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PREFACE-INTRODUCTION 

This work represents the first attempt at describing the 
development of the microscope industry in America. To date 
only short biographical sketches concerning some makers and 
many unrelated historical details on the general subject have 
been available. The purposes of this book include that of pre
senting an illustrated chronology of the many models of micro
scope stands that have been made in America, and to present 
all known information on their designers and makers, many of 
whom have escaped notice, and few of whom have been given 
the credit they deserve. 

Sources utilized for this project include the existing firms 
of Bausch & Lomb, Inc. and American Optical Company, the 
latter being the ultimate successor to a long line of American 
microscope makers originating with Charles A. Spencer in 
about 1840. In addition, city directories and the contemporary 
microscopical books, journals and patents have been reviewed 
for factual information and clues. Lastly, the inventories of 
the two major public collections of microscopes in America, 
The Billings Microscope Collection* and the Smithsonian Insti
tution, have been examined for the hints they offer. 

There is an enormous amount of work remaining to be 
done: more city directories should be thoroughly examined for 
clues as to the time span of many known makers and informa
tion on their products; probate court records should be examined 
for information they may contain on the disposition of the busi
nesses and assets of the makers; and the content of the various 
existing private collections of microscopes must be made known. 
This last mentioned project is critical to the advancement of 
this task, for the reader will find that many microscopes 
alleged to have been designed and made by American firms are 
not known to exist today in the public and private collections of 
which the author has knowledge. Statements throughout this 
book to the effect that a form of instrument by a particular 
designer or maker is not extant are to be read in this context. 
Additional effort should be directed toward the development of 
biographical and historical information on some of the many 

*In Washington D. C. at the Armed Forces Institute of 
Pathology. 
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men who influenced the American makers and who had a pro
found effect on the development of the American microscope 
and microscope technology, men such as Hamilton L . Smith, J . 
L . Riddell, J . Lawrence Smith and Joseph J . Woodward, to 
name only a few. 

It is ]1oped that the reader will keep in mind the foregoing 
limitations while reading the book, and if he or she has infor
mation or source materials bearing on the subject matter, I 
will be most appreciative to !mow. 

January, 1975 
Donald L . Padgitt 
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A SHORT HISTORY OF THE EARLY AMERICAN MICROSCOPES 

CHAPTER 1 
THE MICROSCOPE IN AMERICA BEFORE 1840 

The early development of the microscope in America is 
somewhat lost in periods of time unattended by historians , the 
Civil War, and the great fires that at one time or another rav
aged cities and the establishments of several instrument mak 
ers. A proper history of this development is made more diffi
cult because American microscope makers, unlike many of their 
European cotmterparts, were not regulated or subsidized by in
stitutions that might have maintained records or left other pub
lished histories of clues covering the makers and their trade . 
In many European countries we find that universities , nobility , 
guilds or even governments would commission, subsidize , reg
ulate or control many of the activities of the scientific instru
ment makers and, in so doing, would leave documentation of 
the nature or shape of the industry . In an America where 
guilds and nobility were nonexistent and where freedom of en
terprise was a reality, early scientific instrument makers were 
independent individuals who labored under relative obscurity. 

Scientific instrument making as an industry started in 
America early in the Eighteenth Century. By 1800 there were 
at least 65 individuals identifiable as makers of various types 
of scientific instruments. The majority were clock and watch 
makers, silversmiths, goldsmiths and bell founders . They · 
would often make or deal in surveying instruments and naviga
tion aids as a sideline; to the extent that they actually manufac
tured such items, they can be classified as America's earliest 
scientific instrument makers. Others held themselves out to be 
mathematical, optical and philosophical instrument makers, a 
category which would, of course , include the making of micro
scopes, but none are known to have actually made microscopes, 
and it is even doubtful that any handled microscopes as their 
stock in trade. 

1 

1See ~ Bedini, Early American Scientific Instruments 
and Their Makers, 1964 . For a listing of early surveying 
instrument makers in the United States of America, consult 
Smart, The Makers of Surveying Instruments in America Since 
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An ingenious Salem, Massachusetts clergyman, Jolm 
Prince, may have been an exception to several of the foregoing 
general statements. Prince , a Harvard graduate of 1776, was 
the Senior Pastor of the First Church of Salem. In addition, 
he dealt in scientific instruments with many colleges, including 
Harvard, Yale, Dartmouth, Brown, Rutgers , Amherst, 
Williams and Union . In 1792, he was commissioned by Harvard 
to make a lucernal microscope. * The instrument was delivered 
to the college in 1796 with a name plate proclaiming it to be 
"Adams Lucernal Microscope improved by John Prince". 2 

George Adams the Elder , of London, actually invented this 
form of microscope prior to 1787 . Prince did, in fact, -make 
suggestions for improvements in its original construction and, 
in so doing, received the acknowledgment of the inventor's son, 
George Adams the Younger. 3 

1700, Vol. I, 1962 and Vol. II, 1967 . George Evans of Phila
delphia is listed by Bedini and Smart as having advertised him
self in a 1796 newspaper as "(m) athematical and philosophical 
instrument maker from London" and as having" .•. brought 
with him (a) han(d)some assortment of instruments consisting 
of quadrants, telescopes, microscopes •.• All kinds of matbe 
matical instruments made, cleaned and repaired. . • " This is 
the earliest reference to an American dealer in microscopes. 

2This information concerning Prince is from Wheatland, 
The Apparatus of Science at Harvard 1765-1800, 1968 . Of the 
ninety- some pieces of apparatus described by Wheatland , only 
seven bad been the product of, or had some connection with 
American dealers or makers. The College, like almost every
one else during that period, had to rely largely upon English 
sources of supply for their instruments. 

3See George Adams (the Younger), Essays on the Micro
scope, 2nd Edition, with additions and improvements by F . 
Kanmacber, p . 84 et seg . , 1798. Kanmacber's comments re
fer to Prince as ". . . a valuable correspondent and friend of 
our late author ••. ";and" • •• his ••. contrivances shew 
real ingenuity. " For a good description of the lucernal micro
scope and its place in the history of the microscope, see Brad
bury, The Evolution of the Microscope, p. 160 et seg., 1967. 

*a lamp-illuminated projection microscope . 
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Eighteenth Century America was almost wholly a rural na
tion with little in the way of a community of people concerned 
with natural sciences . Microscopy during that period was con
sidered, particularly in England, a diversion, entertainment 
or, at best, a hobby by many of its activists~ It was such peo
ple who created the great demand for the microscopes of the 
English opticians . Americans, on the other hand, had little 
time to waste on such an "idle" pursuit. The real need for sci
entific instruments in America arose from the demands created 
by the practical requirements of land delineation and navigation. 
This gave rise to the rather early development of a market for 
surveying and navigational instruments which was met in one of 
three principal ways: 1) importation from England; 2) manufac
ture by native clockmal<ers and silversmiths and 3) immigration 
of English mathematical instrument mal<ers to the United 
States. 4 

Thus, we see that during the Eighteenth Century Americans 
interested in microscopy were in the inconvenient position of 
having to purchase their instruments abroad s ince there were 
no native professional or even amateur microscope mal<ers. 
Yale University, Harvard College and Brown University were 
among the first American institutions to import microscopes in 
the Eighteenth Century, 5 and some of these were the misnamed 
"Wilson" screw-barrel variety which were in reality simple, 
not compound, microscopes. 6 Undoubtedly, a few interested 

4see Bedini, op. cit., for a good analysis of the early 
American mathematical instrument trade, particularly in rela
tion to surveying instruments. 

5Yale obtained its first microscope (a Culpeper model prob
ably by Matthews Loft) in 1734; Harvard obtained its first screw
barrel microscope in 1732, lost it in a fire in 1764, obtained a 
superior microscope (a chest model by Edward Nairne of London) 
in 1792, and the lucernal microscope referred to earlier in 1796; 
by 1769 Brown University had more than one compound micro
scope. 

6James Wilson (1665-1730), a London instrument maker, 
described the so-called screw-barrel microscope in an article 
appearing in the Philosophical Transactions of the Royal Society 
in 1702. He never claimed to be its inventor, and it now 
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professional and amateur microscopists also possessed micro
scopes during this period, but such instruments most certainly 
were not the product of American craftsmen. 

Not only did no American microscope maker appear on the 
scene until near the middle of the Nineteenth Century, but mi
croscopes were not even customarily carried in stock by sci
entific instrument dealers in America before at least 1838 . 
Thomas H. McAllister, an optician first in Philadelphia from 
about 1825 and later in New York City , reported a search insti
tuted in 1838 to obtain a microscope for the United States Ex
ploring Expedition. This expedition was under the command of 
then Lieutenant Charles Wilkes, a naval officer . It was to be 
the greatest effort to that date in world circumnavigation by 
America, consisting of a squadron of six ships with participants 
to include specialis ts in various scientific fields. Notwithstand
ing the importance and scope of the expedition, "(t)he various 
makers of scientific and philosophical instruments were applied 
to, but none of them could furnish the expedition with the de
s ired microscope. " 7 

appears that the screw-barrel form of microscope was de
scribed by Nicolaas Hartsoeker in 1694 and even earlier (1685) 
by C . A. Tortona, an Italian (See Bradbury, op . cit., p . 89 
et seq . ). 

7Frey , The Micr0scope and Microscopical Technology, 
translated and edited by G. Cutter, M.D. , p. 77, New York 
1880 . Cutter's comments to Frey's text indicate the search 
for the expedition microscope took place in 1840 . This must 
be in error, since the expedition left Hampton Roads, Virginia, 
in August, 1838, and was engaged in exploring the Fiji Islands 
in 1840 on its route around the world. Cutter goes on to say 
that "(i)n this dilemma a private individual was applied to, and 
an instrument was finally obtained from Dr . Paul Goddard of 
Philadelphia. It was a French microscope, which would be 
considered very inferior but was the best instrument then to be 
had in this country . " Further evidence of the mistaken date is 
the fact that by 1840 Charles A. Spencer was engaged in manu
facturing fine microscopes in Canastota, New York, and had 
published at least one catalogue of which McAllister would prob
ably have been aware . 
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The earliest published efforts toward development of an 
American microscope were those of a young man named 
Edward Thomas (1806-1832) . Thomas was an engineer on the 
Cayuga and Seneca Canal, apparently working as an assistant 

5 

to his father who was chief engineer for that canal and a portion 
of the Erie Canal . The father and all three of his sons were 
interested in various branches of natural science. Edward's 
interest was in optics, and the microscope objective in partic
ular. The only history of Thomas' achievements is contained 
in the 1830 and 1831 issues of the American Journal of Science 
and the Arts (Silliman's Journal) where there are brief articles 
describing achromatic objectives that he constructed . 

Thomas had become interested in the superior performance 
of achromatic objectives constructed in about 1820 by William 
Tulley of Islington, London, at the suggestion and under the 
sponsorship bf Dr. C. R. Goring of Edinburgh. Achromatic 
objectives designed and apparently made by Thomas consisted 
of two to six lenses of flint glass and plate glass cemented in 
various combinations with Canada balsam. Although Thomas 
may have actually ground his own lenses and may have had a 
good understanding of the (then) theory of the microscope, it is 
almost certain that he did not construct his microscope stands. 
One of Thomas' articles in Silliman's Journal states that his 
friend, Alden Allen of Boston, had "more recently" constructed 
achromatic lenses "with great skill" on the same plan as Thom
as. Neither Professors Gage nor Richards, 8 nor any one else 
to the author's lmowledge, have found further reference to 
Thomas or Allen. Their contributions to the development of the 
microscope must be considered minimal; at the most, it appears 
that they were fairly accomplished amateur opticians whose ori
ginal findings, if any, were not relied upon or utilized by sub
sequent American microscope makers and opticians. 

8simon Henry Gage (Oscar W. Richards, Editor), "Micros
copy in America (1830-1945)", Vol. 83 , No. 4, Supplement, 
Transactions of the American Microscopical Society (October, 
1964). This fine article contains much information on the his
tory of microscopy in institutions of higher learning and indus
try in America. 



6 CHAPTER 2 

CHARLES A. SPENCER AND HIS SUCCESSORS 

At about the same time Thomas H. McAllister was being 
frustrated in his efforts to procure a microacope for the United 
States Exploration Expedition of 1838, a man who was to have a 
profmmd effect on the development of the microscope in Amer
ica was announcing himself as a manufacturer of telescopes and 
microscopes.! This man was Charles Achilles Spencer (Fig
ure 1) who was to gain rapid acclaim for his genius and work
manship in formulating and constructing objectives whose an
gles of aperture, and thus resolving power, equalled or sur
passed those made by any other craftsman in the world during 
most of the Nineteenth Century. 2 

Born at Lennox, New York, in 1813, Spencer dropped out 
of Hamilton College when he realized that his time would be 
primarily devoted to classical studies rather than to the scien
tific subjects he preferred. In 1838, he published a price list 
from his workshop in Canastota, New York, announcing his 
ability to make and deliver various reflecting telescopes and a 
reflecting microscope constructed along the lines of Dr. Charles 

1some of the information in this chapter concerning Spencer 
was developed from the booklet, Three American Microscope 
Builders (1945) published by American Optical Company, Sci
entific Instrument Division, Buffalo, New York and, in particu
lar, Hamilton L. Smith's "Memoirs of Charles A. Spencer" 
which first appeared in The Proceedings of the Society of Mi
croscopists, pp. 49-74, 1882. Also, see Richards, "American 
microscope makers and introduction to the collection", Journal 
of the Royal Microscopical Society 83, 123-126 (1964). 

2spencer's objectives probably were either the equal of or 
surpassed the products of the following famous European opti
cians of the period: Andrew Ross, James Smith, Hugh Powell, 
Andrew Pritchard, William Tulley and Charles Goring (a de
signer) of England; Vincent and Charles Chevalier, Charles 
Selligue and Georges Oberhauser of France; Fraunhofer of Ger
many; Simon Pl13ssl of Austria and Gianbattista Amici of Italy. 
These men were generally regarded as the foremost European 
opticians during the Nineteenth Century . 
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Figure 1. Charles Achilles Spencer (1813- 81). The first 
American microscope maker. 

7 
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Goring's "engiscope". 3 In 1839 or 1840, he issued a multi
paged catalogue describing "Optical, Philosophical, Mathemati
cal, Chemical and other Instruments and Apparatus" . Reflec
ting Gregorian and Newtonian telescopes were offered with 
three-inch to ten-inch reflecting objectives, and achromatic re
fracting telescopes with objectives of up to three inches. So far 
as can be determined, this is the first indication that Spencer 
was experimenting with achromatic lens combinations. 

The 1839 or 1840 catalogue also listed an "Amician Reflec
ting Microscope", a "Compound Achromatic Microscope", so
lar, lucernal, botanical and other microscopes, as well as the 
complete range of philosophical apparatus: mechanical, hydro
dynamical, pneumatical , electrical, meteorological, galvanic, 
pyronomical and chemical instruments. This lengthy listing of 
apparatus is probably indicative of Spencer's eagerness to profit 
from his business by offering a full line of equipment rather 
than evidencing an eclectic nature, since his primary interest 
was in the making of telescopes and microscopes . 

His interest in astronomy has been noted by his historians , 
and his success in the manufacture of large achromatic refrac
ting telescopes has brought him fame in that field. During a 
later partnership with A. K. Eaton in 1865 he constructed a 
13 . 5 inch refracting telescope for Hamilton College. At that 
time it was the largest telescope in America, and it is reputed 

3The reflecting microscope utilized one or more mirrors to 
produce an image without refraction through lenses . The idea 
developed from Sir Isaac Newton's 1672 experiments which indi
cated (erroneously) that since refraction is always accompanied 
by dispersion it would be impossible to construct an achromatic 
telescope with lenses alone. This conclusion led to the develop
ment of the various forms of reflecting telescopes , i.e ., New
tonian, Cassegrainian and Gregorian, and various forms of re
flecting microscopes. After earlier unsuccessful efforts , Amici 
of Modena, Italy, and then Cuthbert of England (working at the 
direction of Goring) brought this type of microscope to its most 
workable form in about 1820. With progress being made in con
structing various achromatic lens combinations for microscopes , 
the reflecting microscope, which was difficult to construct and 
collimate, fell into disuse . For a more detailed explanation of 
this intriguing instrument, consult Bradbury, op . cit . pp . 174, 184. 
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to have compared favorably in performance with the products of 
the renowned G. Merz and Son, and Merz and Mahler of Munich, 
Germany, both of whom were Fraunhofer's s uccessors. In 
1856, Spencer and Eaton contracted with the Dudley Observatory 
to construct a heliometer for the then enormous sum of $14 ,500 . 
Because of a controversy between the Observatory's trustees 
and directors, the heliometer was never completed. 

Not enough of Spencer's early microscopes have been un
covered and identified to positively state which model he made 
first. But both the price list of 1838 and the catalogue of 1840 
give some valuable clues on this question. The 1838 price list 
refers to Dr. Goring's "engiscope" or reflecting microscope, 
while the 1840 catalogue confirms the availability of an "Amician 
Reflecting Microscope" . Both of these reflecting type instru
ments were customarily made in a manner so that the optics 
tube was horizontal . 4 We also !mow that the microscope Spen
cer constructed in 1847 for Dr. C. R. Gilman of New York City 
was a horizontal type modeled from Charles Chevalier's "Uni
versal" microscope. It is known that Chevalier, a Parisian 
optician, and Amici, an Italian optician, consulted with each 
other in their quest to develop an achromatic microscope. In 
1827 Amici disclosed his design for a horizontal (nonreflecting) 
microscope which Chevalier constructed for him. This micro
scope , depicted in Figure 2, is known as Chevalier's "Univer
sal" microscope. It is readily apparent that Spencer's micro
scope (Figures 3 and 4) is a close copy of the Universal of Che
valier, differing only in its lack of rack-and-pinion focusing on 
the optics tube and the arrangement controlling the fine focusing. 
The year given for the manufacture of this Spencer microscope 
is 184?, but in view of the fact that Spencer made horizontal type 
microscopes in 1838 and 1840, it may have been made consider
ably earlier . 

4~: See Figures 58 (left), 59 and 60 in Blumberg, Smith 
and Leeper, The Billings Microscope Collection, 1967. Not all 
reflecting microscopes were horizontal as witness Figures 57 
and 58 (right) in The Billings Microscope Collection; but those 
designed by Goring, of which Figure 58 is an example, and those 
by Amici were usually horizontal. Figure 60, the microscope 
by Amici, is not a reflecting microscope, but it demonstrates 
his proclivity for horizontal designs. 
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Figure 2 . The "Universal" microscope of Charles 
Chevalier from which Charles A. Spencer 
Modeled his earliest microscopes. (from: 
Quekett, A Practical Treatise on the Use of 
the Microscope, 3rd ed., 1855.) 

Figure 2. Charles A. Spencer's first 
form of microscope in hori
zontal position (c. 1840-1850). 
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An interesting feature of this 
type of microscope is its convert
ibility for use in the conventional ' 
inclining manner. By referring to 
Figure 2 it can be seen that if the 
nosepiece containing the prism (M) 
is removed, the optics tube (D) 
can be rendered vertical by rota
tion around the inclination joint 
(CB). The limb catch (FE) is then 
released, allowing the optics tube 
and the limb carrying the mirror 
and stage to be inclined to any de
sired angle by rotation of the arm 
(BB) around the inclination joint 
(BC). Figure 4 shows the same 
Spencer microscope depicted in 
Figure 3, only this time in the ver
tical mode. 

According to Dr. G. R . Cutter, 
Spencer became aware of improve
ments that had been made in Paris 
and London in the development of 
the achromatic microscope by arti
cles appearing in the Penny Maga
zine and the Library of Useful 
Knowledge. These revelations, 
together with Spencer's lmowledge 
of the successful research in the 

Figure 4. Charles A. 
Spencer's first form of 
microscope in vertical 
position (c. 1840-1850) . 
This microscope is the 
same as that depicted in 
Figure 3. 

manufacture of optical glass by Guinard, Fraunhofer and Fara
day, spurred him to direct his own efforts toward the develop
ment of achromatic microscope lenses. Spencer labored long 
and hard on improving the quality of his optical glass, and dur
ing this time (c.1838-1847) he is believed to have made only a 
few microscopes. 

In 1847, Spencer visited Dr. John Frey in New York City 
where he was introduced lo Dr. C. R. Gilman, a Professor of 
the College of Physicians and Surgeons. Dr. Gilman showed 
Spencer his Chevalier Universal microscope, and Spencer is 
alleged to have said he could make a better one. Dr. Gilman 
allowed Spencer to make good on his words, and later that year 
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Spencer delivered his instrument which was in the Chevalier 
form, probably much the same as that microscope depicted in 
Figures 3 and 4 . On his trip from Canastota to deliver the mi
croscope to Dr. Gilman, Spencer visited Dr. Jacob W. Bailey, 
Professor of Chemistry and Mineralogy at the United States 
Military Academy at West Point, New York. The purpose of 
the visit to the noted microscopist and authority on diatoms was 
to submit Spencer's microscope to a particularly difficult test 
of resolving power . The results of this test gained almost 
instant fame for Spencer. Spencer's own words on this visit 
follow: 

"Now, between ourselves, I did not make as good 
an instrument for Dr . Gilman as I know I can make. 
I used the Swiss Flint, with the intention of beating the 
foreign instruments with their own materials . Knowing 
that Prof. Bailey's Navicula Hippocampus (name later 
changed to Pleurasigma Hippocampus) test would prove 
the matter well, I called upon him . I had some mis
givings, so I set up my instrument for the scales of 
the Podura (an insect commonly called the "Spring Tail"). 
He almost instantly exclaimed, with warm earnestness: 
'I am sure that it will show the hippocampus .' I replied 
that I feared not, as I had not one of my best highest 
powers with the instrument. Prof. Bailey insisted upon 
finding the object on the slide , and the instant his eye 
caught it, he exclaimed: 'It shows it beautifully - this 
is a perfect treat~' I then looked at it, and must con
fess almost instantly lost my reverence for the English 
test object par excellence . "5 

Dr. Bailey's enthusiasm for Spencer's lenses was reported 
in an article in Silliman's Journal in 1848 where he stated that 
they were superior to any of Chevalier's , and perhaps the equal 
of those by Andrew Ross, Hugh Powell, Simon Plossl and Georges 
Oberhauser . 6 Subsequent objectives made by Spencer were 

5Letter from Spencer to Dr. John Frey of New York City, 
dated October 21, 1847, as set forth in Three American Micro
scope Builders, op . cit . , p . 23 . 

6 Americru1 Journal of Science and the Arts (Silliman's 
Journal) _E. (2nd Series, 1848) . 
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judged to be superior to any 
existing product of those 
European opticians . This 
judgment was not obtained 
without a certain amount of 
acrimony from the English 
establishment, and a con
tinuing debate concerning 
the role of angle of aperture 
in obtaining penetrating (re
solving) power. 

It seems quite likely 
that Spencer discontinued 
making his Chevalier type 
stands and turned to making 
the somewhat simpler, but 
not necessarily better , 
"Pritchard" type (Figure 5) 
by about 1850 . Andrew 
Pritchard was an optician 
(fl . 1804-41) first on Fleet 
Street and later on the Strand 
in London. In the early 1820's, 
he collaborated with Dr . 
Charles R . Goring in an at
tempt to produce achromatic 
lenses from precious stones 
such as diamonds, sapphires, 
rubies and garnets . He was 
also a designer and a re-

13 

puted mak.er of microscope 
stands, his most famous de
sign bein~ similar to that in 
Figure 5 . While this form 
of microscope probably suf
ficed for use with relatively 
low power objectives, it 
would undoubtedly prove too 
tmstable for use with the very 

Figure 5. A Spencer "Pritchard" 
type microscope (c. 1850). 
(Armed Forces Institute of Pa
thology photograph, Neg. No. 60-
4713-22) . 

7 It has been suggested, on fairly strong evidence, that Hugh 
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high power (~, 1/12 inch focus) objectives that Spencer was 
providing. Instability was probably the main consideration in 
the decline of this form of instrument, particularly after An
drew Ross's perfection of what was to be called the "Ross" type 
stand and Hugh Powell's famous designs. 

In 1854, Spencer formed a partnership with Professor A. 
K. Eaton of Troy, New York, under the firm name of Spencer 
and Eaton. During the term of this partnership, perhaps be
fore, Spencer utilized a new form of stand which was commonly 
called his "Trunnion" microscope (Figure 6). 

This form of stand, characterized by its bar-limb construc
tion and its claw-footed base, originated with Andrew Ross in 
about 1843. Even though the trunnion form had been first used 
by Alexis Magny8 in about 1751, and the bar-limb idea had been 
known prior to 1843, Ross's combination of the bar-limb con
struction mounted on trunnions rising from a claw foot had a 
pronmmced influence on microscope design thereafter. Attrac
tive features of the plan are: 1) the relative stability given by 
the claw foot, 2) the unitary movement of stage, substage mir
ror and optics tube through any angle of inclination, 3) the bal
ance obtained by mounting the bar limb on the trunnions at its 
center of gravity, and 4) the generous space provided on and 
under the stage for attaching and utilizing accessories. For 

Powell made Pritchard's large stands in accordance with de
signs furnished by Pritchard. (Frank Nuttall, "Early Achro
matic Microscopes by Hugh Power," Microscopy 32, 106 
[1972].) This illust.rates an interesting problem one faces in 
attempting to determine which microscope "makers" were in 
fact makers and which were designers or dealers, since many 
opticians, particularly in England, manufactured "for the 
trade", i.e., they were wholesalers. This situation does not 
occur too frequently among the American makers, although 
there was some manufacturing "for the trade" as we shall see 
later. 

8Alexis Magny (1712-c. 1777) was a noted Parisian opti
cian and instrument maker who made fabulously ornate micro
scope stands . George Adams the Elder is also known to have 
mounted microscopes on trunnions, but the earliest of these, 
the "Prince of Wales Microscope" in the Science Museum, 
London, is tentatively dated 1755, giving Magny priority. 
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Figure 6. Spencer's large "Trunnion" microscope (c . 1855). 
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these reasons, the "Ross" stand was widely copied, particularly 
in England and in the United States of America. 9 

The Spencer and Eaton partnership published catalogues of 
their microscopes. Excerpts from one such catalogue appear in 
The Microscopist's Companion; a Popular Manual of Practical 
Microscopy by John King, M.D. , published in 1859 , in which 
two Spencer microscope models (Figures 6 and 7) are illustrated . 

Figure 7. Spencer "Student" type microscope (c . 1855). 

9 Andrew Ross, along with James Smith and Hugh Powell , 
was one of the makers generally considered as most influ
ential in the development of the microscope in England during 
the mid-Nineteenth Century. Ross' abilities were not con
fined to the mechanical design and manufacture of instruments 
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An instrument such as that in Figure 6listed at $125 .00, plus 
lenses and accessories that could easily push the total price to 
beyond $360, a tidy sum during the 1850's. (A 1/12-inch ob
jective with the unbelievable [but true] angle of aperture of 178° 
was listed at $100, while oculars were $5 each, and achromatic 
condensers were $15 to $35 .) Figure 7 is the "Student Model" 
microscope which combined the Ross type claw-foot base with 
the Lister limb. 10 This type of configuration, with a horse
shoe or modified horseshoe base, was to become ver y popular 
among American, English and Continental microscope makers, 
and was used well into the Twentieth Century. 

In about 1865, the Spencer and Eaton partnership was dis
solved, and Spencer continued his work out of his Canastota 
shop with his sons, Herbert Ruthven and Clarence Leslie, under 
the name "C . A. Spencer and Sons". A fire in 1873 completely 
destroyed most of Canastota and the Spencer workshop with its 
inventory, tools, machinery, plans and records. Work by the 
firm was continued in a barn in Canastota until 1875 when the 
business was moved to Geneva, New York . In Geneva, the 
Spencers associated themselves with the Geneva Optical Works 
and their microscopes of this period were signed "C. A. Spen
cer & Sons for Geneva Optical Company". In 1877 the Spencers 
terminated their relationship with Geneva Optical Works and 
began operations as "C. A. Spencer & Sons in Geneva" . With 
Charles A. Spencer's failing health, this firm continued only 
until the year before Spencer's death in 1881. 

since he was first and foremost an optician. His influence was 
extensive as witness the fact that respected English microscope 
makers such as William Ladd, J. B. Dancer, Dollond and Com
pany and Moritz Pillisher; and Spencer, Queen and others in 
America copied his bar-limb type stand . The same configura
tion was used by R. Field of Birmingham, England, in gaining 
the medal awarded by the Society of the Arts in 1855 for the 
best "three-guinea" compound microscope. The "Society of the 
Arts" model, as it was known, was extremely successful; over 
1800 of them were sold in England by the year 1861, and it waS' 
extensively copied by other makers. 

lOJoseph Jackson Lister, the father of the renowned English 
surgeon, was famous in his own right for advances in microscope 
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Upon the termination of C. A. Spencer & Sons in 1880, 
Herbert R . Spencer (1849-1900) commenced his own operations 
in Geneva under the name "H. R. Spencer & Company" where he 
made objectives and was agent for "Acme" microscopes. In 
1889, he moved to Cleveland, Ohio, and in 1890 moved back to 
New York State, this time to Buffalo where he formed a partner
ship with Fred R . Smith, a man who had worked with Herbert 
Spencer and his father for 18 years. This firm, incorporated 
as "Spencer & Smith Optical Company" in 1893 , made objectives, 
telescopes and microscopes. This corporation was dissolved in 
1895, and Dr. Roswell Park, a Buffalo, New York surgeon, H. 
R . Spencer and businessmen, W. H. Glenny and B. L . Jones, 
incorporated "Spencer Lens Company" . Spencer Lens Company 
was acquired by American Optical Company in 1935 . 

American Optical Company can also trace its beginnings to 
early days of instrument making in America. In 1833, William 
Beecher, a jeweler in Southbridge, Massachusetts, began mak
ing silver spectacle frames in the belief that he could make and 
sell them at a lower price than those that were imported. Bee
cher was succeeded in 1864 by George Washington Wells whose 
inventive genius and ability to systemize production gained the 
firm prominence in the field. At first the company only made 
spectacle frames and imported all of these lenses. Then in 
about 1885 they began making their own lenses and other opthal 
mic devices. Their acquisition of the depression-plagued Spen
cer Lens Company gave them quick entry into allied optical 
fields . At the present time the Spencer Lens Company is oper
ated as part of the American Optical Company's Scientific 
Instrument Division in Buffalo, New York. 

theory and design . He is believed to have been the first to de
sign or suggest the curved-limb case in one piece to support 
stage, tube, substage and mirror; hence, his name is usually 
applied to that general form of microscope limb . George Jack
son, another English innovator, is also credited with having de
signed microscope stands and accessories, and with having made 
many improvements on then-existing stands, including improve
ments on the arm carrying the tube, stage and substage . Mi
croscopes with a "Lister limb" can be referred to as the "Jack
son model" if they incorporate Jackson's improvements. 
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Microscopes produced by Spencer & Smith Optical Company 
and its successor, Spencer Lens Company, were for the most 
part modeled after the so-called "Continental" type stand. 
These firms were not alone in copying this famous design: by 
1890 almost every maker in continental Europe and the United 
States, and many English makers as well, were seemingly de
signing their instruments to look like the product of their com 
petitors: An example of this type of stand is the Spencer Lens 
Company model of about 1900 depicted in Figure 8. The basis 
for the extensive design plagiarism was the extremely popular 
Zeiss stand of about 1885 which was in turn an advanced form 
of the Oberhauser-Hartnack horseshoe- based stand of about 
1850 . In microscope stands, success of a particular model 
assures its being copied by other makers to a point where it is 
sometimes difficult to determine the original. 

Microscopes by Spencer Lens Company are commonly in 
use to this day, and The Billings Microscope Collection houses 
many of that firm 1 s early stands. If serial numbers appearing 
on their microscopes can be relied upon, Spencer Lens Com
pany produced about 10,000 large stands by 1909. Finding mi
croscopes, or information about microscopes, made by that 
firm 1 s predecessors is a totally different story . The Billings 
Collection has but two instruments by Charles Spencer and/or 
his sons, and none by Spencer & Eaton, or Spencer & Smith 
Optical Company. The Smithsonian Institution has an early mi
croscope by C. A. Spencer for the Geneva Optical Company, 
and a handful of other institutions have single stands by prede
cessor firms to Spencer Lens Company. Production figures on 
these firms prior to 1895 are nonexistent due to the Canastota 
fire of 1873 and the subsequent removals of the successor firms . 
At this writing Oscar W. Richards is engaged in tracing and 
studying those C. A. Spencer stands known or thought to exist; 
these may total less than a dozen . 11 

11current research by Oscar W. Richards, now Resident 
Lecturer at Pacific University, Oregon, indicates that C. A. 
Spencer alone and in conjunction with his sons , constructed 
some six different forms of microscope stands, four of which 
are described and/ or illustrated in this book. The other stands 
appear to be Jackson-arm models, one on a tripod base, the 
other on a modified horseshoe base. 



20 CHARLES A. SPENCER AND HIS SUCCESSORS 

Figure 8. "Continental" form of microscope ("No. 5") by 
Spencer Lens Company (c. 1900). This instrument 
was designed for "professional and laboratory use" . 
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THE GRUNOW BROTHERS OF NEW HAVEN 

J. Grunow, a mechanic, emigrated to the United States of 
America from Berlin in 1849 . Upon his settling in New Haven, 
Conne<?ticut, he was induced by Dr. Henry Van Arsdale and Dr . 
C. R. Gilman to study optics and manufacture microscopes. 
This is, of course, the same Dr . Gilman for whom Spencer 
made the Chevalier type microscope which launched Spencer's 
career as a professional microscope maker . It is believed that 
Grunow taught himself optics, constructed his first microscope 
in 1852 for Dr. VanArsdale and soon afterward a second one for 
Dr . Gilman . 

At about the same time J . Grunow was engaged in mal<ing 
his earliest microscope, his brother, W. Grunow , emigrated 
from Germany to New Haven to join him . From this point on , 
the Grunow-New Haven shop produced microscopes under the 
names, "Grunow Brothers", "J . & W. Grunow" and "J. & W. 
Grunow & Company" . 

An interesting fact concerning the Grunows is that they 
were involved with two of the few microscope stands that can be 
called uniquely American in their design . Both stands were 
made from designs furnished or suggestions made by professors 
at American colleges . The first design was by Professor J . L . 
Riddell at the University of Louisiana, and from it came the 
first usable binocular microscope . 1 

Professor Riddell's design utilized two prisms located 
immediately behind the microscope objective which acted to 
split and deflect the light up two convergent body tubes in the 
manner depicted in Figure 9 . According to Dr. Cutter , Rid
dell's first prisms were made by Henry Fitz of New York City , 
but the actual microscope as illustrated in Figure 10 was made 
by Grtmow Brothers in 1853. 

1The first known designs for binocular microscopes were 
by Daniel Chorez, a Parisian (1625), Cherubin d'Orleans, a 
Capuchin monk a few years later, and Petrus Petronus of Milan 
(1722) . It is doubtful whether some of these instruments were 
ever actually constructed and , if they were, their utility was 
probably next to worthless . It appears that Riddell ' s was, in 
fact, the world's first workable binocular microscope . 
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-Oculars-

Prism Prism 

Objective 

Figure 9 . The optical design of Professor J . L . Riddell's 
binocular microscope of 1853 . 

While Riddell's design was workable, Francis H. Wenham 
of London, a consultant to Ross & Company , developed a superi
or method of achieving binocularity with little loss of light and 
little image impairment. Wenham's design of 1860 calls for a 
single beam splitting prism (Figure llb) mounted behind the ob
jective in a manner so it receives one- half of the light from the 
objective. The light is deflected by the prism up the binocular 
body tube, while the remaining light goes up the vertical body 
tube as shown in Figure lla. There were many advantages of 
the Wenham system over that of Riddell's, so the latter form of 
binocular microscopes faded from use . 
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Figure 10. Riddell's binocular microscope 1853 as made by 
Gnmow Brothers . (from Carpenter , The Micro
scope and its Revelations, 8th ed. by Da.llinger, 
1901.) 
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a. b. 

Figure 11. a. Francis H. Wenham's b:inocular arrangement 
of 1860. 

b. Detail of Wenham's prism. 

The second uniquely American design of microscope stand 
manufactured by Grunow was the chemical or inverted model, 
an invention of J. Lawrence Smith, a professor at Kenyon Col
lege in Gambia, Ohio . Professor Smith's original design and 
specifications were shown to Nachet, the Parisian optician in 
1850. Nachet subsequently exhibited this form of microscope 
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at the London Exposition of 1851 as the "Nachet Chemical Mi
croscope" and continued its manufacture "with modifications for 
more than 25 years, but at no time was Dr. Smith mentioned as 
the inventor . 2 

In 1855 , perhaps before , Grunow Brothers' catalogue 
listed a "chemical or inverted microscope" in the form of that 
shown in Figure 12 ,3 for $130 plus objectives, and described 

Figure 12. Professor J . Lawrence Smith's "Inverted" 
microscope constructed by the Grunow 
Brothers (c. 1855) , as shown in King, The 
Microscopist's Companion , 1859 . 

the instrument as follows: 

"(F)or chemical, geological, medical, botanical, and 
indeed all purposes for which the ordinary instrument 
is used. It is mounted on a revolving foot, with coarse 

2Blumberg et al., op . cit. p . 49. 

3King, op . cit . p. 46 . 
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and fine adjustments, movable stage, column with 
rack and pinion for carrying condenser, polarizer, 
dissecting compQund body, illuminator, consisting 
of rectangular prism with condensing lenses, oblique 
condenser •.. The microscope is the invention of 
Professor J . Lawrence Smith, and is admirably 
adapted to the purposes for which it was more espe
cially designed. The objectives being placed beneath 
instead of above the stage, the operator can readily 
apply his tests, acids etc. without the hazard of 
injuring his objectives, or having his view obscured, 
by the fumes arising from the liquid being experi
mented with . " 

The Grunows made at least one inverted microscope in the 
binocular form. The only such instrument knovm to exist is in 
The Billings Microscope Collection, Washington, D. C. Other 
manufacturers, including Samuel Highley of London and Bausch 
& Lomb, have at one time or another constructed inverted 
microscopes on the Smith- Grunow design. 

In addition to these special microscopes, Grunow Brothers 
produced some handsome, less esoteric stands, and fine objec 
tives . Their largest stand (Figure 13) utilized a Ross type base, 
a fine focusing arrangement (the so-called "short-lever" type) 
which operates directly on the nosepiece, and a somewhat 
unique, modified "bar- arm" limb configuration . An interesting 
feature of their largest model, the smaller model (Figure 14) 
and their portable microscope (Figure 15) is the movable stage 
with universal motion in one plane by use of the lever. The 
lever action type of movable stage was first designed by Cor
nelius Varley of London in the early Nineteenth Century and 
used by Powell and Lealand as early as 1848 . The straight 
folding legs of the portable microscope depicted in Figure 15 
have their origins in mid-Nineteenth Century English models 
and, in particular, those of Powell & Lealand. 

According to Dr. Cutter, 4 the Grunow Brothers were re
sponsible for at least one other microscope design feature: 

4Frey, op . cit. p. 80. 
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Figure 13. Grunow's large microscope (c . 1855), as 
shown in King, The Microscopist's Com
panion, 1859. 

"A very valuable improvement . . . consists in 
letting the rotary diaphragm into the upper surface of 
the (immovable) stage in such a manner that it is 
just below the level of the same, and can be rotated 
without disturbing the (object) slide . In this way the 
full optical effect of the diaphragm is obtained exactly 
at the point where it is needed . " 

27 
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Figure 14 . Grunow's medium sized stand (c . 1855). 
(from King, The Microscopist's Com
panion, 1859. ) 

This precise improvement can be noted on microscope 
stands by Nachet of Paris and others which probably postdate 
those of the Grunow Brothers, so it may be that this stage -level 
diaphram was, in fact, a Grunow first . 

The Grunows continued in New Haven until 1863 or 1864 when 
they moved to New York City. Apparently W. Grunow died or 
left the business in 1874 because from that point onward their 
stands and advertisements indicate the firm was thereafter 
named, "J. Grunow" . It continued until about 1892 . From the 
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Figure 15. Grunow's portable microscope (c. 1855). 
(from King, The Microscopist's Com
panion, 1859.) 

29 

scant evidence available, it is estimated that this firm made a 
total of perhaps 1000 numbered stands during their approximate 
40 years of existence (Figure 16). 

Riddell's famous binocular as first constructed by Grunow 
Brothers can be seen in The Billings Microscope Collection, 
Washington, D. C., and the Science Museum, London, England. 
The exact number of such instruments actually made is unknown, 
but it may be that these two represent the total production . The 
Billings Stand was probably the one actually made for Riddell 
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and it was presented to the Museum by Riddell's widow. The 
Science Museum's stand was once in the famous Crisp Collec
tion and it is inscribed "copy of original made by J. Grunow 
(successor), New York, U.S.A., 1885". It is a fair surmise 
that Sir Frank Crisp had this microscope made for him while 
he visited the U.S. as part of a deputation from the Royal 
Microscopical Society in 1885. The Billings Collection contains 
a total of ten instruments by the Grunows including the Riddell 
type stand, an inverted or chemical binocular, a portable or 
traveling model and several student stands, many of which show 
interesting design features. 

Figure 16. J. Grunow's "Physician's" microscope as 
described in Volume 6 of The Microscope, 
(November 1886). TI1is is probably the last 
model made by J. Grunow. 
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JOSEPH ZENTMAYER OF PHILADELPHIA 

The next significant figure in the history of the American 
microscope was Joseph Zentmayer (1 826 - 88) . He was born in 
Mannheim, Baden, South Germany, and was trained as a sci
entific instrument maker. Mter his apprenticeship he worked 
in instrument making establishments ·in Karlsruhe, Frankfurt, 
Munich and finally in Hamburg. In Hamburg he was employed 
by the Repsold Brothers who were primarily known for their 
astronomical instruments. As a Republican activist he was 
forced out of his native land by the revolution of 1848 , and chose 
the United States as his new home . He first secured employ
ment with instrument makers in Baltimore, then in Cleveland, 
and later in Washington, D. C. In about 1851, he was employed 
by Young & Sons of Philadelphia, famous makers of surveying 
instruments. 

In 1853 , he opened his own mathematical instrument mak
ing shop at Eighth and Walnut Streets in Philadelphia with one 
lathe. Two men who were attracted early to the high quality 
of Zentmayer's work were Thomas H. McAllister and Dr. Paul 
B. Goddard, the same men who supplied the French microscope 
to the Wilkes expedition referred to earlier . Some time during 
the period 1855 -1856 , Goddard persuaded Zentmayer to make 
the first of his large microscopes, and it appears that this bit 
of persuasion and the success and acclaim Zentmayer realized 
from his early efforts in scientific instruments launched him on 
his brilliant career as one of the more significant microscope 
makers in America. 

Zentmayer was more than a maker of instruments, indeed 
he was a leader in the field and a focal point for the Philadel
phia scientific community as witness the following passage 
from his obituary :1 

"Mr. Zentmayer's office in Walnut Street, where 
he had his lathe close to his cOtmter, and near to the 

1Proceedings of the American Microscopical Society 14 , 
161-6 (1893). The full obituary is to be found in the Journal of 
the Franklin Institute (December 1888) . An attenuation is in 
Journal of the Royal Micr()scopical Society for the year 1893 on 
page 793. 
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cases contailting his instruments, was the meeting 
place of all the scientists of the day. There at all 
times, while he was working, professors and physi
cians, and mechanical engineers, would meet and 
discuss problems in optics or in mechanism, all of 
these men learning to love the good man who was so 
simple-minded and so honest in his dealings. Many 
times young men coming to purchase their first mi
croscope, found the great optician advising the pur
chase of a good working instrument cheaper than the 
one they had come to buy, but well fitted to do what 
would be required of it. No instrument would leave 
his hands without being personally inspected by him, 
after he had advanced to the condition of employing 
workmen to do what at first he did with his own hands. 
All those who knew Mr. Zentmayer felt the influence 
of his honest, straightforward seeking after truth. It 
was always a source of pride to him that among the 
many thousand instruments which he constructed, 
none ever came back for repair after years of hard 
usage, except in the case of severe accident, such as 
would come from a fall or the like . No amount of 
work ever did them harm. " 

In addition to his scientific and mechanical abilities, Zent
mayer' s broad education and interests made him an appreciative 
music critic, a lover of literature as well as a poet. 

Although Zentmayer is perhaps most remembered for his 
many contributions to the design of microscope stands and the 
outstanding quality of his work, he was also an extremely com 
petent and inventive optician. He was consulted by Professor 
Coleman Sellers on a photographic objective known as the 
Harrison globe lens which was a popular and then relatively new 
camera lens. Zentmayer explained that better results and ver
satility could be obtained by the use of a simpler lens system 
which he promptly constructed for Sellers . The system met his 
claims, and Zentmayer was issued a patent. These claims em
bodied in the invention were so radically original that they were 
at first regarded by European opticians as incredible and as 
American exaggerations, but Zentmayer was proven correct in 
the end. 
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As skilled an optician as he was, it seems that Zentmayer 
may not have constructed all of the objectives he supplied with 
his microscopes although he did, in fact, malce many. At one 
time William Wales, another American microscope maker and 
optician, is known to have been his New York City agent. It 
may be that Wales supplied Zentmayer with at least some of his 
objectives since instruments so fitted are !mown. In any event, 
it seems that Zentmayer's skills in mechanical matters were 
more widely acknowledged than his optical skills, but he was 
praised for his endeavors in both fields. 2 

"After the system of screw-threads as the 'United 
States' or the 'Franklin Institute standard of screw
threads' was introduced, and malcers called for instru
ments to measure the amount of reduction or the width 
of the flat top and bottom of the threads, a set of thin 
steel plates ground to an angle of 60° was sent to Mr. 
Zentmayer to have him grind the apex of each to the pro
per amount, the width of each being given to him in deci 
mals of an inch to the fourth point. In topping these off 
he measured the flat by means of a stage and eyepiece 
micrometer. The correctness of his work was then veri
fied by a member of this committee, who, taking the 
finished pieces, measured them on his own Microscope 
in the same manner, setting down the dimensions as 
found, and afterwards comparing them with what was 
required, with the result of finding them correct to the 
fourth place of decimals in each case. This was, in the 
first place, one of the earliest instances in which the 
Microscope was used in such work of precision. The 
standard gauges, made since by the Brown and Sharpe 
Manufacturing Company, have all been adjusted to the 
standard pieces prepared by Mr. Zentmayer. 

"The wonderful comparator designed by Prof. 
Rogers, of Boston, and made and used by the Pratt 
and Whitney Company, of Hartford, Conn., is fur
nished with Microscopes made by Mr. Zentmayer , 
who took great pains to perfect the instruments to be 

2Proceedings, id. 
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applied to this system of comparing measurements . 
In all cases where work of great nicety has been re
quired, those who knew Mr . Zentmayer's skill were 
in the habit of seeking his aid, even in matters not 
pertaining to optics . " 

Available evidence indicates that Zentmayer constructed 
between nine and ten principal types of stands during the 30-
year period of his microscope-making career. The first of 
these made for Dr. Goddard in about 1858 was very similar to 
his first production model which Zentmayer called the "Grand 
American" model (Figures 17 -18) . Although this stand can un
doubtedly be considered a fine piece of workmanship, it does 
not appear to have embodied any Zentmayer inventions except 
the optional stage shown in Figure 17 . The method of mounting 
the stand on a platform revolving on the base can be assigned to 
several English opticians such as Cuff, Adams and Andrew Ross. 
But in Zentmayer's adaptation the purpose served by this form 
of mounting was to measure the angular aperture of objectives 
by taking readings from the graduations cut in the round plat
form. The mechanical stage was also somewhat unique in that 
its motion in the vertical plane was obtained by a chain drive as 
opposed to rack and pinion . In almost all other respects this 
instrument was very similar to contemporary stands by the 
Beck firm of London, 3 including the tripod base, twin pillars 
(a George Jackson "invention"), and short-lever fine focusing 
acting directly on the nosepiece. The Grand American model 
was constructed up until 1876 when it was supplanted by the 
American Centennial model, to be described later . 

While the Grand American microscope was no doubt an 
artistic success, its relatively high price prevented it from be
coming a popular microscope among those to whom price was 
a consideration. Sometime, maybe considerably before 1875, 
Zentmayer came out with a scaled down and simplified version 
which he called the "Intermediate" microscope . The first 
Intermediate was constructed for Professor A. Agassiz and in 

3Richard and Joseph Beck, as R . & J. Beck , succeeded to 
the London instrument making business of Smith, Beck & Beck 
in about 1866. Sometime before 1871 the firm appointed James 
W. Queen & Company of Philadelphia as their agent in the 
United States of America. 
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Figure 17. "Grand American Microscope" as constructed by 
Zentmayer during the period 1858- 76 . 
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THE ZENTMA YER 

Is eighteen inches high when arranged for use. The iustrumeut. is mounted 
no a b road tripod with revolving phttform, beveled, silvered, and graduated in 
degrees for measuri ng the angular aperture of Achromatic Objeeth•es. Upou 
th is platform tw o pillars are planted. whi ch carry th e curv d bell-metal bnr 
to which the body of th instrument, th e s tage. th o secondary body , and mirrors 
are attached. The bar support s nlm• ' t the entire length of the body , giving 
g reat toleadiness aud freedom from tremor. The movement of the body is 
efl"ected by rack a nd pinion , connec te<l with two la rge milled heuds, which form 
tbo coar ~o;c adjus tment. It bus n grnrlnnt cd clraw-tnbo to re<·e ive ib o eye-pieces. 
e rector, and ana.lyzer. A fine mic romct r screw with g raduated and s ilvered 
head, acting on a leve r, forws th e deli cate fine adjn !=!i tm ent. 

Below the stage is th o secondary body , n sh0rt t ub.·, perfec tly centrical to 
the main body, and moved by rack and pinion, to receJ Ye accessories. 

The large plnue and concnve mi rrors are so nttar hed as to faciHtale ob. 
lique illumi nation and to t;wing in one plan e to the optica l axis o f tho instru. 
ment. To ensure :smootbneliB and durability in the mo vements , the touching 
parts are of different metals ; one being alwuys of hamm ered brass, the other 
of bell metal. 

The stage is firm , broad, and steady, and only >'• inch thick , giving great 
facility for extreme oblique illumination. It hns rectangular movements o f 
one inch in each direction, opemtec\ by milled heads that work upon the same 
axis, Mth an additional one on th e other s ide of th e stage (no t visible in th e 
cut ), by which diagonal mo vemenlti are obtained. Upon th e square s tn ge n 
revolving object--carrier i1:1 placed. The be,·eJed nud ~ih·C' retl edge of the revo l
ving plate is g raduated into deg rees, und &t:! rves ns a goni ow cter. Grnduati ous 
are also connected with the rectangu lar mo Yemeut s o f the stage, to indi cate 
the position of 1LD obj c t in vi ew. so that, when once n ::corded, it can be eusiiy 
refound. 

Another kind of s tage, devised by Mr . Zentmay er iu 18G2, and whi ch hos 
been extensively copied by some o f the best Eu ropean mak efh. i• very fr equen tly 
substituted for the one just desc ribed. Seo cu t iu the upper ri ght-band eon H· r 
of the plate. .Many of our be•t Microscopist s prd"er it to a w ecbanicr.l s tage. 
fo r it• simplicity and durability. It conoists of a hell -metal ring, firmly nt
tached to the bar, but adjustable by w eans of set sc rews, in order to wake it 
perfectly concentri c to the optical axis of th e instrum ent · This ring receives 
th e s tage platform, whi ch has n comple te revolution. Til e outer edge is bevel ed , 
silvered, and graduated into d egrees to serve nti n gonio meter. 'fhe carriage 
on which the obj ct. is placed rests on a piece o f plate-glass, k pt tlown by n 
s pring with au ivory-pointed sC" rt w to th e two rail s on the re,·olving ~Llgc plat
fo rm, whi ch give~:; an exccedi ugl y ~mootL an ll fi 1 111 mo ,·enten l, nud n freedom 
of motion not obtained Uy any other arranget.nen t. The binocular nrrnugemen t 
adopted is that of :Mr. \Venhnm , with impro ved wech •\nienl arrangements. 

Figure 18. Catalogue description of the "Grand American 
Microscope" from "Illustrated Price List of Mi
croscopes (etc .) for Sale by T . H. McAllister , 
... New York ... May 1876. " 
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the monocular form it cost $500 with a full complement of ocu
lar, objectives and accessories, while a similarly equipped 
Grand American monocular listed for $718 . 4 

Another popular stand by Zentmayer was his "United States 
Army Hospital" model which he introduced in 1862. The 
government was in urgent need of microscopes for use in mili
tary hospitals during the Civil War, and Zentmayer, being one 
of only four American microscope makers at that time, was 
called upon to supply quality instruments. This stand proved 
very successful , and was made by Zentmayer and his succes 
sors probably tmtil almost the end of the Century. 

When first made, the hospital model had a tripod base, 
single pillar, Lister arm, single milled head pinion operating 
on a rack for coarse focusing and short-lever fine focusing. 
Subsequent model changes include a double milled head pinion 
for the coarse focusing (c. 1870), optional binocular body 
(c. 1875), a swinging substage (patented by Zentmayer in 
1876), angular "Jackson" type limb with long-lever fine focus
ing (c. 1880) and finally a horseshoe base (c. 1885). The na
ture of these periodic changes amount to a complete redesigning 
of the instrument over a span of some 23 years . The binocular 
model of 1875 (Figure 19) cost $185 with four oculars, bull 's
eye condenser, camera lucida, stage micrometer and case. 5 

If our information concerning Zentmayer's first production 
model microscopes is correct, it is apparent that he did not 
initially cater to the lower price or so-called "student" market. 
By about 1865, his lowest priced stand was selling for some
where around $80, still a considerable sum when it is realized 
that fairly good French microscopes by Nachet and Hartnack 
could be bought in the United States for well under $50. Of 
course, Zentmayer's higher prices were related to the compli
cation and perfection of his instruments, but such features were 
deemed unnecessary frills by the substantial majority of poten 
tial purchasers of microscopes, hence "(t)he Zentmayer 

4source : illustrated Price List of Microscopes (etc.) for 
sale by T . H. McAllister, New York, May 1876. 

5McAllister, op. cit . With monocular body, ocular and 
case only, it was $85 . 
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Figure 19. The "Army Hospital Microscope", in nearly its 
final form, as made by Zentmayer (c. 1875). 
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Student Microscope was constructed to meet the demand fre
quently expressed for an American instrument more after the 
European Pattern . " 6 This microscope (Figure 20) sold for $60 
in 1876 . It has ·a "European" body (6 . 5") capable of extension 
to English length (10") by draw tube, and a fine focus acting 
on the bar and the body. It is motmted on a wooden base which 
acts as a second bottom to its case . In subsequent models this 
feature was eliminated and a modified horseshoe base substi
tuted. 

In 1 76, Zentmayer introduced two new microscope models 
both of which received wide acclaim. These stands incorporated 
swinging mirror assemblies, on which Zentmayer obtained pat
ent coverage in 1876 , enabling the mirror to be rotated around 
a center lying in the plane of the object. This allowed the mir
ror to be positioned at any point tmder or over the stage to ob
tain oblique lighting through or upon the object. Both also were 
constructed with Lister- Jackson type limbs employing, for the 
first time with Zentmayer, long-lever fine focusing . The 
smaller of these stands was named the American Histological 
Model (Figure 21) . As first constructed it was a simple model 
which utilized a sliding body tube for its coarse focusing . A 
unique feature of this stand was Zentmayer's use of a single 
conical support pillar which would seem to provide a steadier 
base than the George Jackson twin-pillar design . This form of 
microscope was manufactured well into the 1880's with modifi
cations (e . g . , horseshoe base, rack-and- pinion coarse focus
ing) being made from time to time . In 1879, this instrument 
with an ocular and walnut case was priced at $32 with sliding 
tube coarse adjustment , $40 with rack-and-pinion focusing, 
and $62 in the binocular form, 7 making it by far Zentmayer ' s 
least expensive compound microscope up to that time. 

The other microscope which Zentmayer introduced in 1876 
is the one for which he is most famous : the American Centennial 
Stand. This stand, at over 19 inches in height , possessed every 

6McAllister , op . cit. 

7Frey, op . cit. , p. 645. (An interesting feature of Cutter's 
1880 edition of Frey's text is the inclusion of price lists for 21 
microscope makers, including several American firms . ) 



TH E ZE NTMAYER STUD ENT'S MICROSCOP E. 

Figure 20. An early (c. 1875) Zentmayer student microscope 
mounted on a mahogany base with fine focusing 
mechanis m at base of the arm. 
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Figure 21. Zentmayer's "American Histological 
Microscope" (c. 1878) . 
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imaginable feature available: rack-and-pinion coarse adjust
ment; long-lever fine adjustment; graduated revolving platform 
for measure of angle of aperture; swinging substage assembly 
with graduated circle for angle readout; graduated rotating 
stage; and removable stage which could be replaced with a 
"diatom" stage. Most of these features are easily discernible 
in the microscope as shown in Figure 22. The "diatom" stage 
was a smaller and thinner unit than the normal stage, and was 
an aid in examining diatoms and other objects with extremely 
oblique light. The rationale behind this arrangement and other 
features of the Centennial stand are set forth in the following 
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Figure 22. The "American Centennial Microscope" of 1876 , 
the high point of Joseph Zentmayer's microscope 
construction. 
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quotation:8 

"Before the importance of wide aperture lenses 
was established in the latter part of the (Nineteenth) 
Century, it had been noticed that the fine periodic 
structures, such as are found on the frustules of dia
toms, were more easily resolved if the light were 
extremely oblique with respect to the (optical) axis 
of the microscope. This discovery led to the design 
of some e"-traordinary microscopes, often of great 
complexity, in which the substage mechanism was so 
conceived as to facilitate the production of illuminat
ing rays of great obliquity. All these stands were 
characterized by a swinging substage, often with the 
controls elaborately graduated into degrees . One of 
the first of these stands was shown by Zentmayer of 
Philadelphia at the Exposition which was held in that 
city in 1876 . " 
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Zentmayer ' s Lead in the design of this elaborate type of 
instrument is demonstrated by the fact that the Ross firm of 
London utilized Zentmayer's plans in constructing a microscope 
which was almost identical to the Centennial stand, lacking only 
the revolving graduated platform and substituting a horseshoe 
base for the Zentmayer tripod. 9 The Ross firm also made a 
student model microscope using and giving credit for the Zent
mayer swinging substage . 

In addition to being Zentmayer' s most elaborate stand , the 
Centennial was his most expensive: Zentmayer ' s 1879 price 
list has the fully equipped stand at $765, while it was $250 in the 
monocular form stripped of accessories and optics . 

Other stands made by Zentmayer include a three -pillared 
dissecting microscope, a botanical (single-pillared) dissecting 
microscope, and a so- called "clinical" microscope (Figure 23) . 
Dr. Lionel S. Beale of London apparently was the first to con
ceive of this type of microscope arranged with an illuminator in 

8Bradbury , op. cit., p . 250. 

9This "Ross/Zentmayer" microscope is illustrated in 
Bradbury, op . cit. , p . 251. 
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Mi •ro ~:cop- c . "' '"" ~ ~ . 
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Figure 23 . This microscope by Zentmayer was, as 

the above text indicates, inspired by Dr. 

Beale's earlier models. Queen & Com

pany also constructed a similar stand to 

the design of Oliver W. Holmes . 

a manner so as to allow it to be passed from hand to hand in 

classroom demonstrations . Two of Beale's designs for this 

type of microscope are set out in his text, How to Work With 

the Microscope, 4th Edition, London, 1870. Zentmayer's de

sign appears to be merely an elaboration of Beale's basic plan 

by the addition of rack-and-pinion focusing. 

Zentmayer's workmanship was undoubted, but some of his 

contemporaries, notably Walter H. Bulloch, the Chicago maker, 

and Henry Crouch, the London maker, doubted the originality 

of some of his innovations, or at least some of the innovations 

that others may have erroneously ascribed to Zentmayer. One 

important feature of the Centennial and other later stands of 

Zentmayer's was the rotating concentric stage . This stage was 

capable of being centered on the optical axis and would thus keep 

the object on the axis as the stage was rotated. Both Bulloch 
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and Crouch vehemently denied Zentmayer priority on this fea
ture and, in addition, Bulloch denied any priority to Zentmayer 
on the latter's swinging substage. Argument on these claims 
was carried out through letters to the editor of The American 
Journal of Microscopy and Popular Science, Vols. I, II, ill 
(1 875-1878) . A reading of the various arguments of the pro
ponents and their supporters leads one to the conclusion that the 
matter of priority of use, let alone priority of invention, cannot 
be definitely established . This inconclusiveness is not surpris
ing when it is realized that each instrument maker would build 
upon the work of his predecessors, and that each contemporary 
maker exhibited little hesitancy in copying his competitors's 
latest design features. Further evidence of this state of affairs 
is supplied in the following passage:10 • 11 

"The microscopes made in this country (America) 
are generally to supply the home demand, and but few 
have been exported. Some have found their way to 
Europe where they have been critically examined by 
the French and English makers, and various important 
improvements, which originated with American makers, 
have been appropriated by them. For instance, in 
"Carpenter on the Microscope" • .. will be found , on 
page 68, a description of a piece of microscopic appa
ratus invented by Zentmayer in .l862 , but which was 
copied by a Paris maker, to whom Dr. Carpenter 
gives the credit of being the inventor . In speaking of 
this instrument (Nachet' s student microscope) , Dr . 
Carpenter says: - 'The chief peculiarity of this instru
ment, however, lies in the stage which the author 
has no hesitation in pronouncing to be the most perfect 
of its kind that has yet been devised. ' The instrument 
from which Nachet copies the circular stage was made 
by Z entmayer in 1864 for Dr. W. W. Keen of Philadel 
phia, who showed it three different times to M. Nachet, 

10M ore correctly, Carpenter, The Microscope and its Reve
lations, 4th edition, London, 1868. 

11Frey, op. cit. , p . 81. In fairness to the reputation of Dr . 
Carpenter, it should be noted that he gives credit to Zentmayer 
for this feature in the 6th edition of his book which appeared in 
1883 . 
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and had it packed by him in the Spring of 1865 for trans
portation." 

(The type of stage referred to in the foregoing quotation is 
depicted in the cut in the upper right hand corner of Figure 17, 
while it is described in the last paragraph of the text of Figure 
18.) 

It will be remembered that a similar instance of Nachet ' s 
apparent proclivity for not properly crediting the true inventor 
of a piece of apparatus, and a text writer's failure to recognize 
the true inventor, occurred in the case of Professor Smith's 
inverted or chemical stand . There are other examples of this 
failing on the part of Nachet as we shall see . In defense of 
Nachet, it must be remembered that every microscope maker 
built upon the successful technology and designs of his prede
cessors, and credit for such subsequent use was seldom prac
tical or even possible. 

In the later years of his life Zentmayer suffered from a 
lingering terminal disease, but he was still able to instruct12 

"his sons in the processes that had made his work 
so celebrated. Those sons have bad charge for anum
ber of years of the construction of the instruments 
which have given such great satisfaction to all who have 
used them . To members of the committee of the Frank
lin Institute the father confided his system of education 
of his children, and to them he explained how thoroughly 
he had informed them of the minutiae of his operations 
that they might worthily carry on a business of which 
he was so proud." 

When Zentmayer died in March 1888 , his sons did, in fact, 
continue the business. One son, Frank Zentmayer, became a 
member of the American Society of Microscopists in 1891, and 
continued to make and advertise for sale microscopes by 
"Joseph Zentmayer" until at least 1 95. After Joseph ' s death 
the firm came out with three additional models, two of which 
were simple dissecting stands, and the third one being a com
pound microscope called the "American-Continental stand" 
(Figure 24) . This latter stand was introduced and described by 

12Proceedings, op. cit. 
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Figure 24. The "American-Continental" micro
scope of 1892 designed and made by 
Frank Zentmayer, who succeeded 
his father in business. 
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Frank Zentmayer at the Fifteenth Annual Meeting of the Ameri
can Microscopical Society (formerly the American Society of 
Microscopists) held at Rochester, New York, in August, 1892. 
Frank Zentmayer stated that the stand had been "invented" by 
him at the request of the University of Pennsylvania, and was 
intended to combine" ... the best features of the American and 
Continental microscopes.... One of the new features, and an 
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American feature at that, is an aluminum stage . "13 Aside from 
that feature, and the optional swinging substage, the microscope 
followed the traditional Continental model which was then gaining 
popularity. 

The introduction of this stand gives a good indication of the 
general acceptance of the Continental form of microscope over 
the Zentmayer-Bulloch large and complicated models which 
were basically English in their origins . The advances of Ernst 
Abbe and others in the making of achromatic condensers, and 
the economies of manufacture brought about by mass production 
techniques introduced by Bausch & Lomb and others doomed the 
large, complicated and expensive microscopes that had been the 
standard in America. 

Although Zentmayer published his own price lists and did 
a great deal of marketing of his own products, particularly 
after he opened his own retail outlet in the 1880's , he may have 
been the first American microscope maker to make extensive 
use of sales agents . We know that T. H. McAllister and 
William Wales, and later Meyerowitz Brothers, all in New 
York City, Queen & Company in Philadelphia, and J. G. Lang
guth, Jr. in Chicago advertised and sold Zentmayer micro
scopes. 

Based upon serial numbers which appear only on the larger 
(Grand American, American Centennial and United States Army 
Hospital) stands, Zentmayer's production of such instruments 
approached 3, 000 units. Professor Richards states that about 
44 of the large American Centennial stands were made which 
would indicate the bulk of his large-stand business was in the 
Army Hospital and Grand American units. The Billings Micro
scope Collection houses at least 13 Zentmayer microscopes, 
and the smaller stands are fairly plentiful. 

13The American Monthly Microscopical Review 205 8 (Sep
tember, 1892) . The stand is fully described and illustrated in 
the same journal, 205 7, 193- 4 (August, 1892) . 
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ROBERT B. TOLLES AND THE BOSTON OPTICAL WORKS 

Robert B. Tolles (Figure 25)1 was born in Winsted, 
Connecticut, in 1832, the son of a farmer who spent much time 
with mechanical inventions without a great deal of financial 
success. He was his father's assistant in many mechanical 
endeavors and, while he attended school, constructed his own 
violin which he played for several years. Upon the early death 
of his father, Tolles at the age of twenty-one years was forced 
to seek employment to support his three ymmger sisters . In 
1843, with no formal training to make him readily employable, 
he sought work in Rochester. When he was unsuccessful there 
he happened upon Charles A. Spencer's work shop in Canastota 
and became Spencer's assistant. 

Tolles was an apt pupil, and is credited with many inven
tions while he worked for Spencer. The relationship between 
Spencer and Tolles was apparently quite friendly, for when 
Tolles headed up his own operations, he often consulted with 
Spencer . Spencer in turn was to aid Tolles in Tolles ' invention 
of his binocular and solid oculars . Tolles left Spencer's em
ployment in about 1858 which was within a few years of the 
formation of the ill-fated partnership between A. K. Eaton and 
Spencer, Tolles being disenchanted with the firm's turning to 
the manufacture of telescopes. Although they were friends, it 
is likely that a degree of professional jealousy existed between 
them, for when an author credited Tolles with the invention of 
a coverslip correction device for microscope objectives, 
Spencer is quoted as writing:2 

"The device of making cover - adjustment by the move
ment of the inner systems of an objective was devised 

1Much of the biographical matter contained in this chapter 
has been developed from W. Bohne, "The Late Robert B. 
Tolles," The American Monthly Microscopical Journal 16 , 
352-56 (1 95). This article was extracted from Bohne's Hand
book for Opticians, 1895 (?) . 

2Three American Microscope Builders, p . 31 , American 
Optical Company, Scientific Instrument Division, Buffalo, 
New York, 1945. 
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Figure 25. Robert B. Tolles (1823 -83). 
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by me while Mr. Toles was employed by me under in
struction , and before he had made or mounted any ad
justable objectives . " 

It is clear that Tolles had many well developed optical skills 
when he l.eft Spencer for he immediately set up his own shop in a 
room in the Canastota railroad station, in direct competition 
with his former employer . Orders for his objectives were plen
tiful and , when the Spencer and Eaton partnership was dissolved, 
many of that firm's workmen came to work for Tolles who by 
then was using a barn loft as his shop. Among these workmen 
were Clarence Spencer and 0. T . May, who were Charles A. 
Spencer's son and son-in - law, respectively, John Green, 
Orlando Amos and Charles X . Dalton. All of these men continued 
to be active in the young American microscope business for sev
eral years after Tolles' death. 

Tolles' advertisement in King's 1859 book, The Microsco
pist's Companion, stated that he had obtained the services of C. 
E . Grunow of New Haven to assist him. It is very probable that 
this Grunow was a relative of the Grunow Brothers, but we have 
no proof on this point. This business was continued until 1867 
when Charles Stodder persuaded Tolles to move to Boston and 
become superintendent of a firm to be organized by him and 
other businessmen under the name, "Boston Optical Works" . 
This firm advertised as "Boston Optical Works . I Charles Stod
der , / 66 Milk Street, •• • /Is the Sole Agent for the sale of /R. 
B. Tolles' /microscopes/telescopes/and/ objectives for micro
scopes . "3 

3The Lens 1, Nos . I-IV (1 872). The firm's advertisement 
the following year which also appeared in all four issues of 
Volume II of The Lens (1 873) indicates a change of address to 
67 Devonshire Street (Rialto Building), Boston, Massachusetts, 
apparently occasioned by a fire in the Milk Street shop: "The 
subscriber has the satisfaction of informing his friends and cor
respondents in Europe and America, that he (Stodder) saved 
from the conflagration of November 9 all his valuable stock of 
Tolles microscopes, telescopes (etc . ) . Work in the shop will 
go on, and all orders filled as usual . He takes this opportunity 
to remind his friends that Tolles' instruments continue , as here 
tofore , 'to be unsurpassed' . " 
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Although Tolles' fame, and that of his Boston Optical Works, 
is not to be measured by any significant contributions to the de
sign of the microscope stands , their product appeared to be of a 
high standard of workmanship . An early large stand by the Bos
ton Optical Works, now in The Billings Microscope Collection, is 
depicted in Figure 26 . This microscope utilized the Lister limb 
embodying some of George Jackson's improvements. In keeping 
with the trend of microscope design of the time both in England 
and the United States, the stand is rather large and heavy, stand
ing 18 inches high and weighing 14 pounds. Also, like many other 
so-called "First Class" microscopes4 of the period, it has a thin 
stage , centering substage and gimbaled mirror on a jointed arm, 
all of which features were deemed fashionable in a time when ob
lique and other lighting effects were coming into common use. 

This microscope is described in Tolles' 1879 price list as 

4The practice of categorizing microscopes by numerical 
classifications appears to have originated in England, _probably 
in the last half of the Nineteenth Century. William Carpenter, 
who may very well have first devised the classification, describes 
it in his book, The Microscope and Its Revelations, 4th edition, 
1868, as follows : "The various forms of Compound Microscope 
may be grouped with tolerable definiteness into three principal 
classes: the First consisting of those instruments in which the 
greatest possible perfection and completeness are aimed at, 
without regard to cost; the Second including those which are 
adapted to all the ordinary requirements of the observer, and 
which can be fitted with the most important of those Accesso
ries*, whose use enables him not only to work with more facility 
and certainty, but, in some instances, to gain information with 
regard to the objects of his examination which he could not ob
tain without them; whilst to the Third belong those in which sim
plicity and cheapness are made the primary considerations. 
Besides these, there is a class of microscopes devised for Spe
cial purposes, but not suited for ordinary use ... * It is true 
that some of the most important Accessories may be applied to 
to the smaller and lighter kind of Microscopes; but when it is 
desired to render the instrument complete by the addition of them, 
it is far preferable to adopt one of those larger and more substan
tial models, which have been devised with express reference to 
their most advantageous and most convenient employment. " 
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Figure 26. Tolles' "Stand B" (c. 1870) signed 
"Boston Optical Works, Tolles". 
(Credit: Armed Forces Institute of 
Pathology Photograph, Neg. No. 
60-4713-6.) 
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follows:5 

"B. Large Microscope. This instrument is intended 
to meet the wants of the highest scientific investigation; 
to attain everything that the microscopist can accom
plish, without sparing the cost, and to permit the use 
of all modern accessory apparatus. It is constructed on 
the curved arm (Jackson) model . . . It is of simple con
struction, with fewer screws and pieces than any other 
first class microscope. The curved arm is supported on 
a steel trunion, between two strong brass pillars, made 
for durability, and not liable to get out of order, and 
provided with a method of compensation for wear • . . 
Tolles' thin stage, admitting light of great obliquity •. 
and rotation on the optical axis of about 325 degrees -
all that is essentially necessary. 

Price . . .. .• $225 . 00 
A modification on this size with the stage carried 

by friction rollers, and entire rotation on the optical 
axis , can be made at an advanced price. " 

The same price list indicates that Tolles constructed four 
other types or models of microscopes. One of these was the "A" 
model which was similar in all respects to the "B" model, but 
larger and heavier, weighing 20 pounds and with a stage six 
inches in diameter capable of full rotation in the optical axis . 
Its price was $300, and it could be furnished with a "radial arm, 
which describes a curve, of which the focal point is the centre , 
to carry accessory apparatus at any angle for . .. $50.00. A 
graduated arc registers the obliquity of the incident light. "6 

Other models were of a less complex nature: a student's 
microscope which was similar in design to C. A. Spencer's stu
dent model depicted in Figure 7; the "Professor's Microscope" 
which was almost identical to the "Clinical" microscope of Dr . 
Beale and to those made by Zentmayer (Figure 23) and Queen & 

Company; and a "Pocket Microscope" which was a hand-held 
model more commonly called a "demonstration" microscope . 

5Frey, op. cit., p. 658. 
6Id. 
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Tolles' association with the Boston businessmen terminated 
in 1872. Indications are that their relationship became strained 
because of the adverse effects of Tolles' high standards on the 
economics of the enterprise. Being somewhat of a perfectionist, 
Tolles could not or would not increase his production to more 
profitable levels. Mter the severance, Tolles continued to oper
ate the Boston Optical Works until his death in 1883 and one of 
his workmen, Charles X. Dalton, continued to manufacture and 
advertise Tolles microscopes in Boston until at least 1895.7 

Tolles was a prolific inventor and is credited with the inven
tion of many improvements in and accessories for the microscope 
and other instruments. However, as has already been described , 
the credit for one of his earliest inventions should probably be 
shared equally between Tolles and C. A. Spencer, this being the 
coverslip correction system devised while Tolles was in the 
employ of Spencer. 8 

In 1878, Tolles obtained patent coverage for his "transverse
lens" which is a substage fitting permitting extreme accuracy in 
measuring the obliquity of light transmitted to the object. This 
device can be adjusted for coverslip thickness and, with slight 
modification, it is adaptable to " •• • the precise measuring of 
the angles of aperture of objectives . " (Letters Patent No. 198 , 
783, dated January 1, 1878 . See also Letters Patent No. 198, 
782 of the same date which is closely related.) 

Another invention which Tolles developed and patented in 
1854 while working for Spencer is the solid ocular (Figure 27) . 
It is a negative ocular consisting of a solid piece of optical glass 
with the field (lower) lens of moderate curvature and an eye lens 
of greater curvature. Its intended use was for the situation 
where a high power ocular was required, and its supposed advan
tage was in the elimination of two lens surfaces of the ordinary 

7 ~, "Boston Opucal Works, Charles X. Dalton, Succes
sor to the lateR. B. Tolles, Manufacturer of Microscopes, 
Telescopes and Accessories, 30 and 48 Hanover Street, Boston" 
in The American Monthly Microscopical Journal 16, 1 (1895). 

80ne answer to the question of priority of this invention is 
given by Gage (op. cit., p. 19-20) as follows : "While Tolles was 
with Mr. Spencer in Canastota, there was developed the method 
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a. b. 

Figure 27. 
(a) Tolles' "solid" ocular. The central portion consists of 

a solid piece of optical glass. The diaphram is a groove cut in 
the glass and filled with black pigment. 

(b) An adapter used in Bausch & Lomb's solid ocular system 
(circa 1883). By having one adapter fitted to a microscope , a 
variety of solid oculars could be used. With the ocular (a) placed 
in the adapter, the ocular assumed the form of the typical Nine
teenth Century shouldered ocular. 

ocular. It could not be made in lower powers because of the 
limited glass technology of the time. According to the late 
Edward Bausch, of Bausch & Lomb, the solid ocular was a 
very popular item and was eventually manufactured by most mak
ers. 9 The 1883 price list published by Bausch & Lomb lists 
solid oculars of 1/2" to 1/8" focus at $6 each, and those of 1/12" 
and 1/16" focus at $8 each, plus $1. 50 for an adapter, while 
Tolles charged $8 for the ocular alone (circa 1879). The stand
ard Huyghenian ocular listed for $4 in 1883 and no adapter was 
needed. 

of leaving the front immovable and moving the back combinations 
for coverslip correction. It often happens when capable men 
work together in developing a device that each one honestly be
lieves that he is the real inventor. It was so in this instance. 
Both Spencer and Tolles have been credited with this invention. 11 

9From an address by Edward Bausch given in 1931 as quoted 
by Gage, op. cit. 
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In 1866, Tolles constructed another form of ocular to con
vert any monocular microscope into a binocular instrument. 
The optical design of this binocular ocular is shown in Figure 
28. It is adjustable for interpupillary distance, and provides 
an erect image; however, because the light must pass through 
two prisms, light loss is great, and definition suffers more 
than in the conventional Wenham binocular microscope. Never
theless, the device attained a fair degree of popularity because 
ofit s ability to convert any inexpensive monocular microscope 
to the binocular form at a relatively small cost. Tolles' system 
was copied by William Ladd of London and other opticians in
cluding Ernst Abbe, Carl Zeiss of Jena, and the renowned 
Edmund Hartnack of Paris and Potsdam, although Tolles' pri
ority of invention over Hartnack cannot be definitely settled 
without further research. 

Tolle's primary skills are evidenced by his design and con
struction of superb objectives of great angular aperture and the 
development of the first homogeneous immersion system. It 
will be recalled that Tolles and his master, C . A. Spencer, 
who was best known for his work on the design of fine objec
tives, were both primarily concerned with the optical perform
ance of the microscope rather than its mechanical improvement. 
Given the strong individualistic nature of their personalities, it 
is easy to imagine that they would find team effort a hindrance 
to their creative work and the termination of their business 
relationship can probably be explained on this ground. Both 
Spencer and Tolles continued to make outstanding objectives 
after the termination and in this regard Tolles the pupil is gen
erally regarded as having surpassed his master who was the 
American pioneer in the field. 

Figure 29 shows a microscope constructed by Tolles and 
reputed to have been used by him in his development of micro
scope objectives. Notice the larger micrometer screw on the 
short-lever fine adjustment, and the graduated arc below the 
stage, both features intended to facilitate more accurate meas
urements than would be possible with conventional stands. This 
microscope is in the collection of James McCormick, M.D. , of 
Hillside, Illinois. 

The development of a workable homogeneous immersion 
system, Tolles' greatest achievement, had its beginnings in his 
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work with Spencer in the 1850's and continued until his death in 
1883. The immersion principle dates to the Seventeenth Century 
when Robert Hooke described his use of it with simple micro
scopes . 10 Following this, David Brewster in England and G. 
Amici in Italy did work on developing immersion systems in the 
early part of the Nineteenth Century, but their efforts produced 
little of lasting effect. Edmund Hartnack was the first optician 

Figure 28. The optical design 
of Tolles' binocular ocular 
patented in 1866 . 

Figure 29 . A Tolles micro
scope. 

10Bradbury, op . cit. p. 231, where part of Hooke's Cut
lerian lecture of 1679 is quoted . The history of the develop
ment of the immersion principle from Hooke through Abbe is 
well set forth in that book on pages 229-4 7. 
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to develop and market immersion lenses with correction collars 
to correct for variations in coverslip thickness. This was about 
1859, and the medium used in the Hartnack system was water. 
His lead was followed by many opticians, ~, Zeiss, Nobert 
and Gundlach. 11 Nachet in Paris, and Tolles in America. 12 

Although the water immersion system gave good results, the 
search continued for a system utilizing a medium whose refrac
tive index approximated that of glass. It is now generally agreed 
that this was first accomplished by Tolles by his development be
fore 1874 of a system using Canada balsam as the medium. 13 

At about this same time Tolles developed a "duplex" objec
tive lens capable of being used both as a glycerine immersion 
lens and, by removing the front lens, as a "dry" lens. His first 
Canada balsam immersion lens and his first "duplex" front lens 
are in The Billings Microscope Collection in Washington, as are 
two of his microscope stands: the "B" model shown in Figure 
26, and one of his less imposing "student" models. 

lecture of 1679 is quoted. The history of the development of the 
immersion principle from Hooke through Abbe is well set forth 
in that book on pages 229-47. 

11Ernst Gundlach was a Berlin optician who sold his busi
ness to Seibert and Krafft upon his immigration to the United 
States in about 1871. His activities in America will be covered 
in later chapters of this book. 

12rt is understood that Tolles was working on water immer
sion objectives before 1859, and that he may have made and 
sold such lenses in 1858. (See Three American Microscope 
Builders, p. 38, American Optical Company, 1945.) There is 
no evidence that either Tolles or Hartnack was aware of the 
other's progress in this field so the water immersion system 
may be a case of independent invention. 

13The publication of Tolles' claims for the angle of aperture 
obtainable with his balsam immersion system was bitterly (and 
erroneously) refuted by Francis Wenham and a Few of his Eng
lish microscopist friends. The ensuing controversy, which is 
beyond the scope of this history, can be found in nine of the 
issues of the Journal of the Royal Microscopical Society during 
the 1870's. 
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THE CHICAGO MAKERS 

WALTER H. BULLOCH : A search of the earlier Chicago 
City directories fails to reveal the existence of any sizeable 
group of scientific instrument makers. Among the earliest en
tries is that for F. Arnold & Company (sometimes Francis 
Arnold) in 1863 who was listed under the category of "Surveying 
Instrument Maker". This same year saw the only listing under 
"Microscopes and Magnifying Glasses" to be James Foster, Jr., 
the next year James Foster Jr. & Company (with Louis Boerlin) 
and in 1868 Foster & Boerlin. But Foster was a Cincinnati deal
er in microscopes, laboratory apparatus and supplies and at no 
time were either he or Boerlin engaged in manufacturing micro
scopes in Cincinnati or Chicago. By 1866 there were listings for 
three opticians other than Foster & Boerlin: J. G. Langguth, 
Jr. and Max Pollachek, both of whom were known dealers, 1 not 
makers, and "W. E. Huttman, Optician, Mathematical & Philo
sophical Instruments & Model Maker2. . . Instruments repaired 
and made to order." Although Huttman's listing indicates the 
possibility that he made microscopes, no instruments by him are 
known to exist. He was not listed under any business category in 
subsequent directories. 

The 1868 directory contains the first listing for the first 
known maker of microscopes west of Philadelphia: "Walter H. 
Bulloch, optician, 147 Madison Street." Bulloch was born in 
Glasgow, Scotland, in 1835 and emigrated with his parents to 
New York City in 1852 where he learned the trade of tailor from 
his father. Finding the work of a tailor unsuitable, he became 

1Langguth advertised in the 1872 numbers of The Lens as 
Agent by Direct Appointment of the following Opticians, &c.: R. 
& J. Beck, England; Jos. Zentmayer, United States; R. B. 
Tolles, United States; C. A. Spencer & Sons, United States; J. 
D. Moller, Germany; &c." In the same numbers M. Pollachek 
listed himself as a "practical optician" . . . "Microscopes 
. . • The Largest Stock in the West. A complete assortment of 
every celebrated maker known. " 

2Early scientific instrument makers often supplemented 
their sometimes meager incomes by making one-of-a-kind 
models of machines or devices for submission with patent 
applications. 
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an instrument maker apprenticed to Benjamin Pike & Son for 
whom he eventually became foreman . Upon leaving Pike , Bul 
loch went " .. . into business on his own account , until the 
(Civil) War of rebellion broke out, when he enlisted as a private 
in the 12th N. Y. Volunteers. "3 ill health caused his early mus 
tering out of the service and, upon his return to New York City 
in 1864, be is said to have " . . . joined William Wales in part
nership, Bulloch making the stands and Wales the optic s . "4 In 
1866, he moved to Chicago where he once again commenced 
operations on his own. 

Walter H. Bulloch's listings appear as an optician in all of 
the Chicago City directories from 1868 through 1891 , the year 
of his death. It is of interest that his name was fourid under 
various other business categories in several different years, 
such as "Surveying Instruments" (1870 and 1871) , "Manufacture 
of Optical and Mathematical Instruments (1872) , "Model Maker" 
(1 879) and "Surveyor's Instruments" (1891) . Although these 
listings are suggestive of a rather diversified scientific instru
ment business, they should probably be considered merely as 
the advertisements they were since no instruments by Walter H. 
Bulloch are known to exist other than his microscopes , micro
tomes and microscope accessories. 

3Tolman, "Notice of Walter H. Bulloch," The American 
Monthly Microscopical Journal ~. 29 (1892) . This obituary by 
Henry Tolman, then President uf the State Microscopical Society 
of illinois, is one of the only known sources of biographical 
information on Bulloch. This source is heavily relied upon for 
biographical information along with the Chicago City Directories 
which give valuable clues as to the nature of Bulloch ' s business, 
and an unpublished "Short History of the State Microscopical 
Society of illinois" (1972) by Marigene H. Butler, former Cura
tor of that organization and now of Oberlin College. 

4Richards, "American microscope makers and introduction 
to the collection," Journal of the Royal Microscopical Society 
83 , 124 (1964) . The fact of partnership with Wales is also 
stated by Tolman in the aforementioned obituary; however , no 
stands signed or advertised, catalogues or price lists printed, 
are known under a name or names indicating the possibility of 
such a partnership. 
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Bulloch's early years in Chicago were very successful, and 
in 1869 he became one of the founders of the State Microscopical 
Society of illinois, the first club for microscopists in the United 
States . He was very active in the Society and records indicate 
he rarely missed a meeting and very often demonstrated, or gave 
a lecture on, a new piece of apparatus before the assembled mem
bers : In 1877, it was his newly designed turntable and an expla
nation of Wenham's "reflex illuminator"; in 1880, it was a "new 
lithological stand" and Nachet' s binocular ocular; in 1881, he 
delivered a paper on the magnifying power of oculars; in 1882, 
he read a paper on the use of compensators; in 1883, he reported 
on a nosepiece he had designed etc . Bulloch's activities with the 
Society give a good indication of the breadth of his knowledge of 
optics, mechanics and the microscope in particular. 

The Great Chicago Fire of October, 1 71, consumed Bul
loch's shop, inventory and tools, and he left Chicago to work 
with Robert B. Tolles in Boston. Tolman describes Bulloch as 
having appeared " · .. brusque and sometimes overbearing, but 
his numerous friends soon learned to appreciate his straightfor
ward manner of expressing his views, his pertinacious but just 
demands for proper recognition of his rights, and his outspoken 
criticism of what he deemed erroneous in the theories or opin
ions of others. rr5 If this was the case, and given what is known 
about Tolles' personality, the fact that Bulloch worked for 
Tolles less than a year, is certainly understandable . The 
Chicago City Directory for 1872 indicates that Bulloch was back 
in business in Chicago. 6 

Tolman states that Bulloch never fully recouped the finan
cial loss he suffered by reason of the fire and, in 1889, he once 
again left his business in Chicago, this time to accept a position 
in Washington, D. C. with the U. S. Coast and Geodetic Survey, 
which was then a unit of the Bureau of Weights and Measures. 

5Tolman, op. cit. , p. 30 . 

6Before the fire Bulloch's Chicago addresses had been 147 
Madison and later 179 Madison. After the fire he was first at 
178 Madison and, then, over the next 19 years, moved at least 
9 times, finally settling at 303 Dearborn Street in 1891, the year 
of his death. 
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But after a six months' tour of duty, he returned to Chicago 
where he reestablished his business only to die a short time 
later in November, 1891. He left no children surviving, but his 
business was taken over by M. Von Mehren who advertised him
self for a few months as a manufacturer of microscopes and suc
cessor toW. H. Bulloch at Bulloch's last place of business . 

According to H. L . Tolman, E. B. Meyrowitz, who ran a 
New York City microscope and microscope supply house and 
who had been Bulloch's New York agent, undertook to manufac
ture and market Bulloch-type stands for a while. 7 That firm 
exhibited three Bulloch stands, purportedly made by them, at 
the World's Fair held in Chicago in 1893 . 

Little has been ascertained of Bulloch's early production . 
His first microscope of significance is his "Stand A" of abo•1t 
1875 as shown in Figure 30. It is interesting to compare Stand 
A to Zentmayer's Grand American Microscope (Figure 17) . 
Although there are some differences between the two (e . g. -
milled-out arm, square stage etc . ), there can be little doubt 
but that Bulloch patterned his instrument after the earlier Zent
mayer microscope, for we know that Zentmayer was making his 
Grand American stand by about 1856 , and that Bulloch was not 
in production until the late 1860s. The fact that Bulloch chose 
to emulate Zentmayer's earlier successful design makes good 
business sense, and merely gives support to those who would 
claim Zeiltmayer's early pre-eminence in the field on construc
ting first class instruments since only an outstanding microscope 
would be imitated by another maker . 

Bulloch was successful with this large stand and, lil<e Zent
mayer's "Intermediate" stand, Bulloch came out with a slightly 
smaller version of his Stand A, calling it Stand A-B. One of his 
other early smaller models was Stand D, which was in fact a 
medium -sized student's stand, being one of the only, if not the 
only, American microscope fitted with an English type tripod 
foot. 

The microscope for which Bulloch received the most 
acclaim is his Congress stand shown in Figure 31, with its 

7Tolman, "Microscopy at the Columbian Exposition" The 
American Monthly Microscopical Journal 14, 219 (1893) . 
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BINOCULAR MICROSCOPE STAND " A" !ONE-THIRD ACTUAL SIZK) . 

MECHANICAL CONCENTHIC ROTATING AND ADJUSTABLE STAGE, CENTElUNO AND 
ROTATING ~UI3 -STAOE, AND IRIS DIAPHRAGM. 

Binocular, Five Rye-pieces and Irie Diaphragm ........... .. ... ... .................. . . . $~.00 

Monocular, Three Eye-pieces and Iris Diaphngw .. . . _ .... . -- . . _. ___ . _. -- . __ ... .. -.. 175.00 

W. H. BULLOq!!'ca.~~~~9.i.~~·hlea"o· m . 

Figure 30 . An early Bulloch stand of 1875 (Height: approxi
mately 18 inches) as advertised in The American 
Journal of Microscopy. 
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Figure 31. Bulloch's "Congress" stand, as constructed in about 
1878, showing stage and substage movements. 
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mirror in position to supply top lighting and the condensing 
apparatus swinging out to indicate its ability to supply maximum 
oblique illumination. A cross section of this instrument is 
shown in Figure 32. A patented feature of Bulloch's design, 
which he would often make much of, is the separate swinging 
arms for the mirror and the condenser, or substage, assem
blies. Zentmayer's instruments were not so fitted, and a debate 
was carried on in many of the microscope journals of the day 
claiming greater utility for one design over the other . The Con
gress model was given its name by Bulloch when he described it 
at the National Microscopical Congress held in 1878 in Indianap
olis, Indiana. This was approximately two years after Zent
mayer' s introduction of his American Centennial in Philadelphia. 
Again, a comparison between the two models reveals more than 
coincidental similarities. The price of the two stands was main 
tained equal (about $300) by their respective makers. 

Zentmayer's American Centennial Stand was the high point 
in his design and production. Similarly, the Congress stand was 
the high point in Bulloch's career, and their two instruments 
were considered by many to be the finest of any constructed:8 

"On only a slightly lower plane than the best twu 
stands in the world, the ' Congress' of W. H. Bulloch , 
and the ' American Centennial' of Joseph Zentmayer, 
are Mr. Zentmayer's New Model United States Hos
pital' and Messrs . Bausch and Lomb's Professional' 
(see Figure 47). Both are beautiful instruments, 
and with either any microscopist should be contented 
. • . The same applies even more strongly to the 
'Congress' and the 'Professional ' of Mr . Bulloch and 
to the 'American Centennial' of Mr. Zentmayer . All 
are magnificent, each is beautiful, but even here 
there is a choice, one being perfectly adapted to work 
that others may do less readily. Any expression of 
preference on my part would be unnecessary, for each 

8 Anonymous, "Notes on the microscope stand and on some 
of its accessories," The Microscope 11, 78 (March, 1891). 
This reference is to but one article of a series of over twenty 
lengthy "Notes" by "an Amateur" which appeared in The Mi
croscope during 1889 through 1891. 
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Figure 32. A sectional view of Bulloch's "Congress" stand 
(1 78) with cente ring stage in plan at top right. 
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is as nearly perfect as the human brains and hands of 
its designer can make it. Which is better adapted to 
the needs of the purchaser, that purchaser must decide 
for himself. These instruments are the best in the 
world. 

"All the foregoing are American stands. The reader 
should not get the idea that the writer is in a permanently 
critical mood concerning British microscopes, as he is 
in regard to invertebrate French and German instru
ments. That is not the case. The majority of British 
stands are excellent. Their workmanship is good, their 
design commendable, and their utility as great as that 
of American models . But they are no better in any of 
these particulars. Then why should the microscopist 
travel thousands of miles for what he can obtain of equal 
excellence at his own door?" 

In comparing Bulloch and Zentrnayer, it seems that their 
mechanical skills, as evidence by their work product, were 
equal. The high esteem with which they were both regarded is 
evidenced by the fact that their advice was often sought by others 
on matters pertaining to instruments and instrument making. 
Yet Zentmayer has certainly received more recognition than 
Bulloch, and this may be attributed to several factors: Zent
mayer entered the industry much earlier than Bulloch, Zentmayer 
was located in a more cosmopolitan and commercially important 
city than Bulloch's "frontier" city; Zentmayer set the design 
pace while Bulloch seemed to follow that pace; and, perhaps 
most importantly, Zentmayer did, in fact, design and construct 
lenses while Bulloch is thought to have purchased all of his 
lenses from wholesalers. Zentmayer's skill in optical matters 
is undisputed, but the fact remains that he produced only a small 
portion of his optical components . Bulloch also had a good work
ing familiarity with the principles of microscope optics as evi
denced by his frequent lectures to the members of the State Mi
croscopical Society of Illinois and other organizations, but he is 
not known to have produced lenses. Instead, in his early days 
of instrument making, Bulloch bought oculars and objectives 
from his former reputed partner, William Wales of New York, 
and later from Ernst Gundlach of Rochester. 

Bulloch continued to make improvements and modifica
tions on his Congress stand and the microscope shown in Figure 33 

------
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Figure 33. Bulloch's "Congress" stand, a final form 
(c. 1890). 

--~------
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is probably the final, most highly developed form. It may be 
one of the last Congress stands constructed by Bulloch . 9 

Perhaps the next microscope developed and manufactured 
by Bulloch was his Biological stand of about 1878 . Like his Con
gress stand it was fitted with swinging arms carrying the mirror 
and substage assemblies, a rotating concentric stage , a semi
claw type heavy base, a Jackson limb with long-lever fine focus 
ing. This microscope is pictured and described in The Billings 
Microscope Collection as Figure 14 7 on pp . 7 -9 . A "new" 
version of the biological microscope was brought out in 1880 
(Figure 34), this time with a tripod type base that was used by 
Bulloch on most of his stands. This was one of Bulloch's less 
expensive models, going for $40 in walnut case with ocular. 

At about the same time, Bulloch introduced his first "Pro
fessional" model which is similar to his original "Biological" 
stand, but slightly larger . (It is illustrated in The Billings Mi 
croscope Collection as Figure 161 on p. 86 . ) This was sup
planted by the "Professional No. 2" which was depicted for 
several years in Bulloch's New York agent's advertisement 
(Figure 35) . It was the last form of microscope advertised 
by Bulloch . Other microscopes by Bulloch include his "New 
Student Stand" (Figure 36) introduced in 1884, his "Histological 
Stand" of the same vintage and a "Lithological" microscope 
stand of about 1880 (Figure 37) . This latter stand was basically 
Bulloch ' s Congress in monocular form fitted with polarizing 
apparatus and a very elaborate mechanical stage , all of which 
made the instrument suitable for petrographic work. Another 
stand was the so - called "Bulloch-Bastin" microscope which was 
an inexpensive ($26) version of Bulloch' s student stand with a 
cast iron base for uses not requiring a sophisticated microscope. 

9The stand is signed , "W. H. Bulloch/Chicago/Pat'd . 1879/ 
328" . It is further engraved "Presented to/W. H. Summers/ 
by/R. P . H. Durkee/Chicago-July 6th, 1893." Both Summers 
and Durkee were officers of the State Microscopical Society of 
Illinois . Because of its high serial number and the date of its 
presentation being almost two years after Bulloch's death, it can 
be assumed that the microscope represents Bulloch's final or 
near final product. 
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Figure 34 . "New Biological" stand introduced by 
Bulloch in 1880. 
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The "Bastin" referred to Professor E. S. Bastin of Chicago 
University and an officer-member of the State Microscopical 
Society of illinois, who induced Bulloch to construct the instru
ment. 

In addition to his mechanically perfect microscope stands, 
Bulloch also designed and produced a patented form of nosepiece 
(the "Congress" in 1883) , a filar micrometer ocular (1 885), a 
microscope lamp (c. 1885), a turntable (c. 1886) and a "Combi
nation" microtome (c. 1884). The Billings Microscope Collec
tion has only four microscopes by Walter H. Bulloch : two of his 

------ --
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Figure 35 . Bulloch's "Professional No . 2" microscope (c . 1885). 

binocular Congress stands , and one each of the early Biological 
and Professional models . The State Microscopical Society of 
illinois has several stands including one early Congress micr o
scope, a Histological stand and others . 

DR. LYMAN D. MciNTOSH : The other Chicago microscope 
make r was an intriguing physician turned electrician, turned 
instrument maker, Dr . Lyman D. Mcintosh . 10 Mcintosh 
received his medical degree in 1863 from Caledonia Medical 
College in Caledonia, Vermont. He then served with the Union 

10The information on Mcintosh presented here has been de
rived from several sources: the Chicago City Directories for 
the relevant years , Mcintosh's advertisements as they appeared 
in various microscope journals , articles concerning the proceed
ings of various societies and an obituary notice which appears in 
The American Monthly Microscopical Journal 13 , 172 (July , 1892). 
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Figure 36 . Student stand by Bulloch as advertised in The 
Microscope (1 4-86). 
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Figure 37. Bulloch's "Lithological Stand" of 1885 as 
advertised in The American Monthy Mi
croscopical Journal, 10-11 (January , 
1886). 
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forces as a surgeon after which he practiced medicine in She
boygan, Wisconsin. He is believed to have moved and estab
lished his medical practice in Chicago in about 1872, the year 
his name first appeared in the Chicago City Directory. 

But Mcintosh was an entrepreneur and inventor as well as 
a physician-surgeon: by 1872 he incorporated a company tmder 
the name "Mcintosh's N. U. Supporter Company" which was 
operated out of his medical office. The "N. U. " in the corpo
rate name stood for "Natural Uterine" . Apparently the company 
was engaged in the manufacture and sale of medical appliances, 
since it was later sometimes listed in the directories under the 
category of "Surgical Instruments". This company continued in 
existence after Mcintosh's death in March 1892 . 

In about 1880, while the eclectic doctor's "Supporter" com
pany was flourishing, he incorporated a second enterprise, this 
one called "Mcintosh Galvanic Belt & Battery Company". The 
full product line of this concern is not known, but their adver
tisement in Volume I of The Microscope (1881) (Figure 37a) in
dicates two distinct types of instruments. The battery instru
ment illustrated was a common medical device of the period, 
and it indicates Mcintosh's great interest in electricity. This 
interest was to continue during his career as evidenced by the 
fact that in 1890 the Chicago City Directory listed him as an 
"Electrician", while his battery company (by then "Mcintosh 
Battery and Optical Company") was listed under "Opticians", 
Microscopical Accessories" and "Electric Batteries" . 

The other complex instrument shown in the top half of Fig
ure 37a is actually a combination of several instruments: 1) a 
solar microscope by use of a microscope body as shown; 2) a 
solar stereopticon by use of a projection lens and 3) a compound 
microscope by combining several of the separate elements . In 
addition, it could be used with artificial illumination, which in 
1881 was provided by an oxygen-hydrogen lamp, and more rarely 
by electricity. The instrument for artificial light is not illus
trated in Figure 37a, but it, too, was supplied by Mclntosh. 11 The 

11The entire apparatus with four illustrations of its various 
uses and the completed instruments, along with a description, 
can be found in Proceedings of the American Society of Micro
scopists 10, 155-8 (1888). 
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Figure 37a. Instruments made and sold by the 
Mcintosh Galvanic Belt and Battery 
Company, as advertised in Volume I 
of The Microscope (1881). 
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writer believes that the compound microscope stand assembled 
from the various parts of this apparatus would look precisely 
like the microscope depicted in Figure 38, being an instrument 

1):111 

Figure 38 . Mcintosh's microscope, after 1882 (Armed Forces 
Institute of Pathology Photograph Neg. No. 60-
4713-244) . 

--------
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in The Billings Microscope Collection . 12 

It is difficult to ascertain the full range of Mcintosh's inter
ests and enterprises, but a perusal of various journals of the day 
indicates that the good doctor was extremely versatile. He was 
an active participant in the 13th Annual Meeting of the American 
Society of Microscopists held in Detroit, Michigan in August 
1890, and twice was a member of the nominating committee of 
that organization. At that meeting he exhibited five microscopes , 
various slides, projection apparatus and microphotography equip
ment . One of the working sessions featured slides projected for 
viewing by means of some of Mcintosh's apparatus . Even the 
nature of the objects viewed speak of Mcintosh's interest in com
bining electricity and microscopy : they were of blood tal<en from 
various parts of the body of a convicted murderer who had been 
electrocuted earlier in Auburn., New York. At the 14th meeting 
of the Society, held in Washington, D. C., the following year he 
once again exhibited his microscopes and projection apparatus. 
Several participants at a "soiree" held in conjunction with that 
meeting used Mcintosh microscopes, and Mcintosh r ead a paper 
on the "Portable Lime Light" illustrating that reading with pro
jections on his apparatus. Bausch & Lomb and Mcintosh were 
the only microscope makers at the New Orleans Exposition of 
1885 , where Mcintosh exhibited his projection apparatus and 
compound microscopes as shown in Figures 37a (top) and 39a. 

According to his obituary, Mcintosh was president of and a 
lecturer at the American Dental College of Chicago, as well as 
a member of the American Medical Association, the State Mi
croscopical Society of Illinois and the American Microscopical 
Society . It is also stated that he made improvements in " •• . 
galvantic batteries, dental instruments , optical lanterns , pr o
jection microscopes and microscopical stands. "13 He did not 
live to fulfill his assigned task as a member of committees on 

12u should be noted that the authors of The Billings Micro
scope Collection are dubious of the proposition that Mcintosh 
was a microscope mal<er. The writer is of the opinion that 
Mcintosh did, in fact, make his own instruments , but admit
tedly the available proof is only circumstantial . 

13see "Obituary Notice .•• ", op. cit. , note 9 . 
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the Columbian Exposition of the American Microscopical Society 
and the State Microscopical Society of Illinois, but his company 
displayed some of its stands at that World's Fair . 

Mcintosh also built a simple type of mechanical stage to the 
order of ProfessorS. A. Forbes14 in 1890, which he supplied 
on some of his microscope stands. In 1892, he constructed 
"Durkee's Electric Illuminator", 15 which to all appearances 
seems to be a practical and convenient device for an attached 
microscope illuminator. 

Lyman Mcintosh died in Funiak Springs, Florida, March 
1892, where he had gone to lecture on microscopy before the 
Florida Chautauqua. His company, the Mcintosh Battery and 
Optical Company , survived and continued in business until at 
least 1897. 16 

Other than Mcintosh's combination instrument shown in Fig
ures 37a (top) and 38, no written notices of his microscopes 
have appeared in contemporary journals . Two of his instru
ments are known to exist: one of them is the microscope in The 
Billings Microscope Collection (Figure 38) , and the other be
longs to the Chicago Lens Company of Chicago, Illinois. This 
latter instrument is depicted in Figure 39a as it appeared in 
contemporary advertising. It, like the microscope in Figure 38, 
readily comes apart for use with projection apparatus . Both of 

14The stage is described and illustrated in Forbes , "An all 
around microscope," The American Monthly Microscopical 
Journal 13, 91 (April, 1892). 

15Described and illustrated in The American Monthly Mi
croscopical Journal 13, 67 (March, 1892). 

16The company was incorporated as "Mcintosh Galvanic Belt 
and Battery Company". In about 1882, its name was changed to 
"Mcintosh Galvanic and Faradic Battery Company", and in about 
1889 to "Mcintosh Battery & Optical Company" . In 1897, it sold 
its physical and chemical laboratory apparatus and supplies to 
W. A. Olmsted Scientific Company which in turn was bought out 
by the Chicago Laboratory Supply & Scale Company in 1898 . 
There is no hint as to the ultimate disposition of the microscope 
business of the Mcintosh Battery and Optical Company. 
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Figure 39a. A Mcintosh microscope as advertised in The 
American Monthly Microscopical Journal 
during the period 1891-92 . 
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These microscopes were covered by Mcintosh's patent of 1883 
(Figure 39b) . The workmanship on both microscopes is admira
ble and indicates that Mcintosh's products were probably not 

Figure 39b . Drawings accompanying Mcintosh's patent of 1883 . 
The claims relate to the method of fixing the mi
croscope arm to the pillar allowing it to be readily 
removed for use with projection apparatus. The 
particular microscope shown in these drawings ap
pears almost identical to that depicted in Figure 38. 
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inferior to those of his contemporaries . The optics on the stand 
in Figure 39 are by William Wales of New York so it is quite 
probable that Mcintosh, like many other microscope makers , did 
not construct his own lenses . 

The only other source which gives evidence for Mcintosh's 
microscopes are the company advertisements appearing from 
time to time in contemporary journals . One such advertisement 
of 1889 is shown in Figure 40. It should be noted that the micro
scope depicted in the advertisement has an unusual , but not 
unique, fine adjustment. Several instruments by other makers 
(~, James W. Queen & Company "Acme No . 4") are known to 
locate their fine adjustment in the under- the-limb position, but 
the mechanism itself may be different. 
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Figure 40. A Mcintosh stand of 1889 as advertised 
in The Microscope . 
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BAUSCH & LOMB OPTICAL COMPANY 

The political and economic unrest which prevailed in Ger
many during the mid-Nineteenth Century had a profound and 
lasting effect on the emerging optical industry in the United 
States of America. As we have seen, the adverse conditions in 
Germany had a direct bearing on Joseph Zentmayer's 1848 emi
gration, and they probably influenced the 1849 emigration of the 
Grunow Brothers as well. These same conditions also gave rise 
to the immigration of Jacob Bausch and Henry Lomb (Figure 41) 
who, through great personal sacrifice and unstinting effort, 
founded and sustained the Bausch & Lomb Optical Company, 
::t giant in the present day optical industry. 

Jacob Bausch was born of modest circumstances in 1830 in 
Gross Sues sen, Wurttembert, Germany. 1 He learned the basics 
of the wood-turning and optical trades from his brother who had 
been an apprentice in both of these skills. Jacob himself be
came an apprentice in the optical trade which at that time in 
Germany relegated him almost exclusively to the grinding of 
lenses, and the making and repairing of horn spectacle frames. 
In 1848 , he journeyed to Berne, Switzerland, to take a position 
in a one-man optical shop where he earned ". . . nine kreutzer 
(six cents) for a pair of spectacles, and by working hard (he) 
was able to complete six pair a day". Although his earnings 
were small, Jacob Bausch was no worse off at the time than 
other similarly situated working men in Western Europe . When, 
in the winter of 1849, he concluded that subsistence was all that 

1Most of the biographical and historical material in this 
chapter has been derived from the following four sources which 
are not generally or readily available to the reading public: 1) 
J. J. Bausch, The Story of My Life, privately printed in 1905; 
2) Foreman, Edward Bausch: An Appreciation, 1933; 3) Fore
man, An Appreciation of Captain Henry Lomb, 1932 and 4) 
Chronology and Historical Outline of the Bausch & Lomb Optical 
Company by Mrs. L. DeGrave, Librarian, Bausch & Lomb Opti
cal Company, undated. Because of the impracticality of making 
repetitious references to these sources, only quoted passages 
will be footnoted. 
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Figure 41. John J . Bausch (1830-1926) and Henry 
Lomb (1828-1908) . 
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was possible in Europe, he decided on immigration to America. 2 

J . J . Bausch's3 first years in attempting to earn a living in 
America were no more productive than his European efforts. 
He found America crowded with emigrants and in the middle of 
a serious cholera epidemic . Moving westward to Buffalo, his 
earliest employment was as a cook' s helper in a hotel, and then 
two week's work for a manufacturer of surveying instruments . 4 
When he left this last employment, because his employer had 
little or no work himself , he moved to Rochester where he ob
tained a position as a wood turner. He continued in that trade 
and saved enough money to get married in the fall of 1849. 

Within a few weeks after his marriage he lost two fingers 
when his right hand was drawn into a buzz saw. This crippling 
injury left him with total cash resources of $7 . 50, his previous 
week's wages. Another German emigrant, Henry Lomb , then 
collected $28 among the German community of Rochester, and 
delivered it to the Bausches as a gift. During his recovery 
Bausch decided to go into the business of making and selling 
spectacles as a secondary venture to his wood-turning trade. 

2The following quotation gives good insight into Bausch's 
view of the European situation and the motivation behind his emi
gration: "The times were extraordinarily poor. A year before 
(in 1848) there was a failure of crops, and poverty was rampant 
in all of Europe. In every country people were restless . Every
where revolutions broke out. The inhabitants of Baden dethroned 
their elector, and established a provisional government. Busi
ness was at a standstill . The people cared little about the laws . 
Everyone did as he chose . But the governments were at length 
compelled to grant more rights to the people, although it took a 
long time before affairs were again in regular order." Bausch, 
op. cit., pp. 15-16. 

3Born Jacob Bausch, he changed his name to John Jacob 
Bausch upon settling in Rochester to avoid confusion with another 
Jacob Bausch who was already in residence. 

4The maker of surveying instruments was probably Robert F. 
Andrews who was doing business in Buffalo as a mathematical 
and optical instrument maker in 1848 , and for a few years there 
after. (Smart, The Makers of Surveying Instruments in America 
Since 1700, p. 3, 1962.) 
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One of his brothers in Germany sent him a supply of goods on 
six months' credit and this was promptly sold from Bausch's 
home, mainly through advertisements in the local German lan
guage newspaper. 

Based on this initial success, Bausch gave up his job as a 
wood turner, and in 1850 took space in the gallery of an arcade 
building sharing the store with a shoemaker. Business was 
extremely slow, and he was forced to borrow funds to secure 
inventory. One source of funds was Henry Lomb who, born in 
1828 in Hesse-Cassel, Germany, had also emigrated to America 
in 1849. Although he was a cabinet maker by training, he de
sired an opportunity for something better and he obtained Bausch's 
promise that if the optical business ever increased to such an 
extent that a partner was needed he would be taken in on equal 
terms. 

Then followed a series of associations by Bausch with others 
in an attempt to hit upon a product line to increase his retail 
trade: first, there was a manufacturer of hair goods ending in 
failure - "The man was an artist in his line of work, but his 
product was ahead of the times and was not more sought after 
than was mine;" next Bausch "engaged a mechanician, who 
claimed that he could sell apothecary scales, but this venture 
also proved a failure. He affirmed, furthermore, that he under
stood photography, and I was induced to equip a photographic 
gallery ••• He could not even obtain the shadow of a picture. "5 

Bausch decided that his best hopes lay in obtaining a larger 
stock of optical goods from Germany, so Henry Lomb was 
brought in as partner and trained in optics to allow Bausch to 
make the necessary voyage. The trip was made and the mer
chandise was secured, but hard times and more indebtedness 
followed. By the outbreak of the Civil War in 1861, the firm 
was without a net worth, and Bausch owed Lomb $1,000. With 
business at a virtual standstill, Henry Lomb joined the Union 
forces for a one and one-half year tour of duty, and during that 
time he sent back much of his Army pay to his partner, Bausch, 
in Rochester. 6 

5Bausch, op. cit., pp. 29-30. 

6Henry Lomb ". . • enlisted in the Thirteenth Regiment of 
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It is at about this time that the fortunes of the Bausch & 

Lomb enterprise changed for the better through a fortuitous 
discovery and the Civil War. Earlier Bausch had happened upon 
a piece of hard rubber on the street and tested it as a possible 
mat!'lrial for eyeglass frames. He determined it to be well suited , 
began making all of his frames from this type of material, and 
eventually found a ready market for the product. The Civil War 
caused an almost total embargo on imports so foreign spectacle 
frames were no longer a factor. While the inflation of the war 
years caused an increase in the costs of doing business, it also 
allowed the firm to pay off its indebtedness with cheaper dollars, 
the result being that when Captain Lomb was mustered out of the 
Army, the partnership was out of debt and had, for the first 
time, money in the bank. 

In Lomb's absence, Bausch brought his brother in as a part
ner since business was on the upswing, and help was needed. 
The brother, E. (Eustachius ?) E. Bausch, handled the retail 
sales while Jacob Bausch had charge of manufacturing. When 
Lomb came back into the business, they moved to larger space 
and when business further increased, the retail store was sold 
to E. E. Bausch and a man named Dransfield7 while larger man
ufacturing facilities were secured. Spectacle frames were made 
from hard rubber and the lenses were now ground on a machine 
invented in 1861 by J. J. Bausch, the first power-driven lens 
machine in America. In 1866, the partnership became incor
porated under the descriptive name, Vulcanite Optical Instrument 
Company, a New York corporation, and exclusive rights to manu
facture certain patented rubber eyeglass frames and rubber 

the New York State Volunteers ••• He was active in the organiza
tion of Company C, composed largely of Germans, among whom 
be was so well liked that he was elected their First Sergeant. 
Later he was promoted to First Lieutenant, and finally Captain 
• •• (D)uring his •.. term of enlistment ••. he ... saw action in 
over twenty important engagements, including such well known 
battles as the first and second Bull Run, Fairfax Court House, 
Antietam and Fredericksburg." Foreman, An Appreciation of 
Captain Henry Lomb, 1932. 

7This retail firm was first known as Bausch & Dransfield, 
and later as E. E. Bausch & Son. 
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mountings for magnifiers were obtained from American Hard 
Rubber & Comb Company of New York City and the India Rubber 
Comb Company. 

From 1866 onward, the nature, extent and fortunes of the 
enterprise changed dramatically. Now a corporation with manu
facturing rights and capabilities in several product lines and 
manufacturing facilities capable of limited mass production, 
business increased to such a point that Henry Lomb opened a 
sales office for the company in New York City. In 1867 , produc
tion began in watchmakers' and engravers' loupes, linen provers, 
reading glasses and pocket microscopes, 8 while attempts were 
made at constructing opera glasses . The company was desirous 
of more expansion of its business, this time into the more sophis
ticated field of the manufacture of compound microscopes. To do 
this properly required someone with more technical skills and 
experience in higher optics than the firm had available. 

The first of J. J. Bausch's six children, Edward, was born 
in 1854. While he was learning the rudiments of the optical 
business, he built his first compound microscope in 1868 at the 
age of 14 years (Figure 42) . Curiously enough, it was at this 
same age that it was discovered by chance that Edward was 
near-sighted; his myopia was so severe that he could not read 
writing on the school blackboard. Unlike the shoemakers' son 
in the adage, Edward was , of course, fitted with a corrective 
spectacle made by Bausch & Lomb. After his graduation from 
Cornell University in 1874, Edward began his career with the 
Vulcanite Optical Instrument Company. In the company's search 
for someone trained in_higher optics, J. J. Bausch had written to 
Jolm M. Borsch of Philadelphia to secure a position for Edward 
with Joseph Zentmayer in Philadelphia who stood high in the opti
cal field at this time. When this failed, J. J. Bausch took his 
son to Philadelphia and had an interview with "another man . • • 
who was a very competent optician • • • but nothing came of this 
either. He told us that he was the only man in America who 

8The pocket microscope was probably the same item on which 
J. J. Bausch obtained patent coverage in 1865. It was a simple 
microscope consisting of a tube with a lens at one end and a place 
for the object to be viewed at the other end. 
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Figure 42. Microscope constructed by Edward Bausch 
at the age of 14 years. This Jackson limb 
model was not a production item. 
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could grind photographic and microscopic lenses, that he had 
just recently began (sic) his business, and did not wish to di
vulge its secrets . "9 The company failed to obtain outside help 
to enable it to enter into the production of microscopes, and 
they also failed to obtain training and experience for Edward with 
an established maker . Nevertheless, in 1874, they made their 
first production microscope (Figure 43) . This instrument has a 
curious cast-iron base, Lister limb, glass stage , coarse focus 
by sliding tube and no fine focus . As the company's initial 
effort into the manufacture of compound microscopes, its simple 
uncluttered plan is understandable . With the introduction of com
pound microscopes into the product line, the corporate name was 
changed to the more descriptive Bausch & Lomb Optical Company. 

As the microscope became a more efficient instrument, it 
assumed an ever increasing importance in medicine and scien
tific research. By the end of the third quarter of the Nineteenth 
Century the American demand for microscopes was being met 
by imports from Paris (Nachet) , Potsdam (Hartnack), London 
(R. & J. Beck and Henry Crouch), as well as other foreign ma
kers and an ever increasing domestic output from Grunow Bro
thers, Tolles, Bulloch, Zentmayer, Spencer and others . R . & 

J . Beck had established an American agency and dealers in ma
jor American cities were able to supply microscopes from both 
foreign and domestic makers. 

With the ever growing demand, Bausch & Lomb decided that 
mass production of relatively low- priced microscope stands 
offered the best possibility for entry into the market. The first 
step in this direction was the search for a qualified director of 
their microscope department. The search temporarily ended 
with the hiring of Ernst Gundlach in 1875 . Gundlach had been an 
apprentice to C. F. Bel the after Belthe married Carl Kellner's 
widow and took over the "Optical Institute" in Wetzlar, Germany, 
from Carl Kellner's estate and before the Institute was purchased 

9Bausch, op . cit., p . 44 . It is interesting but unfortunately 
not very productive to speculate as to the identity of this optician. 
The only other known microscope makers in Philadelphia were 
the McAllister brothers and James W. Queen & Company, but nei 
ther would seem to match the meager description given by Bausch. 
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Figure 43 . Bausch & Lomb's first production 
microscope of 1874. 
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by E. Leitz. Gundlach achieved a fair degree of success as an 
optician on his own in Berlin where he was a pioneer in the de
velopment of immersion systems. In 1871, he sold his Berlin 
shop to Seibert and Krafft, who moved operafions to Wetzlar.lO 
Gundlach came to America where he set up as a sole proprietor 
making microscope objectives in Hackensack, New Jersey. 11 

Henry Lomb contacted and interviewed Gundlach in New 
York, and found him ". . • to all appearances not in the best 
financial condition. "12 He was engaged for $1500 per year, but 
he later backed down on the grounds that he had heard certain 
things about Bausch Lomb that displeased him. Apparently 
what he had heard was something that money could cure since he 
was rehired for $2000 per year with $500 in advance. Gundlach 
took over the microscope department and introduced a new line 
of microscopes. The first of the line was probably much like 
that depicted in Figure 44, with a hard rubber ("Vulcanite") 
ocular, glass stage, coarse focusing by sliding tube, Lister limb 
and a curious shaped, rather elegant cast-iron base. Subsequent 
models were on a similar plan, but incorporated a swinging mir
ror bar for oblique and top-of-stage lighting (Figure 45) in line 

10The Seiberts of Seibert and Krafft had also been appren
ticed to Belthe. The firm name was later changed toW. H. 
Seibert and they were eventually acquired by Leitz. Between 
1875 and 1925, Zeiss and Leitz had between them absorbed 
almost every German optical firm. 

11Gundlach advertised in the 1873 volume of The Lens as 
follows: "Gundlach's Celebrated Objectives. Mr. Gundlach, 
who has for many years engaged in the manufacture of micro
scopes, and especially of Objectives, has recently settled in 
Hackensack, N. J. intending to devote himself in the future 
entirely to the production of the very finest first-class Objectives 
only, the performance of which will be guaranteed equal to those 
of any •.• E. G. will be happy to furnish any one wishing from 
his manufactory near Berlin, Prussia, any kind of microscopical 
goods desired at very reasonable prices, but he intends to manu
facture in this country nothing but the Very Finest Objectives." 

12Bausch, op. cit., p. 45. 
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Figure 44. Bausch & Lomb's "Microscope No . 4" as produced 
by that firm based on_Ernst Gundlach's design and under his 
direction in about 1876- 77 . 



94 BAUSCH & LOMB OPTICAL COMPANY 

Figure 45 . A Bausch & Lomb microscope (c . 1879) with 
Gundlach's fine focusing mechanism patented 
in 1876 and swinging substage assembly . This 
distinctive arm was used on many subsequent 
Bausch & Lomb models into the Twentieth Century. 
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with then popular demand. Models providing for fine focusing 
were equipped with a type of long-lever fine focusing developed 
and patented by Gundlach on October 3, 1876, while he was em
ployed by Bausch & Lomb. Two other Gundlach designed models 
had the same base, but were considerably less elaborate. These 
were the "Library" and the "Family" microscopes which sold for 
less than $15 in 1883. 

Bausch & Lomb participated in the United States Centennial 
Exposition held in Philadelphia in 1876, where Edward Bausch 
was impressed with the new automatic machinery and Prof. W. 
A. Rogers' ruling machine which were on display. His enthusi
asm for mass production of microscopes through the use of 
power-driven machinery coupled with the technical knowledge 
he was acquiring through his association with Gundlach were to 
put him in good position to make Bausch & Lomb a significant 
factor in the compound microscope market. 

The opportunity for Edward Bausch to put his knowledge and 
concepts to use came earlier than Bausch & Lomb had anticipated 
when the company began experiencing difficulties with its micro
scope operations. Though Gundlach was a skilled optician, he 
" ••• never knew the value of money •.. (i)n this way it came 
about that (Bausch & Lomb) lost much money . tt13 While losses 
were being incurred, the relationship between Gundlach and the 
firm were becoming strained. Gundlach stayed away from work 
and returned only after Henry Lomb negotiated a settlement of 
differences. Six months later Gundlach again left, de:rnanded 
the return of his tools and awaited Lomb to iron out his differ
ences with the company. However, because of Lomb's serious 
illness, no contact was made and eventually J. J. Bausch and 
his sons decided to terminate Gundlach. This was done in the 
spring of 1 878 by means of a negotiated understanding whereby 
Gundlach's patents were purchased and a lette r was obtained 
from Gundlach for announcement purposes. The letter and an 
announcement as made by Bausch & Lomb are set forth in Fig
ure 46. Later Gundlach proclaimed ownership of ce rtain of the 
patents he had as signed to Baus ch & Lomb, an indication of his 
capriciousness or of his unfamiliarity with matte r s of business. 

13rd., p. 46. 



CIRCULAR. 
Rocaun:a, May 6, 1&78. 

The undenlgned would reepectfully lnfor)m. their 
friende and t.be public generally, that the buein£.'11 con
nection heretofore e1i1ting between Mr. E OUND
LAOB , the well-known opticla.n, a.od tbe DA 0 SCH .k 
:.o » B OPTlCA.L CO, has been d luolved by mutual 
consent; llr. Ouudlach desir ing to devote blmaelt, for 
the present, more exclusively to the develovment of 
certain impor1an t improvements , which be bu recently 
nade In the const ruction of the astronomical telescope. 
: ~.lle manu facture of ltlcroscopea and Objecbvn wUl 
continue to be cat r led on by the BAUS H & LOMB 
OPTICAL CO., with Increased facilities , and by penon• 
who have been trained by Mr. Gundlach , and are 
familiar with b iB me tbod a and form ul ee . 

In the confidence, therefore, that all orden ent•uated 
to them wil l be u ecu ted to the en t ire nlisfal!liOD of 
tbeil' cus tomere, they ~Jub~:cribe thcmselvea, 

Your obodieu t ~oen• ttnta, 

BAUSCH ,\ LOMB OPTICAL COMPANY. 

l n severing my couu~ctl on with the Bauach &. :.omb 
Optical Cowpany, I do so with the wos t hearty good 
wisbea for their aucce~ • in U:e futu1e , and I commet: d 
them to ruy friends, lu the confidence t11at, wttb tbt 
facilities at their disposa l, tb t>y will be able to give 
entire satisfacttou to their patron1. 

(Signed) ERNST GUNDLACH. 

SPECIAL ANNOUNCEMENT. 
In reference to a clrcul&r r ecently laaued by Mr. E. 

Gundlach, we take pleuure in informing our !riend1 
and patrous and the public genenlly , that we are fully 
pr epared to supply promptly ana sat i1fact01 Uy all 
orders for the well-known mlc roscop 1 o! ou r manu
facture, which during the las t two yean have beea elab
orated at great expeU I P, aud by tho 1ugges tions and 
&.dvlce of lh b ablest m icroHcopist& and men sr science in 
the conutry. 

Our m icroscopical department being uow under tbe 
su perin tendence or per1ous comblnlug t bo rouuh scien
t ific t raining w1t b the highest prl\Cticalski ll, and correct 
bua\ness p rioch>les and habi ts, we may confidently 
promise that the well-known &t&ndard o! our manufac
tures in th le line will uot only be fully maintained, but 
surpaued, 11nd th&t It t-ball be our &lm to merit the 
continued con fiden ce and support or the t•ubllc. 

We won ld furthe r an nou nce that we bavo pu rchased 
!rom t ll e inTen tor, Mr. E. Guud lacb. &nd paid to blm 
the !ull sum be Asked , !o r all Lilli right . title a nd Inter
est in the (ollowing paten ts, which we make uee o! lD. 
the conatrut.:tion or our micro acope11 , \ iz: the rrtctlon
lus fiue adjustmen t , po~.teu ted Oct. 3, 187G ; the com bin· 
&tiOO O( Object Blide b older with 5b.llouary gJua &t.age, 
patented Dec. ~S. 1877; and tbo ne w cover adjustment 
!or object iVei ,Jl:lt OU ted January 1,1878; DOne O( whio)a 
can be uaud by other parUea wi thout our o•JnaenL Par. 
ties tn rrtnglng . eltbe r by maouf•etu rtng or u1lng th• 
same, will be held to Htrtct accoun t . 

BAUSC H & LOMB OPTICAL CO. 
ROO RI:tiTI:Il , May 22, 1878. 

Figure 46 . Public notice of the termination of Gundlach's 
relationship with Bausch & Lomb as it appeared 
in Volume 3 of The American Journal of Micros
copy and Popular Science (June , 1878). 
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Upon Gundlach's departure, the firm again substantially re
designed their microscope stands. Although a couple of Gund
lach's smaller stands were retained, the ''Professional" and 
"Universal" models (Figures 47 and 48 , respectively) repre
sented an obvious attempt to enter the larger microscope mar
ket. The debt owed by these stands, particularly the larger 
"Professional" in Figure 47 , to Zentmayer's "American Centen
nial" (Figure 22) and to Bulloch's (Figure 31), both earlier mod
els, is unmistakable. Bausch & Lomb, like other makers, were 
caught up with the then current craze for large complicated 
stands providin~ for almost every conceivable movement, but 
they had one distinct advantage over other maker?J and that was 
a lower cost: in 1883 , the Universal sold for about $45 while the 
larger (18" high) Professional listed at $125. With two objectives 
and accessories, the prices were $70 and $175, respectively .14 

In 1880, Zentmayer's Centennial and Bulloch's Congress each 
listed for $250 without accessories. 

The Professional, an earlier and similar "Investigator", and 
the Universal were continued for several years along with the 
"Model" microscope. This later stand was constructed with a 
limb designed by Gundlach which is the same as that shown on 
the microscope in Figure 45 . In fact, this type of limb continued 
in use well into the Twentieth Century so that its life span was 
over 35 years, a near American record for the microscope busi
ness. 

In the mid-1 880's, Bausch & Lomb came out with another 
major design change which was their conception of the "Conti
nental" type stand . It will be recalled that the Continental stand 
evolved from designs by the Parisian opticians, Georges Ober
hauser and his nephew, Edmund Hartnack, during the middle of 
the Nineteenth Century. Subsequent refinements and modifica
tions in design were made by German makers such as E . Leitz, 
W. & H. Seibert, Merz and Sons, Reichert in Austria and 
Nachet in Paris. But the form of Continental microscope as con
structed by Carl Zeiss of Jena in the 1880' s i s generally conceded 
to be the "ultimate" because of its wide acceptance . While the 
Zeiss stand was extremely popular, it was probably only 
marginally better than those of most other makers. Its success 

14price List/Microscopes etc . by Bausch & Lomb Optical 
Company . Seventh Edition (1 883). 
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Figure 47. Bausch & Lomb's "Professional" stand of 
about 1883 bears strong resemblance to ear
lier microscopes by Zentmayer and Bulloch. 
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Figure 48. Bausch & Lomb "Universal" stand (c. 1884). 

had more to do with Zeiss's unchallenged leadership in optical 
design during that time than with superiority of the microscope 
stand itself. 

The earliest Bausch & Lomb Continental model was their 
so-called ''Harvard" microscope introduced in about 1884. This 
was an uncluttered stand with sliding-tube coarse focusing ra
ther than rack and pinion. The largest and most complete Con
tinental model by Bausch & Lomb, called the "Grand Model" (or 
"DD"), is depicted in Figure 49. It is interesting to compare 
this stand with those of other makers of the same period, such 
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Figure 49. Bausch & Lomb's :Grand Model" (sometimes called 
Model "DD") Continental Microscope (c . 1897), the 
largest and most complete of its type by B & L. 
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as that of Zeiss: differences in construction will be found to be 
minimal. Bausch & Lomb periodically came out with Continental 
models in all price ranges. One of their more popular later 
stands is that shown in Figure 50, which was called "Continental 
BB" model and sold for $48 in 1898 with two objectives and a 
case. 

other instruments by Bausch & Lomb include their "Folding 
Dissecting" Microscope (Figure 51 top) patented in 1880, and 
their demonstration microscope (Figure 51, bottom) first manu
factured by them in 1894. This latter type of instrument was 
described many years earlier (at least as early as 1868) by the 
Englishman, Dr. Lionel Beale, in his classic text on the micro
scope. A "Laboratory" microscope, inspired by Professor 
Smith's inverted model made earlie r by Grunow Brothers was 
constructed by Bausch & Lomb in about 1888 (Figure 52). This 
stand was unique in that it could be used in the conventional ver 
tical mode by removal of the prism box. Their "American Con
centric" microscope (Figure 53) was produced during the period 
1885-90. It seems to have had its origins in George Wale ' s 
inexpensive and novel stand (see Figure 68) of 1879 and a simi
lar microscope by Ross of London called the "Wenham Radial" 
or sometimes the ''Ross Radial". Bausch & Lomb also made an 
inexpensive student microscope with the novel method of incli
nation invented by George Wale. In 1898, they provided a port
able microscope with a pillar that screwed into the top of the 
instrument's leather covered carrying case in much the same 
manner as the early (c . 1815) "Cary" type microscope. One 
further noteworthy model is the "chemical" microscope designed 
in 1897 by Professor Emile M. Chamot of Cornell University . 
This instrument is a simplified petrographic microscope in the 
noninclinable Continental form. It was intended to be an inexpen
sive microscope for use in chemical work and the examination of 
foods. 

An interesting aspect of Bausch & Lomb's operations i s that 
they were apparently ready and willing to manufacture micro
scopes on designs furnished by others, as in the case of Prof. 
Chamot's chemical stand. Other examples include their manu
facture of Vorce's "Graphological Microscope " (Figure 64) and 
Griffith's "Club Microscope" (Figure 57). 
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Figure 50 . Continental "BB" model by 
Bausch & Lomb (c. 1895-1900) . 

------ -
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Figure 51. Top: Folding dissecting microscope by Bausch & 

Lomb, patented by J. J. Bausch in 1880. 

Bottom: Bausch & Lomb's "Demonstration" 

microscope (c. 1894). 
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Figure 52. Bausch & Lomb "Laboratory" microscope 
of 1888 which was convertible into a con
ventional stand by removal of the prism box. 

Bausch & Lomb continued to prosper and grow so that by 
1900 they had over 1000 employees and branch offices in New 
York and Chicago. The product line was an ever expanding 
variety of optical goods, but microscopes were probably the 
largest part of their business. Company growth was phenomenal 
and, whereas from 1874 to 1900 they produced over 30,000 com
pound stands, it took them only until 1906 to produce the next 
30,000. In 1905, they purchased George M. Saegmuller's sur
veying equipment business and for the next 10 or 15 years pro
duced and sold a full line of those items. By 1908 their addi
tional branch offices were opened in Boston, San Francisco, 
London and Frankfurt (a subsidiary) and an agreement had been 
entered into with Carl Zeiss of Jena ''by the terms of which the 
ideas of both (Bausch & Lomb and Carl Zeiss) are united. rr15 

15Bausch, op. cit., p. 52. 
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Figure 53. "American Concentric" stand as made by 
Bausch & Lomb during 1885-90. 
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The growth of Bausch & Lomb parallels the growth of the 
Leitz and Zeiss firms in Germany during the same period. By 
1900 Leitz and Zeiss had made 50,000 and 40, 000 large micro
scope stands, respectively. The nature of the industry had now 
changed drastically, and the only microscope makers left in 
America were Bausch & Lomb, Spencer Lens Company and the 
soon-to-be insolvent Queen & Company. Zeiss, Leitz and a few 
smaller concerns (e. g., R. Fuess, Schmidt & Haenesch) had 
survived in Germany; Koriska in Italy; R. & J. Beck, Ltd., 
Ross & Company, Swift, Watson and, again, a few smaller con
cerns in England. The age of the sole proprietorship had ended 
in the microscope industry. 
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THE ACME OPTICAL WORKS AND 
JAMES W. QUEEN & COMPANY 

An important event in the organization of American micro
scopists occurred in Indianapolis, Indiana, in August 1878 . 
This was the National Microscopical Congress attended by some 
60 delegates from various professional and amateur societies , 
makers of microscopes and accessories, and other microsco
pists . Papers were presented, exhibitions were given and the 
Congress organized itself into The American Society of Micros
copists, the name being changed several years later to the 
American Microscopical Society which continues to this day . 

In attendance at that meeting was John W. Sidle of the man
ufacturing firm of Sidle and Poalk, Philadelphia, Pennsylvania, 
who read a paper qn a new turntable which he called the "Con
gress". Also at the Congress was Professor J . Edwards 
Smith, a Cleveland physician who, as an avid microscopist, 
actively participated in the proceedings and was elected Vice 
President of the Congress and a member of the Executive Com
mittee of the Society . 1 Sidle and Smith met at the Congress 
and - 2 

" • . • were agreed in (their) opinions that notwith
standing the recent improvements which of late years 
had obtained, that there was still room for further 
effort in the construction of microscopes. It was then 
and there proposed, deliberated on, and agreed, that 
(they) would unite (their) energies in the endeavor to 
construct a microscope stand, which should combine 
every possible good, be equal to any and all work, 
exhibiting all the latest appliances , and withal, to com
bine really reliable workmanship, at the lowest possi
ble cost, in fact at figures no higher than those com
manded by inferior instruments . This arrangement 
contemplated that (Smith) should furnish all the sug
gestions which his long experience with the microscope 

1 A full accounting of the proceedings as submitted by the 
Congress' Secretary, H. F. Atwood, appears in The American 
Journal of Microscopy~. 193 (September, 1878) . 

2smith, How to See With the Microscope, 84, Chicago 1880 . 
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might afford, while Mr. Sidle was charged with the 
mechanical part in the construction of the new stand. " 
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Sidle and Poalk delivered their first microscope made from 
Smith's suggestions in August 1879. This prototype was rede
signed and Sidle and Poalk went into production in 1880, Smith 
giving it the name "Acme" . Although Sidle had been with Sidle 
and Poalk in Philadelphia, by the summer of 1880 he had moved 
to Lancaster, Pennsylvania, and was doing business as John W. 
Sidle & Company and sometimes calling the firm "Acme Optical 
Works". By October 1880, the firm was producing three Acme 
models, each of which could be obtained in monocular or binoc
ular form at prices of from $25 to $141, less accessories and 
less accessories and objectives . 

An advertisement of October, 1880, by the firm is set forth 
in Figure 54 . The Acme No. 3 illustrated in that advertisement 
shows several features that were common on the American mi
croscope of the period: swinging substage assembly with a grad
uated circle for reading the obliquity of light, a thin stage and a 
Jackson arm. Rotating and mechanical stages were extra while 
a Continental horseshoe base could also be furnished as an op
tion. According to Smith's description, at least one of the early 
models could be detached from its base and mounted on a walnut 
board which is fitted with an illuminating lamp. Thus mounted, 
the instrument could serve as a class or demonstration micro
scope.3 

Manufacturing microscope stands was one matter while 
marketing them was another, as many a maker could attest. 
The Sidle firm used several supply houses and other makers as 
its agents for the sale of its Acme microscopes. One such agent 
was Herbert R. Spencer who had only recently succeeded his 
father in Geneva, New York. H. R. Spencer, at least in his 
early years on his own, confined his activities to constructing 
optics for microscopes and telescopes, but he advertised as 
agent for Acme stands and as being able to provide stands of 
other makers at list prices. Another agent was G. S. Woolman 
of New York City. Woolman was also an agent for the London 
firms of R. & J. Beck and Henry Crouch, as well as H. R. 
Spencer objectives. 

3Ibid, p. 86 . 
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"ACME" No. 3, Monocular, $50, Binocular, $75 . 

.. ACME""N::. 3. 

'ACME" No. 3 Monocular with I ri-; Diaphragm, 2 Oculars, ' 73 of 32°, X( 
of 100° Camera Lucida, Stage licrometer, Bull 's Eye Condenser. 
Stage Forceps, Brass Pliers, Glass Slip with Ledge, in Walnut Case 
with Drawer, $ ;.)· 

'AcME" No. 3 Bmocular, 4 Eye-Pieces and same Accessories, to.,. 

JOHN W. SIDLE & CO., LANCASTER, PA. 
~SEND FOR CATALOGUE. 

Figure 54. The "Acme" No. 3 as advertised in 1880 . 
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On November 1, 1881, a joint announcement was made by 
Sidle and the Philadelphia optical and scientific supply house, 
James W. Queen & Company, revealing that John W. Sidle & 

Company had consigned the whole product of its factory to Queen 
& Company and had appointed them as its business agents . From 
that time on "Acme" microseopes and the "Acme Optical Works" 
would be synonymous with James W. Queen & Company. 

James W. Queen (1813-90) had learned the scientific supply 
business through his employment with Thomas H. and F. W. 
McAllister, who had been doing business in Philadelphia for 
many years under the name, McAllister Brothers . Queen be
came a partner of the McAllisters and stayed with them until 
1853 when he established his own competing business . There is 
no clear proof that the Queen firm actually constructed micro
scopes, although their 1870 catalog of optical instruments and 
their advertisement of 1859 proclaimed that they did construct 
some of their stands . The 1870 catalogue is over 100 pages and 
besides the nonmicroscopical items, it illustrates many micro
scopes: several by Zentmayer, three by Hartnack, two by Nachet 
and R . & J . Beck's full line, Queen & Company, having been con
stituted Beck's "sole agents for the United States" in about 1870. 
In addition, there are more than a dozen stands whose maker or 
makers were anonymous, including those identified as "Queen ' s 
Student", "Family" and "Large Family" microscopes . Of these 
the "Family" microscope looks suspiciously similar, if not 
identical, to one of Nachet's stands, while the "Large Family" 
and "Student" microscopes could be of English make . 

Over the years the Acme line of microscopes was rede
signed, and new models introduced. By 1886 the Acme No. 4 
appeared as in Figure 55. Notice the under-the-arm location of 
the fine adjustment. This is one of the first American micro
scopes to have such a feature, but it was a novelty that faded 
from use since it had little if any advantage over the prevalent 
top-of-the arm location, and was definitely inferior to the later 
developed side-of-the arm location. The Acme No . 5 micro
scope of the late 1880' s is even less sophisticated than the No . 4 
model. Coarse adjustment on the No . 5 is by a sliding tube 
while the fine adjustment is effected by a screw located under 
and acting upon the stage. The Acme "Continental" (Figure 56), 
introduced in 1891, was probably the last of the Acme line, 
although improvements were made in the models from time to 
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ACME; NO. 4 MICROSCOPE STAND. 

QUR complete catalogue of Microscopes 

a nd Acccaaoriea, Magnifiers, etc ., with 

aample copy of our MICROSCOPICAL 

BULLETIN . will be aent on application. 

JAMES W. OUEEN & CO., 
K•nufactur iag Opticius1 

924 CHESTNUT ST'RBlET, 

PHILADELPHIA. 

Figure 55. Queen & Company's "Acme No. 4" of 1886 . 
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Figure 56 . Queen & Company microscope of 1891. 

time thereafter . 

The firm of James W. Queen & Company had a significant 
influence on the development of microscopy and other sciences 
in America. Not only did they market the inexpensive Acme 
microscope, but they imported and made thousands of other 
scientific instruments and pieces of apparatus. By 1884 they 
published five basic catalogue of apparatus and equipment with 
five supplements. 4 In addition, they occasionally published 
catalogues of used microscopes and accessories . Although they 

4"We publish our Catalogues in Parts (as follows), and will 
mail upon application such as may be desired by those interested: 
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had been agents for Henry Crouch, they later switched toR. & J. 
Beck, and in the late 1890's they were agents for Carl Reichert 
of Vienna. The firm also published a small bi-monthly journal 
first under the name, The Microscopical Bulletin and Optician's 
Circular, and later as The Microscopical Bulletin and Science 
News. TI1is journal contains information on microscopes and 
microscopical techniques, and it was published from December, 
1883 , until some time in 1902. The firm was also a fertile 
training ground for such men as Edward Pennock, who edited 
The Microscopical Bulletin and later went into business for him
self; H. S. Williams and N. H. Brown who, together with M. 
Earle, established the presently existing scientific supply bouse 
of Williams, Brown & Earle in 1885 ; Arthur H. Thomas who also 
started his own supply business in 1899 and William H. Walmsley 
and Jesse Cheyney who also left to start their own competing 
businesses. 

Part 1. Mathematical Instruments, Drawing Paper, etc • • • 
162 pages. 

Part 2. Optical Ins trmnents , including Spectacles, Micro-
scopes, etc. . . .•. 188 pages . 

Part 2. (Supplement), Opera, Field and Spy Glasses . . 32 pages . 
Part 2. (Supplement), Second-hand and other Micro-

scopes, Objectives, etc. . .•• 16 pages. 
Part 3. Magic Lanterns and Slides, • • • . 150 pages . 
Part 3. (Supplement). Apparatus and Diagrams for Luminous 

Projections •••• 75 pages. 
Part 4. Physical Instruments . • . • 188 pages . 
Part 4. (Supplement), Chemical Apparatus, Balances , etc . 

50 pages. 
Part 4. (Supplement), Second-hand Physical and Chemical 

Apparatus 16 pages. 
Part 5. Meteorological Instruments, Hydrometers, etc . 

120 pages. 

JAMES W. QUEEN & COMPANY, OPTICIANS 
No. 924 Chestnut Street, Philadelphia" 

(From The Microscopical Bulletin and Optician's Circular 24 
(April 1884). 
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OTHER AMERICAN MAKERS, DESIGNERS AND DEALERS 

In addition to the persons and firms covered in the first 
eight chapters, there were many others who constructed or de
signed microscopes and some who may have done neither but 
nevertheless deserve mention as promoters or popularizers of 
the microscope in America. This chapter is devoted to a review 
of the presently available information concerning those persons 
and firms. Hopefully additional information concerning these 
gentlemen will be developed in the future. 

No attempt is made to list all known dealers in microscopes 
for the reasons that they were too numerous and their listing 
would not serve the purposes of this book. There are many in
stances where a dealer's name appears on a microscope in such 
a manner that the dealer is the suggested maker. In the vast 
majority of these instances, either the proper maker can be 
identified or the purported maker can be identified as merely a 
dealer, but there are exceptions. However, until more informa
tion is available, the writer takes the position that all known 
American microscope makers are listed in Chapters 2 through 8 
and the alphabetical listing that follows. 

BENJAMIN F. ALLEN 

In 1886 , Allen of Plainfield, New Jersey, obtained a patent 
(No. 352, 639) for microscope improvements covering a fine ad
justment mechanism, an inclination joint clamping device and a 
swinging mirror bar. An examination of this patent indicates 
that the features were probably workable, but their novelty in 
1886 may be questioned. Nothing further is known of B. F. Allen, 
so it is impossible to determine whether his microscope was, in 
fact, ever constructed. 

J. B. ALLEN 

In 1849, J. B. Allen of Springfield, Massachusetts, exhi
bited a microscope of his own construction at a meeting of the 
American Association for the Advancement of Science held in 
Cambridge, Massachusetts. Louis Agassiz is said to have 
encouraged Allen to construct additional microscopes , but none 
by this very early American maker are known to have survived. 
(Source: Gage (Richards, Editor) "Microscopy in America 
[1830-1945] , "Transactions of the American Microscopical 
Society (October 1964). 
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JESSES. CHEYNEY & COMPANY 

This firm advertised in 1877 as being a manufacturer and 
importer of microscopes, telescopes, magic lanterns and other 
allied instruments, with a place of business at 27 Great Jones 
Street, New York City. By 1878, they had moved to Philadelphia 
where they were advertised as being "late of James W. Queen & 

Company". During the years 1880 through 1883 they advertised 
"Field", "Student's" and "Normal" microscopes. No instru
ments by this firm have survived. 

CHARLESX. DALTON 

Dalton was a brass worker for the Spencer & Eaton partner
ship, and left with fellow workmen to go with Tolles in Canastota. 
When Tolles went to Boston for the Boston Optical Works, Dalton 
stayed with him, and eventually succeeded Tolles on his death in 
1883. According to Oscar W. Richards, Dalton finished a few 
of Tolles' stands; however, Dalton advertised himself as Tolles' 
successor and the manufacturer of his microscopes until at 
least 1895. During that 12-year span it can be assumed that 
Dalton constructed microscopes. 

JOHN ELLIS 

Ellis of New York City obtained a patent on a form of hand
held simple botanical microscope (No. 42843 issued May 24, 
1864). This "invention" does not appear to have been novel in 
1864, and seems to be very similar to many small "seed" mi
croscopes then already on the market. 

CHARLES F ASOLDT 

Fasoldt (1819 - 89) was born in Dresden, Germany, and 
served as an officer in the Allgemeine Volksbeuraffenung during 
the period 1845-48. In the rebellion he sided with the Republi
cans and fled through the Prussian lines to Bremen and the 
United States, escaping execution by "powder and lead" under a 
Prussian death sentence . 

He settled in Rome, New York, where he established his 
own business as a watchmaker, having been trained in that 
craft in Germany. Fasoldt was apparently quite skillful since 
he manufactured, exhibited and won prizes for 8-day watches, 
regulator clocks and pocket chronometers. In 1861, he moved 
to Albany, New York, where he extended his activities in 
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horology by making astronomical and tower clocks. One of his 
tower clocks was awarded the "Prize Medal of Honor and Diploma 
of Merit" at the Centennial Exposition of 1876 held in Philadelphia. 
Fasoldt is listed in Bailie's Watchmakers and Clockmakers of 
the World, 3rd ed., 1951, as having invented a "peculiar double 
wheel lever escapement called 'Fasoldt' s Chronometer' " . 

By 1878 , he was involved in microscopy and had turned his 
skills to ruling test plates. In 1881 he advertised stage and ocu
lar micrometers and test rulings from 5000 per inch to 1, 000,000 
per inch! -the latter costing $100 . Professor W. Rogers and 
Dr. R. H. Ward, members of the American Microscopical 
Society's "Committee on Micrometry", tended to dispute the ac
curacy of Fasoldt's test plates, and articles appearing in Volume 
8 of The Microscope (1888) contain part of the argument. Be
sides micrometric items Fasoldt made and sold microscope 
lamps and nosepieces. In 1886, he obtained a patent for a spring 
type nosepiece which allows objectives to be changed faster and 
easier than by use of the screw threads. 

By 1888 Fasoldt advertised his "patented microscope" which 
was constructed in a manner to prevent the breaking of objec
tives and objects through the accidental movement of the tube. 
An example of this instrument is in the Science Museum, 
London, England, having originally been a part of the famous 
Crisp Collection. The microscope is fully described and illus
trated in the J. Royal Microscopical Society, 2nd Series, Vol. 9 
of Part 1, pp. 109-112, 1889. In most respects it is a typical 
American "Jackson" model microscope utilizing Bulloch type 
swinging substage and mirror arms. Important difference is 
a unique built-in vertical illuminator and a combined coarse and 
fine adjustment mechanism allegeably making it impossible to 
damage objectives and objects through accidental focusing move
ments. The 1888 price of this uniquely American microscope 
was $140 without objectives. 

JOHN GREEN 

Green was purportedly another of Tolles' employees, who 
like Charles X. Dalton and F. Miller, carried on his employer's 
concepts. Green operated in Brooklyn, New York during the 
1880's where he made stands and objectives, and dealt in mi
croscopes by other makers. No microscopes made by Green are 
known to exist. 
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EZRA H. GRIFFITH 

Griffith of Fairport, New York, was an active microscopist 
and designer of microscopes, objectives and accessories during 
the last quarter of the Nineteenth Century. His most important 
contribution to the industry was his design of the instrument 
shown in Figure 57 which he called the "Griffith Club Micro
scope". The Club stand was a traveling microscope which had 
some versatility in that it could be mounted directly to a table 
and its base used as a turntable for slide preparation. As 
shown on the left in Figure 57, the stand is arranged with its 
attached illuminator allowing the microscope to be moved with
out altering the relationship of the light source to the stand . 
Another distinguishing feature is the fine focus mechanism op
erating directly on the coarse focus rack and pinion by worm
wheel and tangent screw allowing very minute movement of the 
coarse focus. 

Gr iffith apparently first developed the basic form of this mi
croscope in the 1870's, and thereafter spent much time in im
proving its design and promoting its s ale. Griffith designed and 
sold the stands, but did not make them. The microscope in Fig
ure 57 was made by Bausch & Lomb for Griffith while a similar 
stand signed "Griffith Club Microscope" in The Billings Collec
tion is attributed to John Field of Birmingham, England. It 
appears that Griffith also designed a set of objectives and had 
these made for him a s well. At about the same time that 
Bausch & Lomb undertook the manufacture of the Club Micro
scope, Griffith left Fairport and relocated in Rochester, and 
Arthur B. Newman stayed behind in Fairport as sales agent. 
During the 1890's he moved to Chicago, but nothing of his acti
vities in that city are known. 

At the 1892 meeting of the American Microscopical Society, 
Griffith described a "new" microscope made by the Gundlach 
Optical Compapy from Griffith's design. The description given 
is insufficient to determine whether this was, in fact , a new 
stand or merely a modified Club microscope. Unfortunately, 
no microscope by Gundlach to Griffith's design is known to have 
survived. 

In addition to the Griffith designed stand in The Billings 
Microscope Collection attributed to John Field, that collection 
houses one identical to that in Figure 57. Griffith donated one 



Figure 57. "Club Microscope" as designed by Ezra H. Griffith and made by Bausch & 

Lomb in about 1881. Shown at left in its conventional mode with attached 
illuminating apparatus and at right mounted on a table with its base used 
as a turntable. 

0 
>-3 
;r:: 
trl ;:o 

~ 
trl ;:o 
H 
0 

~ 
~ 

~ 
trl 
;:o 
Cll 

~ 
Cll 
H 

Q z 
trl 
;:o 
Cll 

~ 
t:l 
t:l 
trl 
> 
t-< 
trl 
;:o 
Cll 

...... 

...... 
-.J 



118 OTHER AMERICAN MAKERS, DESIGNERS AND DEALERS 

of his 1881 models to the collection of the Royal Microscopical 
Society. 

ERNST GUNDLACH 

It will be remembered that Gundlach had operated his own 
business in Berlin and that he sold out to Siebert and Krafft in 
1871. Ee then came to America where he established himself 
in Hackensack, New Jersey , and limited his activities to mak
ing "the very finest first-class objectives only". In 1876, Henry 
Lomb induced him to head up the newly formed microscope de
partment for Bausch & Lomb. When this arrangement brought 
about the near financial collapse of Bausch & Lomb , Gundlach ' s 
employment was terminated in 1878 . 

Gundlach's relationship with Bausch & Lomb was charac
terized by, and in part terminated because of , his lack of busi
ness sense . It seems that Gundlach learned little from this 
troubled association for his advertisement and those of his 
agents indicate the existence of a constant state of confusion. 
An example is Gundlach's later claim to some items invented by 
him while in Bausch & Lomb's employment, the rights to which 
had been assigned to his former employer . Further confusion 
existed with his agents - at one time two men advertised as 
"exclusive" agents to Gundlach's products . 

Gtmdlach immediately began to compete with Bausch & 

Lomb, and by 1879 he was working with Lewis R. Sexton, a 
relationship which continued when Gundlach moved to Hartford, 
Connecticut where he was listed as an optician from 1880 to 
1884. Upon Sexton's death in 1884 Gundlach returned to 
Rochester and reorganized as the "Gundlach Optical Company" 
which continued until a name change to the "Gundlach-Manhattan 
Optical Company" in 1902 . But in typical fashion Gundlach had 
severed his relationship with this company in 1895 and started 
a competing company in Rochester under the name "Gundlach 
Photo-Optical Company" . It seems quite clear that by 1895 both 
companies were primarily engaged in making pho~ographic 
lenses, although microscopes probably made after 1895 and 
signed both "Gundlach Optical Company" and "Gundlach-Manhattan 
Optical Company" are known. 

Little is known of Gundlach's stand construction after his 
association with Bausch & Lomb, but one of his microscopes is 
shown in Figure 58 as it appeared in an advertisement of 1885 . 



GUNDLACH OPTICAL CO. 
45 Stone St., Oor. Ely St., Rochester, N. Y. 

CHEAI1 MICROSCOPES! 
Tne Non~areil Microsco~e 
This ha!ill'umeut Is dcsl~ucd tu furnish a 
very complete microscope at a vt->ry luw 
1•rlce. It is handsome amt or good work· 
anaushlp, The root, plll~r aiiCI arm are or 
ll·un, uroat ly japa llll l' ll. Thl· foot Is a 

~~ r~k ~~~~·ct uci!M~~~ ·~~J ~~g~o~~~~~~·~~ 
screw ad/ustmPnf. The latter Is workt•d 
hy a 1111 lt•11 he:ul on top of thP )lillar. 
'lu l:' pillar l m~ an inclina tion joint whit-11 

l)crm its the body t.o COJUt! nearly Lo a 
wrizontal position. 

The :itag:e is or bra s. circular. a mi it 

;jl: ~~~~= r~!~o~rgr;eSSJ~ri~l~l ~~ lll ~~· ~~~d ,1 ~~~ ~~ 
part uf It , a :oouiHii :IJ!t' rill/.!' of stamlanl 

li'.c lu rccci\l! accessories, Jtttiug Into 
whll'll I her e Is a revoh·lug d la j'hrng ru . 
The riu~ Is slotted for obltttue I lununa
tion . 'l lw sta,;t~ Is ~o t•o n~t nll'll-'d that It 

~W:r~ ~·~~r'~i!~a1•01~~~~~;.;~~~;! t'ts~!~~~e~ta!;c "
11 11 

totag~hro ~l,~rr~r~·~w~d ~'~~ft,ol~b~~':~ ~~~~~ 
~;ratlua lt • t l ~Ito tl\' t •-t l ~grt>t• ~ pat·t·~. lt 

~~·~~~~;brY~~~·r"~11 t~cCJ::.~c:t.~cd;~:~~~~~~: ;~:,'~ 
at the proper tllsta1u:e fm nt t ile oiJjct'L 111 
auy po~ltluu. 

Price, packed in a Neat Elack Walnut Case, with 
Lock and Key, carryin Han dle , E tc ., $34.00. 

N. B.-All Optical ~~ ork of Mr. Gundlach according to ?WW f ormula; 
is now marked ·wil.h the name of the Company, anrl. any mm·ked otluJr
wise is not his latest work, and unle.•s 1m1·clwserl diTcctly uf the above 
Company, they are in no wise ?'llS']Jonsible joT it. 

Figure 58. A Gundlach microscope of 1885. 

This stand has the swinging mirror bar which was characteristic 
of the Zentmayer-Bulloch stands of the time , and those he de
signed while with Bausch & Lomb. By 1890 Gundlach , like most 
makers, was manufacturing a Continental form of microscope . 
One of his Continental models incorporates an under-the-arm 
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fine adjustment, a definite retrogression in design. 

LABAN HEATH 

Heath , of Boston, obtained aU. S. patent on May 8, 1966 
(No. 54542) for a "combination microscope and telescope" . In 
reality the patent covered a method whereby the tube of a micro
scope could be used as a telescope upon changing the optics . 
This particular "invention" is as difficult to understand as the 
possible utility of the instrument itself. It was apparently an 
idea whose time had not come, since no more has been heard 
from Heath nor have any instruments made by him been identified. 

WILLIAM K. KIDDER 

Kidder of New York City obtained aU. S. patent (No . 295, 
770) in 1884 for a curious form of hand-held simple microscope . 
The frame of the lens was wired to " . • . produce a microscope 
in which the object - such as an insect - may be exposed to the 
action of an electrical current for the purpose of killing or other
wise affecting it while under examination. " No further informa
tion is available on Kidder or his sadistically motivated micro
scope . 

C . B. KLEINE 

In the late 1870's and early 1880's, Kleine of 274 Eighth 
Avenue, New York City, advertised himself as an optician and 
manufacturer of microscopes, microscopical accessories and 
other optical instruments. A microscope in The Billings Micro
scope Collection, signed by Kleine, is quite interesting in its 
construction since it is described as having a chain rack coarse 
focusing mechanism. Ladd of London and McAllister of New 
York are perhaps the only two makers who used such a focusing 
mechanism. There are many similarities between the McAllis
ter instrument depicted in Figure 61, and the Kleine stand in 
The Billings Collection - ~. the glass stage plates, chain 
coarse focusing, the shape of the bases and the overall general 
appearance of the two microscopes . It is conceivable that 
McAllister manufactured stands for Kleine . 

JAMES H. LOGAN 

Logan, located at various times in Allegheny and Pittsburgh, 
Pennsylvania, advertised himself as a "topographical an~ me
chanical" draftsman specializing in fine natural history 
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illustrations . In the 1890 's, he supplied materials for micro
scope objects and was more or less a broker in used micro
scopes. In 1869, he made and patented a dissecting microscope, 
the uniqueness of which is limited to the fact that it is con
structed of wood. He donated one of these instruments to the 
Royal Microscopical Society and another has become part of The 
Billings Microscope Collection in whose book it is illustrated as 
Figure 316 . 

McALLISTER & BROTHER and THOMAS H. McALLISTER 

Thomas H. McAllister and his brother , F . W. McAllister, 
were originally partners in a scientific instrument and supply 
concern in Philadelphia styled "McAllister & Brother", and some
times ''McAllister Brothers", claiming to have been established 
in 1783 . In about 1825 , James W. Queen, then only 14 years of 
age, was employed by the firm and became a partner 11 years 
later . Queen left the partnership in 1852 and started his own 
competing business in Philadelphia. 

The partnership was dissolved in about 1866 when Thomas 
went to New York City and brother F . W. went to Baltimore , 
probably a few years later . F . W. McAllister operated a scien
tific supply house specializing in microscope accessories and 
s upplies. By about 1880, he was an agent for Gundlach micro
scopes . At no time is he known to have constructed micro
scopes . 

On the other hand , Thomas H. McAllister is known to have 
been a microscope maker and was , in fact, one of the earliest 
American makers of whom we have knowledge . We know that 
he was not constructing stands in 1838 because of his admitted 
inability to procure one for the Wilkes Expedition (see Chapter 1) . 
The only stand by McAllister whose date of first manufacture is 
positively known is the "Household Microscope" depicted in Fig
ures 59 and 60. McAllister states that this form was designed 
and produced by him in 1867. Being extremely inexpensive, 
undoubtedly the least expensive compound microscope procurable 
in America at that time, it was very successful and was sold by 
McAllister and dealers, including Queen & Company, for many 
years . 

T. H. McAllister's 1876 price list illustrates and describes 
three other microscopes of his construction: the "Professional", 
(Figure 61), the "Student's" and the "Popular", selling for $100, 
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Figure 59. An 1867 microscope designed and made by Thomas 

H. McAllister as pictured in his catalogue of 1876. 
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Figure 60 . 1876 catalogue description of McAllister' s 
Household Microscope. 
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Figure 61. McAllister's largest microscope of 1876 
with watch-chain coarse focusing. 
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$50 and $25, respectively . The coarse adjustment on all three 
of these stands is by means of watch chain movement rather than 
the standard rack and pinion or slip tube . McAllister is the only 
American maker known to have used this method of coarse ad
justment, William Ladd of London having apparently been the 
first microscope maker to conceive of the idea. In addition to 
his own microscopes, McAllister, in the 1870's, carried the 
full line of Zentmayer microscopes and accessories. 

McAllister probably at no time made the optical components 
furnished with his microscopes . His 1876 price list indicates 
that basic objectives were furnished but no maker for these was 
designated. Objectives by Grunow, Zentmayer and Wales were 
available at additional cost. Prices for comparable objectives 
by these makers show that those by Wales commanded by far 
the highest prices followed by Grunow's, with Zentmayer's being 
the least expensive . 

Some time in the 1880's, Thomas' son, C. W. McAllister , 
joined his father in business, but the name of the firm, T . H. 
McAllister, was not changed . The firm went out of business 
during the 1890's . 

MILLER BROTHERS 

"E. Miller, a workman for Tolles, established his business 
in 1868 in New York City, soon to become Miller Brothers, and 
later F. Miller and Brother, New York. In 1879 , they published 
a 43 -page catalogue which listed three of their own stands, some 
of Zentmayer ' s, some inexpensive French imported micro
scopes, as well as spectacles and other optical instruments and 
equipment" (Journal of the Royal Microscopical Society 83 , 125, 
1964). 

A stand pictured in their 1872 advertisement in Volume 1 of 
The Lens is shown in Figure 62. Although the reproduction of 
the original cut is indistinct, it can be seen that this micro
scope utilized the short-lever type of fine adjustment, a Lister 
limb and a Ross type claw foot base, features found on many 
contemporary English microscopes. A less sophisticated stand 
with slip tube coarse adjustment and movable s tage plate fine 
adjustment signed "F. Miller and Brother, New York" is in 
The Billings Microscope Collection. The Billings book mentions . 
that F. Miller ". . . made excellent lenses, some of which were 
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MILLER B R 0 THE R S, 
MANUFACTUREH.S AND IMPOHTERS OF 

FIRST-CLASS 

Microscopes and Accessories. 
Microscopical Specimens.- These in

clude several thousand varieties from best 
makers of Europe. Send for Catalogue . 

69 Nassau Street, I 1223 Broadu•ay, under 
cor. 'John, 11/ood's Museum, 

NEW YORK. 

Figure 62 . Advertisement for Miller Brothers from 
Volume 1 of The Lens (1872). 
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tested and used by Dr. J . J. Woodward at the Museum, and are 
now a part of (the) Collection." 

EUSEBIUS J. MOLERA & JOHN C. CEBRIAN 

Molera and Cebrian, both of San Francisco, obtained aU. S. 
patent (No . 230, 320) for a peculiar form of binocular micro
scope issued July 20, 1880. Whether this instrument actually 
functioned is debatable, and whether it was ever constructed is 
doubtful . 

JOHN PHIN AND THE INDUSTRIAL PUBLlCATION COMPANY 

John Phin was born in Scotland and trained as an engineer . 
Upon his emigration to America he became a professor of chemis
try at a small college in New York, and later a professor of 
agriculture at Pennsylvania State College. He left the latter 
position in about 1870 to establish The Industrial Publication 
Company in New York City. 

During the period 1876 through 1881, Phin' s company pub
lished an important monthly journal on microscopy entitled The 
American Journal of Microscopy & Popular Science. In addition, 
they published a number of books and pamphlets on microscopy 
and general scientific and mechanical topics, including Phin' s 
own useful and popular book, How to Use the Microscope, which 
went through several editions from 1875 through 1892 . Several 
editions of an abridgment of this book entitled Practical Hints on 
the Selection and Use of the Microscope were also published 
during the same period, giving a fair indication of American 
interest in microscopy at the time, and the popularity of Phin's 
practical approach to the topic. 

Neither Phin nor his company were manufacturers of mi
croscopes, but they were, at various times, agents for Henry 
Crouch of London and other makers. Phin's approach was to 
popularize microscopy and encourage the design and production 
of inexpensive microscope stands in America. It will be re
called that Bausch & Lomb ' s first efforts in the production of 
stands were oriented along similar lines. In about 1876, The 
Industrial Publications Company and Bausch & Lomb Optical 
Company collaborated on an inexpensive microscope stand de
signed by Ernst Gundlach, then an employee of Bausch & Lomb, 
called "The New $20 Microscope" (Figure 63). This particular 
stand was made for, and sold only by The Industrial Publication 
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THE NEW $20 MICROSCOPE. 
(For description see next page.) 

This Microscope has been elaborated by Mr. Gundlach at our suggestion, and 
is made E."I:CL USIVELY for us by the Bausch & L omb Optical Company, 

of Rochester, N. Y. It oannot be obt...ined except from us. 

THE INDUSTRIAL PUBliCATION COMPANY, 
176 Eroaclway, New York. 

Figure 63. The inexpensive Bausch & Lomb microscope 
made for The Industrial Publication Company. 
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Company, and in appearance it is a simplified version of Bausch 
& Lomb's first low-priced stands . It utilizes Gundlach's some

what fanciful cast iron base similar to the early Bausch & Lomb 
instrument shown in Figures 44 and 45. Although this instrument 
has rack-and-pinion coarse adjustment, it does not have a means 
of fine adjustment . For the advertised price of $20, the stand 
came complete with ocular, a divisible objective and a walnut 
case, making it a very inexpensive yet serviceable microscope. 

In later years The Industrial Publication Company entered 
into similar design, manufacturing and sales arrangements with 
another American maker, George Wale, covering at least two 
distinctly American designed stands . The significance of these 
stands will be covered in the section devoted to George Wale. 

BENJAMIN PIKE AND HIS SUCCESSORS 

Benjamin Pike was born in England in 1777 and emigrated 
to the United States in 1804. In the same year he established a 
place of business as an optician at 147 Pearl Street (1804-10) 
and then at 12 Wall Street (1810-41) in New York City. He had 
three sons, Benjamin, Jr. (1809-64), Daniel (1815-93) and 
Gardiner (1824-93). Pike and his sons, alone and in several 
different combinations, did business under a variety of names 
and at many different locations during the Nineteenth Century 
and well into the Twentieth Century. The firm names include, 
successively, the following: Benjamin Pike, Benjamin Pike & 

Son; Benjamin Pike & Sons; Benjamin Pike, Jr . ; Benjamin Pike's 
Son & Company and Benjamin Pike's Sons. After moving from 
the Wall Street location, the firms were located at various ad
dresses on Broadway in New York during the balance of the 
Nineteenth Century. 

There is some question as to precisely what instruments, 
if any, were actually made by the various Pike firms . In 1848, 
a Catalogue of Optical, Mathematical & Philosophical Instru
ments Manufactured by Benjamin Pike was issued. According 
to E. G. R. Taylor (The Mathematical Practitioners of Han
overian England 1714 - 1840, 1966, Pike's catalogue listed about 
1200 items with almost 750 illustrations of various pieces of 
equipment, most of which bore his name and address and most 
of which must have been imported. King' s book, The Micros
copist's Companion (1859), illustrates six microscope stands 
inscribed with the name, "Benjamin Pike, Jr . " or similar, but 
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these stands are clearly English or French in their origins . 
Furthermore, King does not refer to Pike as a maker , and 
Smith (How to See With the Microscope, 1880) lists Pike as a 
dealer, not a maker . 

Balanced against the foregoing authority is an indication in 
Phin, How to Use the Microscope, 3rd ed., 1881, that Pike was 
considered to be in the same class as Schrauer and Kleine as a 
maker of microscopes. Between 1878 and 1883 , Benjamin 
Pike's Son & Company was advertising a "Professional micro
scope of our own make, with perfectly steady, solid stand, 
coarse and fine adjustment . . . Wales objectives . . . " etc. 
for $50. The microscope depicted in those advertisements is 
unlike any made by a known maker. This, together with the 
almost certain fact that the firm constructed at least some of 
the items it sold, would indicate that they probably made this 
one type of microscope and imported the others they catalogued 
and sold. 

The advertisement of Benjan1in Pike's Sons which appeared 
in the February, 1883 , issue of The American Monthly Micro
scopical Journal is rather humorous . In the preceding issues 
the firm had depicted and featured its Professional microscope 
and some large binoculars; in the February issue the usual one
fourth page advertisement appeared minus the woodcuts with the 
terse explanation that "we are so busy selling $50 Professional 
microscopes, have no time to write an advertisement this 
month." No advertisements by the firm appear in subsequent 
issues . 

CHARLES POTTER 

Potter emigrated from England in about 1853, and estab
lished himself as an optician in Toronto in what was then called 
Canada West. He made several trips between England and 
Canada to bring back surveying and optical instruments as in
ventory items in his retail business. From time to time dif
ferent types of scientific instruments signed "C . Potter" or 
"Charles Potter" turn up, including at least one known micro
scope stand which, unfortunately, cannot be positively identi
fied as having been made by Potter . It is conceivable that 
Potter constructed some of the instruments he sold since the 
contemporary literature periodically refers to exhibits of mi
croscopes by at least two Canadian manufacturers not further 
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identified. Potter spent the later years of his working life con
fined to a wheel chair because of an injury he suffered while 
doing scientific experiments . He died in 1899. 

(Source: Correspondence with J . M. Young, 0. D. , of 
Toronto, Canada.) 

JAMES PRENTICE 

For a short time in 1877, James Prentice of 164 Broadway , 
New York City, advertised "Transits, Levels, Microscopes, 
Drawing Instruments and all kinds of mathematical instruments , 
made to order and warranted." No microscopes by this purported 
maker are known to exist. 

C. B. RICHARDS 

In 1865, U. S. Letters Patent No . 47860 were issued to C. 
B . Richards of Hartford, Connecticut, covering a coarse ad
justment mechanism for optical instruments utilizing "anti
friction" wheels. This is another example of an apparently 
workable scheme being developed and fading from sight. We 
have no further information regarding Richards or whether his 
invention was incorporated in any instruments . 

L. SCHRADER 

Schrauer, of 50 Chatham Street, New York City, advertised 
during the years 1877 through 1881 as a manufacturer of micro
scopes and accessories. His earlier advertisements called 
attention to his new $35 microscope, and in 1878 he introduced 
a binocular model. That same year he announced his "new 
double nosepiece", and in 1879 his $50 "New Universal Micro
scope" furnished with objectives by William Wales of Fort Lee, 
New Jersey . By June 1881, Schrauer had moved to 228 East 
34th Street, New York City . The Billings Microscope Collection 
houses one of Schrauer's stands, a Continental model with typi
cal top-of-the-pillar fine adjustment, operated by direct screw, 
and a modified horseshoe base . The existence of the microscope 
in The Billings Microscope Collection, which is tentatively dated 
1896, would indicate that Schrauer made at least four models . 

It is somewhat strange that Schrauer's stands are not more 
common today, since he was apparently in business for more 
than 20 years. This may be partially explained by Schrauer's 
proclamation that he gave no discount to the trade which would 
indicate that he did not have access to the traditional marketing 
agencies. 
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AUGUST STENDICKE 

This man advertised in various journals over about a five
year period in the late 1870 ' s and early 1880 ' s, indicating a 
place of business at 329 East 23rd Street, New York City. As a 
manufacturer of optical instruments, he specifically referred to 
his "Student ' s Spectroscopes for $60 and Microspectroscopes" 
etc. There were further indications that he made microscopes 
but none are known to exist . 

C. M. VORCE 

Vorce was a well known Cleveland microscopist in the third 
quarter of the Nineteenth Century. In about 1890, he designed 
and had constructed by Bausch & Lomb Optical Company a so
called "Graphological Microscope", for the specific use of 
examining writings and books. The inventor's description and 
illustration of this instrument appears in The Microscope 11, 
47- 50 (February 1891) from which Figure 64 is tal<en. A large 

Figure 64 . "Graphological Microscope" made by Bausch & Lomb 
to the design of C. M. Vorce (c . 1890). This stand 
was particularly adapted to the examination of written 
documents. 
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wood- or hard-rubber stage accommodates books or documents 
and allows them to be examined by top lighting with the jointed 
arm fixed to a slotted plate capable of pivoting, giving full cov
erage to the stage area. Although simple in its design, this in
strument would seem to be eminently suitable for its intended 
purposes . No instrument of this configuration is known to exist . 

GEORGE WALE 

George Wale, William Wales' cousin, who dropped the "s" 
from his surname, emigrated from England to America in about 
1860 . Later he became associated with a man named Hawkins, 
and the partnership called Hawkins & Wale was founded. Not 
much is known about this firm except that they styled themselves 
as "physical instrument makers" with an address given as 
Steven's Institute of Technology, Hoboken, New Jersey. 

The firm handled, among other items, microtomes, acces
sories and microscopes. The only known stand by this firm, 
depicted in Figure 65, is in The Billings Microscope Collection. 
Its spiral slip tube method of coarse focusing is tmique to Wale's 
American instruments, although it can be noted on some 
European stands. According to The Billings Microscope Collec
tion (p. 56), Wale used this same focusing mechanism on a stu
dent (inexpensive) stand which he exhibited at the Centennial 
Exhibition in 1876. 

By 1878, Wale terminated his relationship with Hawkins 
and came out with the somewhat curious appearing microscope 
shown in Figure 66 . The advertisement is a further indication 
of The Industrial Publication Company's activities in marketing 
unique microscopes and an example of Wale's innovative con
cepts. The under-the-arm location of the fine adjusting me
chanism is somewhat unique , although it had been used in Con
tinental Europe many years before . The base of the micro
scope is another tmique feature. As shown in Figure 66, it is 
positioned in the reverse of what is customary; however, this 
base is identifical to that on another stand by Wale in The 
Billings Microscope Collection shown in Figure 67. The stand 
in Figure 67 has its base reversed from that in Figure 66, and 
the description indicates that the instrument revolves on the 
circular platform of its base. Coarse adjustment was by means 
of chain and pinion rather than the more common rack and pinion. 
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Figure 65. Spiral-tube coarse focusing stand signed "Hawkins 
and Wale, New York" (Armed Forces Institute of 
Pathology Photograph, Neg. No. 64-4713-79). 



MICROSCOPE 
For Physicians, Students and Naturalists, 

AS :\IADE BY GEORGE WALE, 

FORMERLY OF THE STEVENS' INSTITUTE. 

We are prepared to receive order~ for this very excellent Microscope, which iR 

acknowledged to be one of the best made and finely finished in market. 

Descr ipti?Je Circulars sent on rtpplicalion. 

INDUSTRIAL PUBLICATION COMPANY, 
176 Broadway, New York. 

Figure 66. George Wale microscope of 1878 as adver-
tised in The American Journal of Microscopy 
(187 8) . This instrument rotated on its base to 
provide stability in different postures of inclination. 
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Figure 67. Microscope signed, "George Wale" (c. 1880) 
with spiral-tube coarse focusing, mounted on a 
revolving platform. (Armed Forces Institute of 
Pathology Photograph, Neg. No. 60-4713072.) 
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George Wale's greatest achievement in microscope design 
is represented in his "New Working Microscope" of 1879 de
picted in Figure 68. This stand again demonstrates the progres
sive nature of The Industrial Publication Company and the sound
ness of Wale's designs. The outstanding features of this stand 
are its method of inclination, and its rotatable object carrier. 
The former is the first of its kind and gives great stability to 
the microscope in any position, while the latter gives the instru
ment many of the advantages of a rotating stage at a fraction of 
the cost normally associated with such a feature. In addition 
Wale fitted this stand with a patented iris diaphram of his design, 
which also was lower in cost than those previously used. 

These features did not escape notice by contemporary mi
croscopists and microscope makers. By 1885 Bausch & Lomb 
was manufacturing its "American Concentric Microscope" (Fig
ure 53) which embodies the Wale inclination mechanism. (Ed
ward Bausch and others have stated that Bausch & Lomb pur
chased Wale's business and patents although the company is 
unable to verify this from its records.) By 1886 Bausch & Lomb 
was marketing a "New Student Microscope" with the same incli
nation feature. (An example of this stand is in the Smithsonian 
Institution's National Museum.) No less an authority than Dr. 
William B. Carpenter, author of the well-known text, The Mi
croscope and its Revelations (1856 et seq.), explained the many 
unique features of Wale's New Working Microscope to the as 
sembled members of the Royal Microscopical Society in 1880. 
(see "Transactions of the Society, Royal Microscopical Society, " 
The American Journal of Microscopy and Popular Science~. 
268 [1880] • ) Dr. Carpenter's remarks are a glowing tribute to 
the innovative quality of Wale's accomplishments. He concluded 
by commending the stand to the notice of English opticians in the 
hope that they would perceive the practical nature of its features 
and be induced to incorporate them in their own production. 

Dr. Carpenter's words did not go unheeded. By 1883, the 
English firms of James Swift & Son, R. & J. Beck, Henry Crouch 
and Charles Baker were all making stands on the Wale design. 
The Ross firm, for whom Francis Wenham was a consultant or 
employee, also came out with a microscope utilizing a similar 
inclination system. This instrument was called the "Wenham 
Radial" (by Van Huerck) and the "Ross Radial" by others (~ 
Bradbury), but the stand was an extremely elaborate one in an 
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INDUSTRIAL PUBLICATION COMPANY . 176 Broadway , New York. 

Figure 68. George Wale's original "New Working Microscope" 
with a unique and widely copied inclination system 
(c. 1879). 
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entirely different price range from Wale's. 

Little is known of a biographical nature about George Wale 
and clearly more work should be done in that area. It is a little 
sad to realize that no American museum houses a Wale concen
tric stand. 

WILLIAM WALES 

In 1862, William Wales emigrated to America from England 
where he had learned practical optics with the well-known firm of 
Smith & Beck, later to become R. & J. Beck. Wales, not to be 
confused with his cousin, George Wale, established himself in 
New York City as a maker of fine microscope objectives . 

Although Wales is not credited with having made microscope 
stands and no microscopes attributed to him are known, it should 
be remembered that Bulloch purportedly was his partner from 
about 1864 to 1867, with ". . . Bulloch making the stands and 
Wales the optics." (Richards, op. cit. p. 124) Wales was for 
many years sales agent for Zentmayer's microscopes in New 
York City and in the New Jersey area after 1891 when Wales 
moved to Fort Lee. 

Wales was a long time member of the New York Microscopi
cal Society, having joined that organization in 1879 . He served 
the society as a member of its Committee on Admissions, and 
as a committee of one on Improvements in Microscopes and Mi
croscopical Apparatus. In the latter capacity he served as 
"resident optician" much as Bulloch had done with the State Mi
croscopical Society of Illinois, being available to answer ques
tions on optics and to present the maker's insight on mechanical 
and optical problems. 

The quality of Wales' objectives was extremely high as 
evidenced by the fact that many microscope makers supplied his 
optics to their own stands and many dealers offered his objectives 
at premitun prices. 

YAWMAN & ERBE 

Gustave Erbe was employed in the microscope department 
of Bausch & Lomb, and quit that firm in the earlier 1880's after 
a dispute with management. He then joined Philip H. Yawman, 
a local financier, in the manufacture of office furniture. Soon 
the firm of Yawman & Erbe constructed microscope stands and 
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sold them fitted with optics by another disgruntled former 
Bausch & Lomb employee, Ernst Gundlach. Just how long the 
firm continued to make microscopes is uncertain, but it is 
understood that they withdrew from the market when Bausch & 

Lomb threatened to go in competition in the manufacture of 
office equipment, and each firm thereupon agreed to stay out of 
the other's product line. 

Philip Yawman, Gustave Erbe and several other individuals 
utilized microscope stands manufactured by the Yawman & Erbe 
firm at the Soiree held in connection with the Seventh Annual 
Meeting of the American Society of Microscopists in Rochester, 
New York, in 1884. It is of interest to note that the Gundlach 
Optical Company and Schmidt & Kaelber, both of Rochester, 
exhibited various objects by the use of some 32 different "Yaw
man & Erbe" microscopes described as "Student's (No. 1, 2 or 
3) and "Nonpareil" (Nos. 1 through 6) . Gundlach and Yawman & 

Erbe were obviously cooperating with one another in the promo
tion of their respective products, and Gundlach himself mar
keted a stand he called the "Nonpareil" (see Figure 58). This 
suggests that Yawman & Erbe may have had stands for Gundlach 
at least for a time. 

Yawman was issued a U. S. patent (No. 262634) for a dif
ferential screw fine adjustment in 1888; however, the same idea 
had been developed by Rev. J. Campbell of Scotland at least as 
early as 1886, and it was used by Charles Baker on some of 
his stands of that year. At least two microscope stands signed, 
in one case "Y & E", and in another case "Yawman & Erbe", are 
known to exist in private collections. 
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SOME CONCLUDING COMMENTS 

The earliest American microscopes were inspired by the 
products of English and Continental European makers . To a 
large degree this held true in most mechanical aspects of mi
croscope design in this country well into the Twentieth Century. 
But at an early date a noticeable and important trend developed 
in microscope design that was probably original with American 
makers: this was the addition of devices and mechanisms to 
allow extreme oblique lighting upon objects under examination 
and to permit the measurement of the obliquity of that light. 
Such features were copied by some English makers and fewer 
Continental makers, but in no country did they reach the level of 
acceptance and complication they attained in America. As we 
have seen, these devices lost their desirability and usefulness 
or, perhaps more accurately, their supposed usefulness with the 
development of sophisticated and efficient substage condensers 
and the growing understanding of microscope optics . 

For the most part, these devices and mechanisms were ap
plied to microscope stands which had their origins in the designs 
of renowned English makers and designers such as Ross, Smith 
& Beck, Powell & Lealand, Lister and Jackson. But Zentmayer, 
who was the most influential factor in the design of the micro
scope in America, began to break away from the English leaders 
by developing modifications to the classical designs. The end 
result was that Zentmayer's designs and innovations became the 
models upon which other American makers patterned their pro
ducts. Zentmayer's leadership in design influence reached its 
peak in his American Centennial stand of 1876 which was dupli
cated, and many of its features successfully imitated, by sev
eral American makers in the 1880's. 

There were many exceptions to this general trend, notable 
among these being Professor Smith's design of the inverted 
chemical microscope, and Professor Riddell's design of the 
binocular microscope as both were executed by the Grunow Bro
thers. These stands , along with microscopes designed by Ezra 
Griffith and George Wale, were uniquely American in their ori
gins, but in most cases they embodied some features that had 
been developed at an earlier time in England or on the Continent. 
In America as elsewhere, a maker would use the proven accepted 
designs as a starting point for his own entry into production. The 
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alternative of creating a product without consideration of the 
state of the art could amount to economic suicide . With this 
fact in mind, it is clear that the development of the microscope 
was a matter of gradual evolution through the accumulation of 
small design changes rather than the sudden introduction of radi
cally designed instruments . 

When by 1890 the large stands of Zentmayer, Bulloch, Tolles 
and others, with their varied and complicated movements, were 
largely discredited , the Continental form as originated by 
Georges Oberhauser and Edmund Hartnack and elaborated upon 
by Carl Zeiss and others, became the American standard . 
American makers, and those of other manufacturing countries 
as well, contributed features to the ultimate design of this mod
el. The development of this type of stand in Europe and America 
is further evidence of the evolutionary nature of the changing 
microscope design. 

The peak of American microscope manufacturing from the 
standpoint of the greatest number of makers occurred during 
the short period 1880 to 1882 when there were an estimated 20 
firms in competition . Figure 69 indicates slow growth in the 
industry during the period 1840 to 1863, followed by a sharper 
rate of increase until the maximum is reached and held for a 
short period . The fairly rapid increase during the decade 1870 -
80 can be explained as a result of the work of Ernst Abbe of the 
Zeiss firm, which essentially changed the basis for the manu 
facture of microscope optics from trial and error techniques, 
and put it on a sound mathematical footing . These advances 
allowed the microscope to realize its potential as a research 
tool with the result that demand for these instruments was 
greatly increased . This increase in demand made entry into 
the manufacturing field more lucrative. With the heightened 
competition it is reasonable to expect that marginally profitable 
concerns would fall by the wayside, while the larger, more effi
cient organizations would survive with larger shares of the mar
ket. This is apparently exactly what happened in America during 
the period 1883 to 1903 . Small makers such as Dalton, Grunow, 
Bulloch and many others were on the decline, and when their 
founders died, their businesses failed to survive . The Zent
mayer firm continues to this day, but within seven years after 
Joseph Zentmayer ' s death in 1888, that firm was forced to stop 
manufacturing microscopes. Lone survivors of this intensified 
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competition were Bausch & Lomb and Spencer Lens Company , 
both of whom had large, efficient and fairly diversified opera
tions enabling them to compete successfully while withstanding 
the economic problems of the 1890's. 

It is clear that the American microscope industry was the 
beneficiary of, or perhaps more accurately the by-product of, 
the social, political and economic unrest that prevailed in 
Europe during much of the second half of the Nineteenth Century. 
Aside from Spencer and Tolles, the important American makers 
were the Grunow Brothers, Zentmayer, Bausch, Lomb and 
Fasoldt, all emigrees from a rebellion- torn Germany of the 
1850's. George Wale, William Wales, Charles Potter and Wal
ter Bulloch came from England at a slightly later date, and 
Ernst Gundlach ' s leaving Germany coincided with the outbreak 
of the Franco-Prussian War. Several other American makers 
may have come from Europe at early dates, but we do not have 
enough information to state this as a fact . It is probably not an 
understatement to say that without this influx of foreign talent, 
the American microscope industry would never have reached 
the high state of development that it eventually attained. 
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