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The supporting punp was a Gaede rotary mercury pump connected to
I'. The vessel to be exhausted was connected through a liquid mercury
stopcock to the intake, I. Fig. 2 shows the relation between the driving
current and the rate of fiow of the mercury vapor through the nozzle.
Each point represents a value deduced from a one-hour run at that
current value. The curve is evidently a straight line for values above

g amps. The dotted line gives the
most probable form of the curve

/ for lower values.
The pump was connected

~~o // through about 200 cm. of 2 cm.

I/ tubing (liquid mercury valve but
no vapor trap) to a 6.5 liter vessel.
The pressures were measured by

Ezy. z. means of a 5oo c.c. McLeod gage
& - J.d P/tM apeman and the rate of exhaustion was de-

~P ~++ termined by pumping always be-

I tween pressures for which the Mc-
Leod gage is reliable. The annular

, OJ . i tg, Pgygg

Jg space about the nozzle, X (Fig. r,)
was first made of 1.5 mm. width.
The one curve of Fig. 3 shows the

rate of exhaustion for this annular opening as calculated by Gaede's
formula'

A()O

Fig. 3.

U Pi.5 = —log-
pg'

where p~ and p2 are the pressures before and after exhausting the volume

U for t seconds. The speed, S, is in c.c. per sec.
To determine the reason for the maximum rate of exhaustion the water

jacket was removed and the annular opening blown out to 4 mm. width.
Fig. 3 shows that the rate of exhaustion was not markedly altered. The
limiting rate of 4oo c.c. per sec. is due to the quite long length of 2 cm.
intake tubing. If this tube were short enough and large enough the curve.
would most likely be a straight line after passing the 3.5 amp. value until
the limiting value due to the size of the annular opening is reached. This
suggested that if the pump be allowed to operate without reducing the
pressure, as in pumping against a leak, a definite number of mercury
molecules are required to remove a single air molecule.

Fig. 4 shows the relation between the number of mercury molecules
per air molecule and the pressure (average of p~ and p,) in cm. The

' LOC. Cit.
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curve is plotted for the current value 6.x5 amps. Curves were plotted
for other current values and found to be not essentially different. Table
I. gives the data from which the curve is plotted.

The curve is not unexpectedly asymptotic to the vertical axis since
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Fig. 4.

1JxIO +

mercury vapor Rows through whether air remains to be exhausted or not.
The fact that at the higher pressures only r,ooo mercury molecules are

TABLE I.

Time of
Pumping,

Sec.

20.7
21.2
21.0
20.0
20.4
20.4
20.2
20.3
20.0
19.8

gg Gm.

.00166

.00064

.00017

.00178

.00069

.00018

.00152

.00047

.00163

.00052

p2 Cm.

.00064

.00017

.00005

.00069

.00018

.00006

.00047

.00013

.00052

.00014

Speed of
Exhaustion
Cc. per Sec.

300
413
357
306
443
380
376
370
370
425

Molecules of Air
per Sec,

2.50 X 10»
1.15

ll

2.80
1.29
.31
67

lC

2.85
98 cc

Molecules of
Mercury per

Air Molecule.

1,220
2,650

11,100
1,090
2,360
9,700
1,140
3,540
1,070
3,130

required to direct the motion of an air molecule is particularly interesting.
It remains to be seen whether this unexpectedly small indicated value

holds for pressures as high as atmospheric. The straightness of the path
of an alpha particle passing through saturated air at atmospheric pressure,
as is so nicely shown by C. T. R. Wilson's' well-known photographs, is

interpreted as intermolecular penetration. The relative velocity of the
' Phil, Trans. Roy. Soc., A, z89, p. 26S; z92, p. 4o3; x93, p. 289.
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mercury and air molecules is quite small compared with that of an alpha
particle and the time they are within a given distance of each other is

correspondingly long. Whether this fact is suf6cient to account for the
small number of mercury molecules required to direct an air molecule or
whether there is an essential difference between the mercury and helium

atoms cannot at present be told. The authors had hoped to continue
the work by several obvious experiments but other duties will surely
prevent it.
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