest ciliates

1

Free Living Ciliates thriving in
Meadow Bubble Nests
Who would have thought that the nests of spittle bugs are the home of ciliates?
Charles E. Guevara

2

O

n both sides of the pond, we all
can encounter the frothy foam
bubble nests of meadow spittle
bugs. These globs of opalescent foam
indeed resemble rude spittle!
During late springtime ‘frog hopper’
eggs hatch and first-instar 'frog hopper'
nymphs emerge. These suck sap from
the host plant’s xylem sap vessels, and
not from the plants phloem vessels,
from which most sap-suckers feed from.
These spittle bugs (or frog hopper
nymphs) generate and actively maintain
around themselves a foamy bubble nest.
They reside in this enclosure for months
until they formed the 5th-instar nymphal stage and the transition into the adult
'frog hopper' life stage.
For several months, these stable
bubble nest microenvironments maintain a constantly changing maze of liquid surface films, a collection of water
surface tension altering forces. Strictly
speaking these nests are aquatic microhabitats with a complex mixture of
nymph-secreted chemical surfactants,

3

Figure 1: Field bubble nest
Figures 2 and 3: Pup observes a bubble nest in-situ.
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5

other aquatic chemistries and resident
biota, all swaying in open fields, weather and sunlight - often meters above
ground.
Please visit with me the free living
ciliates I encountered in this unique
microhabitat. Wonderful chunky Cshaped ciliates could be repeatedly observed from different bubble nests,
making the bubble nest appear like an
alphabet soup. These nests were sampled months apart in time. A smaller
pyriform ciliate type also was encountered in different samples, together with
the larger chunky ciliates.

6

These bubble nests, when field collected as a whole, maintained enriched
culture test tubes of the two ciliate types
for weeks (the test tubes were exposed
to a daily light cycle at my bench).
The bubble nests are nearly all gone.
This June 24th 2012 my pup and I did
observe three nests in my region. Next
year we plan to introduce specific algae
to some nests, specific protozoans to
some nests, duck weed to some nests. If
the algae and protozoans are still present a month after their import to bubble
nests, then I plan to add specific water
fleas to those nests.

Figure 4: Adult 'frog hopper' meadow
spittle bug.
Figure 5: Spittle bug in situ.
Figure 6: Are things imported to bubble nests by ever present snails?

Characteristics
The meadow spittle bug: Philaenus
spumarius (Linnaeus), Cercopidae,
Hemiptera. Heterometabola or gradual
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metamorphosis: egg / 1st instar orange,
2nd-4th instars yellow, last nymphal
(5th instar) instar is pale green. Adult
'frog hoppers' are approximately 6 mm
in body length. One generation per
year, eggs over-winter until the next
years springtime hatching.
Sources: Kulzer, Louise (1996). Scarabogram,
June 1996, New Series No. 194, pp.2-4, Spittlebugs Order Homoptera, family Cercopidae. Accessed 6/24/12.
http://crawford.tardigrade.net/bugs/
BugofMonth21.html

■

Figure 7: An active, maintained bubble nest

Figure 11: Small pyriform shaped ciliates in the sampled bubble nest

Figure 8: Spirogyra species of filamentous algae delicately wrapped into the active bubble nest

Figure 12: Bubble nest on the slide

Figure 9: A 5th instar 'frog hopper'
nymph. notice this nymphs sucking
tube is now exploring the introduced
filamentous Spyrogyra algae?!!
Figure 10: Chunky ciliates

7

9
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Figure 13: Bubble nest with methyl
cellulose and cover slip.
Figure 14: Bubble nest at the bench.
Figure 15: Despite presence of methylcellulose, dense numbers of ciliates
about the shed instar-skin (the exuviae).
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What’s this? Answer on page 3.
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