86 Chapter 3 The Experimental Basis of Quantum Theonry

in the apparatus at will. Millikan reported that in some cases he was able 1o ob-
serve a given oil drop for up to six hours and that the drop changed its charge

several times.
Measurement of
electron charge

Millikan made thousands of measurements using different oils and showed
that there is a basic quantized electron charge. Millikan's value of ¢ was very close

to our presently accepted value of 1,602 X 1071 C. Notice that we always quote
a positive number for the charge e. The charge on an electron is then —e
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Example 3.2

For an undergraduate physics laboratory experiment we of-
ten make two changes in Millikan's procedure. First, we use
plastic balls of about 1 micrometer (pm or micron) in di-
ameter, for which we can measure the mass casily and accu-
rately. This avoids the measurement of the oil drop’s termi-
nal velocity and the dependence on Stokes's law. The small
plastic balls are still sprayed through an atomizer in liquid
solution, but the liquid soon evaporates in air. The plastic
balls are casily seen by a microscope. One other improve-
ment is to hombard the region between the plates occasion-
ally with ionizing radiation (such as x rays or a particles
from radioactive sources), This radiation ionizes the air and
makes it easier for the charge on a ball to change. By mak-
ing many measurements we can determine whether the

charges determined from Equation (3.8) are multiples of

some basic charge unit,

One problem in the experiment is that occasionally
one obtains fragments of broken balls or clusters of several
balls. These can be eliminated by watching the flight of balls
in free fall. The majority of balls will be single and fall faster
than fragments, but slower than clusters, With a little expe-
rience one can select single unbroken balls.

In an actual undergraduate laboratory experiment the
mass of the balls was m = 5.7 X 10 '% kg and the spacing
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eween the plates was d = 4 mm. Therefore g can be found
from Equation (3.8).

mgd (5.7 X 107" kg) (9.8 m/s%) (4 X 10" % m)
g=—= ;
| V

(2.23 X 10717 V) 5

(/ = ‘,v

where Vs the voltage between plates when the observed
ball is stationary. Two students observed 30 balls and found
the values of Vshown in Table 3.1 for a statonary ball. In
this experiment the voltage polarity can easily be changed,
and a positive voltage represents a ball with a positive
charge. Notice that charges of both signs are observed.
The values of |¢] are plotted on a histogram in units of
Ag= 02X 10" C. These are shown by the solid area in
Figure 3.5, When 70 additonal measurements from other
students are added, a clear pattern of quantization develops
with a charge ¢ = ng,, especially for the first three groups.

The groups become increasingly smeared out for higher

charges, The arcas of the histogram can be separated for
the various »n values, and the value of ¢, found for each

measurement is then averaged. For the histogram shown we
find ¢, = 1.7 X 107" C for the first 30 measurements and
go = 1.6 X 1071 C for all 100 observations.

TABLE 3.1

Student Measurements in Millikan Experiment

Particle Voltage (V) q(x10-'" C) Particle Voltage q Particle Voltage q
1 =30.0 —7.43 11 -126.3 =177 21 =31.5 ~7.08
2 +28.8 +7.74 12 —83.9 —2.66 22 -66.8 ~3.34
3 —28.4 -7.85 13 —44.6 =5.00 23 +41.5 +5.:37
4 +30.6 +7.29 14 =05.5 =3.40 24 -34.8 —6.41
] —136.2 —1.64 15 ~139.1 ~1.60 25 =44.3 —5.03
6 -134.3 = 1.66 16 ~64.5 =3.46 26 —143.6 =105
7 +82.2 +2.71 17 =287 =797 27 +77.2 +2.89
8 +28.7 +7.97 18 =30.7 =T7.26 28 —39.9 =2:HY
9 =39.9 =5:59 19 +32.8 +6.80 29 =579 -3.85

10 +54.3 +4.11 20 —140.8 +1.58 30 +42.3 +5.27




001

RN O e A3

'SUONBAIISGO () [[& WO} TuUawLIadXo S1y) ul pautuu)ap sem ) o 01 X 9'1 = %
‘(aa8oiut = u) %u = b woay punojg st % d3reyd oiseq o1 uayp ‘uoneznuenb afreyd uon
210 a1 Sunedipur ‘sdnoad (¢ ‘g 1 = u) 2211 181y 2 10§ A[feadsa ‘syyead oy 9onoN stuaw
DINSEIU ()7, IIYIOUE O] BaIL :cmo o) pue ‘sjudwanseawt ()¢ s, dnoad sy o1 01 s1ajox vaIe
PHOS 9UL D 61-01 X &0 = by 105 panojd s1 weidosiy ay ], quawuadxs ey wwapns
e Ul [[eq € U0 23Ieyd 2y J0J SUONPAIIS|O JO Jaqumu ) Jo weidosy vy 6'e IJHN94

(D 1-01%) s[ieq uo ddrey;)
0'6 08 0L 0°9 0¢ 0% 0'¢ 0'a 01

T O; | _ ;
| | 7
| | -6 &
m m m 7
| 1 | —1¥ -
| | | | o)
" " " “ Ho ¢
| | 1 | o
" " “ £ (PR 1) e &
" " " " 8
“ " “ = " 401 S
g=u | : g =l : g=u " [=Uu -
0 61-01 X 30 =by
48 euloadg sun £'S



