feature
article

Michcel F. Perry

Remembering the
oil-drop experiment

In their memoirs, Robert Millikan and Harvey Fletcher describe what happened durin[? the months
leading up to their now-famous measurements on charged droplets. But intriguing difterences in the
accounts make it unclear just who made the key contributions.

Michael Fletcher Perry, the great grandson of Harvey Fletcher, is currently a student at Harvard Law School in Cambridge, Massachusetts.

In 1910 Robert Millikan of the University of Chicago
announced that he and Harvey Fletcher had developed a suc-
cessful means of isolating and measuring the charge of an
electron. This exciting breakthrough, which became known
as the oil-drop experiment, was a major contribution to
physics. Millikan received worldwide recognition for the ex-
periment, including the Nobel Prize in Physics in 1923. He
published a great deal regarding the implications of the
measurements and ultimately became one of the most influ-
ential physicists of the 20th century.

Fletcher enjoyed a distinguished career in the field of
communication acoustics, but his contribution to the oil-drop
experiment was largely forgotten. His version of the story re-
mained untold until 1982, when after his death PHYSICS
TODAY published an excerpt from his unpublished 1967 au-
tobiography' detailing his involvement with Millikan on the
famous experiment (see PHYSICS TODAY, June 1982, page 43).
While it offered much new information about the oil-drop ex-
periment, Fletcher’s memoir also seemed to contradict cer-
tain aspects of Millikan’s autobiography, making reconstruc-
tion of several key details regarding their work very difficult.

Physicists with ambition

Millikan first arrived at the University of Chicago in 1896, a
time when the foundations of physics were being radically
altered.? Little more than a decade earlier, researchers had
thought of atoms as indivisible, but recent discoveries were
overturning that assumption. Wilhelm Réntgen had discov-
ered x rays, Henri Becquerel had discovered radioactivity,
and J. J. Thomson was on the verge of discovering the elec-
tron through his measurements of the constant charge-to-
mass ratio of cathode rays. Millikan wished to be at the fron-
tier of this scientific revolution, and he arrived at Chicago
eager to make his mark as an experimentalist. His goal was
difficult since his university contract required that he spend
six hours a day teaching, writing textbooks, preparing lec-
tures, and organizing a systematic program of study. By
working 12-hour days, Millikan managed to do research as
well, but not to the extent he wished. As the years passed,
he became frustrated that he “had not yet published results
of outstanding importance, and certainly had not attained a
position of much distinction as a research physicist.”® Al-
though he was not in danger of losing his position, he longed
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for a breakthrough that would earn him a place of honor in
his field.

Millikan eventually began to focus on isolating and
measuring the magnitude of the discrete charge of the elec-
tron, a problem that he remembered “everyone was inter-
ested in” solving.®> Indeed, the problem was radically new
and was of central importance to physicists because of its rel-
evance to a potentially wide range of scientific applications.*

By 1908 Millikan was doing his research with a gradu-
ate student named Louis Begeman. The two reconstructed an
experiment performed five years earlier by a British scientist
named Harold A. Wilson. The experiment used x rays to pro-
duce successive ionized cloud formations between two hori-
zontal metal plates, with the goal of measuring the rate of fall
of the charged droplets in the cloud. Disappointed with the
results, Millikan built a 4000-volt battery to charge the plates
to a high enough voltage to suspend single charged droplets
of water between them. After performing the experiment,
Millikan and Begeman published results that “were some-
what more consistent than those reported by Wilson,”> but
the publication did not bring Millikan the credit or fame that
he sought. Millikan and Begeman’s calculations lacked pre-
cision because the water droplets evaporated too quickly.

Harvey Fletcher arrived at the University of Chicago the
same year. A recent graduate of Brigham Young University,
Fletcher was ambitious, newly married, and eager to pursue
a PhD in physics. He had excelled at BYU and had joined the
faculty immediately after graduation. But he had never pub-
lished a scientific article, and his professional reputation did
not extend beyond the mountainous boundaries of Utah Val-
ley, where he had lived his entire life.

Soon after arriving in Chicago, Fletcher was shocked to
learn that his application to the graduate school had been de-
nied. The admissions committee, apparently unimpressed
with Fletcher’s credentials, ruled that he must complete four
more years of undergraduate work before being admitted to
the PhD program. Devastated, Fletcher turned to Millikan for
advice. The two had met for the first time only a few days be-
fore, but Fletcher had been impressed by Millikan’s friendli-
ness during their first acquaintance, and he had taught from
one of Millikan’s physics texts at BYU. Fortunately for
Fletcher, Millikan soundly advised him to enroll in the uni-
versity as a special student and complete the coursework out-
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Robert Millikan (1868-1953), circa 1923,
the year he won the Nobel Prize in Physics.
(Courtesy of AIP Emilio Segre Visual
Archives.)

lined for first-year graduate students. He reasoned that if
Fletcher could prove that his coursework at BYU had pre-
pared him to succeed, the admissions committee might re-
consider its decision. Fletcher followed that plan and, after
excelling in the classes, began the PhD program in the fall of
1909.! He remained in at least minimal contact with Millikan
during his trial year, and Millikan helped him secure a paid
assistantship with the physics department for the following
year.®

Conflicting memoirs

Millikan and Begeman were still struggling with their water-
droplet experiments in the fall of 1909, Fletcher’s first semes-
ter as an official degree-seeking candidate. Four decades
later, in his 1950 autobiography, Millikan wrote that the idea
to substitute oil for water in the experiments came to him in
September 1909, as he was returning from a scientific con-
ference in Canada:

Riding back to Chicago from this meeting I
looked out the window of the day coach at the
Manitoba plains and suddenly said to myself,
“What a fool I have been to try in this crude way
to eliminate the evaporation of water droplets
when mankind has spent the last three hundred
years in improving clock oils for the very pur-
pose of obtaining a lubricant that will scarcely
evaporate at all.”?

Fletcher remembered the origin of the oil idea differ-
ently. He wrote that he approached Millikan in December
1909 to discuss a topic for his doctoral thesis. At a pre-
arranged time, he met with Millikan and Begeman, and the
three men discussed the water-droplet experiments and pos-
tulated testing various substances that would not evaporate
so quickly. Fletcher remembered leaving the meeting “with
the impression that I had suggested oil” and that Millikan
told him after the discussion, “There is your thesis; go try one
of these substances which will not evaporate.”* Aware of Mil-
likan’s conflicting autobiographical account, Fletcher was
careful in his narrative not to accuse Millikan of lying. In de-
scribing the experience, Fletcher qualified his claim: “In a dis-
cussion of that kind, it is rather difficult to be sure who sug-
gested what.”?

Fletcher’s memoir also seems to contradict Millikan’s
statements regarding the implementation of the correct
equipment to measure the oil droplets. Millikan recorded
that after his September revelation he “went at once to the
shop and had the mechanic build me an air condenser” so
that he could begin to use oil in his experiments.® Fletcher,
however, wrote that the two of them together spoke with the
mechanic and “outlined a new design for our apparatus,”’
only after Fletcher had first constructed a working model. Ac-
cording to that account, Fletcher was eager to begin tests after
meeting with Millikan and Begeman, and he immediately
began building a crude apparatus similar to the one they had
been using. With clamps, Fletcher suspended two circular
brass plates approximately two centimeters apart. He placed
an arc light behind a piece of cardboard and focused the light
beam through a hole in the cardboard so that no part of the
beam would touch the plates between which the droplets
were to be sprayed. Fletcher then connected a 1000-volt bat-
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tery to the brass plates to charge them and pointed a tele-
scope toward the area between the plates.’

When he was ready to test his apparatus, Fletcher turned
on the light and sprayed a mist of watch oil through a small
hole in the center of the top brass plate. He later described
the results of this first trial:

AsIlooked through the telescope I could see the
tiny stream of oil droplets coming through the
hole. . .. As soon as I turned on the switch some
of them went slowly up and some went faster
down. I was about to scream as I knew then
some were charged negatively and others posi-
tively. By switching the field off and on with the
right timing one could keep a selected droplet in
the field of view for a long time. I went imme-
diately to find Professor Millikan. . .. He came
down to the laboratory and looked through the
telescope and saw the same beautiful sight ...
that I had already seen and have described
above. He was very much excited . .. [and] was
sure he could get an accurate value of e [the
charge of an electron] by this method. He
stopped working with Begeman and started to
work with me. We were together nearly every af-
ternoon for the next two years.!

Though this sequence of events disagrees with several
details from Millikan’s autobiography, Fletcher’s account is
plausible and explains several issues left unclear by Millikan.
For example, Millikan had been working with Begeman for
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Harvey Fletcher (1884-1981), with his wife, Lorena
Chipman, shortly after their wedding in September
1908. (Courtesy of University of Utah Library Spe-

cial Collections.)

at least a year when he suddenly stopped and began
working with Fletcher; in all the years following the
experiment, Millikan never mentioned Begeman in
connection with the oil-drop phase of the research.
If Fletcher had been influential in developing this
method, it makes sense that Millikan would have
wanted to work exclusively with him. Indeed, be-
ginning in December 1909, the two worked together
on the oil-drop experiment for more than a year and
a half.” Also, Millikan wrote in his autobiography
that the results of the experiment “came out of the
oil-drop technique, as initiated by Harvey Fletcher
and myself.”*> This statement seems to contradict
Millikan’s own assertions in the same book that he
alone thought of using oil and designed the equip-
ment necessary to measure the fall of the oil
droplets.

Despite the discrepancies in the scientists’ re-
spective accounts, it is probably unfair to accuse ei-
ther man of embellishing his contribution to the ex-
periment. Many decades elapsed between their work
together and the time they wrote their memoirs. Fletcher sup-
posed that when Millikan “wrote his memoirs shortly before
he died he had probably forgotten some of these early expe-
riences.”! Perhaps the same thing could be said of both men.

Sharing credit

On 25 May 1910, the Chicago Tribune reported that Millikan
had announced the preliminary results of the oil-drop ex-
periment at the University of Chicago the day before. In his
speech Millikan acknowledged having performed the exper-
iments with Fletcher, but he was also quoted as saying that
their results were achieved through a “method of my own.”
Millikan was clearly claiming the bulk of the responsibility.
This was not necessarily unfair—Millikan had been working
on the experiment for more than a year before Fletcher ar-
rived, and the method of using a high-voltage charge to iso-
late individual droplets was largely his brainchild, even if
Fletcher had suggested using oil in the experiment and had
helped design the equipment used.

As time passed and the results of the experiment were
more widely reported, the pattern established in that first
newspaper article held true. Millikan received most of the
credit but continued to acknowledge Fletcher’s role in the
work. In September 1910, for example, in a publication out-
lining the preliminary results of the work, Millikan men-
tioned Fletcher by name five times and at one point stated,
“Mr. Harvey Fletcher and myself . . . have worked together
on these experiments since December 1909.”” Similar state-
ments appeared in subsequent books that described the oil-
drop method. In his 1917 book The Electron Millikan referred
to Fletcher several times and described the experiment as a
joint one.® Millikan’s autobiography mentions Fletcher only
once in connection with the experiment, but in a way that
closely connects him to its initiation. In each case Millikan
emerged as the driving force behind the experiment.

Fletcher did not seem to mind being remembered as a
secondary contributor. Not once during Millikan’s lifetime is
Fletcher known to have written or said anything to indicate
dissatisfaction with the amount of recognition he received.
To the contrary, he seemed pleased that his name was asso-
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ciated with the project. Soon after The Electron was published,
Fletcher wrote to his friend and former mentor, “I wish to
compliment you on the very interesting and comprehensive
way in which you have presented the subject, and to thank
you for the fair acknowledgments that you have given me for
that part of the work to which I contributed.”® Fletcher also
later remembered feeling thrilled that his “name ran right
along with Professor Millikan’s in the newspaper”! when the
oil-drop announcement was made. When Millikan received
the Nobel Prize, Fletcher sent him a congratulatory note in
which he asserted that the “Nobel Prize was well placed.”*

It seems that Fletcher was genuinely pleased for Mil-
likan. One might ask, then, what motivated Fletcher to write
his conflicting memories of the experience in 1967, after so
many years of seeming contentment. The answer may be
closely tied to Millikan’s 1950 autobiography. In that account
Millikan claimed that he alone thought of using oil instead of
water in the experiment and describes how he designed the
apparatus necessary to properly measure the charged
droplets.

Fletcher had been willing to cede Millikan the bulk of the
credit for the experiment as a whole, but it bothered him
when he felt that his former mentor was claiming sole re-
sponsibility for developments that he remembered initiating.
Still, Fletcher was unwilling to go public with his narrative —
which he wrote for his children —and he ensured that the ac-
count remained unpublished during his lifetime.

The most stunning element of Fletcher’s account is his
claim that after the initial results were ready for publication,
Millikan used his leverage as thesis adviser to assert sole au-
thorship for the most notable of the papers, later entitled
“The Isolation of an Ion, A Precision Measurement of Its
Charge, and the Correction of Stokes’s Law.”” They had writ-
ten the paper together, Fletcher remembered, and he as-
sumed it would be a joint publication. Before it was sent to
press, however, Millikan approached him and pointed out a
rule in place at the University of Chicago at the time: A grad-
uate student had to be the sole author of any published paper
that would be used as a doctoral thesis. Because the two were
also working on four other papers at the time, Millikan of-
fered to allow Fletcher to be the sole author of one of those
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This graffiti-covered steam shovel, photographed
on the Caltech campus in 1937, suggests that Mil-
likan, although famous, did have his detractors, even
at his own school. (Courtesy of the Archives, Califor-
nia Institute of Technology.)

other papers if he (Millikan) could be the sole author
of the first paper. Fletcher possibly could have resis-
ted Millikan’s suggestion, but he ultimately agreed
to the arrangement. He wrote in his autobiography
that he did not have bad feelings toward Millikan,
and he expressed gratitude that Millikan had helped

him get into the graduate program in the first place, {' |

but he was clearly disappointed.

The paper mentions Fletcher by name many
times and almost exclusively uses the plural pro-
noun “we” to describe the experimental process. But
such acknowledgments are common in scientific
publications. If Fletcher’s claim is true, it suggests
that Millikan was quite protective of his own rise to
stardom.? Certainly that first paper was the break-
through Millikan had been longing for since his ar-
rival at the University of Chicago, and in many ways
it became a stepping stone to worldwide fame. The
experiment was and always would be primarily Mil-
likan’s, however. Although clearly instrumental in
developing the successful method to isolate and
measure ions, Fletcher worked on the experiments
directly with Millikan for less than two years; Mil-
likan spent the better part of a decade continually re-
fining the experimental process and achieving more
precise results.”

Fletcher’s autobiography notes that some of his
fellow students spoke poorly of Millikan and that “ru-
mors persisted at the [University of Chicago’s] Ryerson Physi-
cal Laboratories for many years” that he had mistreated
Fletcher. Because he felt that some of those rumors were “mag-
nified beyond the real truth,”! Fletcher recorded his version of
the events in order to set the record straight. In 1921 Millikan
left the University of Chicago to help develop the recently
founded California Institute of Technology. He played a large
part in establishing the institute as a world-class school, and
during his tenure it was sometimes referred to as “Millikan’s
School.” At least one person there regarded Millikan’s reputa-
tion as overstated and painted graffiti on campus property:
“Jesus saves but Millikan gets credit.”"?

In the spring of 1911, Fletcher became the first Univer-
sity of Chicago student to graduate summa cum laude with
a PhD in physics. He wrote to a friend in Utah that the uni-
versity offered him a position on the faculty —which meant
that he could have continued to work with Millikan. Fletcher
declined the offer, however, because he felt an obligation to
return to BYU. Perhaps part of the decision involved
Fletcher’s realization that Millikan had already established a
claim to the lion’s share of the credit and that staying would
not change that fact.

The two men parted on good terms and even continued
to work on various aspects of the experiment. In January 1912
Millikan wrote to Fletcher about an article that called into
question some of the equations they had been using to cal-
culate e. By then Fletcher had assembled a working appara-
tus at BYU and Millikan vaguely referred to the project as a
joint one: “This will not [affect] the value of e very much, but
it does influence it some. I think there are a couple of years
of work to be done on that before we get it in such shape as
we want to see it in.”"
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They were no longer research partners, but they were
both working on common issues. In Provo, Utah, Fletcher
was focused on the implication of Brownian motion in the
oil-drop process. His research was fruitful, and he published
two additional papers as a result of continued experiments.
Millikan was pleased that Fletcher had continued studying
the problem and wrote him in 1914, “This matter is becom-
ing of more and more importance every day and I am ex-
ceedingly glad that you are making it go so well.”** The two
discussed their progress on various equations in their series
of letters.

Millikan remained interested in Fletcher’s career and
was ultimately influential in steering him toward communi-
cation acoustics. As a result of Millikan’s recommendation,
Fletcher was offered a research position with Western Elec-
tric in 1911. Frank Jewett, the president of the company and
a friend of Millikan’s, wanted someone familiar with the oil-
drop work because he believed that developments in electron
physics would eventually revolutionize the telephone indus-
try. Fletcher turned down the opportunity, but Jewett was not
easily deterred—each spring for the next five years, he re-
newed the offer.

Millikan periodically encouraged Fletcher to reconsider,
finally writing in 1916, “At the present time, the biggest sci-
entific problems in the United States are being tackled by the
industrial research laboratories, particularly the General
Electric laboratory and the research laboratory of the AT&T
Company. I think myself that the outlook for the better men
in these laboratories is just as good —in many respects bet-
ter—than the outlook in many of our universities.”'® Fletcher,
who had profound respect for Millikan’s advice, finally ac-
cepted the job at Western Electric and moved to New York
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One of the many letters that Millikan sent to Fletcher. This
1914 letter testifies to the easy rapport between the men
and their continued, albeit distant and vague, collabora-
tion on the oil-drop experiment. (Courtesy of L. Tom Perry
Special Collections, Brigham Young University.)
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City. There he enjoyed a distinguished career that spanned
four decades, and he made great strides in the study of
speech and hearing, achievements that led to his eventual ap-
pointment as director of physical research at Bell Telephone
Laboratories. One scientist has described Fletcher as “the sin-
gular intellectual force in the development of present-day
communications acoustics and telephony.”*¢

Throughout their long careers, Fletcher and Millikan re-
mained in contact, and at least 27 letters that passed between
the men have survived. After receiving Fletcher’s congratu-
lations regarding the publication of The Electron, Millikan re-
sponded, “I am more than gratified that you should take the
time to read the little book to which you contributed so
largely.”” A few years later Fletcher wrote to Millikan to con-
gratulate him on receiving the Nobel Prize: “I feel sure that
no other man has done so much for American science . . . be-
cause of the inspiration for doing greater research work cre-
ated in all those who come in contact with you.”'® Millikan
was obviously touched by the letter and replied, “No one
knows my shortcomings as do the men like yourself with
whom I have intimately worked, so that you may be assured
that there are no congratulations which are more prized than
those that come from such intimate friends.”"”

Although it is unfortunate that the two remembered de-
tails of their respective contributions to the oil-drop experi-
ment differently, they did not allow those memories to im-
pede their friendship. In 1948, nearly four decades after the
successful development of the oil-drop method, Fletcher
wrote, “Since our early associations at Ryerson I have
watched and admired your wonderful accomplishments in
science through the years. An even greater accomplishment
is the influence for good that you as a public man have had
upon society.”*® In his response, which is the last letter known
to have passed between the men, Millikan confided, “I don’t
know of anybody who knows me better than you do.”"®
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