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Benjamin Franklin and
a Tale of Two Electrical Machines

Sara J. Schechner

n April 1758, Benjamin Franklin sent an edition of Virgil printed by John

Baskerville to Harvard College as a gift (figure 28)."¢ The Virgil was something

of an afterthought. It was packed in a chest containing glassware required for
electrical experiments at the college. At the time, Franklin was in London serving as
an agent for the Pennsylvania Assembly, but he did more than discuss taxes with the
Penn family and with the Board of Trade. He attended meetings of the Royal Society
and dined with natural philosophers, explorers, and philanthropists at St. Paul’s Coffee-
house or at the George and Vulture Tavern. His social circle would eventually include
John Ellicott, Joseph Priestley, David Hume, Captain James Cook, and James Boswell,
among others.”” The gift to Harvard is telling of the variety of Franklin’s pursuits. It
shows Franklin—still with a printer’s eye for fine type—as a scientist, politician, and
benefactor, someone who relished the heady atmosphere of the London metropolis but
was ever mindful of serving his provincial home, where scientific instruments were
hard to come by, not least the electrical glassware and machines that Franklin bestowed
on Harvard College.

The apparatus with which the Virgil traveled had been specially requested by
John Winthrop, the Hollis Professor of Mathematics and Natural Philosophy, through
Harvard’s London agent, Joseph Mico, a merchant.”® It included the fittings to make
a large electrical battery out of thirty-five Leyden jars—i.e., a mahogany case lined in

106 Virgil, Bucolica, Georgica, et Aeneis (Birmingham: John Baskerville, 1757), gift of Benjamin Franklin,
now in Houghton Library, Harvard College Library, *AC7.F8545.Z2757v; Benjamin Franklin to Thomas
Hubbard, treasurer of Harvard College and speaker of the Massachusetts House of Representatives, London,
April 28, 1758, in The Papers of Benjamin Franklin, ed. Leonard W. Labaree et al,, 37 vols. (New Haven: Yale
University Press, 1959- ), 8: 51-53.

107 Joyce E. Chaplin, The First Scientific American: Benjamin Franklin and the Pursuit of Genius (New York:
Basic Books, 2006), 156-163; J. A. Leo Lemay, “Benjamin Franklin: A Documentary History” (1997), see brief
summaries for 1757 and 1758, available online at http://www.english.udel.edu/lemay/franklin/american.html
(September 30, 2006).

108 “Dr. Winthrop’s proposals respecting electrical Globes and Jarrs,” John Winthrop, memorandum for
Benjamin Franklin, Cambridge, early January 1758, enclosed in a letter from Thomas Hubbard to Joseph
Mico, January 23, 1758, Harvard University Archives [hereafter HU Archives], UAL15.960", folder; Joseph
Mico to Thomas Hubbard, letter with invoice, London, May 13, 1758, College Papers, vol. 1, items 194, 195, HU
Archives, UAI 5.131 mf.
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lead, square glass bottles, tin foil, wooden stoppers, and wires. Such a battery would
be used to store the electricity generated by the rubbing of a glass globe on a large
electrical machine. Since the glass was easily broken during experiments, Franklin
packed two replacements in the Harvard shipment:

A Glass Globe of the same Size and kind with that I used at Philadelphia and
Mounted in the same Manner. [and]

A large Glass Cylinder mounted on an Iron Axis with brass Caps, this form
being most used here and thought better than the Globe as the long narrow Cushion
will Electrify a greater surface at the same time.'®®
These were as good or better than Franklin himself would have used." Franklin
apologized for not sending the Leyden jars in a finished state, but spared no ink in
explaining to John Winthrop the way to assemble them from the components he had
personally prepared.

These were neither the first nor the last scientific instruments that Franklin selected
for Harvard. In 1753, he had shipped a dozen Leyden jars to the college.™ And in 1764
he would come to Harvard’s aid after its principal building, Harvard Hall, went up in
flames during a January blizzard. The college was devastated not only by the loss of
the building but also by the destruction of the library and philosophical apparatus it
had contained.”* After hearing the news, Franklin wrote to Winthrop, “I shall think of
the Affair of your unfortunate College, and try if I can be of any Service in procuring
some Assistance towards restoring your Library”** Later in the year, Franklin was
able to make good on his word, for he was appointed an agent of the Pennsylvania
Assembly and sent to London to complain about the proposed Stamp Act. While in
London on this political business, Franklin made the rounds of his favorite instrument
makers (Benjamin Martin, Edward Nairne, James Short, Jeremiah Sisson, John Bird,
and John Ellicott) and handpicked state-of-the-art apparatus to be sent to Harvard. In

109 Benjamin Franklin to Thomas Hubbard, London, April 28, 1758, Papers of Benjamin Franklin, 8: 51-53.
1o A battery owned by Franklin and similar to that described here survives in the collections of the
American Philosophical Society, Philadelphia (inv. 58-36). Franklin's electrical machine, which had a large
glass globe, is currently owned by the Library Company of Philadelphia.

111 Benjamin Franklin to James Bowdoin, Philadelphia, April 12, 1753, in Papers of Benjamin Franklin,
4: 462-463.

112 “An Account of the Fire at Harvard-College, in Cambridge; with the Loss sustained thereby. Cambridge,
Jan. 25. 1764,” broadside printed in Boston, 1764, College Papers, vol. 2, item 1, HU Archives, UAI 5.131 mf;
Massachusetts Gazette, February 2, 1764; Josiah Quincy, The History of Harvard University, 2 vols. (Cambridge
[Mass. ], 1840), 2: 112-116, 479-496.

13 Benjamin Franklin to John Winthrop, Philadelphia, July 10, 1764, Houghton Library, Harvard College

Library, fMS Am 1310; and in Papers of Benjamin Franklin, 11: 254-255.
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some instances, he also supervised the construction of special orders. Major shipments
arrived in Cambridge in 1765, 1766, 1767, 1769, and 1770, interspersed with scientific
correspondence on many topics." Winthrop was delighted. It was through such gifts of
knowledge and materials that Franklin helped to shape science at Harvard.™

We might ask, why would Harvard bother in 1758 to import over £10 worth of
“Electrifying Instruments” from London, or over £860 of scientific apparatus in the
1760s?"¢ The answer is that quality brass and glass were not locally available in the
colonies, nor were the skills to fabricate the delicate instruments made from them.
The want of good materials and craftsmanship is readily seen in a close comparison of
two electrical machines (which, like the aforementioned Virgil, were on display in the
exhibition Benjamin Franklin: A How-to Guide). One machine was the handiwork of
Edward Holyoke (1689-1769), the ninth president of Harvard. The other was imported
from the London workshop of Benjamin Martin on the advice of Benjamin Franklin.
It was much used by John Winthrop and his successors at Harvard, so much so that it
required repairs in the 1780s.

Edward Holyoke’s Electrical Machine

Holyoke’s electrical machine was a table-top instrument fashioned from rough lumber
painted red (figure 25)." It is clearly a homemade affair. The principal parts include a
small glass globe mounted on a horizontal axle. The globe is turned by means of a belt
drive consisting of a rope that wraps around the axle and a large, solid wheel with a
hand-crank. The globe is rubbed by a small cushion attached to a wooden spring that
rises out of the instrument’s platform. The prime conductor is made of a tin tube with flat
ends. Protruding from one end is a metal comb (to draw off the charge from the rubbed
globe). At the other end, there is a wire terminating in a ball. The prime conductor is
mounted on an insulating pedestal, formed from the thick stem of a broken glass goblet

114 Invoices, bills of lading, and related letters can be found in College Papers, vol. 2, items 4, 6, 8, 15-16, 23-
24, 26-29, 31, 35-36, HU Archives, UAI 5.131 mf; Corporation Papers, 1765-1767, HU Archives, UAI 5.120 VT;
I. Bernard Cohen, Some Early Tools of American Science (Cambridge: Harvard University Press, 1950), 45-49;
Benjamin Franklin to John Winthrop, London, July 2, 1768 and March 11,1769, Papers of Benjamin Franklin,
15: 166-172, 16: 65-67.

115 The President and Fellows of Harvard College recognized their debt to Franklin, offering him formal
votes of thanks, such as that on April 25, 1769 “given to Dr. Franklin for his many very obliging acts of
friendship; particularly for his care in procuring several valuable Instruments for the Apparatus, and that
he be desired to continue his kind regards to the College” Corporation Records 2: 308, HU Archives,
UAl 5.30.2.

116 Joseph Mico to Thomas Hubbard, letter with invoice, London, May 13, 1758, College Papers, vol. 1, items
194, 195, HU Archives, UAI 5.131 mf. For the 1760s, see invoices cited in note 111 above.

ny7 Electrical machine, Edward Holyoke, Cambridge, Massachusetts, circa 1750, Collection of Historical

Scientific Instruments, Harvard University [hereafter CHSI], inv. 0565.
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that is held by wire wrapped around what appears to be a wooden egg cup. Despite the
machine’s crude look, it had all the improvements made in the 1740s, though none of
those of the 1750s."* Consequently, it must date from about 1750.

Why would Holyoke make this thing? The president of Harvard had had a long-
standing interest in natural philosophy since his days as a Harvard student. After
earning his degrees (A.B. 1705, A.M. 1708), Holyoke remained in Cambridge, observing
the stars, computing eclipses, and preparing almanacs for the meridian of Boston
and Barbados.™ In 1716, Holyoke left his tutorship to become pastor of the Second
Congregationalist Church of Marblehead. He returned in 1737, after being elected the
president of Harvard College, a post he held for thirty-two years.

When Holyoke was an undergraduate, electrical science had been in its infancy,
and experimental apparatus consisted of little more than sealing wax or amber rubbed
by cat fur. By the time he returned to Cambridge, the electrical investigators were using
a variety of glass instruments, including machines of the form invented by Francis
Hauksbee in 1706. Hauksbee had mounted a hollow glass globe on a horizontal axis,
which was spun by means of a belt drive operated by a hand-crank attached to a large
wheel. The rotating globe was rubbed by the experimenter’s hands.** Harvard College
had such a machine, the gift of Thomas Hollis in 1727 The old electrical machine,
however, had its drawbacks and likely was often broken. In any case, it would have
lacked the latest improvements necessary for performing the new, critical experiments
of the 1740s."** Holyoke may have witnessed a dramatic electrical demonstration by one

18 Michael Brian Schiffer, Draw the Lightning Down: Benjamin Franklin and Electrical Technology in
the Age of Enlightenment (Berkeley: University of California Press, 2003), 40-42; Willem D. Hackmann,
Electricity from Glass: The History of the Frictional Electrical Machine, 1600-1850 (Alphen aan den Rijn :
Sijthoff & Noordhiff, 1978).

19 Clifford K. Shipton, Biographical Sketches of Those Who Attended Harvard College in the Classes 1701-
1712, Sibley’s Harvard Graduates, 5 (Boston: Massachusetts Historical Society, 1937), s.v. “Edward Holyoke,”
265-278; Samuel Sewell, The Diary of Samuel Sewall, 1674-1729 (New York: Farrar, Straus and Giroux, 1973),
1: 599 and 2: 734. Holyoke’s almanacs for 1709, 1711, 1712, 1713, and 1715 are in Early American Imprints, series
1, Evans (1639-1800), digital edition (Worcester, MA: American Antiquarian Society, 2002-) nos. 1355, 1456,
1545, 1546 and 1680.

120 Francis Hauksbee, "An Account of an Experiment ... touching the Extraordinary Elistricity of Glass,
produceab(l]e on a smart Attrition of it; with a Continuation of Experiments on the Same Subject, and other
phenomena,” Philosophical Transactions 25 (1706-1707): 2327-2335; Francis Hauksbee, Physico-Mechanical
Experiments, (London, 1709); Hackmann, Electricity from Glass.

121 Isaac Greenwood, “A Catalogue of the Mathematical & Phylosophical Instruments, belonging to
y* Apparatus given to Harvard College by m" Thomas Hollis of London, Merchant with price Sterling,’
September 6, 1730, and a similar one signed by Greenwood on April 19, 1738, are entered on pp. 20-22, 35-38
in College Book 6 (“Hollis Book™), 1726-1779, HU Archives, UAI 5.5 V'T; Cohen, Some Early Tools, 33-34.

122 J. L. Heilbron, Electricity in the Seventeenth and Eighteenth Centuries (Berkeley: University of California
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of the itinerant lecturers who visited Boston in the 1740s and early 1750s—including
Franklin's associate Ebenezer Kinnersley, who performed in Fanueil Hall in 1751—or
perhaps he had learned of better instrument designs through publications.” Whatever
sparked his interest, he wanted to make his own experiments, and so had only two
choices in provincial Cambridge—to make a machine himself, or import one from
London at great expense. He chose the former.

John Winthrops Electrical Machine

Holyoke had a ready companion for his investigations—John Winthrop—and
Winthrop’s diary records their collaboration in making various observations in Harvard
Yard, although none are specifically identified as electrical.** Winthrop, moreover, was
responsible for delivering a course of experimental lectures and needed a working
electrical machine for his classroom demonstrations.”” As already noted, he ordered
replacement glass parts from London in 1758, and on the first shipment after the fire
(sent August 17, 1765), he received “a Portable Electrical Machine double center & its
Apparatus all in a brass Box,” three spare glass globes, and Leyden jars galore.”** The best
was yet to come: a pair of large, free-standing electrical machines, each costing £20,
that Franklin had selected from the workshop of Benjamin Martin, in London, and
had shipped to Boston in 1766. These two machines had the same principal parts as the
one made by Holyoke, but were much larger and more elegantly fashioned according
to contemporary tastes in fine furniture in the metropolis. Whereas Holyoke’s machine
was rough hewn from local lumber and found parts, Martins instruments were made
from imported mahogany and knurled brass. Each was constructed like a fine bedstead,
complete with a footboard and headboard fastened by brass bolts. The revolutions of a
spoked wheel, four feet in diameter, caused a sizable glass globe to rotate and rub against
a leather cushion attached to the frame by a brass spring. The generated electricity was
collected from the globe by means of a brass chain that draped from two brass prime
conductors suspended by silk cords from wooden arms extended from the headboard.
The shipment contained additional apparatus for electrical experiments, including a

Press, 1979).

123 Boston Gazette, May 31, 1743, p. 3; Boston News-Letter, August 4, 1743, p. 1; Boston Evening-Post, June 6,
1743, p. 2, and October 7, 1751, p. 7; Schiffer, Draw the Lightning Down, 84-8s.

124 John Winthrop, Diaries and Notes, September 20, 1754 and January 21, 1756, HU Archives, HUG
1879.205.

125 John Winthrop, “The Summary of a Course of Experimental Philosophical Lectures,” March 10 -
June 16, 1746, lect. 26, chap. 17, HU Archives, HUC 8745.294 VT.

126 “Invoice of...Goods Shipt on board the Devonshire...on the proper Acco": of the President & Fellows of

Harvard College,” London, August 17, 1765, Corporation Papers, 1765, HU Archives, UAI s.120 VT.
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dozen Leyden jars, six glass tubes, silk, gut, leaf tin, sealing wax, and “all the Glass that
was broke in the former order sent (Gratis).”*

Both of the Martin electrical machines survive at Harvard, but the one shown
here (figure 24) required alteration after the glass globe broke and no spares were to be
had.”* The college turned to the Reverend John Prince of Salem in 1788. John Prince was
the most able instrument maker in Massachusetts at this time and the man to whom
numerous colleges and academies turned when they did not want to deal directly with
the London firms.” But even Prince’s skills were no match for the fine work available
in London.

For starters, Prince had to order the glass from London, there still being no suitable
supplier in America at the time.”* Trans-Atlantic orders were fraught with problems:

In some cases [glass] tubes which I had did better than those sent for: they not
being exactly according to orders.... One large tube ... was broken into a number
of pieces, by not being well packed in London, y* heavy solid glass sticks getting
loose among them destroyed one. One of y© [glass] cylinders also broke soon after
they arrived, I believed from not being properly aknealed [annealed], as new glass
frequently does. I had been rubbing a little dirt off of y* corner of y* neck and had left
it: It snapped with y* report of a small pistol, so as to be heard thro” y* whole house.
y* neck was compleatly taken off tho’ 4 inches diam: & % inch thick. It gave me much
uneasiness, as it reduced me to one chance, and I did not know but y* other might

do y* same. I did not mention it till y* other was saﬁ:ly mounted lest you should be

anxious for y* event."

The glass cylinder mentioned may be the same as that now on the electrical machine.
This replacement cylinder was an upgrade to the machine. Cylinders were preferable to
globes, as Franklin had earlier informed Winthrop, because they had more surface area
to rub, But the London cylinder was too long for the old Harvard electrical machine. So

127 “Invoice of the ... Goods Shipt on board the John & Sukey .... on the proper Account of the President
& Fellows of Harvard College,” London, September 27, 1766, in College Papers 2: item 16, HU Archives, UAI
5.131 mf; Corporation Papers, 1766, HU Archives, UAI 5.120 VT.

128 Two large electrical machines, Benjamin Martin, London, 1766, CHSI, inv. 0012 and 0013.

129 Sara J. Schechner, “John Prince and Early American Scientific Instrument Making,” in Sibleys Heir: A
Volume in Memory of Clifford Kenyon Shipton, ed. Frederick S. Allis, Jr. and Philip C. E. Smith, Publications
of the Colonial Society of Massachusetts, no. 59 (Boston: Colonial Society of Massachusetts, 1982), 431-503.
130 See invoice for £16 6s of electrical glassware “Bo[ugh]t of William Parker & Son, Glass Manufacturers,”
London, October 2,1788, in “Philosophical Apparatus and Professorships of Natural History,” 7, HU Archives,
UAlL15.960".

131  John Prince to [Ebenezer Storer], treasurer of Harvard College, Salem, June 3, 1791, “Philosophical

Apparatus, 8, HU Archives, UAL15.960".
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Prince had to construct a platform to hold it and used mahogany recycled from a piece
of furniture. Prince mounted the cylinder on insulating pillars made of solid glass rods
set into turned, wooden, end caps. He no doubt wished that the glass rods were thicker,
but again had to make do with what he received—glass a mere 1 %2 inches in diameter.
Therefore, Prince slathered on a mixture of pitch and red pigment to make up the
shortfall. He chose pitch, most likely, because it was considered to be an insulator like
glass, and because it was in plentiful supply along the Salem waterfront, being used to
make boats watertight. In the long run, however, pitch was not the best choice. Sparks
have since scorched and melted the pitch on the pillars.

Prince completed the job in 1789 and charged Harvard £4 16s. od. for “mounting y*
great cylinder & altering y* old frame for it.” Leyden jars and other electrical accessories
added up to £32 175.* When Harvard complained about the costs, he answered as
follows:

[ feel satisfied I have not exaggerated tho' y* foot of y* account is more than I
at first supposed it would be. An instance or two I will mention must satisfy you,
and y* other gentlemen of y* same. The great electrical machine represented fig: 19
pl 3 of electricity Cham[ber’]s Dict[ionar]y new edd was made by Mr Nairne for y*
Duke of Tuscany and cost £40. Sterling, y* cylinder y* same dia: with yours at end but
5 inches longer: and this difference of length I have made up for, by mounting it on
insulating pillars. The cylinder, mounting, great & small conductors and stands &c
do not exceed 12 pounds L{awful] M[oney] in your account. Y* old frame on which y*
great cylinder is mounted cannot amount to near y* remainder of 53.6:8, and I hope
that after reducting y* value of y* frame, y* remaining difference will not be balanced

by y* superior excellence of y* Dukes machine to yours.'*

The Harvard Corporation had little choice but to agree.

Science in colonial Massachusetts came at a price. To the purchase price of
apparatus was added the price of transport across the Atlantic, including the charges
for conveying the crates to the quay, the fees on the wharf for porters and searchers,
the boat hire and gratuity to the captain, the duties and charges for customs seals and
stamps. And that was only the beginning, for there was the cost of time measured in
slow-traveling news and shipments from the metropolis, the delays at sea or on land,
and the time lost due to goods breaking en route and having to be replaced. An order
placed in January would likely not be filled until June, and that was if everything went
well.

132 John Prince, invoice, Boston, May 29, 1793, in “Philosophical Apparatus,” 9, HU Archives,
UAlL15.960".
133 John Prince to [Ebenezer Storer], Salem, June 3, 1791, “Philosophical Apparatus,” 8, HU Archives,

UAl15.960".
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And yet, colonial experimenters such as Winthrop or Holyoke persevered in their
research and instruction, making do with ready-to-hand materials and simple skills
or being patient when it was worth importing the best with the help of friends like
Franklin.
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