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There frequently comes a time in the varied lives and
multiple pursuits of many of us, (this is shaping up to
be quile an opening paragraph), when a feeling dawns
that one is becoming engaged in a pastime with some-
what familiar overtones ...a feeling that, intentionally
or not, one is drifting into what might easily become a
maodest, all be it very real cottage industry.

Having had the pleasure of calling attention to the
presence of diatoms in two commercial brands of
toothpaste and in one health oriented mineral tablet,
(see Diatoms and Dentifrices, or The Tooth The Whole

Tooth and Nothing ButThe Tooth, and Dietary Diatoms

published in this Journal, October, 1997 and Novem-
ber, 1998, respectively, I find myself frequently on the
lookout for other commercial products that might
harbor diatoms in greater or lesser amounts.This usu-
ally consists of stretching to full top shelf height or
hobbling around on hands and knees in local drug store
and supermarket product aisles, squinting at the fine
print on content labels of such products as polish for
shoes, boots and general leather goods, scouring pow-
ders for kitchen pots and pans, and automotive clean-
ing and polishing compounds.



It was, however, while recently sprawled around a
friend’s backyard swimming pool (consider that very
casually said) that both the pleasures of such a pool
ownership and its also attendant drawbacks were dis-
cussed. Among these latter where such things as the
initial building costs, ensuing water bills, responsible
security measures for keeping out wandering neigh-
borhood children and general overall maintenance,and
50, by a circuitous route, we come to the gist of the
issue, for under the heading of general maintenance,
the frequent need for recharging the pools water fil-
tering system with diatornaceous earth was mentioned.
When the light bulb lit, it was suddenly obvious that I
had been looking in the wrong aisles, and so now a
third commercial product, this one most certainly re-
plete with no lack of diatom materials, was offered up
as yet another ready source for the pleasure of prowl-
ing around with microscope and camera.

Ilocated alocal swimming pool supply emporium,and,
never being one to do things by halves, purchased
what was the smallest size bag of commercial diato-
maceous earth in stock - a compact, thick walled pa-
per sack, weighing in at an even ten pounds, net.

Overlooking the feeling of a possible slight volume
overkill, I felt fortunate that the material was the prod-
uct of a somewhat local, and certainly well known,
company. The Celite Corporation of Lompoc, Califor-
nia is world famous for its Santa Barbara county de-
posits and beds of fossil diatoms, quite possibly the
largest in the world. (The bagged material is labeled
with the registered trademark names of "AQUACEL"and
“CELITE” and is also labeled as Diatomite.) These di-
atomaceous earth deposits, many hundreds of feet
thick and many acres in extent,are well known to devo-
tees of the diatom, as being of marine origin, and were
laid down some fifteen milfion years ago when the
area was apparently a shallow coastal sea. Having vis-
ited these deposits in times past,and having been given
a few chunlks of their more choice Diatomite from se-
lected open pit mine sites, I tackled my one two hun-
dredth of a ton sack with some enthusiasm.

As in past similar approaches, the simple but effective
principal of selective sedimentation or settling was
adopted. From the four corners and one central spot
of the approximate 200 square inch surface arca of
the flat lying bag, holes were punched with a one inch
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cork borer and from each sampling site, five grams of
material were taken.The dry 25 gram total was well
blended, and a one gram sample was winnowed out
by quartering and was then suspended in 100 mls. of
distilled water in a tall form vessel, A 100 ml glass tall-
form cylindrical graduate worked well.The thoroughly
wetted material was well shaken and then allowed to
settle undisturbed under ambient conditions. Mechani-
cal centrifugation was tried, but the more gentle
method of natural geavitation was easier to control and
was more productive. After letting the material stand
for timed intervals, for 30 seconds to one minute, and
then on up to five minutes, selected portions or strata
were sampled with a medicine dropper and a longer
glass dip tube. A pattern was thus established that al-
lowed choosing a settling rate of particle size vs. time
to reclaim material suitable for relatively uncluttered
microscopic examination.In all, Iworked with six such
suspended preparations. Total separation of large,
whole diatoms from larger broken shards is not en-
tirely possible, but, fortuitously, many of the larger bits
and pieces are of interest in themselves, and indica-
tive of the material contents. Corrington, in his excel-
lent book Working With The Microscope, pages 204
and 205, outlines a method of selected separation us-
ing melted sodium hyposulfite, which I have used else-
where, but not here,which might prove effective with
this crushed Diatomite material. The upper layets or
strata are also of interest and show smaller, lighter
weight diatom frustules, although these seem to be
somewhat in the minority.

A number of semi-permanent slides were prepared,
again, as in the past, by sealing a suitable size drop of a
selected suspension under large size (24mm x 60mm)
No. 1 coverslips that had been rimmed with a thin
bead of Vaseline. When pressed down and sealed to a
microscope slide, the resulting thin film, if handled with
care, is secure from most outside influences.The par-
ticulate material is static, (except for very fine particle
size Brownian movement), and is thus available for
extensive viewing for as long as a week or ten days
and, sometimes, longer if the Vaseline seal is not
broached. Using the standard method for slide smear
examination, that is, sweeping slowly from left to right,
dropping down one overlapping field of view, then
sweeping from right to left, etc., zig-zagging on down
through the whole sample area, a large number of pre-
pared slides were examined and objects of particular
interest noted by jotting down the slide number and
the X-Y coordinates from the microscopes graduated
mechanical stage. There remained only the taking of
the photomicrographs, and from the many negatives
exposed, selecting a reasonable few that seemed rep-
resentative of the whole. Figures No. 1 through No.19
are a bakers dozen and a half, plus the Journal's front
cover illustration. This latter serves as an establishing
shot and shows a not atypical field of view for this
diatomaceous earth material. Close examination of this
photo will show a wealth of diverse objects, from both
whole and broken disc and pennate forms, to girdle
rings and shattered shards, etc.

The captioned photographs on the following pages
are further explanatory.The text continues on page 8.

- Microscope: Leitz Ortholux
- Objectives: 6x and 10x Wild Fluotars and Leitz
40x APO, with correction collar.
- Camera: Olympus PM-G
- Film: Kodak 2415 Tech Pan
- Filter: Tiffen #58
- Film Developer: Kodak HC-110, Dilution ‘D’
- Original Magnifications:
Front Cover - 56X
Fig. 1 - 94x
All others - 375x

Note that all images have been further slightly
enlarged when the negatives were ultimately
cropped to minimize extraneous background
material.

F1g.‘ 1 A closer view, ata higher magmﬁcatioﬁ,'
of the front cover shot. Some of the more
interesting diversified structures are more easily

SCCIL.

Fig. 2 Two centric or circular diatoms and a
fragment. In the upper left, a Coscinodiscus and
in the lower right, an Actinoptychus, possibly
species undulatus.
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Fig. 3 An interesting field, with a whole circular girdle ring on the right, a smaller broken one on
the left, and diatom fragments showing markedly different bead or puncta size.

Fig. 4 A half in, half out of focus Coscinodiscus
and an excellent girdle ring. The overlapping
ends of the ring are evident at about the one
o’clock position.

Fig. 5 and Fig. 6
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Fig. 5 and Fig. 6 Two photos showing the same
field of view, but at two different (upper and
lower) levels of focus, and in each case, illus-
trating two rather scarce bark-like structures,
each with interesting and branching rib-like
designs on the top surfaces. The lower focus, Fig.
6, shows broken bits of diatoms scattered else-
where in the field that could be easily missed if
considerable up and down focusing was not re-
sorted to. Even these thin films can have con-
siderable depth.

£y
etailed rim and inter-

men, with eleg I t highly d
esting internal details.

Fig. 7 In the upper right corner is another of
the more common genus Coscinodiscus, and in

ﬂ‘.le lox.ver left, the central area of a shattered ra- ig. 10 An example of a diatom (Coscino discus)
diolarian fragment. that is relatively scarce in the sense that it is of
some size and yet, has escaped any damage. (An
even better example is Fig. 19). As a general rule,
the larger the frustule, the more subject it is to
being crushed and broken.

Fig. 8 One of the best, (that is, of moderate size
and pretty well oriented), examples of the ex-
ception that proves the rule. It would seem that
most diatoms in this inaterial, of any great size,
are centric or circular, but here an excellent efon-
gated or pennate type is exposed, of the boat Fig. 11 A rarely found centric, possibly an
shaped genus, Navicular, This top or valve view,  Actinocyclus. Not spectacular, but the fineness
shows interesting patterned rows of dots or  of the minute radiating puncta that justifies high
puncta. oil immersion examination, sets this one apart
from many of the others.
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Fig. 12 A fortuitous field of view. Two excellent whole centrics on the left, with well delineated rim
band details and pores, but also, and especially, a very handsome ‘crown of thorns’ siliceous ring at

the upper right.

Fig. 13 Two fragments of larger centric types.
Of more interest, at the lower left, is another of
the relatively scarce (of any great size) pennate
types. Of a different species, and smaller and less
ornate than that shown in Fig. 8, it too, is a top
or valve view of the genus Navicular. High power
oil immersion shows simple, but interesting
edge detail.

Fig. 14 Three structures of interest: two disc
remnants, again showing interesting marked dif-
ferences in pore or puncta size. To the upper
left, a fragment, as in Fig. 7 - an hexagonal pat-
tern of all that is left of a broken radiolarian.
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Fig. 15 One of the best examples found (slightly  Fig. 16 As in Figs. 5 and 6, a deviation from the
larger than in Fig. 2) of the ‘pie’ or ‘pizza’ de- norm of fields of mostly diatoms, whole or in

tailed centric, Actinoptychus undulatus. fragments. Here is what appears to be a massive
and awesome looking, club shaped radiolarian
spicule.

Fig. 17 This is the most spectacular fragment found. Finding this, fairly early in the game, kept me
going longer than perhaps otherwise, in the hopes of finding another, more complete or (hope
springs eternal) a totally complete specimen. Although quite distinctive, even of what remains (of
an obvious centric type) I was unable to pin this one down as to either genus or species. Having
been shattered more or less symmetrically, it is still, however, intrigning, and an example of the
beauty to be found in these ancient fossil frustules.
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Fig. 18 One of the smallest, still whole, dia-
toms found, with a discernible structure. A disc
shaped centric, quite possibly Cyclotella.

Continued from page 3.

One minor disappointment in handling this diatoma-
ceous earth, at least so far, has been the seeming lack
of the more ornate, sometimes spectacular circular
shaped diatoms for which the area is so well known.
It is true, however, that the whole of the ten pound
sack was obviously not completely examined,and that
the initial sampling procedure itself is,admittedly, not
the more complicated method usually prescribed for
winnowing down a large volume of dry, powdered
solids to a smaller volume, which will still be repre-
sentative of the whole.Also, this and other packaged
Diatomite materials are, I'm sure, a heterogeneous
blend of materials taken from many diverse areas in
the vast open pit mining operation. Furthermore, from
the practical standpoint of the Celite Corporation,
there is no need to be particularly selective of the
diatomaceous earth, certainly not in terms of what
would most please the enthusiastic microscopist. In
short,all genus and species of diatoms probably serve
nicely as an effective filtering agent (and as a product
for other commercial uses). In actuality, all of the
Diatomite material on hand is ¢certainly more than ad-
equate for our modest purposes and all specimens
found to date, are, indeed, of interest in themselves.

As an off the wall example of a thing of dubious im-
portance but with still a certain amount of charm,
there is, so to speak, another way of looking at this
material. It stems from having remembered reading,
and having managed to find again, a short passage in
an old issue of the magazine, Scientific American. It
is not too long, so let me quote it here:

“The $50,000,000 annual product value of chewing
gum in the U.S., divided by five cents (the price of a
packet), represents roughly a billion purchases con-
taining about ten billion chews.Allowing three hours
per chew, and assuming the brake horsepower of the

8

Fig. 19 By way of dramatic contrast with Fig. 18,
this is the largest whole diatom found. Of the ge-
nus Coscinodiscus, it is of such a size that with
oil immersion, it is easily possible to peer down
‘on’ or ‘inside’ the individual pores or puncta
and see further fine point detail.

prime mover at, say, one thirtieth ... we arrive at some-
thing like one billion horsepower-hours of power ex-
pended the nation over, each year, in chewing gum.

Not to be outdone, even by such a prodigious publica-
tion as the Scientific American, I have calculated that
the average sealed coverslip wet mount slide prepara-
tion contains approximately ten milligrams of dry Di-
atomite. There is, then, in this ten pound sack, at six-
teen ounces to the pound, one hundred and sixty
ounces, and at twenty eight point three five grams to
the ounce, four thousand five hundred and thirty six
grams. This, then, at one thousand milligrams to the
gram, yields four million, five hundred and thirty six
thousand milligrams, which, divided by the ten milli-
grams per slide, will allow enough material for four
hundred and fifty three thousand, five hundred and
ninety slide preparations and, in so doing, probably
expend far less horsepower than gum chewing, and
will further yield enough material to keep one occu-
pied for many years to come.

Further work with this material that might be suggested
would be, as noted, to institute a more refined method
of diatom sampling and perhaps reclamation,adopt an
appropriate procedure for the cleaning and bleaching
of the individual frustules (although little organic ma-
terial is apparent here) the measurement of each cell
size, and, in combination with this, establish a more
thorough identification of each chosen diatom speci-
men. The work here is a cursory first approximation,
but is also, and perhaps more importantly, a part-time
and pleasurable pastime.And if the prospect of sifting
and winnowing further through all of the maierials at
hand should prove less than daunting and the challenge
irresistible, there is always the prospect of still further
siftings and winnowings ... for I know where there are
a lot of other modestly priced, readily available and
conveniently packaged ten pound paper sacks!
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PRIESTLY ON THE BICENTENNIAL OF THE

INVENTION OF THE MICROSCOPE
Stuart L. Warter

As we enter into the new century, we observe what
might be the quadricentennial of the invention of the
compound microscope. Who actually invented the
microscope -and the telescope,as well - is a question
whose answer may well be lost forever in the mists of
time.

The origins of the telescope and microscope are inex-
tricably linked - “joined at the hip”as it were - since
they are essentially the same instrument - one re-
versed from the other. A good field biologist caught
without a magnifier knows to reverse his binocular
and use one barrel - actually a prismatic telescope - as
a low power nmicroscope.

The earliest confirmed records of actual instruments
g0 back to the earliest years of the Seventeenth Cen-
tury, but there are indications that one or both types
may have been in existence one, two, or even three
centuries earlier. Nonetheless, the name of Zacharias
Janssen, a spectacle maker of Middleburg in Zeeland
(Holland), has been championed by some as inventor
of both, along with his father, Hans, although others
feel that Hans (Jan) Lippershey, another Middleburg
spectacle maker who was also making telescopes at
the time, has a stronger claim on that invention. The
claim of the latter on the invention of the microscope
is widely discounted.

While the name of Galileo is often considered as syn-
onymous with the telescope, his actual contribution
was that he recognized the significance of the inven-
tion of which he had only heard, and can certainly be
credited with the development of that instrument,
having quickly constructed his own, improved on his
early design, and applied its use to scientific endeav-
ors.He had even used a form of extended telescope as
a microscope. Time Magazine has chosen a scientist,
Albert Einstein, as Person of the Century, for the Twen-
tieth Century; had there been one for the Seventeenth,
it might well have been Galileo Galilei.

in The Literary and Biograpbical Magazine and
British Review for June, 1793, the great Eighteenth
Century scientist Joseph Priestly wrote what might be
considered a bicentennial history of the telescope and
microscope. Bear in mind that, even though two cen-
ruries closer to the time in question, he was still writ-
ing two centuries after the fact. Even so, we can still
find it well worth while to read this essay on Janssen
and Galileo, one of the earlier histories written ex-
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pressly on the subject in the English language. Remem-
ber, too, that when Priestly was writing, the achromatic
microscope had yet to be invented, so we can see how
important even those instruments we consider primi-
tive by more modern standards were considered by
those who used them two centuries ago.
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“Quick and Easy Digital”

In response to G.Vitt's e-mailed digital camera photo
with a description of the ease of setup (page 16), Pe-
ter Fischer immediatly put his wrist watch under a
handy Wild Stereo and took this photo under room
light. Peter just hand held his Fuji 2000 digital camera
against the eyepiece.The image is at the lowest resolu-
tion of 460 x 640, but still looks good and the photo-
graphic techinique could not be less complicated.

o
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Of a1z INVENTION or TELESCOPES Axo MICROSCOPES,
DML W TH THEIR FIRST IMPRQVEMENTS» o '

"BY JOSEPIY PRIESTLEY, LL.D. F.R.S,

¥ T was in the period of my hiltory
. that mankind began to defive an
advantage (rom the {cience of op-
tics, which muft have appeared,
a priori, to have. been out-of: the
power. of [cience to- bsltow. - For
who could have imagined that.the
refrzétion. of light: m. glafls,. and
other ftranfparent. fubftances, ‘the
fame power by which a firaight
rod appears: crooked in water;
whereby vifion'.is varioufly. dil-
torted, and -whereby we are liable
to innumerable deceptions, . fhould
ever be fo circumftanced; as to ex-

‘tend the bounds of fight, cnabling
-us to diftinguifh objects valtly too

remote, or too fmall, for our natural
organs. Upon this principle, how-
ever,. depends the confirultion of
the telefcope, which nat only gives
us a diftin&t wview: of diftant ter-
reftrial objedls, without the trouble
of -conveying: ourfelves to- them,
but epables us to extend our en:
quiries to the.utmoft. boundaty of
the folar {yftem,:and even carries
us.far beyond it.-. - S
s The..application of the fame
powers in nature alfo produced the
microfcope, which:gives us-an. in-

fight into thc minute, but:no-lefs:

wonderful s works.;ol: God - in .. the
cteation arotind: us; unfolding the
admirable {trufture .of plants-and
animals, and.di{playing to us the
exquilite texture af their conftituent
parts.. By means of thele inftru-
raents, the bounds of human kneow-

Jledge have been-amazingly. extend:
ed; and by the {famé helps new and

exhauftlefs: fources. of information
and pleafure-are continually open-
ing-to us; fo that a perfon who s
poffeflod of thefe inftruments, znd
who has a tafte. which every man
ought.to be alhamed: o be deflitute
ofycan never want- fubjelts of the

. moft ratipnal entertainment,
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With refpeft to this great addi-
tion to our furniture, both for the
purfuits of f{cience, .and for the
elegant enjoyment of life, human
genius-has but little: to-boaft; the
invention, if-it may be fo called,
having been as calual, and as un-
expefled; as it is, in 1ts.0wn nature,
extraordinary. ‘This hiftory, there-
fore, furnifhes a friking leffon to
all philofophers, not to defpile the
moit trifling oblervation; or to
withdraw their attention and ftudy
from thole powers of nature, or
even thofe {ingle falts, which may
feem, at firlt fight, to be the molt
infignificant, and the molt remote
from every pofiible ufe. Ever
new faét, or property of any of the
conftituent parts of nature, fhould
be carefully examined, as a treafure
of unknown value, the real worth
of which, time, and the difcovefy of
other, kindred powers.in nature,
may. bring to light.

. The very great importance of the
telelcope, has made the frlt dif-
covery. of 1t an interefting fubjett
of .enquiry s and.notwithfianding it
is-agresd, on all hands, that the firft
conltruétion of this riftrument was
a-cafual thing, and thatthe rationale
of -it>was not known ull many
years, after; .we .find feveral ean-
didates for this {mall.portion of
honoug, Deflcartes confiders James
Metius,;-a- perfon who was no
mathematician, though his father
and “brother had aoplied to thofe
fciences, as the firft conftrultor of
a.telefcopes; and fays, that, as he
was amufing, himfelf “with making
mirrors, and. burning glafles, he
cafually thought of looking through
two of his lenies at a time ; and that
happening to take one that was
convex, and another that was con-
cave; and happening alfo, to hit
upon a preity good adjufiment of
S ‘ themn,
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them, he found. that, by looking
through them, diftant objelts ap-
cared very large and diftin&t. -In
aft, without knowing it, he had
made a telefcope. )
Other perfons fay, that this great
difcovery was firl made by ﬁohn
Lipperfheim,; a maker of [pettacles
at Middlcburgh, or rather by his
children; who, like Metius, were
diverting themfelves with looking
through two glafles at a time, and
placing. them-at different diftances
from one another, But Borellus,
the author of a book entitled De
vero telefcopii inventore, gives this
honour to Zacharias Joannides, i, &
Janfen, arother maker of fpeftacles
at the fame place, who made the firft
telefcope in 1590; and it feems now
to be the general opinion that: this
account of Borellus is” the moft
‘probable, :

Indecd, Borellus’s account of the

difcovery of telefcopes is o circum-
fantial,. and {o well authenticated,
that it does not {gem poffible to call
it in queftion. It is not true, he
fays, that this great difcovery was
made by a perfon who was no phi-
Jofopher ; for Zacharias Janfen was
a diligentenquirer into pature: and
being engaged in thele purfuits, he
was trying what ufes could be made
of ‘lenfes for thofe purpofes, when
he fortunately hit upon the con-
ftruttion. '

“This ingenious  mechanic, or
rather philofopher, had no fooner
found- the arrangement of glaffes
that produced the effedt he defired,
than he enclofed them in a tube,
and ran with his inftrument to.

Prince- Maurice, who immediately-

conceiving that it might be of ufe
to him ip his wars, defired the
author o keep it a fecret. But this,
though attlempted for fome time,
was found rto be impoflible; and
feveral perfons in that city im-
mediately applied themfelves to the
making and felling of telefcopes.
One of the moft giﬁinguifhed of

® De vevo telelcopil invenitoxe; p. 37,

of  On the Tnvention.of Telefcopes and Mmfmpm'

thefe was Hans Laprey, called Lip-
Fcr[heim by Sirturus, By him
ome perfon in Holland being very
carly fupplied with a telefcape, he
paffed with many for the inventor;
but both Metius above-mentioned,
and Cornelius Drebelly of Alcmar,
in Holland, applied to the inventor
himfelf in 16203 as alfo did Galileo,
and many others,*  The firlt tele-
{cope made by Janfen did not ex-
ceed 15 or 16 inches in length; but
Sirturus, who fays that he had feen
it; and made ufe of it, thought it
‘the beft that he had ever examined.+
, Janfen, having a philofophical
turn, prefently applied his mftru-
ment to fuch purpofes as he had in
view when he hit upon the cons
firultion.  Direlting it towards
celeftial objetts, he diftinétly viewed
the fpots on the face of the moon,
and difcovered many new ftars,
particularly {even pretty confidera-
ble ones in the great bear. His
fon, Joannes Zachariz, noted
the lucid circle near the limb of
the moon, from whence feveral
bright rays feem to dart in different
direftions; and he, {fays, that the
full moon viewed through this
inftrument, did not appear flat,
but was evidently fpherical, the
middle part being prominent.}
Jupiter alfo, he f{ays, appeared
yound, and rather fpherical; and
fomnetimes he perceived two, {ome-
times three, and at the moft four
fmall ftars, a little above or below
him; and, as far as he could ob-
ferve, they performed revolutions
round him; but this, he {ays, he
leaves to the confideration of aftro-
nomers.§ This I make no doubt,
was the frft obfervation of the
fatellites of Jupiter, though the per-
fon who made it was not aware of

the importance of his difcovery.
One Francis Fontana, an Itahian,
allo claims the inventiony but as
he did not pretend to have made it
before the year 16083 and as 1t is.
well known . that the inftruments
weyrsg
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On'the Inveition of Telefcopes and Microfeopes,

were made and {6ld 1 Holland,
foretime before, his pretenfions to
a {econd dicovery arc not much
regarded. '

‘There are fome, who fay, that
Galileo was the inventor of tele-
{copes; but he himlelf acknow-
ledges, that he firft heard of the
inftrument from a German;* but he
fays that, being informed of nothing

more than the effelts of it, irft by

common report, and a few days
after -by a French nobleman, J.
Badovere, at Paris, he himfelf dif-
covered the confiruétion, by con-
fidering the nature of refrattion.t
1f this be true, he had much more
real merit than the inventor him-
felf.  But Montucla'queltions the
veracity of this great man in this
cale, elpecially as he pretended
that he did not know fo much a$

the form of the glaffes which the

"Dutch infrument makers made ufe

of, and that he difcovered a prion,
that' both a convex and concave
glals were neceffary for the purpofe,
which 1s not truc in fa®.  To me,

however, it apptars very probible,:

that this philofopher might, before
he purchated any telefcope of Jan-
{en, have received a very imperfect
account of the imftrument, perhaps
from a perfon who had ouly looked
through it, and who knew nothing
of its confltruftion., DBut being
merely certified of the poflibility of

effetting the purpole ot a telelcope,.

may well be fuppofed to have puta
man of {fo much genius and curiofity
as Galileo upon making trials,
which might enable him to ac-
complifh the thing, even though he

could not give a perfeltly ratonal-

account of the powers of it; and
might in many relpetts, be very
much miftaken concerning it, [
am not willing, without the cleareft
grounds, to queflion the veracity of
fo refpeltable a'perfon as Galileo.

The account of what Galileo:

aftually did in this bufinefs, 1s {o
circamftantially related by the au-
Vor. X.

® Severien’s Hiftolre, p. 247,
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thor of his life, prefixed to the
quarto edition of his works, printed
at Venice, 1n 1744, and 1t containg
{o many particulars, which cannot
but be pleafing to every perlon who
is interefted in the hillory of tele-
fcopes, that I {hall abridge a part
of it, intermixing circumftances col-
lefted from other accounts.

About April or May, in 1609, it
was reported at Venice, where
Galileo (who was profeflor of ma-
thematics in the univerfity of Padua)
then happened to be, that a Dutch-
man had prefented to Count Mau-
rice of Naflau, a certain optical
mfirument, by means of which,
diftant objefls appeared as if they
were near; but no farther account
of .the difcovery had reached that
place, though this-was near twenty
vears after the frlt difcovery.
Struck however with this account,
Galiles inftantly returned to Padua,
confidering what kind of an inftru-
mant this muft be,  The night fol.
lowing the conftruétion occured to
hin; and the day after, putthing the
parts of the infltrument together, as
he had previoufly conceived of i,
and notwithltanding the nmperfec-
tion of the glafles that he conld
then procure, the effeét anfwered
his expeltations, as he prefently
acquainted his friends at Venice s
to which place he fix days after-
wards, carried anather, and a better
inftrument that he had made, and

where, from leveral eminences, he

thewed to fome of the principal
{enators of that republic, a variety
of diftant objeéls, to their very great
altonifhment, When he had made
farthet improvements in the iaftru-
ment, he with his ufual genecrofity,
and franknels in communicating
his difcoveries, made a prefent of
one of them to the Doge, Leonardo
Donati, and, at the fame time, to
all the fenate of Venice; giving
along with the inftrament, a written
paper, in which he explained the
ftrufture and wonderful ufes that

g F might

+ Nuncius Sidereus, p. 4.
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might be made of it, both by land
and at {ea,
an entertainment, the republic, on
the 25th of Augult, in the (ame year,
more than trippled his falary as

rofeflor, : ‘ .

Cur philofopher having amufed
himf{elf for fome time with the view
of terreftrial objetts, at length di-
refted his tube towards the heavens
and, obferving the moon, he found
that the furface of it was diverfified
with hills and vallies, like the earth.
He found that the via laffea and
nebulee confifted of a colleétion of
fixed {tars, which, on account either
of their valt diftance, or extreme
fmallnefs, were invifible to the
naked eye. He alfo difcovered in-
numerable fixed ftars difperfed over
the face of the heavens, which had
been unknown to all the ancients;
and cxamining Jupiter, with a
better inftrument than any he had
made before, he found that he was
accompanied by four ftars, which,
in certain fAixed periods, performed
revolutions round him; and which,
in honour of the houfe of Medici,
he called Medicean planets.

This difcovery he made in Ja-
nuary 1610, new ftyle; and con-
tinuing his oblervations the whole
of February following, in the be-
ginning of March next he publifhed
an account of all his difcoveries, in
his Nuncius Sidereus, printed at
Venice, and dedicited to Cofimo,
great Duke of Tulcany, who, by a
letter which he wrote to him on
“the 1oth of July, 1610, invited him
to quit Fadoa, and afligned him an
ample ftipend, as primate and ex-
traordinary proleflor at Pifa, but
without any cbligation to read
leftures, or to relide,

The extraordinary difcoveries
contained i the Nuncius Sidereus,
which was immediately reprinted,
both in Germany and France, was
the caufle of nuwch fpeculation and
debate ameng the philofophers and
aftronomers of that time; many of

# Vit del Galileny po g7, &,

In return for fonoble.

whom could not be brought to
glve any creditto Galilen's account,
while otheérs. endeavoured to decry
his difcoveries, as being nothing
more _than  f&tions, or illufions,
some could not be prevailed upon
even to lock-through a telelcope;
fo devoted were they ta the {yfem
of Ariftotle, and (o averfe to admit
any other fource -of knowledge
belides his writings.*  When 1t
was found to be in vain to oppole
the evidence of fenfe, fome did not
feruple to aflert, that the invention
w»as'taken from Ariltotle; and pro-
fiumrig a paffage from his writings,
i which he attempts to give a
reafon why ftars are feen 1in the
day time from the bottom of a deep
well, faidthat the well correfponded
to the tube of the telefcope, and
that the vapours which arofe from
it, gave the hint of putting glaffes
mto it, and laftly, that in both

cales, the fight is ftrengthened by’

the tranfimiflion of the rays, through
a.th1_ck and dark medium.  Galileo
himfelf tells this ftory with a great

deal of humour, comparing fuch .

men to alchymilts, who imagine
that the art of making gold was
known ,to the ancients, but la
concealed under the fables of the
poets.t ¢ )

In the beginning of July, of the
fame year 1610, Galileo, being
ftill ar Padua, and getting an im-
Pcrfqé’t view of Saturn’s ring,
imagined that that planet confifted
of three parts; and thercfore, in
;113 account which he gave of this
difcovery o his friends, he calls it

planetam Lergeminum.

- Whillt he was {till at Padua,
which muft have been either in the
fame month of July. or the begin-
ning of Augufl following, he ob-
ferved fome fpots on the face of
the fun; but, contvary to his ufuul
cuftom, he did not chufe, at that
time, to publith his difcovery;
partly for fear of incurring more of
the hatred of many obllinae Peri-

patetics;
t Galileo’s Warks, vol. iv. p. g1,
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WORKSHOP of the Microscopical Society of
Southern California

Date: Saturday, 7 January 2000
Location: Ernie Meadows’ residence - 26 persons attended

George G. Vitt, Jr.

1. George Vitt reported that he had scanned photos
taken at the November 1999 Exhibit and that B&W
versions will be published in the Journal.

2. Ken Gregory displayed a cased c.1900 Reichert
Hemometer, used to measure the percentage of hemo-
globin in blood, and described the manner of its use. It
behaves much like a visual comparison colorimeter.
There are two glass chambers: the first is filled with
distilled water and the second with distilled water plus
the blood sample which is measured with a capillary.
The blood cells burst in the distilled water, releasing
the hemoglobin,and forming a uniformly colored pink
solution. Below the chamber filled with distilled wa-
ter there is a slidable linear wedge made of pink col-
ored glass. Both chambers are trans-illuminated from
below by light reflected from an adjustable diffuse
white surface. One observes both chambers by look-
ing down through a splitfield prism eyepiece while
moving the wedge until there is a color match. Since
the wedge is linear, its optical density is a linear func-
tion of its thickness and of its position under the sample.
The % of hemoglobin is read directly from an engraved
scale on the wedge, where equal increments of % are
equally spaced.

3. Jim Solliday showed a June 1892 catalog of Queen
& Co. (Philadelphia) who, at the time, were the sole
agents in the USA for Reichert. The above described
hemometer is illustrated in this catalog.

4, Stnart Warter displayed a ¢. 1887 Watson (Edinburg)

microscope which was the “grand-daddy” of the Van
Heurck design, with a Continental style fine focus and
a horseshoe foot, used as a polarizing microscope
equipped with vertical illumination capability, cased,
with a set of eyepicces and objectives (one being of
American make). Stuart pointed out that the horse-
shoe foot was not popular in England, where the tri-
pod foot was preferred.

5. Jim Solliday related the events in the develop-
ment of APO microscope objectives. Watson, Abbe,
and Zeiss were in a frenzy of competition in making
APO objectives and the English did some reverse en-
gineering of the German objectives, while being ig-
norant of the fact that the Germans were using fluo-
rite. Watson, who did not use fluorite, called his prod-
uct the “Holos Objective”. These were 20X with
NA=0.65! These had to be used with great care to
avoid flare, especially since there was no anti-reflec-
tion coating in those days. Jim described Watson’s
orthoscopic “Holos eyepiece” where the distance be-
tween the field and eye lens is adjustable to correct
for the spherical aberration of the objective. Jim
stressed that Watson was the ‘ultimate microscopist’
who did and made everything! Jim then gave a his-
tory of the development of dark field (DF) condens-
ers, citing Watson’s quartz paraboloid design. He then
described ultramicroscopy developments and how
Edwin Nelsomn, then President of the RMS, developed
the cassegrain condenser, NA=1.4,for use with oil (not
water). This allowed the DF observation of an object
and its morphology at high magnification and NA.

Continued from previous page

O the Invention of Telefeopes and Micrafeopes.

patetics; and partly, in, order to
make more exaft obfervations on
this remarkable phanomenon, and
to form fome conjeflure concern-
ing the prebable caufe of it. He
therefore “contented himfelf with
communicating his oblervations to
fame of his friends at Padua and
Venice, among whom I find the

14

ATY

name of father Paul. This delavs
However, was the ¢aufle of this dif~
covery being contefted with him by
the famous Scheiner, who likewifs
made the fame obfervation in Q&o-
ber 1611, and I fuppole had antici-
p?tﬁed Galileo in the publication
o 1, )
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6. Alan de Haas showed a ¢.1870 Reichert “C” stand
with a 3-objective turret and a special Reichert DF
condenser,to be used only with slides 0.8-0.9mm thick.
The instrument had been restored byAlan Bishop, who
marveled at the fact that the entire fine-focus mecha-
nism comes out as a unit by the simple removal of
four screws! He then showed a bench mounted
shadowgraph projector with interchangeable screen,
possibly made by Nikon, and explained the type of
lighting used in shadowgraphs.

7. Yzzy Lieberman displayed his cased 1927 Leitz
monocular microscope that had very recently been
beautifully restored by John de Haas. This microscope
features a calibrated draw tube, rotating stage,and sub-
stage abbe type condenser that is moved by rack &
pinion to decenter it and provide oblique illumination.
Rotation of this assembly allows oblique illumination
from any azimuth angle. (The writer has the identical
microscope and can attest to-its fine and-utilitarian
design). Izzy then showed a 1946 A/O catalog of mi-
Croscopy equipment,

8. Jim Clark told us that his son-in-law, a new ortho-
pedic surgeon, has John de Haas’ A/O stereo micro-
scope, which Jim had given him.

9. Herb Gold showed a cased ¢.1910 Reichert sac-
charimeter in excellent condition, which he had got-
ten from Maurice Greeson, and gave a history of the
development of the polarimeter. The instrument uses
100 and 200 mm long glass tubes and a quartz wedge
adjusts with two fields of view and reads directly in %
sucrose. Rotatory polarization was discussed and ex-
plained. Barry Sobel described “L” glucose that does
not metabolize, nor “L" lactic acid which has been de-
tected in human bodies. Alan de Haas added that hy-
drogenated animal fats are not digestible and recom-
mended that we all ‘stick with olive oil’!

10. Gaylord Moss showed a recently acquired pair
of eyeglasses with a titanium wire frame and high-in-
dex polycarbonate lenses, weighing some 10 grams.
They, and their aesthetically designed case were a
marvel of engineering! There was a discussion of mag-
nifiers and what is nceded for close inspection. Alan
de Haas cited 300bc Greek magnifying lenses, 2x-3x,
which had been ground and polished on lathes made
of wood - and Roman surveying instruments at the
Getty Museum.

11. John de Haas showed a restored ¢.1924 research
model B&L microscope with large body tube,
centerable rotating stage, and 4 Apo objectives.

12. Gary Legel described a chemical etching mate-
rial for glass, and showed examples of its action in the
making of fine ground glass. The material is based on
fluoride.

13. Larry McDavid showed some very handy, light
and inexpensive cylindrical aluminum containers
(about 1”7 in diameter and about 17 high) with glazed
lids. They are suitable for holding all the sorts of small
items and specimens used by microscopists and are
available from LeeValley & Veritas Hardware, POB 1780,
Ogdensburg, NY 13669;To order: 1-800-871-8158; Cus-
tomer Service: 1-800-267-8735.

Then Larry showed a most remarkable antique art
object of great scientific interest:aTibetan music bowl,
some 107 in diameter, made of bronze-like metal, hand
hammered, with a thickened rim, and beautifully
patinated. The bowl is supported from underneath on
the tips of one’s fingers and, with the right hand,a 2”
diameter baton of heavy polished hard wood, about a
foot long, is rotated around the outer periphery of the
rim with very gentle pressure. With continued rota-
tion, oscillations gradually build up to produce a low
melodious note and the amplitude becomes so large
that it is impossible to maintain a steady contact be-
tween the baton and the rim! The long decay period
indicates that the material is of very high “Q7,i.e., has
extremely low mechanical damping losses, which
speaks highly of the quality of the alloy. George Vitt
stated that this was a direct analogy to the electronic
Van der Pohl oscillator, which also simulates the bowed
violin string. Many such music bowls are used in uni-
son in Tibetan Lamaseries during times of prayer and
meditation. Larry certainly comes up with some mar-
velous items to show us - mixtures of art and science

14. Larry Albright showed a fine, cased, c.1885 R&]J
Beck petrological microscope having a small con-
denser lens built into the stage, a Bertrand lens, trian-
gular foot, 3-objective turret, 2+ orders quartz wedge
and two retardation plates. He also showed a ¢.1910
slide cabinet with about 50 thin rock sections, and with
a drawer in the bottom of the cabinet containing a
card catalog of the slides contained. All is for sale at
$1,500.

15. Jack Levy showed a Jan 23 Butterfield & Butterfield
auction catalog of natural history items.

16. Peter Fischer described the type of damage suf-
fered by incident light objectives when these are used
in the semiconductor industry. Their front surface is
etched with fumes of hydrofluoric acid used in pro-
cessing integrated circuits on silicon wafers. Peter then
described how he had restored several of these lenses
by first making, in a Petri dish, a silicone rubber mold
of the front of the objective. He then made a light dis-
tilled water slurry with Linde A (0.3 micron particle
size aluminum oxide) in this cavity and polished the
objective by mounting it in the chuck of a drill press,
while manually holding the slurry containing rubber
mold lightly against the lens. There being some ‘wobble’
to the chuck, the center part of the lens surface was
also effectively polished.
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Nikon Mod.950 Digital Camera and the Microscope

GG Vitt-03-31-2000.

First photomicrograph with Nikon 950 digiital camera. PMS slide of head louse. 4x objective, 10x eyepiece,

partially crossed polars, Leitz binocular microscope, Koehler dllumination.

George G. Vitt, Jr.

Looking through a box of PMS slides, I came across a
well mounted specimen of a nasty looking head louse.
Deciding that this fellow should be immediately put
into my Rogue’s Gallery, I set up the Nikon 950 and
took my first photomicrograph with this camera. No
special equipment or adapters were needed.

Equipment used:

Microscope: Leitz biological binocular stand, ¢.1950,
with substage mirror.

The upper lens of the substage condenser was swung
out to reduce the numerical aperture and give uni-
form illumination across the entire FOV of

the 3x objective.

Hlumination: [lumination was provided by a A/O
mic. lamp - the small focusable unit on articulated arm
on top of the transformer which was set to 5 volts.
The lamp lens was placed about 8" from the micro-
scope mirror and its filament was focused on the dia-
phragm of the substage condenser. The filament im-
age was large enough to fill the entire aperture of the

16

condenser. Final adjustment of lamp and mirror was
made by observing the back focal plane of the objec-
tive (with the specimen moved out of the FOV) to
make sure that the filament image in the back focal
plane filled the objective aperture. The substage dia-
phragm was then closed a bit. This is the procedure
for setting up Koehler illumination.

Polarization: The partially crossed polars not only
show the birefringencs in the specimen, but also pro-
vide a grey background, which I prefer.

Objective: The objective was a Nikon 3x plan achro-
mat.

Eyepieces: The eyepieces were the Nikon CFWN 10x/
20. The OD of the eye lens is 22mum and the OD of its
surrounding rim is 35mm. The 32mm OD of the 950
camera lens flange made a good match and light seal.

Procedure: The microscope was placed in an upright
position on the base of a small copy stand and all was

Continued on page 19
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Nikon 950 Continued from page 16

Foeniculum Vulgare, Transverse root section.
Niken 950 GG Vitt -03-31-2000

adjusted for accurate Koehler illumination. The cam-
era was inclined to match the eyetube angle and low-
ered to be not quite in contact with the rim of the
right eyepiece. (The camera could just as well have
been set up to have its LCD horizontal,and the camera’s
lens/CCD assembly rotated to the required angle.) 1
looked through the left eyepiece just to make sure of
things - the final framing being done on the LCD dis-
play on the camera. This autofocus camera was set to
aperture priority and its flash was disabled. Exposure
was about 0.25 sec. Camera resolution was set to
1600x1200 pixels with JPEG compression of about 5:1,
giving a final file size of about 1Mb.

Pteridium Aquilinum, Rhizome section, Transverse.
Nikon 930 GG Vitt -03-31-00

Comments: The lens on the 950 is not removable, so
it is necessary to use an eyepiece for photomicrogra-
phy. This results in too high a magnpification in many
cases, necessitating the use of a low power (say 3% to
5x) objective. When this is done, however, the camera’s
FOV imay be considerable smaller than that provided
by the microscope optics for visual observation.
have yet to experiment with the zoom capability of
the camera in this application). The low NA of the
low power objective degrades image sharpness some-
what, but provides a greater depth of ficld which is
desirable for relatively thick specimens, such as the
one pictured here. Itis a tradeoff. Note that the claws
are rather well defined, which would not have been
the case had a higher power objective been used.
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MSSC April Meeting
Wednesday, April 19 at 7 PM.
Crossroads School, 1714 21st Street
Santa Monica, CA.

Viewing Brownian
Motion.

Bill Davies

In the literature, there are a number of devices for view-
ing Brownian motion. Bill Davies will demonstrate four
of these that he has constructed with his own modifi-
cations and improvements. He will show his final de-
sign which is extremely simple and effective so that
anyone can in a short time build a good demonstra-
tion.

Along with the actual device demonstrations, Bill will
show a series of slides and a video.

This will be an especially interesting as a follow-up to
the fascinating lecture by Brian Ford on the discovery
of Brownian motion.

De Haas Optics Discussion
Following the coffee break Alan deHaas will continue
with his lecture on the fundamentals of light and op-
tics.

EBditor’s Notes

George Vitt’s photos on page 16 and 19 demonstrate
the excellence of the Nikon 950 2.1 megapixel digital
camera which has now been surpassed by the Nikon
990 which offers improvements such as: a 2048 x1536
pixel image for 3.34 megapixels, full manual exposure
option, 7 blade iris 1/3 stop exposure control, histo-
gram display to ensure that exposures do not “blow
out” highlights, shutter 8 to 1/1000 sec ptus bulb, USB
connection for fast download and a host of other im-
provements such as provision to use the self timer in
macro mode. The list price is about $1000.

For extensive reviews of the Nikon 950,990 and other
digital cameras including comparison saniple photo-
graphs and more information than on the manufactur-
ers own web sites, go to:
http://www.imaging-resource.coml
http://www.steve’s-digicam.com.

Olympus and Fuji also make 3 megapixel cameras in
the same price range and other models are flooding

onto the market.
e Gaylord Moss

SAVONA

Textiles ® Drugs °

Tel: 01964 535195
E-mail

BOOKS

MICROSCOPY AND RELATED SUBJECTS
LIFE AND EARTH SCIENCES
(Microtechnique Histolo%y ¢ Analysis ¢ Pond life « Mineralogy
orensics ® Optics ® Journals etc.)
Comprehensive catalogue on request
W Krause, “Savona”, 9 Wilton Road

Hornsea, E. Yorkshire, HU 18 1QU. UK.
FAX 01964 537346
savonabooks@savonabooks.frec-online.co.uk & Sold
Website http://www.savonabooks.free-online.co.uk

Microscopy
Books
Bought

GALLOWAY
ENTERPRISES

I refurbish and repair early microscopes and other instruments,
while retaining their originality. The collecting and repair of
Carl Zeiss optical equipment is a specialty. Please contact me
with your requirements

Allen Bishop, 1050 Galloway St.
Pacific Palisades, CA 90272-3851
Telephone (310) 4541904
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