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Search for fractional charge in tungsten
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(Received 8 August 1977)

A search for fractional charge in tungsten has been carried out using a Millikan-type apparatus. A negative
result was obtained, with a 90% confidence limit of less than one fractionally charged particle per 3 )( 10 '

g of tungsten. This applies to particles with fractional charges greater than 0.2 in magnitude.

I a Rue et al.' recently reported evidence for
fractional charge (= ~3) in small niobium balls
(diameter 0.26 mm) that had previously been heat
treated at 1850 'C on a tungsten substrate. Other
niobium balls exposed to the same heat treatment,
but on a niobium substrate, were reported as
having integral charges. La Rue et a/. postulated
that fractional charges were transferred from the
tungsten substrate to the niobium balls in the heat
treatment process. To test this possibility we
have carried out a search for fractional charge in
tungsten "microspheres" of about 1-pm radius
supplied by Electronic Space Products Incorpo-
rated, U.S.A. We have studied a total mass of
about 10 '

g of tungsten. We estimate this to be
at least 20 times the amount of tungsten that might
have adhered to a niobium ball by evaporation dur-
ing the course of a day for the heat-treatment pro-
cess described by I.a Rue et al.'

The technique used here is a modified version of
the Millikan oil-drop experiment using the tungsten
balls mentioned above. Examination of these balls
with an electron microscope revealed that they
were not particularly spherical, and consequently
the conventional technique based on a precise ap-
plication of Stokes's law could not be used. In-
stead, a simple levitation and charge-changing
method was used. A charged tungsten ball was
first levitated by an electrostatic field E in the
Millikan cell shown in Fig. 1. We then have

qE =rnid.

Next the charge on the ball was changed, by an in-
tegral multiple of e using the radioactive a sources'
shown in Fig. 1, and the ball relevitated. If the
charge change is (sn)e we then have

This may be determined in either of two ways.
If several charge changes are made on one ball
then a sequence of unknown &n's is obtained. But
the product qV is a constant for all levitations
(=~gxplate separation) and, by trial and error,
one may easily determine the appropriate sequence
of 4n's for which this condition is satisfied. Most
4n's are +1.' The second method for determining
the. ~n's utilizes Stokes's law. The speed of any
ball in free fall may be measured and from, this
the product pV may be calculated assuming the
ball is spherical and has a density of 19.3, i.e.,
that of tungsten. The value of gV so obtained was
found to be sufficiently accurate to determine the
6n's.

In Table I the above technique is illustrated for
a typical case, ball No. 16. Taking the least and
(the average of the) greatest levitation voltages to
minimize the error in the denominator of Eg. (1),
its fractional charge is found to be +0.01+ 0.04. Its
mass may be calculated from its pV value and
equals 4.3&10 "g. Its free fall velocity was mea-
sured at 1.24 +0.15 mm sec '. Assuming it is
approximately spherical and has the density of
tungsten, Stokes's law yields a predicted value of
about 50 keg for g V. This reasonably confi. rms
the &n assignments listed in Table I.

Before discussing the results for the entire
sample of balls studied here we note the following
experimental details. The tungsten balls were
swept into the cell using a small, dry, dust-free
brush. The oil smear on the bottom plate was
place/ there to retain balls which had dropped to
the bottom plate. Illumination was provided by

[q + (b,n)ejB' =mg.

These equations may be solved to yield the original
charge g, PLEXI-
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Here V and V' are the original and final levitation
voltages. The only unknown in (1) is the integer FIG. 1. The Millikan cell used in the present experiment.
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TABLE I. Data for one of the tungsten balls (No. 16)~

The error in the first column denotes the setting error.
Possible systematic errors in the levitation voltages
were neglected because Eq. (1) involves voltage ratios
only.
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two small 100-% lamps each at 90' to the viewing
telescope. The light beams were passed through
2 cm of Plexiglass and 5 cm of water to eliminate
possible convectio~ effects in the cell.

,
The alumi-

num plates were anodized dull black. The voltage
was supplied by a 30 k7 regulated Brandenburg
power supply, and was monitored by a Fluke di-
gital voltmeter via a temperature stabilized 1:10'
voltage divider. The experiment was carried out
in a darkened, draught-free room at 20 +1 'C. All
balls reported here were levitated in at least three
charge states, and all levitation voltages were
measured with the o. sources removed. Polariza-
tion induced in the balls was neglected because it
simulates charges &10 'e in the microspheres

FIG. 2. Measured fractional charges of the 22 tungsten
balls studied here.

used here. '
A total of 22 tungsten balls were examined as

above and their measured fractional charges are
plotted in Fig. 2. The measured fractional charges
are consistent, within experimental errors, with
zero in all cases, and there is no evidence for
fractional charge in any one of them. We conclude
that, with 90% confidence, there is less than one
fractionally charged particle per 3x10 ' g of
tungsten. This applies to particles with fractional
charges greater than 0.2 in magnitude.

Note added. After submitting this paper for pub-
lication we learned that similar results had been
obtained independently by Roger Bland et al. , Phys.
Rev. Lett. 39, 369 (19VV}.
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The a sources were ~Am and their strengths ( 0.2
p Ci) such that charge changes occurred in a typical
exposure of 20 s. The ion pair separation along e
tracks at the center of the cell was about ~ p, m

f R. D. Evans, The Atomic Nucleus (McGraw-Hill,
New York, 1955), p. 655] and consequently most
charge changes were + 1e only. Charge changes could
be induced with the electric field off or on, and the
signs of changes were partially controllable [R. A.
Millikan, Electrons (+ and -), Protons, Photons,
Neutrons, Mesotrons, and Cosmic Rays (University
of Chicago Press, Chicago, Illinois, 1947), p. 77].


