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FOREWORD

The accomplishments of Lieutenant Colonel John S. Billings, medical officer of the United
States Army, and Curator of the Army Medical Museum from 1883 to 1893, were many, but
none has provided us with a singular heritage comparable to the Museum’s collection of mic-
roscopes assembled principally through his persistent efforts.

The collection was begun in 1874 by Colonel Billings’ predecessor as Curator, Lieutenant
Colonel George A. Otis, also an Army medical officer, who acquired several historic mic-
roscopes from a Philadelphia instrument maker. It was Billings, however, who provided the
impetus for expansion of the collection that is unique in the world. Assigned to the Army
Surgeon General's Office in Washington, D.C. in 1864 to organize medical records of the Union
Army, he was placed in charge of the Library of the Surgeon General’s Office in 1865, and dur-
ing the next thirty vears endeavored to forge it into a national medical resource; he succeeded
beyond expectations and the outgrowth is the National Library of Medicine in Bethesda,
Maryland.

As Curator of the Army Medical Museum, he endeavored to create an institution of which the
Nation would be proud. Colonel Billings personally undertook the expansion of the collection
that now bears his name. While on a tour of Europe in search of historic medical items such as
microscopes and books, Colonel Billings engaged the services of John Mayall, Jr. of London,
England, a member of the Royal Microscopical Society and well-known collector of mic-
roscopes, to procure representative instruments to augment the collection. The first shipment
of seventeen instruments arrived from Mayall in October 1884, to be followed by eight scarce
models in 1886, and three rare Italian instruments in 1887: by 1888 Mayall had personally
selected and purchased 141 instruments for the collection. Meanwhile, Colonel Billings sear-
ched Europe for antiquated microscopes, and through display of these foreign models
stimulated collectors of early American instruments to contribute to the growing collection; un-
til his death in 1913, Colonel Billings maintained his interest and was personally responsible for
many of the noteworthy acquisitions.

Following the precedent established by Colonel Billings, his successors at the Museum added to
the collection at every opportunity. Today it embraces nearly seven hundred instruments in-
cluding microscopes used by Dr. Robert Koch, Dr. Rudolph Virchow, Lieutenant Colonel
Joseph J. Woodward, famed Museum photomicroscopist, those used by Major Walter Reed,
the conqueror of yellow fever, and the instrument made especially for the National Antarctic
Expedition of Robert F. Scott in 1901, to name only a few.

In the more than 100 years since the collection was begun by Colonel Otis, and catalyzed by
Colonel Billings, many individuals have been instrumental in assembling the collection as it ex-
ists today. For some it was a part of their assigned duties; businesses, organizations, colleges,
universities, and individuals contributed many of the instruments; and for others the knowledge
of the uniqueness of the collection prompted their support in various ways toward its growth,
In 1965, Dr. A.J.W. Kaas of Oude Niedorp, Holland, offered for purchase his outstanding per-
sonal collection of 90 microscopes dating from 1675 to 1865 to the Medical Museum. Dr. Kaas'
collection was acquired and made a part of the Billings Collection in 1966; they are pictured and
described in Part 11 of this volume. Part 111 comprises instruments acquired since publication
of the First Edition in 1967.

We are indebted to Dr. Oscar W. Richards, Hon. F.R.M.S., Consultant on Microscopes to the
Medical Museum, AFIP, for his advice and guidance in the preparation of the manuscript, and
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to all members of the Institute's staff who assisted in so many ways in the preparation of the
First and Second Editions.

We are pleased to make particular mention of the work of Miss Helen R. Purtle. Museum
Specialist, who had a long and distinguished career on the staff of the Medical Museum priorto
her retirement in 1973. Miss Purtle, an expert on microscopes, particularly their history,
mechanical components, and their part in the advancement of medical and scientific
knowledge, was custodian of the Billings Microscope Collection. As Technical Editor of the
First Edition of this volume, she prepared the entire manuscripts comprising Parts L and 11, and
prior to her retirement completed the manuscript for Part H1 of this Second Edition which com-
prises all microscopes acquired since the First Edition was published. Miss Purtle’s expertise
was a major factor in making the Collection the most comprehensive in the world today.

The Billings Microscope Collection herein described, therefore. is not simply a panorama ol
mechanical ingenuity and precision workmanship, but an historical insight into the ad-
vancement of medical and scientific knowledge brought about by each improvement in
instrumentation; it is a fitting and enduring tribute to the foresight and determination of
Colonel Otis, Colonel Billings, and their successors.

JAMES L. HANSEN

Colonel, MC, U.S. Army

The Director

Armed Forces Institute of Pathology



PREFACE

This historic Billings Microscope Collection, the facts and figures, including references to the
makers, the types and models, dates, and the historical significance of specific accessories and
appurtenances, are as accurate as it is possible to ascertain from all available records. The
presence or lack of attractiveness of an instrument has not been permitted to interfere with the
true description of its component parts and its scientific capabilities.

This account is not a definitive work on the history of microscopes, nor on the improvements in
instrumentation over the years from the late sixteenth century to the present; it is simply a des-
cription of a unique collection of microscopes. While the collection contains nearly seven hun-
dred instruments of many types, sizes, models, and by makers from many countries, there are
gaps that would not be encountered in any complete history of microscopes; major advancesin
instrumentation are, however, in almost all instances represented by a specific instrument or
ACCESSOTY.

Itisto be noted that in catalogues, reference works, and publications pertaining to microscopes,
the manner in which pertinent words are spelled varies considerably. This is true with regard to
the instruments, their accessories, the makers, and the cities where they were made. In com-
piling the information where the instruments are signed or otherwise identified, the actual spell-
ing used by the maker is quoted. Inall other instances present day terminology isemployed for
the sake of uniformity.

The majority of the descriptions are accompanied by a photograph of the instrument being des-
cribed. Each photographic illustration is followed by a figure number, the name of the maker,
the city, state, and/or country where made, the type of microscope, i.e., compound, simple,
binocular, monocular or other, the year or approximate year of manufacture, the accession
number in the collection, and the photographic negative number. The figure number of each
photograph is repeated in the description of each illustrated instrument for ease of reference.

In instances where instruments are not illustrated, descriptions are preceded by the accession
number, name of the maker, the city, state, and/ or country where made, the type of microscope.
yvear of manufacture, and the notation, “Not illustrated.” Where instruments are duplicates of
others in the collection, the corresponding figure or accession numbers are given for com-
parison purposes.

Covered in the descriptions are dimensions, special construction details, variations in lenses,
pillars, bases. limbs, arms, focusing, and stages, how signed, and accessories such as evepieces,
oculars, condensers, and objectives. Also part of the collection are several hundred additional
accessories not related to specific microscopes; these are not listed in the descriptions.

For ease of reference, instruments have been grouped according to date of manufacture in five
separate categories, compound monocular, compound binocular, electron. simple, and dissec-
ting microscopes; each group comprises one section of Part I.

In a number of instances where reproductions of early 17th century microscopes are pictured

and described, it will be noted that they have been placed according to the dates of the original
instruments, and not the dates when the reproductions were made; this avoids picturing these
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instruments along with 19th and 20th century models.

The instruments pictured and described in Part 11 comprise the collection of Dr. A.J.W. Kaas of
Oude Niedorp, Holland, acquired in 1966, and include a number of types not previously
represented in the collection, as well as many similar to those listed in Part L.

The instruments pictured and described in Part 111 comprise those acquired and accessioned to
the collection since the publication of the First Edition of this volume in June 1967, They also
include a number of types not previously represented in the collection, as well as instruments
similar to those listed in Parts I and 11.

It has been said that the history of medical science may be written in terms of the invention and
development of its instruments; the microscopes of the Billings Collection represent a
significant segment of medical instrument development of nearly four centuries. Without the
microscope it is not difficult to visualize medicine still existing within the realm of magicand the
witch doctor.

We of the Armed Forces Medical Museum are proud of this splendid collection, grateful to
those pioneer microscopists, generous donors, meticulous museologists and loyal staff workers
who have created and maintained it. All serious and casual students and groups interested in
understanding human and comparative pathology (disease) and who appreciate the scientific
tools which have made possible the fascinating story of progress in medicine, are welcome to see
this collection and many other outstanding medical exhibits on display in our public medical
museum.

JOSHUA E. HENDERSON

Colonel, VC, U.S. Army

Curator, Armed Forces Medical Museum
Armed Forces Institute of Pathology
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HISTORY OF THE MICROSCOPE
Helen R. Purtle, F.R.M.S.

The following article was prepared by Helen R. Purtle, formerly assistant
curator of the Armed Forces Medical Museum and Fellow of the Royval
Microscopical Society of Great Britain, and ways published in "' Encyclopedia
of Microscopy and Microtechnique” by Van Nostrand Reinhold Company,
New York. This short history of the microscope is published here as a
supplement to the Billings Microscope Collection narration, prepared in its
entirety by Miss Purtle, but which is confined only to those instruments
actually comprising the Billings Collection.

A number of histories of the microscope have been wrilten: some limited in scope to specific
geographic areas, others limited to scientific accomplishments in specific centuries. This
history is based on an exhibit in the Medical Museum of the Armed Foreces Institute of
Pathology--* I'he Evolution of the Microscope™- - which depicts some 250 historic instruments
from the total collection of over 650. These instruments were selected for exhibit to show
progressive improvements in design from the late sixteenth to the mid-twentieth centuries.

I'he word microscope was coined in 1624 by a member of the first Academia dei Lincei. a group
of scientists that included Galileo, Cesi and Stelluti. Galileo. although better known for his
work with telescopes, is credited with being the first scientific user of the microscope. However,
Hans and Zaccharis Janssen of Middleburg, Holland constructed an instrument between 1590
and 1610 which is generally recognized as the first compound microscope. It was about 12
inches long and 2 inches in diameter. madc of three tubes of tin and contained two lenses with
locusing accomplished by a sliding tube.

The earhiest [talian compound microscopes are of the sliding tube and screw-barrel lorms, and
were developed in the late seventeenth century. Allof the extantexamplesconform to the same
general appearance and optical structure.

Giuseppe Campani, born in Castel San Felice. Italy, in 1635, was noted for the perfection of his
lenses and he invented a special lathe for grinding and polishing them without the use ol molds,
which he first introduced in 1664, He is credited with having been the first to construct the field
lens from a design by Monconys, C. 1660, a form subsequently developed by Robert Hooke in
1665.

In 1662 Campani made an ivory compound microscope on a silver support. the optical system
of which consisted of an ocular and an object-lens, without a ficld lens. His 1665 small wooden
microscope with a brassstand, also without a field lens, which allowed transparent objects to be
seen by directing the instrument toward the light. is considered to be the precursor of the pocket
microscopes (Fig. 3, Billings Collection). It was also the model from which the Wilson screw-
barrel and similar instruments were developed.

Histories of the microscope describe and illustrate the shiding-tube microscope using an
example in the collection of the Museo Copernicano in Rome attributed to Fustachio Divini, C.
1668. Divini was an optical instrument maker who established himself in Rome atabout 1646.



A replica of this microscope, made by John'Mayall of England from the original, is also in the
Billing’s Collection. The socket-ring and feet are flat and made of tin, and the cardboard body
tubes are covered with gray paper. The lower tube slides within the socket-ring for adjustment
of the distance between the object-lens and the object. The ocular lens, enclosed in a metal
holder at the upper end of the body tube, consists of two plano-convex lenses with the convex
surfaces in contact.

William Homberg, a Dutch physician and scientist, constructed a microscope in 1715 which
utilized a tripod support and a sliding tube focusing mechanism.

Robert Hooke (1635-1703), London, England, introduced coarse and fine adjustments, devised
an illumination system, and used a stage for objects. Hisearly instruments utilized a ball and
socket joint at the base of the vertical pillar to allow inclination of the body tube. This was later
replaced (1665) by a simpler method in an instrument made for him by Christopher Cock ( Fig.
4, Billings Collection). Hooke also introduced a field lens. His “Micrographia: or Some
Physiological Descriptions of Minute Bodies Made by Magnifying Glasses with Observations
and Inquiries Thereupon” was published in London in 1665, and was printed by Jo. Martyn and
Ja. Allestry, printers to the Royal Society. This was the earliest work devoted to microscopical
observations. It included the first reference to cells which were seen in cork when examined
under a plano-convex lens.

Hooke placed a lens at the lower end of the body tube to the bottom of which the objective was
attached; this was later (see Clay & Court, p. 21} found in a microscope made by Culpeper for
Yarwell and adopted by Benjamin Martin about 1759. The objective consisted of a double-
convex lens of very short focal length, mounted in a cell with a pin-hole diaphragm close to the
lens. The ocular consisted of a large field glass and an eye lens with a cup to control the distance
of the eve from the lens.

Malpighi of Italy, the discoverer of the anatomy of tissues and the creator of microscopic
anatomy, was one of the first biological scientists to use the microscope. He discovered the
existence of capillaries in the lungs of frogs in 1661 and he described blood corpuscles in 1665.
An instrument in the Billings Collection appears identical to one described by Clay and Court as
possibly Malpighi’s own microscope made by Divini (Fig. 6, Billings Collection). The body is
bell-shaped and is made of dark wood. The stand consists of a ring fitted with three brass, flat,
bent legs and the nose is brass and screws for focusing. There is no adjustment for distance
between the lenses. The objective is a biconvex lens 7/ 16-inch in diameter, and the 1-3/8-inch
field lens is plano-convex. The eve lens consists of two biconvex lenses, the lower:1-1/16 inches
in diameter and the upper 3/4-inch in diameter. John Mayall said that this instrument was
constructed after 1665 by Divini as it has a field lens, and that the upper ocular lens probably
was experimental.

Antoni van Leeuwenhoek of Leyden, Holland (1632-1723), one of the greatest early
microbiologists, discovered protozoa and bacteria with microscopes he himself made and
lenses he ground. In his instrument of 1673 the lens is mounted between two thin brass plates.
His instruments were extremely simple and generally poorly finished, but the lenses were of
excellent quality. As he used his microscopes for examining only one or two objects, the
number he made was quite large, and it is estimated that at his death, there were over 550
microscopes. Of these, only nine are known to still be in existence. The Billings Microscope
Collection does not have an original. Johan Joosten van Musschenbroek (1660-1707). a
famous instrument maker of Leyden, Holland, made two different models of simple
microscopes which were widely imitated. The first form had the objective mounted in a turned
cell, pushed tightly on one end of an arm. Hinged to the arm by a ball and socket joint was a
second jointed arm for the objects. Accessories included a number of rods of various patterns to
which objects of different kinds could be affixed. His second form resembled a fairly
complicated compass microscope. Each instrument had six convex lenses, and those with the
first form were for low power. Musschenbroek marked his instruments with a small oriental
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lamp and crossed keys.

A beautifully engraved French simple hand microscope made in 1686 by Depovilly consists ol a
single lens mounted between two thin brass plates hinged at the bottom, with focusing
accomplished by a thin brass wheel containing eight lenses at the top of the instrument.

John Marshall of England, one of the great opticians of the latter part of the 17th century,
introduced a bull’s-eye condenser in an adjustable ring mount below the object holder.
Focusing is achieved by a coarse adjustment attached to the upright support arm. The
instrument may be tilted on a ball and socket joint after the design of Hooke.

Edmund Culpeper (1660-1740). a maker of mathematical instruments in London, constructed
his first microscope C. 1720. He designed the three-pillar microscope which was produced in
three forms: flat wooden stage, flat brassstage, and recessed brassstage. Fixation of the mirror
in the optical axis was one of hisinnovations. Thearrangement of the three pillars is peculiar to
Culpeper, the upper tier being supported by the stage and not in line with the lowertier. He also
made a screw-barrel instrument about 1720, which had been invented many vears earlier and
was gireatly improved by James Wilson in 1702, whose modifications of the optical system
popularized the screw-barrel and resulted in the association of his name with the instrument.

Modifications of Culpeper’s instrument have been attributed to Edward Scarlett (1677-1743),
London, such as a box base with a drawer for accessories and the use of long supporting
columns instead of the alternating tiers of Culpeper.

Most of the Culpeper models were made with cardboard drawtubes, but some (1790) were
supplied with brass bodies which made possible the use of a rack and pinion for focusing,

Continued popularity ot the Culpeper model following the development and improvements of
the Cull instrument is somewhat surprising from the scientilic point of view. It is likely that
most of the later Culpepers were for use by the leisured classes for the amusement of their
guests. Science was fashionable and this was an attractive scientific instrument which anvone
could easily operate.

John Cutf (1708-1772) of London introduced a newly designed stage in the form of a cross to
allow free access in contrast to the obstruction offered by the three pillars of Culpeper. Coarse
adjustment was by a sliding bracket on the vertical pillar; fine adjustment was by a screw
working in the rectangular block on top of the pillar. He also fitted a Lieberkuhn to asleeve
which slipped over the objective cone. The Cuff model was copied by most makers for almost
100 years.

Nairne and Blunt of London, C. 1760, made a Cuff-type chest microscope. an important
development in the hinged inclining pillar. Henry Pyefinch. also of London, madea Cuff-type
after 1750 with a screw tocusing fine adjustment. a system described by Johannis Hevelius in
1673 and reintroduced by Cuff in 1744,

Benjamin Martin (1704-1782) of London produced cabinets of optical instruments which
usually included a telescope, screw-barrel microscope, and a solar microscope. He later
introduced improvements in lens systems and focusing mechanisms,

Benjamin Martin of LLondon was a scientific lecturer before becoming an instrument maker in
1738. He produced several types of instruments and contributed improvements in both the
optical and mechanical systems. He adopted the “between-lens™ at the top of the nosepicce
(originally introduced in the Culpeper-Yarwell microscope) which served as a back lens for the
objectives. He replaced the Hevelius clamp and screw focusing with a rack and pinion.

The drum microscope was popularized by Martin who often included one in his cabinets of
optical instruments. Nicolai Bion of Nuremberg had first described the drum base in 1717, The
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round base with its cut-out side later evolved into the horseshoe base of modern times.

A box microscope utilizing a Cuff model was probably made by George Brander of Augsburg
about 1769. It could be used for opaque objects with direct lighting or for transparent objects
with light reflected from a mirror within the box. in which case the condenser would be
positioned beneath the stage.

L. F. Dellebarre, Levden, Holland, made a variety of microscopes. His™Universal™(1777) was
very popular in France (Fig. 29, Billings Collection). The ocular contained four biconvex
lenses which could be used in pairs or altogether. Magnifications from 230 to 1.170 diameters
were attainable. Focusing was by rack and pinion.

George Adams of London introduced his “Variable™ microscope in 1771, Inclination was
controlled by a large toothed wheel which was turned by a pinion. The objectives were
constructed so that one could be screwed onto another to provide a compound objective lens. It
could be used as a simple microscope by replacing the compound body tube with any of the
simple lenses and Leiberkuhns (An illuminating mirror introduced m [73%¥ by Johann
Nathaniel Lieberkuhn and named after him, which permits observation of objects under
reflected light) which he supplied.

Henry Shuttleworth of London constructed a microscope in 1787 after the design of Martin,
with a hinged mounting of the substage condenser which permitted it to be moved out of the
optical axis. This type of mounting had been introduced by John Bieuler of London about
1780. In 1810 he made an instrument similar to the Adams’ and Jones’ models but did not
include the “aquatic” movement feature. By removal of the body tube, it could be used as a
simple microscope.

Earlier, John Bleuler made an instrument with the evepiece equipped with a third biconvex
lens, a feature which appeared several years later in Adams’ *Universal.”

In 1790 Dollond of London made a Cuff-type, introducing some features previously used by
Martin and Adams, with a circular plate over the stage which was perforated with varving size
holes to control the amount of light.

Dollond also made a solar microscope about 1790 with a movable mirror,a Cuff innovation of
1744, to permit the body to remain stationary. The solar microscope. a development [rom the
camera obscura, utilized sunlight to project a magnified image onto a screen. This was used
both for study and entertainment. Most microscope makers produced them from the early 18th
century to the mid-19th century.

The business of George Adams of London was carried on by W. and S. Jones after 1795: they
produced the “Jomes Most Improved Microscope™ in 1798. It is considered the final
development of Cuff’s original instrument. It brought into one microscope all the desirable
features and improvements made prior to this time. Of particular importance was the
positioning of the joint near the center of gravity.

The compass microscope derived its name from the draftsman’s tool that it resembles. The
compass joint usually carried a rod to which could be attached forceps, live-box, or other means
of holding the object to be viewed. T. Harris and Son of London made such an instrument in
1820 and later most other makers produced them.

Jeremiah Sisson of London constructed a pocket (portable) microscope in 1776 after the design
of Dr. Demainbray, tutor to the Prince of Wales (later George 111). with the objective lenses on a
sliding bar and the prepared objects on a revolving disc.

At the beginning of the 19th century, chromatic and spherical aberration were unsolved
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problems which prevented clear, undistorted microscopic images. |he lenses being used were
little better than those found today in inexpensive toy microscopes. Unsuccessiul attempts at
correction with various lens combinations and diaphragms had been made by opticians and
instrument makers for almost a century. *Achromatic” microscopes were produced but it was
nearly 1850 before achromatic lens systems were generally accepted.

[n 1825 Vincent Chevalier of Paris made the “Microscope Achromatique Perfectionne™ (Fig.
55, Billings Collection). He and his son were leading opticians who contributed greatly to the
development of achromatic lenses. A revolving disc of diaphragms beneath the stage was a
Chevalier innovation, later adopted by most makers, Charles Chevalier of Paris brought out
his “Microscope Universal Achromatique™ in 1834, furnished with reflecting objectives,
condensers and polarizers. The first instrument maker of the Chevalier family was Louis-
Vincent Chevalier (1734-1804) who established a shop in 1765 in Paris. His third son. Vincent
Chevalier (1770-1841) became one of the foremost makers of microscopes in the [9th century,
Vincent Chevalier’s son, Charles Chevalier (1804-1859) carried on the tradition of the family.

Jean-Gabriel-Augustin Chevallier of France (1778-1848) may have been related to Vincent and
Charles Chevalier but was from another branch of the family. Trained in making optical
instruments by his maternal grandfather, Francois Trochon, he inherited the business in 1796 in
Paris and became well known for his optical inventions. Hesigned his instruments *'1 "ingenieur
Chevallier™ and for many years his firm continued producing optical instruments under his
name.

In 1825 S. J. Rienks of Friesland, Germany, made a reflecting microscope with concave and
convex mirrors in place of objective lenses. The knowledge that a curved mirror. and that a
mirror did not have chromatic aberration, led to popularity of the reflecting microscope for a
number of years.

After 1820 Dollond made a simple microscope using a “Wollaston doublet.” two plano-convex
lenses in close approximation. Thiswasan early attemptatachromatism. His instrument had a
movable stage, the position of which was controlled by a screw on each side.

Giovanni Amici (1784-1863) of Modena, ltaly, produced both retlecting and achromatic
instruments. His achromatic horizontal microscope of 1827 employed an extremely fine
micrometer to control movements of the stage.

Amicialso made an achromatic instrument about 1833 with a prism which permitted horizontal
positioning of the ocular while the stage and objective remained upright. It could also be used
as a simple microscope.

John Cuthbert. an English telescope maker, produced a microscope in 1827 which could be
used as a reflecting microscope. or, by attaching the achromatic objective lens disc, asa dioptric
instrument. A slender tube above the stage contained an elliptic mirror which reflected an
enlarged image to the ocular. A series of interchangeable tubes provided a range of
magnification,

Dollond made a microscope after 1835, much along the lines popularized by Andrew Pritchard
of London, although basically the old Jones design. The pillar telescoped to adjust the height of
the instrument and a fine micrometer controlled the mechanical stage.

Froment of Paris constructed a horizontal microscope about 1839, probably in competition
with the Chevaliers. Its workmanship was superior but probably its high cost prevented its

SUCCESS.

A drum microscope made by Georges Oberhauser of Paris before 1840 could be used in a
vertical or horizontal position. By attaching the extra tube asa handle it could also be used asa
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demonstration microscope:; focusing was by drawtube.

Simon Plossl (1794-1868), an optician and the first maker of microscopes in Vienna, made an
instrument before 1840. He used an antiquated type of fine adjustment until the late 1860's. A
lever projecting beneath the stage controlled positioning of the condenser. One of his
mstruments, believed to have been used by Virchow, the father of modern pathology. isin the
Billings Caollection (Fig. 122).

In 1840 Andrew Pritchard of London made an instrument without a fine adjustment which
could not be inclined. One side of the mirror was white plaster for white cloud illumination by
sunlight.

Andrew Ross of London made a microscope about 1840 with fine adjustment by a short lever
arm controlled by a milled wheel on top of the compass joint. The loosely mounted nosepiece
was held in an extended position by an internally located spiral spring, to permit it to telescope
into the body tube thereby preventing damage to the object being examined, should the body
tube be accidentally moved too far downward.

A dissecting microscope by Georges Oberhauser of Paris after 1840, called “microscope a
tambour a dissection,” was copied by many makers with modifications mostly in the substage
mechanism. It was equipped with a separate simple dissecting microscope.

A microscope of about 1841 by an unknown maker was a modification of an Oberhauser form
originally introduced in the 1830%s. Earlier models had a rotating stage and a fine adjustment.
neither of which appeared on this instrument. Coarse adjustment was by rack and pinion. A
second rack and pinion, attached to an inner drawtube that houses the ocular, provided
variable magnification (a pancratic ocular).

In 1841 Andrew Ross of London came out with a radical change in construction. The Ross
stand. two well-supported, connected pillars. suspended the instrument near its center of
gravity. It had a 90° range of inclination.

In 1848 Oberhauser introduced the horseshow base, evolved from the drum. which isin general
use today.

Before 1848, Powell and Lealand of London constructed a microscope after a design by
Cornelius Varley with the fine adjustment mounted on the lower end of the body tube which
functioned through a spring-mounted nosepiece. There was a lever action mechanical stage. It
was designated the “iron™ microscope and was intended as an economical student model.

Invention of the inverted microscope 1s credited to Professor Lawrence Smith of the University
of Louisiana. New Orleans. A “chemical”™ microscope was made in 1850 by C.S. Nachet and
Son of Paris. The elder Nachet had worked with the Chevaliers before establishing his own
business in 1839,

James Smith, the founding father of the present day firm of Beck and Beck. London. began
constructing microscopes in his own shop in 1829, Richard Beck was apprenticed to Smith
about 1843 and in 1847 formed the partnership of Smith and Beck. Joseph, brother of Richard.
joined the firm in 1857 and the name was changed to Smith, Beck and Beck. In 1869, Smith
retired and the firm then became R. and J. Beck. Conrad Beck, son of Joseph, and William. son
of Richard, joined the firm which then became known as Beck and Beck.

Smith and Beck made a student model about 1850, A milled wheel behind the vertical post
activated a short lever arm that controlled the fine adjustment. A revolving Brooke’s double
nosepiece facilitated the changing of objectives.

In 1867-68, R.&J. Beck made a binocular with the racks and pinions at the upper ends ot the

Xy



body tubes to control adjustment for interpupillary distance. Fine adjustment was by a short
lever arm that acted on the nosepiece. Substage equipment included an iris diaphragm and a
holder for a condenser.

Beck also made an “economic™” model which was popular from 1875 to 1892, An 878 model
had the glass stage held in place by friction from a milled-head spring mounted at the base of the
limb, which was easily moved in any direction on the polished stage surface.

The drum microscope enjoyed a popularity for more than 100 years. Over 70 years after Martin
introduced it, Fraunhofer adopted and stabilized the pattern; Oberhauser. Lercbours and
Hartnack perpetuated it. An 1850 model was quite similar in appearance to those of Martin's
day. Refinements included a fine adjustment and a substage disc of diaphragms. Moreau ol
Paris introduced a functional compound “monkey” microscope in 1850.

About 1860 Nachet of Paris made a horizontal microscope, a type of demonstration or class
instrument, with rack and pinion coarse adjustment. The eyepiece consisted of a single eye lens
and the field lens. He also made an Oberhauser-type vertical demonstration instrument, one of
which was used at the School of Medicine in Paris. In 1879 he made a binocular instrument in
which each body tube prism box unit moved toward or away from the other to adjust to the
user’s interpupillary distance. a forerunner ot the mechanism in modern instruments.

Charles Baker of London made a portable microscope about 1860 which was used in the Army
Medical Museum’s laboratories in Washington from the late 1860's to 1884 when it was placed
on exhibit. [t had a sliding coarse adjustment and a milled-head screw fine adjustment.

The main feature of a “*Harley™ model made after 1865 by Charles Collins of London was the
sliding prism box which was designed by Dr. G. Harley of London. Itcontained both a Nicol
and a Wenham prism and permitted the instrument to be used as either a binocular, a
monocular or a polarizing microscope.

Dr. Carl Zeiss (1816-1888) founded a business in Jena, Germany, and began making
microscopes in 1847, Today the Zeiss firm produces some of the world’s finest instruments.

Pere Cherubin D’Orleans of France introduced in 1677 the first binocular microscope with two
eyepieces and two objectives: there was no coarse adjustment, and focusing was achieved by
moving the stage nearer to or further from the objective, the forerunner of the stage focusing
used extensively during the 18th century and still used on metalurgical microscopes. J. L.
Riddell of the University of Louisiana, New Orleans, was the first to discover (1851)and publish
(1854) the optical principle (Two prisms placed behind the objective so that the light from the
objective was split and deflected up the two parallel eyepiece tubes) on which depends all the
really satisfactory binocular microscopes made prior to 1879. He was also the inventor of two
efficient methods of applying that principle - - one suitable for the simple or dissecting
microscope - - the other for the compound. J. and W. Grunow. New Haven, Connecticut.
constructed a binocular instrument for Riddell in 1853,

No history of the microscope would be complete without specific mention of the
accomplishments of the American microscope builders.  One of the first American
microscopes, made in 1850 by C. A. and H. R. Spencer of Canastota, New York and modcled
after the Pritchard-type of instrument, is in the Billings Collection (Fig. 92).

Charles A. Spencer (1813-81) of Canastota, New York, published a trade circular in 1838
advertising reflecting lens microscopes and telescopes and a second list in 1840 adding
compound, achromatic microscopes. By 1850 he was using {luorite and his own improved
optical glass to make objectives of greater resolving power. Some of Spencer’s objectives
received a Gold Medal at the 1878 Paris Exhibition. Spencer’s business was destroyed by fire in
1873, In 1875 he and his son Herbert joined the Geneva Optical Worksand reestablished their
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own business in 1877. After Charles’ death, the business was continued by Herbert,

Herbert R. Spencer (1849-1900) established his own firm in 1880 at Geneva, New York. In 1889
he formed the H. R. Spencer Optical Company in Cleveland, Ohio. He and Fred R, Smith
formed the Spencer and Smith Optical Company in Buffalo, New York in I891. In 1895 a
group of businessmen in Buffalo bought the Spencer and Smith Optical Company to establish
the Spencer Lens Company. Herbert continued as superintendent until his death. In 1935 the
American Optical Company purchased the Spencer Lens Company. and in 1945 changed the
name to American Optical Company, Instrument Division. Spencer lensesearned a reputation
al home and abroad; some experts considered them superior to any European product.

Robert B. Tolles (1821-83) became an apprentice to Spencerin 1843, He and Spencercorrected
spherical aberration from the cover glass by using a ring to move the center lenselements of the
immersion objective. He established his own business in Canastota, New York in I858. The
Boston Optical Works was established in 1867 with Tolles as superintendent. He made
objectives with two fronts; one for use in air and the other for immersion. Tolles published the
optical designs to prove that his lenses were of the high aperture (N.A. 1.25) stated.

Franz Miller, a workman for Tolles. established his business in 1867 in New York City, changed
his name to Frank and was joined by his brother William about 1870. They made microscopes
and objectives until 1899. Frank. Jr. was included in 1892.

The Bausch and Lomb Optical Company started in 1853, and a microscope department was
added in 1876. Edward Bausch took over the department in 1877. His interest and
understanding of production methods soon made available larger numbers of microscopes,
more practical in size and construction than the massive models being produced in the United
States. They adopted the continental type horseshoe base and made a concentric stand.

Microtomes were added in 1885 and in 1887 petrographic microscopes.

George Wale, a cousin of William Wales, established a business in 1860, His concentric stand,
patented in 1879, was copied by both Swift and Ross in England about [881. He was probably
the first to mark his objectives with magnification rather than only focal length and to have
made low power water immersion objectives for use without a cover glass. Bausch and Lomb
Optical Company acquired his business in 1880.

Ernest Gundlach (1834- ) made 12 models of microscopes in Berlin in 1866. He designed a
glycerine immersion objective which received a special medal at the Pans Exposition. He
moved to Hackensack, New Jersey in 1872, In 1876 he became superintendent of Bausch and
Lomb Optical Company’s microscope department. In 1879 he established the Gundlach
Manhattan Optical Company. Rochester. New York, which became the Gundlach Optical
Company in 1884, '

During 1852 James W. Queen joined with W. Y. McAllister who started in Philadelphia in 1783
one of the earliest optical firms in the United States. Queen and McAllister, 1853-1854, was
taken over by J. McAllister. Queen started his own business in 1854 which became J. W. Queen
and Company in 1860. About 1880 Queen retired and Samuel L. and Edward B. Fox continued
the business. They acquired the Acme Optical Works in 1881, Eyepieces and objectives were
made under the direction of Orford (Gowland). In 1898 the firm became the Queen-Gray
Company, makers of electrical instruments.

Joseph Zentmayer (1826-88) came to the United States and established a shop in Philadelphia
in 1848, and began making microscopesin 1853. His “Grand American Microscope” was made
in 1859, followed by the “U.S. Army Hospital Microscope,” the “Histological Microscope™
and, in 1876, the “Centennial Microscope.” Zentmayer's larger stands provided flexible
lighting for testing objectives with graduated rotating bases, graduated counterable rotating
stages and a substage that rotated about the plane of the specimen for measurement and
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recording. He made a 1/10th-inch objective of N.A. 1.63.

Julius and William Grunow came to New Haven. Connecticut from Berlin in 1849 and began
making microscopes in 1851. The Riddell binocular microscope was made in 1853. The J. L.
Smith inverted microscope, with an erect image for dissecting, was made in 1867 for Major
General George H. Thomas, A 128-page treatise and catalogue was published in [857. Grunow
moved to New York City about 1861.

John W. Sidle of Lancaster, Pennsylvania and Professor J. E. Smith designed a less expensive
microscope in 1878 to meet the criticism that students could not afford the microscopes
available. Five designs of Acme microscopes. except for the first. were made. Sidle and Poalk
became John W. Sidle and Company, 1881, and in 1884, the Acme Optical Works. The Acme
microscopes were sold exclusively by Queen & Co.. who purchased the Sidle company in 1881,

In 1851 Benjamin Pike was selling imported Beck, Powell and Lealand. and Ross microscopes
in New York City. In 1859 Benjamin Pike, Jr. was importing microscopes for sale, mostly of
French make, and in 1881 the firm became Benjamin Pike's Son and Company. A two-volume
catalogue of philosophical and scientific instruments was published in 1856.

L. Schrauer. 50 Chatham Street, New York City. manufactured microscope stands during the
I1880°s and 1890°s. which were equipped with W. Wales™ 3/4- and |/4-inch objectives. Queen
listed Schrauer’s microscopes in his catalogues.

Walter H. Bulloch ( -1891) came to the United States from England in 1851 and was foreman
for B. Pike and Sonto about 1864. He became a partner of William Wales; Bulloch making the
stands and Wales the optics. He began making microscope stands in Chicagoin 1867. Afterthe
Chicago fire in 1871 he worked with Tolles in Boston for a short period. then returned to
Chicago and made stands until 1890; about 1884 he made microtomes,

By the end of the 19th century. the basic design of the microscope was firmly established. The
increased demand for reliable high quality instruments generated by the rapidly developing
scientific specialties could not be met by the individual craftsman, who until then was the
principal source.

The 20th century, therefore. became a period of refinement of the product and improvement of
manufacturing methods. Particularly noteworthy were the development of mass production
and the establishment of standards which permitted the interchange of components and the
introduction ol a variety of accessories.

Neither time nor space permit mention of the hundreds of beautifully hand-crafted microscopes
in the Billings Microscope Collection of the Medical Museum. AF1P: however, the collection
does contain instruments that run the gamut from such artisans as Matthew Loft. George
Sterrop, Francis Watkins, and Jan Paauw of the 18th century, Hartog van Laun, Harmanus
van Deyl, Hendrik Hen, William l.add. and James White of the 19th century. to the electron
microscopes of the 20th century.
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ELECTRON MICROSCOPES

Gunter F. Bahr, M.D.

The following article was prepared by Gunter F. Bahr, M. D., Chairman of the
Institure’s Department of Cellular Pathology. This short treatise has been
included in this Second Fdition because of the particular significance of these
microscopes in the worldwide study of the nature, control and treatment of
disease; they are an indispensable rool of the pathologist.

The Billings Collection of microscopes has been extended to include electron microscopes and
accessories, foremost of which are the special microtomes required for preparing thin tissue
sections.  Electron microscopes are designed for two principal modes of operation.
transmission or production of secondary radiation from the specimen in the so-called scanning
mode.

Transmission Electron Microscopes

In the first mode a narrow ray of electronsis produced in an electron gun quiteanalogousto the
production of electrons in a TV set, except that accelerating voltages are many times higher in
an electron microscope. Thiselectron gun is mounted on top of the microscope. Just below it is
the first electron lens. the condenser that bundles the electrons into a thin ray less than 1/2 pin
diameter impinging upon the specimen.

Just below the condenser is the specimen chamber, which is of high-precision design. The
specimen stage and its holder must remain absolutely still even at final magnifications of
300,000 times and must have the facility to be moved extremely small distances. Many
specimen stages allow the specimen to be tilted in order that stereopairs may be taken. Since the
entire interior of an electron microscope is evacuated for the unimpeded thght ofelectrons, it is
necessary to bring a specimen into and out of high vacuum by means of an air lock. Allmodern
microscopes have air locks: some of the older models in the Billings Collection require opening
of the column for insertion or removal of the specimen and then repumping of the instrument.

The next lower part is the objective lens, an electromagnetic lens in which the first image is
magnified. Animage forms because the object scatters electrons out of theirstraight path with
the result that the final image is formed by the remaining electrons only. This first image is
further magnified by an intermediate lens and finally by a projector lens onto a fluorescent
screen in the viewing chamber. A fluorescent screen converts electrons to photons and thereby
makes the image visible for inspection, selection of fields. and focusing. Situated under the
screen is a camera containing either photographic plates or film for recording of the electron-
microscopic images. Also, fresh film can be put into the microscope via an air lock, and
exposed film can be removed in the same way. Older models in the Collection require the entire
microscope column to be brought to ambient air pressure for change of plates or film.

In the cabinet under the microscope column, directly attached to the column itself, is the more
powerful of two pumps. This is the so-called diffusion pump, which is backed up by a small
mechanical pump. the forepump, usually located in the cabinet or immediately behind it.

[tis possible to change the power of magnetic lenses by changing the electriccurrent through the
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coil of each. There are buttons in easy reach of the operator that regulate these currents and
thereby control functioning of the lens. Brightness may be controlled in the condenser. The
objective lens serves to focus the specimen, and the other lenses help in selecting the desired
magnification. Knobs on the outside of the microscope column help in the adjustment of
interior microscope components such as apertures and, in some designs. pole pieces. Longrods
or cables in back of the column extend the finely levered drives for the micrometers of the stage
to easily accessible knobs at table level.

Easily read meters indicate the effective level of vacuum, beam current, and other vital
functions of the instrument. Early models of transmission microscopes invariably had a built-
in clock with a second sweep, because no automatic exposure systems were available and the
operator had to count the seconds visually. High tension of from 40 to 100 Kv is used to
accelerate electrons in the electron gun. The high-voltage generator, usually in oil, is located
behind, above. or entirely separate from the instrument. A thick cable conducts the tension
from the high-voltage tank to the microscope.

Electron microscopes require very small specimens, such as viruses or thin cuts of tissue. Tissue
is fixed in contrast-enhancing fixative and embedded in plastic, which in turn is cut on glass or
diamond knives to thicknesses of 0.0l to 0.1 g. Such thin sections cannot be cut on
conventional microtomes, of course, but are prepared on so-called ultramicrotomes, several of
which are part of the Museum’s collection.

Scanning Electron Microscopes

In the second type of microscope a very thin electron beam is directed towards the specimen.
Secondary electrons resulting from the impact of the primary beam are collected by a sensitive
collection system (scintillation counter). If the beam is moved across the specimen in a scanning
fashion quite like the way in which a similar beam moves across a television screen, then the
quantity of secondary electrons will vary with the properties of the specimen at each irradiated
point. The quantity of secondary electrons is very much dependent on the angle at which the
specimen is hit by the beam: therefore a complex three-dimensional object will have numerous
planes that are not perpendicular to the beam and will thus produce intensities varying with the
angle to the beam. Holes might be “black™ because no secondary electrons escape the hole;
surface areas in a suitable angle to the detector could be “white” because a maximum ol
electrons is collected by the sensor from there.

As the beam scans across the specimen, a beam in a television set (cathode ray tube) is scanning
at the same speed and at a comparable location in the image frame. This beam in the television
set now reproduces the same, varying intensity as the quantity of secondary electrons produced
by the primary beam. In such manner a three-dimensional picture of the surface of the
specimen appears. It can be photographed from the cathode ray tube.

A scanning electron microscope is a rather complex instrument, and in the beginning of
scanning clectron microscopy many functions could be individually controlled froma relatively
large panel, Two cathode ray tubes are still being used, one for observation, and the other for
photographing. The specimen is mounted on a special stage (goniometer) and can be tilted so
that inspection from all angles is possible. It is usually coated on all sides with a very thin layer
of gold in order to conduct electrons away and prevent charging of the specimen. It is not
unusual to observe entire insects in the vacuum of the instrument, which emphasizes the fact
that the scanning electron microscope possesses an unusually great depth of observation.
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COMPOUND MONOCULAR

Fig. 1. Moker unknown; repreduction of a com-
pound monocular microscope made about 1590
in Middelburg, Halland; reproduced in 1891.
(AFIP 49000A - 60-4713-14)

One of the four perfect copies (Fig. 1) made
under the supervision of John Mayall, Jr. of
London, microscope maker, microscopist, and
renowned microscope antiquarian, in 1891 from
the original in Middelburg, Holland. For many
years the original instrument was believed to
have been made by the Janssens, but recent ev-
idence tends to refute this.

Made of tin, 10-7/8 inches long when closed,
it is 2 inches in diameter and consists of three
cylinders. The main, or outer, cylinder is 6-
15716 inches long, the middle 6-1/8 inches,
and the inner cylinder 4-1/2 inches, and each
contains a lens. The inner cylinder also has a
flange 2-1/4 inches in diameter at the bottom.
Focusing is achieved by sliding one or both of
the two inner cylinders. (Donated by Mr. John
Mayall, Jr.) m

AFIP 49000B. John Mayall, Jr., London, Eng-
land; reproduction of o compound monocular mi-
croscope mode about 1590 in Middelburg, Hol-
land; reproduced in 1884. Not illustrated.

This is an imperfect copy of the original in-
strument in the Crisp Collection that was on
exhibit in 1884 in the Science Museum, South
Kensington, England. It is similar to that in
Fig. 1 (AFIP 49000A). except that the sheets
forming the tubes have been bult jointed and
the edges do not overlap. m

Fig. 2. Giuseppe Caompani, Rome, ltaly; com-
pound monocular; C. 1662*. (AFIP 49002 - 60-
4713-439)

The turned ivory body (Fig. 2) screws into a
socket of horn within a silver ring, and three
silver scroll legs connect the ring to a triangu-
lar ebonv base with concave sides. A screw
drawtube carries the eye lens, and a movable
ivory stage in the center of the base serves as
a screw cap for the lens. The optical construc-
tion is identical to that of the instrument in
Fig. 3 (AFIP 49001) by the same maker.

The instrument is 7-3/4 inches high when
closed, and 12 inches when open; there is no
field lens. This microscope is rare, and so far
as known, no duplicate has heretofore been
described. m

#In instances where the exact date of manu-
facture of a microscope in the Collection is not
known, the abbreviation "C." is used in the
caption immediately preceding the date; the
“C™ is used in place of *“circa”, indicating
“about that date.” In instances where use of
circa is not appropriate, the words “before™ or
“after” a given date are used.



Fig. 3.
pound monocular; before 1665.
60-4713-412)

Givseppe Caompani, Rome, Italy; com-
(AFIP 49001 -

The entire body (Fig. 3) is of dark wood
with a brass stand, and consists of two barrels.
The lower, outer barrel has a fine screw adjust-
ment on the outside for raising and lowering,
and the inner barrel is 2 inches long and has a
coarse thread adjustment at the lower 1-1/4
inches that provides for adjusting between the
objective and the eye lens. There is also a
wooden dust cap.

The objective is held in a wooden cell that
screws on the nose and has a pinhole opening.
The maker’s name is incused around the upper
ring that is attached to the disc forming the
base by three narrow, flat brass pillars.

The slide holder consists of two rollers on
opposite sides fixed to the upper side of the
base. Below the base is a second disc the
same size as the base that has two thin, almost
vertical steel springs that press on the roller.
The springs are bent slightly inward, and by
pressure on the rollers tend to draw the lower
disc up against the base. The use of the sec-
ond disc suggests the spiral spring arrangement
later devised by Filippo Bonanni, the 17th cen-
tury Italian microscope maker. The central hole
in the base and the lower plate indicates that
the instrument was intended for examining trans-
parent objects by holding them to the light.

There is an objective and an eye lens that
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are held by a screw ring. The absence of a
field lens dates the instrument before Hooke
(1665) at which time the field lens was claimed
as a new improvement. Height is 4-1/2 inches
and the base is 1-1/R inches in diameter. John
Mayall indicated that this was the first system
of screw focusing applied to a microscope of
which he was aware. m

Fig. 4 (color plate). Christopher Cock, London,
England; compound monocular: after 1665.
(AFIP 49004 - 66-1836-1)

The base of this instrument (Fig. 4) is of
dark wood 8-1/2 inches in diameter and 1-1/2
inches thick, with a round brass pillar 15 inches
high fitted into its edge. The ring nut into
which the nose of the microscope screws has a
short rod attached that fits into a block sliding
on the vertical pillar, and is clamped by a jam
screw; a wing screw holds the rod in place.

The body tube is of cardboard covered with
chocolate-colored leather ornamented with gold
stampings. There are two drawtubes (a dupli-
cate instrument in England has four) and the
mountings are of wood. The cylindrical portion
is 4-1/8 inches in diameter and 7 inches long,
and the wooden eyepicce is 6 inches long; the
field lens is mounted in the lower end.

The screw-on nosepiece is brass and is 1-3/4
inches in diameter and 2-1/2 inches long. The
object carrier is a slotted brass fitting 6 inches
long and is clamped to the bottom of the pillar
by a wing nut working on a screw. This fitting
has a circular plate at the opposite end that
may be rotated, and which carries a short, up-
right stem with a transverse pointed rod. Height
is 21-3/4 inches.

The instrument is not signed, but the gold
stampings are identical to the description and
illustration of the Robert Hooke microscope
that was formerly in the George Il Museum and
later in the Crisp Collection, and last known to
be in the Court Collection in the Seience Mu-
seum at South Kensington, England. The stamp-
ings identify Christopher Cock as the maker,
but the instrument was designed and used by
Hooke. m

AFIP 49003. Moker unknown; reproduction of a
compound monocular microscope maode in 1665;
reproduced in 1888. Not illustrated.

This is a reproduction, made under the su-
pervision of John Mayall in London, from Plate
I of Robert Hooke's Micrographia. The illumi-
nating apparatus was not duplicated. m



Fig. 5. John Mayall, Jr., London, England; re-
production of o0 compound monocular microscope
made in 1667-68 by Eustachio Divini, Bologna,
ltaly; reproduced in 1888. (AFIP 49005 - 63-
6536-8)

This reproduction (Fig. 5) was made by May-
all from the original in the Museo Copernicana,
Rome. The body is of cardboard covered with
gray paper turned brown, and has a tin cylindri-
cal socket and a tripod base. The magnifica-
tions of each of the various lengths are marked
on the four tubes. The lower tube slides within
the tin socket of the tripod and carries the ob-
iect lens in a thin cell of tin; the next tube
slides over the former, and has an external col-
lar at the lower end, apparently to serve as a
stop for the next tube above; the third and fourth
tubes are similar but progressively larger; there
is a diaphragm at the upper end. It is 16-1/2
inches high extended, and 1-1/2 inches in di-
ameter at the upper tube.

The original instrument from which this re-
production was made has a magnification of 41
to 143 diameters; the eyepiece consisted of two
plano-convex lenses with the convex surfaces in
contact. It was Mayall’s impression that the
optical construction of the instrument had been
tampered with, and was not the work of the origi-
nal maker, Divini. m

Fig. 6. Eustachio Divini, Bologna, ltaly; com-
pound monocular; C. 1670. (AFIP 49006 - 63-
6537-1)

The stand for the instrument (Fig. 6) con-
sists of a ring fitted with three brass, flat, bent
legs; the body tube is bell-shaped and of dark
wood; and the nose is brass and screws for fo-
cusing. There i8 no adjustment for the distance
between the lenses.

It is 6 inches high, and 1-3/4 inches in di-
ameter at the field lens. The objective is a bi-
convex lers 7/16 inch in diameter, and the field
lens is plano-convex and 1-3/8 inches in diame-
ter, plane side to the objective. The eye lens
consists of two biconvex lenses, the lower 1-
1/16 inches and the upper 3/4 inch in diameter.
John Mayall said in 1886 that this instrument
was constructed after 1665 as it has a field
lens, and that the upper ocular lens probably
was experimental. m

This Homberg model* instrument (I"ig. 7) has
a circular wooden base with a brass ring socket
ssupported by three turned brass legs. The body
is of cardboard covered with paper with a wooden
mount. The lower portion, or nose, is focused

*Willem Homberg (1652-1715), Dutch natu-
ralist, chemist and physician.



Maker unknown; compound monocular;

AFIP 49008 - 60-4713-62)

Fig. 7.
before 1686.
by screwing into the socket, and is turned to
about 1 inch in diameter; the outer or drawtube
is 2-5/8 inches in diameter. When closed it is
12 inches high. The optical construction is
identical to that of the microscope in Fig. 6
(AFIP 49006). m

Maker unknown; compound

(AFIP 49007 - 66-

Fig. 8 (color plate).
monocular; before 1686,
1836-4)

The circular base of this microscope (Fig.
8), a modification of the Homberg model, is 5
inches in diameter, and supports three 3-1/2-
inch-high turned legs that support a turned cone
ring socket 1-1/4 inches thick and 2-1/2 inches
in diameter; all of wood, probably pear.

The body is of cardboard covered with green
vellum with gold stampings. At the top of the
tube is fixed the 7/8-inch-diameter field lens.
The drawtube, 1-1/2 inches in diameter, that
carries the eye lens slides over the body tube;
this varies the distance between the lenses
(Homberg’s system). Focusing is achieved by

sliding the tube. The movable stage is made of

horn.

It is 24 inches high extended, and 16 inches
closed. The objective is inclosed in a wooden
cell that screws to the nosepiece. John Mayall
located the instrument in France in 1887, and it
was reported to have been in the possession of
one family since early in the 1700’s. m
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Fig. 9.
after 1686.

Moker unknown; compound monocular;

(AFIP 49009 - 60-4713-441)

This instrument (Fig. 9) is made entirely of
wood, probably pear, and 1s 12 inches high.
The stand consists of a heavy ring socket sup-
ported by three curved and carved consoles.
The body tube is turned and is 2-3/4 inches in
diameter at its widest, and 2 inches at the lower
end. The nose is 3 inches long and 1-1/4 inches
in diameter, and screws into the socket ring for
focusing.

The optical construction consists of a bi-
convex eve lens, a planoconvex field lens, and
objective with the convex surfaces facing each
other. There is no adjustment for distance be-
tween the lenses. It is of Italian make. m

The body tube (Fig. 10), mounted in a hard
wooden disc, is of cardboard covered with brown
leather ornamented with gold stampings, and is
3-5/8 inches in diameter and 4 inches long.
The drawtube is covered with white vellum and
is glued at the upper end into a wooden mount.
This forms the lower end of the evepiece, that
is 4-1/4 inches long and 3-5/8 inches at the
lower end tapering to 1-3/4 inches at the top.

At the upper end of the drawtube is the bi-
convex field lens 2 inches in diameter. The 1-
inch eye lens is in a mount 2 inches from the
top. Above this is a cup and dust cap.



Figure 4



COMPOUND MONOCULAR

Fig. 10. John Marshall, Londen, England; com-
pound monocular; C. 1700. (AFIP 49011 - 60-
4713-297)

The brass nosepiece, 1-3/8 inches in diame-
ter and 1-1/2 inches long, is screwed to the
lower wooden mount. The nose screws into a
brass ring at the end of the arm carried by a
sleeve, that slides on the main pillar.

The square pillar is 11 inches high, with
lines and numbers engraved on the side. The
pillar terminates at the bottom in a 1-1/2-inch-
diameter brass ball that works smoothly in a
brass socket. The instrument may be used up-
right, inclined, or may be turned to overhang
the back of the box base.

The brass socket screws into the top of an
8 x 6-inch hardwood, octagonal box base that
contains a drawer for objectives and accesso-
ries. The base is weighted with lead on the
side opposite from that to which the pillar is
attached.

A second sleeve sliding on the pillar may be
clamped at any height. Tt is connected to the
main arm that carries the body of the microscope
by an iron screw controlled by a brass octago-
nal nut with a substantial fine adjustment.

It does not have a stage and there are no
objectives. There is a brass rectangular fish-
plate trough, without a bottom, attached to a

similar fork for clamping to the stem. The top
of the ends of the wall of the trough are ser-
rated. A condensing lens 1s attached to the
side of the base by a hinged arm. Height is 16
inches.

The gold stampings are identical to those on
the several Marshall microscopes that are signed.
Apparently Marshall signed his instruments on
the hottom of the drawer, but this cannot be
verified in this instance because the drawer
was missing when the instrument was acquired.

A new box and leaden weight were supplied
by John Mayall as the originals were bevond re-
pair. He also supplied the condenser and its
mount, copying similar accessories of a model
then in the Crisp Collection in the Science Mu-
seum, South Kensington, England. m

Fig. 11.
after 1716.

Moker unknown; compound monocular;

(AFIP 49010 - 60-4713-236)

To the circular walnut base of this instru-
ment (Fig. 11), which is 6 inches in diameter,
is fixed a brass tripod, 18 x 38 x 10-1 2
inches, with the narrow external side inclining
inward at the upper end, where the body tube
is fixed with a coarse threaded screw into a



brass ring. Three inches below this point the
body tube is set into a triangular brass plate
that has an opening through which the nose-
piece passes.  Three inches below this it is
set into o circular brass plate that forms the
stage, and which has a circular opening, a hole
for stage forceps, and a slot for a [ish-plate.

The body tube is of dark wood, probably
pear, 2-3°4 inches in diameter at its widest
point, tapering to 2 inches at the lower half,
and has a screw for focusing.  The eyepiece
is 3 inches long, and is turned to 1-1/2 inches
at the upper end that has a dust cap. The
wooden nosepiece is 3 inches long and 3/4-inch
in diameter, and serews into the body tube. The
mirror gimbal and case are of brass and fastened
to the base.  The objective is inclosed in a
brass [itting and screws on the nosepiece. The
field lens is 2 inches in diameter and the eve
lens 3/74-inch. Height is 18 inches.

It is difficult to accurately date this instru-
ment, but it is probably of Italian make. The
focusing arrangement is apparently 18th cen-
tury, and the tall tripod may have been copied
from Culpeper or Loft of London. A mirror,
which is missing from this model, was appar-
ently a part of the original instrument, which
would date it after 1716. m

Edmund Culpeper, London, England;
simple and compound monocular; before 1730.

(AFIP 49014 - 60-4713-17)

Eig. 12.

A Wilson screw-barrel type (IFig. 12), the
base is a 4-inch sector slotted at the hinge
with a similar arm inserted. The lower end of
the turned pillar screws into the joint of the
tripod, while the top is joined by ball and
socket to a short arm that screws into the outer
case of the screw-barrel; the objective screws
into the top of this barrel.
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There 1s an ivory handle that screws into
the outer case when the instrument is to be
held by hand: the knob of the handle is hollow
and serves as a container for extra tubes and
rings.

Also attached to the pillar is a long, knuckle-
jointed arm that supports the condensing lens
or a mirror; the joints turn in planes at right
angles.

The beautifully turned, ivory compound body
with drawtube screws over the back of the ob-
jective after the latter is screwed into the case;
a simple lens is provided in a horm mounting
with a carrier. It is signed, “Culpeper Feeit.”
Height is 10 inches.

Accessories include 5 objectives: condens-
ing lens; animalcule slip; 4 cells; forceps: 6
ivory sliders; and fishskin bhox. m

Fig. 13.
compound monocular; C.

60-4713-446)

Edmund Culpeper, London, England;

1730. (AFIP 49019 -

The upper portion of the body tube of this
instrument (Fig. 13) is of dark wood, and the
lower portion of cardboard covered with green
vellum.  The outer tube is also of cardboard
covered with shagreen, with a brass rim around
its upper edge,

The body tube shides into the
focusing.  The concave

outer tube

for muror 12 fixed



Figure 8



COMPOUND MONOCULAR

to the base in optic axis. A stage condenser
with several movements is mounted separately,
and is sccured in position by a locking nut.
The nosepiece is brass and screws into the
lower end of the body. The objective is a
brass cell and screws to the nosepiece.

The wooden base is 5 inches in diameter.
The brass stage has a recessed aperture and is
supported by three slender, turned pillars of
brass. Three similar pillars are located mid-
way between the first three and support a brass
plate to which is attached the base of the
outer tube.

The biconvex eye lens is 7/8-inch in diam-
eter, the field lens is plano-convex and is 1-5/8
inches in diameter and is secparated about 2
mches. There is only one objective and one
stage forceps with clasp. Height is 14 inches.

Although the instrument is not signed, the
construction and workmanship are unmistakably
Culpeper.  The straight form of continuous
pillars was introduced by Scarlett and varied
hy succeeding makers. This type of micro-
scope became popular even after the introduc-
tion of the Cuff model, and was constructed
with modifications by all makers for almost 100
vears; some called it the “common three-pillar

microscope.” m

AFIP 49016,
lond; compound monocular
before 1738. Not illustrated.

Edmund Culpeper, Londaon, Eng-
double reflecting;

This microscope (third form) closely re-
sembles the instrument by the same maker in
Fig. 13 (AFIP 49019) with the following dif-
ferences: The wooden portion of the eyepicce
is more delicately turned and has a dust cap.
The body tube is of wood without the vellum
cover. Attached are an objective, ocular, and
a Bonanni spring holder. Height is 14 inches.
It is to be noted that Culpeper’s first form had
a woolen stage, the second a plain brass stage,
and the third a recessed stage. m

This instrument (Fig. 14) has two vertical,
rectangular pillars. one behind the other. The
front pillar 1s fixed and is 10 inches high,
3/8inch wide, and 1/4-inch thick. The body
1s carricd by an arm attached to the shorter,
sliding back pillar, that is 7 inches high and
of the same width and thickness as the front
pillar.

The lower 3 inches of each pillar is in-
closed in a rectangular brass tube in which the

Fig. 14,

monocular; 1744.

John Cuff, London, England; compound
(AFIP 49023 - 60-4713-20)

shorter pillar slides smoothly. At the upper
end the pillars are held together by the arm
that carries the body, and which fits tightly
around the fixed pillar. Coarse adjustment is
achieved by sliding. by hand, the movable pil-
lar on the stationary pillar. The rectangular
block that covers the pillars about 2 inches
below the arm is clamped by the jam screw on
the fixed pillar. Fine adjustment may be
achieved by a [ine screw operating in the block,
The mirror is permanently mounted in the axis,
as in the Culpeper model (Fig. 13).

The stage is in the form of a cross, an
entirely new design. One arm of the stage is
used for attachment to the fixed pillar, the
opposite arm carries the condensing lens or
forceps, and the right arm carries the fish-
plate. The instrument is mounted at one corner
of a rectangular box that has a drawer for ac-
cessories. A scroll support to the sleeve in
which the pillars are inclosed serves to in-
crease the rigidity of the stationary pillar, as
well as to form a handle for lifting the instru-
ment.



The compound brass body has a conical collar

which fits into the arm carried by the sliding
upright pillar; the body may be lifted out of its
fitting. The 37 1-inch, single eye lens is in a
screw sctting, Height i1s 11-12 inches.

The drawer in the base contains 5 additional
objectives, a condensing lens, fish-plate, and 2
diaphragms for the mirror. It is signed, “J.
Cuff, Maker, London.” m

Fig. 15. "“J.F.F.,” Nuremberg, Germany; com-
pound monocular; after 1744. (AFIP 49015
63-6541)

The frame of this instrument (Kig. 15) is
well turned and substantially constructed of
dark wood. The base is a 5 X 7-inch rectan-
gular box with a drawer. The pillar 1s a turned
rod 13 inches high with a turned ivory cap: the
upper 7 inches is 5/8-inch in diameter. The
lower section of the pillar fits into a circular
base 3-1/2 inches in diameter, and is fastened
to the hox with a nut. The circular stage, 2
inches in diameter, is copied after Bonanni’s
spring fitting; its arm slides on the pillar and
has a jam screw. There are two similar arms
that screw into a block attached to the outer
tube.  The cardboard tube, covered with dark
red paper and with two horizontal orn