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ILLIAM J. YOUNG was the leading mathematical instrument
maker in the United States in the middle decades of the
nineteenth century. He redesigned the basic instruments, adapting
European designs for American conditions, and made a good many of
those actually used to survey the American continents. British instru-
ment makers rapidly lost the competitive edge they had previously
enjoyed. Among American instrument makers, many of whom copied
his designs, Young was a pioneer in the industrialization of his craft,
leading the way in both the mechanization and rationalization of the
work process. These factors, plus a large and expanding market,
ensured his financial success. The details of Young’s responses to
changing market, labor and technological conditions provide the basis
for this story.

William J. Young was born in 1800, either in Scotland, or in
Philadelphia soon after his parents migrated there.! William, Sr.
worked as a tailor, prospering enough to purchase a house in South-
wark, the immigrant working class neighborhood just south of Indepen-
dence Hall.> At the age of 13 William J. was apprenticed to Thomas
Whitney, to learn “The Trade or Mystery of a Mathematical Instru-
ment Maker.”? Seven years later, upon achieving his freedom, and with
$30 lawful money in his pocket, the young man began in business.
When Whitney died soon thereafter, Young probably acquired the tools
and good will of his trade. In 1825 Young married, set up housekeeping
in Southwark, and opened a shop at 130 S. Front, a street that had long
housed most of Philadelphia’s instrument shops and stores.
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Young’s timing was good. The United States was then embarking on
an unprecedented expansion of both territory and internal improve-
ments, and the demand for precision instruments increased proportion-
ally. The high cost of European instruments and the difficulty of
repairs, plus an eagerness for economic independence, led many Ameri-
cans to want to buy American. Yet few American instrument makers
were able to compete with Europeans either in quantity or quality.
William J. Young was the first American to do so.

A good many eighteenth century Americans had made surveying
instruments, but demand for their products was too small to support
specialization.* The Rittenhouse brothers, probably the most prolific
American instrument makers of their time, made compasses that
compared favorably in beauty and precision with the best available in
Europe. Yet neither David nor Benjamin engaged in instrument making
as a full time occupation. The very few extant compasses by David,
combined with the paucity of correspondence or other literary evidence,
suggest a very limited output. Benjamin seems to have made more—at
least 28 that he made alone or in collaboration with other artisans
survive—but he too had numerous other interests.

The low demand for instruments in local markets mitigated against
apprenticeships and workshops. Most early American instrument mak-
ers worked alone, with only on occasional apprentice or helper. The first
and for many years the only instrument maker in the colonies who had
served an apprenticeship in Europe was Anthony Lamb, and he was
only in America because he had fallen into bad company in London, and
chosen transportation over the gallows.” A few more European instru-
ment makers arrived soon after the Revolution but, to judge from their
advertisements, most earned their money by importing and repairing
instruments, not by making them. Thomas Whitney, who was to become
Young’s mentor, was different in that he worked full time at his trade,
and he sold to a national market. A native of London, and presumably
trained there, he was in Philadelphia by 1798, advertising that “he
makes various instruments in the most approved and accurate manner.”®
By 1820 he was claiming that “he has devoted his attention principally
to the making of SURVEYING COMPASSES, for more than thirteen
years past, and has made about five hundred of them, the good qualities
of which are known to many surveyors in at least sixteen of the States
and Territories of the Union.”

Most surveying in colonial America was done with a plain compass
and chain. As internal improvements became more complex, surveyors
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increasingly relied on such “engineering” instruments as level, vernier
and solar compass, and transit.

The surveyor’s Y-level was a relatively new instrument, having been
introduced in London, around 1740. Despite various improvements, the
level was slow to take hold.® David Rittenhouse is known to have made
two levels, and his brother Benjamin but one.” Thomas Whitney
advertised “Instruments for Levelling” but it is not known what these
were or how many he sold."® The first public notice of Young’s level
came in 1827, when he showed it and a compass at the Franklin
Institute Fair. The judges awarded these an honorable mention, finding
them “highly finished, very complete of their kind, and which may be
advantageously compared with those imported.”"’ The level soon
became a key item in Young’s product line. Examination of extant
examples shows Young’s level to be lighter, cleaner and more practical
than contemporary English models. Young himself pointed to his level
as being “in its principal proportions the copy for nearly every successive
manufacturer, and yet remains in its original construction the most
approved of all.”*

The surveyor’s compass was primarily a colonial instrument, useful
in rapid surveys of vast, loosely populated lands. Around 1770 the plain
compass was improved with the addition of a vernier, a short secondary
scale indicating subdivisions of the primary divided circle or line. The
vernier on a compass was generally used to compensate for variation, the
local deviation of the magnetic needle from true north. David Ritten-
house seems to have been the first American to make a vernier
compass'’; similar instruments were advertised in Dublin.'* Wherever
the innovation originated, by the turn of the century the vernier compass
was the instrument of choice for surveyors who could afford the extra
expense. From extant examples we know that Young made vernier
compasses of the standard pattern.

Even with a vernier a compass depended on magnetic north. To
circumvent this problem Young devised a compass to measure horizontal
angles without reference to the magnetic needle. It had a lower
graduated plate which could be clamped so as to remain stationary, and
an upper movable member carrying the vernier and sights. As added
features Young moved the vernier on to the compass face and under the
glass to protect it from injury, and he darkened the face to reduce glare.
He applied for a patent on this compass late in 1830. It was granted in
1832, surrendered, and reissued in 1834."

Young’s patented compass led directly to the surveyor’s transit, his
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most important instrument. The transit made its first appearance in
1831." Young initially termed it simply “an Improved Compass, with
Telescope attached, by which angles can be taken with or without the
use of the needle, with perfect accuracy.””’ An early and important
customer was the B&O Railroad. Since the telescope was transit
mounted, surveyors could take sights forward along the line, and
backward, much more expeditiously than they could with the more
cumbersome and expensive British style theodolite. And, to the extent
the transit was simpler of construction and less likely of derangement
than the theodolite, accuracy of observations in the field was improved.

Figure 1
YOUNG’S “IMPROVED COMPASS, WITH TELESCOPE ATTACHED,” CIRCA 1831, THIS IS
REPUTED TO BE YOUNG’S FIRST TRANSIT INSTRUMENT. PHOTO COURTESY NATIONAL
MUSEUM OF AMERICAN HISTORY.
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Until the 1850s when the first catalogs were issued American
instruments were advertised primarily by word of mouth. Young must
therefore have been particularly pleased when Samuel Mifflin pro-
moted the transit—he was the first to apply the term to the instrument—
as “the instrument to which I have been most accustomed” in his
popular Railway Curves, published in 1837." The review of Mifflin’s
book in the Journal of the Franklin Institute went even further,
describing the transit at length, and concluding that, for railroad
purposes, “it serves as well as the theodolite, is used in the same manner,
and is much more portable, simpler, and less likely to get out of repair. It
is also much cheaper; its cost being $140 or $150.”" Although Young
never obtained a strong position in the overseas market, he did achieve
modest penetration. In 1847 a London dealer advertised Young’s transit
as possessing “many advantages over the theodolite for railroad
work.”%

In the design of the transit there was a trade-off between ruggedness
and accuracy. Young’s original model was remarkably sturdy. In 1853
he brought out a second model which, as transportation improved and
the need for accuracy increased, became the instrument of choice for
general work.” One other successful invention, worthy of mention, was
the shifting head connecting the instrument with the tripod.?

Like all good instrument makers, Young worked closely with his
customers, developing apparatus to satisfy their needs.”” In 1835 Young
met William Austin Burt, a Michigan surveyor whose frustrations with
conducting magnetic surveys in areas with large deposits of iron ore led
him to devise and eventually patent an instrument for easily determining
the true meridian and the variation of the compass needle. Burt
commissioned Young to make a solar compass (as his instrument was
later to be called) for submission to the Franklin Institute, for evaluation
by its Committee on Science and the Arts. The Franklin Institute
quickly recognized the importance of Burt’s invention and awarded him
a Scott’s legacy medal and premium.** Despite this honor, the solar
compass was yet a good idea in an inchoate form. Over the next several
years Young was in frequent correspondence with Burt, suggesting
modifications and making new models until, by 1840, they had a truly
successful instrument.” In 1850, almost coincidentally with the expira-
tion of Burt’s patent, the General Land Office adopted the solar compass
as a standard instrument for all major boundary lines in regions of
magnetic disturbance, and demand rose accordingly.”®

By the 1830s Young was sufficiently secure to undertake the produc-
tion of expensive scientific instruments on speculation, with no assur-
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Figure 2
SOLAR COMPASS, CIRCA 1840, MARKED “BURTS PATENT. MADE BY WM. J. YOUNG
PHILAD".” PHOTO COURTESY NATIONAL MUSEUM OF AMERICAN HISTORY.

ance of a sale. His first venture—duplicating a set of French instruments
for observing the properties of light—ended in court when Young’s bill
far surpassed the French estimate.” In the early 1840s Young made a
meridian circle for astronomical research, copied after the fine German
instrument recently imported for the Central High School in Philadel-
phia. This time he was more successful. The judges at the Franklin
Institute Fair awarded him a silver medal, “expressing their belief that
it is the most perfect, as well the most difficult, work of the kind ever
executed in this country.”” This instrument was eventually sold to the
privately owned Sharon Observatory at Darby, just outside Philadel-
phia.” He later made similar instruments for Haverford College and for
Vassar, and did work for the U. S. Naval Observatory and the U. S.
Exploring Expedition to Chile.”

With good products and an expanding market Young’s business
prospered. In 1836 he commented, “I have been counting my orders
yesterday, & find that the Levels will keep me about 3 months & my
Improved Compasses about 5 months busy with the hands I have now
on them. . . .”* To keep up with his orders Young contracted with an
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English manufacturer to supply parts for some three dozen transits. But
the results did not justify the trouble—the brass contained too much
iron, and the parts were not well made—and the experiment was not
repeated.”” As no account books survive, precise production levels are
unknowable. Young first numbered instruments in around 1853, begin-
ning with #3000, which suggests an output of around 100 instruments
per year. In 1855, an unusually busy year, Young turned out over 150
instruments.*

Young’s productivity came in part from mechanization and in part
from an increased number of hands and rationalized procedures. In the
1820s he built a dividing engine—a device for mechanically dividing
circles into degrees and minutes.”* Young was the first American to do so
and, indeed, the first American to even own one. He undoubtedly had
never seen a dividing engine, but worked simply from a printed
description of a British one. The first successful dividing engine had
been built in England in 1775 by Jesse Ramsden under the encourage-
ment of the Board of Longitude as a way to mass produce sextants and
octants. While dividing engines caused a certain amount of de-skilling,
they engendered no opposition. They were seen as a tool to aid the
craftsman, not as a machine to replace him.” Manual graduation was
Jjust too difficult and time-consuming, and trained craftsmen too few, to
meet the needs of the new navigation. Precision was also a factor.
Compasses graduated to 1 degree of arc could be done with a simple
divided plate. Presumably this was what Whitney had used. The
inventory of his estate revealed nothing more complex than “3 Turning
Lathes” and “Sundry Tools.”*® Young’s first instruments were grad-
uated with a plate made by George Adams of London.” His first transit,
however, was graduated to 30" and read by vernier to 3, and later ones
had even finer graduations. For such work, turned out in quantity, a
dividing engine was essential. By 1870 Young had three circular
dividing engines, two linear engines, and 16 lathes, all powered by hand
or foot.*® Steam was not introduced into the shop until the late 1870s.%

For surveying instrument makers, dividing engines quickly became a
key factor. While an engine did not ensure success, lack of one limited
output to compasses, which required only crude graduations, and levels,
which required no graduations at all. Yet engines were expensive
and/or difficult to obtain, and thus represented a formidable entry
barrier to the field. Until the Civil War there were probably no more
than six engines in the United States, outside of Young’s shop.

Even with an engine, dividing a circle was an exacting task, “making
serious inroads upon the constitution of the man engaged in such
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pursuits.”* To lessen the labor of the artist, William Simms, a leading
London maker, devised a2 method of making a dividing engine self-
acting. Following the publication of Simms’ method, Young modified
his 24-inch engine, making it automatic. And he included an automatic
motion in the design of his 48-inch engine.

Young claimed to have $6,000 invested in his business in 1850,
$20,000 in 1860, and $10,000 in 1870.* Like all estimates of capital
expenditure, these are fraught with uncertainty. Since Young made the
dividing engines himself, value would be particularly difficult to
determine. According to one account the largest dividing engine cost
$7000, “and four years were occupied by three of their best workmen in
testing and correcting it.”** In the inventory of Young’s estate this engine
was appraised at $500—a figure surely below replacement or fair
market value.” Ten years later this same engine was appraised at
$2,000.

In terms of management practices Young was a typical master
craftsman of his era. He continued to work in the shop, taking over
day-to-day supervision when his foreman could not. He kept his own
accounts and wrote his own letters. Discussing a contract he had written:
“I am not just at home, when writing agreements; the form I copied from
a printed one, and hope it may answer.”® For the most part Young
operated his business as a sole proprietor. Only briefly did he go into
partnership with his eldest son and, towards the end of his life, with his
two best employees.*’

American instrument shops increased in size from one or two hands in
the early years of the century, to ten to twenty hands at mid-century, to
100 hands or more in the period 1880-1900. Young’s shop led the first
expansion. By the mid-1830s Young had several apprentices and several
employees.’” His workforce numbered about ten hands in the period
1850-1870, rising to 19 hands in 1880.% Despite this increase Young’s
shop remained an artisan shop or small manufactory, never expanding
to factory status.

Attracting a skilled workforce and holding it in a fluid society was far
from easy. With regard to apprentices Young described the problem
thus: “On the 17th of Sept. (1836) one of my apprentices, who has been
3 years with, & was getting very useful to me, left without notice. . . .
Unless I can regain him, I not only lose all his services, but it will be
useless to attempt to keep lads after they take any umbrage with such an
example before them.”* Some young men stayed with Young long
enough to learn the business, and then set up shop on their own. One
such was Thomas Tennent, proprietor of the leading instrument shop
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and warehouse in San Francisco, and the West Coast agency for
Young’s instruments.”® Another Young apprentice was Charles Shain
who, together with Young’s foreman, Joseph Knox, “having a very
favorable offer made them to manufacture telegraphic machines,” went
into that business on their own. Knox & Shain made surveying
instruments as well as telegraphic ones and, by 1860, their Philadelphia
shop was almost as large and prosperous as Young’s.”*

While many nineteenth century crafismen enjoyed the challenges and
opportunities of entrepreneurship, an increasing proportion sought the
security of stable employment. Thomas Watson, another of Young’s
foremen, worked for Young almost continuously for some 50 years.”
Other examples of long-term service are provided by Heller & Brightly,
a firm that spun off from Young and was of about the same size. In 1896,
on the celebration of their 26th anniversary, Heller & Brightly noted
that none of their present work force had been less than 17 years in their
employ, and some had been with them continuously for 24 years.”

The men who chose to stay with Young as employees were well aware
of their worth, often exhibiting that autonomy characteristic of pre-
industrial craftsmen. Of one of these men Young wrote: “his doctrine is,
that he only works to live, and does not live to work, and during a goodly
part of the time he lived up to his doctrine.” Young continued: “I have as
a whole as decent a set of men as can be found in any shop, yet they know
their usefulness, and when they do not exactly as I wish, I frequently
have to say nothing about it.”** Machinists were elite among craftsmen,
and they were paid accordingly. Young’s salary structure was competi-
tive with those of other instrument and precision machine shops in
Philadelphia. In 1850 Young paid average wages of $528 per year.
Printers and compositors, by contrast, averaged $370, and male workers
in 14 major industries averaged only $288.>° There is no evidence that
Young’s men ever struck. Their power was probably so great they had
no need to. Hours of employment are not known. However, as late as the
1910s the men were still sending out for a bucket of beer several times a
day.*

As Young’s business expanded the labor shortage intensified. “If 1
could find competent workmen, I could at present double my business,”
Young claimed in 1851.”” With American craftsmen so scarce Young
looked again to Europe. “The impossibility of finding competent
workmen I have never found so great as the present time. I have been
thinking of having an advertisement put in some of the European

papers, stating the certainty of good workmen finding employment
here.”*®
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At the moment Young was writing this some of the European
craftsmen he sought—both the mechanics and the opticians—were
already in the United States, many of them having left Germany and
Ireland during the upheavals of 1848. Young soon sent his son Alfred to
New York to work with Adolph Wirth, an immigrant optician whose
lenses for engineering instruments proved “much better than those
otherwise obtainable.” Before long Young had acquired Wirth’s tools
and machinery, and installed them in his new four-story brick building
in Philadelphia.”® Wirth and his men came too, probably as inside
contractors rather than employees. The Philadelphia city directory for
1855 lists nine mathematical and optical instrument makers—seven
Germans and two Irishmen—as well as Young’s foreman, Thomas
Watson, working at Young’s address. Young’s regular employees are
more difficult to know. Apprentices were never listed in the directories,
and those journeymen who were listed were seldom identified by place
of employment.

Already at mid-century Young had moved towards specialization. In
his own words: “I find they get along full as fast by giving to each a part
and the work is done better.”® There is evidence, however, that such
specialization did not prevail for long. Moreover, despite the shortage
and high cost of skilled artisans, Young never sought to replace these
men with less skilled workers. By the 1860s this labor policy was
bringing stiff price competition from forward-looking instrument manu-
facturers, most notably W. & L. E. Gurley of Troy, N. Y. Established in
1852, Gurley aimed to be the low cost producer. On some major items
their price was a third less than those made by Young.®' The problem
intensified in the 1870s when, after remaining fairly stable for twenty
years or more, the wages of skilled machinists rose sharply. For Young,
wages rose from $600 per year in 1870, to $3 per day ($900 per year?)
in 1880.”

Young’s ambivalence towards mechanization and rationalization is
understandable in light of his youthful opposition to industrial produc-
tion. Bruce Laurie’s description of a radical republican as Thomas
Paine’s Progeny fit Young well.” In all probability ideology inspired
Young to name his eldest son Jackson (1825) and his youngest son
Thomas Benton (1837). In the years 1828-30 Young had been an active
participant in the workingmen’s movement which aimed “to arrest
incipient capitalism and to institute instead a system of small producers
in which the journeyman artisan would have a respected place in the
community.”* More particularly, the movement promoted education
for workingmen and their children, and it encouraged workingmen to
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use the franchise to elect candidates who supported their aims. While
never as articulate as the charismatic organizer, William Heighton,
Young was a valiant footsoldier. He attended meetings, often in the role
of secretary, signed petitions, served on the Committee of Vigilance for
several elections, and was elected a director of the Mechanics’ Library
and an officer of the Working Men’s Republican Political Association of
Southwark. At festivities on the 4th of July, 1830, Young proposed a
toast: “Our militia properly organized and equipped—an army of
republican citizens—they are the only terror to tyrants—the only
safeguard of the liberties of the people, With it our liberties are secure
against the power and machinations of the world.”*

Radical workingmen held the labor theory of value as a central tenet,
and instrument makers were no exception. We have no quote from
Young himself on this subject. But Samuel Blydenburgh, one of his
employees, stated in court, “I know no other value of these articles than
by the time and what a journeyman could get making them.”%

Young’s radical activity probably ceased in the early 1830s. In 1857
he mentioned his ignorance of local politicians, concluding “I have
attended so little to active politics for several years. . . .”* Since we have
no evidence of how Young felt about relinquishing his youthful ideals,
speculations about Young’s falling away might well begin with the
general demise of the workingmen’s party. As his business became more
successful, Young must have had increasingly less in common with a
movement that focused more on non-partisan labor unionism and less on
politics.®® Despite the introduction of dividing engines and some division
of labor, instrument making remained a skilled trade. Not until late in
the century would its workers experience the loss of security and status
facing workers in rapidly changing industries. Finally, a man like
Young who looked to Europe for skills not available in the United
States, not for cheap labor, would have been uncomfortable with the
growing nativism of the American labor movement. Indeed, he might
have found his immigrant employees who came out of a radical craft
tradition more congenial than his fellow American workingmen.*’

Whatever his vision of America as a nation of small, independent
artisans, Young certainly profited from owning the tools of production
and organizing the labor of others. With all due respect to the
uncertainties inherent in the accounting and reporting systems of the
mid nineteenth century it seems clear that Young made about ten times
as much as did his highest paid employees. By the 1840s he was
sufficiently secure to invest nearly $8000 in an iron foundry and to be
disappointed but not distraught on learning that he might lose half this
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sum.” In 1850, 1860 and 1870 the profit from Young’s shop (value of
goods produced minus materials, wages, and ground rent) was around
$8000. In those years his property, real and personal, averaged around
$20,000.”" An 1865 estimate of Young’s income ($1750) and an 1870
appraisal of his estate ($7169) suggest a cavalier attitude toward income
taxes and probate records.”” While the myth of the self-made man has
been severely challenged, there is little question but that Young falls into
this category. His parents were, at best, of the middling sort,” and there
is no evidence that his wife brought any wealth to the marriage.

After Young’s death in 1870 the business remained in family hands
much as he left it, still producing fine instruments but steadily losing
their competitive edge. A credit rater of 1886 reported that Young &
Sons employed “skilled workmen at high prices ... his expenses are
heavy, and he is unable to compete with parties who avail themselves of
the advantages of improved machy.”* While retaining their expensive
employees Young & Sons took steps to increase productivity, endeavour-
ing “by more perfect system and increased facilities, to counteract the
increased (in some cases almost doubled) cost of skilled labor.””® This
“perfect system” probably entailed batch production. Heller & Brightly
regularly made instruments in lots of 20-50.”° Such batch production
might imply deskilling. In fact, however, one man was responsible for a
complete lot, and thus was fully capable of making all the parts.” By the
early twentieth century full scale specialization had taken hold. William
J. Young’s great grandson recalled seeing “rough castings from the brass
founders passed along a line of lathes from man to man, from rough
finisher to final.””® It was, however, not enough. By the 1890s most
mathematical instruments were being made in factories, by large armies
of anonymous mechanics. It was a step Young and his descendents could
or would not take. In 1921 they sold out to Keuffel & Esser, who did.
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